Vector Network Analyzers




What Is a vector network analyzer?

« What is a vector?
« Avector is a quantity having magnitude and direction

« A vector can be described in rectangular (X,Y) or polar
(|Z]4£0) notation
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What Is vector impedance?

* Vector impedance is a way of describing an impedance
In terms of its resistive and reactive components (Z =R
+ |X), at a given frequency
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What can be done with vector impedance?

Use it directly to characterise antennas, transmission
lines, components, design matching networks etc.

Use it to calculate reflection coefficient (p), VSWR, return
loss (RL)

*P= Zu+Zr
reference impedance

where Zu = unknown impedance (R + jX), Zr =

e VSWR = (11%‘;)

+ RL=-201l0g10 (

VSWR+1Y _
VSWR —1) =-20l0g10 o

* Note that scattering parameter S11 = p

So Vector Network Analyzer is just a fancy name for an
RF impedance bridge

Vector Network Analyzers 17 April 2017




One-port vs two-port analyzers

* A one-port analyzer can only measure at the input (or
output) port of a network

« Atwo-port analyzer can measure the transfer function
between input and output ports

« but possible to calculate transmission line loss by
making one-port measurement
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SARK-110 Vector Network Analyzer

Pocket size
3” Color TFT display
Frequency range 100 kHz to 230 MHz

Excellent accuracy over a broad range
of Impedances

Resolves the sign of the impedance

Internal disk for storage of
measurements, screenshots,
configuration and firmware upgrades

USB Connection to a PC

Menu-driven, with a number of
measurement modes
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SARK-110 Specifications

« General
* Frequency range: 100 kHz to 230 MHz
* Frequency resolution: 1 Hz
* Frequency stability: £ 30 ppm
« Sine wave output
* RF Connector: MCX socket

« Qutput power: approx. -10 dBm (0.1mW, 70.7mV rms) into a 50-
ohm load

« Sweep time (Scalar Chart/Smith Chart/Field Mode): 3 seconds
(Normal/fast sampling), 5 seconds (Double/slow sampling), 1.5
seconds (Normal/low resolution)

« Sweep time (FDR): 6 seconds

* Frequency Resolution: 258 points per sweep (258 to 10000 in
deep sweep mode)

* Return loss dynamic range: 0 to -60 dB
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SARK-110 Specifications

« General

* VSWR dynamic range: 100:1 maximum

« Impedance reading in open circuit: 60000 (@1 MHz)

* Measurement limits: |Z| < 100K, |R| < 100K, |X| < 100K, |Rho| <
0.98, C<100nF, L<100mH, -180<© <180

« Measured Parameters

« Complex impedance (series and parallel) and reflection
coefficient in rectangular and polar form, VSWR, return loss,

reflection power percentage, quality factor, equivalent
capacitance, equivalent inductance

* Operating modes

« Scalar Chart, Smith Chart, Single Frequency, Cable Test (TDR),

Field, Multi-band, Signal Generator, Computer Control and Band
Scan

Vector Network Analyzers 17 April 2017




Scalar Chart Mode

» Displays two user-selectable traces
» Complex impedance (series and parallel) and reflection coefficient
In rectangular and polar form, VSWR, return loss, cable losses,
reflection power percentage, quality factor, equivalent capacitance,
equivalent inductance

Two markers available: manual or tracking modes

Freq: 13.80M S$p:5.00M TL:0.0m  20:50 sark_000.csv @0 &
!.rsun 2.22 2:109.3+j11.7 |2]:109.9<6.1 |Rh[:0.38<7.0
or 14,07 1.49 53.6 l..LI'H|"|1EB?HH3l]5l]B

Presel

Markerl

2.24

1.50

MHz 11.30 12.13 _ 12.97 13.80 14.63 15.47 16,30
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Smith Chart Mode

» Displays the reflection coefficient on a Smith chart
 Two markers available

Freq: 13.80M Sp:5.00M TL:0.0m 20:50 sark_000.csv g2 5
'|||'5'.-H1 2.22 2:100.3+j11.7 |Z[:109.9<6.1 |Rh|:0.38<7.0
wr 1400 497 —-20.1 l.u.E L |2#] 12 g7/H 12.1 49.4
- — T -

Presetk

Markerl

: 11,300,000H= End: 16,300,000H=
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Single Frequency Mode

* Displays VSWR and impedance at a single frequency
« Two element equivalent circuit model
» Advanced circuit models analysis (CModel)

Fr:10,100,000 TL:0.0 20:50 PO g <
VEWR:4.00 2:13.2+j11.1 |2]:17.2440.2 |[Rh[:0.60£153.3

0:0.84 RL:-4.44dB6 CL:2.22dE “RPwr:36.01
10,100, 000

UsWE : I

Presal 1.00 147 2.13 F.16 4.64 6.81 10.00

2s:13.2+j11.1 Zp:22.5+j2b.7

CHodel
i R:22.5
L:174.9nH L:d20.6nH
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Cable Test Mode

* Impulse and Step responses graph for finding
discontinuities in transmission lines

M1: 73.4dm Z2oom:E YF:0.66 20:50 sark_000.tdr P20 <
ImP l] 0000 Step:0.7466
f3.dm 0.0000 0.7466 M 146.8m 0.0000 0.7466

Marker?

36.7 73.4 110.1 146.8 183.5 220.7
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Field Test Mode

« Simplified chart aimed for operation in the field

Freq: 12.20M Sp:5.00H TL:0.0m Z0:50 sark_00D0.csv 3 e

Max:16.28HM1 29.1
Min:14.07H 1.49

11.30HM 13.80M 16.30M
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Multiband Mode

» Displays four independent charts at different frequency
bands

 ldeal for tuning multiband antennas

Fr:16,050,000 $p:31.90M TL:0.0 20:50 PO @B ~3
VSWR:4.01 2:19.1-j34.7 |2(:39.6<-61.1 |Rh|:0.60<-105.0

1251 16.05H:39.6 14.20H:44.7 21.20H:7 2.1 c9.00M:165
1.0k

Freq
Span 316

Preset 100
31.6

10.0 ¢ 32.00 FEEL 14.20 16.20

Param 1.0k

Band
File

316

Mode
TL Len 31.6

Setup 10.0 79,20 21,20 23.20 26,00 20,00 32.00
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Signal Generator Mode

« Eight user selectable levels from -73 dBm to -10 dBm

* Frequency sweeps can be programmed with linear, bi-
linear, logarithmic, or bi-logarithmic functions

« Can also include modulation

Continuous

10,100, 000
dBm:

Preset -80 -67 -53 -40 -27 -13 O

Power :—73 dBm, Lewvwel:50 ul
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Transmission line Add/Subtract

« Capalbility of subtracting a length of transmission line
(transpose to load) or adding a length of transmission
line (transpose to input)

Freq: 16.03M 5Sp:31.90H TL:0.0m 20:50 e 5
'U'S'.-.'II .86 2:114.7+J17.7 [ 2]:23.0<50.2 |[Rh|:0.59<13 8.1
9.99H4 11.5 0.91

Presel

Markerl

Belden 8262 {HE 38CAU)
20: 50, 000000

UF: 0O.660000 S

K@: 0.129420 Len meters

Ki: 0.403333 =

K2: 0.008761 10 (A
Start: 100,000Hz= T EENIINIIGE
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Circuit Models

Loop Antenna / Coill

—— MODEL LOOP ANTEHHA .~ COIL —

Fop:13,560,000 Hz, 2:0.0+j114.6
Fra:52,070,954 Hz, 2:12806.6+j614.3
Qa:1064.84

Ra:1.13ohm
Ca:6.7TpF

La:1.38uH

[m]:Repeat [®#]:Save [«]:Exit

Capacitor

—— MODEL CAPACITOR —

Fop:1@, 100,000 Hz, 2:0.0-j1011.9
Fra:229,996,492 Hz, 2:5.4-j21.0
Na:203.15

Ra:5.43ohm

Ca:14.3pF

.

; La:33.5nH

[=]:Repeat [#]:5ave [«]:Exit

Crystal

—— MODEL QUARTZ CRYSTAL ——

Fs:11, 056,730 Hz
Fp:11,079,290 Hz
0:114586

Rs:6.520hm
Ls:10. fomH

Cs:19.3fF

[=]:Repeat [®#]:Save [«]:Exit

Transmission Line

— HMODEL TRASHISSION LINE —

Start: 100,000
Stop: 32,000,000
Points: 258

Len meters: 27.20

20: 54.31
UF: 0.63 @ 32.00H

Matched Loss:
2.81 dB, 10.33 dB/f100Om B 32.00H
1.77 dB, 6.51 dB/100Om Average

[m]:Repeat [®]:Save [«]:Exit
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Calibration

* Open-Short-Load (OSL) calibration to improve
measurement accuracy

« Up to eight calibration profiles can be stored, for
different frequency ranges and type of probe

Open

Short

()

Reference \ SARK-10_ Y,
Plane \
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SARK Plots — Client Software for Windows

« Scalar, Smith and Impulse/Step response charts
« QOperates online or offline with captured files

-
File View Calibration Marker Settings Tools Help Fle View Calbration Markes Settings Tooks Help
et
| Scolr [ Patr ] Scaar] St Ot [TOR] a
P
File o
— o
e — v — | Chd osm
i 12 Contnniss 2

(R ] ©sme 30 o] o
® Corties ] N\ o

E -
Frequency Cortrol E \ oo [INECNEE < \

20 \s
cate ] 7\ - \
- "3 - \w
San 11.300.0005] 10 / \ Prms -

E S \ F Guror 5 0 =

Stop 16.300.000[53] B 9

5 - V] Enbled {5
Pressts - = ——1" r Qo 132N /
Cursor 11.300.000 12.300.000 13.300.000 14.300.000 15.300.000 16.300.000 Pro:0374053 /s
Enabled U » /

Let Y Merkers Right Y
e M Ve ZRRT 2] - e
Cursor: 14.400.640 MHz iyl e D8 3 2 L =1
Impedance: 19.940.7 Max 16.280.403MHz 29.1 e e Max 13.702.996MHz 119,0 08 ]
2 Min  14.071.197MHz 1,5 iﬁ-?‘ggs Min  11.300.000MHz 8.9 S M "
»
File: C: - 000.c5v Z0:50+j0°

Points: 258 20:50 +j0 VF:066 TL: None Net: None



SARK-110 Remote Screen

« Windows client application for the PC that reproduces
the user interface of the device

« Experimental functional application intended mainly for
doing presentations on the device

* Device buttons are simulated using the following map to
the computer keys:

g g ‘A’ L
[ENT] [EsC] L JL
' El €« 3> + ¥

\:-:_ SARE-11S -'"j
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Measurement examples

Components; inductors, capacitors, crystals
Resonance

Transmission lines

Antenna

Signal generator
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How It works

» Basic idea is to measure the magnitude and phase of the
voltage across (VU), and the current through (IU) the
unknown impedance (ZU) as a function of frequency

I
PaLt °

ZU ‘VU

« Usually more convenient to derive U from the voltage

(VR) across a known resistance
VR

l, <

L AA—e

R

'
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Block diagram

« The SARK-110 comprises four main sections

a signal generator used as an active source

a bridge to provide signal separation

two tuned receivers that down-convert and detect the signals
a microcontroller and display for calculating and reviewing the

results

p D I
Test
Port

3
TFTLCD 3
400x240 7
I
iiiii Amplifiers BPF d R
GPIO £:)
B -~
® —D_ % _ Keys, Nav
|
|| e (v 4
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48 KB
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A= 1@ ]
] o o R QETEHY
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Other VNAS

« Array Solutions AIM-4300 Single Port (5 kHz-300 MHZz)

* Requires external PC for control and display)

US$495
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Other VNAS

« Array Solutions AIM UHF Single Port (5 kHz-1000 MHz)

« US$695

* Requires power supply and external PC for control and

display)
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Other VNAs

« Array Solutions VNA 2180 Dual Port (5 kHz-180 MHZz)
« US$995
* Requires external PC for control and display)




Other VNAS

* Array Solutions VNA UHF Dual Port (5 kHz-1200 MHz)

US$1295

(Requires external PC for control and display)

\ VNA uHF

Vector Network Analyzers
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Other VNAS

» SDR Kits DG8SAQ VNWAS Dual Port (1 kHz-1300 MHz)

US$440

* Requires external PC for control and display)
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Other VNAs

* Pocket VNA2 port handheld unit covering 500 kHz to 4
GHz

« US$430




Other VNAS

e MFJ-226 1 to 230 MHz, 1Hz resolution.
e US$339.95

0 1 e i am
Gradhbod mpabinod Anabponr .
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