RN BRBISHESTRMP B Education

HAXERBR

PSpiceFfISPICE 3k

Switchmode Power
Supply Simulation with
PSpice and SPICE 3

[%] Steven M. Sandler #
JHEA  %iE .

. Switchmode

Power Supply

Simulation

with PSpice and SPICE 3

-
5 oM INCLUDED

Steven M. Sandler

- N BCHBHL H Ak

POSTS & TELECOM PRESS

®



BERBEFSHSTIREMR

[%€] Steven M. Sandler =

FHAER %"?‘? Switchmode
A Power Supply
Simulation

with PSpice and SPICE 3




BHEMRKE (CIP) ¥iiE

FXeIR{FE: PSpice f1 SPICE 3 WH / (%) REY
(Sandler,S.M.) 3; FHAR%EF. —dbim. ARMEH KRG,
2007.10

(ARBTFERRIEAD
ISBN 978-7-115-16449-0

. #F M. OF---@F-- NI HE—IEHHE—N
F%44:, PSpice, SPICE3 IV: TMI13

A B 50 CIP BURET. (2007) % 093267 2

NES T
A5 W T AR SPICE (5 I ATr ik, WA S T R BB R & A E 2
SRRV S8 (A0 SPICE ZEBE EMI gk 8 i Buck S HMEHSE /I HeSE I FE B4R e [ 28
DC-AC A58t 3 2 FEHRE T  Boost I Sepic 258t 58 17 2L BRSO » 1L T £ 2O &4 b 15 0

R, FHRU T IF BHEELH.
A B SR B T RS RO TRERARMMEX L RRIMENSE 4.

BMRETHSRATIRAR
TR IR
PSpice 1 SPICE 3 i F
¢ % " [#] Steven M.Sandler
# PN &
FiEmE K& M

¢ ARMREHRHHERET  LRTRIXSEFEH 14T
B 100061  ETERMF  315@ptpress.com.cn
P4k http://www.ptpress.com.cn

6358 BREN B R A 8] BRI
FERIE B E IR EATREH
¢ FFA: 700x1000 1/16
ENgk: 14
FH: 291 FF 2007 £ 10 BB 1K
g 1-4000 4 2007 4 10 AR 1 KEPRI
ZERAFRILS EF.01-2007-2671 &
ISBN 978-7-115-16449-0/TM

EYr: 45.00 50
EERERLGE(010)88593802 ERHRMAL: (010) 67129223



KR 4 & R

Steven M. Sandler, Switchmode Power Supply Simulation with PSpice and
SPICE 3,ISBN (-07-146326-7.

Copyright © 2006 by The McGraw-Hill Companies, Inc.

Original language published by The McGraw-Hill companies, Inc. All rights re-
served. No part of this publication may be reproduced or distributed in any means, or
stored in a database or retrieval system, without the prior written permission of the pub-
lisher.

Simplified Chinese translation edition jointly published by McGraw-Hill Education
(Asia) Co. and POSTS & TELECOM PRESS. This edition is authorized for sale in the
People’ s Republic of China only, excluding Hong Kong, Macao SARs and Taiwan. Un-
authorized export of this edition is a violation of the Copyright Act. Violation of this
Law is subject to Civil and Criminal Penalties. \

2% 45 F SR AR ey A B R S RSOAE A 6 R 2 4 - AR O R AR CE D A 7l 34
AR, WA NRETERARLMEREAN REEPEFE R TRFITTBRR EHE
BEHPOME . REVFITZH D85 EERGE K2R,

C R RRE TS BT AR AT R E R R A B TR S

ABHEUH McGraw-Hill A 6] B br% , TR EH A SHE .

JRAUTA R ILL R .



¥ F F

FERGE 10 B4R, HR THEAREBNNEZE R MM KNP B ERREd X
B BB TN, SHHN BABRTFEXTHENER, KAKHET
MEH B FFERMFRBOA. BEFRENE XX BENAREERTAEHE
B 5 B O EL AR OB AR X0 1SR R B L5 40 R 2 80 A L R 28 40 B R R L B 1Y
HAESRITTTHRERHEN, A TRERAVRNEENHE XN FRAFSE FE
A R B L TRERL A T . AN ERXRGE P AESHRFEMHE
P EHELLHEAT T R I, R S 8 B D SR S R R, SN B
B SR, M DA TR 5 2 (o] R A AR

SRA 1R R AR 2R Steven M. Sandler 5645, {7 1996 4ERE AR T SMPS
Simulation with SPICE 3 — 4%, %3 0] LA AN1#E R SPICE HE47 3y Hy F-45 ELbe
BRI KRI B, 10 RESET BB FHEABRBTKEHR, FEHEAR KA
A THMERE, Sandler 4 BN IHRWES I % . LTHRETAS,

A4 EBAH =AM, — R BURE W A 5 85 R 3 (RO 0O R w9 SRR 1
PiFER, X R— M EBEREAE N —ERET ARG ELBERLMTTH
BT, B0k 2B B4R 07 B IRUER , W0 o 14 20 0 e SR B AT A0 2, R
Lo ZRABE T E R B LR TERNGELFC, ERE A RS,

B SCBF T/EB BT Sandler #o4: 4 A K AEi Systems A 5 WIE THBIF
Danny Chow 564 48 . Sandler A& T % & W — B M, AP XM EIRRE
TS hEEE R T ERBOE R ; Chow A SHER T TR, FER THLE
ROBEBEN , FREE T RER ¥R TR T E &SRB #82w E T 4 0ERE;
BERAMR K& B KRS RE R ErE . FHE. 0% =4 %.X
WE BNR AT B IEFAEFRETER MRS BXRETBEREL. #
WALE, B E X BT TAER R ORI,

FEA R, B AR Y R AR, RS AR

FRA FrNEHRIRS
2007%2A18

O FHAMEMHERAFERARALALBEEN LR TR, —HEHE



BhEEE

I was very pleased when I learned that this book would be translated into Chinese,
This made it clear that SPICE was of global interest and more importantly that SPICE
crossed the language barriers. Though we, as individuals may speak different langua-
ges, we can communicate our ideas and we can each act as both teachers and students;
all learning from each other and all teaching each other.

It is my hope that you will find this book to be helpful and that you will use what
you learn from it in your future experiences, I also hope that you will build upon it,
adding your own experiences and knowledge that you will offer back to the engineering
community so that it will evolve over time,

Please feel free to share your questions, ideas and criticisms so that the next gene-

ration will be even better,

HA8 AR 43 B AR SO AR  RAEH B % . XU ER B SPICE R—A 23
MR TR FEEKNRE, ERY] SPICE R TiEF S . RERINESAE, ERN
AT AR B AR AT DA L BR A 0 SRS, BARSE S, IR R

REOHEEBEXRE RS, B A ERERRG LR S, B AR B
PLIHERRR SR AMIRY oA B,

W AR BRI AR R S R BT R B R A R, MEA B T MRA BB E .
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HEIERESH RSN ERERER R, METEEENRES TRENH
W9, BB A T EMSR KM TIEE . X T O LR R A E BT 602 Al 3k
i BAR LR FES RAER RN EL . FBEERWAM AT BV EERES,
AR AR AT T R s BB

1.1 AR

YA I — R R GE¥ RBRM EAE LD, B4 B REREF.ERIT
BLERBM? W ABESMEHEIHE EEB L RS % 107X 86
AR TERAREZE REH TUTLEE.
O A 52%
TEHE P02 BT R BE R B R T BRBE A T REEE R R, AT B 08 b0 = AR
15 2007 BY FiX 24512 09 5L % B, Monte Carlo 45 2 % B304 1707 2 77 LA 75
Bhk B B A PR, RN T, B 508 A & 20 LUE R BUR IR i
5T A5 B4 20 BB AR
OB AY Eatig
TEVTEL X e B AT OV AL, LR v AR R R B EE &,

O 4% B4 R =T 30 2%, A T 9
LT B AV T AR LB SR 10 (8 55 45 TR 244 5 vl B AT VAR, (BB
7 S B ) FhL B O 50 LA A T R 80 0 T (8, R T ) K P W B X
B B B 2 3 B AE 55, U AR Lk R B, T 07 2 T T AR 25 55 b X 3 26
Sl AT IR

OFARBERL®
5 B AV XTI BOR S BEATIPAY X R A R A BB R M. CITRELE
2 HH 24 2 B 1E] SR HEAT B 2ORZAS DT L, T AR R 7 S R ) S OR 2RAB 484

1.2 FHHRFERHW SPICE i&i%

FHBREEECLREE T #47 SPICE EARIEN AR, 55| R %48 Cadence De-
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sign Systems 23 & i) PSpice, {1 R B A X 404137, Bl % 5o} % SPICE 3 4:-M o+
. 7£ Cadence Design Systems 2\ &] 1 B 34 www. orcad. com B www. ema-eda. com
B —A Demo R #) PSpice Al {t T . A 4 A 6915 & Bk L 3 ) SPICE 2 =%
SPICE 3, {87t B+ f T SPICE 35 B L5258 PSpice 3 &, iX o™ JRAR Kb 18
BT EAYSCR A KR IhER 1C iz T AR R I T A e 1 (LA 2% 1.3 ).
A4 B R B ¥ SPICE A Fi&it 5ot s el @i F s B
B, IER AT o R R T BE LA BB AR . A BT SH BB, MERNTE
OrCAD f#j Capture % PSpice 35 F #4715 E %10, YR, ©IETUHES
PSpice A #H A SPICE fiA F . 208 (7 F— k) . JL'FEAT SPICE %%
PEERFT LA SR AT I B B0 X BAFRB B R SR R a7 B 2%
AT . AT ERENSE, FH R P S T AR EE 4 6 B . e B R E A
SPICE (¥ R4 .
I Fr L% B Cadence/OrCAD PSpice, B LA FJLANERA .
(] PSpice i A28 K BB B ARBIA T 5B AESTITRGZ P,
O ERmETFRAELRFARFH SPICE(fE2E., ZIFERENELAS T
Bk SRR, 93 IGBT,SCR. triac( = [ Al #5%) . T % MOSFET H13
R BIT %, A X R EA B K ASCH SUA S # R, IRAE S #H1T
Wi,
[ 7 Cadence/OrCAD £t KR L ThREE SR, H — N ERGEE TR, Z TR
i E R ERE R RN BIE RS RN E T B ORI R,
O A MThR SRR T HEBEER, Rl AR+ BENITH.
PSpice MI1T A M T H 4038 K, W R 2,
[ Cadence/OrCAD BUH Tt H = &, AS B b 388 58 oAk 4 0 Dh BB i AR B A 7=
R .
[ Cadence/OrCAD #i# — AR B ME R ZIF AR MA1EE S TRIGAE T
EEYIEE, R e & R A=,
[] PSpice & 2445 X S8 . 2T SPICE M{ E 25 .

1.3 PSpice. SPICE 3 % H i SPICE ¥ &

A BRI AR T B % T4 3% il SPICE 2G. 6 B3, 7E/EfIa] BER9IE MR T, 8
TR SEAE Y, DMEERT DIAEARRIAESPHA. BRLEBTFNBRERAT
PSpice & X (8] Berkeley ) SPICE 3 i&#: ¥ . SPICE 3 #iE —M{EEIEMI K
(BRFR B I , B 3145 B F A0 o JE L ol AL fb B B T LA e A 7R« PSpice
W%t E-f G-ZEHEFEILAMIEEM T EH ST R, UIMARBRIT VEESH,
FEREFR XA BHE If-ThenElse #3554 . PSpice fil SPICE 3 # ] LG AA (F R



1.4 FLEHERIRBEGAHE) 3

BRI ERNT X, XRXFLNFERRAETIT 2.

i SPICE 3 i R & E KM R ST & KR, /5 W XK g B 17
R HHA—E SPICE“Y B #T BN 4. & TUMNSTERS P HREBELHEL.

EXT T RB M PE R ELERE ST RHHTELN, FEAMEEN X-Y 43
PR¥. R SPICE 2 FHEZHAEEIFMEHA T EBA TR BES, BHEARKY
JaBR 4%, B I , Berkleley ) SPICE 3 F)f%ﬁ#ﬂ@i?ﬂi?ﬁﬂﬁﬁ%&fx’-‘ii&iﬁﬁﬂ TIE
N . A BREERBBRFRNITH, BT EE XA 8E, PSpice A T If-Then-
Else if%:, fER4RRAH SPICE &, iX —“BEky B "t MAF| T Berkeley SPICE 3
#) B—Jof4 e {HIAEFT A 19 SPICE JRAHR ik, A2 SPICE i iRt — k%
BV R, R — R X-Y B8 50k 8 A58 %, PSpice t17 # % 5%, 18 1f- Then-
Else i 8 BLA — MU T R A R 77 , BIZE I-Then-Else 33 , 553 BB % X-Y
B S Z R A] LU R A T BB R (A S R R 2 Bl R B i .

L PWMERSHFHNEMTERIASFES MEABSEANBEFZE R,
X 26 R ¥AE PSpice ] LARISF LA 7 0176 BB, (B4 8 B SPICE 2 (M=
BEEE, MR TERT . L, B —1 PSpice BV B—H RiEM AL X, B
BT R T,

R E AR R SPICE 3 9o ¥, H S 3 3 # PSpice MY B, BB AL T LA42 5 b
BiF AP AR,

PSpice & LA Berkeley ) SPICE hE i, RMAEE % BEAPRE . BRE
SRR X RS H T, X R E Berkeley A D 28 T BEMHE,

T4 T Berkeley SPICE 3 Juff#iE kMl PSpice 17 81 & BB B , Rl i F — 4%
1) F- 3 16 BA ] 8 X S6iE v B R BHIR B HoAth SPICE [ E2%.

1.4 JELMIEMIIIE(B.E.G T
1.4.1 ¥ERIAKX

AE BRI SL W (B IO VE P B B R B R R B RBREHE B R, X B, BT
1 RARHER) Berkeley SPICE 3 Juff. H¥[EXPR], P4 V il I REAYFRER, 7T LU
REMTAHEMEMTHERNESRE REREENWEFRBN TR, &
PSpice #*, W Al E-F1 G-32 32 WoTik L B Fh I BE

¥ :Bname N+ N—[1 = EXPR] [V = EXPR]

SPICE3 3L :B1 0 1 I = sqrt(cos(v(1)/(v(2,3))))
B4 outp outn V = exp(i(vdd)-2)
Bl 10V = V(2) " abs(I(V1)) + V(3)
B312V=IRD
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B2231={V(?)" Sin(Time)} "
ER: ¥ SPICEGAZ (22 FALF)AHFAEBAKKAAX P12 A £4239
Time,Freq &% Temp,
B3 . EnameN-+N—Value = {EXPR)
GnameN + N—Value = {EXPR}
PSpice IR LH):. Gl 0 1
value = { /cos(v(D)/(v(Z,3))) }
E4 outp outn value = {exp(pwr(I(vdd),2))}
E1 1 0 value = {V(2)" abs(I(V1)) + V(3)}
E3 1 2 value = {I(RD)}
G2 2 3 value = {V(7)* Sin(Time) }

7E Berkeley SPICE 3 WiE S B BMIEEHLFE BHHE. N+ MIN — 4
FRARIET ARG GV T SEEE I 53 53R 2814 7 5 1 oy JE A 28 F A B 00
5 PSpice AR, 7E B IoiEH, B W H1 (G o) fid E#H B (E o) A X 5.
EHHRERE] =7, N HRRRRE; FAEHEY = 7, W HvEER, £X
WASH0h, WS E T, BREESE—1

1.4.2 PSpice F iy If-Then-Else 3L fi

FERTHE B A RBERP H B EXPRIE, dT LG & — 1§58 If-Then-Else 2
MELK ., FESEMK PSpice LHIPHSF R, XFEEMAETH IC WER DB RIHE A,
SR VF & SPICE Bt i A1 A SR iE R SR X — et

#&3X : Ename N-+N—Value = {IF(Evaluation,Output_Value 1 or Expression,
Out put_Value 2 or Expression)}

BRI . Ename N+ N—Value = {if(Evaluation is true,then V(N-+,N—)
= Qutput_Value 1,else v(N+ ,N—) = Qutput Value 2)}

Hrh, Evaluation Output_value Expression 8] I 1. 4. 1 S R B FEFRIE

R REEMREHE . LR, X AT L AR A R 8 R
FR#| . Fualuation ik A LME AR T CHBU/MF (OWHR, (EAR AR EFAAEZNIR,

1.4.3 If-Then-Else =4

L. ARPAEXETER3IBMASIE

PSpice: el 4 0 value={if(v(1)>1.5, if (v(2)>>1.5, if (v(3)>1.5,
0.3,3.5), 3.5), 3.5}

Translation; If v(1) is greater than 1. 5, then if v(2) is greater than
1.5, then if v(3) is greater than 1.5, then v(4)=0, 3; else v(4)=3.5



1.5 HFFHIK 5

2. 3 XIS RIER

PSpice: el 4 0 value = {if (v(1)<C .5, v(1)*.54+. 25, if (v(1)> 1.53, 1.54,
v()»}

Translation: If v(1) is less than . 5, then v(2) = vw(1)".5 + 2.5; else if v(1)
is greater than 1. 53, then v(2) = 1. 54; else v(2) = v(1)

3. bR

PSpice: el 3 0 value = {if(v(1,2)<C0,5,.2)}
Translation: If voltage difference v(1) —v(2) is less than 0, then v(3) =5;
else v(3) =.1

4. BIEEHRE

PSpice: el 2 0 value= {if(v(vctr) <0, v(3), v(4))}
Translation: If vetrl is less than 0, then v(2)=v(3); else v(2)=v(4)

1.5 HFPZEREY

PSpice # If-Then-Else Jof4 4" & 7] Fi TR 712 8 KPR, X BB S E(EX-
PR % b (e PR e, 0K A R A AR B R LB . PSpice & — AN ELTF A o4k (1R A4
AGEB HBFPBAT 2R FHS B E2. PSpice LS TARZBEMAR
BB AR, A B RS £RE IBIS(/O ZMEORTE) FR. HTFARE
B E R E A ¥, PSpice % T (BB F B R T8 8 18w M s, T
BEEREMBERR G E .

E/G ufr iRz R EXPRITT LA i i IR B B R B R — ¥ P 1l 3
HR . SEhr b X EX A LME AR AR K ERE 2RI RE ., 2REEa
EUTEH. '

&. - And |- Or

1.5.1 PSpice L@

ENand 5 0 Value= {If((V(1)>800mV) &(V(2)>800mV) &.(V(3)>800mV),0,5) }
EOr 5 0 Value = {If ((V(1)>800mV) | (V(2)>800mV), 5, 0))}
Elnv 3 0 Value = {IF (V(1)>>800mV, 0, 5)}

1.5.2 PSpice 3L8ii# FFLOP %

. SUBCKT FFLOP1875 1211125 6
"CLKDRSQBQ

X1 7 4 2 8 NAND31875_0

X2 8 3 10 9 NAND31875_0
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1¥F % ®

1. 5.

X318 107 NAND31875_1

X4 49110 NAND31875_0

X54 765 NAND31875_1

X6 510 3 6 NAND31875 _0

X7 11 4 INV1875

X8 12 3 INV1875

. ENDS FFLOP1875

. SUBCKT NAND31875_ 012 3 4

* Nand Gate with OV initial output voltage, Node 4
E 15 0 VALUE ={IF((V(1)>>800mV) &(V(2)>800mV) &(V(3)>800mV),0,5) }
R1 54 40

Cl4050PIC =0

. ENDS NAND31875_0

. SUBCKT NAND31875.112 34

* Nand Gate with 5V initial output voltage, Node 4
E150 VALUE = {IF ((V(1)>800mV) & (V(2)>800mV) & (V(3)>
800mV), 0, 5)}

R154 40

Cl14050PIC=5

. ENDS NAND31875_1

. SUBCKT INV1875 1 2

E 130 VALUE = {IF (V(1)>800mV, 0, 5)}
R13210

Cl12020PIC =5

. ENDS INV1875

3 PSpice £H— R ABEANLRSIIHAIMNE

.SUBCKT X _gate A B out

RI1IA B Imeg

El 3 0 Value={(1+tanh(1000* (1. 5—v(A))))* (1+tanh(1000* (1. 5—v(B))))}
R2341

Cl1401n

. ENDS

1.6 FXRTHES/W T

TF R R 2 BT R T LRSS0, 0 T b bt BUE BE , FF R B R B

k3814, PSpice A ZRAMMITE KB AR R B 2 HE /T ARBRA .



1.6 FEXAM/HGES/WAH) 7

BEAN—FRAA SR, R S8 XA NRE Berkeley
SPICE 3 Juft , IR 45X AN FF Ll A H B AT BT BB MBS, XX FXHREER
A1 B AN A ) PSpice HHY,

1.SPICE 3 &%

¥ : Sname N + N— NC+ NC—modelnamel ON ] OFF]
&3\ : Wname N + N— vname modelname[ ON [ OFF]
L .S11 23 4 switchl
. Model switchl SW Ron = 0.1 Roff = 1G
Vt=1Vh=0.5

L. W1 1 2 Vsense switchl

. Model switchl CSW H Ron = 1m Roff = 1G
It=1Th=0.5

#£ SPICE 3w , By R HIIF R LAFRE S Tk, N1 N—FR B IF 360 0 75 8
R NCH+# NC— 4 BIRRE RS AER A, REHBRSZ (modelname) BT
W, BRI &R AT A . ON 3 OFF #iE DC TAE AT EE B RE. B
FERN AFEE W RSk MR AR LT — AR IR, K A Tl gF <. 23
FiE, FE MRS EKEE BRI,

HT HRTF KB, B TFXLFE A . Model iE4], HAE R A2 5 B0 5 2
SW. Ron f& i H f , Roff RRHTHR, Vi ZRERE, Vh MERARE,

£ PSpice 1, R F X MK R B BG WG HMEN A EAA TV BERKH, HBEXH
. Model &) PRI SR E X, 7E PSpice 1, ¥ /5 FF L MR B LT TR,

2. PSpice i E—R A BN X

K : Sname N+ N— NC+ NC—modelname
B3 : Wname N 4 N — vname modelname

.S 12 3 4 switchl
. Model switchl VSWITCH Ron = 1m Roff = 1G
Vt=1Vh=0.5 '

LB . W1 1234 switchl
. Model switchl ISWITCH Ron = 0. 1m Roff = 1G
It=1Th=20.5

TEREE I () PSpice I8 B A6 ELA W6 5 A1k O T 36 M AR, 77 LU Rl — 1
TR KRB A BN IR SR B R S 3

3. PSpice FHMIEZ—HREH BN FX

. Subckt SWhyste NodeMinus NodePlus Plus Minus PARAMS.



8 H1¥F 4% #

+ RON = 1 ROFF = 100MEG VT = 1,5 VH = .5
S5 NodePlus NodeMinus 8 0 smoothSW
EBertl 8 0 Value = {IF (V(plus) —V(minus)>V(ref), 1, 0 )}
EBref refl 0 Value = {IF (V(8)>0.5, {VIT—VH}, {VT + VH})}
Rdel refl ref 70
Cdel ref 0 100p IC = {VT+VH}
Rconvl 8 0 10Meg
- Rconv2 plus 0 10Meg
Rconv3 minus 0 10Meg
. Model smoothSW VSWITCH (RON = {RON} ROFF = {ROFF }
-+ VON = 1 VOFF = 0)
. Ends SWhyste

FF XA RIF 15 PSpice W] LA R I F- BAR A FF O, R, XA P XA R SE L AR,
BV A B BB BB AR B 55 A, ML TR AR BA R IE(E. R FFE s A ST e
RH 2 848 24 1035 IR AR s B P o A BESTMI e, — AT LT 0 (REF K. FX
B IS F 2 F Vh 280RFGR I, 8140, 78 Ve+Vh B, B8 R # I R A FF AL T @ R
A, B BH% Ron; MiZE Vt—Vh i, WAL F 2 WrR 7, BLFH A Roff,

FFE X PE R SRR M B AR ST B K A 5 R R BE T s B R = A TR R I A 2
. PEREE TR, BRTTRE AL 4 5 | RS HE A B SRS aI R, 30K 5 | e
RS B ok S BT A B B RME. R RA T M5 BERE T RNIT AR

[ LA B 36 A1 L T 5 U5 BB o T 36 B9 BELDL (B35 B AR AN 408 785 BB I , AT W]
PIZBSEITA], IR ieEREE TArA & T AR E R TF X BEHT, o hn AR i 42
M, 448, ZEXT MOSFET %552 B 28 (4 g A ad , FF 38 s PR 2% A 75 B L PR i 7k
S GEEBR TR EE SRR,

O 4 5 45 o 3 B 4 958 / 6 i i B oA (Roff/Ron > 1E + 12) , ZE #4718
A4 HTET RE IR /NR 2 B2 BB, X AT LB i3 4% . OPTION TRTOL £ 80 B &%
INFHBAMG 7.0 kLW, BAFLBEEERARFRMOBRE, SEK
. OPTION CHGTOL {8t % PR K, X WS H B WE S %8 1.0 f1 1E
—16, LASL4H PSpice 78T 56 A B8 17 B 7% S i/ o DA TID 38 2 R B %
Wi o7 () TR AR A T PR 1R 2

4. EBERIT L

BRWE I IF X4, A B AR AR 40 R TF AR R XA T X R 2, 7 ON
1 OFF RZS 22 18] , FoA e X S50 A o] 42 B A0 s v (5 L Wi St Ko 6 B, AL
FEFFRANERA 5 ke EFER X KT K .



