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SYMBOLIC CALCULATION OF OSCILLATOR
PERIODIC MAIN ROOT-LOCUS AND ITS APPLICATION
IN CIRCUIT OPTIMIZATION

ABSTRACT

Linearizing an oscillator around its periodic steady state (PSS) would
generate a small-signal model with time-varying parameter value. The
time-varying root-locus of this model can be plotted on the complex plane.
This information explains how oscillator works during its PSS, which is of
benefit to designers.

Currently, there’s a numerical method to generate this root-locus, yet
the calculation process is repeated and inefficient. Also, this method
provides limited information.

In this paper, a symbolic main root-locus calculation method is
proposed, which utilizes the advantage of both symbolic method and
polynomial root calculation methods to advance the calculation efficiency.
Sensitivity information can be generated with ease with this method, which
can provide further information to help with design.

To lend more flexibility to symbolic method for comparison of similar
circuit topologies, a methodology to insert and delete devices without
reconstruction of the data structure is proposed. Applying the method to
structural comparison of different circuits would bring about more
efficiency.

KEY WORDS: symbolic method, high-frequency oscillators, root-locus,
dynamic modification of symbolic data structure
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BRI, [REIRTRZNERER.

KA, IR TREELEE AN FEB)/ME SRS, X (127 F RGN AR R T
FETTREHEAT SRAE . [10][ 11145 T 480 EW I Ra 7 FERIRE . KR F
BT LAF AR . — K2R Ra T iEA A A = (1-7) R C@) M G(@r)
FERE, JEE St (Modified Decomposition, MD) vkak#E QZ 777k 3K fif F %
TR KRR RGN BN Z I, 4R A2 TR . [9]
T 88— R TAERFEUER QZ ik, @ik X) C(r) M G(r) HERE HiE H AT 2 45
.

ﬁﬁ@%ﬁ,u3ﬁﬁﬁﬁ%$ﬁﬁ%@,%%ﬂﬁﬁﬁ,%@ﬁ%%rﬁﬂ
S

REFEANCO)FERE, W s ¥ AR BErh, AR TR A PR BRI J7 VA RE
MR A o) R, 55— PR Bk ik (Modified Nodal Analysis) 704722, A%k
Fed e —AT— %o FROTARAERE M R A& 1-5 o .

n+
n+ n- I
nt 1
L
n- -1
Branch L |1 -1 sL

1-5 FBRL L BB RUEFERE RN
Figure 1-5 The modified nodal representation of inductor L

15 FEHUE L 75| sC() + G (o) | FREF IR . 44 s TR C() i, A
s FUTTUBN G(r) T, AT LA QZ 7 HosR i 7



I SGE R AR AR S

L BGA T] DU AL g — A R85 2% (gyrator) AI—PMHAMAED), XU &S
AR T B T FERIFRAE (normalization)

H QZ 773 FLUBERFE T R B SR A BRAE (22 P A VR B . 40, 7E[9]
HH RIS AR 32 B SRR UZE S IS QZ TT AR R .

M MATLAB 5% LAPACK UESRAFEL, WT LR C MG PRANMERE 564
PINHE E=MAERET S, KT =0eCeZ , S =0+GoZ o Hr QM Z BN RE
FEAE T FERAR AT CAE T F1 S X R n k15

PR (17
Ly

Horb, A NRHEJTRRROEE § MR O T SRABIR &5 10 JE ST IR A2 4 RUR BT,
i B SE N LR EAT PSS M IR, SRR, BRI CO) M G@) £
S RAEE, SRR SRFEE AT R, S a E T FES AR A 4t 2 e e Al 1)
TR MR R

{5 B T SR 7 VR T SRR 4 A AR () e B R R

L]
Construct
C(tx) and G(tx) matrix

MATLAB/LAPACK engine
(Algorithm: QZ)

v

Roots of

OP Analysis
tograb __ and
of nonlinear devices

Pick dominant root 4’

dominant TVRL

E 1-6 BUENIR SR EMSRNT T HEIREREE
Figure 1-6 Diagram of the flow to compute main time-varying root-locus of oscillators

BRI, B M RIS B AR mT LA A LR LA

(1) FJH Cadence Spectre T.H KA %5 Fo & (1) A BAPE AR &S (Periodic Steady
State, PSS)fift, FFXIHBEAT AL, 15 2 g o a1 R L

(2) RN A HLE, 3 Cadence Spectre [ ELI LAE 543 HT(DC Analysis) K fi#
MOS E1E PSS IRA T REAREE S I/IME 5SS HE

(3) 7£ PSS ARA& T BRI [A] s A AR G 2 HL G, 15 2)/IME 5 R

_9.
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(4) KGRI R B/ME SRR, B2 (1-5) T8 C@) MG AR
HUERAE R IR QZ J5iZoR A r s A e T SRAS IR i, s B0i 70 f K
HISERERT, AF TR A

(5) AWHER@)F LR, BN E AT R R A e e

FEIXH,  FF RN B S IR U — Bk . LC e A — D EZE AR,
HA i — N IRUUIEZRBI,  HBirE, D s A mT e 52— SR AR A
SR, OF HARHE I AR A AR IR IR I T AT A PR R AR A . oA AR s AT
JEA G, F A IHE A O I B . DRI, I (4) R 5 T S RE R
FL B ) A A

XFPRAR R BRI DR (RPN o)) , AR JIAEZE MRS, B
RRIAE :

(1) BB TR A HERS , FLES T 1 /ME 5 SRR A, I C( MG
TR, ETHE T, BATR B AR IR R, IR SIS
AI

(2) FEFESRARTTIE TR 7 g oo 5 R GUTRE S L 2 TR IR N R 2R, T
RUEHIFES SRR, Joikda b s e s .

(3) QZ JSiERMR KA AL o T AT BOML, AR AT AR AR F B A o
ALY, HARRY AT EORAE . X EAE T RIUR

(4) AHRLI 8] AR R Z A VIR R & o SRIMT QZ J5VESR AR ICIEA X — s
mho FATAT AR —FIE, IR 45 ml, XTSIk .

N T RSt R SR, R R AT, R R RS RS

TR R BRI R, AR B 2RI 2R SRt 5%

1.6 AXFEZRNBTESETRH

ARSI FH 2 T LR $0 0 S5 4 1 75 5 A0 A0, FRLER 23 5% GPDD (Graph-Pair
Decision Diagram) LA Muller RAR J7 750 iR AdR % a4 1 AR s 3b AT 2R A, FHEAE L
St B 780 A FH GPDD SR AREUR L BB RIME, 1530 i i B R s E RSN T2
ORI RS, 45 H oG8 B W TE OB B . BERHAF S 40 TV R
AN FL B S5 R BNt ARSCER S T — M 75, SRB T HL R A ) B AN 1Y
IR, AR5 A0 07 3 TR AT DU R b ST FL B 4 4 45 4 1Y) B 24

RIS T

BB IR T R T SRR T, DL IR HE AT S IR N AR

-10 -
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W T EUE T 5 BN AR S AL EX SR GPDD (Graph-Pair Decision
Diagram) PJZEARMEE AN . =2 1R AR H GPDD KRR H I AR
TR AT RT T AT DAL R U B . BB DU A 43 7E GPDD 45 4 ) 2k
fii b, XPEERGEAT ORI MR B B R E 4 AT S AR AR IR T FL g I AR
TR B LA IN IHBR To R A B SR A 45 R R . SN E RS20, I
SRt

-11 -
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BT FSWHERGAREN
2.1 FSUHES RN

RS EIREC L BRI IR T 2. e EikadoN. BN, BET
FNLBARKIAE, FF 5 LRI B 7 M7 C 2 OB T A . AF S AL rLER 20 AT T
FRMERT AZ» NS KR, 70 i) 2 T LR 7 R ARV S B T LB S5 R Y
WA ITik. BARG 7y, AREUNE X B 7T SESRBGEM B ERA
% MHRINNE S TSR EE. RN HEAESE[12]. EIXETE, FRE
179N GE AR 5 U EEEIE IO FU e RO RS I Sk (B, IR 53
REWE A R ) PR AR 0 AT B, A REMRR DR K L1519 5, 306 SRR ) FLES

22 ZHoREE

AR, RS I M 7 1R K FEAE A5 L B 70 B BRI RIS K ORHE Tt o T X 28 73 A
J71FAR e UL 3 Y5 ¥l (Binary Decision Diagram, BDD) N 2& i1

BDD & —#F [a Jo 3£ K (Directed Acyclic Graph), L& T AN A — &R
FNAEZ 09 1o P21 0 0 A0 1, ARSI 1 RO H A 2, 230l o i A e
Ui, RN PAFHARIRERSE . BDD fie 02y 1 AT 2R 38 55 ek 250K SRAE S B0k T i
.

1986 4, R. E. Bryant[13]#&H T 29461 — 73 5 Kl (Reduced Ordered Binary
Decision Diagram, ROBDD), Ff-iE B T [d]—M12 45 ek 20 A A ME— 11—~ ROBDD %
N, MAE—EWFF S H S (order) T, XFh 2B A & fEA, LIl
THTEMEFEPIEE. 1990 4, K.S. Brace Z A% H T — ROBDD HJH XK
Pi[14]. ROBDD {115 BDD Sl 7 N EB4E 3L =2, — R ik 7 BDD &
IREFERT SEEIREOE KR, 540 7 RE NAFAAS .

HATH— MR HoR 23 ROBDD H9EH, HAERWE 2-1 fix. Xt
. BDD 41 2-1a)ffiw .
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F X7 X2 X3
0 0 0 0
0 0 0 1
0 0 1 0
1 0 1 1
0 1 0 0
1 1 0 1
0 1 1 0
1 1 1 1

2-1 RHIEESR
Figure 2-1 An example true table

1 0
a) i /RZ ik A ) BDD b) =i /R LK) ROBDD
a) BDD of the example Boolean function b) ROBDD of the example Boolean

function

2-2 iR /ReRiA5# BDD #1 ROBDD
Figure 2-2 BDD and ROBDD of the example Boolean function
B 2-1 b, SEERUFRRR TR 1, AR TR TTREM 0. 285 K 2-1a)
IR | BB, TT LA SR RN xx,x, +x,Tyx, + T o 6 2-1a)
FAIRI G BEAT B RO SE =, RV BR 22 A 0 SCAR 1) [A] — 9 s U AR T, ) LA 3]
K] 2-1b), KIERN xx, + Xx,x, o [I3]FEMUH X —d 58, JFHUE T & 2-1b)
EREXME, HFAFSITF—E (x->x,—->x,) PG FHE— RN

-13-



IS PN 2 i e S VAT

(canonical) i,

ROBDD A —/NEHEZEMRRPE, RIERFFF Corder) ANFEMIEN T, Hdfidh
IR ZERIRKR, FTRENZ B, WA s NiRE . — A5 ar DL B
XA A L

BCBINA Ak x x, +x,x, +x,x, o FATT5 3 PRSI #4538 %) B 1) ROBDD.
B —NF R T x—>x,—>x,—>x,~>x,—>x, » H _NIFA

Xy— > X,— > X, = > X— > Xy— > X o

a) Jlit/5—H) ROBDD b) JifiF —f) ROBDD
a) ROBDD of symbol order 1 b) ROBDD of symbol order 2

2-3 A ERE#H ROBDD A /)b
Figure 2-3 Comparison of ROBDD in different symbol order

MK 2-3 H1, AT A B FAF 5 5% ROBDD 454 K/ ) B RS2
Yo AR S HE T NP WP, H TR S AR R, RS IUT A
TR R AL REN

ROBDD (] 8 ARANNAEAT 7R 32 4 oA B0 A 5 i BUAS 1 B Kt Rt ml
MHERAEE R b Lo AR Ikt b, #2274 T RS AR R 4

-14-
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F#3.C. J. Shi fI1 X. D. Tan[15]#& H T —Fp 3 F-17 41 20 ¥k 2 B (Determinant Decision
Diagram, DDD)AF 54653 #1 757%, i ROBDD HIEdR 4S54, SCHl 1 FER AR IT &
A AR e K IE =, 72— B R Bl 7 NAEEFE, 15750 528 ml 7
PSR & 20 24k E M EE R .

HRAEIX— (T a5 RSk B 75 U AR S F s ot IR A e ——
TN O, IO RPN AN [F Y e IR 4 R 53 B iy SR )
THE . ah, XAGEH BT AR U SR AR I 2 A ARV B Ol o IX 23 R — 2875
R AN RAT X LTI (AR T, R E SISO T .

N T RPEIX— R B ) @, 7E 74 AR R, — %25 T GPDD (Graph Pair
Decision Diagram) [16]/FF Skt riENiamAz, &5 7475200 o7k ]
HRIH T A

— MR B 4% GRASS (Graph Reduction Analog Symbolic Simulator) [17]
R T X E IS « XA HA 7 B S B A 2 T 20 LA S E 1
Folle 18145 H TIXAME EA BT . N T Uil GPDD SyARIEAREE, X
B YpE ] S E E RN, IR R . BARSCILAGIER], B 225 S0k
[16][17][18].

2.3 GPDD A EHE ZE KR
2.3.1 BEARAREH

GPDD fjj 5 T AW LU BRPUSRIE AP B oy, 2l Sa) (CHyunT g i
AT I UREBEIE VCOVS. EEBFIE VCCS. Mz Ik
JE CCVS. MIEHEAIE CCCS) « My CEEE. M LUK . W
R EE IR T, MBS AT N ME SRR . 6 T 52 0 A i
B, AL IR AT

(1) Mg REe s — L. Bl — MR, )RR 5 R — AN hoT

VEHEAT AT, SRS AT AN E R N .
(2) 45RO il v DA S S22 i e —— X NI BN i g 1 — A 52 4%
Uiy, AN U 5 — AN ) i A o

XTI, WA JLAN LR

(1) SR RS (VC D R 0.

(2) SR S (CC 4D AR 0.

-15-



BRI L
2.3.2 HEEFE RN

TR AL BB PFRZEA B, BATm AT LAREAT A F e 2 ) PRI A 8
X NI A2 DT IR
(1) R R TR o R, IR SR R Dbk . R IR KA R4 s

ERSEEN LI

(2) PR i IS P S G I — 2RI TR (s 00 T A
HL S 8 IR AR A e DK o

(3) YRR AR S G I — SR BRI L (Y 00« T
HLR 3 TR AR A o

(4) HBEEBREH—NES (Nullor) 2B, SMNEISH AL
(Nullator, NU) Fl—ANZFH2% (Norator, NO) 4. HiAumf NU £, %
5t F NO &R

(5) W AhSr i N s GO am A dl 0 24808 H X B Hit i,
WS (2> FFBGAS IR 4t B R A i it oy B, KSR (3D A3k
IS N7 S S FAL A IR

RN (5) R EE. N 7R BRI AR e A H(s), FRATTRE 2248 € i AN
R ] o 33X — X B 90 FRARZE B LEFRATTAR 21 F 3245 U R R s A0 i A\ AN 3 HH 1) G &R
N T ORUE R ) R AR AR E RSO LI FL ) ANSZsgmm,  FRATR 4
Uiy H A N S R I v, LIRS AR S A v o PR A i R AT DA
KRN

1
H(s)=— 2-D
()=~

T UL EIRE, FRATHIE 2-4 TR RC HLERAE ] 5
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R 1 2
W R
1 —— C1
+
<::) ' . Vo VC
- —_—— VUo C2
0
a) —MEHL RC HLES b) RC HLE& A [ [
a) A simple RC circuit b) Directed graph created by the RC circuit

2-4 —E M RC BEREARE

Figure 2-4 A simple RC circuit and its corresponding directed graph

7 RC HLEEX B HTA m B A, S N 24208 X B8 VS & Ve Hgkid. 3
A% IR I T 3B VC . 1T VC RN 0, HERER Ao, 3
THMKEE, FATE T I EME GPDD 454 1.

2.3.3 GPDD #3&#1m]

GPDD & H—MEIXFEHIE R . MRIEIRATRIMEA B, FRATRT LL2 5
gD R A A B B el R REH ILE 2 B, A seih R R EILE A
Hro BT

(1) AEJNU K VC il
(2) AHKETLNO K CSil.

PRIk, 1 2-4 F1 Fra s p i) e ARG B S i B 2-5 s o

BATTHEAEM E GPDD Z BUHAT AL ERERAE, BRI A e & Fr
A NU 14K NO i fii. 1X/&H GPDD MR Pe e . 5 F AL Nullor, Tt
A1 NU 11 J NO #0605 75 A A B A o AT 58 XA T B AE LU
AT AT LA 4G 4T GPDD [ T
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— P

R R
C1 C1
VS éé VS é
C2 c2 | \VC
a) RC Hii#% 7 4] b) RC L&A 1A
a) The left graph of the RC circuit b) The right graph of the RC circuit

2-5 RC B A EER £ EMAE
Figure 2-5 Left graph and right graph created from the directed graph of the RC circuit

DL 2-5 H AT BEE AR T A, BRATTATBAJF 468 GPDD.  GPDD HI#)
SRR A ORI, X HLES R B ORI T AT A, P RIEAT 4
1o SHFAS TOE IR E L & — 2% 1-BR M — 2% 0-88 4% 1-B8 12 R “ 405 (Include)
BE, 0-B812FR “BI”  (Exclude) #E. BARKIFINIAIZER 2-1 FiR.

#& 2-1 GPDD E £yt
Table 2-1 Graph reduction rule of GPDD

% (Include, 1-121) HEFR (Exclude, 0-i1)
TR HTHE T HTHE
- Wi VS _ R VS
VCVS % VS K5 VO % VS Wi FF VC
CoVS R VS Wi I VS % VS R VS
Wi CC R CC i CC M CC
VCCS R CS M Ve Wr A CS WrH vC
LB CS - T CS -
CCes W CC FL CC fHi% CC FiB CC
Y/Z W Y/Z i Y/Z Wit Y/z Wit Y/Z

EERZMREREY, B —afEEE. AT AT BB E I i r .

(1D ZEEPE TR B/ R R EERLERE nl, n2 WAHEL A
nl<n2, M nl £,

(2> XfEprEEY n2 e, B 9. A n3>n2, N n3:=n3-1.

AT (2> B O “IREFBESERRAE” o FE16]RN b I R 3
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FX—HE. M, X—# SR A LER. EMEREREF, FATHEX B
A E BT AR, DK GPDD MR bR, b ERE MG, HEW
MNEME, TENDNERN ST SR8 WANERE L TEeE 8, HRD
B A N A A NS s S S s —— X N A B R, e
[FAA) - P 0 5 AN A R 1 0 H 3
BATHE 2-6 TEIHIX — /o
Graphl Graph2
el e3

. 3
1 2 2
(:‘2 ("—‘/1 02 04
0

0 Isomorphie!

—

e2 €3 ed el e3 ed
14t 1 | | |
2 R 3 1 -1

2-6 [E]H9E4&)
Figure 2-6 Isomorphic Graph Detection

W 2-6 Pz, Graphl 5 Graph2 H i 58 e AH IR, (H2& 5 09 B AR Y 5 i A
Ao FATHE B BRI AH R R R R IATE R b, ATRUE H, WAMERER N A2 — 3
). GPDD RJ#:IGE A2 AL AR i kA AR B i) RO Re, U S5 4 R A
HIERAF R e XS ML, DRI, 5 X AR AT IR, U RATT N 122 4 Wi 3 A P D A [ 1
K. £ Graph2 X MHVEERE, R5 08 2 WATSEBRONEE 147, bn5 09 3 HATSERR
% 247 BHTIRIFIESAERRAE, TRMRIEE S 0 5 5 AR R R o0 N Y 52 B
75 ——X M. IXFE, Graphl F1 Graph2 Bl B8 A I g AH [F] ) B

R 132 2-1 TR RN BLAL, FRATTFE AT A7 (include) #AEAIHERR (exclude)
BAERI RIS, 7 Z e MR E R IE AT 5 o T 3RATAT 1 ORSFIESE AT,
PRI 16] 7R A 5t U AT BAE— 2B ik . BRATIRE T B0k 2 AT 5900 sign.

(1) WA sign=1; WF YaTE%F VCVS 8 CCVS #H47iEH (include) ,
| sign*=-1.

(2)  WREAE NI RS Copen) , NIFFSLRFFAZL,

(3)  WIREEENEEE AL (short) , FARBIXAAILM n2 8 nl, WK
IR ZRS nl A n2 BR/NEAT HIWT. W n1>n2, N sign*=-1, 344
nl Fl n2 B, RF nl<n2. 77 n2 NZEL N sign*=-1. R/GHEHTC
PR FO R AT, ORBE nl 9 50, JFORIETI AR IS
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I FRFN, FRATER AT AN 2-5 A A OIS s, R4 EE ST GPDD 45
T . (18] 1E4IAUA T GPDD M2 i 1k 254, (EfF L5 T 0 i I
AL, 7EIXEAFHER.

FE#ESL. GPDD 254, 4 7SI Es MK i KA 3L, AT =2 BIma AL .
BHERETEANTEMGA, HTRNFEEKERTFE. BoE_RETHRT
BT e Ay, fEE TR s, EasE g, H=2 &% T GPDD 1/
MEJu e, AR L, #ERMLIT A BDD £ ROBDD #7224k, £l GPDD
H B A 25 SR AL =, 43 GPDD N HIEAL (canonical) [ . X
RIS UL 181X FEA UL -

s FiRas iR, FAIZE X->Cl1->R->C2 HIF5 S F % GPDD JfiE4T
WA= S, TLAS R K 2-4 XTI GPDD 2544, i 2-7 B

2-7 RC B XN HY GPDD
Figure 2-7 GPDD of the RC structure

£ GPDD H, SEZREDA 1-B81%2, XfNIRILIEH, RLZRAIH 0-B 4%, XN INiE:
ZH,

X GPDD #EATRAERT, 5 LAR AR SEm DA . SRAEEAE W& 2-8 B
o TATTH V(P)ZF 7R LM AT 11 45 P AR AT s 1)F GPDD fI1E, S(P)#/~ P HIME (&
P ONHIRH . MBS, MIFEZERA N FHE, TEUATREZRNL , BLV(C)
For A )L (-BZIER T GPDD) MIfH, V(C)ERREAILT (0-BZIEH
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17~ GPDD) {1, WH
V(P) = Signl *V(C,)* S(P) + Sign0*V (C,) (2-2)

2-8 GPDD k{EiZ %z
Figure 2-8 The evaluation procedure of GPDD

AR5 oK H B W) 3 J)j GPDD 45 84, AT LL7E AR oAb A3 2 R A
—XCsR™' +CsR™ + CisCys+ CosR™ o ARAE[16]F IR, IXAFRIEHIEN 0.

~XCsR"'+CsR"'+CsCys+C,sR™" =0 (2-3)
XRE, FRATTE AT DA HH FBR ) R ST AR
-1
H(s)=— GR s (2-4)

X (CR+CR s +CCs°

WLVEH, H(s) 53 BEX R GPDD AR TS AL 0-#% 42 T 45K, 1M 40X RIAR S
M-ERAR TN LR

H(s) I BE(C,R™ + C,R™)s + C,C,s” BN HLER HRAE 2 K. SPr b, AT LLIE
i GPDD [1JH I B FL 2% (R RRAIE 22 T2 5 0 N 6 5K

N T LRI — A, FRATRAR LA 2-4 i RC HLERIE BT N T ZB% LK
JRUL LG T Reme, BATH RIRE 0 MdE, AfEmit. XHE, ATREE
W 2-9 Fros i HLES o
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R
€l ——
C2 L.
a) EFRE A EH) RC HE b) EBRE NS5 RC HLE 1A ) K]
a) A simple RC circuit without input and b) Directed graph created by the RC circuit
output without input and output

B 2-9 Ak Nk G 69 RC 238 B A A ) B
Figure 2-9 A simple RC circuit and the corresponding directed graph without input and output

FERFUN,  HH & 2-9b) T 1A 7] B P2 AR e A T B 5 — B

XA 2-5 i) VCVS #1THERR (exclude) #:1E, AILIEFIK 2-7 1 GPDD
T AL 0-B& 4248 M 1Y+ GPDD B /NF BN o FATRI, XA+ EXT 5 & 2-9b)
R S5 R R 2 e A — U

Ul B 1 HL R KRR 22 05 Nt A B e oK

R, EAAS I A G AL T, X E KT GPDD M, BT LA E A F
HA % AR RFAE 22 T

2.3.4 GPDD H9s BFF

GPDD & —MNEHEEH . 8 H GPDD Xf LR 3HT AC W N ()50 Hr, THEE
ST HCE AN AR SRR ARG M A S R, XS EAT 2 00 . i
B RFE AR Z , X —THEAEM IR 7. Bk, AR il — MR S5,
133 s M RBEREA. XA, ETFEm R, FRATR L AP IREAT U

(1) RSN, K s M2 R

(2) HFIFEERNZ T, 53550 .

Sebr b, SRR SR T LUR J @ Hh AN GPDD 7745, [18]44HH T Hi GPDD 4%
AR —Fh s FEJT BDD Z544 1107772, F DMt RS TR0 1 0 BE 2 T R 4L
TEIXHL, FATIZ H RC HLERAFAE 2 T30 GPDD 2544 LA K e T s B s & 7T BDD
ZERy, 40 2-10 Fias .
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D[2]
+
Cl
T
+ <
R
o+
C2
+ -
<
1 0
a) RC ML IE 2 W) GPDD 4544 b) RC ##EZ WizUH] s J&JF BDD £t
a) GPDD of RC circuit’s characteristic b) s-expanded BDD of RC circuit’s
polynomial characteristic polynomial

2-10 RC BB BR4FE S IR A GPDD 549K s RFF BDD £5#4
Figure 2-10 The GPDD and s-expanded BDD structure of RC circuit’'s characteristic polynomial

] 2-10b)45 1) Hh A 1] HS A 3 B R 2R 35048 1n) O 28355 D115 D[2]53 Bl R 7RIk
Z0H s B9 1. 2 RS HoREIESE 2-8 Ffl, AFRBE, R4
. AT NN,  H B BT S BT E R XX AN 25
BHTIRER G RAE, TURE 1M RBCR +C,R' 5 2 RECC, . 153
XL ZHELLSE, FRATHE AT DR ARREAE 2 DR T .

2.4 REINE

A FE ST BDD #5445 1) LA S 6 B () d g AR Y A T 20 ROBDD HEAT T fij B
9, RIENH T T BDD 554005 H T 5 GPDD. GPDD (144 8 3 T X} & 1
VB, HSCURBRBONE %, AREG W T RN, FFERARR @R b2 H
TR AT . AR T EUEA T ITE, GPDD 2k T LB ) 4 45 1) ik
TR ). TER BRI B & LT, A GPDD BHAT SR F 5> B o] Lhas K —
SO A, BLFE T D B PRI AR i 18] LA S S0 A5 1) ) Uk FE SR BUSS . GPDD 1)
TXELAR I, X THRG AR PUL IR, ZIRAE X .
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S
BT FUIKHEBNTETRSRNESHHEE

3.1 BRTE

[ Jot 55— o B ) S R N AR 2o R AY,  FHEUE J7 V200 IR 37 LR HEAT I AR
TSR AT, 7R BSOS AR B, 3 T SR AR L A P e AR
%ﬁ%ﬁﬁD@nmw,M¢%ﬁimﬁ

HFREFRZER L N — KBS F—AME 550 B, AT
%ﬁﬁﬁ%vﬂ%ﬁ%@ﬁﬁ,ﬁhhﬁﬁ%ﬁﬁE%%OAm,&MH&ﬁ%
S () L R ASE A 8 U AAE 22 T ) . R PR AN R, I8 5 T SR AR

RS0 M D7 Rk S RS Sl AR 5 — R 3R L, e ME S

85y, SEUEFIEESIIEREEATIER QZ A HrIiEARR, FATN/IME 5 H g
37 GPDD 4i#, FFRHIX S50 AL, 0 LB AT IR ARSRAR
SRS Hrim AR B 3-1 frs.

%)
l:l
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Figure 3-3 Complete quasi-static model of MOSFET
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Figure 3-4 A simple passive RC time-varying circuit and its corresponding s-expanded BDD
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Figure 3-5 Sketch map of Muller iteration
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Figure 3-6 Sketch map of Successive Muller main root calculation process
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By N i i T ) R — NS

N T A E B R SR, FRATTRT e T [F IR 2 AN oA AT BN FR 44
oy TCHFEL 0, A OGS K. N T RRPGX AN R R, AR AN B e A
5.

I (4-2) DL (4-3) W50, BATRI, WHREH -5 KEoh,
T2 53§ F0 43 BEE) SOP H T b 254 X /N s, H H. SOP Hix A Je i E N
1.

WRA—A R0 ook, IBA5rTF 5 BEE SOP T D UL & 1X /S e ff

SFF 2T AT T KEGE Z A TR 0 5, BB ey Lt — D4
7o FATRTH SOP 1, Wt & Fra I 55 RI o, AMEFEE— N0 T
PF. I H, SOP HF 5 KT IFEEN 1. FATH — Mol 7RI — i Had 2

AFE BT S, FATHEEU T SOP.

ABCDE + ABDE + ACE + ADE + BCD + DE (4-4)
R (4-4) 1, IR EAEDALS K, BNO, C5E NIEHHE.

-39 -



IS PN 2 i e S VAT

P (4-3) FX (4-3) @yordr, JAAVEIE, FATTEER T RIRRDH 20
AEH B, HUAES AF D, ik, X 4-4) FFFE%M4HA ADE X—1i,
AT AT LA 207 b AT I8 3 = 40 40 i o R W IRAT AL B AF S 1 A
A->B->C->D->E, WX¥ (4-4) HAETLMAEE A FAEE A WP
A(BCDE + BDE + CE + DE) + BCD + DE (4-5)
HT A BARAE, FIRATAT A% 2 BCD+ DEX—1il. ¥ A BN 1, i
ANFESHPF—Z, P

B(CDE + DE) +CE + DE (4-6)
HE—DHR4E B 347 —4r, T BN O, L EE B IHEEW &L, #T
C(E)+DE 4-7)

BRI Co CNIEH TTRIE, FrUArA IS s 24 % 18 . JeibBa C
3. RATKRIL, FESAREIBTTENE, Bl T D, BT EE &I, BTk,
BAVEHEACE C I DE. X D #4177, TATKIMAREE T EH D WL,

D(E) (4-8)

¥DENI, #NEREEE, SREANIER T

Mgk BRI, BATREE THEET ADE. K A D EN 1 5, iR

TR, s2BR EXF N T GPDD 45 A4 E SR AE R AR 1t R

FATH—A GPDD M RF IR (4-4), #—BRBRNMEL. WK 4-4
Fis o
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4-4 [ AR REEI—MBIF
Figure 4-4 an example to apply infinity algorithm

Bl 4-4 o, SEERARIRR RIS, MRMKIRR RIS T 1] S Hh 15 B )
BAVEE R A RIS BRaamgm 20 HEIF RN ADE 1)
7o SHRERIERIL T SAEG R IT R M A WEAE, 36N T7E GPDD 1 1-1
BB E 0-BR AR HRAE . SCbr b, FRATRIZIETC TS K5 R0 R Ik e fA 101 #E ],
BB R NI RIS B RS R R, — BB NRAITEER
VA, AT EIRA T TR ZE R T

AT —A> Slist #5742 8 A BIFF5, INFlist F4%07 4256 I8 55 R
755, HHH nextINF fa#RidfEY, T —AREROCETWLH KFS. &
PR 4-5 Fios
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Symbol

Name

value

Slndex 0 1 2 3 4

INFlist \ /
e 5 5
!
NextINF

4-5 IR E B A BIRLE

Figure 4-5 Data structure for infinity evaluation

Hor, INFlist A 5 & — b SIndex fie KAE 4 K 1 (980 5, 24 nextINF 4§
XA BUERS, AFEAERA TS KA EREE .
7E GPDD 1, Explndex #i/NI75 S 7EL R 12 o, ExpIndex K )75 5 75
R E o Bl e LA RIS FE eval(node* P), A P /R 4771 GPDD i 5, P->Left
FORERE P I 1-B842 B AL, P->Right R P 1Y 0-881% B AL, signl &R
1-#642 EHIFT S, sign0 o 0-B842 LIIFT 5 . S(PYRZN R 1 = B SANE, BT
4-5 FH] value, V(P)ZR7s BT midy, FRAT P Z kS SR AR T
D3 VA48 R EE B ARSI R
eval(P, nextINF)
{ if (P->marked) return;
else (mark(P)); /& BAric, EREEITE
if (S(P)==INF) //IG L 1: HAI mONETT R, ARl 1-H2,
{ /A 1-pgAe ER) RUREBGE TR AN RS RAT S, AR ARG U
HBEATTHERL, 5 AT S AIE DY 0.
if (P->Left->Explndex <= INFlist[nextINF+1])
{ eval(P->Left, nextINF+1); V(P)=sign1*V(P->Left); }
else
{ V(P)=0; }
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else if (S(P)==0) //f& I 2: HHITT AN 0, A0 0-B§1% .
{ /A 0-i8Ae ER) AR BOE TR — NIRRT, A RO ) i
HEAT VRS, 24T RE N 0.
if (P->Right->ExpIndex <= INFlist[nextINF])
{ eval(P->Right, nextINF); V(P)=sign0*V(P->Right);}

else
{ V(P)=0;}
§
else /IEHL 3: AT RUNIERH, 0-B810 M 1-BRACHR 7R 21T 5.
{

/P R kAR R AR L TR AN B RTTS,  dn ROR G
BIABEAT VR, U AT AR RN 0.
if (P->Left->ExpIndex <= INFlist[nextINF])
{ eval(P->Left, nextINF); V_left=V(P->Left); }
else
{V_left=0; }
if (P->Right->ExpIndex <= INFlist[nextINF])
{ eval(P->Right, nextINF); V_right=V(P->Right);}
else
{ V_right=0;}
/18 a2 T RME
V(P) = S(P)*signl1*V_left+sign0*V _right;

}
FTATEL A 4-4 KU EE RIS ER . TR, RAMBSITA )k
(555 BN IE o

B, WATFRERRKILT RN A,

MEER BT R TF IR 4E 2R

(1) HBRITT KT A, FFEE0 1, % nextINF #5175 D, & 1-1%.

(2) ELB £, BANO, AN 2. 0-BFdkA C, Kt D, &%k, &
0-E 12 2IA C.

(3) CHNIEFD, fFEIEN 3. CH 1-88424817 E &, @it 7 D, BKIiX
%548 L HERAR TR A & Do IR EA AL V Ieft %8 0. CHI
0-E42F8 M D, Aik. & 0-HZ2IE D.
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(4) D ANLFH KA, FEEN 1, ¥ nextINF B NHERIEZE EMFHELKT 1
(%, FofEm ) D VLG ) Ry, Jo R B TG 55 K 461 40 W % A2 1
GiEtE. BT D NI R, BATE 1-B812 215 E s
(5) E &L, JUHEV(E)=E*1+0=E . XN, #HAHETZEE
. mE A D, D AL KA, BA 1 I HITE S um 1,
V(D)=1*V(E)=E . W % C %, LB EASAEZE, Bk
V(C)=C*0+V(D)=E . %] B &i, V(B)=V(C)=E . [HZ] A 5,
V(A)=1%V(B)=E .
XFE, FRATBTE R T X B 4-4 1 I s 5, 133 T IERI g R .
TR, WA g 2B o RN A 55 K, W GPDD 14
FIf) SOP ik FIR A Erix ee o 55 Kotk T2 NI T Kootk 5 — /N eSS
RICHRERN), BAVESATIHEZ AT, M— PR E, el 14—
T3 RICHFRAC B AT LA T

4.3 FTHARMEE

TAICE PR 70 g R oA T IR (BT EHE L5 R 5, wflfE
CL A ¥ GPDD 2544 FR kAT | Tl ) T (3D e A s 5, 73 38 IERi i 45

KAEE—/N 5% GPDD HyJEA I, 1555 GPDD Mg & . sufFitr iRk
BefE, Xt BT L

A2, fEHATHEIIR, NS EFER BEE M. nTRETHREAE L3
P BB I — Ao, AT RE T R N, B IR oAt

AT e 75 200 — e AR L 1 o CnERARE O 4 v SEBR IR 28
B — SE TR BL 0) FE B A B A, VAR AS [R] 43 S TR R R G &R

AR T HUAEAG R RN O &R, AT S IE AT g, AT BRI
HL A K L (R A5 A B S50 o XA B30 465 10 R PR 11 9 1 85 1) 2 A ELGEISE T
%, RS E SR EHE BT S M E R, X2 TR . 1
IR A AT, BRATTTR EERIAN R SR R AR 3T R i b . ARG
ITHAS A R BB A5, W2 RORPBRARAT 540 7 B B 2k

N T RPRIEA A, FASEH — B/ SR OIS, R R A E A
GPDD [IEHL T, 1@ XT GPDD S5M1E—2ef& ik, ¥ 2 eshas i B 26 M o 1)
s hne

_44 -



A R A S

LEAVILR] “OIN7 X — &SR, X R/L/C JotE, FERE LB — SRR,
(1) 7EJE H B B — A7 S AL N0 A, FFRA TG .

(20 MATGHF, 5 R I P N AN R A

B 4-6 2 HEE (D HREE. K47 28E Q) HrEE.

R/L/C
+— —e 0 —o
in circuit out in circuit out
*— —4

4-6 WIEHTHRHEATHREE
Figure 4-6 Sketch map of splitting a node and inserting a device

R/L/C

] ey [
5 PR - e =
in circuit EJ. ;ﬂ circuit ou

4-7 EATTHEETRH R REE
Figure 4-7 Sketch map of inserting device to connect two separate nodes

by b, Bl 4-6 1, R/L/C X — 23R/ H— DN IE 5 RIS N —A BAKT
FYNE, T 4-7 1, R/IL/IC X — 2632 H—> 0 SPUEA N — DA 90 .

PATRAINERAEY 2] E/F/G/H Joft, Rl EAZ I (Nullor) #4462 H Ak
E/F/G/H B4, LK TeiHE Dy 0 BITE BLEA  BAK B/F/G/H B AR E SN
Xt E/F/G/H JoAE i M SR AN R R I 77 2«

[T 4.3 15, FRATTAT LAAR 2R 5 ek v 2 AT o4 A BB 22 i BRAEL A B4
Shp b, BER BRI p o, FATAT LUK RS H (s) BT B
X
CN(@s) PENG)|_, + NG,
D(s) p*D(s)|_, +DGs)
Hrdt, pxN(s)| LA N() TER p FRMIBIZAT (SOP). N(s)| _ AIX

H(s) (4-9)
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A SOP BR LA p AL R N(s)| _, LA N(s) FRTA A p IR . D(s)|
5 D(s)|_, W L JATH

N(s)| _
H(s)_, = D(S):pw (4-10)
PL K
N(s)| _,
fi(Sﬂp=o==-256;ﬁ£:— (4-11)

PATTIAL T LA ) BURAL y, AT CAMERT AIIE H (s)| _ 1) GPDD 3%
H(s)| _, #1 GPDD 5L, dnfaridid e b ez 2 H (s) X M) GPDD.

DL 4-6 i, sibr b, FRATATLUEE S — 5 BT /4311 GPDD FIH4 1 R,
KB 4-6 WA B NAE.. XRAE T % RIL/C o B A B AR . 98
GPDD FIFJIE RN, AT LK B 4-6 47 B B %5509 GPDD F 5T, SR)5
X R/L/IC JofH & (Include) #/E. X MEIERTEEIN S RS E 4-6 £ K M
XF N ) GPDD 7 B A —EUH

Aoy, FATAT LK 4-7 A Bl 468 GPDD 1 E%, 8% R/L/C gt
R (Exclude) #EAFE, 1531 4-7 o 22 B Fxt B GPDD 1 %t .

[FIRE, AT E/F/GH o5 KAE, BI¥4608 Nullor, Jf%F Nullor
7t GPDD KX iR AL B4R AE, T LIS 2] — X7 B o x5 7B, 5B
E/F/G/H JCf4+1E GPDD %} F 47 Include #:4F AT 4 T K7 B, & —8. i,
¥ E/F/IG/H BUNTET KE, MX4T% GPDD T RIXfH ) E/F/G/H JolEHseitfr
Include #:1F .

¥ E/F/GH JufFER 0, NMHEZCEEER GPDD FEIX, 5% E/F/GH
JCHEAE GPDD 1 Bt i Exclude BRAEAS 2897 FXF, &2,

SEELL ERSSIR, R — It p o WIFRATRT LA 30 P9 25 A0«

(1) FSext ot p 4 Include #84E, 15 2]—A>F B X+ EXH#E1T GPDD
JEIT, FridEli) GPDD, 5 H(s)| | —#o

(2) T4 ot p i Exclude #:4E, 15 2] —/FEX} . Xz EX$ 1T GPDD
EF, Fris3f) GPDD, 5 H(s)|p:0 —3,

BAVEBEH ()|, 5 H(s)|_, FIESH I 4-8 B
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signl ., sign2 sign3 . signd
\ A
a) p S RCNTE T KN [ GPDD b) p %A 0 B ¥ GPDD
a) Example GPDD with infinite p b) Example GPDD with zero p

[ 4-8 ~EE p )5 HLH GPDD 414
Figure 4-8 GPDD of the original circuit without p

BUAE, BAVERBPIATTH p o IFHR p (ER5 DR 5X R GPDD
&It o ARYERTTAS 2P 26 RN, 7T LA 21 4-9,

signd
b

AAA

4-9 3710 p F5#Y GPDD £5#4
Figure 4-9 GPDD of the circuit with p added

Hb, p I 1-B81248 17 B 4-8a) M6 4, 0-B842 45 M1 1] 4-8b)H (4514

BATRA BT MRS A 17+ BXS, %] A, B, C, DVY4F GPDD [ A+
BT, 5B MRk,

MARTT SR A, &5 7T PP R#EE: Include p, Include X.

MARTT S 2] C, &7 TP 14 Include p, Exclude X

MARTT 2 B, &7 TP R#ME: Exclude p, Include X.

MARTT f2) D, 217 TP H#AE: Exclude p, Exclude X.

X BT 55— 5 P ) GPDD JEIT UL, FATHRIE , 55— Include #:4EH Exclude
ERAEHIONT LT R B Hh S0 1 W T Bl R . FRATIORE 28— P R .

Mp Bl A, FEN Include P, FF Include Xo WHHAEAM &, 46 Include X, Fi
Include P, ZERWHrWe? Sibs b, JoRERAERIT QiqrT, A Mm% 1)
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G DL RARTT B HIA S5 80 2 — B . JRATAT MRS S HbE R, dn Bx) ]
—NEEAH I ICHEIEAT Include 5% Exclude #:4E, WG EAENT @i, fH4&45 2
[¥) GPDD BN ER & — R BRI, FRATTAT ASE 20— AR -
MARTT P UG, 22 1#AE: Include X, Includep J&, AJPATEHI A A
MARTT ST UG, Z WP R41E: Include X, Excludep J&, W LAfS 2| B.
MARTT IR, LD I4E/E: Exclude X, Include p J5, A LAS 3] C.
MARTT IR, LD 4EE: Exclude X, Exclude p f5, A LAfS2] A Do
Wt 2 U, WA % GPDD KIRITINF, Jext X (i Ir, Xt p MUEIT,
I A FATTAT LIAF 2 U0 ] 4-10 s 5 2544

& 4-10 FEENEE p AU GPDD 451
Figure 4-10 Reordered GPDD of the circuit with p added

& 4-10 1, A. B. C. D Y1 GPDD 5 4-9 1) A. B. C. D ixPy4
T GPDD J& 5648, N7 GPDD L BAFIANH. HT K 4-9 1) AL
C i1 GPDD 5K 4-8a)F —3, K 4-9 /) B. D #i>7 GPDD 5& 4-8b)rf
IR—3. Bk, WRBMCEE E 4-8a)F 1IEIE 4, FERMAICH p B, AT
¥ AL CIRE] 4-10 FIXT AL E A, FEiE B D A+ GPDD. WREMICEH
B 4-8b) s 4544, 5B GHF p B, ATLCKE B D AR 4-10 R0 A B A,
HHE AL CH4T GPDD.

BATHE 4-11 56 4-12 RAVEGN 0 X 5N FE
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— [&=2]

circuit

ki

i
|
1

12l

circuit

57 ~_ S8

»

A

4-11 t p BB AZHEIBAER GPDD Uil %
Figure 4-11 Change on GPDD when p changes from infinity to a concrete value

#ioF p A R/IL/C, TP 4-11 FRon iR i v i vb ) — A9 o, IRAEH TR
JoF p, 3B BRI AR
#i 6t p N E/FIG/H, WK 4-11 Feo$ J5 g v i) — A BUAEZ T (Nullor) #5
e A PRI 25 UK A8 L FE
EIXPAN RS, p IS KIS AEE O, BB TR1E
JRE R O S A C PRI, FRAVFE ZAER BB AR By D I, Jf Hik
5E S1, S2, S3, S4, S5, S6 EXAMNMFSHME. BREREMT.
(1) MR R F 6 H () GPDD AR 5 £ X
(2) AR¥EFr g, BRI GPDD AR S X M H ek N AT
(3)  XF X #4T Include 1 Exclude #4E, 32 S1 A1 S2 WI{H XA p 19 fio
(4) XA p 19 8 AT Include #:/E, 733 S3 2 S5, H¥i%EHz p 1A
(¥ 1-B% A% 53 0] 48 i) J5 L g () A FT C AN GPDD.
(5) XA p 19 85 AT Exclude #4E, 75930 S4, S6 LUK B. D AT
GPDD AR T 55
(6) HATiFE MG B K& D # T GPDD.
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[ ] [+

o— 0 ) —o
in circuit out in circuit out
o— — o —o

S7

4-12 sttt p B 0 LRI BAMERY GPDD Aftid 8
Figure 4-12 Change on GPDD when p changes from infinity to a concrete value

ool p N RIL/IC, WIE] 4-12 FoR7E R S RIS i, flA et p, 19
BT HL B I R
it p A E/FIG/H, W 4-12 FRRAE S5 RS OB S 2406 p, 13 287 L%
e
FEIXPAN RS, p N 0 ) SANEBHE BORE L, B — A BARUE.
JREES T O By D I, AT EAF R AN B. D I, JFHik
JE S1, S2, S3, S4, S5, S6 XAMFFHIME. BEAEELT,
(7> MHIBR R L A () GPDD AR 5 £ X
(8) ARIEFr g, AEHT R GPDD AR i X M H ek N A T
(9)  XF X #4T Include F1 Exclude #4F, 133] S1 A1 S2 WI{E AN p 19 fio
(10) XFPAS p 15 &4 AHEAT Exclude #4E, 3% S4 K S6, JFK#Es: p 1
R 0-2% 42 23 il i 1) )5 e 1) B A D A~ GPDD.
(11 XFPAS p 95553 51347 Include #21E, 152 S3, S5 LK AL C AT
GPDD AR T 55
(12) BT Mg A & C 4T GPDD.
XKE, AMEE R T AR GPDD IS M T, dinsct p, Wigas
Jut p KI3HT GPDD it 2.
FESCELR, BATH B R LTy . X—AN BT GPDD @47 #IERS, FRAT
T T E AT A LA PR
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(1) ¥kt GPDD, A= AR Y 2.
(2)  HETWiFE T AT GPDD i, [FJEAR 4 B Ia Ay LR R R e 7 T AL
AR, AN R
(3)  HIJKIA _L#E4T Reduction Fl Zero Suppress il f2. i GPDD A845 5 &
%o
BATE 4-10 & 4-11 HhATLLE H, SErds N1 GPDD & H T m) T F43&  .
N T IR ARG B, T FRATT 75 A B e Ay DL S B G A 2 5 i v 2R
K.
G (s A, S84 5 3R [ {5345 GPDDNode 2§, %iA—/> GPDD i £, &[]
552 F A AH [R] B R A i 2 v 1 0
TE[18] Mgt FEH, #ATHIR (2) JFRI2 K GPDD H B G Ay I IR G
AMEE, DB AE 258 . N T M GPDD JofF s KA, FRATTAIH B ix s
e Ay S5 o
TE[181 A&t #EH, 4T Reduction F1 Zero Suppress B, 752X GPDD H
FREF AT EE M), FEMIBR — ey fl. fEXH, FRAME GPDD H R4 T 5
JE A R4, TAIBRIX 28 GPDD 15 &8, R BAT T3 9A OR BE 76 XS I A Gt
FRATTXT 3K 1 JEF A 75 47 M o 1) 749 s b, X948 Reduction 452 /R MR 1715 RS
In—A> Reef $8%, (8 HAR A BB E5 0 1) Al
X[ Zero Suppress 1717 55, AT I —A™ Zsupressed Ar &AL, FRic by ST
BRI
M AEREF ¥ GPDD A2, GPDD 5 mi i XS e Ay R 0G Ay B — A
GPDDNode I, R ME A MG . FATEEAT U0 H 54 .
(1) 24775 51 GPDDNode H 1) Zsupressed br Az A E, M#EA(2),
BN (3,
(2)  ZHI4E#HEI1 GPDDNode 0-#%1£fi51711) GPDD 1 xi, I 58 Z Al
FHFFS . FFTRIAIE GPDD 15 s Zsupressed (KSR AE, NIE
2 (D #BE, BHAN (2.
(3)  HH4HIE G2 GPDDNode Frxf B Rref A7, W4 ATHREHE W]
Rref. 50, fHIMBEA (4,
(4)  HHTFEEEAZ 51 2] GPDDNode. 45% .
X e S, B GPDD Midid AR F AR Re 45 2IHR T
gr bRk, NG H TR oni p iSRS, GPDD 25 R AT AH R AR AL
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e BATAT DA EE AR J LA
(1) Jof p 8 R/L/C, AT AR5 R B ) — AN i, AR 4@ T po
W n] DULE i B 2% O PR A1 A, dl Ao po
(2)  #Iuflkp N E/F/GM, 7] LUK R P I — AN EARZ . (Nullor) % #
A BRI R 1 po AT DAAE Ji LS A B A I 2 42 UK po
X =B RAER R0 W R oA b —A, B4, JAIAT
DA AR A SRR —d ootk BRI In—/~ ook, GPDD &M in—A#rio
Tz,

4.4 RE N,

RE MM IE T E R BR SR E A R AR ARAR, BI oA BEAT A I AT BRI
U] B KA R F A (77540 GPDD £544 1 145 ., % GPDD #7314 &L
AEEHT, A2 BEWALEE R/C/L/E/FIG/H X -ER ot WA BRAE SRR E,  BEAMARR
E2A PRI AL

PR AZE P32 5L, BEi54S GPDD BRI R G . TEXTAHNY) fL B 4514
BEAT LIS, JEf%S GPDD #EAT BRI, A 75 ZEXT GPDD U I (18 i B kb 78
HIEI
NV IERIE, AR OFESEN TR . SShR B, BEIRE
Rt AT DL SR BEE HEAT EE AT o 278 X — BRLZ 0] 4R 375 P B AR AL 22
AT /3T, GPDD G AR AE A 75 2%5 RE AR w051 Y 02842 T ) GPDD 4
ty, FAlEr sy, BAEIRTY S AL MARYS S5 1-#642 T 1) GPDD £544, YA
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B o5 N2 T =2 A 7
FHE SLIWHERDR

5.1 FFSHnERSRERNESRXILE S

KRR HASH CH4i'5, 1E Linux BN AT 3000 prA ik 4

RIS N LIS BARPAIA ST T -
CPU: Intel Core2 2.26GHz

WAi7E: 256MB

BAEARS: Linux
T XS BAS R IE R AR SR, AT C++127 1 LAPACK QZ

AR PIEAE AT HER, SRS 0T a4 RAE XS BT

AT = A AR LI 07 F 38
SEEOH, PRIZG AR PSS R4 A Cadence Spectre LHEAGEAGE], MOS &
FI TSMC 0.18um FREA ZEREAT (7, AL 3-3 AR AR AR HL 2R AL o
BAEAAT B AR RS 5 il o 57550071524
IME G TS, S T AR TR 2 N = AN T R
(1)t RIS T RGNS, WERTS5 1 GPDD 451, FEEH

Heat F#iE s I BDD.
(2) VR ERA S, ASTUME S Z8E, ¥# GPDD 753K,
REMLSCH T s R BDD 4584, 115 D(s,t,) %R HUE -

(3) TR FeT D(s,t,) K RBUE, FES: Muller SKARTEK M 1, -

R AR 25
# PSS HLEHERAEN A S n Ay, MR (2) H5idf (3) EE n k.

BB AT B ASAEME 5 T B> EE 7 AR
(1) fERE S, BANMESSHUE, W& D(s,t,) MM C@1,) 5 G(t,)

ANERE
(2)  H LAPACK QZ ##rid#23E T C(¢,) 5 G(¢,) B ANFERER# D(s,1,) T

A, JENF PR, R E AL
N AT AN A SRS A iR s A i B ) A SR B iR v g x 7 LA

I BE M T -
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5.1.1 MK 1: XNBEIRTSES

<
)
=)

Mp4

*
TE
-

SR

2Co
|1
outL "

Mnlj}

2Co
|1
" outR

Lmain
5-1 ZXiEER SR
Figure 5-1 Cross-coupled oscillator

K 5-1 B IS EAUNE 5-1 Fios.

* 51 RXBERFFRNS TS HIE
Table 5-1 Parameter value of the cross-coupled oscillator

Mpl Mnl
FL % T A Ibias VDD M2 Moz
(W/L) (W/L)
ZHUE 3.8mA 22V 60um/180nm 60um/180nm
. M M .
L% oo (W;Ii) (W;ﬁ) Lmain Co
ZHUE 40um/180nm 40um/180nm 870pH 1.43pF

Hrr, Co ANFHAHHZY, Lmain F§ TSMC 0.18um 71/ 7 15 5 FER) 2 .
PSS it &5 BARIEAN 1V,
AT BUE 7 BT S48 3 EA S AR B I ] 5-2 B
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5-2 1,

4.26
Y. 7 ONOPRRTRTE. PPN " . CINUPPOPIN . ISP
_ A DoEmmrnnnnnsrays s i ey
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Table 5-2 The parameters of the cross-coupled oscillator with biased inductors

Mpl Mnl
FHL % T A Ibias VDD M2 Moz
(W/L) (W/L)
SHE 4.4mA 2.2V 60um/180nm 60um/180nm
— Mp3 Mp4 .
L% oo (W/L) (W/L) Lmain Co
ZHUE 40um/180nm 40um/180nm 870pH 1.43pF
FL % T A Liop Lot Crin
ZHUE 0.8nH 1.8Nh 20pF

o, Co NFEAHALZE, Lmain f] TSMC 0.18um /) 7 AU EM . Lip 5
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Figure 5-5 Main root-locus of cross-coupled oscillator with biased inductors
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Table 5-3 Performance comparison between the symbolic method and the QZ method

RStk QZ J7i%:
FHC I (s) M;;ﬁ g *}é’f‘* B (s ﬁzﬁﬁ;ﬁff&
X 1(;8/?\_11&) 0.058 0.006 0.064 0.141
X 123,757?5,() 0.215 0.009 0.224 0.260

AT ELNEK 5-3 g 75 5 E SR AR TR A 1 B 18] > QZ J7 ik TR
IFIE), 223 B WS DK L B e R b QZ Tk

M QZ Jridk i i AM Ik ds WL, PITEE S AOHERE RN 7393008 16 B B2 20 B
HT QZ JiiE R A EALRFE L WAy 0 KIFTA R, JEA L B, BE T
THEICAR, PIEAERER.

MAF S H RS T 2 AT T, A 1 382 Muller SARHI TV,
A AT — N2 SR PR E, 525 — N2 R EER, RERIAGE RS
B TARRIIREF . WS, FRATKIL Muller AT LE 4 B 5 MEFF L Bk
B, B, EATTLIER 5-3 hEH, X —dRIBEEARR w0, 728 THE R
[a] e LRl AR S AN T

B, RS Sk G T ORE S I R XA
Pt BRSO NE R ATHESR 5-4 has i BARE) 70 #

* 5-4 TS ENET Gt
Table 5-4 Details of the symbolic method

e GPDD /¢ s JgJt W ‘

FF5 5 s JEJF BDD K/h BDD I 1] RBOTHE R ()
Osc-1 69 4088 0.20 0.058
Osc-2 84 10675 0.41 0.215

MR 5-4 FIIEHR T LA, IR EXTRE s EITEIT BDD & 4R H K. f£
WP HAIRZ RO, X RN B 5 5 AR RPN N R R . 1M
PO E RN IE LT s T BDD K /N5 F EE00 4 i I 18] 2SS0 e

H AT PR AR EGE X M0 R . — PR A Uk, (A sE AR
(75 HEZIIR T LR GPDD 4544 (¥ K/ . — o FY H A FLBGAL T 1 T GPU
IRFS A AT TR 710, A 18] 52 4% B A B AE Lh T 455 B P,

Fr AR S LT, TR TR 2 AL A T 0 f B HEAT 43T, R %
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Table 5-5 Circuit Parameters that are most sensitive to the leftmost point of the root locus

L% e Cy L; Lmain Ly _Lmain C
& ﬁf‘ﬁf 1.17653 0.991 0.989 0.838
FHL % T A Lot Rsd M, R; Lmain Ry Lmain
A 0.173 0.103 0.102 0.101
FL i T A Gm_M,, Cgg Mp» Rsd_M,, Gm_M,,
ZHA 0.087 0.080 0.060 0.052
L% o Cgg M, L; Lmain L, Lmain R; Lmain
A 0.048 0.030 0.030 0.025
HALIE TG R, Lmain C, Lmain Cgg_ M, Cdd M,
ZHUE 0.025 0.021 0.015 0.015
HAL % e Cgd M, Liop Cdg M, Cgd M,
A 0.012 0.012 0.009 0.008
PA TR X— S5 R FIRAER 5-11 .
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Figure 5-11 Parameters that impact the left-most point in the main root-locus the most
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Table 5-6 Circuit Parameters that are most sensitive to the rightmost point of the root locu

ZEN ST AT L; Lmain Lo Lmain Co C,

ﬁ(& ﬁf‘l{pﬁf 1.038 1.037 0.906 0.906
L% e Gm M,, Gm M,, Gm M, Gm M,,
A 0.190 0.190 0.165 0.162
FLE% O R; Lmain Ry _Lmain Cgg My Cgg My,
ZHUE 0.110 0.110 0.035 0.034
FHL % T A L; Lmain L, Lmain R; Lmain R, Lmain
ZHH 0.028 0.028 0.025 0.025
L% o Cgg My Cgg My, C, Lmain
ZHUE 0.024 0.024 0.021
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Figure 5-12 Parameters that impact the right-most point in the main root-locus the most
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(& CTTEY AL AR SUR e g

BB FRAT TR Osce-1 Fl Osc-2 IX P FhAN A i 45 K3k A7 L8

B oegs il o R PR N SL AT R Osc-2 55 Osc-1 FLERHRFIE 2 13
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Table 5-7 Comparison of Osc-1 coefficient calculation time based on two methods

FF Osc-1 EHY HT Osc-2 W o PRI ER 1
Osc-1 £ 50 dE 45 1) 0.2 0
SLITE](s) '
Osc-1 RETTHH BT[] (s) 0.058 0.067
S (s) 0.258 0.067

T Osc-2 U IRIRICBRAEREAT Osc-1 MIRBOHENS, TR % 2,
I HLA5 29719 1) GPDD % il U Frign,  RIRCR T Osc-1 A1) R %L
AP, (H2 BT RERACERAF LS Osc-1 #E4% 1 HHrivik GPDD K s &It
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BDD I [a], PRI AR (R B TR R KR T 1
FATHR D HTLE Osc-1 it EIRIPIAS HUBA— N ALK Ose-2 HIRE .

FRATTHG AR I HEL ORI HL 7 (R ML R At L % e
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Z AT, BRI

A BT GPDD J&, FAT1¥M5— 1K Reduce A1 Zero Suppress #:4F. 3 2145
R 5-8 fivRe
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Table 5-8 Details of the adding devices in symbolic method

J54t GPDD B Cod | 28I Lo BT | 380 Liop BT |y oy K| E R
Jerl ki) N )il i (s)
GPDD k/h | GPDD K/ | GPDD A/h
M Osc-1
A5 4, | 642 298 1216 1368 3524 0.34
Osc-2

I XA TN 554 UK GPDD 4589 AT F T 04 Ose-1 % Osc-2 #
HLEE . ARG, AT Z 5 kIE Osc-1 F1 Osc-2 PIANHLER, HIERT
[ 53 51124 0.08s F10.33s, 3£ 0.42s. {1 H TG IR 7 15301 T B PN Ee i, 2
AN FL % 110 ) 36 T ) T 48 8 g H P K 1) P A R (1], 38R KRR T
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AR EEIR TR IR G S SR, ot 7R S R SR A s
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