Experiments with the DG8SAQ VNWA
and the SDR-Kits Test Board

Tom BAIER
DG8SAQ

This is an excerpt from my Ham Radio 2013 presentation which has
been slightly extended (slides 6, 20 and 21 added).

R-Kits
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Measuring ,Load"-Resistor without SOL-

Calibration?

VNWA Works, because
VNWA TX and RX

port impedances
are exactly 50 Q.

50 Q
=ie
50 Q

TX RX
7 » only Thru
:X calibration
required!

Z, =47 Qyield =3,4 dB
Insertion loss.

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



Measuring ,Load"-Resistor in Transmission

(=S,,-Measurement)
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0000000

Measurement:
Resistor between
TX and RX

Thru Match Cal . [ on /foff

http:¥/www.sdr-kits.net/ 4




Measuring ,Load"-Resistor

Result = 46,6

1dB/ 1: 10.0MHz -3.33dB 46.64o0hm 0.01ochm [=] Enter Expression
01ohm/ 2: 830.0MHz -3.32dB 46.58c0hm 0.160hm i

0. Tohm/

1 2 _

= = Expression:
S
O ®
<Ref? n ©
650hm || L
& O
ca | inductive part |l 27

— =

Start =003 MHz Center =30015 MHz Stop =60 MHz Gaim © qi_J
Span = 59970 kHz = 0
= Continuous + —
XAt =0d5 Ms2t a8 Mizs  Imagz O O
S0 == ||Mem1 ~| Fizs  Realz Single Sweep > "c;
A () S g
©
O o

womensa-isnes ANAlysis with Custom Trace
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VNWA normalized VNWA
©® Impedance: %} —
zl| Tx RXE&% L ZX : X RX IE
& 500 =
d ;_1 Sy =82t(S;) 5
— —_—
9 . L+ -

These conversions can be performed with VNWA Custom traces.

http://www.sdr-kits.net/ 6



Simple Calibration Standard Model:

Only measured Load-Resistance
x

General Settings Simple SOLT Model Setiings |8DLT Sirnulation Seﬁinga| Special Seﬁings|
-5 Calibration Standard Setup

OFEN:  Delay = 0 ol == oneway electrical length = 0000 mm
SHORT: Delay = 0 S == oneway electrical length = 0.000 mm
Laal: R = Ohms cl = |0 TF

Mote: The Delays above are correction values, e the NEGATIVE of the delays of the standards!

~THEL Calibration Standard Setup

THEL: Transmission Factor = 1 == attenuation = 0000 dE

THRU: Transmission Delay = |0 [l == electrical length = 0.000 mim
http://www.sdr-kits.net/ 7
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Reflexion Measurement (S,,) of a

1: 10.0MHz -0.82-1 0.56 -0.01dB

1027 95pF 0.020hm

1 nF Capacitor

2: 30.0MHz -09%- 0.14 -0.04dB 1474 90pF 0.11ohm
0.1dB) 1 5
e I uh ¥ /\ _‘{GEEQ
0 1ahm)f 11 2 j/
1 N
v
capacitive
2
cal ESR = IossR )
ThE
Start =003 MHz Cenfer=30.015 MHz Stop = 60 MHz
. Span = 69970 kHz HIa0pF
[P S WGIE Msi1 smith Msi cl Lonfinuous
521 =| == [[Mem1 =] si11 dB ¥sS11 RealZ Single Sweep
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7 " L
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ks - o3 -
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i\ e
i ? on e PN L
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Resonance
due to
component
wires

Capacitor reflects almost total power, |S,,| = 0 dB
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Modelling of Measurement Result in VNWA
using Custom-Trace

m Enter Expression 2 for trace 2:

~_Impedance to Reflecion coefficient
Expression:

1/(j*w*0.984e-9)+j*w*9.3e-9+0.22)

CYTNYTYT N -

0,984 nF 9,3 nH 0,22 Q

einfaches Modell

http://www.sdr-kits.net/ 10



1:

2000pF/
2000pF/

1
W

0.0MH=z

1.00-1 0.02
2: 54 6MH=z -0.99+ 0.01

—]N

1.00-1 0.02 984 1/pF 984 00pF
-0.99+1 0.01 -6172.96pF -662564pF

al

Start =003 MHz

==

At =0dB

e 1

<Hefd

o
o
1

g Induktive !

Center=30.010 MHz Stop =60 MHz
Span = bB970 kHz

¥ S11  Smith

>| ¥sim Smith

Continuous

I¥s11 cll _
¥sim C Single Swegp




Two Port Measurement of a 12 kHz Band
Pass Filter

« S-Parameters applicable to low
~ frequencies as well.
+ The VNWA too!




l:] PC and Instrument Hardware Related Setup

USB Seftings Audio Settings | Audio Level | Aux. Audio Level | Instrument Settings | Misc. Settings

~Audio Capture Device

IEingang {IOT High Definition Au

" 8 Bit
® 16 Bit
" 24 Bit

rxDC Resolution

El

e

Misc Audio Seftings
Audio Buffer Length in Samples

Samples / |F Period 1

¥ == |F=

# Fresamples

=TT

Lowest sample rate 300 Hz IF must be within Codec
frequency range

— Nyquist limit 150 Hz
— Measurements down to (20 Hz...16kHz)

=150 Hz possible

http://www.sdr-kits.net/
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Beware: Steep Skirt Filters require Time to

settle to changing Stimulus!

(=4 DG8SAQ - Vector Network Analyzer Softwa
File Measure Settings Tools Options Help
=R ef]
10dE/ 0B
10dE/ : <R ef?
5 s sweep time 0dB
0,3 s sweep time
Cal
Start = 10 kHz Center =11 kHz Stop =12 kHz

http://www.sdr-kits.net/ Spaﬂ = 2000 Hz 15



Two Port Measurement of a 12 kHz Band

Pass Filter

=) DG8SAQ - Vector Network Analyzer Software -

File ‘ Measure Settings Tools Options Help
Direction 4

10dB/ Callhrate

3-Port F3 to File

Slel=t; Port Extensions P

We need to measure all four S-parameters
(S11, S215 S12, Sz2) -+

http://www.sdr-kits.net/ 16



Two Port Measurement of a 12 kHz Band

Pass Filter: Forward Measurement

Multiport S-Parameter Measuremen

Terminal 1 == Terminal 2




Two Port Measurement of a 12 kHz Band

Pass Filter: Reverse Measurement

Multiport S-Parameter Me

Terminal 2 => Terminal 1 TX

00CoCCoN

S S, measured

sdr-kits.net/
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What are measured 2-Port S-Parameters

(=4 DG8SAQ - Vector Network Analyzer Softwa

File Measure Settings Tools Options Help

10dB/ P
10dBy
Cal Optimum Match?
Start = 10 kHz Center =11 kHz Stop =12 kHz
. Span = 2000 Hz
_ — — Continuous
[XAM =05 “s21 dB si2 B _
ol - dhdl B | IMem 1 w| Ms11 Smith V522 Smith  Single Sweep

.
T P [ R |



VNWA Matching Tool (1)

= DG8SAQ - Vector Network Analyzer Software - ‘El‘ X‘

File Measure Settings | Tools Options Help

‘ <R efl

10dB; Dot 1l b ol
Allows to recalculate 2-port
" 1 S-parameters to source and
~__|load impedances different |
» from 50 Ohms!
Start = 10 kHz Configure Tools Alt+T  F12kHz

) L A | LW LW S I

http://www.sdr-kits.net/ 20



VNWA Matching Tool (2)

—Part 1 Fort 2
Ful 1 hnpedarice I O ki - Fuil 2 hipedarice a0 O ki -
C parallel 0 C parallel 0
[heq. posszible] I pF I [neq. possible] pF I

Complex conjugate of  Complex conjugate of
source impedance load impedance

filter input impedance  filter output impedance

http://www.sdr-kits.net/ 21



Matching Analysis with VNWA Matching Tool

Optimum: 2, =Z_, = 610

1odB/

10dE/

Start =10 kHz

—Part 1

Part 1 Impedance

C parallel
[heq. possible)

<Hafk
OdE
Center=11 kHz Stop =12 kHz
- || %
Fort 2
E10 Ohm = Part 2 Impedance E10 Ohm
- C parallel -
. pF — [heg. possible] . pF —_—




11 kHz
se00| BPF  |s600

50 Q + 560 Q = 610 Q

http://www.sdr-kits



10dB/ 1: 11.068kHz -24.48dB  -2.65dB | ﬂiéﬂ

10dB/ R ef?

Simulated with ~ 21.8 dBdE
Matching Tool

Measured with

resistive match
_al

start =10 kRz Center=11khz stop =12 kHz
Span = 2000 Hz

v 521 dB
http://www.sdr-kits.net/ 3 Merml dB 24




Effect of two 560 Q) Resistors in Signal Path:

VNWA Complex Calculator

Workspace History
>> db(s2t(z2s(2*560))) =~

Variable
ans

alls =

-21.727196613495 |

21,7 dB additional attenuation v

http://www.sdr-kits.net/ 25
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& Qucs 0.0.16 - Project: 11kHzBPF

File Edit Positioning Insert Project Tools Simulation View Help

| 18=#B330ad 10 AL AGALINEDE 52 &/ RE L - GLIY K
%1 ¢ 11kHZBPF.5ch | ¢ 11kHZBPF. dpl |

o [simulations <

£ B

-?C_’_J‘ |

o dc Transien

o [simulao  t = S-parameters

o n simulatio Il . . . . . . T' ) .| ....................................

c|l . ... .. e=lin. . . . . . . ... . . .

s n G from s2p-file

w

= ac S-param

D | simulatio E=ES

3 n simulatio

°| @ Rl fRef R2 QP2
Harmoni Paramet (| - - - {7 - . R=6600hm-| - - -R=660Ohm - DI L

¢ ersweep o pgs00hm e £5500hm
balance S
1|

digital  optimizat & ;| .................................... o ;|;|

hitp://www.sdr-Kits.net/ 7
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»+" Qucs 0.0.16 - Project: 11kHzBPF
File Edit Positioning Insert Project Tools Simulation View Help

[ISRSIZRE I I=IeiE JE 4 LG AGTEDR ST/ RE Lg% w

' [clagrams 2| & 11kHzBPF.sch |@11kHzBPF dpl \[}3imulate 2)
%) |~
e I~ ) 0.1g .
0 | Cartesia Polar Tabular
- n
© & &) .
e 0.01H
S | smith Admittan Standard dlag mm

Chart ce Smith -

output a bit strange

2l @ & P g
e | Polar-S Smith-P FilEs,
o) .
g— mith olar i i
S C°jlbi cog»i — Export simulation result a
- 1e-04|-

3D-Carte Locus t NWA

sian Curve
Timing Truth Te-0pixrs S0 ' =104 :
Diagram Table A - '|_|

http://www.sdr-kits.net/ | :
no warnings 0-0 p




Comparison QUCS-Simulation vs.

Measurement

<Hef?

10dB/ 1: 11.068kHz -24.48dB  -24 38dB 0dB

10dB/ Q:
simulated

with QUCS

measuerd with
VNWA

PERFECT!

(al

start =10 kRz Center=11khz stop =12 kHz
Span = 2000 Hz

v S21 dB
http://www.sdr-kits.net/ F M =Tan ‘l d B 29




Free Filter Design Software (1):

Elsie — for LC-Filters

ﬁ Elsie Student Edition - Welcome !

This is the Swudent Edition of
» http://[tonnesoftware.com/elsiedownload.htmi
 LC-Filter Designer and Analyzer
« Student version restricted to 7 dipols

 Numerical simulation results export easily to
s2p-file!

http://www.sdr-kits.net/ 30



Sif Crystal Ladder Filter Calculator "DISHAL" Vers. 2.0.3

Free Filter Design Software (2):

Dishal — for Crystal Filters
NEE

HF Tools by DJ6EV

SaveWindow Cohn QER(G3UUR) Xtal Table LC-Match Cs2Cp Colours Info Help

Select either Lm or Crn of «tal
{ﬁ | @@ [# [es [ [z [0 | Colouate |
v S T o S b6 S LoG—Lin
- Xtal Parameters 0db
Lm = 70mH fs=  5000,000 kHz ‘

« http://www.bartelsos.de/dk7jb.php/quarzfilter-

horst-dj6ev

* Crystal filter designer and analyzer

« Simulates without crystal losses

* S,,-simulation results can be exported

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

31




Free Filter Design Software (3):

AADE Filter Design - for all filters

m. About Filter

AADE Filter Design and Analysis

I
B

1=

Directory=CA\Program Files (x86 \Filter

Version 4.5

 http://aade.com/filter32/download.htm

* Univeral filter designer and analyzer

* Free, but with nag screen

- Easy to use

 Numerical simulation results cannot be
exported

http://www.sdr-kits.net/ 32




Design 3 Pole Butterworth 1m-Band Pass

for 5 MHz with 3 MHz Bandwidth at 50

1 y 3
50 954,93nH  >39Trull 954.93nH 50
| |
190,986pF
L — p—
1061,03pF 1061,03pF
5M 5M 5\

Filter Design with Elsie

http://www.sdr-kits.net/ 33



_ : Eisie 2 I put =
Savedesion | Getdesion | Design | Schematic | Edit | Analysis | Plot | Tabulate | Print | Write | Help | About | Exit |
Tunewidth | Tunepart | Saveoveriay | Getoverlay | Stepsize% | MonteCario | End | Optimize | Limits | Markers |

Transmissicn, dB Return, dB
a T— 0

}“4|2

™,
-6.667 -6.667
N

-13,33 // ‘\ -13,33

-26.67 -26.67

L'F:
| L2

k|G
/

B

-33.33 -33.33

—40 —40
2M 3M 4aM 5M &M 8M 1oM

http://www.sdr-kits.net/ 34



Modify Components to standard Values and

Schematic | Edit | Analysis | Plot | Tabulate | Print |
1 2 3
50 5,6UH 50
TuH P H TuH
180pF
r\'*_-’/} — p—
1000pF 1000pF
Q valugs: 5,0329M 5,0129M 5,0329M

Inductors: 50 . . = —
Capacitors: 1E+07 Simulation with finite Q

http://www.sdr-kits.net/ 35



...and export Simulation into s2p-file for

Comparison with Measurement.

Design | Schematic | Edit | Analysis | Plot | Tabulate | Print
Tune width | Tune part | Save overlay | Get overlay | Stepsize % l Monte Carlo | End I Optimize

Transmission, dB

| BANRA

=-53.33

0 | ;
[N

—66,67 o

-66,67

-80
500k 1M 1,5M ZM 5M 10M 20M

hitn:/hananar edr_leite not/ 2R
T







Comparison

Measurement vs. Elsie Simulation

S,4, S44y measured - Plot1, Plot2 Elsie simulation

<R efl
10dB “ O
0dB
oS
)
10cB Q =
22 a9
© 0.9
525
o L o
Cal
Stat =04 MHz Log Frequency Sweep Stop =60 MHz
=
- — — Continuous
Uesean, SveE v521 dB v Plot] dB
1521 =] = ||Mem1 ¥| ¥S11 Smith ¥ Plof2 Smith Single Sweep

http://www.sdr-kits.net/ 38



Measuring / Selecting Crystals:

VNWA Crystal Analyzer

e.d. transmission
(S21-measurement)

OGO O OO
S NeoRe HBEDAS RD

-‘) 1234557- -

Y (] --""h‘ = .
e CO0O00O0OO

3
hiﬁiﬁhd == INC-O@ - )
e ) _')t‘{"”-'.‘ . . ;l. ______ .
OOOQOOCO -
OO O 00O

iy L "

——

-
r
¥
e J

Thru standard m

http://www.sdr-kits.net/ 39




The VNWA Crystal Analyzer Tool:

Find 3 similar Crystals...

(2 Crystal Analyzer - Analysis will be performed into 3-port datz

Equivalent Circuit L= 95399917 mH
L ¢ R
D_{rwm_”_:q_o C= 6.4b6461 fF
| R = 27285283681 |Ohm -
CO = 246571041218 |pF A
F=li2afI.C = |1299b886978f |MHz -
auto-optimize R.g=4LIC = 18967918117 {«1000 | Q= 69517
source = 521 ¥ | TestligImpedances= |50 Ohms
Batch Crystal Analyzer | Mmeasure | Ssave list clear list
fidHz ® LiH CiF B{OhmICOF fiaure of rn -

12995916.37 48842 0.02349916516 £.382263946E-15 39.29 2 468043934E-12 0.000775 |
12996592772 b4196 002368969902 6.3309710084E-10 3569  2420346928E-12 000116
1299588693 69517 002322917961 £6.4b6461114E-15 2729  2465710412E-12 0.0015

I-:,om—~4:t



With these we want to build a Crystal Filter
— Enter Crystal Parameters into AADE

Enter data
2. 468040

Cancel u

1 129950165 37 48842 Q02349916016 6.358220H30945E-15H 39 29 2 AGE043934AE-12 0000775

http://www.sdr-kits.net/ 41




| 66pF | 66pF F . 1860Q

http://www.sdr-kits.net/ 42



Simulation in QUCS at 50 Q using standard

Component Values

http://www.sdr-kits.net/ 43






Crystal Filter:

Measurement vs. Simulation at 50

S,q, S4y measurement - Plot1, Plot2 QUCS simulation
10dB/ A !

1odE/

al
Start =12 987 MHz Center=12997 MHz Stop =13.007 MHZ
. Span = 20 kHz
_ _ _ Cortinuous
TXA =0dB V521 dB v Plotl dB

ISH A IF’|GT2 | 3511 smith ™ Plot? Smith Single Sweep

| 4
http://www.sdr-kits.net/ 45




Crystal Filter:

Measurement vs. Simulation at 186
Sy1, S44 measurement - Plotl, Plot2 QUCS simulation

10dB o
10dB
Cal

Start = 12.987 MHz Center = 12.997 MHz Stop = 13.007 MHz
. Span =20 kHz
Uzsaan, -0 els V521 dB v Plot! dB Fonfinuous
1521 w| == ||Pot1 =] ¥S11 Smith ¥ Ptz Smith | Single Sweep

| 4
http://www.sdr-kits.net/ 46




 Measure components
* Design filters

» Simulate filters
* Measure filters

Try it for
yourself!
\

http://www.sdr-kits.net/ 47




