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VNWA Presentation - Contents

 What are S-parameters?

 How does the VNWA function
and how was it born?

* New features

 Some novel measurement examples

Dank an:
- Eric Hecker - Fred Schneider Hochschule Ulm
- Giuseppe Gristina - Mario Armando Natali é&(@;
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It Is all about scattering of Waves
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S-Parameter = Scattering Parameter

hq
) =00 =
=1 =Y
A

Two Port
 Complex S-parameters: S, =Db,/a,
« S, are complex numbers consisting of
Magnitude and Phase! ”°‘*§;£”'m
I»
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S-Parameter Sy,
‘ | S;; | = Input Return Loss

1. 144.0MHz  -38.14dE 1.08
2. 146.0MHz - -33.19dB 1.04

b 1+1(S
S, =1 VSWR = — 11
S

a 1-

Cal 12

<Refd
Start = 85 MHz Center =145 MHz Stop =185 MHZ1
Span =100 MHz -—
T~
(7 =
)
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S-Parameter S,;

- | S, | = Transmission LosSS

D
[ ouT [ > : »

BB/

<Refl
0dB

14 145 3MHz -0.34dB
2==1: 3.00dE -3.54dB
3-2: 17898 MHz  -3.54dB
4 146 2MHz -0.54dB

o,
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S21 ==

Cal
Start = 95 MHz Center = 145 MHz Stop = 195 MHz
Span =100 MHz m
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The VNWA can measure these S-Parameters!

1kHz - 1.3 GHz

TX Out

n . o= | {
\ 0\ : A';-I;’ Il ;I
I DGBSAQ Vector Netv 1

¥ g— ? [ DUT [ —=p Y

Hochschule Ulm

DUT : DEVICE UNDER TEST &é((%
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Evolution and Principle of Operation (1)

VNWA Basics

Incident Transmitted

@‘?w:» « Tunable
Reflected | Signal Source
Source
e 3 Coherent
X X SIGNAL )( :
%_ et SEPARATION -~ Recelvers
INCIDENT REFLECTED TRANSMITTED
(R) (A) (B)
} « Device Control

RECEIVER / DETECTOR e Data Processing

and Graphics

Hochschule Ulm
PROCESSOR / DISPLAY é(@

I
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Evolution and Principle of Operation (2)

Functional Diagram

Direct Digital Synthesizer (DDS) <

3 Gilbert-Cell Mixers + DDS

+ PC Sound Card (IF)

‘ =

HAM RADIO 2012

Tuneable
Signal Source

3 Coherent
Receivers

Device Control
Dataprocessing
and Graphics

Hochschule Ulm
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Evolution and Principle of Operation (3)

Functional Block Diagram

Reference — Thru, Reflect — Mode
right audio channel left audio channel Control

0
kN

TX RX Hochschule Ulm

50 Q é(‘(/\

I
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Evolution and Principle of Operation (4)

Problem: DDS Alias Frequencies

A
Fout SIN (X)/ x ENVELOPE
w T x =(1T}Fch RF DDS
(o]
£ o N\ Fc-Fo LO DDS
d g FG+FU
3 S e AT )
2 =
S o
) =
W O
>
Z
OHz 20MHz 80MHz 120MHz 180MHz 220MHz 280MHz
(DC) 1ST IMAGE 2ND IMAGE 3RD IMAGE 4TH IMAGE 5TH IMAGE
100MHz

SYSTEM CLOCK FREQUENCY

All Alias-Frequencies mix down
to the same Intermediate Frequency th&grrl im
— either use Low Pass filter, or... &gm{’i
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Evolution and Principle of Operation (5)

... use LO DDS with Clock Frequency Offset

A
Fout SIN (X)/x ENVELOPE

w I x = (m)F/Fg RF DDS
(]
=
=
=
o
=
<
|
<L
=
)
7]

OHz 20MHz 80MHz 120MHz 180MHz 220MHz 280MHz

(DC) 1ST IMAGE 2ND IMAGE 3RD IMAGE 4TH IMAGE 5TH IMAGE

100MHz
SYSTEM CLOCK FREQUENCY

all Alias-Frequencies can now be used to
extend the VNWA Frequency Range Hochschule Ulm
S

E)N
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Evolution and Principle of Operation (6)
Result: VNWA1

Hochschule Ulm
A
Dy
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Evolution and Principle of Operation (7)
VNWAL1 First Practical Use




Evolution and Principle of Operation (8)

Updated Development Targets

Main Target: A Tool for Education

 Frequency Range > 500 MHz
e Continous Frequency Range —no Gaps
 Constructed on PCB / reproducible Design

 Lowest possible Cost

Hochschule Ulm
S
D
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Evolution and Principle of Operation (9)

Continous Frequency Range

A .
T Four Gaps In the frequency range
: \ at multiples of the clock frequency
|
s ;
5
N
|
OHz 20MHz 80MHz T 120MHz 180MHz 220MHz 280MHz
(DC) 1ST IMAGE 2ND IMAGE 3RD IMAGE 4TH IMAGE 5TH IMAGE

100MHz
@ < SYSTEM CLOCK FREQUENCY>
Solution: variable clock frequencies by changing

PLL-clock multipliers (integrated in DDS) Hochschule Uim

A
N
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Evolution and Principle of Operation (10)

Result: VNWAZ2

* Frequency Range:
1 kHz...>1,3 GHz

« Dynamic Range:
>90 dB (f = 500 MHz)
>60dB (f > 500 MHZz)
S11, S21 Measurements

« Control via Parallel Port

« Signal processing via
external (PC) Sound Card

Hochschule Ulm
S
D
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Evolution and Principle of Operation (10)

Milestone 2009: VNWA from SDR-KIts

SDRKIts

Jan Verduyn GOBBL

Ex Merchant Navy Radio Officer
Ex Motorola Engineer

Retired and started SDR-Kits
Radio Amateur

/ § ‘\‘I“ ['\
WEREE
/ ”f i //////// Va1 | |

Halle AL Stand E812 &%
)Y
HAM RADIO 2012 18



Evolution and Principle of Operation (11)

Market impact on VNWAZ2 Developements

Fewer Computers with
Parallel Port Interface

Fewer Computers with
Stereo-Line-In

Hochschule Ulm

A

I
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Evolution and Principle of Operation (12)

VNWA2-USB

 USB Interface

e Controller

 USB Audio Codec

==\ . Powered from USB
: Only a USB cable
connection to the PC

Hochschule Ulm

(
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Evolution and Principle of Operation (13)
VNWAS3: Ready Assembled in Factory

www, SOR-Kits, net
ey copur ight-DGBSAG

*TCXO

TN

!
)

o ..'r.Q'

 Additional
Clock-PLL!
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Hochschule Ulm
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Evolution and Principle of Operation (14)

Less Interference with flexible Clock-PLL

2dB/

2dB/ I ——-‘————Wfﬂigﬂ VNWAZ

VNWASZ3 further

optimized via Software
: —-—-—-—twfﬂiga VNWAS3

Open, 8000 Points, 0,34ms/Point

Start=1 MHz Center = 6b0 L MHz Stop = 1300 MHz
Span = 1299 MHz

Cal

Continuous

0db ¥vs11 dB [¥ Merm1 dB
: == | Mem 1 v Single Sweep | Hochschule Ulm

Y tg\((%
D
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Evolution and Principle of Operation (15)

VNWAS3 Options

* New expansion PCB with
2nd Audio-Codec to
measure S;; and S,;
simultaneously

 External Clock Input

* Possible to extend VNWAS3
to a fully automatic 2 port
Analyzer with an external

Transfer Relay ”°‘“§F; vim
— '/~

N
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Applications:

Impedance Measurements (1)

[.] DGB8SAQ - Vector Network Analyzer Softws
File Measure Settings Tools Options Help
1. 2661MHz 026+069  70.800hm
1
10chm/
<Ref?
Start=13.84 MHz Center = 25 .84 MHz Stop = 4384 MHz 1
Span = 30 MHz
==
Confinuous
V'S11 Smith
S | |S1 v Vsi1 |z Single Sweep Hochscgule Ulm
|Trace 1 ," Marker 1: 25.61MHz 0.26+i0.69 => 7 = 22.57+i 67.090hm é(f

J))“
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Impedance Measurements (2)

Variant 1: Return Loss Measurement

VNWA

Highest
o | accuracy for
TX RX LI® | Z, closeto 50 Q

Hochschule Ulm
A
Dy
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Impedance Measurements (3)
Variant 2: I-Messung

Highest for
c}% EC} large values of Z,
51 TX RX L&
A Cal: Thru

RX measures current through Z,

Hochschule Ulm
A
Dy
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Impedance Measurements (4)

Variant 3: V-Measurement

VNWA
Highest for
c}% _ﬁc} low values of Z,
5L TX RX L3
RX measures
Ly Voltage across Z,

Hochschule Ulm
S

Cal: SOL I
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Impedance Measurements (5)
Variante 4. RF-IV Measurement

;'ExceHentfor
ALL values of Z,

Cal: SOL

HAMRADIO 2012 RF-1V Test Head: http://www.makarov.ca/ 28



Impedance Measurements (6)

Measurement Deviation-Variants 1 - 4

Impact of 10% increase of Z, value
on measurement result:

Z

0,10

91 Q

100 kQ

HAM RADIO 2012

S

3,27%

V V/l

-3,08%

) RF-IV shows best overall sensitivity!

Hochschule Ulm

A

I
29



Impedance of a 100 pF SMD Capacitor:

Effect of 2 nH In Load Standard

0.20nM/ . 300MHz  1.18chm  0.78chm  101.42pF 101 40pF Geneel Seings | ATOMET SOL o
0.2ohm/ C CPEN |SHDRT LOAD |LOW Loss
0 1pF! —1 Rs S
0.1pF/ Rs ,
1
Cal Cs -
=

Dy Start=10 MHz Center = 30 MHz Stop =50 MHz |, 2o

Span = 40 MHz '
=
XA =04dB ¥si1 Reaz Fsii c— Abt. 50% Rs-Error

o1 =[] Mem 1 =] e Reaiz_ ¥ e o~ Practically no Cs-Error

Hochschule Ulm

> Load-Model critical for Q measurements! &(f
J))‘
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New: Low Loss Capacitor (LLC)

as an additional Calibration Standard...

020AM/ 4. 300MHz  0.79chm  078chm  101.40pF 10 General Settings Arbitrary SOL Moc
0 20hmm/ 'OPEN | SHORT LOAD |Low Loss

- Still Correct!

Error!

Ol Start=10 MHz Center = 30 MHz [.] calibration Settings

= Span =z General Settings Arbitrary SOL Model Settings | SOL Simul
- V511 Realz Msii © Low Loss C
ISH LIMem1 | ¥ Mem1 Realz ¥ Mem1C _I?EENFllSHDRTlLDAD HEESS |
{100pF | 200pF | 400pF
... Fixes Load Model- £5h -

0.8
ESR in Ohms, press CR to compile

101.4 pF. Cmeas =101 pF
(for info and for ectirnatin

Error!ll I
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Hochschule Ulm
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If you have a clock you always know what

time it is ...
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With TWO Clock you are never quite
shure which time is right !

s * My two
Rubidium
Frequency
standards:

f - How accurately
do they run in
sync?

Hochschule Ulm

A

o)

E)N
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Application: Frequency Comparison (1)

VNWAS3 as Phase Comparator

Frequency Standard * Precise Phase
Measurement
€ with VNWA3
Clock
YV VNWA3E * Frequency
S ™ Rx—ﬂg deviation
i ° calculated from
| T e — . Hochschule Ulm
|2 o< | Oscillator A
C— T — I

HAM RADIO 2012 34



Frequency Comparison (2)

Measurement Accuracy

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to To - |El|ﬂ
File Measure Settings Tools Options Help ¢ I CXO

0.01%-Precision Frequency Meter
compared
dF= - 4.951 WHz mp
Source = ISH vl Measurement Time = 15 Range = Center +~ 4 Hz TAK Offset = 0 mHz to Itself

|| DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to Tco - ||:||£

File Measure Settings Tools Options Help

0.071° -Precision Frequency Meter ) 1 S

dF=  -|-8.171 uHz -

Source = ISH vl Measurement Time = 15 Range = Center +/- 4 Hz TA Offset =0 mHz I\/I e aS u re m e nt
o[«

File Measure Settings Tools Options Help

+ abt +10 pHz
’ ‘1EI]I]I]I]I]I] 0oooog2 Hz - -
Source = S v Measurement Time =15 Range = Center +/- 4 Hz TX Offset =0 mHz Varl atl O n ! ! !

Hochschule Ulm

3 Sweeps with 10 Points and 0,1s / Point j‘)()(g
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Frequency Comparison (3)

Rubidium 1 vs. Rubidium 2 over 260s

<R efl
1dB/ 0dB
30°)
0.1mHz/
¥ ' Ikl
i ) ML..
Sm
Start = 10 MHz Center = 10 MHz Stop =10 MHzf?ﬁé?
. Span=0Hz
T At =0dB Ms21 a8 Ms21 oF =onnuotE
S21 A ||F’loﬂ ~| M521 cPhase Single Sweep
Reference Position = 5 4
L Hochschule Ulm
Deviation = -0,0025 Hz + 0,0003 Hz at 10 MHz L
— -, ~
= 2.5-1010 DY
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Frequency Comparison (4)

Allan Deviation from VNWA-Measurement

10-7: LN BLLLLY L ILLLLY LI BLLLLY LI BLLLLY ' . .
-E Rubidium Standard 1
= : & measured against
2F . g
£ " Rubidium Standard 2
> 3 ‘
S G, (©) :
q_) -
> - : 70
S 2} | |
T 02/ nis ' |
= 3 aus http://tf.nist.gov/general/glossary.htm
= 5 . t i T | >
i) I | | : I !
q>) ok White |  Flicker | White | Flicker | Random
S Noisetype: ~ Phase |  Phase | Freq. | Freq. | Walk Freq.
- 10"
c .
: cF
ok Hochschule Ulm
10 EPETE FTTT BEETETETS FTTT BTN T BN P | L1l &}q(c,/;,
10! S 100 10t %102 *10°  C1of D
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Frequency Comparison (5)

Rubidium Standard vs. VNWA3 TCXO

<Refl
10dB/ 0dB
30000
0.25Hz/
- [
<Ref3
-3Hz
."'H.
i
<Ref2
Start =10 MHz Center = 10 MHz Stop =10 MHz _ .
300000
_. Span =10 Hz
- Cortinuous
TXAT =0dB Ivs21 dB V521 dF
ISE] | = ||Ploﬂ *| ¥s521 cPhase Single Sweep
Reference Position = 10 Y
L . Hochschule Ulm
Deviation =-3 Hz+ 1 Hz at 10 MHz =-0,3 ppm L

[
DY
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Application:

Time Domain Analysis (1)

3dB {GE‘EH
100hrm/ :
v Frequency Domain
2
W
1 7.26ns=717mm  71.89%hm
2. 1758ns=173m 49.140hm Time Step Response
M 30 Z2783ns=2.73m 25 98ohm
=Refz
Start =0 MHz Center = 6b0 MHz Stop = 1300 MHz el
Start Time= 0 ns Span = 1300 MHz Stop Tirme= 30 ns
=
Vst dB Mitm2 12| Continuous |
Cable 25 Q) = open

=2

HAM RADIO 2012
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Hochschule Ulm
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Time Domain Analysis (2)
Locate the faulty Christmas Tree Light Bulb !!

DG8SAQ Vector Network Analyzer Software VYersion: Beta 28.14 /7 2009.10.18 09:26:05
11-12-2003 22:05:51  tdr kerstsnoer

a3 10dB/ [1: 269ns=4.03m
/® - 2. 434ns=65m
7677 13 B1.2ns=9]17 m

G
0de
|
|
]' T
|
|
l\ 4
| ]
\l ‘—i
1 (1
) '
y B 3
B 7
J 1 |
) I ) A
\ 1 | I\
/ ¥ ok N
/\ f i \ / \\\ !
: = - z «\ / ;\ \ ] | 7 I \.‘
\ F : ! : N | R T \ N
N\ 5 L Y ; ‘-,\ |" \_/ _—
7 L7 Y
’ \ -~ 1{
MC = «
Start = 27.5 MHz Center = 263.75 MHz MHz
Start Time= 0 ns B2 N

Stop = 500
Span = 4725 MHz Stop Time=6

Hochschule Ulm
N
Dy

40

http://www.padtim.nl/?p=345
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Application Example: Cavity Resonance (1)

Hochschule Ulm

N
N
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Cavity Resonance (2)

N

Lowest Resonance mode

> 8
¢ o LS 3-10"m/s 2405
271 0,28-9,5cm

~1209 MHz

——-
b

Hochschule Ulm
&(r
J))“
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Cavity Resonance (3)

S F=

- Lowest Resonance mode:

// 0 5 BEY{GEBBH

17 121086MHz  -4.13dE
Start = 12064 MHz Center=12109 MHz Stop=1213.4 MHz

Span =% MHz
Vell dm Continuous Hochschule Ulm
|521 - |51 1 - Single Sweep &(f
| — = y N
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Cavity Resonance (4)

=R ef?
0 BdB/ dE Em pty
0 bdB/
VS.
Filled
19 1210 86MHz  -4.13dB -0 84dE
21209 75MHz -094dB -4 01dE
Start=1208 4 MHz Center=12109MHz Stop=12134 MHz
Span =5h MHz
=
Continuous
S db Hochschule Ul
— 1 ocnschnule m
I52 = :I |51 1 | ¥ Memil dB Single Sweep &(f
Trace 2 / Marker 2: 1209.75MHz -4.01dB 4 J))N
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Cavity Resonance (5)

NASA/TM—2007-214907 ATAA-2007-1198

Gregorv A. Zimmerli and Karl R. Vaden
Glenn Research Center, Cleveland, Ohio

Michael D. Herlacher
Analex Corporation, Brook Park, Ohio

Hochschule Ulm
N
Dy
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David A. Buchanan and Neil T. Van Dresar
Glenn Research Center. Cleveland, Ohio
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Cavity Resonance (6)

NASA/TM- 06852 Vector Network Analyzes Softmare

12022001 3304PM 200111212 epsettegs 50 550NH 2 S000pts

et
o
!

=

|
t
;
El
i
|

Gregoryv A. Zin
Glenn Researc,

Rocket Tank — real VNWA3 measurements !!

. O¥  Stan = 50 M2 Corter = 350 MHz Shep = 650 MHz
Michael D. He Soun = 600 NHz
TXAL <0 AL

511 Prae

Analex Corpor

Hochschule Ulm
N
Dy
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David A. Buchanan and Neil T. Van Dresar
Glenn Research Center: Cleveland, Ohio

HAM RADIO 2012



 The VNWA3 Is a versatile Test
Instrument

* Suitable for many - even -
professional Applications!

Z> VNWASs are used on 5 Continents

Hochschule Ulm
S
D
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The VNWAS3 iIs in use all over the World.

Messungen mit dem Vektor-Netzwerkanalysator VNWA 2 (1)

Netzwerkanalyse und VNWA 2

N

Dr.-Ing. Bodo Scholz, DJ9CS

Zur Person

In [1] hat Thomas Baier, DG8SAQ, sein Konzept fiir einen Vektor-
Netzwerkanalysator mit minimaler Hardware vorgestellt.
Wihrend die damals beschriebene Version noch gréRtenteils auf
Lochrasterplatinen aufgebaut und somit nur mit eingeschrankter
Sicherheit reproduzierbar war, gibt es jetzt einen Bausatz.

Besondere Interessengebiete: Selbst-

den Typen besser aufzuzeigen, folgt ::u,mﬂ(ess;;e)clgx:, TR e

zunichst eine Beschreibung des %
grundsitzlichen Aufbaus eines skalaren Anschrift
Netzwerkanalysators (Bild 2). @mi

http://dj9cs.raisdorf.org

Kernelemente sind ein in der Frequenz

DGBSAQ VNWA 2.3 gesteuerter Sinusgenerator mit kons-

DJSCS

tantem Pegel und normalerweise 50 Q
Ausgangswiderstand. Gemessen wer-
den die Signale mit einem im Allgemei-

nen breitbandigen Pegeldetektor. So
lassen sich die Ubertragungsfunktion
und am Netzwerkeingang das Stehwel-

Bild 1: Aufgebauter VNWA 2.3 mit Kugelschreiber zum Grog
gleich

I | EE s Waltasantsiablona e fe (2

Aufbau eines skalaren Netzwerkanalysators

l |

Hochschule Ulm

| e | _

HAM RADIO 2012
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The VNWAS3 iIs in use all over the World.

GERATE

Messungen mit dem Vektor-Netj

Netzwerkanalys

Dr.-Ing. Bodo Scholz, DJ9CS

In [1] hat Thomas Baier, DG8SAQ, sein Ko
Netzwerkanalysator mit minimaler Ha
Wihrend die damals beschriebene Versio
Lochrasterplatinen aufgebaut und somit
Sicherheit reproduzierbar war, gibt es jet]

den Type
zundchst

grundsatZ]
Netzwer!

Kernelem
gesteuerty
tantem P4
Ausgangs
den die Sj

Bt &

Bild 1: Aufgebauter VNWA 2.3 mit Kugelschreiber zum GréBenver-

gleich ’
| EE s Waltasantsiablona e fe (2 I_

HAM RADIO 2012

Un accurato e prezioso
strumento: VNWA?2

Un analizzatore di reti per radioamatori

sostanza conzente di misurare i
paramet: S: 511, 512, 521, 522
e VSWR. Dei zingoli compenenti
pué misurare: registenza, ammet-
tenza, capacita induttanza < fat-
tore di qualita (Q). Le misure 512
e S22 zono effettuate scambian-
do manualments l'ingrezsc e
T'uecita del dispezitve in mizura
(DUT) oppure realizzandc una
commutazione eztermna delle por-
tel3). Le ultime version: del sof-
tware di gestone permettono di
caratterizzareiguarzi ricavandlo-
ne automaticamente tutt : para-
metri. E inoltre prevista la posai-
bilita di uzare i1 VNWA2 come
analizzatore dizpetre. Tutte cue-
ste informazion: vengone fornite
dalle elaborazioni del software di
gestione e szicuramente oggi.
quando quests note zono lette,
altre pozzibilita di misure =i za-
rannc aggiunte a quelle qui in-
dicats.

Lo achema a blocchi & vizibile
in Figura 1. La generazione dei
gsegnali RF & demandata all'or-

ma: claszsico DDS, che in questo

P L - N P e B

A
N
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The VNWAS3 iIs In use all over the World..

Messungen mit dem Vektor-Netj

& GERATE

H zogtanza conzente m misurare i

N accurato e prezioso ==

N etzwe rka n a lys e VSWR. Dei zingoli ccmpcnenﬁ
pué mizurare: resiatenm, ammet-

strumento: NWA2 ==

° torec:.quahta'Qn Le misure 512

no effettuate scambian-

Anﬁieta czytefniﬁdw Swiata Radio” (str. 65) wewngtrz o o

v ppure realizzande una
bzione eztema delle por-

. . 6 / 2 01 0 KHOTKOFALOW| EC ultime versioni del sof-

N

Dr.-Ing. Bodo

In [1] hat The
Netzwerkanal
Wahrend die (
Lochrasterpla
Sicherheit ref

POLSKI gestone permettono di
zzareigquarziricavando-
haticamente tuth { para-
inoltre prevista la posai-
usare i VNWAZ come
/ fore di epetiro. Tutts cue-
nr 4 1 mazioni vengone fornite
8 (3452010 borazioni del software di
e zicuramente oggi.

Magazyn wszystkich uiytkownik(')w eteru 980z wocusoem e Yl
KROTKOFALARSTWO CB RADIOTECHNIKA % ibilila di mhiture e ade
bgiunte a quelle qui in-

ISSN 1425-1701

INDEKS 332739

DGBSAQ VNWA 2.3

ema a blocch: & viaibile
h 1. La generazione dei
RF & demandata all'or-

kico DDS, che in questo

| R i ) A s mmmam b S amr v e, S
,. alizator wektorowy &(f
do 1,3 GHz J)W

HAM RADIO 2012 S | 50

Bild 1: Aufgebauter VNWA 2.3 mit Kugelsct
gleich ]




The VNWAS3 iIs in use all over the World.

GERATE

Messungen mit dem Vektor-Ne

Un accurato e rezmso e S ST S S 5
parametr: 5: S11, 512, 521, S22
N Etzwe rka n a I" ' p e VSWR. Dei singoli component

N

pué misurare: registenza, ammet-
tenza, capacita induttanza < fat-
tore c:.. qualita (Q). Le misure 512
no effettuate scambian-
fualmente l'ingrezsc e
Hel dizpozitivo in mizura
ppure realizzande una
hzione eztermna delle por-
ulime versioni del sof-
gestone permettono di
zzareigquarziricavando-
haticamente tuth { para-
inoltre prevista la possi-
uzare i VNWAZ2 come
bore di zpetre. Tutte cue-
hmazion: vengone fornite
borazioni del software di

F PMENT REVIEW SAM JEWELL, G4DDK ¢ E-MAIL: SAM@G4DDK.COM DECEMBER 2011 ¢ RADCOM

DG8SAQ VNWA3
Vector Network Analyser

A compact and versatile unit that measures S parameters,
VSWR, reactance and Q up to 1.3GHz
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Bild 1: Aufgebauter VNWA
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well the VNWA3 results compared with my chips specify a maximum 400MHz core clock
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The VNWAS3 iIs in use all over the World.
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Finally, ... a Warning:
VNWA’'s are Addictive!

Do | get this right?‘You tell your wife:
“Sorry dear, not tonight. | have a head-
ache” and then you can sit all night and




