Maructbpcku Kypc
"MMKPOBBJTHOBN N3MEPBAHNS"

Tema D:

IManama (ped) 1mem a) Bhia MukposbIHOBO ]lpnlmm_m m g

Py Eo* VCTPOiiCTBO P, £

IIILlIII DU T \IIIIIII\ Z‘
o

l';\() THH H H3XOIHH
HMIIC] ld]!LH AJIMHTE IIILH]

()1]1 13¢Ha BhIHA

OTPAKEHUE IMMPEMHHABAHE
U3mepeaHe Ha s p—
IMagama - Magama
AN
= I'IGPOMQTPVI Ha o o, L. J.‘Zl‘.‘i‘.iil
Koeduuuent - i Ihp:um uwm,:[;}ucu Rm[lml[mm " S, Buecena
U i “”’i’:ﬁ? ,‘E:l(t-\[|;-,lsll-,t;:_-t1.]:,lc [lﬁ:m.l;:‘;z‘;_;ﬁ_\.w Ha lIDL\[HHd]idE]L ¥ Saron [( dcllgB basa
YCTPOUCTEA
S-napaMeTpn Ha MUKPOBBJHOBM YCTPOUCTBA S MaTpuna (MATPHLA HA pa3celiBabe) G
"~ S A Sii Sin
MHUKpOBBIHOBO b = S a by 2]
yctporicTBo ¢ N BxoJza b_2 - o)
/ (pameHa, ports) :
/ k-port - b 4
bl Slk Ay NS S N
\ 1 2 . 1 2
i-port DN ;|a1| - (Rn )g ’ _lbz | (B‘ ):
! ; CKBUBAICHTHO HA 3a 2-paMeHHO YCTPOHCTBO (4-IIOJIIOCHUK)
2e—] N ——— —> 2N - NOJIFOCHUK - L . b e ¢
30— e N-1 j t 11 P12 |4
| I 1 4-TIOTIOCHUK 2 E j:( j( )
i S— —— N b) (S Sn)\a




Du3uyeH CMHUCHJ HA S MapaMeTpUTe HA MHOTOIIOJTIOCHHIU
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Ipumepu:

Low frequencies TN, I

« Wavelength >> wire length
» Cuwrrent (I) travels down wires easily for efficient power transinission
* Yoltage and current not dependent on position

AVAVAVAVAVAVAVAV

High frequencies
» Wavelength = or << wire (fransmission line) length
» Need transinission-line structures for efficient power transmission
» Matching to characteristic inpedance (Zo)
is very important for low reflection
» Voltage dependent on position along line

Ipumepu:
Reflection Vietected 4 =% -
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» O6patau 3aryou RL, dB:
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i),

(P);

(L) =20.1g|Sy | =20.1g(Ty ) =10.1g ——=—

(Pin )

(RL); =20.1g|S;;|=20.1g( p;) =10.1g

* 3aryou Ha npemuHaBaHe L, dB:

* 3aryom ot pasceriacyBane ML, dB:
(ML), =20.1g(1- p})

* Buecenu 3aryou IL, dB:

(L) i = (L)jk = (ML )y = (L) jk

VHA Help SWR Calculator HiE =
File  Match Formst  Helo

| Directivity Error Calculator
Coupler Directivity [dBJ: QIB T ZIE |m Min:  Max

1 1
Reflection Coefficient: | 0.35 0.40 045 o/[0.414 0.378  0.452

Standing Wave Ratio: 2 2 2. 26 28 3 (2414 2216 2B51

Return Loss [dB]: ] 3 7 7 656 8.450 B.893
Mismatch Loss [dB]: 05 0. 1|0 0.817 0670 0.994
1 1 L
o _ ]
| Mismatch Error Calculator
Sourct_a Match: |55 0.40 045 ID 414 Max Mismatch Error:
Reflection Cocff. L - 16358 -1.375 4B
Loal_i Match: |5 0.40 045 Iu_414 Max Phase Error:
Reflection Coeff. = 19a79° o879
ﬁl VYoltage Ratio: |3_1523 dB: |1D.DDD Power Ratio: |1u 0o gl
[ _ |

RL,dB p SWR | PP, % | P/Pi, %
-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

RL,dB =20.1g p
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H300pa3aBane Ha KoepMIUEHT HA OTPa)KEHHE M BXOEH S-mapaMeTpu — PeCTABsIHE B MOJISIPHH KOOPAMHATH
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Bneexkna ce T maTpuna:
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Hedunuyus na T-mampuya:

by (T T)fa:
a - Ty Tyn)ib

Hedbunuyua na S-wampuya:

by _ S S (@
by ) 1Sy Sy )\

pemunasarne om S- kom T-mampuya: Ipemunasane om 1- kom S-mampuya:
T =1/8y Sn=Ty/T
Ty ==85 18y Sip =Ty =T, 15, 1T
Iy =811/8y Sy =11,

Ty =81, = 81180 /8y Sy =-T, /Ty




| W3mepBane Ha S napaMeTpu | ABTOMATHYHO H3MepBaHe ChC CKAIAPEH AHATM3ATOP HA BEPUIH |

sweep enepamop

yrpapjieHHe E
a o o *)
Is I st

M3TOYHUK Ha CIeKTho-
aHaiM3aTop Ha DUT ' P
XapMOHHYEH DUT |— XapMOHHYEH aHaNM3aTOop 3 dB oenumen
CHrHA

CHIrHan

(sweep) Hzuepenu cuenaiu:
aHanM3aTOp Ha Bepuru NA CleKTpoaHasarop SA
AR = | S4l =
BR=> IS;‘;I demexmopu D3 cuzvan ~ P,
npaBJICHHE
Ynp: pethepenmno nueo, dBm ,F‘
=1 cuchan ~ P,

¢/ caensm Is f#fs "
rencparop oUT creKTpo- 3MepBa Ce Ma/aliara, 0Tpa3eHa U MPEMUHAIIA MOIIHOCT (B OTHOCH-
(tracking P auannarop TEJIHY €IMHHUIIM - OTHONIEHUE Win B dB) u ce onpenenst camo
source) ckanapuute S mapamerpu. Hysknae ce OT npeBapuTeHa KamuOpoBKa
ciensiu reseparop & cliekrpoanaiusatop TS&SA o otpaseH (upe3 Open/Short) u npemunan curnan (upes Thru).

GCKMOPEeH analusamop

o =
EERAERN:::z

RF in |
I I
s S Sin TN
IF
- ™J ) LO

DuUT

thru Spectrum analyzer

DuT

Tracking generator

W3mepga ce majamiara, 0Tpa3eHa U MpeMHUHAIa MOIITHOCT U (asa u ce
ompees MbJIHUAT Ha0Op OT BEeKTOpHHU S mapamerpu. Hyxmae ce oT
0-CJIOXKHA TIPEIBAPUTETHA KATHOPOBKA Ha BCSIKO OTAETHO PaMo U
mexay Tsx (Hamp. SOLT kamubposka - Short/Open/Load/Thru).




Heo0xoamMocT oT M3MepBaHe Ha KOMILIEKCHH S mapaMeTpu

521
1. Complete characterization S 4s,
of linear networks 4. Time Domain
E Characterization
2. Complex impedance needed Mag J
to design matching circuits -
Time
High Frequency
Transistor Model
5. Vector Accuracy Enhancement
e Catectr Error
3. Complex values needed Measured
for device modeling Emites Actual
Linear Networks

Constant amplitude over
bandwidth of interest

Linear phase over
bandwidth of interest

KakBu ycTpoiicTtBa ce usmepsart ¢ NA?

A Duplexers RFICs
5 Diplexers MMICs
T Filters T/R modules
Couplers Transceivers
Bridges
Splitters, dividers Receivers
o Combiners Tuners
2 Isolators Converters
§ Circulators
:5 Attenuators VCAs
X Adapters Antennas Amplifiers
,E Opens, shorts, loads
Delay lines Switches VCOs
Cables Multiplexers VTFs
Transmission lines Mixers Oscillators
Waveguide Samplers Modulators
= Rf-zsonat_ors Multipliers VCAtten's
9 Dielectrics
\/' R,L,C's Diodes Transistors

Device type

<Passive Active>

KakbB BU/I MBMEPBAHUS C€ U3BLPUIBAT C TE3U yCTpOﬁCTBa?

‘/\ 84000 RFIC test
x Full call \
BER
2 | Ded. Testers EVM
Pulsed S- A
g VSA Harm. Dist. ReArCoznh PEI:: pro‘ﬁla;:l
o LO stability Intermodulation Co%stell
SA Image Rej. Distortion )
Eye

~ VNA Gain/Flat. Compr'n
I~ Phase/GD AM-PM
3 TG/SA Isolation
N Rtn Ls/VSWR
9@ SNA Impedance
§ S-parameters
% NF Mtr.
U
~S Imped. An.

Param. An.
o 7T Measurement plane
-E_ Power Mtr.
7} Det/Scope Gain/Flatness

DC CW Swept Swept Noise 2-tone Multi-  Complex Pulsed- Protocol
freq tone RF

power modulation
Complex >

Simple Stimulus type

KakbB Bu M3MepBaHus ce U3BLPIIBAT (03HAYeHUsT)?

Response Measurement
84000 HP 84000 high-volume RFIC tester ACP Adjacent channel power
Ded. Testers  Dedicated (usually one-box) testers AM-PM AM to PM conversion
VSA Vector signal analyzer BER Bit-error rate
SA Spectrum analyzer Compr'n Gain compression
VNA Vector network analyzer Constell, Constellation diagram
TG/SA Tracking generator/spectrum analyzer  EvM Error-vector magnitude
SNA Scalar network analyzer Eye BEye diagram
NF Mur. Noise-ligure meter GD Group delay
Imped, An, Impedance analyzer (LCR meter) Harm, Dist. Harmonic distortion
Power Mtr, Power meter NI Noise figure
Det./Scope Diode detector/oscilloscope Regrowth Speciral regrowth
Rin Ls Retwrn loss
VSWR Voltage standing wave ratio




Ilo kakBM NPUYHMHHU Ce U3MEPBAT YCTpoiicTBa?

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

KanubopoBku

UNCORRECTED

[our -

Bes kanubpoBka:

* IPOCTO AUPEKTHO
U3MEpPBAHE

* Ha MPaKTHKa
H3MepBaHeTo 6e3
KanmOpoBKa €
HEKOPEKTHO (H3I01-
3Ba CE CaMo 3a IPyoH
OLICHKN)

* HAMa KOPEKLUH Ha
XapaKTePUCTHKUTE
Ha U3MEPUTEITHOTO
obopyaBaHe —
JIETEKTOpH, Kabenu,
CHEIMHUTEH U JP.

RESPONSE

thru

IIpocra kanubpoBKa:

¢ JIECHA peanusanus

¢ U3I10JI3Ba CC IIpU HE
MHOTI'O TOYHH CKa-
JIJapHU U3MCEpBaHU

* IMa CaMO YEeCTOTHa
KOPEKIUA Ha OTKJIN-
Ka Ha U3MEepHTeN-
HaTa cucTtema 6e3
YCTPOHCTBOTO

FULL 2-PORT
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thru

_DuTt |
KanubpoBka 3a 2 pameHa:

* Hali-BHCOKa TOYHOCT

Kanu6poska 3a 1 pamo:

* caMo 3a U3MEpPBaHE Ha
OTpaKeHHE

* Hy>KJ1ae ce oT 100pe
CBITIaCyBaH TOBAp « lMa KOpeKLyH 3a:
HEH/ICaTHU HaCOUYCHOCT,
HEHJICaJIHO ChIIIacyBaHe
Ha M3TOYHHKA, HA
U3MEPHUTEITHUTE PaBHUHH
3a OTpa)KeHUE U IPEMH-
HaBaHe, 32 N30JIalHs
MEeX/y paMeHaTa

* ImMa xopekiuu 3a:
HeHJIeaIHa HaCOUYEHOCT,
HEUJICATHO ChITIaCyBaHE
Ha U3TOYHHKA M HA
HW3MEpHUTETHATa
paBHHHA 32 OTPaXCHUE

Bupose kaaunopoBku

Response FOR RESPONSE FOR ISOLATION
NETWORK ANALYZER
P —
Test Port Test Port
1 Port Cables Cables
Test Port
Cables
Possible Adapters
,._1__., R Load Load
Oor Ij Oor D
Shnl‘l Dpan Short Open
For s, Response Fors,, Recponse NETWORK ANALYZER
P —
NETWORK ANALYZER POWER METER

2 Ports ? ° ‘ I g Os.

Test Port
Cables

Possible Adapters Power Sensor

Possible Adapters

Bunose kauopoBku (2)

One-port
KaJIu0poBKa

NETWORK ANALYZER

Test Port
Cables

Cpen Short Load Open Short Load




Bunose xaauoposku (3)

Full two-port

KAJIMOpoBKa
FOR REFLECTION FOR TRANSMISSION FOR ISOLATION
£ ~ s > I —. Y

L @

Test Port
Cables

D Possible

Open Short Load Open Short Load Adapters Load Load

For Sy, ForS22

Bunose kaauoposku (4)

KanuOpoBka ¢ u3noJi3BaHe Ha
AONbJIHUTETHH AlaNITepH

NETWORK ANALYZER
NETWORK ANALYZER
® P

® &

-— —-— a w2
puT
m Refe Reference
O DUT | Port 1 Port 2
Reference Reference A3

Port 1 Port 2

In-fixture usmepBane

—m] Calibration Measurement
Fem Plane Plane
— ; ; \
! Fixture i %

Ep Eg ! ‘ ! puTt

Er ' s Loss !

Error correction with coaxial calibration ~ *® Phase shift
* Mismatch

Kanunoposka 3a in-fixture usmepsane (SOLT)

Load standard Short standard

DUT

Open standard

Launches / Transitions

Thru standard
Coaxial connectors




TRL kanuoposka (Thru-Reflect-Line)

B .
NETUORK ANALYPER ¢ Thru: c ussecrno 3aTuxsane u eJ. IbIKUHA

o= O = 0; onpeneJst pedepeHTHATA H3MeP. PABHUHA
m g SEEs Qe . =
2 B|BB ™ q % Open: 3anasa orpaxenne = 1 u onpeneas

pedepeHTHATA N3MeP. HABHIUHA 32 0TPAKeHHe

“¢Line = Thru + Ag/4: 3anasa pedepentuus
HMIIeJaHC HA u3MepuTeaHaTa pukcrypa Z0
(mozxe 1 # S0 Ohms) Ha msacroro Ha Open;
JICHTaTa Ha u3MepBaHe e 8:1 oT HauyaIHaTa
4yecToTa, aKo BHeceHaTa (a3a e ot 20° 1o 160°
pa3iau4Ha ot ¢a3ara Ha Thru

Jea JEO 8\ .
== W n o oo

Thru Open

Blas TEE Blas TEE

10 dB 1C dB
ATTEMUATOR FIXTURE ATTENUATOR

(= —

Line = Thru + Ag/4

(I)OpMaTI/I Ha MPEACTABAHE HA PE3YyJITATUTE

Log Magnitude Format

ot w1 1ep e = ner 2 ae L-2.80%8
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Linear Magnitude Format

ol 11 i w100 REF O

Phase Format

ERaE
g

Smith Chart Format

Group Delay Format

R
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STORT 75005 B9 T STor =75 500 508 Tk
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Polar Format

o s aurs b oTn e s s
128, 832 con e

dopmaTu Ha npeAcTaABsIHe Ha pe3yJTaTure (2)

SWR Format Constant Group Delay
S i owra  uosa;
— 1 1 T T ||r;‘ Fm ofn wi]  LOG wae
i |
I 1 + w Frequency
- | orass -
| - Phase T -
oe, ¢ |
\ F\\ e |
|
oL
L j |
. \.wm.,_/ de
T | awn
‘ - e - de
1
[ | | e
Tn w34 500 036 wr Sam G005 G0 e
Higher Order Phase Shift
Real Format Imaginary Format
1~ Frequency
o6 AR A sw o 3 Phas >
- '|— ©
um*er;-gl—: - & Higher Order
o r Phase Shift
Component
/ﬁ' - Linear
Phase Shift
Component ~
— ﬁ/ do ©in Radians

Group Delay = 1 ;= —
i ¥ T @ in Radians/Sec

1 de @ in Degrees
360° df finHz (w=2n1)

dopmaTu Ha npeacTaBsiHe Ha pe3yJrature (3)

Variations in Frequency Aperture

Frequancy

+ Frequency
-

T

| Miss Fine
| Variations In
Phase Linearity

Constant Group Delay

Frequency
o

T
le——— 5t ——— Reduce Noke
iLarger S/N)

de




i TeXHHKH HA PeIyKIHsl HA IyMa MPH H3MepBaHe HA S mapaMeTpH

sz des WAS 10 sBs mEr -s0 e L-si.78 oMl 835 leg wAG
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W

SORLEELE S B ) o ST BT RS e
- TEET
\ e SenEE
Smoothing " :' 1 — ““_ T i '
I . —— oo
e e
Im [ 1] ‘ 7or 7 So0.0

= oon. 500 600 M STor 2 500.000 000 HHe FTART 2 o

i TeXHUKH HA PeIyKIHsl HA IIyMa MPH H3MepBaHe HA S mapaMeTpH

H IF Bandwidth Reduction
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TDR peduiekromerpus

q CyMapHMAT OTKJIUK Ha

T el

: najgeHa cxeMa B JajieHa
1 TOYKA Ha IIOJaACHUSI

E+E CTBIIAJIOBHACH CUTHAJ

¢
B 2,0, ' 3aBHCH OT THIIa Ha
f - 1

Transmission Line Load TOBapa.

CThIIAJIOBHUACH CUT'HAJI

Davica Under Test

High Speed Oscilloscope e
E
: : |
TE L ;
Sampler —- 1 - 7 !
Circuit b ' L 1
1 1
1 1
1 '
1 1
1
Step e L e
Generator
Ej
— T

Omnpocrena cxema Ha TDR-pednexromerpus

IIpumepu 3a TDR oTK/IMK OT pa3jiMYHU YCTPOICTBA

o—0
; L —-

o—0
(A) Open Circuit Termination (Z| = ==}

E

Eie

(B) Shart Circuit Termination (Z) = 0)

1
7Ei
i

(C) Line Terminated inZ) = 22,

1
zhi 4
s T e e

(D) Line Teminated in2, = %zn

ey flo, )

L
Where t=
oo t= i

2o,
"oz, 5

0 (1+

Ao
(508

RZg . e
£ [ (e 50 ey
-t R+Z, .
o
0 Where 1= c
ZoR

oyt ]

“Rzo

R-Zo, 1)
E[(Htp‘—Z:)e ’j %

- l

Where t= (R+Zo) C.

R
7 —-
L
o
2 —w 2R T=C
2
o
L SR
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L —w- 9
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o——




IIpumepu 3a TDR 0TK/IMK 0T CheAMHHUTEIT

l'[pnMepn 3a MO-CJI0KEH OTKJIMK

° Gen 1 i S0 lwaRIER |1 1 1]
{B.20B np
- SMA: 50 Q . 5 s + T
E)_ SMA Load i i I il
i
|
- _L/\‘ INLY A\
[FERRILIN REC i
|
{a) Frequency Domain (b) Time Domain Bandpass
TTTT T ] T ] e 03 nusREF 400 mu .. ‘ ‘ T avo s
g SMA: 45 Q ~ SMA:55Q |
i { r ]
E A ! | -
H i J i
[ | L
TIME fueac] o o _— i — ‘
NpenTudukanus Ha OTKJIHKA HN3MepBaHe BB BpeMeBH NMPO30peN
METWORK ANALTZER
B ——
gles Qg Gate Shape Gating Operation
5 55 BE oua
BldhBRE ©
= aj== .1 CH1 AR log MAG 10 dB/ REF —70 d8 @ @
q> @ ET3
— * —_—
£ f
L ADAPTER LarD Gat J'"; ﬁ%\
1 il Hid
: : J ¥ Frequency Time
| 1 ’ ]| Domain Dormain
| ' , I f
CH1 &11 log W 1D B REF 40 o 1 47214 4B €H1 S11_ lin WAC 10 mus FE:= o 1: E2U4E4 !nu P W an lmﬂﬂ
e [ET ! [Fe 55 nd
Car | e oo |paeber o : "V U t | @ @
1l [ ! —
" — : CH1 START-7 na STOP 7 ns f 7% t
b 4R AT :
[T ]
| o I
START 30 [D9 MHz STOP 3 000 DAD WHz CH1 START O & STOP 1D nm




i IIpumep 3a ycTaHOBsIBaHe HA NIPo0JieMH B Kaleu :
total geometrical length = 10.6 mm
55+2+3. 1 mm 1
- _Jyehaﬂ -TDE CH1 S Ra S muU/REF 0 U 1. —kBSZ mU CHI S11 Re 5 mu/REF O U 1 2.8207 ml
JyEbaD -FD e | 5805 g A ‘ 3456 el
ST 7 S| waRKER <o | yasken |
® TDR&FD measurement PO O, M ™
i B i
—» 5] ¥ \ N 17
cal. plane Q \L 1
(2.6 mm) s}
T anf
mg 1 ;leasured length = 8 mm “ CH1 START © = STOR 10 n= CH1 START O 3 STGR 10 ns
astk
75ps
; a0
Ops
-3
3
S0ps / &
4 N 14 16 18 20
i
§

40 ;
0o 2 4 4 - o :
TDR-gate ' k ; f GHz [G)] Crlmped&cb\e (Capacitive) {b) Frayed Cuéﬁ (Inductie)
f, O
B 150 ps
\\] ps ]_2dﬁ,‘£r _d,mm

TDR gate '

Kpau Ha

Tema b:




