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‘S k‘ — ‘ . K - Koe(UIMEeHT Ha IpeMHUHaBaHe oT K-ToTo B
‘ak‘ i-ToTO pamo

asw. O = (00 )y + Bilk + Bili

- cOOCTBEHOTO (Pa30BO OTMECTBAHE HA YCTPOMCTBOTO U EIEKTPUUECKUTE
J'BJKAHU Ha BXOAHOTO U U3XOJIHOTO paMo 10 pedepeHTHUTE paBHUHH,
KbJIETO ce nepuHupar S-nmapamerpure

I:)in I:)transmitted = F)in(]-'p2 ) . A
S Q — ZC U ZLoad
P eftected = Pin?®
r()=2£L=%c
Z|_ + ZC
SMNR-1 1+
M=p="""= c(01); SWR=—"L c(Le)
SAMR+1 1-p

I" - komIIIeKCeH KODUITUEHT Ha OTpakeHue, P - Moy Ha [
SWR - koeduiueHT Ha cTosIa BbJIHA,

Z,| oad - TOBApEH UMIENAHC; Z~ - XapaKTEPUCTUYEH UMIIEJAHC




Low frequencies N S

» Wavelength >> wire length
« Current (D) travels down wires easily for efficient power transmission
» Voltage and cwrrent not dependent on position

AVAVAVAVAVAVAVAV

*
High frequencies

« Wavelength = or << wire (tfransmission line) length
» Need transinission-line structures for efficient power transimission
» Matching to characteristic impedance (Zv)
is very important for low reflection
» Voltage dependent on position along line

Hpumepu:
Reflection v Z, - Z -
Coefficient * ~ Vreﬂmeu =P‘é Q= 5
incident Z o+ Z Zo = characteristic émpedance
Zs = Zo of transmession line

Return loss =-20 log(p), P = [T"|

Voltage Standing Wave Ratio L

Emax @ J7 ELE Zo
Emin  ygwRr = Emax _ 1+p I
Emin 1-p
Vine b \/\/\

No reflection Full reflection
(Z.=Z0) (Z.= open, short) Veen= 0! (all the incident
] ‘ P _ 1 power is absorbed in the load)
« 8 [ RL | 0dB
L VSWR . -
Open

N <:: Vet In phase (07) for open
" Out of phase (180 7) for short




» OOpatam 3aryou RL, dB:
(RL)i = 20.Ig\8ii ‘ = 20'9(,0,) =10.1g——=-

* 3aryOu Ha npemuHaBane L, dB:
(R),
(Pin )k

(L)ik = ZOIQ‘SIK‘: ZO-IQ(Tik) = lOlg
* 3aryOu oT pa3ceriacyBane ML, dB:
(ML), =20.1g(1- py)

* Buecenu 3aryou |L, dB:
(IL)ik = (L)ik = (ML ) = (L)ik

VHA Help SWR Calculator
File  Match Format  Help

| Directivity Error Calculator
Coupler Directivity (dB): 25 30 40 40 30 26 [N Min:  Max

Reflection Coefficient; | 0.35 0.40 0.ds |:|||:|_414 0378 0452

Standing Wawe Ratio: 22 2. 26 28 CIQAM 2216 ZBAT

Return Loss (dB): @ 8 7 |7 656 B.450  6£.893
Mismatch Loss [dB]: 06 0. 1ln |u_81? 0670 0994
1 1 |
- =i =
. Mismatch Error Calculator

Source Match: oo 040 045 |D.4111 Max Mismatch Error:

ReflectonCeeiig.——— ——— HEBAE 1375 dB
Load Match: 5 040 045 ID'4M Max Phase Error:
Reflection Coeff. I;I L = L = +9.879° 9879°

EI Yoltage Ratio: I3.1523 dB: |10.000 Power Ratio: |1D.EIDEI @

L] = - ==




RL,dB P SWR | PP, % | PJPu. %
-40 0.01 1.02 0.01 99.99
-20 0.1 1.21 1.0 99

-13.98 0.2 1.5 4 96
-6.02 0.5 3.0 25 75
-0.915 0.9 19.0 81 9

-0.0873 0.99 199 98 2
SWVR-1 1+ p RL,dB=20.1gp

P=grrel R=T 2 2
SWR+1 -P  P=PRP.p° P=P.[1-p°)
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* ToBapeH numneganc

1+1°(0) _ Z; -Z¢
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g g ZitjZee(f)
" ¢ Ze+Zpig(fz)

[=21/A,




KbM
T T/ 500
T o ey reHepaTopa ; R KpHBH, {1
a o B ; \\‘\ 25.0/ ,—J"‘___‘.h ) 1000 5
/\/ L "—_“-—x__ﬂ >, /, Y = - QI". 5 T
o g T'= pexpli p X xpusn, Q' NN
Z \:’(. P f"\ RS ,{e p(](p)\ s /\ i /"/{"\_\ H f "‘> ,\_\_
/ VN P R SN, '\ / Fa \ J B
/ SN I N L T
SN SN N \
' f LU A | pa
f/ ; fy\ 7N | | £
['P = 0 .II - | | -1
] \ | 0.02505 075 10
\ - \\/' l,l I' X
. -~ ! |
by N L / { T
\ A o /z'\\ / !
* \\“_______F - S i S
: " ,X \ £ e
’ ™ -~ \\ 4 - ;
X R > ./ T~ | e
I ~ e
..\h'“‘—u.____ —I-/’_/ KBM k‘.h"“\.,____q_ _I---’/
¢ S
Y-auarpama Z-anarpama
Y=G+jB 1 Z=ReX
“short" 0 il "open”
R=0); G=—pse b o~ A R—ec: G=1)
udeaino
CBIAACYVEAHE

511 =101 x| | % R [=1

003 007 01 014

GaAs FET Ttpansuctop




_..Z-watpuua u Y-marpuna. Bpb3ka ¢ Smarpuma

........

N

~ ) (Z + 1)

N

(Z

N

1

S —

e N e N N

(I-z)(+2z2)*




* [locsie10BaTEIHO-TIOC/IC0BATEIHO
*—— —e
St - _[-1 0],
* 10 -1
-1 0 |- -1 0 |
S 1 S 2
0O -1 o -1
S,
*—— —e
* [IapaJjiestHO-TIapaJIeIHO
e L J
° =1 ° A 1 O
= X
PP O 1
1 O 1 0]
L | F S, S,
S, 0 1 0 1

i HOCﬂeIlOBaTeJIHO-Hapa.HeJIHO
@o————— L ]
o— Sl o é . —1 0 v
10 1
-1 0]~ [-1 0]-
— - 0 1 S 0 1 S
S,

o Hapaﬂenno—nocnen()BaTeﬂHO
° —e A 1 0
SPS = X

0O -1
L] F S]_’ SZ
S, 0O -1 0O -1




O3HaueHus Mo-rope:
F(S,.5,)=A"[B+4CS,(A-BS,)'C |

~

>
[l
w

o>
[l

S, - |

>

-
1 O
0O 1

?::
w
=
?::
T

SHH_’H.E

— o] o L -~ ® o e

BbBekaa ce T maTpuna:

~ ~

- S SN -]
Tmeas - Ta:>TDUT Ta(: TDUT - Ta:>TmeaS Ta<:

Hedbunuyus na S-wampuya: Hedunuyug na T-wampuya:
b] _ Sr| 1 Sr|2 Gl b] . .}r‘l 1 le (!2
by S Sn/\a a Ty, Ty ) b
Ipemunasane om S- kom T-mampuua: Hpenunasaue om 1- koM S-mampuua.
T||:1/52| 5||:T_1/T11
1, :_SEE/SEI Si2 :Tzz_leTzl/Tll
Ty, =811/ 8y Sy =1/Ty

Iy =8, = 815» /Szl Sy =-1, ‘/Tll




yIIpaBJICHHE
a | 6 )
M3TOUYHUK HA fs Js {fs/ _
' . aHalIu3aTop Ha DUT > CICKTPO-
XapMOHHYEH DUT | XapMOHHYEH aHaJIu3aTop
curHal CHTHAaJ

(sweep)

aHa/M3aTop Ha Bepuri NA CIIEKTpOaHanu3arop SA

yrpaBJeHHE

6

f#fs
l CIICKTpPO-
dHAJIH3aTop

caeasul
reHepaTop
(tracking
source)

clieisL reHepaTop & criekrpoanainuszatop TS&SA

CKanaper ananuzamop
sweep 2eHepamop / /
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o o'le i+ A B R
I
3 dB denumen
/ HACOYEH OMKIOHUMEN I I D1
e > puT ki
Hs3mepenu cuenanu: £
‘VQ —
D2
AR = | 8;] <
B/R = ISk,-I oemexmopu cueran ~ P,

D3
pedhepernmno nueo, dBm Iq

o T m )
cucHan ~ Py,

M3mepBa ce majamara, oTpa3eHa 1 IpeMHHaIa MOITHOCT (B OTHOCH-
TCJTHU CIMHMIIN - OTHOIIIeHKEe uin B dB) 1 ce onpenessaT caMmo
ckajapuutTe Smapamerpu. Hyxmae ce oT mpeaBapuTeIHa KaTuOpoOBKa
o otpaseH (upe3 Open/Short) u npemunan curuan (upes Thru).




ﬂ SHORT
ﬂ OPEN

LOAD

§

thru

M3mepBa ce najamara, oTpa3eHa ¥ MpeMUHalIa MOIITHOCT U (a3a u ce
OIpeiesIsl MBIHUAT HAO0Op OT BEKTOpHH S mapamerpu. Hykiae ce ot
I0-CJIOKHA MTPEIBApUTEIHA KAJIMOPOBKA HA BCSIKO OTACITHO Pamo U
mexay Tax (Hanp. SOLT kanudporka - Short/Open/Load/Thru).
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LS il -
1. Complete characterization Ysu  As,
of linear networks B 4. Time Domain
S, Characterization
. Ma
2. Complex impedance needed 9 J
to design matching circuits -
Time
High Frequency
Transistor Model
ﬁ: 5. Vector Accuracy Enhancement
BN K
e [ A Error
T |
3. Complex values needed ? Measured
for device modeling Enitier Actual
Linear Networks
Constant amplitude over Linear phase over
bandwidth of interest bandwidth of interest

i
/\‘ Duplexers RFICs

5 Diplexers MMICs

T Filters T/R modules
Couplers Transceivers
Bridges
Splitters, dividers Receivers

o Combiners Tuners

2 Isolators Converters

*5 Circulators

a Attenuators VCAs

Nt Adapters Antennas Amplifiers

,5 Opens, shorts, loads
Delay lines Switches VCOs
Cables Multiplexers VTFs
Transmission lines Mixers Oscillators
Waveguide Samplers Modulators

z R:esona'fors Multipliers VCAtten's

9 Dielectrics

\/; R,L,C's Diodes Transistors
<Passive Device type Active>




- T RFIC test
X Fullcall §
é_ Ded. Testers E\EI\RA sequence
. ACP Pulsed S-parm.
8 VSA Harm. D_'s,t‘ Regrowth Pulse profiling
LO stability Intermodulation \ ¢onstell
SA Image Re;j. Distortion Eye )

—~ VNA Gain/Flat. Compr'n

] Phase/GD AM-PM

3 TG/SA Isolation

v Rtn Ls/VSWR

0 SNA Impedance

g S-parameters

% NF Mtr.

= Imped. An.

Param. An.

o s Measurement plane

E_ Power Mtr.

(7] Det/Scope Gain/Flatness .
v DC CW Swept Swept Noise 2-tone Multi- Complex  Pulsed- Protocol

freq power tone modulation RF
<Simple Stimulus type Complex >

Response

84000 HP 81000 high-volume RFIC tester
Ded. Testers  Dedicated (usually one-box) testers
VSA Vector signal analyzer

SA Spectrum analyzer

VNA Vector network analyzer

TGSA Tracking generator/spectrum analyzer
SNA Scalar network analyzer

NF Mtr, Noise-figure meter

Imped, An, Impedance analyzer (LCR meter)
Power Mtr. Power meter

Det./Scope Diode detector/oscilloscope

Measurement
ACP Adjacent channel power
AM-PM AM to PM conversion
BER Bit-error rate
Compr'n Gain compression
Constell. Constellation diagram
EVM Error-vector magnitude
Eye Eye diagram
GD Group delay
Harm, Dist, Harmonic distortion
NF Noise figure
Regrowth Spectral regrowth
RtnLs Return loss
VSWKR Voltage standing wave ratio




Components often used as building blocks
» Need to verify specifications
* Examples:
- filters to remove harmonics
» amplifiers to boost LO power
» mixers to convert reference signals
When used to pass communications signals,
need to ensure distortionless transmission
» Linear networks
» constant amplitude
+» linear phase / constant group delay
« Nonlinear networks
» harmonics, intermodulation

» compression

» noise figure
When absorbing power (e.g. an antenna),
need to ensure good match

UNCORRECTED

DUT :|

be3 xkanmubpoBKa:

* IPOCTO JUPEKTHO
U3MepBaHe

* Ha TMPaKTHKa
u3MepBaHeTo 0e3
KaJMOpOBKa €
HEKOPEKTHO (M3I10JI-
3Ba CE caMo 3a rpyou
OLICHKH)

* HAMa KOPEKIMH Ha
XapaKTePUCTHKUTE
Ha U3MEPHUTETHOTO
obopyBaHe —
JIeTeKTopH, Kabenu,
CHhEIMHUTEIN U JIP.

RESPONSE 1-PORT FULL 2-PORT

= R CT W
T N Y el
o = P N e
thru

Lipocra kamu6posia: Kannbposka 3a 1 pamo:

C_but [
[ ]
flcCHA pealM3allid o ¢ayv0 3a n3MepBane Ha

Kannbposka 3a 2 pameHa:

* U3I10J13Ba ce IIpu He OTPAKCHUE
MHOI'0O TOYHH CKa-
JIJapHU U3MEPBaHUs

. % M
* HyXZae Ce OT I[O6pe HAan-BHUCOKAa TOYHOCT

ChIJIacyBaH TOBAp * IMa KOpEeKIHUH 33’
HEUCaTHU HACOYECHOCT,
KOPCKIMA Ha OTKIH o oq s pacouenoct, HEWICATHO ChITIACyBate
Ka Ha U3MEpUTEN- HEMJICATHO ChrTacyBane & H3TOMHIKA, Ha

HATa CUCTEMA 6e3 HA H3TOYHIKA ¥ Ha U3MEPUTETHUTE PAaBHUHU
yCTPOUCTBOTO 3a OTpaXXCHHE U IPEMHU-

W3MepUTeTHaTa
PaBHMHA 33 OTpaxkeHue HabaHe, 3a H30Jalni
MEX/1y paMeHaTa

o
nMa caMoO 4YeCTOTHa WNma KOPEKI[UH 33




Response FOR RESPONSE FOR ISOLATION
L — L —
NETWORK ANALYZER
—
Test Port Test Port
1 Por t Cables Cables
Test Port
Cables
Possible Adapters
R Y— P p— Load Load
D Or D Ij or D
Short Cpen Short QOpen
For 511 Responss For 522 Response NETWORK ANALYZER
/—\
NETWORK AMALYZER POWER METER
. Y
Test Port
Cables

Test Port

Cables Possible Adapters Power Sensor

Possible Adapters

One-port

KAJUOPOBKA
NETWORK ANALYZER
- S

] | —
— — Test Port
Cables
rF===== ? """ 1 F===== 1

00 00 0O

Open Short Load Open Shart Load

Far 511 Far 522




Full two-port

KAJUOPOBKA
FOR REFLECTION FOR TRANSMISSION FOR ISOLATION
) Vs o , - Sy o Ty

@ @ - @ k& -

Test Port
Cables

p===== 1 r

|:| D D Fozsible
Cpen Short Load QOpen Short Load Adapters Load Load
For 5” FarS22
Bunose kanuopoBku (4)
Kaau0poBka ¢ u3noJi3BaHne Ha
JAOINBJHHUTEC/JIHA adallTCPH

NETWORK ANALYZER
Y —

NETWORK ANALYZER E

Y —

=
&
Al ff
A
g or [ e
Reference Reference A3
Port 1 Port 2 o




| n-fixtur e mamepnane i
Calibration Measurement
Plane Plane
Ep] \Eg | ! DuT
Er ' * Loss !
Error correction with coaxial calibration ~ ® Phase shift
* Mismatch

Load standard Short standard

DUT

Open standard

Launches / Transitions

Thru standard
Coaxial connectors




\/ .
NETWORK ANALYZER ¢ Thru: ¢ ussecrno 3aruxpane u eJ1. AbIKUHA
=——— = 0; onpenens pedepeHTHATA H3MepP. PABHUHA
|  Eaes 2 Open: _
- B|88 ™= q » Upen:. sagasa orpaxxenue = 1 u onpenes
O =3
~— C‘L pedepeHTHATA H3MEP. HABHUHA 32 OTPaKEeHne

ssLine=Thru + Ag/4: 3anasa pedepentuus
HMIleJAHC HA H3MepHuTeaHaTa pukcrypa Z0

I - (Moxke u = 50 Ohms) Ha msictoro Ha Open;
JieHTaTa Ha u3MepBaHe e 8.1 or HavaTHAaTA

e UYECTOTAa, aKko BHeceHaTa (pa3za e ot 20° 10 160°
pa3au4Ha ot ¢a3ara Ha Thru

—

10 dB
ATTENUATOR: FIETURE ATTEMUATOR
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SWR Format Constant Group Delay
o1 s11 sk & s n:u- 1 | — _[1.:“’n;é:u:m| e e
! | | [ | . ‘ w Frequency
- | I PHAZE Phase : P
\ i DELAY @ |
N
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SENTER 134, 000 DD MHE

Higher Order Phase Shift

Real Format

Imaginary Format

Frequency
CH1 ALK Lo l_l.l/ P’ ou s 13 478 U PI ase ;
- - o -
AREF =4 ~
MAR ‘Ega%_:i = s Higher Order
" r ggase ift
mponent
g a— ./’ﬁ Linear
/ \ \ g(r:ase Shift
4 mponeant ~
™ \
Group Delay = 1, = ¢ * I.n Had!ans
" dmo @ in Radians/Sec
- 4 de ¢ in Degrees
3s0°  df finHz (m=2nf})

START O = T Ew 1 000.000 000 W BTGP . 100 =

Variations in Frequency Aperture Constant Group Delay

E ‘ Frequency
\ e - <

do

* Frequency
-
Phase T =
@ af  ———# Reduce Nome
{Larger S/N)

| Miss Fine
Variations In
Phase Linearity
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f CyMapHUAT OTKJIMK Ha
> o— - A JaJeHa cxeMma B JaacHa
I TOYKA Ha MOJaJICHUS
i O & o 3a e, CTBIIAJOBUICH CUTHAI
- - 1 l 3aBUCH OT THUIIA HA
f O amsson e O o > TOBapa.
CTHIATOBUJICH CUTHAI
High Speed Oscilloscope . - 'E\Eof :Irldfr']ﬁsl TTTTT T ': £
e | e, ; '
i == e § E,=0
Genttr Ei
i
Omnpocrena cxema Ha TDR-pednexromerpus -~ E =0

- " AZo, . RZo l]
EI { RZ \1—R—2 Je

Ei E;nfs n
oc—o0 ) 5 )

E. L —- ‘o 7L —-
— - o—o :

(A} Open Circuit Termination (£) = ==}

E

i -E I —- I

(8) Short Circuit Termination {Z; = 0)

1
r SFELLnt
E I —p- 27, 2 a
— Ei R+Z,
RZo L
(C) Line Terminated in 2| = 27,
]
L —-

——E
E ZL—-' Zg

(O} Ling Terminated rZL——Zc,

L

Where 1 = (R+Zg) C
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METWORK ANALTZER
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