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M ITRIERITFEARMBIE RYREFXRFPATHAMBENESME
REHITNENTRE. SXERFZEXAFEEATNESH, RMNKRXLCHNEN
AR EMR/NREFEESMN—AEER H—%. RENKZITSEILINE
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EANAERTD, BRBEXEMEXITHEARE. TENRNTEETNEN
BAZY, EhEREHSHCSE) IS, B —LeMEAIR, mt
i 2 N 52 22 Hyr el R EA T [ o

RERR A B BIR MBI XA FHE DC-110GHZ SEB N RIETHHFIEM AR
EMESITUMREMEDIITL BRI AU R B EFIEM, MUEHSE
B =MAE IR B R

BIERETFHNEEXK

EEMBERSZEYH, BLAERESRKANZW. REFN—BMAZEIFLMN
BNSIHEMNARE (B, SMNEANBEKESSIRERRARN), BaRLit
REWWRESIANES KA. ATFANMRARURNEESE ML ENRESR
HAUXR, AN EMELESHNERE.

W, BARFENFAREEFENIER Mt BNER.

LB ERAESFEREMBNEL (B ), i AmL I E E5ZH
U FUMARMERE R TR, MASERHES. TEEFREARLRIE
LR, MURCRMAGSHAREERRNUE, SIENECHELSE,
MERESHFLERES. TANRAESBEBRAMRHHAEF K IEM
WES, M5l M.

| ATSn3ED -ty Linear behavior
- input and output frequencies
e . Time are the same (no additional
frequencies created)
Sin 360° "t * hase hif - - output frequency only
T ot 30 undergoes magnitude and
Time f Frequency phase change

————— Input —————.l———————rOutput

| Nonlinear behavior
f Frequency ﬁiﬁme - output frequency may undergo

frequency shift (e.g. with mixers)

- additional frequencies created
(harmonics, intermodulation)

fi Frequency

B 1. M ER AR L AR LR



AT HITERMETRENES, SOUSEOUNDERERPENTRERN, HIEE
MR AR, AR N B REL M. (EABITF, BIVRMRELTHER
RN RBFESMOBNARES, X HEIEREEE RN TORILIEE RIS
R\BY, MBHEZIMAENERBREENEIER.

BNEEIRIR B A AL MARAERE, BRI BIERBIRB. XEAGI T
RHESEARELEALZEM(E2.

ANSRAE SR — IR 2% FPIB AR R A9 73 B A A 5 S DU AL SE 3R I AR (2 B B
ARSI IBE A ZE, Wik R R 2B ORI (B 3). —MHskik, X
MIERCUER TAGI RAERS, BRI REREMELNIFLMEERLZ2
RHERE AN LR,

F(t) = sin wt + /3 sin 3wt + /5 sin 5wt

Time T|me
[ .

Linear
network
[}
=)
2
c
=
Frequency Frequency Frequency

B 2. EERRER T

F(t) = sin wt +1/3 sin 3wt + /5 sin bwt

Linear
network
i ig;me l .
s
2
=
&
2 _ ‘
0° Frequency
Frequency -180° 1 Frequency
-360° +

3. MRRIFESER A L



Nonlinear networks

Saturation, crossover, intermodulation, and other
nonlinear effects can cause signal distortion

LN ’ » Time
I 1T

Frequency Frequency

B4 FAMRAERE

LB BLIIAKE (B, B0, SRABWT AN, BFRARD
MRS RE. BEESTER—MENERES, BRANENS
MESTRA B AR . TSI BIRAE L th AT 2T LS.
BEEBEN— A BERTF R AAEUERBEN LCRBBR. BN
% S AL AR

BRREENREBEFERANS —MEARLBM. 77T SRRMEE. LH5E
WEIRThER, EMERLk . RETMRAB[IHF—LERHBINESREIN LR
FFRIPEFIOLAC . SRR 2 B A 5 A 5 % i BEHTAY SRR AN EE #RER A
FFBRSH, EHIATIKE.

FENENEENH

XNENDENRBEMBLHTUENERTREFUATIIIRER. 8%, ATR
ERMELMEME, WBRTRAELR, NHTEHRTIARMUE. HX, ATER
THERERREME, BANEERT. &E, FRITEVHEIEE (CAE) B
ERFEAN TRMFHEEE I LSRR TR

ATHITHERELHR, NERIETFERENMALES. BLEREANER
FIRZENFERESNEBENRERERBE, BHEREMBAEIEREL
BARREEE, Y —ERENE (NEIKIRFE), hTRESHE, M0
BN+ HER.



NG R R ST R EFFR

EMBZSFTNEAL T, B2NERERATHIIAG IR RN RAERR .
FMANRKER KL, SRRHE—MERNERE LN (ASGEE), —HBo%X
MIEBRRERY, BB BB IER (FRmeEE)(E D). EERARERH,
MAREBAI GRS, PEBIRBBIER.

BRFIESTRKESHRKAERE, BREZ—HE. WIS
FNEBANER. RAEGEEMEREE. flN, EER% ERENESE, 0
el 5 B A& SRR RE 8 (A TFRAPUKRED) AR IRF e X E R FEE (K
%) HIREE.

Lightwave analogy

Incident )
Transmitted

Reflected

5. KR SRR RHERI L

SR HTE E

X PEBRAHITRIEN TR ENRFRNBURFASES “BEIR” Eit. A
FAEATBEHUER B FI SERB A E B (R+]X 3 G+jB) FT/ox, BRI LU ENLHIFEFTIE
SEMFENELMSE L, RIBNE, B (—FERNSIRET) ST L%
MALRK, EmEERRER.

RAFEBRFEETEMNERTERMAGEEFERNE, KW, EHFFEE
LHMPEYHE, MEURBRAETEERF ALY, EENANTRTERR
BHROMNER, MBLNSRARERNFMAROE AR KEELNBE.
RAFFE RN R R Z e EEM B R IREETE.



HFEBRNERFAEFAEZBDE——NENXR, HEBEFFENIESLFE
DA RS ER AR R £ ERETR T LEHREE. FREREMMOE
TBRARIFTA IE R PREEE R HTEE R (E 6).

HESLETHEARL, EERENNZERIAAR, MEERFNNDTRIAEI.
SEEHTRE LRBETSZEX SRS R RN ERTUET A — L ER
PRHL, BEXEIAMBUK R ARG HEESIZS0Q, MY EMALENRS
FRMEREHTI 9 76 Qo BB R T R RERN L.

+X
0
—jX
Rectilinear impedance
plane
Constant X
Constant R
Smith chart maps 2,20 (short) San. Y 2,m o (open)
rectilinear impedance T=12180° o TeiLe
plane onto polar plane
Smith chart

E 6. SLE A E

EREBEFH

KEFBRBEARZAHBEEAR K, I THRANREXERE, B8
HREEL BTG REENNE ST R=RM, TEMEEREERLZE
ERUIE SRR, IRESEIX — &M (B 7).

WMRREFARAAME, BA, RELAAHENSFEEASNE RN,
FREFERANELE . XDFAHEXNPETEBBRER FSRKHEZ. Hiw,
#R.=06+j0.3, NEHHLHAR,=0.6-]0.3.

FESRENDREERZERSME LERTRANEIZERRZ—. ERIE
MR (RKESK) L, HRNSLEETESIIER. SANBEBEAZ/N,
MHESESHZMBR/N. BEMBRER, £S% LMLARTUET



EREME L, BRKESHREPSENKERIRER /)N, MRERTIA
INARLTR I K. SEMENZRNEETHEERNN, EERAY
REXERH. HERMARSTHFEBETTRER, WARBARBEHBRSE
SHERHEESE.

HRRANZRAESTRSURAN, ERERFES, BAFERNIIE
BWAHR (E8). MEFMESBREEMEAESNTUHARLIER,
XRENRERS, EBRE—1TTELRE.

Rs
RL .
For complex impedances,
maximum power transfer occurs
12 when Z, = Zg* (conjugate match)
1
2 os Zg=R+jX
£
Bl 1IN
£ 04 ~~
< i
802
% 1 2 3 4 5 6 7 8 9 10
2, =Zg=R-jX
R/ Rs L=4s J
Maximum power is transferred
when R| = Rg

7. ThEEfEI%
Zo = characteristic impedance
Zs=12p of transmission line
WS- — 2>

2

Vien= 0 (all the incident
power is absorbed in the load)

N _EVAVA

For reflection, a transmission line terminated in Zg
behaves like an infinitely long transmission line

B 8. F Z, b sk



SRR (ERTEEFRE, AMESENT), REBAE
WZEREFESR(E9. RFBERNK/NLREFAFBRER,; MAME
REFELN S5 AFKHEE108° REKRSASFKNA/NMIE, BRART
BTt

AR LRI (FFEETRELERER), REFERBMBELKS AS R
tHZ180°, MR HEERNELTFE LS ASBERFEE. XERIEEFRE
REEY IR 0o RETERMBAMAS BRKIANESE. BRERTEBT. 3
FREMAERMER, AR LBEITRK. BAEAERH0, MBE
IEER 9 A ST E TR 215,

AERKERBEAER D200 EHEE, SENTeRENEREZEN
KA, MEMOAHNNERPFRY, BOAFIRE R REBERNEERE
ASRIRER1/3, B ERSFELNMEMEE180° HENAERH
70, MEEN/NFREEMTREINEE. BENMSEZ LR 2.7,

WESNPENNERTTEZF A GRS/ K SH. —RIFEERN—
ANVSWR (FRETER LE ) MK R UE VSWR. HIREUBEMLB AT, AKX
BIL TIEEMAENEXNUENSE. R\XLNE, EJSHBET. £
SR L, AANESHNELE. IKMZSTUERERRFHDEEENE
NSRRI, BNERTUAZHER (81 VSWR) Rk,

4
i 1
e\
VAVAR PRt

For reflection, a transmission line terminated in
a short or open reflects all power back to source

9. RumIEEE, FFERA %



W% 53 4T R B IR R iE

BT RN —EBEAIRAZE, BNEREENEFMANERARE. £
KOMUNBIARED, —RARISETBERTNEAFT K. REFFAARE
ENE, MR ABEENE (B 10). FAXLRPNEEMBIESR,; &
BEEBRA BN (OUT) MRS FfEitE, REMERRFEISRTNR
B(REMEL), 8 (RERE)KAEGHUNE. fld, ERRFEISRITN
FENE, MEFNNERERSNE. LENEETUERNERITTRHFE
MNERNANSZRENNEMRNRERREU~ENEE. REENLEER
BRRAANR, MEHRENLLERRAB/R, ENSHUEPHNEBEESX.

InmdentZ? ‘Z» Transmitted
R B
Reflected
A
Reflection Transmission
Reflected _ A Transmitted _ B
Incident R Incident R
SWR e et i e \Group
loss Gain/loss delay
S-parameters . Impedance, ) -
S11, 822 Reflection  admittance S-parameters - nsertion
coefficient RX, S21, 812 Tgirew%rglis:;:?n phase
Lo G+jB T

10. BB SRR AR IE R & A AIE

RSELEERTHR-MRERERFAHGCE 1. CHEERAIC. RER
HERSESHERFEEAHFESHRERT L. fi0, Kinthai, BHET
FREBEI Z, MR IB LSRR EERR, MV =0Mp=0, HAH
PRFLZ AN FAFMMETIN, EBRWRS, 0 KF0. HAHBHAEESRI
AT, £MEERWRE, o=1. HLE, 0B{EEEAO0~1.
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Z, - Z,

Reflection o= Vet _ ¢ /F o

coefficient Vincident

Return loss = -20 log(0 ), 0= IT'|

Voltage standing wave ratio

i ——— Emax
Wy = vew--in

No reflection Full reflection
(Z,=Zo) (Z, = open, short)
0 P 1
o dB RL 0dB
1 VSWR ed
B11. RS

ElRARFE AN EI (dB) R R F R BN —FT5 5. MEREERSESRKT
AHESHIBE. ERRFESRFTNELR, BELRA(XTEBAREETN
) FOdB (XM ERIEE) 2 BEk. Z—PARRRRFNEANEEE
ETEREE (VSRW)o VSRW EX NEH MR ARES SMBKNR/NMEZ L.
EEPHXERENA (1+0)/(1-P)s VSWRHIEESEEM 1 (ERH) BIXRK (2K
5.

FERABEX N REHNRERUASBE(E12), HHEREENENEX
FAFBENENE, WIANBNRAHHRFEEGEE. BREREBENST
BNFASRENENE, WIAABEUSRHRRGEEERASBARE. £
AHMAAR R EARE.

% V.

Incident m Transmitted
-

V. )
Transmitted =T Lq)
Vlncident

Transmission coefficient = | =

Insertion loss (dB) = -20 Log VTrans

Inc

=-20log T

Gain (dB) = 20 Log

=201log T

B 12. fEEH
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BE, EEZERABNFATERMERER. IR, BTFHNR4HE
KE, EHEAMMENFRRAEBRAMN () FE. ZRRELETHRUZSEAFN
BKE. BFSLMRINNEZ—RESH —RESIEBERARANRR, ME
RKEFRMNEEZHNZEMNRTS, UMEXNTRTHIFELERBIETA. Alt, 7
DAY P R 8 AT (Y IE IR R M B SR BON S R R K E . SBREMNK
AERRELMERENNEIHERR(13E).

Use electrical delay to remove
linear portion of phase response

Linear electrical

) length added Deviation from
RF filter response linear phase
(Electrical delay function)

>

S A\ AN 7 %
2 + yields N fH <
& = 1 \J &
: ] £

Frequency Frequency Frequency
Low resolution High resolution

13. S&MRNNRS

pll)==g:=d:R g

HNKENZ M EHEERHNE(E 14). XPMSHEESBEEHRNEFR
AR B RSN R B o B RS SE AT A ER S HR0I 28 A A9 AR A i Rz BB e i) ) 38
KEHA BT E. SHELmENAET2EEA—MEEE, BHILME
ANNREEERANEEFNENRS (XESEBERATHMAEINRR). £
BFENRERRE SBIHNR Y TR [ .

Ag
Phase ¢ R Frequency
Y Deviation from constant group
Group delay (tg)= do delay indicates distortion
_ - " de Average delay indicates transit time
T 360° T dy

¢ inradians () inradians/sec ¢ indegrees  f inHz(( =27 f)

T4, BRERIZEX
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RIEBNAE, SEMHELMEENNEESAUREENE, HAMER
RERE. HESFPRAE-ERVKNTTREREASHE KRBT,
E AR AR RBUR TSR ARR L A RRENR K. BHERTE BT XM
B, BAEREMANBMENE. FIFEERETEETRPAENKERNT
K (E15).

f f

Same peak-to-peak phase ripple can result in different group delay

B 15. At AZNEFRE?

P 2% B FRALE

AT EERE—DARANEME R OSE, RNBAERBNFHTHITUE
HiIHE—A2%, METRNMARFTENEFHRNG S, XLSHbERE
Sk R NI ER A (4 ) (IR SMERE. RN BRI RIDES T2
MENEH. YRZSHNEME, AL, DIUNERMNEASEL®O 5K
METRENSHEEMSRER, mENEUREFBRSHEEIRS THT.

HTFRENESMSHERISHEE, HBERZMUNESSH(E16). X
LSSHE-LHABNNE, WS, RENRSREHAKR. SI6EEH
BERNMLNE, MEBKFEENRBERZBNEF L. NEHS
HH S SHA UM MEFEETRETRENMRE. SSRTLELMRIL
MCAERBHATATHRESEM, MH. YMZSHELENNTMSS

XNFRERN, SSENBESFROBNES. W, “mARHTHE
b SEH. SBHMRSIME, STENE—MITFIREBLHM®KA, M
FINHFNZREEBHAN RO . B, Sy Z2HETXimMA 1 IMASSURENTT
MimH 2 HIh RN EE. SHFHEB(FIWS K, ERTARNNE.
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H,Y, and Z parameters
e Hard to measure total voltage and current 1
at device ports at high frequencies
e Active devices may oscillate or self-destruct with shorts or opens
S-parameters
e Relate to familiar measurements

(gain, loss, reflection coefficient, etc.) 1 Incident _ S21 T’ansmi“e“g .
i S 2
e Relatively easy to measure . Reflociad ol (5,
e Can cascade S-parameters of multiple b E_ Port1 Port2 | Reflected
; ; 1 a

dewce§ to predict system performance Transmitted Sy, _ Incident

¢ Analytically convenient
CAD by =Sq1a7+Sq22
. programs ba=S21a1+Spa;

4+ Flow-graph analysis
e Can compute H, Y, or Z parameters from S-parameters if desired

E16. H. YMZSHMBRE (T AZERSSH?)

a Incident S Transmitted b
1
Forward Sy A
b, Reflected Ll DUT L] 3= Load
1 a,=0
2
Reflected b
Sn= Incident a71 =l
1
_ Reflected _ by
S = Transmitted _ b, ‘a i S2= ircdent - 5‘31 =0
21T " ncident | a. |92=
el as _ Transmitted _ by
27 Incident ~ a, ‘a1 =0
Z ':;O S» 2
0 R
Load Ll DUT [ Reflected Reverse
b Transmitted S12 Incident
1

E17. NESSH

EE S SHARMERBEABHEFTNXARSEBEINARN, WEAHNRE
S RFESHERESHRESHEUME. EEHEWMONKZNHERLT,
S FBTHNRMHNMAE RS ZHHET, MS, WREREERHMAL.
ESRETHNRGFNALmAUERAEEASEEARARD, EENUES
AN (RE)S S8 S8 S, FRT RN AV HE K5 R L LR,
S, NERBERHAL(E17).
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