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1. B S L—42SPICED LA



SPICE®D it

SPICE(Z. Electronics Research Laboratory @ the Integrated Circuit Group & & U the University of California, Berkeley. California
@ the Department of Electrical Engineering and Computer Sciences|Z&> T, 1960FREZFIZRAFEIN., 1972F ([ —HRITI)—RE
Ntz (1) . & #IZSPICEZBAFE L F=D L Laurence NagelfE £ T, M DELIHXIZIEL. SPICETHERT 57 /LT X LERIEEIZDL
TR h TL5,

AEIZHH1=Y, SPICEXT7 YT I L—F4ERTETz, HMNTELSPICE2IERIEBE T, TOKELDTILIYXLIFTYTTL—K
SNTRIEAERE VAT LEEYR—IL TS, COFHED ZLIL, ICOHREIREELI=H D TH S, SPICE2(E, SPICEDH
EhRELTEE ESPICEICESTHRDY ., SEDAALTL—L AVE21—20/aY  SFESELFRL—T10Y VAT LIS
BHESN TET=, SPICE2DEF(E, —MMLDFMZEYEBSNI-DT, COVILIITIE, NTYYY RALY YTMIIEoTLY
%, DFYRERTHNILBHBICERATELIDTHS RF : EEIE D707 . DFEYEVEHE (I the University of California,
Berkeley. California [Z&Y ., MIEHHEEZZI>THERTEELEDTH D), SPICE2(IERIZELALY | BIZSPICEEFEIEN TS,
Chld, BIEEARHTE S UICERET D K#RIE (FORTRANDY—RXIA—KRT17,000TLA L) T/8ATT)L A2, EEISAAEICETE
SAZEETOTSLTHD,

B, SPICE2(ESPICE3[Z 7w 7T L—FEhtz, &I TIE, TOT S LITBIEETHDI=HFORTRANMNSCIZK O of=, ED
DAL, FERERE BROHAIRCIRERBET IVEE . EROTNAANTOTZ L 4T Z)ITMbot=, LALEA
B %EBBTILIAVALIRIEDLLT MRTNAR ET YT HEEEAT NI, SPICE3ICHAREN-T /NIRRT TE
SPICE2TY2aL—hTEAD T, I MAGNIEBRERITETNIFEEETIIALY,

4 B.35L EDSPICETRY 5.LA%Y . HSPICE, RAD-SPICE (Meta-Software) . IG-SPICE (A. B. Associates) ., I-SPICE (NCSS
timesharing) . PSpice (MicroSim) . IS-Spice (Intusoft) . SLICE (Harris) . ADVICE (AT&T Bell Laboratories) . Precise (Electronic
Engineering Software) . ASPEC (Control Data Corporation) (2) & D B HITHILNTLVD,

19844F . MicroSimA\PSpice EFFIE AL H2 DD/ N\—23 >V DSPICEZHIZH LT=AY THIXIBMD/\YIAVHATH D, BE . FHE/N—
23> MPSpiceld. MicroSimAFER TIREL TV, CNICE > TIEREIZZLDFEEMNSPICEZFATEDLSIZRY  REPLHE
FTCHZONTLSRYAICODNWTEEZR I HEREG ST PCHAERLGS>TWVSFELE/N—230 DPSpicelk. FI10ELTDORS
VORGEFDOERICBESIN TS, LALENLEMR(BE&R) N\ —2av I 200 FETDNAR—F bSO RE, H5HUME150
EDMOSFETZFDEIREI1L—hTED,

SPICEIRE DY 2alb—2ay TOYS LR, SERIRRCERLTVKTHSS, FLEI. BRFETESVERERAEFSIRIC, &
ERFORZOMRZETHEICEITEGEN 2 -FEZZE->TEFEBEET AT DRI, SPICEARERY—ILTHAHLZEH
THTHAD,
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SPICE#%{# 3 %-OP-Amp AC (1)




SPICEZ{$ Fid %-OP-Amp AC (2)

Cmos Opamp

vdd 9 0dc 5

vss 6 0 dc -5

ibias 7 0 dc 20ua

vin 1 0dc 0.0 ac 1.0 0.0

vip2 0dc 0.0 ac 1.0 180.0

ml 4 1 3 3 ptype 1=20u w=180u

m2 5 2 3 3 ptype 1=20u w=180u

m3 4 4 6 6 ntype 1=20u w=30u

m4 5 4 6 6 ntype 1=20u w=30u

mS5 8 79 9 ptype 1=20u w=60u

mo6 8 5 6 6 ntype 1=20u w=180u

m7 3799 ptype 1=20u w=20u

m8 779 9 ptype 1=20u w=20u

.model ptype pmos(level=2 vto=-0.7 kp=8.5e-6 gamma=0.4 phi=0.65 lambda=0.05 xj=0.5¢-6)
.model ntype nmos(level=2 vto=0.7 kp=24e-6 gamma=0.15 phi=0.65 lambda=0.015 xj=0.5¢-6)
.ac dec 20 100 100E6

.print ac 1(vdd)

.plot ac 1(vdd)




SPICEZ{&F

Title: Cmos Opamp

Date: Mon Dec 30 23:08:53 2002

Plotname: AC Analysis

Flags: complex
No. Variables: 14
No. Points: 121

Variables:

03N N kAW~ O

frequency
v(1)

v(2)

v(3)

v(4)

v(5)

v(6)

v(7)

v(8)

v(9)
vdd#branch
vin#tbranch
vip#branch
vss#branch

|
|
|
v

frequency grid=3
voltage
voltage
voltage
voltage
voltage
voltage
voltage
voltage
voltage
current
current
current
current

Values:
0

34 %-0OP-Amp AC (3)

1.000000000000000e+002,0.000000000000000e+000
1.000000000000000e+000,0.000000000000000e+000
-1.000000000000000e+000,1.224606353822377e-016
7.799213417512202e-001,-4.996867650922939¢-004
-3.117903957345967¢-001,-7.624180427292367¢-004
9.775755129282742¢+001,-6.049470639452233e-002
0.000000000000000e+000,0.000000000000000e+000
0.000000000000000e+000,0.000000000000000e+000
-3.050333469136880e+003,1.887619167833630e+000
0.000000000000000e+000,0.000000000000000e+000
-1.343573548988659¢-002,8.314331638666904¢-006
2.601978003791163e-013,-1.145997588632209¢-010
2.601978003791801e-013,9.268438756547229¢-010
1.343573548936619¢-002,-8.315143882783693¢-006

1.122018454301963¢+002,0.000000000000000e+000
1.000000000000000e+000,0.000000000000000e+000
-1.000000000000000e+000,1.224606353822377e-016
7.799212620198267¢-001,-5.606577167273796e-004
-3.117905189313652¢-001,-8.554470287218404¢-004
9.775754164910589¢+001,-6.787617030071136e-002
0.000000000000000e+000,0.000000000000000e+000
0.000000000000000e+000,0.000000000000000e+000
-3.050333168223383e+003,2.117943333143673e+000



SPICEZ{# FH 9 %5-OP-Amp AC (4)

1 C_1E.mag('i(vdd)')
Z1c2 I
= AN
'Q1C'3§ \
24
>
1(,-5 T o T y T o T « T , T 8
12 138 14 1 16 1 1c
frequency [Hz'— @ db('i(vdd)'/i(vin)'
quency % 200.0 ('i(vdd)'/'i(vin)")
— 150.0
100.0/ -

Y Axis Title
o
e

frequency [Hz]

102 103  10% 10® 106 107
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SPICEDIRE

Kirchhoff's law

Admittance matrix (Complex Y-matrix)
Solutions

Newton-Raphson algorithm (successive
approximations based on the iterations)

Terminating the iterations to converge
relatively accurate results
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Kirchhoff's law (1)




Kirchhoff's law (2)
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Admittance matrix (1)

02 -02 0 v,
-02 05 -02|x|V,
0 -02 03] |V




Admittance matrix (2)

V, =12V
V, =18V

V, =33V
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Newton-Raphson algorithm
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UCB MOSFET LNJL2
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LZELMEET

LEVMEEE V3T ¥ REOEAIZ L » TLRZEMNPENTHZ b, K
QRISDE T,

L .Sw'
Vi=Vegt 24, +8m (2¢B - VBS) YN 24— Vs (2.15)

ox

FE351L, RRIHFOAI R VLA ST — OB EIFZEICEL ST, LLTD
FolEEHMAOND.

v =y'(1-a5 - o) (2.16)

ZIT, agaplIFNFENY—A, FLA U TORZEMBMERKTHS. =
noig,

X
a=12 [ieals @2.17)
2L X,
X
- 1+20
L X,

Lo TWA., T TXNIHEEDIRS, ZEZEE W, W lZZLEN,

Wes =X N 20— Vg (2.19)

o, = (2.18)

N |—

W =X, */24)3 = Vst Vs (2.20)
2¢..
Xd — SSI
q-N, 2.21)
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FEFIEE TORL AV ER

FFNFEIR TlE, X=L'O LA VI COEBMIIREEe THSL. oF D,

Qn(L’) - (VGS - VDSAT B 2¢B B VFB)Cox = Cox /VDSAT o VBS + 2(1)3 i. 0 (2-22)

hx VDSATGCOV\T%giij‘%) L,

Vosar = Vs = Vig— 20 + Yz 1 - \/ 1+ %(VGS — Vip— VBS) (2.23)

D Vpsur TD KA B Z QAN ERDIVUE, Ipsar PIRFED.
fafnEk CoHNNa s X7 X RE, Ty RNEET ¥ RUEDHIZ KL > TEAS
N5, Fyv pIILELHTICE>TLIZAL FHEL 25D T,

W _ W
L-AL (2.24)
L-(1=2- V)
AL
7\‘ =
v, (2.25)
faFIfEIk D R LA R,
1
[.=1  ———
DS DSATI >\4VDS (226)
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Vo=V, + "kTT (2.30)
-,
C C
n=1+-=21+=2 231
Cox oxX ( )
Cps = gx N (2.32)
00,
= 233
D v, (2.33)

Nps IR BEWRIT R, T4 0T 47 « NT A= ThD. BERHEKT
DB, Vos < Voy DRI T,

_ w nv 2 : 3
Ips =ps C, T (Vozv V= ZDS)'VDS EYS[(zq)B Vs + VDS)2 B (2¢B* VBS)2

q
ewr (Vos—Von)

(2.34)
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 BSIM6:Charge based Symmetric
MOSFET Model

— Charge based core
— BSIM4 physics models and parameters
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BSIM6 (Beta8B)

» BSIM6 Beta 8bZx > 2aL—rLTHELD!



