DISCLAIMER

This help file covers the hardwares VNWAZ2 with firmware version 4.15 and VNWA3/VNWAS3E with firmware version
5.22 and VNWA Software version 36.8.1.

|  Disclaimer

The VNWA software is an experimental software targeted for educational purposes and for experimenters, e.g. radio
amateurs.

I will take no responsibility for any damage that may result from its usage.

The VNWA software is still in beta-state . This means, that it may contain bugs and is subject to changes. If you find
bugs, please report them.

» » » Note: Also file formats are subject to change, so do not attempt to use older calibration files and ini-files on
newer software versions!

| My home page

https://www.dg8saq.darc.de/

| SDR-Kits home page

http://www.sdr-kits.net/

| VNWA Web Forum

You are encouraged to post questions and suggestions regarding this software and the related hardware in the VNWA
forum:

https://groups.io/g/VNWA/

|  E-mail

dg8saq@darc.de

Please read this help file carefully and consult the VNWA forum before mailing me questions.
This help file and its contents is intellectual property of Tom Baier, DG8SAQ. All rights reserved.

May 10th, 2023
Tom Baier DG8SAQ
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PREREQUESITES

|  Prerequesites

USB Interface
This software was originally written to control a DG8SAQ vector network analyzer (VNWA) by means of a standard
PC running Microsoft Windows2000® or Windows XP® via the parallel printer port (LPT).

New software builds also support the DG8SAQ USB_VNWA interface and Windows Vista / Windows 7 / Windows
8 / Windows 10 both 32bit and 64bit. Special thanks to Guido PE1NNZ for providing the 64bit WinUSB driver interface!

And sorry, it is not possible to compile this software for native Linux or MacOS support, as | make abundant use of
Windows functions.

However, | have managed to run the software in Linux under a standard Wine installation (x86 processors only!) such
that it can control the VNWAZ2/3/3E via USB interface.The Linux installation package including installation instructions
can be found in the Linux-subfolder of the installation directory. In order to access it you must run the VNWA
Windows-Installer under Wine. Omit driver and certificate installation.

Thanks to Michael Hartje DK5HH for helping me get going with Linux and for extensive testing.

The software can also control an N2PK VNA via LPT or via the USB interface of Dave Roberts GBKBB. Thanks to Paul
Kiciak N2PK, Ivan Makarov VE3iVM, Andreas Zimmermann DH7AZ, Eric Hecker, Dave Roberts G8KBB and Roderick
Wall VK3YC for supporting this part of the project. See here how to activate N2PK support.

Also thanks to all the beta-testers and users who have provided valuable feedback to optimize the software and this
help file.

The software can also be run without hardware connected for data display and analysis purposes. If no VNWA is
connected, select the LPT interface, otherwise a warning is issued (no VNWA detected) at every program start.

Software requirements:
-Windows2000, WindowsXP, Windows Vista, Windows7 or Windows8, alternatively a Wine installation emulating
Windows in Linux, see above.

Hardware requirements:

-a Standard PC. Memory is not an issue, computational power is no longer an issue either, as the software has been
optimized on CPU usage. The software has been verified to run properly on a 233 MHz PIl in LPT mode and USB mode
(with USB1.0 interface!).

If you still hit 100% CPU load during sweeping, your machine is too slow or your settings are unsuitable. See How to
reduce CPU load in such a case.

-a sound capture device with stereo line input, which may also be connected externally via USB (integrated in the
DG8SAQ VNWA_USB interface and in VNWAS3 already).

-a parallel printer port interface or the DG8SAQ USB_VNWA interface (integrated in VNWAR already).

ATTENTION: An USB to LPT adapter will not work due to critical timings! The DG8SAQ USB_VNWA interface
takes over all the timing tasks from the PC.

Page 2

Page 2



OVERVIEW
Features of the VNWAZ2.* hardware in combination with the VNWA software
- Coverage from below 1 kHz to 500 MHz with dynamic range of up to 90dB, useful performance up to 1.3 GHz with
reduced accuracy.
- Vector networkanalyzer mode and Spectrum analyzer mode
- Possibility to measure frequency converters and mixers in spectrum analyzer mode
- Low power consumption allows power supply out of a USB terminal.
- 2 port S-parameters S11, S12, S21 & S22, VSWR
- 3 port S-parameters and differential / common mode device analysis
- Component Measurements: Resistance, Admittance Capacitance, Inductance & Quality Factor (Q)
- Time domain reflectometry & gating in time domain + FFT
- Linear, Logarithmic and Listed sweep
- Matching tool and Complex Calculator
- Crystal analyzer tool for extracting equivalent circuit parameters
- User defined S-parameter calculus
- Optional S-parameter test set

- Optional USB-interface allows to run the VNWA with a single (USB) cable connection to the PC for highest mobility.
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VNWA HARDWARE

Todate, the following different versions of DG8SAQ VNWAs are in use:

VNWA2 with LPT interface

VNWA2 with USB interface

VNWA3

VNWAS3E = VNWA3 with Expansion Board

All variants share the same design und functional principle and thus the same technical data:
|  Technical Data

- Unidirectional vector network analyzer for reflection and transmission measurements with integrated
reflection bridge

- Frequency coverage <1 kHz...>1.3 GHz with overclocking 1)

- Dynamic range 1 kHz...500 MHz up to 90 dB, 500 MHz...1.3 GHz up to 60 dB  2)

- Maximum permissible external RF Input Level to TX-Out and RX-In ports: 0 dBm (0.225V RMS) 3)
- Maximum permissible external DC Input Level to TX-Out and RX-In ports: +/-0.225V 4)

- Power supply: 4.5...5.5V DC @500mA max, suppliable by a self powered USB interface

- Dimensions: Width 10.4 cm, Depth 8.0 cm, Height 4.6 cm, Weight 0.2 kg

- TX-Out max RF Output as signal generator -17dBm into 50 Ohms @ 1MHz decreasing at higher frequencies

1) Note, that clock multipliers of up to 20x leads to dramatically overclocking the DDS chips with up to 720 MHz
core clock. This is well outside the DDS spec, which allows for 400 MHz maximum core clock. Nevertheless, the DDS
chips just get hand warm when overclocked and we haven't seen a single failure in hundreds of shipped VNWAs.

2) Values apply to the slowest sweep rate of 100ms/frequency point. High accuracy results can only be expected up to
500 MHz, as this is the specification limit of the used mixers. Also, the DDSes show increasing spurs beyond 500 MHz.

3) We have tested with up to 7 dBm input level at various frequencies without failure.
4) Too much DC will burn the bridge resistors. All semiconductors are AC coupled.
|  History

The VNWA was inspired by Paul Kiciac's N2PK VNA which was published in RadCom in October 2004.

In contrast to Paul's direct conversion approach | decided to go for low IF instead, as | wanted to use a PC sound card
for signal processing from the beginning.

A design very similar to mine but without sound card was published by Jan Vandewege in 2005:

Java-enabled low cost RF vector network analyzer

De Mulder, B. Van Renterghem, K. De Backer, E. Suanet, P. Vandewege, J.

IMEC/Intec, Ghent Univ., Belgium

This paper appears in: IEEE-NEWCAS Conference, 2005. The 3rd International

Issue Date: 19-22 June 2005

| finally went public with my design in a public presentation and on my webpage in July 2006. The orininal presentation
can still be viewed on http://sdr-kits.net/DG8SAQ/VNWA/NNWA .pdf

During August 2006 | submitted the VNWA for publication in the DARC CQ-DL magazine and in the ARRL QEX
magazine. The articles appeared in 2007:

"Vektorieller Netzwerkanalyzer mit minimalem Hardwareaufwand", CQ DL, volumes 3,4,5/2007

"Low Budget Vector Network Analyzer from AF to UHF", QEX Mar/Apr 2007.

Further articles followed in 2007 and 2009:

"A Small, Simple, USB-Powered Vector Network Analyzer Covering 1 kHz to 1.3 GHz", QEX 1/2009.

"A Simple S-Parameter Test Set for the VNWA2 Vector Network Analyzer", QEX 5/2009
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FUNCTIONAL PRINCIPLE

|  Function of the VNWA
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The above schematic shows the fundamental design of the new VNWA. It consists of two digitally tunable Direct Digital
Synthesizer (DDS) oscillators, realized by two fast Analog Devices AD9859 chips. The clock generation could be
realized in a simple way, as the AD9859s contain an on-chip clock multiplier PLL circuit. Both DDSes are clocked from
one and the same crystal oscillator delivering about 36 MHz. The exact crystal frequency is of no importance, as it can
be accounted for in the VNWA software. It is crucial, that the two DDS cores are clocked with DIFFERENT frequencies,
if one wants to omit anti-aliasing filters and make use of higher order alias frequencies. This is simply achieved here by
setting the clock multipliers of the two DDS chips to two different values, e.g. 20 and 19, leading to clock frequencies of
703 MHz and 740 MHz respectively. Note, that in this frequency scheme, the DDSes operate well beyond their
specification limits of 400 MHz maximum core clock. Quite remarkably, all tested DDS chips (many hundreds so far),
work nicely without getting hot under these conditions. This is a very experimental approach, but pushing the DDS clock
frequency means pushing the usable fundamental frequency range of the VNWA, which amounts to 600 MHz under the
selected operating conditions.

The RF-DDS output signal is fed into a VSWR-bridge formed by 50 Ohms resistors. The balanced bridge output signal
is fed into the balanced inputs of the Gilbert cell mixer M1 (SMD type SA612), followed by an operational amplifier. The
amplifier output signal is guided through a CMOS switch to the left channel 1) of the PC sound card line-in. The CMOS
switch multiplexes this Reflect signal with the Thru measurement signal originating from mixer M3 and its following
amplifier. The multiplexing is necessary, as standard sound cards only have a stereo line-in channel, which can only
capture two signals simultaneously 2). But a third signal, the Reference signal, is required to acquire the phase
information. The Reference signal is obtained by mixing the LO- and RF-DDS signals in M2 and amplifying the output
signal with the following operational amplifier. It is then fed into the right channel 1) of the sound card line-in. Note that
the VNWA works with an IF of about 1 kHz...12 kHz. The sound card is used as IF amplifier, the PC acts as a digital IF
filter.

If a device under test (DUT) with two ports is placed between the TX- and RX-terminals of the VNWA, its scattering
parameters S11 and S21 can be derived from the three measurement signals (Thru, Reflect, Reference). By manually
inverting the device 3), also S12 and S22 can be measured.

1) For the various VNWA versions the audio channel assignments may be flipped.

2) The VNWA software can simultaneously service two sound devices, thus the switch can be omitted if two sound
cards are being used. Thru and Reflect can be measured simultaneously in this case.

3) or by using an automatic S-parameter test set
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VNWA2 LPT INTERFACE

| Connecting the VNWA with the PC using the LPT interface

Sub-D9 Control Audio

i L

TX port RX port

As can be seen left, the VNWA2.* board has four connectors. The front SMA connectors TX port and RX port are the
test ports for connecting the test object or DUT (device under test). The rear connectors are the VNWA's interface to the
PC LPT port (or to the USB interface board). The audio-connector is a standard 3.5mm female one. Use a standard
audio cable to connect the VNWA's audio port with the stereo line in of your PC's soundcard. The microphone input
is mono and thus won't work! The female Sub-D9 connector carries both the control lines as well as the power
supply lines. The connection scheme to the PC's parallel port (LPT) interface can be seen in the following:

{optional)

to S-parameter test set
Busy ’—)
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R [ 1 [ e=H——0 awoc-
el ey
DL B =
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.
.:.. [ % SubD 9 male
E. [w. GND GND connects to WhWAZ O
B. Ta rotor start/stop signal {optional use)
27 -
=
—— %
GND
SubD 25 male UUse shielded cable.
connects to LPT Shield connects to GRD.

*zonnect 9%0C only, if step up comverter UTMAKE3Z is not mounted!

The above schematic shows the cable connecting the PC's parallel (LPT) port with the VNWA Sub-D9 connector. Don't
apply 9V DC power, if you have mounted the step-up regulator MAX632 on the VNWA board . If you have not
mounted it, you need to provide two supply voltages, 5V DC and 9V DC.

If you want to power the VNWA from a USB port, you must have the step-up regulator in place and you need to connect
an additional cable to the Sub-D9 connector with a USB connector on the other end.

v »» Hint: In my instrument, | reroute the supply voltage through the parallel port cable and run the USB power cable out
of the Sub-D25 LPT connector. This lets the LPT connector and the USB connector both end at the PC and leaves only
one cable running to the VNWA (apart from the audio cable).

v »» Hint: In LPT mode, the software issues a high level on LPT port D7 on sweep start, which will return to low level on
the end of the sweep. This signal is useful to start and stop an antenna rotor when performing antenna radiation pattern
measurements.

»»» Note: | have observed extremely slow signal rise times on some new PCI LPT interface cards. This is a problem

when controlling the VNWA. Should you encounter unreliable communtication between PC and VNWA in LPT mode,
you might need a signal conditioner, which sharpens the digital pulses.
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VNWA?2 USB INTERFACE

| Functionality of the DG8SAQ USB_VNWA Interface

USB to PC
DGBSAQUSE YNWA Interface §_ _ __
|
I I Aux USB out
: UsB T USB Hub _roe.g. for mouse
I Audio | !
| Codec VNWA |
: Controller :
T R I
5 5
Interface to VNWA

The left schematic shows the fundamental design of the DG8SAQ VNWA USB Interface. It connects to the host PC with
a single USB cable and performs both control and data acquisition. At the same time it provides the power supply for the
VNWA from the PC via the USB cable.

The host PC USB signal is fed into the USB hub, which provides 3 USB interfaces. One of them is used to connect an
on board USB sound codec, which captures the VNWA audio signals. The second USB hub interface connects to the
VNWA controller, a microcontroller,that takes care of the sweep timing and DDS control, thus reliefing the host PC from
a lot of realtime action compared to the LPT modes. The third USB hub interface is not needed and thus available for
custom use like a memory stick or a second sound codec.

» » » Warning: The free USB hub interface is only intended for low power devices like a mouse or a memory
stick. You might damage your PC and / or your DG8SAQ USB_VNWA Interface by connecting high power USB
devices as no power detection / control is implemented inside the DG8SAQ USB_VNWA Interface!

v » » Note:The free USB hub interface does not support full speed, thus transfer rates to memory sticks will be limited to
about 1MByte/s.

| Connecting the DG8SAQ USB_VNWA Interface to the VNWA and to the host PC

The DG8SAQ USB_VNWA Interface simply connects with a single standard USB cable to the host PC. The interface
has been proven to work on PCs with USB1.0 and USB2.0 interfaces.

There are two possibilities to connect the DG8SAQ USB_VNWA Interface to the VNWA:

1. External connections

As can be seen in the picture above, the audio and data connections can be made via the external 3.5mm connectors
and the Sub-D9 connectors. This allows to upgrade an original LPT mode VNWA to USB support. Also, VNWA and
USB-Interface may be housed in different boxes. Note, that the unused top Sub-D connector at my ribbon cable is for
diagnostic purposes.

L
il

The late VNWA boards support direct plugging into the USB interface as can be seen above. The Sub-D connectors
and audio connectors are replaced by appropriate 2.5mm inter-pcb connectors in this case. No additional external
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connections will be required other than the USB cable to the host PC.
|  Optional External Connections:

The control signal for the S-parameter test set is available on the USB_VNWA Interface at pin 3 / J26 or alternatively
pin 7 / J5 (Sub-D9) provided the appropriate resistor R=680 Ohms (not placed on below board) is in place:

Pinning overview of J26:

Pin 1: Ground
Pin 2: 5V DC (through 47 Ohms internal resistor for protection)
Pin 3: S-Parameter test set control signal

From firmware v4.12 on a Rotor start/stop signal has been implemented on AVR Port CO (=Pin 23), which is
accessible on J25 pin 2. The pin will go high at start of a sweep and go low again when the sweep is finished. This
signal can be used to control an antenna rotor for antenna radiation pattern measurements.

Pinning overview of J25:
Pin1: Ground

Pin2: Rotor start/stop signal
Pins 3...7: not used
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VNWA3

The VNWA3 combines the VNWA2 and the USB interface functionality on a single 100x60mm? board:

The VNWAZ3 only requires a single USB cable to connect to a PC. Nevertheless, it offers many hardware interfacing
options:

|  VNWA3 Pinning
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J31 Control port

Pin 1: Ground

Pin 2: Rotor start/stop control signal

Pin 3: S-parameter test set control signal

J33 External Power
Pin 1: Ground
Pin 2: external +5V VNWA power supply

J34 External Clock
Pin 1: Ground
Pin 2: Internal clock output or external clock input (1kOhm impedance, 400mVpp out or -6dBm...+3dBm / 50 Ohms in)

J36 Aux Audio Output
Pin 1: RX out

Pin 2: Ground

Pin 3: Reference output

J52 Aux USB Port

Pin 1: Ground

Pin 2: USB Hub Port 2 D+
Pin 3: USB Hub Port 2 D-

J53:

Pin 1: external DDS power in (+2.7...5V, 0.3A), see footnote 1)
Pin 2: switched +5V power out

Pin 3: USB cable Ground

Pin 4: USB cable D+

Pin 5: USB cable +5V

Pin 6: USB cable D-

A:
RF DDS test point

B:
socket for production purposes only, no user functionality.

C:
LO DDS test point
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VNWAS3E

c € www.SDR-Kits.net

DGBSAQ VNWA 3
Vector Network Analyzer
USB Powered 5V DC 500mA Max
TX Port: RF output: -17dBm 50 Ohm
Ll RX Port - Max safe RF input 0dBm
Do NOT Apply DC Voltage to RF Ports
Operating temperature 0 - 40°C

14167/01-
2550

| 1. Introduction:

VNWASE was formerly named VNWA3+ but both are the same product. The DG8SAQ VNWAS3E is the VNWAZ3 fitted
with the VNWA3 Expansion Board which provides additional functionality as follows:

- 2nd Audio Codec allowing S11 and S21 measurements to be performed in a single sweep instead of 2 sweeps.

- USB power consumption reduced from 0.41A without Expansion board to 0.33A despite additional power
consumption of 2nd Audio Codec on the Expansion board.

- RJ12 connector making the VNWAS3 control signals and DC power accessible to the outside world.

- Optional SMA connector to obtain the multiplied 12 MHz internal TCXO clock or to feed in an external 36 MHz
clock source.

»»» Note: All VNWAS instruments can be upgraded to VNWAS3E. Consult http://www.sdr-kits.net/ for details.

| 2 VNWA3 Expansion Board
The VNWA3 Expansion Board plugs into several of the VNWAS3 connectors. No additional connections are required.
The expansion board contains an additional audio codec, a switcher supply for the DDSes, which more than

compensates the additional codec's power consumption (see footnote 1) and an RJ12 connector, that makes the
VNWAZ3 control signals accessible from the outside world.

Page 12

Page 12


http://www.sdr-kits.net/

1c) copyright DGESAG

'_ sioti ‘Board

r——

.y
nk =
g

RJ12 Pinning overview:

Pin 1: Rotor start/stop control signal

Pin 2: not connected

Pin 3: S-parameter test set control signal

Pin 4: not connected

Pin 5: internal 5V DC power out or external 5V power in, see footnote 2)

Pin 6: Ground
Signal Details:
RJ12 Signal Description Cable Remarks:
pin colour | (see also VNWA helpfile for info on options)
Pin 1. | Rotor start/stop control signal | white Qutput signal, normally +0V. When VNWA sweep
Qutput OV or 3.3V DC - 680 Is active Output signal is +3.3V DC — This signal
Ohm Series Resistor can be used to start and stop Rotor Engine.
Pin 2: | Not Connected black
Pin 3: | S-Parameter Test set Control | red 0 or 3.3V Logic DC Signal from AVR via 680 Ohm
Signal (output) series resistor. See Helpfile for configuration
details
Pin 4: | Not Connected agreen
Pin 5: | Internal 5V DC Power out or | yellow | A maximum of about 100mA may be drawn from
External 5V Power In internal power provided PC USB Hub can supply
(See Note 1) 500mA. See Note 1; when using external power
Pin6 |Ground blue WNWA Ground Connection

Note 1: For operating the VNWAS3 from an external 5V DC power supply, a zero Ohm resistor must be removed, see
footnote 2).
Note 2: Cable colour refers to the colours of the optional RJ12 cable available from SDR-Kits

Optional External Clock input/output
An Optional SMA connector may be fitted for connecting an external 36 MHz clock output or to tap the internal
multiplied system clock. After the VNWA 3 Expansion Board is fitted, the SMA connector is fitted in the 8mm round hole
provided only in VNWAS with s/n 2201 and higher.

>With a scalpel cut a round hole in the rear panel label and fit the SMA connector.

>solder a short wire between the SMA center connector to the PCB track. Soldering of ground connections is not
required.
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If the SMA connector is not used then it is recommended to fit an SMA screening cap to prevent radiation from and
damage to the SMA connector.

Specification of the VNWA Reference Clock output or External Clock input:

>Internal Clock Output: TCXO 12 MHz*x (x=2..8) 2ppm Out - 1kOhm impedance, 400mVpp output
>External Reference Clock: ideally 36 MHz (=> VNWA2 functionality achieved) with level of -6dBm...+3dBm / 50
Ohms

Footnotes

1) Important! For operation with external DDS power e.g. from the expansion board, zero Ohm resistor A must be
removed from the VNWAS3 board, see image below.

2) Important! For operating the VNWAS from an external 5V DC power supply, zero Ohm resistor B must be removed
from the VNWAS board, see image below.

| 3. Configuring VNWASE Audio Codec

3.1.1 Plug the VNWASE with Expansion Board fitted into USB port of Personal Computer.
Start the VNWA Application, then select "File" and "Setup" "USB Settings" and perform "Test USB Interface" to
confirm that VNWA is operational.

3.1.2 Select Tab "Audio Level" and tick the box "Auxilary Audio Capture Device Available" in fig 1. which is applicable
for Windows XP operating system. This will bring up the configuration of the Auxilary Audio Capture Device. Change the
settings as shown in fig 1.

k=1 PC and Instrument Hardware Related Setup @

Interface Type] 1USE Settings  Audio Settings lAudio Level] Ay, Audio Level] Instrument Settings] Misc. Settings]

Audio Capture Device Mize Audia Settings
| USE Audio CODEC (2] i j Audio Buffer Length in 5amples 3000
ADC Resolutior
Wave In & ~ BB Samples /IF Perind |10 x4 =>IF= 1200.00Hz
" 16 Bit ,—
Mikrafon he ~ 24 Bit # Presamples 3 =» Minimum Sampling Time =
# Postzamples 3 0.3 ms
i 43000 Hz 5
ey | | J Calibrate Sample Fate
HEE M tleher Sample Rate = UnCal. |ignore overload ﬂ
A iliany Audio Capture Device available | Referenice = Left Channel =] frestart on no spnc =l
Auyiliarn Audio Capture Device Auwiliary Audio Settings
USE Audio CODEC ﬂ Aux. Audio Channels measure THRU
ADC Resolution Main Audio Channels measure REFLECT
Wave In hd  aBit
. + 16 Bit
Il Mikrafon I ﬂ ~ 24 Bit Sample Rate = UnCal
Min=-13744 Max=13732 I|Aux. Reference = Right Channel I j
Sound Device Stopped!

Fig 1. Configuration of Auxiliary Audio Capture Device

Troubleshooting:

If the "Auxiliary Audio Capture Device available" checkbox is NOT shown in fig 1., then exit VNWA application and add
the line AuxAudio=1 to the file VNWA.ini with a text editor and then restart the VNWA Application.

» » » Note: With the VNWA 3 Breakout PCB fitted there are now two USB Codec devices, a) USB Audio Codec and b)

USB Audio Codec 2. The on-VNWA3-board USB codec must be the main capture device, as it is hard wired to the
multiplexing switch. Configuration is done in the following step:
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3.1.3 Press the button "Calibrate Sample Rate" as shown in fig 1. If Sample Rate Calibration fails (First pulse not
detected) then reverse the two USB Audio Codec devices and test again (.ie. Audio Capture becomes "USB Audio
Codec" and Aux. Audio Capture becomes "USB Audio Codec 2").

3.1.4 Now select the tab "Audio Level" and select "Reflect" mode with no termination on the TX-port, and check the blue
main Reference signal and blue Reflected signal are as shown in fig 2. Do not worry about the lighter red Aux Audio
signal, which may also be visible.

» » » Note:If the sinewaves are "clipped" (Vista or Windows 7) then the Recording level of the relevant USB Audio
Codec needs to be changed. Also check whether the USB Audio Codec is set to Stereo 48000Hz.

[=4PC and Instrument Hardware Related Setup &|
Interface T_l,lpe] UsE Settings] Audio Settings  Audio Lewsl ]Aux. Audio Level] Instrumnent Settings] Mizc. Settings]

Left = Reference

e

i
N

Fiight = Fieflect

Stop Fieflect

|Min=-16163 Max=16149 Aux Min=-14133  Aux Max=14123

Fig 2. Audio Level with TX port not terminated (full Reflection)

3.1.5 Connect a short coax cable between TX and RX ports and check the Reflect sinewave in fig 1. now becomes a flat
blue line.

3.1.6 Next select the tab "Aux. Audio Level" and check the display as shown in fig 2. is obtained.

»»» Note: If the sinewaves are "clipped" (Vista or Windows 7) then the Recording level of the relevant USB Audio
Codec needs to be changed. Also check whether the USB Audio Codec is set to Stereo 48000Hz.

k=1 PC and Instrument Hardware Related Setup &|

Interface Type] 1SE Settings] Audio Settings] Audio Level  Aux. Audio Level ] Instrument Settings] Misc. Settings]
s Left = Thiu

. Fight = Aux. Reference

A El Gl e
e

|Min=-13915  Max=1391% Aux Min=-17381  Aux Max=17379

Fig 2. Aux. Audio Level with TX and RX ports connected
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Troubleshooting: If the above displays are not obtained then check the USB-Audio Settings in fig 1. and perform step
3.1.3 again.
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STARTUP PROCEDURE

| Steps to operate the DG8SAQ VNWA instrument

1) Preparing the VNWA hardware for connection
2) Software and driver installation

3) Software configuration

4) Adjusting sweep Settings

5) Instrument calibration

6) Performing a Measurement
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AUTOMATIC DRIVER AND SOFTWARE INSTALLATION

From VNWA software version V35.0 on an automatic installer file (VNWA-installer.exe) is available which will
automatically guide you through the installation of the VNWA software, the USB driver and the help file system. It can be
downloaded from https://www.sdr-kits.net/index.php?route=web/pages&page_id=30_30.

From VNWA software version V36.2.z, the VNWA software will guide you after first launch through an automatic setup,
see page "Automatic Configuration of the Software for Usage with a DG8SAQ VNWA (Auto-Setup)".

Software beta-versions must still be installed manually by simply replacing the old VNWA.exe in the installation directory
by the new one or by creating a separate new installation manually.

Note, that you can have several installations in different directories at the same time, which can even operate several
VNWAs simultaneously connected at the same time.

» »» Warning: If you use the automatic installer on 64 bit operating systems, it is recommended that you do NOT
install into protected system directories like "c:\Program Files" or "c:\Program Files (x86)". As you will not be the owner of
the installed files, VNWA might not be able to access its ini-files and you might not be able to manually replace an old
VNWA.exe version by a newer one.

» »» Warning: A similar issue might arise when you intend to run VNWA in a non-Administrator user account:
In this case, you should NOT start VNWA as administrator after software installation. Make sure to initially start the
VNWA software in the non-Administrator account which you intend to use in future. This will make sure that the
non-privileged user is the owner of the ini-files generated by VNWA upon first program start. Otherwise the VNWA
software will not be allowed to update the ini-files upon program termination.

A detailed installation guide for the automatic installer can be downloaded from here:

http://sdr-kits.net/documents/VNWAS-installation.pdf
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http://sdr-kits.net/documents/VNWA3-installation.pdf

MANUAL SOFTWARE AND DRIVER INSTALLATION

»»» Note: It is good practice to make regular backups of your data on your PC, particularly before installing drivers.

Installing the VNWA software and drivers is by no means any more dangerous than installing any other Windows
software. SDRKits and the author (DG8SAQ) will not be responsible for any damage or data loss, though.

Todate the USB-version of the VNWA is supported by all Windows versions from Windows 98 to the latest Windows 7
64 bit. If the VNWA is to be controlled via an LPT port instead of USB, generally only 32 bit Windows systems are
supported.

Please consult the "Driver Compatibility Table and Driver Installation™.

The latest driver files and software updates are always available from the VNWA Groups.io Newsgroup

If you want to use the VNWA application without VNWA hardware, you may go straight on to installing the VNWA
application.
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DRIVER COMPATIBILITY TABLE AND DRIVER INSTALLATION

|  USB support

Thanks to Fred PEOFKO there is a unified signed LibUSB driver available for all Windows versions from
Windows98 to Windows8 64bit.

Note, that you must use VNWA V33.0 or newer and firmware v4.6 or newer to use this signed driver. For earlier
firmware versions use the unsigned LibUSB driver (only installable on 32 bit systems).

» »» Important for Vista / Windows 7 64 bit users: Only VNWA firmware v4.6 or newer and VNWA software
v33.0 or newer are supported.

» »» Important for Windows 8 users: Only VNWA firmware v4.6 or newer and VNWA software v36.2 or newer
are supported.

Windows 8 / 64 bit requires installation of the amateur radio root certificate PRIOR to driver installation. The automatic
VNWA installer takes care of this.

If you have received your VNWA after April 2010, you have already received firmware v4.6 or higher. If you have a
working VNWA installation, you can also check your firmware version with the VNWA software in "setup-USB settings"
by pressing "Test USB". After the test is performed successfully, the firmware version is being displayed in the bottom
status line.

Installation examples:

Example 1: Installing the LibUSB driver on Windows XP (English screenshots)
Example 2: Installing the LibUSB driver on Windows 7 (mostly English screenshots)
Example 3: Installing the LibUSB driver on Windows XP (German screenshots)
Example 4: Installing the LibUSB driver on Windows 7 (German screenshots)

|  LPT support

LPT mode is NOT supported on Windows 8.

LPT support compatibility table

Windows
Windows Driver 98 2000 XP 32 bit+64 bit | Vista + W7 32 bit Vista + W7 64 bit
zlportio no ] XP 32 bit only! M* not installable

* only, if program started with administrator rights

»»» Note: In order to enable LPT support, you must copy the driver file zlportio.sys into your VNWA program directory.
»»» Note: If you do not use the VNWA USB interface and you do not intend to install the LibUSB driver, you must
manually provide the file libusb0.dll. You must copy the libusb0.dll version from the LibUSB driver package into your
VNWA program directory in this case.

v »» Note: Since the parallel printer interface (LPT) is subject to extinction, LPT support for 64 bit OSes will not be
implemented.

If you do not intend to install USB drivers, you can go straight on to installing the VNWA application software.
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EXAMPLE 1: INSTALLING THE LIBUSB DRIVER ON WINDOWS XP (ENGLISH SCREENSHOTS)

» »» Note: This step is only required if the DG8SAQ USB_VNWA Interface is used. Skip this step if you control your
VNWA via the parallel printer port.

a) Download and unpack the LibUSB driver files to any empty directory:

% A YNWA Installation

: File Edit View Favorites Tools Help

0 Back - 7 ? 7~ Search = Folders El'
X Mame Size  Type Date Modified
A [C)DGESAQ-USE-Driver-1.2,1.0-... File Falder 16/09/2010 12:50

Folders

Deskkop
G My Documents
= 10 A vNwa Installation
# 1) DEESAQ-USE-Driver-:

b) Connect the DG8SAQ USB_VNWA Interface with your PC. The VNWA board doesn't need to be connected to the
interface board. Windows will notify "Found New Hardware" and will ask to install a driver.

i) Found New Hardware
DEESAC-YMWEA

[foe ~m: ™5~ oM 2

» »» Hint: In case Windows does not detect your USB_VNWA interface, continue with the USB troubleshooting guide. In
case Windows does not start driver installation automatically, proceed with manual driver installation via the Windows
device manager as is described in Example 2: Installing the LibUSB driver on Windows 7 (mostly English screenshots).

c) Click on "no, not this time" and press continue to prevent driver search on the web.
| Hardware Update Wizard

Welcome to the Hardware Update
Wizard

Windows will zearch for current and updated software by
looking on pour computer, on the hardware installation CO, or on

the Windows Update web site [with pour permizsion).
Bead our privacy policy

Can Windows connect to Windows Update to search for
software?

(e, thiz time arly
() ez, now and every time | connect a device

(& Na, not this time

Click Mext ta continue.

Mext > l[ Cancel

d) Click on "install from a list or specific location (Advanced)" and press continue to install the driver from your hard
disk.
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Hardware Update Wizard

Thiz wizard helps you install saftware for:

DGESALWMNWA

\') If your hardware came with an installation CD
B2 or Hoppy disk. insert it now.

Wwhat do pou want the wizard to da?

) Install the zoftware automatically [Fecommended)
(®) Install from a list or specific location [dvanced)

Click Mext to continue.

< Back ” Mest = l[ Cancel

e) Browse for the path to your driver files ...

Hardware Lipdate Wizard

Pleaze choose your search and installation options.

(®) Search for the best driver in these locations.

Usze the check boxes below to limit or expand the default zearch, which includas local
paths and removable media. The best driver found will be installed.

[1 5earch removable media (flappy, CO-ROM...]

Include this location in the search:
C:%Documents and Settingst) anby Documents WH' w

2 Don't zearch. | will chooze the driver ta install.

Choosze this option ta zelect the device driver fram a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

< Back H st > l[ Cancel

Browse For Folder ﬂ

Select the folder that contains drivers for your hardware,

= [} My Documents ~
=1 ) A YNWA Installation

|2) Bluetooth Exchange Falder
+ | ) Data Jan
|2) Diy accounting
|2 Downloads -

Ta view any subfalders, click a plus sign above.

[ Ok ] [ Cancel

confirm path with ok ... and press >Next on the previous window.

f) The driver will be installed...
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Hardware Update Wizard

Please wait while the wizard installs the software... .

% AR USE Device

Finally you will be notified about the successful installation. Press "Finish" and you can use the USB_VNWA interface
on your computer.

Hardware Update Wizard

Completing the Hardware Update
Wizard

The wizard has finizhed instaling the software far:

g &R USE Device

Click. Finish to cloze the wizard.

Now you are all set to install the VNWA application software.
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EXAMPLE 2: INSTALLING THE LIBUSB DRIVER ON WINDOWS 7 (MOSTLY ENGLISH SCREENSHOTS)

v »» Note: This step is only required if the DG8SAQ USB_VNWA Interface is used. Skip this step if you control your
VNWA via the parallel printer port.

»»» Note: You need VNWA software version V33.0 or higher and firmware version v4.6 or newer to work with
the signed LibUSB driver.

» » » Note The following describes a step by step installation procedure on a Windows 7 / Windows Vista machine,
where no previous attempt has been made to install a VNWA driver. If you previously have tried to install different USB
drivers for the VNWA make sure to completely remove all previously installed driver relicts from your system.

| 0. Download and unpack the LibUSB driver files to any empty directory your hard disk.

r Y
@U'| .. ¢ Jan » MyDocuments » Radio » VNWA »

Organize » Include in library « Share with + Mew folder

&

o VNWA * Name Date modified Type Size
# Saved Games . .
.. DGBSAQ-USB-Driver-1.2.1.0-by-PEOFKO 16,/09/2010 11:32 File folder

. Scanned Documents

. Spitsbergen Voyage

.. Lloyds T5B - Worldwide travel insuran
. Willem Barentz

.. Vegas Movie Studio HD Platinum 10.0 P

. Website
W My Music
W My Music

=1 hde Dietiirac

| 1. Connect your VNWA to a USB port of your computer

Windows 7 will attempt to install USB drivers for the VNWA ...

i Installieren von Gerétetreibersoftware * *

Klicken Sie hier, um Statusinformationen zu erhalten.

1741

U3 oy
1 920 000

... but it will fail as it can't find any drivers.

i Die Gerdtetreibersoftware wurde nicht installiert. & X

=% Klicken Sie hier, um Details zu erhalten.

17:46
01.04.2010

Lm0

| 2. Open your device manager
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===

—
@uvhﬁ v Control Panel » Hardware and Sound » ‘-—

Control Panel Home . .
Devices and Printers

P
&l

- | ¢¢| | Search Control Panel 2 |

System and Security
Metwork and Internet
& Hardware and Sound

AutoPlay

&

Sound
Adjust system volume | Change system sounds

Programs

{€ (_;E-

User Accounts and Family
Safety

Appearance and
Personalization

Power Options

>

Clock, Language, and Regien Adjust screen brightness

Ease of Access

Display

|

Connect to an external display

Windows Mobility Center

Adjust commonly used mobility settings

Realtek HD Audio Manager

Add a device Add a printer Mouse '5' Device Manager ‘
Change default settings for media or devices | Play CDs or other media automatically
Manage audio devices

Change battery settings | Change what the power buttons do
Require a password when the computer wakes | Change when the computer sleeps

Make text and other iterns larger or smaller | Adjust screen resolution | Connect to a projector

You will see the VNWA as up to now non functional DG8SAQ-VNWA device under "other devices™:

| 3. Right-click DG8SAQ-VNWA and select "update driver software"

@Uvr@ » Control Panel » Hardware and Sound » v [#4] [ Search C

=4 Device Manager
File Action View Help

e DEHR B HNEB

g IDE ATA/ATAPI controllers

b % Imaging devices

-2 Jungo

& Keyboards

--ﬂ Mice and other pointing devices
- =_ Monitors

b -8 Network adapters
Af@ Other devices

|l DGBSAQ-VNWA

Y & Portable Devices Update Driver Software...
b 3 Processors Disable

b -% Sound, video and ¢ Uninstall

b M| System devices

4. i Universal Serial Bus Scan for hardware changes

E Generic U5B Hy

Properti
§ Intel(R)ICHD F i

m

Launches the Update Driver Software Wizard for the selected device,

Windows 7 will ask you how you would like to search for driver files.

| 4. Select "Browse my computer for driver software"
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) U Update Driver Software - DGE5AQ-VNWA

How do you want to search for driver software?

% Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

2 Browse my computer for driver software
Locate and install driver software manually.

Cancel

| 5. Select the unzipped directory which contains the drivers...

&

@ |l Update Driver Software - DGBSAQ-VNWA

Browse for driver software on your computer

Search for driver software in this location: /

C:\Users\Jan\Documents\Radio\Si570,SI570_firmware\siSTOVAVR-L ~

Elr_1 L i

Browse For Folder @

Select the folder that contains drivers for your hardware.

. Tenperature stabilization -

] - puter
» . Simulations e, and all driver
4 [ VNWA

. DGESAQ-USB-Driver-1.2.1.0-by-PEOFKO
& Saved Games [

» . Scanned Documents

. Spitsbergen Voyage i

Falder: DG3SAQ-USB-Driver-1.2.1.0-by-PEOFKO

OK ][ Cancel ]

... and press Next.

Windows 7 will issue a security warning "publisher of driver software could not be verified".

Even though the USB driver is signed, Windows 7 will issue a security warning "publisher of driver software could not be
verified". This is ok and no problem.

If you desire, the warning can be avoided by installing the root certificate prior to driver installation, but this is not
required for installing and running the driver.
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"g;é' Windows Security @I

@ Windows can't verify the publisher of this driver

< Don't install this driver software

You should check your manufacturer's website for updated driver software
for your device.

= Install this driver software anyway

Only install driver software obtained from your manufacturer's website or
/ disc. Unsigned software from other sources may harm your computer or steal

informaticn.

(v) See details

| 6. Select "install this driver software anyway ..."

... and Windows 7 will start installing the driver software. This might take a couple of minutes until done:

sl

) iU Update Driver Software - AVR USE Device

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

AVR USE Device

Close

| 7. Press the close button

The USB driver is now installed and the VNWA device is operational as can be seen in the device manager, where the
VNWA will show as AVR USB device:
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=4 Device Manager

File

Action View Help

Lol ARl NERE ? Bl AN B0
4= Jan-1410
|:> 3 Batteries

[

>

>

—_—

.48 Computer

¢ Disk drives

--"a', Display adapters

-8 FlexRadio

l:% Human Interface Devices
gy IDE ATA/ATAPI controllers
5 Imaging devices

<& Jungo

-ZZ Keyboards

- @ LibUSB-Win32 Devices

..L§ AVRUSB Device|

--ﬂ Mice and other pointing devices
‘_-:y Meonitors
<& Network adapters

| »

Now you are all set to install the VNWA application software.
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EXAMPLE 3: INSTALLING THE LIBUSB DRIVER ON WINDOWS XP (GERMAN SCREENSHOTS)

» »» Note: This step is only required if the DG8SAQ USB_VNWA Interface is used. Skip this step if you control your

VNWA via the parallel printer port.

a) Download and unpack the LibUSB driver files to any empty directory:

& DGBSAQ-USB-Driver-1.2.1.0-by-PEDFKC ol x|

Datei

Bearbeiten  Ansicht  Fawvoriten  Extras 7 | )

T

OZurUck - d b tr

y, ! suchen Ordner |E|v

Adresse | ) Di\DGASAQ-USE Driver-1.2.1.0-by-PEOFKO | (£ Weachseln 2u

[Earnded:

%6

E smateurh adiahaotCartificate
dgdsag
jﬂ'dgﬁsaq

b) Connect the DG8SAQ USB_VNWA Interface with your PC. The VNWA board doesn't need to be connected to the

interface board. Windows will notify "new hardware found" and will ask to install a driver.

i) Neue Hardware gefunden |Z|
AYR USE Device

» »» Hint: In case Windows does not detect your USB_VNWA interface, continue with the USB troubleshooting guide. In

HE00CoNBIRED 1215

case Windows does not start driver installation automatically, proceed with manual driver installation via Windows
device manager as is described in Example 4: Installing the LibUSB driver on Windows 7 (German screenshots).

c) Click on "no, not this time" and press continue to prevent driver search on the web.

Assistent fiir das Suchen neuer Hardware

Willkommen

E s wird nach aktueller und aktualisierter Software auf dem
Computer, auf der Hardwareinstallations-C0 oder auf der
windows |Jpdate-wiebszite [mit [hrer Erlaubnis] gesucht.

D atenschutzrichtlinie anzeigen

Soll eine Verbindung mit YWindows Update hergestellt werden,
urn hach Software 2u suchen?

' Ja, nur diese sine Mal
7 Ja. und jedes Mal. wenn ein Gerdt angeschiozsen wird

% Nein, diesmal richt

R

Klicken Sie auf "weiter", um den Vorgang fortzusetzen.

< Zurick I Weiter » I Abbrechenl

d) Click on "install from list..." and press continue to install the driver from your hard disk.
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Assistent fiir das Suchen neuer Hardware

Mit diezemn Assistenten kinnen Sie Software fir die folgende
Hardwarekomponente installieren:

AR USE Device

¢ ) Falls die Hardwarekomponente mit einer CD
\, oder Diskette geliefert wurde. legen Sie diese

- jetzt ein.
‘wie machten Sie vorgehen?

" Software automatisch instaliersn [empfoklen)

% Software won siner Liste oder bestimmten Quelle
inztallieren [fur fortgeschrittene Benutzer)

Klicken Sie auf "weiter, um den Vorgang fortzusetzen.

£ Zuriick I Weiter » i Abbrechen

e) Enter the path to your driver files and press continue.

Assistent fiir das Suchen neuer Hardware

Wahlen Sie die Such- und Installationsoptionen.

& Diese Quellen nach dem zutreffendsten Treiber durchsuchen

Wemwenden Sie die Kontrollkastchen, um die Standardsuche zu enweitern oder
einzuschranken. Lokale Pfade und Wechselmedien sind in der Standardsuche mit
einbegiiffen. Der zutreffendste Treiber wird installiert,

[ wechzelmedien durchsuchen [Diskette, CD....)

¥ Folgende Quelle ebenfalls durchsuchen:
|D:\DGBSAQ-USB-Driver-1.2.1.D-by-F'EDFKD j Durchsuchen |

= Nicht suchen, sondern den zu installierenden Treiber selbs%véhlen

Wemwenden Sie diese Option, um sinen Geratetreiber aus einer Liste zu wahlen. Es wird
nicht garantiert. dass der von lhnen gewahite Treiber der Hardware am besten entspricht.

< Zuriick I ‘weiter > I Ahbrechenl

f) The driver will be installed. Finally you will be notified about the successful installation. Press "finish" and you can use

the USB_VNWA interface on your computer.

Assistent fiir das Suchen neuer Hardware

Fertigstellen des Assistenten

Die Software fur die folgende Hardware wurde installiert:

=

AR USE Device

Klicken Sie auf "Fertig stellen’, um den ‘Vorgang abzuschiiefen.

< Zurtick I Fertigétellenl Abbrechen |

Now you are all set to install the VNWA application software.
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EXAMPLE 4: INSTALLING THE LIBUSB DRIVER ON WINDOWS 7 (GERMAN SCREENSHOTS)

» »» Note: This step is only required if the DG8SAQ USB_VNWA Interface is used. Skip this step if you control your
VNWA via the parallel printer port.

v+ +» Note: You need VNWA software version V33.0 or higher and firmware version v4.6 or newer to work with
the signed LibUSB driver.

v+ » Note The following describes a step by step installation procedure on a Windows 7 / Windows Vista machine,
where no previous attempt has been made to install a VNWA driver. If you previously have tried to install different USB
drivers for the VNWA make sure to completely remove all previously installed driver relicts from your system.

| 0. Download and unpack the LibUSB driver files to any empty directory your hard disk.

@'\Jﬂ | <« Date.. » DGBS.. » ~ | 42 | [ DG8sAQ-USB-Driver-1.21.0b.. O]
Organisieren = In Bibliothek aufnehmen - > i E;l @
“ | amds4
4 4 Bibliotheken | iabd
& =] Bilder [ . license
[ @ Dokumente | BE
b J’ Musik = [ AmateurRadioRootCertificate
[ B Videos =/ dg8saq
4+ | dgdsaq

I #d Heimnetzgruppe

PhLl Computer
[ & Lokaler Datentrager (C:)
4 —, Daten ([n)
| [ . DGESAQ-USB-Driver-1 .ZJ..U-by—PEOFKqJ

. Filme = o :

| 7 Elemente

| 1. Connect your VNWA to a USB port of your computer

Windows 7 will attempt to install USB drivers for the VNWA ...

i Installieren von Geréatetreibersoftware  *

Klicken Sie hier, um Statusinformationen zu erhalten.

1741

A v oy
1 520 000

... but it will fail as it can't find any drivers.

Pl Die Geritetreibersoftware wurde nicht installiert.  *

=% Klicken Sie hier, um Details zu erhalten.

17:46
01.04.2010

[ A O

| 2. Open your hardware manager

You will see the VNWA as up to now non functional DG8SAQ-VNWA device under "other devices™:
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Datei  Aktion Ansicht

&= | mHmEl®

4 {52 atom|

a |5 Andere Gerite
| DGBSAQ-VNWA
Qer

5 Multimediacontr
- "5 Anschlisse (COM &L LPT)
|>I'Q: Audio-, Video- und Gamecontroller
.78 Computer
b DVD/CD-ROM-Laufwerke

| 3. Right-click DGBSAQ-VNWA and select "update driver software"

Datei  Aktion

Ansicht 7

&= | @ E HE| | @RS
452 atom -
P -[ts) Andere Gerite |

MBIALA | =

Treibersoftware aktu awen...

Deaktivieren

Deinstallieren

) b Computer
-4 DVD/CD-RO

Startet den Treibersoftw

Mach gednderter Hardware suchen

Eigenschaften

Windows 7 will ask you how you would like to search for driver files.

| 4. Select "search on computer for driver files"

Wie méchten Sie nach Treibersoftware suchen?

< Automatisch nach aktueller Treibersoftware suchen
Auf dem Computer und im Internet wird nach aktueller Treibersoftware far das
Gerit gesucht, sofern das Feature nicht in den Gerdteinstallationseinstellungen
dealtiviert wurde.

2 Aufdem Computer nach Treibersoftware suchen.
Treibersoftware manuell suchen und installieren&>

| 5. Select the unzipped directory which contains the drivers...
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K3 L Treibersoftware sktualisieren - DGESAQ-VNWA

Auf dem Computer nach Treibersoftware suchen

An diesem Ort nach Treibersoftware suchen:

D:\DGESAQ-USB-Driver-1.2.1.0-b - Durchsuchen...

Unterordner einbeziehen %

< Aus einer Liste von Gerdtetreibern auf dem Computer auswahlen
Diese Liste enthilt installierte Treibersoftware, die mit diesem Gerat kompatibel sind und
aus derselben Kategorie stammen.

Weiter ][ Abbrechen

... and press continue.

Even though the USB driver is signed, Windows 7 will issue a security warning "publisher of driver software could not be

verified". This is ok and no problem.

If you desire, the warning can be avoided by installing the root certificate prior to driver installation, but this is not

required for installing and running the driver.

4 Windows-Sicherheit S5

Eﬁ‘] Der Herausgeber der Treibersoftware konnte nicht tberprift

-

werden.
= Diese Treibersoftware nicht installieren I
Sie sollten auf der Website des betreffenden Herstellers nach aktualisierter
Treibersoftware fir das Gerdt suchen. |

< Diese Treibersoftware trotzdem installieren
Installieren Sk=ar Treibersoftware, die Sie ven der Website oder einem
Datentrager des Herstellers erhalten haben. Nicht signierte Software aus
anderen Quellen kann Schiaden auf dem Computer verursachen oder zum
Werlust bzw. Diebstahl von Informationen fithren.

V Details einblenden

b -

| 6. Select "install anyway ..."

... and Windows 7 will start installing the driver software.

This might take a couple of minutes until done:
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\WR USB Devic

Die Treibersoftware wurde erfolgreich aktualisiert.

Die Installation der Treibersoftware far dieses Gerat ist abgeschlossen:

% AVR USB Device

|  7.Press the close button

The USB driver is now installed and the VNWA device is operational as can be seen in the hardware manager, where

the VNWA will show as AVR USB device:

= Gerate-Manager
Datei Aktion Ansicht 7
e ANl NERE ? Bl YN §-F
- By Grafikkarte 7
=] IDE ATASATAPI-Controller

=" Laufwerke
4§ LibUSB-Win32 Devices ‘

- LI§ AVRUSB Device|
;_>-ﬂ Méuse und andereZ&gegeréte
-| Modems

M|

J Monitore

E:> :;“ Netzwerkadapter -

[ -

Now you are all set to install the VNWA application software.
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MANUAL INSTALLATION OF THE VNWA APPLICATION

The VNWA hardware is controlled by the VNWA application software. Installing the software is a means of simply
copying the file VNWA.exe to any directory you wish to use as program directory.

You can even install the VNWA application onto a memory stick which may remain attached to the extra VNWA USB port
of your VNWAZ2. The advantage of doing so is that when moving the VNWA from one computer to another you also
move all your settings and calibration files along.

»»» Windows Vista / Windows 7 / Windows 8 note: On Windows Vista / Windows 7 or 8 the "program files" directory
on the system partition is particularly write protected. Since the VNWA application writes many files (ini-files, calibration

files,...) into the program folder, it is recommended to NOT install the VNWA application into any system folder like
"program files" in order to avoid conflicts. Use any folder where you have normal write access instead.

| Installation

You should start out with an empty program folder into which you unzip the VNWA application VNWA.exe, the LPT
driver file zlportio.sys if LPT support is desired, special function dlls (if desired) and the help file system "VNWA.HLP"
and "VNWA.cnt". No special software installation procedure is required as the files are ready to run. The VNWA
application does not make use of the Windows registry. This is particularly interesting for trying out software beta
versions in a folder separate from the main installation folder.

& C:\Programme’, ¥NWA =101 x|

3 b,
lJ'

J Datei Bearbeiten  Ansicht  Faworiten

JP.dresse I_} CHiProgramme) Vi j a Wechseln zu
= LA
Q)uniwa
zlportio

If you have received a key file (*vnwakey*.ini or *vnwakey*.txt) together with your VNWA hardware from SDRKits, copy
it into the same installation directory. From software version 35.0 on VNWA will look for a key file on first program start
after installation and read the key information. This way, you do not have to enter the key manually.

» »» Note: If you have not installed a USB driver for the VNWA, then you must copy the file libusb0.dll from the LibUSB
package into this directory.

v+ » Note: You need to have administrator privileges in order to run the application in LPT mode. If you attempt to run
it with lower privileges, the LPT driver will fail to load. The driver will also fail to load on systems that do not support the
LPT driver zlportio.sys (e.g. Win98 and all 64 bit Windows versions).

»»» Note: You can add an icon to your desktop by right-clicking onto VNWA.exe and selecting copy. Then right-click
onto your Windows desktop and select add link.

»»» Windows Vista / Windows 7 or 8 note: Please consult "Configuring and running the VNWA application
under Windows Vista, 7 or 8" for special Vista / Windows 7 or 8 issues. Note, that Windows Vista and Windows 7 / 8
require that you set the VNWA audio device inside Windows to stereo operation and that you manually adjust the
recording level.

Now you're ready to control your DG8SAQ VNWA. See the configuration guide for details

If you want to control an N2PK VNA with the VNWA application, then you need to create an additional file named
N2PK.ini with arbitrary contents in the program folder. You can do so by e.g. typing echo > n2pk.ini on the console
prompt. If you want to control your N2PK VNA via Dave Robert's GBKBB USB interface, you must provide the files
delphivna.dll and vnadil.dll in your VNWA program directory. Configuration instructions for controling an N2PK VNA
can be found here.
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DESCRIPTION OF FILES IN INSTALLATION FOLDER

The automatic VNWA software installer creates the following subdirectories files inside the VNWA program
directory.

The colors refer to the following categories:

- Only needed for special operations
- Not required by VNWA application

Directories:

/DG8SAQ-USB-Driver Directory containing USB drivers. Once installed, the directory is no longer needed.

[firmwares Directory containing all published firmwares. Only needed for firmware upgrades
Files:
CodeclF.dll Audio level control interface dIl for Windows Vista, 7, 8. If omitted, recording levels have to be set via
Windows manually.
delphivna.dll Interface dll for N2PK-VNA, not needed for DG8SAQ VNWA
DelZip190.dll zipper dll used to pack debug info, not needed if debug emailer function is not used
gfx_dll.dll dll used to load background image. Not needed if no background image is used
helpfile change history.txt help file change history, not needed
logo.bmp SDRKits logo, VNWA also runs without this file.
svg_dIl.dll dll used to load background image in *.svg format. Not needed if no background image is used
unins000.dat uninstaller data base, not needed for VNWA operation
unins000.exe VNWA application uninstaller, not needed for VNWA operation
VNWA .cnt Help file table of contents, only needed if help file is used.
VNWA application
VNWA.hlp VNWA help file, not needed for VNWA operation

VNWA license key, needed for VNWA hardware operation

After running and terminating the VNWA application for the first time, the following additional files are
created.

The colors refer to the following categories:

- Recreation can be suppressed

Listed sweep frequency list. Will only be accessed upon program start and when a listed sweep is
edited.
MemorySpaces.dat Storage for data spaces, creation and access can be deactivated
Links to directories visited by user in open/save dialogs will be stored here. File will only be read once
upon program start.
PreSetup.” Set of files containing a backup of the instrument state before entering setup. Will only be created
when setup is opened. Creation may be suppressed.
General software settings. Will only be read once upon program start.
Current instrument calibration. Will only be read once upon program start.
DG8SAQ VNWA hardware related settings. Will only be read once upon program start.
DG8SAQ VNWA2 clock multiplier table for auto-clock. Will only be read once upon program start.
DG8SAQ VNWAS clock multiplier table for auto-clock with fixed premultiplier. Will only be read once
upon program start.
DG8SAQ VNWAZ2 clock multiplier table for auto-clock with auto-premultiplier. Will only be read
once upon program start.

Depending on selected instrument and mode, the following additional calibration files might have been generated:

VNEB.cal Calibration for "external bridge" mode
VN2B.cal Calibration for "internal+external bridge" mode
VNIV.cal Calibration for "RF-IV mode"

SA.cal Calibration for "Spectrum Analyzer" mode
n2pk.cal Calibration for "N2PK VNA" instrument
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If in any of the above mentioned modes a master calibration has been performed, then there will be additional master
calibration files of the form *.cal with user defined master calibration file names.

After opening the Setup window in the VNWA application for the first time, a set of files with name PreSetup.*
are created.

These files are present a so called Instrument State, i.e. the complete instrument settings at the point of time before
entering Setup. Thus, a wrong setup can be undone by manually retrieving this instrument state. Note, that the files
PreSetup.* are being updated every time you enter the Setup menu. Automatic creation of these files can be deactivated
in Setup-Misc. Settings-Special Settings section.

A basic instrument state contains the following files (shown for the example instrument state MyState.*):

MyState.bck_mdat Copy of MemorySpaces.dat (not saved for PreSetup)
MyState.bck_mul Copy of VNWA.mul

MyState.bck_mul3 Copy of VNWA3.mul

MyState.bck_mul3a Copy of VNWA3A.mul

MyState.bck_vcal Copy of VNWA cal

MyState.bck_vncom  Copy of VNCommon.ini

MyState.bck _vnwa Copy of VNWA.ini

The following additional mode calibration files may be included in the instrument state if available:

MyState.bck_vmcal Copy of VNWA mode master calibration

MyState.bck_vebc Copy of VNEB.cal

MyState.bck_vmebc  Copy of "external bridge" mode master calibration file
MyState.bck_ve2c Copy of VN2B.cal

MyState.bck_vme2c  Copy of "internal+external bridge" mode master calibration file

MyState.VNIV.cal Copy of VNIV.cal

MyState.bck_vmivc Copy of "RF-IV mode" mode master calibration file
MyState.bck_scal Copy of SA.cal

MyState.bck smcal Copy of "Spectrum Analyzer" mode master calibration file
MyState.n2pk.cal Copy of n2pk.cal

MyState.bck_nmcal Copy of "N2PK VNA" instrument master calibration file
The user may manually create the aditional file:

N2PK.ini N2PK VNA general hardware settings

links.url User customizable internet links for Help-Home menu

When emailing debug information or downloading software updates from the internet, the following directory
is created:

tmp Directory will hold compiled debug information or downloaded files

Internet access can be suppressed by deactivating the automatic check for software updates.
In remote-control mode internet access is automatically blocked.
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FIRMWARE INFORMATION

The VNWA hardware contains a microcontroller running its own software. This software is called firmware.

Current firmware versions are:

V4.15 for all VNWAZ2 versions
V5.22 for all VNWAS3 versions

You can check your firmware version by using the "Test USB" feature in Setup-USB Settings. The result will be

displayed in the bottom status line:

[=4PC and Instrument Hardware Related Setup

Interface Type USE Settings IAudio Settings | Audio Level | Instrument Settings | Misc. Settings

Rescan USE Bus |

erify Firmware |
Flash Firmware |

YW Energy Settings:

Firmwsare Energy Settings

IDN OF pOWEN LR j

Software Energy Settings
IDN if zoftware started j

License Code:

|DGSSAQ

Firrnware v4.2 Iﬁg AD9859: Test passed without errors

It can be seen in the bottom status line (see mouse pointer above), that firmware version v4.2 is running on attached

VNWA2. Note, that V4.2 is OLDER than 4.15.

The versions increment like 5.1...5.0,5.10...5.19,5.20...5.22, likewise for the 4.x versions.

Note, that firmwares can no longer be updated by the user. If a firmware update is necessary, it must be performed
using ISP-progammer hardware.
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VNWA SOFTWARE UPDATES

VNWA software updates can either be performed all manually via the SDRKits software update webpage

https://www.sdr-kits.net/index.php?route=web/pages&page_id=30_30 or from within VNWA using the main menu "File -
Software Updates".
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AUTOMATIC CONFIGURATION OF THE SOFTWARE FOR USAGE WITH A DG8SAQ VNWA (AUTO-SETUP)

From VNWA software version V36.2.z on an automatic setup wizard is available. It will automatically start on first
program launch after installation, provided the VNWA hardware is connected.

The following describes a typical setup run on a Windows 8 machine, which behaves very similar to Windows7 and
Vista. Notes will point out differences to Windows XP.

| 1. Connect the VNWA hardware and launch the VNWA application

If you haven't already entered the license code during software installation, make sure you have your license code at
hand.

Connect the VNWA hardware to your computer using a USB cable and give your computer a minute to automatically
configure the VNWA hardware drivers.

Then start the VNWA software by double-clicking the VNWA icon on the desktop (or VNWA .exe after manual
installation):

s
S
Ly

|  2.First informations

In order to use your VNWA over the full frequency range (up to 1.3GHz and beyond), the DDS chips inside must be
overclocked. In the long history of the VNWA several thousand DDS chips have been overclocked and we have not
observed a single failure. You still do overclock at your own risk.

IMPORTANT NOTICE!

VNWA software started for the first time,
If you want to use your VWWA beyond 300 MHz, you must
AGREE to OVERCLOCK the DDS chips.

By clicking OK, your YNWA will be switched to use
auto clock multipliers which will allow overclocking.

! You do this at your own risk 11!}

If you do not wish to overclock, press Cancel.
You can also set VWWA to auto clock multipliers manually later on.

This message will appear only once.

oK é | Cancel

Press OK if you agree to overclock. Press Cancel or close the window using the X-button if you do not want to
overclock.

Next, some useful first hints about not so obvious ways to operate the software are shown:
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VNWA

Hints for using the VNWA software, read carefully!

The usage of this software might not seem obvious at first sight

as the main window only has very few button controls.

Mote, that nevertheless all important settings can be accessed very
conveniently from the main window. Most features of the main window
(e.g. frequency labels...) can be changed by one of the following ways:

- by right-clicking it

- by double-clicking it

- by heolding the mouse pointer over it and turning the mouse wheel

- some labels and the markers can freely be moved with the mouse

Mote, that all these functions can also be accessed the Windows way via
the main menu on the top.

Mote, that there are also keyboard shortcuts for convenience.

For details please consult the online documentation by pressing "H" or
by selecting Help-Help from the menu.

Also this window will show only once. Close it after having read by pressing OK or using the X-button.

The application main window comes up and the software detects that a setup is necessary:

= DGB8SAQ - Vector Network Analyzer Software - unlicensed - ©
File Measure Settings Tools Options Help

<Ref
1048/ 0dB

WARNING “

Informations missing in ini-Files.
Want to run Auto-5etup?

Start =1 MHz Center = 30.5 MH
= Span = 53 MHz
T Al =048 b S21 b oK [:l Cancel | X
[s21 =] = |[Mem1 ~| W 511 Smih »

VNWA USB Mode started. Recalibrate Sampling Rate!

Pressing Cancel or closing the Warning window with the X-button will abort the guided setup and will activate the main
window.

In order to proceed with the guided setup press OK.

| 3. Automatic setup, entering license code

»»» Note: You can interrupt the guided setup at any point by not pressing the OK button or by closing the dialogs or the
setup window with the X-button. Auto-Setup can be restarted by going to the "Audio Settings" tab and pressing the "
Auto-Setup Audio Devices" button on the lower left.

If a license code had been entered previously during software installation, the next step will be skipped automatically
and the setup process will continue in section 4.

If no license code has been entered previously, then you are asked to do so now:
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Rescan USE Bus |
Test USE Interface |
“Werify Firmware |
Flash Firmware |

WA Energy Settings:

Firrware Energy Settings

PC and Instrument Hardware Related Setup

Audio Settings I Audio Levell Instrument Settings I Mizc. Settingsl

After pressing OK, enter License Code and press "Return”-key or rescan button”

IDN ah pawer up

Software Energy Settings

=l

IDN if zoftware started

License Code:

o]

=l

|Enter licenze code here and press "Rescan USE Bus"

Change WN'wit USE |dentifier |

Calibrate Sampling Rate!
pling

4

Confirm the notification by pressing OK, then enter your license code...

Audio Settingsl Audio Level | Instrument Settings | Misc. Settings

Fescan USE Bus [J
Test USB Interface |

“Werify Firmware |
Flash Firmware |

Whwid Energy Settings:

Firrmware Energy Settings

IDN ah pawer up

Software Energy Settings

=]

IDN if zoftviare started

License Code:

Change WN'wit USE |dentifier |

Calibrate Sampling Rate!

... and terminate by pressing the return keyboard key or by pressing the "Rescan USB Bus" button.
If the entered license key is incorrect, you will be asked again to enter a correct license key.

If the key is correct and connection to the VNWA hardware could be established, then the setup wizard proceeds with
the automatic audio setup:

| 4. Audio devices setup

Make sure that nothing is connected to the VNWA TX and RX ports before proceeding with the auto-detection of

audio devices.

Also, | have noticed that on some Windows 8 installations, sound devices cannot be opened while the Windows sound
device control window is open. So make sure it is closed before you proceed.
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= PC and Instrument Hardware Related Setup

USE Settings  Audio Settings | Audio Levell Instrument Settingsl Mizc. Settingsl

Audio Capture Device Mizc Audio Setting:

Microphone [2- JSE Audio CODEC

Audio Buffer Length in Samples

Test Audio Auto-detection and auto-setup of audio devices starting.

M ax= Make sure that NOTHIMNG is CONNECTED to the VWNWA RF ports!

I~ Aweiliary Audio Capture Windows 8 detected!
Make sure the Windows Sound Manager |5 CLOSED before proceeding, otherwise
the sound devices may be locked!

This may take several seconds.
Observe progress in status line at the bottom.

Cancel

Auto-5 etup Audio Devi

|WARNING: DDSs are being overclocked outside the Analog Devices specification! You do that at your own risk! y

After having verified that nothing is connected to the VNWA RF ports, proceed by pressing OK.

= PC and Instrument Hardware Related Setup

IUSE Settings  Awudio Settings |Audio Levell Instrument Settingsl Misc. Settingsl

Audio Capture Device Mizc Audio Setting:

Microphone [2- USE

Some VMWA sound devices are running in wrong mode: -
S ampling Time =
1.96 ms

Micrephone (6- USE Audic CODEC : 44100 Hz / meno
Test Audia Microphone (2- USE Audic CODEC : 44100 Hz / mono

Max= Required settings: 48000 Hz / stereo

I~ Awwiliary dudio 3l These settings have to be corrected in Windows,
On OFK, the Windows recording device manager will open automatically
Double-click above shown sound devices there, go to the "Advanced" tab and
change accordingly

[y

Auto-5 etup Audio Devicesl Ichec:k USE codecs only j

|autodetect phase 2 of 8 started A

In this example | have connected a VNWAS3E, which contains two sound devices. If a VNWAS is being used, only one
sound device will be detected.

For Windows versions Vista and newer, the VNWA sound recording devices will be switched to 1 Channel / 44100 Hz
upon first connection with the PC. The VNWA software will notice this and ask you to change it. As Windows does not
allow user code to change these settings, you will be asked to change them inside the Windows Sound manager which
will open automatically. Note, that this problem does not occur for Windows XP and older systems.

Press OK and watch another notification window and the Windows sound manager open:
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Recording | Spunds | Communications

ated Setup

Select a recording device below to modify its settings:

Microphone
2- USB Audio CODEC
Ready

Microphone
6- USE Audio CODEC
Default Devi%

Microphone
High Definition Audio Device
Ready

Configure Set Default |v Properties

0K || Cancel | Apply

|3DDD

[io” w4 —iF- 12000042 |
I3 =3 Minimurn Sampling Time =

|3 0.96 ms

VNWA

Wait for recording manager to open and set recording devices ...

Microphone (8- USB Audio CODEC : 44100 Hz / mono
Microphone (2- USB Audio CODEC : 44100 Hz / meno

«. to 48000 Hz / stereo r

Close recording device manager and press OK when done.

Double-click those sound devices in Sound manager which are shown in the notification window. By doing so, the
Windows sound device Properties manager will open:

General |Listen | Levels | Advanced

'
Change lcon

Contraller Information

&- USE Audio CODEC

[Generic USE Audio)

Jack Information

Mo Jack Information Available

Device usage: | Use this device [enable]

| QK | | Cancel Apply

Go to the Advanced tab, ...
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General | Listen | Levels | Advanced

Default Format

Select the sample rate and bit depth to be used when running
in shared mode.

|1 channel, 16 bit, 44100 Hz (CD Quality) ﬁ,

Exclusive Mode

Allow applications to take exclusive control of this device

Give exclusive mode applications priority

Restore Defaults

... and change from the current setting ( 1 channel 44100 Hz) ...

General | Listen | Levels | Advanced

Default Format

Select the sample rate and bit depth to be used when running
in shared mode.

1 channel, 16 bit, 44100 Hz (CD Quality)

channel, 16 bit, 11025 Hz [Dictation Quality)
channel, 16 bit, 16000 Hz [Tape Recorder Quality]
channel, 16 bit, 22050 Hz {AM Radio Quality)
channel, 16 bit, 32000 Hz [FM Radio Quality)
channel, 16 bit, 44100 Hz (CD Quality)
channel, 16 bit, 43000 Hz [DVD Quality)

2 channel, 16 bit, 11025 Hz [Dication Quality)

2 channel, 16 bit, 16000 Hz (Tape Recorder Quality)

2 channel, 16 bit, 22050 Hz (AM Radio Quality)

2 channel, 16 bit, 32000 Hz (FM Radio Quality)

2 channel, 16 bit, 44100 Hz (CD Quali

2 channel, 16 bit, 43000 Hz (DVD Quali

Restore Defaults

Apply

... to 2 channels 48000 Hz.
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General | Listen | Levels | Advanced

Default Format

Select the sample rate and bit depth to be used when running
in shared mode.

|2 channel, 16 bit, 48000 Hz (DVD Quality)

Exclusive Mode

Allow applications to take exclusive control of this device

Give exclusive mode applications priority

Restore Defaults

Press OK ...

Recording | Spunds | Communications

Select a recording device below to modify its settings:

Microphone
2-USB Audio CODEC
Ready

. Microphone
b, 6- USE Audio CODEC
Default Device

Microphone
High Definition Audio Device
Ready

Configure | Set Default IV| | Properties

QK [}“ Cancel | Apply

... and repeat with the second sound device. Then close the Windows Sound devices manager by pressing OK...

Wait for recording manager to open and set recording devices ...

Microphone (6- USE Audic CODEC : 44100 Hz / meno
Microphone (2- USE Audio CODEC : 44100 Hz / mono

.. to 48000 Hz / stereo

Close recording device manager and press OK when done.

... and close above noatification by pressing OK.
If you missed to set up all sound devices correctly or you selected a wrong setting, then the above process starts
automatically again.
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After all sound devices have been configured correctly, the auto detect process will start. Observe progress in the
bottom status line of the setup window:

Auto-5 etup Audio Devicesl Icheck LSE codecs only ;I

|autodetect phase 2 of 8 started A

Successful completion of the auto-detect process ends with the automatic correction of the sound devices setup and a
user notification:

Auto-Detect and Audio Setup successfull.

Audio levels have been automatically preset.

Press OK to calibrate sample rates now. This step will take 30 seconds.

oK & | Cancel

Note, that from VNWA software version V36.2.z on, the software is able to control the codec recording levels for
Windows versions Vista and later, provided the codec interface library CodeclF.dll is properly installed (the automatic
installer takes care of this, on manual installation, the file has to be copied to the program directory). At this stage, the
levels have already been set to the correct values.

All that is left to do is to determine the exact codec sampling rates. This sample rate calibration step is started

automatically after confirming by pressing the OK button. Observe the progress bar moving slowly to the right as the
measurement proceeds:

1USE Settings  Audio Settings |.~'3«udi0 Level | Aux Audio Levell Instrurment Settingsl Mizc. Settings

—Audio Capture Device Mizc Audio Setting
Microphane (- JSE Audia CODEC LI Audio Buffer Length in Samples IBDDD

ADC Resolutior——————
 2Eit Samples / IF Period |1U w4

= IF= 120000 Hz |

= 16 Bit
24 Bit # Presamples I3 = Minimuni S arnpling Time =
# Postzamples |3 0.96 ms

Calibrate Sample Rate |

Test Audio | 48000 Hz |

M ax= Min=

Sample Rate = uncal Iignore overload

=]
=]

¥ Ausiliany Audio Capture Device available |Reference = Left Charnel | [restart on no sync

—Auiliary Audio Capture Device Auiliary Audio Setting:
IMicrophone [2- USBE Audio CODEC LI Aux. Audio Channels measure THRU
ADC Resolution——————— Main &udio Channels measue REFLECT
" BBit
" 15 Bit
" 24 Bit Sample Rate = uncal

Max= IAux. Reference = Right Channel

NNRRRRNRNNEN |
Auwc Found first pulse in BUffer 0 at sample 460.

After successful completion you will be notified. Please also observe the exact determined sample rates in the bottom
status line of the setup window. If those values deviate very much from each other or from the nominal sample rate of
48000 Hz, then it is advisable to repeat this calibration step later manually by pressing the "Calibrate Sample Rate"
button on the right side of the Audio Settings tab.
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= PC and Instrument Hardware Related Setup

USE Settings Audio Settings | Audio Level] Ay, Audio Level ] Instrument Settings] Mizc. Settings ]

Audio Capture Device Mizc Audio 5Settings
Microphone [B- USE Audio CODEC ﬂ Audio Buffer Length in S amples 3000
ADC Resolution
8B Samples / IF Peiiod |10 %4 =5 IF= 1200.02H:
= 15 Bit
~ 24 Eit # Presamples 3 =3 Minimum 5 ampling Time =
# Postzamples 3 0.36ms
i 48000 Hz -
Vestnily | Calibrate Sample Rate |
Max= Min= Measd, Sample Rate = 48001.0  [ignere overlaad =l
¥ Ausiliary Audio Capture Device available |Reference = Left Channel | |restart on no sunc -l
Aufiliar_l,l Audio Capture DPTvic:e VNWA “
|M|Cl0ph0ne [2- USE Audio CODEC ure THRU
Automatic Setup and calibration successfully finished. TEAIEE
Check audio performance in Audio Level tabs.
Min= el j

Auto-Setup Audio Devices| Heck USE codecs only

Measured sample rates: Main = 48001.0; Aux = 43001.0 samples per second

After closing the notification window by pressing OK, an audio test will be started and the software will switch
automatically to the Audio Level tab:

= PC and Instrument Hardware Related Setup “
USE Settings | Audio Settings ux. Audio Level] Instrument Settings] ize. Settings]
Left = Reference e+
Reset

ANV NI AR
N N NS

Fight = Thru/Reflect

Stop ThruL\\L

Lewvel =33

' )

Min=-13310 Max=13313 Aux Min=-13451  Aux Max=13443

Here you can see the VNWA signals as they reach the codec. With the first default settings you will see sine-waves
which should show only a very slow phase shift over time. If they move rather fast, this indicates that the previous
calibrate sample rate step has failed and should be repeated.

Note, that this audio test can be repeated manually later by going to the Audio Level tab and pressing the Start/Stop
button on the lower left.

Note, that if you happen to have changed the number of sample points per IF period to a very low value, then the shape
of the sine waves may become trapezoidal/triangular. This is perfectly ok.

In above screenshot you do see the blue main reference signal and the faint red auxilliary reference signal (aux signal
visible for VNWAGSE only). The signal levels are preset to about 50% of full scale, which is the recommended setting.
Note, that VNWA 36.2.z and later offers a single volume slider on the bottom, that controls the recording level of the
main sound device for Windows versions Vista and later. Windows versions XP and earlier offer two sliders (separate
for left and right channel) or none depending on availability of hardware level control. There is no thru-signal (red and
blue flat lines) as nothing is connected to the VNWA RF ports.

When toggling the Thru-button to reflect mode by pressing it, a second blue sine wave representing the reflect signal
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appears:

LISE Settings | Audio Settings u. Audio Level | Instrument Settingsl Mize. Settings

Left = Reference

SN N
NN N

Right = Thru/Reflect

I Stop I Reflect
Lewvel =33
L j

Min=-13440 Max=15435  AuxMin=-13448  Aux Max=13447

Note that the red aux signals remain unchanged. The level of the aux signal my be controlled by the volume slider on
the bottom of the Aux Audio Level tab:

LISE Settings | Audio Settings | Audio Level natrument Settingsl Mize. Settings
1. Left = Thiu

I, Right = Aux. Reference

Lewvel = 33
I )

Min=-13425 Max=15424  Aux Min=-13470  Aux Max=13472

Manually changing levels should not be necessary, as auto-setup presets levels to recommended settings.

Now, stop the audio test by clicking the X-button once...
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USE Settings | Audio Settings | Audio Level Instrument Settingsl Mizc. Settings

lae, Left = Thiu

I, Right = Awe. Reference

Lewvel =33
I j

Min=-13424 Max=13440  AuxMin=-13433  Aux Max=13431

... and close the setup window by clicking the X-button again thus going back to the VNWA main window.
The instrument hardware setup is completed now and you are back on the VNWA main window. The

instrument is ready to sweep.
Try it by pressing the Single Sweep button:

File Measure Settings Tools Options Help

10d8/

WAty by

Start =1 MHz Center = 30.5 MHz Stop = 60 MHz

Span = 59 MHz
v 521 dB Continuous

=>||Mem‘| vl I 511 Smith Sitigle Swe

The S21 transmission measurement will show noise as there is no RX input signal yet. The S11 reflect signal is off
screen as the instrument is not RF calibrated yet.

See page Instrument Calibration to learn abour RF calibration.
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MANUAL CONFIGURATION OF THE SOFTWARE FOR USAGE WITH A DG8SAQ VNWA

|  Starting the Software, Choice of Interface

To start the VNWA software, double-click VNWA.exe. Look here for special issues on Windows Vista.

On program start two windows should open.One of looks like this:

[=4PC and Instrument Hardware Related Setup x|
1 Audio Settings l Audio Level I Calibrate System Timing l Instrument Settings l Mizc. Settings i
& LPT Mode 0: LPT 10 Addresz = 372  Hex Test Speedl
Relies oh a constant audio driver response time.
Requires calibration of spstem timing! [zee "Calibrate System Timing"' tab]
‘whorks fine with PCl sound cards. [~ 1 -Stobe
DOES NOT WORK wWITH USE SOUND CARDSII [~ 14 -AutoFeed
[~ 2Datal
' LPT Mode 1: M 15Emar
Uszes syne bursts in the audio stream to determine the timing at each measurement. [~ 2Datal )
‘wiorks fine with USE sound cards and others. [~ 1B Init
[~ 4Data2
" UUSB Mode: [~ 17 Seln
Requirez an USE controller interfacel I~ 6Data?
‘wiorks fine with any sound card. 18 Gnd
[~ BDatad
19 Gnd
[~ 7 Dataf "
20 Gnd
[~ 8Datak "
21 Gnd
[~ 9Data? "
22 Gnd
B 104k "
23 Gnd
0 11 Busy "
24 Gnd
W 2re "
25 Gnd
B 13 Select "
e /

Check the desired interface type. Make sure to enter the correct address of your LPT port (378hex is the most common
choice, see your PC BIOS). The button "Test LPT" allows you to evaluate the speed of your LPT port. You should
obtain values between about 1us and 2us per byte. This is no functionality test of the LPT port hardware, though! You
can actually test the LPT hardware with the feature to the right. You can toggle the states of the LPT lines and observe
the changes with a scope. You can also make a loopback connector and observe the changes on the input lines.

v »» Note: USB to LPT converters won't work for this application due to latency of the USB transfer protocol.

Before you select USB Mode, the USB_VNWA interface must be plugged in!
If you select USB Mode, the LPT test features disappear and the USB Settings tab appears.

| USB Settings (only applicable to the USB_VNWA interface)
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[=1PC and Instrument Hardware Related Setup x|
Interface Type USE Settings IAudio Settings | Audio Level | Instument Settings | Misc. Settings
bus/device idvendor/idProduct

bus-0/4% Mibusb0-0007 -0 Bc0-0205de 041 6C0/0<050C
- Manufacturer : wenyobdey. at
TestUSB Interface | -Product  : DGBSAGVRNW
- Serial Mumber: None
“erify Firmware | wTotalLength: 18
bMuminterfaces: 1
X bConfiguration®alue: 1
Flash Firmare | iConfiguration: 0
brdttributes: 8h
M axPower: 255
binterfaceMumber: 10
blternateSetting: 0
bMumEndpointz: 0
binterfaceClass: 0
binterfaceSubClazs: 0
blnterfacePratocal: 0
ilnterface:
YW Energy Settings:
Firmware Energy Settings
|DFF On pOwWer Up j
Software Energy Settings
|DN if software starked j
License Code: IEnter license code here and close setup window to activate il
|DEESAG YINWA USE Controller found v

Press Rescan USB Bus to see if the USB driver and the USB_VNWA interface are being properly detected. You

should see the above screen in this case.

» » » Note:Before continuing, you must enter the license code you have received together with your USB_VNWA

interface into the bottom field. After this you must close and reopen the hardware setup window in order to activate

the license key!

After activation you can press Test USB Interface to verify flawless communication.

|  Audio Settings

Next move on to the "Audio Settings" tab:

[=4PC and Instrument Hardware Related Setup

Interface Type | USE Settings

|Audi0 Levell Auz. Audio Level | Instrument Settings | Misc. Settingsl

—dudio Capture Device

X

Mize Audia Setting,

IUSB AUDID CODEC j Audio Buffer Length in S amples |3DUD
ADC Resolution————
S Rit Samples / IF Period I'IU w4 =xIF= 1200.02Hz |
" 16 Bit
24 Bit # Presamples I3 => Minimum Sampling Time =
# Postsamples |3 0196 ms
f 43000 Hz -
Test fudo | I J Calibrate Sample Fate I
ezs=TIZEL e 20 Caled. Sample Rate = 48001.0 Iignore overload j
v Auziliary Audio Capture Device available IHeference = Left Channel j Irestalt onno spne j
augilian Audio Capture Device Auxiliary Audio Setting:
IUSB Audio CODEC j Aux. Audio Channels measure THRU
ADC Resolution——————— Main Audio Channels measure REFLECT
" SBit
" 16 Bit
~ 24 Bit Caled. Sample Rate = 48001.0
Min=-16913 Max=1E916 IAux. Reference = Right Channel j
Auto-Setup Audio Devicesl ICheCk USE codecs only j
| 4

Select your prefered audio capture device on the left. 48kHz is a good choice of a sampling rate, which is supported by
all modern sound cards. Lower sampling rates may be advantageous for very low frequency measurements, but limit the

sweep speed. The indicated "Misc Audio Settings" are good choices. If you have a slow CPU you might want to
increase the Audio Buffer Length. This will lead to fewer graphics updates.

Instrument Settings / External Hardware
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Next move on a few tabs further to "Instrument Settings":

[=1PC and Instrument Hardware Related Setup

Interface Typel LSB Settingsl Audio Settingsl Audio Level  Instrument Settings ! Misc. Settingsi

x|

YINWA Tupe: | 5-Parameter Test Set: 1511 = low 'i save profile I
8, 2 ' !none vi ' load prafile i
RF DDS : LaDDS
!ADgsag, 209951 vi I~ enable crystal out pin !,QD 9859, AD9951 vi I enable crystal out pin
Clack = [35.9 Clock = [35.3 #[3 x] MHz

[0 x| MHz

=» Clock = 359.00 MHz

= Clock = 32310 MHz

—Calibrate Clock Frequency
Calibrate DDS Clock Frequency |

To calibrate the DDS clock frequency, vou need to measure the output frequency at the T port with & frequency counter.

Here you can specify the hardware inside your VNWA. If you have a different crystal frequency, modify the data
according to your hardware. The displayed frequency of 35.9 MHz is approximately obtained if a standard 12 MHz
crystal is used in 3rd overtone mode. If you want to calibrate your DDS clock oscillator frequency, press the according
button and follow the instructions. You need a frequency counter to do so. Note, that the two frequency multipliers need
to be as high as possible and different from each other. If you want to use the frequency range 600 MHz...1.3 GHz, you
need to select multipliers auto. When you do so, the prefilled auto clock multiplier table pops up. Simply close it as the
default values should be ok. Now your PC is ready to send control data to your VNWA board and it is time to connect it
to the PC, if you haven't done so already.

»»» Note: With the displayed clock multiplier selections you stay within the Analog Devices DDS specification, but you
can only measure up to about 300 MHz.

L/ Adjusting the Audio Level (no adjustment available for the DG8SAQ USB_VNWA interface or for Windows
ista)

Move on to the "Audio Level" tab and press the button "Test Audio". You might want to increase the window size for
better visibility. You should see the following screen:

[=4PC and Instrument Hardware Related Setup ¥ ...,; 5
Interface Typel 1SE Settingsl Audio Settings Audio Level | Instiument Settingsl Misc. Settingsl
Left = Thru/Reflect

X

Fight = Heferen@

I Stop Thiu H|

Wolume B = 14 3%

y )

Wolume L= 14 %

y )

Min=-10755 Max=11047 Aux Min=0  Aux Max=0 S

Left and right audio channels are monitored while the VNWA is set to a fixed frequency. On the above screen, you can
see that the reference signal arrives on the right channel (bottom curve, if it's the left channel in your case, make sure to
change the setting in the Audio Settings/right block accordingly). Set the volume slider for the reference channel such,
that by no means clipping occurs. A good rule of thumb is to set the volumes such, that the amplitude spans 50% of the
maximum amplitude. The left channel (top) shows a flat line, as the Thru signal is zero while the VNWA Tx and Rx ports
are disconnected from each other. Press the right lower button showing "Thru". It will change to display reflect. At the
same time, you'll see the Reflect signal on the left channel (top). Adjust the level with the according slider as for the
reference signal. If you connect a short or a load resistor to the TX port, you can observe how the amplitude and the
phase of the reflect signal changes. If you now connect the TX port with the RX port via a coaxial cable, the reflect
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signal should disappear, as the 50 Ohms input resistance of the RX port does not reflect RF power. If you press the
bottom right button again to show "Thru", you should see a strong thru signal instead. If its amplitude appears too large,
reduce it with the according slider. Don't increase the amplitude at this time, as you woud also increase the reflect signal
amplitude, that you have already adjusted.

» » » Note: No sliders will be available for USB codecs on Windows XP or older. A single slider will be available for on
Windows Vista or later for VNWA software version 36.2.z and newer!

If you are done, press the "Test Audio™ button again to stop sampling. Note, that the other tabs are deactivated while
the sound device is capturing! Also, you cannot close the setup window while sampling.

Note, that the sine wave in above screen shot is sampled with the default setting of 10x4 samples per IF period, which

makes it look smooth and sine-like. If you reduce the number of samples per IF period to 1x4 as is required for ultrafast
sweeping ...

(=] PC and Instrument Hardware Related Setup X

USB Settings Audio Settings |Audio Levell Instrument Settings | Misc. Seﬂingsl

~Audio Capture Device Misc Audio Settings
IMikroTon {(10- USB Audio CODEC) Ll Audio Buffer Length in Samples ISOOO
ADC Resolution
" 8 Bit Samples ! IF Period =>|F= 1200000 Hz ‘
¢ 16 Bit
e o4 Bi # Presamples == Minimum Sampling Time =
# Fostsamples 021 ms
Test Audio | |48000 Hz | _
Calibrate Sample Rate |
MaE12911 Min=-12808 Sample Rate = uncal. Iignore overload ~l
[ Audliary Audio Capture Device available IReferenoe = Right Chamnel v | Ires‘faﬁ on no 5ync ~|
... the sine wave will rather look triangular or trapezoidal ...
(=] PC and Instrument Hardware Related Setup . X
USB Se‘rtings'f-\udio Settings Audio Level | Ingtrument Settings | Misc. Settings
Left = Thru/Reflect 3

Right = Reference

I Stop Thru

Level = b4

[Min=-11236 Max=11235 Aux Min=0  Aux Max=0
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... which is perfectly ok! It is still a sine wave which is approximated in the graph with 4 straight lines connecting the 4
sampled data points per period. Note that the last two screenshots were taken on a Windows7 machine with a VNWAZ2.

| Audio Driver Timing Calibration (LPT ModeO only) and Sample Rate Calibration
If you have selected interface type "LPT Mode 0" in the beginning, you need to calibrate the sound driver latency next.

In this case move on to tab "Calibrate System Timing" (for "LPT Mode 1" you can skip this step). Press the button
"Recalibrate". You should see the following picture:

[=4PC and Instrument Hardware Related Setup k - I I:Il_z(__j
Interface Type | Audio Settings | Audio Level ~Calibrate Spstem Timing ! Instrument Settings | Misc. Settings

Crozscormelation-Function Audio Delay = 17 Samples
NI R

Audio Signal Timing)

[Calibration successfull

Here, the DDSes are switched on and off and the data stream is analyzed to recover the switching moments. The
vertical yellow lines should exactly match the changes in the blue audio stream. The cross correlation function (top)
should have a sharp maximum. In the above example, an audio delay of 17 samples is determined. Press the recalibrate
button a few times and observe the calculated audio delays. If they are constant to within about +-1 sample, then this
operation mode is feasible for your PC. If not, then you need to run "LPT Mode 1". The latter is the case for all USB
audio devices.

Next, you need to calibrate the sound card sampling rate. Move back to the tab "Audio Settings" and press the button
"Calibrate Sample Rate" in the right lower half of the window. A blue progress bar should appear for about 30 seconds.
If the calibration is successful, you should see the determined sampling rate just below the button. It should be very
close to the one specified in the according selection box. The VNWA must be connected and running in order to perform
this calibration.

| Master Calibration Filename and Debug Settings

You may want to inspect the last tab "Misc. Settings".

Here, you may enter a filename, which is used to store an instrument master calibration, which will be loaded and
interpolated automatically, in case no calibration for the actual sweep settings has been performed.

DO NOT TOUCH THE DEBUG SETTINGS UNLESS YOU EXACTLY KNOW WHAT YOU ARE DOING! All debug

settings need to be unchecked for proper VNWA operation.

Now close the setup window and close the main window by pressing the Xl buttons. Closing the main window will
cause the entered data to be stored in ini-files, which you will now find in your VNWA programm directory.

& C:\Programme’, ¥NWA =101 x|

3 b,
lJ'

J Datei Bearbeiten  Ansicht  Faworiten

Jndresse I_} C\Programme i j a Wechseln zu
vmee, B FList WAl
I B ynCamman
Q) ihivis ) s
dpartic [ vwa

This setup is required only once at first program start. On the subsequent program starts, the necessary data will be
read from these ini-files and the setup menu will not be entered automatically any more. But you can still enter and
modify the setup manually via the menu "Options-Setup".
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CONFIGURING AND RUNNING THE VNWA APPLICATION UNDER WINDOWS VISTA, 7, 8 OR 10

The following procedures apply to Vista, Windows7, Windows8 and Windows10 32 bit and 64 bit operating systems. For
64 bit operating systems a special set of USB-driver is required. The automatic software installer takes care of this
automatically. If manual driver installation is attempted, consult the "Driver Compatibility Tables and Driver
Installation" page for details.

»»» Help system note: When you see this text on a Vista or Windows7/8/10 machine, you have already figured out
how to configure your OS to support old helpfile formats. By defaullt Vista and Windows 7,8 or 10 do NOT support
*.hlp help files.

»»» LPT note: In order to use LPT mode on 32 bit Vista or Windows 7, you must run the VNWA application with
administrator rights. See here for details. Note, that you cannot use LPT mode on 64 bit OSes, as the LPT drivers
used by VNWA are not digitally signed by Microsoft.

»»» USB audio codec note: If you use VNWAS or the built in audio codec of the DG8SAQ USB_VNWA interface, you
must manually configure the audio codec for stereo operation.
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VISTA / WINDOWS 7 / WINDOWS 8 / WINDOWS 10 HELP FILE ISSUES

|  Vista Help File Fix

In order to view this helpfile on a Vista machine, you need to download and install the appropriate WinHIp32.exe for
your operating system.

See http://support.microsoft.com/kb/917607 for details!
|  Windows7 Help File Fix

Finally, Microsoft has provided a fix for Windows7 also to support this help file format. In order to view this helpfile on a
Windows7 machine, you need to download and install the appropriate WinHIp32.exe for your operating system.

See Windows Help program (WinHIp32.exe) for Windows 7 for details!

An alternate workaround is possible: You need to get the file WinHIp32.exe from a WindowsXP machine and copy it to
your VNWA software directory. Next, modify VNWA.ini with a text editor by changing the line "HelpByExe=0" to
"HelpByExe=1".

This done, the helpfile will open normally from within VNWA.

This fix will also work for Vista in combination with VNWA, but it will not fix help file problems for third party software.

|  Windows 8 Help File Fix

In order to view this helpfile on a Windows 8 machine, you need to download and install the appropriate WinHIp32.exe
for your operating system.

See http://www.microsoft.com/en-us/download/details.aspx?id=35449 for details!

This fix is tested to work on Windows8 Enterprise, but is reported to fail on Windows 8 Professional. A workaround is to
manually copy winhlp32.exe from a Windows XP system to the VNWA installation directory. VNWA36.2 and later will
automatically detect the program and use this instead.

|  Windows 10 Help File Fix

Todate, Microsoft no longer officially supports the *.hlp help file format, even though the Microsoft help file viewer
winhlp32.exe still can run under Windows 10, but Microsoft actively blocks installation of this viewing tool.

There is a simple workaround, though. The Microsoft installer script Install.cmd for winhlp32 can be modified such that
the installer thinks the OS is Windows7 instead of Windows10 by modifying a line to "set WindowsVersion=7". This
procedure is described in detail in Funkamateur magazine, 10/2016 on page 945. Patched installation files can be
downloaded from there: https://www.funkamateur.de/tl_files/downloads/hefte/2016/WinHelpWin10.zip.

Alternatively, the open source program viewhip.exe can be used. Installation procedures are described in chapter HELP
- CONFIGURE HELP.

| Vista and Windows7/8 Security Settings to allow to open VNWA hlp
Even after having installed the Microsoft help fix you might not be able to open the helpfile with WinHIp32. In this case,

the help file is blocked by Windows for security reasons. In order to qualify VNWA.hIp as safe, right-click VNWA.hlp
and select properties. You will see the following window.
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€ Eigenschaften von VNWAHLP (o]
_J;HQ_EH'I Sicherhet i Dietails |Vorgéngerversioneni
VNWAHLP
Dateityp: Hitfedatei ( HLP)
Offnenmit: %) Microsaft(R) Hife Bndem...
Ort: CUsers'fsigloch Downloads " WNWA_Hipshelpfile2
Grole: 4,31 ME (4.522 040 Bytes)
Grole auf ;
Datertrager 4,31 ME {4.526.080 Bytes)
Erstellt: Mittwoch, 23. Dezember 2009, 14:23:04
Geandert: Heute, 16. Januar 2010, Vor 1 Minute
Eﬁﬁr Mittwoch, 23. Dezember 2009, 14:23.04
Atribute: Erweitert
Sicherheit: Die Datei stammt von einem
anderen Computer. Der Zugriff
wurde aus Sicherheitsgrinden k
eventuell blockiert.
OK ] l Abbrechen ] Ubemehmen

At the very bottom you see the item Security and a statement telling you file access is being blocked. Press the

release-button right next to it (see mouse pointer).
You might have to repeat this step with the accompanying content file VNWA.cnt.
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VISTA / WINDOWS 7 LPT MODE ISSUES

| LPT mode for Vista or Windows 7 (32 bit only!)

When the VNWA software is used in combination with the LPT driver zlportio.sys on a Windows Vista or Windows7
machine, then by default Windows blocks the port driver and upon double-clicking VNWA.exe, this is what you will
see:

_ 1Ol x|
‘0'\ )v | . = Computer ~ Volume (G:) ~ VNWA - m ISuchen @J
Organisieren » =5 Ansichten ~ | Offnen €3 Brennen (7]
LinkFavoriten Mame ~ I'I Anderungsdatum |v| Typ |-| Grifie |v|
-\FNM%: 21.04.2009 07:10 Anwendung 1.363KB
[E| Dokumente %] dportio.sys 30.06.2001 20:38  Systemdatei 4KB
!E Bilder
& music x|
Weitere  »
Couldnt start parallel port driver. Driver file ziportio.sys not found!
Ordner ~
B . VNWA  Anderungsda
Anwendung G
S n Ersteldatum: 14.07.2009 09:17
There are two solutions to this problem:
|  Solution 1:
Right-click VNWA .exe and select "run as administrator":
i ]
‘@(_:p | . = Computer - Volume (G:) + VNWA - m Ig,_,.:hen @
Organisieren v =5 Ansichten ¥ | Offnen €3 Brennen (7]
Linkfaveoriten
!E, Dokumente -
!E Bilder
!D Musik An Startmenii anheften

Zur Schnellstartleiste hinzufiigen
e
Weitere  » Vorgéngerversionen wiederherstellen

Confirm the warning popping up by agreeing to start the program. Then VNWA .exe should be started flawlessly with
LPT support. Note, that you have to do this upon every program start. More convenient is solution 2:

|  Solution 2:

Right-click VNWA.exe and select the menu item "properties™:
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~=1al |

Organisieren v =5 Ansichten | Offnen €3 Brennen (7]
Linkfavoriten Nam=tes
![ Dokumente %/2pa temdatei 4KB
!E Bilder ¢ Als Administrator ausfiihren
. An Startmeni anheften
II;" Musik
Zur Schnellstartleiste hinzufiigen
Weitere  » i " :
Vorgangerversionen wiederherstellen
Ordner ~ Senden an 3
 UNWA  ind " Ausschneiden
Anderungsda Gy
Anwendung Gr
2o Erstelda  Verkniipfung erstellen
Laschen

Umbenennen

Select the tab-sheet "compatibility” and activate "run program as administrator”. Do not select any compatibility
mode! Confirm with "ok".

=] Eigenschaften von VNWA 3 ﬂ
" Aligemein  Kompatibilitat |Sicherheit | Detailsl Vorgéng&rversionenl

Falls dieses Programm Probleme verursacht, wahlen Sie den
Kompatibilitatsmadus, der mit der friheren Windows- Version
(Ubereinstimmt, unter der das Programm richtig funktionierte.

— Kompatibiltatsmodus

[~ Programm im Kompatibilitatsmodus ausfishren fir:

I‘."a’indows XP (Service Pack 2} j

r~ Einstellungen
I™ Mit 256 Farben ausfilhren
I In Bildschimauflasung 640 x 480 ausfihren
[~ Visuelle Designs deaktivieren
[T Desktopgestaltung deaktiviersn
I™ Skalierung bei hohem DPI-Wert deaktiviersn

 Berechtigungsstufe

[+ Programm als ein Administrator ausfihren

Ly

@ Einstellungen fir alle Benutzer anzeigenl

0K | Apbrechen | Obemehmen |

From now on you can double-click VNWA.exe to run it with administrator rights. A warning window will still pop up upon
every program start unless you deactivate it inside Windows.
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VISTA / WINDOWS 7 / WINDOWS 8 AUDIO ISSUES

» »» Warning: In Windows 7, 8 and Vista the name of the USB Audio Codec depends on which USB port you plug
the VNWA into. This means, if you do below configuration with the VNWA connected to one specific USB port, you have
to redo it again if you connect the VNWA to a different USB port. Moreover, the VNWA software will try to autodetect the
USB audio codec, when you change connection from one USB port to another. This works reliably if you have only one
USB audio codec connected. Otherwise, you probably have to manually select the correct sound codec in "setup - audio
settings" afer changing the USB port.

Summarizing, it is a good idea to connect the VNWA always to one and the same USB port.

| Configuring the USB Audio Codec in Vista, Windows 7 and Windows 8

Note, that some people have reported they had to run VNWA/USB in administrator mode as described before for the
LPT mode in order to make it work. This is not generally the case but might be worth a try in case of problems.

Configuring the audio codec:

1. Right-click the the little loudspeaker icon on the lower right Windows bar of your desktop and select "capture
devices" from the popup menu:

Lautstarkemixer affnen

Wiedergabegerate

Sounds

\iedergabe  Aufnahme |Sounds|

‘Wihlen Sie ein Aufnahmegerit aus, um die Einstellungen zu dndern:

. 2- USB Audio CODEC
. Eingang
= VIA High Definition Audio
Wi det

CD-Audio
VIA High Definition Audio

Micht verfigbar

Stereomix
V14 High Definition Audio

Micht verfigbar

Konfigurieren | Als Standard | Eigens,shaften |

by

OK I Abbrechen | Ubernehmenl

2. Highlight the USB audio codec by clicking on it as seen above and press the "properties" button:
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“\. Figenschaften von Mikrofon x|
.Allgemein Erweitert

[ Standardformat

Wihlen Sie die Abtastrate und die Bittiefe aus, die im
gemeinsamen Modus verwendet werden soll.

2 Kanal, 16 Bit, 48000 Hz (DVD-Qualitat) |

1 Kanal, 16 Bit, 11025 Hz (Diktatqualitat)
1 Kanal, 16 Bit, 16000 Hz [Tonbandgeratqualitit)
—H1 Kanal, 16 Bit, 22050 Hz (MW-Radioqualitit)

1 Kanal, 16 Bit, 32000 Hz [UKW-Radioqualitit)

1 Kanal, 16 Bit, 44100 Hz (CD-Qualitat) b das Gerit
1 Kanal, 16 Bit, 43000 Hz (DVD-Qualitat) S
2 Kanal, 16 Bit, 11025 Hz [Diktatqualitit) ioritat

L_{2 Kanal, 16 Bit, 16000 Hz Tonbandgerdtqualitat)
2 Kanal, 16 Bit, 22050 Hz [MW-Radioqualitit)

2 Kanal, 16 Bit, 32000 Hz (UKW-Radioqualitit)

2 Kanal CD-Cu

Wiederherstellen |

OK I Abbrechen | Ubernehmenl

3. Select 2 channel 16 bit 48000Hz as operation mode for the codec as seen above.

'_t Microphone Properties W tﬂ

i =
General I Listen | Levels |_Advanced

Default Format

Select the sample rate and bit depth to be used when running
in shared mode.

(2 ehannel, 16 bit, 48000 Hz (DVD Quality) -

Exclusive Mode

E!Allow applications to take exclusive control of this device

E} Give exclusive mode applications priority

Restore Defaults

[ OK ] I Cancel Apply

4. Confirm by pressing the ok-button.

|  Windows 7 / Windows 8 Volume Control

In contrast to all other supported operating systems, Windows 7 and 8 allow to control the recording volume of
the USB codec. Note, that this is only a software control, which allows to multiply the sample data that the codec is
sending by an amplification value. But apparenty, numerical clipping will occur. By default, the volume setting is

reportedly too sensitive, so reduce the volume appropriately by highlighting the microphone device of the USB codec,
pressing the "properties" button and selecting the "level" tab.
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@) @ Nichtverfagbar

Mikrafon
USE Audio CODEC
Standardgerat

Mikrofon

0 T @

Levels between 2 and 4 are reported to work ok.
| Not necessary but nice: Customizing the VNWA Audio Device in Windows 7 / 8

Windows 7 / 8 offers the possibility to change the name and symbol/icon of the USB audio device:

Eigenschaften von Mikrofon

Gerét verwenden (aktivieren)

To change the name, simply replace the original name by something more descriptive like "DG8SAQ-VNWA" as shown
in above example. The icon can be exchanged by pressing the button "other icon" (see mouse pointer in above screen
shot). After pressing the button, a file selection menu opens. Use it to select the VNWA application file (VNWA.exe):
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Anderes Symbol I_

oo |

DGESAQ-VNWA

-

Gerét verwenden (aktivieren)

Press the "Accept" button and then "OK" and the new name and icon are saved:
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‘Wiedergabe Aufnahme | Sl}undsl Kommunikation |

Wahlen Sie ein Aufnahmegerat aus, um die Einstellungen zu andern:

DGESAQ-VNWA
| 6- USB Audio CODEC
Standardkommunikationsgerat

Integriertes Mikrofonarray
IDT Definition Audio CODEC

Mikrofon

High Definition Audio CODEC

Wiedergabeerfassung

Jefinition Audio CODEC

Konfigurieren | Als Standard ‘V|

Eigenschaften

OK | Abbrechen | [Ubermetimen

From now on you will see the VNWA USB codec with its new name in the VNWA audio setup:

(=] PC and Instrument Hardware Related Setup

Interface Typel USE Settings Audio Settings |Audio Levell Instrument Settir

~Audio Capture Device

% ADC Resolution
8 Bit
@ 16 Bit
€ 24 Bit

Test Audio | |48000 Hz

Max= hin=

[ Auiliary Audio Capture Device available

bi

» »» Note: The new name and icon is linked to the VNW USB codec AND the specific USB port it is connected to. If you

reconnect your VNWA to a different USB port, it will show with a different name and icon. Connecting it back to the
original port, it will show the freshly installed nhame and icon, though.

=> Always connect your VNWA to the same USB port. If you change the port, you will have to redo the VNWA

audio settings AND the Windows7 audio settings!
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CONFIGURING THE SOFTWARE FOR USE WITH AN N2PK VNA

|  Activating N2PK Support with USB

» » » Important:

If you want to use the GBKBB USB interface mode, make sure that the files vnadll.dll and delphivna.dll are present in

the VNWA software directory prior to first program start.

- delphivna.dll will automatically be provided when using the automatic software installer to install the VNWA software.
- vnadll.dll is maintained by Dave Roberts G8BKBB and is subject to changes to support N2PK-VNA firmware updates.
Always obtain the latest version of vnadll.dll from Dave's webpage http://www.g8kbb.co.uk/. Go to his download page

and download the latest USB driver zip file. You'll find vnadil.dll in there.

From VNWA software version 36.3 on, the simplest way to activate N2PK support is to copy the file vnadll.dll obtained
from Dave Robert's webpage (see above) into the the VNWA installation directory:

$J J-|| ~ Lokaler Datentrs... ¥ VNWA ¥

v [KQJI WNWA durchsuchen [_l

_[5x
L

Organisieren ¥ W1 Offnen mit...  Brennen

| Intel ;l

Neuer Ordner ==

v [l @

Al

Name ~
} perﬂ_DgS W Lrrsudy
| Programme vnadll.dIl

| Programme (x86)

VNWA.cnt
VNWA J p—
: B vynwA
| DG8SAQ-USB-Driver _
firmwares 9 VNWA
AAMATA D Ll Ll_l
vhadll.dll Anderungsdatum: 10.03.2011 00:54

""‘::.r Anwendungserweiterung GroBe: 88,0 KB

The automatic software installer has already installed delphivna.dll into the same directory.
Now, after launching the VNWA software, N2PK mode can be addded to the select list ...

[=1 DGBSAQ - Vector Network Analyzer Software

Fle Measure Settings Tools | Options Help

Select Instrument  » ¥nler Y Ta RU NN

-lo|x|

10dB¢ Operation Mode  * =
Add to / Remove from Select List  * [RYRUNNIYS
Setup
Screensaver 4
Clear L
Preset U

... and selected:

| <Refl

VNWA Virtual Dek Device

VNWA Data Client
VNWA RC Client

Add Al
Remove Al
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[=1 DGBSAQ - Vector Network Analyzer Software - N2PK VNA Mode — |EI |ﬁ

Fle Measure Settings Tools | Options Help

Select Instrument  * DGBSAQ VNWA o
1048/ o N2PKVNA ) | i
Setup

Add to / Remove from Select List *»

Screensaver
Clear »
Preset >

| Alternative way to activate N2PK support

An alternative approach to activate N2PK support, is to create file named N2PK.ini with arbitrary contents in the
program folder prior to program start.

You can do so by e.g. typing echo > n2pk.ini on the console prompt. This approach is only necessary if you run your
N2PK VNA with LPT interface and you don't want to provide the USB controller vnadil.dll.

|  Activating N2PK Mode

Connect your N2PK VNA to your PC via USB or parallel port interface and power it up. To activate N2PK mode, select
from the main menu "Options" , "Select Instrument" and "N2PK VNA". The software will search for the N2PK hardware,
but likely it will not find it as we haven't provided setup data yet. If the software claims that it hasn't found detectors,
close the notification. After having done so, the N2PK setup window will automatically open:

|  N2PK Setup

[=IN2PK Instrument Setup B - 10l x|

ther Settings | Diagnosiz |

|N2F‘K Parallel Part j 10 &ddress LPT = |0378 Hex Test LPT |

—Hardware
Clack Frequency = IW IHz riinimurn YA settling timne ID— 13
Detectars: Detector 1: iz not awvailable Detector 2 iz not available S-ParameterT estbox
v ewpected v measures Thruforward | v espected [ measures Thu forward Inone j'
v measures Thu reverse [ measures Thiu reverse | switching delay:

I‘IDD ms

~Transverter setting

Scale = I'I Dffset = IU MHz f[Ti] = f{z-awis] * scale + offset

Enter the required data. If you use the LPT interface mode, make sure to enter the correct LPT address. Note, that LPT
mode is not supported on 64 bit Windows systems.

In the "Other Settings" tab, you can specify a master calibration filename, which will be automatically loaded upon
program start and which will be used to interpolate corrections in case no calibration has ben performed.

You can use the functions in the "Diagnosis" tab to ckeck proper operation and communication between PC and N2PK
hardware.

If done, close the setup window and close the main window by pressing the =l buttons. Closing the main window will
cause the entered data to be stored in ini-files, which you will now find in your VNWA programm directory.

This setup is required only once at first program start. On the subsequent program starts, the data will be read from
these ini-files and the setup menu will not be entered automatically any more. But you can still enter and modify the
setup manually via the menu "Options-Setup".
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DISPLAY SETTINGS AND MEASUREMENT

After having gone through the hardware setup procedure after first program start, and after having restarted the VNWA
software, you should see the following screen, which | subsequently call the main graphics window:

[=IDGBSAQ - ¥ector Network Analyf _IDLZ_(_j
File Measure Settings Tools Options Help

<Refl

1048/ 0de
Start = 1 MHz Center = 30.5 MHz Stop = B0 MHz
Span = 59 MHz

= 521 dB Continuous
|S21 IMem‘I j ¥ 511 Smith Single Sweep
| LPT Mode 0 started. v

Select the menu item "Settings"-"Diagrams"-"Display". You'll see the following window:

B Display Settings *

Traces l Annotations ]

Miscellaneous

Girid Color [ none C] Refline Color W -

Smith Grid Color - [ noneC] RefCircle Color ¥ none -
RefCircle R = (0.5
v noneC]

Background

™ extend background to full window Text Color -

Trace Line Width = |2 A Grid Line Ywidth = |1 A

Trace Enable

v 1 v 2 3 ) & [~ &
Enable Trace Markers

W 1 v 2 v 3 v 4 v 5 v &
Trace 1 Trace 2

|dE | || [5mith |

Here, you can customize colors, line widths and select, which traces (=curves, maximum 6) and types of traces to to be
displayed.

To save CPU time it is recommended to select Background "none", which leads to a grey windows type background
color. | prefer grid and smith diagram grid colors to be white on a grey background. To change colors, left-click the color
boxes and select a color of your choice.

You can display two horizontal freely placable reference lines if you like. If you don't need them, check "RefLine
Color " "none".

You can select the traces you want to display with the "Trace Enable " checkboxes. When checking one of the traces,

a trace information field pops up, where the memory space (S21, S11, S12, S22, Memory1...4) and the display type (dB,
Smith...) can be selected.

When you are done with these settings, close the Display Settings window and open the menu item "Settings" -
"Sweep Settings™:
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x

—Sweep Control

Mumber of Datapoints = |4D1

M easurement Time:

Time per sweep = (.06 secs

Time per data point = 016 ms

—Sweep Progress Display

|v Frogress Bar On - Progress Bar Color

I~ Progress Test On

Select the number of data points (min 1, max 8192) and the sampling time per data point (min 0.2 ms, max 100 ms)
for your measurement.

» » » Note: Sweep rates below 1ms / frequency point are only available in USB mode.

»» » Note: The sample rate slider will block on the left at the fastest possible sweep rate. If you want to sweep faster you
need to increase the IF by decreasing the #samples per IF period and/or increasing the sample rate.

Select a sweep progress display option if you like. This is particularly usefull, when doing slow sweeps.

Close the Display Settings window when done. You should see the main graphics window again with your new colors.

i=iDGBSAQ - Yector Network Analyzer Software i ]
File Measure Settings Tools Options Help C
1008/ pind
Start = 1 MHz Center = 30.5 MHz Stop = B0 MHz
F J K L Span=53HH: F F
=> G 521 dB CantinLious
|S21 ﬂ IME"'"1 ﬂ ¥ S11 Smith Single Sweep
| LPTMode Ostarted, [\ V7

A dB vs. frequency grid (A) and a Smith chart (B) are visible. Above, you find the main menu (C). The top left blue
scale label (D) indicates the scales per division for the to be blue trace. The right blue "reference label™ (E) indicates
the reference level and reference postion of the to be blue trace. To change the scale, the reference level or the
reference position, double-click either of the labels D or E, and modify the data in the window which is popping up:

-l
dB/Div | Y-Range=100dE
Referance Level Reference Position
jo |dB =] fo Divs
# 'r-Divisions Ref.Line Positions
|1 0 IB Divs

|5 Divsg

Also, the number of horizontal grid lines and the position of the optional reference line can be changed here. Close the
window when done.

An alternative way to change the scale/division is to hold the mouse pointer over the corresponding reference label (E,
the shape of the pointer will change) and turn the mouse wheel.

Yet another possiility is to right-click the label.

An alternative way to change the reference level of a trace is to move the mouse pointer to the according reference label
of the trace on the right hand side of the grid (E, mouse pointer shape will change), then press the left mouse key and
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move the mouse up or down while keeping the left mouse key pressed. This way, the traces can be moved up or down
the screen with the mouse in realtime.
Yet an alternative is to right-click the reference label.

A very useful feature is the "get scales from" feature accessible on right-click on any trace label (D,E,L). It allows to
copy all scale information from one trace to another, e.g. when you want to save S21 to Memory 1 and then display
Memory 1 with the same scales as S21.

In order to set the measurement start and stop frequencies, double-click on one of the frequency labels below the grid
(F). The following frequency "Input" window will pop up:

(lmeut x|
Start Stop Unit
[0 [f1500 {MHz =]
Center Span
70 |MHz =] [1500 |MHz =]

Sweep Mode  # =-Divisions
iLinear LI i‘IEI Ok I

Mouse Wheel Increments for ...
Center, Start, Stop Span

|1 MHz |1 hHz

Enter start and stop frequency or alternatively center frequecy and frequency span. The units selected here will also be
displayed on the main screen. The center unit will also be used for markers.

Also, the number of vertical grid lines and the sweep mode (linear, logarithmic, listed sweep) can be changed here.
Note, that the start, stop, center frequency and the frequency span can also be changed with the mouse wheel by
holding the mouse pointer over the corresponding main window frequency label below the grid (F).and turning the
mouse wheel. The increment values can also be set in the frequency "Input" window.

Note, that while VNWA2 has a quite odd clock frequency of 35.9 MHz, the VNWAS clock frequency is exactly 12 MHz.
Since, very sensitive measurements will reveal some degree of undesired interference at multiples of the clock
frequency, it might be desirable to modify the frequency grid such that these frequencies are being maximally avoided.
This can be done automatically for the linear sweep mode by right-clicking the "linear" combo box:

Stark Stop Lnit
fo [1500 {MHz =]

Adjust frequency grid For minimum spikes k
Generate frequency grid For mastercalibration

Sweep Mode  # X-Divisions

ILinear ;I I1D

Mouse Wheel Increments for ...

Center, Start, Stop Span

f1 MHz |1 tHz

Pressing ok will modify the original frequency grid:
IMPORTANT NOTICE! il

iarid spacing will be changed from 750.4kHz o 1MHz
Mumber of points will be changed from 2000 to 1501
Start will be changed from OHz to S00kHz

Stop will be changed from 1,5GHz to 1,5GHz

OK‘E I Abbrechenl

Close the frequency input window when done.

Note, that you can modify the displayed frequency units at labels K (the center unit will also affect the marker unit!) by
right-clicking one of the frequency labels:
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[=IDGBSAQ - Yector Network Analyzer " -0l x|

File= Measure Settings Tools Options  Help

<Ref
1048/ e
fuy
Start =1 MHz Center = 30.5 MY- Chom — OO kAL S
Span=59MH  logarithmic sweep
= W 521 d  isted sweep — |

hd =>||Mem1 vI k| S11 5 unit ] Hz

Start and Stop labels will always show the same unit.

If you have calibrated your instrument, it is now ready for sweeping (which means measuring). To do so, press the
button "Single Sweep" (M) if you only want to aquire a single frequency sweep or the button "Continuous" (F) for
continuous sweeping. Both sweeps can be interrupted by pressing the same button again.

» »» Warning: Your measurement results will be quite meaningless unless you have calibrated the instrument!

Each trace can be switched on or off by checking/unchecking the checkboxes below the grid (J).

You can also change the displayed memory space (S21, S11, $12, S22, Mem1...Mem4) and the display type (dB,
Smith, mag, phase...) by right-clicking the labels next to the checkboxes (K, L). Alternatively, double-click the label K or
L.

Trace data can be copied from one memory space to another (e.g. S21 to Memory 1) with the button H. The combo
box to the left of the button selects the source, the one on the right selects the target memory space for the copy
process. Several memory spaces can be copied simultaneously by right-clicking the copy button H. A popup menu will
appear in this case:

[=/DGBSAD - Yector Network Analyzer = | Ellil

File Measure Settings Tools Options Help

<Ref
1048/ 0dB
Start =1 MHz Center = 30.5 MHz Stop = B0 MHz

- Span =59 MHz
. 521 B Continuous

3 e 211 ko Meml,,.2 Single Sweep
Mo YhWA hardw  Copy 521,511,512,522 to Memnl.. . 4 k A

It is also possible to copy data from one trace to another using the trace right-click menus copy and paste:
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[=IDGBSAD - Yector Network Analyzer Softwa; - |I:||z|
File Measure Settings Tools Options Help
<Ref?
1048/ 048
1048/
Start =1 MHz Center = 30.5 MHz Stop = 60 MHz
Span = 59 MHz
= V¥ 521 dB Continuous
¥| = IMem‘I 'l [V M-t fi- == Sweg
—I 521 £l
| 511 a

s1z
522
Memory
Flak
Other

Expoart Trace to slp

Impork sip

Copy Trace

Clear Trace

Add Trace
Off

Note, that this facility does not use the Windows clipboard, thus it cannot be used to copy data from one VNWA instance
to another but only from one trace to another inside the VNWA application. Also note, that it is obviously not possible to
paste data to custom, optimizer and spline traces as these are not defined by data fields.

Markers can be added by right-clicking into the grid field or into the smith chart. Marker positions can be changed by
dragging the markers with the mouse (pointing the mouse onto the marker triangle, pressing the left mouse key and
keeping it pressed while moving the mouse).

The "File" menu allows to save or print the screen, to save or load S-parameter files in Touchstone format (s1p,
s2p) or save/load calibrations.

S-parameter files can also be loaded most conveniently by dragging them from any file browser and dropping them onto
the VNWA main window.
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MEMORY SPACES

| General

Data inside the VNWA software is organized in distinct memory spaces, which generally contain only S-parameters,
but no frequency information. All memory spaces (except the "Plot" spaces) share the same frequency frame data
given by the x-axis of the main diagram in unzoomed mode.

Available memory spaces:

S21 = measured data S21
S11 = measured data S11
812 = measured data S12
S22 = measured data S22
Mem1 = data space Mem1 data
Mem2 = data space Mem2 data

Mem10 = data space Mem10 data
Plot1 = data space Plot1 data
Plot2 = data space Plot2 data

Plot10 = data space Plot10 data
s_11...s_33= measured 3-port data
Cust1...Cust6 = custom calculated data

» »» Note: If the frequency frame data is changed, the memory space data remains unchanged (except for the "Plot"
data spaces, which contain original frequency information), thus, you will see the same traces with changed frequency
axes, which generally invalidates data.

» »» Note: If the number of frequency points is changed, the memory space data will be erased (except for the "Plot"
data spaces, which contain original frequency information).

v »» Note: Memory space data can be exported to a file or imported from a file by means of the "File"-"Export Data" or
"File"-"Import Data" menu.

» » » Note: Data can be copied from almost any memory space to almost any other memory space by means of the "=>
button" .

» »» Note: Data can also be copied and pasted from any memory space to almost any other memory space by invoking
the right-click menus "Copy Trace" and "Paste Trace™:

iy

Start = 10.685 MHz Center = 10.7 MH
Span = 30 kHz

l7 521 an Ll |

= = |[Mem1 =] s :ﬂ
|Imp0rt successful, 401 data poinks read 51z
S22
Memory
Flok
Other

=k

Export Trace to s1p
Impart sip

Add Trace
Clear Trace

Paste Trace E!

Off

| Special features of the Plot memory spaces

The memory spaces Plot1...Plot4 each contain an individual frequency grid memory. While importing data into e.g.
Mem1 causes the frequency grid for all traces (except Plot* traces) to be modified, importing data into the Plot* memory
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spaces leaves the main frequency grid untouched. The Plot* data remains valid upon changing the main frequency grid
(frequencies, lin/log scale) or the number of frequency data points. Note, that marker data for the Plot* memory spaces

is interpolated to the main frequency grid.

Example:
1. Copy any data to Plot1 and display it:

[LIDGBSAQ - ¥ector Network Analyzer Softy -0l x|

File= Measure Settings Tools Options  Help

10dB/ 1. 10.69423MHz  -11.88d8
1 %

Start = 10.685 MHz Center = 10.7 MHz Stop = 10.715 MHz

Span = 30 kHz
=3 ¥ Pl dB Continuous
jsa1 =] |Platt =] % Single Sweep
| 4

2. Increase the frequency span and the number of data points:

[LIDGBSAQ - Yector Network Analyzer Softy o =] |

File Measure Settings Tools Options  Help

10d8/ 1 10.6942MHz -11.91_|I:IB <Fef1
0de

Start = 10.67 MHz Center = 10.7 MHz Stop = 10.73 MHz

Span = B0 kHz
= Iv Plot1 dB Continuous
|S21 Single Sweep
[Trace 1 {Marker 1: 10.6942MHz  -11,91dB A

You will still see correct data plotted into the valid frequency span. Note, that marker levels have slightly changed due to

the frequency grid interpolation.
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INSTRUMENT CALIBRATION

|  Calibration Standard Setup

|  Performing a Calibration for a Two Port S-Parameter Measurement

|  Master Calibration
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CALIBRATION STANDARD SETUP

Todate, the VNWA software allows for SOLT (Short, Open, Load, Thru) calibration. Before actually performing an

instrument calibration, you need to specify the RF properties of the calibration standards you are going to use. To do so,

select from the VNWA main menu "Settings" the submenu "Calibration Kit Settings". The following window will open:

=] calibration Settings
General Settings | Simple SOLT Model Settings | SOLT Simulation Settings | Special Settings |

® SOLT
arbitrary model custom calibration standards
C TRL
Save Settings Load Settings

Last loaded/saved:
Comment:

X

If you do not know anything about your cal standards, select "ideal calibration standards". In this case, the load standard

is assumed to be 50 Ohms, the open and short standards are assumed to be ideal open and short circuits of zero
length.

Simple Calibration Standard Model

you need to obtain a more precise model of your cal standards.

you'll see:

~OSL Calibration Standard Setup

[=1 calibration Settings

General Setings  Simple SOLT Model Settings |SOLT Simulation Settingsl Special Settings | Measurement Sim 4 | 4

X|

OPEMN:  Delay = Iﬂ ps  =* oneway electrical length = 0 m
SHORT: Delay = ID ps  =* oneway electrical length = 0 m

LOAD : Delay = ID ps  =* oneway electrical length = 0 m

LOAD: R = IED Ohrms Cl = ID fF L = ID nH

Mate: The Delays abowve are correction values, i.e. the NEGATIVE of the delaws of the standards!

~THRU Calibration Standard Setup

THRLU: Transmission Factar = I‘I => aftenuation = ID.EIDDD dB

THRLU: Transmission Delay = IU ps =» electrical length =0 m

For high precision measurements in the VHF and UHF range, this is generally not good enough. In this case

If you select "simple model custom calibration standards" and open the "Simple SOL Model Settings" tab,this is what
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Enter the electrical delays of your open and short standards as well as the DC resistance and shunt capacitance of your
load standard.

Kurt Poulsen has compiled calibration kit data for the calibration standards available through SDRKits which can be
downloaded from his web page http://www.hamcom.dk/VNWA/.

You can accurately measure the DC resistance of your load standard with a 4 wire Kelvin probe. In order to obtain the
other parameters for standards not covered by Kurt Poulsen's documents, either refer to the manufacturer's data sheets
or measure them with a reference VNWA. For comparison between the measured reflection coefficients from a reference
VNWA and the model data, you can simulate the model calibration standard reflection coefficients by activating the
checkbox "Generate cal standard S-parameters on click/modify in S11/S21" in the "SOLT Simulation Settings" tab:

calibration Settings &

Geheral Settings | Arhitrans SOLT Model Setings | Special Settings  SOLT Simulation Settings | Measurement Si 4 | 4

[ ‘Generate cal standard S-pars. on clickfmaodify in S11/521:

[~ Enahle realtime recalibration (511 anly ar full Sij /12 term depending an:
Full 5ij carrection, if 12 term available AMND "Real Time Display
Calibration Options" allow for 12 term correction.

Feguires a CALIBRATION, a master cal is MNOT sufficient.

To evaluate the influence of the cal

standard models on measurement results Open
CLICK. ON THIS FIELD.

“ouwill be asked to load uncalibrated

measurements of your cal standards and Short

an uncalibrated measurement af your DUT.
When modifving the cal standard para-
meters, your DUT measurementwill be
recalibrated and the result stared in 511,

Load

[~ Auto-write data to drag-drop destination

|Spline buitt successfully 4

S11 data will automatically be updated whenever you modify the calibration standard model parameters. E.g. if you
display the measured reflection coefficient of your Open in memory space Mem1 and compare it to the simulated
reflection coefficient in memory space S11, you can modify the parameter "Open delay" (it can also be modified with the
mouse wheel), until both curves match.

» »» Hint: You will only see a difference in delays, if you look at the phase.

» »» Hint:

If you do not have access to a reference VNWA, then you might use the realtime recalibration feature (greyed in above
figure). To do so, you must previously have performed a SOL reflect calibration with your unknown calibration standards
and you need to have measured the reflection coefficient of an about 30cm long open ended or shorted high quality 50
Ohms coaxial transmission line, preferably an air line or of semi-rigid type. It must be measured on your VNWA which is
calibrated with your unknown cal standards. Make sure, the measured line reflection coefficient is displayed in S11. If a
valid calibration is available, then you are allowed to activate the "enable realtime recalibration™ checkbox. When
activated and if you click on one of the cal standard parameter fields and turn the mouse wheel, then the parameter will
change and the calibration will be recalculated in realtime. You will see this by a changing S11 trace. This way you can
actually tune the cal standard parameters for lowest port mismatch ripple of your transmission line measurement in
amplitude (dB) and phase progression (-continuous phase/f). Make sure you keep one delay (e.g. that of the Open
standard) at a fixed value (e.g. =0). This will define the position of the calibration plane. See an example on page
Extracting calibration kit parameters.

» »» Hint:

The feature in the big field in above figure may serve the same purpose, but it utilizes s1p-measurement data files
instead of actual measurements. Instead of performing an actual calibration, you can calibrate the system by loading
uncalibrated *.s1p files of your calibration standards. To do so, you can either click on the corresponding fields or drag
and drop the *.s1p files to the corresponding fields (Open, Short, Load). After having imported a SOL set of cal standard
measurements, an instrument calibration will be calculated automatically. Then, uncalibrated DUT measurement data
can be corrected with the calculated calibration by dragging and dropping the corresponding *.s1p-file(s) to the big field.
If the "Auto-write" checkbox is checked, then the corrected DUT measurement data will automatically be written as
s1p-file(s) back to the data destination folder with modified file name(s).

» » » Hint: Calibration standard delays are entered and stored as time delays. But the software converts and displays
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http://www.hamcom.dk/VNWA/.

them for convenience as propagation lengths as well. To do so, the software needs to know which velocity factor to use.
This velocity factor can be defined in the "Special Settings" tab. The predefined value of 0.7 is quite typical for PTFE
dielectric SMA standards:

x

General Se‘rting:s' Simple SOLT Model Se‘rting5| SOLT Simulation Settings  Special Settings |
—elocity factor for calculation of calibration standard lengths

“elocity Factor =

rCornpatibility setting to previous software versions. If unused set to zero!

Mote: This setting shifts transmission and reflect calibration planes against each other.

[T acts as a port extension and will only be active if port extensions are enabled.

Delay Thru {formerly in Port Extensions) IO ps

Delay S21= -3.00ps

The Delay Thru setting in above screenshot should always be set to zero unless you exactly know what you are doing.
It is only retained for compatibility with previous software versions. This is a port extension that acts differently on
transmission and reflection.

|  Arbitrary Calibration Standard Model

From VNWA software version 35 on the user may create his own calibration standard model by selecting "arbitrary
model custom calibration standards" in the "General Settings" tab. In this case the cal standard model can be defined by
a custom formula:

x

General Settings  Arbitrary SOLT Model Settings |SOLT Sirnulation Seﬂings| Special Seﬁings'
'OPEN  SHORT |LOAD | THRU | Low Loss C|

IZ= | |001+1e10+f2/1220
S normalized to 50 Ohms, impedances in Chms, admittances in S, press CR to compile

Delay = |1 0 ps == oneway electrical length = 1.0%0 mm

The user can specify a formula for the impedance Z, the admittance Y or the reflection coefficient S of the reflection
standards. For convenience, a delay needn't be programmed into the custom formula but can be specified in the field
below. The formula will be parsed upon pressing the return button. Parsing errors will be reported between the bright
lines.
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Similarly, the transmission and reflection coefficients of the thru standard can be specified by formulas:

«

General Settings {Arbitrary SOLT Model Settings | SOLT Simulation Se‘rtings' Special Se‘rtings|
'OPEN | SHORT| LOAD THRU | Low Loss C|

S21=812=|1

S11=522=|0

S normalized to 50 Ohms. press CR to compile

Transmission Delay = |0 ps == electrical length = 0.000 mm

VA

The only restriction is that the thru standard be reciprocal, i.e. S21=s12, and symmetric, i.e. S11=S22. Otherwise, just
about anything with two connectors can be used as a thru standard provided its properties are known.

| Low Loss Capacitor (LLC) Calibration Standards

From VNWA software version 36.0 on, low loss capacitors can be used as optional additional calibration standards.
These are user definable and thus only available within the arbitrary calibration standard model. As capacitors are
strongly frequency dependent impedances, several capacitor calibration standards with different capacitance values are

needed to cover a wider frequency range.

A new LLC standard can be defined by right-clicking onto the Low Loss C-tab:

«

General Settings Arbitrary SOLT Model Settings |SOLT Simulation Settings | Special Settings |
'OPEN | SHORT| LOAD | THRU  Low Loss G |

Right-click to add low loss capacitor standard definitions.

M

[Standard LLCO deleted. Y

The popup menu also allows to delete or rename an existing LLC standard.

Upon selecting "add LLC standard", you are asked to enter a unique name for the new standard, e.g. its capacitance
value:
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x

General Settings Arbitrary SOLT Model Settings |SOLT Simulation Se‘rting:s' Special Se‘rtings|
'OPEN | SHORT| LOAD | THRU Low LossC|

Assign unigue name:

Ok [ | Aport |

Standard LLCO deleted. 4

After confirming with Ok, a new tab with the previously assigned name appears, where the calibration standard
definitions can be entered:

= calibration Settings ﬁ
General Settings Arbitrary SOLT Model Settings | SOLT Simulation Se‘rtings' Special Se‘rtings|

'OPEN | SHORT| LOAD | THRU  Low Loss C |
100pF |

ESR= o8
ESR in Ohms., press CR to compile
Cnom = |1 00 pFE
(for info and for estimating recommended frequency range.
variable C can be used in ESR expression)

Delay = IO ps

Recommended Frequency Range:  fram |25 MHz
|v Use standard #1 to |50 MHz

4

User definabe settings:

- ESR: Effective Series Resistance of the capacitor. This may be frequency dependent and must be modeled. Variables
f (frequency), w (angular frequency) and C (capacitance) may be used in the ESR expression, likewise all functions
supported by the custom trace compiler.

- C nom: Nominal capacitance of the standard. This does not need to be accurate. It is only used to estimate the
standard's frequency range of applicability, the recommended frequency range, which is displayed on the bottom of
the tab.

- Delay: The time delay of the capacitor position relative to the calibration plane.

- Use standard #... If checked, the standard will show in the calibration menu. If unchecked, the standard remains
invisible during calibration. See page Low Loss Capacitor Calibration for details.

»»» Note: The recommended frequency range boundaries cannot be edited. These are automatically calculated from
the entered Cnom value.

This way, up to 8 LLC standards can be defined:
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»

General Settings Arbitrary SOLT Model Settings |SOLT Simulation Se‘rting:s' Special Se‘rtings|
'OPEN | SHORT| LOAD | THRU Low LossC|

100pF 47pF |
ESR= |05
ESR in Ohmis, press CR to comnpile
Cnom= 47

(forinfo and for &
variable Ccanbe  rename standard

delete standard
Delay = IO ps

guency range,

Recommended Frequency Range:  from |58.1 MHz
v Use standard #2 to |1 06 MHz

VA
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PERFORMING A CALIBRATION FOR A TWO PORT S-PARAMETER MEASUREMENT

When measuring S-parameters of a two-port device (S11, S21, S12, S22), care has to be taken, that calibration planes
for the reflect (S11, S22) measurement and for the through (S21, S12) measurement are identical, i.e. the phase values
for all 4 S-parameters are consistent.

In the following, | describe the procedure, | normally use to calibrate my VNWA. This is not the only possible way to
perform a proper calibration, see Kurt Poulsens documents at http://www.hamcom.dk/VNWA/ . A different way to do a 2
port calibration using female Amphenol calibration standards provided by SDRKits is described on page "Practical
Example on Performing a 2-Port Measurement".

»» » Important Note: Before performing a calibration measurement, make sure, that the instrument sweep rate is set
to the lowest value you intent to use the calibration with, otherwise your later measurement results will be dominated
by the noise of your calibration measurements.

In order to initiate a two-port calibration, click the menu "Measure" and "Calibrate". You'll see the following window

popping up:

[=3Full Calibration x|
Exit Calibration Master Calibration  Cal Kit

Corection Schemes I

Cal Kit = AmphenolFem.ckf ‘
—Reflect Calibratior Thru Calibratiory

Short | . LCrosstalk Cal | . = an / off
Dpen | . Thiu Cal | . I~ | an 2 ff
Load | @ ThuMachcsl | @) 1 on/of

Cal I on /off . Irwalidate &1l Thu Calirations

When you press the buttons next to the red lights, you'll see a window popping up which tells you, which cal standard to
connect, e.g. when pressing on "Short", you'll see this window:

Calibration x|

Conneck SHORT ko MWA aukpuk!

Ok I Abbrechen |

Now, connect the calibration standards, which you are asked for, and press ok when done. Output is synonymous for
TX port and input for RX port. If you press "abort", no measurement will be performed. You can repeat any calibration
measurement at any time. You can calibrate in any order you like. After a successful calibration sweep, the
corresponding red lamp turns green indicating, that valid calibration data is available:

[=4Full Calibration : x|
Exit Calibration Master Calibration Cal Kit

Calibration Menu | Comection Schemes |

Cal Kit = AmphenolFem. ckf ‘
—Reflect Calibratior Thru Calibration

Short | @ LCrogstalk Cal | . I~ on / off
Dpen | @ @ ¥ on { off
Load | @ @ [ on / ot

Cal ¥ on/off @ Invalidate All Thiu Calibrations

Page 84

Page 84


http://www.hamcom.dk/VNWA/

Note the red "M"s inside the green lamps. These indicate that no master calibration is available yet. By clicking on the
green lamp, you can invalidate a calibration measurement and the green lamp turns red again. You can also switch
corrections off and on again without invalidating the calibration measurements using the checkboxes next to the lamps.

The radio menus in the "Correction Schemes" tab allow to experiment with various degrees of mathematical corrections:

[=1Full Calibration x|

Calibration Menu

—Real Time Display Calibration O ption
enforce simple thru comrection if available

-
 enforce enhanced thiu comection with ideal load match if available

" allow enhanced thiu comection if available

& allow full 5.6 or 12 term corection comection if available [recommended)

= enforce full 5,6 or 12 term correction correction if available

—5-Parameter Acquisition Calibration Option:

= enforce simple thiu comection if available
" enforce enhanced thiu corection with ideal load match if available

" enforce enhanced thiu corection if available

7 allaw full 5,5 or 12 term corection corection if available [recommended)

The recommended settings are the ones shown above.
In the following | will exactly describe my cal standards and how the calibration is to be performed.

Thru Calibration:

Starting point are the two coaxial cables comming from the VNWA TX port (output, left) and going to the VNWA RX port
(input, right) with two SMA male connectors.:

In case you run the "Crosstalk Cal", just leave the two cables separated from each other as shown above.

»»» Note: Normally a crosstalk calibration can (and should) be omitted, as the VNWA's crosstalk level is below the
noise floor. In this case, a crosstalk calibration only increases the noise level by 3dB. Use the crosstalk calibration to
eliminate crosstalk of test adapters if necessary.

For the "Thru Cal" you need to connect the two cable ends. Obviously, you need an SMA female to female adapter as
can be seen in the following picture:

Note that the adapter introduces some phase shift because of its finite electrical length that has to be accounted for in
the further reflection calibration.

The "Thru-Match" calibration step requires the same thru standard as the thru calibration. While the thru calibration
step measures transmission, the thru match calibration step measures reflection of the RX port in order to numerically
compensate deviations from a perfect 50 Ohms RX port match.

Reflection calibration:
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One possible way to deal with the additional phase shift of the thru adapter is to leave it in the system when performing
the reflection calibration. The following picture shows my open "standard", which is the bare female SMA side of the thru
adapter:

3 _.H,,q !'*!-%

Calibration Plane

"Open" calibration standard

This nails the reference plane to the place where the RX cable connector was sitting during the thru calibration and
ensures zero phase difference between S11 and S21.

An alternative calibration scheme using the calibration standards available thru SDR-Kits can be found on page
Practical Example on Performing a 2-Port Measurement.

The thru adapter is also in place when measuring the "Short" and "Load" standards, which are both commercial
products with male SMA connectors.

i _'ri

Calibration Plane
"Short" calibration standard

T et
w—_=

Calibration Plane

"Load" calibration standard

The "Short" standard is an SMA male connector with a built-in short circuit. The "Load" standard is an SMA male
connector with a built-in 50 Ohms resistor.

Actually, for open, short and load standards, the calibration planes will still not be exactly at the same position as
internal builds differ slightly. These slight errors can be corrected for by entering proper calibration standard parameters
if known.

Finally, you want to remove the Thru adapter so you can connect the VNWA cables to your test object (a monolythic
crystal filter in below picture)
in forward direction to measure S11 and S21
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and reverse direction to measure S12 and S22.

The only remaining effect to corrected is, that your reference plane still sits at the position where the end of the Thru
adapter was, which would be well inside your test object now. This can be compensated in the port extension menu
invoked by "Measure"-"Port Extensions™:

[ ronteenmons ) zl

Close Mode Active

Ext. Port 1 I'ID Ips Yl = 2.033 mm
Ext. Part 2 |2E1 ps = 4197 mm

Yelocity Factor: Iu,? v Fort Ext. OM

You can move calibration planes for forward and reverse measurements independently, by entering delays into the "Ext.
Port 1" and "Ext. Port 2" fields. This might be useful, when you want to correct for different input and output connector
lengths of your test object or if you want to move the calibration planes beyond the connectors to the solder pads of
your component under test. A positive port extension will move the calibration plane away from the VNWA. Port
extensions will be applied only if the "Ext. on" checkbox is checked.You can monitor the application by a slight rotation of
your previously measured data in the Smith Chart.
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MASTER CALIBRATION

As long as you haven't performed a calibration, the VNWA will yield quite arbitrary and useless results. Once you have
decided, what frequency range to sweep and how many data points to collect, it's time to do the calibration. When you
modify the number of data points or the frequency span, the calibration will be invalidated and is thus lost. To
avoid the necessity for repeated calibrations for standard moderate precision measurements, the master calibration
feature has been implemented. The idea is as follows: Calibrate the instrument once with a large number of points (e.g.
8192) and the maximum span (1 kHz...1.3 GHz):

[=1Full Calibration 5'

Exit Calibration Master Calibration Cal Kit

Calibration Menu | Comection Schemes I

Cal Kit = AmphenolFem.ckf ‘
—Reflect Calibratior Thru Calibratiory

Shart | . LCrozstalk Cal | . = an / off
Gpen | . Thiu Cal | . ¥ on / off
Load | . . ¥ on / off

Cal ¥ on/off . Irwalidate &1l Thu Calirations

Then make this calibration the master calibration by saving it as a master calibration. You are asked for a file name to
store the calibration for later reload after program restart. Successful activation of a master calibration is indicated by the
red "M"s inside the green lamps turning green and thus vanish:

[=3Full calibration x|

Exit  Calibration | Master Calibration Cal Kit

Calibration temu Load Mastercal

taster Calibration

Cal Kit = Amphenc
—Reflect Calibratioft T Calibration

Short | . LCrogstalk Cal | . I~ on / off

Open | . Thiu Cal | . W on / off

Load | . . ¥ on / off

Cal ¥ on/off . Invalidate All Thiu Calibrations

When you change the number of points or the frequency span, and the calibration is thus invalidated, the master
calibration data is used to interpolate new calibration data. In this case, the instrument will still deliver reasonable
results, even though it is not calibrated. This can also be seen from the calibration window which shows green "M"s
inside red lamps indicating no calibration but an activated master calibration:
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[=1Full Calibration x|

Exit Calibration Master Calibration Cal Kit

Calibration Menu | Comection Schemes I

Master Calibration Activated ‘
Cal Kit = AmphenolFemn.ckf
r—Reflect Calibratior Thiu Calibratior

Shart | . LCrozstalk Cal | . = o/ off
Open | . Thu Cal | . ™| ot
Load | . . I~ | any 2 eff

Cal [T on/off .% Invalidate Al Thiu Caiibrations

An active master calibration is also indicated by the Master Calibration Activated info in the top left rectangular info
field above.

» »» Hint: You can have more than one master calibration by selecting different file names. You can reload an existing
master calibration file using the Master calibration Menu above or via the main menu "Setup" and "Misc-Settings" tab.

Note, that you can also transform a loaded calibration into a master calibration via main menu "File-Save-Calibration
to Master-Cal.":

[=IDGBSAQ - Yector Network Analyzer So I ] B9
File Measure Settings Tools Options  Help
Exit
SaveScresn b <DF“:IEH
Prink

Export Data »
Impork Data  #

Calibration
Retrieve b Calibration ko Master-Cal.
Display State
Instrument State
v Autosave Memory Spaces

Start = 10.685 MHz Center = T 7 MHz Stop = 10.715 MHz
Span = 0.03 MHz
v 521 dB

=

TH Level =17 dBm _ Continuous
|S21 j = ||Mem1 j ¥ 511 Smith Single Sweep
|Reference Position = 7.7 v

You can load a calibration directly as master calibration via main menu "File-Retrieve-Mastercalibration" as well as
via "Options-Setup" Misc. Settings tab, button "Browse and Load Master Cal."
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LOW LOSS CAPACITOR CALIBRATION

| Why low loss capacitor (LLC) calibration?

Theoretically, a SOL-calibration does remove all linear errors that can occur in an impedance measurement with the
VNWA.

In real life, error correction is only as accurate as the calibration kit models.

Small changes in the models may yield big changes in the measurement results, particularly, when measuring extreme
impedances, i.e. near the edge of the Smith chart.

Accurately measuring Q-values of capacitors, inductors and resonators is a task particularly sensitive to the calibration
standard models.

Problem:

The following picture shows an impedance measurement of a standard SMD 100pF capacitor. The measurement data
has been corrected using two different Load models:

red: ideal load model (i.e. Z=50 Ohms)

blue: load model consists of 50 Ohms and 2nH connected in series

0.20hM/ 1. 350MHz  118ohm  0780hm 101 42pF 101 40pF CEiCE i nen] ey e L

0 2ohm/ OPEN |SHORT LOAD |L0\-fr Loss
1 Cs

0.1pF " Rs |

0.1pF/ Rs '

. P 2= | [60+j"W"2e-9

i el €

1
«.5& |z= ;| |50|

0.8ohm el Samnami D o

Delay = IO 1

cal Cs
DY Start=10 MHz Center =30 MHz Stop =50 MHz‘};,Tri.jF Load M Odels
i Span = 40 MHz i
i Continuous
Pt Fsi1 Reaz Fsi1 c- B
s =||L= ii]Meml ¥| FMemiRealz ¥ Memic— Single Sweep

The DUT capacitor can be modeled as a series connection of capacitor Cs and resistor Rs.

Note, that while the measured capacitance Cs is quite independent of the load model, the measured Rs changes by
50%, even though a 2nH inductor is only a very minor correction to our load in our frequency range (j*0.1 Ohms...j*0.5
Ohms). And the effect persists even to the lowest frequencies.

=> Measured Q-values depend strongly on the imaginary part of the load standard model impedance for SOL
calibration! So, for accurate Q-measurements you have to have this absolutely right.

BUT... The load standard's imaginary part of impedance is usually the one parameter of all calibration standards that is
least accurately known, while the load's absolute value of impedance can be measured quite accurately at DC with a
Kelvin probe.

Solution LLC-calibration:

Accepting that there will always be poor knowledge of the imaginary part of ZLoad, an additional calibration standard is
needed to overcome this problem.

As the missing knowledge strongly influences loss measurements on e.g. capacitors, a capacitor with well known loss is
best suited as additional calibration standard.

Best suited would be a capacitor with no loss at all (e.g. Effective Series Resistance ESR=0), second best is a low loss
capacitor (LLC). When ESR is small, then the ESR uncertainty is automatically small as well.

This implies if the Q of the capacitor is much higher than the Q of the DUT, then ESR might even be set to 0, as in this
case it hardly influences the measurement result.

Since the magnitude of ZLoad is assumed to be known, the exact capacitance value of the calibration capacitor isn't
required to be known. It is sufficient to know the loss, i.e. the effective series resistance ESR.

Note, that even though the exact capacitance value need not be known, the LLC capacitance still influences the usable
frequency range. A capacitor is equivalent to an Open at verly low frequencies and to a Short at very high frequencies.
Thus, it does not deliver additional information at these extermes over the Open and Short standard. In order to cover a
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wide frequency range, a number of LLC standards with different capacitances is required.

The following picture demonstrates how an additional LLC calibration fixes a wrong Load standard model. The same

100pF SMD capacitor as above was used as test object and as LLC standard:

=1 Calibration Settings
0-20hm/ 1. g0 0MHz ~ 0790hm  078chm 101 40pF  1¢ General Settings Arbitrary SOL Moc
0.20hm/ 'OPEN | SHORT LOAD |Low Loss

0.1pFI correct
||z= =] fovees |&= WIong
: el

0.1pF/

Cal
DY Start=10 MHz Center = 30 MHz [=3 Calibration Settings
Span = 40 MHz ; - : :
=> General Settings Arbitrary SOL Model Settings |SOL Simul
TXAft. =0 dB sl

Realz [¥si1 ©
511 =2 [Mem1 =] ¥ Memi Realz ¥ Memi OPEN | SHORT| LOAD Low Loss C |

[100pF | 200pF | 400pF |

Load model error fixed! ESR= [ o8
ESR in Ohms. press CR to compile
Crom= [101.4 pF. Cmeas = 101 pF

(for infa and for estimatir

The traces stored in Mem1 (pink, red) were determined with the assumed correct ideal load model (Z=50 Ohms). The

S11 traces (blue, green) were obtained with the wrong load model, but the calibration was extended by a LLC

calibration measurement. After LLC calibration the S11 measurement reproduces the supposedly exact ESR=0.8 Ohms

as entered into the LLC model, even though the load model is wrong.

| How to properly perform an LLC calibration:

In the following, a prodecure to LLC-calibrate the VNWA for a one-port measurement is described, assuming that the

ESR of the LLC standard is known, but its delay is not.

Note, that LLC calibration can only be used with the "arbitrary model" for calibration standards.
So, the first step is to determine the delay of the LLC standard.

To do so, first perform a normal SOL-calibration:

[=4Full Calibration x|

Calibration ket | Corection Schemes I

zave curment calibration as master cal |

—Reflect Calibratior Thru Calibratiory

Short | . LCrozstalk Cal | . I~ an /aff
Dpen | . Thiu Cal | . I~ | ony 2ff
Load | @& Thupschcsl | @) 1 on/of

Cal [V on/off % Invalidate All Thru Calibrations

Next, measure your LLC standard:
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[=IDGBSAQ - Yector Network Analyzer Software - licen: -0l x|
File= Measure Settings Tools Options  Help
1dB/¢ 1 2
u i <Refl
s 0de
1: 7.0MHz 0.01dB 0904 0.43  104.47pF 2
2 B43MHz  -0.09dB 0564081 112.08pF
2pF¢
2
<Ref3
Cal 100pF
Start = 1 MHz Center = 30.5 MHz Stop = B0 MHz
- Span = 59 MHz
%X At =0dB W 511 dB sl C- Continuouz
= ||Mem1 'I W 511 Smith Single Sweep
|Trace 3 Marker 1@ 7.0MHz  104.47pF A

Generally, the capacitor will not be located in the SOL calibration plane. This leads to a frequency dependence of the
measured capacitance value as seen above (green trace).

Next, we use a port extension to determine, how far away the capacitor is from the calibration plane.
Activate port extensions and tune the Port 1 extension ...

[=JPort Extensions 1'
Ext. Part 1 115 ps T =241 mm
Ext. Port 2 IU H =0m
‘Welocity Factor: ID_? v

... until the capacitance becomes almost independent of frequency:
[=IDGBSAQ - Yector Network Analyzer Software - licen: _II:||5|

File Measure Settings Tools Options Help

1de/ 1
i

2

An) <Refl
/ 0dE
1: 7.0MHz 0.01dB 0904 042  102.05pF

2 B43MHz  003dB 0504085 @ 10212pF
0.2pF¢

<Ref3
102pF

Cal

Dl Stant =1 MHz Center = 30.5 MHz Stop = 60 MHz

= v 511 cIBSDan:58 Mlgzs‘l‘l C= !

T At =0dE Continuausz
=_>| lm ¢ 511 Smith Single Sweep

|Reference Position = 3,95 4

Note, that for a port 1 extension of 115ps the green capacitancy trace almost becomes flat.
Note, that that the scale for the green trace above is 0.2pF/ while it was 2pF/ in the previous plot.

Next, we create an LLC standard using the calibration settings menu.
The just determined port extension of our LLC standard is the one way delay from the calibration plane to the capacitor.

As the wave travels forth and back, the wave delay is twice the port extension, i.e. 230ps.
Now, we want to virtually move the capacitor back into the calibration plane. Therefore, we enter the negative of this

delay, i.e. -230ps, into the LLC standard delay setting:
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[=iCalibration Settings _ x|
General Settings  Arbirar 301 Model Settings | 50L Simulation Settings |

OPEN | SHORT | LOAD  LowLossC |

100gF |
ESR= |o
ESR in Ohms, press CR to compile

Crom= 100
[far info and for estimating recommended frequency range.
vanable C can be used in ESR expression]

Delay = 230 pz  =r oneway electical length = -34.500 mm

Fecommended Frequency Range:  from |25 MHz

¥ Use standard #1 to |50 MHz

Note, that it is sufficient to enter an approximate nominal capacitance value. In the line ESR you should enter an
expression modeling the frequency dependent ESR (effective series resistance) of your capacitor as closely as
possible. Note, that you can use mathematical formulas for modeling. The syntax is identical with the custom trace
compiler syntax, e.g. variable f denotes the frequency.

Example of an ESR that rises linearly in frequency from 0.1 Ohms to 10.1 Ohms at 1MHz:
ESR = 0.1+10*f/1e6

Either consult the capacitor data sheet or use a transmission measurement to determine the ESR without using the SOL
calibration standards.
For a first test we use ESR=0, which is a good initial choice for very low loss capacitors.

Next, we want to perform a calibration measurement with our LLC standard:
[=Full Calibration x|

Calibration Menu | Corection Schemes |

zave curment calibration as master cal |

r—Reflect Calibratior Thiu Calibratior

Short | . Crosstalk Cal | . = o/ off
Open | . Thiu Cal | . I~ | Ak
Load | . Thru Match Cal | . I~ | o Ak

Cal [ on/off . Irrealidate Al Thi Calibrations

Reflect Low Loss Capacitor Calibratiorn
Standard: 1

After clicking on the "Low Loss C"-button, you are asked to connect the standard. As you can define up to 8 different
LLC standards, the standard's name is shown. Be sure to connect the right one.

The calibration sweep is performed for the underlined standard. If you want to use a different LLC standard, click the
corresponding number and it will become underlined, i.e. active.

Calibration il x|

Conneck LLC standard 100pF ko MWA oukput!

oK |: ! Abbrechen |

After the cal measurement, the LLC cal label turns from red to green indicating an active LLC calibration:
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[=1Full Calibration

Calibration Menu | Comection Schemes |

save current calibration as master cal. |

—Reflect Calibratior

Short | .
Open | .
Load | .

Thru Calibratior

LCrogstalk Cal | . = an /aff
ThiuCal | . ™ on / of
Thru Match Cal | . I on/off

Cal ¥ on/off Invalidate All Thiu Calibrations

—Reflect Low Loss Capacitor Calibratiorn

Standard: 1

Note, that clicking onto the green LLC label will delete the calibration measurement and turn the label red again.

After the calibration measurement, open the calibration settings again:

[=1Calibration Settings ll
General Settings  Arbitrans 501 Model Settings | SOL Simulation Settings I
OPEN | SHORT| L0AD LowlLossC |
1006F |
EsR= [
ESR in Ohms, prezs CR ta compile
Crhom= (100 pF. Cmeas =101 pF
[for info and for estin{%ing recommended frequency range.
varnable C can be used in ESR expression]
Delay = |-230 ps
Recommended Frequency Range:  from |25 IHz
¥ Usze standard 1 to |50 MHz
[ 2

Note, that next to the nominal capacitance value there should be a fairly accurate indication of the real capacitance
measured during the calibration measurement. This capacitance value is determined from the last frequency point, so it
may be off from the average capacitance, but not far. If this value is far off, then either the delay is wrong or you have
picked the wrong standard.

We now enter the correct ESR for this capacitor of 0.8 Ohms (not exactly low loss, better use a high Q type).

Next, measure your LLC calibration standard as it was a DUT (i.e. not doing a calibration measurement but a normal
sweep) still having the found delay switched on:

[=IDGBSAQ - Wector Network Analyzer Software - licensed -0l x|
File= Measure Settings Tools Options  Help
108 2 :
! kd W<Refl
. 0de
1: 59.4MHz 0.22dB -0.55i0.80 10215pF 0.75ahm
2 120MHz -0.04d8 0.74-i0.6F  102.06pF 0.80okhm
0.2pF/
0.2ohm/ <Ref3
1 102pF
Cal
Dy Start = 1 MHz Center = 305 MHz Stop = 60 MH2<DHD?1::
- Span =59 MHz
%X At =0dB I 511 dB /sl C- Continuoug
= ||Mem1 vI ¥ 511 Smith W 511 RedlZ Singk Sweep
> 4

Note, that the LLC calibration step changes the measured series resistance of the capacitor to the value specified in the
LLC standard setup, thus the LLC correction works.
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» »» Note: LLC correction will work somewhat beyond the recommended frequency range, but it will completely fail, if
the frequency is too far ABOVE the recommended frequency range. In this case, the software falls back to the standard
SOL correction ignoring the LLC calibration measurement.

»»» Note: If several LLC standards are defined and calibrated, then the software automatically use the standard best
fitting the current frequency point. So, within a single sweep several LLC standards may be used for correction
depending on the data point frequency.

»»» Note: The LLC correction will NEVER be saved into a master calibration! Master calibrations cannot contain LLC

corrections. When saving a calibration containing LLC corrections into a master calibration, the LLC part will simply be
omitted, but the SOLT corrections will properly be saved.
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MAGI-CAL: AUTOMATIC CALIBRATION

|  Introduction

Normally, the VNWA calibration process involves a lot of connect/disconnect cycles of the various calibration standards.
This is time consuming and prone to handling errors.

Therefore, the Magi-Cal ® device has been developed. It allows to perform an automatic one port or two port VNWA
calibration with a single connect cycle and pressing a single button.

The Magi-Cal ® device contains two sets of reflect calibration standards for either rf port and a thru calibration standard
potentially connecting port 1 to port 2. The standards can be connected internally to the two ports via USB control. An
indicator LED displays the currently active standard, e.g. if the LED is lit red, then both ports present a short. Upon
connecting the Magi-Cal ® to a computer USB socket, the LED indicates functionality of the device by briefly flashing up
in the sequence red-orange-green-OFF.

Properties:

- automatic VNWA two port SOLT calibration device.

- for one-port and full two-port calibrations.

- frequency range: dc...1GHz, with reduced accuracy to 1.3GHz.

- supports all VNAs that are operated with the DG8SAQ VNWA software, e.g. VNWA2, VNWAS3, N2PK-VNA, FA-VA5
- plug-and-play, supports plug/unplug at any time.

- requires VNWA software version 36.7.8 or above.

- uses VNWA LibUSB driver, no separate driver installation required.

- So far, no Linux/WINE support!

|  Connecting the device
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As shown above, the Magi-Cal ® device is connected to the VNWA test leads such that port 1 connects to the VNWA TX
port and port 2 connects to the VNWA RX port. If an S-parameter test set is connected to the VNWA, Magi-Cal ® can
also perform a full two port calibration. In this case Magi-Cal ® port 1 must be connected to test set port 1 and Magi-Cal
® port 2 must be connected to test set port 2. Both, Magi-Cal ® and the VNWA must be connected to USB sockets of
the same computer.

With this setup, Magi-Cal ® will generate a valid SOLT calibration with calibration planes coinciding with the connector
mating planes, just like with using regular SMA calibration standards:

Calibration Planes

| Usage

Preparation:
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The Magi-Cal ® internal calibration standards' rf properties are far from ideal. Therefore, sophisticated device models
have been developed to describe their behavior over the 1GHz frequency range. Moreover, every single Magi-Cal ®
device has been characterized by SDR-Kits and the model parameters have been stored inside the Magi-Cal ®
hardware itself. Thus, the device can be carried from one VNWA to another and always achieve a valid calibration.

The first step prior to calibration is to download the Magi-Cal ® model parameters from the actual Magi-Cal ® device
into the VNWA software. This step has to be performed if prior to usage a calibration kit different from the actual
Magi-Cal ® has been used/loaded. Once, the Magi-Cal ® model has been loaded, it remains valid until a different
calibration kit model is being loaded.

The model download is achieved via the Calibration Kit menu, which is invoked via Settings-Calibration Kit or via
keyboard short cut K.

[=1 calibration Settings &

General Setings | Simple SOLT Model Settings | Special Setings | SOLT Simulation Setings | M 4| ¥

Sawve Settings Load Setftings

Clear ALL

Last loaded/saved: CAExchange ShAd bale kitokf

Download Model from Magi-Cal device

Fosenberger ShA Male kit Ples Il description
### PLEASE NOTE You mustch  Download Cal Kit Fie(s) from Web ovided by SOR:
Kits for both Simple and Arbitrary custom calibration standards. The Rosenberger kit consist of
folowing calibration standards: 1 pc 50 ohrm SkA 0.5% Flug (male) Load for Load calibration partno
32316R-0.5E3 # Tpc 0 ohm SA Short Flug (male) for Short calibration partno 322111-0000L5 #1 pc
ShAd Fairview Microwswe Dust Cover partno. SC2028 for Open calibration. Alternative nothing
connected may be used for Open calibration # 1 pc. Plug-Plug (male - male) adaptor used for Thru
calibration partno 325103-300L5 . *===* Both Simple and Arbitrary customn calibration standards
setting are selectahble

@ T
b TS R
f0pen

L

[ Y

As seen above, the currently loaded calibration kit model is for a standard Rosenberger one.

In order to change this to the connected Magi-Cal ® kit, RIGHT-click the Load Settings button.

Beware, that this is not the normal Windows way to press a button, but this is where the special load options are
found.

If an operational Magi-Cal ® device is detected, the right-click menu will show the menu item Download Model from
Magi-Cal device.

Clicking it will initiate the download process:

X

@ SOLT Iarbitrary model custorn calibration standards LI

Sawve Settings | Load Settings

Last loaded/saved: from Magi-Cal Device, model of 05.09.2019 12:06

tagi-Cal wersion 2.0

Ly | SDRES
| Magi-Cal
fi:&%@gm

[Model type 2 downloaded successfully 4
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Note, that Magi-Cal ® only works with the arbitrary model setting. Changing this setting will invalidate the model.

An alternative way to download the model from the Magi-Cal ® device is to left-click the Load Settings button the normal
way, so the calibration kit file manager will open.

If an operational Magi-Cal ® device is being detected, the menu item Download from Magi-Cal will become visible.
Clicking it will initiate the download process.

(=) Open Calibration Kit File X|

Browse Path Home View Delete Fle Download fr@ Magi-Cal ‘

E R ;I Marne | Ext.. | Date I todel Comment
= e Amphenol Connex SM.. ckf 14042017 20, simple Arnphenal Col
(£ N, Amphenol Connex SM... ckf 14042017 20...  simple Amphenal Cal
i L Amphenol Connex M. ckf 14042017 20... simple Amphenal Col
Fiosenberger SMAFe.. ki 14042017 20, simple Fosenberger
Rosenberger SMAMa... cki 14042017 20.. simple Fosenberger
kI i

|*.* Open Apbort

cAVNWA\DefaultCalKitsh,

At the end, the Calibration Kit File manager will close automatically and the Calibration Kit menu will come back to
focus, where the success of the operation can be observed.

» 1+ » WARNING:

For a correct calibration, the Calibration Kit menu settings must match the actual calibration kit hardware.

Be aware, that the Calibration Kit menu settings can get changed by various operations, because they are also stored in
any calibration file (*.cal) and in any instrument state file generated by the VNWA software.

Thus, importing a calibration file or an instrument state may change the Calibration Kit menu settings!

Prior to any calibration, check and make sure, that the Calibration Kit menu settings reflect the calibration kit
hardware you are using!

Calibration:
Now, a SOL or SOLT calibration can be performend using the calibration menu which is opened via VNWA main menu

Measure-Calibrate or using the keyboard shortcut C.
The automatic calibration process is started there via the Magi-Cal menu:

[=1 Full calibration - Magi-Cal auto-calibrator ONLINE! ﬁ

Exit Calbration Master Calbration CalKit | Magi-Cal

Calibration tMenu | Correction Schemes | Magi-C  SOL [

Feflect Calibration Thru Calibration

| @ o -
Cpen | . Thru Cal | . [~ an/aff
Load | . Thru katch Cal | . [~ an/aff

Cal [ on/off . Invalidate 4l Thru Calibrations

The user can select to automatically perform either a one port SOL or a two port SOLT calibration.
The calibration progress will be displayed by the sweep progress bar and the status of the red/green calibration
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indicators:

[=1 Full Calibration - Magi-Cal auto-calibrator ONLINE! ﬁ
Exit Calibration Master Calbration CalKit Magi-Cal

Calibration tMenu | Cotrection Schemes | tagi-Cal I

—Reflect Calibration Thru Calibration

o | @ ® -
Open | . Thru Cal | . [~ on /i
Load | . Thiu Match Cal | . [~ on /i

cal [ on/off . Invalidate All Thru Calibrations

|Magi-Cal set to 2 successfuly

A success message will indicate the end of the calibration process:

[=1 Full calibration - Magi-Cal auto-calibrator ﬁ
Exit Calbraton Master Calbraton CalKit  Magi-Cal

Calibration Menu | Correction Schemes | hagi-Cal I

~FReflect Calibration Thru Calibration

Short | . Crosstalk Cal . [~ o/ off
Open | . Thru Cal | . [¥ on/of

Load | . Theu Match Cal | . [% on fof

Cal |7 on / off . liwsalidlate Al Thio Calilvatioes - |
VNWA ﬁ

| ~ UNWA successfully calbrated with Magi-Call

Cal
Start = 409.5 MHz Cente
= Sp
T At =0dE [vs21 dBE Continuous
|821 LI =_>| IMem 1 ﬂ [ S11  Smith Single Sweep

| Y

If an automatic S-parameter test set is present, the Magi-Cal ® menu shows the additional menu item SOLT both

directions, which allows to perform a full two port calibration automatically:

Page 100

Page 10



[=4 Full calibration - Magi-Cal auto-calibrator ONLINE!

Exit Calbration Master Calbration CalKit | Magi-Cal

Calibration Menu | Correction Schemes | Magi-C  SOL

bMeas  SOLT

SOLT both directions  Beversae

Feflect Calibration

v | @
v | @
| @

Thru Calibration

Crosstalk Cal | . [~ an/off
Thru Cal | . i
Thru Match Cal | . i

Invalidate All Thru Calibrations

Cal T on/off .

The Magi-Cal ® calibration functions can also be accessed by right-clicking the calibration menu window at any

position:

[=1 Full calibration - Magi-Cal auto-calibrator ONLINE!

Exit Calibration Master Calbration CalKit Magi-Cal

Calibration tMenu | Cotrection Schemes | tagi-Cal I

X

" hMeasurement Direction

Invalidate Full Calibration w

~Reflact Cali  Scan for Magi-Cal ——
Magi-Cal 4 SOL
__ ¥ @ | _sou S

Open | . Thru Cal [~ on /i
Load | . Thiu Match Cal | . [~ on /i
cal [ on/off .

Irvalidate All Thru Calibrations

An automatic full calibration can also be initiated with the keyboard shortcut M.

Note, that it is still possible to calibrate with each standard manually by pressing the according cal standard button. The

corresponding standard will be switched online automatically.

Moreover, if an S-parameter test set is used, it is possible to automatically perform a SOL or SOLT calibration in one

direction and leaving the opposite direction calibration untouched.

Also note, that a crosstalk calibration is not part of the Magi-Cal ® calibration process. If needed, remove the Magi-Cal ®

device from the rf ports after automatic calibration and then perform the crosstalk calibration manually.

If a Magi-Cal ® device is detected by the VNWA software, the calibration menu will also show the Magi-Cal ® tab. This
displays the device temperature and a stored reference temperature, neither of which is currently being used:
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[=4 Full calibration - Magi-Cal auto-calibrator ONLINE!

Exit Calibration Master Calbration CalKit Magi-Cal

Calibration Menu | Correction Schemes

Temperature = 42.9 °C

Reference Temperature = 52.4 °C

Troubleshooting

If the calibration menu window doesn't show the Magi-Cal ® items, scan for a Magi-Cal ® device by right-clicking the

calibration menu window at any position and selecting the Scan for Magi-Cal menu item:

[=] Full calibration

Exit Calibration Master Calibration Cal Kit

orrection Schemes |

Cal

Feflect Calibration

Short | .
o | @
Load | .

[~ an/aff

Invalidate Ful Calibration [

X|

Crosstalk Cal | . [~ on /i
Thru Cal | . e
Thiu Match Cal | . Imlenyier

Invalidate All Thru Calibrations

If the Magi-Cal ® items then won't show up, either the Magi-Cal ® software modules are missing or there is no Magi-Cal

® device present on the computer USB bus.

The Magi-Cal ® software modules can be installed by reinstalling the VNWA software using the automatic installer for
software version 36.7.8 or higher.

You can check if a Magi-Cal ® device is present on the computer USB bus by using the VNWA setup menu.
Pressing the Rescan USB Bus button in the USB Settings tab lists all LibUSB devices present on the computer:
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[=] PC and Instrument Hardware Related Setup

USB Settings |Audio Settings | Audio Level | Aux Audia Level | Instrument Sstiings | Misc. Ssttings |

Fescan USE Bus hus/device idvendorfidProduct
4& bus-0A44ibush 0-0001—0x20a0-0x4118  0e20A0/0x4118
- Manufacturer ;v scr-kits.net
TestUSE Interface | -Product  : DGESAC-VINWA 3.0

- Serial Mumber: None

Verify Firmware | w T otalLength: 18
bMuminterfaces: 1
) bConfigurationalue: 1
Flash Firmware | iConfiguration: 0

bmAttributes: G0h
haxFower: 150
hinterfaceMumber: 0
halternateSetting: 0
bMumEndpoints: 0
hinterfaceClass: 0
hinterfaceSubClass: 0

WA Enargy Seftings: binterfacePratocal: 0
) . iinterface: 0
IFlimieie Emesiggy SEilge bus-0A, Mibush0-0002—0x20a0-0xd118  Dx20A0/Dxd118
ION o power up LI Manufdure weny Sl r-kits.net
. - Serial Mumber: Mone
Software Energy Settings wTatalLength: 14

ION if software started LI bhuminterfaces: 1

License Code: IDGBSAQ"TDm"

|WARNING: DDSs are being overclocked outside the Analog Devices specification! You do that at your own risk!

Above screenshot shows both a VNWA3 and a Magi-Cal ® device (highlighted) being present.
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MAGI-CAL AS PERMANENT CALIBRATOR

|  Introduction

The previous chapter explains, how the Magi-Cal automatic calibration device is used for calibrating the VNWA instead
of using four individual short, open, load and thru calibration standards. In order to take a measurement of a DUT, the
calibrator still needs to be removed and replaced by the DUT.

Now, in an automated monitoring system may arise the need to permanently keep the calibrator connected to the VNWA
for repeated calibration and automatically switching in the DUT for a measurement while at the same time switching the
calibrator off.

If the task is to perform only a reflect calibration and a subsequent reflect measurement (S11), both tasks can be
performed with a single Magi-Cal device.

The idea is to use the Magi-Cal port 1 as calibrator, which stays connected to the VNWA TX port at all times. The DUT
in turn is connected to Magi-Cal port 2. While the Magi-Cal Thru standard is switched in, the DUT is connected via the
Magi-Cal Thru standard to the VNWA TX port. The basic setup is shown in below picture.

During the SOL-calibration, the DUT is automatically disconnected by the internal Magi-Cal thru switch going to off
state, so the DUT won't interfere with the calibration process.

During measurement, the Magi-Cal is switched to Thru-mode, so the calibration standards are disconnected but the
DUT is connected via the Magi-Cal Thru element to the VNWA TX port.

The only disadvantage of this approach is that the DUT is not connected directly to the calibration plane, which is the
Magi-Cal port 1 position, but that the Magi-Cal thru element is connected in between and will thus distort the
measurement result.

But, since the Magi-Cal is fully characterized (also the thru element), this effect can be compensated easily by use of
mathematics. This compensation process is known as de-embedding, as the DUT can be thought of being embedded
(in this case only on one side as it is a 1 port DUT) in a distorting network (here the Magi-Cal thru).

| De-embedding the Thru element
As is shown in below schematic, our measurement setup consists of a calibrated VNWA measuring the reflection

coefficient S11 of the combination of the Magi-Cal thru element characterized by its s-parameters (T11, T21, T12, T22)
and the DUT with reflection coefficient S:

T21 T12
Si1 port 1 lTﬁ T22| port 2 S
Magi-Cal Thru
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The measurement result S11 depends in the following way on the thru s-paramenters and the DUT reflection coefficient:

S5-I, -1,
X 24

S, =7, +—
HTL, s

We do measure S11, but we want to know the DUT reflection coefficient S. Thus, we have to solve above equation for

S and obtain:

. Sy Ty
Sy Ty =14 Ty + 1y - T

So, we actually can obtain the DUT reflection coefficient from our measurement.

|  Examples

We have to define a custom trace for S with above equation:

B Enter Expression 1 for trace 3 x

Expression:

(51141 1)1 1422411 22+t1221)

Global Subexp i [available in all exp . subexp ions may use other subexpressions from above]:

Mame  Aliaz Expression

Subl = 1111 = |s_thrumatch

Subz= 121 = |s_thru

Subd= 112 = |s_thru

Subd = |22 = |s_thrumatch

Aliases: Caption:
s= [ sn= [ s2= [ sm= [ EN

Meml = Memz = Memad = Memd = temf =
Memk = Mem? = Memi = Memi = keml 0=

ok Save | Load |

Note, that the Magi-Cal Thru element is symmetric, thus T11=T22=s_thrumatch and S21=S12=s_thru.
Also note, that we have conveniently assigned the caption S for this trace.

Now, we take a measurement with Magi-Cal port 2 being unconnected:
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We obtain the following result:

B DGASAQ - Vector Metwork Analyzer Software - DGASAQ licensed to Tom
File Measure Settings Tools Options Help

1: 300MHz -1.21dB -0.23- 0.84 -0.01dB  1.00-i 0.00
2de 2: 600MHz -2.69dB -0.71+ 0.18 -0.05dB  0.99- 0.01

3: 1000MHz %, -5.20dB  0.39+ 0.39 % -0.13dB  0.98- 0.01

2
2dB/
5
2
1
Cal
Start = 0.777 MHz Center = 600777 MHz

B Span = 1200 MHz
TXAL -0d8 P 511 & Vs
=>||Mem1 <] ¥ 511 Smik WV 5 Smith

<Refl
0de

L fjia
|
O

Stop = 1200777 MHz

Contiruous

Single Sweep

A

While S11 spirals in due to the increasing loss and phase shift of the Magi-Cal Thru, the mathematically corrected
custom trace S shows a point at the open position (apart form some spurs at >1GHz). This proves that we have shifted
the calibration plane to the Magi-Cal port 2 and that we have also corrected for the Magi-Cal Thru loss.

Next, we try with a DUT, which consists of a piece of transmission line which is terminated by a 3dB attenuator with its
far end being left open. So, we expect this DUT to show a fairly flat return loss of 6dB since the signal travels the

attenuator twice (forth and back).
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The measurement yields...

E DGBSAQ - Vector Network Analyzer Software - DGBSAQ licensed to Tom — ] X
File Measure Settings Tools Options Help
1: 300MHz -6.66dB  0.20-i 0.42 -6.41dB 0.32+i 0.35 -6.42dB  0.32+ 0.35
2dB/ 2: 600MHz -7.74dB -0.21- 0.35 -6.35dB -0.04+i 0.48 -6.49dB -0.04+i 0.47 <Refd

3: 1000MHz -9.89dB 0.03+ 0.32 -6.56dB  0.37+i 0.29 6.66dB 0.37+i0.28 0OdB

b/ —-\/é .:_: w%—c

3dB/
Cal
Start = 0.777 MHz Center = 600,777 MHz Stop = 1200.777 MHz
R Span = 1200 MHz
T att =0 dB WSl de WS o d W Meml dB __ Continuaus |
521 = ||Mem1 «| ¥ 511 Smih ¥ S Smith W Meml Smith Single Sweep

Traced: (s11-t11)/(s11%22-+11*422+412*21)

Again, while the directly measured S11 (red) is clearly distorted by the thru element, the corrected trace S (blue) shows
the expected behavior.

The pink Mem1 trace shows a conventional direct measurement of the DUT reflection coefficient for comparison. As can
be seen, S and Mem1 match very well.

|  TCPIIP remote control example

The kind of measurement shown above is usually performed remotely and thus requires remote control of the measuring
system.

VNWA offers a TCP/IP remote control interface. The following shows a TCP/IP example command sequence to perform
such a calibration, measurement and evaluation. This requires VNWA software version 36.7.8.10 or newer.

TCP/IP command sequence:
command (explanation)

(set up frequency grid and sweep speed here)
download-magi-cal-models  (download magi-cal standard models)

calsweep open (perform open calibration)
calsweep short (perform short calibration)
calsweep load (perform load calibration)
magi-cal thru (switch magi-cal to thru mode)
sweep s11 (perform reflect measurement)

write-cust-expr (s11-s_thrumatch)/(s11*s_thrumatch-s_thrumatch”2+s_thru*2) d:\out.s1p (de-embed S11 and write
result to local Touchstone file d:\out.s1p)

Note: Avoid any blank characters in the mathematical expression used in command write-cust-expr.

Page 107

Page 10



MEASUREMENT

Measurement:

Your instrument is now set up and calibrated and showing the main graphics window. It is ready for sweeping, which
means measuring.

To do so, press the button "Single Sweep" if you only want to aquire a single frequency sweep or the button
"Continuous" (F) for continuous sweeping. Both sweeps can be interrupted by pressing the same button again. The
picture below shows the measurement result of a low pass filter.

[=IDGBSAQ - Yector Network Analyzer S _IDLZ_(_j
File Measure 3Settings Tools Options Help

<Refl
1048/ 0dR

N (T N M,nmmﬂf/w

Dly Start = 1 MHz Center = 30.5 MHz Stop = B0 MHz

Span =59 MHz
= v s21 a8 Continuous
[s21 =] [Mem1 =] B 511 Smih Sirgle Sweep
|Leaving Zoom Mode! A

Note the two labels which are circled yellow:

The Cal-label indicates a valid calibration. If that label text shows MC instead, there is no valid user calibration, but a
Master Calibration is loaded. You can double-click the label to activate the calibration menu. Right-click to switch off the
calibration. If the user only performs a thru calibration, the software combines the user thru calibration with the master
reflect calibration (if available).

The "DIly" label indicates, that a port extension (delay) is being applied. Double-click it to enter the port extension menu
or right-click to switch off port extensions.

Note the arrow below the yellow circle. It indicates the measurement direction:

=> means forward measurement. Measurement data is stored in data spaces S11 and S21.

<= means reverse measurement. Measurement data is stored in data spaces S12 and S22.

As the VNWA2.* hardware cannot switch the measurement direction, you need to turn around the DUT
manually for a reverse measurement.

Display modes:

Data can be displayed in various ways. The software can recalculate S11 e.g. to VSWR, impedances, capacitances,
inductances, Q-values... . The following screenshot shows a reflection measurement (S11) of a wired 180pF
capacitor:

[-IDGBSAQ - Yector Network Analyzer Software £ B - II:ILZ_(“I

File Measure Settings Tools Options Help

1 301MHz 087081 0.07dE 204.02pF 027chm  96.89

DLOGHR A~m mmm s === m e Y <Ref?
20pF
0.1 ahrn T
0

504

<Ref3
180pF
Refd
DI Start =1 MHz Center = 30.5 MHz Stop = B0 MH2<DDT1m
Y Span = 59 MHz
o ¥ 511 Smith [# 511 C- [ 11 OC  Comtinuous
|S21 j = “Mem1 j 7 511 dB ¥ 511 RealZ Single Sweep
|Trace 5 { Marker 1: 30.0MHz 97,11 v

v »» Hint: If you change the display type (e.g. from dB to VSWR) and you won't see your trace because of unfit scales,
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the fastest way to see something is to perform an Autoscale operation. To do so, right-click the according scale-label
and select autoscale. Scale to Ref is an alternative to automatically scale the graph. It keeps the scale per division
untouched but aligns ref level to the maximum of the trace.

Markers
Up to 9 markers can be used. To add a marker, right-click onto the main grid at the frequency, where you want the
marker to show up and select "add normal marker".

Available marker types:

- normal marker

- maximum marker (automatically jumps to the maximum of the first displayed trace)

- minimum marker (automatically jumps to the minimum of the first displayed trace)

- absolute markers (places markers at specifiable absolute levels)

- delta marker (displays the frequency distance and the vertical distance to the last normal marker)

- bandwidth marker (places a maximum marker, two markers down one vertical division below the maximum marker and
a center marker between the bandwidth markers)

» » » Hint: To see a summary of marker positions or change the marker frequency, double-click onto a marker.

» »» Hint: You can also drag the markers around with the mouse.

»»» Hint: To delete one or all markers, right-click into the display grid and select "delete last marker" or "delete all
markers".

» » » Hint: You can enter an exact marker frequency after double-clicking onto the marker. The following window will
open:

[=iMarker 1 of trace 1 x|

Absolute Marker Walues:
f1o7 IE -

Trace1:  -25.83dB
Trace 2: 099+ 0.01

» »» Hint: In the above picture, you also see one of the two available horizontal dashed reference lines. You can move
them up and down with the mouse. You can change their color by right-clicking on them.

Zoom

You can also zoom into a trace. To do so, left-click to one corner of an imagined box in the main grid, which you want to
enlarge and draw the so called zoom-box with the mouse. While you keep the left mouse button pressed and you move
the mouse, you will see the zoom-box. In the following example, we attempt to zoom into the measured filter's passband:

[=IDGBSAQ - ¥ector Network Analyzer Software _ll:llm):_(_j

File Measure Settings Tools Options Help

<Ref2

1048/ OB

Start = 0.235 GHz Center = 435 MHz Stop = 0.635 GHz

Span = 400 MHz
= ¥ 511 Smith Continuous
521 [Mem1 =] B521 o8 Single Sweep
|Leaving Zoom Mode! 4

As soon as you release the mouse button, the zoom-box will be enlarged to completely fill the main grid.
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[LIDGBSAQ - Vector Network Analyzer Software o =] |

File= Measure Settings Tools Options  Help

1 43MHz 007004 18248
Z¢=1: 11048 0214016 29248 <Ref2

10y 32 107GMHz A0TH001 23208, 0dB
4 43FMHz 012005 1578

2

Start = 0.424737171 GHz Center = 435.500626 kHz Stop = 044626408 GHz
Span = 21.526909 MHz
200 i
=5 r[:} Undo last zoom mith CaitEs
Unzoorm .
521 B
............ Leave zoom mode, keep y-scale Sidelsheen
Enke | oave 20om mode, keep all scales A

You see the zoomed passband. Note, that | have added bandwidth markers in the above image as an example.
» » » Note: You can do multiple consecutive zooms.

v+ » Note: When zooming, the measurement span and measured number of data points remains untouched. Only part of
the data is displayed. When sweeping in zoomed state, you still sweep the whole unzoomed frequency range, but only
part of it is displayed.

v+ » Note: You cannot zoom inside the Smith chart. But as you can see in above screenshot, the Smith chart data
outside the zoomed frequency range is greyed.

»»» Note: You can unzoom by right-clicking the zoom label near mouse pointer. If you right-click it, the above shown
unzoom menu pops up.

You can

- Undo last zoom = return to the state before the last of consecutive zooms

- Unzoom = restore the original x- and y-scales before all consecutive zooms

- leave zoom-mode keep y-scale = restore the full frequency span but keep the zoomed vertical scale

- leave zoom-mode keep all scales = keep the zoomed frequency span and the zoomed vertical scale. The outside
data is lost, the visible data is interpolated to the full number of data points grid. A sweep after this will only sweep the
visible frequency span.

- Overlay Unzoomed = if selected, overlay an unzoomed and greyed version of the zoomed data with the zoomed
range highlighted.

» »» Hint: You can also unzoom by right-clicking the main graphics grid.
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EXAMPLE: A SIMPLE ONE PORT MEASUREMENT

The following example demonstrates how the VNWA can be used to measure a little loop antenna for 13.5 MHz and

extract its electrical properties.

| 1. Setting up

We set the instrument to the desired frequency range e.g. by double-clicking the "Stop" label or by simply pressing the

f-key on the keyboard.

(-] DG8SAQ - Vector Network Analyzer So

File Measure Settings Tools Options Help

<Refl
10dB/ ok
Start=1 MHz Center =305 MHz St r=60 MHz
- Span=5b9 MHz @
T AR =0dB Continuous

¥s11 dB

1 | e
M =_>||Mem1 ~] st smih Single Sweep

v

Also, select S11 for both traces as shown above. Select Settings-Sweep or press the s-key on the keyboard to choose

reasonable sweep parameters:

m VNWA Sweep Settings

—Sweep Control

Number of Datapoints =

Measurerment Time:

' J

Tirne per sweep = 0b3 secs

Time per data point = 1.33 ms

~Sweep Progress Displa

[v" Progress Bar On - Progress Bar Color

[~ Progress Text On

Next we place a marker by right-clicking onto the main drawing grid:
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(= DG8SAQ - Vector Network Analyzer So - |El|ﬂ

File Measure Settings Tools Options Help

<Refl

10dB/ 0dR

Add Frequency Marker »
Maximum

Clear last Marker Minimum
Clear all Markers Delta

Bandwidth *

Add Trace !
Marker Caption »
Cursor ’

Start= 1 M-  Realtime Expression Evaluator * Stop = 60 MHz

= Trace Options Continuous
Aﬁ' __ db Grid Options R
21 = [Mem T =T ¥S11  Smith Single Sweep
| 4
Here it is:
(=4 DG8SAQ - Vector Network Analyzer So - |I:I|ﬂ
File Measure Settings Tools Options Help
= <R efl
10dB/ 1: 183.5MHz -200.00dB 0.00-i 0.00 0dB
1
¥
1
v
Start=1 MHz Center =305 MHz Stop =60 MHz
. Span=b8 MHz
T AR =0dB M1l dB Continuous
= ||Mem 1 vl V511 Smith Single Sweep
[Trace 1 / Marker 1: 13.5MHz  -200.00dB Y

Now we are ready to calibrate the VNWA for a one-port measurement, also called reflection measurement.

| 2. cCalibration

This example demonstrates how to calibrate a male test cable end with male calibration standards.

We connect our test cable to the VNWA TX port and we connect our open calibration standard (in this case a

female-female through connector) to the other end of the test cable:
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S it
A—

1

Calibration Plane

We select "Measure-Calibrate" or simply press the c-key on the keyboard, press the "Open" button, confirm that the
open standard is connected and observe the instrument measuring the standard.
When the measurement is completed, the red Open light turns green:

(=] Full Calibration ﬂ

Calibration Menu | Correction Schermes

save current calibration as master cal.

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I on /loff
Open . Thru Cal . [~ on/ off
—;
Load . Thru Match Cal . [~ on/ off
cal [ on/off . Invalidate All Thru Calibrations

In similar fashion we measure the load calibration standard...

T
— =

Calibration Plane

... and the short calibration standard:

Calibration Plane

Finally, all reflect calibration lamps should be green:
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(=] Full calibration

Calibration Menu | Correction Schemes

save current calibration as master cal.

Cal [v on/off Invalidate All Thru Calibrations

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I~ om/off
Open . Thru Cal . [ on/ off
Load . Thru Match Cal . [~ on/off

We close the calibration window and double-check the calibration by measuring the calibration standards. Observe the

red Smith chart trace.

The short calibration standard should yield a dot at the left edge of the Smith chart (reflection coefficient -1, red marker

value). Without the marker, the dot would be barely visible:

(=] DG8SAQ - Vector Network Analyzer Sof - |El|ﬁ
File Measure Settings Tools Options Help
1
v i Refl
10dB/ 1: 13.5MHz 0.00dB -1.00+i 0.00 0dB
1
%
cal
Start=1 MHz Center=305 MHz Stop =60 MHz
- Span=5b9 MHz
Tx Al =0dB M1l dB Continuous
= ||Mem 1 vl ¥s11  Smith Single Sweep
| 4

The open calibration standard should yield a dot at the right edge of the Smith chart (reflection coefficient +1):
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(-] DG8SAQ - Vector Network Analyzer - |El|ﬂ

File Measure Settings Tools Options Help

1
v - Refl

10dB/ 1: 135MHz  0.00dB 1.00-i 0.00 0dB
1
I3

Cal

Start=1 MHz Center =305 MHz Stop = 60 MHz
Span =59 MHz
==
T« A =0dB v Continuous

dB

V511
[Mem1 =] Msi1 Smitn Single Sweep

| Y

==

The load calibration standard should yield a dot at the center of the Smith chart (reflection coefficient 0):

(=] DG8SAQ - Vector Network Analyzer - |El|ﬂ

File Measure Settings Tools Options Help

T <Refl
10dB/ 1: 13.5MHz -69.32dB 0.00-i 0.00 0dB
1
W

1
Cal
Start=1 MHz Center =305 MHz Stop = 60 MHz
Span =59 MHz
==
TxX Al =0dB Msi1 dB Continuous
S21 R ||Mem 1 ~| P11 Smitn Sinple Sweep
| Iy 4

The dB scale trace shows that the measured reflection coefficient is not exactly zero but very very small due to noise.

| 3. Measurement

Next, we connect our loop antenna to be tested to the end of the test cable...
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... and measure it:

(2] DGBSAQ - Vector Network Analyzer _|o| x|
File Measure Settings Tools Options Help
3
Refl
10dB/
1 0dB
Cal 1: 13.5MHz -0.05dB 0.77+ 0.63
Start=1 MHz Center =305 MHz Stop =60 MHz
- Span =59 MHz
- Continuous
T Al =0dB Vs11 dB
= ||Mem 1 vl ¥s11  Smith S'!lee Sweep
| by Y

The antenna looks pretty much like an inductor with the red Smith chart trace circling mostly at the upper edge of the
Smith chart. The blue trace shows that almost all power is reflected by the antenna (absolute value of reflection
coefficient close to 1 = 0dB) if connected to the 50 Ohms source impedance of the VNWA.

| 4. Parameter extraction

The antenna can be described quite accurately by the following equivalent circuit:

In order to obtain the inductance value, we switch trace 1 to display the series inductance calculated from the measured
reflection coefficient S11 by right-clicking onto the dB label on the bottom:
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(-] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licens - |El|ﬂ
Real Y
File Measure Settings Tools Options Help Imag Y
! Y]
v
Refl
10dB/ Rl 0dB
Cll
L]
QC
dB. QL
Smith VSWR
Other signed VSWR
Other Polar 4
Cal 1: 13.5MHz -0.05dB 0.7} Get Scales from ,
Start=1 MHz Stop =60 MHz
- Save Display Data to File
T At =0dE MS11 dbs Move Display Data to 4 Continuous
=2 IMem 1 vl ¥'s11  Smith Single Sweep

VA

The dominating contribution to the reflection coefficient at low frequencies comes from the inductance. We therefore
move the marker with the mouse to the left and read off the inductance value at low frequency to yield L=1.54uH:

(=] DG8SAQ - Vector Network Analyzer Software - ||:||ﬂ

File Measure Settings Tools Options Help

TuH/

] —=

Cal 1: 1.0MH=z 1.54pH -0.92+ 0.87

<Refl

Start=1 MHz Center =305 MHz Stop = 60 MHz ~30pH
- Span =59 MHz
Tx AR =0dB Mot L Continuaus
= | [MemT =] Msi1 Smith Single Sweep
[Trace 1 / Marker 1:  1.0MHz 1.54uH Y

Next, we read off the parallel resonance frequency caused by the parallel capacitor by finding the frequency where the

inductance value becomes zero between the resonance peaks to be f=49.7MHz.
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(-] DG8SAQ - Vector Network Analyzer Software - |D|ﬁ

File Measure Settings Tools Options Help

TuH/

X

Cal 1: 49.7MHz 0.01pH 1.00-i 0.00

Refl
Start=1 MHz Center = 305 MHz Stop = 60 M qu—SguH
Span =59 MHz
==
T Al =0dB v E Confinuous
=2 IMem 1T - I ¥'s11  Smith Single Sweep
|Leaving Zoom Mode! v

From this we can calculate the capacitance value using the parallel tank circuit formula ...

1
Zﬂf—ﬁ

... to yield C=6.7pF.

Finally, we determine the real part of the antenna impedance at the nominal transmit frequency of 13.5MHz...

(-] DG8SAQ - Vector Network Analyzer Software - |D|ﬁ

File Measure Settings Tools Options Help

TuH; k
1ohm/

=] —n

Cal 1: 13.5MHz 1.65uH 1.340hm | =
Start =1 MHz Center =305 MHz {I:P Stop = 60 MHZ{&:{WH
Span =59 MHz
==
T At =0 dB S Continuous

MsioL- [
:_>| [Mem 1 =] 511 Realz Single Sweep
Trace 2 / Marker 1: 13.5MHz 0.77+i0.63 => Z = 1.34+i 140.13 Ohm = 14636.94 Ohm

... to yield 1.34 Ohms. This impedance value is also shown in the bottom status line after right-clicking a marker. The
first number pair is the reflection coefficient S11=0.77+i 0.63. Its magnitude is close to 1, which means almost all power
is being reflected. The last number is the first part of the (due to small window width truncated) number pair indicating
the impedance in the parallel equivalent circuit, i.e. 14.6kOhms || -84pF. A negative parallel reactance means the device
is inductive. If you compensate the inductance by connecting 84pF in parallel, the resulting tank circuit will resonate at
13.5MHz and yield an impedance of 14.6kOhms in resonance.
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These values can be used to calculate a matching network in order to match our antenna to e.g. 50 Ohms output
impedance of a transmitter.
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EXAMPLE: SIMPLE TWO PORT

The following chapter explains what a two port device is and how it is being described. Next, actual examples of how
two port device measurements are being performed. Finally, the measured data is being analyzed in order to find out
what we can do with it.

1. Principles of 2-Port device parameters and their measurement

2. Practical example on performing a 2-Port measurement
3. Interpretation and Usage of 2-Port measurements
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PRINCIPLES OF 2-PORT DEVICE PARAMETERS AND THEIR MEASUREMENT

Electrical two port devices are devices with two ports or two connectors, where a signal can be sent into one port and
be detected at the other port. Typical examples are attenuators, amplifiers and filters.

The description of electrical two port devices follows closely the description of optical devices like a lens. A lens is also
a two port device, where a beam of light shines onto one side of the lens. Some of the incident light gets reflected back,
some of the light entering the lens will be absorbed and converted to heat, while the rest will be transmitted from the
other side:

Optics

Incident

D Transmitted

Reflected Lens

Electro-
magnetics

E?

DUT : DEVICE UNDER TEST

" DUT L} = ——

An electrical two port device behaves quite similarly, when inserted between two transmission lines, where the left one
is guiding an electrical wave into the device. Some of the electrical power might get reflected at the device input
(reflection loss), some will be converted into heat inside the device (dissipation) and the rest will come out of the device
at the right hand side.

As a lens can be used to shine light through it it both directions, also an electrical two port device can be operated in
reverse direction. Thus, waves may enter the device from both sides (incident waves). Likewise, waves will leave the
device from both sides (evanescent waves). Electrical two port devices are being characterized in terms of these
incident waves denoted by a and evanescent waves denoted by b. The two ports are being numbered (1=left, 2=right)
and the waves carry subscripts denoting on which side of the device they exist, e.g. a1 is an incident wave (a) coming
from the left (1).

Two Port

The complex wave amplitudes a1, a2, b1 and b2 are complex numbers that carry both the wave amplitude and the wave
phase information.
For linear devices there are linear relationships between these:

b =S8, -a +S,"a,

b,=8,-a,+S,-a,
The complex numbers S11, S12, S21 and S22 are called scattering parameters or S-parameters. These fully
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characterize the two port device for linear (=small signal) operation.
Now, we will investigate the meaning of these S-parameters.

Consider a situation where there is a wave a1 being sent into the left side port 1 of our two port device, but nothing is

sent into the right side port 2, i.e. a2=0.
In this case the above equations simplify to:

bl :Sll a
bz :Szl'al

These simplified equations allow us to interpret the S-parameters as well as to understand how to measure them.

Let's look at the first equation. Solving it for S11 shows, that S11 is the ratio of reflected wave b1 to incident wave a1 at
port 1:

S-Parameter S,
m) 1/|S,,| = InputReturn Loss

1: 144.0MHZ  -381040B 103
2. 1460MHz  -3319dB 104

b
Sll =
a,

Start = 956 MHz Center = 145 MHz
Span = 100 MHz

Cal e
<
Stop =195 MHz , -

The inverse of the magnitude of S11 is known as input return loss. |.e. a device showing a return loss of 10dB will yield
|S11|=-10dB. This means, the reflected wave is 10dB weaker than the incident wave or 1/10th of the incident power is
being reflected. But, since S11 also carries the phase information, also the input impedance of our DUT cann be
calculated from S11.

Solving the second equation for S21 shows, that S21 is the ratio of the transmitted wave b2 to the incident wave a1:
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S-Parameter S,

) 1/|S,,| = Transmission Loss

BdBf
<Refl
0dB
14 1453MHz =0.34dB
Ze=1: 3.00d8 -3.54d8
92 1798MHz  -334dB
4 145.2MHz -0.24d8
Cal
Start = 85 MHz Canter = 145 MHz Stop = 195 MHz
Span = 100 MHz BhEE

The inverse of |[S21| is known as transmission loss. For example, a 10dB / 50 Ohms attenuator will show S21=-10dB.

Now, it is clear that in order to measure S11 and S21 we must feed power into port 1 and detect the incident wave a1,

the reflected wave b1 and the transmitted wave b2.
This is exactly what the VNWA is doing:

SRR-Kits |

S, e ] S,

Y ou— )? I

DUT : DEVICE UNDER TEST

If we want to know S12 and S22, we can measure this in a similar fashion by sending power into port 2. As the VNWA in
its standard version is unidirectional, i.e. only the TX port can deliver a signal, we have to interchange ports 1 and 2 of
our test object, i.e. turn it by 180 degrees in order to measure S12 and S22:

SQR-Kits |
Szz e— S12

) —p —™——_V
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But why should we be interested in how our device performs in reverse direction, when we will only operate it in forward
direction in the final application?
There are several answers to this.

Imagine, your test object is a low pass filter to be placed in between a power amplifier and an antenna. Clearly, only the
power amplifier will feed power into the low pass fillter and all that counts is how much power arrives at the antenna. So,
S21 being a measure for the transmission loss is crucial. But, as we do not want power to be reflected back into the
power amplifier, we have to make sure that amplifier and filter are impedance matched. So, S11 being a measure for the
filter input impedance is crucial. Likewise, we want the antenna to be impedance matched to the filter output. Thus, S22
being a measure for the filter output impedance is crucial, too, even though we won't actively feed power into the filter
output. If there is no perfect match between filter output and antenna, which will lead to signal being reflected back into
the filter, S12 will become important, too.

Another scenario is a filter, which is to operate in the final application in an impedance environment very different from
the 50 Ohms environment of the VNWA like a high impedance crystal filter. The VNWA cal only measure the filter
S-parameters in its 50 Ohms environment. Once, the full set of S-parameters is known, it is possible to use these to
simulate and optimize the filter performance in any final application with an arbitrary impedance environment. Such an
example will be shown in page "Interpretation and Usage of 2-Port Measurements".

The following page "Practical Example on Performing a 2-Port Measurement" will present a step by step example on
how the full set of S-parameters is being measured.
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PRACTICAL EXAMPLE ON PERFORMING A 2-PORT MEASUREMENT

The following example demonstrates how the VNWA can be used to measure two port S-parameters of a narrow band
10.7 MHz two pole crystal filter.
We connect the filter using test cables and a test board between the VNWA TX port and RX port:

It is recommended that you number your test object ports to make very sure that you always measure in the proper
direction:

| 1. Setting up
First, we need to set a frequency range reasonably covering our test object.
To find it, we will do a first transmission measurement without calibration over a relatively large frequency span.

To make sure that we capture all interesting features, we will set a large number of data points (here 8000) and a the
fastest sweep time (0.16ms per data point) by pressing the s-key or by selecting Settings-Sweep:
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(=] VNWA Sweep Settings ﬂ

~Sweep Control

Number of Datapoints = ISOOO

Measurerment Time: %
|

Time per sweep = 1.28 secs

Time per data point = 0.16 ms

~Sweep Progress Displa

v Progress Bar On - Progress Bar Color

[~ Progress Text On

Next, we set the instrument to the desired frequency range e.g. by double-clicking the "Stop" label or by simply pressing
the f-key on the keyboard.

Unit

IMHZ VI

Center Span

[105 [MHz =] [1000 [kHz |

Sweep Mode  # X-Divisions
[near =] f10 oK |

Mouse Wheel Increments for ...
Center, Start, Stop Span

|1 MHz |1000 kHz

We select S21 (=transmission) for a trace as shown below and do a single sweep by pressing the "Single Sweep"
button:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ | : - |EI|£

File Measure Settings Tools Options Help

<Refl
10dB/ 0dB

Start=10 MHz Center=105 MHz Stop =11 MHz
Span = 1000 kHz

Continuous
¥s21 dB

Single Sweep

4

The span (1MHz) is much too high and the center frequency is off. We place a bandwidth marker by right-clicking onto
the main grid in order to determine the optimum center frequency and span:

= DG8SAQ - Vector Network Analyzer Software - DGESAQ licen - |EI|£

File Measure Settings Tools Options Help

=Refl
10dB/ 0dB

Add Frequency Marker 4 Normal

Maximum
Minimum
Delta

Clear last Marker
Clear all Markers

Add Trace Bandwidth *
Bandstop
Marker Caption > Max Left Down
Cursor » Max Right Down
Realtime Expression Evaluator * Min Left Up
_ Min Right Up
Start=-  1race Options Center = 105 MHz Stop = 11 MHz
Grid Options Span = 1000 kHz
=>
TX ARt =0 dE Ms21 dB Continuous
= |[Mem1 = Single Sweep
| 4
We want a higher bandwidth level, so we right-click on marker4 caption to change it...
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ

File Measure Settings Tools Options Help

10dB/

14 10689MHz -7.88dB

2==1. 1000dE -17.88dB

3-2: 289kHz -17.88dB

4 10 689MHz -5.13dR

Position ’
Style ’
Set Bandwidth Level
Clear Marker k

Start=10 MHz Center=105 MHz

Span = 1000 kHz

¥s21 dB

<]

M

<Refl
0dB

Stop =11 MHz

Continuous

Single Sweep

4

... to 40dB:

X
|40 |dB ~|

Ok | Aport |

Now, we can read off the desired center frequency and span:

(=] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ - ||:| |ﬂ
File Measure Settings Tools Options Help
1 =<Refl
1098/ 41 10.689MHz  -7.88dB Y 0dB
2:<=1: 40.00dB -47 88dB E
3-2: 50.11 kHz -47 88dB Vi
4: 10.696MHz t\J’I--r? -23.51dB
Start=10 MHz Center=105MHz Stop =11 MHz
— Span = 1000 kHz
TxX At =0dB Ms21 dB Continuous
== | Mem 1 = Single Sweep
[BandWidth Level = 40.00dB down maximum Y.
We decide to use a center frequency of 10.7MHz, a span of 80kHz:
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= DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ <OFéeBﬂ
Start = 10.66 MHz Center=10.7 MHz Stop =10.74 MHz
Span =80 kHz
==
T At =0dB Ms21 dB Continuous
= |[Mem1 = Single Sweep

| 4

This way, we have a good view of the passband of the filter (between the two maxima) and we also see some of the
nearby stopband. Note, that the filter passband is not flat, because the filter is not impedance-matched to the VNWA
impedance level of 50 Ohms.

Now, we reduce the number of frequency points to a reasonably low number (500 is quite sufficient) and in turn increase
the measurement time such that the whole sweep takes about 4 seconds. Note, that quartz filters have relatively high Q

values. Therefore, they need time to settle to a new frequency stimulus. Thus, it is crucial to sweep them slowly. Play
with sweeping speed and see how the passband changes. In below view (200 points only), the red trace is sweeped
within 30ms, while the blue trace was taken within 4s:

= DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ EE%@
10dB/

Start = 10.66 MHz Center=10.7 MHz Stop =10.74 MHz
Span =80 kHz

==

T AR =0dB Mso1 dB Continuous

|21 LlEWem | FMem1ds Single Sweep

| y

Clearly, the red trace was taken at a too high sweep rate as the maxima are shifted to the right and the filter is ringing
after the maxima (marker arrow).

Finally, we activate a second trace for S11 by pressing the + key on the keyboard, we select it to display a Smith chart

Page 129

Page 12



and we sweep again:

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed - |I:| |£

File Measure Settings Tools Options Help

<Refl
10dB/ 0dB

Start = 1066 MHz Center=10.7 MHz Stop=10.74 MHz
- Span = 80 kHz
T A =0dE Mso1 dB Continuous
js21  -f = ||Mem 1 x| Fsi1 smith Single Sweep

v

The just measured S11 reflection data is partly outside the Smith chart because our VNWA is not yet calibrated. The
data is not valid yet.

Now we are ready to calibrate the VNWA for a two port measurement, which consists of transmission measurements
(S21,S12) and a reflection measurements (S11,S22).
| 2. calibration

We want to perform a calibration using a female Amphenol calibration kit available through SDRKits:

Female Calibration Kit |=

Load
<+« 50 ohm

16908
Position of the
l; Physical Short

<« Short

53.2pS
0

-— Thru &
&%?(Jpen

0§ Endpoint Radiation
LL Connector Reference Plane

I<— S11 and $21 Calibration Reference Plane

We want to perform a calibration which places the calibration plane exactly into the male test cable connector reference
plane:
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Short

5 -Ea
Load

Q"

Thru

Female Calibration Kit

is used as the Open
standard. Thus the
delay used is very

[]Calibiration Settings
General Setlings  Sirle SOLT Mockl Settings | SOLT Simulation Settngs | Spocial Seltngs | Meseurs

The DC Resistance value of the Load
Must be measured by YOU preferable
with a four point measurement.

Enter that value in Calibration Settings. OPEN Dday=  [-111.1 p: = o wovelecticd leroth = <1 1.665mm

-\‘ SHORT: Delay= [-140.2 p:  => one wayelectical lerath = =14.721mm

~D5L Calibration Stzndaid S etup

/ 00 A - [5012 ome G- 30 fF
Kole: The Deays sbove e coeclion vaues, L2 lhe MEGATIVE of the delaps of the slandardz|
pe n Cal |brat|on to SMA ~THRU Calibealion Standaid S etup

M a‘ e Refe re n ce P ] an e THRU: Transmizzian Faclor = |1 =3 stenuston - 0.000 48
THEL: Tianzmizzion Deday = W ps = electicdlength= 41 1 72mm

If using an empty
Thru adaptor ( no
center conductor
no Teflon insert)
then the SMA male

small and -12.8pS.

The above calibration kit data was compiled by Kurt Poulsen. Kurt updates this data for all kinds of calibration standards
and models on his web page http://www.hamcom.dk/VNWA/.
Please check there to obtain the latest and most accurate data for your calibration standards.

We open the calibration kit settings window by pressing the k-key on the keyboard, select "simple model custom

calibration standards"...

(=] calibration Settings
General Setfings |Simple SOL Model Settings | SOL Simulation Se‘rt|ngs|

® SOLT Isimple rnodel custom calibration standards Ll
C TRL
Save Seflings Load Settings

Last loadedisaved: DivNWANWNWAS OWAmphenolFemn . ckf

Comment: Amphenol fernale

.. and copy the calibration kit parameters from Kurt Poulsens document:
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http://www.hamcom.dk/VNWA/.

x

General Settings  Simple SOLT Maodel Seftings |SOLT Simulation Se‘rting5| Special Settings | t4 | » |
~OSL Calibration Standard Setup

QPEN:  Delay= ps == one way electrical length =-11.665 mm

1111
SHORT: Delay= |-1 402 ps == oneway electrical length =-14.721 mm
LoAD: R = |50 Ohms cll = ISO fF

Mote: The Delays above are correction values, i.e. the NEGATIVE of the delays of the standards!

rTHRU Calibration Standard Setup

THRU: Transmission Factor = |1 == aftenuation = 0.000 dBE
THRU: Transmission Delay = |53.2| ps  => electrical length = 11.172 mm

A

Note: Before performing any calibration measurement, make sure, that the instrument sweep rate is set to the lowest
value you intent to use the calibration with, otherwise your later measurement results will be dominated by the noise of
your calibration measurements. We have selected a total sweep time of 4s above which is as slow as we want to
sweep, so we're ok.

First, we do a reflect calibration of the TX test cable end.
Our test cables remain connected to the VNWA TX and RX ports. We connect our open calibration standard (in this
case identical with the female-female through connector) to the far end of the TX port test cable:

We select "Measure-Calibrate" or simply press the c-key on the keyboard, press the "Open" button, confirm that the
open standard is connected and observe the instrument measuring the standard.
When the measurement is completed, the red Open light turns green:
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(=] Full calibration ﬂ

Calibration Menu | Correction Schemes

save current calibration as master cal.

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I~ om/off
Open, . Thru Cal . [ on/ off
Load . Thru Match Cal . [~ on/off
Cal [~ on/off . Invalidate All Thru Calibrations

In similar fashion we measure the load calibration standard...

... and the short calibration standard:

Finally, all reflect calibration lamps should be green:
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(=] Full calibration ﬂ

Calibration Menu | Correction Schemes

save current calibration as master cal.

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I~ on/off
Open . Thru Cal . [ on/ off
Load . Thru Match Cal . [ on/ off
Cal ¥ on/off . Invalidate All Thru Calibrations

Next, we need to calibrate the VNWA for transmission. We therefore connect the test cable ends of TX port and RX port
with the Thru standard...

... and press the "Thru" button and let the instrument do the calibration sweep.

The "Thru-Match" calibration step requires the same thru standard as the thru calibration. While the thru calibration
step measures transmission, the thru match calibration step measures reflection of the RX port in order to numerically
compensate deviations from a perfect 50 Ohms RX port match.

So, once the thru calibration sweep is done, we press the Thru Match button.

We do omit the crosstalk isolation as this is usually not required. Finally, all lamps except for the crosstalk calibration are
green:

(=] Full calibration ﬂ

Calibration Menu | Correction Schermes

save current calibration as master cal.

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I on /loff
Open . Thru Cal . [ on/off
Load . Thru Match Cal . [ on/off
cal  [|* on/off . Invalidate All Thru Calibrations
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We close the calibration window and double-check the calibration by measuring the "Thru" calibration standard.

[-] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed - ||:| |ﬂ
File Measure Settings Tools Options Help
1
k%
10dB/ Refl
1: 10.7000MHz 0.00dB -0.01+i 0.00 0dB
1
v
Cal
%STaHz]O.BB MHz Center=10.7 MHz Stop=10.74 MHz
- Span =80 kHz
Tx At =0dB Mol dB Continuous
[s21 ] = ||Mem 1 >| Msi1 smitn Single Sweep
[Trace 1 / Marker 1: 10.7000MHz 0.00dB A

As our Thru standard has by definition 0dB attenuation, we obtain a flat blue 0dB line. We have also measured the
reflection coefficient of the RX port (red trace reduced to a dot, barely visible without marker), which is very close to zero
for all frequencies.

Next, we must move the calibration plane from the male reference plane position into our device test board to the wire
position of our test object using port extensions. We therefore insert the test board without the test object with port 1
connected to the VNWA TX port ...

... and do a sweep. We add another trace showing S11 by pressing the + key and select it to show the phase:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed

File Measure Settings Tools Options Help

10dB/ 9. 10.7400MHz  -93.41dB 1.00-i0.01  -0.81°

019
dB |
Smith
Real
Other Polar » Imag
Impedances » Mag
M HAIMIM M.ﬂJL Il MMM’\ 2l Jl\llnl’l MU Get Scales from ?n?:;ddBB
Start= 1066 MHz Center=10 Hz
_ Span=380  Save Display Data to File M
;;( A =0 dB Move Display Data to » C.Phase ‘t'
T ¥s21 dB ¥'S11  Phase -c.Phase/f
[s21 =] = |[Mem1 =] P11 it Delay

|Reference Position = 4.95

M

<Refl
0dB

<Ref3

1

INUOLS

e Sweep

4

Then we open the port extensions menu by pressing the p-key on the keyboard and place the port extensions window

next to the main window so both remain visible:

{=] Port Extensions ﬂ

Ext. Port 1 106 s ~| =22mm
Ext. Port 2 |0 ps =0m
Velocity Factor: IO.? [v" Port Ext. ON

We check the Ext. on box (mousepointer) and set focus to the Ext. Port 1 by clicking on it. Next, while observing the
green S11 phase trace in the main window, we turn the mouse wheel or edit the field until the the S11 phase is zero:
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(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ . e
1: 10.7400MHz -93.41dB 1.00+i 0.00 0.00° 0dB

0.1

Cal Lol AL AL, DDA M ot Dt Pk A Ao o i B s el . nm.f

Stop =10.74 MHz

O Start= 1066 MHz Center =107 MHz
. Span =80 kHz
_ Cortinuous
TRt =0k Msol dB MS11  Phase [
Single Sweep

;2 =] = [[Mem1 =] Fsi1 smin NG SWEeP |
7

|Reference Position = 4.95

Note, that the reflection coefficient S11 is now exactly 1+i0, which is the open reflection condition, corresponding to a
dot at the right edge of the Smith chart.

Next, we reverse the empty test board, such that port 2 is connected to the VNWA TX port:

We add a fourth trace S22 also showing the phase and we reverse the measurement direction by clicking onto the
direction arrow (hand mouse pointer in below figure):
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ . =Refl
1: 10.7400MHz -101.90dB 1.00+i 0.00 0.00° -90.00° 0dB
01
0.1
1 1
el . e WWR@T@
0

S it d ARt AN P AR 0 A B Mt A At el

Bl Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
K _ Continuous
ft =0dB ¥s21 dB ¥s11  Phase —
[Mem4 w|[l=21|s22 | Ms11 Smith VS22 Phase Single Sweep
|

4

Note, that reversing the VNWA measurement direction arrow does not physically change the measurement direction.

The signal still comes out of the TX port. That's why we have physically reversed the test object. Reversing the direction

inside the VNWA software causes the reflection data to be collected in the S22 memory space rather than in S11 as
before.

Now, do a single sweep and observe data being collected in S22. S21 and S11 data remain untouched by this sweep.
Go to the still open port extensions window (or reopen it by pressing the p-key) and change the Ext. Port 2 value while
observing the pink S22 phase trace ...

(=] Port Extensions ﬂ

Ext. Port 1 105 lps =] =22mm
Ext. Port 2 132 ps =277 mm
Velocity Factor: |o.? [ Port Ext. ON

.. until the phase is exactly zero:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed to DGESA| - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ . e
1: 10.7400MHz -101.90dB 1.00+ 0.00 0.00° 0.00° 0dB
0.1%
0.1%
1 1
b T e PP T, Ay PR P -
5

S gt d ARt AN PR AR 0 A B Mt A At e

DIY%STEM: 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
" Span =80 kHz

- Continuous
XAt 2048 Mso1 a8 MS11 Phase —
[Mem4 w|[l=21|s22 | Ms11 Smith VS22 Phase Single Sweep
|

4

Note the labels Cal and Dly in above figure at the mouse arrow indicating that a calibration is active and port extensions

(=port delays) are activated.
Looking at our port extensions, we observe, that the path from the test board connector to our test object on port 2 side

is somewhat longer than on port 1 side, which is confirmed by visual inspection of the test board.

Now, the VNWA is fully calibrated and ready for measuring two port s-parameters and we can close the port extensions
window.

| 3. Measurement

Next, we put our test object (=crystal filter) onto the test board and connect the test board to the VNWA such that port 1
is connected to the VNWA TX port and port 2 is connected to the RX port, ...
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.. switch the software to measure forward direction by clicking the arrow do a single sweep:

= DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - ||:| |ﬂ

File Measure Settings Tools Options Help

=Refd
10dB/1: 10.7000MHz  -15.58dB 0.92-i 0.13 195.43dB 1.00-i 0.00 Odeé

10dB/

Q

o 1MV Tt Vi B e AR M A st A o

Dl Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
Span =80 kHz
==
- Continuous
XAt 2048 Mso1 a8 Msi2 aB —
[Mem 4w => i|822 ~| s smith  Ms2z swmith Single Sweep
Trace 2 / Marker 1: 10.7000MHz 0.92-i 0.13 => Z = 312.86- 549.46 Ohm = 1277.85 Ohm || 20.44 pF Y

Now, we have already measured S21 and S11. Note, that the S11 data now lies completely inside the Smith chart as
must be for a passive device. When clicking onto the red Smith chart marker 1, we get additional information on the S11
data at the marker position in the bottom status line. We do not only see the measured reflection coefficient
(0.92-i*10.13), but also what this means in terms of impedance in the series equivalent circuit model (Z=312.86
Ohms-i*549.46 Ohms) as well as in the parallel equivalent circuit model (Z=1277.850hms || 20.44pF). So, the input
impedance of our filter is quite high.

We could now collect reverse data by reversing the test object and manually reversing the measurement direction. But
there is a more convenient way to collect 2 port data, which is the 2 port measurement assistant. We launch a 2 port
measurement into memory by pressing the F2-key or via the main menu:

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ lice - ||:| |ﬂ

File | Measure Settings Tools Options Help

Direction » | e
10dB/ 5 58dB 0 92-1 0.13 -95 43dB 1.00-i 0.00 0dB
Callbrate [I 1

el 3-Port F3 to File

Port Extensions P / \

The assistant instructs us that the signal flow is Terminal1 => Terminal2, which means that the TX port should be
connected to port 1 and the RX port to port 2.
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Multiport S-Parameter Measul ﬂ

Terminal 1 => Terminal 2

oK Abbrechen

After inspection, that this is indeed the case, we press OK and observe how S11 and S21 are being remeasured:

=l DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to - ||:| |ﬂ

File Measure Settings Tools Options Help

Refd
10dB/1: 10.7000MHz -15.61dB 0.92-i 0.13 7195.43dB 1.00-i 0.00 <OdeB

10dB/

@

o 1ML Tt Vi B e AR M A bt A

Bl Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
e Span =80 kHz
_ Continuous
TRA =0dB ¥s21 dB ¥s12 dB —
Mema ~| =522 =] W11 smith 522 Smin Single Sweep
7

[VNWA USB Mode started.

Note, that meanwhile we have chosen to display all four S-parameters S11, S21, S12 and S22.

When the forward sweeps are done, the assistant pops up again indicating that next the reverse direction is to be
measured:

Multiport S-Parameter M ' ﬂ

Terminal 2 => Terminal 1

OK Abbrechen

This means, that we have to reverse our test board, i.e. connect port 2 to the VNWA TX port and port 1 to the VNWA RX
port:
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Once we are done with reconnecting the test board, we press OK on the multiport assistant and observe S12 and S22
being measured:

= DG8SAQ - Vector Network Analyzer Software - DGSSAQ licensed to DG8S - ||:| |ﬂ

File Measure Settings Tools Options Help

<Refd
10dB/1: 10.7000MHz -15.55dB 0.92-i 0.13 i15.54dB 0.91-i 0.13 0dB
10dB/
Cal
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
_ Cortinuous

At =08 Mso1 a8 Msi2 de —

< :_>| |S22 vl V's11 smith  ¥s22  Smith _Single Sweep |
|S-parameters acauired successfully y

Note, that the forward S-parameters (S21, S11) might slightly change during the reverse measurement as the software
uses the additional information of the reverse measurement to correct the forward measurement results in order to
obtain the highest possible accuracy.

Note, that S12 and S21 are identical as must be the case for reciprocal devices like passive filters. S11 and S22 are
quite similar indicating that the filter input and output are designed in similar fashion.

Finally, we save the full set of measured S-parameters into a Touchstone s2p-file for later use:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed to DGESA| - ||:| |ﬂ

File Measure Settings Tools Options Help
Exit
SaveScreen » 5.55dB 0.92-i 0.13 7115.54dB 0.91-i 0.13 0dB

<Ref

Print Ctrl+P

Export Data 4 Trace * |

Import Data 4 Real-Imag

Save 4 S3p 4 Mag-Phase

Retrieve b dB-Phase  Shift+Ctrl+2
Software Updates »

We may add a comment to the s2p-file...

(=] Enter Comment ﬁ

[MCF 10F154]

No Comment QK | Abort |

... and save it:

b= Speichern unter ﬂ
Ll & @ cf Ev

Speichern in: I | S-Parameter

g Name - |+ | Anderungsdatt
Es wurden keine Suchergebnisse gefunden.
Zuletzt besucht

Desktop

Bibliotheken

i

Computer

Netzwerk

« i

Dateiname: I'I O0F15A j Speiche

Dateityp: ITouchstone files (*.52p) Ll Abbrechen

1]

Now, that we have obtained the full set of S-parameters, what can we do with them?
This will be demonstrated on the following page "Interpretation and Usage of 2-Port Measurements".
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INTERPRETATION AND USAGE OF 2-PORT MEASUREMENTS

In the previous page "Practical Example on Performing a 2-Port Measurement" we have demonstrated how to measure
the two port S-parameters of a two pole crystal filter:

(=] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - |IZI |ﬂ
File Measure Settings Tools Options Help
3 N <Refd
10dB/ 1:  10.7000MHz -15.55dB 0.92-i 0.13 i15.54dB 0.91-i 0.13 0dB
10dB/
Cal
Dl Start=10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
- Span = 80 kHz
_ Continuous

TRAM =0dB Mso1 a8 Msi2 dB —

- ||S22 ~| Fsi1 smitn  Ms2 Smin Single Sweep
|S-parameters acauired successfully A

Now, what can we learn from these and how can we make use of them? We can do some simple analysis right inside
the VNWA software. For more sofisticated simulations we need to make use of network simulation software, which will
be described at the end of this page.

| Analyzing S-Parameters inside the VNWA Software

Note, that both S11 and S22 data lies at the open circuit side in the Smith chart, i.e. our filter appears to have a
relatively high input and output impedance compared to 50 Ohms. We have measured the transmission in the 50 Ohms
impedance environment of the VNWA, though. Now, it could be interesting to find out, how the same filter would behave
in a high impedance environment, i.e. in an environment where both the filter input and output are power matched. We
actually can do this analysis inside the VNWA software using the Matching Tool, which we activate by pressing the
m-key on the keyboard:

2] Recalculate to new source and - ||:||ﬂ

—Port 1 Fort

Part 1 Impedance Im IDhm - l Port 2 Impedance ISD IDhm - I
C parallel I I - l C parallel I I - I
[heg. possible] 0 Pk [heg. possible] 0 Pk

MHate, that the matching netwaorks will transform to the conjugate Port] /2 impedances!

—tatching Metwork:

Input Impedance ISD IDhm - l Output Impedance ISD Ohm -
C parallel I I - l C parallel I I - I
[heg. poszible] v rF [heg. poszible] v rF

b atching Metwark. Y ariant I'I = l I atching Metwark ' ariant I‘I - I

Lp Lp
In T |—°— Part 1 Sii Part2 —°—| T Out
s ouT C:

Lp=7432pH Lp=74.3pH
Cs =297 nF 10.7 tHz Cs =297 nF

Page 144

Page 14



We can now modify port 1 and port 2 impedances by using the keyboard or the mouse wheel (right-click onto the edit
fields to change the mouse wheel increments) and observe in me main window how the S-parameters change when
transformed to different terminating conditions, e.g. changing the terminating impedances on both sides to 1550 Ohms

{=1 Recalculate to new source and - ||:| |ﬂ
—Part 1 Part
Port 1 Impedance ||1 B50 IDhm - l Port 2 Impedance |1550 IDhm > I
i sl [0 [ (- E r =
MHate, that the matching netwaorks will transform to the conjugate Port] /2 impedances!
—Matching Metwork:

Input Impedance IED IDhm - l Output Impedance IED IDhm ht I
C parallel I I l C parallel I I I
[neq. possible] 0 pF ~ [neq. possible] 0 pF 7

b atching Metvork, Y ariant I'I = l I atching Metwark. ' ariant I‘I - I

Lp Lp
In .—| Poit 1 Sii Poit2 |—e Out
€ DUT C:

Lp=4.2pH Lp=4.2pH
Cz=54.3pF 107 MHz C:=54.3pF

... will yield a reasonable power match condition and a flat passband:

(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed - |El|ﬂ
File Measure Settings Tools Options Help
1 4
10dB/ g g B
0dB
10dB/
P
11 106929MHz  -059dB 004004  -058dB 0.00-0.00
2:<=1" 3.00dB -359dB 020064  -3539dB -0.30- 061
320 17.16kHz ~ -359dB 045+i044 -359dB 039+ 051
cal 4: 106963MHz  -0.76dB 01840107 -076dB 0.154 0.09
Bl Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span = 80 kHz
_ Continuous
TRt =048 Mso1 a8 Msi2 de —
= |S22 vl V's11 smith Y522 Smith Single Sweep
| 4

We can easily implement this impedance condition in an experiment by connecting 1500 Ohms resistors in series with
the VNWA RX and TX ports. The RX and TX port impedances of 50 Ohms will add to these 1500 Ohms to yield 1550
Ohms impedance at the filter:
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VNWA

50 Q

X
P
500

X

1500 Q 1500 Q

We therefore modify the bottom of our test board ...

o ~
=y

: '!mﬂll!ﬂ‘ b ﬂd P ﬁ b"- o @I;‘m]lll

. 4

-

... to include two 1500 Ohms resistors:

We connect the modified test board with the crystal filter to the VNWA and do a single sweep in forward direction using
the original calibration and settings from the S-parameter measurement:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ <OF;eBT$
10dB/

1 106930MHz -30.47dB 097+001 -059dB 0.02 0.00

2.<=1: 300dB  -33.47dB 0964001  -3.03dB -0.32- 054

32 1711kHz  -33.47dB 099+ 002 -4.06dB 0.45+ 051
cal 4 108967MHz  -30.73dB 097+ 0.00. -0.74dB 0.14- 0.09
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz

- Continuous

At =08 Mso1 a8 Msi2 de —
v = ||S22 vl ¥s11 smith S22 Smith Single Sweep
[Reference Position = 10 4

Indeed, the filter passband is flat now, but the insertion loss has increased by about 30dB in comparison to our S12
trace which has survived from our software matching experiment!
We get a better comparison when we adjust the scales and shift the reference level of the blue S21 trace to -30dB:

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ lice - |I:| |£

File Measure Settings Tools Options Help

<Refl <Ref3

Stle -30dB 0dB

3dB/

11 106930MHz  -30.46dB -0.58dE
2:2=1: 3.00dB -33.46dE -3.02dB
3-20 1711 kHz -33.46dE -4.06dE
4. 108967MHz  -30.72dB -0.74dBE

Cal
Dl Start= 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
Span =80 kHz

==

_ Confinuous
TRAl =0dB Mso1 a8 sz dB —
[Mem4 ~| => | [522 =] [Ts11 smith 522 Smith Single Sweep
|Reference Position = 10 w

So, except for the high loss, our measurement looks like anticipated.

The 30dB extra loss is no surprise, though, as we have effectively introduced 2x1500 Ohms=3000 Ohms into the signal

path.

Next, we want to quickly find out, how much extra loss the insertion of 3000 Ohms into the signal path will yield. We add

another trace and make it a Custom trace:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - |El|ﬂ
File Measure Settings Tools Options Help
<Reff
10dB/ 0dB
$21
10dB/ si1 -
S12
S22
el Memory 4
Plot P
11 106930MHz  -30.46dB  -0.69% $21/Mem3
2<=1: 3.00dB -33.46dB -3.02c  Export Trace to sip
32 17.11kHz ~ -33.46dB 4060  [moort sip St1/Memd
cal 4 106967MHz  -3072dB -0 74« 3-port
Ol Start = 10,66 MHz Center =107 MHz Clear Trace
. Span = 80 kHz Add Trace Time-Domain
- _ Off Frequency-Domain €
Tra, =3eB Mol dB Msi2 dB ¥ Srr—us

[Mem4 ~] =2 ||522 ~| sl smith  ["s22 Smith m
| Cus2 Z

The custom trace editor will open:

m Enter Expression 1 for trace 5:

Expression:

Is2t(z2s(3000))

Aliases: % Caption:

S22 = | |8k

Memd = I

Mem1 = Mem2 = Mem3 =

sai= [ sn= [ [
[ [ [

no Errors

ok Save | Load

We edit the expression for the function to be plotted as shown above. The number 3000 denotes our resistor of 3000
Ohms which we want to simulate. The function z2s() converts this resistance into a reflection coefficient. The outermost
function s2t() converts the reflection data (which could also be measured as S11 with our 3000 Ohms connected from
the TX port to ground) into transmission data (which could be measured as S21 with our 3000 Ohms connected
between TX port and RX port). We also assign a descriptive caption, which will later show on the main window. Closing
the custom trace editor, the new trace will be computed and plotted:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - ||:| |ﬂ

File Measure Settings Tools Options Help

1 4
10dB/ : g o
0dB
10dB/ 2 | % 3
10dB/
11 106930MHz -30.46dB  -059dE  -29.83dB
2.<=1: 300dB  -3346dB  -302dB  -29.83dB
32 1711kHz  -3346dB  -406dB  -29.83dB
cal 4 108967MHz -30.72dB  -0.74dB  -29.83dB
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
- Continuous
XAt 2048 Mso1 a8 Msi2 a8 Mak  dB —
[Mema =] =522 =] [s11 smith [ 522 Smitn _Single Sweep |
[Trace5: s2t(z2s(3000)) Y

For clarity, we have reverted to the original scales 10dB/ and a unique reference level of 0dB on top. We can read off
the black 3k simulation trace, that 3000 Ohms will introduce an extra loss of 29.83dB, which looks about right compared
to the blue S21 trace.

Now, can we correct the green S12 trace by the just computed attenuation to directly compare it to the measured blue
S21 trace? Yes, we can. We open the custom trace editor again by double clicking onto the black 3k label and modify
the expression such that we multiply S12 with the previous expression:

m Enter Expression 1 for trace 5:

Expression:

ls12*s24(z25(3000))

Aliases:

Caption:

Mem3 =

s21= | sti= [ si2= [ s22= | [3k
Mern1 = I Mem2 = Ii Ii Mernd = Ii

ik Save |

Load

Indeed, the simulated black transfer characteristic and the measured blue S21 trace are in good agreement:
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(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to - ||:| |ﬂ

File Measure Settings Tools Options Help

<Reff
10dB/ 0dB

10dB/

10dB/

11 106930MHz  -30.46dB -088dB  -30.42dE
Z<=1: 3.00dB -33.46dB -3.02dB  -32.85dB
3-20 17.11 kHz -33.46dB -406dB  -33.89dB

cal 4 108967MHz  -30.72dB  -0.74dB  -3057dB
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz

- Continuous
XAt 2048 Mso1 a8 Msi2 a8 Mak  dB —
[Mema =] =522 =] [s11 smith [ 522 Smitn _Single Sweep |
[Trace5: s12*s2t(z2s(3000)) Y

We have arrived at our black simulation curve in a handwaving way. Next, we want to verify it by doing a real network
simulation

| Playing with S-Parameters using the Network Simulator QUCS

QUCS is a powerful yet free network analysis software available for download at http://sourceforge.net/projects/qucs/.

In the following, we will set up a QUCS project using our crystal filter S-parameters which we have just measured. First,

we want to simulate how the filter behaves in between the two 1500 Ohms resistors as measured above.

After launching QUCS, we create a new project by clicking onto New in the Projects tab and by assigning a new
project name:

File Edit Positioning Insert Project Tools Simulation View Help

| 1AM d O s 3AAAKNHEDRISF/ RELo-DIY W

An untitled schematic opens:
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N ‘ o ‘ Delet ﬂ| untitled
2 pW pen elete B
2 counter
a |digital e
— |pf . . . . . . « & & b 4 a4 e & e s a4 e s e a4 a4 e e s a4 e e e s a .
o Itiplier v
"g' :gu P .2 Create new project ﬂi]

r EEmms— L L
O Project name: ‘ 10F15A1 |
*2 o opennewproject |
2 ‘ Create | Cancel |
o
o
E ..............................
o | s
O
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http://sourceforge.net/projects/qucs/.

" Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

IR N5 s XRREN3

DA IMAKRAQGNEDR IS F/ RE L -BLIYW

bx

untitled

Content of "10F15A1" | N«

VHDL
-Verilog-A
-Verilog
-Octave
- Data Displays
-Datasets
- Others

ants  Content Projects

We save it ...

Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

| New Ctrl+N

= New Text Ctrl+Shift+V

(= Open... Ctrl+O

& Close Ctri+wW

3 Save Ctrl+S

9 Save All Ctrl++
Save as... Ctrl+-

= Print... Ctrl+P k
Print Fit to Page... Ctrl+Shift+P
Document Settings... Ctrl+.
Edit Circuit Symbol  F9
Application Settings... Ctrl+,
Exit Ctrl+Q

... and thus assign a name to it:

-|ofx|
LAt ESDQ Y F/ 2EL -G %[N
________ ]
Page 151

Page 15



* Enter a Document Name

kd

(L) ||~ Baier v qucs ¥ 10F15A1_prj - (@ [ 10F15A1_prj dur... @

Organisieren ¥  Neuer Ordner = - .@.
.7 Favoriten 2! Name ~ | Anderungsdatum | Typ
B Desktop
I3 Downloads Es wurden keine Suchergebnisse gefunden.

< Zuletzt besucht

.~ Bibliotheken
=L Bilder
_*, Dokumente
& Musik

g Videos

ad; Heimnetzgruppe

& Computer Ll <

Dateiname: | illgkY.vENl =

I i
Ei

Dateityp: ISchematic (*.sch) ﬂ

(= Ordner ausblendenl

Spei ch%rn | Abbrechen
4

We change to the Components tab, ...

Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

[ a=A@MQE]E 6 A

lx

=[o/x]

LG ARGNEDQ I F/ REL-ELY N
10F15A1_1.sch|

Content of "10F15A1" | N
= Schematics

S 10F 15A1_1.sch
-VHDL

-Verilog-A

-Verilog

-QOctave

-Data Displays
-Datasets

-Others

Projects

ponents | Content

Com

Fﬁampanents and diagrams|

| I

...select lumped components dropdown menu and add two resistors and two ground symbols:
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Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

[T = =AEa s

lumped components

Dl (e

R = =

Resistor Resistor
us

Projects

-

Inductor |
.

L (o
Ground Subcircu
it Port
3 ¥
Transfor symmetri
mer c

Components Content

A3 [LAAUIREORIEF/ REL-B Y ¥
10F15A1_1.sch |

R1 S R2

Transfor

Next, we select the sources dropdown menu and add two power sources.

/& Quecs 0.0.16 - Project: 10F15A1

_lo]x

File Edit Positioning Insert Project Tools Simulation View Help

IR 0E s IR

LA e MR HRGNEDR IS EF / RE LT ¥

¥ o

Projects

Voltage Current
Source Source
¢ ¢
ac ac
Voltage Current
Source Source

p e |
Power Noise
Source Voltage

% Source

] 3§

Noise  Voltage

Frarrmmt Mambealla

Components Content

= ¢ 10F15A1_1.sch |

_'Em"'j"jRI:If'"'jjjjj'j'ij:ERZ""'%jz
.":Z=5_0'0hl‘:'l‘l" ' ' o '

dc dec F

Z 0

=Num=1 " R-s00hm R=50 Ohm - Wes

N

Then, we switch to file components and add a 2-port S parameter file component (and from the lumped components
another ground component which we have previously forgotten) :
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" Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

W=

| 1RO E¢ e A+ GARArEDRISTF/ REL-GTY ¥

4 10F15A1_1.sch |

Llﬁ

file components

]

SIS[ei=y 1-port S
BEIEY paramet
er file

s o
2-port S n-port S

Projects

Content

.% paramet paramet SRR
g erﬂle% er file RIS e
2 = E 5 |
§ | subcircu - FNum=t1 - R=50 Ohm - -
it . Z=50 Ohm- o
ye

X1

File=test.s2p - -

5__:__:

e

R2.
R=50 Ohm

um= 2 )
=50 Ohm

NZ"U

e

We need to change our resistors to 1500 Ohms, therefore we right-click the resistors and select Edit Properties:

" Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

_lo]x

| 1RO E¢ O A+ GARArEDRISTF/ REL-GTY ¥

4% 10F15A1_1.sch |

Llﬁ

file components

e

S 1-port S .
WEIEY paramet :
er file

s o
2-port S n-port S

Projects

Content

We highlight the R-property and change the value to 1500 Ohm

% paramet paramet B o
= erfile  erfile R oy T
g ..E.m.......m_
8 | subcircu - W Num=1 R=1500 Ohm -
it .- . Z=50-Ohm- - - o S
<

X1

File=tégt.s2p- -

;;_;_;;_
R= Move Component Text Ctrl

e

Set on Grid
| Copy
L Paste
-« Delete

Ctrl
Citrl
Ctrl
Del
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;™ Edit Component Properties ﬂﬂ

resistor

Name: |R2 ~ display in schematic

- Properties

Name |Value IR
50 Ohm ohmic resistance in....

Temp 26.85 ||1500 Ohm

Tc1 0.0 Edit | Browse
Tc2 0.0 — % displav i h ti
Tnom 26.85 _ ~ display in schematic
TR ;]—I Add | Remove
OK M Apply | Cancel

In similar fashion, we edit the property of the 2-port S parameter file component by right-clicking on it and selecting

Edit Properties:

,¢" Edit Component Properties ﬂ ﬂ
S parameter file
Name: |X1 ~ display in schematic
- Properties

Name Value File

test s; Name of the s....

Data rectan test.s2p

Interpolator linear Edit Brow@
duringDC open : -

Ports > ~ display in schemati
R | Add | Remove |

OK | Apply | Cancel |

Here, we browse for our measured S-parameter file which we have saved from the VNWA software in the previous

section.

Next, we wire the components:
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* Qucs 0.0.16 - Project: 10F15A1

-l

File Edit Positioning Insert Project Tools Simulation View Help
| 12@AFQad L A+ M ARARGNEDRISFAREL -G TY v

=
Q|10F15A1 1.sch -
g file components - = | h“""e (Ctri+E)) -
. e F
0 |Biyle=s 1-port S .
— [EUEY paramet
= .
7] er file
=
sl = = .
2-port S n-port S X1 _ S _
£ | paramet paramet File=D:/S-Parameter/10F 15A.S2P
Q| erfile erfile — T —
o : 3 LT fil I 4 o
g_ = . Pl . pT . R P2. . .
8 | Subcircu P Num=1- R=1500 Ohm - R=1500 Ohm | Num=2
it . Z=50Ohm- - - o ) . o i o Z=50 Ohm

The sematic is done. It looks like the hardware in our previous measurement.

Now, we have to tell the simulator what kind of simulation we want. We change to the simulations components and add
an S parameter simulation:

- Qucs 0.0.16 - Project: 10F15A1

-lolx]

File Edit Positioning Insert Project Tools Simulation View Help
[ 12=RA3Qad L 13 AAAGNEDNISF/ 2EL -G TY ¥

ET— A

o | dc  Transien - |'S parameter||

o |simulatio  t -~ |simulation ||

c . . . .

gl " s'ml:aho . skt

8 - =1 Type=lin

E . Start=1GHz

5 |arrato oo Stop=10 GHz

g |Simulatio. eter Points=19 S

o n simulat . .

(&} File=D:/S-Parameter/10F 15A.S2P
Harmoni Paramet P 'RT' _ _ - _ _ IR?I _ Chie2

c er sweep R Num=1 'R=1500 Ohm . _ _ " R=1500 Ohm T Num=2"

balance . Z=50 Ohm - T . T T 7Z=50 Ohm
digital - optimizat e e et ane e N N 2T
simulatio ion 0 . ) -

We edit the S parameter properties by right-clicking them and entering the desired frequency range and number of
points:
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.+ Edit Component Properties ﬂﬂ

Sweep |Properties

S parameter simulation

Sweep Parameter: [frequency  display in schematic

Type: linear jw display in schematic

Values: ridisplay in schematic

Start: 10.66 MHz * display in schematic

Stop: 10.74 MHz  ~ display in schematic

Step: 0160321 MHz

Number: 500 ~ display in schematic
OK \J Apply Cancel

We use the same frequency grid as in our S-parameter file. Now, we can launch the simulation by pressing the

Simulate button:

¢ Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

INEIE s RIS

ol

£ |

Q

= [Tral
@ | dc  Transien
= simulatio t

9 n simulatio
[=

[} n

(&]

[E<]
2| ac  S-param
D | simulatio  eter
g n  simulatio
E
8 n

(we]

Harmoni Paramet
c er sweep

balance

digital optimizat

simulatio  ion

n

] K|‘-‘_|.‘r“sh"§&’%“—"\.l% @E—ﬁﬁ 9&?/;%%? -;J%*\?
gimulate (F2)

'|S parameter
_ simulation

- Start=10.66 MHz
Stop=10.74 MHz

Points=600 o
' o o X1 o
File=D:/S-Parameter/10F 15A.S2P
— {-la —
P1 ) ]
rR1T Ref R2
“Num=1" R—1500 Ohm . 'R=1500 Ohm
Z=500hm- - - - - - - ) o

-
0:0 .

no warnings

The plot window opens, but it is empty. We still need to add a diagram component. We select a Carthesian plot...
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Qucs 0.0.16 - Project: 10F15A1 - Dlﬂ
File Edit Positioning Insert Project Tools Simulation View Help
[19@=RR0d WA+ 3MAQXAQNEDRIIF/ REL-GTY W
|
10F15A1_1.sch | 0F15A1 _1.dpl
diagrams j v S¢ p” o]

Projects

Content

Components

~ @

Ca ia Polar Tabular

n
Smith Admittan
Chart ce Smith

Polar-S Smith-P
mith olar
Combi Combi
3D-Carte Locus
sian Curve
B
Timing Truth

Diagram Table

f

no warnings 0 :

... and add it to the document. The diagram properties pop open. We add an S21 trace by double-clicking onto the
highlighted S[2,1] property ...

2~ Edit Diagram Properties

Data | Properties | Limits |

-Graph Input

ik

|S[2,1]

Color: -
y-AXis: |Ieft Axis 'I

Style: |solid line

j Thickness: |H

-Graph

- Dataset

10F15A1_1

Name Type | Size

frequency indep 400

S[1,1] dep frequency
frequency
frequency
frequency

| E

New Graph

Delete Graph

OK

Apply

Cancel
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... and specify that we want a logarithmic left axis:

=': " Edit Diagram Properties
Data | Properties |Limits |

X-Axis Label:

left Axis Label:

right Axis Label:

Label text: Use LaTeX style for special characters, e.g. \tau

~ show Grid
Grid Color:
Grid Style:

r logarithmical X Axis Grid
~ l%ogarithmical left Axis Grid
r Iarithmical right Axis Grid

ik

|so|id line

A

OK

Apply

Cancel

So, finally, we see our simulation result:

.+ Ques 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

Projects

Components Content

sl AR

C ey LUHALEDR IS F/ mEL-BLY (e

1 Xl

diagrams

]

e @
Smith Admittan
Chart ce Smith
Polar-S Smith-P

mith olar
Combi  Combi

L &

3D-Carte Locus
sian  Curve
Bl

Timing  Truth

Diagram Table

@ [
[of=13 ] Polar Tabular

&10F15A1_1.5ch | & 10F15A1_1.dpl |

Zlel¥

S[2.1)

0.1

0.01+

e Gseome

framiame s

1e07

L

no wamings 0: 0

The plot is not very nice, and we want to compare this simulation with our previous measurement. Therefore, we are
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going to export the simulation data back into the VNWA software.
To do so, we right-click the blue simulation curve and select Export to CSV:

& Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

e is ls R

CACMGAHRGIREDR IS F/REL -0 ¥
21 $10F15A1_1.sch | < 10F15A1_1.dpl

diagrams

d

_lslx]

@ [

Projects

(o= CHIE] Polar Tabular

0.1

® @
Smith Admittan
Chart ce Smith
Polar-S Smith-P
mith olar
Combi Combi
3D-Carte Locus
sian  Curve 4
Bl
Timing Truth
Diagram Table

0.01+

Components Content

S[2,1]

L

Edit Properties
« Delete
Export to

framiiamme

: C:'N.+Sh ift+C

1e07

L

Convert graph data to CSV file

We save the simulation result as csv-file on disk:

no wamnings 0 : 0

j: * Enter an Output File Name ﬁ
@Ov | ¥ Computer * Volume (D:) * S-Parameter v @JI S-Parameter dur... @
Organisieren ¥  Neuer Ordner = v @
«» Zuletzt besucht A Name ~ | Anderungsdatum | Typ

J:lJJ Bibliotheken Es wurden keine Suchergebnisse gefunden.
= Bilder
= Dokumente
@ Musik
& Videos
@& Heimnetzgruppe
& Computer P
& Lokaler Datentrage
. Volume (D:)
< fs (\\hs-ulm.de) (R
Viahima (VY Ll 1 | _}l
Dateiname: Isim1| ﬂ
Dateityp: ICSV file (*.csv) ﬂ
'+ Ordner ausblendenl Speichern Abbrechen
| 4

And we switch over to the VNWA software, which still has our old measurement and our handwaving simulation result on
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screen. There, we import the just saved QUCS simulation result into Memory 1:

(=) DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed to DG! —|o| x|
File Measure Settings Tools Options Help
Bxit <Ref
SaveScreen 4 -30dB
Print Ctrl+P
Export Data >
Save » s2p Ctrl+2 to S11
Retrieve ’ s3p 4 to 512
T tos2
Software Updates 4
to Memory 2 Ei
to Memory 3
to Memory 4
cal to Plot 1
Start = 10.66 MHz to Plot 2 Stop = 10.74 MHz
== to Plot 3 ;
T Al =0dB Ms21 dB to Plot 4 ok dB Continuous
=» | |822 - I Single Sweep
|[For Trace 6 aet scales from Trace 1 4

We select file type QUCS, ... (*.csv) and select our simulation file from disk:
(=] Offnen ﬂ
Suchen in: | | S-Parameter Ll N Sl d=he

h: )

Zu Ietzt_-besucht

=

Desktop

Bibliotheken

v | Anderungsdatt

Computer

Netzwerk
< |
Dateiname: ISi"ﬂ ﬂ Offnen |
Dateityp: IQUCS, Exeter files (*.csv) % Ll Abbrechen |
4

We open another trace to display our QUCS simulation in Mem1:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed - ||:| |ﬂ
File Measure Settings Tools Options Help
z
<Reff

SdByf 2 30dB
3dB/
3dB/
SdB/f

14 106930MHz  -30.46dB -058dE  -3042dE  -30.42dB

2:==1. 3.00dB -33 46dB -303dB  -328bdE -3254dB

3-20 1711 kHz -33 46dB -4 07dE  -3389dE -33383dE
Cal 4. 106967MHz  -30.71dBE -074dE  -3067dE  -3067dE

Start = 10.66 MHz Center=10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
- Continuous
A, SO Ms21 dB Msi2 dB Mak dB [
| == ||S22 vl ¥ Meml dB Single Sweep

|[For Trace 6 aget scales from Trace 1 4

Note, that our handwaving black simulation agrees with the red QUCS simulation to almost the last digit. Therefore, the
black trace lies hidden behind the red trace.

What else can we simulate with our S-parameters?

We can simulate what our filter would look like in a 1550 Ohms environment like we have done with the VNWA matching
tool. To do so, we remove the resistors and change the sources' impedances to 1550 Ohms:

* Quecs 0.0.16 - Project: 10F15A1 - I:I|ﬂ
File Edit Positioning Insert Project Tools Simulation View Help
[RRSEE A M= KX e 3MGAKANHEDR IS F/ RE LY N

10F15A1_2.sch | &10F15A1_1.dpl | 10F15A1_2.dpl ‘@10F15A1 1.sch |

S parameter ||
simulation
SP1 -

Type=lin
Start=10.66 MHz
Stop=10.74 MHz
Points=500

X1 S
File=D:/S-Parameter/10F15A.S2P
{2 —

P1 Ref
Num=1 _ﬁﬁﬁﬁﬁ Num—2""

Jﬁﬁ_ﬁﬁﬁ'__'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ_ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ﬁﬁﬁﬁﬁﬁ ﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁlj

ho warnings| 0:0 ,

|
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Not surprising, the result is identical with the VNWA result:

¢ Qucs 0.0.16 - Project: 10F15A1
File Edit Positioning Insert Project Tools Simulation View Help

1
N =
- oL =
o D)
()
0.14
frequency _
frequency
frequency
K Ll_l
Eowamings 0:0 .

We have added a Smith chart to display the simulated S11 and S22.

Note, that the stopband attenuation of our two pole filter is not very high. We might improve it by cascading two of these
filters. We can easily simulate the expected performance by adding another S parameter file component which actually
points to the same file as the first one, since we want to cascade two identical filters:
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’ =" “ Qucs 0.0.16 - Project: 10F15A1 ngﬂ
File Edit Positioning Insert Project Tools Simulation View Help

| 12@B30[d¢ O e3M[AARAQNEPDR IS T/ REL -G ¥ N
10F15A1_1.sch 10F15A1_2.sch | 10F15A1_3.dpl |

- |s parametery
|simulation |

SR
CType=lin.
. Start=1066MHz
o Points=500 . .
A

- File=D:/S-Parameter/10F15A.S2P File=D:/S-Parameter/10F15A.S2P - -

gt T
P2
“Num=2_
Z=1550 Ohm - -

P1 -

7=15500hm - | - |

no warnings 0:0 ,

The simulated S21 data shows an ugly hump at the high frequency skirt which is due to internal mismatch between the
two pole filters:

’ =" “ Qucs 0.0.16 - Project: 10F15A1 dglﬂ
File Edit Positioning Insert Project Tools Simulation View Help

[TamE@edld O A 3I[AAAGRMDOQ IS F/RE L o-G1¥ (W
10F15A1_1.sch | 10F15A1_2.sch | 10F15A1_3.dpl < 10F15A1_2.dpl

1 —

0.1+

S[1.1]

S[2.1]
S[2,2]

0.01+

frequency frequency
frequency

. | g

no warnings 0:0 ,
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We add a capacitor to the internal filter connection to improve the match:

.&” Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

= @AA0ad 0 4 3[ARARA[NHDR I T/ 2EL - BLIE[w

10F15A1_1.sch | 10F15A1_2.sch | 10F15A1_3.dpl | ¢ 10F15A1_2.dpl &[10F15A1_3.sch|

- Start=1066 MHz =~

Xt X2
- File=D:/S-Parameter/10F15A.S2P File=D:/S-Parameter/10F15A.S2P
e R

P1. . ...

S “Num=2

|

- |s parametery
|simulation ||

O A
S Type=slin.
CStop=1074MHzZ
CPoints=500

Z=1550 Ohm -

no warnings| 0:0 ,

Now, we have a decent passband and a considerably larger stopband attenuation.
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-~ Ques 0.0.16 - Project: 10F15A1 = |I:I|ﬂ
File Edit Positioning Insert Project Tools Simulation View Help
[12@E@02[d 0 4e3ALAARNENR YT/ RE L - GLIY v
10F15A1_1.sch | 10F15A1_2.sch [10F15A1_3.dpl| | ¢ 10F15A1_2.dpl | & 10F15A1_3.sch |
1 ==
0.1
= N =
N AN
@ 0.014 @
1e-03} i
frequency
A AT T U7 e 07 o0 frequency
frequency
< JJ
no warnings| 0: 0 y

We could easily continue to optimize internal and external matching and thus design a perfect four pole crystal filter.
Obviously, a simulator like QUCS together with the VNWA for acquiring S parameter data is a powerful pair for RF

design.
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TIME DOMAIN MEASUREMENTS

The VNWA software allows to perform a realtime FFT on measured or imported data from frequency to time domain,
display data in time domain, manipulate data in time domain by gating and perform an inverse FFT back to frequency
domain.

A special topics section on time domain measurements demonstrates examples of both usages:

Time domain reflectometry is a useful technique to search defects in transmission lines.

The step response is useful to determine impedance variations along a coaxial cable.

Gating is used to separate responses depending on their arrival times, e.g. to separate the slow mechanical response
of a crystal filter from the fast electromagnetic feedthrough of the test board.
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FIL

The VNWA main menu "File" offers the following functions:

Exit

Save Screen
Print

Export Data
Import Data

Save

Retrieve
Software Updates

[=IDGBSAQ - Wector Network Analyzer Software - DGE =18l
’ﬁ Measure  Settings  Tools Options  Help
Exit
Savescreen 3 <DF‘;EH
Prink: Chrl+P
Import Data 3 SZP b 521 3 Magnitude-cont. Phase
Save .3 S3P 4 51z 3
Retrieve »] S22 » -
Memnary 1k TRy
Software Updates 3 Memory 2 b
Memary 3
Memary 4 #
Plak1 3
Flotz 3
Start =1 MHz Egnl Plok3 4 Stop = B0 MHz
P Flok4 3
T Level =17 dBm e Catilrumus
=_>| IPIot‘I 'I ¥ 511 Srith Single Sweep
|Reference Pasition = 10 v
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FILE - EXIT

Exit

Exit the VNWA software. All settings will be saved for the next session.
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FILE - SAVE SCREEN

Save Screen...

GE5SAQ - Yector Network Analyzer Software - O] x|
Measure Settings Tools Options  Help
Exit i
c S <Ref
S creel e
Prink to Clipboard
Expott Data b
Impork Data  #
Save 3
Retrieve 3

Start = 0.235 GHz Center = 435 MHz Stop = 0.635 GHz
N Span = 400 MHz
= S dB :
T3 Level = -17 dBm g _ Eantinous
52 = i iMem 1 'i W 511 Smith Single Sweep
{Import successFul, 00 data points read A

...to File

Save the current main graphics window into a bmp, jpg or png file. When saving, you will first be asked for a file name,

then an input mask for an optional image comment pops up:

-l

|This comment will show up in the image!]

Mo Comment | s |

Enter a comment or press no comment. The exported image with the above comment will look like this:

DE85A0 Yector Network Analyzer Software
EATA2012 8:23:32 PM  This comment will show up in the image!

<Refl
10dB/ 0de

Start = 0.235 GHz Center = 435 MHz Stop = 0LE35 GHz
L, Span = 400 MHz
TH Level = 17 dBm HE ek
511 Smith

Note, that the buttons and menus are suppressed. The image size in pixels is identical with the VNWA window client

size. If you want the saved image to be bigger, increase the VNWA window size.

...to Clipboard

copies the main window client area as bitmap to the Windows clipboard. From there, the image can be pasted into

documents or presentations e.g. by pressing ctrl-V.
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FILE - PRINT

Print

Prints the current main graphics window.
Upon activation the print control window comes up:

[=4HP LaserJet M1120n MFP#:2 - 10| x|
—Printer Setup Frint Previewr

-
Copies !1 TS .ﬂ o
Setup i

]

—Marker Caption—; I
| |

I

|

Fositior:

ng—l A

) —

Size: | ]
) m— ! !

IV Transparert T | T 1' |

Misc Settings—— B n ma
V' Show Date

[~ Show Time

Print i
Save to File i o g mestan

Abort |
Title EVNWA Measurement

Comment i

On the right hand side, a preview of the printout including the paper size and printable area are visible.

In the Printer Setup box you can:

- select portrait or landscape style

- select the number of printed copies

- setup the printer, e.g. select a different printer.

The selected printer shows in the blue window title bar.

In the Marker Caption box you can:
- change the horizontal and vertical positions and the size of the marker caption labels in the printout
- for better readibility transparency of the marker caption labels can be switched off.

In the Misc Settings box you can:
- activate/deactivate printout of the current date
- activate/deactivate printout of the current time

On the bottom a Title and a Comment can be specified to be printed out together with the graphs.
The Print button sends the image to the selected printer.

The Save to File button saves the image to a file without sending it to the printer.
The Abort button closes the print window without printing.
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FILE - EXPORT DATA

Export Data
» »» Note: Exported data is always normalized to 50 Ohms.

|  Export Trace

VNWA can export any trace data into a Touchstone style *.s1p-file or a binary *.v1b file. To do so, select the main menu
item "Export Data"-"Trace"-... .

[=IDGBSAQ - Yector Network Analyzer Software - DGBSAL =laxl
File Measure Settings Tools Options Help
Exit
Savescreen 4 <DF“:IEH
Prink Chrl+P
Export Data r Real-Imag
Import Data 3 SEF K 321 3 Magnitude-cont. Phase
Save .3 S3P 4 512 3
Retrieve ] 522 3 binary
Software Updates 3 HEmEp S
Memary 2 #
Memary 3 ¢
Memoary 4k
Plak1 3
Flokz 3
Start =1 MHz Egnl Plat3 L4 Stop = B0 MHz
o P Plat4 »
TH Level =17 dBm g Continuous
=_>I IF‘Iot'I 'I ¥ 511 Smith Single Sweep
|Reference Position = 10 v

You can also export a trace's data by right-clicking onto the according main window's trace label:

=¥ I 521 B ¢ 512 d& Continuaus
| = Fst o - T rith Single Sweep
[For Trace 4 get scales from Trace 2 51t 4

51z
SE2
Memory

Trs
Import s1p

Off

» » » Note: The s1p-file standard defines, that an s1p-file must contain one-port reflection data. Nevertheless, | use the
same format to store S21-data and other trace data as well, as it is a useful format.

|  Export S2P or S3P

You can export a complete set of 2-port (3-port) S-parameters to a *.s2p-Touchstone file (*.s3p-Touchstone file) in
various formats or to a *.v2b binary file
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[=IDGBSAQ - Yector Network Analyzer Software -0l x|
File Measure Settings Tools Options  Help

Exit

Save Screen <DF‘;EF3
Prink A K

Export Data  » Trace » | /(\ /\

Import Data  » Real-Imag

Save 3 S3E 0k Mag-Fhase

Retrigwve 4

binary

Start = 0.010685 GHz Center = 10.7 MHz Stop = 0.010715 GHz
- Span =003 MHz
T Level =17 dBm fSeil d W 512 & Continuous
|521 j =3 ||Mem1 j ¥ 511 Smith ¥ 522 Smih Single Sweep
[For Trace 4 get scales from Trace 2 4

»»» Note: Exported data is always normalized to 50 Ohms.

» »» Note: If VNWA doesn't hold valid 2-port S-parameters, you are asked, if the data contained in the display data

spaces (S21,S11,512,S22) should be saved instead:

WARNING: No valid 2-port data x|

Do you wank ko save the display buffer data?

oK I Abbrechen I

v+ » Note: If VNWA doesn't hold valid 3-port S-parameters, an error message is displayed:

Eror x|

Mo valid 3-port data in buffer, nothing to save!

Loy |

|  Export Display Data

Data can also be exported as displayed, e.g. as VSWR, impedance, dB, ... .

If you want to e.g. export displayed VSWR-vaules, right-click the VSWR label and select "Save THIS Trace Display Data

to Data File":
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Other
Other Polar
Impedances

= DGSSAQ - Yector Network Analyzer Software - |I:| Iil
File Measure Settings Tools Options Help
1 1: BOMHz  -1.01dB  44.15chm 8.71chm 1.25 -
e
1048/ 4B
20chm \
N
20ohm/! // \\
1/ ; ““~\\‘
Ref3
z ) L \ Oohm
] I ——
/ /7 ~ o
A Vi ST
-
bl} Ref2
Start = 0.025 MHz Center = 250125 MHz Stop = B0 MHz ﬂ]oim
- Spah = 49975 MHz
B ¥ 521 dB ¥ 511 ImagZ _ Continuous_|
| - = ||Mem‘| -] ¥ 11 Reaz ¥ 511 VS";l"‘ Single Sweep
[} !
[Marker values written ta Windows cipboard. -

Get Scales from

Export Scales to

Move THIS Trace Display Data ko

' Lister - [c:itmp'vswr.dat]

Datei  Bearbeiten Optionen  Codierung  Hilfe

2.50000000000000E+008Y
1.502508626566416E+ 0005
2.755081253132832E+ 0085
4.080751879699248E+ 0005
5 .26002506265664E+ 0085
6.51253132832080E+ 0005
7.76503759398496E+ 00085
9.81754385964912E+ 0005
1.827008581253132E+ 0086
1.15225563909774E+ 0006
1.27750626566416E+ 0086
1.40275689223058E+0006
1.528008751879690E+ 0086
1.65325814536341E+ 0006
1.77850877192982E+ 0086
1.90375939849624E+0006
2.82901002586266E+ 0086
2.154260865162907E+ 0006
2.27951127819549E+ 0086
2.40476190476190E+0006
2.530881253132832E+ 0086
2.65526315789474E+ 0006
2.78051378446115E+ 0086

3.84848220667418E+ 0001
3.809700898257350E+0001
3.76516345332977E+0001
3.72483851918688E+0001
3.67318938504056E+ 0081
3.61222453530426E+00081
3.53505880560941E+0001
3.463854990286121E+0001
3.37762325561865E+ 0081
3.28572168778373E+0001
3.19588571033166E+0081
3.08848957506705E+ 0001
2.97472946579285E+ 0081
2.86173137853440E+0001
2.741334191319089E+ 0081
2.61205511688826E+0001
2.482324421082542E+ 0081
2.35083503737653E+ 0001
2.21159880904574E+0081
2.087157932458545E+0001
1.92437213995629E+ 0081
1.77694016797 048E+ 0001
1.62117814586998E+0001

=lof x|

6 %

Itis also possible to save ALL displayed data at once into a single file, either a *.dat ASCII data file or a csv-file:
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[=IDG8SAQ - Yector Network Analyzer Software o] x|

File Measure Settings Tools Options Help

1 1; EOMHz  -101dE  4419hm  S7chm  1.25 -
108/ v
20ohm, \
N
20ahm! / \\\

14 -
.) \\ Ref3
J e Oakim

) e s e

-
Wi/ N
(7.

&
Start = 0.025 MHz Center = 25.0125 MHz Stop =50 MHz g0,
_ Span = 49,975 MHz
= ¥ 521 dB ¥ 511 ImagZ Continuous

|v[ =>||Mem1 v[ ¥ 511 RealZ o v = Single Sweep |

[Marker values written ko Windaws clipbaard.

Srnith
Other
Other Polar

Impedances

Get Scales from

Export Scales ta

Move THIS Trace Display Data ko
Save THIS Trace Display Data ko Data File

to Data File

test - Excel = ]

SEN Einfiic | Seiten | Form:‘| Daten | Uberp | Ansic|| Entwic| O Siewiinsc Anmelden ,q_ Freigeben

TS 3 ﬁ = % %Bedingte Formatierung - iil p

G Als Tabelle formatieren ~

Eg -
Einfiigen % Schriftart Ausrichtung  Zahl Zellen Bearbeiten

. - - - DZellenformat\rorlagen - - -
Zwischenablage & Formatvorlagen A
Al - e f/Hz -
A B T D E F G -

fiHz l 521:dB S1l:RealZ S1lliimagZ  S1L:VSWR
2,50E+04  -1,12E+02 1,30E+00 1,53E-01 3,85E+01
1,50E+05  -8,31E+01 1,31E+00 8,98E-01 3,81E+01
2,76E+05  -7,77E+0L 1,33E+00 1,64E+00 3,77E+01
4,01E+05  -7,20E+01 1,35E+00 2,39E+00 3,72E+01
5,26E+05  -6,78E+01 1,37E+00 3,15E+00 3,67E+01
6,51E+05  -6,34E+01 1,39E+00 3,91E+00 3,061E+01
7. 77E+05  -6,00E+01 1,A3E+00 4,70E+00 3,54E+01
9,02E+05  -5,65E+01 1,46E+00 5,51E+00 3,46E+01
10 1,03E+06  -5,34E+01 1,50E+00 6,33E+00 3,38E+01
1 1,15E+06  -5,06E+01 1,55E+00 7. 15E+00 3,29E+01
12 1,28E+06  -4,78E+01 1,61E+00 8,08E+00 3,20E+01

(=T IR I = R L L R

13 | 1,40E+06  -4,53E+01 1,67e+00 9,01E+00 3,09e+01 -
test ) 1 ¥
Bereit B i) & = i + 100%
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FILE - IMPORT DATA

Import Data

VNWA can import certain S-parameter files in Touchstone format (s1p, s2p, s3p), binary format (v1b, v2b) and
csv-format. To do so, select the main menu "File"-"Import Data"-... .

» »» Note: Importable files must contain S-parameters normalized to 50 Ohms.

[=IDGBSAQ - ¥ector Network Analyzer Software _ o] x|
File Measure Settings Tools Options  Help
Exit -
" &
SaveScreen 0dB
Print Chrl+P
Export Data 3
Save 3 sZ2p Chrl+2 to 511
Retrieve 3 s3p 3 ko512
- to 522
Software Updates 3 display last comments PrT—
) ) ko Memory
auko-display clommenFs on import PEEE 5 ;“
w frequency unit from file 3
Open Drag-Drop Target F10
Any ASCIT Impork I T P g B 2 4
5
b AL ol Ll :
. hrtiA P A A =
Start =1 MHz Center = 30.5 MHz Stop &
Span = 59 MHz g
=k
¥ 521 dB 1o _|S

I 'I;>I|Mem1 'I ¢ teml dB SingIeSweepl
|

A

» » » Note: VNWA normally also imports the frequency units from an S*P-file. If you want to keep the pre-selected
frequency units, un-check the "frequency inits from file" menu item.

v+ » Hint: Menu "Open Drag-Drop Target" will open the drop target form. This menu can also be invoked via the
keyboard shortcut F10:

[=iDrag s1p file from browser and drop to target to load!

Hemory Alias Source 1=

r |x

Heml Inductor 15uH. =lp

I I

N Kl

|[ Meml ] received data From Z:0YMWALYNWAS.OY s-parsi1SuH.s1p

S1P-files can be loaded by dragging them with the mouse from a file browser to the red drop targets on the form and
dropping them there. When loaded, the drop target will turn green and the Source column will display the name of the
file that was loaded. The Alias column displays the alias assigned in the custom trace form to the respective memory
space. Clicking onto a green target will turn it red again and delete the Source info. It will NOT delete the contents of the
memory space, though.

Note, that data can also be copied and pasted from memory space to memory space by invoking the right-click menus "
Copy Trace" and "Paste Trace":
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il

Start = 10.685 MHz Center = 10.7 MH
Span = 30 kHz

p =l an = B

7] = |[Memt 7] # i :i

|Import successful, 401 data poinks read g1z

Memary
Plot
Okher

Export Trace to slp
Irmport s1p

Add Trace
Clear Trace

Paste Trace E!

Off

The copied data can also be pasted into the drop target form by right-clicking the respective red drop target:

[=iDrag s1p File from browser and drop to target ta load! 1'

Hemory Alias Source =

Inductor Pasted from 521 @ 09:38:57

N EN

|Mem1 Reset!

Arbitrary ASCII Data Import:

[=IDG8SAQ - Yector Network Analyzer Software o] x|
File Measure Settings Tools Options  Help
Exit -
" &

SaveScreen 0dB

Print Chrl+P

Export Data 3

Save 3 sZ2p Chr+z

Retrieve 3 s3p 3

Software Updates 3 display last comments

auto-display comments on import
w frequency unit from file
v bl
Start =1 MHz Center = 30.5 MHz Stop = B0 MHz
Span = 59 MHz

= ¥ 521 dB Continuaus
I 'I = | IMem‘I 'I ¢ teml dB Single Sweep
| 4

Menu "Any ASCII Import" will open an ASCII import tool.
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Additional Data Import Functionalities:

»»» Hint: You can directly import trace data into a specific memory space by right-clicking the trace label (e.g. S11 in
below example) and selecting "Import s1p". Thus, the s1p, v1b or csv file will be loaded into the S11 memory space.

File Measure Settings Tools Options Help

10dB/

oo WM g e M

Start=1 MHz Center = 305 MHz Stop = 60 MHz
- Span = 59 MHz

V=_>||Mem1 Vl [+ s :ﬁ

T= At =0dB [v g1 am Continuous
| Single Sweep

[=1 DGBSAQ - Vector Network Analyzer Software - DGBSAQ license - |El|ﬁ

<Refl
0dB

Export Trace to s1p

_mpotsip ] fomre ]
from Clipboard

TO
Copy Trace
Paste Trace

Clear Trace

Add Trace
off

»»» Hint: You can also import S-parameters by dragging s*p, v*b or csv-files from any file browser and dropping it onto

the VNWA application.

v »» Hint: VNWA will accept s*p, v*b or csv file names as runtime parameter. A second numeric parameter specifies the

A

data space where an s1p record is stored (1:521, 2: S11...). Thus, if you associate e.qg. the file ending s2p with

VNWA .exe, then you can start VNWA and load an s2p file by double-clicking onto the file.

v »» Hint: You can also import 3-port data from three 2-port measurements with the third port terminated by 50 Ohms.
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FILE - IMPORT - DATA - S3P - FROM 3 S2P FILES

It is possible to automatically combine 3 2-port measurements or data files to 3-port data. Note, that the unused port

must be terminated with 50 Ohms in order to obtain valid 3-port S-parameters.

To do so, select the menu highlighted below:

[=JDGBSAQ - Yector Network Analyzer Software =181l
’ﬁ Measure  Settings  Tools Options  Help
Exxit
Save Screen <Fefd
Prink OdE

Export Data  »

Impoart Data  k s1p b|
Save 3 s52p

Retrieve 4 from s3p File

Start = 6525 MHz Center = 902 5 MHz Stop =11526 MHz
Span = 500 MHz
= W31 dB ¥ Meml dB Continuaus

|Mem1 j v 521 dB Single Sweep

| Y

x|
Input Node Output Node
23] Browse | m m
Measurement 2: |1_3.:2p Browse | m m
Measurement 3: lr Browse | m m

Load |

4

Pressing the load button will load the 3-port buffer.

Note, that in above example S33 from the second file import will be overwritten by S33 from the third file import.
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FILE - SAVE

Save:

VNWA allows to save various software states:

EFiIe Measure Settings Tools Options  Help
Exit
SaveScreen M
Prink
Export Data »
Import Data

Calibration
Retrieve 3 Calibration ko Master-Cal,
Display State
Instrument State
v Aukosave Memary Spaces

Start = 10.685 MHz Center = 0.7 MHz Stop = 10.715 MHz
Span = 0.03 MHz

= 521 dB .
T# Leval =17 dBm o _ Continuous
1821 j =3 ”Mem‘l j ¥ 511 Smith Single Sweep

=10l x|

<Refl
0dB

|Reference Position = 7.7

4

|  Save Calibration

You can save a calibration to a *.cal file. You are asked for a file name and an optional comment to be stored in the

calibration file.

If the instrument is not calibrated, the command will be ignored.

|  Save Calibration to Master-Cal.

You can save a calibration to a *.cal file. At the same time the file is loaded as master calibration.

|  Save Display State

You can save the display state, i.e. the color scheme, displayed kinds of traces, grids and units into a file. You are
asked for a file name. If you enter a file extension, it will be ignored, as the extension of the backup file is predefined.

|  Save Instrument State

You can save the complete instrument state including display state, hardware setup, calibration, multiplier table... into a
set of files or a single zipped instrument state file (*.zis-file). You are asked for an optional comment and for a file name.

All backup files will start with the name specified by you. Predefined extensions will be added automatically.
In case of the single zipped file the file name matches the archieved file names. Therefore do not rename this zis-file,

otherwise it can no longer be read. Use the instrument state manager to unzip, zip, rename or delete instrument states.
The instrument state manager is launched via menu File - Retrieve - Instrument State.
» » » Note: The master calibration will NOT be saved!

|  Autoretrieve Memory Spaces

If this option is checked, VNWA will automatically write data from all memory spaces into the file MemorySpaces.dat at
program termination. This allow to reload the displayable traces at a later VNWA session.
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FILE - RETRIEVE

VNWA allows to save and retrieve various software states:

_ioix

File Measure Settings Tools Options Help

Exit

<Refl

SaveScreen 3 0dB
Print Cirl+P
Export Data 3
Import Data 3
Save 4
Retrieve ld  Calibration Ctrl+alt+C
Mastercalibration Ctrl+Alt+HM
Software Updates > Display State Crl+Alt+D
Start =1 MHz Instrument State
= v Autoretrieve Memory Spaces Cirl+AIt+A
T At =0dB ¥ 5T D _oorrous |
52 ;>I IMem‘I 'I M 511 Smith Single Sweep
[vrowwa USB Mode started. y

|  Retrieve Calibration

You can retrieve a previously saved calibration from a *.cal file. When invoking this command, the calibration file
manager opens to let you select the *.cal file. When loading the cal file, the frequency range will be changed to that of
the calibration file. Also, the calibration standard settings are saved in the cal file and will be restored upon load.

»»» Warning: If the number of data points or the frequency span of the calibration differs from that of your displayed
data, all data in the display buffers will be lost.

» » » Note: The master calibration will NOT be overwritten!

| Retrieve Mastercalibration

You can retrieve a previously saved calibration from a *.cal file and load it as mastercalibration. When invoking this
command, a file browser opens to select the *.cal file. The frequency range will remain unchanged.

|  Retrieve Display State

You can retrieve a previously saved display state, i.e. the color scheme, displayed kinds of traces, grids and units from a
backup file. A file browser will open to assist you selecting the backup.

|  Retrieve Instrument State

You can retrieve a previously saved complete instrument state including display state, hardware setup, calibration,
multiplier table... from a set of backup files or from a single zipped instrument state file (*.zis).

Selection of this menu will launch the instrument state manager, which allows to browse, select, rename, zip/unzip and
delete instrument states.

| Autoretrieve Memory Spaces

If this option is checked, VNWA looks at program start for the file MemorySpaces.dat and loads all memory spaces from
this file if available. This will reload the displayable traces from the last VNWA session.
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FILE - RETRIEVE - CALIBRATION: THE CALIBRATION FILE MANAGER

Upon invoking the man window menu File-Retrieve-Calibration the calibration file manager opens to let you select a
calibration file:

[=10pen Calibration File : ﬂ
Browse Path  Home Extension  Yiew Delete File
Marne I E stension I Diate I tode I Skart i Stop I # Puoints I Cal | Commert
MZPK cal 18/06/21218:08  MN2PKANA 12.000 MHz 12.000 MHz 10 Autozave Mode Change
Say cal 12/06/20121957  SA [WNwa 3) 1.000 MHz 1300.000 MHz 200 Autozave Mode Change
test cal 05/06/201215:00  RF-V WNwia 3) 1.000 MHz £0.000 MHz 500 saL test
WwMEE cal 12/06/201219.57 et bridge [WHwa 3) 1.000 MHz 1300000 kHz 8000 Autozave Mode Change
YT cal 07/06/21210:23  RF- [WYNwia 3) 0.000 MHz 53.000 MHz 500 5 Autosave Mode Change
YNIV_Mastercal  cal 13/05/201210:21 R [WNwia 2) 5.000 MHz 200.000 MHz 500 50LC Cal file: type 4
WNIYV_Mastercal  cal 0B/06/201218:02  RF-W [WMwid 3) 1.000 MHz £0.000 MHz 500 saL MasterCal FormCalFul
WA, cal 19/06/2012 1519 WNWA VMW 3) 399500 MHz 400,500 MHz 40 Autozave [nztrument State
N I— i
[ .cal Open Abort | C:AWNWAL

The manager lists all calibration files in the selected directory and displays their main properties.

Column "Cal." entries:

S =Short
O =Open
L =Load
C =Low Loss Capacitor
T =Thru

Column "Comment" lists the comments which the user has entered when the cal file was saved. Automatically
generated cal files show automatically generated comments (e.g. autosave...).

Main menu commands:

Browse Path: lets you select the directory to browse. The current working directory is shown by the blue label on
the bottom.

Home: invokes a jump into the VNWA program folder.

Extension:lets you filter file extensions. Cal files may also have the extension *.bak. Note, that the manager will only
show calibration files regardless of their file name and extension.

View: allows to customize the displayed file list by e.g. filtering calibrations with appropriate VNWA mode.
Delete File: deletes the marked file. This functionality is also achieved by right-clicking the file name.
»+» Note:

-The wildcard * can be used in the file input field to apply a file list filter.
-Clicking a file name will copy the name to the name input field.
-Double-clicking a file will open it.

-The file name input field also accepts file paths.

-From software version 36.7.5 on the cal file manager includes a directory tree for directory selection. The tree may be
expanded by clicking the "browse path" menu, by double-clicking the path label or by dragging the right tree boundary to

the right with the mouse. A folder is being selected by clicking it in the tree.
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[=10pen Calibration File il
Browse Path  Home  Extension  Yiew Delete File
| | Mame I Ext... I [rate I Fd o
Wi cal 10.04.2018 02:46  WNw
4—" 3
1 DEESAGD-USE-Driver
[ firmwares
|1 trp
[ WINDOWS
=l 2

Open |

Abot | CavNwAL
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FILE - RETRIEVE - INSTRUMENT STATE: THE INSTRUMENT STATE MANAGER

When trying to retrieve an instrument state, the instrument state manager is invoked:

EI Instrument State Manager ﬂ

Browse Path Home View Rename State Zip State Unzip State  Delete State

Mame | E stenzion % D ate | Comment
ha comment bek_wncom™ 21.09.20016 1921 -
unzipped bok_whcom  21.09.20016 19:21  unzipped file
terst zis 21.09.20M6 1221 this is a test
zis 24092016 16:37  CoilQ
KN . o

Iv alzo load instrument audio and clock setings

IH.ZiS ﬂl
T —— B j Abort |

D:\istatesh

It lists all instrument states (zipped and/or unzipped depending on the filter settings) found in the selected path.

The path can be changed by

- selecting the menu Browse Path.

- clicking the blue path label on the bottom.

- manually entering a path into the file name field next to the Open button and pressing the return key.

- From software version 36.7.5 on the cal file manager includes a directory tree for directory selection. The tree may
be expanded by clicking the "browse path" menu, by double-clicking the path label or by dragging the right tree
boundary to the right with the mouse. A folder is being selected by clicking it in the tree:

[=1Instrument State Manager x|

Browse Path  Home Yiew Rename State  Zip State  Unzip State  Delete State

: -
Dokumente und Einstellungen 4|

hip <

Tam J

----- DGASAL-USE-Driver

firmwares LI 4 _'I

b

[+ also load instrument mode. audio and clock settings

|"." Open |
j Abart |

Narme | Eut... | Date | Comrnent
FreSetup bck.. 070420181751

all instrument

cWNWAL

Note, that the list of instrument states can be sorted by clicking on the list headers or filtered by entering a file name with
wildcards, e.g. z*

Afile is selected by
- clicking onto its filename in the list.

A selected file can be opened, renamed, zipped (if the state is unzipped) unzipped (if the state is zipped), renamed
or deleted.
These function can be accessed via the main menu or by right-clicking the file to be operated on.

Afile can be opened by

- selecting it in the list and pressing the open button.

- double-clicking the file name in the list.

- manually entering the file name in the file name field next to the open button and pressing the return key.

»»» Note: There are two loading modes: You can load the full instrument state including audio and clock settings or
ignore these. The loading mode is selected by the check box below the file list. If you load instrument states from a
foreign computer, it is advised NOT to load the full instrument state. If the full instrument state is loaded, then you likely
have to do an audio setup and check your clock settings before taking a new measurement.

»»» Note: A zipped instrument state (*.zis) may also be loaded by simply dragging it from a Windows file manager and
dropping it onto the VNWA main window.
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»»» Note: Up to 9 instrument states can be defined as default states by right-clicking the state and selecting the
default state number it is to be associated to:

[=1Instrument State Manager
Erowse Path Home  View Rename State  Zip State  Unzip State

Mame I Ext... | [ate | Comment
o commert bok..  21.03.20161821 -
unzipped bok.. 21.03.201618:21  unzipped file
e 21.09.200618:21  thizis a test
% Rename 2409200161537 Cold
Zip
Unzip
Delete

Itest.zis 2 g

3 CVNwWAlistates\unzipped. bok_vncom
4

D:\istatesh

In above example, default state number 3 is associated to instrument state "unzipped" and we are about to associate
default state number 1 to the instrument state "test".

Default states can be loaded via keyboard short-cuts alt+state number, e.g. with above association the instrument
state "unzipped" can be loaded by simply pressing the keyboard combination a/t+3 in the VNWA main window without
invoking the instrument state manager, also see page "Keyboard Shortcuts". This is useful when frequently switching
between instrument states.
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FILE - SOFTWARE UPDATES

Starting VNWA software version 36.2 it is possible to initiate a software update from within the VNWA software.

[-IDGBSAQ - ¥ector Network Analyzer Software - - IEIILI
File Measure Settings Tools Options Help
Exit Ref
<Rel
SaveScreen 3 0dB
Prink Chrl+P
Expoart Data 3
Impork Data »
Save 3
Retrieve 3
Software Updates Check for ¥ Software Update:
w Auto-check for updates upon program stark k‘
Start =1 MHz Center = 30.5 MHz Stop = B0 MHz
N Span =59 MHz
5 ¥ 521 dB :
T¥ Level =17 dBm Contiruous
= i iF'Iot‘I 'i W 511 Smith Single Sweep
|Reference Position = 10 v

The menu item "Software Updates™ allows to manually or automatically check for VNWA software updates over the
internet.

If "Auto-check for updates upon program start" is checked, then the VNWA software will consult the web for
software updates every time the software is launched manually.

If the software is remote controlled via script file or via Windows messages, web access is suppressed, so the remotely

launched application won't hang and wait for user interaction.
If VNWA finds an available update newer than the installed software, the user is being notified:

¥NWA Software Updates Check . LI

Mew YMWaA Software Yersion available. Do you want to download?

{¥ou can disable this automatic check under File-Software Updates...)

[0]4 I Abbrechen

If you accept downloading the new version by pressing OK, then the VNWA Software Updater will be started:

[=1¥NWaA Software Updater 1’
Mew WHWE Sofbware version 360 avalable,

Installed WA Software wersion iz 0.0.0 actually 36.1.4 .
Press Ok to download new version, else press abort.

ok, ,}_] Abart
Ly

v+ » Note: The VNWA Software Updater can also be launched manually by the main menu item "File - Software
Updates - Check for VNWA Software Updates NOW".

The updater displays the new available and the currently installed software version and asks for confirmation to
download. Pressing OK will actually start the download:
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[=1¥Nwa Software Updater

Dawnloading WHWA-inztaller. exe to C:AWNWARMPY, |
Obzerve download progress with the progress bar on the bottom

Mote: The Abort button might react with delay.

Abort |
L[]

» » » Note: The download process can be interrupted by pressing Abort, but only after downloading has actually started

as can be seen by the blue progress bar.
Once, the file is downloaded, the user is asked for confirmation in order to install of the new software version:

[=1¥Nwa Software Updater

Ready to install YNwWa3E6.0
Press OK toinstall, YNWa will be terminated.

Aboart |

Pressing OK will terminate the VNWA software and launch the just downloaded aoutomatic installer.
Abort will close the software updater and return to the VNWA main window. The just downloaded installer will not be

deleted and can later be launched manually from a file browser.
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MEASURE

The VNWA main menu "Measure" offers the following functions:

Direction
Enforce Sweep
Calibrate
S-Parameters
Power Sweep
Port Extensions

[=1 DGBSAQ - Vector Network Analyzer Software - |E||ﬂ

File | Measure Settings Tools Options Help

10d8.  Enforce Sweep 3 Reverse (522,513) <DF‘;EH
Calibrate C
S-Parameters +

Power Sweep  Alt+P

Port Extensions P
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MEASURE - DIRECTION

Direction:

Use this menu item to select the measurement direction forward or reverse.

= DGBSAQ - Vector Network Analyzer Software - ||:||ﬂ
File | Measure Settings Tools Options Help

10dB.  Enforce Sweep »  Reverse (522,513) <DFt‘:|EH
Calibrate E
S-Parameters 3

Power Sweep  Alt+P

Port Extensions P

»»» Hint: The measurement direction can also be altered by clicking on the arrow label => on the lower left side of the
VNWA main window:

_ ¥ 521 dB I 512 dB Continuous
ﬁ ] -l I vl 511 Smith | 522 Smith Single Sweep
|N0 calibration bo save 4

» » » Note: Without usage of an S-parameter test set the direction menu only determines, in which data spaces the
measured data is stored. The function of the Tx port and Rx port remains unchanged. This means, the VNWA2.x
cannot automatically alter the signal flow direction.

If you want to measure S12 and S22 in this case, you need to manually turn the DUT around, e.g. exchange input
and output terminals of the DUT.

» »» Note: The VNWA software supports usage of an S-parameter test set, which actually allows for automatic change
of signal flow direction. If activated, the direction menu will actually alter the signal flow direction.

v+ » Note: The direction menu will be disabled in the presence of an S-parameter test set with automatic direction
switching being activated.
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MEASURE-ENFORCE SWEEP

Depending on what traces are being displayed, the VNWA software determines what to measure. l.e. if only S21 is

being displayed, VNWA only measures S21 under normal conditions.
When only a custom trace is being displayed, VNWA will report "nothing to sweep", even though the custom trace may

access e.g. S21.

In this case sweeping of S21 may be enforced by selecting the main menu "Measure-Enforce Sweep"...

[=IDGBSAQ - Yector Network Analyzer Softw - 10| x|
File Measure Settings Tools Options  Help
Direckion ] ;
QN Enforce Sweep 4 v none
I'bi Refl
;apl ratet C , 511 0dE
arameters _—
Port Extensions P 522
Start = 35 MHz Center = 37.5 MHz Stop = 40 MHz
o Span =5 MHz
IV CusldB Continuous
| = “812 'i Single Sweep
|Tracet: 1 4

... and checking S21.

Selecting "None" will clear all checked items and switch the software back to automatic determination of what is to be

measured.

Note, that these settings are being ignored in RF-IV mode.
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MEASURE - CALIBRATE

Calibrate:

The "Calibrate" menu allows to calibrate the VNWA using calibration standards.

Master Calibration Cal Kit

onection Schemes I

Cal Kit = AmphenolFeml.ckf ‘
—Reflect Calibratior Thru Calibratiory

Shart | . Crozstalk Cal | . = o/ off
Open | . Thru Cal | . I~ | o 2k
Load | . Thiu Match Cal | . I on /off

Cal [T onyoff . Ivvalidate All Thiu Calibrations

From VNWA version 36.3.7.9 this window contains a new submenu:

Exit exits the full calibration menu
Calibration-
Load Loads a calibration
Save as Saves current calibration under a user definable name
Invalidate Invalidates the complete calibration, all lamps turn red.
Master Calibration-
Load Mastercal Loads a master-calibration
Save Cal as Mastercal Saves current calibration as master calibration
Off Turns the current master calibration off without deleting the master calibration file. The
master calibration will be reloaded on the next program start.
Delete Deactivates the current master calibration and deletes the master calibration file, so it will never
be reloaded.
Cal Kit-
Load Loads cal kit settings from a file
Save as Saves current cal kit settings to a file
Info Shows currently used cal kit, e.g.
T
Cal Kit:

CHVNWAS, DYamphenalFeril . ckf

Amphenol Fernale

» »» Note: Cal kit info is also stored in the calibration file. Thus loading a calibration will also rewrite calibration kit
settings.

A detailed calibration guide can be found on page Instrument Calibration.
A discussion on available error correction schemes can be found on page Error correction models.
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MEASURE - S-PARAMETERS

This menu allows you to measure S-parameters of a 2-port or a 3-port device, e.g. of a crystal filter (2-port) or a
balun (3-port).

[=IDGBSAQ - Yector Network Analyzer Software - licensed ko _IDlﬂ
File | Measure Settings Tools Options Help
Direckion 3 <Refd
ML, 0B
Calibrate

S-Pararmeters ko Mernoty

Port Extensions

|  2-Port

You can select, if you want to store the acquired data in the internal s2p-buffer (=memory) or additionally store it in a file
on your hard disk.

v »» Note: Acquired or loaded 2-port S-parameters will be stored in the VNWA data spaces (S21,511,512,522) and

additionally in an internal s2p buffer. This is necessary for recalculating S-parameters to new varying normalization
impedances, e.g. like in the matching tool.

If you invoke the measurement, you need to confirm by pressing the ok-button, that you are ready to measure.

Multiporkt S—PRrameter Measure ﬂ

Terminal 1 =3 Terminal 2

Ok I Abbrechen |

After the forward measurement (S11,S21) has finished, you need to manually turn the DUT and confirm with the ok
-button again, that you are ready for the reverse measurement.

Multiport 5-Parameter Measure 1[

Terminal 2 == Terminal 1

OE I Abbrechen |

If you have selected to measure "to File" then you are asked to select a file name:

Speichern unter 21x|
Speicher in: I@ test j - cF EE-

) 435mhz
| #|tcF

A

D ateiname: I j Speichermn I
Dateityp: ITouchstone files [*.52p) j Abbrechen |

g

The data is saved in Touchstone s2p format.
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» »» Note: If you have decided to measure "to Memory", you can still save your measured data manually.

|  3-Port

3-port measurements basically work like 2-port measurements, except that you must terminate the unused port with
a 50 Ohms resistor:

VNWA

DuUT
3-Port

3

I
50 Ohms

v »» Note: If port extensions are activated upon measurement start, you may specify 3 different port extensions for the 3
DUT ports:

[-iproposed ort Extensions S
DUT Part 1: IE— ps
DUT Part 2 ID— ps
DUT Port 3 IU— ps

v » » Note:Measurement data will be collected into an internal s3p buffer (=memory containing s11,s12,s13,...,s33).
There is a distinction between e.g. S11 (2-port data) and s11 (3-port data). These are stored in different memory
spaces. This is necessary when analyzing 3-ports by reducing them to a 2-port with a balanced port by means of the
3-port analyzer tool.

»»» Note: You can save your measured data manually to a 3-port Touchstone *.s3p-file .
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MEASURE - POWER SWEEP

The VNWA's TX output power can be controlled in a very defined way over a range of 50dB with a resolution up to
0.01dB by means of an internal digital attenuator.

The Power Sweep utility allows to measure a test device's response to changing input power instead of changing
frequency on a user defined attenuation grid.

This kind of measurement is useful to determine the compression point of an amplifier or mixer. Note, that the VNWA's
maximum output power of -17dBm is too low to drive most test objects into compression.

Thus, a booster amplifier is needed to bring the VNWA TX output power to a suitable level.

It is recommended to place a band pass filter between the VNWA TX output and the booster amplifier in order to only
amplify the desired signal as the VNWA delivers a wide frequency spectrum.

The VNWA performs multiple zero frequency span sweeps, each one at a constant predefined power level. An analysis
function can be specified to e.g. extract the average sweep dB-value of the RX input power level.

The result is plotted against the TX output power level.

When launching the utility, a warning is issued as long as the warning window is not suppressed:

warmng |

Calibration will be invalidated.
Master-Calibration will be deactivated.

‘fou may perform a thu calibration after activation of the power sweep tool,

This message may be suppressed in Power Sweep info tab.

Abbrechen |

The power sweep utility will measure the received signal power in arbitrary units and thus will switch off any calibration
which may interfere with detecting pure RX input signal levels.

If a specific signal level should be used as reference level, then a Thru calibration may be performed at this level while
the power sweep utility window is open.

The utility's Info Tab offers further instructions:

[l

File Sweep Calibrate Level

Attenuation Grid I Analyziz and Plat Settings I Sweep Results I

This tool attempts to measure the responze of a device to a fiked frequency at warious signal lewels

by multiple zero zpan sweeps at different zignal levels.

Therefore, the frequency span iz 2et to 2ero and nomalization to the reference zignal should be deactivated.
[ate, that while the taal iz apen, the sample rate calibration is deactivated.

For best results, select the longest pozsible time per frequency point [100mz] and adjust the
sweep time by zelecting an appropriate number of measurernent points.

Mate, that at the end of every sweep, the measurement result is calculated by averaging over all points,
after & linear phaze progression due to zampling vs. IF frequency deviation is optionally removed.

- Define power levels via attenuation levels in the “Attenuation Grid"'.
- Define the zignal analysiz mode and graph in “Analysis and Plot 5 ettings”'.
- See your measurement results at "Sweep Results”

[ate, that you may perfarm & thru anly calibration while the toal iz open
Do nat attempt to perform a reflect or thiu match calibration unless you exactly know what you are daoing.

¥ Show wWarning at Power Sweep utility start

Note, that the warning window can be suppressed by unchecking the box at the bottom of above window.

On the Attenuation Grid tab the measurement signal levels are being spefified via attenuation values:

Page 196

Page 19



N
File Sweep Calbrate Level
Info Attenuation Grid | Analysis and Plot Settings I Sweep Results |
# T arget Attenuation/dB IActuaI Altenuation/dB ﬂ
1 0 a
2 5 5
3 10 10
4 13 12,999
5 175 17.499
g 20 20.002
7 a0 30.001
8 40 39,991
3 50 45 968
10 11nn inf
[17  insertline
13 auto-filllist
14
F dear list
16 save list
17 loadlist
18
19
20
21
22
23 LI
|Sweeps dane! v

The target attenuation column can be edited. A value of 0dB denotes the maximum output power. Positive attenuation
values decrease the output power, negative values are illegal.

As the attenuator hardware has a level dependent finite resolution the nominal actual attenuation value is calculated and
displayed on the right column. Note, that the resolution gets poorer at higher attenuation values.

The actual attenuation values are used for further analysis and NOT the target values. The Excel-like input sheet offers
a right-click menu as can be seen above. It allows to insert or delete lines, to fill the list with a set of default values
(auto-fill), to erase all values (clear), to save the list to a file or load a list from a file. The file commands may also be
accessed via the main menu File.

The Analysis and Plot Settings tab allows to specify measurement data analysis and plotting:

[aix

File Sweep Calibrate Level

Infa I Attenuation Grid  Analysis and Plat Settings I Sweep Results I
—Analysiz Setting

Analysis function = Idh[521]

Feal Result
Comples B esult k

¥ Do not nomalize to reference channel [must be checked to zee signal level changes)

|¥ Remaove phase progression prior bo averaging [zhould be used when above option iz checked]

Analyzis dll = I browse and load |

dll channel = |1 |

~Plot Setting: : o
Captions Guidline

[ dravs grid Re: ILeveI.-"dB [T draw guide line to Re{] grid
[v draw data paints Irm: Inone Relx] = |1?_u443251 B71+1%

[ draw data lines I~ Fined s-gridfrom ~ [-40 ta |10

I~ Mem1 Fieal Color: l:l Imag. Colar: l:l
[~ Mem2 Real Color: I:I Imag. Colar: I:I
[~ Mem3 Real Color: - Imag. Colar: -
I~ Mem4 Rieal Calor: - Imag. Color: -

—Compiler message:
no Errors
|VNWA set to maximum output level. Y

The Analysis function field allows to specify a user defined function for extracting the data of interest from the
measurement data. The syntax is identical to the custom trace syntax.
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In above example, dB(S21) denotes the calculation of the relative level in dB from the measured S21 data. The analysis
result will be averaged over the full zero span frequency sweep.

The analysis function is evaluated with complex calculus and may thus also contain an imaginary part. If "Complex
Result" is activated, the prepared plot will contain a second y-axis for the imaginary part. The result of above
dB-function will be solely real, though.

Note, that the expression att_db can be used in the analysis function to access the current actual attenuation value
from the attenuation grid.

In order to measure RX input levels with changing TX output levels, normalization must be switched off with the
according check-box. As the changing TX level will also change the internal reference signal accordingly, all changes
would cancel out if normalization would not be deactivated.

On the other hand, switching normalization off means that absolute phases can no longer be measured. The measured
RX input signal will experience a phase progression over the zero frequency span sweep points. Mathematically
removing this phase progression will improve the level detection accuracy and sensitivity. This is the purpose of the "
Remove phase progression" check-box.

Instead of using the VNWA RX to detect signal levels, any external measurement system that can be read out by the PC
can be attached via a dll software interface. This so called analysis dll can be loaded with the "browse and load"
button. This facility may be useful to calibrate external power sensors. A software template is shown on the next page
"Measure - Power Sweep: Analysis DLL". A "dll channel" number is being communicated to the analysis dll. This
allows to access multiple sensors with one and the same dll.

The "Plot Settings" section allows to configure the plot on the sweeps result tab. The drawing of a grid, data points and
data lines connecting the data points can be switched on or off separately. Captions for the left (Real) and right (Im
aginary) y-axes can be freely assigned.

The "guide line" is a custom definable function to be plotted on top of the data points and curve. Again, the syntax is
identical to that of the custom traces . Here, the guide line was used to draw a straight line automatically obtained by
linear regression to the data points, see below.

Measured data sets can be stored to one of four memory spaces (Mem1 ... Mem4) and plotted in custom defined
colors. Note, that these memory spaces are independent of the VNWA main Mem fields. Also, the saved data survives
program termination and relaunch. Note, that the measured data (but not the data saved in the Mem fields) is erased,
when the target grid attenuation values or the analysis function are being edited.

After invoking a power sweep by selecting main menu item Sweep, the measured data points and the plot are being
found on the "Sweep Results" tab:

[=1 Power Sweep Utility — | Dlﬂ

File Sweep | Calibrate Level
Infa I Aftenuation Gridl Analysis and Plot Settings  Sweep Results |

#  |aten/dE [RelResul) ﬂ
oo o Level/dB
1 |499385 -4.93142 I e P R e .
2 |9.99% -9.98812 0— L L -
3 [1z39928 1298773 Jo0 o o :
4 |17amsms 7amem Qo . .
5 |o0omiss 997w 40—F-+ : .
[ E T ap o ol
R E ais & &
8 [499678  4a77ed 20 -+ - T
10| I 3 '
AN T s
12 30 -+ &
13| 20 10 o
14| 1 o
i 40
7 | 100 o
i [ Ca . T
18| 1 e ol SR S S P P S m
19 | LI It I
20| 0 10 20 30 40 50
. o TX Attenuation / dB
4 »
|Sweeps done! v

The above measurement was performed on a coax cable connecting the VNWA TX port with the RX port. Prior to the
above measurement, a thru calibration had been performed at 0dB attenuation. Therefore, a level of 0dB corresponds
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with the 0dB attenuation value.Clearly, the measured RX level (blue) corresponds exactly with the TX level (green, here
in terms of TX attenuation) as should be for a coax cable. The good correspondence can also be observed with the

numbers in the result table.

Clicking the main menu "Calibrate Level" allows to specify the absolute output level of the TX port (or the level after a

booster amplifier):

|-1? dBm reference level for 0 dB attenuation

I izplai relative affenuaton onl

¥ Show level label in main win

x|

If "Display relative attenuation only" is deactivated, the absolute level is used on the x-axis instead of the attenuation

value:

=1 Power Sweep Utility
File Sweep Calibrate Level

"Info | Attenuation Grid | Analysiz and Plot Setiings  Sweep Results |

=

#  [avensdE  [RelResul] ii

oo o Level/dB

1 (499385  agm4z | L e N R o :
P EEE:S -3.93412 0— e - ==

3 |129dse 298773 ] o o

4 [17.49384 474867 ]

5 [200015 19.98737 10—

6 [womzr  23sma ]

N E .

8 [49.9878 4977891 20

10| ]

T ]

12| -30—

13 | ]

L -

15| -40 —

15| ]

L -

L -50—...|....|....|....-r....-r..
19| ||||i||||i||||i||||i||||i||
i? . -60 -50 -40 -30 -20
4] | _»l_l TX Level / dBm

0dB Level = -17 dBm

[vwa set to maximum output level,

The plot offers a right-click menu offering access to several functions:
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[=] Power Sweep Utility _ | Dlﬂ

File 5Sweep Calibrate Level

Info I Altenuation Grid I Analysis and Plot Settings  Sweep Results |

#_[Atten/dB |RelResul) iI
{1 0 Level/dB
1 499388 -4.99142
2 ]9.933% -3.98812
|3 |12.99328 -12.98773
|4 |17.43384 -17.48631
5 |200059 -19.98737
6 |30.0ma7 -23.97181
|7 13993099 -39.89713
8— 493678 4377891 fit straight guide line to zoomed range (fix
% b fit straight guide line to zoomed range
Z _30_ data to mem -
13 y-offset mems in zoomed range to match guideline :
T i dear y-offsets
s | dear mem 3
% -40- dear data -
7| ] save memory data to file (3
L -50 —] save measurement data to file -
19| load data from file to v
20 -
BT = Graph to Clipboard
ﬂ_ _’I_I Graph to Bitmap
0dB Level = -17 dBm Print Graph

|Fit{x) = 17.0411594968+1%x | max. y-error = +/-0.14 v

- unzoom after box zoom (see below)

- Fitting a straight line through the data points either with fixed slope (+1 or -1 chosen automatically) or with variable
slope. The fit result will be found in the guide line input field in the analysis and plot settings tab. Only visible points
inside the zoomed range will be used for the fit. Note the pink fitted guide line in above plot. Also note the fit result in the
status line below the table and graph.

- Measured data can be saved to mem fields, mem fields or measurement data can be erased or mem traces can be
automatically shifted vertically, so they best match the guideline. The latter is useful to compare compression of test
objects with different amplification values.

- Data can be saved to files.

- The graph can be saved or printed.

A box zoom is performed by holding down the ctrl-key while drawing the box with left mouse key pressed:

o/

File Sweep Calibrate Level

Irfa | Attenuation Grid | Analysis and Plat Settings  Swesp Results |

t  |aten/dE [RelResul) ﬂ

o0 [0 i

1 [4.99385 -4.39142

2 |399% -9.98812

3 |1zomss 1299773

4 |174388s 17amEm

5 |omss 199wy

[ R AT

7 |mow0ms  amsanis

N EEEE -49.77891

10

i

12

18|

14

i

16

g |

18

18|

20

EE i

4] | _»l_l TX Level / dBm
0B Level = -17 dBim -24.1/-7.5
|Fit\(x} = 17.0411594968+1%% | max. y-error = +/-0.14 v
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The left mouse key must be released before the ctrl-key. Then a zoomed version of the graph is being shown:

=1 Power Sweep Utility _ | Dlﬂ

File Sweep Calibrate Level

Info | Attenuation Grid | Analysis and Plat Settings  Swesp Results |

#  |atensdE  [RelResul) ﬂ

oo 0 Level/dB
1 [+33985 -4.93142

2 [999% 9.98812 ]

3 [1233928 1298773 7

4 [174988¢ 1740631 -10+

5 [2000155  -19.98737 -

6 |anomzr  2agma i

7 [3933039 3389713 i

8 |4a.9578 4977831 i

10

] 15

7] i

13 i

L -

15| i

Il -20—

17 i

18|

EN i

20

< _»r' TX Level / dBm
0dB Level = -17 dBim -31.96/-14.95
|F1t(x) = 17.0411594968+1%x | max. y-error = +/-0.14 v

Note, that pressing the left mouse key without pressing the ctrl-key will produce a cursor cross. Note the cursor position
values on the lower left below the plot.
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MEASURE - POWER SWEEP: ANALYSIS DLL

The following Delphi/Pascal code defines a simple example dll with name Powersweep_Example_DLL.dIl:

library Powersweep_Example_DLL;

uses
Windows,
SysUtils,
Classes,
Forms,
ShellAPI;

$R *.res

procedure _Init; export; cdecl;

begin

$IFDEF DEBUG_CON

FreeConsole;

AllocConsole;

writeln('SwitchDLL function "Init" called.");
SENDIF

end;

procedure _Close; export; cdecl;
begin

$IFDEF DEBUG_CON
FreeConsole;

$ENDIF

end;

procedure _Process(parameter: integer; var real, imag: double); export; cdecl;
begin

$IFDEF DEBUG_CON

writeln('SwitchDLL function "Process" called.");
writeln('Parameter=',parameter);

SENDIF

real:=4;

imag:=5;

end;

exports _Init;
exports _Close;
exports _Process;

begin
end.

» »» Note: The leading underscores in above procedure declarations (e.g. _Init instead of Init) are required for
C-language compatibility.

The procedure Init initializes a console window and writes a short message to it. It is called only once when the dlil is
being loaded.

The procedure Process writes the passed data to the console and passes the simulated measurement results real and
imag back to the VNWA software. It is called for every power measurement.

The procedure Close releases the console again. It is called once when the dll is unloaded.
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MEASURE - PORT EXTENSIONS

Here, you can add delays to your measured data.
From VNWA software version 36.7.9.7 on this menu also allows for more sophisticated ways to manipulate
measurement data, i.e. embed or de-embed networks.

| Port extensions vs. Embedding / Deembedding

Very often, the VNWA calibration cannot be performed at the exact position of the DUT to be analyzed. Consider the
DUT being a surface mount component sitting on a pcb with microstrips connecting to SMA pcb edge connectors:

If the microstrips on the pcb are well matched to 50 Ohms and if their loss is small, their main effect will be to introduce a
signal delay and thus a phase shift. In this case, the calibration planes may be shifted from the connectors to the DUT
position by using port extensions with positive delay values. In this sense, the microstrips are effectively de-embedded
from the measurement result by the port extensions. The measurement result looks like if the microstrips weren't there.
But this correction is only approximate, e.g. the loss introduced by the microstrips is not taken into account.

Now, consider the more extreme case of an antenna sitting on a very high antenna mast:

Normally it is not feasible to measure on the mast top, so one can only measure into the cable end at the bottom of the
mast. The cable may have a considerable length and thus a considerable loss and it may not even be 50 Ohms. In this
case, removing the cable effect by a mere phase shift through a port extension will not yield a satisfactory result. If the
cable properties are known, then the full mathematical power of de-embedding can be used to "subtract" the cable
influence from the measurement to yield the data of the antenna alone. This is demonstrated in below example
"de-embedding a transmission line".

De-embedding means mathematically removing some circuitry from a chain of circuits, e.g. the cable from an antenna
with cable. Also the opposite can be done, which is called embedding. Consider measuring a high impedance bandpass
filter with the 50 Ohms VNWA. The measurement result will show poor match and a high passband ripple. Actually, you
are interested how the filter behaves in a high impedance environment.

You could find this out by using the VNWA matching tool, but not in real time. Alternatively, you can mathematically
embed your measurement in between two impedance transformers and thus get the result updated in real time while you

sweep. This will be demonstrated in below example "Embedding Impedance Transformers™.
The most general approach is to define two distinct sets of 2-port S-parameters (=S-matrices) for an input and output

network, that can be used to embed the measurement in between or to be de-embedded (=removed) from a
measurement. This is demonstrated below in section "Using S-Parameters for Embedding/De-Embedding".
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|  Using Port Extensions

The port extensions menu can be opened via main menu "Measure-Port Extensions" or via keyboard shortcut P.

Clrortoxtensions x

Close Mode Active

Ext. Port 1 I'ID Ips Vl = 2.093 mm
Ext. Part 2 |2E| ps = 4197 mm

‘Yelocity Factar: ID_? v PFaort Ext. O

Make sure that you have selected Ideal Port Extensions mode:

[=iPortExtensions |

Close | Mode  Active

v Ideal Port E ions k I]
Ext.F Transmission Lines r = 2.099 mm
Ext F Impedance Transformers = 4197 mm
S-Parameters
‘Welacity Factar: 07 ¥ Part Ext. 0N

»»» Example: You perform a calibration at the end of your test cable. But between your test cable and you DUT, there
might be another low loss 50 Ohms transmission line (e.g. a stripline on the test PCB). If you want to know the reflection
coefficient of your DUT without the additional transmission line, you can simply enter the signal delay caused by the
additional line into the "Ext. Port 1" field and check the box "Ext. on". The delay of the transmission line can easily be
found by creating a temporary short circuit at the DUT and tune "Ext. Port 1" such that the measured reflection
coefficient shows up at the short circuit point in the Smith chart.

v+ » Note: Entered delays are one way delays. Reflection data will be corrected by 2x the delay, as reflected signals
travel through the delaying transmission line twice (forth and back!). Transmission data will only be corrected by 1x the
delay as a transmitted signal will pass the delaying transmission line only once.

v+ » Note: Positive delays move the calibration planes further away from the VNWA, negative delays move them
closer to the VNWA.

» »» Hint: You can also tune the delays with the mouse-wheel. Use the right-click menu to select the mouse wheel
steps:

x

Close Mode Active

| v Display delays on main window n = 7189 mm

» » » Note: Delays for forward and reverse measurements can be chosen independently.

»»» Note: The mechanical lengths of the delays are being displayed for info. The velocity factor is only used to
calculate the mechanical lengths of the delays. It has no influence on the measured data. Note, that a velocity factor of
0.7 is appropriate for coaxial adapters, while for coaxial cables the velocity factor is typically lower.

v+ » Note: All delays also influence the phases of the transmission measurements. The effects of port extensions can
only be monitored by looking at phase data or by monitoring data in the Smith chart.

» » » Hint: Right-clicking the port extension window will allow to activate an info text label on the main screen displaying
the port 1 and 2 delays:
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[=iPortExtensions ll

Close Mode  Active

| rr-e— —— |

el Display delays on main window k

Ext. F Mouse Wheel steps

‘Welacity Factar: ID_? v Part Ext. OM

[=IDGBSAQ - Yector Network Analyzer Softw

File Measure Settings Tools Options Help

10dB/

©

(0] ps
Dily2=20 p:

Dl Start =10 "5 MHz Center =10.7 MHz Stap = 10.715 MHz

Span = 0.03 MHz

=10l x|

<Fiefl
1048

= 521 dB :
TX Level =17 dBm 4 _ Continuaus
|S21 j = ||Mem1 j W 511 Smith Single Sweep

|ReFerence Position = 7.7 .

| De-Embedding a transmission line

The following screenshot shows a reflect measurement (S11) of an antenna (dummy, R+L+C series circuit) connected
through 18.37m of real RG58C/U coaxial cable to the VNWA TX port, which is also the position of the

calibration/reference plane (blue, green):

B DGESAQ - Vector Network Analyzer Software — O s
File Measure Settings Tools Options Help
Ref?
0de
Start = 0.03 MHz Center = 100.015 MHz Stop = 200 MHz
Span = 1935970 kHz
= .
¥ 511 4B V¥ 511 Smith Conlinuous
[s21 x| = ||Mem1 *| W Memi dB ¥ teml Smith  Single Sweep

For comparison, the antenna dummy has also been measured without the cable and the result stored to Mem1 (red,

pink). The effects of the cable delay and loss are clearly visible.

Now, let's try to remove the effect of the cable by using a simple port extension. We set the velocity factor to that of the
cable (=0,66) and tune the port 1 delay for the real physical length of 18.37m:

B portExtensions X
Close Mode Active

Ext. Port 1 92.84 ns w =18.37 m
Ext. Pot2 |0 ns =0m

Welocity Factor: |D.BB [+ Port Ext. OM:

After switching port extensions ON, the Smith chart diagram changes:
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B DGASAQ - Vector Metwork Analyzer Software - O X
File Measure Settings Tools Options Help
Ref?

10de /! 0de
10dB/
Dly  Start = 0.03 MHz Center = 100.015 MHz Stop = 200 MHz
s Span = 199970 kHz
[ V511 dB W 511 Smith Cantinuaus
[s21 ~| = |[Mem1 ~| ¥ Memi dB [ el Smith  Single Sweep

The result is not really convincing, as neither the cable loss nor the cable dispersion is taken into account by this
correction.

Now, let's switch the port extensions menu to transmission line mode:

E De-embed Transmission Lines X

Close | Mode De-embed Active

~ Transmissicn Lines

Belc Impedance Transformers Ik j
S-Parameters

Gener. Ideal Port Extensions ‘

o, - Ok

Welacity Factar ’DBBi

Metal dc Resistance ’m Chm/m ki = W
Metal Skin Resistance ’M Ohm/m sqrt{Hz] k1= ,W
Diglectric do Admittance lﬂi S/m

Diglectic ac Loss Admittance 1.3236843E-012 S/mHz k2 = |0.008761

Transmission fine data provided by Dan Maguire AC6LA

Note, that the menu window title changes when the mode setting is changed.

On the "Transmission Line Model" tab we select our cable type RG58C/U. The cable parameters will be fetched
automatically from a data base kindly provided by Dan Maguire:

E De-embed Transmission Lines *
Close Mode De-embed Active

General  Transmission Line Model ]

:ﬁé

nom. Characteristic Impedance ’507 Ohm

Welocity Factor lﬂﬁﬁi

Metal dc Resistance ’m Ohm/m k0 = W
Metal Skin Resistance ’M Ohmdm zqrt{Hz] k1= ,W
Diglectic do Admittance ’07 S/

Dielectric ac Loss Admittance 1.3236843E-012 SémHz k2 = |0.008761

Ti ission fine data provided by Dan Maguire AC6LA

On the "General" tab enter the physical length of 18.37m of our cable and make sure De-embedding is selected and is
Active:
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B8 De-embed Transmission Lines

Close Mode De-embed | Active
General l Transmission Line Mods! |

Belden 8262 [RG-58C/U)

length 1= [18.37 m - length 2= | 1 m

calibration planes

Since we only have a one-port measurement, the output length (2) setting is irrelevant.
Note that the drawing in above window changes when toggling between embedding and de-embedding.

DUT denotes what is physically there, in our case a cable + antenna. The blue calibration plane arrows show the

positions where we want the planes to be, i.e. we only want to see the antenna, but not the cable.

With above settings the de-embedding result looks fully satisfactory:

B DGESAQ - Vector Metwork Analyzer Software = O X

File Measure Settings Tools Options Help

Fefl
1048/ 0B

10dB/

dTL  Start = 0.03 MHz Center = 100.015 MHz Stap = 200 MHz
Span = 193970 kHz

P M 51 dB M 511 Smth _ Confinuous
[s21 =| = ||Mem1 =] W Memi dB ¥ teml Smith  Single Swesp

This is even more surprising as the RG58C/U cable used in this experiment was not manufactured by Belden and | did

not tune any parameters.

Note the dTL label bottem left in above screenshot. This stands for "de-embed Transmission Line". Depending on the

selected mode, this label changes.

| Embedding Impedance Transformers

Next, we look at a full 2-port measurement of an unmatched high impedance monolithic crystal filter (MCF):
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B DGASAQ - Vector Metwork Analyzer Software - O X
File Measure Settings Tools Options Help
<Ref}
10dB/ e
10dB/
MC
Start = 10.685 MHz Center = 10.7 MHz Stop =10.715 MHz

Span = 30 kHz
K W 521 dB W 512 dB Continuous
[s11 ~| = |[Mem4 ~| I 511 Smih W 522 Smith  Single Sweep
Reference Position = 10

These kinds of filters are designed to operate in a very high impedance environment (here about 2kOhms) and thus
show a huge passband ripple when measured in a 50 Ohm environment. Thus, we want to embed the measurement it
between two ideal impedance transformers.

We switch the port extensions mode to "Impedance Transformers":

E De-embed Impedance Transformers X
Close  Mode De-embed OFF
Ideal Port Extensions

Transmissicon Lines

Zl=

~  |Impedance Transformers

S-Parameters n
E] f-]
|| ||

| 50Q : Z, Z,:50Q |

We enter the desired input and output impedances of 2000 Ohms, switch to Embed and to Active:

B Embed Impedance Transformers X
Close Mode Embed Active

Z1=|2000 Ohirn Z2= (2000 Ohin

calibration planes
h——————E—_—ﬂ‘

Note, that the blue arrows in above diagram now indicate that the virtual transformers are included in our measurement
data.

And indeed, now we see the filter with a flat passband as if it was measured with a 2000 Ohm VNWA:
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B DGASAQ - Vector Metwork Analyzer Software - O X
File Measure Settings Tools Options Help

<Refk

10dB/ e

10dB/

MC

emb  Stark = 10,685 MHz Center = 10.7 MHz Stop =10.715 MHz
Span = 30 kHz

i WV 57 dB WV 512 d8 Continuous

[s11 ~| = |[Mem4 ~| I 511 Smih W 522 Smith  Single Sweep

Reference Position = 10

Note, that 2-port embedding/de-embedding requires valid full 2-port S-parameters. These can either be produced by

loading an s2p-file or by doing a full 2-port measurement with a valid full 2-port calibration.

When using an automatic S-parameter testset and a full 2-port calibration, these corrections will be computed in

real-time while continuously sweeping.

If the software detects that the data is no valid full 2-port data (either not all S-parameters measured or no valid 2-port

calibration present), approximate 1-port corrections will be used as fallback. But note, that especially transmission data

can become very wrong in this case.

| Using S-Parameters for Embedding/De-Embedding

Embedding/de-embedding also can be performed with arbitrary 2-ports defined by mathematical expressions.

To do so, select mode "S-Parameters":

E Embed 5-Parameters
Close | Mode Embed  Active

Gener. Ideal Port Extensions

Transmissicn Lines
Impedance Transformers anes
~  S-Parameters —_—
P 1% 1y
|
|

OJI—A;']' HDUTH BU -+O
1) 12

|

|  Example 1
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B Embed S-Parameters x

Close Mode Embed Active

General l Networks |

|
|
|
oH4; HDUTH B; O
1 12
|

In tab Networks you can specify the input S-matrix A and the output S-matrix B to be embedded or de-embedded by
means of math expressions. The syntax is identical to VNWA custom traces. To simplify matrix expressions, a set of 10
sub-expressions can be used, which are common to both A and B matrices. Matrix expressions may also use
mem1...mem10 memory fields thus enabling to embed or de-embed measured data stored in the mem* data fields.

B Embed S-Parameters X
Close Mode Embed Active

General Metworks ]

A s |

A2l =

All=

Al2=

AZ2=

Global Subexpressions [available in Ai and Bi, subexpressions may use other subexpressions from abowve,
MName  Aliaz Expression

Subl = =y
Sub2 = = [y

Sk - - 11

no Erors

Some special case math expressions already have already been hard-coded into the software. Select one of them by
right-clicking one of the matrix fields.

Say, we want to see how the MCF from the previous section behaves if placed in between two series resistors of 1950
Ohms thus also providing a 2000 Ohm impedance level at the filter terminals. We select "Series elements on input and
output™
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B Embed S-Parameters

General Metworks l

A s |
A21 =
All= |zsafizsa+]
A12= 100/ z5a+1
#22= |7gafizaat+]

Global Subexpressions [av
Mame  Alias

Close Mode Embed Active

Series elements on input and output De
Pi-networks on input and output
Tee-networks on input and output

Ideal Thru on current port
Ideal Thrus on both ports, clear ALL subexpressions
Mem1...Mem4 on current port

Mem3...Mem8 on current port

Subl= |7z53

Sub2 = |7gh =10
S -
nio Errars

Next, we specify the series resistors zsa and zsb to be 1950 Ohms:

B Embed S-Parameters

General Metworks ]

A s |

Close Mode Embed Active

#21= (1004(zsa+100)
A= |zsaf(zsa+100)
alz= 1100/zsa+100)
A22= |7gaf(zsa+100)

b

MName  Aliaz Expression
Subl= 1753 = 11950
Sub2= |zgh = 1950
Cikd - i B

no Erors

Global Subexpressions [available in Ai and Bi, subexpressions may use other subexpressions from abowve,

v+ » Note: We could also specify complex impedances instead of resistors if we wanted, e.g. we would use the

expression j*w*1e-9 for a 1nH series inductor.

Now, we activate embedding and obtain a flat passband again as expected:

B DGASAQ - Vector Metwork Analyzer Software - O X
File Measure Settings Tools Options Help
1: 10.70000MHz  -33.23dB 0.98-i0.00  -33.14dB 0.98+ 0.00
<Refl
10dB/ e
1
10dE/
1
¥
MC
emb Stark = 10,685 MHz Center = 10.7 MHz Stop=10.715 MHz
Span =30 kHz
K W 521 dB W 512 B Continuous
[s11 »| = ||Mems =] W 511 Smih ¥ 522 Smith  Singls Swesp
Trace 3/ Marker 1: 10.70000MHz  -33.14dB

Note, that the insertion loss has dramatically increased, though. We now also see the loss introduced by the 1950 Ohms
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resistors. Moreover, S11 and S22 show a near open circuit, because we basically see the 1950 Ohms resistors in series
with the high filter input and output impedances.

|  Example 2

Another useful application has to do with calibration. Say, you have a female calibration kit consisting of female S,O,L
and T-standards. So, after a SOL-calibration you have a calibrated male test port for reflect measurements. What to do,
if you need a calibrated female test port? Well, simply use the female Thru standard to convert the male port to a
female one. But then, you must de-embed the S-matrix of the Thru standard from the measurement result to move the
calibration plane from the VNWA side of the Thru barrel to the DUT side, or in other words, to remove (=de-embed) the
effect of the thru barrel from the measurement data. The S-matrix of the Thru barrel is known to VNWA as it is stored in
the cal-kit model description. You can simply reference it by expressions s_thru (S12=S21) and s_thrumatch (S11=S22).
Thus, the de-embedding settings for this would look like this:

B De-embed S-Parameters X
Close Mode De-embed Active

General Metwarks l

A lei |

#21= 15 thry
#11="15_thrumatch
A12= |5 thry|
#22= g thrumatch

no Errars

Note, that the same calculation has been performed by means of custom traces in chapter "Magi-Cal as Permanent
Calibrator". The new embedding/de-embedding facility greatly simplifies this job, though.
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SETTINGS

The VNWA main menu "Settings" offers the following functions:

Frequency Range

Diagrams

Sweep (VNWA)

Sweep (N2PK-VNA)

Power Levels

Average, Peak Hold, Autosave
Time Domain

Calibration Kit

[=iDGBSAQ - Vector Network Analyzer Software - DGBSAQ i =] |

File Measure | Settings Tools Options  Help

Frequency Range
10dg/ Diagrams

Sweep
Power Levels
Awverage, Peak Hold, Autosave
Tirne Domain
Calibration kit

<Refl
0de

Zoom 4

Display 3
Capli Restore Defaulk Position

Lock Position
» |
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SETTINGS - FREQUENCY RANGE

[=iDGBSAQ - Vector Network Analyzer Soft - 101 x|

File Measureésettings Tools  Options  Help

Frequency Range Fef
10dg/ Diagrams 4 Logarithmic Sweep <Ddg
SIWEER Listed Sweep

Average, Peak Hold, Autosave
Time Domain 3
Calibration kit

Start =1 MHz Center = 30.5 MHz Stop = 60 MHz
- Span =53 MHz
a W 521 dB Continuous

- =>”Mem1 'i ¥ 511 Smith Single Sweep

Mo WA hardware detected! A

This menu item allows to set the sweep mode (linear, logarithmic, listed sweep) and the sweep frequency range.
Selecting "Linear Sweep" or "Logarithmic Sweep" will change the sweep mode accordingly and will activate the
frequency "Input" window.

Selecting "Listed Sweep" will select the listed sweep mode and open the frequency list editor.

|  The frequency "Input" window:

The frequency "Input" window can be activated in various ways:

- via main menu "Settings"-"Frequency Range" (linear or logarithmic sweep mode)

- by double-clicking on one of the frequency labels in the main window (linear or logarithmic sweep mode)
- by pressing the keyboard shortcut key "f" (linear or logarithmic sweep mode)

(I x|
Stark Stop Linit
fo fns00 [z =]
Center Span
750 |MHz > [1500 |MHz =]

Sweep Mode  # x<-Divisions
ILinear ;I I'IEI 0K I

Mouse Wheel Increments for ...
Center, Start, Stop Span

i1 pHz i1 MHz

Enter a start and stop frequency or alternatively a center frequency and a frequency span.

Also, the number of vertical grid lines and the sweep mode (linear, logarithmic, listed sweep) can be changed here.

» » » Hint: Note, that the start, stop, center frequency and the frequency span can also be changed with the mouse
wheel by holding the mouse pointer over the corresponding main window frequency label below the grid and turning the
mouse wheel. The increment values can be set here in the frequency "Input” window.

|  Avoiding interference spikes
Note, that while VNWA2 has quite an odd clock frequency of 35.9 MHz, the VNWAZ3 clock frequency is exactly 12 MHz.
Since very sensitive measurements will reveal some degree of undesired interference at multiples of the clock

frequency, it might be desirable to modify the frequency grid such that these frequencies are being maximally avoided.
This can be done automatically for the linear sweep mode by right-clicking the frequency input window anywhere:
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Sweep Mode  # x<-Divisions

ILinear j I'IEI

Mousze Wheel Increments for ...

Center, Start, Stop Span

f1 MHz |1 tHz

Pressing ok will modify the original frequency grid:
IMPORTANT NOTICE! : x|

arid spacing will be changed from 750,4kHz ko 1MHz
Mumber of points will be changed from 2000 to 1501
Start will be changed From OHz to S00kHz

Stop will be changed from 1.5GHz to 1.5GHz

OK‘E I P.bbrechenl

| Generating an optimum frequency grid for a mastercalibration

When generating a mastercalibration with auto-clock multipliers in use, special care has to be taken to properly include

the frequencies, where the multipliers change, in the frequency grid. Thus, ideally a listed sweep grid is needed. An

appropriate frequency list with the chosen start and stop frequency and approximately the chosen number of points can
automatically be generated with the menu item "Generate frequency grid for mastercalibration", which is opened

by right-clicking the frequency input window anywhere:

x|
Stark Stop Unit
s 1500.5 {MHz =]

Adjust frequency grid for minimum spikes
e freque F

Sweep Mode  # =-Divisions
ILinear j |1D

Mouse Wheel Increments for ...
Center, Start, Stop Span

|1 PHz |1 MHz

A notification of the used parameters follows:

A masker cal frequency grid will be proposed with the Following setkings:
‘four selected stark frequency:  S00kHz

‘four selected stop frequency:  1.5GHz

Approximate number of grid points: 1501

=2 approximate grid spacing: 999, 3kHz

After pressing ok, the sweep mode is changed to "Freq. List". After closing the frequency input window, the frequency
list window opens to show the frequency segments. After closing it, the odd but optimized frequency grid will be shown

and used in the main window:
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DGBSAQ - Yector Network Analyzer Software - DGESAQ ICERsM (=] B

s =] = [[Mem1 =] T
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SETTINGS - DIAGRAMS

The VNWA main menu "Settings - Diagrams" offers the following functions:

Zoom
Display
Marker Caption

[=IDGBSAQ - Yector Network Analyzer Software - DGESAQ | - | Dlﬂ

File Measure | Settings Tools Options  Help
Frequency Range
1048/ Diagrarns
Sweep

Power Levels

Average, Peak Hold, Autosave
Tirne Domain

Calibration kit

<Fefl
0dB

Zoam 3

Display 3
a Restore Defaulk Position
Lock Position
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SETTINGS - DIAGRAMS - ZOOM

The zoom settings allow to control box-zooms, which can be accomplished by drawing a box with the mouse keeping
the left mouse button pressed around the trace feature of interest.

» »» Note: Zooming into Smith charts is not implemented.

» » » Note: The zoom menu items below the separator line are only visible in zoom mode, i.e. when a box zoom has been
performed. Zoom mode is indicated by the "Zoom-label" on the lower left of the main window (see below
screenshot).

[=4DGBSAQ - Yector Network Analyzer Software - DGESAI - =101 x|
| Settings Tools Options  Help

File Measure

Frequency Range » i .
1dB/ Diagrams * only {except timedomain) b
SWEED Display 3 *f only (except kimedomain)
Power Levels 3 Marker Caption » w ®and Y
Average, Peak Hold, Autosave
. . v Overlay Unzoomed
Tirne Damain 3
Calibrakion Kit Undo last Zoom
Leave Zoom Mode, keep y-Scale
Leave Zoom Mode, keep all Scales
Start = 04272403 GHz Center = 435 MHz Stop = 044275397 GHz
L Span = 15519333 MHz
521 dB Continuous
Single Sweep
|Entering Zoom Made! 4
Choices:
- X only ... = only zoom the frequency axis, leave all y-axes unchanged (not applicable in time domain mode).

- Yonly ... = only zoom vertically, leave the frequency axis unchanged (not applicable in time domain mode).
- X and Y = zoom frequency axis and y-axis

- Overlay Unzoomed = If selected, a greyed version of the unzoomed data is displayed with the zoom range highlighted
together with the zoomed trace:

[=/DGBSALD - Yector Network Analyzer Software —__Ij _IEILZ‘(“I

File Measure Settings Tools Options Help

<Fefl
0.6de/ s

Start = 0.426233048 GHz Center = 435.500626 MHz Stop = 0444762203 GHz
Span = 18.523154 MHz

Zoam

= 521 dB Continuous
| = ”Mem‘l vi Single Sweep
|Reference Position = 10 4

The following choices are only visible in zoom mode:

- undo last zoom = restore the x- and y-scales of before the last zoom

- leave zoom-mode keep y-scale = restore the full frequency span but keep the zoomed vertical scale

- leave zoom-mode keep all scales = keep the zoomed frequency span and the zoomed vertical scale. The data
outside the last zoom box is lost, the visible data is interpolated to the full number of data points grid. A sweep after this
will only sweep the visible frequency span.

- unzoom = restore the original x- and y-scales of before all consecutive zooms

» »» Hint: You can also unzoom by right-clicking the main graphics grid.
» » » Hint: You can also unzoom by right-clicking the zoom label on the main window.

Page 218

Page 21



Page 219

Page 21



SETTINGS - DIAGRAMS - DISPLAY

The VNWA main menu "Settings - Diagrams - Display" offers the following functions:

Traces

Grid Options
Storage Screen
Transparent Screen

[=IDGBSAQ - Vector Network Analyzer Software - DGBSAQ s i ]

File Measure | Settings Tools Options  Help

Frequency Range 3

TE—— I <Ref
3de/ Diagrams 3 | 0B

clear E

Sweep Display Traces
Power Levels 3 Marker Caption  » Grid Options
Awverage, Peak Hold, Autosave Sto

Tirne Domain 3
Calibration kit

Storage

Cal
Stark = 399.5 MHz Center = 400 MHz Stop = 400.5 MHz
- Span =1 MHz
T Level =17 dBm fSeil d Continuous
= ||Mem1 'I ¢ 511 Smith Single Sweep
v
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SETTINGS - DIAGRAMS - DISPLAY - TRACES

The "traces" settings allow to control most displayed features on the main window.
On clicking the menu item "Settings - Diagrams - Display - Traces", the display settings window will open.
|  Traces

The Traces tab allows to configure grids, traces and markers:

B Display Settings x
Traces lAnnotations]

Miscellaneous

Grid Calar [ none C] RefLine Calar W -

Srith Grid Color - [ noneC] FiefCircle Color W none -
RefCircle R = 0.5
v noneC]

Background
|7 extend background to full window Text Calor -

Trace Line Width = |2 - Grid Line ‘Width = |1 -

Trace Enable

v 1 v 2 3 [~ 4 & [~ &
Enable Trace Markers

W 1 v 2 W 3 [v 4 W 5 v &
Trace 1 Trace 2

B | || [smith |

In the upper part of the miscellaneous panel the displayed colors can be configured. If "none" is selected, the feature is
either not displayed or the standard windows color (grey) is used. To change a color, click onto the appropriate color
field and select the desired color from the popping up color select menu.

»»» Hint: Two horizontal freely movable reference lines can be displayed. If these are not needed, check "RefLine
Color " "none". These lines can either be positioned in the y-scale menu (accessed by double-clicking the y-scale labels
(D.E) or by dragging them up or down with the mouse. Switching on the cursor when moving the lines with the mouse
will simplify placing the lines to a specific level.

»»» Hint: A user definable reference circle can be displayed in the Smith chart. If it is not needed, check "RefCircle
Color " "none". The circle diameter can be specified by the "RefCircle R" parameter. R = 1 puts the circle at the edge of
the Smith chart.

» »» Hint: The traces' and grids' line widths can be specified to improve visibility outdoors in the sunlight. The default
linewidth is 1 (= 1 pixel, thinnest lines)

The "trace enable checkboxes™ select, which traces (=curves, maximum 6) may be displayed.
When checking one of the traces, an according trace information field pops up, where the trace type (S21, S11, ...)
and the display type (dB, Smith...) can be selected.

The "enable trace markers checkboxes" select, which traces (=curves, maximum 6) will be allowed to carry markers.
If unchecked, markers will not show for the selected traces, even though markers may be activated.

Available trace types:

S21,811,S12,822 => measured data

Memory 1...4 => stored data

Unitarity =>|S11|*+|S21|? = fraction of power not dissipated
M.3/M.4 => Memory 3 / Memory 4

S21/M.3 =>S21/Memory 3

S11/M.4 => 811/ Memory 4

TimeDomain => inverse FFT of selected data space, see example.
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Gated F-Domain => FFT of gated time response, see example.

Custom1...6 => arbitrary mathematical expression containing data space variables, see example.
s11,s12,...s33 => 3-port S-parameters

Available display types:

dB

Re dB => real part shown in dB

Im dB => imaginary part shown in dB

smith

VSWR

sVSWR => signed VSWR, negative for reflection coefficients > 1

real part

imaginary part

lin. magnitude

phase =>range -pi ... pi

continuous phase => extended range such that phase function becomes continuous

-cont. phase/f => minus continuous phase / frequency (up to software version 36.7.6) replaced by:
-cont. phase/w => minus continuous phase / 2*pi*frequency (from software version 36.7.7 on)

group delay time
polar mag/phase

RADAR

dFreq => frequency-center of RX input signal (only applicable for zero frequency span in VNWA mode for
VNWA2 and VNWAB3)

dFreq/Freq =>(frequency-center)/center of RX input signal (only applicable for zero frequency span in VNWA
mode for VNWA2 and VNWAZ3)

Frequency => frequency of RX input signal (only applicable for zero frequency span in VNWA mode for VNWA2
and VNWAZ3)

The following display types are only visible for trace types S11 and S22. Z denotes the impedance and Y the
admittance calculated from the reflection coefficient.

real Z

imag Z

| Z|

C-- => series equivalent circuit capacitance, series resistance is real Z.
L-- => series equivalent circuit inductance, series resistance is real Z
real Y

imag Y

[ Y]

R | => parallel equivalent circuit resistance

Xl => parallel equivalent circuit reactance

C | => parallel equivalent circuit capacitance

L | => parallel equivalent circuit inductance

QcC => quality factor of capacitor

QL => quality factor of inductor

smith renormalized => smith chart renormalized to user selectable complex impedances (power wave

representation), see example

» » » Hint: Trace types and display types can also be changed in the main VNWA window by right-clicking the trace-type
labels (K) and the display type labels (L) respectively.

»»» Hint: The display settings menu can also be accessed by double-clicking the trace select checkboxes (J), the
trace-type labels (K) (except for trace type "custom", where the custom menu is invoked and for trace types "time" and
"gated", where the time domain settings window is invoked.) and the display type labels (L) .

» » » Note: Traces can be switched on or off with the trace select checkboxes (J).

|  Annotations

The Annotations tab allows to configure a plot title and descriptive annotations to the displayed traces:
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B Display Settings X
Traces Annotations

W Title

LC-Filter

Trace 1 |T ansmission

v

Trace 2 |Input
v FRieflection

Trace 3 Output
W Rieflection

Trace 4 |annatation Traced

-

Trace 5 |annotation Traces

-

Trace & Lannotation Traces

-

allaN | Reset positions |

all OFF | Reset texts, fonts and positions |

Check checkboxes to enable annatation texts on main screen.
Annotation textz can be positioned on the main screen by
dragging them with the mouze.

Note, that annotations may be multi-line.
Title and annotations will be seen on the main window:

B DGESAQ - Vector Metwork Analyzer Software — O
File Measure Settings Tools Options Help

LC-Filter
10dE/

Olutput
Rieflection

Input
Reflection

Transmizsion

X

<Refl
0de

Start = 0.025 MHz Center = 25.0125 MHz Stop = B0 MHz
_ Span = 49,975 MHz
P ¥ 521 dB W 522 Smith Continuous
v| = [|Mem1 | ¥ 511 Smith Single Sweep

The title and annotations may be moved by dragging them to the desired position using the mouse.
Text sizes and fonts may be changed by right-clicking one of the text labels.

Note, that title and annotations may have different fonts and sizes, but all annotations have the same font and size.

The title color is identical with the text color, the annotations share the corresponding trace colors.
Double-clicking title or any annotation will open annotations menu above.
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SETTINGS - DIAGRAMS - DISPLAY - GRID OPTIONS

The "Grid Options" settings allow to control the appearance of the x-y grid (=Carthesian grid) and the Smith
grid. Moreover, the trace and the background appearance can be controlled here.

On clicking the menu item "Settings - Diagrams - Display - Grid Options", the grid options window will open.

» » » Hint: The same functionanity can be accessed by right-clicking the grid on the main VNWA window and
selecting Grid Options.

Many of the grid options are accessible in other windows, e.g. in the trace settings. All grid related settings are
summarized here.

Carthesian Grid Options:

[=1Grid Options x|
Carthesian Grid I Smith Grid | Polar Gridl Custom Backgroundl Traces and [4 | *

v -Gid # Grid Options adapting grid ‘l

¥ fiwed Grid Divisions = |3

Log X-Grid Options = Isubdecimal ticks 'l

Frequency Markings v

v -Grid #'-Divigions g
Left ¥-Grid Marking for Trace 1 j
Right VGrid Marking [l Trace 2 v
Top Y Marking W.

" Marking Calor Trace Colo

#or-Gnd Colar I~ none

New grid options only accessible here are:
X Grid Options: only apply to a linear frequency grid.

fixed grid: The vertical grid lines are placed equidistantly according to the "# X fixed Grid Divisions".

adapting grid: The vertical grid lines are placed equidistantly at easily human readible frequencies, e.g. at multiples
of 100MHz.

Frequency Markings: If checked, the frequency of every vertical grid line will be displayed in the main window.

Left and Right Y-Grid Markings: Horizontal grid markings can be chosen for two traces and can be configured to
show the trace number and to appear in the trace color.

Smith Grid Options:

5
" Carthesian Grid  Smith Grid | Polar Gridl Cusztorn Background I Traces and Background | Misc. |
v Impedance Gnd Color [ hone -
v Admittance Grid Color [~ none -
vV SR Circles Color [ none -
v Smith Grid M arkings Visible IZ or'y j

Smith Gnd Lines, ¥5'wHs:  Confirm every change by pressing returnl

Line# |Real Ilmaginary IVSWF! 1k \ﬂ
1 0.33333 033333

2 1 1

a 3 3

4

[

B

7 ;I
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The Smith grid options allow to configure the Smith grid in various new ways:

- An admittance Smith grid (see red grid on below screen shot) can be selected in addition or alternatively to the
default impedance Smith grid .

- VSWR circles can be added (see purple circle below).

- Note, that you can select to enter reflection coefficients or return loss instead of VSWR by clicking onto the table's
VSWR title bar or the "VSWR Circles" checkbox.

- Grid and circle colors are customable.

- All grid lines are fully user configurable. You can add or remove grid lines by adding or removing entries in the

Excel-like table.
- Smith grids can be configured to show markings with impedance/admittance markings either normalized to 50 Ohms

or absolute in Ohms/Siemens as seen below:

With above settings, the main window appears like this:

[-IDGBSAQ - Yector Network Analyzer Software - ll:llzl
File Measure Settings Tools Options Help
10dB/ Tracel -i20ms <DF:_IEH
-10dE £ ‘
-20dB '
-30dE
-40dB
-B0dE
-60dB
Start =1 MHz Center =115.5 MHz Stop = 230 MHz
= Span = 229 MHz
- W 521 dE Continuous
i VI = i Plotz  »| W 511 Smith Single Sweep
|Mo ¥MWWa hardware detected! A

Note that the carthesian grid does not show right markings here, since trace 2 does not show in the carthesian grid but

in the Smith grid.
Also note the adapting frequency grid in 20 MHz increments with frequency markings.

Polar Grid Options:

[=1Grid Options x|
Carthesian Gridl Smith Grid  Polar Grid ! Custom Backgroundl Traces and Bz 4 i 4

v Radial Grid # R-Divisions 11 1}

W Angular Grid — # phiDivisions =
Phi-Grid Marking

Polar Grid Color [~ none -

Here, the grids of polar and RADAR plots can be controled. Note, that while polar plots generally have the 0° orientation

to the right, RADAR plots have it to the top.
Phi-Grid-Marking = Auto will automatically select the marking style according to the above rule.

Custom Background Options:
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[=1Grid Options
Carthesian Grid | Smith Grid {1

X

Traces and Background i

Ovwerlay a graphic file to the main window az custom background.

Load DLL ! |

Mo DLL loaded.

The custom background options allow to load an image to appear as background on the VNWA main window.
Image file import is implemented in an optional external dynamic link library (dll) to avoid incompatibilities with older
Windows versions (Windows98 and Windows2000 do not support GDI, which is used to read and display *.svg-files).
Two different dlls are provided for reading image files:

svg_dil.dll supports import of scalable vector graphics files (*.svg)

gfx_dil.dil supports import of most pixel graphics files like *.bmp, *.jpg, *.png... .

Before importing an image, an appropriate dll-file must be loaded by pressing the "Load DLL" button and selecting the
dil-file.

Once the dll is loaded, the controls for loading and manipulating an image appear.

See page "Importing and Manipulating a Background Image" for detailed examples.

Traces and Background Options:

X

Carthesian Grid | Smith Grid l Custorn Background  Traces and Background !

Miscellaneou T
Tier Gl -  Reftine Cobor v e (D

Background v noneC] E RefCircle Calor ¥ none -
[~ entend background to full windaw : FefCircle B = 10.5

Trace Line Width = !2 vi Grid Line 'Width = i1 vi

Trace Colors

Trace 1 - Trace 3 - Trace 5 -
Trace 2 D Trace 4 - Trace B -

The traces and background menu allows to set the colors of traces, grid, background and reference lines and circles
and do some related settings. This menu is redundant to the "Trace Options" menu.

Misc. Options:
Here some marker properties can be changed.

The marker size can be changed with a slider:
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x

" Carthesian Gridl Smith Gridl Polar Grid | Custam Backgroundl Traces and |4 I ’I

—Marker Size and Color

Kl
Apply Size | v Marker Color = Graph Color

Default Size | tarker Color |

—=oom Color Blending

L] _ Bl

off

T

Storage Screen Functionalityr

[~ O

Note, that the actual markers will only change after pressing the "Apply Size" button or after closing the grid options

window.
The button "Default Size" restores the default marker size.

After applying the selected marker size, the main window markers will appear in the same size as the example marker:

[=IDGBSAQ - Yector Network Analyzer Software _ i [m] |

File Measure Settings Tools Options  Help

<Refl
0de
1. EAMHz 029
2 30.7MHz  -BR.4E

Start =1 MHz Center = 30.5 MHz Stop = B0 MHz
- Span =59 MHz
. 521 B Continuous

- =>||Mem1 'I W 511 Smith Single Sweep

Import successful, 601 data points read

By default, the markers have the same color as the corresponding traces. Thus, sometimes it is hard to locate a marker

inside a noisy trace.

Therefore, the color of all markers can be changed smultaneously from the default trace color to a custom definable
color by un-checking the "Marker Color=Graph Color" checkbox and selecting an appropriate color by clicking the

"Marker Color" box:

x

" Carthesian Gridl Smith Gridl Polar Grid I Custom Backgroundl Traces and | 4 I 4

tarker Size and Calor

R 0
Apply Size | I

Default Size | Marker Calar R’J

—Zoom Color Blending

L] [ B

off

<=

masimum

Storage Screen Functionality

™ o

The now yellow marker is easily seen on the blue noise trace:
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= DGBSAQ - Vector Network Analyzer Software - DGBSAQ |

- || x|
File Measure Settings Tools Options Help
<Fefl
10dB/ 1: 27.6MHz  -95.05dE 0de
Start =1 MHz Center = 30.5 MHz Stop = 60 MHz
~ Span =59 MHz
?; At =0dB ¥ 521 dB Continuous
I 'I = ||Mem1 'I Single Sweep
fTrace 1 /Marker 1@ 27.6MHz  -35.05dB y

Zoom Color Blending:

[=] Grid Options

X
" Carthesian Gridl Smith Gridl Polar Grid I Cugtom Backgroundl Traces and | 4 I 4
—Marker Size and Colar

K1 |

0
Apply Size | [ Marker Calar = Graph Calor -

Default Size | Marker Calor |

r—zoom Color Blending
L«

TARImLMT

off

Storage Screen Functionality

[~ O

The "Zoom Color Blending" slider will change the shading of e.g. the Smith chart trace outside the zoom area (see
mouse pointer):

[-IDGBSAQ - Yector Network Analyzer Software

=] 3]
File Measure Settings Tools Options Help
0.4d8/ g
Start = 0429242804 GHz ~ Center= 435.250313 MHz ~ Stop = 0.441257822 GHz
iﬂom Span = 12015019 MHz
- W 521 di Continuous
- = | IMem1 'I ¥ 511 Smith Single Sweep

Entering Zoom Mode! v

Maximum means the outside trace segments disappear while off means the whole trace is drawn in the same color.

Page 228

Page 22



Storage Screen Functionality:

= Grid Options

" Carthesian Gridl Smith Gridl Polar Grid I Custom Backgroundl Traces and | 4 I 4

tarker Size and Calor

x|

KT 0
Apply Size | [~ Marker Calar = Graph Calor \71"
Default Size | Marker Calar |

—Zoom Color Blending

L] ] o]

masimum off

Storage Screen Functionality

v

From software version 35.8.q a storage screen is available, i.e. everything plotted to the main screen becomes

permanent. This is useful if many consecutive sweep traces are to be compared.
See page Settings - Diagrams - Display - Storage Screen for more details.

Default Window Size Functionality:

B Grid Options

tarker Size and Color

K| 2
Apply Size Iv tarker Color = Graph Color
Default Size Marker Color

Zoom Color Blending

L] [ |

masimum off

<=

Starage Screen Functiohality
[~ ON

Drefault kain window Size

W= 488 pizelz H= |357 pixels Apply Size I:

Carthesian Grid | Smith Grid | Polar Grid | Custom Background] Tracez and B4 | ¥

b

From software version 36.7.9.8 on you can specify a default main window size, that you may want to use for

documentation purposes.

When pressing the "Apply Size" button, the main window size is set to the specified values.
Note, that you may also load the current main window size into the default size input fields by right-clicking any of the

input fields and selecting the appropriate menu.
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SETTINGS - DIAGRAMS - DISPLAY - STORAGE SCREEN

From software version 35.8.q a storage screen is available, i.e. everything plotted to the main screen becomes

permanent. This is useful if many consecutive sweep traces are to be compared.
To activate/deactivate this feature click the main menu "Settings - Diagrams - Display - Storage Screen - active".

Alternatively use the keyboard shortcut ctrl-s.

=10l |
File  Measure | Tools  Options  Help
3des Diagrams <DF;|EH
Sweep Display Traces
Power Levels 3 Marker Caption  » Grid Options I
Average, Peak Hold, Autosave

Tirne Damain 3
Calibrakion Kit

Cal

Start = 339.5 MHz Center = 400 tMHz Stop = 4005 MHz
Span =1 MHz

= -
T Level =-17 dBm et S el Continuous

= ”Mem1 'i ¥ 511 Smith Single Sweep

| v

clear E

When the storage screen is activated, every sweep leaves a permanent trace on the plotting grid. The following shows

a series of sweeps performed while tuning a filter:

[=/DGBSALD - Yector Network Analyzer Software - DGESA = IEII&
File Measure Settings Tools Options Help
<Refl
3dB/ 0dB
Cal
Start = 399.5 MHz Center = 400 MHz Stop = 400.5 MHz
N Span =1 MHz
= 521 dB ;
T Level =17 dBm G Contiruous
= ”Mem1 'i W 511 Smith Single Sweep
|Sweep stopped incomplete! v

The color pitch of the storage screen can be controled with the Zoom Color Blending slider.

The storage screen can be erased by right-clicking onto the plotting grid and selecting "Storage Screen - Clear",

via keyboard shortcut ctrl-x or via the main menu "Settings - Diagrams - Display - Storage Screen - clear”, e.g.

[=JDGBSAQ - ¥ector Network Analyzer Software - DGESAI i ]
File Measure Settings Tools Options Help
<Ref
3B/ Add Frequency Marker » 0de
Clear last Marker =
Clear all Markers
Add Trace
Marker Caption »
Cursar »
& Realtime Expression Evaluator  »
Sk 2 enter = 400 MHz Stop = 400.5 MHz
= Trace Options : Span =1MHz
T# Leve  Grid Options Conlinuous
ikl S | S
: ’ Storage Screen I _2ingle 2weep |
|Sweep sOppET Moompeter . Off v

Note, that the storage screen is erased automatically, whenever the drawing grid changes size, upon a zooming action
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or upon deactivation of the storage screen.
From software version 36.5.5 on the storage screen contents will be automatically saved upom program shutdown and it
will be reloaded upon program restart. Also, the storage screen contents will be saved to and reloaded from saved

instrument states. Moreover, the storage screen content can temporarily be saved and reloaded using the above visible
storage screen popup menu.
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SETTINGS - DIAGRAMS - DISPLAY - TRANSPARENT SCREEN

From software version 36.3.7.9 on, the background of the main window can be switched to transparent mode:

(=JDG8SAQ - Vector Network Analyzer Software R = |EI|£|
File Measure | Settings Tools Options Help
Frequency Range > |

lodby Zoom T
108 Sweep S Display L4 Traces D

0de Average, Peak Hold, Autosave... A Marker Caption * Grid Options G
Time Domain 4 Storage Screen

-20dR ﬂ u_\.n alf\n
Y UAYAT \
3048

-40de \ (“"\A

e

508 Y M I tll
H
0dE I Nm r%i'.gv/" TN
Start =333 MHz Center = 433 MHz Stop =633 MHz

Span = 200 MHz

Vbt Continuous
[s21 =]z [Pt~ Single Sweep

| A

This is useful to quickly overlay a measurement or data file over a document e.g. a data sheet.
Simply move the transparent VNWA window over the document to be compared and adjust the VNWA scales to match
the document's:
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-1&.00

[=IDG8SAQ - Vector Network Ana

i File Measure Settings Tools Options Help

14

2 470.00000 MHz -45 445 dB

‘]OdBJ.' 1 41d.00000 EHZ -EE 474 B
f@dB‘G:.UDUDU Hz -1.4370 dE

S 41
247

OoMHz|  -43.95dB
O0MHz]  -44.35dE

0dB

D A433)0MHzl -

B4dB

1048

Refl
ode

-20dE

-30dB

RN

-40d8

\
NUS

;;Ehr-

5048

-60dE:

b V)

o2

[s21 =|ll=][Pott  +]

Start = 333 MHz Center = 433 MHz
Span = 200 MHz

¥ Plot1 dB

Stop = b33 MHz

Continuous

Single Sweep

[Trace 1 / Marker 3: 433.0MHz

-1.94dB

A

Above, the red trace and labels are VNWA data, while the blue trace and labels are on a pdf document placed under the

VNWA window.

» » » Note: Most screen capture softwares cannot capture semitransparent windows. Two softwares that can, are the

Windows 7 built-in snipping tool and the freeware 7capture.
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SETTINGS - DIAGRAMS - MARKER CAPTION

» » » Note: The marker captions can be moved on the main window by pointing onto the frequency part and dragging the
captions around with the mouse, while keeping the left mouse button pressed.

[=IDGBSAQ - Yector Network Analyzer Software - IEILZ(J
File Measure Settings Tools Options Help

<Refl
1048/ 048

©

1: 1D@SD?MH2 -23.17de 1.00-40.03

Start = 10.685 MHz Center = 10.7 MHz Stop =10.715 MHz
Span=30kHz

The "marker caption” settings allow to control the behavior of the marker captions on the main window.

Network Analyzer Software - DGBSA =131l

File Measure | Settings"" Tools  Options  Help
Frequency Range

104/ Diagraris Zoam 3

SWEER Display 3

Power Lewvels r Restore Defaulk Position

¥ 4|
Average, Peak Hold, Autosave Lock Paosition
Time Domain 4
Calibration kit

<Refl
0dB

restore default = places the marker captions to the default position in the upper left corner and makes it
movable.
lock position = locks the marker caption position such that it cannot be moved with the mouse
unlock position = makes marker caption movable by the mouse after "lock position" again
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SETTINGS - SWEEP (VNWA)

The "sweep settings" allow to specify the number of measured data points as well as the measuring time per
data point. From these values, a best guess sweep time is calculated, but as Windows is often doing unpredictable
things, usually the sweep time is a bit longer in LPT mode. The prediction for USB mode is accurate.

x

—Sweep Control

Mumber of Datapoints = |4D1

Measurement Time:

Time per sweep = (.06 secs

Time per data point = 016 ms

—Sweep Progress Display

v Frogress Bar On - Progress Bar Colar

I~ Progress Test On

»»» Note: Except for the fastest (<=1ms) time settings, 50% of the specified time are reserved for the DUT to
settle to the new frequency. The remaining 50% are used for measurement. In the <=1ms cases, the DUT settling time
is specified in the setup window by the # of presamples.

v+ » Note: Sweep rates below 1ms / frequency point are only available in USB mode.

» » » Note: The sample rate slider will block on the left at the fastest possible sweep rate. If you want to sweep faster you
need to increase the IF by decreasing the #samples per IF period and/or increase the sample rate.

Two kinds of sweep progress indicators can be switched on or off, namely a graphical progress bar appearing at the
lower edge of the main VNWA window grid and a progress text appearing in the status line at the very bottom of the
VNWA main window.

Advanced speed control:

Right-clicking the sweep control panel allows to activate a numerical input field for the time per data point:

x

—Sweep Control

5 Offset frequency menu visible
Mumber of Datapoints = {401

e T et Ny

Time per Point to
|

Fast E
Time per sweep = 11760 Slow 5
Time per data point = 23.33 ms wanted: ISU ms

—Sweep Progress Display

|v Frogress Bar On - Progress Bar Color

I~ Progress Test On

In above example, 30ms have been entered into the "Wanted" data field. The software selects the nearest possibe
value, in above case 29.33ms.

In the same way, two default speed values can be defined as "Fast" or "Slow" speeds:
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x

—Sweep Control

Murmber of Diatapo Offset frequency menu wvisible

Measurement Time ¥ NUmEric input ON

Time per Point to

Fast F
Time per sweep Slow 5
Time per data point = 23.33 ms wanted: |3E| ms

—Sweep Progress Display

|v Frogress Bar On - Progress Bar Color

I~ Progress Test On

Selecting "Time per Point to > Fast/Slow" will copy the currently selected time per point to a fast/slow memory, from
which it can be restored when selecting "Fast" or "Slow" via above menu or by means of the keyboard shortcuts F or S

respectively.

This is useful for quickly switching between two predefined measurement speeds.

The right-click menu also allows to activate the offset frequency menu:

[=] VNWA Sweep Settings x|

—Sweep Contral

Mumber of Datapoints = (401

Measurement Time:

Time per sweep = 11.76 zecs

Time per data point = 29.33 ms ‘wianted: IBD ms

—Sweep Progress Display

[¥ Progress Bar On - Progress Bar Color

[~ Progress Text On

[Reference channel DEactivated! v

In normal VNWA mode the TX output frequency always tracks the RX frequency such that the RX always sees the TX
signal if there is a connection between TX and RX.

In offset frequency mode, the transmit and receive frequencies can have a frequency offset to each other.

The frequency offset can be custom defined in the VNWA main menu Options - Setup - Misc. Settings:
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[=] PC and Instrument Hardware Related Setup

"LISE Seftings I Audio Settingsl Audio Levell A, Audio Level  Instument Settings | Misc. Settings |

WM Type: S-Parameter Test Set: IS‘I‘I = loww 'I save profile |
IVNWA 3 j Inone ﬂ load prafile |

X

—RF DDS LO DDS
IADSBSS, AD9351 vl IAD 9859, AD3551 vl
Clack = [10 # [16 x| MHz x |2 | | Clock = 10 w15 x| MHz w2
=» Clock = 32000 MHz =3 Clock = 32000 MHz
Calibrate Clock Frequency
Calibrate DD Clock Frequency |

To calibrate the DDS clock frequency, vou need to measure the output frequency at the T port with & frequency counter.

—Custom Sweep Scheme

RF= 1 “F + [0 MHz + |0 *IF

L0 = |1 *F 4 |1un MHz + |1 * |F

F = nominal frequency as dizplayed in main graph

Calibrate Sampling Rate!

In above example, the RD oscillator which is fed to the TX port, tracks the displayed frequency. The receiver's local

oscillator (LO) is offset by the intermediate frequency (IF) + 100MHz.

This feature is particularly useful for performing compression measurements on mixers with the VNWA Power Sweep

utility.

Note, that the DUT mixer requires an LO signal of 100MHz which is locked to the VNWA clock. It is easiest to derive

both the external mixer LO and the VNWA clock from an external multi-synthesizer.
A VNWARSEC with external clock input is mandatory for such measurements.

Note, that normalization with the reference signal is switched off in offset mode, as no internal reference signal can be

produced since RF and LO do no longer mix into the instrument's IF bandwidth.

Offset mode is indicated by a red offset mode label in the VNWA main window:

=1 DGBSAQ - Vector Network Analyzer Software - DGBSAQ licensed to DGES _|E||ﬂ
File Measure Settings Tools Options Help
Offiest freq. mode ONL
fre set mode ( <Refl
1048/ e set mode OFF e
Start = 0.03 MHz Center = 50015 kHz Stop =100 MHz
R Span =99.97 MHz
Tt =0dB W 521 o8 W 511 Smith __ Confinuous_|
|S11 j =3 ||Mem1 j Single Sweep
[vNwa USB Mode started. 4

Offset mode can be deactivated by
- right-clicking the red offset mode label (see above)
- or in sweep settings via the offset mode menu.
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SETTINGS - SWEEP (SPECTRUM ANALYZER - SA)

In SA-mode (=spectrum analyzer mode) the "sweep settings" allow to specify various settings.

x|

—Sweep Control

MNumber of Datapoints = ISDD

Measurement Time:
1 J

Time per sweep ~ 5.6 secs Time per data point ~ 7 ms

Resolution Bandwidth = 40000 Hz j

Paint spacing = 1.25 kHz <= Res. Bandwidth = 40 kHz %

Sweep Progress Display

[ PFrogress Bar On - Progress Bar Color

I~ FProgress Text On

—General
|F|>< frequency = displayed frequency (S pectrum Analyzer] j
Frequency Dffset T ta B IU MHz
Level Offset -100 dB

1. The number of measured data points.

» » » Warning: Note, that in SA mode (unless used with tracking generator) the frequency point spacing must be
smaller than the resolution bandwidth! If this is not obeyed, spectrum gets lost, e.g. there might be spectral lines but
you won't see them. If settings are inappropriate, the status text (left of the mouse arrow in above screen shot) will turn
red.

2. The measurement time per data point: From these values, a best guess sweep time is calculated, but as
Windows is often doing unpredictable things, usually the sweep time is a bit longer in LPT mode. The prediction for USB
mode is accurate.

Note, that the minimum sweep time depends on the resolution bandwidth. The slider will lock at the minimum allowed

measurement time.
Note, that measurement times below 1ms / frequency point are only available in USB mode.

3. The resolution bandwidth.

» » » Warning: If the resolution bandwith is smaller than the frequency point spacing, then the status text below the entry
field turns red (see 1.).

Note, that changing the resolution bandwidth to lower values might automatically increase the measurement time setting
if necessary.

4. Two kinds of sweep progress indicators can be switched on or off, namely a graphical progress bar appearing at
the lower edge of the main VNWA window grid and a progress text appearing in the status line at the very bottom of the
VNWA main window.

5. A frequency axis option: Three options are available:

a) RX frequency = displayed frequency (Spectrum Analyzer)
This option will set the main window frequency axis to the receive frequency of the RX such, that spectral lines are
shown properly centered to their center frequency. Note, that the TX frequency is offset by the VNWA IF in this case.

b) TX frequency = displayed frequency (Tracking Generator)

This option will set the main window frequency axis to the transmit frequency of the TX such, that in tracking generator
mode the measured frequency response is shown properly. Note, that the RX frequency is offset by the VNWA IF in this
case.

c) custom frequency scheme (see Setup - Instrument Settings) This option allows the user to customize the
frequency axis to e.g. account for external frequency converters or frequency multipliers. The customization is specified

Page 238

Page 23



in the "custom sweep scheme" input field in "Setup"-"Instrument Settings":

[=1 PC and Instrument Hardware Related Setup il

Irterace T_l,lpel Audio Settings I Audio Levell Calibrate System Timing  Iretument Settings I Misc. Settings |

WYMHWA Twpe: S-Parameter Test Set: IS‘I‘I = low 'I save profile |
fvhwinzn x| [ nane =] load profile |
~RFDDS Lo DDS

IADSSSS, AD3351 vl IAD 9859, AD3551 vl

Clack = |12 b} Iauto j MHz = |3 j Clock = |12 b Iauto j MHz =« 3

= Clock = 36.00 MHz = Clock = 36.00 MHz

Calibrate Clock Frequency
Calibrate DDS Clock Frequency |

To calibrate the DDS clock frequency, you need to measure the output frequency at the T port with & frequency counter.

rCuztom Sweep Scheme

RF= 1 “F + [0 MHz + |0 *IF

MHz + |1 * |F %

L0 = |1| "F+|D

RF denotes the frequency of the RF DDS.
LO denotes the frequency of the LO DDS.
F denotes the frequency axis.

IF denotes the RX intermediate frequency.

The above example shows a situation, where the TX frequency (=RF) is displayed and the LO of the RX is offset by the

IF above the TX.

Note, that the above shown "custom sweep scheme" input field (next to the mouse pointer) is only visible if option c)

(custom frequency scheme) is activated.

6. A frequency offset to detune the TX signal by the specified offset from the RX frequency. The displayed frequency

axis shows the RX frequency. Say, you display a frequency range of 1...10 MHz and the specified offset is 10 MHz.
Then the TX sweeps like a tracking generator the range of 11...20 MHz. This feature is useful to measure transfer
functions of converters and mixers using an additional external local oscillator. Note, that the frequency of the

external LO must be identical with the selected frequency offset to within the resolution bandwidth. Note, that todate no
calibration can be performed if the offset is not zero. For zero offset, a regular through calibration is possible, but then

you might rather use the VNWA mode to measure transmissions.

7. A level offset to adapt the displayed amplitude levels e.g. to show dBm. The offset level must todate be determined
with an external oscillator with known output level, as it depends on the sound card sensitivity.
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SETTINGS - SWEEP (N2PK-VNA)

The "sweep settings" allow specification of the number of measured data points as well as the measurement

timing.

Moreover, the analysis mode (normal, CDS, higher order FFT and harmonic detection) is specified here.
From these values, the time per data point and the sweep time are calculated and displayed.

Finally, two kinds of progress indicators can be switched on or off, namely a graphical progress bar appearing at the

lower edge of the main VNWA window grid and a progress text appearing in the status line at the very bottom of the

VNWA main window.

[ZIN2PK Sweep Settings =10l

—Sweep Control

Nurnber of Datapoints =

DUT zettling time |1 milizeconds

ADC Rate [10 fastest) | =]
ADC Averaging Cycles |1

FFT order j41CD8) =]
Detect |fundamental =]

Time per datapoint = & meecs

Sweep Progress Display

[v Progress Bar On - Progress Bar Color

I~ Progress Text On
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SETTINGS - POWER LEVELS

This menu item allows to control the VNWA oscillators' signal levels. Firmwares v4.15 (VNWAZ2) and v5.10
(VNWAB3) are mandatory for this functionality.
The menu item is only visible if the software/firmware combination supports level control.

[=IDGBSAQ - ¥ector Network Analyzer Software - DGBSAQ i =] |
File Measure Settings Tools Options  Help

Frequency Range

10dg/ Diagrams 4 <DF‘;EH
Sweep
Power Levels
Awverage, Peak Hold, Autosave Define Tx Lewel
Tirne: Domain » ]
Calibration kit

|  SetLevels command

Invoking the "Set Levels" command will open the "Signal Power Levels" window.
This menu item can also be accessed by the shortcut key "L" or via the main window level label context menu.

[=1Signal Power Levels x|

|
. ) .
Altenuation 5 16.2 dB Lewvel = D9E1 max
Bl

L0 Level——F
l )
Attenuation = 0 dB Level = 3FFF max

The TX and LO levels can be changed with the sliders. Note, that the LO level should normally be set to maximum as
shown above.

The left attenuation label below the slider (see mouse pointer above) shows the attenuation value (or absolute level if
selected, see below). Note, that the level can also be controlled in very fine steps with the mouse wheel, when the
mouse pointer is held over this label. Observe the "Level" label change in unity steps when the mouse wheel is turned.
The "Level" label shows the DDS amplitude word in hexadecimal representation. Note, that you can scroll the levels
below the slider accessible values. | have found the levels to deviate strongly from the theoretical values for

attenuations higher than 50dB and therefore | have excluded the high attenuation range from the slider accessible
values.

The TX level attenuation value (or absolute level if selected, see below) is also displayed in the main window level
label:

Start =1 MHz Center = 3C
Span =5t
v 521 dB

2
Abt. =16.2dB
- =>||Mem1 vI ¥ 511 Smith

[vryras LUSE Made started.

Note, that you can also control the TX level by holding the mouse pointer over this label and scrolling the mouse wheel.
Double-clicking this label will invoke the "Signal Power Levels" window.
Right-clicking the label will open the level context menu:

Start = 1 MHz
= vV 521 d
TH Level = -33.% Set Levels
557 T - g
—  Define T Level
VWA USE Moo Wheel Increment #

From here, you can also invoke the "Set Levels" command.
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Also, you can set the desired increment for mouse wheel action on the main window power label.

|  Define TX level command

Invoking the "Define TX Level" command from the context menu or from the main menu will open the "TX Reference
Level" window:

[T Reference Level : x|

|-1? dBm reference level for 0 dB attenuation

[V Display relative attenuation only

V' Show level label in main window %

If you specify an absolute TX reference level for 0 dB attenuation and UN-check "Display relative attenuation only", then
the main window power label will display the absolute TX level instead of an attenuation value as shown in the

screenshot below. Note that below main window power label may be completely deactivated by unchecking "Show level
label in main window".

[=JDGBSAQ - Yector Network

File Measure Settings Tools Options Help

10dB/

[=4TX Reference Level x|

|.1 7 dBm reference level for 0 dB attenuation

I Tiznlaw elatie affenuabion anl

V¥ Show level label in main window

- Span =53 MHz
TH Level = -33.2 dBm g -

|521 vl = | Wem 1" v W S11  Smith
[wris USE Mode started.
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SETTINGS - AVERAGE, PEAK HOLD, AUTOSAVE...

[=IDGBSAQ - ¥ector Network Analyzer Software - DG I ] 5
File Measure | Settings Tools Options  Help

Frequency Range 3
2ust Diagrams 4

Sweep
Power Levels
i

5dB/

Tirne Domain
Calibration kit

Start = 399.5 MHz Center = 400 MHz Stop = 400.5 MHz
- Span=1MHz
TX Level =17 dBm I-1S21 Delay Continuous
|S21 j =_>“Mem1 j I 521 dB Single Sweep
[For Trace 1 get scales from Trace 3 v

The " Average, Peak Hold, Autosave..." settings allow to

- average measurement results over any number of sweeps

- determine the maximum of any number of sweeps at each frequency point and display it (peak hold)
- autosave sweep data after a sweep to any memory space

- smooth noisy data by averaging over neighboring frequency points
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SETTINGS - AVERAGE, PEAK HOLD, AUTOSAVE... - AVERAGING/PEAK HOLD

Averaging and Peak Hold can be activated with the left dropdown menu box:

[=]Averaging, Peak Hold, Autosaving... 5'
Ayeraging / Peak Hold |Autosaving I Smoothingl

Im 'l |521 j it IMem1 j EIealAveragex’Peakl

Average

Peak Hold |.;

|  Averaging

[=1Averaging, Peak Hold, Autosaving... x|
Averaging / Peak Hold |.&utosaving | Smoothingl

In the above example, Mem1 accumulates the average of consecutive S21 sweeps. n = 228 means, that already 228
sweeps have been averaged up to now. This number is reset to zero when pressing the "Clear Average" button. At the
same time, the the averaging memory space (Mem1 in above example) is cleared i.e. zeroed.

The effect of averaging can be seen in the following image:

[=4DGBSAQ - Yector Network Analyzer Software =101 x|
File Measure Settings Tools Options Help

1048/ 1: 10.7141BMHz  -83.52d8  -101.2508 Hes

10de./

el

B
o, settings IEEL
————— = Center = 10.7 MHz Stop = 10.715 MHz
aweraging off Span=30kHz
> 7 521 dB Continuousz
FE aukosaving off 1 = ¥ Meml dB Single Sweep
| 4

Averaging effectively reduces the noise. The averaged red trace is a lot less noisy than the single sweep blue trace.

»»» Note: You can also access some averaging functions by right-clicking the "Av" label on the main window (partly
hidden by the upper left corner of the popup menu in above screenshot).

» » » Note The averaging label is only visible, if the averaging function is activated.

» » » Note: Holding the mouse pointer over the averaging label will invoke a pop-up text with the current average number
n.

|  Peak Hold
The peak hold function will determine after each sweep for every frequency point the bigger amplitude of the recent

sweep and the stored sweep and stores this maximum value of the two. Thus over the time and consecutive sweeps, at
each frequency point, the biggest ever encountered amplitude will be accumulated. This function is well known in
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spectrum analyzers. It may also be useful for tuning filters. Trace selection and reset functionality is the same as for

averaging. If the peak hold function is activated, this is indicated by the PH label in the main window.

= DGBSAQ - Vector Network Analyzer Software

File Measure Settings Tools Options Help

1: 10.B9648MHz  -11.29d48 1

1048/

PH

% Start = 10.685 MHz Center =10.7 MHz
Span =30 kHz

o Ve =] P52 &

=

Custd i

=l

<Ref2
1048

Stop = 10.715 MHz

Continuous

Single Sweep

4

»»» Note: You can also access the peak hold functions by right-clicking the "PH label" on the main window (see above).

» » » Note The PH label is only visible, if the peak hold function is activated.

» » » Note: Holding the mouse pointer over the PH label will invoke a pop-up text with the current sweep number n.
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SETTINGS - AVERAGE, PEAK HOLD, AUTOSAVE... - AUTOSAVING

|  Autosaving

Autosaving means automatically saving data at the end of each sweep to another memory space.

[=Averaging, Peak Hold, Autosaving.: x|
Averaging / Peak Hold  Autosaving | Smoothing |

W Autosave 1 IMem3 j inta IMem4 j

vV Autozave 2 IMem2 j inta IMem3 j

V¥ futozave 3 IMem1 j it IMem2 j

[sz1 x| it [Mem1 x|

The effect of the above settings is, that the last four sweeps are automatically displayed and updated after each sweep:

[=1DGBSAQ - Yector Network Analyzr* Software =101 x|

File Measure Settings Tools Options “Help

10dB/ 1. 10.68577MHz  -3046dB  -9046dE  -79.31dE -FE.7BdE  -B4.4GdB ﬁ;gm

1048/

1048/

1048/

1048/

As

al Start = 10.685 MHz Center = 10.7 MHz Stop=10.715MHz
Span = 30 kHz

- ¥ 521 dB ¥ Mem2 dB ¥ Memd 8B | Corrinuaus

|S21 |Mem1 j IV Mem dB I Mem3 dB Single Sweep

| Y

This feature is useful when tuning devices, where it is advantageous to see the changes from sweep to sweep.
The activated "auto saving" function is indicated by the AS label on the left side of the main window (see above).

» »» Note: You can also access some autosave functions by right-clicking the "AS label" on the main window (see
above).

»»» Note The AS label is only visible, if the autosaving function is activated.
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SETTINGS - AVERAGE, PEAK HOLD, AUTOSAVE... - SMOOTHING

|  Smoothing

Smoothing means to average data over several neighboring frequency points. This can be used as a means to reduce
noise, but care must be taken not to smooth out real features of the data.

Example:

Below is a S21-measurement of a bandpass filter passband showing attenuation (blue) and group delay time (red) with
4000 frequency points. The noise level was artificially increased by an attenuator in front of the RX port, which was
calibrated out. While the amplitude data is quite smooth, the group delay data is very noisy because it was obtained by
numerical differentiation of the original measurement data. The higher the number of points, the larger the numerical

noise in this differentiation process will be.

[=4DGBSAQ - Yector Network Analyzer Software -
File Measure Settings Tools Options Help

2p=d

e k 1|F|NMWWWTI i

Stark = 333.5 MHz Center = 400 MHz
Span=1MHz

=
T Level =17 dBm e 521 Delay

[s21 =] = |[[Mem1 =] W 521 dB

~=1alx|

Single Sweep

[For Trace 1 get scales from Trace 3

4

As the group delay of such a filter is a relatively smooth function and there is a vast number of points in this
measurement to use for smoothing, the actual group delay can be obtained by invoking the smoothing functionality:

[=iDGBSAQ - Wector Network Analyzer Software -

Fil: Measure | Settings Tools Options  Help

Frequency Range 3

Zust Diagrams 3
Sweep

5dB/ Power Levels 3 i
Average, Peak Hold, Autosave... W rprl" k!
Tirne Domain k |

Calibration kit

Stark = 399.5 MHz Center = 400 MHz
Span=1MHz

=
T Level = 17 dBm e 521 Delay

[sz1 =] > |[Mem1 =] P2 521 dB

=10l x|

[For Trace 1 get scales from Trace 3

4

Select the trace to be smoothed, in this case Trace1 (=red trace). The corresponding slider adjusts the averaging width,
i.e. how many frequency points are being used to calculate the average.
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[=1Averaging, Peak Hold, Autosaving...
Averaging / Peak Holdl Auytosaving  Smoothing |

W Smooth Trace 1 ] J 129 Paints
[~ Smooth Trace 2 J 0 Paintz
™ Smooth Trace 3 J 0 Points
i , , , , , , ' , , |
I~ Smooth Trace 4 J 0 Paints
[" Smooth Trace 5 J 0 Paintz
[~ Smooth Trace B J 0 Paints
Only dizplayed =y-data is being smoathed, measurement data remains unchanged! Total: :
Smoothing of polar data not implemented! 4000 Points
Move the slider and observe how the traces change:
[=4DGBSAQ - Yector Network Analyzer Software =101 x|
File Measure Settings Tools Options Help
<Ref2
s/ 0k
5dE/
<Refl
Ops
Sm
Start = 3995 MHz Center = 400 MHz Stop = 4005 MHz
- Span=1MHz
TX Level =17 dBm g o Confinuaus
|S21 j =3 ||Mem1 j v 521 dB Single Sweep
[Far Trace 1 get scales fram Trace 3 A

Smoothing could efficiently remove the noise from the group delay trace.

»»» Note: If smoothing is activated, a red Sm label is shown on the lower left edge of the main screen. Right-click or

double-click this label to access some of the smoothing functionality.

»»» Note: The straight stubs at both ends of the red smoothed trace above indicate the smoothing width. Frequency

points too close to the range edges cannot be smoothed, therefore those points are set to the same value as the closest

averaged point, which produces the straight stubs.

Page 248

Page 24



SETTINGS - TIME DOMAIN

The "time domain settings" allow display and analysis control of time domain data.

mTime Domain Settings - Trace ﬂ
Source for time domain transformation: 521 =
Time domain response IImpuIse DFT j
Mode I Bandpass j
‘window Type I Hamming j
Impulse Response |normalized toimpulse height = |

Low frequency data |extrapolated below 25 kHz j

Start Time Stop Time Linit

0 [0 us =l
Welocity Factor: 0.EB 2

Length: Start = 0 nm Stop = 59.3 km

With the above settings, after each sweep an inverse discrete Fourier transform (DFT) of the S21 data will be calculated
and displayed in a time range of 0...300 us if trace type "time" is activated (see below, red trace 2). The frequency data
is weighted with a Hamming window function prior to calculating the Fourier transform in above example.

[=IDGBSAQ - Yector Network Analyzer Softway - |E||1|
File Measure Settings Tools Options Help
10dB/ | 1~38.Bps =764 km  -E4.14dB ! <UF“:|EF:B
|
| <Ref2
10dE/ i “E0dE
1048/ i
|
1
1
|
1
Start = B1.85 MHz Center = 86,85 MHz ' Stop = 91,85 MHz
Start Time= 0 ps Span =10 MHz Stop Time= 300 ps
= v 521 B W gat3 B Continuous
|S21 'l = | I 'l I timz  dB Single Sweep
| 4

Time markers display time, distance and level. The distance is calculated from the time with the vacuum speed of light
and a velocity factor. This is useful to determine lengths of coaxial cables.

The /2 checkbox allows to get proper lengths on reflection measurements, where the signal travels through the cable
twice (forward and backward).

» »» Hint: You can access the time domain settings also by double-clicking the red start and stop time labels or the Time
or Gate label in the main window.

» » » Hint: You can separately add frequency and time markers.
» » » Hint: Besides the impulse response, also the step response of a DUT can be displayed selectable with the "Time
domain response” dropdown menu. This is useful to determine transmission line impedances and impedance

variations.

For an introducion to time domain measurements and practical examples see here.
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SETTINGS - CALIBRATION KIT

The calibration kit settings allow to specify the parameters of the user calibration kit (physical open, short, load, thru
standards) used to calibrate the VNWA. The software needs to know the electrical properties of the calibration
standards in order to compensate measurement errors e.g. due to test cables by using calibration measurements.

n Settings x|
Simple SOLT Model Settingsl SOLT Simulation Settingsl Special Settingsl Measurement Simulationl

f+ SOLT Isimple model custom calibration standards ﬂ

Save Settings | Load Settings

Last loaded/saved: C:M\YNWAS DhAmphenolFern .ckf

Commment: Amphenal female

See page "Calibration Standard Setup" for details on calibration kit models and corresponding settings.

See page "Extracting calibration kit parameters" for a simple method to obtain model parameters of an unknown

calibration kit.

From software version 36.7 on, the VNWA installer also installs a set of default calibration kit model files prepared by

Kurt Poulsen OZ70U corresponding to the calibration kits supplied by SDR-Kits:

& DefaultCalkits - 10| x|
Datei  Bearbeiten  Ansicht  Favoriten  Extras 7 | f;"
GZurUck - J b ? | /.. ) Suchen Ordner | Elv
Adresse I_} CrivNwaLDefaulkCalkits j wechseln zu

E}'—\rnpl'ueru:nl Connex SMA Female Kit

Amphenol Connex SMA Fernale Kit.ckf
*Amphenol Connex SMA Male Kit
*Amphenol Connex SMA Male Kit as Female Kit

“

Datei- und Drdneraufgaben

Andere Orte ¥
Amphenal Connes SM& Male Kit as Female Kit.ckf
Details 2 Amphenal Connesx SMA Male Kit.ckf
R Calkit
*Rosenberger SMA Female kit
et e G Rosenberger SMA Femnale kit ckf
= Rosenberger SMa Male kit
’ 3 o) Rosenberger SMa Male kit, ckf
=

These model files (*.ckf) and corresponding descriptive image files (*.jpg, optional) can be loaded into the VNWA

software by means of the "Load Settings™ button.

Upon pressing "Load Settings™" the calibration kit file manager will open and display all available cal kit files with their

properties:
[=10pen Calibration Kit File x|
Browse Path Home  View Delete File
MName | Ext.. | [iate I todel | Comrnent
AmphenolFeml ckf 181220021726 simple Amphenol female
AmphFemT ki ckf 060620130939 simple Amphenol female with Thiu model
KN - i
[kt Open Abort c:\vuwn%lp]\

»»» Hint:You can also browse and change the file path by clicking the blue path label on the bottom right.
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In order to locate the default calibration kit files, browse for the VNWA installation folder (normally c:\VNWA\) and select

the subfolder .\DefaultCalKits therein.

When highlighting one of the models by clicking on it, the corresponding descriptive image will be shown on the bottom

right:

[=10pen Calibration Kit File

Erowse Path  Home View Delete File

X

Mame

Amphenol Cor
Amphenal Connes SMa Mal..,
Amphenol Connex Ska Mal...
Rozenberger Sha Female kit
Rozenberger SMA Male kit

o |

E.. | Date |

a... | Carnrmetit

A Fem...

ckf
ckf
ckf
ckf
ckf

14.04.2017 20:10
14.04.2007 20010
14.04.2017 20:11
14.04.20017 20:11
14042017 2012

zim...  Amphenol Connex SMa Female Kit Please watch Meazure/Calibre
zim...  Amphenol Connex Male Kit as Female Kit Please watch Measure/(
zim... Amphenol Connex SMa Male Kit - Please watch Measure/Calibratic
zim...  Rozenberger SMA Female kit Please watch Measure/Calibration,
zim...  Fozenberger SMA Male kit Flease watch Measure/Calibration/Ca

i
S
IAmphenoI Connex SMa Female Kit. ckf Open Abort | C:\VNW’iiD e[aulEEilKils\
L 5 oa 15‘ r;
The descriptive image may be enlarged by double-clicking it:
[=3C: ¥NwaA' DefaultCalKits', Amphenol Connex SMA Female Kit.jpg o ] |

Gender Changer

RO ==

L

Amphenol Female Loads were discontinued by SDR-Kits in 2014

S

O & THRU

A cal kit can be loaded from the calibration kit file manager by double-clicking the corresponding file name in the list or

by selecting the file and pressing the Open button or the return keyboard key.

If a calibration kit model file includes a descriptive image,it will be shown in the calibration kit settings menu together with

the model comment after loading:
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[=iCalibration Settings x|

Gereral Settings | Simple SOLT Madel Settings | SOLT Simulation Settings | Special Settings | 4| ¥

f+ SOLT Isimple model custom calibration standards j

Save Settings |

Last loaded/zaved: C:A\WYHWwWAADefaultCalkitz\Amphenol Connex ShA Female Kit.ckf

Comment: &mphenol Connex Ska Female Kit Fleaze watch keasure/Calibration/Cal Kitdlnfo
for a full description ### The Amphenol Connes kit conzist of following calibration standards: 1
pc 50 ohm SMA Jack [female] Load for Load calibration # 1 pe Jack - Jack [female - female]
adaptor used for Dpen and Thiu calibration and additional when connected in series with 1pc 0
ohm 5k 5hort Plug [male] used for Short calibration # 1 pe. Plug-Flug [male - male] adaptor
uzed az DT gender changer. = Bioth Simple and Arbitrary custom calibration standards
zetting are zelectable

Gender Changer m
L S

0 & THRU

Amphenol Female Loads were diascontinued by SDR-Kits in 2014

» » » Hint:You may have to increase the window size to see the image.

You may remove the image or load a different one by right-clicking the window area:

[=iCalibration Settings zl

General Settings | Simple SOLT Madsl Settings | SOLT Simulation Settings | Special Settings | ¢ | ¥ |

& SOLT |simple model custom calibration standards j

Load Settings |

Last loaded/saved: C:ivNwa M|
R I
Comment; &mphenol female EIEE LT

Save Settings |

When adding an image, it is highly recommended to save the model data together with the just added image by means

of the Save Settings button.

The image will be saved under the same name with extension .jpg as the model data for later automatic loading.

»»» IMPORTANT: When using default cal kit models, make sure to change to load resistance to the exact value of your
load standard and save the modified model to a directory different from the .\DefaultCalKits folder, as the latter will be

overwritten with every software update you install!

Below, one of the default cal kit data sets is shown:
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[=icalibration Settings x|

General Settings  Simple SOLT Model Settings | SOLT Simulation Settingsl Special Settingsl A I 4
O5L Calibration Standard Setup

ps  =: oneway electrical length = -10.83 mm

OPEM:  Delay =
SHORT: Delay = I 138.4 =» ohe way electrical length = -14.52 mm

LoAD: R = I Ohms Cl = ISD fF

Mate: The Delays above are correctioh valuss, i.e. the MEGATIVE aof the delayz of the standards!

—THRL Calibration Standard Setup

THRU: Transmizzion Factar = |1 =» attenuation = I 0.0000 dB

THRL: Transmiszsion Delay = |5‘I 54 ps = electical length = 10.82 mm

v

» »» Note: The above default data set still shows ideal 50 Ohms load resistance. You must modify this to the

exact value of your load.

»»» Note: OSL delays are two way delays. Lengths are calculated from half the delays using the velocity
factor specified in the Special Settings tab. If the calibration standard is longer than the position of the
desired calibration plane indicates, a negative delay is to be entered.

»»» Note: The default cal kit data sets also include more accurate arbitrary cal models:

[=1Calibration Settings x|

General Settings |Arbitrar}l SOLT Model Settings I SOLT Simulation Settings I Special Settings ;IL

¢ SOLT e

Sawve Settings Load Settings

Last loaded/saved: C:\WHwWAND efaultCalKitshamphenal Connexs SA Female Kit.ckF

Comment: Armphenal Connex SkA Female Kit Pleaze watch Measure/Calibration/Cal Kit/ nfo for
a full dezcription ### The Amphenal Connes kit consist of following calibration standards: 1 pe

B0 ohrn SMA Jack [female] Load for Load calibration # 1 pe Jack - Jack [female - female] adaptor
uzed for Open and Thiu calibration and additional when connected in series with 1pc 0 ohm Sk
Short Plug [male] used for Short calibration # 1 pe. Plug-Plug [male - male] adaptor used as DUT

gender changer. ™ Both Simple and Arbitrary custom calibration standards setting are
selectable

s EORTY
==

As example, here is the load "open™ model:

[=1Calibration Settings

|z = = Ii"w"[1 39E-10-(1E-18°F)+(2. D36E-27""2)-1.41E-36°"3])
S normalized to 50 Ohms, impedances in Ohme, admittances in 5, press CR to compile

Delay = |-1 38.52 ps  => oneway electical length = -14.53 mm

4

X

General Settings  Arbitrans SOLT Model Settings | SOLT Simulation Settingsl Special Seftings 4 | 4

If you use these arbitrary models, make sure to also change the "load" model here to reflect your exact load
dc resistance (ideal 50 Ohms value highlighted below):
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[=icalibration Settings x|

General Settings  Arbitrary SOLT Model Settings | SOLT Simulation Settingsl Special Settings 1 I 4
OPEM | SHORT LOAD | THAU | LowLossC|

[r="=] [i1 A+rwcE15

S normalized to 50 Ohms, impedances in Ohms, admittances in 5, press CR ta compile

Delay = 1246 ps  =» onheway electical length = -13.07 mm
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TOOLS

The VNWA main menu "Tools" offers the following functions:

Matching Tool
Restore Unmatched
Copy Display Data to S2P Buffer

Crystal Analyzer
3-Port Analyzer

Specification Tester

Complex Calculator

Realtime Expression Evaluator
Optimizer

Custom Plotter

Virtual Keyboard (32 bit Windows versions only)

ASCII Data Import Tool

Data Client

Configure Tools

ol

File Measure Settings | Tools Options Help

10dBY Restore Unmatched ! =

Copy Display Data to S2P-Buffer

Crystal Analyzer X
3-Port Analyzer T

Specification Tester

Complex Calculator N
Realtime Expression Evaluator R
Optimizer o}
Custom Plotter Ctrl+Alt+P
Start = 0.03 MHz ASCI Data Import Tool I
=>
Data Client 4
Configure Tools Alt+T

aE

[No VNWA hardware detecteo:
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TOOLS - MATCHING TOOL

The VNWA's built-in matching tool allows to simulate the 2 port DUT's transfer characteristics under arbitrary
impedance termination conditions and to calculate matching networks.

This is useful for the application of non 50 Ohms filters like crystal filters, where matching networks need to be
optimized.

v »» Note: The original S-parameters normalized to 50 Ohms are stored in a separate internal S2P-buffer and remain
untouched during the simulation. Simulation results will be stored and displayed via the display memory spaces (S11,
S21, S12, S22), which will change in turn. The original 50 Ohms S-parameters can be restored from the S2P-buffer into
the display buffers by the main menu command "Tools"-"Restore-Unmatched".

»»» Note: The matching tool can only be invoked, if the internal S2P-buffer contains valid S-parameters. You can copy
the display memory spaces (S11, S21, S12, S22) into the internal 2-port buffer and thus make them valid S-parameters
with the main menu command "Tools"-"Copy Display Data to S2P Buffer".

A detailed example is found here.
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TOOLS - RESTORE UNMATCHED

"Restore Unmatched" copies S-parameters from the S2P-buffer into the display buffers (S11, S21, S12, S22) .

»»» Note: The "restore unmatched" can only be invoked, if the internal S2P-buffer contains valid S-parameters.
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TOOLS - COPY DISPLAY BUFFER DATA TO S2P BUFFER

"Copy Display Buffer Data to S2P Buffer" copies the display memory spaces (S11, S21, S12, S22) into the internal
S2P-buffer and thus makes them valid S-parameters, which can be used in conjunction with the built-in matching tool.
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TOOLS - CRYSTAL ANALYZER

The "crystal analyzer" tool allows to extract equivalent circuit model parameters from the measured reflection
coefficient of a crystal resonator or similar resonator (SAW, ceramic,...)

See page "Crystal Analyzer: Extracting Resonator Model Parameters" for detailled examples.
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TOOLS - 3-PORT ANALYZER

Three port RF devices like baluns or SAW-filters with e.g. balanced outputs confront the user with a complex
characterization task:

On the one hand, one would like to know e.g. the insertion attenuation from single ended input to differential outputs
and the complex differential output impedance (differential mode). On the other hand, the common mode
attenuation is of interest.

The 3-Port analyzer tool allows to perform both characterizations on a set of imported or measured 3-port
S-parameters.

A step by step example of performing a 3-port analysis is found here.
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TOOLS - SPECIFICATION TESTER

The Specification Tester tool is available from VNWA version 36.3.7.9 on.

It allows to measure components and compare them to a custom defined specification.
Measurement results can be logged to a file. Pass/Fail indication will be given accoustically and optically.

The Specification tester tool consists of 3 tabs:

|  Spec Syntax Tab:

o]

File Measurement  Custom

EvaMamrISpedﬁcmMnI DpﬁmkerSemngslLogEommeMs'm

Source | Command | Parameterl | Parameter? | Lower Limit | Upper Limit
SOURCE = S11. 521, S12, 522, Meml.. . 4, Custl.. .6

PARAMETERS:
frequencies in MHz or gains in dB

COMMANDS :

INMIN: min. in=ertion gain between frequencies Pl and P2, unit dB
INMAX: max. insertion gain between frequencies F1l and F2. unit dB
ARIPP: amplitude ripple betwesn frequencies P1 and P2, unit dB

DAMAY: max. gain between frequencies P1 and P2, unit dB

WALUE: walue at fregquency P11, unit dB

VALPH: phase wvalue at frequency Pl. unit Degrees

DELAY: awerage group delay between freguencies Pl and P2, unit ns
GDHAXY: max. group delay ripple between fregquencies Pl and P2, unit n=
FCEHT: center freguency at rel. Pl-dB-level, unit HH=z

FPHCE: center fregquency at rel. Pl-dB-level. unit ppm

BANDW: bandwidth at rel. Pl-dB-lewel. unit MH=z

FCABS: center fregquency at abs. Pl-dB-level. unit MH=z

FPHAE: center fregquency at abs. Fl-dB-level. unit ppm

BANDA: bandwidth at abs. Pl-dB-lewel. unit MH=z

AZMIN: min abs. impedance between frequencies Pl and P2, unit Ohms
AZHAY: max abs. impedance between frequencies Pl and P2, unit Ohms
RZHIN: min re(impedance) between frequencie=s Pl and P2. unit Chns
RZMAY: max re{impedance) between frequencies Pl and P2, unit Ohns
RZAVG: awerage re(impedance) between frequencies Pl and F2, unit Chns
IZMIN: min im{impedance) between freguencies F1 and P2, unit Ohns

DEMAY: max. gain between frequencies Pl and P2 relative to last 1l%®, unit

=

A

This is a quick reference of the spec syntax.

|  Specification Tab:

_lolx]

File

‘Evaluator Specification |8pec Syn‘raxl

# Src |omd |param1 |param2 |min |ma>< | ii
1 521 feent  -16 0 900 910

2 521 inmas 890 916 -4 0

3 s21  drmax 9365 960 999

4 521 aripp 890 915 0 1.5

5

6

I

8

2

10

11

12

13 Ll
[Component 8 passed. 4
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Here up to 20 spec items can be defined.

- The #-column denotes the spec reference number, which will show in the measurement log.

- The src-column denotes the source to be tested. Allowed choices are S11, S21, S12, S22, Mem1...Mem4,
Cust1...Cust6.

- The emd-column denotes the spec command as described in the Syntax tab.

- The param*-columns denote the parameters of the spec command as described in the Syntax tab.

- The min and max column denote the lower and the upper specification limit.

Example:

The four entries in above example all test S21 for:

- the -1.5dB center frequency, good is 900MHz...910MHz

- the maximum insertion gain (=negative attenuation) in the GSM RX band 890MHz...960MHz, good is anything between
-4dB and 0dB.

- the attenuation in the GSM TX band 935MHz...960MHz relative to the previously evaluated maximum insertion gain,
good is anything between -999dB and -15dB.

-the amplitude ripple in the GSM RX band 890MHz...960MHz, good is anything between 0dB and 1.5dB.

|  Evaluator Tab:

(=4 Specification Tool _ ol x|

File

Evaluator | Specification | Spec Syn‘raxl

# | 1: feent | 20 inrmax | 30 drmax | 4 aripp |

1 908126608 -27676 -16.2427 0.8626

2 906146133 -2.7639 -16.2323 0.8580

3 906.009930 2767 -16.2818 085678

4 4Q06.060040  -3.2324 -17.6398 06248

b Q0B1B0795 27723 -16.2422 08756

5 906.822466 -255446 -16.87495 20223

7906134963 27746 -16.2035 08614

8 406172337 27663 -16.1780 0.8658

Measure and evaluate | [~ Logtofile File Path = PASS
[Component 8 passed. 4

Upon pressing the Measure and evaluate button, VNWA performs a single measurement, e.g.

[-JDG8SAQ - Vector Network Analyzer Soff _ ol x|
File Measure Settings Tools Options Help
<Refl
10dB/ 0dR
Cal
Start = 800 MHz Center =850 MHz Stop = 1100 MHz
- Span = 300 MHz
T AR =0dB VS21 dB Continuous
== | |P|oﬂ vl Single Sweep
| 4
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After completion of the sweep, the measurement is being automatically evaluated with respect to the entered
specification. The results will be displayed in the Evaluator table, and, if Log to file is activated, the same results will
also be automatically logged to a text file. To define a log file path, click onto the blue File Path label. The log file name
will automatically be generated from the current time and date.

Pass/Fail information of the last measurement will be given optically on the lower right (green PASS or red FAIL label)
and acoustically by two different sounds.

In above example, 8 components have been tested, of which component #6 has failed. Red entries in the table denote
failures.

» »» Hint: The Evaluator table will be cleared when the Specification table is being accessed.
» » » Hint: Specifications can be loaded from or saved to a file via the File menu on the top left.

| Log Comments:

From VNWA version 36.7.5 on the user can specify a title and a comment to be inserted into the log file for later
reference:

o]

File Measurement  Custom

Evaluatorl Specificationl Optimizer Settings  Log Comments | Spec Syntaxl

Title
IComponent ABC for Custarner 252

Comments

Measured by Tom ;I
Order number 12345

|  Optimizer Settings:
From VNWA version 36.7.5 on the user can invoke up to four different optimizer runs from within the specification tester

in order to extract model parameters.
The four sets of optimizer parameters may be specified in the Optimizer Settings tab:
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[=1Specification Tool

File Measurement  Custom
Evaluatorl Specification  Optimizer Settings I Log Eommentsl Spec Syntaxl
Data Set0 | Data Set 1 I Data Set 2| Data Set 3 I

E ey optimizer run with param2=0 will be started with these default values.
Right-click thiz label to load current optimizer variable settings to this form,

=10l x|

Description
ILoss_\J cail
E xpression
Iz2s[i"w"|+r]
fitedto |51 |
‘Wariable Feal alue Delta Optimize
wl =1 | 1.000000000000E-002 |1.0E-009 ird
W2=1 | 1.000000000D00E +000 |1.0E-00 v
3= | 1.000000000D00E +000 |0.0E-+000 -
wd = | 1.000000000D00E +000 |0.0E-+000 -
u5 = | 1.000000000000E +000 |0.0E-+000 -
46 = | 1.000000000D00E +000 |0.0E-+000 -

A

The corresponding syntax can be found in the Spec Syntax tab:

IZAVG: awverage in{impedance) between fregquencies F1 and P2, unit Chns
LSHMIN: min inductance between fregquencies Pl and PZ2. unit nH

LSHAY: max inductance between freguencies Pl and PZ2. unit nH

LSAVG: awerage inductance between fregquencies Pl and PZ2. unit nH

CPHIN: min re(capacitance) between freguencies Pl and PZ. unit pF

CPHAY: max re(capacitance) between fregquencies Pl and P2. unit pF

CPAVG: awerage re({capacitance) between frequencies Pl and P2. unit pF
PHHIN: min phas=e between frequencies Pl and P2, unit Degrees

PHHAY: max phase between frequencies Pl and P2, unit Degrees

ZPMIN: min pha=e of imnpedance between freguencies Pl and P2, unit Degrees
ZPHAX: max phase of impedance between freguencies Pl and P2, unit Degrees
TIHE : display end date and timne of sweep

DTIME: display elapsed tine since start of first timed sweep in seconds
FREQ : freguency meter walue

DFEEQ: freguency meter walue minus nominal freguency

TEMP :  VHWA internal temperature, unit C, usze any source

COFTIM: Start optimizersmodel fit run, Pl=#cycles. PiZ=optimizer settings data =et

result=figure of merit, source not used

in . n=0...9, walue of optimized wvariable ¥n after OPTIH cmd. use any source
Fl. P2 number format: Pl=# of total digits, P2=# of fractional digits

Fl:0 =» fized point. P1l<0 scientific nunber format
CUSTn: n=0...9, custom evaluation to be provided in SpecDLL

EXAMPIE:
=21 ppmoce —3.000 128,45 —200 200

checks, if the -3dB dE center freguency of the 521 data is
within +-—200 ppm of the target fregquency 128 45 HH=z.

=
File Measurement  Custom

Evaluatorl Specificationl Optimizer Settingsl Log Comments  Spec Syntax |

IZMAX: max im{impedance) between freguencies Pl and P2, unit Ohns ;I

el

Relevant spec items are:

OPTIM invoke optimizer
X<n>read optimizer variable x<n>

Timed Measurements:

This can also be used for automatic spectrum monitoring in Spectrum Analyzer mode.

From VNWA36.5.0 on measurements can be launched periodically by a custom definable timer. Timer measurements
are useful for monitoring the same device over a long time e.g. under varying environmental conditions like temperature.
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[=1Specification Tool = i =] |
File | Measurement  Custom

Eva yntaxl
IT SR I @ (AR Lq | 3 direq | 4 custd I 5 custl | E: cust? |

Measure and evaluatel every |1 I 'l

[~ Logtofile File Path =

|D:'I,VNWA'|,VNWA3.D'I, specdl\SpecDLL. dll loaded. s

With above settings, when pressing "Measure and evaluate", the button will remain in the pressed position and a
measurement will automatically be performed every 1 minute and be checked against the user defined spec. The timed
measurement process continues until the "Measure and evaluate" button is pressed again. As seen in above menu, the
software can be configured such that the timer automatically stops, when the measurement fails to comply with the user
defined spec.

For timed measurements several new spec commands have been implemented:

o]

File Measurement Custom
'Evaluatorl Specification Spec Syn‘rax|

BAMNDAbandwidth at abs. P1-dB-level, unit MHz :'
AZMIN min abs. impedance between frequencies P1 and P2, unit Ohms

AZMAXCmax abs. impedance between frequencies F1 and P2, unit Ohms

TIME :display end date and time of sweep

DTIME:display elapsed time since start of first timed sweep in seconds

FREQ frequency meter value

DFREQ frequency meter value minus nominal frequency

CUSTnin=0..9. custom evaluation to be provided in SpecDLL

ExXAMPLE:

521 pprnce -3.000 128,46 -200 200

...checks, if the -3dE dB center frequency of the S21 datais

within ++~200 ppm of the target frequency 128.456 MHz. Ll
v

Particularly useful for timed sweeps are:

TIME Logs the time and date when the sweep ended.

DTIME Logs the time when the sweep ended in seconds after the "Measure and evaluate" button was pressed.
DFREQ Logs frequency meter for long time frequency stability measurements.

CuUST* Custom data analysis as defined in a user provided external dynamic link library.

| Custom defined data analysis in external dynamic link library:

By providing an external dynamic link library (dll), the user can define any conceivable analysis of the measurement
data.

Moreover, the analysis value sent back to the specification tester need not be related to the measurenment data at all,
but could also be an environment value measured by means of the dll like environmental temperature, a voltage or a
current. This is very useful for automatic temperature measurements of for e.g. measuring the C-V characteristic of a
varactor diode.

The spec tester dll is loaded via the spec tester main menu:
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(=4 Specification Tool _ ol x|
File Measurement | Custom

Evaluator | Specificatic
# [1.dtme |24 Unload Spec DLL Joustd | 5: custl |6:custz |

Spec DLL Info |

Measure and evaluate | avery IO Is vl

[~ Logtofile File Path =

| Pascal/Delphi example dll source code:

Below example shows simple dll that accesses the measured sweep data and returns some values to the VNWA spec
tester. In this example a console window is opened, which is useful during program development for outputting debug
information using the writeln() command.

The VNWA spec tester accesses three functions:

_Init: is called when the dll is loaded the first time. Do one time initializations here, e.g. open the console window.

_Close: is called just before the dll is unloaded. Do cleanups here like releasing dynamic memory or closing
the console window as shown in the example.

_Process: is called after every sweep when new measurement data is available. Note, that the values are returned as
strings, thus any kind of data may be returned to be displayed in the table.

SOURCE CODE:

library SpecDLL;

uses
Windows,
SysUftils,
Classes;

{$R *.res}

type
TComplex=Record
R: double;
|: double;
end;

TFloatArray=array of double;
TComplexArray=array of TComplex;

procedure _Init; export; cdecl;

begin

FreeConsole;

AllocConsole;

writeln('UserDLL function "Init" called.");
end;

procedure _Close; export; cdecl;
begin

FreeConsole;

end;
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function _Process(Item: Integer; Data: PChar;
freq: TFloatArray; Src: TComplexArray; Npts: Integer; dt: double;
param1, param2, min, max: double): boolean;
export; cdecl;

begin

writeIn('UserDLL function "Process" called.");

/I demonstration how to access VNWA data

writeln('Freq. range: ',freq[0],"...",freq[Npts-1],' HZ');

writeln('Time per data point ="',dt," ms');

writeln('Number of data Points =',Npts);

writeln('First data entry: ',Src[0].R," +j* ',Src[0].1);

case Item of
0: /lcustO
begin
StrPCopy(Data,'my result' );  //return result of evaluation as string
Result:=true; /lpass=true
end;
1: /lcust1
begin

StrPCopy(Data,timetostr(now) ); //return anything you wish, e.g. temperature, voltage,...

Result:=false;
end;
else
begin

StrPCopy(Data,'n.i." ); /lcust2...cust9 not implemented yet, can be implemented as above

Result:=false;
end;
end;
end;

exports _Init;
exports _Close;
exports _Process;
begin

end.

Below is an output of above example dll.

o]

File Measurement Custom

Evaluator | Specification | Spec Syntaxl

# | 1 time | 2. dtime | 31 custd | 4 custi | 5 custz |
1 11.04201.. 1 my result 12.14:37 ni.
2 11.04201.. 3 my result 121439 ni.
3 11.04.201 . b rny result 12:14:47 ni.
4 11.04.201.. 7 iy result 12.14:43 ni.
5 11.04.201.. 4 my result 121445 ni.

Measure and evaluate | every |2| IS 'l FAIL

[~ Logtofile File Path =

[Component 5 failed.

And this is the console output of above example dll after the first sweep:
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UserDLL function "Init" called.

UserDLL function "Process" called.

Freq. range: 1.00000000000000E+0006... 2.00000000000000E+0008 Hz
Time per data point = 6.6666666666666TE-0001 ms

Number of data Points = 801

First data entry: -4.7T1646592T46THE-DOO5 +jx 9.3098752157009TE-0005
UserDLL function "Process™ called.

Freq. range: 1.00000000000000E+0006... 2.00000000000000E+0008 Hz
Time per data point = 6.6666666666666TE-0001 ms

Number of data Points = 801

First data entry: -4.771646592T46THE-0005 +jx 9.309875215T0097E-0005
UserDLL function "Process™ called.

Freq. range: 1.00000000000000E+0006... 2.00000000000000E+0008 Hz
Time per data point = 6.8666666666666TE-0001 ms

Number of data Points = 801

First data entry: -4.771646592T46T4E-0005 +jx 9.309875215T009TE-0005
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TOOLS - COMPLEX CALCULATOR

This is a tool for evaluating complex expressions written by Simon Bucheli.
Thanks for allowing me to integrate this tool into VNWA!

The tool basically works like a pocket calculator, but it can do calculus with complex numbers.

[=] Complex Calculator - |E||ﬁ

Workspace | History

Variable | Value | >> s=z25(25)
s -0.333333333333333
s =
:IJ

-0.333333333333333
<

Command

BE]
enter herel

Expressions are being entered into the bottom right field as indicated by the red hint above.
The history of entered expressions and calculation results is shown in the top right field.
All previously defined variables and their values can be seen in the workspace on the left.

v »» Hint: The tool can access data in the VNWA data spaces (S11,521,...,Mem1..Mem10...) and marker
frequencies and times.

| Usage

Evaluation of simple expressions
sqrt(2)
e’(*pi)+1
Definition of simple variables (immediate evaluation) - use "="
x=1
a=1;,b=2;¢c=3
Definition of expression variables - use ":="
x1:=a+b
X2 :=a-b

Implemented Constants

e Euler constant = 2.71828...

imaginary unit

j imaginary unit j=i

gamma  Euler-Mascheroni-constant = 0.57721...
pi  =3.14159....

mil =1 imperial MIL=1 inch/1000 in meters

inch = 1 imperial inch in meters
foot =1 imperial foot in meters
yard = 1 imperial yard in meters
mile = 1 imperial mile in meters

c0 = vacuum speed of light in meters per second

kb = Boltzmann constant in Joules per Kelvin

neper =1n(10)/20, conversion Neper to dB

sa = spectrum analyzer mode offset level in linear scale

Predefined Variables

x1...x10  Optimizer variables from Optimizer Tool

Implemented Functions
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abs
arcsin
arccos
arctan
arccot
arg or Arg
cos

cot

conj

ceil

deg

db or dB
exp
floor
heaviside
im

imag

Jo

J1

Ib

Ig

In

log

mag

example: arg(exp(j*5))=5

conversion radians to degrees
dB(x)=20%*log(abs(x))

example: im(2+3%)=3% (unusual definition of the imaginary part)
example: imag(2+3%)=3 (usual definition of the imaginary part)
Bessel function of the first kind of order 0
Bessel function of the first kind of order 1
logarithm base 2
logarithm base 10
natural logarithm (base e)
logarithm base 10
mag(x)=abs(x)

marker or Marker or m or M example: marker(3) = frequency [Hz] of marker 3

mval<n>

example: mval2(1) = value of marker 1 for trace 2

mem1 or Mem1 example: mem1(200e6) = value of data space Mem1 @ 200 MHz

;1.'.1em1 0 or Mem10
plot1 or Plot1 example: plot1(200e6) = value of data space Plot1 @ 200 MHz

plot10 or Plot10

round

rad

re

sin

sqrt

sqr

sign

s21 or S21
s11 or S11
s12 or $12
s22 or S22
s2t

s2y

s2z

ss2t

t2s

t2ss

t2zs

tan

conversion degrees to radians
example: re(2+3%)=2 = real part

example: S21(10e6) = value of data space S21 @ 10 MHz
example: S11(m(2)) = value of data space S21 @ marker 2

converts a reflection coefficient normalized to 50 Ohms to a transmission coefficient
converts a reflection coefficient normalized to 50 Ohms to a complex admittance. example: s2y(0) = 0.02
converts a reflection coefficient normalized to 50 Ohms to a complex impedance. example: s2z(0) = 50
converts a shunt reflection coefficient normalized to 50 Ohms to a transmission coefficient.
converts a transmission coefficient to a reflection coefficient normalized to 50 Ohms
converts a transmission coefficient to a shunt reflection coefficient normalized to 50 Ohmes.
converts a transmission coefficient to a shunt impedance.

time1 or Time1 example: time1(1e-6) = value of time trace 1 @ Tus

time6 or Time6 example: time6(m(3)) = value of time trace 6 @ time marker #3

y2s
z2s
zs2t

converts a complex admittance to a reflection coefficient normalized to 50 Ohms. example: z2s(0) = 1
converts a complex impedance to a reflection coefficient normalized to 50 Ohms. example: z2s(0) = -1
converts a shunt impedance to a transmission coefficient.
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TOOLS - REALTIME EXPRESSION EVALUATOR

The Realtime Expression Evaluator can serve as a customizable marker.

| Example 1: A Smith chart marker showing impedance instead of reflection coefficient

You look at S11 in a Smith chart and you would like to have a marker showing impedance instead of the reflection

coefficient:

Select main menu "Tools-Realtime Expression Evaluator” or right-click onto the main graphics screen and select

menu item "Realtime Expression Evaluator - Start™:

[=/DGESALD - Yector Network Analyzer Software - IEIILI
File Measure Settings Tools Options Help

1: 85MHz 022+i010

Add Frequency Marker 3

Clear last Marker

Clear all Markers

lll Add Trace
Marker Caption »
Cursar »
Shart = 1 MHz Trate Options E;Fstore Default Position
=3 Grid Options =
V'S 1 Continuous
| = ||Mem1 'I Single Sweep

|Trace 1/ Marker 1@ 9.5MHz 0.224i0.10=%Z= 76.26+ 15.500hm = 79.41 Chm || -42.57 pF S

The following expression evaluator window will open:

[=iComplex Realtime Expression Evaluator

Expression |322[s1 A1)
Presz CR to check expression Colar = IText Color j

Clutput format IMarker‘I @ IComplex Fesult j I Ohmns 1 digits |5 VI

Here, you can customize a marker text to your needs. Enter the mathematical expression to be evaluated into the

Expression field. In above example S11 is evaluated at the marker 1 frequency and converted to a complex impedance.
Pressing enter will parse the expression. In case of expression errors, these will be displayed in the grey blank rectangle
below the controls. Note, that the expression syntax is that of the complex calculator tool.

With the controls below the expression, you can customize the way, the result will be displayed. Close the window when

done. With above settings a new label appears on the main screen showing the impedance at marker 1 position (see

mouse pointer below):
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~=1al |

[=IDGBSAQ - Yector Network Analyzer S
File= Measure Settings Tools Options  Help

1: 958MHz 0.22+0.10 @ker‘l (@ 76.258 + i*15.496 Ohmz

1

Start = 1 MHz Center = 30.5 MHz Stop = B0 MHz
Span = 59 MHz
= W 511 Smith Continuous

1'i=_>“Mem1 'i Single Sweep

iTrace 1/ Marker 11 9.5MHz 0.22+i0.10=>2= 76.26+ 15.500hm = 79.4 2

Note, that the displayed impedance values change when you move marker 1.

Note, that the default position of the label is top left, but the label can freely be moved with the mouse.
Note, that you can reopen the expression evaluator window by double-clicking the label.

Note, that some functions can also be accessed by right-clicking the label:

i

File Measure GSettings Tools Options Help

1. 895MHz 0224010 M =

R
Ooff Copy Marker Caption Fon
k% Default Font
Restore Default Position

C o "|28 + i"15.5580hms

Start = 1 MHz Center = 30.5 MHz Stop = B0 MHz
Span =59 MHz
= ¥ 511 Smith Continuaus

I 'I ;>I IMem‘I 'I Single Sweep

I'I'raoe 1/Marker 1: 9.5MHz 0.22+0.10=>Z = 76.26+H 15.500hm = 79.41Chm || 4

Edit will open the expression evaluator window.
Style will allow to customize the label:
- Change Font will invoke the font manager allowing to change font, style and size.
- Copy Marker Caption Font will transfer the font settings of the marker caption to the realtime expression
evaluator label such that the two will look alike.
- Default Font will restore the default text font, style and size
- Restore Default Position will move the label to the top left default position.
Off will switch the realtime expression evaluator function off.

| Example 2: Determining a resonator's Q-value from two bandwidth markers
This example demonstrates how the realtime expression evaluator can be used to determine the Q-value of a resonance
notch by comparing the -3dB notch width to the notch frequency in real time.

In order to determine the notch width we need two markers to the left and to the right of the notch at an absolute level of
-3dB. We place the left marker by right-clicking on the main grid and selecting a left absolute level frequency marker:
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=1 DGBSAQ - Vector Network Analyzer Software - DGESAQ licens _Iﬂlﬂ
File Measure Settings Tools Options Help

e/

Fefl
Odg
Add FreqL y " MNormal
Maximum
Clear last Marker Minimum
S Absolute Level Zero
Add Trace Delta
Bandwidth 3 Right
Marker Caption 3
Cursar 3
Realtime Expression Evaluator »
Stalt = Trace Options r = 200 MHz Stop = 300 kHz
- Grid Options =200 MHz
T At =0 dB v 511 dB ™ Cus?lImag Continuous
x| = ||s11 vI [T Cusl Smith Single Sweep
[vNwa USB Mode started. 4

We can set the marker level by either right-clicking the marker itself or the marker level label:

[=J DGESAQ - Vector Network Analyzer Software - DGBSAQ licens -||:|| ﬂ

File Measure Settings Tools Options Help

3de/ o Rt
Ode
1- 188.2MHz  -3.nnqo _—\Q
Position »
Show Marker for Trace #
Style 3
Set Bandwidth Lev
Clear Marker
Start = 100 MHz Center = 200 MHz Stop = 300 MHz
~ Span = 200 kHz
T} b =08 ¥ 511 &8 (] el e  Continuous |
Cuzt] i Y ||S11 'I I Cusl Smith Single Sweep
fTrace 1 /Marker 1 188.2MHz  -3.00dB 4

Upon selection of the "Set Bandwidth Level" menu item, the level mask pops up:

(=] DGBSAQ - Vector Network Analyze -2 |
File Measure Settings Tools Options Help
K 1 Fefl
0de
1- 188 2MHz -3.00dB:
[=1 Absolute Level ﬂ
-4 je =
ok | aber |
Start = 100 MHz Center = 200 MHz Stop = 300 MHz
Span = 200 MHz
= .
T Ak, =0dB ¥ 511 d& [T Cus?lImag _ Continuous |
[ttt =] = |[s11 =] 1 Cust Swith Sirigle Sweep
fTrace 1 /Marker 1 188.2MHz  -3.00d8 4

We enter -3dB and confirm.
In a similar fashion we add a right absolute value frequency marker:
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=1 DGBSAQ - Vector Network Analyzer Software - DGEBSAQ lic - Iﬂlﬂ
File Measure Settings Tools Options Help
ade/
Fefl
Odg
1o 188.2MHz  -3.0008 N /7
Add Frequency Marker Mormal
Maximum
Clear last Marker Minimum
Clear all Markers Absolute Level »
Add Trace Delta
Bandwidth
Marker Caption
Cursor 3
Stat =100 Realtime Expression Evaluator ¥ {on; 1, Stap = 300 MHz
—— 00 kMHz
= race Options .
T Al =0dE Grid Options ™ Cus?lImag Caontinuous
C 0 | LA [ = Single Sweep
fTrace 1 /Marker 1 188.2MHz  -3.00dB 4

Here are the two markers we need for our analysis:

= DGBSAQ - Vector Network Analyzer Software - DGBSAQ lic o IEllﬂ
File Measure Settings Tools Options Help
3de/
1 2 Refl
Ode
1- 183.2MHz  -3.00dE
2 2128MHz  -3.00dB
Start = 100 MHz Center = 200 MHz Stop = 300 MHz
~ Span = 200 kHz
T} b =08 ¥ 511 &8 (] el e  Continuous |
= ||s11 ~| I Cust Smith Single Sweep
fTrace 1 /Marker 1 188.2MHz  -3.00dB 4

Next we start the real time expression evaluator:

=1 DGBSAQ - Vector Network Analyzer Software - DGESAQ lic - Iﬂlﬂ
File Measure Settings Tools Options Help
3dB/
Refl
0de
1- 188.2MHz  -3.00dB
2 21285MHz  -3.00dB
Add Frequency Marker
Clear last Marker
Clear all Markers
Add Trace
Marker Caption 3
Cursor 3
Start = 100 MHz Realtime Expression Evaluator » W
Restore Default Psition
=5 Trace Options
Ooff
T Atk =0dB o Grid Ophons T
|| 51 I T S Single Sweep
fTrace 1 /Marker 1 188.2MHz  -3.00dB y

The expression definition mask pops up. There, we enter the evaluation formula, where 0.5*(m(1)+m(2) yields the notch
center frequency computed from the two marker frequencies m(1) and m(2) and (m(2)-m(1)) yields the notch width as
calculated from the same marker frequencies. So, the result of the formula yields notch frequency divided by notch
width, which is the Q-value.
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[= com plex Realtime Expression Evaluator

L

Expression I[D.E"[m[1 Jem[2101A [ 2]-mil17)

Press CR to check expression Calor = |Trace1 Color j
Output format IQ = IHeaI[HesuIt] j I # digits |3 vI

l[g=8.21

With above output format settings (display "Q=",display real part only, display no unit, 3 valid digits) we obtain the

following result:

= DGBSAQ - Vector Network Analyzer Software - DGBSAQ licens

File Measure Settings Tools Options Help

-0

3B/
1 2 Refl
0de
1- 183.2MHz  -3.00dE
2 2125MHz 30048
Q=821
Start = 100 MHz Center = 200 MHz Stop = 300 MHz
~ Span = 200 kHz
?; At =0dB ¥ 511 dB [ Cus2 Imag Cantinuaus
= | |s11 vI [T Cusl Smith Single Sweep
4

fTrace 1 /Marker 1 188.2MHz  -3.00dB

The computed Q-value of 8.21 is displayed and updated in real time as new measurement results come in.

Note, that the Q-label like the marker labels can be dragged to any convenient position on the VNWA window.
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TOOLS - OPTIMIZER

VNWA version 36.5.0 and up has a built-in least squares fit optimizer tool suitable for model fitting:

[IDGBSAQ - ¥ector N Analyzer Software - IEIIiI
Fil: Measure Settings | Options  Help
Matching Tool M
<Refl
1048/ Restore Unmatched 0de
Copy Display Data to S2P-Euffer
Crystal Analyzer %
3-Part Analvzer T
Specification Tester
Complex Calculakar I
Realtime Expression Evaluator R
Wirkual Keyboard
Start =1 MHz &5CII Data Impaort Tool I Stop = B0 MHz
= Configure Tools AlE+T CariitEns
| = “Mem1 'i M 511 Smith Single Sweep
Mo s hardware detected!

Upon first start, the optimizer tool presents itself like this:

[=JOptimizer - Model Fitting Tool x|
File Load SaveModel Settings Optimize k
Expression to be globally fitted to |S11 vl Simulation stared ta [s_11 -

[ it restricted frequency range ID MHz 1] ID. 0013 FiHz

Iz2s[i"w"|+r]
Mame Aliag Subexpression [available in main expression, subewpressions may uze other subexpressions from belaw]
Subl = =4
Sub2 = | =1
Wariable Aliaz Real % alue Delta Optimize
W= |l = [1.000000000000E-008  [1.0E-003 ¥ Right-click to load
2= | - [ 1.ooo000onoo0E ~000 [.0E-001 a descriptive text
or picturel
Bl | - | 1.000000000000E +000 |D.DE+DDD
wd = - | 1.000000000000E +000 |D.DE+DDD
W5 = = | 1.000000000000E 000 [0.DE-000
WG = = | 1.000000000000E 000~ [0.0E-+000

= | 1.000000000000E 000~ [0.0E-+000
= | 1.000000000000E 000~ [0.0E-+000

o e e e e e NG

|
|
|
W= | = | 1.000000000000E 000~ [0.0E +000
|
|

Figure of Merit = 184 [should be as small as possible]

- The optimizer tool includes a complex valued function parser with syntax identical to the custom trace expressions
syntax, which is used to define a fit function in the input line above the sub-expression block.

- The fit function may be split into up to twenty subexpressions which may be named descriptively using aliases for the
default names Sub1...Sub20.

- All expressions may contain up to 10 real valued variables to be optimized (x1...x10), which may again be renamed
descriptively.

- Initial real values have to be assigned to the variables as well as initial step sizes (Delta) for the optimizer.

- For manual optimization, the values can be changed in Delta steps using the mouse wheel. Upon changing the
variables the model will be recalculated.

- The optimizer can be informed to keep a variable constant by setting the Delta value to zero or better by unchecking
the Optimize checkbox.

- From software version 36.7.4 on the optimizer can be instructed to perform the optimization over a restricted frequency
range only.

- A descriptive text or a jpeg or bitmap picture may be loaded by right-clicking the picture/text area. A picture may also be
loaded via menu "Load"-"Picture".
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- The optimizer tool also allows to save or load a model via the File menu.

- The first line in the optimizer tool informs the optimizer to fit the model to resemble S11 as much as possible with above
settings.

- The model simulation is selected to be stored in 3-port data space s_11 with above settings (choices s_11, s_21,
opt=separate storage).

- In menu "Settings" the optimizer may be instructed to update the main graphs after each optimizing step in real-time.
This may be instructive as one can observe how the optimizer comes to the final solution but it does slow down the
optimizing process considerably.

- The menu item "Optimize" initiates the optimizing process.

Note, that pressing Return on any input field will invoke recompilition and recalculation of all expressions.
Note that unused subexpressions may be hidden by moving the separator bar up (see mouse arrow above).
Note that subexpressions may be moved up or down using the right-click menu of the Sub*-labels.

Note, that unused variables may be hidden by decreasing the window height.

»+» Note:

The optimizer main expression as well as all sub-expressions may be directly plotted in the main window:

[=J optimizer - Model Fitting Tool x|

File Load SaveModel Optimize

Expreszion to be globally fitted to |511 - Simulation stored to |s_11 -

|22s[zl+r]

MName Alias Subexpression [available in main expression, subexpressions may use other subespressions from belaw]
S WP_‘—P—P

Wariable Aliaz Real Y alue Delta Optimize

W= | - [1.000000000000E-008  [1.0E003 ¥ Right-click to load

2= | - [tooocoooooooce-oo0 | [LoEom | g @ descriptive text

or picturel

Figure of Ment = 204 [should be as small as possible]

[=] DGBSAQ - Vector Network Analyzer Software - VNWA Virtual Demao Device _|ol x|
File Measure Settings Tools Options Help

3

<Ref2
16
1: 242MHz 080+ 054 1519
Start =1 MHz Center = 250.5 MHz Stop = 500 kU=
Span = 499 kHz
= W Opt Smith Con 2
— = — o ; 3
[s21 ] = |[Memt 2] M2 | singh
[Marker values written to Windows clipbo g1 5
512 [
522 7
Memory 8
Flot 9
ity 0
- 521Mem3 11
Export Trace to s1p S11/Mem4 12
Import sip 13
Clear Trace ort =
Add Trace Time-Domain =
Off Frequency-Domain Gated 1‘:
Custom 13
19
20

Above, we display the optimizer expression in trace 1 and sub-expression 1 with alias zl in trace 2.
Observe, that the sub-expressions are shown with their alias names if assigned.

|  Example

We want to find an equivalent circuit model for the following loop antenna:
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L&

The measurement reveals that the loop is basically an inductor with rather low loss which becomes slightly capacitive at
high frequencies, though:

[=IDGBSAQ - Yector Network Analyzer Softway - |I:||z|
File Measure Settings Tools Options Help
LI
1
1. 1.0mHz 158.09° 092+ 0.37
2 EOOMHz 293 093005
Cal i,
Start = 1 MHz Center = 30.5 MHz Stop = 60 MHz
o Span =59 MHz
T Ak =0dBE ¥ 511 Phase Continuaus
- - ||Mem1 ~| ¥ 511 Snith Single Sweep
[Trace 1 { Marker 2 60.0MHz ~ -2.99° v

We thus try to simulate the antenna using a model consisting of an ideal inductor with a series resistor. In order to model
the capacitive behavior at high frequencies, there must be a small capacitance in parallel to the lossy inductor:

[=40ptimizer - Model Fitting Tool x|
Exit Load Sawe Model Optimize

Expression to be globally fitted to |S11 vl Simulation stored to |2 11 -
Jy2s{1/ZL+vT)

MName  Alias Subexpression

Subl = [ZL = |iwL+R

Subz = [vC = [t

Wariable Alias Feal Value Delta Optimize Inductor Model
#= |R - o |1.0E-001 |

2= | = |1e6 [1.0E007 2 L R
w= |C - |d EEERN

Figure of Merit = 137 [should be as small as possible]

The predefined variable w denotes the angular frequency.

Since we have instructed the optimizer to store the simulation into 3-port data space s_11, we may compare our
measurement to our initial guess for the model parameters:
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[=IDGBSAQ - Yector Network Analyzer Software - DGE i ]

File= Measure Settings Tools Options  Help

1: 1.0MHz  158.09° -092+037 165.68° -0.97+0.25

o077 2 BDOMHz 293 0593400 117 0597+0.26

2077

Cal Fiefl
Start =1 MHz Center = 30.5 MHz Stop = B0 MHz

o Span =59 MHz

Ts st =0 dB ¥ 511 Phase W : 11 Phase Continualiz

= ||Mem1 'I W 511 Smith W =11 Smith Single Sweep

|F0r Trace 4 get scales from Trace 2

4

As the match is not perfect yet, we instruct the optimizer tool to fit our model to the S11 measurement by pressing the
optimizer menu "Optimize". The optimizer then yields the following optimum variable values:

[=JOptimizer - Model Fitting Tool

Exit Load SaweModel Optimize

E=pression to be globally fitted to |S11 vl Simulation stored to |5 11

fy2si1/ZL+rT)

Mame  Alias Subexpression

Subl = [ZL = |iFwl+R

SubZ2 = YT = |iwrC

Warable Aliaz Real Value Delta Optimize Inductor Model
W= R = | 2852134502691E-001  [1.0E001 |

w= | - | 1.529754974426E-006  [1.0E-007 [ L
@= |C - | 5EATTET40BZEEN12  [1OE0IE [

Figure of Merit = 0.0701 [should be as small as possible]
# function calls = 217

i.e. rounded to two digits

R=0.29 Ohms

L=1.5uH

C=5.7pF

These values intuitively make sense.

Comparing the optimized model to the measurement we find an almost perfect match:

[=IDGBSAQ - ¥ector Network Analyzer Software - DG - |I:I|5|
File Measure Settings Tools Options Help
1. 1.0MHz  158.09° 092+ 037 168.23° 092+ 037
2 BO.OMHz  -29%° 0534005 236" 1.00-0.04
I
200
z
Cal Dﬁoe”’
Start =1 MHz Center = 30.5 MHz Stop = 60 MHz
= Span =59 MHz
T &t =0dB ¥ 511 Phase ¥ 211 Phase Continuous
| = ||Mem1 ~] ¥ 511 Snith ¥ 511 Smith Single Sweep
[For Trace 4 get scales from Trace 2 v
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TOOLS - CUSTOM PLOTTER

el

File Graph

‘Settings Graph |

100 MHz Crystal

Imag Z/ Ohm
1500—--:

10007~ -

Real Z/ Ohm

The custom plotting tool allows to generate high quality higly customizable plots of calculated, measured or
processed data.

The x- and y axes are freely configurable with respect to displayed data, lin/log scaling and number format.

Data may be plotted with polygons, point symbols or a combination of both.

The custom plotting tool is invoked via main menu "Tools - Custom Plotter" or via the keyboard short-cut ctri+alt+P.

The graph is configured on the Settings tab. The following settings produce above graph, S11 contains measured
reflection data of a 100MHz crystal:
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REE

File Graph

Settings |Graph I

[ X-Axis
W= IFE(SZE(SU)) linear |
Caption = IReaI Z [ Ohm x-axis color = -
Mumbers = Isdentiﬁc VI I~ Fixed x-grid from 1 o |2 back color = I:I

Y-Axes

Z=a+b =|imag(slz(sll))

Left =a [Ln = Caption = |Imag Z /Ohm left axis color = -
Mumbers = Iﬁxed paint VI [~ Fixed left grid from |1 to |2
Right =b IOf‘f vl Caption = | right axis color = -
Mumbers = Isdenﬁﬁc vI I~ Fixed right grid from |1 to |2

~General
[V draw data lines [V draw datapoints W draw grid title = ||IUU MHz Crystal title color = -
[~ draw guide line to left axis: alx) = Il-x quide line coler = -

—Compiler message:

no Errors

X-Axis Panel:

The point grid of the plot is identical with the point grid of the VNWA measurement settings. Thus, the number of plotted
points is identical with the number of measurement points per sweep.

The x-data is specified with a custom formula. The syntax and available functions are identical with those for custom
traces. Note that the calculus is performed with complex numbers.

In above example, the x axis will plot the real part of the impedance of the measured S11 data in Ohms, which is also
indicated in the Caption field. We use a linear x-axis.

Note, that linearly measured data can also be plotted on a logarithmic scale here if desired.

The requested number format is scientific, i.e. 1000 will be displayed as 1E3. If we are unhappy with the autoscale
function, we may specify an x-range and activate a fixed x-grid.

Y-Axes Panel:

We may have two independent y-axes, one on the left and one on the right. The real part of the complex custom
expression for z is plotted to the left y-axis, while the imaginary part is plotted to the right.

Note, that the z-expression may contain the variable x in addition to the functions, variables and constants defined for
custom traces.

The variable x denotes the value calculated with the custom-expression for the x-axis.

Example: Say, you want to plot the function sin(x) in the x-range from 0 to 10. Then you use the x-expression x=
n/n_top*10 and the z-expression z= sin(x).

Here, n will run from 0 to n_top, which is the sweep settings number of points-1. Thus, the x-expression will run from 0 to
10 and the variable x simply accesses this value.

Both y-axes can be switched to a linear scale, a logarithmic scale or completely off independently. As for the x-axis,
captions, fixed y-ranges, number formats and colors can be specified.

General Panel:

Here, the plotting style is being specified. A polygon may be drawn from data point to data point (data lines) and/or
individual data points may be plotted as little squares.

Also, the coordinate grid lines can be switched on or off here and we can give the graph a title which will appear above
the graph.

Moreover, a so called guide line can be specified with another custom expression a(x). This guide line can be any
function of x. It will be drawn with respect to the left y-axis and it will always be drawn as a line, not a set of symbols.

Compiler messages Panel:
The custom expressions will compile upon pressing the return key. In case of a syntax error, the corresponding
expression field turns from white to red and a descriptive error message will appear on the compiler messages panel.

It is very useful to observe the effects of changing settings on the graph. Therefore, there is a preview function, that
produces a little copy of the graph on the right hand side of the settings panels:
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[=] custom Plotting Tool

File | Graph

T Print Cirl4P
x = toClipboard Ctrl+C linear j 1 %ql M H Z C rystal
to File crl+F Imag Z m
is color =
= Unzoom s colar - 2000 o T -
Mumbers = Isdentiﬁc VI I~ Fixed x-grid from 1 o |2 back color = I:I
Y-Axes

Z=a+b =|imag(slz(sll))

Left =a [Ln = Caption = |Imag Z /Ohm left axis color = _

Mumbers = Iﬁxed paint VI [~ Fixed left grid from |1 to |2

Right =b IOf‘f vl Caption = | right axis color = _

Numbers = Isdenﬁﬁc v[ [~ Fixed right arid from |1 to |2
~General

v draw data lines ¥ draw data points [w draw grid title = III MHz Crysta,  title calor = -

[~ draw guide line to left axis: alx) = Il-x guide line color = -

Real Z/ Ohm

—Compiler message:

o Errars

The preview mode is switched on or off via the menu "Graph-Preview". The Graph menu also allows to print the
graph, copy it to the clipboard or a file and do an unzoom when in box zoom mode (see below).

Note that you can change size of the preview graph by dragging the boundary between the input panels and the graph
with the mouse.

All the settings will be saved and restored when closing and relaunching the VNWA application. They will also be saved
in an instrument state.

But the graph settings can also be saved into an individual graph setting file and be reloaded from there. Note, that the
data points will not be saved this way.

This is done in the File menu:

ol

File Graph

Retrieve Settings ! |
)

X= |re(sZz(sll))

linear

Caption = IReal Z [ Chm x-axis color =

Mumbers = Isdentiﬁc VI I~ Fixed x-grid from 1 o |2 back color =

Y-Axes

z=a+b =|imag(slz(sll))

Left =a |[Ln = Caption = IImag Z [ Chm

Mumbers = Iﬁxed paint VI I~ Fixed left grid from |1 to |2

Right =b IOf‘f vl Caption = | right axis color =
Mumbers = Iscientiﬁc vI I~ Fixed right grid from |1 to |2
General

¥ draw data lines ¥ draw datapoints [ draw grid title = IJ MHz Crystal |~ ftitle color =

left axis color =

il L

I~ draw guide line to left axis: alx) = Il-x guide line color =

—Compiler message:

o Errars

On the main plot (NOT on the preview plot) a box zoom can be performed. This is achieved by pressing the ctrl-key,
then holding down the left mouse key and drawing a box around the area of interest.
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First release the mouse key and only then release the ctrl-key to achieve the zoom:

= costomPotng Tool =0l x|

File Graph

100 MHz Crystal

Imag Z / Ohm
1000

. . 1 . [ — ]
3000 3100 3200 3300 3400 3500
Real Z/ Ohm

To unzoom, right-click into the plot and select the unzoom menu as shown above or use the menu Graph-unzoom.

The main graph also offers a cursor for obtaining coordinates from the graph. When pressing the left mouse key, a little
cursor cross will replace the mouse pointer and the cross coordinates will be shown on the lower left.

The y-coordinate refers to the left y-axis. If the coordinates with respect to the right y-axis are desired, then while
holding down the left mouse key, the right mouse key must be pressed additionally:

ol

File Graph

‘Settings Graph |

Imag Z / Ohm 100 MHz Crystal

1000

2000 1.2

3000 3100 3200 3300 3400 3500
Real Z/ Ohm

3283.5/1.296

» » » Hint: If different colors are used for the axes, it is very easy to see which marker coordinate corresponds to which
axis.
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» » » Note: When measurement dats is displayed, the graph will be updated in real-time while new data is being
measured.
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TOOLS - VIRTUAL KEYBOARD

| 32 bit Windows Systems

Windows has a built-in on-screen or virtual keyboard, which can be operated with the mouse or via touchscreen in
case no hardware keyboard is available or desired.

For 32 bit Windows versions this keyboard can directly be invoked from within VNWA using the main menu "Tools -
Virtual Keyboard":

[=IDGBSAQ - Yector Network Analyzer Softwar
File Measure Settings | Tools Options  Help

Matching Tool
10dB# Restore Unmatched
Copy Display Data o S2P-Buffer

Crystal Analyzer
3-Port Analyzer

Complex Calculator
Realtime Expression Evaluator

Yirtual Keyboard

Configure Tools

Span = 0.03 MHz
s & Continuous

- =>||Mem1 'l I 511 Smith Single Sweep

[whiwva USE Mode started, 4

L1D?15E:‘Hz

Start = 0.010685 GH-

gl1fofasfa]s]e]z]a]ao]s] ' ik

(b JaJwlefcJt]efufifofoful-] # Juetlendoa
o delelafefofnlifufifofa] en ]
03 e M e 3

chil & alt alt - chil

| 64 bit Windows Systems

For 64 bit Windows versions this menu item is made invisible as Windows does not allow the 32 bit VNWA application to
launch the 64 bit keyboard application.

There are two possible workarounds to still use a virtual keyboard on a 64 bit Windows machine.

|  Solution 1: Launch the Windows virtual keyboard from outside VNWA

This is done by either typing "osk.exe" from a Windows command prompt (which is a challenging task without keyboard)
or by having placed the osk application beforehand onto the desktop and double-clicking it.

| Solution 2: Using a 32 bit virtual keyboard application and adding it to the VNWA tools menu

In the following this approach is demonstrated using the freeand powerful virtual keyboard software Click-N-Type which
can be downloaded from http://cnt.lakefolks.com/.

After having installed the Click-N-Type software, it can be integrated into the VNWA tools menu. To do so, open the

main menu "Tools-Configure Tools" and add "Click-N-Type" to the configurable tools menu. Use the Path-button to
browse for the Click-N-Type application on your disk and give it a descriptive name (here "Virtual Keyboard").
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http://cnt.lakefolks.com/.

= Configure Tools E

—Integrated Taoal

v Complex Calculatar

External Toal 1

v MName: IVirtuaI Kevboard Path: | IC:\F'rogram Files (<86 \Click-M-TypehClick-N-Type.exe
Argument: I I~ Autowrite measurement data ta tools directary into "default s2p™ Q

—Futemal Tanl

After closing the "Configure Tools" menu, a new submenu "Virtual Keyboard" will be available in the "Tools" main menu

and, if selected, it will launch the Click-N-Type virtual keyboard:

= DGBSAQ - Vector Network Analyzer Software - licensed to DGBSAQ !Em

File Measure Settings

Matching Tool
10dB/ 1 0700 Restore Unmatched <DFt‘:IeBﬂ
Copy Display Data to S2P-Buffer
Crystal Analyzer
3-Port Analyzer
Complex Calculator
Realtime Expression Evaluator
Configure Tools
Start = 0.010685 GH= Center = 10.7 MHz Stop = 0.010715 GHz
= Span =003 MHz
2 W 521 dB CantinLioLs
I YI = | IF'IDH Yl Single Sweep
[VWA USB Mode started. 07

=10l
File Options Minimize Macros  Prediction  Help

Y11 2@3#48 5% 6|7 8% | oo = [ £ =
wlmlel el ele il v ieliilw

N|o|prP|la|R]s|T|u|v]|w]|x]|Y]zZ
[\ :%]s" | space | ,<|.>],?| Emer |Esc|Del
O [ ot | At | guter || = _Fmz |
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TOOLS - ASCII IMPORT TOOL

[=IDGBSAQ - ¥ector Ne k Analyzer Software i =] |
File= Measure Settings Tools Options  Help
Matching Tool M
<Ref
10de/ Reskore Unmatched 0B
Copy Display Data ko S2P-Buffer
1dB/
Crystal Analyzer ¥
| <Ref2
3-Port Analyzer T 1R
Specification Tester
Complex Calculakor ]
Realtime Expression Evaluator R
Wirkual Keyboard
yata Import Tool
Start = 10685 MHz _ Configure Tools Ale+T Stop =10.715 MHz
= Span = J0kHz
Vv 521 dB Continuous
} vi = ”Plot2 vi ¥ 511 dB Single Sweep
| 4

Often data measured with the VNWA is to be compared to third party data. If the latter is available in Touchstone snp
format, then it can directly be read into the VNWA software.

If the third party data is only available as raw rows of ASCIl numbers, then the ASCII Import Tool helps to read it. The
import tool is either accessible via the "Tools" menu as shown above, via the keyboard short cut "i" or via the main menu
"File"-"Import Data"-"Any ASCII Import".

+1. from File 7 —7.364000000000E+01 ﬂ

+1. 7 =7.379000000000E4+01

+1. 7 =7.302000000000E4+01

+2.342500000000E+07 -7 . 368000000000E+01

+2.790000000000E+07 -7 .268000000000E+01

+3.237500000000E+07 -7 .186000000000E+01

+3§85000000000E+07 ~7 . 154000000000E 01 =

—Frequenc

" Data Fram Coluran Il in in LI

" From Il IIDD IMHZ LI ILinearGrid Li

rData

521 j Idb j found in column 12 {and the fallowing if applicable)
Impork i

4

Data can be read from a file via "Load"-"from File" or by dropping the file via drag and drop onto the list field.
Alternatively, data can be entered from the Windows clipboard.
Above data has been entered via clipboard/copy and paste from a HP spectrum analyzer and the HP benchlink

software.

If the numbers use "," as decimal separator instead of a decimal point, the "Decimal Separator" menu allows to change

the data to using a decimal point.
The list field shows the raw input data. Comment lines should be deleted by right-clicking them and selecting "delete".

Below the raw data list, the user specifies which columns are to be read in what way and where the data is to be copied
to. In above example, the first column is the frequency in Hertz and the second column is the attenuation in dB. If no
column defining a phase is specified, then the phase is set to zero. By pressing the "Import" button, the data is copied to
the S21 data field:
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[=IDGBSAQ - Yector Network Analyzer Software i ] [
File= Measure Settings Tools Options  Help
<Refl
1048/ 4B
Start = 10 MHz Center = 305 MHz Stop = 1800 MHz
= Span = 1730 MHz
IV 521 de Continuous
I VI = | |P|0t2 'I Single Sweep
| 4
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TOOLS - DATA CLIENT

A VNWA data client is a second VNWA software instance that serves as an additional display window to display

measurement data.

It can be opened via The Tools-Data Client-Open menu:

[=1 DGBSAQ - Vector Network Analyzer Software

File Measure Settings | Tools Options Help

-lofx|

Matching Tool M
10dB/ Restore Unmatched

Copy Display Data to S2P-Buffer

Crystal Analyzer X

3-Port Analyzer T

Specification Tester

Complex Calculator N

Realtime Expression Evaluator R

Optimizer 0

Custom Plotter Ctri+Alt+P

Start = 0.03 MHz ASCI Data Import Tool I

hd =_||Mem1

|N0 VNWA hardware detectenr

Configure Tools

Alt+T

Stop = 200 MHz

<Refl
0dBE

Dota Gent m| |
eap |

Send Sij-data to client

When doing a sweep in the main instance window (=server), the measurement data will immediately be shown on the
client instance window, too, as long as the client is in sweep mode:

10dB/

Cal

=
T At =0dB

Start = 0.03 kHz

Center=15.015 kHz
Span = 29.97 MHz

[+ 821 dB

v=_>||Mem1 ~] [V 811 Smith

[=] DGBSAQ - Vector Network Analyzer Software - DGBSAQ lic

Fle Measure Settings Tools Cpfiorns Help

Stop = 30 MHz

e

<Fefl
0dB

Cantinuous |
I sweeping

v

10dB 1

[=] DGBSAQ - Vector Network Analyzer Sc

File Settings Tools Options Help

6+ 0.26

=>

Start = 0.03 MHz

Center=15.015 MHz
Span = 29.97 MHz

1
v

Stop = 30 MHz

_[o/x]

<Fefl
0dB

I Continuous

[V S21 B
|521 | = ||Mem1 ~| P 511 Smith sweERing |
| 4
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» » » Hint: Multiple data clients can be open at the same time.

» » » Hint: Clients may be in zoom mode, while the server is not.

v+ » Hint: Server and client(s) may use different sets display settings and markers.

» »» Hint: The client(s) can be configured to receive data into Plot memory fields instead of default Sij data fields, thus
allowing server and client(s) to display different frequency axes, e.g. the server sweeping a linear frequency axis but a
client displaying the same data in a logarithmic frequency scale.

v+ » Hint: When closing the server, all clients started from the server will be closed automatically. Note, that If more than
one client is open, only one set of client display parameners will be memorized until the next launch of clients.

A detailled description of the data client functionality can be found on page VNWA Data Client.
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TOOLS - CONFIGURE TOOLS

The "configure tools" menu allows to customize the tools menu by showing or hiding the built-in tools and/or by
registering up to four external tools to the "Tools" menu. An example is presented in section "Interfacing ZPlots".

[=iConfigure Tools | x|
Integrated Tool

v Matching Toal

¥ Complex Calculator

—Esternal Taol 1

v I arne: IAEELA plotting tool F'aﬂ‘: | |
Argument: I W Autowrite measurement data to tools directory into "default s2p"

—External Toal 1

External tools are characterized by four parameters which can be selected by the user:
Name: The name of the external tool that will be shown in the "Tools" menu.

Path: Path including the application file name of the external application. Valid applications are files and links that
can be started in Windows by double-clicking.

Argument: An optional runtime argument that can be passed to an external tool, e.g. a file name for a text editor.
Autowrite: When the "autowrite" checkbox is activated, current measurement data will be written to the directory

specified by "Path" as default.s2p prior to launching the external tool and also every time a sweep cycle is completed.
This allows automatic data transfer to external tools.

v+ » Note: You have to activate an external tool by the checkbox on the very left to make it visible in the tools menu.
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OPTIONS

The VNWA main menu "Options" offers the following functions:

Select Instrument is only visible, if N2PK support is activated

Operation Mode
Setup (VNWA, default)

Setup (N2PK-VNA, only activated if N2PK instrument is selected)

Screensaver

Clear allows to erase various combinations of data spaces. Erase means that traces will be nulled.

Preset

=i DGBSAQ - Vector Network Analyzer Software

File Measure Settings Tools | Options Help

Select Instrument

104/ COperation Mode ~ »
Setup
10dE/ Screensaver L4

Preset

3

A A

Mem data spaces
Plot data spaces
All but Plot data spaces

52P buffer g R

-[olx]

<Refl
OdB
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OPTIONS - SELECT INSTRUMENT

The menu item "Select Instrument” allows to select, which kind of hardware architecture the software VNWA.exe is to

control:

[=] DGBSAQ - Vector Network Analyzer Software - DG8SAQ licensed to Tom - | O |ﬁ

File Measure Settings Tools | Options Help

et et dll  DGSSAQ VNWA | e

10dEy Operation Mode  »  N2PKVNA 0dB

Setup Add to / Remove from Select List  * [RYRUNNIYS
v N2PK-VNA
VNWA Virtual Demo Device

Clear ' VNWA Data Clent N
VNWA RC Client

Screensaver L

Preset b
Add Al
Remove Al
Start=1 MHz Center = 30.5 MHz Stop = 60 MHz
N Span = 59 MHz
Tx At =0 dB [v521 dB Caontinuous
5 v| = | IMem 1 vl [v 511 Smith Single Sweep
[VNWA USB Mode started. 4

Via the Add/Remove submenu instruments can be made visible or invisible in the select list. This is useful as

VNWAZ36.7.4 and on offer several virtual VNWA instruments.

» » » Note: Default hardware is the DG8SAQ VNWA hardware.

» » » Note: Depending on the instrument selection, clicking the "Options"-"Setup" menu item will open the specific setup

of the selected instrument.
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OPTIONS - OPERATION MODE

» » » Note: This menu is only visible in VNWA instrument mode.

The menu item "Operation Mode" allows to select different operation modes for the VNWA hardware:

[=IDGBSAQ - ¥ector Network Analyzer Software - Spectrur - 10l x|

File= Measure Settings Toolsér jons Help

Select Instrument  k
Cperation Mode 3 MW
WINWA, external Bridge

<Ref2
0de

5dE/ ST WINWA, internal + external Bridge
Screensaver » WA, RF-TY
Clear (M« Spectrum Analyzer
Signal Generator
Frequency Meter
| 1.VNWA

This is the standard vector network analyzer mode, which allows to perform vector transmission and reflection
measurements.

| 2. VNWA, external Bridge

This is a mode for reflection measurements only as the RX input is used as bridge detector for an external reflection
bridge. This mode might be useful, when measuring antennas in a strong BCI environment. For details see page
"External Bridge Mode".

| 3. VNWA, internal + external Bridge

This is a mode for two simultaneous reflection measurements. The TX port is used in the normal way, while the RX
input is used as bridge detector for an external reflection bridge. The internal bridge is being mapped to S11 while the
external bridge is mapped to S22.

Note that this mode requires tapping the TX signal internally with an external isolating amplifier in order to provide a TX
signal for the external bridge without causing interference with the internal bridge.

| 4. VNWA, RF-IV

This is a mode utilizing an external RF-1V test head instead of an external bridge for impedance measurements. RF-IV
allows for higher measurement stability at extreme impedances as is explained on page "How to measure Impedances -
General Considerations". Details about RF-IV can be found on page "RF-IV Mode".

|  5.Spectrum Analyzer

The VNWA hardware can also be used as a rudimentary spectrum analyzer. Details can be found on page "Spectrum
Analyzer and Tracking Generator Mode".

| 6. Signal Generator

The VNWA hardware can act as a rudimentarry CW signal generator. Details can be found on page "Signal Generator
Mode".

|  7.Frequency Meter

The VNWA hardware can be used as a very accurate frequency meter. See page "Frequency Meter Mode" for details.
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EXTERNAL BRIDGE MODE

The VNWA hardware can also be operated with an external reflection bridge. To do so, select Operation Mode -
VNWA, external bridge.

[=IDGBSAQ - Yector Network Analyzer SDFI:w = l DI__)_;(_j |

1048/

The "bridge" can be as simple as an SMA-Tee, or as sophisticated as a directional coupler or a Wheatstone bridge.
The bridge is connected with its signal input to the VNWA TX port and the bridge voltage output is connected to the RX
port as can be seen below.

VNWA

TX RX

External VSWR Bridge
or Directional Coupler

}

DUT 1-Port

Clearly, only reflection measurements are possible in this setup.

The setup can be SOL calibrated in the normal manner. The calibration standards are to be connected to the DUT port
of the bridge.

Measurement results are displayed in the S11 memory space. Note, that the memory spaces S21 and S12 contain
meaningless results in this case and should not be displayed.

» » » Note: The advantage of this setup lies in the fact, that an attenuator pad can be inserted between bridge and RX
port. This might be necessary, when measuring antenna impedances in strong BCI environments. In such
environments the BCI signals might well saturate the internal VNWA bridge mixer. An external bridge followed by e.g. a
20dB attenuator in front of the RX port avoids mixer saturation. Of course, the desired reflect signal is also attenuated by
20dB, but there is still enough dynamic range margin to obtain reflection data with reasonable accuracy. You could also
use the internal bridge, connect your 20dB attenuator to the TX port and calibrate at the attenuator. This would also
attenuate the BCI signals by 20dB, but the desired reflection signal would be attenuated by 40dB, since it travels
through the attenuator twice (forth and back).
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RF-IV MODE

RF-1IV mode is way to greatly improve measurement stability for extreme impedance measurements (very high Z, high Q
L and C, very low Z).

|  Principle

Instead of measuring the reflection coefficient S11 of an impedance and calculating the impedance value from it, RF-IV
measures the AC voltage V and the AC current | running through the unknown impedance. These are measured by
VNWA with two separate sweeps. Now, why should it be advantageous to measure an impedance with the RF-IV
method instead of using the external bridge?

Example:

a) Bridge measurement

Say, you want to measure a resistor with 50 kiloohms, which is 1000 times the normalization impedance Z0=50 Ohms.
Without measurement error, you would measure S11=(1000-1)/(1000+1)=0.998.

If the instrument drifts such that the measured S11 value is off by 0.1%, you will measure S11=0.999 instead.

Using this value, an impedance of Z=50*(1+0.999)/(1-0.999)=99.95 kiloOhms is measured.

=> Even though your test equipment offers an accuracy of 0.1%, your Z-result is off by almost 100%!

b) RF-IV measurement

Now, do the same measurement using the RF-IV technique. You will measure the voltage V and the current | with 0.1%
accuracy.

VNWA will calculate the impedance Z=V/I. As V and | both show an error of 0.1%, the result Z will be off by at most
0.2%, likely less, ass drift will affect | and V in the same way since both are measured with the same detector. Now,
compare this to almost 100% error in bridge mode!

Summarizing, the RF-IV method is always recommendable, when impedances very close to the edge of the Smith chart
are to be measured accurately.

|  Hardware:

| have performed my experiments with an RF-1V test head developed by Paul Kiciak N2PK and kitted by Ivan Makarov
VE3IVM. For the kit see Ivan's homepage (http://www.makarov.ca/vna_payment.htm).

The test head hooked up to the VNWA I_ooks_ like this:
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The VNWA TX signal is fed into the test head with a coax cable. The test head detector signal is fed back into the
VNWA RX input. The test object (next to the two cal standards) is connected to the test head.

Note, that the test head requires a 5...12V DC power supply, which is tapped from the 5V VNWA USB power. It also
requires a 0/3.3...5V switching signal to select | or V measurement mode. VNWA reuses the S-parameter test set signal

for this purpose. Note, that the polarity of the control signal is of no importance. Even if | and V sweeps are being
swapped, the calibration will fix this.

|  Software Settings and Measurement

In order to use the RF-IV principle, you must switch the VNWA to RF-IV mode:

[=iDGBSAQ - Yector Network Analyzer Software - RF =10l x|
File Measure Settings Tools | Options Help

Select Instrument 3 i
10dg/ Cperation Mode WM
YW, external Bridge

<Fefl
Ode

Setup

SCreensaver 3 Spectrum Analyzer

Clear all data spaces i

Note, that the blue main window title bar also shows RF-IV Mode if selected.

Now, do a normal SOL calibration using ordinary short, open and load standards to be connected to the RF-IV head
DUT port. Note, that VNWA is doing two calibration sweeps per standard now, one for | and one for V. When done,
connect your DUT and press the Single Sweep or Continuous button. Note that again each measurement requires two

sweeps (I and V). Switching between | and V channel can be monitored by the VNWA direction arrow changing direction
from sweep to sweep:

Fix Start = 0.010685 GHz Center = 10.7 MHz Stop = 0.010715 GHz
Span = 0.03 MHz

i I 511 dB Continuous
| = ||Mem1 vI Single Sweep

| Y

Note, that when you display S11 e.g. in a Smith chart, you will still see a reflection coefficient. But in RF-IV mode this
reflection coefficient is calculated from the measured impedance.
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SPECTRUM ANALYZER AND TRACKING GENERATOR MODE

|  Spectrum Analyzer

The VNWA can also be used as a rudimentary spectrum analyzer. Since the VNWA was never designed to be a
spectrum analyzer, there are a few restrictions. Inside the VNWA, the unfiltered DDS LO signal is fed into the RX mixer,
i.e. the mixer is fed with a whole spectrum of LO signals. This will lead to the fact that if one applies a pure sine signal to
the RX input, one can observe not only the spectral line of the input signal, but also a lot of birdies or ghost spectral
lines, which are actually not present. The higher the frequency, the more severe these birdies will be.

Therefore it is recommended to use SA mode only at frequencies below 100MHz and with the highest possible LO clock
multiplier (x20). Another set of birdies stems from the fact that the VNWA RX acts in SA mode as a direct conversion
receiver, which makes the RX sensitive to subharmonics of the input signal. These can be distinguished by their
narrower shape as compared to the real spectral lines.

In order to activate this SA-mode, select "Options"-"Operation Mode"-"Spectrum Analyzer".

[=IDGBSAQ - Yector Network Analyzer Software - Spectrum - IEIIi’
File Measure Settings Tools §'0ptions Help

Select Instrument  »
Cperation Mode  # WRA
WINWA, external Bridge

<Ref2
0de

Sety

S/ Di WA, internal + external Bridge
Screensaver 3 MW, RE-TV
Clear (M Spectrum Analyzer

Signal Generator
Frequency Meter

Next, you need to specify the sweep parameters. The following picture shows the settings used in the following
example.

»»» Warning: Note, that in SA mode (unless used with tracking generator) the frequency point spacing must be
smaller than the resolution bandwidth! If this is not the case, spectrum gets lost, e.g. there might be spectral lines
but you won't see them. If settings are inappropriate, the status text (left of the mouse arrow in above screen shot) will
turn red.

xi

—Sweep Control

Murber of Datapaints = ISDD

Measurement Time:
1 J

Time per sweep ~ 5.6 secs Time per data point ~ 7 ms

Resolution Bandwidth = 40000 Hz j

Paint spacing = 1.25 kHz <= Res. Bandwidth = 40 kHz %

—Sweep Progress Display

v Progress Bar On - Progress Bar Color

[~ Progress Text On

General
|F|>< frequency = displayed frequency [S pectrum Analyzer] j
Frequency Offset T ta B IU MHz
Level Offset -100 dB

A 30mVpp sine wave signal (= maximum level, that doesn't create overload yet = 30mVpp = -26.5dBm =2.25uW) is fed
into the VNWA RX port.
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[LIDGBSAQ - Yector Network Analyzer Softwa o =] |

File= Measure Settings Tools Options  Help
1
1048/ 1. 4.999MHz  -26.29dB <§;£I:3
2 4B99MHz  -121.72dE

BT ST M T YT

Start = 4.5 MHz Center = 5 MHz Stop = 5.5 MHz
Span =1 MHz %
= 521 dB Continuous
Im VI=_>”S11 'i Single Sweep
|Reference Position = 11 4

Note, that by choice of the level offset, signal power can be read off directly in dBm, e.g. from marker 1.

Note, that a dynamic range better than 90dB is achieved.

» » » Note: For most sound cards, the dynamic range is limited by the DC offset of the sound card ADCs. This DC offset
can be efficiently removed by performing a crosstalk thru calibration, which has ben done in all displayed
measurements.

The shape of the spectral line is determined by the frequency response of the sound card. As zero frequency is in the
center of the spectral line and sound cards are AC coupled, there is a small notch in the center of any spectral line,
which might or might not be seen dependent on choice of the frequency grid.

The picture below, compares the measurement results for two different sweep time rates. The red trace is identical
with the above picture.
The blue trace was measured with the fastest available sweep rate (0.2ms / frequency point)

[=IDGBSAQ - Yector Network Analyzer Softwal - l DI__)_;(_j

File Measure Settings Tools Options Help

<Refl

108/ i

1048/

Cdl Start = 4.5 MHz Center = 5 MHz Stop = 5.5 MHz
Span =1 MHz

= v s21 a8 Continuous

[521 [Mem1 =] B Meml o8 Single Sweep

| 4

Note, that decreasing the sweep rate increases the noise floor.
Also note, that if you sweep too fast, the IF filter (=sound card) starts "ringing" (feature above the mouse pointer) due to
the the limited bandwidth.

The picture below shows again the same signal with a lower resolution bandwidth and slow sweep rate. Resolution
bandwidth control is achieved by changing the sample rate and utilizing the fact, that the resampler of the Windows
sound system provides a special anti aliasing filter fitting for every sampling rate.

[=4DGBSAQ - Wector Network Analyzer Softwa _lﬂlﬂ
File Measure Settings Tools Options Help
1

<Ref

1048/ 1. 5.010MHz  -26.63dE -20dB

2 4B833Hz  -114.60dB

il Start = 4.5 MHz Center = 5 MHz Stop =5.5 MHz
Span =1 MHz

= s & Caontinuous

Im 'i =3 ”811 'i Single Sweep

| A
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Note, that the noise side humps are likely artifacts of the Windows anti-aliasing filter algorithm.

Below, again the same signal is swept in a wider frequency span.

[=/DGBSAD - Yector Network Analyzer Softwa = l EILZ‘(J

File Measure Settings Tools Options Help

<Fefl
1: 500MHz  -25.4GdE -20dB
2: 10.00MHz  -74.77dB

10dB/

Cal

Start =1 MHz Center = 13 MHz Stop = 25 MHz
Span = 24 MHz
= s & Continuous
|S21 - Single Sweep

| 4

Due to the fast sweep rate, ringing is visible on the right skirt of the main peak at 5 MHz. The first harmonic is clearly
visible at 10 MHz. At lower frequencies, spurious signals are being seen, which come from unfiltered aliasing
frequencies of the DDSes. Some of them can be identified by their width, which is half of the regular peak width.

|  Tracking Generator

Note, that in spectrum analyzer mode, the TX oscillator is running all the time as a tracking generator. Thus, in this
mode, the VNWA can be operated as a scalar network analyzer.
One can still perform a SOLT calibration, but the pase information will not be available.

The benefit of using this scalar mode lies in the fact, that the TX frequency can be offset by a value specified in the
sweep menu and the analysis bandwidth is rather large (20kHz). This allows to measure transfer characteristics of
frequency mixers and converters by using an external local oscillator, which frequency must coincide with the
specified frequency offset. Its stability must coincide with the resolution bandwith.

Page 300

Page 30



SIGNAL GENERATOR MODE

|  Generator

The VNWAZ2/3 hardware can act as a simple CW signal generator outputting a variable amplitude fixed frequency at its
TX port. Moreover, VNWA3(E) allows to AM/FM modulate the output signal with a sine wave with arbitrary frequency of
up to about 3 kHz (VNWA software version 36.2.z and VNWAJ3 firmware version 5.19 or later required).

The signal Generator mode is activated by the main menu "Options-Operation Mode-Signal Generator" or by the
keyboard shortcur ctrl-g:

[=4DGBSAQ - Yector Network Analyzer 50ﬂ:war|ﬁ§ =10 x|
File Measure Settings Tools Options  Help

Select Instrument 3

1048/ Cperation Mode » [EPRTTS
Setup— YW, external Bridge
YMWA, RE-TY
SCreensaver » Spectrum Analyzer
Clear all data spaces Signal Generatar

The signal generator mode is not a unique mode but it can be activated on top of other modes. Of course, it is not

possible to run the VNWA as signal generator and sweep at the same time, though. An attempt to sweep will switch off
the signal generator facility.

If the signal generator mode is activated, the signal generator controls become visible in the main window:

[=IDGBSAQ - ¥ector Network Analyzer SDﬂ:WE - ll:llll
File Measure Settings Tools Options Help

o <Refl
10dB./— Signal Generatar 0B
—RF Frequency
+hd i +k i +
1 MHz x| OFF
Mok |-
—RF Level
’ )
T Level = -17 dBm Level = 3FFF Tax
Start = 350 MHz Center = 400 MHz Stop = 450 MHz
N Span = 100 MHz
= v 521 dB :
T3 Level = -17 dBm 2 Continuous
1821 j = ”Mem‘l ;I Single Sweep
[¥MWA LISE Mode started.

4

- The signal generator can be switched on or off.

- The power level can be controlled with the RF level slider or by holding the mouse pointer over the power level label
and turning the mouse wheel. The latter control uses very small steps.

Note, that this control is only visible if your VNWA firmware supports power control. Power control is not available for
VNWASs controlled via parallel port interface. Also note, that the signal generator power level is independent of the
VNWA mode power level. Both levels are being memorized and applied depending on the current operation mode.

- The frequency can be changed by editing it with the keyboard, by using the pushbuttons or with the mouse wheel.
The mouse wheel increment can be set by right-clicking the frequency input field:
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[=IDGBSAQ - Yector Network Analyzer Software
File= Measure Settings Tools Options  Help

=10l x|

10dB/ [ Signal Generator <DF5:IEH
—RF Frequency
+h | +k +
[T OFF
M * Save Frequency  » |
Recall Frequency  »
+ 1Hz
+ 10 Hz
—  £1i00He J
Ay T At =0dB Level =3 % e
+ 100 kHz
Start = 350 MHz Center = 400 M op = 450 MHz
o Span = 100 M| + 1 MHz
) ¥ 521 dB * 10 Mtz Caontinuous
Single Sweep

[sz1 =] = |[Mem1 =] | =i
|

- Up to 9 frequencies can be stored or recalled via the right-click menu:

[=/DGBSALD - Yector Network Analyzer Software : = |EI|5|
File Measure Settings Tools Options Help
@ <Ref
10dB./— Signal Generatar 0dB
—RF Frequency
+ | 4k + |
| T | OFF
Save Frequency 1
M g ¥
_I— Recall Frequency z
—Signal Ge Increments 4 3
o
I S )
1 6 i
Ay T Akt =0dB Le 7 max
g
Start = 350 MHz Center = Stop = 450 MHz
Span=__°
o par
v 521 dB Continuous
|S21 j =3 ||Mem1 j Single Sweep

- The signal generator can also be deactivated with the right-click menu. Alternatively, it can be deactivated by selecting
any other operation mode or with the keyboard shortcut ctrl-g.

- Up to 9 power levels can be saved or recalled by right-clicking the TX-Level label:
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[=] DGESAQ - Vector Network Analyzer Software - DG

File Measure Settings Tools Options Help

L=TE

10dB/ [ Signal Gemerator <DF5:IEH
Sy —FRF Frequency
M| +k +
|1 MHz <] OFF
M|k .
16/
—Signal Generator BF Level
i i _
i e o N
TH Level = 4 Save Level > IU28E =H
—Modulation—— EGE I m -
2: -45 dBm I
" nane high resolution P B Hz
% AM Sine AR Depth - %
" FM Sine FM Devistion 5 " kHz
7 Pulzed Cw Hw! Moritar - 6 662 Hz
| r 7 —
: Z 50.00 %
I 2 —
Ref2
Start = 50.015 MHz Center = 52515 kHz Stop = 55.015 MHz Elnle-l
_ Span =5 MHz
= W 511 d& W 511 Smith _ Continuous
[s11 =] = [[Memt =] P 811 L~ W 511 0L Singls Sweep

|Reference Position = 10

4

- Here, also the displayed level resolution can be increased to 0.001dB (high resolution).

- The signal generator panel can be aligned to any of the four main grid corners by right-clicking the panel title and

selecting the desired alignment style.

[=/DGBSALD - Yector Network Analyzer Software = |EI|£|
File Measure Settings Tools Options Help
<Ref2
10dB/ 0dB
1048/
Signal G :
el Top Left
RF Frequ Top Right <E|De;‘l|3
+M Bottom Left :
v Bottom OFF
Dds | h Im‘m e s "5
- Span = 0 MHz
. 521 dB Continuous
| = ||F'Iot‘| 'I I 511 dB Single Sweep

[sthisaias USE Mode started. 4

» » » Note: The VNWA keyboard shortcuts are deactivated while the signal generator mode is active!

|  Modulator

If the system supports signal modulation (VNWAS3(E), software version 36.2.z or later, firmware version 5.19 or later),

then the Modulation controls become visible:
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[=] DGESAQ - Vector Network Analyzer Softws _|El|ﬂ
File Measure Settings Tools Options Help
e <Refl
10dE/ [~ Signal Generator 0B
100rH/ —RF Frequency
M| +k +
[ MHz ~| OFF
M ok B
164
—Signal Generator BF Level
I |
Tk Level = -17 dBm Lewel = 3FFF max
i odulation
" none Mod. Frequency = 500 Hz
R AM Depth - @ %
" FM Sine FM Dewigtion = |3 kHz
" Pulsed Ciw Huw Monitar [~ Pulse Rate= 3662Hz
| |
’ Duty Cycle = 50.00 %
| I
Ref2
Start = 50.015 MHz Center = 52515 kHz Stop = 55.015 MHz g4
~ Span =5 MHz
= ¥ 511 dB ¥ 511 Smith  Continuous
[s11 =] = [[Memt =] P 811 L~ W 511 0L Singls Sweep
|Reference Position = 10 v

Above settings produce a 1 MHz signal amplitude modulated with a 500Hz sine wave with 80% depth:

=100,0
my

60,0
40,0
20,0

0,

-20,0

-40,0

-60,0

-80,0

-100,00
-0,001 0,999 1,999 2,999 3,999 4,999 5999 6,999 7,999 8,999 9,99¢

BN

Note the little steps in the modulation, which arise from the fact that the modulation sine wave is generated by a
software DDS with about 16kHz clock and 8 bit (=256 step) resolution and the modulation is performed digitally. This
puts the Nyquist limit at about 8kHz. The actual modulation frequency should be chosen well below.

The same applies to frequency modulation, which is performed by digitally switching between a maximum number of 256
discrete frequencies.

Sine Wave Modulation

" none Mod. Frequency = 500 Hz
" AM Al Depth = I80 7
® FM FM Deviation = = Im kHz

Above settings produce a 1 MHz frequency modulated with a 500Hz sine wave with 300 kHz FM deviation, i.e. the
output signal varies between 0.7MHz and 1.3MHz:
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HS

Note, that due to the digital control the FM deviation is very accurate and thus the VNWA is very well suited to calibrate
FM deviation meters.

From software version VNWA36.3.8.3 and firmware v5.22 (VNWAS3/3E only) on, there is also pulsed cw modulation
available:

—Modulation
" none Mod. Frequency = |1000 Hz
" AM Sine AM Depth = oo %
" FM Sine FM Deviaon = = 015 KHz
® Pulsed CW Hw Monitor [ Pulse Rate = 651.04 Hz

' J
Duty Cycle = 1250 %

With above settings a train of RF pulses with repetition rate of 651Hz and 12.5% duty cycle is produced (blue trace):

my
200,0 v
100,0 10,0

e e e e = I
-100,0 6,0
-200,0 4,0
E i e
-400,0 0,0
-500,00 ®2,0

95 -3,995 -2,995 -1,995 -0,995 0,005 1,005 2,005 3,005 4,005 5,005

ms

If the HW-Monitor checkbox is checked, a synchronous digital hardware monitor pulse train is produced on the Rotor
start/stop control signal. This may be used for synchronizing measurements with the RF bursts. Note that for technical
reasons the hardware monitor signal shows a delay of 5us with respect to the RF bursts.

Also note, that the modulation is performed digitally by the VNWA on board MCU in real time while the same MCU has to
handle USB traffic. If the USB port in use belongs to a hub branch with a lot of USB traffic, the modulation will get
interrupted while the MCU handles the incoming USB signals. This will cause clicking noises when listening to the
modulated signal in a receiver. Kurt Poulsen OZ70U has investigated this phenomenon in detail and has worked out
guidelines how to avoid this effect, which can be found on page Optimizing USB Traffic for Modulator Use.
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FREQUENCY METER MODE

The VNWA can be used as a very precise frequency measurement instrument.

The signal to be analyzed is to be applied to the RX port of the VNWA. The VNWA is to be set to zero span in VNWA
mode.

The frequency is determined by measuring the phase of the RX input signal against the VNWA reference oscillator in
equidistant time steps.

As the angular frequency is the time derivative of the measured phase, the frequency can be calculated from the
measured phase.

Obviously, the timing is crucial for this measurement. Therefore, it can only be done with a VNWA in USB mode, i.e.
VNWA controled via LPT interface will not work.

In the simplest setup, the unknown signal frequency is measured against the VNWA internal clock oscillator, which -in
the case of VNWAS3- shows an accuracy of the order of +-1ppm.

The phase measurement allows for much higher measurement precisions, even at short measurement times, therefore it
is worthwhile to connect an external frequency standard. VNWA3E has an optional external clock input:

Frequency Standard

Clock
Qv VNWA3 |

G
31 TX RX[

50 Q

Oscillator under Test

Make sure to use sufficiently large DDS clock multipliers to avoid sensitivity dips. There are several possibilities to
measure the RX imput frequency using the VNWA software.

|  1.Frequency Meter

The frequency meter is activated via the main menu "Options-Operation Mode":
[=/DGBSALD - Yector Network Analyzer Software - Spectrum = IEII&

Select Instrument  # i
Operation Mode — » [EEEREITUES
WINWA, external Eridge

<Ref2
OdE

Set

SdB/ eupi WIWA, internal + external Bridge
Screensaver 3 MW, RE-TY
Clear ¥  Spectrum Analyzer

Signal Generator |

Selecting "Frequency Meter" will automatically select VNWA mode, set the frequency span to zero and display the "
Precision Frequency Meter" panel.

The frequency meter can display absolute frequency F, frequency deviation from Center dF or relative frequency
deviation dF/F:
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[=IDGBSAQ - ¥ector Network Analyzer Software - licensed ko -0l x|
File= Measure Settings Tools Options  Help
E—Precision Frequency Meter <DF‘;EF2
s [dF = O imHz -]
E F - Meazurement Time = 0.1 = Range = +/- 2500 Hz T Offset = 0 mHz
Center =10 kMHz Stop = 10MHz
- Span =0 MHz
TX Level =17 dBm [7 521 Dely Continuous
1521 j =3 ”Mem1 j ¢ 521 dB Single Sweep
"MW UISE Mode started. 4
[=/DGBSALD - Yector Network Analyzer Software - licensed to = IEllﬂ
File Measure Settings Tools Options Help
E—F‘recision Frequency Meter <DF';EF2
5dBHE| = 'I -f4.505806 |ITIH2 '|
Source = i521 vi Meazurement Time =0.1 ¢ Range = +/- 2500 Hz TX Offget = -74.5 mHz
Start = 10 MHz Center = 10 MHz Stop = 10 MHz
- Span =0 MHz
T Level =17 dBim 1521 Delay Continuous
1821 j =r HMem‘I j I 521 dB Single Sweep
[%IWA LISE Mode started. A

Selectable items:

- displayed result: frequency F, frequency deviation dF, relative frequency deviation dF/F
- source: normally S21, i.e. RX intput signal is being analyzed

- unit: in above example mHz = Millihertz is selected

Info items:

- Measurement time = time per data point * number of points. This is the sweep time, which is being influenced by the
sweep settings. This would be the equivalent to the gate time for a normal frequency counter.

- Range: This is the frequency range around Center, for which frequency measurement is possible. This is influenced by
the sweep setting "time per data point".

The longer the time per data point, the lower the measurement noise, but at the same time the allowed frequency range
becomes smaller due to the underlying signal processing.

- TX Offset: DDSes have a very small but still finite frequency channel spacing. TX offset indicates by how much the
actual TX output frequency deviates from the indicated Center frequency. This can be of the order of 100mHz. This is
for info, the displayed frequency is already corrected for this deviation. But note, that when measuring the TX output
frequency, you will not measure zero deviation but this finite deviation, because that's the real output frequency as in
above example. The TX offset is determined by the clock multipliers and by the VNWA firmware rounding behavior.
Therefore, the VNWA must be connected so the software can read out this TX offset.

Operation:

Let the VNWA sweep and the frequency meter will update the measured frequency at the end of every completed
sweep. This works equally well in single sweep mode and in continuous sweep mode.

Right-clicking any place of the frequency meter panel except the meter reading will open the meter main popup menu:

[-IDGBSAQ - Yector Network Analyzer Software _IDIEI
File Measure Settings Tools Options Help

1048

[~ Frecision Frequency Meter

[dF =] 3614.731488 ‘mHz | o
Soulce=m Measurement Tt off i ] T Dffset = 0 mHz
s Pasition | 2135

e —

= =

M 521 ¢ Calculate Allan Deviation load postprocessing DLL Continuous
o == i ’__Plot‘l ,i Single Sweep

"MW UISE Mode started. 4

There, you can
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- switch the frequency meter panel Off

- Change the Position or alignment of the panel relative to the main grid, e.g. bottom left as seen above.

- activate data logging to a text file. The measured frequency (or whatever you choose to be displayed) is being
appended to a text file of your choice together with the elapsed time since the first sweep was started. Activated data
logging is being indicated by the red AL-Label, see above. This feature is useful for e.g. obtaining the long time behavior
of a crystal oscillator. Note, that all data will be appended to the selected file, i.e. old data will not be deleted. So, if you
want to start a new list, select a new log file or delete the old log file.

- If the frequency is to be measured together with some other parameter e.g. voltage or temperature, this can be
achieved by linking a user written dynamic link library (dll), which is called at the end of each sweep and which then
performs the latter measurement and returns the result to the VNWA software, so the external measurement can be
logged together with the measured frequency to the same data file. A dil code example returning a simple string can be
found on page "Frequency Meter Postprocessing dll".

- calculate the Allan deviation from sweep data and Mem* data and display it:

Save | Graph
main graph, axes !

Colors
All Ve

Reset to default

1 | Print I.
1 E to Clipboard
1E =% |

i ||i||||i | ||i|||| |
0.1 1 10 100
Time /s

1000

Note, that the Allan deviation is not only calculated and displayed from the data specified in the Frequency Meter's
source field, but also from all Mem-fields visible inthe main window. The mem data is plotted in the same color as on the
main window.

The Allan deviation plot menu offers option to configure the plot, to save the data to an ASCII file, to save the graph to a
file, to the clipboard or to print it.

Note the cursor cross in above plot which is activated by holding the left mouse key down. Also note the cursor
coordinates on the lower left of the plot.

The graph also allows box zooming, which is accomplished by holding the ctrl-key down, then pressing the left mouse
key and drawing a zoom-box with the mouse. First release the mouse key, then release the ctrl-key to invoke a zoom.
Unzooming is accomplished via the Graph menu or by right-clicking the graph and selecting unzoom.

Right-clicking onto the meter reading lets you calibrate the VNWA clock to the measured and displayed frequency
versus the nominal center frequency:

[=4DGBSAQ - Yector Network Analyzer Software - DG8SAL lic =101 x|
File Measure Settings Tools Options Help
‘IDdB.-"E—F'rec:ision Frequency Meter
D.5ue’§| - -0.350993 [nnm vi
| — Calibrake System Clock to measured ws, nominal Frequency
| Source=!sz1 | Measureres - .:‘ —— “. — - _ :|_ .I. .9 mHz

<Refl

Sm
Os Center = 77.5 kHz 59.9s
= Span = 0kHz
THAM = 11948 RS2l d Continuous

Single Sweep
A

[sz1 =] = |[Pon =] P52 dFiF

Details can be found on page Calibrating VNWA System Clock using Frequency Meter.

2. Accuracy
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In order to get a feeling for the measurement accuracy to be expected, | have measured the VNWAS internal TCXO
against itself by measuring the TX output frequency by selecting source S11. Clearly, this measurement should exactly
reproduce the indicated TX Offset, i.e. dF=0 in below example. The time per data point was set to 100ms which leads to
a Range of +-4Hz and 10 data points per sweep was selected, which leads to a total measuring time of 1 second. The
center frequency was 12 MHz.

(2] DGBSAQ - Vector Network Analyzer Software - DGBSAQ licer oT = EJ
File Measure Settings Tools Options Help

0.01% Pracision Frequency Meter

dF= -/4.951 HHz -

Sourca = |511 - I Measurement Tme =15 Range = Center +- 4 Hz TX Offset= 0 mHz

[=1 DGBSAQ - Vector Network Analyzer Software - DGBSAQ lice oT =] iJ
File Measure Settings Tools Options Help

0.01% Precision Frequency Meter

dF= -|-a.1?1 HHz -

Source = [S11  w| Measurement Tme =15 Range = Center +-4 Hz T Offset = 0 mHz

(=] DGB5AQ - Vector Network Analyzer Software - DG8SAQ licensed to To L EliJ

File Measure Settings Tools Options Help

0.01%-Pracision Frequency Mater

@& -/12000000.0000082 Hz -

Sourca= |511 - I Measurement Time =1 5 Range = Center +/-4 Hz TX Offset = 0 mHz

The above picture shows three typical sweeps, two of which display dF.

With the selected settings and 1second measurement time, it turns out that the frequency of 12 MHz can be measured
with an accuracy of about +-10 micro-Hertz!!!

Now try to beat this with a normal frequency counter.

» » » Note: When displaying or logging absolute frequencies, you may be running out of digits as even the large number
of double precision digits can be exeeded here, see above absolute frequency display.

Possible sources of measurement error:
Thanks to Ulrich Bangert, DF6JB, for pointing out possible error sources!

a) Signal crosstalk:
When some of the reference signal leaks into the measurement signal channel, a phase error will result. In order to
estimate the significance of this error, isolation measurements have been performed VNWA3E main audio codec ...
[=IDGBSAQ - ¥ector Network Analyzer Software - Iicenser;:;f =101

File Measure Settings Tools Options  Help

<Ref?
1048/ 0B

10884 4~ 7 757ms 1146508 955548

1

1
Ay
Cal

Os Center = 10 MHz 213s
- Span=0MHz
T A =0dB ¥ Mem di Continuous
|S21 j =_>| IMem1 j I 521 dB Single Sweep
|Trace 2 | Marker 1: T=757ms  -96.55dB s

and auxilliary audio codec:
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[=IDGBSAQ - Wector Network Analyzer Software - licensed ko' T -0l x|
File= Measure Settings Tools Options  Help
<Ref?
10dB/ 0B
0B 9o To73Ems 1083108 912808
1

Ay

Cal

Os Center = 10 MHz 213s

- Span=0MHz

T A =0dB ¥ Mem di Continuous
|S21 j =r ||Mem1 j I 521 dB Single Sweep
| 4

Long time averaging has been used (blue traces) to get below the system noise floor (red traces).

For both codecs, the signal crosstalk is well below 100dB, i.e. the interferer amplitude is less than 107-5 times smaller
than the signal amplitude.

This will lead to a phase error smaller than 10%-5 rad. So, within an analysis time interval of 1 s the frequency error will
be less than 107-5/(2*pi*1s) or about 2 micro-Hertz.

For longer measurement intervals this error will become even smaller according to a 1/time law.

b) DDS digital to analog converter (DAC) nonlinearities:

When a DDS samples a signal in fractional-n mode (i.e. the DDS core divides the input clock signal by a non-integer
number), different sections of the DAC characteristic will be sampled periodically with some times rather long repetition
rates. If the DAC characteristic shows deviations from the ideal linear behavior, these deviations will translate into phase
errors, which may vary slowly depending on the DDS frequency register content. These phase errors may interfer with
very accurate frequency measurements. They can be avoided by making sure that the DDS works as an integer
frequency divider. E.g. if two 10 MHz signals are to be compared, use clock multipliers and premultipliers which
are powers of 2.

| 3. Frequency Trending

As explained above, data logging can be used to obtain frequency vs. time data for a stability analysis over a long
period of time. Over a short period of time, the time dependent frequency can directly be displayed graphically using
display types dF, F or dF/F:

<Fefl

Start = 10 MHz Center = 10 MHz Stop =10 MHz 3¢
= Span=0MHz
T Level =17 dBm g Confinuaus
[s21 =] = |[Mem1 =] B2 521 &7 o | Single Swesp

Srrith | Y
Real
er Polar Imag
Mag
Real dB
Save Display Data ko File Imag d&
IMove Display Data to Phase

|Reference Position = 0

Get Scales fram

c.Phase

-c.Phaseff

Delay

Frequency # Absolute

Relative Deviation

Example 1
The following screenshot shows a measurement on one Rubidium 10 MHz frequency standard, while the VNWASE is

clocked by a second independent Rubidium 10 MHz frequency standard. The sweep has been done with 65000 data
points and covers a total time of 260 seconds:
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[=IDGBSAQ - ¥ector Network Analyzer Software - licensed to Torm i =] |

File= Measure Settings Tools Options  Help

1:T=369:  -34.00° -2.43mHz
2 T=245s  -28280°

2.5mHz
Sm

Fief1

Start = 10 MHz Center =10 MHz Stop =10 MH2<_3;D°

- Span=0MHz
T Level =17 dBm @ Cantinuous
1821 j =r ”Mem‘l j I 521 dF Single Sweep
|Reference Position = 0 v

As one can see, the Rubidium standards are detuned by about 2.5 milli-Hertz against each other with some temporal
fluctuation (<+-0.5 milli-Hertz), which is almost invisible on the phase plot. The frequency offset shows as linear phase
progression. Note, that numerical noise from calculating the time derivative of the phase (i.e. the frequency, blue trace)
has been removed by trace smoothing over a time interval of about 3 seconds. Note, that frequency markers display the
time at which the data point was measured after sweep start instead of frequency for zero span which is used here.

v+ » Note: The maximum allowed number of data points has been increased with VNWA version 36.0 from 8192 to
65000 for this application.
The software may react very sluggish, when using such a vast number of points!

Example 2

Another example for frequency trending is shown in the next image. Here, a 10 MHz Rubidium frequency standard has
been measured against the VNWASE internal TCXO. The sweep time was again 260 seconds at 65000 data points:

10dB OF;%ﬂ
300007
0.25Hz!
<Ref3
-3Hz
<Ref2
Start =10 MHz Certer=10 MHz Stop =10 MHz 3000007
Span =0 Hz
==
— Continuous
[occis, s deE Ms21 dB Ms21 dF [
521 =] = | [Pott  v| ¥s21 cPhase Single Sweep
|Reference Position = 10 4

Assuming the Rubidium standard to be accurate, the internal TCXO must have a deviation of about +3Hz +-1Hz or
+0.3ppm+-0.1ppm, which is excellent. One can clearly see that the temperature compensation of the TCXO is achieved
by digitally switching the frequency in small increments. The effect looks dramatic on the plot because of the very high
accuracy of the test setup, but in fact it is only a small correction. Note, that the phase curve is smooth while only slightly
changing tilt.
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FREQUENCY METER POSTPROCESSING DLL

The Frequency Meter Mode is a highly precise method to measure the frequency of an RX input signal. It also allows
logging of the measured frequency together with the time of measurement to a data file. If the frequency is to be
measured together with some other parameter e.g. a voltage or temperature, this can be achieved by linking a user
written dynamic link library (dll), which is called at the end of each sweep and which then performs the external
measurement and returns the result to the VNWA software, so the external measurement can be logged together with
the measured frequency to the same data file. A dll code example returning a simple string can be found here:

| Postprocessing DLL Code example (Borland Delphi 6)
library CounterDLL;

uses
Windows,
SysUtils,
Classes;

{$R *.res}

procedure _Init; export; cdecl;

begin

FreeConsole;

AllocConsole;

writeln('UserDLL function "Init" called.");
end;

procedure _Close; export; cdecl;  //called only once when dll is unloaded
begin

FreeConsole;

end;

procedure _Process(Data: PChar); //called only once when dll is loaded
export; cdecl;
begin
writeln('UserDLL function "Process" called.");
StrPCopy(Data,'Hello World!" ); /Icalled after every sweep, data is passed as a string to VNWA, max. size 128
characters
end;

exports _Init;
exports _Close;
exports _Process;

begin
end.
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CALIBRATING VNWA SYSTEM CLOCK USING FREQUENCY METER

| General

The Frequency Meter offers a very convenient way to calibrate the VNWA system clock which drives the DDS

chips.
Simply apply a precise frequency signal to the RX port of the VNWA. Set the VNWA center frequency to the nominal

source signal. Let theFrequency Meter measure the frequency.
Then invoke the "calibrate clock” command and the DDS clock frequencies will be corrected automatically.

| Simple high precision frequency source

LF and VLF radio stations generally derive their transmission signal from a very precise atomic clock. E.g. the German
time signal transmitter DCF77 transmits a time code on 77.5 kHz with sufficient power to be received all over Germany
and in most neighbor countries. Its signal is derived from a very precise Caesium fountain clock located at the PTB in

Braunschweig.
As the VNWA RX is a very sensitive receiver, a simple ferrite antenna is sufficient to receive this signal:

to VNWA RX

LF Ferrite Antenna

Capacitors are to be chosen such that a reasonable match to 50 Ohms is achieved, i.e. the capacitor to ground must be

a lot bigger than the other one.
Many countries have their own LF transmitters distributing the standard time and a standard frequency.

With this simple antenna | have measured the DCF77 signal in 500 km distance from the transmitter:

[=IDGBSAQ - ¥ector Network Analyzer Software - DGBSAQ . - IDIE’
File Measure Settings Tools Options Help
‘IDdB.f’rPrecision Frequency Meter
05y | dF.'lF: -1 -0.350993 ||]|]|TI 'I
: Source = 1821 [ Measurement Time =60 5 Range = +/- 4 Hz T Offzet = -73.9mHz
<Ref2
Oy
<Fefl
Sm
Os Center = 77.5 kHz 53.9s
- Span =0 kHz
TR At =11.9dB . Continuaus
[s21 =] = |[Pont =] 521 dR/E Single Swesp
| 4

One can clearly see the amplitude modulated time code on the blue trace with an amplitude notch every second except

for second 59.

The amplitude level of -60dB corresponds to a signal amplitude at the RX port of about -88 dBm, not exactly much.
Over a 1 minute period the signal frequency is measured to be -0.35 ppm off. Of course it is the VNWA TCXO that is
really of, but -0.35 ppm from the default value is not bad at all.

The red trace is displayed with 0.5 ppm per vertical unit. The red trace has been smoothed by a sliding average over 2

seconds.

| Correcting the VNWA system clock
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Correcting the VNWA system clock is very simple now. Right-click the frequency reading...

[=IDGBSAQ - Yector Network Analyzer Software - DGE8SALD licen: - |I:||5|

File Measure Settings Tools Options Help

10dB ./ Precizion Frequency Meter

05w |v| -0.350993 [nnm vl

[— m e I:Z.allhr_a {=11] 13:|l:-||:-|-=2. to measured ws, nominal Fr‘Equ_JEI:IE':.-' b |y

<Ref2
Oy
<Fefl

Sm

Oz Center = 77.5 kHz 53.9s

- Span =0kHz

T At =11.908 fSeil d Continuous

[sz =] = |[Pen =] 521 dFF Single Swesp

|

4

... and invoke the calibrate system clock menu. The correct DDS clock frequency will be calculated and applied:

[LIDGBSAQ - ¥ector Network Analyzer Software - DGBSAQ license 10l x|

File= Measure Settings Tools Options  Help

10dE /[ Precizion Frequency Meter

05w/ |_ -3.38483E-7 ||]|]|TI 'I

Source = Isz‘] | Measurement Time =605 FRange = +/- 4 Hz T Offset = -46.7 mHz

<Ref2
Oy
<Refl

Sm

Oz Center = 77.5 kHz 59.95

- Span =0kHz

To Att, =198 2Seil d Continuous

[sz1 =] = |[Pon =] P 521 dFiF Single Sweep

| 4

Note, that the frequency offset has been corrected to zero (apart from roundoff error).
If we measure again, the measured frequency offset will be a lot smaller than before the calibration:

[=/DGESALD - Yector Network Analyzer Software - DGBSAD licen: = |EI|5|

File Measure Settings Tools Options Help

10dB ./ —Precizion Frequency Meter

o5 |v| -0.0173785 ||]|]m 'I

Source = |521 vI Meazurement Time =EB0 ¢ Range = +/- 4 Hz T Offzet = -46.7 mHz
<Ref2
O
<Fefl
' ' | ‘ ‘ -B0dE
Sm
Os Center = 77.5 kHz 539z

- Span =0kHz

TH A =11.9dB @ Confinuaus

[sz1 =] > |[Port =] F#521 dRiF Single Sweep

| 4

Accuracy considerations
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To check reliability of such a low level reference signal (-88 dBm !), | have measured the DCF77 signal against a

Rubidium frequency standard over an extended period of time.
Here is the last of 20 second sweeps over 2 hours of time:

[=IDGBSAQ - Wector Network Analyzer Software - DG8SAQ licen: 10l x|
File= Measure Settings Tools Options  Help
10dE /[ Precizion Frequency Meter
05w [IF.I'F= -|  0.00865809 |ppm vl
Source = Isz‘] | Measurement Time =205 HRange = +/- 4 Hz T Offset =-29.2 mHz
MWMWW<HEE2
Oy
<Refl
'|||' ',r || It i |||' i '||' i |' | II |,||' II' '||' ll,l'l II ',{ i ||I|' -E0dE
Sm
Oz Center = 77.5 kHz 19.9s
- Span =0kHz
To Att, =198 2Seil d Continuous
[sz1 =] = |[Pon =] P 521 dFiF Single Sweep
[sthisaias USE Mode started. y

The frequency readings have been logged over the full 2 hours from 11:00 to 13:00 at daytime. Each star is one 20

second frequency measurement. For clarity, the measurement points have been joint by the red polygon.
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None of the 20 second sweeps was off by more than +-0.03 ppm. The 2 hour average (green line above) yielded 0.0005

ppm or 5*107-10, which is about the accuracy of my Rubidium standard.

Thus, the measured frequency is accurate and a 20 second measuring time is sufficient to calibrate to +-0.03 ppm,

which exceeds the stability of most TCXOs.
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OPTIONS - SETUP (VNWA)

[-IDGBSAQ - Vector Network Analy: _(Ol x|
File Measure Settings Tools | Options  Help

Select Instrument e
) gl
10dg/ Cperation Mode  » 0B
1048/ <Refl
Screensaver » | -G0dB
Start = 235 MHz ~ Center = L.z

Spah = 400 MHz

=i
I 521 dB Continuous
- = ||F'Iot1 <] P51 8 sigeSween
WA LUSE Made started. A

The VNWA setup window allows to specify all VNWA hardware related settings.
A quick start guide to do the setup can be found here.

When attempting to enter setup while a calibration is active, a warning will be issued:

Changing setup may invalidate your calibration,
Current instrument state including calibrations is automatically being saved ko "PresSetup”,

Conkinue?

014 [:I Abbrechen

If you do not want to be warned every time you enter setup, you can suppress the warning by pressing ctrl-w. The
warning can be reactivated by pressing ctrl-w again.

|  The setup menu:

Setup input is organized in several tabs, which open when they are clicked. Some of these tabs are context dependent,

i.e. they are only visible if applicable to the selected interface type.

[=4PC and Instrument Hardware Related Setup

Audio Settings | Audio Levell Calibrate System Timing | Instrument Settingsl Mizc. Settings |

x|

& LPT Maode 0:
Felies on a constant audio diver response time.

Works fine with PCl sound cards.
DOES NOT WORK WITH USE SOUND CARDSII

" LPT Mode 1:

Works fine with USE sound cards and others.

 UUSE Mode:
Fequirez an USE controller interface!
wiorks fine with any sound card.

LPT 10 Address = 373 Hex Test Speedl

Fequirez calibration of system timing! [see "Calibrate System Timing"' tab]

Usges gync bursts in the audio stream to determine the timing at each measurement.

[~ 1 -Strobe
[~ 2Datal
[~ 3Datal
I~ 4Dataz
[~ 5Data3
[~ BDatad
[~ 7Datad
[~ 8Datab
[~ 9Data7
B 104ck
0 11 Busy
B 12 PE
B 13 Select

[~ 14 -AutcFeed
W 15 Emor
[~ 16 Init
[~ 17 -Seln
18 Gnd
13 Gnd
20 Gnd
21 Gnd
22 Gnd
23 Gnd
24 Gnd
25 Gnd

Interface Type

USB Settings

Audio Settings

Audio Level

Calibrate System Timing
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Instrument Settings
Misc. Settings
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VNWA SETUP - INTERFACE TYPE TAB

[=4PC and Instrument Hardware Related Setup j x|
| Audio Settings I Audio Leveli Calibrate System Timing I Instrument Settingsl Mizc. Settings i
{*  LPT Mode 0: LPT IO Address = |378  Hewx Test Speedl
Felies on a constant audio diiver response time.
Fequires calibration of system timing! [see "Calibrate System Timing"' tab]
YWorks fing with PCl sound cards. [~ 1 -5tobe
DOES NOT WORK WITH USE SOUND CARDSI [~ 14 -AutoFeed
[~ ZDatal
¢ LPT Mode 1: M 15 Emor
Uses sync bursts in the audio stream to determine the timing at each measurement. [~ 3Datal )
‘wiorks fine with USE sound cards and others. [~ 16 Init
[~ 4Data?
= USB Mode: [~ 17 -Seln
Fequires an USE controller interface! [~ 5Data3
‘wiorks fine with any sound card. 18 Gnd
[~ EDatad
19 Gnd
[~ 7Datah
20 Gnd
[~ 8Datak
21 Gnd
[~ 9Data?
22 Gnd
B 10 4ck "
23 Gnd
0 11 Busy "
24 Gnd
W 1zFE "
28 Gnd
B 13 Select "
| T S

The VNWA can be controlled via the PC parallel printer port (LPT) or via the DG8SAQ USB_VNWA interface.

For LPT control, there are two timing modes are available:
LPT Mode 0 is very experimental and requires a special system timing calibration.
LPT Mode 1 is the safe mode. If activated, the Calibrate System Timing Tab is invisible.

If USB Mode is activated, all LPT related controls are switched invisible.

-For proper operation via LPT, the correct LPT 10 address must be specified here. Any address between 0 hex and
FFFF hex can be entered.

-Also crucial for proper operation via LPT is the minimum transfer speed, the parallel port must achieve. This can be
tested by pressing the "Test LPT" button. The test result is displayed in the status line on the very bottom of the setup
window. Note, that this test does not check if your LPT lines are actually switching! Only the port driver software
speed is determined.

-If you have trouble with your LPT interface, you may use the controls on the right for diagnosing it. The checkboxes
allow to statically toggle any LPT port output line. The lamps allow to detect the levels of all LPT input lines. Note that
inputs will only be read when outputs are being changed. If you don't have a scope for checking levels, you can
make a loopback cable and control the switching action here. Note, that the controls resemble the LPT port pinout
configuration.
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VNWA SETUP - USB SETTINGS TAB

» »» Note: This tab is only visible, if USB interface type is selected.

[=1PC and Instrument Hardware Related Setup B x|

Interface Type USE Settings iAudio Settingsl Audio Level l Instrument Settingsl Mizc. Settings i

bus/device idvendor/idProduct
buz-04% ibusb0-0001-0x16c0-0:05dc. 0x16C0/0<050C
- Manufacturer : ww.obdey. at
Test LISB Interfacs | -Froduct  : DESSANYNWA
- Serial Murmber: Naone
Werify Firmware I wTotalLength: 18
bMumlnterfaces: 1
. bCaonfigurationalue: 1
Flash Firmware I iConfiguratior: 0

bradttributes: 8k
I axPower: 255
blnterfaceMumber: 0
bélternateSetting: 0
bMumEndpoints: 0
blnterfaceClazs: 0
blnterfaceSubClazs: 0
blnterfacePratocal: 0
ilnterface: 1]

YW Energy Settings:
Firrmware Energy Settings

OFF on power up -
| |

Software Energy Settings
iDN if zofbware started Li

Licenze Code: iEnter license code here and close setup window to activate il

|DGESAC YR A USE Controller found A

In this tab you can configure and test the DG8SAQ USB_VNWA interface.

Rescan USB Bus:

This button allows to scan the PC USB interfaces for the DG8SAQ USB_VNWA interface. If successful, the device
properties are being listed on the right as shown above.
v » » Note: The proper USB device driver must already be installed for this test.

v+ » Note: In order to use the following controls, the USB Interface must have been activated with a valid license key.

Test USB Interface:
With this control a communication test between PC and USB interface is initiated. The result will be displayed in the
status line on the very bottom of the window.

Verify Firmware:

With this control you can compare the firmware inside your USB device with a hex-file in order to find out if the two are
identical or not.

Flash Firmware:

With this control, a firmware update can be uploaded to the DG8SAQ USB interface.

v »» Warning: You may damage your interface if you upload unapproved firmware or if you unplug or power down
your USB interface during firmware upload. See here for details of the upgrading procedure.

Firmware Energy Settings: These settings tell the USB firmware when to power up the VNWA independently of the
VNWA software.

- Off on power up: The power supply for the VNWA will not be switched on, when plugging it into a powered
USB outlet or when powering up the PC.
- On on power up: The power supply for the VNWA will be switched on automatically, when plugging it into a

powered USB outlet or when powering up the PC.

v+ » Note: The former setting will help conserve energy, e.g. when using battery power. The latter guarantees for
maximum warmup time of the instrument.

Software Energy Settings: These settings tell the VNWA software when to power up the VNWA.

- VNWA always OFF: The power supply for the VNWA is switched off at all times. This setting may be useful to reset
the DDSes or to conserve energy.

- VNWA always ON:  The power supply for the VNWA is switched off at all times. This setting is useful to guarantee
maximum warmup time for the instrument.
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- On if software started: Upon start of the VNWA software, the VNWA is powered up and upon program termination, the
VNWA is powered down automatically. This setting may be useful to conserve energy in battery powered systems.

License Code:

Enter a valid license code here.

v »» Important: Immediately after entry of a valid license code, you will not yet be able to e.g. test the USB interface.
You must activate the license code first! In order to activate the license code, you must either close the setup
window or rescan the USB bus.
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VNWA SETUP - AUDIO SETTINGS TAB

The audio settings tab allows to control all sound card related settings.

[=3PC and Instrument Hard x|

Audio Level l A, Audio Level | Instrument Settings l Mizc. Settingsi

Interface Typel USE Settings

audio Capture Device Mizc Audio Setting:
lUSB AUDID CODEC j Audio Buffer Length in Samples i3DDD
ADC Resolutior—————— .
| € 9Bt Samples / IF Period !10 #*#  =xIF= 1200.02Hz
| & 1EEit
|~ 24 B:t # Presamples !3 =» Minimum Sampling Time = |
: # Postzamples !3 0.3 ms
i 45000 H M
Test Audio | I : _I Calibrate Sampls Rate i
W=l 2800 Min=-13300 Caled. Sample Rate = 48001.0 Iignore overload j
¥ Auiliary Audio Capture Device available | Refererice = Left Charnel | |restart on no sync =l
—duilian Audio Capture Device Auwiliary Audio Setting:
IUSB Adio CODEC j Aux. Audio Channels measure THRU
r&0DC Besolution—————— Main &udio Channels measure REFLECT
| € 8Bt
| & 1EBit
E i~ 24 Eit Calcd. Sample Rate = 48001.0
Min=-16913 Max=16916 iAux. Reference = Right Channel Li
Auto-Setup Audio Devicesi |check USE codecs anly ~|
| A

|  Audio Capture Device
In the audio capture device panel all sound card settings are being controlled. Select:

For Windows Vista, Windows 7 and Windows 8 (or if the audio mixer is decativated) select
- the audio capture device

For Windows XP and earlier with activated audio mixer select (entry fields suppressed in above screenshot as audio
mixer is deactivated by default):

- the used sound card

- recording or capture, NOT playback!

- a stereo line-in or microphone input, NOT Loudspeaker!

For all Windows systems:

- a standard sampling rate. 48 kHz is recommended. Lower sampling rated reduce the CPU speed but also degrade the
signal to noise ratio. Higher sampling rates are usually achieved by resampling the 48 k stream from the USB sound
codecs.

- the ADC resolution of the selected sound card. If a lower resolution than available is selected, only the selected
number of bits is used. If a higher resolution is selected, the unavailable bits are padded with zeros, but at the expense
of CPU time. The 8 bit setting is only for educational purposes to demonstrate the effects of quantization noise.

» +» Note: 24 bit capturing only works on Windows XP and older.

Proper operation of the sound card can be tested with the "Test Audio" button. The labels below the button show the
smallest an largest sample within a data block. The audio data can be visualized in the "Audio Level" tab. Also, the
recording levels can be set there if supported by the operating system and codec.

» » » Note: Most controls will become inactive when "Test Audio” is activated. Also, the setup window cannot be closed
at once in this case.

|  Auxiliary Audio Capture Device

VNWAGSE offers a second audio codec for simultaneous measurement of S11 and S21. The auxiliary codec as to be set
up in the same way as the main codec in the Audio Capture Device panel.

|  Misc. Audio Settings

Available controls:
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- "Buffer length in Samples" specifies the length of each ring buffer segment. Recommended is 3000. Shorter length
means more frequent screen update at the expense of increasing CPU load. Experiments show, that windows cannot
cope satisfactorily with buffers shorter than 800 samples.

- "Samples / IF period x4" specifies the IF frequency. Note, that the entered number is multiplied by 4. So, if 10 is
entered, that means 40 samples per IF period. At a samle rate of 48 kHz, this leads to an IF of 48 kHz / 40 = 1.2 kHz,
which is displayed next to the edit field. The highest selectable IF is 12 kHz at 48 kHz sampling rate which is also the
highest one that works with the used USB sound codec, which has a limited bandwidth of 20 kHz.

- "# Presamles" specifies the number of samples, that are skipped after a frequency change. Recommended is 3.

- "# Postsamples" specifies the number of samples, that are skipped before a frequency change. Recommended is 3.
Presamples and postsamples are safety margins to cope with variations between the sampling clock and the CPU clock.
It is to be avoided, that data is analyzed, that was taken, while the VNWA received a frequency update due to the
resulting digital noise.

» »» Note: A measurement is only possible, if at least one IF period + the presamples + the post samples fit into the
selected measurement time per data point. The minimum necessary measurement time is displayed. If a shorter
measurement time per data point is selected, there's a timing conflict and the software will refuse to sweep.

» » » Hint: For measurements in the 0.1...20 kHz range, it is advantageous to manually select the lowest possible IF and
use a long measurement time per data point. This avoids interference of RF and IF in the sound card.

- "Calibrate sampling rate" button: It is required, that the sound card sampling rate is well known in order to retrieve
the data from the correct time spots in the audio stream. Therefore, the sampling rate needs to be compared once to the
CPU clock by pressing this control. Note, that a calibration is only possible if a VNWA is connected. The procedure
requires 30 seconds.

- Pulldown control "Reference = Right Channel": Use this button to control which audio channel the software is to
interpret as reference channel.

- Pulldown control "ignore overload": The VNWA software detects potential signal clipping in the audio stream. use
this control to determine the action to be taken upon an overload condition.

Possible Choices:

-ignore overload

-stop after sweep on overload

-immediately stop on overload

- Pulldown control "continue on no sync": This control only shows effect for LPT mode 1 and USB mode, which both
use sync bursts. Occasionally, sync bursts can get lost due to other Windows traffic. Select if you want to continue
sweeping, restart a sweep or stop sweeping if a sync is lost. Recommended is "restart sweeping".

Possible Choices:

-stop on no sync

-restart on no sync

-continue on no sync

-silent restart on nosync In silent restart mode, the "no sync" label on the main window is suppressed. This setting
might be useful on slow PCs, where e.g. moving a marker might lead to a no-sync condition.

|  Auxiliary Audio Settings

Select here which of the auxiliary codec's channels is the reference channel.

|  Auto-Setup Audio Devices button

It is quite tedious to go through the audio setup manually. Therefore VNWA software version 36.2.z and newer offers
the Auto-Setup Audio Devices button.

Pressing this button takes care of the complete instrument setup! More details on the auto-setup feature can be found
on page Automatic Configuration of the Software for Usage with a DG8SAQ VNWA (Auto-Setup).

The selection box next to the Auto-Setup Audio Devices button can be used to speed up audio device selection by

suppressing evaluation of non-USB sound devices which are normally not used for the VNWA (unless you have
modified your hardware to do so).
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VNWA SETUP - AUDIO LEVEL TAB

The audio level tab allows to visualize incoming audio data and controling the recording levels.

[=4PC and Instrument Hardware Related Setup f LI

Interface Type | USE Settings | Audio Settings  Audio Level |Aux. Audio Levell Instrument Settings | Misc. Settingsl
Left = Reference m e

s e s B
L N U

Fight = Reflect

| Stop Thru I

|Min=—13262 Max=13265 Aux Min=-13206  Aux Max=13205 ﬁl

Note, that the faint red traces are only visible if a second auxilliary audio device has been activated. The auxiliary audio
levels can also be studied in the "Aux. Audio Level" tab.

Controls:

- "Start / Stop" button: Use it to start and stop sampling. If the VNWA is connected, the reference signal should always
be visible. In the above example, the reference signal comes in on the lower right channel.

- "Thru / Reflect" button: It toggles the instrument between thru and reflect measurement. In the above example, the
instrument is in thru mode without a connection from TX to RX. Therefore no thru signal arrives.

- "Channel labels": Left-click onto the blue channel labels (Left=..., Right=...) in order to change the Reference
channel selection. Alternatively, this setting can be changed in the "Audio Settings" tab.

+,++,-,--, Reset buttons: With these controls it is possible to fine tune the VNWA IF frequency. The aim is to have the
sine waves move as little as possible. On most machines this adjustment can be omitted. On some machines,
S-parameter measurements show very small non-static oscillations, which can be removed by properly tuning the IF.
IMPORTANT: Do calibrate the codec sample rate and the VNWA clock frequency before using these controls,
otherwise tuning might make things worse.

If the selected audio capture device is NOT a VNWA2 or VNWAS internal device, but e.g. the PC motherboard sound

device which generally supports hardware capture level control, then annitional volume slider controls begome visible
(not in Windows Vista or later):
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[=1PC and Instrument Hardware Related Setup n x|
Interface Typel 1USE Settingsl Audio Settings  Audio Level | Instiument Settingsl Misc. Settingsl
Left = Thru/Reflect

Fight = Heferen@

I Stop Thru |
—Wolume R = 14 3%

I )
Wolume L= 14 %

! J
Min=-10785  Max=11047 Aux Min=0  Aux Max=0 -

- Volume sliders: Use these to control the recording volumes. Make sure that the audio levels are at most about 50%
of the displayed vertical span. At 100% level clipping occurs. Note that the difference between 50% span and 100%

span is only 6dB. So it is not worthwile to go to the limit and risk clipping. VNWA will issue an overload warning at 90%
level during a sweep already.

» » » Note: Volume sliders are not available on Vista and Windows7 / Windows 8 machines. The volumes must be set via
the Windows mixer in this case.

» » » Note: It is not possible to close the setup window during active sampling. An attempt to do so will stop sampling, but
won't close the window. Try to close the window a second time in this case.
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VNWA SETUP - AUX. AUDIO LEVEL TAB

The Aux. Audio Level tab allows to visualize incoming audio data on the second auxilliary sound device.

[=4PC and Instrument Hardware Related Setup &
Interface Type | USE Settings | Audio Settings | Audio Level Aux Audio Level I Instrument Settings | Misc. Settings

Wi, Left = Thu

——
D

Min=-13249 Max=13249 Aux Min=-13188  Aux Max=13193

Note, that the faint blue traces are the main sound device signals.

Controls:
- "Channel labels": Left-click onto the red channel labels (Left=..., Right=...) in order to change the Reference channel

selection. Alternatively, this setting can be changed in the "Audio Settings" tab.
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VNWA SETUP - CALIBRATE SYSTEM TIMING TAB

The "calibrate system timing" tab is only visible if LPT mode 0 is selected. It is used to determine the sound driver

latency (=audio delay).

[=1PC and Instrument Hardware Related Setup i

Interface Typel Audio Settings l Audio Level Calibrate Spstem Timing ! Instument Settlngsl Mizc. Settings

=10l x|

Audio Delay =17 Samples

Crossconelatlon Functlon
Audio Signal Tirning) I_l

[Calibration successfull

Press the "Recalibrate" button and observe the displayed audio delay (17 samples in the above example). Repeat this
several times. If the audio delay varies more than +-1 sample over several measurements, LPT mode 0 is not suitable

and you must select LPT mode 1.
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VNWA SETUP - INSTRUMENT SETTINGS TAB

The "instrument settings" tab allows to specify the details of the connected VNWA hardware.

[=3PC and Instrument Hardware Related Setup x|
Interface Typel LSE Settingsl Audio Settingsl Audio Level  Instrument Settings i Misc. Settings i
WM Type: i S-Parameter Test Set: i 1511 = low 'i save profile I
N, 2 E ’m E load profile i
~AF DS ' LODDS '
!ADSSSS, 209951 vi I~ enable crystal out pin iAD 9859, 409951 vi I enable crystal out pin
Clack = [35.9 # [0 7| MHz Clock = [35.3 w8 x| MHz
=» Clock = 359.00 MHz =3 Clock = 32310 MHz

Calibrate Clock Frequency
Calibrate DD Clock Frequency |

To calibrate the DDS clock frequency, vou need to measure the output frequency at the T port with & frequency counter.

|  General controls

- "VNWA Type": For usage with VNWAZ2.1 upwards select "VNWA2+", for VNWA3.* select VNWAS.

-S-Parameter Test Set: Select none if you don't have one. If available, manual or automatic measurement direction
control can be selected. Also, the switch response time (=switch delay) and the polarity of the control line can be
chosen.

- "Control line: S11 =..." pulldown control: For usage with VNWA2.1 upwards select "S77 = Low" as seen above.
- "safe profile"” button allows to save the VNWA hardware settings in a *.prf profile file. This is only useful, when the
same software is to control several VNWAs with different settings, as the settings are stored in ini-files anyway.

- "load profile" button allows to reload a VNWA hardware profile from a *.prf file.

|  DDS controls

- DDS Types:
Select AD9859, AD9951 on both DDSes for VNWA2.1 upwards and for VNWAG3.

- "enable crystal out pin":
Uncheck for VNWA2.1 upwards.

- "Clock™:
Enter the DDS input clock, which is identical on both DDSes for VNWA2.1 upwards and amounts to about 3x the used
crystal frequency.

- clock multipliers

must be as high as possible, but different such that the smallest common multiple is as high as possible. Obviously, for
VNWAZ2.1 and upwards 20 and 19 is the best choice in this respect. On the other hand, VNWA electrical power
consumption is proportional to the clock multipliers. So, if the VNWA is used in the short wave bands only and power
consumption is an issue, use of smaller multipliers can be advantageous.

VNWAZ3 contains an additional common premultiplier for both DDSes which is programmable. It is used to multiply the
12MHz TCXO clock up to 36MHz by default, but other premultipliers can be selected as well:
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[=1PC and Instrument Hardware Related Setup : x|
Interface Typel 1USE Settingsl Audio Settingsl Audio Level  Instrument Settings | Misc. Settingsl

VNWE Tupe: RF-IY Test Set Settings: Iforward = high j |S1‘I = low j save profile |
IVNW-"-‘\ 3 j Iauto contral j Switch Delay: 100 ms lnad profile |
RF DDS LO DDS
osEs s =] o s =]
Clack = [12 w10 x| MHz « [3 =] | Cleck = [12 k11 x| MHz x 3
3125 .
=» Clock = 360.00 MHz B =>» Clock = 396.00 MHz
—Calibrate Clack Frequency 53125
Calibrate DDS Clock Frequency | 5-25 | |
To calibrate the DDS clock frequency, vou need to meam; L frequency at the T part with a frequency counter.

Also, an external clock source can be selected here. In this case, the common premultiplier is bypassed and the external
clock is directly applied to the DDSes. Use a 36 MHz external clock to obtain VNWAZ2 functionality with VNWAS3. Lower
external clock rates will lower the usable instrument bandwidth.

Make sure not to exceed DDS core clocks of about 750 MHz. There is no danger of hardware destruction, but the DDS
internal clock multipliers will simply not produce any clocks above about 750 MHz and the VNWA won't work.

In order to cover the frequency range 600 MHz...900 MHz, dynamical switching of clock multipliers is
mandatory. Select clock multipliers "auto" to use this feature. On doing so, the "Auto Clock Multiplier Settings"
window will open.

[=1Auto Clock Multiplier Settings: Base-Clock = 35.9 MHz

File Options
Segft start f [/Baze-Clock nlLO nRF
0 MHz 1] 10 9
2 107717 MH= 3 20 13
3 574.431 MHz 16 10 1
4 E10.337 MH= 17 1 13
5 EE4. 256 bMH= 185 14 13
[ 718.114 MHz 20 15 14
7 771.973 MHz 215 17 15
g £25.831 MH= 23 17 15
g 097.643 MHz 28 18 17
10 9E39.454 MH= 27 13 18
11 1041.265 MH= 25 20 13
12 1292.605 MHz 36 14 15
12

The "Auto Clock Multiplier Settings" window is already prefilled with proven values. Here, the clock multipliers nLO
and nRF are specified for a list of frequency segments, where each spans from the specified start frequency to the start
frequency of the next segment. Here, you could also specify a low frequency segment from e.g. 0...30 MHz with lower
clock multipliers to conserve energy. Note, that you can insert or delete lines by right clicking on a line. Note, that there
must not be empty lines. Also note, that you can save and reload this data to or from a *.mul file by using the "File"
dialog. The "Options-Restore default multiplier table" dialog allows to restore default multiplier settings.

Dynamical switching of VNWA3 premultiplier:

From software version VNWA35.8.p and firmware version 5.13 on, the VNWARS premultiplier can be dynamically
changed during the sweep in addition to the DDS clock multipliers. This greatly increases the number of multiplier
combinations for improving signal strength and interference. The autopremultiplier-feature is activated by chosing the
premultiplier (by default set to 3) to be "auto™

Page 329

Page 32



[=1PC and Instrument Hardware Related Setup x|
Interface Typei 1USE Settingsi Audio Settingsi Audio Level  Instrument Settings i Misc. Settingsi

VNWE Tupe: | S-Parameter Test Set: iforward = high Li - 1811 = low LI save profile !
IVNW-"-‘\ 3 Li | iauto contral j Switch Delay: 11 i) me | lnad profile !
~RF DDS - LODDS :

iADSBES, AD335 Vi iADSSES,ADSSE'I 'i

Clock = {12 # [auo x| MHz & Clack = |12 % [auto ¥| MHz %3

I ||«

=» Clock = auta = Clock = auto

—Calibrate Clack Frequency
Calibrate DDS Clock Frequency |

To calibrate the DDS clock frequency, vou need to m et frequency at the T port with a frequency counter.

After doing so, an extended clock multiplier table pops up, which allows to select different premultiplier values for
different frequency segments:

[=1Auto Clock Multiplier Settings: Base-Clock = 12 MHz 3 |

File  Options

Seg # start f [/Baze-Clock nlLO nRF premult. max. clock I ﬂ
0 MHz i 5 7 8 B72 MHz

2 471 MH= 34925 E] 7 £.25 B75 MHz

3 72.2 MHz E.01EEE7 1 10 5325 701.25 MHz

4 94.9MH= 7.908333 7 9 £.25 B75 hHz

5 111.3 MH=z 9.278 10 ] g 720 MHz

g 140.2 MHz 11.683333 10 11 5325 701.25 MHz

7 158 tMHz 13.1666E7 9 10 £.25 750 MHz

o 220.6 MH=z 18.383333 10 ] g 720 MHz

9 223.9 MHz 18.658333 10 11 5325 701.25 MHz

10 252.7 MH=z 21.058333 20 19 3 720 MHz

11 281.9 MH= 23491667 18 19 3125 7125 MHz

12 288.2 MHz 24.016EET 1 10 5325 701.25 MHz

13 3026 bHz 25.216BET 1 10 5 BB bHz

14 326.1 MH=z 27175 10 ] g 720 MHz

15 352.5 MHz 29.375 10 11 5325 701.25 MHz

1E 378.8 MH=z 31.5666E7 20 19 3 720 MHz

17 394.3 MH=z 32858333 18 19 %.125 7125 MHz

10 AN kAl 24 NoOI0 N 1a T kAU S

Note, that allowed premultiplier values can be selected from a dropdown box by clicking onto the appropriate cell as
shown above.

VNWA contains a default table which is being used if no custom table is available. This table could remove all major
interferers in the frequency range up to 1.3 GHz. Above, the signal strength could be improved such that some
signal can be obtained up to 2 GHz now (with lots of interferers, though).

The multiplier table can be modified and optimized. The modified table will be stored in the files VNWA*.mul in the
program directory.

Delete these files if you want to restore the default table values after the next program start or use the dialog
"Options-Restore default multiplier table" to immediately restore default multiplier settings.

» » » Note: When optimizing the multiplier table, you should avoid the following DDS multipliers: 4, 6, 8, 12, 16. These
have shown to cause amplitude instabilities of the DDS chips. There are no restrictions on the premultipliers!

|  Calibrate Clock Frequency

It is crucial for the precise function of the VNWA, that the DDS clock frequency is accurately specified. If not, the
frequency axis unprecise, but worse, the IF is unprecise and even dependent on the measurement frequency. This
might cause signal degradation together with the narrowband digital filters, which might show up in oscillatory noise or
interference.

The "Calibrate DDS Clock Frequency" button allows to calibrate the clock with the aid of an external frequency
counter. Pressing it, a 10 MHz signal will be generated at the VNWA's TX port. Measure it with a frequency counter as
accurately as possible and enter it into the appearing frequency field. Having done so, press the appearing "Done"
button and the software will calculate and update the DDS clocks.

An alternative approach to calibrate the DDS clock to an arbitrary precision frequency source is described on page
Calibrating VNWA System Clock using Frequency Meter.
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VNWA SETUP - MISC. SETTINGS TAB

[=] PC and Instrument Hardware Related Setup ﬂ

" LISB Settings I Audio Settingsl Audio Levell Aux Audio Level I Instrument Settings  Mise. Settings |
rDefault Master Calibration File Name:

|VNWA_M astercal.cal Browse and Load b aster Cal. |
—[Data Logging and User Postprocessing Option:
Isave 521t L"E j Save to ID:\ Browse |
Er—
postprocessing OFF User DLLI Browse |
—Special Setting —Debug Setting
I~ don't autosave instrument state on entering setup [~ wirite audio data to file

I” update races at end of sweep only  [save CPU time) I do not nomalize to reference channel

[~ deactivate RF DDS

Extend synchronization period by IEI secs [default] VI [~ deactivate LO DDS

I~ F_Sync=F_Start [does not wark when using aliases)

show sweep statistics I I~ slow down LPT [LPT made anl!]
—Signal Generatar Instrument M onitaring
FiF Frequency Frequency Offset LO - RF Instrument T emperature = 246 Deg. Celsiuz
+ l +k | * I Temperature offset comection value = I‘I.B Deg. Celsiuz
[5 [MHz x| [o.m2 |MHz =]
iy 'k . I

"Default Master Calibration Filename™:
Here, you can load an existing master calibration file or specify a master calibration filename to be loaded at the next
program restart.

"Data Logging Options"

This feature is useful if you want to automatically save a lot of sweep data for later analysis.

Here, you can activate automatic data logging, i.e. after every completed sweep cycle the specified data will be
automatically saved to a file. Available file formats are Touchstone (*.s1p or *.s2p) or a more storage efficient binary file
format (*.v1b or *.v2b).

The uniquely and automatically generated file name may look like "LogData_11_06_2011_22_04_02_123.s1p" where
the first three double-digits denote the date and the remaining digits denote the time in hours, minutes, seconds and
milliseconds when the saved sweep was completed. Note, that the ordering of the date figures may depend on Windows
country and language settings.

You can specify the file path to which data is being saved by directly entering it or by pressing the "Browse" button, but
you cannot influence the file name.

Be aware, that every completed sweep cycle will add a file to your hard disk! In order to avoid accidental activation of
this feature, a red label in the top right corner of the VNWA main window will warn you when data logging is activated:
[=IDGBSAQ - ¥ector Network Analyzer Software - unlicensed =18l

File Measure Settings Tools Options Help

[ Data logaing activated! |
<Fisfl
108/ s e

The "Misc. Settings Tab" can also be accessed directly by double-clicking above red data logging label.

"Special Settings":The purpose of these special settings is to reduce CPU load and HDD usage for slow machines.

- "don't autosave instrument state on entering setup": Normally, the instrument state is atutomatically saved to the HDD
when the setup window is being opened. This might lead to considerable delays when running VNWA on a slow medium
like a memory stick or a solid state disk. This delay can be avoided by deactivating autosaving using this feature.

- "update traces at the end of sweeps only" Traces on the main window are being updated after every audio block that
is coming in from the sound codec. For very large numbers of data points this is very CPU intensive, particularly when a
small audio block size is being chosen. This might interfere with proper VNWA operation on slow machines, particularly
in combination with data logging to slow media.

Activating this feature will dramatically reduce CPU loading at the expense of the main graphics window being updated
only once per sweep at its end. Also, the progress bar will be suppressed.

- "F_Sync = F_Start". This enforces the sync pules to be generated on the start frequency and not on an optimized
frequency. This is useful when measuring extremely high Q low frequency components like kHz crystals. If the sync
pulse frequency is not equal to the start frequency, the sync pulse will cause ringing in the device under test which will
lead to interference with the measured data if the DUT ringing time is comparable to the sweep time. Note, that this
setting will not work when measuring with high frequency aliases, i.e. at measurement frequencies >500MHz.
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- "extended synchronization period by...": On slow or heavily loaded machines the operating system might occasionally
delay dispatching the start sweep command to the VNWA hardware. This might lead to a loss of sync if the VNWA
software isn't aware of it. Use this feature to make the VNWA software aware that such a situation might arise. You can
extend the synchronization period up to 125 seconds. Note, that if sync really gets lost, VNWA will not be responding for
this extended period.
- "show sweep statistics". With this feature you can check the actual delay of the sync signal experienced over the last
continuous sweep period as well as the average time per sweep:
vowa x|
Sweep Skatistics:
min sync delay time = 71 millisecs

max sync delay bime = 125 milisecs
average sweep bime = 191 milisecs

If the maximum sync delay time reaches 500 milliseconds or one experiences occasional losses of sync, then one might
consider to extend the synchronization period by a value larger than the maximum experienced sync delay time. Above
statistics were collected with VNWA3 and default settings on a virtual XP system in VMWare player run on a Windows7
machine, which works very well.

"Debug Settings":
These are used for VNWA software development and for educational purposes only!

» » » WARNING: Don't touch these debug settings unless you exactly know what you are doing! For proper VNWA
operation, all checkboxes must be unchecked!

Options:

- "write audio data to file": If selected, the raw stereo audio stream data is stored after each sweep to the file out.dat. =>
requires considerable processing time. A good free software tool to view the raw audio data is the plotting software
GENPLOT.

- "do not normalize to reference channel”: If selected, the reference channel data is ignored. This is useful to evaluate
absolute signal amplitudes of the DDSes and noise levels.

- "Deactivate RF DDS": If selected, the RF DDS is shut down. This is useful to check the noise floor level of the
instrument undisturbed by RF crosstalk. Requires USB firmware V4.2 or higher.

- "Deactivate LO DDS": If selected, the LO DDS is shut down. This is useful to check the noise floor level of the IF signal
path. Requires USB firmware V4.2 or higher.

- "slow down LPT": If checked, communication via LPT is slowed down by a factor of 2.

» » » Note: The last two options show no effect on USB controlled VNWAs.

"Signal Generator"

This feature is intended for testing proper DDS operation. There is a more convenient signal generator feature available
on the VNWA main window.

With the RF Frequency control, you can directly control the frequency of the RF DDS. The Frequency Offset LO - RF
control sets the frequency of the LO DDS accordingly.

Example 1:
If RF is set to 10 MHz and an offset of 1 MHz is selected, then the RF DDS is set to 10 MHz and the LO DDS is set to

11 MHz.

Example 2:
If RF is set to 5 MHz and an offset of -5 MHz is selected, then the RF DDS is set to 5 MHz and the LO DDS is setto 0

MHz, which means it is switched off.

Example 3:
If RF is set to 0 MHz and an offset of 5 MHz is selected, then the RF DDS is set to 0 MHz (=off) and the LO DDS is set

to 5 MHz.
"Instrument Monitoring™ (only VNWAS3 with VNWA35.8.z and firmware v5.16 or later)

VNWAS firmware version v5.16 or later allow to measure the internal VNWA temperature. If availability of this feature is
detected, the temerature will continuously be updated in the "Instrument Monitoring" section (mouse pointer below):
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[=] PC and Instrument Hardware Related Setup

UISE Settings I Audio Settingsl Audio Levell Aux Audio Level | Instrument Settings  Mise. Settings |

rDefault Master Calibration File Mame

X

|VNWA_M astercal.cal

Browse and Load Master Cal. |

—[Data Logging and User Postproceszing Option:

Isave 521to jlbinar}l j Saveto ID:\ Browse |
Ipostprocessing OFF j User DLLI Browse |
—Special Setting

I~ don't autozave instrument state on entering setup
I” update races at end of sweep only  [save CPU time)
I~ F_Sync=F_Start [does not waork when using aliases)

Extend synchronization period by IEI secs [default] VI

show sweep statistics I

—Debug Setting

[~ wwite audio data to file

[~ do not nomalize to reference channel
[~ deactivate RF DDS

[~ deactivate LO DDS

I~ slow down LPT [LPT made anlyl]

—Signal Generatar

FiF Frequency Frequency Offset LO - RF
| ek |+ |

[5 [MHz >| [o.m2 |MHz =]
M| ok . I

Instrument M onitoring

Instrument T emperature =

28.4 Deg. Celsiuz
Temperature offset comection value = ID.S ) Deg. Celsiuz

As the temperature sensor is not calibrated and not very accurate, an individual offset can be applied to improve the

readings. Initially, the sensor is calibrated assuming the VNWA is exposed to 20 deg. Celsius at first start. This

calibration can be redone by

1. resetting the temperature calibration by right-clicking onto the "Instrument Monitoring" panel and selecting "Reset

Temperature Calibration"...
| [~ slow down LPT [LPT mode onlyl]

Instrument b onitaring

Instrument Temperature =

j Temperature offset correc!
-

R perature Calibration
Show Temperature on Main Screen

2. ..and following the instructions:

YNWA temperature calibration cleared.

Shut down YMWA software, unplug your YRWA, let it cool down to room temperature and replug it.

This calibration assumes that room kemperature is 20 Deg, Celsius,
Correct manually later on if this is not the case,

»»» Note: When data logging is activated using binary (*.v*b) file format, the current VNWA temperature will be logged

into the data files together with the measured S-parameters.

» » » Note: When "Show Temperature on Main Screen" is activated, the VNWA temperature can be monitored

continuously on the VNWA main window:
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[=4 DGBSAQ - Vector Network Analyzer Software - I - |D|ﬂ
File Measure Settings Tools Options Help
—_— T=23.5°C <Refl
0de
Start = 0.03 MHz Center = 50015 kHz Stop = 100 MHz
X Span = 99,97 MHz
T At =0 dB ¥ 521 dB I 511 Smith __ Continuous
I 'I = | IMem‘I 'I Single Sweep
%

[VNwWA USB Mode started.

This feature can be switched off again by deactivating it in the misc settings setup or by right-clicking the blue

temperature label on the main screen.
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OPTIONS - SETUP (N2PK-VNA)

The "N2PK Instrument Setup" window allows to configure VNWA.exe to control an N2PK-VNA.

Hardware Settings Tab

[=4 N2PK Instrument Setup il

Hardware Settings | Other Settingsl

Interface

|N2PK Parallel Part j 10 Address LPT = |0375 Hex Test LPT |

—Hardware
Clock Frequency = |1 BE. 25 MHz minimur %M zettling time ID Pz
Detectors: Detector 1: 1z not available Detectar 2 iz not available S-ParameterT estbox

v ewpected |V t | [v ewpected [~ measures Thiu forward Inone j'

v measures Thiu reverse [~ measures Thiu reverse | switching delay: switch #

I'IDD ms I'I 'l

Alt. Switch Setting:

5 |=|1 Offset = ID MH FT) = flx-axis] * scal ffset
cale 26 z [T] = fx-awiz] * scale + offse Syiteh 2 s m

~Transverter setting

In the interface section, select the interface of your choice (either N2PK Parallel Port or GBKBB USB Interface) and
in the former case the port address. The "Test LPT" button allows to test the LPT speed. The result will be displayed in
the very bottom status line and should be <2 us.

The hardware section specifies the VNA clock frequency and the available detectors and how they are assigned.
The above setup shows Detector 1 being used for Forward through (S21) and Reverse through (S12) while Detector 2
in turn is being used for Forward reflection (S11) and Reverse reflection (S22). This can be changed according to
individual external wiring of your N2PK VNA. Note, that this might not be the best assignment of detectors.

You can also specify if an S-parameter test set (automatic switch to invert the DUT) is available and if it should be
used manually (user selecty measurement direction) or automatically (direction is switched automatically). Also, the
polarity of the test set control can be selected. As most switches are built with slow mechanical relays, the software
needs to wait until the switch is thrown. Specify the switching delay accordingly.

The minimum VNA settling time is not exactly a hardware setting. It specifies, how long the software waits after a
DDS phase change for the VNWA to settle. 200us are sufficient. Entering 0 will invoke the minimum settling time
influenced by the LPT transfer speed and can range from 100us to 200us.

The "Transverter settings" section specifies, how the main VNWA window frequency axis is to be scaled, if a
frequency transverter is used together with the VNA. E.g. if scale=0.5 and offset=-400MHz, a specified measurement
frequency range of 430...440 MHz will invoke a DDS output frequency of 15...20 MHz.

The G8KBB USB Interface allows to control two switching lines, one of which is used for controlling the S-parameter

testset (usually switch #1, as is selected above). The other switch can be controled with the "alt switch settings" to
e.g. control additional test heads. Note, that this feature is only functional in USB mode.

|  Other Settings Tab

Here, you can load an existent master calibration file or specify a master calibration filename to be automatically loaded
on the next program start.
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OPTIONS - SCREENSAVER

The menu item "Screensaver" allows to configure the screen saver if a Windows screensaver is activated.

[=IDGBSAQ - Vector Network Analyzer Software - Sp 5:: I =] 5]
File Measure Settings Tools E’II.Options Help
Select Instrument 3
10de./ COperation Mode 3 %1%”
Setup

Screensaver o]

Clear all data spaces OFF

w off while sweeping

Options:

ON: The screensaver is permanently active and switch the screen off after a while of inactivity.

OFF: The screensaver is permanently disabled, the screen will never be switched off.

off while sweeping: The screensaver is disabled when VNWA is sweeping, such that the screen won't get switched off
while measuring, but it will be switched off after a while of inactivity if VNWA is in idle mode.

Note, that these settings are local settings inside VNWA and affect the Windows screensaver only while the VNWA
software is running. These settings have no effect at all if the Windows screensaver is disabled via the Windows control
panel.
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OPTIONS - PRESET

The Preset menu allows to bring the VNWA software back into a default state.

= DGBSAQ - Vector Network Analyzer Software - |E||ﬂ
File Measure Settings Tools | Options Help

Select Instrument  »
1048/ Operation Mode ~ » <DFiIEr:B

Setup

10dE/ Screensaver 4
Clear 3

Display etc.
Hardware settings only
Multipliers

Start = 10.685 MHz Center = 107 MHz Stop = 10.715 MHz
Span = 30 kHz
B W 521 dB ¥ 512 dB Continuous |
[sz1 7] = [[Mem1 =] © 511 Smith ¥ 522 Smith Single Sweep |
[For Trace 3 get scales from Trace 1 v
Options:

- Display etc.: resets all non-hardware related settings like display setup, custom traces ...

- Hardware settings only.: resets the hardware setup.
- Multipliers: resets the clock multiplier tables to default values.
- FULL: returns the software to a fresh installation state.

» » » Note: Any preset will cause the VNWA software to terminate. The preset will take effect with the next software

launch.

v » » Note: Any preset will preserve the VNWA license key.
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The VNWA main menu "Help" offers the following functions:

Help

Configure Help

Home

About

[=iDGBSAQ - ¥ector Network Analyzer Softwal 10l x|

File Measure Settings Tools Options | Help

Help H -

10dg/ Configure Help <Ddg
Home r
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HELP - HELP
Select "help" to invoke this help file from within VNWA.
VNWA.HLP and VNWA.cnt must reside in the VNWA software directory in order to use this feature.

If "PDF Help" is selected in Configure Help, then an appropriate PDF Help file is required instead of the *.hlp file
package.
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HELP - CONFIGURE HELP

As Microsoft does not or only with delay provide viewers to view help files in *.hlp format for new Windows versions, you
may choose here to use a different viewer or use the pdf help file instead. This menu also informs if the Microsoft
winhlp32 viewer is actually installed.

installed.

= Alternative Viewer browese for viswer
Download viewhip.exe
" PDF Help browsse for FDE

Downlgad latest POFE
Downloading the > 20ME PDF may ta:‘Z several minutes.

Mote, that WNWwia cannot be terminated while downloading,
bt pou may cloge this window and continue to waork while
downloading.

- A possible alternative viewer is viewhlp by Alan MOPUB, which is similar to winhlp32, but lacks some of its features. It
can be downloaded from the SDR-Kits website by clicking on the blue "Download viewhlp.exe" label.

- If viewhlp is actually installed, the blue "browse for viewer" label will indicate "viewhlp.exe" instead. Clicking on this
label will launch a *.exe file open dialog. Here, you can select the executable of any help file viewer you like to use. If
you have an old Windows XP license, you may decide to use the XP winhlp32.exe instead on your new Windows7 or
Windows8 machine, which works very well. Copy the executable to the VNWA installation folder (or any other folder)
and select it here.

- Clicking on the blue "browse for PDF" label will launch a *.pdf file open dialog. Select the pdf file, that is to be opened
later when you click the Help menu. After a pdf file has been selected, the label will show its name.

- Clicking the "Download latest PDF" will launch the download of the latest PDF help file from the SDR-Kits website as a
background process. Note, that the download cannot be interrupted.
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HELP - HOME

Select "Home" to access the VNWA knowledge base:

[=/DGBSALD - Yector Network Analyzer Software

=gl x|
File Measure Settings Tools Options I?Ip
1. 7.iMHz  -37.75dE 000+ 0.01  Help bB“
10de./ Download latest Software Package %i;gﬂ
About,.. DEESAG)
T SDR-Kits
15/ . WRWA Mewsgroup

|  Default Links

Download latest Software Package will let you access the VNWA self installer binary for software, driver, firmware
and help file updates.

DG8SAQ will let you access DG8SAQ's webpage to e.g. to look for literature and links.
SDR-Kits will let you access Jan GOBBL's ordering and support webpage.

VNWA Newsgroup will guide you to the VNWA Groups.io forum, where you can post your questions and find software
and driver updates.

|  Customizing Links

The internet links in this menu can be customized by creating an ASCII file with name "links.url™ in the VNWA program
directory. Note, that the file extension is .url, and NOT .txt.

B links - Editor 10l x|
Datei Bearbeiten Format  Ansicht  ?

ithis is m oogle http:/Swww.google, com/ -
another 'Igllng http:/www.yahoo. com/ _I

4

Every line in above file denotes a menu item with corresponding internet link. Note, that any text preceeding "http" is
interpreted as link name to be shown in the "Help-Home"-menu. The above file will modify the menu like this:

[=IDGBSAQ - ¥ector Network Analyzer Software

File Measure Settings Tools Options | Help
1. 77MHz  -37.75dE 000+ 00 Help |1.38°

10de/ this is my google <DF‘;EH
/\ About,..
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HELP - ABOUT

|  General Tab

(=] About DGBSAQ VNWA Software ﬂ

| System Info | Third Party |

DGEESAL Vector Netwark Analyzer Software

“ersion 36.7.6

for the LGESAG NEE

eatured by

R-Kits

Note, that the "featured by" logo on the bottom of above screen can be customized / changed by replacing the image file

"logo.bmp" in the VNWA program directory. If logo.bmp is removed, the "featured by" text and logo will not be shown.

|  System Info Tab

Look here to determine your software version. Here you can also automatically generate a debug report by pressing

the "Email system info..." button:
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[=] About DGBSAQ VNWA Software
Geheral

Version:
36.7.6 of 2018.05.01 10:42:24 with USB support
for Windows 2000, XP, Vista, 7, 8 and 10.

Windows 7/ 64 bit detected.

Look at main menu
Help - Home -
for software updates!

Repor Software Problem

Ermail system info and debug info to DGESAQ

Add a detailed description of the problem to the autornatically composed email
Flease use this feature with consideration!

Note, that the email is only generated if you use Microsoft Outlook or Outlook Express. Add your own comments to the
automatically generated email and send it off. But please use this feature with condideration, so | don't drown in emails.

Ma) u‘ﬂ ) ¥ /5 VNWA36.2.6 debug info - Nachricht (Nur-Text) - | X
_/ Nachricht | Einfligen  Optionen  Text formatieren  Adobe PDF ©
=1 Ax|[@) 02 |3 ABg
b a— f— e |[l—— i o
— B (B I U[=-i=|=:= = e v ,
Einfligen P [ p—— Namen Lé.'s' Nachver- Rechtschreibung
= | P A== §I|*' | - folgung ~ v
Zwischena... ™ Basistext Einschl.. ™= || Optionen ™= ||Dokumentpriifung
Diese Nachricht wurde noch nicht gesendet.
. An.. | |DG8SAQ <dg8sag@darc.de>
Senden Ce I
Konto v | Betreff: IVNWA36.2.6 debug info
Angefigt: | BB debug.zip (376 KB)
| i)
FY
Add your comments here... m
v

If you use a non-Microsoft mailer or if you decide to cancel the email, you will see an error window with the information
on where the debug data has been saved to your disk, so you can mail it manually later.
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Error sending mail (1).

Please email debug.zip manually.

OK

You can find the compiled debug data in D:\VNWA\VNWA3.0\tmp\ .

|  Third Party Tab

Thanks to all who contributed to this software!

[=l Abo :8SAQ VNWA Software

.Generall System Info

‘Wyritten with Delphi 6

Third party units used:
- unit adplnstance Control by Zarko Gajic, BSCS,
About Guide to Delphi Programming
http:dfdelphi.about.com
- unit Abdixer by Vit Kowvalcik
http: A fi.muni.cz/™xkovale
- unit zlpottio and parallel port driver zlpotio.sys by Zloba Alexander
http:ffweww. specosoft.com
DO NOT FORGET TO COPY zlportio.sys TO YOUR SOFTWARE DIRECTORY,
IF YO USE LFT-MODE!
- Delphiwrapper unit LIBUSE by vwo Nelemans for generic JSB-driver
from http:/flibusb.sourcefarge net/
- unit DExFastFourier by Gunnar Bolle, FRrefect@t-online.de
- "Simple Calculator" by Simon Bucheli
from http:/fwvew tyberis.cam/
-"PNG Delphi" by Gustava Huffenbacher Daud, gustavo.daud{@terra.com.br
-wnadll.dll and delphivna.dll by Dave Roberts GEKEB.
- 5w GImage by Martin Walter from http://development. mwes de/svaimage html
- DelphiZip - Ziphaster from httpdewes.delphiziporg!
Copyright () 2011, 2012 Delphidip
Allrights reserved.
Forthe purposes of Copyright and this license "DelphiZip" is the current
authors, maintainers and dewvelopers of its code:
Russell Peters and Roger Aelbrecht.
- CodeclF.dll by Alan Rowe MOFLIE
-xygraph from hitp:ffhome.solcon.nlfwcemmens
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LCR METER

The VNWA + Software can be configured such, that it behaves like a standard LCR-meter being able to measure a
complex impedance at a fixed frequency, decompose the result to parallel and series equivalent circuit and display the
result numerically.

- To do so, first set the VNWA center frequency to the desired value and set the span to zero. Any other span will work,
too, but as the evaluated numbers will be averages over the full sweep, these will also be frequency averages if a
non-zero span is used.

- Set the number of data points and time per data point such, that a sweep rate of 1...10 sweeps per second will be
performed. This will be the rate, at which the LCR and Q-values will be updated.

- Next perform a SOL-calibration in order to accurately measure S11, and if desired, move the calibration plane by
means of a port extension to where you would like it to be, e.g. to the tip of a test fixture.

- Next, select display mode LCR-Meter for an S11 trace as seen below.

[=IDGBSAQ - ¥Yector Network Analyzer Softy _iml XII

File Measure Settings Tools Options Help Real 2

Imag 2
1: 1.00000000kHz 057+ 0.81 057+ 0.81%, 12|
Z -
L -
Real ¥
Irnag ¥
Rl
cll
LIl
il ac
Srith L
COther 3
BT:' Start = 1 MHz Center=1  Other Polar 4 VSR
Span=0 T

511 &

'=_>”Mem1jv 511§

| Y

Continuo

=k

Get Scales from

Single Sweep

As can be seen below, numerical values appear on the main window. They display L,C,R and Q-values for parallel and
serial equivalent circuit of the impedance to be connected to the TX port and to be measured into S11. Sweep
continuously and change the test object on the TX port. You will see how the displayed values change after every
sweep. The software will automatically detect if the test object is capacitive or inductive and chose to display Henries or
Farads accordingly.

_loix
File Measure Settings Tools Options Help
1. 1.00000000MHz 057+ 0.81 O57+081 4

L- = 15.37 JH

Rdhs 1.56 Ohm

LIl = 15.38 pH

RI| = 5.99 kOhm

o (o
gi: Start =1 MHz Center =1 MHz Stop =1 MHz

Span = 0 MHz
=x W 511 Smith Continuous
=_>I Im I+ 511 LCR Single Sweep

|Trace 2 [Marker 1: 1.00000000MHz 0.57+i 0.51 5

The number of displayed fractional digits can be controled by right-clicking onto the displayed numbers as can be
seen below. Note, that all other diagrams must be disabled in order to do so.
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[LIDGBSAQ - Yector Network Analyzer Software - 10l x|

File= Measure Settings Tools Options  Help

L- = 15.38 pH
R- = 1.61 Ohm
LIl = 15. ﬂhno f-r:a'czional digits
RI| = 5. 1 fractional dig
2 fractional digits
Q = 60 3 fractional digits

4 fractional digits

Cal

Dl Start = 1 MHz Center =1 1 MHz

¥ Span = 0 MHz
= 7511 Smith Cortinuous
|S21 j = ||Mem1 j v 511 LCR Single Sweep

| Y

The above action will cause 5 fractional digits to be shown (below) instead of 2 fractional digits (above).

[-IDGBSAQ - Yector Network Analyzer Software - 10l x|

File Measure Settings Tools Options Help

e
1
I

15.38182 pH
1.60855 Ohm

m
1
|

=
[

15.38608 pH
5.80846 kohm

12
[

9 = 60

Cal

Diy Start = 1 MHz Center =1 MHz Stop=1 MHz

Span = 0 MHz
= 7511 Smith Continuous
|S21 j => ||Mem1 j v 511 LCR Single Sweep

| Y

» »» Note: As inductivity and capacity are frequency dependent effects, that tend to zero as the frequency approaches

zero, L and C measurements will become more and more inaccurate the lower the measurement frequency.
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ZOOM FUNCTIONALITY

You can zoom into a displayed trace in order to view an enlarged section of it. To do so, point the mouse cursor to one
corner of an imagined box on the main window grid, which you want to enlarge, press the left mouse button and draw
the so called zoom-box with the mouse keeping the left mouse button pressed continuously. While you keep the left
mouse button pressed and you move the mouse, you will see the zoom-box taking shape. In the following example, we
attempt to zoom into a measured filter's passband:

[=/DGBSALD - Yector Network Analyzer Software _IEILZ(J

File Measure Settings Tools Options Help

<Ref2

1048/ OB

Start = 0.235 GHz Center = 435 MHz Stop = 0.635 GHz
Span = 400 kMHz
= W 511 Smith Continuous
|S21 IMem‘I j v 521 dB Single Sweep
|Leaving Zoom Mode! 4

As soon as you release the mouse button, the zoom-box will be enlarged to completely fill the main grid.

[=IDGBSAQ - Yector Network Analyzer Software -IDI...).'.(..I

File Measure Settings Tools Options Help

434MHz 007 0.04 -1.82dR

1:

2¢=1: 1.10d8 -0.21+i016  -292dB <Ref2
1dB/ 32 1075MHz O01+001 29268 0dE

4 435MHz 0124005  -1.57%8

2

Start = 0424737171 GHz Center = 435500626 MHz Stap = 044626408 GHz
Span = 21.526909 MHz
Zonl .
o % Undo last zoom mith Continuaus
521 el E Single Sweep
Leave zoom mode, keep y-scale —_—
[Ents Leave zoom mode, keep all scales 4

»»» Note: You can do multiple consecutive zooms.

» » » Note: When zooming, the measurement span and measured number of data points remains untouched. Only part of
the data is displayed. When sweeping in zoomed state, you still sweep the whole unzoomed frequency range, but only
part of it is displayed.

»»» Note: You cannot zoom inside the Smith chart. But as you can see in above screenshot, the Smith chart data
outside the zoomed frequency range is greyed.

» »» Note: You can unzoom by right-clicking the zoom label near mouse pointer. If you right-click it, the above shown
unzoom menu pops up.

» » » Hint: You can also unzoom by right-clicking the main window grid.

» »» Hint: Zoom functions can also be accessed by the main menu "Settings"-"Diagrams"-"Zoom™":
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[=IDGBSAQ - Yector Network Analyzer Software - DGESAL lic
gs Tools Options  Help

File Measure |

Frequency Range 3 i _ .
1dg/ Diagrams % only (except timedomain) b

SWEEn Display 3 Y only (except bimedomain)

Power Levels » Marker Caption » w Xand ¥

=10l x|

Average, Peak Hold, Autosave
Time Darnain 3
Calibration kit

w Overlay Unzoomed

Unda last Zoom
Leave Zoom Made, keep v-Scale
Leave Zoom Mode, keep all Scales

Stark = 0.4272403 GHz Center = 435 MHz Stop = 04427597 GHz
<oom Span = 15.519399 MHz
?X At =0 dB W 521 dB Continuous
521 | = i iMem‘I 'i Single Sweep
A

|Entering Zoom Made!

Choices:

- Yonly ... = only zoom vertically, leave the frequency axis unchanged (not applicable in time domain mode).

- X and Y = zoom frequency axis and y-axis

- Overlay Unzoomed = If selected, a greyed version of the unzoomed data is displayed with the zoom range highlighted

together with the zoomed trace:

[LIDGBSAQ - Yector Network Analyzer Software - lic

File Measure Settings Tools Options Help

0.EdB/

Start = 0426233043 GHz Center = 435.500626 MHz
Span =18.523154 MHz

[ 521 dB

]

<Refl
-1.4dB

Stop = 0444762203 GHz

Caontinuous

Single Sweep

|Reference Position = 10

%

The following choices are only visible in zoom mode:
- undo last zoom = restore the x- and y-scales of before the last zoom

- leave zoom-mode keep y-scale = restore the full frequency span but keep the zoomed vertical scale

- leave zoom-mode keep all scales = keep the zoomed frequency span and the zoomed vertical scale. The data

outside the last zoom box is lost, the visible data is interpolated to the full number of data points grid. A sweep after this

will only sweep the visible frequency span.

- unzoom = restore the original x- and y-scales of before all consecutive zooms
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MARKER SUMMARY

In order to read numerical information from displayed traces, up to 9 markers can be placed onto the traces.

| 1. Adding a marker

This is done by pointing the mouse cursor to the position (=frequency) in the plotting grid where you want the marker to
be and right-click the mouse. A popup menu allows to select a marker type to be placed:

[=/DGESALD - Yector Network Analyzer Software - DGESAD | -0l x|

File Measure Settings Tools Options Help

<Refl
1048/ ndB

Tl Add Frequency Marker M
TMaximurm

Clear last Marker

Iinimurm
eyl Absolute Level » E
Add Trace Delka

Bandwidth 3
Marker Caption
Cursor 3

Realtime Expression Evaluator

Py 8
Trace Options
Start = 10.685 MHz Center @1 Options op = 10.715 hHz
Span = 0.03 MHz
-0dB ¥ 521 dB Continuous
| = ”Mem1 'i I 511 dB Single Sweep

| 4

Note, that with the aid of above menu you can also delete the most recently placed marker ("Clear last marker™) or
delete all markers ("Clear all markers™).

In the following a "Normal” "Frequency Marker" is placed:

[-IDGBSAQ - Yector Network Analyzer Software i - I Dlﬂ
File Measure Settings Tools Options Help
<Ref
10dB/ 1: 10.69935MHz  -11.86dB  -209dB 1 0de
1dB/
<Ref2
1dB
Ay
Start = 10.685 MHz Center = 10.7 MHz Stop=10.715 MHz
- Span =30 kHz
. W 521 dB Continuous
| = ”Mem1 'i I 511 dB Single Sweep
| 4

Note, that in addition to the actual markers a marker caption with marker number, marker frequency and marker values
is displayed in the top left area of the plotting grid.

The user settable frequency unit of the center frequency is used as marker frequency unit (MHz in above example).

| 2. Moving a marker

Markers can be moved with the mouse. To do so, point the mouse to the marker which you want to move. If the
mouse pointer changes to a hand shape, press the left mouse button and drag the marker to where you want it to be:
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[=IDGBSAQ - Yector Network Analyzer Software -0l x|
File= Measure Settings Tools Options  Help

<Refl

1048/ 0B

1dB/

<Ref2
1dB

1. 10.70094kHz 293448 -0.03dE

Ay
Start = 10.685 MHz Center = 10.7 MHz Stop =10.715 MHz
- Span=30kHz
521 B Continuous
5 - =_>||Mem1 'I I 511 dB Single Sweep
[Trace 1 { Marker 1: 10.70094MHz  -29.34dB v

If the marker is to be set to an exact frequency, then double-click the marker to open the extended marker info

window or right-click the marker and select the extended marker info menu:
(=1 Marker 1 of trace 1 il

Abszolute Marker Values: [ est. info
[10A [MHz =l

Trace1:  -25.89dB
Trace 22 -0.02dB

The marker frequency can be adjusted here and thus the marker will be moved accordingly.

| 3. Removing markers

There are several ways to remove markers.

The last marker or all markers at once can be removed by right-clicking the main window grid and selecting "Clear last

Marker" or "Clear all Markers":

[=IDGBSAQ - Yector Network Analyzer Software i ] |
File Measure Settings Tools Options  Help

10d8/ 1: 10.70094MHz - -29.34dB -0.03dB

1dB/
1 .
Clear all Markers R ef2
B
Add Trace
Marker Caption 3
Cursor 3
Realtime Expression Evaluator ¥
" Trace Cprions
o Grid Options
Start = 10.685 MHz Center = 10.7 MHz Stop=10.715 MHz
- Span=30kHz
. 521 dB Continuous
| = ||Mem1 'I ¥ 511 dB Single Sweep
[Trace 1 {Marker 1: 10,70094MHz  -29.34dB v

A specific marker can be removed by right-clicking that marker and selecting "Clear Marker":
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[=IDGBSAQ - Yector Network Analyzer Software -0l x|

File= Measure Settings Tools Options  Help

1046/ 1: 10.70094MHz  -29.34dB  -0.03dE <DF“:|EH
1dB/
<Ref2
1dB
Extended Marker Info
IMarker Frequency to ... F
Set Bandwidth Level
Start = 10.685 MHz Center = 10.7 MHz Stop =10.715 MHz
= Span=30kHz
) Vv 521 dB Continuous
| v] = ||Plot2 vI ¥ 511 dB Single Sweep
[Trace 2 { Marker 1: 10,70004MHz  -0.03dB v

The same functionality can be achieved by right-clicking a text line of the marker caption and selecting "Clear Marker":

[=4DGBSAQ - Yector Network Analyzer Software =101 x|
File Measure Settings Tools Options Help
1DdB-"l 1: 10.?00““‘”_ An A dn kel <Hen
Position 3 0dB
1dB/ Show Marker For Trace  #
Skyle 3
<Ref2

Clear Marker

1dB
Start = 10.685 MHz Center = 10.7 MHz Stop=10.715 MHz
= Span=30kHz
V 521 de Continuous
| v| = ||Plot2 vI ¥ 511 dB Single Sweep
[Trace 2 { Marker 1: 10,70094MHz  -0.03d6 v

The marker belonging to that specific text line will be removed.

| 4. The marker caption

The marker caption is the text informing about marker frequencies and marker levels. It can be moved with the mouse

in a similar fashion as the markers. To do so, point the mouse to the frequency part of the marker caption. When the
marker pointer changes to a hand shape, press the left mouse button and drag the caption to where you want it. The
default position can be restored by right-clicking the marker caption. Also, the current position can be locked or

unlocked:

[-IDGBSAQ - Yector Network Analyzer Software - | I:Ilil

File Measure Settings Tools Options Help

<Refl
1048/ 4B
1dBs
<Ref2
1dB
10 10.70094MHz  -29.34dE -0.03dB
Position 3 re Defaulk Position
Show Marker for Trace » Lock Position
Style 3 Unlack Position
T
Start = 10,685 MHz ceaionioy | Stop = 10.715 MHz
o Span=30kHz
Vv 521 de Cantinuous
| v| = ||F'Iot2 vI ¥ 511 dB Single Sweep
|Trace 2 | Marker 1@ 10.70094MHz  -0.03dB 4

The same functionality is accessible via the main menu "Settings"-"Diagrams"-"Marker Caption".
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»»» Note: For better readibility the marker caption can be switched to non-transparent, i.e. graphic elements behind the
marker caption will be invisible. Also, the font, style and the size of the marker caption can be changed:

[=] DGBSAQ - Vector Network Analyzer Software - DGBSAQ license

File Measure Settings Tools Options Help

1048/
1dE/ 1: 10.T0000MHY -)5.29DE
~ e ™ Position
Style

it i

Show Marker for Trace #

Clear Marker

-0.08DP
3

=T

<Fefl
OdB

<Ref2
3 Transparent | ndr

T

This functionality is accessed by right-clicking the marker caption as seen above for the case of deactivated

transparency.

Upon clicking the Font - change menu, the font manager will open:

Schriftart Schriftschnitt:
S Standard
S M Form SCHRAG
Zmall Fantr FETT
nep ITC | |FETT SCHRA
STENCIL ;l e
Effekte — Beispiel
™ Durchgestrichen
™ Unterstrichen AABBYYIZ
Farbe:
I- Schwarz vl Skeript:
| Westlich =]

Here, the font, style and size can be selected. Note, that the color setting will have no effect here.

v »» Note: Left-clicking any part of the marker caption will copy the complete marker caption to the Windows clip-board,

from where it can be pasted into any document, e.g. like this:

1:0.01856MHz  0.99-i 0.01 0.01+i 0.00 0.00 -90.00°

2:22.99MHz
3: 99.93MHz

Smith Marker Captions:

Smith markers can be evaluated as reflection coefficients S, impedances Z or admittances Y.

0.46-i 0.72 0.01+i 0.00 0.00 -90.00°
-0.34-i 0.58 0.01-i 0.00 0.00 -90.00°

This is set by right-clicking the marker caption or a marker symbol:

1. #40MHz 031+ 035

B DGESAQ - Vector Network Analyzer Software - DG8SAQ licensed t...

File Measure Settings Tools Options Help

2o
Bk Srith Marker shows

1048/

Dy Start= 0.3 MHz

=2
T At =0dB

M~ = |[Mem2 -

Trace 2 / Marker 1: 440MHz

Position

Show Marker for Trace

Style

Clear Marker

Center = 300.15 MHz
Span = 599.7 MHz

W 511 Smith
M 521 4B
-2.99dB

— O >
« 5
<Ref2
Z L\\, OdE
Y
Stop = 600 MHz
Continuous
Single Sweep
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On the following screen Smith markers are evaluated as impedances:

06.05.2023 12:48:27

1: 1.0MHz 100ohm -i 628mobm 100.00chrm -0.E30km
2 100.0MHz 71.70hm - 450hm #1.70ohm  -45.050hm

10ohm/
10ahm!
3 1
<Refl
1 Oakim
<Ref2
100okm
Start =1 MHz Center = 50.5 MHz Stop =100 MHz
o Span = 99000 kHz
T At =0dB 511 Smith 511 ImagZ
511 RealZ

| 5. Extended marker information

[=4 Marker 1 of trace 1 x|

Absolute Marker Values: i~

[107 [1Hz |
S = 0.006302 - i~ 0.05035

§ = [.050742 = expl- * 1.4462 | %

151= -25.832dE  ArglS) =-82.865°

Extended marker information on a specific marker is available upon double-clicking that specific marker:
[=IDGBSAQ - Yector Network Analyzer Software 3 i ] |

File Measure Settings Tools Options  Help

1048/ 1; 10.70000MHz  -2583d8  -0.08dE 2 <DF“:|EH
2 10.70500MHz 140248, -1

1dB/
<Ref2
1dB

Ay

Start = 10.685 MHz Center = 10.7 MHz Stop=10.715 MHz
- Span=30kHz
a W 521 dB Continuous

- =>||Mem1 vI W 511 dB Single Sweep

[Trace 1 { Marker 2 10,70500MHz  -14.02d6

4

Since double-clicking the marker might slightly change the marker position, the same functionality is available without

this risk by right-clicking the marker and selecting "Extended Marker Info":
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[=IDGBSAQ - Yector Network Analyzer Software -0l x|
File= Measure Settings Tools Options  Help

1046/ 1: 10.70000MHz  -2583d8  -0.08dE 2 <DF“:|EH
2 10.70500MHz - -14.02dB ,  -1.44dB

1dB/
Extended Marker Info <Ref?
Marker Frequency ta ... 1dB
Set Bandwidth Level
Clear Marker

Start = 10.685 MHz Center = 10.7 MHz Stop =10.715 MHz

= Span=30kHz

) Vv 521 dB Continuous

| v] = ||Plot2 vI ¥ 511 dB Single Sweep

[Trace 1 { Marker 1: 10,70000MHz  -25.83d6 v

Another way to access this function is to double-click the value string belonging to the specific marker:

[=4DGBSAQ - Yector Network Analyzer Software =101 x|
File Measure Settings Tools Options Help

1048/ 1: 10.70000MHz  -25.89 -0.08dE 2 %EEH
2 10.70500MHz  -14.02 -1.44dB

1dB/
<Ref2
1dB

Py

Start = 10.685 MHz Center = 10.7 MHz Stop=10.715MHz
- Span=30kHz
. 521 dB Continuous
| = ||Mem1 'I v 511 dB Single Sweep
[Trace 1 { Marker 1: 10,70000MHz  -25.63d6 v

Note, that double-clicking the frequency part will have no effect as the frequency belongs to a whole row of markers on

all traces.

When marker 1 on the first trace (S21 trace) is selected then the following extended marker indo window will show:

[=4 Marker 1 of trace 1 x|

Abszolute Marker Values: [ ext info h
107 [1Hz =l

Trace 1. -25.89dB
Trace 2 -0.08dE

The marker frequency can be set to an exact value (not for maximum, minimum or bandwidth markers), e.g. 10.7 MHz in

this example.

Note, that as long as the ext. info checkbox is unchecked, the values of all traces are being displayed at the same

time.

Checking the ext. info checkbox (next to mouse pointer above) will yield extended marker info on one specific trace (the

S21 trace 1 in this example):

[=4 Marker 1 of trace 1 x|
Absolute Marker Values: I

[107 |MHz =l

5 =0.006302 - i * 0.05035
S =0.050742 * expl-i < 1.4462 ]
151= -26832dE  Argl5) = 82865 °
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Even more extended information is available for reflection trace markers (S11, S22), for which impedances and VSWR
aree being be calculated:

(=4 Marker 1 of trace 2 x|

Abszolute Marker Values:
[107 |MHz =l

5 =0.99099 +i*0.012817

S =093107 ® exp[ i 0.012332 )

|51= -0078dB ArglS)=074039°

WEWR = 2232 %

2 = 36197 kohm + i * 5.2244 kohm
|2 | = B.3558 kahm
Ls=77703pHy O =1.4433

Y =83604pS -i¥123.32)5
|| =157.33 ps5
Lp="115.001 pHy 0 =1.4433

Note, that you can place the extended marker info window next to the main window and leave it open while sweeping.
Whenever a trace is being updated or the corresponding marker is moved with the mouse, the extended marker info in
the separate marker window is updated as well.

Note, that you can copy extended marker info to the Windows clipboard by right-clicking the extended marker window in
order to paste it into any text document:

[=d Marker 1 of trace 2 : x|

Absolute Marker Yalues:
[107 |MHz =l

5 =0.99099 + i * 0.012817

S =099107 * exp[i*0.012332 )
|51= -0073dB ArgS)=0.74099
WEWR = 22321

Z =3.6197 kohm + i * 5.2244 kohm
|| = 6.3558 kohm
Ls=77703pHy Q=

Y =89604p5 -i*129.32 5
|| =157.33 ps
Lp="115.01 pHy 0 =1.4433

Tracking markers in spectrum analyzer mode

Note, that extended marker information doesn't make sense in spectrum analyzer mode, as no phase information is
available there. Some times it is desirable in SA-mode to lock the instrument center frequency to a spectral line that
might slowly drift. This can be achieved by setting a maximum marker that detects the spectral line. Double-clicking it will
open the following marker window:

=4 Marker 1 of trace 1

Abszolute Marker Values:

107003151

Trace1:  -31.11dB

Note, that you cannot modify the marker frequency as this is determined by the maximum of the marker trace. Checking
the "Track Marker" checkbox will cause the software to set the measurement center frequency to the marker frequency
just before starting a new sweep. This way, it is attempted to keep the maximum in the center of the measurement span.
This tracking also works for minimum and all bandwidth markers. Sometimes it is more stable to track the 10dB center
frequency than the maximum of a peak.

Marking Minimum/Maximum Markers
It might be useful to make minimum/maximum markers visually distinguishable from normal markers as the former ones

obviously cannnot be moved with the mouse. This can be achieved by double clicking a minimum or maximum marker
(frequency markers only). The marker menu window then opens which looks like this for e.g. a maximum marker:
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[=iMarker 2 of trace 1 x|

Absolute Marker Values: v est infa

[0.010836475 [GHz |

Max Marker Indicator = [l ¥
5 =-0.27148-i*0.023148

5 =0.27245 * expl-i * 2.0565 ]
1§1= -11.293dB AuglS)=-175.12"

Note, that you can select a maximum marker indicator character (mouse pointer), which then replaces the colon after the
frequency information in the marker text:

[=IDGBSAQ - Yector Network Analyzer - Iﬂlﬂ
File Measure Settings Tools Options Help
10d8/ 2 Erd

1: 10.63526MHz  -27.84dB
27 10.69648MHz  -11.29dB

-

Start = 0.01 0685 GHz Center = 10.7 MHz Stop = 0.010715 GHz
Span = 0.03 MHz

=» ¥ 521 dB Comtinuous

E1T R ”Mem1 'i Single Sweep

| v

Note, that you can select two different indicator characters for minimum markers and for maximum markers.
| 6. Available Markers

Depending on the displayed data (frequency data, time data, radar data) the following marker types are available in the
markers menu:

Add Frequency Marker (for frequency data and polar data, e.g. Smith charts)

Add Time Marker (for time domain data)

Add RADAR Marker (for angular data e.g. antenna diagrams)

» » » Note: Only frequency markers will yield an extended marker info window upon double-clicking.

Available Frequency marker types:

- normal marker
- maximum marker (automatically jumps to the maximum of the first applicable displayed trace)
- minimum marker (automatically jumps to the minimum of the first applicable displayed trace)
- absolute level markers:

- zero marker (automatically jumps to the first zero crossing of the first applicable displayed trace)

- left marker (automatically jumps to the first crossing at a specifiable absolute level from the left of the first
applicable displayed trace, default level is minus one unit)

- right marker (automatically jumps to the first crossing at a specifiable absolute level from the right of the first
applicable displayed trace, default level is minus one unit)
- bandwidth markers:

- Bandpass (places a maximum marker, two markers down one vertical division below the maximum marker and a
center marker between the bandwidth markers)

- Bandstop (places a minimum marker, two markers up one vertical division above the minimum marker and a
center marker between the bandwidth markers)

- Max Left Down (places a maximum marker, and one marker down one vertical division left of the maximum
marker)

- Max Right Down (places a maximum marker, and one marker down one vertical division right of the maximum
marker)

- Min Left Up (places a minimum marker, and one marker up one vertical division left of the minimum marker)

- Min Right Up (places a minimum marker, and one marker up one vertical division right of the minimum marker)
- delta marker (displays the frequency distance and the vertical distance to the last normal marker)

»» » Note: If the frequency span is zero, the sweep time instead of the frequency is used to identify the marker position
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in x-direction.

Available Time marker types:

- normal time marker

- maximum time marker (automatically jumps to the maximum of the first applicable displayed time trace)
- delta time marker (displays the time distance and the vertical distance to the last normal time marker)

Available RADAR marker types:

- normal

- maximum(automatically jumps to the maximum of the first displayed RADAR trace)

- minimum (automatically jumps to the minimum of the first displayed RADAR trace)

- opening angle (places a maximum RADAR marker, two RADAR markers down one vertical division below the
maximum marker and a center marker between the opening angle markers)

- delta marker (displays the angular distance and the vertical distance to the last normal RADAR marker)

| 7. Bandwidth marker topics

The following screenshot shows an example of both a bandpass and a

[=IDGBSAQ - Yector Network Analyzer Software
File Measure Settings Tools Options  Help

10dB/

11 12.0189MHz B2 72dB
2=;1: 2000d6  B27adE
3-2: 1.20kHz -62.78dE
4 12.0183Hz 5253048
51 11.9978MHz  -1.00dB

Extended Marker Info

=1olx|

bandstop marker:

<Refl
0de

E:¢=5: 10.00dB  -11.00d8
76 3B0kHz 11,0048
B 8 11.9977MHz  -1.50dE

andwidth L
Clear Marker

Center = 12.008361 MHz

Start = 11.986455 pHz
m Span = 43813 kHz

Stop = 12.030268 MHz
Zonl

=3 W 521 dB Continuous
;I Single Sweep

lCust2 j

¢ 12.0195MHz  -62.78dB

|Trace 1 | Mal

A

The bandwidth levels can be changed individually by either dragging the bandwidth markers (2,3,6,7) up or down with

the mouse or by right-clicking one of the bandwidth markers (as seen a
seen below)...

[=4DGBSAQ - Yector Network Analyzer Software
File Measure Settings Tools Options Help

10dB/

11 12.0189%Hz  -52.78dB
Z=:+1: 20.00dB -B2.78dB
Z-2& 1.20kHz B2, 78dE
4 12.0189MHz B2 °ndR
51 11.9378MHz  -11  Position
B:¢=5 10.00dB 11,
76 380KHz 11 g e
o RN ro VISP 5=t Bandwidth Level
Clear Marker

Center = 12.008361 MHz

Start = 11.986455 MHz
om

=10l =

Stop = 12.030268 MHz

bove) or the associated marker captions (as

<Refl
0de

<0 Span = 43.813 kHz

. ¥ 521 dB Continuous
j Single Sweep

[Trace 1 { Marker 3: 12.0195MHz  -62.78dB v

... and selecting "Set Bandwidth Level". A level input mask will pop up:
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[-iBandstop Level = x|

|2n |dB |

Enter a new value here and the corresponding bandwidth markers will move to the new relative level.

The same holds true for the other bandwidth markers like the "Max Right Down" marker shown in below example:

[=IDGBSAQ - Yector Network Analyzer Software
File Measure Settings Tools Options Help

1

ade/

11 1.0MHz 0.22dB
2 1176 MHz 82248

Ay

Start = 1 MHz Center = 30.5 MHz
Span =53 MHz

=> V 521 de

=10l x|

<Fefl
0de

s

Stop = B0 MHz

Continuous

Single Sweep

ICust2 j
|

4

» » » Note: The bandwidth functions will be applied to the first frequency trace that is visible in the xy-grid. Make sure,
that the trace you want to see the bandwidth of is the first one to show.
This also means, you cannot see a bandpass bandwidth on one trace and a bandstop width on another trace at the

same time.

| 8. Switching markers OFF for specific traces

Sometimes, one wants to display traces that do not show markers. An example could be if a limit circle is displayed by

using a custom trace.

The following example custom expression displays a circle inside the Smith chart with center at -0.5 and radius 0.5:

mEnter Expression 1 for trace 3:

Expression:

I—O.5+0.5*e>{p|{j*2*pi*nm_‘(op)

Aliases:
sai- [ os= [
Mernil = I— Mem2 = l—

ok |

Caption:

Mermnd = I—

|Cilc

Save | Load |

As we do not want markers on this circle, we switch the markers for this trace off by right-clicking onto the marker
caption and unchecking trace 3, which is the custom trace denoted with Circ.
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[=IDGBSAQ - Yector Network Analyzer Software - DGESAI 101 x|
File= Measure Settings Tools Options  Help
oot e m s -0.42dB 025+ 0.43
et Pl onande 0Egins7 a
2dB/ _ kvi Bef?
Odg
Py
Start = 33.93 MHz Center = 100 kHz Stop =100.01 MHz
o Span = 0.02 MHz
Ts st =0 dB ¥ 511 Smith W Cic Smith Continuaus
=> i Mem1 *| W 511 dE Single Sweep
|Trace 2 § Marker 2; 100,00333MHz ~ -0.30dB v

Note, that both markers and marker captions are disabled now for the red custom trace:

[-IDGBSAQ - Vector Network Analyzer Software - DGESAI -0l x|
File Measure Settings Tools Options  Help
1 99.99330MHz  0.74- 060 -0.42dR
2 100.00383MHz 057+i003 03048 2
2dB/ ki Bef?
Odg
1
Ay
Start = 33.93 MHz Center = 100 MHz Stop =100.01 MHz
o Span = 0.02 MHz
Ts st =0 dB ¥ 511 Smith W Circ Smith Continuaus
| = i Mem1 | W 511 dE Single Sweep
|Trace 2 { Marker 2; 100,00383MHz ~ -0,30dB v

Note, that you can enable/disable the markers for specific traces also in the main menu

Settings-Diagrams-Display-Traces.

Sometimes marker frequencies are needed for changing the VNWA frequency range or for putting it into a document.
can simply be achieved by right-clicking the marker symbol in question and selecting the menu "Marker Frequency

This

to...":

9. Copying marker frequency information

[=IDGBSAQ - Yector Network Analyzer Software & -0l x|

File= Measure Settings Tools Options  Help
<Refl
1046/ 1: 10.70000MHz  -2583d8  -0.08dE 2 0de
2. 10.70500mHz  -14.02dE ,  -1.44dB

1dB/

=

Set Bandwidth Level Start Frequency
Clear Marker Stop Frequency
Cenker Frequency

Start = 10.685 MHz Center = 10.7 MHz Stop=10.715 MHz
Span =30 kHz

v 521 dB Continuous

]vi =>1 Pltz  >| I 511 dB Single Sweep

|Trace 2 [ Marker 1:  10,70000MHz ~ -0.08dE v

Available destinations for copying:

Clipboard

document.

Start Frequency
Stop Frequency
Center Frequency

The marker frequency is copied as string to the Windows clipboard so it can later be pasted into any

The VNWA start frequency is changed to the marker frequency.
The VNWA stop frequency is changed to the marker frequency.
The VNWA center frequency is changed to the marker frequency.
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Note, that when the VNWA frequency grid is changed, effects on the displayed traces will only be seen after
remeasuring them.

| 10. Changing marker symbol size and color

The marker simbol size and color(s) can be changed via the "Grid Options-Misc. Options" settings. See page Settings -
Diagrams - Display - Grid Options for examples.
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CURSOR

A cursor can be used to determine grid coordinates in a carthesian or Smith grid.

The cursor can be switched on by right-clicking onto the grid, selecting "Cursor" and selecting the trace for which

the cursor is to be used for:

[-IDG8SAQ - Yector Network Analyzer Softwar i =] |

File Measure Settings Tools Options  Help

10dB/ Tracel

-20dE

-30dE

-40dE Add Frequency Marker ¥
oo G
B0dB Add Trace

g N WY

race 2

Dly  Start=1MHz Grid Cptions =100 MHz
Tpan = 99 MHz ?ace j
=5 race -
s a8 Trace s Continuous

- =>||s_11 'l ¥ 511 Smith Trace & Single Sweep

|VNWA USE Mode started.  Recalibrate Sampling Ratke off

4

The mouse pointer will change to a cross and a cursor label colored with the trace color showing the cursor

coordinates will appear right below the main menu:

[=IDGBSAQ - Yector Network Analyzer Soft 1Ol x|

File Measure Settings Tools Options Help
Cursor Tracel: 19.5MHz -16.33dB

10dB/ Tracel
-20dB

-30dE
-40dE
SidE
-E0dE

70dE
Dly  Start=1 MHz Center = 50.5 MHz Stop = 100 MHz
Span =99 MHz

= W 511 dB

Continuous

v| = ”s_‘l‘l 'l I 511 Smith Single Sweep

|VNWA LISE Mode started.  Recalibrate Sampling Rate!

4

The cursor label can be moved with the mouse to any convenient position by holding the left mouse button pressed

while pointing onto the label:
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[-IDGBSAQ - Yector Network Analyzer Software — i ] |

File= Measure Settings Tools Options  Help

10dB/ Tracel

-20dE
-30dE
Cupsor Tracel:  22.5MHz -35.05dB

-40dE {fﬁ

0dE

-B0dE

-70dE
Dly  Start=1 MHz Center = 0.5 MHz Stop = 100 MHz

Span =99 MHz
= s dB Cantinuous
| = ||s_11 'l ¥ 511 Smith Single Sweep

[wh USE Mode started,  Recalibrate Sampling Rate! v

Right-clicking the label will open the label menu. There, the label may be moved back to the default top left position,
the font, style and size may be changed or the cursor function may be switched off altogether:

_ioix

File Measure Settings Tools Options Help
Curenr Traced- 10 7NA24MH> 45 BOdE

1048, restore default position
off default

Upon selecting the font - change menu, the font manager opens:

x

Schriftart: Schriftschnitt: Schriftgrad:
Ravie [Falb Breit Schrag 10 [ ok |

j Abbrechen |

]
Effekte
™ Durchgestrichen
¥ Urterstrichen
Farbe:

I-Grtln - l Skeript:
| Westlich =l

There, any font style and size may be selected. After closing the manager, the cursor label will acquire the new font,

style and size:

_lnix

File Measure GSettings Tools Options Help
Corser Bracel: 10.650401pH= -15.2548

10dE/ Tracel |
-20d8

Extended information is available in a Smith grid:
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[-IDGBSAQ - Vector Network Analyzer Software - licensed tol

File= Measure Settings Tools Options  Help

Cursor Trace2: S=0211+i 0413 Z= 49.50 ohm+i 52.06 ohm

10dB/ Tracel
-20dE

3048 i
4048
508
0B

-70dE
Dly  Start=1 MHz Center = 50.5 MHz
Span = 99 MHz

= [# 511 B

v=_>||s_11 =] Ms1 smih

=10l

VSWR= 2.7

Stop =100 MHz

Continuous

Single Sweep

|VNWP. USE Mode started,  Recalibrate Sampling Rate!

4

» +» Note:

Displayed coordinate data depends on the selected Smith grid options:

- Impedance information is only shown if the impedance grid is activated.
- Admittance information is only shown if the admittance grid is activated.
- VSWR information is only shown if VSWR circles are activated.

Here, all Smith grid options are activated:

File Measure Settings Tools Options Help

Cursor Trace2: S=0.009+ 0330 Z= 40.83 ohm+i 30.28 ohm Y= 0.0158 Si0.0117 S WSWR= 2.0

Dly  Start =1 MHz Center = 50.5 MHz
Span =99 MHz

= s o

[cust =] = |[s31 =] M SN Smih

[=IDGBSAQ - Yector Network Analyzer Software - licensed to DGSSAQ

S [=[ e

Stop =100 MHz

Continuous

Single Sweep

|'\I'NWA LISE Mode started.  Recalibrate Sampling Rate!

4
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RIGHT-CLICK MENUS

Almost any text element on the VNWA main screen has an individual right-click menu that allows to access related

functions quicker than via the main menus.

Note, that almost any text element also has a double-click functionality opening a corresponding window. Moreover,
some settings can be manupulated by pointing the mouse to the corresponding label and turning the mouse wheel.

The following lists the most important right-click menus.

Right-clicking any position of the grid surface yields marker, trace and grid related menus:

B DGASAQ - Vector Metwork Analyzer Software - DG8SAQ licen.. — O x

File Measure Settings Tools Options Help

<Ref1
1048/ 0dB
% Add Frequency Marker >

Clear last Marker

Clear all Markers

Add Trace

Marker Caption »
Cursor »
Realtime Expression Evaluator »

Trace Options

[T ANTIV TR uamummmnmeam— ) 11

Start = 3 MHz Center = 14 MHz Stop =19 MHz
Span=10MHz

XAt 048 M52 de _ Continuous |
521 | = ||Meml = Single Sweep

VNWA USB Mode started.  Recalibrate Sampling Rate!

Right-clicking a trace data field label on the bottom (here S21) allows to select a different data field for the

corresponding trace, import or export data, manipulate traces:

B DGESAQ - Vector Network Analyzer Software —
File Measure Settings Tools ( 521
S11
1048/ 512
522
Memory >
Plot ¥
Other I} > Unitarity
Export Trace to s1p 52l hiens
Import s1p . S11/Memd
Copy Trace e
Paste Trace Time-Domain
Clear Trace Frequency-Domain Gated
WLMM‘MIMI!M A T Custom
Start = 3 MHz .
off Optimizer
P W Ssr—mE Spline
<] = |[Memt ] Embed
VNWA USE Mode started.

<Refl
0dB

Right-clicking a trace unit field on the bottom (here dB) allows to change display mode of the corresponding trace, move

and save display data:
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B DGASAQ - Vector Metwork Analyzer Software
File Measure Settings Tools Options Help
1048/
dB
Smith
Other L4
Other Polar L4
Get Scales from 4
Export Scales to 4
Move THIS Trace Display Data to L4
WHMN‘MI!W* Save THIS Trace Display Data to Data File
Start = 3 MHz
=> Save ALL Trace Display data 4
V 521 ds
*| = ||Mem1 =
VNWA USB Mode started.

<Ref
0de

M i

Stop =13 MHz
to Data File
to C5V File
T Ingle Sweep

ortinuous

Right-clicking a */ label on the left allows to change scales and the color of the coresponding trace:

B DGASAQ - Vector Metwork Analyzer Software

File Measure Settings Tools Options Help

10dR
= »
/o 3
m >Trace 1:521 dB
Export Scales to Trace 2: 511 Smith
Autoscale Trace 3: 522 Smith
Scale to Ref Trace & Cusb dB

Trace 5: 511 dB
Change Color Trace 6 Mem@ Real Z

Start = 3 MHz Center =14 MHz
Span=10mMHz

vV 521 dB

-

ﬂ Mem1 -

VNWA USBE Mode started.

bl A R A M At AT L

- [} X

<Ref
0de

Stop =19 MHz

Continuous

Single Sweep

Similar controls are available through right-clicking the reference label on the right:

B DGASAQ - Vector Metwork Analyzer Software

File Measure Settings Toels Options Help

10dB/

Start = 3 MHz Center =14 MHz
Span=10mMHz

vV 521 dB

-

ﬂ Mem1 -

VNWA USBE Mode started.

bl A R A M At AT L

- [} X

<Ref

Decrement ReflLevel
Change Color

Get Scales from ¥
Cursor on

Stop =19 MHz

Continuous

Single Sweep
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Traces can be added by right-clicking the free space below the grid:

B DGESAQ - Vector Metwork Analyzer Software = O X

File Measure Settings Tools Options Help

<Ref
10d8/ 4B

ad A o A M Ut o AT L

Start = 9 MHz Center =14 MHz Stop =19 MHz
Span=10MHz

v 521 dB Continuous

| = ||Mem1 = Add Trace El Single Sweep

VNWA USBE Mode started.

Right-clicking the copy-button on the lower left allows to copy multiple data fields at once:

B DGESAQ - Vector Network Analyzer Software = O X

File Measure Settings Tools Options Help

<Ref
10d8/ 4B

Copy 521,511 to Mem?1...2

Copy 521,511,512,522 to Mem1..4
Copy 521,511,512,522 to Mem5...8
Copy Mem1..4 to 521,511,512,522
Copy Mem3...8 to 521,511,512,522

Copy 521,511,512,522 to Plot1..4

_F.Lh. Copy Plot1..4 to 521,511,512,522 l.ﬂhﬂ.{ﬂl JMMI“LM IJ“Lr

Start=9b Stop =19 MHz
Copy Mem1..4 to Plot1..4

Copy Plotl..4 to Mem1...4 Continuouz
e Single Sweep
VNWA USBE Mode started.

Right-clicking the Cal-label on the left allows to manipulate the calibration:
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B DGASAQ - Vector Metwork Analyzer Software - DGR5SAQ licensed to DGASAQ = O XK
File Measure Settings Tools Options Help
<Refl
10dE 0dB
lsolation off
all off
Cal kit settings
Save Cal
Retrieve Cal
Retrieve Mastercal
i LA LT LY
Start = 3 MHz Center = 14 MHz Stop =19 MHz
B Span=10mMHz
;; At =0dB W 521 dB Continuous
=» ||Mem1 - Single Sweep

Frequency axis type and frequency units can be changed by right-clicking any of the frequency labels on the bottom:

B DGASAQ - Vector Metwork Analyzer Software - DGASAQ licensed to DGESAQ = O X
File Measure Settings Tools Options Help
1. 10.69933MHz - -11.83dB
1048/ iz
0de
b
logarithmic sweep
listed sweep
Start = 10.685 MHz Center=10.7 1 unit ¥ Hz
Span=30kh
= kHz
T At =0 dB belj 521 B Nkz
= ||Mem1 = cH
z

The TX power level can be manipulated by right-clicking the attenuation/level-label:

B DGASAQ - Vector Metwork Analyzer Software - DGASAQ licensed to DGESAQ = O X
File Measure Settings Toels Options Help
1. 1069933MHz  -11.83dE
10/ bl
0dE
Set Levels
Star Define TX Level Center = 10.7 MHz Stop =10.715 MHz
Ls Wheel Increment H Span =30 kHz :
5 Continuous
=» ||Mem1 - Single Sweep
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Right-clicking a marker symbol allows to access and modify the corresponding marker properties:

E DGBSAQ - Vector Network Analyzer Software - DGESAQ licensed to DGBSAQ — O x

File Measure Settings Tools Options Help
1. 1069933MHz  -11.83dE

<Ref
10d8/ 4B
N A n Extended Marker Info
Clipboard Marker Frequency to ... L\x,
Signal Generator Set Bandwidth Level
Start Frequency KleaiiMatkey
Stop Frequency
Center Frequency
Start = 10.685 MHz Center = 10.7 MHz Stop =10.715 MHz
R Span=30kHz
%X At =0dB W 521 dB Continuous

ﬂ Mem1 - Single Sweep

Trace 1/ Marker 1: 10.69933MHz  -11.83dB

Right-clicking a marker caption lets you modify the marker text appearance:

B DGESAQ - Vector Network Analyzer Software - DG8SAQ licensed to DGBSAQ - O X

File Measure Settings Tools Options Help

1: 100933k~ 11 024D

10d8/ Position > <DF‘!:|EF1
Show Marker for Trace ¥ N
Style » '~ Transparent |

Clear Marker Font I > change
N default

Start = 10.685 MHz Center = 10.7 MHz Stop =10.715 MHz
R Span=30kHz
Tat =08 b 521

Trace 1/ Marker 1: 10.69933MHz  -11.83dB

dB Continuous

= |[|Mem1 - Single Sweep

If the cursor functionality is activated, right-clicking the cursor text allows to configure its appearance:
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B DGASAQ - Vector Metwork Analyzer Software - DGR5SAQ licensed to DGASAQ

File Measure Settings Tools Options Help
Curser Tracel- 10 RS147HH- 21RdR
10dB/ I}) restore default position

font >
off
TN NS

Start = 10.685 MHz Center =10.7 MHz
5 Span=30kHz
TH At =0 dB o521 dB

ﬂ Mem1 -

<Ref
0de

Stop =10.715 MHz

Continuous

Single Sweep
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MULTIPLE VNWA SUPPORT

Using more than one VNWA may lead to two questions, which are being answered below.
1. How do | select one of several VNWAs connected to the PC at the same time inside the VNWA software?

2. How can | use multiple VNWAs with different license codes without having to retype the license code every time |
change the VNWA?

| 1. Selecting one of several connected VNWAs

If you have more than one VNWA, you can have all VNWAs connected to your PC simultaneously. If more than one
VNWA is detected upon program start or upon "Rescan USB Bus", the "Setup"-"USB Settings" menu will show a
combo box which allows the user to select one of the connected VNWAs (very bottom, next to the mouse pointer):

[=1 PC and Instrument Hardware Related Setup il

Interface Type USB Seftings IAudio Settings | Audio Level | Instrument Settings | Misc. Settings

|»

Eescan USE Bus | buz/device idvendor/idProduct
buz-0/4% Mibusb0-0002-0:20a0-024118  Ox2040/0:4115
- Manufacturer : v sdr-kits. net
Test LISB Interface | -Product  : DESSALYNWA
- Serial Mumber: 0012
Werify Firmware | wTotalLength: 18
bMuminterfaces: 1
. bConfiguration’falues: 1
Flash Firmvsare | iConfiguration: 0
broduttributes: 80k
M axPower: 150
blnterfaceMumber: 0
balternateSetting: 0
bMumEndpoints: 0

blnterfaceClass: 0
blnterfaceSubClazs: 0

WRWA Energy Settings: blnterfacePratocal: 0
. . interface: 0
Firmware Energy Settings bus-0/4% Mibush0-0001 - 0x20a0-Oxd 118 0x2040/0x4118

- Manufacturer : sdr-kits.net
|OFF on power up I hoter - DaasAQ VWA

- Serial Murmber: Mone

Software Energy Settings wTotalLength: 18
JoN ¥ soware stated =] | Fuminerzess, T, =l
Licenze Cods: IDGSSAQ

[\ Change WMwid Serial Mumber |

A

Note, that identical VNWAs can be distinguished only by their USB port ID, which is basically the order of device

detection. This order might change upon reboot or replugging.
Therefore it is useful to modify the VNWAS' serial numbers, which are factory preset to "NONE". If more than one VNWA

is connected, it is recommended to use consequtive serial numbers like 0001, 0002, ... .
In order to change a VNWA's serial number, select the VNWA which you want to change and press the according

button:
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[=d PC and Instrument Hardware Related Setup
Interface Tupe USE Seftings IAudio Settingsl Audio Level | Instument Settings | Misc. Settings

Initiating change of serial number of device
DEESAQWNWE sdrkitz.net Serial=Mone VID=0x2040 PID=0:4118

Rescan USE Bus |
Test USE Interface |
“Werify Firmware |
Flash Firmwware |

Current zenial number = Mone.  Enter new genial number and confirm to change:

WA Energy Settings:

Firmware Energy Settings

Change Mawl

INone

IDFF o poWEr Up j Mew Serial Mumber [digitz onlyl]

Abort

Software Energy Settings
IDN if software started j

License Code: IDGESAQ

j | Change WHWwa Senal Wumber l

IDGBSAQ-VNWA sdr-kits.net Senial=Mone YID=0x2020 PID=0=4113 USE Port D=1

23

4

Enter a new 4 -digit serial number (e.g. 1234 in below example, you
press the "Change Now!" button:

are only allowed to enter digits, no letters!) and

[=1 PC and Instrument Hardware Related Setup x|
Interface Type USB Settings IAudio Settings | Audio Level | Instrument Settings | Misc. Settings
Rescan USE Bus | blnterfaceMumber: 0 ;l
bélternateSetting: 0
bMumEndpoints: 0
Test USE Inteiface | blnterfaceClass: 0
blnterfaceSubClazs: 0
Werify Firmware | blnterfacePratocal: 0
ilnterface: 0
. buz-04% Mibusb0-0001-0:20a0-024118 Dx2040/0:4112
Flash Fimware | - M anufacturer : sdr-kits.net
-Product  : DGESADWHWEA
- Serial Mumber: 1234
wTatalLength: 18
bMuminterfaces: 1
bConfigurationt alues: 1
iConfiguration: ]
i brndttributes: 80h
YINWA Energy Settings: M axPower: 150
. . blnterfaceMumber: 0
Firmware Energy Settings bélternateSetting: 0
IDFF on powe U j bMumEndpaints: 0
p p binterfaceClass: 0
. binterfaceSubClazs: 0
Software Eneray Settings binterfaceProtocol: 0
IDN if software started j iInterface: i =
License Code: IDGSSAQ
] PID=0x4118 5B Fart D=1 Change MNwia Serial Number |
E 4

Note, that the VNWA serial has been changed to 1234 now (see entry next to mouse pointer above and also in the

selection box).

From now on, this VNWA is uniquely determined and selected by its unique serial number 1234.

| 2. Activating more than one license code

When several VNWAs with different license codes are to be operated from the same software installation, it is quite
inconvenient to manually modify the license code every time the VNWA is replaced by another. Therefore the following
means has been created to let the VNWA software handle up to 30 different license codes at the same time:

a) Create a text file with name VNWAaltKeys.ini inside your VNWA installation folder and enter all your license keys,

one per line:
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B vnwAaltKeys - Editor
Datei Bearbeiten Format Ansicht 7

AQ002:QRN-BHO-TOP-IER: "boss
AQ003:BLX-UEI-MJR-ARK: "Jack
A0002:MDC-TPA-XZS-CDU:"J1im

Note, that the part starting with " does not belong to the license code but is interpreted as the licensee's name, which is

being shown in the program title bar.

b) Save and restart the VNWA software. From now on every VNWA with a license code found in the list can be

operated.
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KEYBOARD SHORTCUTS

The VNWA (starting VNWA V33.z) software can be controlled with the keyboard to some extent.
For this purpose, some keyboard shortcuts are available to initiate frequently used tasks.
Note, that for VNWA36.3.1.9 and later the shortcuts marked red, are deactivated while VNWA is sweeping for stability

reasons.

key:
alt+1...9
alt+f
alt+g

alt+l

alt+a
ctrl+alt+a
alt+c
ctrl+alt+c
alt+d
ctrl+alt+d
alt+m
ctrl+alt+m
ctri+alt+r
ctri+alt+s
ctrl+alt+t:
alt+p
alt+t
ctrl+2
shift+ctrl+2
ctri+c
ctrl+i
ctri+j
shift+ctrl+i
ctrl+a
ctrl+d
ctrl+e
ctri+f
ctri+g
ctrl+m
ctri+p
ctri+r
ctrl+s
ctri+t
ctrl+v
ctrl+x
ctrl+alt+w
ctri+alt+x
shift+ctrl+x
shift+ctrl+c
F1

F2

F3

F5

F6

F10

F11

F12
spacebar
return
right arrow
left arrow
+

WN -0

action:

load default instrument state 1...9 including hardware settings

set linear sweep range
set logarithmic sweep range
set listed sweep range
autosave memory spaces on/off
autoretrieve memory spaces on/off
save calibration
retrieve calibration
save display state
retrieve display state
save calibration to mastercal
retrieve master calibration
open RC debug window
TCPIP data server on/off
TCPIP RC servers on/off
restore default marker caption position
open specification tester tool
import s2p-data from file
export s2p-data to file (dB/phase)
save screen to clipboard
retrieve instrument state ignore hardware settings
retrieve instrument state
save instrument state
Spectrum analyzer mode
create a debug file
External Bridge mode
save screen to file
Signal generator mode
Frequency meter mode
print screen
RF-IV mode
activate/deactivate storage screen
define TX level
VNWA mode
clear storage screen
set all grid colors to white
activate/deactivate sound mixer (Windows XP and older only)
activate/deactivate SelectlsMute (Windows XP and older only)
report flash checksum (returns OxFFFFFFFF if not supported)
open help file
measure 2 port S-parameters
measure 3-port S-parameters
save screen to file
print screen
open s1p drag-drop target
save S11 into S1P-file
save current S-parameters into S2P-file
start/stop single sweep
start/stop continuous sweep
measurement direction forward
measurement direction reverse
add a trace
remove last trace
cursor off
cursor trace 1 on
cursor trace 2 on
cursor trace 3 on
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X"’U)“'ODB_X:T(QO_OO'NC)O'IL

cursor trace 4 on

cursor trace 5 on

cursor trace 6 on

open average and autosave

open about screen

open calibrate menu

open display-trace menu

open grid options menu

open help file

open cal kit settings menu

open power levels settings menu
open matching tool

open complex calculator tool (numerics)
open port extensions menu

open realtime expression evaluator
open sweep settings menu

open three-port analyzer tool

open crystal analyzer tool
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HIGHLIGHTING FREQUENCY BANDS

The current VNWA software allows to highlight frequency bands pre-defined in a frequency list file with extension *.bds.
The current installation package contains two example files hambands_DL.bds and hambands_US.bds listing the
amateur radio frequency bands for Germany and the USA.

Here is the content of one of the files:

Datei Bearbeiten
has.7
1888
3588
5338
7088
18188
14888
180868
21888
24898
28
ca.
144
428
1248
2328
3488
5658
18

24
24.85
W7
7.5
76
77.5
78
122.25
134
136
2m
248

€

Optionen
137.8
2008
40080
Shoh
7300
18158
14358
18168
21458
24998
29.7
5h
148
450
13080
2550
IN7E
5858
18.5
24,05
24.25
47.2
76
77.5
78
81.5
123
136
1
248
258

:_g Lister - [c\Exchange\vnwa\VNWA3.0\hambands_U5.bds]

Codierung  Hilfe

kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
HHz
HHz
HHz
MHz
HHz
HHz
HHz
MHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz

s

TV TAUUOTITUITIAALOATIV T TATATT

m}

85%

Each line denotes one frequency band with start frequency, stop frequency, frequency unit and priority.
Priority P denotes a primary band while S denotes a secondary band. Primary and secondary bands can be displayed in

different colors.

A frequency list file can be loaded via Grid-Options:

E Grid Options

v -Grid

#or-Grid Color

Frimary B.and Color

* Grid Dptions

# ¥ fined Grid Divisions = |10

Log #-Grid Options =

Frequency Markings

# -Divisions

Left -Grid Marking
Right \-Grid Marking
Top ¥ Marking

' Marking Color

™ none

Highlight Frequency bands

Secondary Band Calar

v

fiwed grid -

subdecimal ticks  «

r

FE__________
Mone -
Mone -
Mane -
Grid Color v

brovese for list file

CAE wchangeWHwW AN NWAS Dhambands_ S bds

L]
]

Carthesian Grid ] Smith Grid | Polar Grid] Custom Background] Traces and Background] hizc, ]
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If the checkbox "Highlight Frequency bands" is checked, the bands will be shaded in the selected color:

B DGASAQ - Vector Network Analyzer Software - DG8SAQ licen.. — O X
File Measure Settings Tools Options Help

<Refl
1048/ 0B

oo i kol A oo L

Start = 9 MHz Center = 14 MHz Stop = 19 MHz
Span=10HMHz
=> .
Th At =0dB V 521 4B Continuouz

ﬂ Mem1 -

Single Sweep
VNWA USBE Mode started.  Recalibrate 5ampling Rate!

Above, two primary bands and a secondary band are visible.
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Instrument Accuracy Considerations

Note, that the VNWA does not contain user adjustable components or adjustable firmware settings. So, it does not
require regular factory recalibration in order to maintain its level of accuracy.

If you are in doubt of proper operation of your VNWA, you may repeat the final commissioning test and compare to the
measurement sheets you have received together with your instrument upon purchase.

The test is described on page "VNWA Final Commissioning Test".

The VNWA allows for many different user settings which all influence measurement uncertainty. Moreover, the user
must calibrate the VNWA prior to usage.

The quality of the calibration standards and the repeatibility of the connector matings have great influence on the
measurement uncertainty. Even bending the test cables will introduce noticeable changes in the measurement results.
Hence, the measurement uncertainty cannot be simply specified by a number.

Yet, if settings are optimal, the VNWA allows to achieve amplitude stability of better than +/-0.001dB and phase stability
of better than +/-0.005°, which is very comparable to what professional equipment can do.

ol

File Measure Settings Tools Options Help

0.001dB/
0.006%

A AN I Y A AN AN ARV WA D

0
WMMW“WWM< Refl
0dB

Start=1 MHz Log Frequency Sweep Stop = 100 MHz

- |
T AR =0dBE Vs21 dB Continuous |
=] = |[roe =] 521 Phase Single Sweep |

|Reference Paosition = 3 Y

Cal

In the following all possible influences on measurement uncertainty will be discussed and demonstrated.
| Calibration Error (Port Mismatch) and Linearity

The VNWA software can in principle eliminate all linear hardware error terms by a proper calibration. It is crucial
though, that the software knows the properties of the calibration standards depending on the frequency. Thus, the
calibration standards must be accurately characterized, modeled and the models have to be properly entered into the
VNWA software. The VNWA software allows for any mathematical model you can think of, see chapter arbitrary
calibration standard model on page "Calibration Standard Setup". This feature is quite unique in the field of hobby
instruments. Note, that the calibration standard properties can never be known exactly. This will introduce a principal
error that can be minimized but cannot be eliminated.

If the actual calibration standard properties differ from the model entered into the VNWA software, the resulting
measurement error may be considerable. This error is known as port mismatch. The name is misleading as it has
nothing to do with the VNWA TX or RX port impedances. The VNWA software can simulate port mismatch errors. We
will use this simulation capability to exemplify the effect of an inappropriate calibration kit model on a reflection
measurement result (S11) of a simulated 20cm piece of open ended 50 Ohm coaxial transmission line. We use the best
known calibration kit parameters to perform a calibration. We do an instrument calibration in hardware, so the instrument
knows the uncorrected calibration standard measurements. Next, we allow the software to re-correct raw measurement
data on the fly, when the calibration kit parameters are being changed by activating the corresponding checkbox in
Settings - Calibration Kit:
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[=icalibration Settings x|
General Settings | Simple SOLT Model Settings  SOLT Simulation Settings SpecialSettingsI 1 I 4

I~ Generate cal standard S-pars. on click/madify in 511/521

<

¥ Enable realtime recalibration (511 only ar full Sij 4 12 term depending or:
Full 5ij corection, If 12 term awvalable aND “Heal Time Display
Lalibration Options" allow for 12 kerm corection.

Ta evaluate the influence of the cal
standard models on measurement results
CLICK ON THIS FIELD.

“rou will be asked ta load uncalibrated
measurements of your cal standards and
an uncalibrated measurement of your DUT.
‘when modifying the cal standard para-
meters, your DUT measurement will be
recalibrated and the result stored in 517,

Instead of performing a reflection measurement on an actual transmission line, we simulate a measurement of an ideal
transmission line.

VNWA X 0= open
about 20cm length

7=1800 ps l

(=1 Calibration Settings

SOLT Simulation Settings | Special Settings | Measurement Simulation

S11=[lexp(-*w*1800e-12)

IS4/ =1  total power reflected
phase(S41)=-w-1800 ps

The VNWA software uses the calibration kit parameters to calculate raw uncorrected pseudo-measurement data of this
simulation and recorrects it:
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0.06dB Delay 1800 ps

Ref3
2bps/ - - 800
simulation with parameters for '~
Amphenol Cal Kit as expected
Syl = Sul=00B
0dB

Cal

Start =1 MHz Center = 260.5 MHz Stop = 500 MHz
Span = 499 MHz

Vs11 smith  ¥S11 Delay
Vs11 dB

Indeed, we observe the simulated 100% reflection (=0dB) and the simulated 1800ps delay.

Now, we can change the calibration kit parameters and observe the effect on the simulated measurement result in

real-time.

In the following example, we use the ideal calibration kit setting instead of the model for the Amphenol calibration kit

proposed by SDR-Kits:

[=iCcalibration Settings x|
General Settings | Simple SOLT Model Settings | SOLT Simulation Settings SpecialSettingsI 1 I 4

ideal calibrati ndards

1 Etandands;
simpl model utom caliration standards k
arbitrary model custom calibration standards
) TRL
Sawe Settings | Load Settings |

Last loaded/saved:
Carmnment;

The simulation yields rather big deviations from the correct result, which are way beyond what the instrument can
achieve if properly used:
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outside Smith diagram, wrong! —_— é 2
/

0.06dB/ 1: 60MHz 0.80-059 -0.03dB  1680.63ps

2: 465MHz 0.19+i1.03  040dB 1749.93ps <Ref3
25ps/ 1800ps
— 0,4dB
{ Error! >150ps
] <Ref2
Sy Error! o
Cal
Start = 1 MHz Center = 250.5 MHz Stop = 500 MHz
Span = 499 MHz

¥s11 Smith  [¥S11  Delay

Note, that this is what you would measure when using an Amphenol cal kit and ideal cal kit settings instead of the proper

Amphenol ones.
Also note, that these kinds of errors already show at relatively low frequencies!
So, remember to always use the correct cal kit model with the correct model parameters matching your cal kit!

Now, that we have taken care of the linear errors, what is the influence of non-linear errors?

The best | can do to answer this question is to measure a worst case test object (real open coaxial transmission line)
with a commercial reference instrument under identical conditions (same calibration kit, same calibration kit model) and
compare:

DG8SAQ Yector Network Analyzer Software 300m open Coaxi al Iine
19.05.2008 21:01:38 VNwA21 vs RES (Memd), open transmisiiun line

<Refa

1: 600MHz 023+096 -0.15d8 0

0.14de-

0.02de/

Uncertainty
~0,02dB

=>
Z-Uncertainty
0,061)...40kQ

| 0,02dB!

Cal Start = 100 MHz Center = 350 MHz Stop = 600 MHz

Span =500 MHz
511 Smith Memd dB
S11 4B

Being a hobbyist instrument, the VNWA compares quite well to the high grade commercial VNA.
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Here is a comparison of 3 hobby VNAs measuring the reflection coefficient of an open ended RG58 transmission line
with 18m length in the frequency range that all instruments share:

1. 388MHz -349dB -83.48dB -342dB -394dB

0,508/ el

VNWA, as is o
VNWA, 5dB attenuator added to TX
N2PK VNA

another hobby VNA

0.5dB/ |
0.5dB/

0.5dB/

18m open ende
RG58, ripple due to
varying cable
Impedance over
length

Start =1 MHz Center = 30.5 MHz Stop = 60 MHz
Span =59 MHz
=» =
IV Plot1 dB v Plot3 dB Continuous

[st1 =] =[P =] ¥ Po2de [ Plotd d8 Single Sweep
| 4

While the VNWA and the N2PK VNA measure identical ripples, the third party VNA gets the ripple completely wrong due
to nonlinear errors, even though it is completely compliant with its own specification.

A sanity check for calibration quality (but no proof!) is the Rohde & Schwarz T-Check, which is demonstrated on page
T-Check.

|  Warm-Up, Drift after Power-Up

A calibration can only correct errors that remain constant over time. Any instrument that is being switched on will
eventually warm up, which will cause some drift of the measurement results.

In the following, a T-check DUT is used to produce reflection and transmission at the same time. Both are measured
with the VNWASE at constant frequency over an extended period of time after switching the VNWA on.

At the same time the VNWA CPU temperature is recorded by means of its built-in temperature sensor:
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0.06 —r——r———————————— :
005 | CPU Temperature =
0.04 % _‘
m [ ]
Q C cC! 7
@ 0.03 [ £ N
s K\ E  pur U7 ]
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- l0,01dB/div )
0.01 -
ASH E
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Time/min

38

36

34

32

30
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26

J4

CPU Temperature / ° Celsius

The instrument takes about 30min to warm up. After this time, all amplitudes have settled to within +/-0.01dB of their
final values. But even right after switching on the amplitudes deviate less than 0.06dB, which is sufficient for most

applications.

Note, that the measured phases do not drift at all within the width of noise. Therefore, the phases are not shown here.

|  Dynamic Range and Noise Performance

The VNWA dynamic range is defined as the spacing between the maximum signal level the RX detects when the TX
signal is directly passed to the RX port and the noise floor measured without RX input signal. Since the noise level
depends on the receiver bandwidth, which in turn depends on the selected sweep speed (higher speed means higher
noise bandwidth), it does not make sense to specify a dynamic range without stating the receiver bandwidth or the
measurement time per frequency point at the same time. This is illustrated by below measurements performed with a
VNWASE on a high attenuation monolithic crystal filter. Note, that the strong passband ripple and the high insertion
attenuation is a result of the high filter impedance of the order of 1 kOhms in combination with the VNWA's port

impedances of 50 Ohms.

Dynamic Range

10dB/
10dB/
10dB/

110dB

Crystal Filter

0,16ms / point
3,3ms / point

/0dB
90dB

100ms / point

Start=10675 MHz

Center=10.7 MHz
Span =50 kHz

<Refd
0dB

3dB gain by
doubling
measurement
time

Stop =10.7256 MHz
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While the highest sweep speed of 0,16ms per frequency point (corresponding to 6000 frequency points per second)
yields a dynamic range of 70dB, increasing the measurement time to 100ms / frequency point (corresponding to 10
points per second) increases the dynamic range to beyond 100dB, which reveals filter features previously hidden in the
noise floor.

Note, that the signal level at the VNWA TX port is not constant, but decreases from -17dBm (which is also the linear limit
of the RX port) at low frequencies with increasing frequency. This will lead to a decreasing dynamic range with
increasing frequency. This effect is shown in below measurement, where the open response (noise floor) is compared to
the thru response (0 dB):

DG8SAQ Vector Network Analyzer Software
141r.01.2017 22:00:39 Thru vs. I\i{:-ise Floor VNWA3E, Thru + Crosstalk Cal

3
= Refl

kv
10dB/

v 1: 20MHz - -110.14dB 0.00dB
500MHz  -93.37dB 0.00dB
1300MHz  -80.20dB 0.01dB

W N

Cal W

Start =1 MHz Center = 6505 MHz Stop = 1300 MHz
Span = 1299000000 Hz

=>
terml dB

Note, that above measurement was performed at the slowest possible sweep speed of 100ms per frequency point. Both,
a thru calibration and a crosstalk calibration was applied to work out the noise floor. The red thru response is flat,
because the TX output level variations have been normalized by the Thru-calibration.

| Spurious Responses

Narrow Band Interferers

In order to achieve the highest possible frequency coverage, the VNWA was designed without any frequency selective
filters in the RF chain. This allows to use the DDS alias frequencies for extended frequency coverage. On the other
hand, the lack of filtering will introduce some narrow band interferences. These will show as erratic spikes in the
measurement data and occur at some integer multiples of half the fundamental system clock (6MHz). They are most
pronounced above 500MHz and can be disturbing. Here is an example measurement on a 900MHz helical band pass
filter clearly showing spikes at some but not all integer multiples of 6MHz:
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¢ 810.0MHz -47.82dB -0.77dB 4
10dB/ 2: 846.0MHz  -52.69dB 10.34dB Helical Filter(ﬁeﬂ

: 882.0MHz  -24.68dB o
10de/ 4: 900.0MHz -3.82dB
936.0MHz  -41.80dB
954.0MHz  -51.98dB
990.0MHz  -62.05dB

~ @

interferers at integer multiples of 6MHz
2 B

K 3 |
1 i
vs b—<Ret2

DdB
frequency grid on
exact 1 MHz increments
Start = 800 MHz Center = 900 MHz Stop = 1000 MHz
Span = 200 MHz
Iv 521 dE
v s11 de

Note, that the spikes were particularly provoked by selecting the frequency grid on exact 1MHz increments starting at
800MHz.

These spikes are even more disturbing in polar plots like the Smith chart, as not only the amplitude but also the phase is
erratic at these points:

: 810.0MHz -0.54+i 0.68
. 846.0MHz  3.62-i0.29
: 882.0MHz 0.95-i 1.18
900.0MHz -0.01+i 0.03
936.0MHz  3.03+ 0.77
: 954.0MHz  2.20-i 0.22
: 990.0MHz 1.91+i 2.68

b B e

Start = 800 MHz Center = 900 MHz Stop = 1000 MHz
Span = 200 MHz

¥ 511 Smith

The way to provoke these spikes also leads the way to avoid them. The idea is simple: When sweeping, avoid integer
multiples of 6MHz in the frequency grid. Moreover, the number of potential spikes can be reduced by switching to an
auto-premultiplier scheme for clock multipliers. Both measures are being applied here:
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m Input 5] L. Taln & [ ] ATEmrE= ﬁ
Start Stop Unit H .
o Fio mis | adjustfrequency grid
Center Span / Grid spacing will be changed from 1MHz to 1MHz
(L] [MHz ~1 200 [MH: vb/ Number-of points-will be-.changed-from-20.1 to- 201

Adjust frequency arid for minimum spikes Start will be d'1anged from 800MHz to 799, 5MHz
S IR e or e AT N Stop will be changed from 1GHz to 999, 5MHz

ILinear | |‘ID 0K I

lclouses'illhesel lncremegls for ...
enter, Start, Stop pan OK E | Abbrechen
I1 MHz I1 MHz 4

[=1 PC and Instrument Hardware Related Setup

" USE Settings | Audio Settings | Audio Level | Aux Audio Level  Instiul

optimize clock |

multiplier - premultiplier

[sDsess apssst =]
Clock = [12 % [awto ] MHz  [EYCEEE ] aUtO
I3

=» Clock = auto

Note, that adjusting the frequency grid for avoiding spikes has been automated in the VNWA software. The
corresponding menu can be activated by right-clicking any frequency input field above.
The result of above measures is a complete absense of disturbing spikes.

10de/

10de/

<Ref2
0dB

Cal
Start = 799.5 MHz Center = 833.5 MHz Stop = 999.5 MHz
Span = 200 MHz

[v 521 dB [¥ 511 Smith
[V 511 dB

Note, that the frequency grid optimizer simply shifted the complete grid by 500kHz thus avoiding all integer multiples of
1MHz and particularly of 6MHz.

Wideband Interferers
There is also some very weak wideband interference caused by the digital synthesizers. Normally this goes unnoticed,
because either the wanted measurement signal is many orders of magnitude stronger than the interferers (e.g. when

doing reflection measurements) or the DUT itself filters the measurement signal (e.g. when doing transmission
measurements on a bandpass filter).
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However, there are a few rare cases, where the weak wideband interferers have noticeable influence on the
measurement. One extreme example is a transmission measurement on a UHF notch filter or a diplexer with a deep
notch level. Here, the full spectrum of the DDSes reaches the receiver with only a tiny fraction of the spectrum missing
due to the notch. Now, the full spectrum of interferers will to some extent "fill" the notch, so it looks less deep than it is.
An additional band pass filter or low pass filter can counteract this effect.

Kurt Poulsen OZ70U has performed detailed analysis of this effect in the following papers:

"Measurement of a 6 cavity duplex filter of brand Procom and type DP2/6S equivalent to DP2/S6H"
http://www.hamcom.dk/VNWA/Measurement%200f%20a%206%20cavity %20duplex%20filter%200f%20brand%20Proco
m%20and%20type%20DP2-6S.pdf

"Why VNWA2 and VNWAS3 does not show correct attenuation of high and low pass filters or what limitation exist for the
VNWA design compared to a professional R&S or HP VNA"
http://hamcom.dk/VNWA/Why%20VNWA2%20and%20VNWA3%20does%20not%20show%20correct%20attenuation%2
00f%20high%20and%20lowpass%20filters.pdf
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SWEEP MODES

The VNWA software allows to do frequency sweeps in the following sweep modes:

1) Linear sweep: The frequency grid spacing is equidistant.

2) Log sweep: The grid spacing increases from point to point such that a logarithmic frequency axis is created.
Useful for Bode plots.

3) Listed sweep The user can specify up to 20 different linear sweep segments which build up the frequency grid.

The "sweep mode" is either selected in the frequency input window opening on double-clicking the main window's
frequency labels or by right-clicking the center or span label.

Examples:

The screenshot below shows linear sweep settings, where the center frequeny is in the middle of the screen.

[IDGBSAQ - Yector Network Analyzer Software A - IEII_Z_(_I
File Measure Settings Tools Options Help
20dB/ 1: 20.00MHz  -200.00dB %
<Refl
0dB
1
v
Start = 10 MHz Center = 20 MHz Stop = 30 MHz
Span = 20 MHz
= 521 dB Continuous
|S21 - Single Sweep
|Trace 1 § Marker 1: 20.03MHz  -200.00dB v

The screenshot below shows a Bode type plot with logarithmic frequency sweep settings. Looking at the markes, it
is seen that with every full frequency grid progression, the frequency increases by a factor of 10. Observe, that instead
of the center frequency, "Log Frequency Sweep" is displayed. The sweep mode can be changed by right-clicking this
label.

[=IDGBSAQ - Yector Network Analyzer Software A - II:II__Z_(__I
File Measure Settings Tools tions Help

20dB/ 1:0.1MHz  -200.00dB
2 1MHz -200.00dB
3 10MHz  -200.00dB
<Refl
0dB

1 2 3
v w v
Start = 0.007 MHz Log Frequency Sweep Stop = 1300 MHz
521 dB Continuous
Single Sweep
-200,00d6 7

The screenshot below shows an example of a listed sweep. The DUT (a narrow band crystal flter) is swept from 1
MHz to 1000 MHz using 400 data points, yet the 20 kHz wide filter passband is clearly resolved (see markers). For a
linear sweep with the same point number, the spacing between frequency points would be 2.5 MHz and the filter
passband would not be seen.
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[=IDGBSAQ - Yector Network Analyzer Software i ] |
File= Measure Settings Tools Options  Help

1048/ 1:5E96MHz  -B7.75dB

2 10694Hz  -1E.11dB <Ref!

3 1071MHz  -2498d8 2 0dE

4:520.3MHz  -48.68dE 3

B 9301MHz  -35.30dE 5

4
1

o A

Start = 1 MHz Listed Frequency Sweep Stop = 1000 MHz
= sa & Continuous
|521 Single Sweep
|Trace 1 [ Marker 1: 5.598MHz ~ -92.09dB [~ v

This is achieved with the following frequency list:

SE=I
Files

Seg #|start frequencylstop frequenc_l,llunit |tl poinkg |ﬂ
1 1 10.685 MHz 100

2 10.685 10.715 MHz 200

3 10.715 1000 kHz 100

: ;I
| 4

The frequency list specifies 3 frequency segments, which are swept consecutively and displayed simultaneously. Note,
that in the VNWA main window segment boundaries are marked with vertical grid lines.

» »» Hint: The sweep "sweep frequency list editor” opens automatically, when "listed frequency sweep" is selected
for the first time. Right-click a line to insert or delete a segment.

» »» Hint: The sweep "sweep frequency list editor" can be reopened by right-clicking or double-clicking the "Listed
Frequency Sweep" label below the main graphics.

» »» Hint: Frequency lists can be stored and reloaded to/from *.csv files, which can also be processed with Excel.
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ULTRAFAST SWEEPING

Note, that the selected VNWA IF frequency detemines the upper limit of the sweeping speed. The reason is that in order
to determine the amplitude and phase of a signal at least one IF period has to be sampled.
With the default setting of 1.2 kHz IF the minimum measurement time per frequency point is of the order of 1 millisecond.

Also note, that the "dead" delay time between consecutive sweeps limits the sweep rate. This dead time could be
reduced dramatically with software version 35.8.d. Therefore ultrafast sweeping really only makes sense with
software version 35.8.d or a newer one, otherwise the delay between consecutive sweeps might take a lot longer
than the sweep itself.

The VNWA can sweep as fast as 6000 frequency points per second. In order to use such ultrafast sweep rates,
the IF frequency must be increased from the default value of 1.2 kHz to the maximum possible value of 12 kHz.
Note, that a change of IF frequency will make your calibrations invalid.

The IF can be changed in the main menu "Options"-"Setup"-"Audio Setup" tab:

[=1PC and Instrument Hardware Related Setup i 1]
Interface Type | USE Setings  Audio Settings iAudio Leveli Ihsturment Settingsi Mizc. Settingsi

—dudio Capture Device Mize Audia Setting,

IUSB Audio CODEC j Audio Buffer Length in Samples iSDDD
ADC Resolution——————— "
[wave In = |~ e Samples /IFPeiod |1 %4 = IF= 1200000He . |
| & 16Bit .
IMikrofon j | ¢~ 24 B:t # Presamples 2 =» Minimum 5ampling Time =
# Postzamples 121 017 ms |

i 48000 Hz hd
lestindo | i _i Calibrate Sample Fate !

M= = Sample Rate = UnCal. iignore overload j
™ Ausiliary Audio Capture Device available | Reference = Left Channel 7| |restart on no syn =

The minimum measurement time per frequency point is determined by the settings "Samples / IF Period", "#
Presamples" and "# Postsamples". Above settings are the recommended settings for obtaining the minimally possible
measurement time per data point.

- "Samples / IF period x4" specifies the IF frequency. Note, that the entered number is multiplied by 4. So, if 1 is entered,
there are 4 samples per IF period. At a samle rate of 48 kHz, this leads to an IF of 48 kHz / 4 = 12 kHz, which is
displayed next to the edit field. The highest selectable IF is 12 kHz at 48 kHz sampling rate. Note, that higher sampling
rates theoretically allow higher IFs, but the bandwidth of the USB sound codecs in use is limited to 20 kHz.

- "# Presamles" specifies the number of samples, that are skipped after a frequency change. This number should be as
high as possible to avoid timing problems but on the other hand as small as possible to allow for fast sweeping. Setting
it to 2 is a good compromise which still allows the maximum sweep rate.

- "# Postsamples" specifies the number of samples, that are skipped before a frequency change. This number should be
as high as possible to avoid timing problems but on the other hand as small as possible to allow for fast sweeping.
Setting it to 2 is a good compromise which still allows the maximum sweep rate.

The sweep rate of continuous sweeps is also determined by the delay between end of sweep and start of the next
sweep. This delay amounts to minimum one audio buffer. With above settings (Audio Buffer Length = 3000 samples and
48k samples per second), this delay will be at least 3k/48k seconds or about 60 milliseconds. If the PC is fast enough,
this delay can be reduced by making the Audio Buffer Length smaller, i.e. by chosing the smallest allowed value of 800
samples. Note, that a short audio buffer only works well for a small number of frequency points per sweep (e.g. 200)
where the CPU loading due to plotting is low.

» » » Note: Above setup changes will not automatically make the VNWA sweep any faster. In order to switch on
the fast sweeping mode, you must open the main menu "Settings"-"Sweep" and move the measurement time
slider to the left. While for the default setup the minimum settable time per frequency data point is 1.3 milliseconds,
above settings allow to reduce the time per frequency data point to 0.16 milliseconds:
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[=1¥NWA Sweep Settings x|

—Sweep Control
Mumber of Datapoints = {200

Measurement Time:

I

Time per sweep = 0.03 secs

Time per data point = 016 ms Q

—Sweep Progress Display

[¥ Progress Bar On - Progress Bar Color

I~ Progress Text On
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SIMULTANEOUS CAPTURE WITH TWO SOUND CARDS

»» » Note: This feature is only available in USB-mode!

In its original design, the VNWA cannot measure S11 and S21 simultaneously, but with the aid of a multiplexing switch
these can be measured alternately.

The reason for this lies in the fact, that three signals must be captured for a simultaneous measurement (Reference,
Reflect, Thru), but a standard stereo sound device as used in the VNWA base design has only two input channels.

This restriction can be overcome by adding a second sound device to the measurement system, thus adding two
audio channels. As the sound devices are not running synchronously in any way, both need to receive the Reference
signal. This still leaves two free channels for the Thru and Reflect signal to be captured simultaneously:

|  Hardware Modification for VNWA2

Main Audio Avx Audio
Reflect Reference Reference Thru

0 Q (f
1
15L43210 Jz

TLv2462

Lo-DDE

"‘X/J ADI59

(]
—
_
37 MHz

RFOD5
ADSE59

RX

8001

As can be seen above, the main audio capture device remains unchanged and is used to measure S11. The
multiplexing switch will remain fixed in the position shown above at all times.

In order to measure S21, the RX OpAmp (behind M3) must be tapped to provide the Thru signal for the second, auxiliary
sound card. Make sure to properly DC decouple the OpAmp output to the aux audio input by means of a capacitor (e.g.
10uF) if it is not DC decoupled by itself. Note, that the auxiliary sound card will also need the reference signal again,
which can be tapped at the main audio connector.

» » » Note: VNWAZ3 users just need to add the VNWAS3 expansion board. VNWA3E users have this expansion board
already mounted.

| Activating and Configuring the Auxiliary Sound Device

Go to "Setup-Audio Settings" and update the settings according to your modified hardware. Don't worry about the
settings on the right hand side, yet.
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[=4PC and Instrument Hardware Related Setup

Interface Type | USE Settings  Audio Settings | Audio Levell A, Audio Level | Instrument Settings | Misc. Settingsl

—dudio Capture Device

X

Mize Audia Setting,

|SoundMA>< Digital Audio j Auydio Buffer Length in Samples ISDDD
ADC Resolution—————
Juinahme =] BB Samples /IFPeiod |10 #4 = IF= 113397 He |
- " 1EBit l—
|L|ne-|n j 24 Bit # Presamples 3 =3 Minimum Sampling Time =
# Postsamples |3 0.9 ms
i 43000 Hz -
estindy | I J Calibrate Sample Fate I
Max=11043 M=TER Measd. Sample Fate = 473389 [ignere overload =l
V¥ &usiliary Audio Capture Device available |Heference = Right Channel j I'ZFOHUI’M3 oN o SYNG j
dugilian Audio Capture Device Auiliary Audio Setting:
IUSB Audio CODEC vI Aux. Audio Channels measure THRU
ADC Resolutio Main Audio Channels measure REFLECT
|Eapture j o BT
. " 16 Bit
[Mikraon =l 24 Bi Measd. Sample Rate = 47597.4
Min=-123E5 Max=18350 Aux. Reference = Left Channel j
| 4

Note, that generally, unlike shown above, the built-in USB codec must be the main capture device, as it is hard wired to

the multiplexing switch.

Next go to the "Audio Level" tab and press "Test Audio".

[=1PC and Instrument Hardware Related Setup

Interface Typel USE Settings | Audio Settings

Au, Audio Level | Instrument Settings | Misc. Settings

Left = Reflect

Fight = Reference

e L a
= =

I Stop

Wolumne L= 14 %

! )

Wolume B = 14 %

y )

Min=-10744 Max=10957 Al Min=-18287  Aux Max=18280

First check if you have chosen the correct main sound device by pressing the Thru/Reflect button with nothing
connected to the VNWA. If one of the blue traces changes when toggling the button, the sound device is the correct

one.

In Thru-mode with no cable connection between TX-port and RX port, you should see the blue main reference signal
and a flat blue line. Don't worry about the faint red aux audio signals, which are also visible. If the blue sinewave signal
is not marked as "Reference" like seen above, left-click onto the blue label denoting the sinewave signal. It will then
change to "Reference". Thus you have selected the appropriate channel as main reference channel. Press the
Thru-button to check if the reflect signal is working properly.

Next go to the "Aux Audio Level" tab.
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[=1PC and Instrument Hardware Related Setup

Interface Type | USE Settings | Audio Settings | Audio Level  Aux. Audio Level

Instrument Settings | Misc. Settings

Vau. Left = Thiu

. Fight = Aux. Reference

NS

_

Min=-13242 Max=13249 Aux Min=-13188  Aux Max=13193

)

Without TX to RX through connection, you should see the red aux reference sinewave signal only. Make sure that this is

selected as aux reference signal as seen above (if necessary) by clicking onto the red label denoting the sinewave
signal and observing the correct description. Next connect a coax thru connection from TX to RX port and make sure

you do see an unclipped thru signal as well.

Next, go back to the "Audio Settings" tab and perform a sample rate calibration. Note, that both sound cards

must be calibrated as they might have slightly differing sample rates as can be seen above.

Finally, close the setup.

Perform calibrations and measurements in the normal fashion. From now on S21 and S11 traces will update with new

data simultaneously, thus cutting the measurement time down by a factor of two.
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HOW TO MEASURE IMPEDANCES - GENERAL CONSIDERATIONS

The VNWA is very well suited to measure impedances and admittances. There are several ways to accomplish this with

largely varying accuracy depending on the impedance range to be measured. Therefore, it is worthwhile to pick the right
method for the impedance range in question.

| 1. The Standard Method

The most straight forward method is to connect the impedance to be measured (Zx) to the TX port of the VNWA:

VNWA

50 Q
50 Q

X RX
Zy

|

The VNWA measures the reflection coefficient (S11) of Zx relative to its 50 Ohms environment.
The setup can be Short/Open/Load-calibrated to remove systematic errors.

By virtue of the reflection bridge used which is tuned to 50 Ohms, this method is most accurate when Zx is near 50
Ohms.

For much smaller or much bigger impedances, the test setup becomes very insensitive and thus the results inaccurate.

| 2. The l-Method

Here, the TX port serves as a voltage source:

VNWA

50 Q
50 Q

TX RX L
Z,

1
| S

The VNWA RX port is used to measure the current I through Zx.

As S21 is measured, a simple Thru-Calibration is sufficient in this case.

Use the custom function t2s(S21) to convert the S21 transmission data into reflection data.

Since the TX port is not an ideal voltage source and since the RX input has finite impedance, this method becomes very
insensitive and thus inaccurate for small impedances Zx.

This method is well suited to measure crystals or losses in small capacitors.

v+ » Note: None of the Zx ports may be grounded for this method.

3. The V-Method

Here, the TX port serves as a current source:
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VNWA

50 Q
50 Q

X RX H

Zy

The VNWA RX port is used to measure the voltage V across Zx.

Use external bridge mode to perform this kind of measurement.

The setup can be Short/Open/Load-calibrated to remove systematic errors in the standard way.

Since the TX port is not an ideal current source and since the RX input has a quite low impedance, this method
becomes very insensitive and thus inaccurate for large impedances Zx.

| 4. The RF-IV-Method

The RF-IV method combines the I-method and the V-method by measuring both current through Zx and voltage across
Zx in two consecutive measurements. Then, these measurements are combined to yield Zx = V/I.

Thus, the method combines the advantages of the |- and the V-measurement, i.e. high sensitivity and thus high
accuracy for all possible values of Zx.

In order to use this method, an external RF-1V test head is required. See page RF-IV Mode for details.

| SUMMARY

The following table lists the change in detector voltage for a 10% increase of Zx for several Zx values:

Z, St | v v/l
0,10

51 Q 3,27%| -3,08%

100 kQ

Clearly, only the RF-IV method yields high sensitivity over the full impedance range. Nevertheless, the other methods
will yield accurate results, if the right method is chosen for the particular impedance under test Zx.
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TIME DOMAIN MEASUREMENTS

The VNWA software allows to perform a realtime FFT on measured or imported data from frequency to time domain,
display data in time domain, manipulate data in time domain by gating and perform an inverse FFT back to frequency
domain.

A special topics section on time domain measurements demonstrates examples of both usages:

Time domain reflectometry is a useful technique to search defects in transmission lines.

The step response is useful to determine impedance variations along a coaxial cable.

Gating is used to separate responses depending on their arrival times, e.g. to separate the slow mechanical response
of a crystal filter from the fast electromagnetic feedthrough of the test board.
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INTRODUCTION TO TIME DOMAIN MEASUREMENTS

|  Time Domain Reflectometry

Time domain reflectometry (TDR) is a straight forward and widely used technique to find faults in cables and
transmission lines. The idea is to send a short voltage impulse into the line and detect the reflected impulse(s)
which is the so called impules response.:

DUT, e.g. coax

e e

</ A L

reflected impulses

Every not correctly terminated end of the line will reflect some of fraction of the incoming impulse. Also, cable damages
like breaks or compressions will cause part of the incoming impulse to be reflected. By measuring the time delay of the
impulse reflected by the damage one can calculate the location of the damage if the impulses velocity through the cable
is known. The impulse in question must travel the distance from cable input to the fault and back.The impulse velocity
(=speed of light * velocity factor) can be determined experimentally as well by observing the reflection from the far end
of the cable and by measuring the length of the cable.

A voltage step is equally well suited as input signal for time domain reflectometry and it is technically simpler to
generate. The reflected signal of a voltage step is called the step response.

In fact, every impedance change in a transmission line will cause some of the incident signal being reflected
in a characteristic way:

Component Step Response Impulse Response
I'=1,0pen
I'=-1, Short

Resistor, r>Z,

Resistor, r<Z,

Inductor

Capacitor

(Image from Anritsu presentation "Time Domain Analysis UsingVector Network Analyzers" by Dr. Martin I. Grace)
|  Time Domain vs. Frequency Domain

An impulse or a step signal g(t) consists of a spectrum G(f) of an infinite number of frequencies f.
The spectrum can be calculated with the Fourier transform:

G(w) = ety

T [ s0e

with the angular frequency
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w=2xf

Example: An ideal Dirac impulse (width zero, infinite amplitude) will produce a constant spectrum which contains all
(angular) frequencies from - infinity to +infinity with equal strength.

If the spectrum is known, the impulse shape can be reconstructed using the inverse Fourier transform:

T G(w)-¢ “dw

50= -

The same holds true for any time signal g(t). Thus, the time signal and the corresponding spectrum or frequency signal
contain the same information.

While a classical time domain reflectometer can generate impulses and measure the impulse response g(t) in time
domain, a VNA cannot do this. On the other hand, a VNA can generate sine waves with almost arbitrary frequencies and
thus measure the frequency response G(f). Since time domain response and frequency domain response are
interrelated through the Fourier transform, the impulse response of a system can basically be reconstructed
mathematically from the frequency response measured with a VNA.

| Finite Frequency Range Problem, Windowing

Any existing VNA has only a limited frequency range. Outside this frequency range a system's frequency response
cannot be measured. Reconstructing a time response from such a frequency limited response will generally
produce artefacts. The following graph shows an impulse reconstructed from a spectrum obtained by limiting the
spectrum of an ideal impulse to the displayed frequency range:

[-JDGBSAQ - Yector Network Analyzer Software - licen - 10l x|
File Measure Settings Tools Options Help
Refd
02/ dE
1048/
1048/
<Refl
0
Start = 0 MHz Center = 650 MHz Stop = 1300 MHz
Start Time= -2 ng Span = 1300 MHz Stop Time= 2 ns
= [V timl  Real ¥ GSpectr dB Continuous
I 'i = i 1821 'i v tim2  dB Single Sweep
|Reference Position = 2 v

The blue impulse reconstructed from the band limited green spectrum is widened as compared to an ideal Dirac
impulse and it shows sidelobes according to the law sin(t)/t. The red trace shows the same reconstructed impulse in dB
scale. Note that the zeros of the blue reconstructed impulse produce very distinct notches in the blue dB scale. These
notces and sidelobes are not related to any test object but are merely a consequence of the limited
bandwith. These sidelobes might well cover up some real lower level DUT response. In order to detect such covered
low level response the windowing technique was invented. By weighting the frequency response by appropriate
windowing functions (e.g. by Hamming, Hanning, Blackman...) the sidelobe level can be considerably reduced. The
tradeoff is a reduced time resolution, i.e. the reconstructed impulse becomes wider:

Implemented windowing functions (rectangular=none, Hamming, Hanning, Blackman, Blackman squared):
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[=IDGBSAQ - Yector Network Analyzer Software - licensed ko - 10l x|

File= Measure Settings Tools Options  Help

1048/
1048/ <Refd
0de
1048/
1048/
1048/
Start = 0 MHz Center = 700 MHz Stop = 1400 MHz
Span = 1400 MHz
= [V Rect dE ¥ Hann dE IV Blac2 B o ppinuous
| = ||Mem1 vl ¥ Hamm dB ¥ Black dB Single Swesp
VWA UISE Mode started. v
Effects of applying the above windowing functions:
[=IDGBSAQ - Yector Network Analyzer Software - licensed ko - |EI|1|

File Measure Settings Tools Options Help

<Refd

1048/ 0dB

10dB/

Start Time= -5 ng Stop Time= 5 nz
= v Fect dB I¥ Hann dB W Blac2 B opinuous
|S21 ﬂ o ||Mem1 ﬂ [V Hamm dB [V Black dB Single Swesp
|Reference Position = 11 A

Note, that the narrower windowing functions lead to wider reconstructed impulses with generally lower sidelobe levels.

The same behavior can also be observed in the step response:

[=IDGBSAQ - Yector Network Analyzer Software - licensed ko i ] |

File= Measure Settings Tools Options  Help

023/
023/
023/

023/

<Refd
0
Cal

Start Time= -2 ns Stop Time= 2 ns
= W timl  Feal I tim3  Feal Continuous

|521 ﬂ = ||Mem1 ﬂ ¥ tim2 Real ¥ tmd Real Single Sweep
[For Trace 4 get scales fram Trace 1 M, v

Colors in above diagram correspond to the window functions in the previous diagrams. Sidelobes and impulse width in
impulse response correspond with overshoot and step steepness in step response.

| Band Pass vs. Low Pass Mode
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There are two possible ways to process a measured frequency response in order to obtain a time response, namely
band pass and low pass processing.

Band Pass Processing:

In band pass mode, the utilized frequency range is the VNA frequency span.

A

Frequency step: F(n) = F+n(F,-F )/N,
Where: n=0,1,2,3..N

Number of data points = (N+1)

Freq. step = (F,-F,)/N

Bandwidth = (F,—F))

| . >
0 F F, Frea.
(Image from Anritsu presentation "Time Domain Analysis UsingVector Network Analyzers" by Dr. Martin I. Grace)

This mode ignores negative frequencies. As a consequence of omitting negative frequencies the reconstructed time
response is unphysically complex valued. Usually, only the magnitude of the band pass response is of interest. It might
give useful information for tuning filter structures, see e.g. Agilent AN 1287-10 "Network Analysis Solutions Advanced
Filter Tuning using Time Domain Transforms". Note, that window functions will suppress both the high frequency and
the low frequency content of the frequency response in this case. As a voltage step contains strong low frequency
components, band pass mode cannot be used for calculating a step response.

Low Pass Processing:

Low pass mode makes use of the inherent symmetry of the frequency response with respect to frequency zero. Thus,
having measured the response for positive frequencies, the response for negative frequencies can be reconstructed
mathematically and can be used to calculate a real valued time response, i.e. the imaginary part is zero as expected for
a time response. Note that the measured frequency span should extend to (almost) zero in order to obtain good time
domain results.

Total Frequency Spectrum for Low Pass Processing
Total Bandwidth = 2F,

VNA data set = n*FL
Where: n=0,1,2,....N,

Calculated negative N=F,/F,

frequency terms # of data points = N+1
frequency step AF=F,
n=0 term calculated by
extrapolation

-freq DC freq
-F. -F, F, Fy

(Image from Anritsu presentation "Time Domain Analysis UsingVector Network Analyzers" by Dr. Martin I. Grace)
By using this trick, the utilized frequency bandwith is doubled and thus the time resolution is improved by a

factor of two as can be observed in the following example showing the reconstructed impulse responses of identical
frequency data for band pass mode and low pass mode.
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[-IDGB5SAQ - Vector Network Analyzer Software - licensed i ] |
File= Measure Settings Tools Options  Help
1008/ ik
1048/
Start Time= -5 ng Stop Time= 5 ns
= .
IV tim1  dB Continuous
| = lMem 1 'i Iv tim2 dB Single Sweep

|For Trace 2 get scales from Trace 1 v

Note, that for band pass mode the window functions have their maxima located at zero frequency, which makes this
mode particularly useful for reconstructing step responses which contain strong low frequency content.

|  Fourier Transform Options

There are many algorithms to calculate an inverse Fourier transform for reconstructing a time response from a
measured frequency response. The most widely known algorithm is the FFT or Fast Fourier Transform algorithm by
James Cooley and John W. Tukey. It is very efficient, but it can only calculate a time response at a strictly equidistant
grid of times predefined by the frequency span and by the number of data points. If the times of interest lie in between
this grid, FFT cannot be used. In such a case, the Discrete Fourier Transform (DFT) has to be calculated by some
other less CPU efficient algorithm. The VNWA software offers three choices to calculate and display reconstructed time
data, namely FFT, FFT interpolated and DFT:

[-IDGBSAQ - Vector Metwork Analyzer Software — Iicen§'. ]|
File Measure Settings Tools Options Help
1
¥ Refd
023/ | 1: 795MHz 0.00dE 0de
0.23/
i
0.23/
10dB/
e <Refd
0
Cal
Start = 0 MHz Center = 700 MHz Stop = 1400 MHz
Start Time= -5 nz Span = 1400 MHz Stop Time= B nz
= [ timl  Real [ tim3 Real Confinuous
|S21 j = HMem1 j I tim2  Real I 511 dB Single Sweep
|For Trace 3 get scales from Trace 2 v

Each FFT data point is displayed as a plateau with the point sitting in the center of the plateau.

In contrast, FFT interpolated linearly interpolated the FFT data points.

DFT also calculates time data in between the fixed FFT grid and uncovers the oscillations caused by the finite
frequency span.

Note, that all traces must coincide on the FFT grid, i.e. at the centers of the blue plateaus.

Note, that the above data shows the step response of the open VNWA TX port reconstructed from the displayed S11
measurement without window function, i.e. rectangular window with maximum width.

Nyquist Criterion and Aliasing:

When doing a frequency domain measurement with frequency span s, which extends over n frequency points, the
frequency spacing between adjacent frequency points is d=s/(n-1).

When a DUT is measured with these settings in reflection, where the DUT is reflecting the incident signal with a time
delay t, then the phase progression from one frequency point to the next will be dp=2*pi*d*t=2*pi*s*t/(n-1).

Now, the DUT delay ¢ can only be reconstructed from the reflection measurement with an inverse Fourier transform, if
the phase progression dp is less than pi or less than half a turn in the Smith chart. This is the Nyquist criterion for the
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inverse Fourier transform.
Thus, the following condition must be obeyed:

t < (n-1)/(2s)

Example:

You are measuring with a frequency span of s=500MHz with n=1001 frequency points.

Thus the condition t < 1000/1000e6 Hz)=1us must be obeyed.

This means, that delays of up to 1us can be measured with these settings. Signals with longer delays will be folded
back and thus become visible in the -1us...1us time range and thus produce false results. These false signals are also
known as alias signals.

Time Resolution:

The time resolution of a time domain measurement obtained by a frequency sweep and inverse Fourier transform is
mainly determined by the highest measurement frequency fmax.

If bandpass mode and no windowing (=rect. window function) is used, the first zeros of the time signal will be found at
+/-1/fmax. Generally, the time resolution is better than this because two distinct time peaks can be differentiated even if
their spacing is closer than this.

As a rule of thumb, the time resolution is about 1/(10*fmax).

Example:
When sweeping up to 500MHz, 1/fmax=1/500MHz=2ns.
Thus, a time resolution of about 2ns/10=200ps can be expected when using no windowing and bandpass mode.

Note, that using low pass mode will double the time resolution as was discussed above in section Low Pass Processing.

Note, that using non-trivial windowing functions will decrease the time resolution as was discussed in section Finite
Frequency Range Problem, Windowing.
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TIME DOMAIN REFLECTOMETRY: IMPULSE RESPONSE

Time domain reflectometry measures the impulse response of a DUT, e.g. a transmission line. Classicaly, one applies a
short impulse to the line input and measures the time dependent voltage at the line input. If the line is perfectly
terminated, the impulse will not be reflected back to the line input and no second impulse will be measured after the
initial one. If the line is broken somewhere in the middle, some of the input impulse will be reflected there. The position
of the defect can then be calculated from the delay of the reflected impulse relative to the initial one, if the velocity factor
of the transmission line is known.

The VNWA cannot perform impulse measurements, but it can do a wideband frequency measurement and perform an
inverse Fourier transform on it, which is equivalent to an impulse measurement.

|  VNWA time domain reflectometry basics:

The time (and thus length) resolution depends on the frequency sweep span.

» » » Hint: Do your frequency sweep with the maximum possible span starting at O in order to obtain the highest possible
temporal and spatial resolution. With the maximum span of 1.5 GHz a spatial resolution up to a millimeter can be
achieved.

The longest time (and thus length) you can measure depends on both, the number of measurement points and on the
frequency sweep span.

Because of the periodic nature of the Fourier transform the maximum allowed delay you can measure is number of
points * resolution. The resolution order of magnitude is 1/frequency span.

» » » Hint: Make sure that you have no signals coming in later than the maximum allowed delay, otherwise those will be
folded back in time and create ghost signals. Use a larger number of points if necessary.

» »» Hint: If you want to measure really long delays and you have reached the maximum allowed number of points,
decrease the frequency span and thus the resolution.

» »» Hint: The FFT responses are computed most efficiently if the number of frequency points is chosen to be a power
of 2. There is no such efficiency benefit for the DFT modes.

|  Example:
1. Calibrate the VNWA for a reflection measurement (SOL, use auto-clock multipliers). In below example | have used
2000 data points and a 4 milliseconds per data point.

2. Measure the reflection coefficient (S11) of your bare open VNWA TX output and display it in trace1. The result should
be one (= 0dB) except for some spurs.

3. Add a second trace with trace type "Time" and open the "Time Domain Settings" via the Settings-Display menu or by
the appropriate popup menu on right-clicking the display label.

4. Open the time domain settings window by activating the Settings - Time Domain menu or by double-clicking one of
the time labels.

5. Select source 811, select "Imulse DFT", "Lowpass" and "Rectangular” for maximum time resolution and edit start
and stop times as seen below:

[=4Time Domain Settings - Trace
Source for time domain transformation: -

|x

Time domain response: IImpuIse DFT j
Mode I Lowpass j
‘window Type I Rectangular j
Impulse Respanse |normalized to impilse height j
Stark Time Stop Time Unit

Rl |5 I hs j

Myquist range = -16Enz ... 166ns
DUT delays should be at most 50% of Myguist range!

Welocity Factor: 0.65 v /2

Length: Stark = -434 mm Stop = 494 mm
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Choosing "normalized to impulse height" in this example will make it possible to read the power reflected off a cable
discontinuity directly in "dB". Note that the alternate choice "unnormalized" will yield the unnormalized impulse
response which has the unit 1/seconds and integration of it will yield the system's step response.

As the VNWA cannot measure below about 25kHz with default settings, "low frequency data extrapolated below 25
kHz" is chosen here, i.e. below 25 kHz the measurement data is replaced by some higher frequency data extrapolated
to lower frequency. If reliable low frequency data is available by special settings or from a simulation, choose "as
measured"” instead of "extrapolated below 25 kHz".

6. Close the time domain settings window. After proper scaling you should see the following result:

[=IDGBSAQ - Yector Network Analyzer Software - lic _IDIﬂ

File Measure Settings Tools Options Help

1048/ 7 ¥ qF:‘;Ef‘I
1 000hs=0rm 00208 AriEE

10dB/ Ode

Cal

Start = 0 MHz Center = 750 MHz Stop = 1500 MHz
Start Time= -5 nz Span = 1500 MHz Stop Time= 5 nz
= s d Continuous
I VI = | |S21 'l P tim2  dB Single Sweep
|

4

The blue trace shows the constant 0dB reflection of the open TX port in the frequency range 0...1.5GHz. The red trace
shows the Fourier transform in the time range of -5ns...5ns, which is equivalent to the length range of about
-50cm...50cm. We see a sharp peak at length 0 with level 0dB (see marker caption), which means that all of the TX

signal is reflected at the calibration plane. The oscillatory sin(x)/x behavior stems from the fact, that no frequency
windowing function is selected.

7. After adjusting for a wider time span, you will see the following.

[=IDGBSAQ - Yector Network Analyzer Software - ‘ _ll:llm)__(_j
File Measure Settings Tools Options Help
Fiefl
10dB.4 i %sz
1 O0ns=0nm 00148 P
1048/)  3.9: 9364 ns=984m  -5I51dB

Cal

Start = 0 MHz Center = 750 MHz Stop = 1500 MHz
Start Time= 0 nz Span = 1500 MHz Stop Time= 100 nz
= s dB Continuous
I 'i = i 1821 'i I iz dB Single Sweep

|Trace 2 | Marker  -59.52dB

v

In the above image we look at a length span of about 10 meters. We only see the signal reflected at zero length off the
calibration plane.

Note, that with 1.5GHz span and 2000 points a maximum reflection length of 150 meters can be measured. The

maximum available 8192 data points at 1.5GHz span allow to measure reflection lengths of around 0.6 kilometers with a
resolution of a few millimeters.

8. Connect an open ended coaxial cable to the TX port and sweep.
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[=IDGBSAQ - Yector Network Analyzer Software - lic '_ - 10l x|
File= Measure Settings Tools Options  Help

<Refl

<DF?er2
Ode

1048/

1: Olns=0nm <30 458
1008/ 21 4521 ns=447m 246340

Cal
Start = 0 MHz Center = 750 MHz Stop = 1500 MHz
Start Time= 0 nz Span = 1500 MHz Stop Time= 100 nz
=
st & Continuous

I'l = “821 'l I tim2  d& Single Sweep
|

4

Note, that the reflected signal now comes in attenuated and with a time delay equivalent to the cable length of 4.5

meters (see time delta marker 2). We have thus measured the length of our coaxial cable.
Note, that there is still weak reflection at zero length coming from the SMA to BNC adapter.
Note, that there is also a signal at 9 meters delay steming from multiple reflection.

9. Next, | have connected a second open ended coaxial cable to the end of the first one. Note, that the second cable

has 90 degree angled BNC connectors:

[=IDGBSAQ - Yector Network Analyzer Software - lic '_ - 10l x|
File= Measure Settings Tools Options  Help

1o 0.0ns =0nm -30.74dE
10dB/ 2.1 4521 ns=4.47m  -11.01dB
3-1: B553ns=648m 22 BEdB

Cal
Start = 0 MHz Center = 750 MHz Stop = 1500 MHz
Start Time= 0 nz Span = 1500 MHz Stop Time= 100 nz
=
s dB Continuous

IVI = ”821 'l I tim2  dB Single Sweep
|

4

The reflection is now shifted by the length of the additional cable. The total cable length is now 6.5 meters.

Note, that some signal is still reflected at the end of the first cable due to the imperfect wave match of the angled BNC

connector.

=> Cable defects can be detected and localized very accurately by this method.

10. Finally, | have connected a BNC load to the end of the second cable:

[=IDGBSAQ - Yector Network Analyzer Software - lice - |EI|5|

File Measure Settings Tools Options Help

1048 1: 0.0ns =542 nm -26.31dB <1H;cf|28
21 45871 ne=411m -2.80dB

5de/ -1 BBEBns=59m -3.47dE
1

¢ b W

Start = 0 GHz Center = .65 GHz Stop = 1.3 GHz
Start Time= 0 nz Span =1.3GHz Stop Time= 100 nz
= s dB Continuous
[cuts =] = |[s11 =] W Time dB Single Swesp
|

4
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Note, that we still see reflections from the connector bend in the middle and at the end of the cable.
Also note, that the overall reflected signal has decreased considerably due to the cable termination.

» »» Note: It is possible to box-zoom into a time diagram the same way as zooming into a frequency diagram. In contrast
to frequency zooms, a time zoom cannot be unzoomed, though. To undo a time zoom, you have to manually change the
start and stop times to the original values.
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TIME DOMAIN REFLECTOMETRY: STEP RESPONSE

While the impulse response is the DUT's response to a short voltage impulse, it is sometimes useful to look at the DUT's
response to a sharp voltage step which is called the step response. The two are closely related. E.g. in time domain,
integration of the impulse response basically yields the step response. This means, every impedance change at a
certain delay will produce an impulse in the impulse response at a certain delay time, which in turn will produce a step in
the step response at the same delay time. The useful feature is that the step height is related to the impedance change.
In other words, the impedance change can be calculated from the step height, thus enabeling one to see
varying cable impedances at varying delays or positions.

This is demonstrated in the following with a chain of coax cables of different impedances. The DUT below consists of a
piece of 75 Ohms coax connected to the VNWA TX port followed by a 50 Ohms coax followed by a 25 Ohms coax the
far end of which was left open.

First, calibrate your VNWA in the maximum available frequency range (0-1500 MHz) for maximum spatial resolution with
a reasonablly high number of points (2000 points used in this example) to separarate all temporal features. Next,
measure the reflection coefficient (=S11) of your DUT, so the result is visible in the S11 data space.

In order to see the step response, select trace type "Time" in the main window and select "Step DFT" from the "Time
Domain Settings" menu. For displaying smooth steps without artificial overshoot, a Blackman window function was
chosen. We use low frequency data "extrapolated below 25 kHz" to suppress the zero frequency artefact of S11 to
enter the time domain analysis.

[=4Time Domain Settings - Trace x|
Source for time domain transformation: 511 A
Time domain responze Istep DFT j
Made I Lowpass j
Wwindow Type | Blackman |
Impuise Respanse |normalized to impilse height j
Stark Time Stop Time Unit

0 ] fns =l
Myquist range = -16Enz ... 166ns

DUT delays should be at rmost 502 of Myquist range!
Welocity Factar: 066 v /2

Length: Start = 0 nm Stop=4.94 m

If you select to display the time data in terms of impedances (|Z| in below example), you can immediately read off the
varying cable impedance at varying positions:

[LIDGBSAQ - Yector Network Analyzer Software - | - 18] x|

File Measure Settings Tools Options Help

<Refl

1048/ 0B

10ohm/

o 42ns = 414 mm 73.090hm
2 134nz=1.32m 51.580hm
3 233m:=23m 27 96ohm

Cal

Start = 0 MHz Center = 750 MHz Stop = 1500 MHzE%iEm
Start Time= 0 ns Span = 1500 MHz Stop Time= 50 ns
= s d Continuous
I 'i=_>“821 'i P tm2 2] Single Sweep
|Trace 2 { Marker 1: 4.2ns = 414mm  73.09chm v

Note, that the impedance jumps from 75 Ohms to 50 Ohms to 25 Ohms are clearly visible. Also, the jump at the open
end to (almost) infinite impedance is visible.

If the far cable end is terminated with 50 Ohms instead of leaving it open, the jump to (almost) infinity vanishes and the
terminating impedance of 50 Ohms becomes visible.
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[=IDGBSAL - Yector Network Analyzer Software - licensed| i ]

File Measure Settings Tools Options Help

<Fefl
0de

1 420z = 414 mm 74.350hm
© 134ns=1.32m 53.15chm
: 233ns=23m 29.34chm

Cal 4 3F8n:=373m 49.320hm

2 <Ref2
Start = 0 MHz Center = 750 MHz Stop = 1500 MHz 500,
Start Times= 0 nz Span = 1500 MHz Stop Time= 50 nz

= s dB Continuous

I VI =» ||S21 'l W tim2 121 Single Sweep

|

4

Bear in mind, that the impedance values determined this way will be influenced by multiple reflections and also by cable

losses, e.g. no matter what you connect to the far end of a 75 Ohms transmission line with e.g. 100dB loss, you will

always see 75 Ohms impedance at all delays.
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TIME DOMAIN GATING AND INVERSE FFT

Time domain gating is used to separate responses depending on their arrival times, e.g. to separate the slow
mechanical response of a crystal filter from the fast electromagnetic feedthrough of the test board.The following example
shows how to use this feature.

1. Measure or import a trace to any memory space.

[=IDGBSAQ - Vector Metwork Analyzer Software — Iicense_'__ —|O] x|
File Measure Settings Tools Options Help
<Ref
10dB/ 0dB
Start = 81.85 MHz Center = 86.85 MHz Stop = 91.85 MHz
Spah =10 MHz
=
sa & Continuous
521 | = [EE Single Sweep
| &

As an example you see a wideband measurement of a narrowband SAW filter as DUT with artificially increased
electrical feedthrough from input to output.

2. To transform and view this data into time domain, select the main menu item "Settings"-"Time Domain

Settings"-"Trace 2"::

[=4Time Domain Settings - Trace 2 x|
Source for time domain transformation: 521 A
Time domain response: IImpuIse DFT j
Made I Bandpass j
Window Type | Hamming 4|
Impulse Respanse |normalized to impilse height j
Stark Time Stop Time Unit
10 [500 fns i
Myquist range = -204pz ... 204ps
DUT delays should be at most 50% of Myguist range!
Welocity Factor: 0.E6 4
Length: Stark=-1.97 m Stop=989m

Here you can specify the signal source which is to be transformed to the time domain (here S21) and also the type and
parameters of the transformation to be used. Start and stop times for the time domain diagram can be entered.

3. Close the window when done and do select on the main window a second trace with trace type "Time Domain". You

can add time markers the same way as adding frequency markers. Another way to change the start and stop times is
to doubleclick the red time labels below the traces of the main window.
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[=IDGBSAQ - Vector Network Analyzer Software - license - 10l x|

File= Measure Settings Tools Options  Help

10dB/ 1: 15ps =3.02km -43.700B 0
21 42152 =833km 353908

1048/

AL,

Start = 81.85 MHz Center = 86.85 MHz Stop = 91.85 MHz

Start Time= -10 ps Span=10MHz Stop Time= 500 ps
= 521 dB Continuous
|S21 'l =_>I I 'l v tim2  dB Single Sweep
|Reference Position = 7 A

You do now see the inverse Fourier transform of your frequency data (red trace), which is by nature of the discrete

Fourier Transform periodic. The part of it starting at time zero is the envelope of the DUT's impulse response, which

you could also measure by applying a short impulse to the DUT's input. Note, that due to the DUT's high Q-value, it

delays and streches an incoming impulse considerably (filter ringing).

4. Add a third trace to the main window with trace type "Frequency-Domain Gated" or Gated and then select the

main menu item "Settings"-"Time Domain Settings"-"Trace 3"::

[=4Time Domain Settings - Trace 3 x|

Source for time domain transformation: 521 ~

Time domain responze IImpuIse FFT

[~ |
Made I Bandpazz j
[
=l

Impuise Respanse |normalized to impilse height

Stark Time Stop Time Unit
10 [120 fns
Myquist range = -204pz ... 204ps

DUT delays should be at rmost 502 of Myquist range!

Welocity Factor: IU. [ [ /2

Length: Start=-1.97 m Stop =257 m

¥ &pply Time Gating
Start Gate Stop Gate
1.0 104 ns

5. Once you have activated time gating you will see two dashed vertical lines on the main window with attached labels
indicating the time gate window edges (start gate and stop gate). You can move these with the mouse. Now zoom into

the time domain so you see only the time range of interest:
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[=IDGBSAQ - Yector Network Analyzer Software - licensed b ._ - 10l x|

File= Measure Settings Tools Options  Help

<Refd
0dB

10d8./ 10 15.3ps =302 km -43.70dE
21 4215 =833km | -35.37dB

1048/

1048/
<Ref2

-B0dE

Start = 81.85 MHz Center = 86.85 MHz Stop = 91.85 MHz

Start Time= -10 ps Span=10MHz Stop Time= 130 ps
= 7 521 dB ¥ gat3 B Canfinuous
|S21 'i =» ’ l 'i I timz  dB Single Sweep
/Gate Start = 1.01 ps A

6. Move the vertical dashed gate lines (or attached labels) with the mouse and observe how the green trace changes. If
you look at the red time domain response, you see a sharp peak near time zero. This is the very fast electrical
feedthrough signal travelling at speed of light, i.e. the fraction of the input impulse that bypasses the SAW filter due to
electrical crosstalk and remains unchanged. The round features at later times is the SAW filter impulse response (=filter
ringing), which travels by the nature of the Surface Acoustic Wave (SAW) with the speed of sound on the quartz crystal
chip (about 1000m/sec). Due to this speed difference it is possible to zero out the electrical feedthrough in the time
domain (=gating) and visualize the transfer function of the filter without electrical feedthrough in the frequency domain
(green curve). The green curve shows stopband features which are hidden under the electrical crosstalk in the blue
trace.

» »» Hint: You can change the color of the start gate and stop gate lines and labels by right-clicking them.

Summary:
This technique called "time domain gating" zeroes out the fractions of the DUT's time domain response outside the

vertical gate boundary lines. Transforming the gated impulse response back to the frequency domain might reveal
features previously hidden by e.g. electrical feedthrough.
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TUNING FILTERS IN TIME DOMAIN

This tutorial was provided by Roderick Wall, VK3YC. Thank you very much, Roderick!

Note, that from software version VNWA35.9 on there are two new time domain settings refering to impulse response
normalization and low frequency data extrapolation. Use the default settings (impulse response normalized to impulse
height and frequency data below 25 kHz extrapolated) to reproduce below results.

| Using Time Domain to tune variable coupling BPFs

A Template is required to tune variable coupling filters. The Template can be generated from a Gold Standard
Engineering filter or simulated in software. This example uses Jim Tonne's Elsie Filter design software to design a BPF
and to generate a s2p Touchstone s-parameter file. The s-parameter file is imported into a memory location in VNWA to
be used as a Template to tune the filter to. The example 40 meter variable coupling BPF circuit is shown below. Trim
capacitors were used for the coupling capacitors. Adjustable inductors were used for the inductors.

1 2 3 4 5
50 50

1uH 1uH

|| | | | |

11 11 11

122.037pF 34.4125pF 122.037pF
347 562pF 347.562pF
8.53TM 8.537TH

Use Elsie to design the filter. Set the centre frequency to 7.15MHz, frequency span to 2MHz and sweep steps to 500
(also refer to VNWA settings below). Generate a s2p s-parameter Template file. Import the the s2p Template file into
VNWA and store S11 into Memory 1. Store S21 into Memory 2. Under "Settings" select "Time Domain" and then select
"Trace 1". Set the Time Domain settings as shown below.

l=d Time Domain Settings - Trace 1 E]
Source for time domain transformation: -
Time domain response  |Impulze DFT -
Mode ,W‘
window Type ,m
Start Time Stop Time Linit
05 H s 7]
Welocity Factar: lﬂﬁi [~ /2
Length: Start=-89.9m Stop=539m

Under "Settings" select "Time Domain" and then select "Trace 3". Set the Time Domain settings as shown below.

b=d Time Domain Settings - Trace 3 @

Source far time damain transformatian: -
Time domain response  |Impulse DFT -
Mode Bandpass hd
window Type Harnrming -
Start Time Stop Time Lnit

0.5 |3 ||.lS j
Yelocity Factor: 06 [~ /2
Length: Start=-899m Stop=539m
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Set the center frequency to the resonant frequency that the resonators need to be tuned to. If you don't then you will be
tuning the BPF to the wrong frequency. Set the Span to two to five times the bandwidth of the BPF. Set the Mouse
Wheel Increments to 5kHz.

Start Stop Lnit
[6.15 [8.15 [MHz =]
Center Span

[7.15 [WHz ~] |2 [MHz =]

Sweep Mode  # =-Divisions
|Linear j |15 0K

Muouse Wheel Increments:
Center, Start, Stop Span

|0.005 MHz  [0.005 MHz

Set the number of scan steps to 500. As shown below, set trace 2 to S21 dB, trace 4 to Mem1 dB, trace 5 to Mem2 dB
and trace 6 to S11 dB.

(=iDGASAD - Yector Network Analyren Software - NZPK ¥NA Mode
Fie Neswre Settings Toob Oplticns Hel

1 7.000MH: 1528 O7NE 24 E3dE
2 Z150MH:z 1568 QEE 201600
3 7A0MH: Vi Qi R TTE
£ OFyse42im G370 8 ¥
5 QlEus=2B2n ]
& DEQu=107m 7 ReE
B u=2dn 1.8 38
& 1Mu=3En  -GHE
(s
ra = B15 Mz Conver = 715 MHz Siop = B15HHz
Snat Thves 015 Spam= 2 HHz Eop Toree= 3 s
= Finl & ¥ i3 a8 ¥ bieri2 & Corbins
0 =] = |[mze] P2 & " "S5 @ ingle Swesp |

Blue Time Domain trace = Elsie Template. Red Time Domain trace = DUT BPF.
Green Return Loss trace = Elsie Template. Black Return Loss trace = DUT BPF.
Black Insertion Loss = Elsie Template. Red Insertion Loss = DUT BPF.

Click "Single Sweep" to scan the DUT 40 meter BPF. Adjust trace scaling to suitable sizes. Your Time Domain trace
won't have the deep dips shown above because the BPF has been adjusted using Time Domain. The two Time Domain
dips are the return loss from each resonator. The three humps are the three coupling capacitors. Refer to Agilent's
application notes AN 1287-8 and AN 1287-10 for the procedure to adjust the filter. Click Continuous scan to adjust the
BPF.

Before assembling the BPF you may want to adjust the components to the values shown in the circuit, this will make it
easier to adjust the BPF.

The Mouse wheel can be used to adjust the center frequency. Hold the cursor over the center frequency and turn the
wheel. Adjusting the center frequency allows you to determine the frequency the resonators are tuned to. Adjust the
center frequency for the deepest dip and the center frequency is the resonant frequency. Using the Mouse Frequency
wheel makes it easier to adjust the resonators.

Roderick Wall, vk3yc.
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CUSTOM: TRACE DATA MANIPULATION

The trace type custom allows to simulate traces or to manipulate trace data in order to display functions of trace data.

VNWA .exe contains a compiler, which can generate fast code to calculate user defined mathematical complex
algebra expressions. This code can be used for real time data manipulation during the sweep or to generate

simulation data.

[=] Enter Expression 4 for trace 1: ﬂ
Expression:
|s21_so =

Global Subexpressions (available in all expressions. subexpressions may use other subexpressions from above):

Name  Alias Expression
Subl= |ex = |s_s
Sub?Z = ax = lg_s
Sub3= sy = |s_o
clear al - L
= = |(gy-gx)*sy*sx-sy+sx
insert —
5 E = |(gy*sx-gx*sy)/den
A CuL. Caption:
...paste —
=] ..swap 511 = I 51z = I Sez = I ISO
reml = |521_50 tems = |521_5I tem3 = |521_DI Memd = I temb = Is_l
kemb = IS_D kem? = IS_S kemi = Ig_l temd = Ig_o Mem1D=|g_s

no Errors

\i

Sawve

Load |

Note the right-click menu of the sub*-labels in above screenshot, which allows convenient expression

manupulations.

For convenience, there are some pre-defined expressions that can be loaded via right-click menu of the Expression

input field:
E;- Enter Expression 6 for trace & s
Expression:
||1 T-Check |
Aliazes Transmission Line > z2s(Z_ling) Ib Caption
52 = Embed 1-port exp(-gamma*length) Cusk
De-Embed 1-port wf from exp(-garmma®length) in custl
Mem1 = Clear Expression Z_line from tweo measurements (McKay) Mem5 =
MemE = [ M= J Mems = 1 Memd = 1 Meml0=
ok Save | Load |

Currently pre-defined expressions:

T-Check as explained in chapter T-Check.

Transmission Line equations as used by the software Zplots. For more details see chapter Interfacing ZPlots.

Page 415

Page 41



The model details are explained in detail in
https://www.dg8saq.darc.de/HamRadio/HamRadio_DG8SAQ_2018_English.pdf.
A demonstration on how to use these transmission line expressions is shown below in Example 6.

Embed/De-Embed equations allow to "add" or "remove" a user defined 2 port described by its S-matrix to/from a 1 port
measurement.
A detailled explanation and an example are given in chapter Magi-Cal as Permanent Calibrator.

» » » Note: This parser / compiler (own development) is different from that used in complex calculator, thus functionalities
might differ slightly.

Example 1: Determining an impedance from a transmission measurement

Example 2: Unitarity relation

Example 3: Subexpressions

Example 4: Displaying the Phase of an Impedance

Example 5: Calculating various properties of an inductor or capacitor measured in transmission
Example 6: Calculating various properties of a transmission line

Syntax Reference

| Example 1: Determining an impedance from a transmission measurement

Is it possible to accurately determine an impedance from a transmission measurement with only a thru calibration?
The answer is yes and a custom trace greatly simplifies this task.

Below is a transmission measurement (S21) of a 120pF capacitor connected between the hot pins of the VNWA TX and
RX port after a simple thru calibration (note, that both traces show S21):

[=IDGBSAQ - Yector Network Analyzer Software § [

File Measure Settings Tools Options Help

1048/ 1. B50MHz  -8.05dB 015+ 036 <Fiafl

//‘/VT/_ -
/-

Start =1 MHz Center = 5.5 MHz Stop =10 MHz
Span =9 MHz
=
521 dB Continuous

- =>||S11 'l ¥ 521 Smith Single Sweep

| 4

Clearly, the higher the frequency the lower the insertion loss due to the capacitor's decreasing impedance with
increasing frequency.

Next, we want to calculate the one port reflection coefficient (S11) of the capacitor from our transmission measurement
with the aid of a custom trace. Therefore we right-click the $21 label and select trace type "Other-Custom-Cust1":

5pan =4 MHz
=
szt dB Cantinuous

=_>||S11 'I v sz S;_i:‘l' Single Sweep

|Trace 1/ Marker 11 5.50MHz  -8.05d 511
512
522
Mernary

Uit ariky

321 /Mem3
Export Trace ko s1p 511 Memd

Impart sip q
3-Part 4 Cusz

Add Trace
Cus3

Off

Cus4
Cuss
Cuskom Cush

Time-Domain
Fregency-Domain Gated
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The custom trace editor window opens indicating in its header that we are editing expression 1 (=cus1) which is to be

displayed in trace 2:

mEnter Expression 1 for trace 2: ﬂ
Expression:
[(3%-2)ipe-2)
Aliases: Caption:
521 = Ix 511 = I S512= I S§22= I |t2s
Meml = I Memz = I ema = I Memd = I
Save | Load |

For simplicity, we assign to S21 the shorter alias name x and enter the expression (3*x-2)/(x-2), which transforms a

thru-measurement result into a reflect measurement result

(Note that from VNWA version 35.9.d on this expression is

implemented as function t2s()). Also, we give this expression the descriptive name t2s (for transmission to scattering
parameter, default name is cus1), see caption field. Press ok and observe the updated main window:

=lolx|

[-IDGBSAQ - Yector Network Analyzer Software

File Measure Settings Tools Options Help

1048/ 1. BEO0MHz  -B.05dB 051041 <Refl

e e e = e
)

Start =1 MHz Center = 5.5 MHz Stop =10 MHz
Span =9 MHz
=
v s21 a8 Continuous
- | I l v 2 Smith i
| = |51 ~| ¥ SI\ mi Single Sweep
[Tracez: (3#e-2)(t-2) Wy 7

Red trace 2 is now labeled by the assigned name t2s and the data apparently shows the reflection coefficient of a quite
ideal capacitor (curve running along the lower edge of the Smith chart).

We now want to determine the capacitance of the capacitor, therefore, we want to see the very same {2s data in a third

trace in terms of Picofarads. We add a third trace and sele

Center = 5.5 MHz
Span = 9 MHz
v 521 dB W Cie? T -
521

'i”ﬂ ¥ t2z  Smith il

|Reference Position = 2 512
522

Memory
Plak

Start =1 MHz Stop =10 MHz

Export Trace to slp
Import s1p

ct again trace type "Other-Custom™:

Unitarity:
SZ21{Mem3
S11/Mem4+

Add Trace

3-Port

Off

Time-Domain
Freqency-Domain Gated

Observe, that the custom drop down menu now shows as

first entry t2s instead of cus1 because we have assigned this

name to expression 1. We select t2s. The custom trace editor opens again, but we do not need to edit anything as we
have already entered the required expression before. Therefore we simply close the custom trace editor and select

display type "C--" for trace 3:
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[=IDGBSAQ - Yector Network Analyzer Software - 101l
File= Measure Settings Tools Options  Help
1048/ 1. 5.50MHz 80548 0.91-0.41 q 124.48pF <Refl
///_/V/—‘ 0cle
1pF/
1
! <Ref3
125pF
Start =1 MHz Center = 5.5 MHz Stop = 10 MHz
Span = 9MHz
= sa1 a8 Wiz C- Continuous
. | = “811 'l 7 t2s Smith % Single Sweep
[Traces: (3*e-2)(t-2) P

Indeed, our capacitor shows a capacitance of 124pF, which is very close to the nominal capacitance of 120pF printed
on it. Note, that the rising capacitance is due to the inductance of the long capacitor leads.

|  Example 2: Unitarity relation

[IDGBSAQ - Yector Network Analyzer Software - IEIIiI
File Measure Settings Tools Options Help

2008/ %@@3
10de/
1dB/

<Ref?
1dB/ 0dB

Start = 0.235 GHz Center = 435 MHz Stop = 0.635 GHz
Span = 400000 kHz

=3 /521 dB I Urit  dB Continuous
|S21 j = “Mem‘l j I 511 B IV Cusd dB Single Sweep
|Trace4: sqrtisqriabsit)i+sqr{abs(S11))) A

The above example shows measured S11 and S21 data of a SAW filter (red and blue traces). The green trace shows

the so called unitarity condition:

Unitarity = [|S,,|" +8,,

‘ 2

which, when shown in dB, is the power neither reflected nor transmitted, thus the power dissipated inside the DUT.

The brown "Cus4" trace ( = custom trace 4) shows exactly the same as the "Unit" trace, but is user defined.

Double-clicking the Cus4 label will open the custom trace editor window:

[=iEnter Expression 4 for trace 4: x|

Expression:

|5qu(5qr(s21 J+sqris11))

Aliazes: Caption:
521 = I 511 = I S512= I 5§22 = I Im
Meml = I— temz2 = l— Mem3 = l— Memd = I— %
o Errors

ok | Save | Load |
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Here, the mathematical expression to be displayed can be entered. It is evaluated using complex calculus, thus
complex S-parameters can be manipulated in a proper way. In the above example, the unitarity formula has been
entered.

»»» Note: Alias variables can be defined to abbreviate e.g. the rather lengthy variable name S21 by the variable t.

» » » Hint: Typing return upon completion of the expression will invoke a syntax check without closing the window.

»»» Hint: Pressing the "ok button" will also invoke a syntax check and close the window only if the syntax is correct.

» »» Hint: You can save and load expressions to or from a Derive *.mth file.

» » » Hint: Expressions will automatically be saved in the VNWA ini-file upon program termination for reuse after
program restart.

»»» Hint: By changing the Caption field in above window (see mouse arrow), you can modify the trace identifier label K
on the main VNWA window showing up below the grid.

| Example 3: Subexpressions

When the custom trace editor window height is increased, up to 10 input fields for subexpressions are being revealed:

mEnter Expression 1 for trace 1: ‘2_(_]

Expression:

[z2s(R+ZL+Z0)

Subexpressions:

Mame  Aliaz E spreszion

Subl = L = [le6

Sub2= |C = [1one-12

sub3= [d = [l

Subd= [ec = [

supS= [R = |20

Aliases: Caption:
sai= [ sn-= [ siz= [ s22= | [Sim

Meml = i Memz = i Mem3 = i Memd = i

no Errars

ok i Save I Load

Subexpressions can be used if a parameter or term is to be reused several times in the same custom expression or
simply to improve readibility. In the above example, the reflection coefficient of a series resonat circuit is being
calculated using subexpressions. In subexpression 1 an inductance value of 1 microhenry is being defined.
Subexpression 2 defines a capacitance value of 100pF. Subexpressions 3 and 4 define the impedances of the inductor
and capacitor respectively by making use of subexpressions 1 and 2. Subexpression 5 defines a resistor value of 20
Ohms.

The main expression sums up the impedances defined in subexpressions 3, 4 and 5 and converts it to a reflection
coefficient that can be displayed with the standard S11 display modes on the main window:

[LIDGBSAQ - Vector Network Analyzer Software - lic - 10l x|
File Measure Settings Tools Options Help
1dB/  1: B
1: 15.9MHz 7. 36dE <Fefl
OdE
1
Cal
Start = 1 kHz Center = 30.5 MHz Stop = B0 MHz
Spah = 59 MHz
=3 .
v Sim B Continuous
=> ”811 'i Single Sweep
[Trace 1/ Marker 1: 15.9MHz  -7.35dB h v

Apparently, we have simulated a series resonant circuit with a resonance frequency of 15,9 MHz. We can use the
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Complex Calculator tool to check if the resonance is where it would be expected:

[=J5imple Calculator

History

=1ol x|

Simple Calculator
I type help for examples

‘“Workspace |
‘Variable | Valug
ans 15.9154943091 895

=» 1fsgrt(le-6%100e-12) f2/pifled
ans =

15.9154943091895 I

Kl

Command

o

Indeed, the resonance is to be expected at 15.9 MHz.

» » » Note: All 6 custom traces share the same subexpressions.
» » » Note: Subexpressions can be accessed either by the names Sub1...Sub6 or by the user defined aliases.

» » » Note: Subexpressions may make use of previous subexpressions but not of subsequent subexpressions. Circular
references are forbidden.
» » » Note: Custom traces are only being updated when the return key is pressed after editing any of the subexpressions

or expression, or if the ok button is pressed.

»» » Note: You can transfer precalculated values from the Complex Calculator tool to one of the subexpressions by

marking the result in complex calculator with the mouse ...

[=isimple Calculator i ] [
“Workspace | History
‘ariable | Walug | > sin(5) il
ans -0,958924 274663138 ans =

-0.958924274663138 I
K| v

Command
Eval

-

..., then pressing ctrl ¢ to copy the marked data into the clipboard, then right-clicking into the field where the value is to

be transfered to...

suDT= | = v
Sub= | =
Riickgénaig
Aliases:
Ausschneiden
521 = I 511 Kopieren 512
Meml = I Mer  Loschen Mem

&lles markieren

.. and finally selecting paste:

e o Jeu

Sub= | = |—D_9589242?4663138|

Aliases:

| Example 4: Displaying the Phase of an Impedance

When measuring impedances, VNWA internally works with reflection coefficients and by default displays those:
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[-IDGBSAQ - Yector Network Analyzer Software o =] ]
File= Measure Settings Tools Options  Help
1. 7.7MHz  -37.75dB 0.00+ 0.01 B
1048/ B
1
1
Start =1 MHz Center = 30.5 MHz Stop = 60 MHz
- Span =59 MHz
. W 511 dB Continuaus
- = ||Mem1 'I ¥ 511 Smith Single Sweep
4

Import successful, 601 data points read

Now, it shall be demonstrated how the magnitude and phase of the corresponding impedance can be displayed using a
custom trace. Add a custom trace (e.g. cust1), fill in the expression "s2z(S11)" which converts the reflection coefficient
his expression, e.g. "Z11":

s11 into an impedance and assign a descriptive name to t
x|

[=iEnter Expression 1 for trace 3:

Expression:

|52z(51 1)

Caption:

Aliases:
521 = I 511 = I 512= I §22= | |Z11
[ [ [ Mems[

L3

Meml = Memz = tem3 =

Save | Load |

ok |

After proper scaling, you can display the magnitude of the impedance (green). The unit will be Ohms:

[=IDGBSAQ - ¥ector Network Analyzer Software =] ]
File Measure Settings Tools Options  Help
1. 7.7MHz  -37.75dB 0.00+ 0.01 50.47 B
108/ B
184 \l
1
1
<FRef3
Start =1 MHz Center = 30.5 MHz Stop =60 MHz =
Span =59 MHz
= W 511 di W Z11 Mag Continuaus
- = ||Mem1 'I ¥ 511 Smith Single Sweep
4

[Trace 3 { Marker 1: 7.7MHz 5047

If you want to display the phase of the impedance as well, simply add another trace and select to display custom trace
Z11 which we have defined before by assigning the name Z11 to it:
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Start =1 MHz Center = 30.5 MHz Stop=G0MHz ;™"
Span =53 MHz
FSHIE d L il Continuous

= ||Mem1 'I ¢ 511 Smith I 522 ;;’” Single Sweep

Traced: szz(s11)

-

siz
522
Mermary:
Plaot

Unitarity
521 {Mem3

Export Trace to s1p

511 /Mems
Import sip

3-Port 3
Add Trace
Off Time-Domain

Frequency-Domain Gaked

Immediately close the custom trace window again which is popping up as no changes are required. After proper scaling,

you will also see the phase of the impedance Z11 in terms of degrees (pink):
[=IDGBSAQ - Yector Network Analyzer Software : =1a1x]

File Measure Settings Tools Options Help
1 F.fMHz  -37.75dB 0.00+0.01 50.47 138"

108/ DFLE”
18/ 1
367 1 !
<Ref4
\ :
1
<Refd
Start =1 MHz Center = 30.5 MHz Stop =60 MHz =
Span =59 MHz
= ¥ 511 dB W Z11 Mag s
5 x| = ||Mem1 'I W 511 Smith 7 211 Phase Single Sweep
Traced: s2z(s11) A

Note, that we are using just one and the same custom expression for two different traces.

| Example 5: Calculating various properties of an inductor or capacitor measured in transmission

[=1Enter Expression 1 for trace 2: x|
Expression:
DF
Global Subexp 1onz [available in all exp 1ons):
Mame  Alias E #pression
Subl= |z = 152z(t25(521))
Sub2= 0] = |absiimiz)ire(z))
Sub3= |ESR = Irelz)
Subd= |DF = |absire(z)fim(z))
SubS= PR = [relz)iabsiz)
Aliases: Caption:

521 = |— 511 = |— 512 = |— s22= | JoF
Meml = I— Memz2 = l— Mem3 = l— Memd = I—

ok | Save | Load |

Subexpression 1 contains the conversion from transmission measurement (S21) to reflection data (function t2s) and
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subsequent conversion to impedance z (function s2z).

Subexpression 2 contains the Q-factor.

Subexpression 3 contains the "Equivalent Series Resistance" formula.
Subexpression 4 contains the dissipation factor formula.
Subexpression 5 contains the power factor.

The main expression can use any of the subexpression aliases, e.g. the dissipation factor DF.

| Example 6: Calculating various properties of a transmission line

This example demonstrates how to use the pre-defined transmission line equations to obtain transmission line
parameters from a 2-port measurement of a piece of transmission line.
Starting point is a measurement of a piece of 18.3 meters of RG58C/U cable:

—+ calibration plane

=

e @

measure
S,,und S,

Result:

B DGASAQ - Vector Metwork Analyzer Software - DGESAQ licensed t... = O X

File Measure Settings Tools Options Help

11 O0MHz  -0.07dB D01+000
e %, 2 2000MHz 41608 0.03+003 <Ref1

Start = 0.03 MHz Center = 100.015 MHz Stop = 200 MHz
R Span =199.97 MHz
%X At =0dB W s21 dB Continuaus
[s11 <] = |[Mem1 =] ® 511 Smih I~ d11_Sisigle Sweep

A

Apparently, this is a 50 Ohms transmission line. Since we measure with a 50 Ohms instrument, S21 shows us the
matched line loss.

Using the transmission line equations, we can actually calculate the characteristic frequency dependent line impedance

from our measurement.
We add custom trace 3 (because we will still need custom traces 1 and 2)...
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. Span = 133.37 MHz
T At = (0B W 521 4B wettn i

[511 =] = |[Mem1 =] W 511 Suith

s
Traced: 1

s12

522

Memory 3y

Plot »

Other > Unitarity

Export Traceto s1p 521/Mem3

Import s1p 3 511/Mem4

Copy Trace 3-Port ]

Paste Trace Time-Domain

Clear Trace Frequency-Domain Gated

Add Trace Custom > Cus

Off Optimizer 3 Cus?

Spline T L\\)

Cusd
Cus5
Cusb
Sub-Expression »

and select the pre-defined expression z2s(Z_line):

E Enter Expression 3 for trace 3: X
Expression:
||Z25(5qr‘t((51 1 ‘T_'c“h‘ezl;m S "E] 1*511-521"521+1-2"511])"60)
Aliases: Transmission Line > 225(Z_ling) Caption:
S = ’— Embed 1-port exp(-gamma*length) ’r

De-Embed 1-port vf from exp(-gamma*length) in cust]
Mem = Clear Expression Z_line from two measurements (McKay) s =
Memg=| U Memd = | Memd = | Memio=|
ok Save | Load |

As a result, we can display the frequency-dependend characteristic impedance of our cable, which is indeed close to 50
Ohms:

B DGASAQ - Vector Network Analyzer Software - DGESAQ licensed t... = O x

File Measure Settings Toels Options Help

L 1. OOMHz  0.07d8 D01+000  E234chm
s W2 2000MHz  -416dB 0.03+002  5336chm <Ref1

1 Dok

1

2
<Refd

S0akim

Start = 0.03 MHz Center = 100.015 MHz Stop = 200 MHz
Span = 133.97 MHz

B am, SieE M 521 o M1zl Continuous
| = ||Mem1 | I 511 Smith Single Sweep

Note the considerable increase of cable impedance at very low frequencies due to dispersion. The oscillations in line
impedance are caused by cable and measurement imperfections and can never be avoided.

Next, we want to find out the cable velocity factor vf. This can be calculated from the cable propagation constant gamma

, which in turn can be calculated from our measurement.
So, we add another custom trace using custom expression 1 (cus1, later called e-gl trace). We must use cus1 for this as
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the equation calculating vf uses the result of expression cus1.
We select the pre-defined equation exp(-gamma*length)...

B Enter Expression 1 for trace 4

Expression:

T-Check |

Global Subexpressions [avail Terares T Ui N 225(Z_ling)

Mame  Aliaz Expre
cub li ’1— Embed 1-port exp(-gamma’length)
ubl = =
De-Embed 1-port

- Clear Expression
Aliazes: C r

|— 51172-2511-521"2 + 1anrt(c1177? + 2611 -52172 + 1){{51172-2511 -52172 + 1)) o

vf from exp(-gamma*length) in custl Ik

Z_line from two measurements (McKay)

rCapuon:
521 = 511 = 512= §22= el
Meml = hem2 = Mem3 = Memd = hemb =
Memb = Mem? = Memd = Memd = keml0=
o Errors
ok Save Load |

and obtain:

B DGASAQ - Vector Network Analyzer Software - DGESAQ licensed t... = O x

File Measure Settings Tools Options Help

1 1: 0.0MHz 007d8 0014000  E25940hm  -0.0EdE
1de/ 2 2000MHz  -416dB 003+0.03  53.3%hm  -416dB <Refd

1 Dok

148/

1

2
<Refd

S0akim

Start = 0.03 MHz Center = 100.015 MHz Stop = 200 MHz
Span = 133.97 MHz

B am, SieE M 521 o M1zl Continuous
R ~| = |[Mem1 «| ¥ 511 Smih W eal dB Single Sweep

Traced - ((s11"2 - 2511 - 5212 + 1)-sqri((s11"2 + 2511 - 52172 + 1)/ (1172 - 2511 - 82172 + 1)) +

Note, that the pink e-gl custom trace is identical with the S21 trace in this case, because our cable impedance is

identical with the measurement system impedance of 50 Ohms.

If the cable was e.g. a 75 Ohms cable, S21 would show additional loss by reflections, while the e-gl trace would still

show the matched cable loss as measured in a 75 Ohms environment.
The velocity factor can now be calculated from the phase of the e-gl trace by adding another custom trace and loading

pre-defined equation "vf from ..."...

B Enter Expression 2 for trace 3 x
Expression:
~w"lf{cphase_cus17c0
| Jlll: P - :I T-Check |
Global Subexp i [available in all exm Transmission Line ? z2s(Z_ling)
MName  Aliaz Expression Embed 1-port exp(-gamma*length)
Subt = || = |1 8.3 De-Embed 1-port vf from a(p(-q:}mma"length) in custl
Clear Expression Z_line from two measurements (McKay)
Aliases: J [ Caption:
521 = 511 = 512= 522= wi
Meml = Memz = Mem3 = Memd = kemb =
Memb = Mem? = Memd = Memd = Mem10=
o Errars
ok Save Load |

Page 425

Page 42



Note, that in sub-expression 1 (Sub1) we have to define the mechanical cable length.

Above expression yields the frequency dependent velocity factor:

B DGASAQ - Vector Metwork Analyzer Software - DGASAQ licensed to Tom - O *

File Measure Settings Tools Options Help

1 1: 0.0MHz 007d8 0014000  E25940hm  -0.0EdE 085
1des 2 2000MHz  -416dB 003+0.03  533%hm  -416dB 0ES <Reft
0de
2
iy

<Ref5
\0.85
1 Oahm,

2
148/ %

0.02/

2

<Ref3
Blakrm

Start = 0.03 MHz Center = 100.015 MHz Stop = 200 MHz
Span =199.97 MHz

B am, SieE ¥ 521 o M1zl M o Real _ Continuous

R ~| = |[Mem1 «| ¥ 511 Smih W eal dB Single Sweep

Reference Position = 7.1

Note, that vf drops considerably at low frequencies due to cable dispersion.

» »» Note:

The pre-defined equations Z_line from two measurements (McKay) are described in McKay's paper "Measure the

characteristic impedance ...", ELECTRONIC DESIGN 24, Nov 22, 1976.

They use two cable reflection measurements with two distinct terminations to determine the characteristic line

impedance.

|  Available Syntax

Available special constants

pi =3.14..

e = Eulers number 2.718...

i = complex unit (mathematician's choice)

j =i = complex unit (engineer's choice)
gamma = Euler-Mascheroni-constant 0.57721...
clock = DDS input clock [HZ]

mil = 1 imperial MIL=1 inch/1000 in meters

inch = 1 imperial inch in meters
foot =1 imperial foot in meters
yard = 1 imperial yard in meters
mile =1 imperial mile in meters

c0 = vacuum speed of light in meters per second

kb = Boltzmann constant in Joules per Kelvin

neper =1n(10)/20, conversion Neper to dB

sa = spectrum analyzer mode offset level in linear scale

Available operators

+ = complex addition

- = complex subtraction

* = complex multiplication
/ = complex division

A

= complex power Hint: exp(x) is more CPU efficient than e*x

Available data functions:

f = frequency

w = 2*pi*frequency

s = complex frequency = i*w

t = time as shown in the time domain displays
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S21 = measured data S21
S11 = measured data S11
S$12 = measured data S12
8§22 = measured data S22

Mem1 = data space Mem1 data
Mem2 = data space Mem2 data
Mem10 = data space Mem10 data
P1or Plot1 = data space Plot1 data
P4 or Plot4 = data space Plot4 data
s_11...s_33= 3-port measured data
gated = gated response

a_ = reflect calibration coefficient a

b reflect calibration coefficient b

c_ reflect calibration coefficient ¢

M21 =raw, uncorrected measured data for S21

M11 =raw, uncorrected measured data for S11

M12 = raw, uncorrected measured data for S12

M22 = raw, uncorrected measured data for S22

S8S = VNWA source reflection coefficient as calculated from calibration data
SL = VNWA load reflection coefficient as calculated from calibration data

n = data point number

n_top = highest data point number = # data points - 1

noise = random complex numbers with real and imaginary parts between -1 and +1
delay_s21 = group delay of S21 = -d Arg(S21(w))/d w

delay_s11 = group delay of S11 = -d Arg(S11(w))/d w

delay_s12 = group delay of S12 = -d Arg(S12(w))/d w

delay_s22 = group delay of S22 = -d Arg(S22(w))/d w

delay_mem1 = group delay of Mem1 = -d Arg(Mem1(w))/d w

delay_mem4 = group delay of Mem4 = -d Arg(Mem4(w))/d w
cphase_s21 = continuous phase of S21 in radians
cphase_s11 = continuous phase of S11 in radians
cphase_s12 = continuous phase of S12 in radians
cphase_s22 = continuous phase of S22 in radians
cphase_mem1 = continuous phase of Mem1 in radians

cphase_mem4 = continuous phase of Mem4 in radians
cphase_cus1 = continuous phase of Mem1 in radians

cphase_cus6 = continuous phase of Mem6 in radians

Sub1...Sub6 = subexpression 1...6

x1...x10 = optimizer variables from Optimizer Tool

opt = optimizer expression from Optimizer Tool

0s1...0s20 = optimizer sub-expressions from Optimizer Tool

s_dm = calculates reflection coefficient of differential impedance between port 1 and 2 of two-port from S11,
S21, S12, S22

s_dm_sym = calculates reflection coefficient of differential impedance between port 1 and 2 of two-port from S11
and S21 assuming S22=S11 and S12=S21

s_open = reflection coefficient of open calibration standard

s_short = reflection coefficient of short calibration standard

s_load = reflection coefficient of load calibration standard

s_thru = transmission coefficient of thru calibration standard

s_thrumatch = reflection coefficient of thru calibration standard

Available complex mathematical functions:

EXP = complex exponential function

IM  example: im(x+j*y)=j*y

IMAG=imaginary part (standard definition): imag(x+j*y)=y
RE =real part

SIN =complex sine

COS =complex cosine

TAN =complex tangent

ATAN =complex inverse tangent

ABS =complex absolute value or magnitude
ABSSQR =complex square of the absolute value
SQR =complex square
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SQRT =complex squareroot

CONJ =complex conjugate

DEG =conversion radians => degrees: deg(pi)=180

RAD =conversion degrees => radians: rad(180)=pi

ARG =argument of complex number in radians: arg(exp(j*x))=x
LN =complex natural logarithm

LG =complex logarithm of base 10

LOG =complex logarithm of base 10

JO0  =complex Bessel function of first kind of order 0

J1  =complex Bessel function of first kind of order 1

Sl =Integral Sine function

Cl  =Integral Cosine function

SINH =complex hyperbolic sine

COSH =complex hyperbolic cosine

HEAVISIDE=real heaviside function, imaginary part of argument is ignored

Available special functions of S-parameters:

DB =decibels: db(x)=20*Ig(abs(x))

Y =82Y =complex admittance in 1/0Ohms Y(s)=(1-s)/((1+s)*50)

Z=S27Z =complex impedance in Ohms Z(s)=1/Y(s)

Y2S =conversion from complex admittance Y(s) to reflection coefficient s, e.g. s=Y2S(Y(s))

Z2S =conversion from complex impedance Z(s) to reflection coefficient s, e.g. s=Z22S(Z(s))

T2S =convert a transmission measurement (S21) of a one-port device to reflection data (S11)
S2T =convert a reflection measurement of a one port device to transmission data

T2SS =convert transmission data of a one port device to shunt reflection data

SS2T =convert shunt reflection data to transmission data of a one port device

T2ZS =convert transmission data of a one port device to complex shunt impedance data

ZS2T =convert complex shunt impedance data to transmission data of a one port device

CP =parallel capacitive part of complex admittance in F (as function of reflection coefficient S)
LP =parallel inductive part of complex admittance in H (as function of reflection coefficient S)
RP =parallel resistive part of complex admittance in Ohms (as function of reflection coefficient S)
QC =Q-value of complex admittance

CS =serial capacitive part of complex impedance in F (as function of reflection coefficient S)
LS =serial inductive part of complex impedance in H (as function of reflection coefficient S)

RS =serial inductive part of complex impedance in Ohms (as function of reflection coefficient S)
QL =Q-value of complex impedance (identical with QC, but calculated from Z instead of Y)

» » + Note: The parser is NOT case sensitive!
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MEASURING RF-ID TAGS

In the following simple method for testing RF-ID tags using the DG8SAQ VNWA by SDR-Kits is demonstrated using 13
MHz NFC RF-ID tags ...

The VNWA is operated in reflect mode (measuring S11) using a single turn detector coil with about 2cm diameter
connected to its TX port:
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The detector coil shows only very shallow resonances:

(=JDG8SAQ - Vector Network Analyzer Software - DGE - |EI|£|
File Measure Settings Tools Options Help
- <Ref3
0dE
0. 2dB/ 2
1: 46MH=z -0.06dB
2: T40MH=z -0.894dB
Cal
Start =1 MHz Center = 4506 MHz Stop =900 MHz
. Span = 899 MHz
TX AR =0dB Vs dB Continuous
[s11 ] = ||Mem1 | [ Mem1 dB Single S
|

Note, that the coil is dampened by the 50 Ohms output impedance of the VNWA TX port, thus it is not likely to detune a
resonator by resonant coupling.

Placing an RF-ID tag on top of the detector coil ...

... we can see its effect on the coil showing a sharp but tiny resonance at about 14 MHz:
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=l DGS8SAQ - Vector Network Analyzer Software

File Measure Settings Tools Options Help

0.2dB/
1. 14MHz -0.30dB
2: T40MHz -1.09dB
Cal
Start =1 MHz Center = 4505 MHz
. Span = 599 MHz
T AR =0dB

st =l =>||Mem1 ~|

¥si1 dB

o [m[

<Ref3
0dB

Stop =900 MHz

Continuous

Single Sweep

[Trace 3 / Marker 1:  14MHz -0.30dB

v

Next, we want to zoom into the tag's resonance frequency and separate the tag's response from that of the coil by a
simple calibration step. The idea is to mathematically divide the tag measurement by a measurement of the coil without
tag. Using this method, we do not even need to SOL calibrate the TX port. All following measurements will be performed
without calibration. The measurement of the coil without tag serves as calibration measurement.

Here are the uncalibrated S11 measurements without (red) and with (green) tag in a narrow frequency range:

[=IDG8SAQ - Vector Network Analyzer Software

File Measure Settings Tools Options Help

0 1dB/
0 1dBf
1, 13.70MHz 1.90dB 2.35dB
Start=1 MHz Center=155 MHz
_ Span =29 MHz
T AR =0dB ¥si1 dB
si1 =Lz iIMem1 | M Mem1 dB

g [

<Refd
25dB

Stop = 30 MHz

Continuous

Single Sweep

v

We can clearly see the tag's resonance and find its frequency with the aid of a minimum marker at 13.70 MHz.

Next we perform our special "calibration" step by means of a custom trace:
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m Enter Expression 6 for trace 1:

Expression:

|s1 1/mem1

Aliases:

Caplion:

sai= [ sn= [ si2= [ s22= | [ratio
[ [ [

ok Save | Load

As mentioned above, we divide any reflect measurement (S11) by the reference measurement without resonator in
memory space Mem1. We assign the name "ratio" to this trace.

The resulting blue "ratio"-trace nicely shows the tag resonance alone, i.e. how much RF power is being absorbed by the
tag as a function of frequency:

[=IDG8SAQ - Vector Network Analyzer Software — |Elli|
File Measure Settings Tools Options Help
Refd

0.1dB/ 1 ORI
0.1dB/

0.1dB/

17 13.70MHz -0.45dB 1.90dB 2.35dB
Start =1 MHz Center =155 MHz Stop = 30 MHz

. Span =29 MHz

TRAM Z0dE Miato a8 Wil dp  —onindous |
|S11 Ll =2 i|Mem 1 Ll ¥ WMeml dB Single Sweep
[Tracel: s11/memi 4

Note, that with every subsequent S11 measurement the ratio trace is being recalculated and updated in real time during
the sweep. So, it indeed conveniently serves as a calibration method.

Varying the distance between coil and tag does not change the tag resonance frequency:
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=l DG8SAQ - Vector Network Analyzer Software - DGE

File Measure Settings Tools Options Help

o [m[

- e ’ w = Refk
!
0.00bdB/ 0dB
0.06dB/
Start=1 MHz Center=155 MHz Stop = 30 MHz
- Span = 29 MHz
T AR =0dE rato dB Cortinuous
ICUSTG Ll =2 ||Mem 2 Ll ¥ Mermz dB Single Sweep
|

v

While above red trace was taken with the tag positioned right on top of the detector coil, the blue trace was taken with

the tag being spaced 2 cm above the coil.

For the fun of it, we place a second tag on top of the first one:

And sure enough, we see resonant detuning through the coupling of the two tag resonators to each other:
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[=1DG8SAQ - Vector Network Analyzer Software - DGE — |EI|£|
File Measure Settings Tools Options Help
Ref?
0.06dB/ 0dE
0.06dB/
0.1dB/
Ref3
Start= 1 MHz Center = 15,5 MHz Stop =30 MHz 5 -\
. Span = 29 MHz '
_ Continuous
TXAft =0dB Mrato d8  MS11 dB [
lcusts > |{l=2]]|Mem2 =] M Mem2dB Single Sweep
| Y

Above red trace shows the response of the lower (brownish, lengthy) tag alone, while the blue trace shows the
response of the stack of both tags.

The same test method can be applied to LF RF ID tags operating at 125 kHz. Below image shows a 125 kHz RF ID tag
placed onto a pickup coil with 3 turns (green wire):

The absorption signal is weak but clearly detectable:
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DG85AQ Yector Network Analyzer Software
0112/2013 165:22:28 125 kHz tag with 3turn 22 mm dia 24 swg wire coil

0.05dE¢

0.1239MHz -0.13dB

Tq

<Fefe
-0.1dB

MC

Start=0.1 MHz Center=0.125 MHz Stop = 015 MHz

N Span = 0.06 MHz

TH A =0dB
511 dB

The signal to noise ratio can be improved by using a detector coil with a higher number of turns, e.g. 15 turns as in the
picture below:

The absorption signal becomes a lot stronger:
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0112/2013 16:16:28 125 kHz tag with 15 turn 38swg wire coil

<Fefe
-0.3dB

018/

17 0.1239MHz -1.05dB

MC

Start= 0.1 MHz Center = 0.125 MHz Stop = 015 MHz
Span = 0.05 kMHz

=>
TH A =0dB
511 dBE

Now, what is the optimum pickup coil for a certain RF ID tag?

On the one hand the coil should have many turns in order to maximize the magnetic field for good coupling to the tag.
On the other hand, the natural parallel resonant frequency of the coil (coil inductance parallel to parasitic coil
capacitance) should be well above the tag's resonant frequency, to avoid detuning of the tag by resonant coupling to the
pickup coil.

The pickup coil is best optimized experimentally starting with a large number of turns and removing turns until the
parallel resonance of the coil alone is well above the tag frequency, e.g. by at least a factor of two.
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RENORMALIZED SMITH CHART

The VNWA software can recalculate one port reflection coefficients to an arbitrary reference impedance and
display it as renormalized Smith data.

Most Smith charts display reflection data normalized to a reference impedance of 50 Ohms. If a different reference

impedance is chosen, e.g. 75 Ohms, the reflection coefficients will change. For example, a 75 Ohms resistor will have a
reflection coefficient of zero if normalized to 75 Ohms reference impedance or in other words in a 75 Ohms system.

An Example is shown below:

[=IDGBSAQ - Yector Network Analyzer Software =]
File Measure Settings Tools Options Help

ME Start = 0010685 GH Center=107MHz 11 Stap = 0010715 GHz
Span = 30 kHz 0= 20%50 Ohm 0.0 Ohrn
= 511 Smith Continuous
|321 j Mem 1 j ¥ 511 Smithren. Single Sweep
\Impart succes: 01 data points read v

S11 is the input reflection coefficient of a crystal filter terminated with 50 Ohms on output. The blue curve near the open
circuit point in the Smith chart shows, that the input impedance is much higher than the reference impedance of 50
Ohms. This changes, if a reference impedance of 2000 Ohms (see red impedance label under hand cursor). The
magnitude reflection coefficient is still quite high in this case, as the power is still reflected at the mismatched 50 Ohms
termination on output. To modify the reference impedance, double-click the red impedance label. The reference
impedance window will open, where new values can be entered.

[=4Smith Chart Reference Imp: - |I:||5|

zu=|2utb.u Dhm+i| oa Ohm

|Using power wave definition of S-parameters! 4

»»» Hint: You can also change the real part (imaginary part) of the reference impedance, by holding the mouse over the
real part (imaginary part) of the red impedance label in the VNWA main window and turn the mouse wheel.

» » » Note: The definition of a reflection coefficient is only unique as long as the reference impedance is purely real. For
a complex reference impedance | have chosen to implement the power wave formulation, which allows to interpret the
reflection coefficient in terms of reflected power like of the real reference impedance case.

» » » Hint: To renormalize two port S-parameters to a new reference impedance, use the matching tool.
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IMPORTING AND MANIPULATING A BACKGROUND IMAGE

The custom background options allow to load an image to appear as background on the VNWA main window.
Image file import is implemented in an optional external dynamic link library (dll) to avoid incompatibilities with older
Windows versions (Windows98 and Windows2000 do not support GDI, which is used to read and display *.svg-files).
Two different dlls are provided for reading image files:

svg_dil.dll supports import of scalable vector graphics files (*.svg)

gfx_dil.dll supports import of most pixel graphics files like *.bmp, *.jpg, *.png... .

Moreover, the source code of a simple dll-example for reading *.bmp files is provided in order to document the
programming interface.

Before importing an image, an appropriate dll-file must be loaded by pressing the "Load DLL" button and selecting the
dil-file:

[=1Grid Options
Carthesian Grid | Smith Grid

x|
Traces and Background i

Ovwerlay a graphic file to the main window as custom background.

Load DLL | |

Mo DLL loaded.

Once the dll is loaded, the controls for loading and manipulating an image appear and an image file can be loaded.
| Example 1: Loading a detailled Smith chart on top of the standard one

Wikipedia offers a detailled Smith chart in svg-format:
http://upload.wikimedia.org/wikipedia/commons/7/7a/Smith_chart_gen.svg
The svg or scalable vector graphic format has the advantage of offering constant high display quality on all

magnification scales. In order to load this file, svg_dll.dll must be loaded first. Then the image can be loaded by pressing
the "Load File" button:

Carthesian Grid I Smith Grid  Custom Backaround | Traces and Backaround I
Overlay a graphic fle to the main window as custom backgraund.

Load DLL | ID:\Interchange\VNWA'\svg_dll.dII
DLL loaded.

Laad File [ Autoload on program start

Unload File |D:\Interchange\VNWA\S mith_chart_gen.swg
Dpacity I J
crop outzide n::art}'ue:s:iarn:lri I IQI I B:ac:klgr;ur;d IlmalgelTl;nslpa;enlt I|7I
Rotation ID— ) Image W
w-offzet ID— 4 Scaleta  |3mith Grid 'l
yw-offset ID— %
Zoom IF 4 #2000 100 %

There are several possibilities to manipulate the displayed image:

Opacity ...alows to blend the image more and more into the background until it disappears

cropping ...means cutting off the image portions that are extending outside the selected grid

transparent ...If checked, all portions of the image having exactly the same color as the lower left image pixel
become transparent, i.e. invisible. Particularly useful for black and white graphs to make the white portion transparent
The image can be placed in foront of or behind the grid lines
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http://upload.wikimedia.org/wikipedia/commons/7/7a/Smith_chart_gen.svg

It can be scaled to one of the grids (i.e. if the grid is resized, the image will be resized accordingly or it can be displayed

with fixed size in one of the main window corners
Moreover, the image can be rotated, resized by a zoom-factor, streched by an x-zoom-factor and repositioned by

specifying offsets.
The image can be chosen to autoload upon program start.

With above settings, the image displays like this:

MC ; T i__a_;‘—- Eokg
Start = 0.235 GHz Center = 435 MHz Stop = 0.B35 GHz
Span = 400 MHz

Cantinuous

- =>||Mem1 vI i Single Sweep

|  Example 2: Loading a company logo

x|

Carthesian Grid I Smith Grid  Custorn Background I Traces and Background I
Overlay a graphic file to the main window as custom background.

Load DLL | ID:\Interchange\VNWA'\gfx_dll. dil
DLL loaded.

Laad File V¥ Autoload on program start

Unload File |D:\Interchange\VNWA\HU-Logo-dt+eng|—4c.png
Opacity [ J
don't crop background [ B:ac:klgr;ur;d IlmalgelTl;nslpa;enlt I|7I
Fiotation ID— 3 Imnage IW
weoffset ISS— 2 Seale to Ifixed, top left 'l
y-offzet IM— %
Zoom 200 4 #-Zoom 100 =

Here a logo in *.png format has been loaded using the gfx_dll.dIl and the image has been fixed to the upper left corner of
the main window:
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[=IDGBSAQ - Yector Network Analyzer Soft o ] [

File= Measure Settings Tools Options  Help

Hochschule Ulm

1048/ K(((‘ bk
g Appied Seisaces <Refl

b 0dB
)

MC

Start = 0.235 GHz Center = 435 MHz Stop = 0635 GHz

B Span = 400 MHz

= s 521 dB Continuous
=3 | IMem 1 vI Single Sweep

|eference Position = 7.95 A

| Example 3: Comparing a measurement with a graph from a print or a graphic file

Very often one comes into the situation where one would like to compare an own measurement result with a
measurement result published in the literature. Usually, the literature result is not available as S-parameter file, but only
as print or pdf-file. In this case, an image file of the literature result can be created by either scanning the paper or
extracting the image from the pdf document. In the following, | have extracted an image from a data sheet of a similar

filter and loaded it using the gfx_dll.dll:

[=1Grid Options x|
Carthesian Grid i Smith Grid  Customn Background i Traces and Background i

Overlay a graphic file to the main window a3 custom background.

Load DLL I ID:\Interchange\VNWA'\gfx_dll.dII

DLL loaded.
Load File V¥ Autoload on program start
Unload File iD:\Interchange\VNWA\B 3710 _Brp.bmp
Opacity [ J
Idon't crop backgrourlqdl I ILII o IB:ac:klgr;ur;d IlmalgelTl;nslpa;enlt IWI

Fiotation lD * Image behind grids 'i

w-offzet 1.4_3 b4 Scaleta  |Carthesian Grid vi
y-offzet 12.5 Z

e

Zoom 11 881 ] % sZoom  [B0.3

After properly shifting and scaling the image and adjusting the VNWA grid and frequency scale, the image scales match
the VNWA scales. As the image is scaled to the carthesian grid, the scale match will be maintained even if the window
size and aspect ratio is changed. Now, a measurement can be overlaid. The cursor can be used to compare image

values with measurement values:

[=4DGBSAQ - Yector Network Analyzer =10l x|
File Measure Settings Tools Options Help
oo Cursor Tracel: 459.8MHz -50.27dB Refl
108/ 1. 4000MHz  54.06dE - e
inn. 2 4B0OMHz  -21.42B

ME, 1A o .
Sta'= 375 MHz107 Center'= 425 MHz" Stop Jqls MHz
. Span = 100 MHz I
B ¥ Plotl dB Continuous
IF'Iot‘I j Single Sweep
|Reference Position = 10 4

Note, that in above example, the image has some portions that are extending outside the carthesian grid, which might
obscure VNWA features. Also, near the image curve transparency is not perfect, which is due to color interpolation in

the original image format.
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Here, it might be nicer, to make the image non-transparent yielding the white image background and cropping the image
parts extending outside the grid:

[=1Grid Options x|
Carthesian Grid | Smith Grid  Customn Background I Traces and Background |

Ovwerlay a graphic file to the main window az custom background.

Load DLL I |D:\Interchange\VNWA\gfx_dll.dII

DLL loaded.
Load File ¥ Autoload on program start
Unload File ID:\Interchange\VNWA\B 3710 _Bmp.bmp
Opacity [
—— )

crop outside carth IB:acklgréur;d IlmalgelTlénslparlenlt Il_
Fiotation ID— * Image W
woffsst |43— Seale to IEarthesian Girid 'l
y-offzet |2B—
Zoom I‘ISS‘I—

A

e
B2

#-Z00m B0.3

With above settings, the result looks like this:

[=/DGBSALD - Yector Network Analyzer Softs = |EI|5|
File Measure Settings Tools Options Help
1048/ 1:{400.0Hz | -54.06dE f“ DFLEH
2 [460.0MHz | -21.44dR VY
R
(’ [\ A \.%\
L] [
1 .'fnfﬂ' rr A,
] 1]
P w }
ME L) b |
Start = 375 MHz Center = 425 MHz Stop = 475 MHz
= Span = 100 MHz
B IV Platl B Continuous
Platl j Single Sweep
|Reference Pasition = 10 v

Here you can clearly see that my filter is a lot worse than the literature example.
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EXTRACTING CALIBRATION KIT PARAMETERS

In order to obtain accurate measurement results, a good knowledge of the used calibration kit parameters is
mandatory. These must be entered into the "Calibtration Kit Settings" menu:

[=iCcalibration Settings x|

General Settings  Simple SOL Model Settings | S0OL Simulation Settings
O5L Calibration Standard Setup

3
OPEM:  Delay = IU px  =: oheway electrical length = 0,000 mr
SHORT: Delay = ID ps  =: oneway electrical length = 0,000 mm

Lo&D: R = |50.59 Okms cl = |?s fF

|  Extracting parameters from reference measurements

[=iCalibration Settings zl

General Settings | Simple SOLT Model Settings | Special Settings  SOLT Simulation Settings 4 |

¥ i Generate cal standard S-pars, on elick/madity in 511/521;

I~ Enable realtime recalibration (5171 anly or full Sij # 12 term depending an:
Full Sij comection, if 12 term available AND "Real Time Display
Calibration Options" allow For 12 term comection.

Requires a CALIBRATION, a master cal iz NOT sufficient.

To evaluate the influsnce of the cal
standard models on measurement resilts Open
CLICK OM THIS FIELD.

‘fou will be asked to load uncalibrated
measurements of your cal standards and Shart
an uncalibrated measurement of pour DUT.
‘when modifving the cal standard para-
meters, your DUT measurement will be
recalibrated and the result stored in 511. Load

I Autoewite data to drag-drop destination

When activating "Generate S-pars. on click/modify in $11", the reflection coefficient of the modified cal standard will
be simulated and stored in S11. Note, that the parameters can be "tuned" with the mouse wheel and the changes will
be visible on the VNWA main window in real-time. This can be used to fit the calibration kit model to a reference
measurement:

[=IDGBSAQ - Wector Network Analyzer Software =181
File Measure Settings Tools Options Help
<Fefl
248/ AL = -40dE
01nsd
2de/
01nsd
e peia
Start = 100 MHz Center = 350 MHz Stop = B00 I\"IH2<1_5EnS
Span = 500 MHz
o ¥ 511 dB ¥ teml dB BearffnEEs
|511 IMem1 =] ¥ 511 cPh/s W Meml cPhf Single Sweep
|For Trace 3 get scales from Trace 1 s

The above example shows the reflection coefficient of my load as measured on a R&S ZVM (Mem1) compared to the
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model generated with above parameters. Note, that the model reacts very sensitive on changes in model parameters.
Extracting parameters with the aid of an open transmission line
If no reference VNWA is available, then there is still a possibility to extract model parameters. To do so, do the following:

1) In the "Calibration Settings" window select custom calibration standards, but enter the values for ideal calibration
kits (Load: 50 Ohms real, all delays zero).

2) Perform a reflection calibration (SOL, S11 only) over a frequency range of 1...500 MHz with your unknown
calibration kit. Calibrate the VNWA output without a test cable for best accuracy.

3) Measure the input reflection coefficient of 30cm straight high quality semi-rigid 50 Ohms transmission line with its
output open or shorted. The result should ideally be a reflection coefficient of magnitude 1 circling around the edge of
the Smith chart:

0.05d4e 4

0.02ns!

i S < Ref2
Bl Gian =1 MHe Center = 3005 MHz Stop = 600 MHz g 735
Span = 599 MHz
N v s11 dB I7 511 Smith Cantinuous
IS11 W 511 cPh Single Sweep

|Reference Position =0

Basically, this is the case. But looking at it a bit closer, the magnitude of the reflection coefficient must decreases with
increasing frequency due to the increasing transmission line loss. This is observed, but superimposed, an oscillatory
behavior with increasing amplitude is visible (blue trace), which may lead to unphysical reflection coefficients greater
than unity (outside the Smith chart). Similar oscillations are observed in the phase progression (red trace). These
oscillations are not real, but a mathematical artefact arising from the fact, that the real calibration coefficient parameters
are different from those used in the correction calculations. This effect is known in the literature as port mismatch.
Knowing that much, it is straight forward to tune the calibration kit parameters such that the oscillations on both curves
vanish in the best possible way and the phase progression becomes as constant as possible (constant "circling speed"”
around the Smith chart).

4) To do so, activate the "enable realtime recalibration™ checkbox in the "SOL Simulation Settings" tab:

[=icalibration Settings

General Settings I Simple SOL Madel Settings  SOL Simulation Settings i

[~ Generate cal standard 5-pars. on click/madify in 511

[V ienable realtime recalibration of 511 data

Ta evaluate the influence of the cal
standard models on measurement results
CLICK ON THIS FIELD.

‘r'ou will be asked to load uncalibrated
meazurements of your cal standards and
ah uncalibrated measurement of your DUT.
‘when madifying the cal standard para-
meters, pour DUT measurement will be
recalibrated and the result stored in 571.

5) Keep the open delay at constant zero value. This will fix the calibration plane.

6) Tune short delay, load R and load C|| with the mouse wheel and observe the change to the recalibrated S11 in the
VNWA main window. A good choice with reduced port mismatch is seen below.
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[=IDGBSAQ - Yector Network Analyzer Software R | i ] |
File= Measure Settings Tools Options  Help

S e 738nz
L&l Start = 1 MHz Center = 300.5 MHz Stop = 600 MHz

Span = 599 MHz
= ¥ 511 dB ¥ 511 Smith CarfitEE
IS11 j IMem1 j W 511 -cPh# m
|Reference Position = 1.45 VA
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MATCHING TOOL: PERFORMING A MATCHING ANALYSIS

| Determining the impedance environment for optimum DUT performance

Note, that the VNWA measures S-parameters, that are normalized to 50 Ohms source and load impedance!
This might not be the desired operating conditions for your DUT. E.g. a narrowband crystal filter is usually a high
impedance device and performs very poorly, when terminated with 50 Ohms at input and output. The picture below
shows a measurement of a 10.7 MHz telecommunication crystal IF-filter.

[=IDGBSAQ - Yector Network Analyzer Software i -IDI...).'.(..I
File Measure Settings Tools Options Help
<Fef3
0de

1048/

10d8/

Start = 10.685 MHz Center = 10.7 MHz Stop = 10.715 MHz
Span = 30 kHz
o ¥ 511 Smith ¥ 521 dB T _—.
|521 IMem1 j ¥ 522 Smih v 512 dB Single Sweep
\Import successFul, 401 data points read A

Note, that the filter S21 shows a passband ripple of close to 20dB. Note also, that like for all reciprocal DUTs (all
passive devices except isolators and circulators) S21=812.

As you can see from S11 and S22, the filter is severely mismatched, as its impedances are near the open circuit point in
the Smith chart.

When building the filter into a receiver, the high filter impedances must be transformed with inductors and capacitors to
match the impedances of the surrounding circuitry. This is called matching. Most the time, it is desirable, that the output
impedance of one section (e.g. driving transistor) equals the complex conjugate of the following section's input
impedance. This condition is called power match, as it ensures, that all power is transfered from one stage to the next.
Sometimes, different matching conditions are used, e.g. noise match, to optimize the signal to noise ratio.

The VNWA's built-in matching tool allows to simulate the DUT's transfer characteristics under arbitrary
impedance termination conditions.

» »» Note: You must have a complete set of four valid S-parameters (S11,521,S12,S22) in order to use the matching
tool.

To open the matching tool, select "Tools"-"Matching Tool":

[-IDGBSAQ - Yector Network Analyzer Software o =] |
File Measure Settings Tools Options  Help
W <Ref
Reskdis Unmatched 0de
Copy Display Data ko S2P Buffer
10dB/ Complex Calculakor
Configure Tools
1048/ }
Start = 10.685 MHz Center = 107 MHz Stop =10.715 MHz
Span = 30 kHz
= [V 511 Smith v 521 dB BeriEE
|321 j IMem-] j [V 522 Smith v 512 dB Single Sweep
{Import successh , 401 data points read v
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The matching tool window will pop up.

[=iRecalculate to new source and load condit o i ]|

Pt 1 Part

Part 1 Impedance I Ohm VI Part 2 Impedance |5EI Ohm VI

C parallel I - l C parallel I vl

[neg. poszible] o i [heg. possible] v PF

Mate, that the matching netwarks will transform to the conjugate Port1./2 impedances!
—tatching Metwark:

Input Impedance IED Ok ™ l Output Impedance IED IDhm 'l
C parallel I l C parallel

[heg. possible] D Pk = [neg. possible] 0 pF ~
atching Metwark VY ariant I 1 i l atching Metwork ' ariant I 1 - l

Lp Lp
In?l—O—Pom Sij Port2—°—|T Out
Cs DuT Cs

Lp=743pH Lp=743pH
Cs=297nF .7 MHz Cs=29.7 nF

Place this window in such a way on the desktop, that you can see both, the VNWA main window with your measurement
curves and the matching tool window.

In the upper part of the matching tool window, you can specify the your DUT's impedances. At startup, these are real
50 Ohms on input and output (=impedances of the VNWA). If you modify them, you will find, that the S-parameters on
the main window change. The crystal filter of our example has impedances of about 2000 Ohms resistance parallel to
about 1pF capacitance (thus impedances represent slightly capacitive loads) on input and output. Entering these
impedances yields a perfectly flat passband and a good power match:

[LIDGBSAD - Yector Network A =1of x|
File Measure Settings Tools Options  Help
<Ref3
OdE
10dB/
10dB ¢
Start = 0.010685 GHz Center = 10.7 MHz Stop = 0010715 GHz
Span = 30 kHz
=5 [=JRecalculate to new source and load conditio L} =101 %] linuous
Fort 1 Part
Custd Sweep
,— Fort 1 Impedance |2EDD Ohm 'l Fort 2 Impedance |2DDD Ohm 'i Y
7

| Mate, that the matching networks will transform to the conjugate Part]/2 impedances!

€ el I vl C parallel I_’ﬁv
. — 2 - [neg. possible] 0.3 P

» » » Note: The mathematical transformation from the measured 50 Ohms impedance level to calculated 2 kOhms
imposes a crucial test on the accuracy and consistency of the four S-parameters (S11,521,512,522). If the passband
shows spikes, this is a sign that there was some measurement error, e.g. wrong calibration, inconsistent reference
planes, no 6 term correction... .

» » » Hint: You can also modify the impedances with the mouse-wheel. To change the increment, right-click onto the
according input field. Here, you can also lock input and output impedances. This might be useful, if you have a
symmetric DUT and you want to change input and output impedances synchronously:

[=iRecalculate to new source and load conditio =101 x|
Port 1 Port
Port 1 Impedance |2‘”"" o =1 e 2 ynedance |2EIDEI Ohrm VI
C parall |p =od I |p [os [F =]
parallel K Brallel 0. =
[Meq. possible) I_ +0.1 h. possible] 03 |
+1

tdatching Metworks—

+ 10
Input Impedance Ig 4100 tImpedance |50 Ohm =
C parallel rallel -
[neg. poszible] IE . pozzible] v i
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By now, we have determined the impedance environment, our IF filter (=the DUT) wants to see for best

performance, namely the complex conjugates of the port 1 and port 2 impedances.

| Determining the matching networks

If we want to actually place the above filter in between a mixer output and an amplifier input, we need to match the
mixer output to the filter input and the filter output to the amplifier input with two matching networks.

The matching networks can be calculated in the lower part of the matching tool window. Assume, the mixer output has
an impedance equivalent to 1 kOhm || 2 pF and the subsequent IF amplifier stage has an input impedance of real 30
Ohms (i.e. || 0 pF). Enter these impenances into the lower part of the matching tool window:

[=iRecalculate to new source and load condi o ]

—Port 1 Fort

Part 1 Impedance !2500 Ohrm 'i Part 2 Impedance !2000 Ohm 'i
C parallel ! i C parallel ! i
[heg. possible] 2 ok = [neq. possible] 03 pF ~

Mate, that the matching netwaorks will transform to the conjugate Portl/2 impedances!
—tatching Metwork:

Input Impedance 11 kOhm = i Output Impedance 130 IDhm 'i
C parallel i - i C parallel -
[neg. poszible] 2 PF [heqg. possible] v PF

b atching M etwark. Y ariant i I atching Metwork. ' ariant 1 1 2 I

Lp Lp
In o—|c}—-§~ Part 1 DSLiiT Fart2 Tcl—e Dt
5 5

Lp=235pH Lp=3E1 pH
Cz=136pF 107 MHz Cz=E1.1pF

The calculated matching networks are shown in a little schematic. With the displayed matching networks, the filter will

yield optimum performance now, if the In-terminal sees 1 kOhm || 2 pF and the Out-terminal sees 30 Ohms.

» » » Note: Calculations are performed with ideal components with infinite Q-values.

» » » Hint: Identical impedance transformations can be obtained with up to 4 different variants of matching network

topologies. You can select the one you like with the combo-boxes:

[=JRecalculate to new source and load cond - 18] x|

—Pork 1 Part

Port 1 Impedance 12500 Ohm 'I Port 2 Impedance 12000 Ohm 'i
C parallel 1 - I C parallel 1 ,i
[heg. possible] 2 PF [heq. pozsiblz] 03 PF

Mate, that the matching networks will transform to the conjugate Port1./2 impedances!
—Matching Metwark:

Input Impedance 11 kOhm Yi Output Impedance 130 IDhm 'i
C parallel i i C parallel
[heg. possible] Z Pk 4 0 pF ~

[neg. possible]

b atching Metwork, Y ariant 12 'i tdatching Mebwork, Y ariant im 'i

In "—n??’r“— Part 1 S Part2 —“T‘?;V‘—“ Out
DuT

Cp=539pF Cp=H93pF
Lz =201 pH 107 MHz  Ls=3E1pH

» » » Note: The impedance transformations are calculated at a single frequency, by default the center frequency. If
this doesn't coincide with your filter's passband, you can change the frequency used by the simulation in the edit field at

the very bottom.
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MATCHING NETWORK TUTORIAL

This tutorial describes, how the VNWA can be used to generate and optimize an impedance matching network,
that transforms a given source impedance (in our example 50 Ohms) to a given load impedance.

» »» Note: For all measurements, the VNWA must be properly calibrated. Some of below screenshots show the
VNWA in uncalibrated state. These screenshots have been created from earlier recorded S-parameters. All
S-parameters have been measured with the calibrated instrument.

» »» Note: If you repeat below experiments in the VHF/UHF range, a proper setting of the calibration plane using port
extensions will be most important. Since below example is performed at 2.5MHz (Wavelength >100m), a few mm shift in
the calibration plane will hardly be detectable.

1. First, we need to know the source and load impedance between which we want to achieve a power match, i.e. a
matching condition with minimum power loss.

For simplicity, we use 50 Ohms as the impedance of our source. This could be the output of a transmitter.

Our load impedance in this example will be a 1,2kOhm wired carbon resistor:

This could be a model of a high impedance antenna. To be on the safe side, we measure the impedance of our load in
the frequency range of interest:

mDGBSAQ - ¥Yector Network Analyze r — IEILZ_(J

File Measure Settings Tools Options Help
10chmd 1: 250MHz  1199.680hm 2.95pF
1pF# 1
AUt ot B potfe g ot e
12000hm
1

) <Ref2
3pF
Cal
Start = 1 MHz Center = 3 MHz Stop = 5 MHz
Span = 4 MHz
s Rl Continuious
= ”811 'i 7 511 Cl Single Sweep
|Reference Position = &.1 4

2. We want to achieve a power match at the marker frequency of 2.5MHz, therefore we calculate a matching network for
this frequency. This can be done with the VNWA matching tool. We only need half of it. We enter our source impedance
(50 Ohms) and the measured load impedance (12000hms || 3pF), the frequency where the matching condition is to be
achieved (2.5MHz) and select a matching topology (#2):
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source and load conditions =10

Fort

“[ohm =] | Port2impedance [1200 [Ohm v]
] l C parallel I l
ok = [neg. possible] 3 ok =

etworks will transform to the conjugate Port1 42 impedances!

o Ohm 'l Output Impedance IED IDhm 'l
= - l C parallel -
PF [neg. pozzible] v PF

t |1 l b atching Metwork ' ariant Im 'l

Part 1 Sii Part2 —“T‘?:“—" Out
DuT

Cp =251 pF

|2.5 MHz Ls=15.2pH

In order to build up the matching network we will need a 15uH inductor (standard value) and a 251pF capacitor which
we will approximately create by connecting a 150pF and a 100pF capacitor in parallel. All components are connected on
a test board:

e ALLLLT
i

3. We connect our high impedance load to the matching network output ...

... and measure the input reflection coefficient:
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[-IDGBSAQ - Vector Network Analyzer Software - - 10l 1
File= Measure Settings Tools Options  Help

<Ref2
0de

4de/

il
Cal 1. 250MHz 001+007  -2316dB
Start =1 MHz Center = 3 MHz Stop = 5 MHz
Span = 4 MHz

= 811 Smith Continueus

IW VI = ||Mem1 'l 511 dB Single Sweep

|Reference Pasition = 10 v

We observe that matching works. We achieve a return loss on input which is better than 20dB. Now the question arises,

what is the insertion loss of our matching network.
We could do a simulation e.g. with APLAC:

“ZA APLAC Editor - [D:, Thomas' APLAC,matchingns =1a1x]
File Edit ‘iew Insert Presentation ‘Wire Simulabion  Hierarchy Options  Tools  ‘Window  Help == x|
[
Circuit Diagram [...] [E}
Sweep Init [E}
Swesp Ll 15u

"Initizml analysis" -
LOOP 400 FREQ LIN 1Meg 5.Meg
W0 ¥ "Gain™ "dB" -Z0 O

W 1 SMITH

porf_l) | SOehm port_2 [}] 12000hm

Show c3
+ WO Y MagdE(S(Z,1))
+ W1l DE 3(1,1)

253p _

I
e

T

+ DE 3(2,2)
EndZwesp
% APLAC Simulator g # APLAC Simulator graphics 0 - READY =3
File Edit Scales ©ptions Report  Help File Edit Scales Options Report  Help
Initial analyszis Initial analysis
'LAC §.00 Srtudent version FOR NON-COMMERCT APLAC 8.00 Student wersion FOR NON-COMMERCIAL USE ONLY
o0.oo
Gain
-5.00 4
dE
-10.00 4
-15.00 4
-z0.00 T T T
r T T T 1 1.000M Z.000M 3.000M 4.000M S.00oM
0.0 0.2 1.0 5.0 £/Hz
J(l,1) — ilz,2) — MagdB(Siz,l)) ———

We see that S11 looks like the measurement and S21 becomes nearly 0dB at 2.5MHz because we have simulated with

lossless ideal components.

4. In order to find the real insertion attenuation of the matching network, we must perform a full 2-port measurement of

the matching network (S11, S21, S12, S22):
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We will see an insertion loss of about 8dB and a severe mismatch on input and output:

[-IDGBSAQ - Yector Network Analyzer Software = lick i ]

File Measure Settings Tools Options  Help

<Ref2

1 0dB
4B/ m

1: 250MHz 0.84+i0.36  -B.03dB 0.59240.00
Start =1 MHz Center = 3 MHz Stop = 5 MHz
Span = 4 MHz
¥ 511 Smith V¥ 522 Smith Cartmns

=
Imi”m v 521 dB Single Sweep

[restared ta 50 Ghms source and load impedances v

This is because the matching network is now terminated with 50 Ohms of the VNWA.

5. Using the matching tool we can recalculate the S-parameters to what they would be like if the load impedance were
the one of our hardware load. We enter the source and load impedance and the matching frequency:

[=iRecalculate to new source and load conditionsf- -10] x|

Pt 1 Part

Part 1 Impedance IED Ohm VI Part 2 Impedance |12DEI Ohm VI
C parallel I - l C parallel I vl
[neg. poszible] u pF [heqg. poszible] 3 pF

Mate, that the matching netwarks will transform to the conjugate Port1./2 impedances!
—Matching Metwork:

Irput Impedance ISD Ohrm 'l Output Impedance ISD IDhm 'l
C parallel I l C parallel
[heg. possible] D ok = [neq. possible] 0 ok ~

tatching Netwark Y ariant |1 'l Matching Mebwork, Y ariant Im 'l
Lp
In —— 5 Par2 —nji"‘l_‘;'\"\—n Ot
Cs ouT

Lp=318pH Cp =251 pF

C3=127 nfF |2-5 MHz Ls=15.2pH

We observe how the S-parameters change under the new load condition:
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[-IDGBSAQ - Vector Network Analyzer Software - - 10l 1

File= Measure Settings Tools Options  Help

<Ref2
0dB
4dB/
1. 250MHz -0.01+i0.06  -017dE -0.0340.02
Start =1 MHz Center = 3 MHz Stop = 5 MHz
Span = 4 MHz
= [V 511 Smith Vv 522 Smith BerfEs
IW VI = ||Mem1 'l o 521 dB Single Sweep
| 4

Now we can see that our matching network introduces a transmission loss of 0.17dB, which is very good. Observe how
closely this recalculated measurement resembles the APLAC simulation.

6. The renormalized S11 for the new load condition should be identical to the measured S11 when our hardware load is
connected to the matching network output. This can be verified by a measurement:

[-IDGBSAQ - Yector Network Analyzer Software - IEllél
File Measure Settings Tools Options Help
<Ref}
5dB/ 0dE
5dB/

1: 250MHz  -2469dB -0.01+i0.06  -23.02dE  0.01+ 0.07

Start = 1 MHz Center = 3 MHz Stop =5 MHz
Span = 4 MHz
¥ 511 dB ¥ teml dB B
Mem 1 ﬂ ¥ 511 Smith ¥ teml Smith Single Sweep

4

S11 contains the renormalized 500hm measurement while Mem1 contains the input reflection coefficient of the matching
network with the hardware load connected to the output. As expected the two are identical.
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CRYSTAL ANALYZER: EXTRACTING RESONATOR MODEL PARAMETERS

General

Example 1: Reflection Measurement

Example 2: Transmission Measurement

General Hints

Analyzing a batch of crystals

Example 3: Mixed measurements with virtual ground calibration

|  General

A crystal or any other electrical resonator can be described reasonably accurate by the following equivalent circuit
model :

L c R

AT

co

Knowledge of the model parameters is useful as input to circuit simulators for e.g. synthesizing crystal filters or modeling
crystal oscillators. The VNWA crystal analyzer tool allows to extract these model parameters from a
measurement.

A crystal or one port resonator can be measured in reflection (S11)

VMNWA

RX
n.c.

resonator
pDuT

[

or in transmission (S21)

VNWA

|

Resonator DUT

Often low impedance (e.g. 12.5 Ohms) test fixtures are available for crystal transmission measurements. Therefore the
fixture impedance must be taken into account for transmission measurements. You should NOT use a low
impedance fixture for reflection measurements, unless you exactly know how to calibrate it properly.

The following examples show several methods to measure crystal resonators and to extract model parameters. In all
measurements 3000 data points and a sweep time of 2ms/data point have been used for measurement. This is not a
recommendation but simply the first and only settings | have tried. Feel free to experiment. But keep in mind that a

crystal is an extremely narrow band device and as such requires some time for settling. So, do not sweep too fast. Also,
the accuracy of your calibration will improve with slower sweep rates.

|  Example 1: Reflection Measurement
1. Do a proper SOL calibration of your VNWA + test fixture:

You might want to use customized calibration standards that plug straight into your test fixture for this purpose, e.g.
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2. Perform a reflection (S11) measurement of your crystal with one crystal pin grounded.

By doing so, you measure the reflection coefficient of your resonator as 1-port device. Make sure, the crystal is

connected as close as possible to the calibration plane.

This is what the measurement result should look like for a 12 MHz crystal:

[=JDGBSAQ - ¥ector Network Analyzer Software - i ]

File Measure Settings Tools Options Help

05dB/ 1. 11.9983MHz  -3.74dB -0.6540.06 -200.00d8 0.00-0.00

Refh
0dB
0548/ i

Cal v
Start =11.95 MHz Center =12 MHz Stop =12.05 MHz
Span=01MHz
=
¥ 511 dB W =11 d& T
-| = | IF'lDt'I vl W 511 Smith ¥ =11 Smih Single Sweep
|F0r Trace 4 get scales from Trace 2 v

Make sure, to display 3-port memory space s_11 before moving to the next step. 3-port memory spaces s_11 and s_21
will be used to store and allow to display the model simulation in reflection and transmission.

3. Start the "Crystal Analyzer" tool via the main tools menu.
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[=iCrystal Analyzer - Analysis will be performed into 3-pe x|

E quivalent Circuit

L= 14.02752 mH
L cC R C= 1254351 fF

ED-’MI__,
co F=1i22yIC = [11.99830982 [MHz =]
R.g=4ITC = [1067501424 [si000 =] 0= 996321

isource:SH vi

4. The above is what you see a short moment after having pressed the auto optimize button. Make sure that source
= 811 is selected before auto-optimizing. The displayed equivalent circuit model is fitted to the measurement data. The
simulated data is stored in s_11 (and s_21) for comparison. Note that there is a perfect match between measurement
and simulation:

[=IDGBSAQ - Yector Network Analyzer SthW.é;: - Il:llg_(j

File Measure Settings Tools Options Help

0648/ 1: 11.9983MHz  -374dB 065006 -3.74dB -0.65-0.05

Ref®
\ 0
058/

Cal
Start =11.95 MHz Center =12 MHz Stop =12.05 MHz
Span =01 MHz
= I 511 dB W sll & oo

| = ”P|0t1 vi ¥ 511 Smith ¥ =_11 Smih Single Swesp

|For Trace 4 get scales from Trace 2 v

» » » Hint: After auto-optimization, the fitted model parameters are automatically stored in the Windows cut-and-paste
buffer and can be pasted into any text document in the following form:

F =11998309.8281313

Q =99632.1600629463

L =0.0140275240017728

C =1.25435105103075E-14
R =10.6140569892503
CO0= 3.35578116630557E-12
F1=12020712.3
F2=12020712.9
F3=11998309.2
F4=12020632.9
F5=12020772.2
F6=11998312.5

Units are Hz, none, Hy, F, Ohms and F.

Note: Frequencies F1...F6 will be explained in the next section about measuring the crystal in transmission.

| Example 2: Transmission Measurement
1. Do a Thru calibration of your VNWA + test fixture:
You might want to use a customized calibration standard that plugs straight into your test fixture for this purpose, e.g.

THRU:
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2. Perform a transmission (S21) measurement of your crystal with one crystal terminal being input and the
other being output.

By doing so, you measure your resonator as 2-port device. Make sure, the crystal is connected as close as possible to
the calibration plane.

This is what the measurement result should look like for a 12 MHz crystal:

[=4DGBSAQ - Yector Network Analyzer Soft =]
File Measure Settings Tools Options Help
12dE/1: 11.9983MHz -0.92dB -ZDD.$UdB -200.00d8
<Fef@
0dE
2dB/
12dB/
1
W
Start = 11.95 MHz Center =12 MHz Stop =12.05 MHz
Span =01 MHz
=
v 521 dB I s 11 dB Continuous
| = ||F'I0t1 'l I7 s 21 d8 Single Sweep
[Trace 1 { Marker 1: 11.9983MHz  -0.92dB v

In transmission one can clearly see the serial resonance (marker) as well as the parallel antiresonance.
Make sure, to display 3-port memory space s_21 before moving to the next step. 3-port memory spaces s_11 and s_21
will be used to store and allow to display the model simulation in reflection and transmission.

3. Start the "Crystal Analyzer" tool via the main tools menu and increase the width of the crystal analyzer window:

[=JCrystal Analyzer - Analysis will be performed into 3-port data spaces s_11 and s_21 il

Extended Resonance Info

E quivalent Circuit

L= 1452453 mH
Model Simulation:

L ¢ R C= 1211433 F F1: Bl masimur: 12.0222154 MHz
£2 ImiZ) =0 120222138 MHz
R = |11-1995??35 IUhl'ﬂ 'l 2 El minirmum: 11.9982832 MHz

o0 = [303313216 [pF =] Measuement

fd: [Z] maximurn: 12.022158 MHz

<o F=liaIC = [11.39828343 [z =]
R.g=4IIC = [1034.967608 [«1000 | 0= 5776856

Isource =54 'I Test Jig Impedances = |5EI Ohns %

5 ImiZ] = 0. 120221551 MHz
f6: El minimur: 11.9322845 MHz

Figure af kerit = 0.00173

4. Make sure that source = S21 and the correct test fixture impedance (must be identical on input and output) is
selected before auto-optimizing.The above is what you see a short moment after having pressed the auto optimize
button. The displayed equivalent circuit model is fitted to the measurement data.

Note that on the right hand side of the crystal tool, various frequencies are extracted from the simulation as well as from
the measurement data. f1/f4 amd f2/f5 are two different definitions of the parallel antiresonance frequency. f3/f6 is a

definition of the serial resonance frequency differing slightly from f on the left hand side. This data is also calculated for
reflection measurement fits.

Page 456

Page 45



The simulated data is stored in s_21 (and s_11) for comparison. Note that there is a perfect match between
measurement and simulation:

[=IDGBSAQ - Wector Network Analyzer Softwa - 1811

File Measure Settings Tools Options Help

12dB/1: 11.9983MHz  -0.92dB -3.9$dB -0.92dR
Ref@
OdB

2dB/

12dB/

Cal

Start =11.95 MHz Center =12 MHz Stop =12.05 MHz
Span =01 MHz
= I 521 dB W sll & oo
| = ”F‘Iot'l 'i ¥ <21 dB Single Sweep
[Trace 1 f Marker 1: 11,9983MHz ~ -0.92dB v

Note, that after auto-optimization, the fitted model parameters are automatically stored in the Windows cut-and-paste
buffer and can be pasted into any text document like in the reflection example.

|  General Hints

You can also manually optimize by changing the data in the edit fields by keyboard or by mouse-wheel while
observing the changes of s_11 and s_21 on the VNWA main window..

Mouse-wheel increments can be set individually by right-clicking onto the edit fields.

The displayed figure of merit is a distance between simulation and measurement and should thus be as close to zero
as possible.

| Analyzing a batch of crystals

If you want to analyze a whole batch of more or less identical crystals, you can increase the size of the crystal analyzer
window downwards in order to access the batch table:

[=iCrystal Analyzer - Analysis will be performed into 3-port data spacess_11

x|

E quivalent Circuit Extended Resonance Info

L= 14.05136 mH
todel Simulation:

C= 1252226 (F F1: ] magimum: 120207383 MHz
2 mZ) = 0: 120207336 MHz
i‘ID G6228872 IDhm i £3: ] minimurm: 11.9982948 MHz

Co = 13 343852512 IpF i Vet

t4: ] mawimurn: 120208698 MHz
F=112aTC = [113828474 [z =] 5 ImZ]=0 12020868 MHz
auto-optimize! R Q:.fu = }1059.29?220 #1000 >| 0= 100230 F6: 2] minimum: 173382373 MHz
isource =511 Vi Figure of Merit = 0.0062
Batch Crystal Analyzer _single sweep | _cont swesp | savelit |  clearlst |
# |t #Hz lo | [ |lcsF |F_# Ohm |cosF |Fiqure of =
z 11995295.32 100261 001405053516 | 1.752299507E-14 1056 3345086475612 | 0.00G0R
3 11995295.07 100278 |O.01405094450  1.252263330E14 1056 LM411652E12 0.00R14
4 11998294.74 100291 | 0.0140513625 1.25222616E14 1056 3343052512612 | 0.00B2
4 » 4

On pressing the "single sweep" button, a measurement sweep will be started and at its end, the data will be analyzed
and the values will be entered into the table at the cursor position. You can remeasure a line, by selecting it with the
mouse prior to pressing measure. You can save the list into a csv-file, which can be read by Excel. You can also erase
the list.

The line numbering is assigned automatically, but you can manually change it if desired. The above picture shows three
consecutive measurements on the same crystal.

» » » Hint: The fitted model parameters of the last sweep will also be automatically stored in the Windows cut-and-paste
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buffer and can be pasted into any text document.

» » » Hint: The "cont. sweep" function can be used to continuously monitor a single crystal over time. The crystal will be
swept continuously. After every completed sweep, a line will be added to the fit data table. Note, that the time when the
sweep was done (in seconds after having started continuous sweeping mode) is logged in the last column of the table.
This is useful to e.g. measure the crystal parameters vs. varying temperature.

| Example 3: Mixed measurements with virtual ground calibration

Kurt Poulsen OZ70U has come up with the idea of calibrating the VNWA+test fixture such that the hot RX pin serves as
a virtual ground for the reflection measurement. In the following this type of calibration is refered to as virtual ground
calibration. It is an SOLT calibration where the real ground is replaced by a virtual ground for reflection measurements
only. The advantage of this type of calibration is that you can measure your crystal in transmission and in reflection
without having to change connections in the test fixture. So, the crystal stays in the fixture in the same way (between hot
TX pin and hot RX pin) no matter if you measure it in reflection or in transmission.

1. Do a virtual ground calibration of your VNWA + test fixture:

OPEN:
o ;.-wwh?"i!ﬁw

Don't perform a thru match calibration.
»+» IMPORTANT: Select "enforce simple thru correction..." as real time display calibration option (see mouse
pointer below).

» » » Remark: The parallel capacitance CO that will be calculated from the measurement, will contain also the

capacitance of the test fixture from input to output. This test fixture capacitance can be effectively removed by
performing an isolation calibration with the empty test fixture in place.
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[=1Full Calibration |

zave current calibration az master cal. |

—Reflect Calibration Thru Calibratiory

Shart | . Crosstalk Cal | . ™| on  aff
Open | . Thu Cal | . ¥ on # off
Load | . Thru Match Cal | . | T

Cal [ on/off O Irvvalidate All Thn Calibrations

Real Time Display Calibration O ptior

' ‘enforce simple thiu comection if available

" enforce enhanced thiu comection with ideal [dad match if available

" allow erhanced thi comection if available

= allows full 5,6 or 12 term comrection correction if available [recommendad)
r

enforce full 5,6 or 12 term comrection conection if available

Any correction scheme other than the one shown above will produce wrong transmission measurement
results! This is due to the fact that transmission and reflection do NOT share the same ground.

2. Perform a transmission (S21) and a reflection (S11) measurement of your crystal with one crystal terminal
being input and the other being output.

This is what the measurement result should look like for a 12 MHz crystal:

[=4DGBSAQ - ¥ector Network Analyzer Software i - |EI|1|

File Measure Settings Tools Options Help

10 11.9983MHz 065+ 006 -0.83d8 0004000 -200.00d8
1

1048/ iy <Refd

0de
i
1048/
w
Start = 11.35 MHz Center =12 MHz Stop =12.05 MHz
Span = 0.1 MHz
= [V 511 Smith I s 11 Smith  Combinuous

= 21 j I 521 dB IV s 21 dB Single Sweep
A

In transmission one can clearly see the serial resonance (marker) as well as the parallel antiresonance.
Make sure, to display 3-port memory space s_21 and s_11 before moving to the next step. 3-port memory spaces s_11
and s_21 will be used to store and allow to display the model simulation in reflection and transmission.

3. Start the "Crystal Analyzer" tool via the main tools menu, select source = §11 and press the auto-optimize
button. When the tool is finished you will see this simulation result:
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[=IDGBSAQ - Yector Network Analyzer Software

File= Measure Settings Tools Options  Help

1:

1048/

1048/

Cal

Start =17.95 MHz

=

=10l |

11.9383MHz 065+ 0.06  -0.83d8 -064+i0.07  -0.83d6

7
<Refd
0dB

Center =12 MHz
Span = 0.1 MHz
¥ 511 Smith % I s 11 Smith  poeinnue

Stop =12.05 MHz

521 j=_>“Mem1j ¥ 521 dB

7 s 21 dB Single Sweep

v

The model perfectly matches the reflection measurement S11. Model parameters can be read off the Crystal Tool
window. In transmission (S21) there is a mismatch visible for the parallel antiresonance. Note, that the transmission

simulation is mathematically derived from the reflection fit. The reason for this deviation in transmission will be discussed

below.

4. Make sure that now source = 821 and the correct test fixture impedance (must be identical on input and output) is

selected before auto-optimizing. Now, the model simulation looks like this:

[=IDGBSAQ - Yector Network Analyzer SDFI:w'éE" - ]I:Ilggj
File Measure Settings Tools Options Help

1: 11.9983MHz 065+ 0.06  -0.83d8 -0E4+i0.08  -0.83dE

1
10dB/ <FRefd
1 0dB

10dE/
Cal

Start = 17.95 MHz Center =12 MHz Stop =12.05 MHz

Span =01 MHz

= W 811 Smith ¥ s 11 Smith  oninuous
[s21 =] o [[Memt =] P521 B N Ws21 88 single Sweep
| 4

Now, the parallel antiresonance of the transmission (S21) measurement is perfectly modeled, while that of the reflection
measurement is off (what you cannot really see in above Smith chart, though, since we missed to place a marker onto

the parallel antiresonance).

Next, we compare the extracted model parameters of above two optimizations:

[=iCrystal Analyzer - Analysis will be performed into 3-port data spaces s_11 and s_. 1 _2(__]
E quivalent Circuit Lo 1297111 mH Extended Resonance Info
L c R Model Simulation:
C= 1253017 fF f1: El masimurm: 12.0207752 MHz
2 ImZ)=0:. 120207745 MHz
:j_q R = [1071210822 [orm =] 3: El mirimum: 11.398302 MHz
co = 13.358905508 IpF VI .
o _ _ - F4: 2] masimum: 120206558 MHz
f=1122EC = [1.s582013 [z =] 5 Im2)=0: 120207283 MH:
auto-optimizei R.g=4IIC = ]1053.248340 w000 +|  @=983231 16: El minimur: 119383033 MHz
lsource =511 vi Figure aof Merit = 0.00422
Batch Crystal Analyzer _single swesp | cont. swesp savelist | clearlist |
# [t /Hz la  Jusn [ceF [F / Obm JcosF [figure of meit Jia]
1 11998302.8 101081 | 0.01448664149 1.214598986E-14  10.8 3.040810693E12 000166 1
2 11995301.94 98323 0.01397111695 1.259417029E-14 1071 3.358905506E12 | 0.00422 %
1 Ay

Above, line #1 shows the model parameters for the transmission (S21) fit, while line #2 shows the reflection (S11) fit
parameters. The most apparent difference is that of the parallel capacitance C0. While in transmission C0=3.04pF, in
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reflection C0=3.36pF, which is 0.32pF higher. The increased parallel capacitance shifts the parallel antiresonance to
lower frequencies. But what's the reason for this CO increase? It lies in the fact that the model for a real crystal is a bit
more complex than assumed above:

CEI Xtal co Xlal

c_ c H2

Reﬂectnon (S11) Transmission (S21)

As shown above, a real crystal consists of the crystal disk and a holder. The holder pins each have a capacitance to
ground (C_H). While in transmission the series circuit of the holder capacitances add to the crystal parallel capacitance
(CO_Xtal), C_H2 is effectively shorted in a reflection measurement and C_H1 alone adds to CO_XTal to yield an
effective C0. Assuming that C_H1 and C_H2 are approximately identical, CO for a reflection measurement should be
0.5*C_H larger than for a transmission measurement. We can thus interpret our above experiment such that the holder
capacitances are C_H=2*0.32pF=0.64pF and CO_Xtal=3.04pF-0.32pF=2.72pF.
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3-PORT ANALYZER: ANALYZING BALANCED COMPONENTS

Three port RF devices like baluns or SAW-filters with e.g. balanced outputs confront the user with a complex
characterization task:

On the one hand, one would like to know e.g. the insertion attenuation from single ended input to differential outputs
and the complex differential output impedance (differential mode). On the other hand, the common mode
attenuation is of interest.

The 3-Port analyzer tool allows to perform both characterizations on a set of 3-port S-parameters.
The following is a step by step example of performing a 3-port analysis:

1. Import or measure the 3-port S-Parameters of your DUT.:

[=IDGBSAQ - Yector Network Analyzer Softwa = l DI__)_;(_j
File Measure Settings Tools Options Help
1048/ 1: 729MHz B0.704B  -5017dE -30.36dE
<Fef?
1048/ ek
1048/ ;
<Ref3
W -
1
Start = B52.5 MHz Center = 902.5 MHz Stop =11525 M@
Span = 500 MHz
o ¥ 521 dB v s 23 dB Bafas
[s2 =] Mem1 w| I s 31 dB Sirigle Sweep
| 4

Note, that all signal paths from any DUT port to any other DUT port including all reflections must be characterized. The
above imported 3-port S-parameters of a GSM REF filter are courtesy of EPCOS. Filter port 1 is the single ended input
and ports 2 and 3 are the differential filter outputs. The above plot shows highly symmetric filter transmissions from port
1 to 2 and from port 1 to 3 (s_12,s_13, note the underscore!).

2. Start the 3-port analyzer

[=iForm3Port E x|
Orientation: Ibalanced outputs j
Ports: I'I: in; 2+3; out j

3 port device

ideal balun

n Port 2
Port 1 O—1 Sii a"
1:1

calcfate I

Select the desired mode of operation (1 = in, 2&3 = balanced out, differential mode) and press calculate. The result of
this simulation will be stored as 2-port S-parameters into the 2-port memory spaces S11,521,S12 and S22 and into the
2-port S-parameter buffer (useful for later matching analysis). This simulation is equivalent to combining the two output
signals with an ideal 1:1 balun and thus turning the 3-port into a 2-port.

[

W

3. Observe the result in the main window.

Page 462

Page 46



[LIDGBSAQ - Yector Network Analyzer Software o =] |

File= Measure Settings Tools Options  Help
1: 729MHz  B0.70dB  -76.42dB 0.81-i058
1048/ 2 900MHz  -6.22dRB -4.22dE 3 0.58-i0.23

<Refl
10dB/ 0B

Start = 6525 MHz Center = 902.5 MHz Stop = 11525 MHz
Span = 500 MHz
¥ 521 dB ¥ 522 Smih T —-_—™.

7 521 dB Single Sweep
|Trace3,l'MarkBr 21 900MHz 0.58-10.23=%Z = 135.21- 101.48 Ohm = 211,37 Chm 4

Note that the simulated 2-port insertion attenuation S21 is almost 3dB lower than the 3-port one s_21, because the

signals of DUT ports 2 and 3 are being combined now.
Note, that the attenuation level improves dramatically, since the almost identical feedthrough signals 1-2 and 1-3 cancel

each other at the balanced port.
Also note, that the differential output impedance (parallel equivalent circuit) of the filter is 200 Ohms (see bottom status

line with marker info).
4. Perform a matching analysis

By using the matching tool, the simulated 2-port transfer characteristic can be recalculated to what it would look like if
the filter was terminated with 200 Ohms instead of the 50 Ohms of the measurement system:

=

File Measure Settings Tools Options  Help

1

<Ref2
-2dB

1dE/

1dE/

1: 903MHz 0130 217dB 0634027 -4 B7dB
Start = 877.5 MHz Center = 839.6875 MHz Stop = 921.875 MHz
Span = 44,375 MHz

Zoom . ;

= ¥ 522  Smith ¥ Meml Smith Continuous

|S22 [ = MMem1 ~| ¥ 521 dB I Mem2 dB Sinale Sweep

E [=JRecalculate to new source and load conditio -0l x|

Part 1 Part

Fort 1 Impedance ISD Ohm vl Port 2 Impedance |2DD Ohm vl
C parallel I l C parallel I l
D P i [neg. possible] ho.8 pF i

[heg. possible]

For comparison, the original 50 Ohm terminated data has been stored to Mem1 and Mem2 respectively. Note, how by
proper termination the insertion attenuation can be further reduced.

5. Perform a common mode analysis:

Orientation: Ibalanced outputs j

Parts: |1 sin; 243 out j

3 port device

ideal balun

2 " Port 2
Port1 O—11 Sii ||
+ | ;
1:1

calculate |

W
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Select the desired mode of operation (1 = in, 2&3 = balanced out, common mode) and press calculate. The result of
this simulation will again be stored as 2-port S-parameters into the 2-port memory spaces S11,521,S12 and S22 and
into the 2-port S-parameter buffer. The common mode analysis is equivalent to connecting the normally differential
outputs in parallel, thus turning the 3-port into a 2-port with the two output ports connected in parallel.

[=IDGBSAQ - Yector Network Analyzer Software o =] |
File Measure Settings Tools Options Help
1: 700MHz  -51.61dE  -458.07dE  -85.05dE
10dB/
<Refl
OdB
10dE/
1048/
Start = 6525 MHz Center = 902 .5 MHz Stop =11525 MHz
Span = 500 MHz
= W =31 dB Q W Meml dB EEEE
|S21 Mem 1 j v 521 dB Single Sweep
[Trace 1/ Marker 1: 700MHz  -S1.61dB A

Note, that the electrical feedthrough of the common mode (S21) is 3dB higher than the s_31 signal of the original 3-port,
since s_31 and s_21 are being added.

Also note, that there is signal cancellation in the filter passband now, as in the passband region s_21 and s_31 exhibit a
180° phase offset to each other.

For comparison, Mem1 shows the differential mode signal.
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CHARACTERIZING A BALUN

A BALUN is generally a passive device with 3 hot terminals and a ground terminal, which transforms an unbalanced
signal relative to ground to a push-pull signal pair:

In 1057 r©3 Out+
[V o2 out-

1:1 BALUN built from a 3dB coupler

Once a BALUN is built, the question arises how to characterize it, e.g. what is its impedance transformation ratio,
insertion loss, balance and common mode suppression.

All these questions can be answered once the 3-port S-matrix of the BALUN is known. This can be measured with the
VNWA 3-port S-parameter acquisition menu. Before measuring the 3-port S-parameters of the BALUN, clearly mark the
BALUN ports with unique port numbers (e.g. 1,2,3):

Next, after proper calibration of your VNWA (2-port SOLT calibration), you have to determine the electrical length of
evey line from the calibration plane to the BALUN terminal on the test board. To do so, switch on the port extensions:

x

Close Mode Active

Ext. Part 1 I'ID Ips Vl = 2.093 mm
Ext. Part 2 |2d ps =4.197 mm

‘Welacity Factar: ID_? ¥ Part Ext. 0N

Next, measure the reflection coefficient of every port while generating a short circuit at the BALUN terminal and then
adjust the port extension = electrical delay such, that the short shows up as a short in the Smith chart (dot on the left
edge. Write down the values for all three ports as these will be needed for the 3-port measurement.

Next start a 3-port measurement:

[-IDGBSAQ - Yector Network Analyzer Software
File | Measure 3Settings Tools Options Help
Direckion 3

Calibrate

3-Parameters Z-Paort

10d8.

Port Extensions

A popup window will ask for the delays you have just determined. Enter those...
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[=JProposed Port Extensit x|

X

DUT Port 1: (20 pz

DUT Part 2: |45 ps
DUT Port 3 |45 pz

... and close the window. Now you will be asked to connect your 3-port DUT to the VNWA in various ways, e.g.

Multiport S-Parameter Meas |

Terminal 3 == Terminal 1 %

Ok I Abbrechen |

The above window asks to connect the VNWA TX port to DUT port 3 and the RX port to DUT port 1.
The unused DUT port (here port 2) must always be terminated with a 50 Ohms load.
In the course of a 3-port measurement, you will have to measure from every port to every other port of your DUT which

involves a lot of reconnecting. The reconnecting effort can be reduced by means of an S-parameter test set.

Once the measurement is done, the DUT 3-port S-matrix resides in the 3-port memory spaces s_11, s_21,...,s_33:

[=/DGBSALD - Yector Network Analyzer Software E = |EI|5|
File Measure Settings Tools Options Help
<Refd

s OdB
1048/
10dB/
Cal
Dly  Start = 0.1 MHz Center = 500.05 MHz Stop = 1000 MHz

Span = 999.9 MHz

= ¥ s 11 Smith B <3 dB Continuaus
Iw 'l = “3_21 'l I s 21 dB Single Sweep
| 4

The S-matrix may be exported to an s3p file for later analysis.

In order to analyze the BALUN open the 3-port analyzer tool, select proper port topology (e.g. 1 in, 2+3 balanced out),

select differential mode ...

[=iForm3Port
Origntation: |balanced outputs j
Ports: |1: in; 243 out j

3 port device

ideal balun

2 " Port 2
Port 1 O—1 Sii a"
1:1

calcilate | differential mods

w

X

and press calculate. The tool will calculate the differential mode response and store in into memory spaces S11, S21,

S$12,822:
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[=IDGBSAQ - Vector Network Analyzer Goftware = i - 10l x|

File= Measure Settings Tools Options  Help

Ref2
M 0ce
148/

1048/ ;i‘

Cal

Dly  Start=0.1 MHz Center = 500.05 MHz Stop = 1000 MHz
Span=993.9MHz

= I 511 Smith ¥ 522 Smith Continuous

|S21 j IMem'I j ¥ 521 dB I Meml dB Single Sweep

| 4

It appears that the BALUN works with very low loss from 0.1MHz to 1GHz (see S21 trace) and there is an almost perfect
match to 50 Ohms on both ports, the single ended input (S11 trace) and the balanced output (S22 trace).

Mem1 in above screenshot contains the S21 result when chosing common mode instead of differential mode. This
means our BALUN has a common mode suppression of around 20dB over the entire frequency span.

Now, does this mean our BALUN shows perfect BALUN action over the entire measured frequency span? No, we
haven't looked at the balance yet, i.e. we haven't looked if the port 2 and port 3 signals actually exhibit identical
amplitudes and a +-180° phase shift. We can investigate this by comparing s_21 and s_31 either by inspection or by
generating a custom trace with the function s_21/s_31 as is shown below for the two custom traces named bal. For a
perfect push-pull operation s_21/s_31 should be -1, i.e. 0dB and -180° or +180° phase.

[=IDGBSAQ - Yector Network Analyzer Software = i o ]
File Measure Settings Tools Options Help
1dB/ 1. 200MHz  -411dB  -293d8  -1.12dB  -161.95° %T;Efz

% G00MHz  -434dB  -330d8 1040 173117

1d8/ <Ref3
Ode

1de/

3

<Fefd
1807
Cal
Dy Start =01 MHz Center = 500.05 MHz Stop = 1000 MHz
Span = 9999 MHz
= V¥ 521 d8 ¥ bal dB Confinuous
|S21 j =5 “Mem1 j IV =31 dB I¥ bal  c.Phase Single Sweep
|Trace 3 § Marker 2; S00MHz ~ -1.04dB o

Here we see that even though, the BALUN exhibits a very low total loss down to 0.1MHz, it is only usable down to about
200MHz as below this frequency the amplitude and phase balance degrades rapidly.
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ERROR CORRECTION MODELS

The VNWA software has implemented several error correction models, which can be selected in the Correction
Schemes tab of the calibration window.

[=1Full Calibration 5’

Calibration Mehiu

—FReal Time Display Calibration O ption
" enforce simple thru comection if available

" enforce enhanced thru comection with ideal load match if available
" allow enhanced thru comection if available
& llows Ul 5.6 or 12 term comection comection i available [recommended)

= enforce full 5.6 or 12 term comection comection if available

—5-Parameter Acquisition Calibration Option:

™ enforce simple thiu comection if available
" enforce enhanced thiu corection with ideal load match if available
" enfarce enhanced thru corection if available

" allaws full 5.8 or 12 term corection comection if available [recommended)

Real Time Display Calibration Options determine the error correction model to be used for real time sweeps
continuously displayed in the main window.

S-Parameter Acquisition Calibration Options determine the error model used for the main menu command "measure”
"2-port S-parameters".

» » » Note: For one port measurements these options are of no importance.
For two port measurements, the following error correction models are available:

- simple thru correction
The transmission data is simply corrected by division with the thru calibration measurement.

- enhanced thru correction with ideal load match

The transmission data is additionally approximately corrected for errors arising from the TX port not having 50 Ohms
source impedance. Note, that a reflection calibration as well as the measurement of S11 is necessary to apply this
correction to S21.

- enhanced thru correction

The transmission data is additionally approximately corrected for errors arising from the RX port not having 50 Ohms
load impedance. Note, that a reflection calibration, a thru match calibration and the measurement of S11 are necessary
to apply this correction to S21.

- 5,6 or 12 term correction

This is the best available error correction scheme. All transmission and reflection data are exactly corrected for imperfect
TX source and RX load impedances. A full reflect calibration as well as a thru and a thru match calibration are required
(5 term correction). If an isolation calibration is done, it will be extended to a 6 term correction. If using an S-parameter
test set and both measurement directions are calibrated, it will be extended to a 12 term correction model.

»»» IMPORTANT: In order to apply this error correction, all four S-parameters (S11,521,512,S22) must be measured.
- If "allow full 5,6 or 12 term correction" is selected, it is only applied if the user decides to display and thus measure
all 4 S-parameters. Note, that VNWA usually measures only those S-parameters which are displayed in order to save
measurement time.

- If "enforce full 5,6 or 12 term correction" is selected, VNWA will always measure all 4 S-parameters, even though
they might not be displayed.

» »» Note: The term "if available" in above menu denotes the circumstance, that the error correction model might not

be available if the user hasn't performed all necessary calibration measurements or if not all necessary S-parameters
are measured. In such a case, the software will fall back onto the best available correction.
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S-PARAMETER TEST SET

The VNWA software supports usage of an S-parameter test set. The test set contains several switches, which
interchange output and input of the VNWA. This actually allows for automatic change of the signal flow direction, which
is useful for measuring S-parameters of two port devices. In order to measure S12 and S22, the DUT doesn't need to be
turned around manually any longer, but the test set simply exchanges input and output of the VNWA instead.

In LPT mode, the test set is controlled via the parallel printer port terminal 1/"Strobe™ of the Sub D-25 connector.

In USB mode, the control signal for the S-parameter test set is available on the USB_VNWA Interface at pin 3 / J26 or
alternatively pin 7 / J5 (Sub-D9) provided the appropriate resistors are in place.

Regardless of operation mode or controlled VNWA type, the test set may also be controlled by a dll plug-in provided by
the user (VNWA36.2.zc or later). Details can be found on page "Controlling an S-parameter test set via dll plug-in".

Test set support is activated in the instrument settings tab of the "options"-"setup” main menu.

If activated, two independent calibrations for the two measurement directions will be required. This is indicated in the
calibration menu window by the additional choice of "Forward" and "Reverse" measurement direction.

[=3Full Calibration x|

M aster Calibration Activated Measurement Directior
I

—Reflect Calibration Thru Calibratior

Shart | . Crosstalk Cal | . ™| an  aff
Open | . Thu Cal | O ¥ on # off
Load | . Thru Match Cal | . | T

Cal [ on/aff O Irvvalidate Al Thiu CaﬁbratiorL.\\s |

zave current calibration az master cal.

The two calibration directions are indicated by the colors blue (= forward) and yellow (= reverse). The calibration
indicator lamps can show four colors:

red: no calibration done in any direction

blue: calibration done in forward direction only
yellow: calibration done in reverse direction only
green: calibration done in both directions

Using a test set will also allow convenient usage of a 12 term error correction model in realtime.
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CONTROLLING AN S-PARAMETER TEST SET VIA DLL PLUG-IN

From software version VNWA36.2.zc on, there is implemented a customizable way to control an S-parameter test set via
a dll plug-in provided by the user. Previously, the test set had to be connected to a specific LPT port pin or a specific pin
of the VNWA USB interface. Now, the user can implement his own switch control, e.g. via a separate USB connection to
the switch.

This is accomplished by copying a customized version of SwitchDLL.dll into the VNWA installation directory. The dll will
automatically be detected upon program start, and, if detected, will be loaded and called every time the measurement
direction changes.

|  SwitchDLL.dIl Delphi example

Note, that the library is implemented with C-language calling convention.

library SwitchDLL;
uses
Windows,
SysUtils,
Classes,
Forms,
ShellAPI;
SR *.res
procedure _Init; export; cdecl; /l...is being called when the dIl is loaded upon program start
begin
FreeConsole;
AllocConsole; /lopen a console window for debugging
writeln('SwitchDLL function "Init" called.");
end;
procedure _Close; export; cdecl; /l...is being called when the dll is unloaded upon program termination
begin
FreeConsole; /[close debug console
/lput your own cleanup code here
end;
procedure _Process(Data: Integer); export; cdecl; /l... is called every time the test set is operated
begin

writeln('SwitchDLL function "Process" called.");
writeln(Data);
case Data of
/Ireplace the following by your own switching code
0: ShellExecute(Application.Handle, 'open’, PChar('testset.exe'), PChar('FWD'), nil, SW_NORMAL);
//IData=0:Forward
1: ShellExecute(Application.Handle, 'open’, PChar('testset.exe’), PChar('REV'), nil, SW_NORMAL);
/IData=1:Reverse
end;
end;

exports _Init;
exports _Close;
exports _Process;

begin
end.
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IMMUNITY OF IMPEDANCE MEASUREMENTS TO INTERFERENCE

When measuring the impedance of an antenna, in many cases the antenna will pick up interfering signals from other
signal sources like radio broadcasting stations, which can become quite strong.

Now the question arises, how reliable a VNWA impedance measurement will be in the presence of such external
interference signals. In order to mimic such a situation in a controlled labexperiment, | have come up with the following
setup:

__________________ b Test Port (TX
= 8 (™)

=
[
H3+

The interferer is simulated by a R&S SMLR signal generator capable of delivering up to 2W of RF power. The interferer
signal is being further attenuated by a 30dB pad. VNWA and interferer are being combined in a coax Tee the open port
of which serves as new TX test port with interference. This port can be calibrated the normal way. Now, a test
impedance can be measured at various interferer levels to study the impact of the interferer on the measured
impedance. A first experiment without the 30dB pad was unsuccessfull, because instead of measuring the impact of
different signal levels, the setup measured the changing port impedance of the SMLR at different attenuator settings.

Here are some test results with above setup:

VSWR of the load cal standard without interferer:

[CIDGBSAQ - Yector Network Analyzer Software - _ ol x|
File Measure Settings Tools Cptions  Help
01dB/ 1: 500MHz  -B5.39dB 1.00

<Refl

0de

0o

1
M——HH-W“—L—HMMGEFS
1

Cal 7
Start =1 MHz Center = 5.5 MHz Stop = 10 MHz
iy Span=9MHz
T At =0 dB ¥ 511 dB ¥ 511 WSwhR I i

!821 YI = IIMem1 v| [T 511 Phase SWEERING |
[
|

A4

VSWR of the load standard at +3dBm interferer level @5MHz at the Test port.

[=iDGBSAQ - Yector Network Analyzer Soft £ ce _|of x|
File Measure Settings Tools Cptions  Help

01de#
<Ref

1: G00MHz  -14.95dB 1.46 e

2 737MHz  -B1.32dB 1.00
0o/ 28%MHz  -B3.57dE 1.00

2

<Ref3
el v v k)
Start =1 MHz Center =55 MHz Stop = 10 MHz
o Span=9MHz
?X At -0 dE V511 dB W 511 WSwhR I ot

[s21 =] = |[Mem1 =] " 511 Phase sveeping |
|

4
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Reflection coefficient (amplitude and phase) of the open cal standard without interferer.

[-IDGBSAQ - Vector Network Analyzer Software i 7 e II:I|_|

File Measure Settings Tools Cptions  Help

01d8/ 1 2
B meel o odlam sl i el b
17 0dB
3 1 2
L

1: 5.00MHz 0.00de 008
2 T7.37MHz 0.00d8 012"
3 285MHz  -0.M1dB o3

Cal
Start =1 MHz Center = 5.5 MHz Stop = 10 MHz
. Span=9MHz
S ¥ 511 dB 511 Yawh I_Eontinuous
|S21 j = ||Mem1 j I 511 Phase WEERING |

4

Reflection coefficient (amplitude and phase) of the open cal standard at +3dBm interferer level @5MHz at the Test port.

[-iDGBSAQ - Yector Network Analyzer Softwal nse _|of x|

File Measure Settings Tools Options  Help

0,108/ 3 2
<Feft
. 0dB

1: 500MHz  -0.06dB =Eh5 4
2 737MHz  -0.01dB 0.06"
3 285MHz  -0.02dB 0.08*

Cal

Start =1 MHz Center = 5.5 MHz Stop = 10 MHz
i Spah =9 MHz
Twatt =0de V¥ 511 dB T 511 WSwR I Cotioe
|S21 j = ||Mem1 j ¥ 511 Phase sweEping |
|

A

Summarizing, the effect of interference is relatively small. In order to test impact of interference at higher levels, a higher
power signal source (e.g. 10W in order to measure at 10mW interferer level) would be required.
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MEASURING ANTENNA RADIATION PATTERNS

This extension to the VNWA measurement capabilities evolved from experiments Erik ON8DC, who also betatested the
described features. It allows to measure antenna radiation patterns and display and analyze them with the VNWA
software.

The following image shows the basic test setup:

Antenna DUT Detector Antenna

Fotor start/stop

VNWA
Tx R

I

The VNWA TX output feeds the DUT antenna mounted on a rotor, while the RX input detects the radiation power in
some distance. DUT antenna and detector antenna may be swapped.

The VNWA is set to a fixed frequency (span = zero). The VNWA sweep and the rotor engine are started simultaneously,
such that the radiated power depending on turning angle is measured. The rotor start/stop signal is implemented in LPT
mode, for VNWA2 from firmware version v4.12 on and for VNWAJ3. The rotor may also be started manually.

If the distance between DUT antenna and detector antenna becomes large (far field measurements), it is not feasible to
feed the DUT antenna from the VNWA TX because of excessive cable length and/or insufficient TX power. In this case,
a seperate highly frequency stable cw-transmitter may be used to feed the DUT antenna. As the transmitter signal and
the VNWA LO are not phase locked any longer, the measurements have to be performed in Spectrum Analyzer mode in
this case.

The following shows how to set up the VNWA software for this measurement:

1. Set the proper measurement frequency (range) with span zero.

2. Select to display S21 in a polar RADAR diagram:

Polar, Mag/Phase

e scoes o [T
RADAR Flot, Magnitude

3. Set the display range to the desired values by doubleclicking the the label with the handpointer below. The displayed
values indicate a center level of -30dB and 10dB per radial unit.

Page 473

Page 47



[-IDGBSAQ - Yector Network Analyzer o] x|

File= Measure Settings Tools Options  Help

10dB/

>-3Ud%?

Continuous

| = ||F'I0t1 VI ¥ 521 RAD. dB Single Sweep

4

Upon doubleclicking the above mentioned label, the following parameter entry window pops up:

- x
10 dB/Div | R-Range =40dE

Center Level

30 dB -

# R-Divisions # Phi-Divisions
(N (CH—
Start Angle Stop Angle

With the above settings the sweep data is interpreted as streching from -90° to 90°. Note, that the angle settings can

also be corrected after the measurement to account for angle shifts.

4. Perform your measurement by pressing single sweep and simultaneously starting the rotor engine. After the sweep
you may add RADAR markers, e.g. to determine the antenna 3dB opening angle as seen below.

[-IDGBSAQ - ¥ector Network Analyzer o ]
File Measure Settings Tools Options Help
0.00dE
-3.02dB
-3.02dB
l_D?t‘:IDBd.-:a -0.0348
Mormal
Iaxcimurn
Clear lask Marker o
Miniraurn
Clear all Markers
Delta
v Wertical Grid
v Horizontal Grid
= Continuous
| = ||F'I0t1 VI ¥ 521 RAD. dB Single Sweep
BandWidth Level = 3.00dE down maximurn A

The above displayed data was provided by Erik ON8DC. It was measured on a 23cm band loop antenna at 1.25 GHz.
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Here is Erik's description how he performed the measurement:

- DUT Ant needs a stable freq source. (It could be a generator, QRP TX) or if enough gain the TX output from the VNWA.
Power is depending on distance and gain of antennas. (A far end test must be possible)

- At RX side use an antenna connected to RX VNWA. Again, depending on distance and power used at TX side, a gain
antenna may be needed.

- Set VNWA to SA mode.

- Verify with a sweep (S21) if you can receive the DUT. Lower the span to lowest value O0Hz. The RX is a receiver with a
narrow filter.

- Adjust the level offset in the sweep menu such that your RX receives 0dB at max position.

- Verify that in the min signal received you are above noise level of SA. (linearity verify with attenuators)

- Measure the time your antenna rotor needs for a full turn and adjust sweep-time until sweep time=rotor time.

- Select S21 and S21 RAD dB (other polar) as traces.

- Start manually or automatically synchronic the rotor and the sweep. You will see now the signal variation with changing
angle at the screen.

For the antenna plot you can change the trace parameters start/stop angle divisions and center level.

- For automatic rotor start you can use the high signal on D7 Lpt (pin9) to drive a relay, it stays on until the sweep is
finished. (LPT mode was used here)
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VERY LOW FREQUENCY MEASUREMENTS

|Improved Very Low Frequency Signal Processing Facility

VNWA software version 36.8.1 and newer has implemented an improved signal processing algorithm to improve
measurement results at very low frequencies.

As described below, for measurement frequencies below the sound codec cut-off frequency, the test signal contains a
messy spectrum of desired and undesired signals. The new algorithm implements digital filtering to greatly improve the
signal-to-noise ratio at such low frequencies.

Prior to this, it was recommended to use the codec anti-aliasing filter to filter out some of the unwanted signals by
drastically reducing the sample rate. This is no longer necessary.

Now, the standard settings can be maintained down to the lowest measurement frequencies.

The following figure shows a comparison when measuring the uncalibrated phase response of the open TX port using
the old method at reduced sample rate (pink) and the new digital filtering at full sample rate (green), both with otherwise
identical settings, i.e. sweep time.

1: 200Hz -32.
”I 2: 1000Hz 32

48 ksps, 100ms/point

300 sps, 100ms/point

Shart = 10 Hz Log Fraquency Sweep Stop = 20000 Hz
;;m =048 ™1 d W §11  Phase M
511 =] = ||Mem1 =] [T MemidB W Meml Fhass Single Sweep

While the measurement with the old method starts getting noisy below 1kHz, the new method grants clean measurement
data down to 200Hz!

Now, there are two factors setting the lower frequency limit of the VNWA:

1. Measurement time per frequency point: For appropriate filtering at least two signal periods must be captured. Thus, at
a sweep time of 100ms/point 20Hz is a hard limit.

2. Due to the ac-coupled signal chain the signal power drops quickly as the measurement frequency gets lower.

The new software addresses 1. by increasing the permissible measurement time to the maximum of about 340ms which
the VNWA firmware allows:

[=1 ¥NWA Sweep Settings x|

—Sweep Contraol

MNumber of Datapoints = {400
Measurement Tirme:

Time per sweep = 136.53 secs

Time per data point = 341,33 ms

Sweep Progress Display

¥ Progress Bar On - Progresz Bar Color

I~ Frogress Text On

|WARNING: Sweep time excesds valid timing calibration! v

This lowers the theoretical signal processing limit to 6Hz. This cannot fully be exploited with a standard VNWA due to
the strong drop in signal levels, though:
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B DGASAQ - Vector Metwork Analyzer Software - DGASAQ licensed to Tom - O x
File Measure Settings Tools Options Help
1:70Hz  282d8  281d8 nevs digital filtering
2dB/ \
2dB/ \
=
{ n A V_’] 100mspaint
VIEAYY Ao
WA ] OdE
UIN Tt
y 34tz point <Fefl
‘ 0de
10Hz 100Hz 1000Hz
Start =5 Hz Log Frequency Sweep Stop = h000 Hz
=2 .
Ts At =0 dB ¥ 511 dB Continuous
I VI =» ”Mem‘l 'l ¥ Meml dB Single Sweep
Trace 1/ Marker 1: 70Hz ~ 2.82dB A

With a standard VNWA the new settings allow measurements down to about 70Hz as compared to about 1kHz with the
older software.

Now, since the design of the VNWA, properties of passive components have improved considerably. While the VNWA
uses 0805 coupling capacitors of 1uF and 0603 coupling capacitors of 220nF, today 0603 capacitors are available with
up to 47uF. So, | have replaced all relevant coupling capacitors on a VNWAS (12 caps, marked with red boxes below) by
these new 47uF ones:

This considerably improves the low frequency signal level, which VNWA can directly measure when normalization is
de-activated:

B DGASAQ - Vector Network Analyzer Software - DGSAQ licensed to Tom = O X

File Measure Settings Tools Options Help
new digital filtering

(L0484 o modified VNWA3 -
e R e—— Ref?
B A =
L T original VNVVA3SE
7
?’ / 1~ 1E6Hz | 79.74dB. 77.96dB
5‘ 2< 63.72 Hz 76.74dB 35.50dB
W AAAM
VYIY
Start = 5 Hz Log Frequency Sweep Stop = 1000000 Hz

=

To At =0dB V511 dB Continuaus |
I 'l => ||Mem1 'l ¥ Meml dB SingIeSweepl

Marker values written to Windows clipboard. i
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The modification decreases the -3dB signal drop frequency from about 2kHz to 60Hz!

Now, the modified VNWA is calibrated with the Magi-Cal automatic calibrator to determine test port impedances and the

quality of the Magi-Cal calibration at very low frequencies. The latter can be determined by performing a full two port
measurement of a quality SMA thru barrel, which should yield 0dB insertion loss and a reflection loss near the noise

floor.
E DGBSAQ - Vector Network Analyzer Software - DGBSAQ licensed to Tom — O x
File Measure Settings Tools Options Help
Rozenberger Thiu measzured with Magi-Cal calibration

10487 | ||lL° 1:10Hz | ||||0.00dB| | -58.62dB | -20,06d8  145/96dH

i Refd
10dB/ 521 0B
10d8/

T port match

1048/

1 Ro<-portimatah

1 —r

T~
511
Cal
Start = 5 Hz Log Frequency Sweep Stop = 1000000 Hz

= .
T Atk =0 dB V¥ 521 dB W sz dB Continuous
[s11 ~| = |[Mem1 ~| W 511 dB Mo e Single Sweep
Marker values written to Windows clipboard.

Indeed, S21 shows at 0dB and S11 around -60dB, which proves that the Magi-Cal does an excellent job down to 5Hz.

The RX port match is below -45dB down to very low frequencies. This is not surprising as the RX port is dc coupled.

The TX port match increases from below -45dB at high frequencies to -20dBm at the lowest frequencies, which is still an

excellent match.

Now, the modified VNWA calibrated with the Magi-Cal automatic calibrator is used to measure one of the 0603 47uF

capacitors used in the modification:

B DGASAQ - Vector Metwork Analyzer Software - DGSAQ licensed to Tom - O X
File Measure Settings Tools Options Help
1: 5Hz -0.07dB  0.99-i 0.10 32.96pF

1081 ‘

k Fisf1

0dB
10pFs
1l

l \

% Foirl,
= <Ref

Start = 5 Hz Log Frequency Sweep Stop = 1000000 Hz OuF
?;mtt. =0dB ¥ 511 dB W 511 C- __ Continuous |
[s11 ~| = |[Mem1 =] ® 311 Smith Single Sweep
Trace 3 / Marker 1: 5Hz ~ 32.96pF

The capacitor could be measured down to 5Hz! It shows a rather constant capacitance of 33uF up to about 30kHz. This
is not a measurement error but fact. Data on the Murata web page also shows this 47uF capacitor having 33uF, which is

actually outside the specified +/-20% tolerance window.
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Also active devices like amplifiers can be measured to very low frequencies. Here is an example measurement of a
wideband amplifier with about 30dB gain:

B DGESAQ - Vector Metwork Analyzer Software - DGSAQ licensed to Tom = O X
File Measure Settings Tools Options Help
‘Wideband Amplifier with Magi-Cal calibration
10de s i 1
A 5 <Refl
\ 511 0dB
1pF# .
521
10dE S input capacitance
% A
<Refd
) 0de
1: 59.4Hz -0.42dB| 0.92-i 0.23 6.80pF 2.16dB
2:492.1Hz -7.60dB| 0.31-i 0.28 6.42uF 27.51dB
= ' <Ref3
Start = 5 Hz Log Frequency Sweep Stop = 1000000 Hz OuF
TR At =328 ¥ 511 dB ¥ 511 C-  Confinuous |
[s11 x| = |[Mem1 =] W 511 Smik ¥ 521 dB Single Sweep

Here, the output power has been reduced by 32dB in order to not overload the amplifier or the VNWA RX port.
Still, S11 can be measured reasonably well at this very low signal level. From S11 one can assume that the amplifier's
dc blocking capacitor in series with the 50 Ohms input is 6,8uF, see greenn trace.

|Increased Signal Amplidutes at Low Frequencies

Quite against intuition, overall signal amplitudes may rise when the VNWA is used at audio frequencies below 20 kHz.
The reason is that the mixers used show some "RF" feed through from the RF input to the IF output and also from the
LO input to the IF output. Thus, when measuring in the audio range the RF feedthrough signal will be superimposed on

the IF signal leading to signal distortion and possible ADC overloads as it falls inside the sound card bandwidth.

The following image shows the raw audio stream captured with a 16 bit audio card for a sweep from 1 kHz to 100 kHz.
Note, that for a 16 bit card the maximum amplitude range is -32767...32768.

1l T T T

Amplitade

1
50 a0 150 20
Time [msecs]
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For frequencies outside the sound card bandwidth (>20 kHz, beyond 50 msecs in the plot) the amplitude of the sound
stream is about 50% of the allowed maximum amplitude. This will also be seen with the Test Audio function, as it
performs the test in the MHz range. At low frequencies the amplitude approximately doubles with the risk of overloading
the sound ADC. The mechanism leading to this amplitude increase can be seen when zooming into a high frequency
and a low frequency region for comparison:

1510 T T T T xl0 T T T T T
m - 2k
03 = 1k
@ @
] |
£ £
= oo ] R
E E
= -4
08 1f B
=10 Y. 4
-15 1 1 1 1 3 I L L L L
A0 152 154 156 152 160 2 14 16 12 X a2 2
Time [msecs] Time [msecs]

The left image shows a clean IF signal corresponding to a 100 kHz input frequency, while the right image shows an
apparently "noisy" IF signal corresponding to an input frequency in the 1kHz range. Here, the superimposed "noise" is
actually a superposition of RF, LO and all kinds of mixing products.

If the instrument signals an overload condition, the simple cure is to manually decrease the codec capturing levels
by some 10%.

| Summary:

- With the new software release the standard VNWA can work down to 60 Hz.
- Replacing 12 capacitors enables the thus modified VNWA to operate down to 5Hz, thus enabling the VNWA to also

cover the full audio frequency range.
- No special settings are required for very low frequency coverage other than allowing sufficient measuring time.
- The Magi-Cal automatic calibrator reliably works down to 5Hz and probably below, as it is dc coupled.
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INTERFACING ZPLOTS

Dan, AC6LA, has written Zplots (http://ac6la.com/zplots.html), a wonderful Excel application,
that uses the power of the Excel charting engine to neatly plot and analyze S-parameters like the ones generated during

a VNWA measurement.

S N" RS IRT NENE- o NN R Baz-ilme=s -]
A) pate Dewtsten  frecte  Driges  Fowst Dftes Dsten festw 1 dgheiOF
2] - L
LoadDus | moiren | (] 20% s rees]  _nogend | Sy ar Pyt Poavierr Doonolt | Gewratnua |
[ =] . STRLIS2ITL vs Frequensy LA e | ()

JESSs s
fromr 51

s s 5
Hsaquancy 8tz

s
Stk e
MRT Bt e iy ot s
Ly ml assoespmner | [0
| frmmecy and et vt
| = Traremien Lre P

e Dt st St
soree

=1

s s

Many thanks to Dan for having modified ZPlots such that it can be easily integrated into the VNWA software.
The following interactions between VNWA and Zplotsare available:

- Zplots can be started or reactivated as external tool from within VNWA.
- Upon (re-)activation of Zplots through the tools menu, VNWA can automatically transfer measurement data to Zplots.
- Zplots can automatically poll for new measurement data, that VNWA can continuously provide after each completed

sweep.
| Configuring VNWA for interfacing Zplots:

1. Copy the latest version of Zplots to any directory of your choice. The Zplots package consists of two files, namely the
application Zplots.xls and the interface ZplotsLink.xlIs. Both files need to reside in the same directory.

2. In VNWA open the "Tools"-"Configure Tools" menu, activate an external tool, give it a descriptive name e.g. "AC6LA

plotting tool" and select "autowrite measurement data...
The "Argument" field should remain blank.

[=1Configure Tools
—Integrated Tool

v Matching Tacl

v Complex Calculator

—Estemal Taol 1

v M arne: IACELA plotting tool Paﬂ‘:\' | |
Argument: I ¥ Autowrite measurement data to tools directory into "default s2p"

r—External Tool

3. Next browse for the Zplots application by pressing the "Path" button.
»» » Note: You must select the interface file ZplotsLink.xls and open it.
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4. Close the "Configure Tools" menu. Observe, that your new Zplots tool is now visible in the VNWA "Tools" menu as

"AC6LA plotting tool".
[=IDGBSAQ - Yector Network Analyzer Software - |I:||1|
File Measure Settings | Tools Options Help
Matching Tool Ei
3dB/ Restore Unmatched <Dd§
Copy Display Data to S2P-Buffer
9dB/
Crystal Analyzer
3-Port Analyvzer
Complex Calculatar
Wirbual Keyboard
Configure Tools
i l
Start = 0.235 GHz Center = 435 MHz Stop = 0.635 GHz
Span = 400000 kHz
=
s a8 Continuous
| = ||Mem1 'l 7 521 dB Single Sweep
v

Selecting the just generated new tool menu "ACB6LA plotting tool" will open Zplots and transfer the current measurement
data to Zplots. If Zplots has previously been started already, only new data will be transfered:
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For more information on Zplots, please consult the author's documentation, e.g. on http://ac6la.com/zplots.html.
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REMOTE-CONTROLLING THE VNWA

For automated measurements the VNWA software can be remote-controlled via TCP/IP, Windows messages or via a
script file. Under normal conditions the remote control interface in VNWA is disabled. In order to enable it, the VNWA
software must be started with certain runtime arguments:

|  Starting VNWA for acting as a TCP/IP web server:

Syntax:

VNWA.exe -tcpip [port number] [-silent] [-debug]

[...]is an optional argument, multiple arguments must be separated with blank characters.

-tcpip [port number] activates the VNWA tcpip web servers listening to the optional port number and two subsequent
ports. If no port number is specified, the default port number 55555 is used.

-silent makes the VNWA main Window invisible. Note, that this will also hide the VNWA application
from the task bar and the task manager application tab.

-debug opens a debug Window (also in silent mode), where all incoming remote commands are being
listed.

-csweep opens VNWA immediately sweeping in continuous mode. Note: If -csweep is the first

command in the argument list, all subsequent commands will be ignored. This option can also be used without
the -tcpip option.

Example:

VNWA.exe -tcpip 54321 -debug

VNWA will be started as TCP/IP server listening to ports 54321, 54322 and 54323 with the main window and debug
window visible.

For details on the remote control interface see page Controlling the VNWA via TCP/IP.
| Starting VNWA for accepting Windows messaging commands:

Syntax:

VNWA .exe -remote -callback ownhandle ownmessage [-silent] [-debug]

[...]is an optional argument, multiple arguments must be separated with blank characters.

-remote activates the VNWA remote control interface

-callback allows to specify a handle and a message number which VNWA will use to return its own handle and
remote control message number and notify end of processing of a remote command via a Windows message.

-silent makes the VNWA main Window invisible. Note, that this will also hide the VNWA application from the
task bar and the task manager application tab.

-debug opens a debug Window (also in silent mode), where all incoming remote commands are being listed.
-csweep opens VNWA immediately sweeping in continuous mode. Note: If -csweep is the first command in

the argument list, all subsequent commands will be ignored. This option can also be used without the -remote
option.

Example:

VNWA.exe -remote -callback 2622836 1024 -debug

VNWA will be started in remote control mode with the main window and debug window visible. The ownhandle and
ownmessage parameters must be generated at runtime by the calling program and might change from program run to
program run.

Upon successful launch VNWA will send a Windows message back to the handle of the calling program passed to

VNWA (ownhandle). This message contains the handle of the VNWA application, the message number VNWA listens to,
and, in case of errors, an optional error code.
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For details on the remote control interface see page Controlling the VNWA by Windows Messages.
| Starting VNWA for processing a script file:

Syntax:

VNWA.exe filename.scr [-silent] [-debug]

[...] is an optional argument, multiple arguments must be separated with blank characters.

filename.scr is the name of the script file to be processed. Note, that the file ending MUST be .scr.

-silent makes the VNWA main Window invisible. Note, that this will also hide the VNWA application from the
task bar and the task manager application tab.

-debug opens a debug (also in silent mode) Window, where all processed commands and error messages are
being listed.

Example:

VNWA .exe test.scr -debug opens the VNWA main window and the debug window and executes the script file test.scr.

For details on the script file syntax see page Controlling the VNWA by a Script File.
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CONTROLLING THE VNWA VIA TCP/IP

Terms:

The SERVER is the software directly connected to the VNWA hardware via USB. It is running on the same machine that
the VNWA hardware is physically connected to. The server runs on Windows or inside a WINE environment on Linux.

The CLIENT is the software that is talking to the server and thus remote-controlling the VNWA. As communication is
achieved via TCP/IP, the server may reside on a different machine. Communication should even be possible through
wireless LAN or through the internet. The client can run on any platform.

| The VNWA TCP/IP Interface Architecture:

Note, that the VNWA TCP/IP interface actually consists of three independent servers with distinct port numbers. The
base port number PORT is either the default port 55555 or the user defined port number specified in the VNWA runtime
argument.

Server 1 at PORT:

This is the control server which receives remote control commands and returns error messages or status information.
Only one client is allowed to connect to this server at any given moment.

Commands are plain text ASCII text messages. Subsequent commands are separated by the NULL character (0x00).
Command syntax is explained below.

Server2 at PORT+1:

This is the data port which streams measurement data in real time to a data client as it is measured. Any number of data
clients are allowed to connect to this server simultaneously.

Port datagrams are plain ASCII text messages separated by the NULL character (0x00). For the structure of datagrams
see below.

Server3 at PORT+2:

This is the file exchange server which allows to upload files to or download files from the server machine. This is useful
to download measured files or to upload calibration files or instrument states.

The syntax will be detailed below.

Proofs of concept of this interface have been realized as virtual VNWA devices and are described on pages VNWA Data
Client (using only server 2) and VNWA RC Client (using all servers).
|  Launching the TCP Servers

There are several ways to start the TCP servers.

1. Upon program start using run-time arguments:
Launch VNWA using the runtime argument -tcpip, e.qg.

VNWA.exe -tcpip [base port number] [-debug]
This will launch all three servers. If the optional base port number (e.g. 54321) is omitted, Server 1 will use port 55555,
Server 2 will use port 55556 and Server 3 will use port 55557.
When the optional -debug option is used, an additional debug window will open together with the VNWA application,
that allows to monitor server traffic and switch servers off or on manually.

2. During run-time using keyboard short-cuts:

Operating the following keyboard short-cuts on the VNWA main window will switch the indicated servers on or off in a
toggle style:

ctrl+alt+s TCPIP data server 2 on/off
ctri+alt+t: TCPIP RC servers 1+2+3 on/off

The execution will be prompted on the bottom VNWA status line:
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Span = 59 MHz
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3. During run-time using the debug window:

The remote control debug window may also be launched manually via keyboard short-cut:

ctri+alt+r open RC debug window

There, the servers can be switched on or off by right-clicking the white list area and checking or un-checking the TCP/IP

server by clicking on the corresponding menu item:

[=] VNWA TCP/IP Servers at BAIER-PC (192.168.0.112), ports 55555,

X

Clear Screen

Open and run Script
Reload and run Script

Exit VNWA

Readfile = "dMestcal cal" Scripffile =
Writefile = "dMests1p"

Note, that in above screenshot, the top blue title bar indicates the server IP address and port numbers, which may be

useful information when connecting clients, particularly from different machines on the network.

Upon launching a server for the first time, the Windows firewall might ask for permission, which you must grant,

otherwise connectivity will be blocked by the firewall:

® windows-Sicherheitshinweis &

G Die Windows-Firewall hat einige Funktionen dieses Programms blockiert.

Einige Features von VNWA wurden in allen dffentlichen und privaten Netzwerken von der
Windows-Firewall blockiert.

- Name:
2 % Herausgeber: Unbekannt

Pfad: C:\moreprogs\vnwa_eval\vnwa.exe

Kommunikation von VNWA in diesen Netzwerken zulassen:
[w Private Netzwerke, beispielsweise Heim- oder Arbeitsplatznetzwerk

[ Offentliche Netzwerke, z. B. in Flughafen und Cafés (nicht empfohlen,
da diese Netzwerke oftmals gar nicht oder nur geringfiigig geschiitzt sind)

Welche Risiken bestehen beim Zulassen eines Programms durch eine Firewall?

‘rl Zugriff Zﬁssen | Abbrechen

| The VNWA TCP/IP Command Syntax (Server 1)
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Implemented VNWA network commands:

autosetupaudio <r> performs an autosetup of the VNWAZ2/3/3E/3SE audio devices. This will invalidate
the sample rate calibration which is normally no problem.

Parameter r determines if a subsequent sample rate calibration is performed (r=1) or not
(r=0).

caldir <direction> set calibration direction (if S-parameter test set available). Direction = forward /
reverse.

calsweep <calibration> do a calibration sweep. Calibration = Open, Short, Load, Crosstalk, Thru,
ThruMatch

exitVNWA terminates the VNWA software

frame <n> <sweeptype> sets the sweep frame data. n=number of data points, sweeptype=lin or
sweeptype=log sets a linear or logarithmic frequency grid.

hardware? Queries the hardware connected to the server.

installation_folder? Queries the remote installation folder path

vnwa_serial? Queries the VNWA serial, will return "none" if not licensed or not connected.
loadmastercal <cal-filename> load a calibration file as master-calibration

loadcal <cal-filename> load a calibration file

savecal <cal-filename> [comment] save a calibration file, optional comment string may contain blank characters
loadcalkit <calkit-filename> load a calibration kit file

timeperpoint <t> sets the measurement time per data point. The number t denotes the time per
data point in milliseconds (VNWA only)

range <start> <stop> sets the measurement frequency range. start=start frequency [Hz], stop=stop
frequency [Hz]

readsnp filename <n> <d> reads Touchstone data (n=1:s1p, n=2:s2p, n=3:s3p) to data space d (0=S21,
1=811,..., 7=Mem4)

runscript <filename> run a script file as described on page Controlling the VNWA by a Script File

setgrid <sweeptype> f1 g1 n1 [f2g2 n2] ... sets the frequency grid. sweeptype=LIN, LOG, LIST. fi,gi=start/stop
frequency ni=#points of segment i. For LIN/LOG there is only one frequency segment.

setTXpower <p> sets the TX DDS amplitude to p = 0...16383

sg <state> sets signal generator mode: state = on/off/disable

sg_lo <state> sets signal generator local oscillator: state = on/off

sg_tr <state> sets signal generator, thru/reflect switch: state = thru/reflect

sg_freq <frequency> sets signal generator: frequency in MHz

sg_mod <type> sets signal generator: modulation type = none, am, fm, pulse

sg_mod_freq <frequency> sets signal generator: modulation frequency in Hz

sg_mod_am_depth <depth> sets signal generator: am depth in %

sg_mod_fm_dev <deviation> sets signal generator: fm deviation in kHz

sg_atten <attenuation> sets signal generator: level attenuation in dB, allowed range -50dB...0dB
stop Immediately stop a running sweep

sweep [s11] [s21] [s12] [s22] starts a sweep for the specified data fields

writes1p <filename> <trace> writes measurement data of trace to an s1p Touchstone-file. trace can be any
of s11, s21, s12, s22

writes2p <filename> writes the full measurement data (s11, s21, s12 and s22) to an s2p Touchstone-file

write-cust-expr <expr.> <filename>  writes the result of the mathematical expression to an s1p Touchstone-file.
Custom trace Cust6 is used and thus overwritten.

magi-cal <standard> switch in Magi-Cal standard. Standard = open, short, load, thru
download-magi-cal-models download the calibration standard models from the connected magi-cal

WARNING: Blank characters in file names must be masked as %20 since blanks in command strings serve as
argument separators!

Example sequence and server responses:

client sends (explanation)
server answers

hardware? (check if and what hardware is online)
online 7 VNWASE (VNWASE online, capabilities 7, see below)
setgrid lin 1e6 2e6 3 (set linear frequency grid, 1...2MHz, 3 frequency points)

Error Code: 0 (no errors)

timeperpoint 4.5 (set time per frequency point to 4.5ms)
Error Code: 0 (no errors)

sweep S21 S11 (do a single S21 and S11 sweep. Note that calsweep behaves likewise)
Error Code: 0 (no errors)

(no communication during sweep)
sweep_complete (sweep is over, data available)

Page 488

Page 48



» » » Note:All commands are terminated by the NULL character (0x00).
» » » Note:Commands are not case sensitive.
v »» Note:Error code 0 means OK, all other error codes indicate that remote command has failed..
» » + Note:VNWA capabilities consist of 4 bits:
Bit 1: can measure S11
Bit 2: can measure S21
Bit 3: can measure S11 and S21 simultaneously
Bit 4: has automatic S-parameter testset
» » » Note:Client must read the server response BEFORE accessing another server.

| The VNWA TCP/IP Data Structure (Server 2)
Typical data stream of a linear sweep with 3 points from 1MHz to 2MHz:

sweep_start 3 1.000000E+006 2.000000E+006 1

data 0 1.000000E+006 9.999131E-001 -2.236229E-003 7.087993E-006 9.944799E-006 0.000000E+000
0.000000E+000 0.000000E+000 0.000000E+000

data 1 1.500000E+006 9.999723E-001 -3.267469E-003 7.562893E-005 -9.409467E-005 0.000000E+000
0.000000E+000 0.000000E+000 0.000000E+000

data 2 2.000000E+006 9.999005E-001 -4.436659E-003 5.288430E-005 -3.454693E-005 0.000000E+000
0.000000E+000 0.000000E+000 0.000000E+000

sweep_complete 0

» » » Note:All datagram lines are terminated by the NULL character (0x00).
Explanation;

sweep_start indicates beginning of sweep data, it also indicates the frequency grid. The numbers following
sweep_start denominate:

3 = total number of points

1e6 = start frequency

2e6 = stop frequency

1 =sweep type LIN (2=LOG, 3=LIST).

For the first sweep in a sweep sequence (S11, S21, S22, S12), the list of sub-sweeps is added to this number:
0x10 added => S11 will be measured

0x20 added => S21 will be measured

0x40 added => S22 will be measured

0x80 added => S12 will be measured

Depending on the capability of the VNWA one or two of the above properties will be measured per sub-sweep.
Note, that above example does not show a first sweep in a sweep sequence, thus the list of sub-sweeps is missing.
In case of a listed sweep, the total number of linear frequency segments follows, then the the linear frequency segments
follow in the following order: segment start, segment stop, #segment points.

data indicates a frequency point data line. Meaning of following numbers:

n = point number (here 0, 1, 2)

f = point frequeny (here 1MHz, 1.5MHz, 2MHz)

Re(S11), Im(S11), Re(S21), Im(S21), Re(S12), Im(S12), Re(S22), Im(S22)

sweep_complete <n> Indicates that the sub-sweep has completed and no more data will be transfered for the running
sub-sweep. The number n indicates what sub-sweeps are still to be expected. n=0 indicates that the last sub-sweep of
a sweep sequence has ended.

If the user stops a sweep before it is completed, the datagram sweep_stopped will acknowledge this. No more data
will be transfered after this for the current sweep.
» » » Note: The data server is unable to detect and notify a disconnect event from the client.

| The VNWA TCP/IP File Transfer Syntax (Server 3)

1. Obtaining remote directory list:

Command sent to server:

dir [filepath]+mask +NULL-Character

» »» Note: If no filepath is specified, then the working directory of the server software is assumed.
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Example:

dir c:\VNWA\* jpg
A file mask is mandatory. The string must be terminated by 0x00.

Answer from server:

A 128 byte header followed by the list of file names (NOT folders) in the selected directory. Note, that each file name is
terminated by a NULL character (0x00).

Header:

dir <n>, where n denotes the ASCII representation of the length of the file name list in bytes including the terminating
NULL-characters.

The header string is padded with NULL-characters to 128byte size.

2. Downloading a file from the remote server:

Command sent to server:

download [filepath]+name +NULL-Character
Example:

download c:\VNWA\test.jpg
The string must be terminated by 0x00.

» »» Note: If no filepath is specified, then the working directory of the server software is assumed.

Answer from server:

A 128 byte header followed by the binary byte stream of the file.

Header:

file <n>, where n denotes the ASCII representation of the length of the file in bytes EXCLUDING the 128byte header
size.

The header string is padded with NULL-characters to 128byte size.

3. Uploading a file to the remote server:

Command sent to server:

A 128 byte header followed by the byte stream of the file to be uploaded.

Header:

upload <n> [filepath]+name +NULL-Characters

n denotes the ASCII representation of the file size in bytes to be sent EXCLUDING the 128 byte header size.
The header must be padded at its end with NULL characters to 128 bytes size.

Example:

upload 51349 c:\VNWAI\test.jpg
The string must be padded with 0x00 at its end to 128 bytes size..

»»» Note: If no filepath is specified, then the working directory of the server software is assumed.

Answer from server:

NONE
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CONTROLLING THE VNWA BY WINDOWS MESSAGES

|  The Windows Message Interface:

Basic Concept of Windows Messages
The Windows command "PostMessage" allows to send a short message to any specific visible or invisile Window:

BOOL WINAPI PostMessage(
__in_opt HWND hWnd,

in  UINT Msg,

_in WPARAM wParam,
__in  LPARAM IParam

)i

Parameter description:

- hWnd is the window handle (or address) so the specific window can be reached.
- Msg is a uniqgue message number upon which VNWA is prepared react.
- wParam and IParam are two 4 byte integer constants, that can be sent to VNWA:
wParam is interpreted as VNWA command.
IParam is interpreted as an optional parameter for the VNWA command.

Implemented VNWA remote commands:

wParam: Command: IParam:

0 terminate VNWA n.a.

1 sweep bits:select 0:S21, 1:S11, 2:512, 3:522

2 load cal [rfile] n.a.

3 load mastercal [rfile] n.a.

4 write s2p [wfile] n.a.

5 write s1p [wfile] value:selects saved record: 0:S21, 1:S11, 2:S12, 3:S22

6 change rfile string 0: clear string

1...255: add char(lParam) to string
7 change wfile string 0: clear string
1...255: add char(lParam) to string

8 set start frequency start frequency [Hz]

9 set stop frequency stop frequency [Hz]

10 set number of points number of points

11 set time per data point time [microseconds]

12 set sweep mode 0: Lin, 1: Log

13 read and execute [rfile] script file (*)

14 set RF DDS frequency [Hz]

15 set LO DDS frequency [Hz]

16 set VNWA frequency [Hz] RF and LO DDS are being set simultaneously with IF
offset

17 set TX power Amplitude = 0...16383

18 continuous sweep bits:select Bit 0:S21, Bit 1:S11, Bit 2:512, Bit 3:5S22

19 stop continuous sweep 0: stop after sweep completion, 1: stop immediately

20 set calibration direction 0: forward, 1: reverse (if S-parameter test set available, otherwise
ignored)

21 calibration sweep 0: Short, 1: Open, 2: Load, 3: Crosstalk, 4: Thru, 5: Thru Match.
Add 16 to display request to connect cal standard.

22 read snp-file lower 4 bits:0x00...0x07 select S21, S11,...,Mem4; higher 4 bits:
1=s1p, 2=s2p, 3=s3p

23 read spec-file (spec tester window will open)

24 spec sweep bits:select 0:521, 1:S11, 2:512, 3:S22 (spec tester window will open,
timer will be deactivated)

25 spec result (return error code= 0: pass, 1: fail, 2: other error)

26 load instrument state [rfile] 0: ignore hardware settings, 1: also load hardware settings

27 save instrument state [rfile] 0: ignore memory spaces, 1: save memory spaces

28 save cal [wfile] n.a.

29 load cal kit [rfile] n.a.

255 echo (wParam & OxFFFF) | 0x10000 and IParam by PostMessage back to sender (for

debugging while software development)
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(*) For details on the script file syntax see page Controlling the VNWA by a Script File.

wfile is a write file name including path held inside the VNWA application while it is running. This is the file, where
measured S-parameters can be stored to. The filename can be modified via remote command 4.

rfile is a read file name including path held inside the VNWA application while it is running. This is the file, where a
calibration or mastercalibration is read from. The filename can be modified via remote command 5.

Return Message = Acknowledgement:

When VNWA is being launched for remote operation, it will send a Windows message back to the handle of the calling
program passed to VNWA (ownhandle). This message contains the handle of the VNWA application and the message
number VNWA listens to.

Also, every remote command sent to VNWA is acknowledged by a return message containing an error code.

WParam:

- If higher 16 bits of WParam are zero, then the message contains the VNWA remote handle = LParam. VNWA listens to
message code = WParam in this case.

- If higher 16 bits of WParam are NOT zero, then the return message contains an error code. The error code = higher 16
bit of WParam.

Error codes:

1:  No error

2: Script file error, non existent file error, non existent directory error
3. File access error (e.g. write-file blocked)

|  Software Implementation

The following Delphi/Pascal example code shows how to remotely start the VNWA software and remotely control it:

unit URemote;
interface

uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls, ShellAPI, Menus;

type
TForm1 = class(TForm)
BStartVNWA: TButton;
ListBox: TListBox;
EPath: TEdit;
ERuntimeArgument: TEdit;
BSendMessage: TButton;
ECommand: TEdit;
EParameter: TEdit;
Label1: TLabel;
Label2: TLabel;
PopupMenu1: TPopupMenu;
ClearScreen1: TMenultem;
Edit5: TEdit;
BSendWName: TButton;
Label3: TLabel;
Label4: TLabel;
Edit6: TEdit;
BSendRName: TButton;
procedure BStartVNWACIick(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure BSendMessageClick(Sender: TObject);
procedure ClearScreen1Click(Sender: TObject);
procedure BSendWNameClick(Sender: TObject);
procedure BSendRNameClick(Sender: TObject);
private
Private declarations
public
Public declarations
remotehandle: hwnd;
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WM_REMOTE: WORD;
procedure Receiver(var Msg: TMessage); message WM_USER,;
end;

var
Form1: TForm1;

implementation
$R *.dfm

procedure TForm1.BStartVNWACIick(Sender: TObject);
var path, argument: string;

begin
PostMessage(remotehandle, WM_REMOTE, 0, 0);  //try to terminate VNWA if it is still running
sleep(500); [lwait for VNWA to terminate

path:=EPath.Text;

argument:=ERuntimeArgument.Text;

ListBox.Clear;

ListBox.Addltem('ShellExecute return code = '+

inttostr(ShellExecute(Handle,'open’, PChar( Path),PChar( Argument), nil, SW_SHOWNORMAL)),nil );
end;

procedure TForm1.FormCreate(Sender: TObject);

begin

EPath.Text:='D:\VNWA\VNWA .exe';

ERuntimeArgument.Text:="-remote -silent -debug -callback '+inttostr(self.handle)+' '+inttostr(WM_USER);
end;

procedure TForm1.Receiver(var Msg: TMessage);
var cmd: integer;
begin
cmd:=Msg.WParam shr 16;
ListBox.Addltem('Message received LParam="+inttostr(Msg.LParam)+' W~Param="+inttostr(Msg.WParam),nil);
case cmd of
0: begin
WM_REMOTE:=Msg.WParam;
remotehandle:=Msg.LParam;
ListBox.Addltem('remote handle received',nil);
end;
1: begin
ListBox.Addltem('remote command executed successfully',nil);
end;
else ListBox.Addltem('remote command executed with ERROR! Error code ="
+inttostr(cmd-1),nil);
end;
end;

procedure TForm1.BSendMessageClick(Sender: TObject);

begin

PostMessage(remotehandle, WM_REMOTE, strtointf(ECommand.Text), strtoint(EParameter.Text));
end;

procedure TForm1.ClearScreen1Click(Sender: TObject);
begin

ListBox.Clear;

end;

procedure TForm1.BSendWNameClick(Sender: TObject);
var s: string;

i: integer;
begin
s:=Edit5.Text;
PostMessage(remotehandle, WM_REMOTE, 7, 0);
for i:=1 to length(s) do

PostMessage(remotehandle, WM_REMOTE, 7, byte(s[i]));

end;

procedure TForm1.BSendRNameClick(Sender: TObject);
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var s: string;

i integer;
begin
s:=Edit6.Text;
PostMessage(remotehandle, WM_REMOTE, 6, 0);
for i:=1 to length(s) do

PostMessage(remotehandle, WM_REMOTE, 6, byte(s[i]));

end;

end.
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CONTROLLING THE VNWA BY A SCRIPT FILE

|  The VNWA Script File Syntax:

Implemented VNWA script file commands:

; comment a line starting with ";" is interpreted as comment.

caldir <direction> set calibration direction (if S-parameter test set available). Direction = forward /
reverse.

calsweep <calibration> [nv] do a calibration sweep. Calibration = Open, Short, Load, Crosstalk, Thru,
ThruMatch. nv=non verbose

loadmastercal cal-filename load a calibration file as master-calibration

loadcal cal-filename load a calibration file

savecal cal-filename save a calibration file

loadcalkit calkit-filename load a calibration kit file

timeperpoint <t> sets the measurement time per data point. The number t denotes the time per
data point in milliseconds

range <start> <stop> sets the measurement frequency range. start=start frequency [Hz], stop=stop
frequency [Hz]

frame <n> <sweeptype> sets the sweep frame data. n=number of data points, sweeptype=lin or
sweeptype=log sets a linear or logarithmic frequency grid.

setTXpower <p> sets the TX DDS amplitude to p = 0...16383

sweep [s11] [s21] [s12] [s22] starts a sweep for the specified data fields

writes1p filename <trace> writes measurement data of trace to an s1p file. trace can be any of s11, s21, s12,
s22

writes2p filename writes the full measurement data (s11, s21, s12 and s22) to an s2p file
readsnp filename <n> <d> reads Touchstone data (n=1:s1p, n=2:s2p, n=3:s3p) to data space d (0=S21,
1=811,..., 7=Mem4)

exitVNWA terminates the VNWA software

» »» Note: VNWA is automatically terminated if an error occurs and the debug-option is not activated.

|  Script File Example:

file test.scr (this is a comment)
loadmastercal test.cal

range 1e6 100e6

frame 400 log

timeperpoint 10

sweep s11 s21

writes1p s11.s1p s11

writes2p s.s2p

Starting VNWA with the command VNWA.exe test.scr -debug will open the VNWA window and the debug or script
control window:

[=1¥NWa Script Control x|

Processing sonpt file best scr

processing command linel of 8 "file test sor (this is @ comment]”
proceszing command line? of 8 "loadmastercal test.cal
proceszing command line3 of 8 "range 1e6 1006 "

processing command lined of 8 “frame 400 log"

processing command lineb of 8 "imeperpaint 10"

processing command linek of 8 "sweep 311 521"

processing command line? of 8 Mwrites1p 211.21p 11"
proceszing command lined of 8 "witesZp s.52p"

Clear Screen

Open and run Scripk

Feadiile = "test.cal" el CERN CE®  Reload and run Script k
Wwiitefile = 'z.s2p" Exit WMWA

The script control window shows the progress of script execution and occuring errors.
Right-clicking onto the script control window will open the script control drop-down menu seen above. It allows to:
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- Clear Screen = clear the white message box

- Open and run a script file

- Reload (the previously opened) script file and run it (useful if the file has changed)
- Exit the VNWA application.
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VIRTUAL VNWA INSTRUMENTS

twork Analyzer Software - DG8SAQ licensed to Tom — |EI |ﬁ
‘ools | Options  Help
Sele trument *
elect Instrument v DGBSAQ VNWA | i

Operation Mode ~ * .
Add to / Remove from Select List * [E¥aRUNIT:Y

Setup o T
VNWA Data Client g
Screensaver i’ VNWA RC Client
Clear 4
Add Al
Presct " dnter = 15,015 MHz Remove Al
Span = 29.97 MHz
[vs21 dB Continuous
v| 811 Smith Single Sweep
tecalibrate Sampling Rate! i

The VNWA software includes three virtual VNWA instruments, that do not correspond to actual hardware, but either
simulate hardware or connect to other VNWA software instances via LAN/TCP:

VNWA Virtual Demo Device
VNWA Data Client
VNWA RC Client

These will be detailled in the following pages.
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VNWA VIRTUAL DEMO DEVICE

The virtual demo device acts like a hardware VNA controlled by the VNWA software, while it is pure software by itself.

It is particularly handy for users, who do not yet own a DG8SAQ VNWA and who want to explore handling of the VNWA

software.

It is also a good learning tool as it can simulate measurement results of various test objects, so the user can explore

before measuring actual hardware what to expect.

|  General:

After adding the VNWA Virtual Demo Device to the Select Instruments list, it can be selected there:

[=] DGBSAQ - Vector Network Analyzer Software - VNWA Virt

Fle Measure Settings Tools | Options Help

Select Instrument  *

DGBSAQ VNWA

<Fefl
10dB/ v VNWA Virtual Demo Device 0dE
Setup

Add to / Remove from Select List *

Screensaver b
Clear 4
Preset D

Start=1 MHz Center = 30.5 hHz Stop = 60 MHz
- Span =59 MHz
[s21 dB Continuous
| = | IMem 1 vl [¥ 211 Smith Single Sweep

R

A

After activation, the blue title bar shows VNWA Virtual Demo Device as shown above.

Now, the virtual VNA can be handled pretty much like a hardware VNWA.
The first thing is to do a setup via main menu "Options-Setup":

EH 1nstrument related Setup &

Device Identifier = "WhwWA Demo Dewvice" connected
Default Instrument Name = VMNWA Virual Demo Device

Defined in demo.dll (Version VE.B)

Instrument Name |\f’NWA\firtuaI Demo Device Default |

[v Demao Device Online

Here, we can change the instrument name and we can switch the virtual instrument on or off. Of course, we will not be

able to sweep if the instrument is switched off like if it was a real instrument.

And clearly, we cannot connect real test objects to a virtual VNA. Therefore, we need to select virtual test objects in

Setup on the Settings tab:
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EH Instrument related Setup

General Settings |

[+ Display WARNING when exceeding instrurment frequency range of
0 hkHz ... 10000 kHz

Instrument can measure Ireflel:t or thru
S-parameter test set |NDne
Add noise with lewel |NDne

Sirmulated DUT

Capacitar (one port)
Inductar (one port)

Length Crystal (reflection, one por)
Crystal (fransmission

norn. Characteristic mpedan

Pl el 1] 1]

: Transmission line (two porf) k
‘elocity Factar I0MHz Lowpass filker (two por) L
30Hz Bandpass filter (two paor) &
dc Resistance |0.04888 607 Ohmm kD= 012542

Skin Resistance ID.DDD‘IEZESBDB Ohrmyfrm sgrifHz) k1= ID.403833

dc Admittance I 0 Sim

Dielectric Loss Admittance |1 23BB43E-012 . SfmHz ke = ID.UUS?61

Termination Impedance 100 Ohm

IEieIden G262 (RG-RECL)
Transmission line data provided by Dan Maguire ACELA

|

Available virtual test objects:

Resistor

Resistor in transmission (two port)
Resistor shunt (two port)
Capacitor

Inductor

Crystal

Crystal in transmission

Arbitrarily terminated transmission line
Transmission line two port
30MHz Lowpass filter

30MHz Bandpass filter

Moreover, we can specify if the instrument can measure reflect and thru in a single sweep (like the VNWAGS3E) or reflect

or thru requiring two sweeps to measure reflect and thru (like the VNWA3).

Also, the presence of an S-parameter testset can be simulated.

Noise may be added to the simulated measurement to make the measurement look more real and to study the impact of

noise on the various measurements:
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EH 1nstrument related Setup

General Setlings |

v Display WARNING when exceeding instrument frequency range of
0 kdHz .. 10000 bAHz

Instrurnent can measure Irefled and thru simultane ously v|

S-parameter test set |Aut0 contral LI

Add noise with lewel

Sirnulated DUT

Resistance

Parasitic Inductance

according to

If a noise level "according to sweep time" is selected, then sweep time dependent noise is added like what happens for
areal VNA. Slower sweep speed corresponds with a narrower receiver bandwidth and thus with reduced noise power.
In this mode, the noise levels are similar to those of the VNWAS in the VHF range.

| Example 1: Crystal Resonator in Transmission

We select the default crystal model in transmission, i.e. the crystal is connected between virtual TX port and RX port.

EH Instrument related Setup

General

[v Display WARNING when exceeding instrument frequency range of
0 kdHz .. 10000 bdHz

Instrument can measure |ref|ect and thru simultaneously LI
S-pararmetertest set IAutD contral LI
Add naise with level [-70dB ~|
Simulated DUT |Crysta| (transmissian) LI

Series Resonance |127 hHz
Series Resistance |1n7 Ohm
R0 [foooooo— Ohm
Parallel Capacitance |47 pF

X

We measure the virtual crystal like it would be a real one:
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[=1 DGBSAQ - Vector Network Analyzer Sa — |EI|&
File Measure Settings Tools OCpfionz Help
! Fefl
<Fe
10dB/ 0dB
14 12.0000MHz  -0.84dB  0.09+ 0.03
29 12.0200MHz  -7011dE 1.00+0.00
Start= 11.95 MHz Center = 12 MHz Stop = 12.06 MHz
N Span =0.1 MHz
[V 521 dB I Continuous
| => ||Mem1 vl [¥ 211 Smith SwWEERING |
4

» »» Important: As our virtual VNA is ideal by coding, there is no need to calibrate it prior to measurement. We wouldn't

be able to connect calibration standards, anyway.

In our simulated measurement above we see the the series resonance (maximum marker 1) and the parallel resonance
(minimum marker 2) in the blue transmission trace. Near the parallel resonance we also see the impact of simulated

noise, which changes from sweep to sweep.

Note, that the red reflection trace does not show the reflection coefficient of the crystal alone, but it shows the reflection
coefficient of the crystal connected in series with the RX port impedance of 50 Ohms as would be the case for a real

measurement of this kind.

Like with a real hardware VNWA we can do single sweeps or sweep in continuous mode as above and we do see the

green sweep progress bar on the bottom.

Also, we can specify the sweep speed via main menu Settings-Sweep:

X

—Sweep Control

MNumber of Datapaints =

Measurement Time

rJ

Time per datapoint = 2.6 msecs
Sweeptime = 5.2 secs

—Sweep Progress Displa:

[v Progress Bar On

- Progress Bar Color

[ Progress Text On

And we have all tools of the VNWA software available for analyzing the measurement result like we would for a real

measurement.

Next, we use the crystal tool (main menu Tools-Crystal Analyzer) to extract the motional parameters of our simulated

crystal:
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l:.l Crystal Analyzer - Analysis will be performed into 3-port ¢

Equivalent Circuit L= 1326387 mH

N C= 1326195fF
o { ::j—c; R = [9.99812946052156 [Ohm v
s =

C - [396453780102857 |pF

F=12ayTC - [11993999963891 [MH: v
auto-optimize [| Rg-JIIC = |1000.07230319414 1000 w| Q= 100026
TransmissionTestJigImpedancesISD Ohrns

And indeed, above we extract the parameters that we have originally set as test object parameters. Note, that with a

transmission measurement we need to analyze S21.

We may inspect the match between simulated measurement and fit model by looking at 3-port memory space s_21

which is mis-used to hold the model fit:

il

File Measure Settings Tools Options Help

1
<Fefl

1008/ 0dB
108/

14 12.0000MHz  -0.83dB -0.83dB

29 120201MHz  -71.32dB  -79.94dB

Start= 11.95 MHz Center = 12 kHz Stop = 12.05 MHz
N Span =0.1 MHz

[vs21 dB Continuous

>| = ||Mem1 vl ¥ s_21 dB Single Sweep

[Trace 2 / Marker 1 12.0000MHz -0.83dB

VA

The match is perfect.

| Example 2: Terminated Transmission Line

As a second example, let's connect a poorly terminated 75 Ohms transmission line to the virtual VNA ...
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EH Instrument related Setup ﬁ

General Settings |

[+ Display WARNING when exceeding instrurment frequency range of
0 hkHz ... 10000 kHz

Instrument can measure Ireflel:t and thru simultaneously ﬂ
S-parameter test set |Aut0 contral LI
Add noise with level [-a0dE =]
Sirnulated DUT ITerminatedtransmission line {one paor) ﬂ

Length |1n7 m

norn. Characteristic mpedance I?‘Ei Ohrm

“elocity Factor 0.66

dc Resistance IDi Ohrnfm ki = lﬂi
Skin Resistance IDi Ohrmyfrm sgrifHz) k1= lﬂi
dc Admittance IDi Sim

Dielectric Loss Admittance IDi Sim Hz ke = lﬂi
Termination Impedance IBDi Ohm

|Ideal (lossless) 75 ohm LI

Transmission line data provided by Dan Maguire ACELA

and measure its reflectivity by pressing the sweep button on the VNWA main window:

[=] DGBSAQ - Vector Network Analyzer Soft - |El|ﬁ
File Measure Settings Tools Options Help
BdB/
<Fefl
-5dB
Start = 0 MHz Center = 100 MHz Stop = 200 kMHz
- Span = 200 MHz
[Vs11 dB Continuous
v| = | IMem 1 vl [ S11  Smith Single Sweep
A

In our simulated measurement above we see the effect of mismatch.

Note, that like a real VNA, the virtual VNA cannot measure down to OHz, thus the erroneous down spike.

But the following time domain analysis requires the OHz frequency grid point. The fact that it does not contain useful
data doesn't matter for this application.

Let's do a time domain analysis of our measurement result from above in terms of step response and impedance:
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x
Source for time domain transformation: || v
Time damain responselStep DFT LI
Mode ILowpass LI
Window Type IHamming LI

Impulse Fesponse |normalized toimpulse height LI

Start Time Stop Time Unit
-10 [150 fns =l

Myguistrange =-5120s .. 5 12Ds
DUT delays should be at most 50% of Myguist range!

“Yelocity Factar: 0.66 v g2

Length:  Start=-989 rm Stop=148m

ol

File Measure Settings Tools Options Help

BoB/ 1. 00ns=0nm £1.10ohm
20 47 6ns=47m 75.00ohm <Fefl
Sohrf 3 101.3hs=10m  BBS53ochm -E;Ea

ARAARAAA LAY
——

<Fef?
hlohm
Start = 0 MHz Center =100 MHz Stop = 200 kMHz
_ Start Time=-10ns Span = 200 MHz Stop Time= 150 ns
[V 311 dB Cantinuous
v| = | IMem 1 vl v timz |Z] Single Sweep
A

From our time analysis (red time trace above) we can read that we have a 50 Ohm VNA (negative times) with 10m
(marker 3) of 75 Ohms (marker 2) transmission line connected, that is terminated with 60 Ohms (beyond marker 3).
Note, that the numbers may not come out exactly as a transmission line may have loss and dispersion and we sweep

over a limited frequency range.

With this tool, you can easily study the impact of various settings and test object parameters on the simulated

measurement result and thus learn for real measurements.

Page 504

Page 50



VNWA DATA CLIENT

The data client device turns the VNWA software into a remote data viewer connected to the main VNWA software
instance (VNWA server) which is controlling a VNWA hardware unit (or a virtual VNA).

It serves as an additional graphics window. More than one data client may be run at the same time thus multiplying the
number of available graphics windows.

As communication is achieved via the VNWA TCP data interface, the data client need not run on the same computer as
the VNWA server. Only a LAN connection to the computer which runs the VNWA server is required. Thus, the data client
can also be used to remotely monitor measurements e.g. performed in an automated environment. Data clients may be
launched on the fly without interfering with impacting the server.

Each data client offers a full additional set of independent memory spaces, custom traces and data analysis tools.

A data client on the same computer may be easily launched in a preconfigured way via the Tools-Data Client menu. If
launched this way, a setup is neither necessary nor possible. Also, calibrating the client is neither necessary nor
possible, as it only displays incoming measurement data. Moreover, the main VNWA instance will automatically be
switched into server mode and the TCP connection will be established automatically.

When a data client is launched manually, a corresponding server must be started as well and both must be connected
manually. These procedures are described in the following.

|  General:
1. Launching Client

A second instance of the VNWA software different from the one controlling the VNWA hardware must be started from a
directory different from the main installation folder. Either create a separate VNWA installation in a different folder or
manually copy the installation folder to a separate folder. Hardware setup may be omitted there.

In this second VNWA software instance, which we will call client, we can select the virtual data client device via the
Options-Select Instruments menu after we have added it to the select-instruments-list via the same menu:

[=1 DGBSAQ - Vector Network Analyzer Software - - |EI|&
Fle Measure Settings Tools | Options Help
Select Instrument  * DGBSAD VNWA
10dB¢ v VNWA Data Client
Setup

Add to / Remove from Select List *

Screensaver
Clear 4
Preset U

2. Launching Server:

Next we start the VNWA software from the main installation folder and launch the corresponding data server that the
data client is supposed to listen to. Make sure, the client instance is NOT in VNWA mode to avoid simultaneous
hardware access of two instances.

The possible ways to start a data server are described on page Controlling the VNWA via TCP/IP.

The simplest way is to use the keyboard combination ctri+alt+s in the VNWA main instance which is controlling the
VNWA hardware in order to switch the data server on.

Success will be prompted in the bottom status line:
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[=1 DGBSAQ - Vector Network Analyzer Software - DG8S _ ||:||ﬁ
File Measure Settings Tools Options Help

<Refl
10dB/ 0dB
Cal

Start = 0.03 MHz Center=50.015 kMHz Stop = 100 MHz

N Span = 99.97 MHz
T At =0dB [v 521 dB M
[sa1 =] = ||Mem1 ~| #3511 Smith Singla Sweep
|TCP/IP data server running I y

3. Connecting the Client to the Server:

In the VNWA client instance open main menu Options-Setup. The client will initially be disconnected as we have started
the server after the client:

EH Instrument related Setup ﬁ

Device Identifier = "DGESAQ WNWA Data Client" YMWA offline or server not found
Default Instrurnent Name = WNWA Data Client
Defined inWMws,_clientdll  “ersion 1.2

Default |
Hast Name [127.001 Connedl

Part |55555

Instrument Mame

After entering the host name or host IP address of the server computer and the base port number (default it 55555) we
can connect the client by pressing the connect-button:

EH instrument related Setup ﬁ

Dewvice ldentifier = "DGESAQ WMNWA Data Client" connected
Default Instrurnent Name = WhNWA Data Client
Defined in WMwha,_clientdll  “ersion 1.2

Instrument MName IVNWA Data Client Default |

Hast Name [127.001

Fort |55555

Now, the client is ready to receive measurement data from the server.

» » » Note: The default IP address 127.0.0.1 corresponds to the local computer running the client. This is address valid
for any computer. If the client is to be connected to a remote computer, use the proper IP address or computer name of
the remote computer.

v+ » Note: Note, that the client will memorize these settings and, when the server will be started before the client in
future, the client will automatically connect to the server upon client start.

| Example 1: Capturing a single sweep sequence

When we press the Single Sweep button of the client, the client will wait for a measurement sequence from the server.
As soon as we start a sweep on the server, the measurement data will also show in real time on the client:
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[=] DGBSAQ - Vector Network Analyzer Software - DG8SAQ _ ||:||&

File Measure Settings Tools OCptions Help

1008/ (DRdEB”
Cal

Start = 0.03 MHz Center=50.015 MHz Stop = 100 MHz
Span = 99.97 kHz

'=I':<Att.=DdEl [vs21 dB Canfinuous |
[s21 ] = |[Memt ¥] 811 Smi | Sweepiﬁg_
I

=T

File Measure Setfings Tools Oplions  Help

5

Start = 0.03 MHz Center=50.015 MHz Stop = 100 MHz
Span = 99.97 MHz

=¥

[v 821 dB Continuous |
[s21 ] = |[mem1 x| 811 Smi | sweeping
I

4

B

<Refl

10dE/ 0B

So, with the data client we have an extra display window where we can use marker settings and display settings
different from the server window. In standard transfer mode, the frequency axes of the two must be identical, though
(apart from box zooms).

The second example shows how to overcome this restriction.

| Example 2: Displaying measurement data with different frequency axis

We may configure the data client to receive data into the extended functionality Plot memory spaces instead of the
default Sij measurement memory spaces via the client Settings-Sweep menu:

x

~Feceived Data Processing

[v Progress Bar On - Progress Bar Colar

[ Progress Text On

While the client will automatically adapt to the server frequency grid when receiving data into the default Sij memory
spaces, we are free to specify any server frequency grid when using Plot data spaces.

Here, the server sweeps a linear frequency grid, but the client displays the data on a logarithmic frequency axis:

Page 507

Page 50



[=] DGBSAQ - Vector Network Analyzer S

File Measure Setings Tools Oplions Help

10dB/

Cal

<Fefl
0dB

- Span = 99.97 MHz

Start = 0.03 MHz Center =50.015 MHz Stop = 100 MHz

TRAf =0dB [vs21 dB I Continuous

SYEEIN |

[s21 ] = |[Memt ¥] 811 Smih
|

[=] DGBSAQ - Vector Network Analyzer Software - VNWA Dai

File Measure Settings Tools OCptions Help

3
¢ v 3

10dB/ 14 4 F7amHz -0.35dE -0.03+ 0,18
2<=1: 300dB  -3.35dB -0.16+i 063
32 437MHz  -335dB 0.11-0
4 4.71MHz

A

A

<Refl
0dBE

Start=0.01 MHz Log Frequency Sweep Stop = 200 MHz

[v Plaotl dB I Continuous
¥| = ||Mem1 vl [v Plat2 Smith sweeping |

v

Note, that the user may select any start and stop frequency in this case.

v +» Important: You must use the Enforce Sweep feature on the client to make the client sweep while neither showing

an S11 nor S21 data field:

[=] DGBSAQ - Vector Network Analyzer Software - VNWA Da
File | Measure Settings Tools OCpfiorns  Help
Cirection » | 2 3 3

IBLIEH  Enforce Sweep 4

Calbrate C
S-Parameters r
Power Sweep  Aft+P

RS

<Fefl
0dBe

If not used, the error message "nothing to sweep" will occur as VNWA normally only sweeps what is being displayed

unless explicitely enforced.
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VNWA RC CLIENT

The VNWA RC Client was created as proof-of-concept for the VNWA TCP interface.
The RC Client allows to remote-control a VNWA installation running on any remote computer connected to the network.
Like the VNWA data client it will receive and display measurement data in real time.

The virtual VNWA RC Client instrument can be selected via the Options-Select Instruments menu after having added it
to the select-instruments-list via the same menu:

il

Fle Measure Settings Tools | Options Help

Select Instrument  * DGESAQ VNWA

10dB/ VNWA Data Client

seup EAI e S

Screensaver g Add to / Remove from Select List *»
Clear L4 I

After having started a VNWA server instance e.g. on a remote computer as described on page Controlling the VNWA via
TCP/IP, connect the RC client via its Options-Setup menu ...

EH Instrument related Setup ﬁ

Device |dentifier = "DGESAQ WINWA Remote Contral Client" connected
Default Instrurnent Name = WIWA RC Client
Defined in VMW _RC clientdll  “ersion v1.3

Instrument Name |VNWA RC Client Default |

Hast Name [132.168.0112

Part |55555

YNWAJ {(online)

... by entering the remote IP address or host name, entering the appropriate base port number of the remote server and
pressing the connect button.

The green connected label top right indicates that the RC client is connected to the remote server.
The blue VNWAS3 (online) label bottom left indicates that the remote server is connected to a VNWAS and that the
VNWA hardware is online.

Now, the RC client is ready to control the remote server. Pressing the RC client Single Sweep or Continuous button will
make the server sweep and send measurement data back to the RC client:

Page 509

Page 50



=T

File Measure Settings Tools Cplions Help

<Refl

10dB/ 0dE

Cal
Start = 0.03 MHz Log Frequency Sweep Stop = 100 MHz

=% :
TH AL =0dB [vs21 dB Cantinuous |
LI =» | IMem 1 LI I sweeping

521
4
[=1 DGBSAQ - Vector Network Analyzer Software - VNWA RC - |EI|&
File Measure Settings Tools ©Cptions Help
10dB/ B
Start = 0.03 MHz Log Frequency Sweep Stop = 100 MHz

=>
[v 821 dB I Cuntirﬁuus
=3 ||Mem1 vl [v 511 Smith swEsping |

A

Note, that the server display changes while sweeping. It will only show the trace of the running sweep.
The instrument calibration can either be performed on the remote server or on the client. But normally calibrating on the

server makes more sense as one needs access to the VNWA instrument connected to the server in order to connect the
calibration standards.

Also note, that changing the frequency grid on the client will automatically change the frequency grid on the server, too.
This may invalidate the server calibration and may require a fresh calibration on the server.
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BINARY S-PARAMETER FILE FORMAT

In order to make data logging more efficient and to cut down on disk usage, a new efficient binary storage format for
S-parameters has been introduced with software version VNWA35.8.v. This format can be used alternatively to the
standard Touchstone format.

| Binary file format description, format version 2:

All numbers are stored according to Intel format with lowest significant byte first.
All floating point numbers are 4 byte, i.e. single precision if not otherwise stated.

Byte 0..2: File identifier "VNA"

Byte 3: Format version (currently 2)

Byte 4: Stored record(s): 1=S21; 2=S11; 3=S12; 4=S22; 5..8=Mem1...4; 200=all Sijj
Byte 5: Sweep type: 1=Linear; 2=Logarithmic; 3=Listed Sweep

Byte 6..7 Number of frequency points (two byte unsigned integer)

Byte 8..11 4 byte floating point: VNWA temperature during measurement in degrees Celsius (VNWAS3 only)
Byte 12..15 reserved

Byte 16..23 Double precision floating point number = date and time when data has been stored, measured in days that

have passed since 12/30/1899 (=TDateTime format), same time as used in logged file names.
Byte 24...
If Sweep type Linear or Logarithmic:

Start frequency [Hz] (8 bytes floating point for format version 2 or 4byte floating point for format version 1, see byte 3)
Stop frequency [Hz] (8 bytes floating point for format version 2 or 4byte floating point for format version 1, see byte 3)

If Listed Sweep: (subject to change)

List of all frequency points [Hz] (#frequency points * 8 bytes floating point for format version 2 or 4byte floating point for

format version 1, see byte 3)
Data:
Data points in format real/imag: (4 bytes/4bytes)*#frequency points*#records, all single precision floating point.
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USER DATA POSTPROCESSING

From VNWA version 35.9.7 onwards, the VNWA software offers a user programming interface which allows the user
to automatically process measured sweep data after completion of each full sweep cycle. The interface is
accomplished by a user definable Windows dynamic link library file (dil). VNWA creates a local copy of the just
measured sweep data, launches a lower priority parallel thread, inside which it passes the sweep data to a function
inside a user definable dynamic link library. While the user function processes the sweep data inside a thread, VNWA
may already measure the next sweep in parallel.

» »» Important: In continuous sweep mode, care must be taken that the external data processing time inside the user dll
does NOT exceed the sweep time. Otherwise, unfinished data processing threads will accumulate and the system will
eventually crash when it runs out of memory. Also, make sure to design your dll thread-safe.

|  Setup and Activation

The user postprocessing feature is activated in the "Misc. Settings" tab of the VNWA Setup.

First, a user dll must be defined. This can conveniently be done by pressing the browse-button (see mouse pointer
in below screenshot).

After selecting a dll-file (*.dll), the file will be copied to the VNWA program directory and the file name will be displayed in
the edit field next to the browse-button.

Alternatively, the dll may be copied manually to the VNWA program directory and its name may be entered manually into
the edit field.

[=4PC and Instrument Hardware Related Setup " x|
Interface Type | USE Settings | Audio Settings | Audio Level | Aux Audio Level | Instrument Settings  Misc. Settings

rDefault Master Calibration File Mame

|VNWA_M agtercal.cal Browse and Load b aster Cal. |

—D'ata Lagging and User Postprocessing Optian:
|data logging OFF jlbinar}l j Saveto |D:\ Browse |

User DLLIuserdII. dll Browse [\'!

» » » Note: Said edit field and browse-button will be disabled, as soon as postprocessing is being switched on.

Postprocessing is activated by selecting the data which is to be passed to the user dll:

[=4PC and Instrument Hardware Related Setup x|
Interface T_l,lpel UsSE Settingsl Audio Settingsl Audio Levell Aux. Audio Level | Instrument Settings  Misc. Settings I
rDefault Master Calibration File Mame

|VNWA_M astercal.cal Browse and Load b aster Cal. |

—D'ata Lagging and User Postprocessing Option:

|sa\re S21to jlbinary j Save to |D:\ Browse |
UserDLLIuserdII.dII Browse |

i —Debug Setting
pasz 511 to .. h entering setup [~ wirite audio data to file
512 o .
E:zz 520 tE Iy [zave CPU time] I do not nomalize to reference channel
e SI o 10 secs [defaul] vI I deactivate RF DDS
show sweep statistics I [™ deactivate LO DDS
I~ slow down LPT (LPT mode arll]
—Signal Generator Ingtrument M onitorig
RF Frequency Frequency Offset LO - RF Instrument T emperature = 28.5 Deg. Celsiuz
+hd | +k | + I 7 . X
emperature offzet cormection value = ID.S Deg. Celsiuz
[5 [MHz x| |0.0012 |MHz x|
M| K . I

4

Above selection will load the user dll into VNWA. If loading is not successful (wrong or corrupted dll), then
postprocessing will immediately be switched off and the dIl will be unloaded again.
Select another dll in this case.

» »» Note: If settings are valid, the user dll will be reloaded automatically at every VNWA program start.
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|  Main Window Feature
Activated postprocessing is being indicated in the VNWA main window:

[=DGBSAD - Yector Network Analyzer Software - D3 =101 x|

File Measure Settings Tools Options Help

PostProcessing activated #Threads=0|
<Ref
108/ . I\ 0cB

As accumulation of unfinished postprocessing threads is dangerous, the number of currently running postprocessing
threads is being displayed (see red label, zero in above screenshot).

|  Interface Definition

The user dil must provide the following function interfaces shown in Pascal language:

| procedure Init; export; cdecl;

Init is called automatically, right after VNWA has loaded the user dll. Allocate your resources here.
| procedure Close; export; cdecl;

Close is called just before VNWA unloads the user dll. Make sure to release all allocated resources (files, memory)
here.

procedure Process(FData: TDoubleArray; SType: Integer; SData: TComplexArray;
Len: integer; Rec: integer; tm: TDateTime; temp: Double);
export; cdecl;

Process is called after every completed sweep cycle. Here you do your data processing.

Parameters of function Process:

FData: Array of frequency data (=pointer to double precision floating point values)

Depending on the VNWA sweep mode, the length and contents of this array varies:

Linear or Log Sweep: FData is of length 2 and contains the sweep start and stop frequency

Listed Sweep: The length of FData is equivalent to the number of frequency points. FData contains the
frequencies for every single frequency point.

SType: Integer value indicating the VNWA sweep mode.
1: Linear sweep

2: Log Sweep

3: Listed Sweep

SData: Array of sweep data (=pointer to double precision floating point values)

Starting at the first frequency point the array contains the sweep data in the following order: real1,imag1,real2,imag2...
Depending on postprocessing mode the length of SData varies:

- if only one record (e.g. S11) is being passed, then SData contains 2 x # data points real numbers.

- if all records (Sij) are being passed, then SData contains 4 x 2 x # data points real numbers.

Then the order of records is S21, S11, S12, S22.

Len: Integer value indicating the number of frequency points.
Rec: Integer value indicating which data is being passed:

1: S21

2: 811

3: 812

4: 822

5: all (521,811,812 and S22)

tm: double precision floating point value indicating the system time at which the sweep was terminated,
measured in days that have passed since 12/30/1899 (=TDateTime format)

temp: double precision floating point value indicating the VNWA temperature at which the sweep was performed in
degrees Celsius.

v+ » Note: The interface has been defined using the C-language calling convention in order to simplify interfacing to
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dlls writen in C language. Use calling convention cdecl when coding in Pascal. Also, the functions must be declared
with a leading underscore in Pascal-code for C-language compatibility, e.g. the function Init will show as _Init in
Pascal-code.

| Programming Examples

A Pascal/Delphi code example can be found here.
A C++ code example can be found here.
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PASCAL/DELPHI USERDLL EXAMPLE

The following Pascal code defines a simple example dll with name userdll.dll:

library UserDLL;

uses
Windows,
SysUtils,
Classes;

type
TDoubleArray= array of double;
TComplex = Record
R : double;
| : double;
end;
TComplexArray= array of TComplex;

$R *.res

procedure _Init; export; cdecl;

begin

FreeConsole;

AllocConsole;

writeln('UserDLL function "Init" called.");
end;

procedure _Close; export; cdecl;
begin

FreeConsole;

end;

procedure _Process(FData: TDoubleArray; SType: Integer; SData: TComplexArray;
Len: integer; Rec: integer; tm: TDateTime; temp: Double);
export; cdecl;

begin

writeln('UserDLL function "Process" called.");

writeln(' Start Freq = ',FData[0]);

writeln(' Stop Freq =',FData[1]);

writeln(" Temp = ",temp);

end;

exports _Init;

exports _Close;

exports _Process;

begin

end.

»»» Note: The leading underscores in above procedure declarations (e.g. _Init instead of Init) are required for
C-language compatibility.

The procedure Init initializes a console window and writes a short message to it.

The procedure Process writes some of the passed data to the console.

The procedure Close releases the console again.

After loading the user dll into VNWA, the console window opens as defined in function init:
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UserDLL function “"Init" called.

UserDLL function "Process' called.
Start Freq = 1.068500000000RAE+AAA7
Stop Freq = 1.A715000000RARAE+BOA7
Temp = 3.17900AR0ABAEEAE +A0A1

UserDLL function "Process' called.
Start Freq = 1.068500000000RAE+AAA7
Stop Freq = 1.A715000000RARAE+BOA7
Temp = 3.197000000ABAEARE +A0@1

Init only writes the first line. After each sweep an additional message from the function Process is being written to the
console as seen above.
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BORLAND C++ BUILDER USERDLL EXAMPLE

The following Borland C-code defines a simple example dIl with name userdll.dll:

/I Example UserDLL for VNWA by DG8SAQ and MOPUB
/I Written with Borland C++ 6.0 Personal
// March 8th, 2011

#include <windows.h>
#include <stdio.h>

HANDLE ho; //console handle

/I User Function 'Init'

// will be called when UserDLL is being loaded
extern "C" __declspec(dllexport)

void Init (void)

char *string = "UserDLL function Init called.";
DWORD d;

Il release current console if any

FreeConsole();

/I create new console

AllocConsole();

/I get console output handle

ho = GetStdHandle(STD_OUTPUT_HANDLE);

/I output string

WriteConsole(ho, string, Istrlen(string),&d, NULL);

}

/I User Function 'Close’

/I will be called when UserDLL is being unloaded
extern "C" __declspec(dllexport)

void Close (void)

{

/I close console output handle

CloseHandle(ho);

/l release console

FreeConsole();

}

/I User Function 'Process’
/I will be called after every complete sweep cycle, if postprocessing is activated
I
/I Pascal declaration for comparison
/I procedure _Process(FData: TDoubleArray; SType: Integer; SData: TComplexArray;
I Len: integer; Rec: integer; tm: TDateTime; temp: Double);
1l export; cdecl;
/I Note that the C-code doesn't require the underscore in front of the function name
extern "C" __declspec(dllexport)
void Process (double *FData, int SType, double *SData, int Len,
int what, double tm, double temp)

{

char string[50];
char sfloat[25];
DWORD d;

strepy(string, "UserDLL function Process called.");
WriteConsole(ho, string, Istrlen(string),&d, NULL);
strepy(string, " Start Frequency = ");

sprintf (sfloat, "%.*f", 10, FData[0]);

strcat(string, sfloat);

strcat(string, "");

WriteConsole(ho, string, Istrlen(string),&d, NULL);
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strcpy(string, " Stop Frequency =");

sprintf (sfloat, "%.*f", 10, FData[1]);

strcat(string, sfloat);

strcat(string, "");

WriteConsole(ho, string, Istrlen(string),&d, NULL);

}

The procedure Init initializes a console window and writes a short message to it.
The procedure Process writes some of the passed data to the console.
The procedure Close releases the console again.

After loading the user dll into VNWA, the console window opens as defined in function init:

(=] D:\VNWA\VNWA3.0\VNWA.exe

UserDLL function Init called.
UserDLL function Process called.
Start Frequency = 1000000.0000000000

Stop Frequency = 1300000000.0000000000
UserDLL function Process called.

Start Frequency = 1000000.0000000000

Stop Frequency = 1300000000.0000000000

Init only writes the first line. After each sweep an additional message from the function Process is being written to the

console as seen above.
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MS VISUAL C++ USERDLL EXAMPLE

The following Microsoft Visual C++-code defines a simple example dll with name userdll.dll:

/I Example 'User Processing' DLL for use with VNWA.EXE by MOPUB
#define WIN32_LEAN_AND_MEAN /I Exclude rarely-used definitions from Windows headers

/I Windows Header Files:
#include <windows.h>
#include <math.h>
#include <cstdio>
#include <assert.h>

/I DLL entry point - called when DLL is loaded and unloaded. Also when the system starts or terminates a process or

thread,

/l'it calls DlIMain() for each loaded DLL using the first thread of the process.

/I *** Warning *** Be careful what you do in this routine. Generally better to perform
/l'initialisation elsewhere.

BOOL APIENTRY DIIMain( HANDLE hModule,
DWORD ul_reason_for_call,
LPVOID IpReserved
)
{

}
HANDLE ho; //console handle

return TRUE;

/I User Function 'Init'

/I Will be called when this DLL is loaded by VNWA.EXE, and is a better place to perform initialisation

/Il than DIlIMain()

/I Note: Visual C++ Express 2008 does not automatically prefix 'extern "C" __declspec" functions with an
/I underscore, so we explicitly add one to the function name for this build environment

extern "C" __declspec(dllexport)
void _Init (void)

{
char *string = "UserDLL function Init called.";
DWORD d;
/ release current console if any
FreeConsole();
/I create new console
AllocConsole();
/I get console output handle
ho = GetStdHandle(STD_OUTPUT_HANDLE);
/I output string
WriteConsole(ho, string, Istrlen(string),&d, NULL);
}

/I User Function 'Close'

/I Will be called when UserDLL is being unloaded by VNWA.EXE

/I Note: Visual C++ Express 2008 does not automatically prefix 'extern "C" __declspec" functions with an
/I underscore, so we explicitly add one to the function name for this build environment

extern "C" __declspec(dllexport)
void _Close (void)

{
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/I close console output handle
CloseHandle(ho);

/l release console
FreeConsole();

}

/I User Function 'Process’

// will be called after every complete sweep cycle, if postprocessing is activated

1l

/| Pascal declaration:

/I procedure(FData: Pointer;SType: Integer;SData: Pointer; Len: integer;

1l what: integer; tm: TDateTime; temp: Double); cdecl;

1l

/I Note: Visual C++ Express 2008 does not automatically prefix 'extern "C" __declspec" functions with an
/I underscore, so we explicitly add one to the function name for this build environment

extern "C" __declspec(dllexport)
void _Process (double *FData, int SType, double *SData, int Len,
int what, double tm, double temp)

{
char string[50];
char sfloat[25];
DWORD d;
strepy(string, "UserDLL function Process called.");
WriteConsole(ho, string, Istrlen(string),&d, NULL);
strcpy(string, "Start Frequency = ");
sprintf (sfloat, "%.*f", 10, FData[0]);
strcat(string, sfloat);
strcat(string, "");
WriteConsole(ho, string, Istrlen(string),&d, NULL);
strepy(string, "Stop Frequency =");
sprintf (sfloat, "%.*f", 10, FData[1]);
strcat(string, sfloat);
strcat(string, "");
WriteConsole(ho, string, Istrlen(string),&d, NULL);
}

»»» Note: In contrast to Borland C++, underscores in front of the function names are required here!
The procedure Init initializes a console window and writes a short message to it.

The procedure Process writes some of the passed data to the console.

The procedure Close releases the console again.

After loading the user dll into VNWA, the console window opens as defined in function init:

(=] D:\VNWA\VNWA3.0\VNWA.exe

UserDLL function Init called.
UserDLL function Process called.
Start Frequency = 1000000.0000000000

Stop Frequency = 1300000000.0000000000
UserDLL function Process called.

Start Frequency = 1000000.0000000000

Stop Frequency = 1300000000.0000000000

Init only writes the first line. After each sweep an additional message from the function Process is being written to the
console as seen above.
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OPTIMIZING USB TRAFFIC FOR MODULATOR USE

|  Tutorial about how to use USBView.exe and Connection Optimization for VNWA.
by Kurt Poulsen OZ70U

It has been discovered that certain VNWA functions (particularly the signal generator AM and FM modulator) can be
interfered, pending which USB port on the computer the VNWA is connected to, when other USB devices, like an
external Keyboard or e.g. an USB Mouse also is connected to another USB Port than the VNWA. It is in particular
important for VNWAS3, which has added functions compared to VNWA2, but VNWA2 might also be interfered.

To find out, when such interference happen, the free USBView.exe is a very helpful application.

Search with Google for Microsoft USBView.exe or use the link provided here.

Use http://www.ftdichip.com/Support/Utilities.htm and then look for "Microsoft USBView - USB Connection Viewer" to be
download as a zip file.

When using USBView, remember to enable in "Options" the "Auto Refresh", otherwise you have to press F5 to update
the reading of the USB System.

Investigation:

A small 10 inch laptop has been used for the demonstration, provided with three USB ports, One on the left side called
USB A, and two on the right side called USB B and USB C.

Preface:

| will be shown that connecting e.g. the VNWAS3 and an external USB device, like an external keyboard, to USB B and C
, the modulation for the Signal Generator is modulated by the scanning of the keyboard, such that the modulation has a
"stuttering” sound. Whereas, if the VNWAS is connected to USB A, this "interference" is not present. The conclusion
drawn is that if the VNWAS3 (and probably also VNWA2) when sharing a USB Universal Host Controller (a RootHub,)
with another USB device, performance is likely to be influenced, pending the intensity of the "foreign device" data/traffic.
To play it the safe way, test with USBView.exe how the VNWA can be solely serviced by a USB Universal Host
Controller not shared. For a PC with three USB ports it is possible to find which the USB Port which never will share, but
for a PC with e.g 4 USB Ports there is most likely two USB Universal Host Controller, each with two ports, which is
servicing the 4 USB Ports, and thus two combinations will cause trouble.

However it shall be demonstrated in the following, how an External HUB can solve the problem on old PC's not having
more than 2 USB ports and those USB ports serviced by the same USB Universal Host Controller.

Demonstration of above statements:
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Running USBView without any devices connected to USB A, B or C is shown below.

I USB View
File Options Help

EEX

=0 | My Computer

=« Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27C8
= % RootHub
2 [Poit1] NoDeviceConnected €= 3:: :B;
«2 [Poit2) NoDeviceCornected 4=
% |ntel[R) 828016 (ICHT Family) USE Universal Host Controller - 27C9
= &= RootHub
2+ [Port1] MoDeviceConnected
+Z [Port2) NoDeviceConnected
=« |ntel(R] 82801G (ICHT Famiy) USE Uriversal Host Contloltg 27C4
= b RootHub
“Z [Paort1] NeDeviceConnected
= [Port2] NoDeviceConnected
% Intel(R) 52801G (ICH7 Family) USB Universal Host Contraller - 27CB
= 2 RootHub
+Z [Port1] NoDeviceConnected
2 [Port2] NoDeviceConnected

= B2 RootHub

= % IntelR) 828016 (ICH7 Faniy) UISB2 Erhanced Host Cortroller - 27CC il

My Computer

1111

[Port1] NoDeviceConnected
[Port2] NoDeviceConnected [ 7" O

Internal USB Devices |

[Pant3] NaDeviceConnected
[Portd] NoDeviceConnected

Bbd b bbb

[Porit6] NoDeviceConnected
% [Port?] DeviceConnected : USE-sammensat enhed
=% [Poit8] DeviceConnected : Realtek Card Reader(015

Devices Connected: 3 Hubs Connected: 0

[Port5) DeviceConnected . Toshiba F3507g Mobile Brgadband Device

It will in the following be shown that USB A is serviced by USB Host Controller 27C9 port1, and that USB B and C both

are serviced by USB Host Controller27C8, the USB B by port1 and USB C by port2. In the bottom status line is
indicated 3 Devices Connected, and the blue arrows indicates these devices are some Laptop build in USB devices,

thus 0 Hubs connected, as no external devices connected. Note that the USB2 Enhanced Host Controller 27CC has 8

ports. All other has two ports.

Below is shown the situation where VNWAS is connected to USB A serviced by 27C9 USB Universal Host Controller,
occupying port1, 2 and 3 of the associated RootHub on port1 where the VNWA USB-hub now is connected.

USB View
File Options Help

= e |ntellR) 82801G (ICH7 Family) USE Universal Host Controller - 27C8
= = RootHub
*Z+ [Port1] NoDeviceConnected
*= [Port2] MoDeviceConnected

= e |ntellR) 82801G (ICH7 Family) USB Universal Host Controller - 27C9 USE A
= M RootHub &
= B [Portl] DeviceConnected : Standard USB-hub
5 [Port]] DeviceConnected : AVR USBE Device m

Hy Computer

5 [Port2] DeviceConnected : USE-sammensat enhed

=% [Port3] DeviceConnected : USB-sammensat enhect‘k" VNWAS3 Audio Codec 1
*Z [Port2] MoDeviceConnected ["VNWAS3 Audio Codec 2

= % IntellR) 82801G (ICH? Family) USB Universal Host Controller - 27CA
= m RootHub
*Z [Port1] NoDeviceConnected
2+ [Port2] NoDeviceConnected
= e |ntellR) 82801G ICH7 Family) USE Universal Host Controller - 27CB
= = RootHub
*Z+ [Port1] NoDeviceConnected
*=+ [Port2] MoDeviceConnected
= e |ntellR) 828016 (ICH7 Family) USB2 Enhanced Host Controller - 27CC
= & RootHub
*Z+ [Port1] MoDeviceConnected
*Z [Port2] MoDeviceConnected
*Z+ [Port3] NoDeviceConnected
*2=+ [Portd] MoDeviceConnected

+Z+ [Portb] NoDeviceConnected

5 [Port?] DeviceConnected : USEB-sammensat enhed
#5 [Port8] DeviceConnected : Realtek Card Reader(0158)

Devices Connected: 7 Hubs Connected: 1

#5 [Port5] DeviceConnected : Toshiba F3507g Mobile Broadband Device
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As said the 27C9 USB Universal Host Controller is servicing the three VNWA USB elements, the AVR USB Device and
the two USB Codecs. If you are using the VNWA2 or your VNWAZ3 is not having the option board then there will be only
one Audio Codec indicated connected.

Below is shown the situation where VNWAQ is connected to USB B serviced by 27C8 USB Universal Host Controller,
occupying port1, 2 and 3 of the associated RootHub on port1 where the VNWA USB-hub now is connected.

e W EE

File ©Options Help

m Hy Computer
=5 |ntellR) 828016 (ICHT Family] USE Universal Host Controller - 27C3
== RootHub _E_;'
=8 [Party] DeviceConnected : Standard USB-hub
% [Portl] DeviceConnected : AYR JSE Device
# [Port?] DeviceConnected : USB-zammensat enhed
5 [Port3] DeviceConnected : USB-zammensat enhed ‘_‘: VNWAS Audio Codec 1
+Z+ [Port2] MoDeviceConnected [" VNWAS Audio Codec 2
=5 |ntellR) 828016 (ICHT Family] USE Universal Host Contraller - 27C3
=8 A ootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
=52 ntel[R) 828016 (ICH? Family] USE Universal Host Controller - 2704
=B RootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Part2] MoDeviceConnected
=5 |ntellR) 828016 (ICHT Family] USE Universal Host Controller - 27CB
=8 RootHub
+Z+ [Part1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
=5 |ntel[R) 828016 (ICHT Family] USB2 Enhanced Host Controller - 27CC
=8 A ootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
+Z+ [Part3] MoDeviceConnected
+Z+ [Portd] MoDeviceConnected
#5% [Port5] DeviceConnected : Toshiba F3507g Mobile Broadband Device
+Z+ [Partb] MoDeviceConnected
#% [Port?] DeviceConnected : USB-sammensat enhed
#5 [Portd] DeviceConnected : Realtek Card R eader(158)
< ¥

Devices Conhected: 7 Hubs Connected: 1

Likewise the 27C8 USB Universal Host Controller is now servicing the three VNWA USB elements, the AVR USB
Device and the two USB Codecs. If you are using the VNWAZ2 or your VNWAZ3 is not having the option board then there
will be only one Audio Codec indicated connected.

Below is shown the situation where VNWAQ is connected to USB C also serviced by 27C8 USB Universal Host
Controller, occupying port1, 2 and 3 of the associated RootHub on port2 where the VNWA USB-hub now is connected.
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e W EE

File ©Options Help

m Hy Computer
=5 |ntellR) 828016 (ICHT Family] USE Universal Host Controller - 27C3
=8 RootHub
e [PortWeviceConnected
= B [PonZ] DeviceConnected © Standard USE-hub
% [Portl] DeviceConnected . AYR USBE Device
52 [Port?] DeviceConnected : USE-zammensat enhed - N
I} % [Port3] DeviceConnected : USB-zammensat enhed (“_“" VNWAS Audio Codec 1
=2 IntellR) B2801G (ICH7 Family) USB Universal Host Cantraller - 2709 [~ VNWAS Audic Codec 2
=8 A ootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
=52 ntel[R) 828016 (ICH? Family] USE Universal Host Controller - 2704
=B RootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Part2] MoDeviceConnected
=5 |ntellR) 828016 (ICHT Family] USE Universal Host Controller - 27CB
=8 RootHub
+Z+ [Part1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
=5 |ntel[R) 828016 (ICHT Family] USB2 Enhanced Host Controller - 27CC
=8 A ootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
+Z+ [Part3] MoDeviceConnected
+Z+ [Portd] MoDeviceConnected
#5% [Port5] DeviceConnected : Toshiba F3507g Mobile Broadband Device
+Z+ [Partb] MoDeviceConnected
#% [Port?] DeviceConnected : USB-sammensat enhed
#5 [Portd] DeviceConnected : Realtek Card R eader(158)

Devices Conhected: 7 Hubs Connected: 1

Likewise the 27C8 USB Universal Host Controller is now servicing the three VNWA USB elements, now via port2, the
AVR USB Device and the two USB Codecs. If you are using the VNWA2 or your VNWAS is not having the option board

then there will be only one Audio Codec indicated connected.

Below is shown the situation where VNWA3 again is connected to USB A serviced by 27C9 USB Universal Host
Controller, occupying port1, 2 and 3 of the associated RootHub on port1, where the VNWA USB-hub now again is
connected. In addition an External USB keyboard is connected to USB B serviced by 27C8 USB Universal Host

Controller.
(St W
Filp, Options  Help
B ﬁ My Computer
=--#53 IntellR) 82801G (ICHT Family) USE Universal Host Controller - 27C8
=B RootHub
== [Port%eviceconnected: USE-zammensat enhed
+Z [PartZ] MoDeviceConnected
=% IntellR) 828016 (ICHT Family) USB Universal Host Controller - 2703
=58 RootHub
= [Portﬁevice[ﬁonnected: Standard USB-hub
% [Portl] DeviceConnected : AYR 1JSB Device
#5% [Port?] DeviceConnected : USB-sammensat enhed
+#%5 [Port3] DeviceConnected : USB-sammensat enhed “' VNWAS3 Audio Codec 1
+Z+ [PortZ] MoDeviceConnected " VNWAS3 Audio Codec 2
=-e IntellR) 82801G (ICH? Family) USE Universal Host Controller - 27CA
=18 RootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Port2] NoDeviceConnected
=--#53 IntellR) 82801G (ICHT Family) USE Universal Host Controller - 27CE
=B RootHub
+Z+ [Port1] NoDeviceConnected
+Z [PartZ] MoDeviceConnected
=% IntellR] 828016 (ICH? Family) USEB2 Enhanced Host Controller - 27CC
=58 RootHub
+Z [Part1] NoDeviceConnected
+Z+ [PortZ] MoDeviceConnected
+Z+ [Port3] NoDeviceConnected
+Z [Partd] NoDeviceConnected
#% [Porth] DeviceConnected : Toshiba F3507g Mobile Broadband Device
+Z+ [Port6] MoDeviceConnected
# [Port?] DeviceConnected : USB-sammensat enhed
#5% [Portd] DeviceConnected : Realtek Card Reader(0158)

Devices Connected: 8 Hubs Connected: 1

This situation is not causing any conflict between VNWA and other external USB devices, as VNWA is solely service by

27C9 USB Universal Host Controller.
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Below is shown the situation where VNWAZ3 is connected to USB C as described and serviced by 27C8 USB Universal
Host Controller port2, occupying port1, 2 and 3 of the associated RootHub on port2, where the VNWA USB-hub now is
connected. In addition the external USB Keyboard is connected to USB B and thus sharing USB Universal Host
Controller 27C8 with VNWA. This situation is causing problems with advanced features of the VNWAZ3, e.g. the Signal

generator modulation will have "stuttering" sound. It might also be the cause for other observation like fragmented traces

although not proven yet.

File ©Options Help

L=l

= E My Computer
=5 |ntellR) 828016 (ICHT Family] USE Universal Host Controller - 27C3
=8 RootHub
#2 [Portl] DeviceConnected : USB-sammensat enhed
= B [Port?] DeviceConnected : Standard USE-hub
% [Portl] DeviceConnected . AYR USBE Device

USBE&C

External Keyboard
or e.g. Mouse

% [Port3] DeviceConnected : USB-zammensat enhed
=5 |ntel[R) 828016 (ICHT Family] USE Universal Host Contraller - 27C!
=8 A ootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
=52 ntel[R) 828016 (ICH? Family] USE Universal Host Controller - 2704
=B RootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Part2] MoDeviceConnected
=5 |ntellR) 828016 (ICHT Family] USE Universal Host Controller - 27CB
=8 RootHub
+Z+ [Part1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
=5 |ntel[R) 828016 (ICHT Family] USB2 Enhanced Host Controller - 27CC
=8 A ootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Port2] MoDeviceConnected
+Z+ [Part3] MoDeviceConnected
+Z+ [Portd] MoDeviceConnected

+Z+ [Partb] MoDeviceConnected

#% [Port?] DeviceConnected : USB-sammensat enhed
#5 [Portd] DeviceConnected : Realtek Card R eader(158)

Devices Conhected: 8 Hubs Connected: 1

2 [Port2] DeviceConnected : USE-zammenszat enhed
= g

#5% [Port5] DeviceConnected : Toshiba F3507g Mobile Broadband Device

t* VNWA3 Audio Codec 1
-WNWAS3 Audio Codec 2

However this situation can be resolved if the USB keyboard is connected via an external USB Hub connected to USB B.

See below...

Below is shown the situation where VNWAZ3 is connected to USB C and as described serviced by 27C8 USB Universal
Host Controller port2, and occupying port1, 2 and 3 of the associated RootHub on port2 where the VNWA USB-hub now
is connected. In addition an external USB Hub is connected to USB B, and the External USB Keyboard connected to the

External Hub's port 1:
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File Options Help

= % IntelR) 828016 (ICH7 Family] USE Uriversal Host Controller - 27C8 i USBC
%% RootHub

«Z+ [Port1] NoDeviceConnected
= @ [Port2] DeviceConnected : Standard USB-hub

5 [Poit]] DeviceConnected : AVR USB Device Hm‘“
5 [Poit2] DeviceConnected : USE-sammensat enhed

% [Port3] DeviceConnected : USE-sammensat enhed G"‘: VNWAS3 Audio Codec 1
R4 'I(U:a[ﬂ] B2801G [ICHT Family) USE Uriversal Host Controller - 2703 VNWAS3 Audio Codec 2
= ma RootHub

=2+ [Port1] NoDeviceConnected
+Z+ [Port2] NoDeviceConnected
= & IntellR) 828016 (ICHT Family) USE Universal Host Controller - 27CA
= & RootHub
+2+ [Port1] NoDeviceConnected
= [Port2] NoDeviceConnected
= e IntellR) B2ZB01G [ICHY Family) USE Universal Host Controller - 27CB
= Mt RootHub
= [Port1] NoDeviceConnected
#Z+ [Port2] NoDeviceLonnected

= = IntellR) 28016 (ICH? Family) USE2 Enhanced Host Controlles - 27CC USEE
= B RootHub
= 2 [Port1] DeviceConnected : Standard USB-hub

5 [Poit1] DeviceConnected : USE-sammensat enhed €| External Keyhoard
+Z= [Poit2] NoDeviceCornected eor e.q. Mouse
+2 [Poit3] NoDeviceConnected
2 [Poitd] NoDeviceCornected
=2 [PortZ] NoDeviceConnected
+Z+ [Port3] NoDeviceLonnected
«Z+ [Portd] NoDeviceConnected
#5 [Port5] DevicaConnected : Toshdba FI507g Mobile Broadband Devi
+Z+ [PortE] NoDeviceConnected
# [Port?] DeviceConnected : USB-sammensat enhed -

& >

JDevices Connected: 3 Hubs Connected: 2

As seen the USB B is service by the 27CC USB2 Enhanced Host Controller and no longer sharing a RootHub with the

VNWAZ3 and the Signal Generator Modulation clean as "a whistle".

Conclusion:

It is essential for "playing the safe way" that VNWA is not sharing the USB Universal Host Controller Host, from which it

is serviced, by any other External USB device. The USBView.exe is the tool to use for analyzing how YOUR PC is

configured internally.

Kurt Poulsen, OZ70U, 10/02/2013
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LPT SIGNAL CONDITIONER

»»» Note: | have observed extremely slow signal rise times on some new PCI LPT interface cards. This is a problem

when controlling the VNWA. Should you encounter unreliable communtication between PC and VNWA in LPT mode,

you might need the following signal conditioner, which sharpens the digital pulses.

T PC LPT Conneckor

YHUA - LPT Sigrmal Conditioner

< Semseaveter test set

DEES - Male
’T"‘““{l
gl
&£ A e = s0i0.L0 -
g i +o
] Dl e Souk J; 1l
len L UL PALS244 or PAHCEH4
o 12 = [0Mpdate w s

R7 478

LPT [mterface is powered from YHWE bthrough J2 pin &  &nd
= assumes YMUA ig powerod from USE ar external +5U Powor supply

o [
: .2 Wy T iv] ;\\:N- 5s0ta.La
& it J-s—»/\-'\;—Hg Fey — 15 fron YTR
| I N P TR o | B = St
03 = S000/F 8 B oyaflE
D4 = CIRL 1 = g 02 = IDUpdate
e
IS = Byset 3. 5 w2 i1 xed ‘ 0
— —Her @ o9 = SDIO.RF
™ | fa P 17 b ol o4 = CTRL
. U & o5 = Reset
O R2 R4 R 12 a0z
[ 2 4 EE o
i 0
231
“’o-_ +
aan | Rl...R6 are &7 tanly required for P4HC244)
o
a5 |
12‘0—
— Cable Screen
= v
Hotes
Connections to DB2S use typical RS232 DB23 -> DBY Modem cable SDR-Kits.ret
Cable Sereen L& cannectod to mebal part of OBES and DB connectars Jan GEBOL
Resistors R1..RE are 4K7 and are only reguired for P4HC244 Tom gn’.ﬁsslﬁg
o L
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DYNAMIC RANGE CONSIDERATIONS

A question often posed, is what is the achievable dynamic range and accuracy of the VNWA on transmission
measurements.

The following picture taken from one of my QEX publications may serve as a reference:

DE85A0 Yector Network Analyzer Software
06.09.2008 10:0B6:23 ‘“wideband response: Meml: Thiu; 521: lsolation. Al measured with Thiu calibration.

0.1dB/ 1: 583MHz noode 0080 -70.85dE
2 1288MHz 00de 003 E457dR

01+
1 1 2

10dB/ ———HMMMMMMW<HEH

0dB

<Ref2

<Refl
-70dB

3
dhin iy s MA

Cal Start =1 MHz Center = 650.5 MHz Stop = 1300 MHz
Span=1299 MHz
Meml db 521 dB
Meml Phaze

The blue and red traces show the transmission characteristics of the Thru Calibration Standard. The green trace shows
the measured noise floor with open RX input.

All measurements were done after a thru calibration (no crosstalk calibration was done!). The highest possible sweep
time of 100ms/frequency point was used. The VNWA was powered via USB, controled via LPT, the on board switching
power supply of the VNWA was active and the on-board 16 bit SoundMAX sound card of my IBM R52 notebook with
line-in exposed by a docking station was used. | used auto-clock rate to access the frequency range beyond 500 MHz.

If you can't reproduce the above displayed dynamic range, you may check the following items:

1. Have you selected proper clock multipliers to cover your frequency range? If you are not afraid of overclocking, use
auto.

2. Calibration measurements must be performed with the lowest sweep rate (=longest time per data point) you
ever want to use, otherwise the noise of the calibration measurement will dominate your later measurement and you
won't see any noise reduction when further increasing the sweep time.

3. To obtain the highest possible dynamic range use the slowest possible sweep time.

4. With average 16 bit sound cards the dynamic range is limited to about 90dB. Somebody has demonstrated >100dB
dynamic range measurements on the GroupslO VNWA reflector using a decent 24bit sound card.

5. Your VNWA must be boxed and properly soldered to the box walls to achieve the highest possible dynamic
range.

6. Poor solder joints on the VNWA board might degrade the dynamic range.

7. If you want to perform high attenuation level transmission measurements, you may consider adding a buffer amplifier
to the TX port. Of course, this will cause overload at low attenuation levels.

8. Audio crosstalk between left and right audio channel on your sound card my also degrade your dynamic range.
The reason is, that there is always the very strong reference signal on one channel, while the RX signal might well be
90+dB down. If the sound card only offers 70dB interchannel isolation, you are stuck to 70dB dynamic range. You can
test the interchannel isolations and more with the RightMark Audio Analyzer software from http://audio.rightmark.org
and run a loopback test using the same audio cable as used on your VNWA. Also, the software Spectrum is useful for
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http://audio.rightmark.org

analysis of the VNWA audio signals. Take a look at the audio spectrum from the VNWA. Setup a L+R view side by side,
startup the VNWA software and go into the audio test setup screen. Toggle Thru/Reflect mode in the audio level tab and
you will see the impact of the stereo seperation.
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NON-TRANSPARENT MARKERS

From Software version V34.0 on below issues should be fixed.
Status prior to software version V34.0

In some cases, the trace markers are not displayed in a transparent way, but rather with a white box around them
as can be seen below.

[.iDG8SAQ - Yector Network Analyzer Software
File Measure Settings Tools Options Help

The root cause is not clear to me. One way to remedy this is to reduce the color depth of Windows via the control panel
to < 32bit:

Systemsteuerung

Datei  Bearbeiten  Ansicht  Favoriten  Extras 7

L Uik ~ (g - ? |/..-\: Suchen Crdner

Adresse I[} Systemsteuerung

Systemsteuerung

[} Zur Kategorieansicht wechseln

Select a color depth of 16 bit:

Eigenschaften von Anzeige 21xl

Designsl Desktopl Bildschimschoner | Darstellung  Einstellungen I

Ordnen Sie die Monitorsymbale g0 an, dass sie der phyzikalizchen Anordhung
Ikrer Maritore entzprechen.

Anzeige:

I‘I. [Mehrere Monitore] mit ATI MOBILITY RADEON »300 j
Bildschimaufiosung —— [~ Farbgualitat
Niedig ————— | Hoch | | [uiters (16 Bi) =l

1024 = 768 Pixel Hischste [32 Bit]

¥ | Dieses Gerdt als primanen b onitor venvenden

»»» Note: You must terminate and restart the VNWA software after this change!

Now, the markers are displayed correctly:
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An alternative approach is to let VNWA automatically switch the color depth to 16 bit upon program start and restore
the original value upon program termination.

To enable this hidden setting, you must manually edit the file VNCommon.ini found in the program directory with a text
editor, e.g. with the Windows Notepad:

Datei Bearbeiten Format  Ansicht 2
Screenbepth=-16|
Realz0=6. 20000000000000E+001
Imagz0=5. 30000000000000E+001
FFTSoUrce=0

FETWwindow=0

TimeUnit=2

TStart=0. 00000000000000E+000
Tetan=1 ANAAANAANNNANANE -G

Change the first line to
ScreenDepth=16

» +» Note: No blank characters are allowed within the ini-files.
Positive values specify the desired color depth. With negative values, the command will be ignored.

» »» Note: Some monitors require some time for syncing upon program start, if automalical switching is activated.
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CONTROLS OUTSIDE WINDOW, MISSING CONTROLS

From Software version V32 on below issues should be fixed. V32 onwards allows for 96dpi fonts (standard)
as well as 120dpi fonts ( = big fonts).
Also, arbitrary Windows styles are supported.

Status prior to software version V32

For some display settings, software controls appear in odd positions or even not at all, as can be seen for the case of
the two trace select checkboxes in below example:

Start =1 MHz

VNWA LPT Mode 0 stal”_d.

This is caused by the fact, that VNWA was designed for a certain Windows style and VNWA cannot adapt to dramatic
style changes like increased font size.

In order to display all VNWA windows in a proper way, it is recommended to choose the following display settings in the
Windows control panel:

- Systemsteuerung

Datei  Bearbeiten  Ansicht  Favoriten  Extras 7

\_) Zuriick - \_) - lﬁ /.__j Suchen i Ordner |v

Adresse IB’ Systemsteuerung

ﬂ"' Systemsteuerung ES

B- Zur Kategorieansicht wechseln

Eigenschaften von Anzeige ed B

Designs | Desktopl Bildschirmschonerl Darstellungl Einstellungen I

Ein Design ist ein Hintergrund, sowie gin Satz von Sounds, Symbalen
und anderen Elementen, mit dem Sie den Computer mit einem kausklick
individuell gestalten kinnen.

[rezign:
Speichern. .. Lzchen

Beizpiel: %

Aktives Fenster

=10l x|
Mormal Deakbivier:  Ausgewshlt

| do use the Windows - Classic, but | have verified proper appearance with the XP-Design as well.
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Eigenschaften von Anzeige 21xl

Designsl Desktopl Bildschimschoner  Darstellung |Einstellungen I

Inaktives Fenster o
Aktives Fenster o =] ]

Mormal  Deakbiviert  Ausgewahlt

Fenstertext

Dialogfeld x|

Dialogfeldtesxt

Ok |

Fenster und S chaltflachen:

Farbschema:

IWindows-Standard j

Effekte...
Schriftgrad: LI
INormaI j Q Erweitert |

oK. I Abblechenl Ubernehmenl

An inportant setting is the Font Size setting above, left of the mouse arrow. You must set this to normal. If a bigger font

size is selected, all controls become bigger and won't properly fit onto the VNWA windows any longer. Todate, VNWA
cannot handle different font sizes.

There is another setting, that influences the font size. In order to access it, you must select the extended display
settings:

Eigenschaften von Anzeige 21

Designsl Desktopl Bildschirmschonerl Darstellung ~ Einstellungen I

Ordnen Sie die Maonitorsymbale g0 an, dass sie der physikalizchen Anardnung
Ibrer Monitare entsprechen.

Anzeige:
|‘I. [Mehrers bonitare] mit AT1 MOBILITY RADECON +300 j
Bildschimaufiosung —— [ Farbgualitat
Miedig — J Hach || [mittere (16 Biy =]
1024 + 768 Pisel

¥ | Dieses Gerdt als primanen b anitor vensenden
¥ | windows-Deskiom auf diesem Maritar envetern

|dentifizieren | Problembehandlung... | Erweilten |
|}

(118 I Abblechenl Ubernehmenl

In the general display settings, the DPI Settings must be set to 96 DPI!
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Eigenschaften von {Mehrere Monitore) und ATI MOBILIT 21xl

Farbe I OpenGL | Eifl DirectaD | Eifl Optionen I Drehung
Oberlagerung I Bl POWERPLAY [tm) I B snzeige am Bildschim
Allgemein | Grafikkarte | Mariitor | Problembehandiung | Farbvenvaltung | Bl Anzeige

Anzeige

Der DFl-wert kann als Kompensierung vergraliert werden, wenn
Elemente bei der aktuellen Bildschimauflasung zu klein angezeigt
werden. Klicken Sie auf “Abbrechen” und wechseln Sie zur
Registerkarte "'Darstellung”, um nur den Schriftgrad zu andern.
[PI-Einstellung:

Mormale Grobe 36 dpi]

" Kompatibilitat

Maglicherweize arbeiten einige Programme fehlerhaft, falls Sie den
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AUDIO ISSUES

|  Windows Sound Mixer Issues

Upon program start, VNWA is designed to enable the selected audio capture device and set the volume controls to the
previously stored values for Windows versions XP and older.

Depending on sound card drivers, this procedure sometimes fails, e.g. for some drivers, the capture device is
deactivated instead of activated upon program start.

| Inverting the Mute Logic

The mute-logic can be inverted inside the VNWA software by pressing the key combination shift+ctrl+x while the main
VNWA window is in focus (VNWA version 36.2.b or newer).

An alternative way to achieve this is to edit the file VNWA.ini found in the program directory with an ASCII editor like

the Windows Notepad. Change the line "SelectlsMute=0" (see below) to "SelectilsMute=1" . The VNWA software must
not be running while doing this modification.

B ¥Nwa - Editor

Datei Bearbeiten Format A

WMNwWA=2
WMWA_Maoce=0
HelpByExe=0
Mixeron=1
SelectIsMute=0)|
Capturebe [ay=0
MoRef=0

At ralmada-7

| Disabling the Sound Mixer
A different approach to solve the mute-problem is to disable the Windows sound mixer altogether.

This can also be performed from within the VNWA software by pressing the key combination ctrl+alt+x while the main
VNWA window is in focus (VNWA version 36.2.b or newer).

Alternatively, you must edit the file VNWA.ini found in the program directory with an ASCII editor like the Windows
Notepad:

B vNwa - Editor
Datei Bearbeiten Format  Ansicht  ?

WMNwA=2
VMwWA_Mode=0

M xeron=1
Capturebelay=0
MoRef=0
ControlMode=2
RF_off=0
CDntnD]SllS2l=0

Change the line
MixerOn=1

to

MixerOn=0

» » » Note: No blank characters are allowed within the ini-files.

By doing so, VNWA will not touch any sound settings any longer except for selection of the capture device. In this case,
you must activate the capture device manually and use the Windows sound mixer or an equivalent software of your
sound card's manufacturer to adjust the recording volumes.

Note, that this switch will have no effect on Windows Vista, as the mixers are always disabled on Vista.

|  Capture Startup Issues

Some sound cards fade in the volume upon capture start. Clearly, this is poison for this accurate measurement
system, as the measurement results around the start frequency are questionable in this case.

The hidden Capture Delay software switch is a workaround to bypass this problem. In order to activate it, you must edit
the file VNWA.ini found in the program directory with an ASCII editor like the Windows Notepad:
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B ¥Nwa - Editor

Datei Bearbeiten Format  Ansicht  ?
WMNwA=2
VNWA_Mode=0
Mixeron=1

MoRef=0
ControlmMmodes=2
RF_off =0

Increase the number in the CaptureDelay line. A value of 100 means, that the acual measurement is delayed by 100
milliseconds after opening the capture device. Of course, this will slow down the sweep rate for continuous sweeps by

the specified value.
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FREQUENTLY ASKED QUESTIONS

Q1: What does "No Sync Found" mean?

A1: During sweep start, the VNWA does not detect a synchronization pulse.

Possible causes:

- the selected sound device/audio codec is the wrong one

- VNWA sound devices swapped (VNWAS3E only)

- the wrong audio codec channel is selected as reference channel

- the sound device is not configured for stereo usage (Vista, W7 only)

- external system clock is selected but no external clock source is connected

- defect in audio chain (very unlikely)

Possible solution:

Download the latest software version or al least VNWA36.3.0, open Options-Setup, press the auto-setup button on
the very bottom of the Audio Settings tab. This should automatically fix all audio codec setup problems.

Q2: What does "Overload" mean?

A2: During data acquisition at least one of the audio codec inputs was driven into saturation.

Possible causes:

- codec recording level settings too high

- codec unrelated to VNWA hardware selected

- sweep start frequency below 25kHz selected

Possible solution:

Download the latest software version or al least VNWA36.3.0, open Options-Setup, press the auto-setup button on

the very bottom of the Audio Settings tab. This should automatically fix all audio codec setup problems for standard

measurements with start frequency >25kHz.

For start frequencies below 25kHz see page "Very Low Frequency Measurements". Either manually reduce the codec
recording level(s) (for wideband sweeps with start frequency 0Hz) or reduce the codec sampling rate (for narrowband
audio sweeps).

Q3: Why do | see a cascade of "Range Check Errors"?

A3: This indicates a USB communication problem between PC and VNWA controller.
Possible causes:

- broken USB cable

- PC unable to provide sufficient DC power

- USB connector disconnected while VNWA is sweeping

Possible solution:

Try a different cable, a different USB port, a self powered USB hub in between VNWA and PC.

Q4: What does "Error code x on node y" mean?

A4: This indicates a USB communication problem between PC and the VNWA audio codec(s).

This error is issued by the Windows audio driver and the VNWA software can only detect but not avoid it.
Possible causes:

- broken USB cable

- PC unable to provide sufficient DC voltage for codecs

- USB connector disconnected while VNWA is sweeping

Possible solution:

Try a different cable, a different USB port, a self powered USB hub in between VNWA and PC.

Q5: Why does Windows 10 all in a sudden no longer detect the VNWA codecs?

A5: The most likely reason is an automatic Windows update that has deactivated the codecs. On rare occasions
hardware problems may be the cause.

Possible causes:

- Deactivated codecs after a Windows update

- Windows security settings no longer allow VNWA software to access the codec after Windows update.

- PC unable to provide sufficient DC voltage for codecs.

Possible solution:

- Right-click the Windows recording devices list and select "show deactivated devices". Activate the VNWA codecs
there.

- Check Windows security settings to make sure the VNWA software is allowed to access recording devices.

- Try a different USB cable, a different USB port, a self powered USB hub in between VNWA and PC.

Q6: How do | provide debug information in case of problems?

A6: The VNWA software has a built-in facility to compile and email debug information. Note, that no debug data will be
emailed without your confirmation.

a) In case of general issues not related to audio codecs:
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Make sure that the VNWA is connected to the PC.

Launch the VNWA application

Open main menu Help-About.

There, open the system info tab and press the email button.

If you use Outlook, a mail window with attached debug file will open.

Add any comments you wish, e.g. identify yourself and describe your problem.

If you do not use Outlook, then locate the debug zip file in the VNWA installation folder send it manually to
dg8sag@darc.de.

b) In case of audio codecs:

Make sure that the VNWA is connected to the PC.

Launch the VNWA application

Press ctrl-d. This will make the software enter debug mode after the next software restart.

Close and restart the VNWA application

Go to Setup-Audio Settings and press the Auto Setup Audio button

Close setup and go to main menu item Help-About

There, open the system info tab and press the email button.

If you use Outlook, a mail window with attached debug file will open.

Add any comments you wish, e.g. identify yourself and describe your problem.

If you do not use Outlook, then locate the debug zip file in the VNWA installation folder send it manually to
dg8sag@darc.de.

prOObM=

Nogakrwh=
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VERIFICATION OF PROPER OPERATION

Note, that the VNWA does not contain user adjustable components or adjustable firmware settings. So, it does not
require regular factory recalibration in order to maintain its measurement accuracy.

If you are in doubt of proper operation of your VNWA, you may repeat the final commissioning test and compare to the
measurement sheets you have received together with your instrument upon purchase.

The test is described in the chapter "VNWA Final Commissioning Test".

A more in depth test procedure will be described in the following. This is a systematic step by step guide to verify proper
interaction of the VNWA and the corresponding software. The procedure will detect both hardware problems and
erroneous software settings.

0. Are you running a supported operating system?

- NOT supported: Win95 and older

- partially supported: Win98, Win98SE, WinME (USB mode only, NOT LPT mode)

- Fully supported: Win2000, WinXP, Win Vista, Win 7, Win8, Win10.

- LPT interface is still supported, but only available on WinXP and older. LPT drivers have to be installed manually.

1. Start with a fresh installation of the latest VNWA software release to be found on the SDR-Kits web page at
https://www.sdr-kits.net/DG8SAQ-VNWA-software-documentation-user-guide/.

2. Start the software and perform the setup as described in section "Getting Started".
The tests assume, that nothing is connected to the VNWA test ports unless stated otherwise.
Also, all calibrations should be switched off unless stated otherwise.

The software is to be run in VNWA mode, NOT in spectrum analyzer mode.

Averaging must be switched off.

All of the above will automatically be fulfilled for a clean new installation.

Check the following:

- correct sound card and capture device selected?

- correct reference channel selected?

- audio level set to about 50% of full scale level?

- does the Audio Level screen show two blue sine-waves for reflect or one blue sine wave for through?
- auto clock multipliers selected if overclocking is desired?

A first simple functional test at the predefined test frequency of 5MHz can be performed in the setup - audio level tab.
2.a) Press the test audio button and make sure you have selected reflect and nothing is connected to the VNWA TX

port. You should see two similar blue sine waves. One blue sine wave is the Reference signal, the other is the Reflect
signal, which is in phase to the reference signal for the open TX port:

[=1PC and Instrument Hardware Related Setuy x|

Interface Type | USE Settings | Audio Seftings ux, Audio Level | Instrument Settings | Mizc. Settings

Left = Reference | I

dnnd a1l s
Nz e

Right = Thru/Reflect

I Stop I Fieflect
|I\‘1in=-14900 Max=14906 Aux Min=-13268  Aux Max=13290 S

Note, that for VNWAS3E you additionally see a faint red sine wave which is the reference signal (and a flat line for the
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thru signal) sampled with the second built-in codec. These signals can be observed in greater detail in the Aux. Audio
Level tab. Note that the main and aux reference signals need not stay in perfect sync as the codecs may run on slightly

different sample rat:

es.

Note, that the sine waves in above screen shot are sampled with the default setting of 10x4 samples per IF period,

which makes them look smooth and sine-like. If you reduce the number of samples per IF period to 1x4 as is required for

ultrafast sweeping .

[=1PC and Instrument Hardware Related Setup

Interface Typel 1USE Settings  Audio Settings | Audio Levell A, Audio Level | Instrument Settings | Misc. Settingsl

—dudio Capture Device

Mize Audia Setting,

IUSB AUDIO CODEC j Audio Buffer Length in 5amples ISDDD
ADC Resolution——————
i 3Bt Samples / IF Period =:|F = 12000.24 Hz |
% 16 Bit HE . . o
24 Bit MESEIEE =3 Minimum Sampling Time =
# Postsamples |3 0.21 ms
i 48000 Hz -
st | I J Calibrate Sample Fate I
Hs=ICES =1l heFE Meazd. Sample Rate = 48001.0 Iignore overload j
IV Awsiliary Audia Capture Device available | Reference = Left Channel 7| |restart on no sync =l
... the sine waves will rather look triangular or trapezoidal ...
[=4PC and Instrument Hardware Related Setup x|

Interface Type | USE Settings | Audio Settings  Audio Level |Aux. Audio Levell Instrument Settings | Misc. Settings

Left = Reference

.

.

.

-
~

Fight = Thiu/Reflect

Min=-14599  Max=14575

Aux Min=-10343

Aux Max=10346

I Risflect

X

... which is perfectly ok! They are still sine waves which are approximated in the graph with 4 straight lines

connecting the 4 sampled data points per period. You may also proceed the tests with this setting.

2.b) Next, connect a short to the VNWA TX port. This will cause the blue Reflect signal to be phase shifted by 180° to

the blue Reference signal as can be seen below:
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[=1PC and Instrument Hardware Related Setu

Interface Type | USE Settings | Audio Seftings ux. Audio Level | Instrument Settings

Left = Reference

Z N
e e

Fight = Thru/Reflect

I Reflect

Min=-15054 Max=15058 Aux Min=-13298  Aux Max=13286

2.c) Next, connect a 50 Ohms load to the TX port. As the load absorbs all incident power, the blue Reflect signal
becomes zero:

[=1PC and Instrument Hardware Related Setup

Interface Type | USE Settings | Audio Seftings ux. Audio Level | Instrument Settings

Left = Reference

A
e

Fight = Thru/Reflect

I Rieflect

Min=-13340 Max=13339 Aux Min=-13295  Aux Max=13299

With the above tests you have verified that the reflection bridge works properly. From the last image (load) you can
deduce, that indeed the left (=top) channel is the reference channel as is selected since it never changes.

2.d) Connect TX port with RX port by means of a short coaxial cable. As the RX port is designed to have 50 Ohms
impedance, you should obtain the same result as in c) above, except that you should see two faint red sine waves now:
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[=1PC and Instrument Hardware Related Setup x|

Interface Type | USE Settings | Audio Settings  Audio Level | Aux. Audio Level | Instrument Settings | Misc. Settings

Left = Reference

Fight = Thru/Reflect

I Reflect

Min=-13317 Max=1331%9 Aux Min=-16957  Aux Max=16952 v

2.e) Next toggle the button showing reflect to Thru. On the top, a blue sine wave appears again, which is the Thru
signal transmitted through the coax cable from d). Thru and Reference signal happen to be out of phase which is of no
relevance for the proper function of the VNWA:

[=1PC and Instrument Hardware Related Setup

Interface Type | USE Settingsl Audio Settings A, Audio Level | Instrument Settings | Misc. Settings

Left = Reference

Fight = Thru/Reflect

Min=-16871 Max=16871 Aux Min=-16976  Aux Max=16976 i

2.f) Disconnect the coax cable between TX and RX port. You should see the upper blue and lower red thru signal
disappear, as no signal is fed into the RX port any longer:
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[=1PC and Instrument Hardware Related Setup

ux. Audio Level | Inztrument Settings | Mizc. Settings

Interface Type | USE Settings | Audio Settings

Left = Reference il 2

Fight = Thru/Reflect

AN
N N 1

Min=-13319 Max=13319 Aux Min=-13276  Aux Max=13279 v

Tests d)-f) prove, that the RX signal chain works properly.

v+ » Note: Should you always see the same sine wave on both channels, then your operating system (Vista, Windows?7,
Windows 8) assumes, that your sound device is mono. You must instruct Windows to open it as a stereo device in this
case.

3. Proper operation of audio capture

»»» IMORTANT: The following tests 3.a)...4.a) must be performed WITHOUT CALIBRATION or with calibration
switched off, otherwise test results will be nonsense!

3.a1) Go to Options-Setup-Misc Settings and tick "do not normalize to reference channel". Note, that the phase
information will be lost with this setting and thus Smith charts do not make sense.

Close the setup, remove all connectors from TX and RX ports, display S11 only in dB mode and perform a single sweep
with about 1ms per data point and 1000 data points. Using the default clock multipliers of 10/11, the result should
look like below:

[-IDGBSAQ - Yector Network Analyzer Softw. - 10l x|

File= Measure Settings Tools Options  Help

1048

<Refl
Start = 1 MHz Center = 650.5 MHz Stop = 1300 MHz g4p
Span=1299 MHz
= s d8 Continuos
| = ”Mem1 'i Single Sweep

| v

Dips occur at integer multiples of the DDS clock frequencies, i.e. n*10*36MHz and n*11*36MHz, where the DDS output
power drops to zero. To overcome these signal dips, select auto clock multipliers.

» »» Warning: You are using auto clock multipliers at your own risk. By doing so, you select to severely overclock
your DDSes from the allowed 400MHz to up to 750MHz.

3.a2) The same test as in a1), but using auto clock multipliers looks like this:
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[-IDGBSAQ - Vector Network Analyzer Softy - 10l x|

File= Measure Settings Tools Options  Help

1048

Refl
Start = 1 MHz Center = B50.5 MHz Stop = 1300 MH2<DdE
Span=1299 MHz
=> s d Continuious
| = ”Mem1 'i Single Sweep

| A

The dips are gone and you see steps, where the clock multiplier values abe being switched.

All the following results are obtained by using auto clock multipliers.

Save the sweep in a2) to Mem1, display Mem1 as well and repeat the sweep several times to verify that the result is
stable and repeatable.

This plot directly shows the available signal amplitude in ADC readings. Note, that the plot shown is valid for a 16bit
sound card. If a 24bit sound card is used, amplidudes will be higher by a factor of 256. Also note, that the steps in the
trace prove proper operation of auto clock multiplier switching if selected.

3.b) Next, connect a 50 Ohms load to the TX port and repeat the sweep:
=0

File Measure Settings Tools Options Help

1048/

1048/ %

e

Refl
Start = 1 MHz Center = 650.5 MHz Stop = 1300 MH;UCIE
Span=1233 MHz
= s dB Continuous
|S11 j Mem 1 j Iv Meml dB Single Sweep

| &

The trace should move down in amplitude. The difference between the previous trace (Open) and the current trace
(Load) is the directivity of the VNWA bridge. The above plot proves, that the bridge is operational. If you see no trace
change when sweeping the load, you might have missed to select the correct audio channel as reference channel or
you might have selected the wrong polarity setting for the S11/S21 switch.

3.c) Next, connect VNWA TX port with the RX port by means of a coaxial cable. Select S21 and do a sweep:
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[CIDGBSAQ - Vector Network Analyzer Software - 10l x|

File= Measure Settings Tools Options  Help

1048

Start = 1 MHz Center = BA0.5 MHz Stop = 1300 MH2<DF“:|EH
Span=1299 MHz
=> 521 dB Continuious
|S11 |Mem1 j [~ Meml dB Single Sweep
| 4

The result should be similar to the S11 result with open TX port. The trace shows the available signal in transmission.
Save the sweep to Mem1, display Mem1 for comparison and repeat the sweep several times to verify stability and

repeatability.

3.d) Next completely remove the coaxial cable from TX to RX and sweep again:

[LIDGBSAQ - Vector Network Analyzer Software - 10l x|

File Measure Settings Tools Options Help
10dB/

10dB/

B el i1y o bl B R a0 llum<ﬁef2

Start = 1 MHz Center = 650.5 MHz Stop = 1300 MHz gqp
Span=1299 MHz
= sa1 a8 Continuous
|S21 |Mem 1 j IV Mem dB Single Sweep

| Y

This test shows the noise floor of the RX. The achievable dynamic range in transmission is the vertical distance
between the two traces. Note, that the test was performed at a high sweep rate and thus the noise floor is rather high.

This test proves that the RX is operational.

4. Proper operation of calibration

For the following tests you MUST UN-CHECK "don't normalize to reference channel” in the setup-misc settings.

4.a) Connect TX port with RX port and do an S21 sweep. Now the result should look similar to this:

[LIDGBSAQ - Vector Network Analyzer Software - 10l x|

File Measure Settings Tools Options  Help

1048/
<Ref2

io0es U
<Refl
0de

Start = 1 MHz Center = 650.5 MHz Stop = 1300 MHz
Spah=1299 MHz
=> isa1 a8 Continuous
|Mem 1 j ¥ 521 cPhase Single Sweep

=6.05

4
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The amplitude should be around 0dB and there should be phase information available.

This proves that the reference signal chain is operational. Repeat the sweep several times to verify that the result is

stable and repeatable.

4.b) Next, do a Thru-calibration (Thru only, no Crosstalk, no Thru Match Calibration!) and repeat the S21 sweep after

the Thru-calibration. You should get two straight lines for amplitude and phase then:

[=IDGBSAQ - Yector Network Analyzer Softw - II:ILZ_(J

File Measure Settings Tools Options Help

148/
1/
<Ref2
s

fwwmamwwm efl

Ode
Cdl Start = 1 MHz Center = B50.5 MHz Stop = 1300 MHz
Span=1299 MHz
v s21 a8 Continuous
IMem1 j ¥ 521 cPhaze Single S'I‘@_E
A

Repeat the sweep several times to verify that the result is stable and repeatable.

4.c) Next, disconnect the coaxial cable, display S11 and perform a sweep. Note, that you have not done a reflect
calibration yet. This is what you should approximately get, an amplitude around 0dB and a fairly constant phase:

[=IDGBSAQ - Yector Network Analyzer Softw - II:ILZ_(J
File Measure Settings Tools Options Help

B/
10 <Refl
T \”‘"‘-‘\ﬁﬁ*\__ 03

<Ref2

2 ] B o
A

Cal

Start = 1 MHz Center = 650.5 MHz Stop = 1300 MHz
Span=1233 MHz
= s dB Continuous
|S21 j =_>i lMem 1 j v 511 cPhase Single Sweep
|Reference Position = 5 v

This proves that normalizing also works for the reflect signal. Repeat the sweep several times to verify that the result is

stable and repeatable.

4.d) Next perform an SOL calibration and repeat your sweep of the open TX port. You should get two straight horizontal

lines at 0dB and 0°:

Page 546

Page 54



[CIDGBSAQ - Vector Network Analyzer Software - 10l x|

File= Measure Settings Tools Options  Help

148/

. Fefl
0 MMWMWNMMMB
B o I e
S8 vkl ) bl L Ref2
o

el Start = 1 MHz Center = B50.5 MHz Stop = 1300 MHz
Span=1299 MHz

=> s d Continuious

|S21 j =_>i iMem 1 j ¥ 511 cPhase Single Sweep

|Reference Position = 9 4

This proves that the reflect calibration is operational. You should also verify, that you can reproduce the reflection

coefficients of your other two cal standards (Short, Load).
Repeat the sweeps several times to verify that the results are stable and repeatable.

»»» Note: For the Load, the phase information will be arbitrary, as the reflection coefficient of an ideal load is zero,

which has arbitrary phase. Or put in math: 0*exp(j*B) = 0 for any angle R.
So, all phase information you will get to see for the load is noise. Simply ignore it.

4.e) Next, connect a short coaxial cable (about 10cm) to the TX port and leave the other cable end open. Sweep and
observe, that you should still obtain a magnitude of 0dB but a linear phase increase which leads to a circular trace in the

Smith chart:
[=4DGBSAQ - Wector Network Analyzer Softwal e - IEII__Z_(j
File Measure Settings Tools Options Help
<Ref2
1dB/ g
o <R efl
150°4 iR
Cal .
Start =1 MHz Center = B50.5 MHz Stop = 1300 MHz
Span=1233 MHz
= st & 7 Continuous
|S21 j =3 ; iMem 1 j IV 511 cPhase Single Sweep
|Reference Position = 11 v

4.f) Next connect the TX port with the RX port by means of the short coax cable and perform an S11 sweep. This way,
you measure the input reflection coefficient of the RX port:

[LIDGBSAQ - Vector Network Analyzer Software - 10l x|
File Measure Settings Tools Options  Help
10dB/ 1. BOMMHz  -23.03dB -0.04- 0.0 <DF‘;EH
Cal Start = 1 MHz Center = 650.5 MHz Stop = 1300 MHz
Spah=1299 MHz

=> s a8 Continuous
|821 j = “Mem1 j ¥ 511 Smith Single Sweep
[Trace 1 { Marker 1: 497MHz ~ -21.93dB L
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The RX reflection coefficient should be better than -20dB up to 500MHz.

If your tests fail at a certain step, please cite the exact step, at which the test procedure failed.
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USB TROUBLESHOOTING GUIDE

Using the Microsoft utility "USB View" it is possible to detect problems of USB devices. In case the DG8SAQ

USB_VNWA device is not properly detected by Windows, do the following diagnosis procedure.

| Troubleshooting procedure

1. Download the Microsoft utility "USB View".

2. Start "USB View" and find the USB outlet in "USB View" where you want to plug in your USB_VNWA interface by e.g.

plugging in a known good USB device like a mouse or a memory stick. Make sure you activate the options "Auto
Refresh" and "Config Descriptors". In below example a USB_HID mouse is detected. The grey field on the right gives

more details about the highlighted USB device. This is proof that your USB PC interface works.

M USE Yiew i =] |
File Options Help
EI---E My Computer 4| |Device Descriptor: =
£+ Intel[R) 82801FE/FBM USE Universal Host Controller - 2658 bedUSE : 0=0200
&+ RootHub bDeviceClass: 0=00
. bEDeviceSubClass: 0=00
+Z [Port1] MoDeviceConnected Sl eeE ra el - 0x=00
+Z [Port2] MoDeviceConnected EMazPacketSizel: 0=08 (&)
=55 |ntel[R) 82801FB/FBM USB Universal Host Controller - 2659 id¥endor: 0z046D (Log
Elév FootH ub idProduct : 0=C016
. w gy bodDevice: Ox0340
- [Portl] . USE-HID [Human | iManufacturer: =01
]| MoDeviceConnected 0x0409: "Logitech"
-2 |ntellR] 82801FB/FBM USE Uriversal Host Contraller - 2654 iProduct : 0=02
E.,#, RaootHub 0x0409: "Optical USE House" —
2 [Port!] NoDeviceC ted iSeriallumber: O0=00
= Lror oUevizelannecte bHunConfigurations: 0=01

+Z+ [Part?] MoDeviceConnected

=25 IntelR) 82801FE/FBM USE Uriverzal Host Controller - 2658

&5 RootHub

+Z+ [Part1] MoDeviceConnected

+Z+ [Port2] MoDeviceConnected

=25 [ntellR) 82801FE/FBM USB2 Enhanced Host Controller - 265C
&+ RoatHub

=L [Fort1] DeviceConnected : Standard-USE-Hub

-2 [Portl] DeviceConnected . USB-Yerbundgerat

[Part2] NaDeviceConnected

; -#5 [Port3] DeviceConnected : Logitech Wheel Mouse [ISEB) LI

ConnectionStatus: DeviceConnect
Current Config Value: 0zx01

Device Bus Speed: Low
Device Address: 0=01

Open Pipes: 1
Endpoint Descriptor:
bEndpointiddress: 0x=81
Tran=fer Type: Interrupt
wHaxPacketSize: O=x0004 (4}
bEInterwval: Ox=04 -
4 I I 3

Devices Connected: 4 Hubs Connected: 1

3. Plug in your USB_VNWA interface into the very same USB outlet and observe the change in "USB View". As seen

below, the following devices should be detected:
- a standard USB hub

- an AVR USB device (the VNWA controller)

- a USB audio codec

Make sure, the display of "USB View" is refreshed after replugging.

M USE View o =] |
File ©Options Help
EI---E by Computer 4| |[External Hub: USB#Vid_0451&FPid_
5285 IntellR] 82801FB/FBM USE Universal Host Cantraller - 2658 Hub Power: Self F
Gsi B Hunber of Ports: 3
-5 RootHub P tohing. c 4
= [P H]N Dlewicel ted OWED SW1LC :!.ng. SNgE
= [Port1] NoDeviceConnecte Compound device: Ho

+Z+ [Part?] MoDeviceConnected
=25 IntelR) 82801FE/FBM USE Uriverzal Host Controller - 2653

iz

[Port1] DeviceConnected : &WH USE Device
-2 [Port2] DeviceConnected . USB-Yerbundgerat
[Part3] NaDeviceConnected
[ [Port2] MoDeviceConnected
-2 [ntellR) 82801FE/FBM USE Univerzal Host Controller - 2654
&+ RoatHub
+Z+ [Port1] MoDeviceConnected
------ +Z+ [Port2] MoDeviceConnected
525 IntellR) 82801FE/FBM USE Univerzal Host Controller - 2E5B
&+ RootHub
+Z+ [Port1] MoDeviceConnected
+Z+ [Part?] MoDeviceConnected
=25 IntelR) 82801FE/FBM USB2 Enhanced Host Controller - 265C

&5 RootHub

Elﬂ [Part1] DeviceConnected : Standard-USE-Hub

Over—current Protection: Global

Device Descriptor:

bedUSE 0=0110
bDeviceClass: 0=09
bleviceSubClass: 0=00
bDeviceProtocol : 0=00 f
bMazxPaclketSizel: 0=x08 (8)
idVendor: 0x0451 (Te=
idProduct : O=2036
bedDevice: 0=0101
iManufacturer: 0=00
iProduct : 0=01

0=0409: "General Purpo=ze USE Hu
0xz0409: "General Purpose USE Hu
0xz0409: "General Purpose USE Hu
iSeriallumber: 0=z00
bHumConf igurations: 0=01

ConnectionStatus: DeviceConnect
Current Config Value: 0=z01

Device Bus Speed: Full _ILI
1| | »

|Devic:es Connected: 6 Hubs Connected: 2

4
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Should at least one of the above devices fail to show operational, then you likely have a hardware problem
on your USB_VNWA interface or, if the AVR device fails to show, you may be confronted with a corrupted
flash memory. See the next page on how to deal with corrupted flash.

If the above tests perform positive and yet Windows refuses to detect a new device, then you might be

confronted with a Windows driver problem. You could try to install the driver manually from the Windows
control panel.

Page 550

Page 55



RECOVERING CORRUPTED FLASH MEMORY

If a power failure or a PC crash is encountered during flashing a new VNWA firmware, the firmware will become
corrupted and non-functional. Since the USB core of the firmware is to some extent protected, there is still a chance that

the firmware can be restored via USB. If the USB core is still fully functional, the AVR-device will show up in usbview, as
shown in the previous section.

| Case 1: VNWA2 or VNWA3, AVR device still shows up in usbview:

Since the firmware is corrupted, VNWA will issue multiple errors upon program start. To avoid these error messages,
open the file VNWA.ini with a text editor (e.g. notepad.exe) and add the line "BlockUSB=1":

Datei Bearbeiten Format Ansicht ?
B lockusB=1 I

VNWA=2
VNWA_Mode=512
VNWA_Serial=1234
HelpByExe=0
Mixeron=1
selectIsMute=0
CaptureDelay=0

Save and close VNWA.ini and restart the VNWA software. A message telling that the firmware is not functional will be
shown:

x|
USEB firmware not functional! Reflash with functional firmware!
N

Confirm and VNWA will start. Since all USB functions except reflashing and rescanning the bus are blocked now, VNWA

will issue no more error messages. Go straight to "Setup"-"USB Settings" and try to reflash the firmware with the version
that failed to flash previously.

If you are lucky, your VNWA will behave normally after closing and restarting the VNWA application then. This procedure
has proved successful in one case already!

| Case 2: VNWA3, AVR device no longer shows up in usbview, but USB core routines are still intact:

Since the core routines are write-protected to some extent, there is a chance that they are still intact even though the
AVR device no longer shows up on the USB bus.

From firmware 5.12 (five dot twelve!) onwards you can force the USB core to skip the likely corrupted initialization code
by pulling the following test point to ground during power-up:

Page 551

Page 55



— e %
S 1 | = ——
z i

'-l-'f' 1 i] =

1K

It is recommended to use a test cable with a crocodile clip on one end and a pointed test tip on the other. Disconnect the
VNWA from the computer. Then clip the croc to the brass chassis while pressing the test tip to above marked test point.
While do, reconnect the VNWA to the computer. Now, you may remove the test cable. Use usbview to check if this
measure has restored USB connectivity of the AVR USB device. If this measure was successful, do not start the
VNWA software immediately, but proceed as described above in case 1.

If this procedure does not solve the problem, proceed as described in case 4.

Case 3: VNWA2, AVR device no longer shows up in usbview, device must be reprogrammed using an in
ircuit programmer (ISP):

The simplest way to fix this problem is to obtain a new AVR chip from SDRKits and replace the corrupted one, see
image below. When inserting the new chip, make sure that none of the pins get bent!

If you have a programmer to flash Atmel AVR microcontrollers, you can reprogramthe chip yourself.

»»» IMPORTANT: Before reflashing the AVR, make sure to read out the EEPROM so you can restore it after reflashing.
The EEPROM contains your license key. Flash the latest v4.* firmware. Note, that firmware v4.15 (four dot fifteen) is
newer than v4.9 (four dot nine). After flashing, restore your EEPROM with the data previously saved.

Case 4: VNWA3, AVR device no longer shows up in usbview, device must be reprogrammed using an in
ircuit programmer (ISP):

Generally, you have to return your VNWAZ3 to SDRK:its to get it reprogrammed in this case.
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If you have an ISP programmer to flash Atmel AVR microcontrollers, you can reprogram your VNWA yourself, though.
This is achieved by connecting the programmer to the VNWAZ3 ISP interface J32:

= - s
.-—. — ~
™ E Jop x|
3z

=y =

J32 ISP interface pinning:

Pin 1: Ground
Pin 2: Reset

Pin 3: SCK

Pin 4:MOSI

Pin 5:MISO

»»» IMPORTANT: Before reflashing the AVR, make sure to read out the EEPROM so you can restore it after reflashing.
The EEPROM contains your license key. Select device Atmega328P in your programming software. Flash the latest v5.*

firmware. Note, that firmware v5.16 (five dot sixteen) is newer than v5.9 (five dot nine). After flashing, restore your
EEPROM with the data previously saved.
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HARDWARE TROUBLESHOOTING

This section describes how to diagnose specific VNWA hardware failures without using additional test equipment

hardware.

| 1. Check Connectivity

Use usbview or a similar software as described in chapter "USB Troubleshooting Guide" to detect if the VNWA

hardware connects to your computer.

You should see the VNWA (AVR USB Device) and one (VNWA2, VNWAZ3) or two (VNWASE) sound chips being

connected to the same USB hub:

M USE View
File ©Options Help

=10l x|

EI--- My Computer
Eaﬁt IntellR] 8237148 /EB PCl-zu-USE universeller Hostocontroller
&+ RootHub
o [P [leyicelCormnartad - |IGE A ey ndoers
B [Port?] DeviceConnected : Standard-USEB-Hub
#% [Port?] DeviceConnected : USB-erbundgerat
5 [Port3] DeviceConnected : USB-Yerbundgerat

+Z+ [Port5] MoDeviceConnected

+Z+ [PortE] NoDeviceConnected

W8 [Part?] DeviceConnected : Standard-USB-Hub

2 [Port1] NoDeviceConnected

+Z+ [Port2] NoDeviceConnected

2+ [Port3] HoDeviceConnected

2 [Portd] NoDeviceConnected

-+ [Porth] NoDeviceConnected

+Z+ [Portk] HoDeviceConnected

2 [Port?] NoDeviceConnected

-« Standard enweiterter PCl-zu-USE universeller Hostoontroller
&5 RoatHub

[N [Port1] MoDeviceConnected

w2 [Port2] MoDeviceConnected

&

Device Descriptor:

bedUSE: 0=0110
bleviceClass: 0xFF
bleviceSubClass: 0=00
bDeviceFProtocol 0=00
bHaxPaclketSizel: 0=x08 (8)
idVendor: 0=2040
idProduct : 0=x4118
bodDevice: 0=0100
1iHanufacturer: O0=01
0=0409: "wwyw.=sdr-kits.net"
iProduct : 0=02
0=0409: "DGBSAQ-VHWA 3.0 "
iSerialNunber : 0=03
0x040%9: “"Hone"
bHumConfigurations: 0=01

ConnectionStatus: DeviceConnected
Current Config Value: 0=01

Dewice Bus Spesd: Low
Device Address: O=04
Open Pipes: 0
Configuration Descriptor:

wTotallength: O0=z0012
bHumInterfaces: 0=01

bConfigurationValus: 0O=01
1]

|Devices Connected: 6 Hubs Connected: 2

| of”
4

Note, that the above test does NOT require any VNWA software or driver software being installed.

If successful, you may ...

| 2. Check if hardware drivers are properly installed

Open the Windows device manager and check if both the VNWA device and the VNWA USB sound device(s) are shown

as operational:
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E;, Gerdte-Manager

=10l x|

Datei  Aktion  Ansicht 7

= |m @S 20 Al =ma

ERC TR

+ néyf Anschlisse (COM und LPT)

EI@,/ Audio-, Video- und Gamecontroller

: Audiocodecs

Creative AudioPCI (ES1371,ES1373) (WDM)
Gameport FOr Creakive

Legacy-Audictreiber
Legacy-YideoauFnahmeger t

&
USE-Audiogerat
USE-Audiogerat

]--a Batherien

:I:J Computer

- Diskettencontraoller

- H, Diskettenlaufwerke

-, DVYDJCD-ROM-Laufwerke

- {28 Eingabegerate (Human Interface Devices)
03 Grafikkarte

H-{=) IDE ATAJATAPI-Controller

+-E8 Jungo

Fora By O O ot O O O o O O B

%ﬁ libusb-win32 devices
= R LISE D

]

[+ B8 Netzwerkadapter
If successful, you may...

| 3. Check if communication with the VNWA is possible

|»

Launch the VNWA software and go to Options-Setup-USB Settings. Make sure, that your license code is entered

correctly.

Press "Rescan USB Bus. You should observe your VNWA being detected:

[=1PC and Instrument Hardware Related Setup i LI
Interface Type USE Settings IAudio Settings | Audio Level | Aux Audio Levell Instrurnent Settingsl Mizc. Settings
bus/device idvendor/idProduct
buz-0/4% Mibusb0-0007-0x20a0-024118  Ox2080/0:4115
- Manufacturer : w sdr-kitz. net
Test LISB Interfacs | -Froduct  : DESSAQVNWA 3.0
- Serial Murmber: Naone
Werify Firmware | wTotalLength: 18
bMumlnterfaces: 1
. bCaonfigurationalue: 1
Flash Firmware | iConfiguratior: 0
broduttributes: 80k
M auPower: 150
blnterfaceMumber: 0
bélternateSetting: 0
bMumEndpoints: 0
blnterfaceClazs: 0
i blnterfaceSubClazs: 0
WNWA Energy Seftings: blnterfaceFratacal: O
Firmware Energy Settings intetace: 0
IDN OF pOWEN LR j
Software Energy Settings
IDN if zoftware started j
License Code: |pGesaq
| 4

Next, press "Test USB Interface". You should see a blue progress bar indicating the progress of the test and upon

completion information about your firmware and test result in the bottom status line:
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[=1PC and Instrument Hardware Related Setup : x|
Interface Type USE Settings IAudio Settings | Audio Level | Aux dudio Level | Instrument Settings | Misc. Settings

Bescan USE Bus | bus/device idvendor/idProduct
buz-0/4% Mibusb0-0001-0:20a0-024118  Ox2040/0:4118
- Manufacturer : wenw. sd-kits.net
-Product  : DGESALDVNWA 3.0
- Serial Mumber: None

“erify Firmware | wTotalLength: 18
bMuminterfaces: 1
X bConfiguration®alue: 1
Flash Firmare | iConfiguration: 0

brdttributes: 80h
M axPower: 150
binterfaceMumber: 10
blternateSetting: 0
bMumEndpointz: 0
binterfaceClass: 0
i blnterfaceSubClazs: 0
YN Energy Seftings: blnterfacePratocal 0
ilnterface: 0

Firmware Energy Settings

IDN or power up j

Software Energy Settings
IDN if software started j

License Code: IDGBSAQ

| Firmware Y5, 16 for AD9859: Test passed without errors I S

If successful, you may ...

| 4. Perform a total system test

Go to the Audio Settings tab and press the button Auto-Setup Audio Devices:

[=1PC and Instrument Hardware Related Setup . 1'

Interface Type | USE Settings  Audio Settings | Audio Level I Az, Audio Level | Instrument Settings I Mizc. Settingsl

audio Capture Device Mizc Audio Setting:
Audio Buffer Length in Samples |3DDD
ADC Resolution———————
= S Rit Samples / IF Period I'ID #l = |F= 1200.00Hz |
f* 16 Bit I S
24 B:t # Presamples 3 =» Minimum Sampling Time =
# Postsamples |3 0.96 ms
i 48000 H =
lEstind | I : J Calibrate Sammple Rate I
et iegliy Sample Rate = uncal. Iignore overload j
¥ tusiliary Sudio Capture Device available |Heference = Left Channel j |restart Of Pl NG j
auxiliany Audio Capture Device Augiliary Audio Setting:
IUSB Audio CODEC j Aux. Audio Channels meagure THRU
ADC Resolution—————— Main Audio Channels measure REFLECT
" BBit
& 16 Bit
24 Bit Sample Rate = uncal.
Min=-16707 Max=16708 IAux. Reference = Right Channel j
= "
Auto-Setup Audio Devicesl 'iheck USE codecs only ﬂ

| Y

This automatic setup procedure also serves as a sensitive hardware test. Follow the on screen instructions. If the setup

passes, your VNWA hardware is very likely ok.

Failure of this test may have several reasons:

a) You might have forgotten to disconnect all VNWA RF ports prior to the test.
b) You might have failed to set your VNWA sound devices to 48 kHz / Stereo.

c) You are encountering a hardware problem.

The following tests deal with diagnosing hardware problems more specifically:

| 5. Checking power supply

Go to Options-Setup-USB Settings and toggle the Software Energy Settings between OFF and ON:
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[=1PC and Instrument Hardware Related Setup x|
Interface Type USE Settings IAudio Settings | Audio Level | Aux dudio Level | Instrument Settings | Misc. Settings

Rescan USE Bus | bus/device idvendor/idProduct
buz-0/4% Mibusb0-0001-0:20a0-0:4118 0420404024118

- Manufacturer : wenw. sd-kits.net
Test USE Interface | -Product  : DGESADVNWA 3.0
- Serial Mumber: None

“erify Firmware | wTotalLength: 18
bMuminterfaces: 1
X bConfiguration®alue: 1
Flash Firmare | iConfiguration: 0

brdttributes: 80h
M axPower: 150
binterfaceMumber: 10
blternateSetting: 0

bMumEndpointz: 0
binterfaceClass: 0

i blnterfaceSubClazs: 0
YN Energy Seftings: blnterfacePratocal 0
ilnterface:

Firmware Energy Settings

IDN or power up j

Software Energy Settings

WHWA always ON
0N if software started

When done with the test, make sure that your energy settings are "ON if software started".

| 6. Testing audio codec(s)

Make sure, that the VNWA is connected to your PC, but the VNWA software is NOT running and the VNWA power LED
on the back side is OFF (see previous test).

Also, use a coaxial cable to connect your VNWA TX port with the RX port!

For this test you need the DG8SAQ AudioMeter3 software, which can be downloaded from
http://www.sdr-kits.net/DG8SAQ/other/AudioMeter3.zip .

Launch it and select settings as described in the following.

Select a sound device belonging to your VNWA:
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http://www.sdr-kits.net/DG8SAQ/other/AudioMeter3.zip

@ DGasAQ AudioMeter ¥3.5.d i | m] B4

Run Spectrum Settings Clipboard  Exit

Measurel Scopel Spectruml Eustoml Markers  Settings IAbout I

C:\Dokumente und Einztellungentadministrator\Deskioptéudiobdeter ini loaded.
Audio Spectrum Display—————————

' b asimurn

ID dB
Input Sound Device : |13— % 10dB

¥ Span

03 USE &udio CODEC selected. L Y Offset ID dB

ADC Sample Rate ADC Resolution

|48 e j I'IB ” j Meters # Digits |3 Vl
I‘I 3

Meters Font Size

Sample Length Spectrum Time Conztant
—Screenshot
I‘I 024 ﬂ ID'5 £ Screenshot Size [Pixels]
Data Reduction / Smoothing %= |300 = |2DEl

|NOHeducti0n j to Ig points Screenshot Font Size |1D

‘white Background r

Select "Left + Right Channel" and make sure the sliders on the bottom are set as shown:

@ DGBSAQ AudioMeter ¥3.5.d : =101 x|

Run Spectrum  Settings Clipboard Exit
Measure |Scope| Spectruml Eustoml Markersl Settingsl About I
R4S Signal: % of full swing sine ... 100%

Audio Bufffer Size = 1024
FFT-Order =11
Kemel Length = 1023

d B ‘ Feset Level Call

Start Sampling | Left+Right Charnel

Calibrate Leswvel | ID dBm |832_458 ImV j Peak-Peak
Idispla_l,l zine eq. Wpp vl inta 50 Ohms = 22361 m¥veffective

Input Cut-on Frequency = 0 Hz
J Ilj Hz
Input Cut-off Frequency = 24000 Hz Press Retum to updats %

I | 24000 Hz
0%

Press main menu "Run" and change to the Scope tab.

Use the sliders there to adjust the time axis and the amplitude axis. You should see low level noise coming from the

sound device:

@) DGBSAQ AudioMeter ¥3.5.d : i ] |
Stop  Spectrum  Settings  Clipboard  Exit

Measure Scope I Spectruml Customl Markersl Settingsl About I

148

R0 A R AR A R
g U0 L it R Ll bl e bl |

I |  50ms
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If you have a VNWAGSE, repeat this test with the second VNWA sound device.

If your audio codec(s) are operational, you may...

| 7. Testthe RF signal source

Make sure that the VNWA RX port is still connected to the VNWA TX port.
With AudioMeter3 running as in the previous test, launch the VNWA software in "Signal Generator Mode" and set it up
to produce a continuous 5kHz signal at maximum output level:

[-IDGBSAQ - Yector Network Analyzer Software & IEIIzI
File Measure Settings Tools Options  Help
0.07dB /[ Signal Generator <[I;:‘dleii|§
1048/ —RF Frequency
| k4
[sl kKHz =] [ on
M i 5
r—Signal Generator RF Lesvet
' )
T Akt =0dB Level = 3FFF Tnax
M odulaticry
* none Mod. Frequency = 500 Hz
" AM Sine Abd Depth = 100 4
" FM Sine FM Dewviaion = %|3 kHz
" Pulsed Cw/ Hw/ Monitor ¥ Pulse Rate = 468750 Hz
' J
Duty Cycle = 50.00 %
| J |
Start = 1 MHz Center = 70.5 MHz Stop = 140 MHz
i Span = 139 MHz
z Vv 511 dB Continuous
sz =] = ||Mem1 ] Fsa e Single Sweep
|VNWA USE Mode started.  Recalibrate Sampling Rate! A
Now, you should see a strong signal in AudioMeter:
@ pGBsSAQ AudioMeter ¥3.5.d - 18] x|

Stop  Spectrum  Settings  Clipboard — Exit

Measure Scope I Spectruml Eustoml Markersl Settingsl About |

424 m

A hhop A Ay Ao A

A A VA VA VA T

[ | 2ms

Check the Spectrum tab to observe that the signal you are seeing is indeed located at 5kHz:
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@ pGasAQ AudioMeter ¥3.5.d

Stop  Spectrum  Settings  Clipboard  Exit

Measurel Scope  Spectum | Eustoml Markersl Settingsl About I r

0de

-0de

20 dB

30 dB

-40 dB

QUUT.Us Rz

A0 dB

60 dB

TN SN

-B0 dB
-390 dB

100 de

-110de

-120dB

1z 10kHz

20 kHz

If you have a VNWAGSE, repeat this test with the second VNWA sound device.

| 8. Testthe LO signal source

Make sure that the VNWA RX port is still connected to the VNWA TX port.

Return to normal VNWA operation mode by closing the signal generator (right-click onto the signal generator panel).

Next, open the level control window by pressing the "L" key or via main menu "Settings-Power Levels-Set Levels":

[=1¥NWaA Power Levels

T Levet

" attanuation - 0 48 Leval = 3FFF

L0 Lewvet

Attenuation = 0 dB

Level = 3FFF

Make sure, both sliders are on maximum. Return to the VNWA main window and open "Options-Setup-Misc. Settings"

There, set RF Frequency to zero and Frequency Offset to 5kHz:

[=1PC and Instrument Hardware Related Setup

. X

Interface Type | USE Settingsl Audio Settingsl Audio Le\-'ell A, Audio Levell Instrumient Settings  Misc. Settings
r—Default Master Calibration File Mame

IVNWA_M astercal.cal Browse and Load Master Cal. |
—[Drata Logging and User Postprocessing Option:

Idata logging OFF jls"p j Saveta I Browse |
|postprocessing OFF j Uzer DLLl Browse |
—Special Setting —Debug Setting

I~ don't autosave instrument state on entering setup [~ wirite audio data to file

I™ update traces at end of sweeponly  [save CPU time) I~ do not nomalize to reference channel

Extend synchronization period by ID secs [default) vI [~ deactivate RF DDS

show sweep statistics I [" deactivate LO DDS
I~ slow down LPT [LPT mode anll]
—Signal Generatar Instrument kM anitaring
FiF Frequency Frequency Offset LO - RF Instrument T emperature = 35.6 Deg. Celsiuz
+ | ek |+ | . .
Temperature offset correction value = |2.B Deq. Celsius
[o [kHz =] |5 JkHz =]
M| K . I
4

Again, you should see a fairly strong signal at 5kHz in AudioMeter:
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@ pGasAQ AudioMeter ¥3.5.d

=0l x|

Stop  Spectrum  Settings  Clipboard  Exit

Measre  Scope I Spectruml Eustoml Markersl Settingsl About I

e82m ||

A ANAAAADNA

@ DGESAL AudioMeter ¥3.5.d
Stop  Spectrum  Settings  Clipboard — Exit

Measurel Scope  Spectrum | Customl Markersl Settingsl About I " M1 M2l M3 r

=0l x|

24000Hz B\ = 24000 H=
0 de

982
S5=9¥76m

308

SU0TT UL Hz

1z 10kHz 20 kHz

If you have a VNWAGSE, repeat this test with the second VNWA sound device.

If RF and LO signal source tests have passed, you may...

| 9. Testthe mixers

Make sure that the VNWA RX port is still connected to the VNWA TX port.
In Setup / Misc. Settings set RF Frequency to 10kHz and Frequency Offset to 1kHz:

In AudioMeter you should see a strong 1kHz and 21kHz signal superposition:

Page 561

Page 56



@ pGasAQ AudioMeter ¥3.5.d

Stop  Spectrum  Settings  Clipboard  Exit
Measre  Scope I Spectruml Eustoml Markersl Settingsl About I

%;IEILI

1 P

|

33 m

Il il i il

I |'I

@) pG8SAQ AudioMeter ¥3.5.d

Stop  Spectrum  Settings  Clipboard — Exit

Measurel Scope  Spectrum | Customl Markersl Settingsl About I " M1 M2l M3 r

1Hz

Ddﬂl

-0 e

20HE

30fdE

-0 \

S0ide

-B0(dR Jl

o
Ealm

i
:? T3 /M\Ju

-390 dB

-100 dB

110 dB

120 de

1z 10kHz

20 kHz

| 10. Checking the S11/S21 switch performance

For this test you must DISCONNECT both TX and TX ports. Also, your VNWA must be properly set up.
If you have a VNWAGSE, you must disable the auxillary audio codec for this test.

Measure the uncalibrated S21 response of the open VNWA ports. The S21 response should be well below -60dB and

rising with increasing frequency:

[=IDGBSAQ - Yector Network Analyzer Softwal
File= Measure Settings Tools Options  Help

1048/

1048/

Uy

~=1al |

<Refl

Start =1 MHz Center = 500.5 MHz Stop = 1000 MHz
= Span =999 MHz
T skt =0dB ¥ 521 dB Continuous
521 => | IMem 1 'I ¥ 511 dB Single Sweep
| 4
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If your open S21 response shows a considerably higher level and is DECREASING with increasing frequency like in

below example, the S11/S21 switch is likely broken.

R
10dB/ e

diE

LJ\—H—-—-—«—,V\,_

1. OMHz  -41.37dB 12848
2. 106MHz = -4159dB  1.04dB

Start=1 MHz Canter = 006 MHz Stop = 1000 MHz
i Span =999 MHz
LG 521 dB | |
[Mem1 =] = ||noﬂ =| Fsiide Single Sweep
el = LR

-
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VNWA FINAL COMMISSIONING TEST

- The VNWA does not contain user adjustable components or adjustable firmware settings.

- Every assembled VNWA is supplied with a standard "Commissioning Graph" which shows the S11 and S21
performance when the VNWA was commissioned and tested prior to dispatch of the VNWA to the customer.

- Whenever it is deemed necessary, VNWA performance may be checked and compared against the original
Commissioning Graph by using the following procedure:

|  VNWA Final Commissioning Test Procedure

- Start VNWA application as normal.

- Note, that calibration must be disabled as it would mask hardware problems

- Set Frequency Range to cover 0.1MHz to 1300MHz and set sweep to 1000 points and a 4ms sample time (4
seconds total sweep time).

- SetTrace 1to S21 to measure dB, Trace 2 to S11 to measure dB and Trace 3 to S21 to measure C.phase.
- Ensure that Trace Scales are set to same Unit/Div as were used on the Commissioning Graph.

- Connect TX port to RX port using the 20cm RG223 cable supplied by SDR-Kits (supplied with the VNWA in all
shipments since 2015).

- Press "Continuous Sweep" and compare graph produced with the Commissioning Graph for your VNWA. Both
Graphs should be identical - If there are differences, change the clock multipliers from "auto" and "3" to "auto" and
"auto" and check whether the scales for the S11 and S21 traces are correct. Now run the test again.

Example of Commissioning Graph:

20401/2017 132236 Typical WNwa standard commissioning test, 1000 samples 4ms sample time, #3 pre multiplier

5dB/ <Fefa

: 100MHz 1.09dB  -25.22dB  -248.587 Il
o 500MHz -5.96dB  -21.19dB -521.877
. 700MHz -4.12dB  -13.16dB  -672.997

1

2

S/ 1 3
4: 1200MHz =~ -957dB  -2360dB  -956.89°

<Refl
0de

<Ref2
-15dB

Start =01 MHz Center = 650.05 MHz Stop = 1300 MHz
X Span=1299.9 MHz
T AR =0dB 521 dB 521 cPhase
511 de

- Next remove the RG223 cable between TX and RX Port, change S21 dB Scale to 10dB/Div and untick the S11 dB
and S21 c.phase traces.

- Again ensure that "Calibration" and "Smoothing" must be disabled as calibration could mask hardware problems.
- Now, run the test again by running a sweep. Typically the noisefloor shown in the graph below should be shown.
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20401/2017 13:24:46  Typical VWA standard commizssioning test, 521 noige level, 1000 samples 4ms sampls time,

1048/ 1: 100MHz -90.76dB
2: 500MHz -89.53dB
3. 700MHz -75.35dB
4: 1200MHz -83.26dB
<Ref
0dB
|T
Start = 0.1 MHz Center = B50.05 MHz Stop = 1300 MHz
Span=1233.9MHz
=
TR At =0 dB 521 o8

If the results of your VNWA differ from the Commissioning Graphs supplied then a hardware issue is suspected.

As a quick check: Disconnect power from the VNWA and use a multimeter to measure the resistance (Ohm) at the SMA

TX port between center pin and GND.

For a good VNWA this should measure between 60 and 62 Ohms.

Similarly, measuring the SMA RX port, you should see around 50 Ohms on the multimeter. If these measurements yield

different values, then the VNWA TX bridge and/or the RX attenuator are likely to have been damaged by RF or dc

overload.

In case of suspect hardware problems please contact Support@SDR-Kits.net for advice. SDR-Kits will respond and
issue an RMA number and return instructions for your VNWA.
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HOW TO REDUCE CPU LOAD

If your CPU load is 100% during the sweep, the collected data will be corrupt!
Here are a few things, you can do, if your PC is too slow:

1) Reduce the audio sampling rate

2) Increase the audio buffer size

3) Display as few curves during the measurement as possible
4) Use the smallest number of data points possible

5) Switch off progress bar and progress display

6) Set display background color to "none"

7) Use smallest possible line widths for traces and grid lines

As the VNWA itself does not own any intelligence, all data capturing and analysis as well as the graphics have to be

handled by the PC at the same time! The added intelligence in the DG8SAQ USB_VNWA interface relaxes the host PC

CPU load considerably.
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GENERATING DEBUG OUTPUT

The VNWA software lets you generate a debug file which gives information about your Windows version, your VNWA
hardware and its status.

> The simplest way to report a software problem is to let the VNWA software automatically compile a debug info email.
This can be done via the "Help/About-System Info-Tab".

> The debug output is activated manually by simply creating an empty textfile with name Debug.txt in the VNWA
program directory while the VNWA software is NOT RUNNING.

> Alternatively, you can press ctrl-d while the VNWA software is running and the VNWA main window is in focus. If no
debug file exists yet, it will be created and an according message will be shown:

A debug file with name Debug.txt will be created,
Close WM, restart and close again in order to generate extended debug information.

Note, that the debug mode is not activated yet. To activate it, terminate the VNWA software as instructed in the
message.

Next, start VNWA and observe the red label indicating that VNWA is running in debug mode:

[-IDGBSAQ - Yector Network Analy o [ul S
File Measure Settings Tools Options Help

<Fef2
10dB/ e

1048/ <Rl

-S0dE

Start = 235 MHz  Center =435 MHz ~ Stop = 635 MHz
- Span = 400 MHz
a W 521 dB Continuous

- =>”F’|0t‘| 'i ¥ 511 dB Single Sweep

|Mo ¥MWa hardware detected) v

Note that VNWA runs very slow in debug mode, thus debug mode should generally be avoided. Debug mode can be

deactivated either by right-clicking the debug label and selecting to exit debug mode or by manually deleting the debug
file.

Once, VNWA is running in debug mode, immediately terminate VNWA again and observe the now modified file
Debug.txt:
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' Lister - [D:\¥WNWAL¥YNWAZ.D) debu,

Datei  Bearbeiten ©Optiomen  Hilfe
pebuglLevel=o |

UNWA Version Beta 33.h started at
App. initialized at

System Information:

IsWin9x

IsWinNT

Isserver
IsTablet
IsHediaCenter
IsWoueY

Product
BuildNumber
ServicePack
ServicePackMajor
ServicePackMinor
ProductType
Edition

Delphi RTL Win3Z2XXX Globa

g.kxt]

: False

: True

: False

: False

: False

: False

: osWinXP

: 2688

: Service Pack 3
H

]

: ptHTUWorkstation
: Professional

1s

Win32Platform
Win32HajorVersion
Win32HinorVersion
Win32BuildHumber
Win32csbVersion

Extended Win32XX¥ Globals

Win32HaveExInfo
Win32servicePackHajor
Win32ServicePackHinor
Win32SuiteHask
Win22ProductType

S

i

i 5

:1

: 2688

: Service Pack 3

: True
H
]
: 256
o1

All Forms created at
Data initialized at

=0l x|

100 %

8,885 ms j

24,729 ms

1222.592 ms
1584185 ms

4

For extended debug information, edit the file Debug.txt with a text editor (e.g. notepad) and change the first line from
Debuglevel=1 to Debuglevel=5 (not necessary when entering debug mode via pressing ctrl-d). Close the file and start

and stop the VNWA software again. The debug file has grown considerably now. Besides your system and software
version info it contains your firmware and a log of all USB communication:
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ister - [D: WNWAL YNWA S04 debug.bxt] ] = | Dlﬂ

Datei  Bearbeiten Optiomen  Hilfe

T %

Debuglevel=5 -

UNWA Version Beta 32.h started at 8,885 ms
App. initialized at 22,787 ms

System Information:

IsWin9x : False

IsWinNT : True

Isserver : False

IsTablet : False

IsHediaCenter : False

IsuouGS : False

Product : osWinXP

BuildNumber : 26080

ServicePack : Service Pack 3

ServicePackMajor HE

ServicePackMinor ]

ProductType : ptHTUWorkstation

Edition : Professional

Delphi RTL Win3ZXXX Globals

Win32Platform 2
Win32HajorVersion H
Win32HinorVersion Hi
Win32BuildHumber : 26080
Win32csbVersion : Service Pack 3

Extended Win32XX¥ Globals

Win32HaveExInfo : True
Win32servicePackHajor : 3
Win32ServicePacklinor : @
Win32SuiteHask : 254
Win22ProductType HI |

Attempting to open USB Device
—————————————— > opening USB device
Getting USB blocked info
Getting USE Flash Address
USB Device opened
Activation key correct
Firmware uh.9
Flash
4BCO8BC264CH63CA62C061C06OCA5FCA
SEBBSDBBSBEBSBBBSHBBETEBSSBBS?Bﬂ
LACAS5CA5L4CAS3CAS2CAS1C05BCAFCA
LECA4DCABLB3A?041AB373I 0064007200
2DBO6BBBGD 0BT 4007 I002EB0GEBBG5 00

P

at
at
at
at
at
at

537.728
537.748
563.9808
563.9086
579727
624771

ns
ns
ns
ns
ns
ns

This extended debug info is very valuable for troubleshooting.
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T-CHECK

The T-check is a quick test invented by R&S to give an indication whether a calibrated VNA is yielding reasonable
results.

See here for more details: Rohde & Schwarz T-Check

English:
https://cdn.rohde-schwarz.com/pws/dl_downloads/dl_application/application_notes/1ez43/1ez43_0Oe.pdf
Deutsch:

https://cdn.rohde-schwarz.com/pws/dl_downloads/dl_application/application_notes/1ez43/1ez43_0d.pdf
----- SHM ---- page 194 ----
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