Vector network analyzer
(VNWA - VNA)
Hoe werkt het en wat kun je er mee?
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Introductie

1 Algemeen

* Meetpparaten
* VSRW brug
 SWR dB tabel

2 VNWA
e Calibratie
* Nauwkeurigheid
* Wat kan er gemeten worden
e Extra in de DG8SAQ VNA
* S-Parameters

3 Simulatie programma's
4 Onbekende Z

5 Maak een aanpassing voor deze Z



Spectrum Analyzer

> Dynamisch

Spectrum
Analyzer

HP / R&S / Tektronics /

Rigol /

Siglent
+Trakking
generator

Signal Analyzer
- betere osc

- lagere faseruis
Agilent / Keysight / R&S
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Bereik Resolutie meet:
70-90dB 0.1dB Log (lin) Level
70-100dB 0.01dB Spectrum
70-110dB 0.001dB Modulatie
Doorlaat
80-110dB 0.001dB Log (lin) Level
Spectrum
Modulatie
analyse
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Basic Funktie

Voor het meten van

Het bekijken van spectrum en modulatie spectrum

En met gebruikmaking van een Traking generator :

Filters, versterkers

Met Retun loss brug ook Antennes en filters

Het bekijken van spectrum en modulatie

De modulatie kan hier ook nog geanalyseerd worden,

mesteal met extra opties



Sweep

Dynamisch
bereik Resolutie
RF-Sweep Generator 30dB  0.1dB Linear Doorlaat met diode detector Filters, versterkers

Linear Return loss/SWR met brug Filters, versterkers en
antennes

Bekende merken
Wavetek HP Wiltron

VSWRH BRIDGE
MODEL 62N75 10 MHz 10 1000 MHz
WILTRON COMPANY

RF
W 7l ouT

[ 581000 |Rb

DEVICE
UNDER TEST

Sweep /!I'nd Genera
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Vector Netwerk Analyzer

Vector Netwerk Analyzer (Netwerk Analyzer)

VNWA = VNA
Dynamisch Soort
Bekende merken bereik meting
HP / Agilent / Keysight >100dB Doorlaat Door calibratie meetkabels weg rekenen!
R&S Fase Filters, versterkers en mixers
Resolutie Delay maar ook antennes en het aan passen er van
Atvantest 0.001dB Return loss
Anritsu SWR
DG8SAQ usB Log & lin Smith
Megiq USB TDR (in DG8SAQ)
MiniVNA USB Xtal (in DG8SAQ)
Pico uUsB Simple Spectrum (in DG8SAQ)
Frequentie (in DG8SAQ)
Diversen Antenne  Analyzers Antenne patroon (in DG8SAQ)
Component test (in DG8SAQ)
Signal Generator (in DG8SAQ)
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SWR Brug PE1FOD

1-600MHz 300-3000MHz
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Return Loss bridge
it j (VSWR bridge)

BNC SOE R
RF-in U1 ' o
L2

Detector
50 50
—y B—
50
Ref Test




VSWR

Tabel

VSWR=Lineair
Return loss=Log(dB)

Voltage 1= 1=

272 Reflectie a0 a0
Returnloss| Coéfficiént | TxPow |Refl.pow |Refl.pow

VSWR dB X % % dB /2= /2=
1.020 40 0.010 99 99 0.01 0.000 51.01 4901
1.065 30 0.032 99 90 0.10 0.004 53.27 46.93
1.119 25 0.056 a9 68 0.32 0.014 55.96 44 68
1.152 23 0.071 99 .50 0.50 0.022 57.62 43.39
1.222 20 0.100 a9.00 1.00 0.044 61.11 40.91
1.253 19 0.112 98.74 1.26 0.055 62.64 39.91
1.499 14 0.200 96.02 3.98 0.176 74.93 33.37
1.577 13 0.224 94 99 5.01 0.223 78.64 31.71
1671 12 0.251 93 69 6.31 0.283 83.54 29.92
1.785 11 0.282 92.06 7.94 0.359 89.24 28.01
1.925 10 0.316 90.00 10.00 0.458 96.25 2597
2.000 9.54 0.333 88.88 11.12 0512 100.02 24 .99
2.100 9 0.355 87.41 12.59 0.584 104 .99 23.81
2323 8 0.398 8415 15.85 0.749 116.14 21.53
2615 7 0447 80.05 19.95 0.967 130.73 19.12
3.000 6.02 0.500 75.00 25.00 1.250 150.01 16.67
3.570 5 0.562 68.38 31.62 1.651 178.49 14.01
4419 4 0.631 60.19 39.81 2.205 22097 11.31
5848 3 0.708 49 88 50.12 3.021 292 40 8.595




Main Audio Aux Audio

v N W A Reflect  Reference Reference  Thru
g
Blokschema e[ ] T

TLV2462 TLV2462 TLV2462

mp

SAG12 SAG12 SA612
LO-DDS
@ "‘EX —@—| Apgss9 \S?<
X
H=
36MHz
500 50 2 RF-DDS
y & Lposso
0O
TX RX
B0

S0
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Calibratie

e Zonder Cal lijkt het op Spectrum Analyze + TG

(= Full Calibration
Exit (Calibration Master Calibration Zal kit

* Open
e Short

—Reflect Calibration Thiu Calibration
* Load Short | . Crozstalk Cal | . ™ on /off
* Coax Kabels weg rekenen v | @ wee] 1 () Dessi
. . . Lo=d | Thiu Match Cal | | an it
 Laten zien dat het klopt in Smith kaart o : — . |

* Referentievlak (Reference plane)

* Poort extensie, om extra aansluit kabel te compenseren
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Door een 12 voudige term te gebruiken ontstaat de hoge Nauwkeurigheid

Two-Port Error Correction BTB_Network_2005-1.pdf

Reverse model

Port 1 Port 2

Forward model
P

Port 1 Ex Port 2

_> I I Err 2
a9 Eg -
« [» 1| |
J I | EL =
Egrr
. . - 4
Ep = fwd directivity EL = fwd load match Stim—Ep . S2m—Ep 2im—Ex  Siom—Ex
. N .. . il Eg')-Ep )
Es = fwd source match Etr = fwd transmission tracking = Epr Epr Eqp
a v v
— fw S — fwd isolaf: i = 8 §a9, — E R
Ert = fwd reflection tracking Ex = fwd isolation 1+ HE DES}“_ 22; ] Eg')—EL'Ey¢ 21:; X 122 X
Ep =rev directivity Er = rev load maich < = T
Eg =rev source match ETT = rev transmission tracking [Szlm -Ey _ Sum —Ep’ (E<'—E; )
ERrT = rev reflection tracking Ex' = rev isolation Sy15 = T o 5T
=
5 S99, — E Soym—Ex S E
(1 Llm DES}] 22m .DES'J_EL Ep¢ Lm X, 12m ~ =X )
RT RT Err'

e Each actual S-parameter is a function
of all four measured S-parameters a - "D (gg £,

5124 .
o Analyzer must make forward and reverse e o ]l]_SZZmR—TED R SZlET:x ) Sm;nfx }
sweep to update any one S-parameter
o Luckily, you don't need to know these Ezm Iy AimED g gy P2 B P~ EX
. = RT RT T T
equations to u#se network analyzers!!! 20— S —Ex _S12m — Ex'
(1 o Eg )il < Eg')-Ep Ep—=™" =
Egr Egr' Eqr Err
Netwark Analyzer Basics -:::o Agllent Technologles wowwv.agilent.comifind/backtobasics
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Two-port error correction is the most accurate form of error correction since it accounts for all of the major sources of
systematic error. The error model for a two-port device is shown above. Shown below are the equations to derive the
actual device S-parameters from the measured S-parameters, once the systematic error terms have been characterized.
Notice that each actual S-parameter is a function of all four measured S-parameters. The network analyzer must make a
forward and reverse sweep to update any one S-parameter. Luckily, you don't need to know these equations to use
network analyzers!!!

Stim— E S2om — Ep' Soim - Ex ),512m-EX'
v AN AN

D
)1+ 2 EgN-Ep 1)
Si1q = ERr ERT Err Err
a L} "
S — E Sen, — E Sor —Ey Sy —E
Egr ERr Err Err
So1, — E San, — Ep'
¢ 21m X)(1+ 22m 'D (Eg'-Ep))
S1q = Err Epr
a L} "
(4-um=Ep Eg)1+ S20m —ED ES.)_EL.EL{SZIm_EX Clom = Ex’
ERr Epr’ Err Err’
Stom—Ex' . Syim-E
Stam “Exyy Sium=ED g _p o)
S19g = Err Epr
a L] "
a+0m = Ep Eq)1+ S20m —ED ES.)_EL,EL{Szlm—EX yo1em = Ex
ERr ERr’ Err Err'
,Szzm—ED')(l+511m—ED E<)- E L S21m —Ex \,Slzm-EX')
- Egp’ Egr UL B T By
$20q =

S - E S -En' S -E S - Evy'

ERr RT Err Err’
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Wat kan er gemeten worden met een VNA

 Standaard functies * Extra in de DG8SAQ
* SWR linear(S11) * Simple Spectrum

* Return loss dB (S11) * Frequentie

* Doorlaat (S21) e Antenne patroon

* Phase (S21)  Component

* Delay (S21) * Crystal

e Smith (S11) * Signal Generator

* S-parameters opslaan voor gebruik * Full 2 poort optie

in Excel * Matching tool



S-parameters opslaan met VNWA DG8SAQ

= DGESAQ - Vector | F Ana e = | B e
Measure Settings Tools Options Help

Exit

SaveScreen 3

Print Ctrl+P

[ T T : ; <Refl

Export Data 4 Trace r 511 k Real-Imag 0de

Import Data b 52p r 521 k Magnitude-cont.Phase

Save 3 53p r 512 » dB-cont. Phase

Retrieve b | sz v :

binary
Software Updates L4 Miemery S 3 —= &l
| | Plotl v P
' Plot2 il B
Plot3 2
Flotd 2

[5mn
ICal

Start =1 MHz Center = 126 MHz Stop = 251 MHz

Span = 250 MHz
== .
¥ 511 dB 511 de Continuous

511 =] = ||Mem2z ~| ™ 521 B ™ Mem2dB Single Sweep
| Mo VWA hardware detected!
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S-parameter File xx.s1p of xx.s2p (ASCII tekst)

| ListType=Lin XXX.s1lp
Itestl

# MHz SDBR 50

10.0000000 -51.6016145 -81.2734089
12.1535893 -59.1364064 -154.710868
14.3071786 -58.2970539 -212.851123

Frequentie S21dB S$21 Deg
| ListType=Lin XXX.S2p
Itest2

#MHZSDBRS50

10.0000000 -20.4817515 -55.5086266 -51.6016145 -81.2734089 -3000.0000 -90.0000 -3000.0000 -90.0000
12.1535893 -20.2883544 -65.4789653 -59.1364064 -154.7108687 -3000.0000 -90.0000 -3000.0000 -90.0000
14.3071786 -20.0724426 -75.5834240 -58.2970539 147.1488767 -3000.0000 -90.0000 -3000.0000 -90.0000
Frequentie S11dB S$11 Deg S21 dB $21 Deg S12 dB $12 Deg
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Data in Excel verwerkt

H s Bridge-ALU-Load-matching - Microsoft Excel ? H - O
START INVOEGEM PAGINA-INDELING FORMULES GEGEVENS CONTROLEREN BEELD Aani
&D a{’ Calibri L R W = - %Tekstterugloop Standaard v L:) ’_? ;ﬁ:"ln\roé-gen 7 Z 7 ‘%Y [H]
Plakken ¥ - fty = = = & 5= e oon &0 .00 Veorwaardelijke Opmaken Celstijlen e Venwijderen - m . Sorteren en Zoeken en
- ~ B 1L~ TAT === &35 [k Samenvoegen en centreren - w% A opmaak~*  als tabel - - f= Opmaak ~ & - filteren v selecteren ~
Klembord Lettertype P Uitlijning P} Getal P} Stijlen Cellen Bewerken
A3 -
A E C D E F G H J K L Q R 5
1 |!'Agilent Technologies,ES061B,MY49305186,A.02.22 BRIDGE-ALU-O.52P MHz dB
2 |lDate: Wed Jan 09 11:17:13 2019 Bridge in Alu behuizing 4 Max 1698.0 -19.8
3 ) Load MNormalize Open Return 1704.0 -19.8
4 |IFreq $11:50LT2521:50LT2512:SOLT2522:50LT2(ON) ode Loss -1716.0 -19.5
5 #MHzS dB| 511 521 RL 512 522 Ref. 521 dB
6 01 9.6 1746  -748 1199  -90.2  97.6 -0.3 169.0 0.0 515 -23.3 8598835938 B2ERZEE8ERIEEE
7 6.1 231 1398 -56.9 26.1 -57.7 23.7 -19.2 1343 0.00 1155 -414 B Co o e e e e
8 12.1 -25.6 143.2 -57.5 28.9 -57.8 30.0 -21.5 136.3 0.00 -14.9 -42.6 5
g 18.1 -27.0 146.0 -56.0 28.2 -55.7 28.7 -22.7 136.1 0.00 -14.6 -41.5 10 /
10 24.1 -28.0 148.0 -56.7 32.0 -35.7 24.3 -23.5 134.9 0.00 -14.4 -42.3 /
11 30.1 -28.6 149.1 -55.7 34.8 -55.5 27.8 -23.9 132.6 0.00 -14.3 -41.4 15 ._/
12 36.1 -29.2 150.4 -54.8 36.7 -54.5 30.9 -24.1 130.5 0.00 -14.2 -40.6 -20 /"—
13 42.1 -29.6 151.2 -54.0 384 -538 334 -24.4 127.8 0.00 -14.1 -39.8 -25
/ = \lax Return Loss dB
14 43.1 -30.0 151.9 -53.8 45.0 -533.1 35.1 -24.3 125.2 0.00 -14.1 -39.7 -30
15| 541 2304 | 1525 @ -53.0 45.5 53.5 38.9 244 1225 0.00 S141 | -39.0 | - / ——0dBRef
16 60.1 -30.6 152.1 -53.5 45.8 -52.1 35.8 -24.3 119.4 0.00 -14.0 -39.4 40
17 66.1 -30.8 152.0 -32.7 51.0 -31.6 43.8 -24.2 116.4 0.00 -14.0 -38.7 a5
18 72.1 -30.9 152.3 -52.6 41.4 -52.1 44,1 -24.1 113.9 0.00 -14.0 -38.6 50
19 78.1 -31.1 152.0 -51.6 42.8 -50.7 41.2 -23.9 110.8 0.00 -14.0 -37.6
20 B34.1 -31.3 152.3 -50.9 44.6 -50.7 44.9 -23.7 108.3 0.00 -14.0 -37.0 0
21 901 313 1515 -50.5 46.1 -49.4 43.5 235 1057 0.00 S14.0 | -365 > 222220228880 RR eS8 RRRS528S8
22 961 314 1509  -504 493 500 423  -23.3 1029 000  -140 364 | -0 - =TS9 20l AR s A
= — == = = = = = — = —= = o _‘g;===:_"'--...,____
pch-Bridge-Load-matching ()] 1
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Smith kaart simulatie programma’'s

- Fritz dellsperger Smith chart V4.0 "Mm“ e —
- LLSmith S

- RFsim99, kan nog veel meer 7

LLSmith

D & & =Ml o X - o= e 3w\§@@k§|§|

Ik!:l'\ su5etup esEdt UP/DNsvalue CTRL-UP/DNsfreq SHIFT-UP/DN=20 L'Rsselect Dels Dedete ma Marks g= gamma as.
e— e

=MW B8 Rrsim9s - FATmp6WNA-Smithi74 4MHr Tost1 .cot
Fle Edt Component Dwae Anslyse Took Options Help
Domies| G | He @ BB FANBInE
‘s Oplssing 1
& - g
| roem Tioeer
- fen T
+ (8
7 S +
\\~ 7 i ? Oplessing 2 »g\:]
. o i TS
e - s . R P
— / § |
== . [T e T J_ s i
. Ay oy
; e e .
V40 i‘ﬂ' ——
a8 0 3
+ +
m P ing 4
@ 1995 2016 Bern University ofApplied Sciences g™
Switzerland o
RFSim99 = \[|
Prof. Fritz Dellsperger l
fritz@ddellsperger.net
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Een onbekende 7
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Maak een aanpassing voor
de gemeten Z

/=28.3-178.9

Met het Smith kaart programma
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Netwerk 2

28-September-2019

Timo Lampe -

PE1FOD

o B

z
4di200 b
uz—T

(29.90-j83. B0I0@24. 2MHz

&

TP 2 |[29.900 +[24.400) &2 | Q=0.81E i 24.2MHz

TP (49810402561 | 0=0.005 | 24.2MHz

WSWR 186.97 1

|
0 [14.74 | I 0.989/9.073°
Y (0141 59ms | Z |(42.56+627.3300
Zo |50.00 | Freq |24.2hHz




Netwerk 4

(===

[sE=
L

! ; Q=2 24.2MHz
TP 3 |(49.920 +j0.000) 2 |Q=0.000 | 24 2MHz

Z |@47.94i12627)0

Y |(0.04+0.89)mS
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Netwerk 6a

Schematic

(29.60-83.90)0@24.2GHz

I

;

]

28-September-2019

M  DP1  (29.800-j83.900)0
TP2

(49,428 - j103.800) Q

0=2.834
Q=2.100

4
T 3
o
P
i=9 N
= =]
I T
Datapoints o || @ | & |
Start DP | Point | Z | a Frequency

24 2005Hz

24 200GHz

TP3

(49.428 - j0.781) 0

Q=0.018

24 200GHz

Timo Lampe - PELFOD

Return Loss |u.59 dB

VSWR [29.54:1

o |14.?4

Y |(1.31419.38)ms

Zo [50.00

T |0.935/88.336°

Z |(3.48+51.35)0

Freq [24.200GHz



Oplossing met RFsim99

&2 RFSim99 - C:\Timo\Tm pEAVNA-Smithy24.4MHzTest0.cct

File Edit

SSimulate| & Tune |HDE EERMRE # AN s 71 [Z]

Component  Draw  Analyse  Tools

) IIIZZIIIZZIIIZZIIIZZIIIZZIIIZI'Ne'MérﬁkﬁjZZIIIZZIIIZZIIIZZIIIZZIII"17

Options

:#_}] RESim99 - C:XTimoXImp6AWNA-Smithy24. 4MHz Testl.cct
Help File Graph Type GraphLimit Setup  Tolerances  Tools  Options  Help

B EHSSE| " ML i B| D sutoMach

Senes

Equivalent
(‘ig; 132,987
- 512 805.67pF
e Parallel
- Equivalent
art Zo=
50R 13367R
4.19pF
Impedance F
132 95R
-9.62R
Admittatce
7.48mS
+541. 0305
o
N -l ﬁZZZZZZQZZZZZZZZZZZZZZZZZ
S X B i I
Ll MetwerkBR o
e i e D
IIIZZIIIZZIIIZZIIIZZIIIZZII319.5'3."51333”"':?.335'7“".::IIZZIIIZZIIIZZIII
T Star: |TMHz EIN pairts Stop: |50MHz

................................. - f=20.541MHz @05

®360eg | 4] | oy




Netwerk 63
7 =28.3-]78.9

/=49.3-J0.8
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VNWA: Netwerk 6a

1048/

Fief1
| 0dE

\/

Start =14 MHz Center = 24 MHz Stop = 34 MHz
Span = 20 MHz

De onbekende Z + het aanpasnetwerk vormen samen de perfecte match
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Conclusie

 Een VNA is zeer nauwkeurig
* Met een VNA en Simulatie programma’s is matching een stuk eenvoudiger

 Met een VNA is nog veel meer mogelijk wat de VNA wel erg leuk maakt!

* \/ragen?

www.rfseminar.nl



Internet Links

*  Web shop SDR-Kits voor de VNWA van DG8SAQ
e https://sdr-kits.net/introducing-DG8SAQ-VNWA3

* Info over VNA PA4ATIM:
e http://www.pa4dtim.nl/?cat=26
e http://www.padtim.nl/?p=1594

e Kurt Poulsen 0Z70U doc's = internet....

* Enandere VNA bouwprojecten:
e https://hackaday.io/project/26213-vector-network-analyzer
*  https://www.eevblog.com/forum/rf-microwave/open-hardware-microwave-vector-network-analyzer/

e http://n2pk.com

*  http://hforsten.com/cheap-homemade-30-mhz-6-ghz-vector-network-analyzer.html
e http://hforsten.com/improved-homemade-vna.html

*  Returnlossbrug: 20dB Cavity Directional Coupler N-female Type 800-2500MHz
e https://www.ebay.nl/itm/20dB-Cavity-Directional-Coupler-N-female-Type-800-2500MHz-Frequency-
New/181447941971?ssPageName=STRK%3AMEBIDX%3AIT& trksid=p2057872.m2749.12649

*  RF bridge 0.5-3000 MHz, VNA Return Loss VSWR SWR reflection bridge

e https://www.ebay.nl/itm/RF-bridge-0-5-3000-MHz-VNA-Return-Loss-VSWR-SWR-reflection-bridge-
antenna/332052527822?ssPageName=STRK%3AMEBIDX%3AIT& trksid=p2057872.m2749.12649

e  Zie meting:

e https://www.pelrgm.nl/download/RF-Bridge-pcb-Matching.xls

*  Of voor RL-bridge PELIFOD

e https://www.hamforum.nl/viewtopic.php?f=2&t=447
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