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How much stronger will a

signal be after the amplifier?

How efficient is the
antenna for transitioning

. 2

the signal to/from the air? RF Front-End

Antenna Up ~Mixer
How well is the signal
How much signal is being converted to a new
getting to the antenna? frequency and are any
Duplexer L unwanted signals being
generated?

How well is the transmit .7_.

signal isolated from the

receive signal? Down-Mixer

How well are unwanted signals
going to be filtered out?
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Input Signal Output Signal

Device Under
Test (DUT)

Reflected Signal

VNA R

PC & Display
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(a) Frequency Range (b) Dynamic Range

< 001 /) 0 O/M

(d) Measurement speed

(c) Trace Noise
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Network Analyzer

Toldronix g o

* Contains a source and receiver(s)

* Uses known stimulus

* 2channels or more

* Ratioed measurements

* Offersadvanced calibration, more
accurate

Limited to analog and pulsed signals

PRIMER

Spectrum Analyzer

* Contains a receiver

* Measures unknown signals

* Single channel

* No ratioed measurements

* Limited calibration capability, less
accuracy

* Works well with digitally

modulated signals
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Outside View Inside VNA View
’Ye—'d;onix ,’\ & S Port ‘ Port
=2 2:° =y DUT ey~
Referencel lReercted Transmitl lReference
Port 1 Port 2 Signal Signal Signal Signal
b, b,
DUT
Port 1 . Port 2
S-Parameter Forward Incident Transmitted b,
Theory » a DUT —X
. S
View b Refleléted a, =
1
S12
b1 Transmitted Incident Reverse

DUT a, <o
X S22

a;=0 Reflected
2
Forward: Reverse:
: Reflected _ b: Reflected _ b,
| Su=——]—m——=— == =
Reflection: || Su Incident ~ aila,-g S2 = | cident @ 1= 0
. i b i
Transmission: | Sz =T—ran§m|tted == 1 =T—ran§m|tted= 1%
Incident Aila,=0 Incident A2la, =0

33 7. S-ot2tolg ofsh

| 20l A2t mp2t0|E = S- MH2t0|Ef 7t CHAl ZFE L
2 Sdetot= Ol AFSEIH A2, &4 B BhAL Aot 22 9
S-

7
- = =]

R 74 245 E-‘r” Q4 HEYT0| HIIH 54 £ 45 o)
ot2tO|E{ o] 7|2 AleHE Oldhst= 20| SRELICE O

o
:

[*]
NUE.COM
:




QEHI|2 AZSHH VNAME YetH o2 2 = AH0|8 U o™
E{S AF23t0] DUTO| 2HEHs] HASHs S 7 ol 4] ZEJ}
CHO|ZE=0| 2R XE 1 U ZE 22 HA|ELCE

C}.C

_—

S ZEHEHIS XS HIt

CHE2 WREE M 2SI £

St Ol AL EIE LEHQ 22 2 ZEO|M YA IS 07| 2 AL
St TR0 SEE7L ZES Sl ZX|E Sl LIHX =2 FEE=
HEO|M HhAtE[= Z2abHRl S 2 OHE £F5h= AYLICh LREHe

2 LAY, YIESIS £ DUTO| S0{7Hs THE A mfaka 3t
HESIT Lt DUTE LIZHs THE BhAfTe}D BiLICh 2 TH=CHE =
E2E|o| rAtet 40 TBOE 74 F 4 UL

YA IH= anQ 2 X[F &1 BhAHIH= bn2 X|FEH 07| n2 ZE
HoULICH a Bl b Ih= 25 9|40|H, HIER2 ZES| X|FE HO|
2ol 27[2t 2|40 2 AELICE

T 7Hel VNA ZE F{4lE Flofl= S ZE7| (O 72 M AR}
7t AELICE o] ehskM Aty | = BT X2 MSE DUTS 3t (al
e a2)0z METLCHL HA, X2 M| UHTL 7|1&E MS 2 F o
Xl ct, S- m2tojE = 0] 7| =0 cheh CHkst TEOA LIRE MZ 9
HI22 HOE/LICE SA|0 28 X2 M= DUT (bl)ol E0{Z
HHHEILICH BhALE = 3 MS EE2 YNALHES| ZE 10| HZ =
£AM7|2 ZHEILICH DUTO S0{7t= 3 s BEE2 UHIXO R
St 37| Ao HIHE HBBILICH LE 20|M WEE = F

J|>+
0zt
mn
-
il

=2 ZE 2 (b2)2 VNA =47|2

PRIMER

O|X| VNAZ| =tS hAlof CHSH Cf XtM[S| LU EE Inside ViewS
S-parameter Theory ViewZ #Hgt off EHELICH (At2) S b (8
A IHE AESEOZM, MH HERI E=DUTE ZE ZENAM &
ALIHE 2t TEZRE Q| HIAHIHE MES= Yo ™A OR EF
X|of & £ USLICE ol2{st ZHUAM HEH 3 EHE LHEHH = A4
£ S-mzto|E 2t gt

ST EA 2l 25 A0, ZE 12 a1l NS E MET
257t ZE 20| HEE|, Fotof|A A= HEALIL QO] I
J\
T

¥
S112 X E 19| HtA} |2 EE= a10f| Ciet b12| H| 20| s etL|Ct
S212 DUTE E3t &gk M4 70| al0fl CHS b22| HIE L
C}.
HiClo| 4 E2EJLZE 10]

22, XE 2= a2 M= E MESHI LK|SH=
HMEELICH(al=0).S22= ZE = EE= a20] Cigt b22|
HIZ0]| i LTt S12= DUTE St & T & A|4=0|H a20] CHet
b1o| H|ELICt. S-mi2t0|E EYE Syxoll M & HIl =Xt (x)= 2 2H
ZEES LIEHH D R HW =Xh= iy ZE (y)LICH

O|2X o= SIH, S- m2to|E 0|§8 Foot ZEE I HERIR
ol H8& = JASULCLAE S E VNAE 16 79| S-If2to|E
(S11,S12,S13, 514, 521-")E §|—| Ct. O S-mf2to|E = SLet
O|2S =M X|YE 2t ZE Zto| H|Z ZF YL

NUE.COM

10 BE2UA ZA 2




PRIMER

Removed by
calibration

Systematicerrors

VNA . Random errors DUT

s

/ Drift errors  «

Remains in Re-calibrate and keep
measured result stable temperature
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meet specs and input

signals will be Allows for exact

represented accurately measurement of the
DUT performance alone.
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Transmission Measurements

Incident Signal

A=) put ==

Stimulus
Signal

Transmit Signal

* Transmission Coefficients (S,,, S;5)
* Gain

* Insertion Loss/Phase

* Electrical Length/Delay

* Group Delay

33 13. VNAE= Fat 5l gt

I

X
Mo
4
02
2
i
o

YHIHQIVNASH
VNAE S3tet iAol £ 74x] 8ol ST % ELICH (1 13)
33 ZH2 DNAZ S¢f UNAS| X433 NS S £} 81 C4S 2 =9
VNA £-21710f olef ZHEILICE 715 ARtmel 4 ST2t0je 55
22 $219 S129LICt (2 EE 0|y9l B9 Sxy). A8 H £5e
3 ZHol 3 YepLct
& ZHOI T2 0|25 0|5, &gl &4/ 914, F71% Zo| / Xt Y
08 X/ 20| YALICH HlDE AR SFHES DUTO RIASHR| Bt S 2t
X Hs UNA KT Al 0] URE ZMBILICE AL, BHAL 5 BHA}
2 9l6f A4 ZO CHA| O|SoHe MES SHELIC 7H Yursiol
UAL S-THHOIES S 2HS S11 Y S229ILICH (2 EE 0]4fel 32
SXX)
EES

[> mo
2y 4y

i=]

oo 4

A 2517|0420 55 RBELICL STIADIE, 4 214
(¢l a1, b2), 371, 14 S2 Zarotol Chefet SHS 28 &
UBLICE D2 145 +5 TE(O| A9IE F0t4 18 5H0| 02

o
X

2
ich)
L
o

PRIME

Reflection Measurements

v

Stimulus
Signal

Incident Signal

DUT

Reflected Signal

* Reflection Coefficients (S, S,5)

* Return Loss

* VSWR (Voltage Standing Wave
Ratio)

* Impedance (R+jX)
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Example: Passive Filter
Real filter
A /response
0dB
5, =2
21 —
GdBI al i
60dB =0

2 Forward

2 Stopband Stopband Transmission
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Introduction to VNA Basics
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Determining Output Power

Nonlinear region

1dB

Output Power (dBm)

Linear region
(slope - small-signal gain)

Input Power (dBm)
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Introduction to VNA Basics PRIMER
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Contact Information:

Australia* 1 800 709 465

Austria 00800 2255 4835

Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Belgium* 00800 2255 4835

Brazil +55 (11) 3759 7627

Canada 1 800 833 9200

Central East Europe / Baltics +41 52 675 3777
Central Europe / Greece +41 52 675 3777
Denmark +45 80 88 1401

Finland +41 52 675 3777

France* 00800 2255 4835

Germany* 00800 2255 4835

Hong Kong 400 820 5835

India 000 800 650 1835

Indonesia 007 803 601 5249

Italy 00800 2255 4835

Japan 81 (3) 6714 3010

Luxembourg +41 52 675 3777

Malaysia 1 800 22 55835

Mexico, Central/South America and Caribbean 52 (55) 56 04 50 90
Middle East, Asia, and North Africa +41 52 675 3777
The Netherlands* 00800 2255 4835

New Zealand 0800 800 238

Norway 800 16098

People’s Republic of China 400 820 5835
Philippines 1 800 1601 0077

Poland +41 52 675 3777

Portugal 80 08 12370

Republic of Korea +82 2 6917 5000

Russia / CIS +7 (495) 6647564

Singapore 800 6011 473

South Africa +41 52 675 3777

Spain* 00800 2255 4835

Sweden* 00800 2255 4835

Switzerland* 00800 2255 4835

Taiwan 886 (2) 2656 6688

Thailand 1 800 011 931

United Kingdom / Ireland* 00800 2255 4835
USA 1 800 833 9200

Vietnam 12060128

* European toll-free number. If not
accessible, call: +41 52 675 3777
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