HAM RADIO

HAM RADIO 2012

FRIEDRICHSHAFEN

Den Historiske Udvikling for
DG8SAQ Vektor Netveerk Analysator:

Nye muligheder for VNWAS3

PROF. DR. THOMAS BAIER E-mail: baier@hs-ulm.de
DG8SAQ

Technik

Oversat til Dansk af OZ70U kurt@hamcom.dk

Hochschule Ulm

Z;i;t\?/vSitzsltrasse 10 &&(& fi;ipvlieerjt:c?efﬂces
m \j R
Z)H)

HAM RADIO 2012 1

Hochschule Ulm


mailto:baier@hs-ulm.de
mailto:baier@hs-ulm.de
mailto:baier@hs-ulm.de

Foredragsprogram

 Hvad er Spredningsparametre?
 Hvordan fungerer VNWA‘en og
hvordan er den blevet til?

* Nyheder med anvendelses-

eksempler
Tak til:
- Eric Hecker - Fred Schneider Hochschule Ulm
- Giuseppe Gristina - Mario Armando Natali é&(@;
)N
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Det handler om Spredning af Bglger

Optisk

aq

indfaldende >

b,
1D . gennemgaende

Linse

b,

reflekteret

Elektrisk
P — ;’ [ DUT [l —=) e

DUT : DEVICE UNDER TEST Heshzehiletm
A

I
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hq
) =00 =
=1 =Y
A

To-Port

 Kompleks S-Parameter: S, =Db,/a,
S, bestar af komplekse Tal med enVeerdi

og en Fase!
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S-Parameter S,
- | S;; | = Refleksionsdeempning

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

b 1+(S
S,,=— VSWR =
a, - 1- Sl%

Start = 85 MHz Center =145 MHz Stop =185 MHZ1
Span =100 MHz
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S-Parameter S,

- | S,; | = Gennemgangsdaempning

bHadB/f
2
) [ ouT [ > »
b 1 4
=Refl
2 3 OdB
14 145 3MHz -0.34dE
2==1: 3.00dE -3.34dEB
3-2: 1798 MHz -3.34dEB b
4 145 2MHz -0.34dB
Cal
Start = 95 MHz Center = 145 MHz Stop = 195 MHz
Span =100 MHz m < A
(1
D>
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VNWA kan male disse S-Parametre !

1kHz - 1.3 GHz

TX Out

\ 0\ : A';-I;’ Il ;I
I DGBSAQ Vector Netv 1

¥ g— ? [ DUT [ —=p Y

Hochschule Ulm

DUT : DEVICE UNDER TEST gS&((Q;

=
»
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Udviklingen og Virkemaden (1)

Princip for en VNWA

Indfaldende Transmitteret
@—?w:» Programmerbar

Signalkilde
Signalkilde Reflekteret | g
« 3 koherante
X X SIGNAL X
%— [ ADSKILLELSE ~— MOdtagere
INDFALDENDE REFLEKTERET TRANSMITTERET
(R) (A) (B)
1 * Program Styring
MODTAGER / DETEKTOR e Data behandling
og Grafik
Hochschule Ulm
PROCESSOR / DISPLAY (7
S
N
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Udviklingen og Virkemaden (2)

Funktionsblokke
Direkte Digital Synthesizer (DDS)< °
3 Gilbert-Celle Blandere + DDS o

+ PC Lydkort (ZF = meIIemfrekvens)

.

HAM RADIO 2012

Programmerbar
Signalkilde

3 koherante
Modtagere

Programafvikling
Data behandling
og Grafik

Hochschule Ulm
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Udviklingen og Virkemaden (3)

Den Principielle Opbygning

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

0
kN

LO-DDS
i
X0
v
08 RF-DDS
™ RX Hochschule Ulm
50 Q >0 §(Q;
DHH»
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Udviklingen og Virkemaden (4)

Problem: DDS Alias frekvenser

F SIN (X)/x ENVELOPE
o T 2 (e FIFs RF DDS
2 o\ Fo—Fo LO DDS
& N Fo+F
o — ctfo
3 o
() S5
(73] O
>
prd
OHz 20MHz 80MHz T 120MHz 180MHz 220MHz 280MHz
(DC) 1ST IMAGE 2ND IMAGE 3RD IMAGE 4TH IMAGE 5TH IMAGE
MH
SYSTEM Cljongl( FZHEQUENCY
Alle Alias-frekvenser blandes
til samme mellemfrekvens HochsghuleUim
. K
— enten Lavpastfilter, eller... I
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Udviklingen og Virkemaden (5)

Chance: LO DDS med forskudt Clock

A
Fout SIN (X)/x ENVELOPE

w x = (w)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

Alle Alias-frekvenser kan, med henblik
pa udvidelse af frekvensomradet, Hochschule Ulm

benyttes individuelt A
D
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Udviklingen og Virkemaden (6)
Resultat: VNWA1

HAM RADIO 2012



Udviklingen og Virkemaden (7)
VNWA1 Maleplads

Ansdyses Seltmare

.- DGASA( - Yector Netwerk
P 7 ‘:!\:'7 ’




Udviklingen og Virkemaden (8)

Nye Udviklingsmalsaetninger

Motivering: Til brug | undervisningen

« Frekvensomrade > 500 MHz
« Kontinuerligt frekvensomrade (uden ,,huller)
» Opbygning pa et PCB kort / Reproducerbarhed

* Optimeret for lav kostpris

Hochschule Ulm
S
D
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Udviklingen og Virkemaden (9)

Kontinuerligt Frekvensomrade

}  Four Signal“huller2 i frekvens omradet
l"gJ \ omkring multiplum af Clockfrekvens
|
: ;
3
N
|
OHz 20MHz 80MHz 120MHz 180MHz 220MHz 280MHz
(DC) 1ST IMAGE T 2ND IMAGE 3RD IMAGE 4TH IMAGE 5TH IMAGE

100MHz
@ SYSTEM CLOCK FREQUENCY

Lasning: variabel Clockfrekvens gennem

Clock multiplikations-PLL (Integreret | DDS)
N
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Udviklingen og Virkemaden (10)

Resultat: VNWAZ2

 Frequensomrade:
1 kHz...>1,3 GHz

« Dynamik:
>90 dB (f < 500 MHz)
>60dB igvrigt

« S11, S21 Maling

 Styring via en PC
parallel port (LPTX)

« Signal behandling med
eksternt PC Lydkort

Hochschule Ulm
S
D

HAM RADIO 2012 17

o Printudleeg: Dan Andersson MODFI



Udviklingen og Virkemaden (10)

Milepael 1 2009: Byggeseet via SDRKIts

SDRKIts

Jan Verduyn GOBBL

Ex. Maritim Telegrafist
Ex. Motorola Ingenigr
Pensioneret
Radioamatar

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

HaIIe A1l Stand E812 S
D
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Udviklingen og Virkemaden (11)

Nye Markedsstyret greensfladebetingelser

Stadig feerre PC‘er med
Parallel Port

Stadig feerre PC‘er med
Stereo-Line-In

Hochschule Ulm

A

I
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Udviklingen og Virkemaden (12)

VNWA2-USB

 USB Interface

e Controller

B+ USB Audio Codec
==\ . Strgmforsyning via
Al USB, kun et kabel
til PC‘en

Hochschule Ulm
A
Dy
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Udviklingen og Virkemaden (13)
VNWAZ3: monteret pa SMD/PCB robot

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

*TCXO

TN

” : | - +Tilfgjet en
e Clock-PLL!

Mg

(S
A Om £
o

a - e . Y v
% (N o ‘:)(4 y 1
S o S (s ;‘—i:’ R O A

Hochschule Ulm

N
I
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Udviklingen og Virkemaden (14)

Feerre stgjpulser p.g.a. fleksibel Clock-PLL

2dB/

2dB/ I ——-‘————Wfﬂigﬂ VNWAZ

VNWAS yderligere

optimerbar via Software
. —-——‘A—M{;@Bﬁ VNWAB

Open, 8000 Punkter, 0,34ms/Punkt

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
HAM RADIO 2012 22




Udviklingen og Virkemaden (15)

Optionelle VNWAS3 Udvidelser

HAM RADIO 2012

e Ekstra Audio-Codec for
samtidig maling af
S,;und S,

 Ekstern Clock indgang

« Udvidelse for
fuldautomatisk to-port
analyse, ved brug af
eksternt Transfer relae

Hochschule Ulm

(

Q
S
7
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Anvendelser:

Impedansmaling
[.] DGB8SAQ - Vector Network Analyzer Softws
File Measure Settings Tools Options Help
1 2bB61MHz 026+1069  70&800hm
1
100hm/
<Ref?
Start=13.84 MHz Center = 25 .84 MHz Stop = 4384 MHz 1
Span = 30 MHz
==
Continuous
V'S11 Smith
S | |S1 ~| Msi1 oz Single Sweep Hochscgule Ulm
|Trace 1 ," Marker 1: 25.61MHz 0.26+i0.69 => 7= 22.57+i 67.09 0hm é(f

J))“
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Impedansmaling (2)

Variant 1: Refleksionsfaktor maling

VNWA

@ Optimal for
o a| Z,neer 50 Q
31 TX RX L&

1

Cal: SOL

Hochschule Ulm
A
Dy
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Impedansmaling (3)
Variant 2: 1-Maling

Optimal for
c}% E@} Zx stor
L1 TX RX L&

— Cal: Thru

RX mister Strgm gennem Z,

Hochschule Ulm
A
Dy
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Impedansmaling (4)

Variant 3: V-Maling

VNWA
Optimal for
c:% _ﬁg Z, lille
s TX RX U3
RX mister
Ly spaending
over Z, Hochschule Uim

S

Cal: SOL I
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Impedanzsmaling (5)
Variant 4: RF-IV-Maling

Optimal for
alle Z,

= | Kombination af
Cal: SOL LRy

HAM RADIO 2012

RF-IV Testhead (mé&lehoved): hitp:/imww.makarov.cal  *



Impedansmaling (6)

Sensitivitet af Varianterne 1 - 4

Effekten af forggelse af Z,
med 10% af dens maleveerdi:

Z. S | \Y; V /|
0,10
51 Q 3,27% -3,08%
100 kQ

:> RF-IV maling er altid lige falsom!

Hochschule Ulm

A

I
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Impedans for en 100 pF SMD Kondensator:

Effekten af 2 nH 1 Load Standard

0.20hm/ 4. 300MHz  1.80hm  078chm 101.42pF  101.40pF Geneel Seings | ATOMET SOL o
0.2ohmy C OPEN |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 '
=
= 0 - ]
eSS SeE Vs peaz Fsn o-  Ca. 50% Rs-Fejl

EX HIMem | ¥ MemiRealz ¥ Mem1C— Praktisk |ngen Cs- FeJI

Hochschule Ulm

> Load-Modellen isaer kritisk ved Q malinger! @((f
J))‘
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Nyt: Low Loss Capacitor (LLC)

som yderligere Kalibrations Standard...

D.20NM 1. 80 0MHz  0.79chm  0.78chm  10140pF 10 General Seftings Arbitrary SOL Moc
0 20hmm/ 'OPEN | SHORT LOAD |Low Loss
P ligevel

. Passer alligevel!

Falsk!

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

Span =40 MHz _ ) : :
== General Seftings Arbitrary SUL Model Seflings | SOL Simul:
TX Aft. = 0dB _
— s Realz st © gppy | SHORT| LOAD  Low Loss C |
511 ==l Mem1 =] MMemireaz Fmemic
[ TO0PF | 200pF | 400pF

... ophaever Load £SR -
Model-fejl!!! —

0.8
ESR in Ohms, press CR to compile

101.4 pF. Cmeas =101 pF
(for info and for ectirnatin
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Hochschule Ulm
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altid hvad klokken er...

Den som har et ur, ved
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Den som har TO ure, er ikke helt sikker!

 Mine to
Rubidium
Frequenz-
normaler

 Hvor praecist
lgber de
synkront?

Hochschule Ulm

A

o)

E)N
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Anvendelse Frekvens sammenligning:

VNWA3 som Fase detektor:

Frequency Standard * Preecis Fase-
maling med
€ VNWA3
Clock
YV VNWA3E —5 * Frekvens-
S G afvigelse
o o
oL 1X RX L= kalkuleres ud
e = Test fra faseforskel
| o | " Hochschule Ulm
|2 o< | Oscillator A
— — I
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Frekvens sammenligning (2)

Malengjagtighed

(-] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to Ta

File Measure Settings Tools Options Help

0.01%-Precision Frequency Meter
dF= - 4.95]
Source = ISH vl Measurement Time =15

Range = Center +/- 4 Hz

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to To
File Measure

Settings Tools Options Help

Source = ISH vl Measurement Time =15

Range = Center +/~ 4 Hz

0.071° -Precision Frequency Meter
{ dF=  -|-8.171

(-] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to Ta

File Measure Settings Tools Options Help
0.01%-Precision Frequency Meter
’ ‘1EI]I]I]I]I]I] goooog?2 Hz -
ement Time =15 Range = Center +/-4 Hz TR Offset=0mH

3 Sweep med 10 Punkten og 0,1s / Punkt

HAM RADIO 2012

TCXO
sammenlignet
med sig selv

1s Maletid

ca 10 pHz
Spredning!!!

Hochschule Ulm

&(r
J))“
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Frekvens sammenligning (3)

Rubidium 1 vs. Rubidium 2 over 260s

14B/ {GFéeBﬂ
307
0.1mHz/

¥ 1 b

\ ‘ ML..
Sm

Start = 10 MHz Center = 10 MHz Stop =10 MHzf?ﬁé?
_. Span=0Hz
IR, SO EE V's21 dB V's21 dF continuous
S21 A ||F’loﬂ ~| M521 cPhase Single Sweep
Reference Position = 5 4
Afvigelse = -0,0025 Hz + 0,0003 Hz ved 10 MHz
= 2,5-1010

HAM RADIO 2012

Hochschule Ulm
N
I
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Frekvens sammenligning (4)

. O -
Allan afvigelse ud fra VNWA-Maling
- - LN BLLLLY L ILLLLY LI BLLLLY L L | ' . .
-E Rubidium Standard 1
= | ol malt i forhold til
2F . g
£ " Rubidium Standard 2
> 3 ‘
e B G, (©) :
< [ |
2 | | 10
o °r ! ! | .
LL -9 .
= 10 3 aus http://tf.nist.gov/general/glossary.htm
I S e e
.S 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,/;,
10t ®10° S0t 12 %10 S D
HAM RADIO 2012 37
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Frekvens sammenligning (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
. _ Hochschule Ulm
Afvigelse =-3 Hz £+ 1 Hz ved 10 MHz =-0,3 ppm A

[
DY
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Anvendelse

tids-domaene analyse

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

Hochschule Ulm
S
)
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Tids-domaene analyse (2)

At finde den defekte paere | juletrae-lyskaeden

DG8SAQ Vector Network Analyzer Software VYersion: Beta 28.14 /7 2009.10.18 09:26:05
11-12-2003 22:05:51  tdr kerstsnoer
1 10dB/ |1: 26.9ns =403 m 0.001
" - 2. 434ns=65m 0.00
g7, 13 B1.2ns=9]17m 0.001
t
1\
|
|
f‘ GED
| 0de
|
|
]' T
|
|
l\ 4
| j
| ¥
\ ] \]
) '
y B 3
B 7
\ I 1 |
\ [ fl
\ W A
[ LA
"\, | \ b [
\ | K'\ \ " ‘K \‘
\ / \ f \ S~ \
iy \ i ‘\L & \'\ "‘ N\ — 7\
MC =
Start = 27.5 MHz Center = 263.75 MHz
Start Time= 0 ns Span = 4725 MHz
521 dB

v
Stop = 500 MHz
Stop Time= 62 ns

http://www.padtim.nl/?p=345

HAM RADIO 2012

Hochschule Ulm
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Anvendelses eksempel Hulrumsresonator

Hochschule Ulm

N
N
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Hulrumsresonator (2)

N

Laveste Resonator tllstand

e 8
¢ o Joﬂ 3-10°m/s 2405
27rr 0,28-9,5cm

~1209 MHz

——-
b
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Hulrumsresonator (3)

S F=

\‘ L aveste Resonator tilstand:

// 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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Hulrumsresonator (4)

=R ef?
0 bdB/ dE tOm
0 5dB/
VS.
fyldt
17 121086MHz  -413dB -0.24dE
21209 78MHz -094dE -4 01dE
Start = 1208 4 MHz Center=121089 MHz Stop=12134 MHz
Span =5h MHz
=
Continuous
v 511 dB
|52 v -”511 ~| M Mem1dB Single Sweep ”°°h§;f'e Ulm
Trace 2 / Marker 2: 1209.75MHz -4.01dB 4 J))N

HAM RADIO 2012 "



Hulrumsresonator (5)

NASA/TM-—2007-214907 ATAA-2007-1198

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

Michael D. Herlacher

Analex Corporation, Brook Park, Ohio

Hochschule Ulm
S
)}
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David A. Buchanan and Neil T. Van Dresar
Glenn Research Center: Cleveland, Ohio

HAM RADIO 2012




Hulrumsresonator (6)

NASA/TM-  DGE5AQ Vector Network Analyzes Sofimore

12022001 3304PM 200111212 epsettegs 50 550NH 2 S000pts

et
!

Lh,___*_,.,.,__4~- e L‘.\__Q\

~-—r-

Gregorv A. Zin
Glenn Researc,

Raket tank — malt med VNWA3

. O¥  Stan = 50 M2 Corter = 350 MHz Shep = 650 MHz
Michael D. He . Soun = 600 M
Analex Corpor™* =*®

511 Prae

o Hochschule Ulm
David A. Buchanan and Neil T. Van Dresar

«
Glenn Research Center, Cleveland, Ohio &j Cﬁ;\
DY
HAM RADIO 2012

46



Sammenfatning:

* VNWAS3 er et alsidigt anvendeligt
maleinstrument.

 Den er endog fyldestggrende for
mange professionelle anvendelser!

~> Den er i brug pa alle 5 Kontinenter

Hochschule Ulm
N
Dy
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VNWAS er nu | brug over hele verden.

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-
bau, Messtechnik, Software Defined
Radio (SDR), QRP <,

zunichst eine Beschreibung des &\\ ae

den Typen besser aufzuzeigen, folgt

grundsétzlichen Aufbaus eines skalaren Anschrift

Netzwerkanalysators (Bild 2).
Kernelemente sind ein in der Frequenz
gesteuerter Sinusgenerator mit kons-

j9cs@darc.de

DGBSAQ VNWA 2.3

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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N

VNWAS er nu | brug over hele verden.

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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VNWAS er nu | brug over hele verden.

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
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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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Packard 8753C vector network analyser and to the host computer. A red LED, visible through

S parameter test set, but this combination is a hole on the rear panel, indicates that the unit e zicuramente oggi,

large and heavy — definitely not a portable setup.  is powered. Photo 2 shows the rear panel of 14500 egz cueste nots zono lette,
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well the VNWA3 results compared with my chips specify a maximum 400MHz core clock
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T1l slut en advarsel:
VNWA'‘erne er vanedannende!

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




