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ceramic cover . -

) chip
glass seal
ieads ceramic mounting base
Fig. 3.1(b) ; .

Exploded view of flat package

ceramic or plastic cover
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mounting plate

Fig. 3.1(c)

Exploded view of DIP package
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Fig. 5.1

Computer predicted and

experimental ly observed

dc transfer characteristic
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Schematic of 741 #1 and #2
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Observed and computer predlcted output voltage waveform for two

versions of the LM140d In response to a 1.5A output current step.
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Die photograph of the LMI40d
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APPENDIX 1
USER'S GUIDE

UNIVERSITY OF CALIFORNIA
COLLEGE OF ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING
AND COMPUTER SICIENCES

KIYOSHT FUKAHORT
PAUL Re¢ GRAY

USER®S GUIDE FOR T-SPICE

T=SPICE IS A GENERAL-PURPDSE CIRCHIT SIMULATION PROGRAM FOR NONL INEAR
OC AND NONLINEAR TRANSIENT ANALYSES, CIRCUITS MAY CONTAIN RESISYORS*
CAPACITORS, INDUCTORS  MUTUAL INDUCTORS INOEPENDENT VOLTAGE AND CURREN SOURCES ,
LINEAR,JAND NONLINEAR VOLTAGE CONTRGLL&D CURRENY SDURCESéBJYS’ANO ZENER DLODE S,

TWO PROGRAMS, T=SPICE2A AND V=SPICE28 ARE AVAILABLE FOR SIMULATING ELECTRO~
THERMAL CIRCUIT PERFORMANCE, THE PORMER USES THE MODIFIED FUNCTIONAL ITERATION
METHOO WHILE THE LATTER USES THE NEWTON=RAPHSON METHODe THE PGOGRAM T=SPICE2A
SHOULD BE USED FOR ALL TYPES OF INTEGRATED CIRCUIT SIMULATIONS EXCEPT THOSE

GENCE PROBLEMS IN T-SPICE2A, THE PROGRAM T-SPICER2B MAY BE USEDe TYPICALLY THE
3?$; gfsg:zg;;TIGN ASSOCIAT!D WITH T=SPICE2A 8 ONE HALF OF THAT ASSOCIATED
- J

T=SPICE USES DYNAMIC MEMORY MANAGEMENY TO STORE ELENENTS
OQUTPUT VALUESe THUS, THE ONLY LIMITATION IMPOSED B8Y THE PﬂOG&AN ON THE SIZE OR
THE COMPLEXITY DF YHé CIRCULIY TO BE SIMULATED 1S THAT ALL NECE L2 A4
IN MEMORYe THE AMOUNTY OF MEMORY SPACE REQUIRED FOR S IMULATION DEPENDS ON THE

BY THE PROGRAMe THE TOTAL NUMBER OF THERMAL NODES THAT WILL BE CREAYED BY THE
PROGRAM 1S A STRONG FUNCTION OF THE DISCRETE NUMBER OF X AND ¥ COOCRDINATES, IN
ORDER YO MINIMIZE THE COST OF STNULATION CARE SHDULD BE TAKEN 80 AS TO LIMIY
THE DISCRETE NUMBER OF X AND Y COORDINTAES WITHIN 1S EACHe FOR EXAMPLE A 80
POINT DC TRANSFER CURVE ANALYSIS OF THE UAT41 OPERATIONAL AMPLIFIER WITH 18
DISCRETE X COORDINATES ANO 1S DISCRETE v COGORDINATES REQUIRES APPROXIMATEL ¥

LSt

i



110000(0CTAL) WORDS, IF N RUNNING EITHER OF THESE PROGRAMS,
THE MEMORY NEEDED BOR ANALYSIS EXCEEDS THE MAXIMUM MEMORY AVAILABLE AN

AUXILLIARY PROGRAM T=SPICE2C IS AVAILABLE, sa=g THE DESCRIPTION OF Y-SPICE2C AT
THE END OF THIS MANUAL.

AS FAR A3 THE INPUT DaTA 1S CONCERNED THREE PROGRAMS HAVE THE SAME FORMAT,
WHENE VER TME TERMINOLOGY T-SPICE 1S USED [T I8 UNDERSTOOD TO MEAN ALL THREE
PROGRAMS UNLESS OTHERWISE INDICATED, INPUT FORMAT OF T-SPICE 1S QUITE

SIMILAR TO THAT OF SPICE2, THE ADDITION OVER AND ABOVE THE STANDARD SPICE2
DECK INCLUDE X AND Y LOCATIONS OF EACH DEVICE WRITTEN IN THE ELEMENY CARD
ITSELF AND SINGLE THERMAL CARD WHICH SPECIFIES THERMAL DATA REGUIRED, THIS
USER®S GUIDE SHOULD BE uSep VITH THAT OF SPICE2, ONLY THE PORTION OF THE

INPUT FORMAT THAT 1S UNIQUE TO T-SPICE IS OESCRIBED HERE,

ELEMENT CARD

WHEN X AND Y CODRDINATES ARE NOT SPECIFIED, YMAT TLEMENT IS CONSIDERED OFF
CHIP AND RESIDES AT AMBIENT TEMPERATURE,

SEPSERESISTORS
GENERAL FORM: RXX NI N2 VAL TCaTC1  xaxi Yayy
EXAMPLE 3 Rl 1 2 100K TC=im X=12e8 vY=13,5

TC IS THE TEMPERATURE COEFFICIENT OF TME RESISTORe X AND Y [INOICATE THE
RES ISTOR LOCATION AS MEASURED FROM THE LOWER LEFT CORNER OF A RECTANGULAR
CHIPe THE VALUE GF THE RESISTOR AS A FUNCTION OF TEMPERATURE IS GIVEN BY:

VALUE(Y)GVALUE(27QO)‘(IoOOTC.(T-Z?.O))
DEGREE~

WHERE T 1S IN °
IF TC IS NoOT SPECIFIED, DEFAULT IS TC=0,60

XSS EXZENER DIODES

GENERAL FORM: ZXX N1 N2 VAL TCaTC} X=X} Yayy}
EXAMPLE Z1 2 4 83 TCu2M X=1860 Yu12.8

N1 AND N2 ARE TWO ELEMENT NODESe VAL IS THE VOLTAGE ORGP ACROSS THE
ZENER FROM N1 TO N2, TC IS THE TEMPERATURE COEFFICIENT OF THE ZENER

VOLTAGE IN UNIT OF V/DEG-Ce X AND Y INDICATE THE DEVICE LOCATION OF
THE ZENER OIODES,

VAL (T)3VAL (2760 ) $TCH(T=2700 )
IF TC 1S NOT SPECIFIED, DEFAULT IS TC=040

shsespyT ‘
FORMS axx NC N8 NE  MNAME  AREA Xax} Yavl
SE:ESCE SD Q13 o 3 ) § MODN 28 Xu23e5 Yml8e2

X AND Y INDICATE THE DEVICE LOCATION.

JFET, DITODE, AND MOS DEVICES ARE NOV TREATED AS YET IN T-SPICE,

*228%0JT MODEL
ISy RB,RCyAND RE ARE CONSIDERED TEMPERATURE DEPENDENT AND MODELLED AS

FOLLOWS .
1S2108T¢(PT/NISEXP (~EG/KT )
RCL TISRC (27 0) (1404 TCICH(T-2700))
RB(T)=RB(27¢0)#(104TC1B%(T=2740))
PE(TIZRE (27 0)#(160¢TC1ES*(T=2700))

AND TCLE ARE TEMPERATURE COEFFICIENTS OF THE COLLECTOR, BASE
EMITTee o STSTANCES, " TP LEFT UNSPECIFIED, THEY ARE CONS IOERED TEMPERATURE
INDF

PENDENTe T IS IN DEG~C,

S84, THRML CARD
THIS CARD SPECIFIED THE THERMAL DATA REGARDING THE DIE/PACKAGE STRUCTURE,

NERAL FORMI (THRMAL LXaVALLl LYSVAL2 LXHORaVALS LYHDR=YALA AQmVALS
GENERAL .BODVALO KSSVALT? KHsVALS GMeVALY TCSaVALLIO TCHeaVALLL
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NETWORK FORMED BY T-SPICE2Co CONSEGUENTLY THIS ADOIT IONAL
DECK IS READ IN AND THE THERMAL NETWORK FORMATION ROUTINE
1S SKIPPEDs IF NuoO THE THERMAL NETWORK FORMAT 1ON
ROUTINE BUILT IN T-SPICER2A,AND B WILL BF CALLED AND usgo,
DEFAULT IS N=(Q,

108UG I=N IF N=l THE PROGRAM WILL PRINT OUT TME THE PROCESS OF
THERMAL NETWORK FORMATIONo

108UG2aN IF Nol THE PROGRAM WILL PRINT OUT THE FINAL STEPS OF
THERKAL NETWORK FORMATION PROCESS,

{0OBUG3I=N 1P Nol THE PROGRAN PRINYS DUT THE ACTUAL EVALUATION
PROCESS OF THERMAL REBISTANCES AND CAPACITANCES.

1DRUGCA=N IF Nat THE PROGRAM PRINTS OQUT THE PROCESS OF SETUP.

10AUGSaNn IF Net THZ PROGRAH PRINTS OUT THE SOLUTION OF CIRCUIY
AFTER EVERY [TERATIONo

IDAUGE SN IF Nal THE PROGRAHM PRINTS OUT THE SOLUTION AFTER EVERY
FUNCTIONAL [TERATION (APPLICABLE ONLY TO T-SPICE2A)

10BUG?=N IF Nal THE PROGRAM PRINTS OUY THE SOLUTION AT THE
END OF EVERY DC POINT OR YIME POINTY,

1D8UGBaN IF Nz| THE PROGRAM PRINTS QUT THE LINEARIZED BJT
PARAMETER AT EVERY ITERATION,

APPENDIX A: EXAMPLE DATA DECK

THE FOLLOZING DECK DETERHMINES THE DC TRANSFER CURVE OF A SIMPLE ACTIVE
LOAD OTFFERENTIAL AMPLIFIER AS THE AMBIENT TEMPERATURE IS VARIED PROM 30
OEGRFE~-C TO 100 DEGREE-C WITH YEMPERATURE STEP OF 10 DEGREE=-Co

SIMPLE ACTIVE LOAD DIFFERENTIAL AMPLIFPIER

Q1 4 2 3 MOON X=21000 ¥Y21000
Q2 S 0 3 MODN RK=3000 Y1000

Q3 4 4 6 aQ0P Xa23000 ¥=23000
38 L K M SOON X22200 ¥Y=2200
RL 7 0 100K

21 & 8 743 TC=u3,0E-03 X=48060 Y=21800666
RS 8 0 50060

1€E 3 0 2,0M

vCC 6 0 1%.0

oMODEL MOON NPN BFc100e0 ISz )e€~18 V2 :1000

o MODEL ™MGCDP PNP BFs1000 ISuloE~18 VAS.0,0

VIN 2 0 0600 .

o PRINY OC V(7)) '
o PLOY DC V() :

ePLOT DC T{0}1,Q02)

«OC TAMB 30 100 10

Yl .

o THRML (_X=280o LY=40¢ AOu=10e BOS100 KS=o00223 KHao 0002 GH=e01
¢TCS=27, 7TE~9 TCHu30ea0F=09 LXHOR=1000 LYHDR=1000

o OPTION ACCY TROOM227,0 TOPe2800 PDMA Xz, 2 10BUGT=])

o END

L3

THE FOLLOWING DECK DETERMINES THE DC TRANSPFER CURVE OF A COMMERCIALLY
AVAILABLE 74t OPERATIONAL AMPLIFIER, NOTICE THAT IGRID IS NOT SPECIFIED IN THE
OPTION CARDe THUS THE ROUTINE BUILT IN TO T-SPICE2A,8 YILL BE USED.

OC TRANSFER CURVE OF FAIRCHILD 741 ’

o1 10 1 3 MOON . Xa376 9 Y=8o0
Q2 10 2 4 n“MOON ’ Xn34098 Va8o
Q3 5 11 3 MOOP X328 Yel2e8
Q48 9 11 & MODP X328a 0 Yui208
08 3 6 7 HMOON Ral3De2 Y2168
Q6 9 6 A MOON Xc860 0 Yc1808
07 23 S & MOON Xa326 8 Yo22093
0B8A 10 10 23 ®ROOP 42 Xx1300 ¥o8c8

“£91

491



C 23 MODP o8 X226 0 Yx6.%
394 11 12 23 wODP .8 Xa32e8  Ye6eS
09f 1t 10 23 MOOP o6 X=26¢0 Ye6,e8
010 11 12 14 MODN X=39e 2 Y=22e8
011 12 12 24 MOON Xx=4540 Y=2840
012 13 13 23 MQDP X=deO Y=beS
G13A 1% 13 23 M0OD1 X=B8e O Y=1208
Q138 17 13 23 MOO2 X=8e0 Y=12.8
Q14 23 17 20 ™ODA X=1 30 0 Yu4 7,0
OLlSA 17 20 21 MOON 38 Xx3248 Y=3860
Q18" 17 20 21 MODN .63 X=26e0 Yu38e0
Q16 23 9 16 MODN X237 % Y=2800
O17A 1% 16 23 MODN o33 X=485,0 Ym28.,0
2178 1% 1A 2% MODN ,6% X=4140 Yu28e0
GI1AA 17 18 19 MGODN 78 Xa3248 Y2313
0188 17 18 19 MODN -2% X=26¢0 Y=3ie3d
G19A 17 17 18 MOON 468 X226e0 Ye31.3
0198 17 17 18 MOON 3% Xm32e S Yy=31.3
N20 24 19 22 MOODP X=41e0 Yea7,0
Q21 24 22 21 MOOP X 22660 Y2470
Q22 9 26 24 MOOMN X=41e0 Y= 3860
Q23A 24 1% 9 NOD3 X%37eS Y=3840
0238 24 1S 19 WMODa X=37e¢ S Y=31le3
Q24A 26 26 24 MODN (2% X325 ¥Y=3860
N24R 28 2& 24 MODN 7% Xn32e8 Y4 Te0
R1 7 24 1K
R2 & 24 SOK
R3 8 24 1K
R4 14 24 3K
Q% 13 12 39K
R6 20 21 27
R7 21 22 2240
°8 2% 24 100.0
Q9 16 24 50K
Q10 18 19 40K
R11 26 24 S0K
aFal 21 2 100K
PFR2 2 30 S50.C
aL 21 0 te0K
VINT | O Qe
VCC 23 0 1840
VEE 26 0 ~1%3.0
VIN 0 30 ~-8M
«MODFL MODON NPN [Sm)eF-14 VAx100
+HMODEL MODP ©NP 1Sm|E—-14 VAnTS540
«MODFL MOD1 PNP [Sw2423F-12 VA=7S
«MODEL MCO2 PNP [S=e9€-15 VA=75,
«UMNDEL MND3 PNP [ Sme0063F~1% VA=TS
oMODEL MODA PNP [Sne 79E~1% VA=TS
s MNNEL MODA NPN ISmleF-184 VAx100 BF=200
e THAML L Xa8% (Ys8S AOx10 80310 KS322,23F~-03 KH=4,8E-04 GH=| E~02
+7CS2402 TCHu 402 LXHDR=110 LYHOR=]110
«PLINY NC V(2) v(211
«PRINT OC T(Q14,Q2) T(03,Q04) T(Q08,06)
¢PLIT DC VI2) (=-gaM, oM} v(21)
«PLOT DC T(Q1,02) T(Q3,Q4) T(QB,06)
eDC VIN ~BN SadH o4M
o@O;ION ACCT IDBUG?21 PDMAXR41S
«EN

THE FOLLOWING DECK DETERMINES THE TRANSIENT RESPONSE OF A COMMONLY USED
NOTICE IN THIS CASE IGRID=1 IS SPECIFIED IN THE OPYION
CARDe THE POAYION OF INPUT DATA FOLLOWING oEND CARD 1S OBYAINED BY RUNNING

VO_LTAGEF REGULATOR.
Y-SPICE2Ce
S

N

Q@ MODN 2428
¢ MODN 2.0
0
1

0

11 MOON 7,0
8 MOON 2628
1:

—— e ODNSWT

NN N

] MODLP 3,

1 MOOLP 3640
r

18 MODN
20 %“OON
22 MQOON
24 MOON
26 MODN
«3 MODN
[{s o1 Y}
32 MOON
34 MOON

0CROIPOEIPAN-T
NRU = O JR ==y~ O

e P AP U= OO0000

) = (J
28 G Oow % o @ s v g o

AP N o e o o o e o o o o o
O~NAS

DUDODUOVLICLIOODUOL G
WNE QX YN ININy -

w

o

Q
o]
s XOX

1%

0

e O s s 2t P
RIPEEO2O®

o0 %0 00000

3 MOON 2.28
0 MOON 2425
0 MOON 2625%
g
1

MOON 1745

€ MODVP .66 15

©0O0000000

X=5¢00
X=1242
X= 2000
Xu26,0
X=384 6
XnS1e0
X=a04 8
Xx&Q 3o 3
X=6860
Xmb62e O
X=8007
X=4bo b
XuT7¢ 4
X=Qe3

X=1%¢8
Xm22¢%
X=294 O
X= 354 6
Xu8]e0
X=87, %
Xw53e1
% 7008
X210e0
X=n7e8

X=i o4
X=20e¢5
Xm3960

T ANALYSIS OF VOLTAGE REGULATOR ~~-NATIONAL

Yal16e8
Y=14,606
Yalle3
Yulield0
Y=1l1e3
Y=10e0
Y=ile3
Y=l1e3
Y=g
Yu27¢3
Y321e0
Y=21ae0
Y=d42¢ 0
Y=42,4,0
Yma24 0
Vn&4240
Y=x4240
Y=420 0
Y2420
Y=42e0
Y=&4240
Y=8240
Y=21le0
Y=l]e0
Y=l1le0
Y=8eS3
Yu?,0

NEWTON=-RAPHS ON

“991

‘991



R6 11 O 1K X=38, 0 Yulo?

R? 8 9 177K X= 284 0 Ys?40

AR 13 14 4K X=48,0Q Y2600

R9 15 12 & X=83, S Y=184 0
R10 18 1S B8SO x=85 40 Y= 2060
Q1S 17 2 2x Xap28, 0 Yu26,8
R1601 18 2 3,8 XsQe 3 Y=4240
R1603 20 2 3,8 X= 1848 Ye42,40
R1608 22 2 3¢5 Xud2e 8 Yué240
R1607 26 2 3,58 X=2940 Y=4240
R1609 26 2 3,8 Xm35,6 Y=42,0
RI611 268 2 308 X=Sle 0 Y=4240
R1613 30 2 3,8 XoB7.5 Y=42.0
R1618 32 2 3,° X=gdel Y=4240
R1617 3a JeoS X=70e8 Y=Q32e0
RI6 2 0 2,67K X=89,4 0 Y=8,7

veC 1 0 10
eMODFL MODN NPN AF=100 [S=1.E~18 REB=300 RC8260 VA=200 PEmo03 MEs,S PCueS MCmo 3
QNOgELSﬂOOLP PNP BFa18 [S=i.8F-18 R8s200 RC=28 REn270 VA=80 PE=eB8S ME=e3 PCu,S
¢ MCm,y

olggELSNODVP PNP BF=S0 1S=),3E~-18 RBa100 RC=100 RE=270 VA=80 PEwe8S MEm,3 PCu,eS
L 3 »g

1oUY 2 0 PULSEL

1M 1,5 0US 10US 10US 1OMS 20MS)
ePRINT TRAN V(2) V(8,9) V(11)
oPRINT TRAN V(8,6) vie) vI7,10) v(10,11) v(2,8) v(9,13) v(13)
oPRINT TRAN T(03) 7(02,03) T(04,03) T(a5,03) T4a7,03) T(a8,03) T(Q6,a3)
«PLOT TRAN V(2) V(9) W7) vii1)
+PLOT TRAN T(G3) T(Q2) T(Q2,a3)
sPLOT TRAN T(d2;03) T(0a,03f T(as,03) v(ar,a3) Te0s,a3) T(08,a3)

e TRAN 100US 10M

s THAML L X286 LVYaB8 AO=7 BOx100 KS=e00223 KH=04 00800 GH=o,02887
*TCSe27,7E~-9 TCHaB6433E-9 LXNOR=800. 0 LYHDR=S00e 0

sOPTION ACCT PDMAX 22,0 IDBUGT=1 IGRIO=1}

¢ ENO

26 88

38 1¢38000F+01 SeB0000E+Q}

39 2¢90000E+01 Se¢ B80000E+01

40 4¢35000€¢01 S5eB80000E+01L

a1 Se 7800CE+ 01 Se B0000E +01

42 7¢08000E+01 S¢80000E£+01

43 84 60000E+ 01 3¢87000€ ¢01

ad 8¢60000E201 20 00000E+01

43 6¢90000€+¢01 Oe

46 €0 300008+ 01 Oe

(%4 5¢60000E+01 Oe

48 1¢858000€+01 3¢60000E¢01t

49 2028000€+01 3¢380002+01

L1 3420000E+¢01 3+60000E+01

51 40400000€E¢01 3¢40000E¢0

52 1¢00000€¢01 3¢ G0000E+0!?

s3 1¢77000€¢01 2+88000E4+01

L1} 3. 80000%+01 3. 000008401

ss 3¢000008¢01 20460000201

%6 3450008001 2+, 68000E¢01

24 74080008001 20 730002 +01

Y] 60220008401 2008000E¢01

39 6620000 ¢ 01 1420008 ¢0}

60 40790008 01 1¢ S9000€+0)

61 4420000E+01) 16 7T0000€401

62 34570008+ 01 1« 77000E + 01}

63 2083000€¢01 1043000E&¢01

6a 2¢ 070008+ 01 1062000E¢01

68 14640008401 1e 62000E+01

T3 1¢22000E¢01 8490000E+00

er 16 73000€¢01 8¢ 200002 ¢ 00

68 3¢34000E+01 7e¢S0000£+00

69 40130008+ 01 3¢90000E¢00

70 4426000E+01 G 20000E+00

71 4060000€¢01 1¢30000€¢00

72 S« 60000€¢ 01 2¢00000€¢00

73 9¢90000€8+00 3¢61000F+01!

74 Qe 3¢80000£¢01

78 Oe 3¢ 0000CE+01

76 Oe 1 «¢60000E401

77 2000002+ 00 1¢ 0000 0E+ 01

78 Oe 1e¢ 00000E+01

79 7¢20000%¢+ 00 Oo

890 1¢60000E+01 Oo

al 2¢000008+01 Qo

82 3¢ 0000028¢ 01 Oa

83 40020008401 Oo

8e 4460000€¢01 Oe

as 6400000€¢01 To SO000E+ 00

86 7¢30000€+01 10580008+01

a7 8e33081LZ¢ 014 30 20143E+401

-1 8460000E+01 30620143+ 01
1 7a 2 718 3 78 4 78 5 34 6 79 ? ao 6 81 9 82 110 &
11 84 12 a7 13 46 14 48 1S 38 ;6 .48 17 88 18 43 19 36 20 o

21 41 22 40 23 39 24 38 28 37 26 74
[ e -] ) [3 k] -] 5 [ -
b4 -1 S [ -] (-] 7 S (-] [
1] é 6 [ [} ] [} -] 6 -]
[} « [} 3 a4 3 3 s 8 4
L L] . ] 3 ] 4 ] -] )
s s 7 ? & ? L} 6 (-] 6
) [} 6 6 [] 6 [} 7 -1 6
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T-SPICE2C 1S AN AUXILIARY PROGRAM AND FORMS A THERMAL NETWORK IN A
MANNER QUITE DIFFERENT FROM THE ROUTINE IN T-SPICE2A AND Y-SPICE28, THE
TOTAL NUMBER OF THERMAL NCOES CREATED BY THIS PROGRAM [S TYPICALLY SNALLER
THAN THAY OF T-SPICE2A AND T-SPICE2B8e IN ORDER TO USE T-SPICE2C A USER KUST
ENTER THE NUMBER OF EXTRA THERMAL NODES AND THEIR LOCATIONS THAT ARE CREAYED
BY THE USER [N SUCH A wAY THAT NONE OF THE INNER ANGLES OF TRIANGLES [N THE
ASYMMETRICAL TRIANGULAR THERMAL NETWORK ARE OBTUSE, THE RESWULTING DATA IS
PUNCHED INTO CAROSs THE PUNCHED DECK MUSY BE PLACED APTER THE +END CARD IN
T-SPICE2A OR T-SPICE28 AND I[GRID=]1 MUSY BE SPECIFIED IN THE OPTION CARD PFOR
ACTUAL ANALYSISe THE SEQUENCE OF THE ORIGINAL INPUT DECK MUST NOY B8E CHANGED
BECAUSE THEZ THREE PROGRAMS DEFINE THE THERMAL NODE NUMBER OF ALL THE DEVICES
ON THE CHIP IN A SEQUENCE IN WHICH THE INPUT DECK HAS BEEN READ INo
ADDITIONAL DATA MUST BE ENTERED IN A FIXED FORMAY AS SHOWN BELOWe FOR AN
INSTYRUCT ION ON HOW TO FORM THIS TRIANGULAR THERMAL NETWORK SEE THE ERL REPORT,

THE FOLLOWING [S AN EXAMPLE ON THE USE OF T-SPICE2Ce NOTICE THE PART OF
INPUT DATA FOLLOWING oEND CARD IS THE ADDITIONAL INFORMATION NECESSARY YO
CREATE A THERMAL NETWORKe THE FIRST CARD FOLLOWING oEND CARD OEFINES THME
NUMBER NF ADDITIONAL NODES CREATED BY A USERe THE REMAINING DATA ARE USED TO
DEFINE THE LOCATIONS OF THOSE USER CREATED THERMAL NODES LOCATIONS, THUS THE
NUMBER OF THESE CARDS MUSY BE FQUAL TO WHAT [S SPECIFIED 8Y THE FIRSY CARO
FOLLOWING oENDe

TRANSTENT ANALYSIS OF VOLYAGE REGULATOR ~<=NATIONAL NEWTON-RAPHSON
Q1 3 2 A4 HOON 2428 X=5000 Y®]18.8
02 & % &6 MODN 200 Xul2e 2 VYo 1446
Q3 7 6 0 MOON 6,0 Xe2060 Y=11e3
QA 8 7 10 MOON 660 X=u26e 0 vy=1130
QS 9 10 11 MODON 7.0 Xz 3846 Yzlle3
Q6 17 2 A8 MODN 24285 X=85100 Y=10e0

Q7 12 9 13 HODN 2285 X=8008 ¥Y=1le3
04 12 13 0 MOON 228 X=&3.,3 V=113
Q9 14 14 0 MODN 2,28 X=486 O Y=d
Q10 0 12 1S MODVP 8615 X=6240 Vu2Te3
Q11 16 3 1 MODLP 3,0 X=25067 Y321 e0
Q12 3 3 | MODLP 3,0 Xa460 4 Ya2ie 0
Q1% 1t 186 17 ¥MCON 17,9 AXe?Ted Yu&a2e0
Q1601 1 17 18 MODN 18,0 Xu9e 3 Y=4240
Q1803 1 17 20 MODN 1840 Xe1Se8 Yu4240
Q1608 1 17 22 NMOON 1860 X=22e83 ALY XY
Q1607 t 17 24 MOON 1860 X=29e 0 V=42 0
Q1609 1 17 26 MODN 1800 X2356 Y=4240
Q1611 1 17 2A MODN 18,0 XaS51e0 Y=4240
01613 1 17 30 MOON 18,0 X=ST7e 8 Y=l3260
21615 1 17 32 MODN 1860 Xobé8el Yed260
Q1617 1 17 34 MGDN 18,0 X=70.8 Y=4240
R1 3 4 30K X=106 0 Yu2le 0
P2 4 % | 49K XuTe8 Yaliloe0
R3 8 7 2640 Xm1Be 4 YslleO
R4 6 0 te2K Xu20e8 V=8e8
RS 10 0 12e1K Xu39¢0 Y=u7 40
R% 11 0 IK Xz 380 O Y=o 7
RT7T B8 9 177K Xu2840 Y5700
W 13 14 aK X=480 0 Y600
RY 18 12 4K X=25368 Y1600
R10 16 (S 85S¢ X=S58e¢0 Yu2040
RIS 17 2 2K X=2280 0 Y=28e 8
R1601 18 2 365 Xz9e3 Y8260
R1803 20 2 3,9 X=}18,8 Y2420
R1608 22 2 JeS8 - K=228 Y=4240
R1607 24 2 308 Xn29¢0 Yu4de0
R1609 26 2 393 Ru3Be 6 Yul2e 0
R1611 28 2 348 X=8100 Y4260
R1613 30 2 3% XuS5Te 8 Y=4260
RiI&1S 32 2 3.8 X=8480 1 Y24200
R1I617 34 2 398 X=T708 Y=4200
RI8 2 0 2,67 Xu6Qe O Y=be 7

vcCc I 0 10

+MODEL MOON NPN BF =100 [S=10E-1% RB=300 RCe260 VA=200 PEa46S5 NEug8 PCxeS HCm,e3
«MODEL MODLP PNP BFz (S (S=1o8E-15 RB=200 RCu=23 RE=270 VA=80 PE=e68 ME=ge3 PCmeS
¢ MC=o3

c“ODEE MODVP PNP BFaS30 1Ss1e5€~18 RBal00 RC100 RE=270 VASB0 PEneS83 HEwe3 PC=eS
+ MC3e3

IOUT 2 0 PULSE(LIHM 1,83 OUS 10US 10US 10MS 20MS)

oPRINTY TRAN V(2) VvI(B,9) V(I

e OPRINT TRAN V(S,6) V(&) V(T,10) V(10e11) V(2,8) V(9,13) vi13)

«PRINT TRAN T(Q3) TtQ2,03) T(Q04,a3) T(05,03) T(Q7,Q3) T(Q8,03) T(06,03)
«PLOT TRAN V(2) V({9) V(7)Y VI11)

«PLNOT TRAN T(Q3) T(Q2) T(Q2,03)

ePLOY TYRAN T(02,0313) T(QA,QS; T(08,03) T(Q7,Q23) 7¢(Q8,03) T(06,03)

o TRAN LO0US 1on§

«THRML LXxB6 LYSS8 A0=7 BOx100 KS=e 00223 KH=0e 00800 GH=002857

+TCSa27476-9 TCHI%G 433E~9 LXHOR=50060 LYHDR=800.0
«NPTION ACCT POMAXS2,0 IDBUGT=l IGRID=l
o FND

49 ’
+10500E+01+5,B00€E+01
+2¢900E+01+5,R00E+01

+8, 35CE+01+S.300E¢01

¢S5, 7S0E+01 +5.A800€ +01
+7,080E¢+01¢%54800F +01
+tAeH00E+01+3,870E¢01

*R.AN0F+01 ¢2.000F+01

vy

4A



+*0¢ 900E+01¢+0e 000F ¢0O
+60300E+0) +0,000F ¢+00
+30600E+01 +0e000E +00
+1eS80F¢01¢3,600E+01
+20280€+01¢3,%80F+01
¢ 3, 200E+01+3,600E¢C!
+4,000E+01+3,400E+01
+16000E+01+3,000E+01
+1eTT70E®Q1¢2,5S80E+01
+3e800E+01+3,000E+01
¢S 000E+01+20800€+01
+5.4850C¢0142,650E+01
*Te0B0Z¢01+24730E+01
+60220E+01¢2,080€+01
+60200E¢01¢]14420€+01
¢4 790E+ 0L ¢+1e590E 0}
¢40200E+401+1.700E+01
+3e570E4+01¢1,770€+0!
*2830E+0141,430€+0)
42¢0T70E¢01 ¢1 ¢620E+01)
¢1a06A0F+ 01 ¢10620F¢01
+10220E¢0) +8,%00F +00
+1e730%+01¢8,200F¢00
+30340E+0107.500E¢00
$44130F¢01+3,900F+¢00
$80260F¢01¢64200F¢00
¢4, 600E+0) +1¢900€ +00
+3,600E401¢20000F+00
¢9,900E+00¢3,610F+01
+0e000E*Q0¢34A00E+01
+0e000E+00¢3,000F¢01
¢04000€E+00+1¢600E+0
+24000F+00¢14000E+01
¢0e000E+00+16000€+01
+T7e6200E40040000E+00
+10600E¢01¢0e000E+00
+2¢000E+01+0000E+00
+30000E+01 ¢+00000€E+00
+4,020€¢01400 O00E+00
+40600E+01 +06000E+00
+6.0008¢01+7¢500E+00
¢743C0E+01+1,580E+01

THE FOLLOWING SHOWS THE RESULTANT PUNCHED DECKe [N ORDER TO ACTUALLY
SIMULATE THE CIRCUIT PERFORMANCE THIS PUNCHED DECK MUST BE ATTACHED TO THE
ORIGINAL INPUT DECK FOLLOWING oEND CARD IN EITHER T-SPICE2A OR T=SPICE208,
NOT ICE THE FOLLOWING PUNCHED DECK WAS USED IN THE EXAMPLE CIRCUIT OF VOLTAGE

REGULATOR MENTIONED SARLIER,

26 8s

38 1eSAQCOE+OIL Se BOQOO0E +01
39 2¢90000%+01 Se¢80000E+01
A0 40 35000E+ 01 S« 80000€E+01
ay S«7%000E+01 5S¢ 8000CE+ 01
42 T+08000%+01 %e80000€E+01
4} A,600C08¢ 01 3¢ 87000E+¢01
aa 8480000E+01 24 00000€E +01
4% 6e 90000E ¢ 0} O

ah 66 30000€+01 Oe

A7 S$+460000E+01 Qe

AR 1¢58000E+01 3¢ 60000E+01
a9 2428000E+01 3¢58B000€E+01
%0 3 20000E¢01 3460000E¢01
51 4. 00000E¢+01 3¢ 40000E+ 01
LY4 1¢00000E+01 3400000E+01
s3 1e T7000E+ 0L 2¢58000E+01
4 3¢80000E+01 3¢00000E+01
L-3-] 5¢00000E+01 2¢860000E+01)
S6 %445000E+01 2¢ 65000E ¢+ 01
<7 T+0A000E+O!L 2¢T3000E+01
e 6e22000E¢+01 24 0B000CE+01
59 6¢20000E+01 1¢ 42000E+01
60 44T79000E+01 1¢59000€+01
61 4,20000€¢01 1e¢ 70000E+ 01
62 3457000E+01 1e77000E401
63 20830008+ 01 143000E+01
64 2407000E+01 1¢62000E+01
6 1.64000E+01 162000E¢01
66 1¢ 220008+ 01 8¢ SO000E+00
AT 1¢73000E+01 8¢ 20000E+00
68 3¢ 34000E+01 7+« SO00CE +00
69 4413000E+01 3490000E +00
70 40260008+ 01 €4 20000E+00
71 4¢60000€+01 1« 90000E+00
72 S¢60000F+01 2+00000E+00
73 9e¢ O0O0OOOE+ 00 3¢61000E+01
74 De 3¢80000E+01
TE (/18 3¢ 00000€+01
76 Oe 1¢60000F e+
77 2¢00000E+0 100002401
78 Oe le CLITOE®O1
79 7«20000E+00 .

a0 1460000E¢01 Oe

31 2. 00000E+01} Oe

82 3400000E+01 Oe
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PLEASEF NOTE THAT THE ODEPARTMENT OF EECS
BERKELEY CAN NOT ASSUME ANY RESPONSIBILITY F

USE OF THE PROGRAM,e

6RUNIVERSKTY OF CALIFORNIA,

ANY PROBLEMS ARISING FROM THE
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OC TRANSFER CURVE OF A SIMPLE DIFFERENTIAL ACTIVE LDAD AMPLIFIER
Q1 4 2 3 MODN Xz10e Y=10e
Q2 5 0 3 MODN X=30e Y= 10e
03 4 4 6 MODP Xz=230e Y2306
Q4 S5 4 6 MOOP X=]0e Y330e
05 6 S 7 MONDN X=22e Ya22e
RL 70 100K
Z1 6 8 Teld TCz30F~-03 Xx400 Yz 1 8¢ 666
A 0 5006

oMODEL MNON NPN BFz100 1SnleE~-1S VA=100.

e MODEL MODP PNP BF=z100 IS=10E=-15 VA=S0,e

VIN 2 0 050

oPLOYT DC VI7) V(S)

. oPRINT DC V(7)) V(S)

oPLOT OC T(Q1) T{Q2) T(Q1,Q2)

2aDC VIN =10OM 10M SM

. o THRML LX=40 LY=40 AO0=10 BO=10 KS=2e00223 KH240002 GH=ze01
*TCSE2707E-9 TCHu30eE~-09 LXMDR=100 LYHDR=z100
"eQPYION ACCT TROOM=2740 TOPu28e0 PDOMAX=e2
0P

¢ END

61



181,

806009000400 ben

OC TRANSFER CUNMVE OF A SIMPLE DIFFERENTIAL ACTIVE LOAO Anm.lrlsa

. %0000 as e

CeVIN YT

=14000£ ~02

~Re000F=~03
=7e200E-0)
=7.000£-0)
“0¢502C-0)
~Ae00NE-0)

Se500E-0)
=5%.000Ff=-03
~8,500F£ -0\
«000F~03
«900L~CJ
«000F=-0)
+500f -0
~2.,000t-03
=1e5C0C-0)
~1.009%M -0
%4 0001 - 08

O
50002£-04
1e000L=-C)
15097 -03
2:00060-C)
2-ﬂ09t 0) .
3.000

o-JOOt 03
7,000t-0)

sesan

i3 ...

‘01..’3‘.‘.““.0’.

3e1792-07

~¢e0Q1F~0}

. Je108E-07  <6,0125-01

Je212F=07 =5,902F -0}
3.21V75=07 <«%5,718F=-01
40304507 =S%,CH7E=-01
. Je202C-07 __0.007°F~02
20 0ARE=01 7e320E-01}
He JA2E-01 1+ 3R20C ¢ 00
146495000 2.027€+00

—— - 200nAEs0N ___

2e720E¢00
JeIGMEC00
JeWN0S 00

em B0 C2IC0Q
5.21455¢00
5.ARSE 400
a.aaa'ooo
TelIVE000 __
7.7n!'000
R, INAEL00
94 004F *00
ce .00 G21IEQD
1e024E 00|
L+CARSE+OL
telanceos
1e208EeC|
le207F¢0)
163275901
1e327F 200
LeA20E 0
142 1F 20|
14286 40}
I‘Q’ ATA0L
led20E 00t
1.4727%001

bogolFOOO
7e132%000
7.76!?000

Re JATESNO
VeO0lIFe00
D¢ & 32F 400

— b e025F 001

LeCUTL 40}

The following is a part of the resultant output file when the

above-mentioned deck is run on the program T-SPICE2A.

T TEMPERATURE &

"'27.000 DEG ¢

6 JAN TT 0850800004040 ¢800030¢880808808T=SPICE 2A BESELPATEII0E800RUICENO0C000C 4320314 0000000000000

‘O!{!,.‘?.0.0C‘00‘....‘.0‘0‘0.'00..'0.00.00.0.'.‘..0.._.
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189.

F
3 0 MOD1
4 1K

3 10K X=
vCr £ 0 2069
VIN 2 0 PULSE(10,
«MONEL MOD1 NPN B
oTHAIML LXx40 LY248
+TCS=27¢7€F~9 TCH=
ePLOT TRAN V(4)
«PLOT TRAN T(Q1)
e TRAN 100US 10MS
«END

INVERTER EXAMPLE CIRCHULIT

X=20e Y2204
30e0C ¥=3060

FUNCTIONAL T TERATION

0 10 OUS 10QUS 100US 20MS 30MS)
F2200 BR=2 IS=SeE-1% RB2200 RC=200 VA2130 PE=e7 PC=ze55

0 AO=10 BO=10 KS=,
304E-9 LXHDR=100e

00223 KH=¢ 0002 GH=e01
LYHDR=100

The following deck shown below performs a transient analysis

of a simple inverter whose circuit schematic is shown in Fig. A2.2.

A2-2, Simple inverter
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199.

EXaMPLE T4}

Nl 10 ¢ 2 MAODN X=31e0 VYz2,0

N2 1C 1 3 MODN X226¢0 vz2e0
03 € 4 2 MODP X=3160 Yzd440
Nna 6 4 3 MNNP X=22240 Y2440

16 4 ¢ o730

RA11 4 11 1NOMFG

Q7 10 = 7 MODN

QS 5 7 8 MODN X=230e 0 ¥Y=lle0
QA & 7 9 MODN Xz 3740 Y=11le0
P1 A 11 1K

R2 7 11 80K

f3 o 11 1K

N 10 & 12 MONN

R4 12 11 SOK

017 13 12 11 MODN X=3940 ¥=19.0
114 13 0 ¢3M

Q134 14 14 10 MNONP Xa3e0 ¥z11e0
Q138 13 14 10 MNDP X230 0 Y=1le0
013C 15 14 10 MONP 78 X=3,0 Y¥z11e0
021 1f 15 1& MONN .

N22 16 1& 17 MODN

023 11 13 17 MODP X=2600 Y=1Re 0
Q14 1 15 18 MOCNN X=10e 0 Y2350
N20 11 17 18 wMNDP Xz23940 Yu3500

PL 1A 0 1K

VIN 12 19 060

vce te n s

VEE 11 0 -1§

pPE2 12 1 100K

Rel | 19 <0

oTHRML L X35C LY=40 A0=10 80=10 KS=400223 KH=90002 GH=e 01l
+TCS=27¢0F=9 TCH=30eE=9 LXHOR=100¢ LYHDR=100¢
oMONEL MODN NPN BF=100 VA=100

e MNDEL MODP ONP RBF=100 VAzSQ

«PRINTY DC V(18) V(1)

ePRINT DC T(Q1,Q2) T(Q3,04) T(05%5,06)

ePLOTY NC Vvilia) v(1l)

«PLOT NC T(N1,02) T(Q3,04) T(Q5,06)

eDC VIN —=10M 10M 1IM

onglPN ACCT PDMAXze2 IDRAUG7=21

o END

H

Fig. A2.3

Simplified 74) op. amp.
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[EXAMPLE 74

..‘0“‘..?

VIN .

=1e000F=-02

— .=9e500€-0)

~9.000F=-C3 "~

=Ne500F-0)

. =Ne00QF~0J

ceeam=Te500C-03.
=74000t -0}
~0e¢500E~-01

=6+ 000E-CJ

OC THANSFER™CURVES

8 JAN 77 ‘0..0“‘..‘.“".‘...OO‘......?-SP[CE 2A 88000 0ssense

ot__og_og_gg:_tggo_c90_9§323339333t,__o_g_og_oggy__ggg_ ssderenessecnrrensenes GE00BBE000000000000 00000000000t rnttvete

TYEMPCRATURE =

- -"1aJ%9E¢0L. . 60“075 04

“1eJ5AC¢0)
=1s3378¢01
~102087,401

1997 ~04
~1e94¢€E~-04
~Se1006-08

ce— . NE200 yéiy__.. _ .
~1.382E00}) 3¢176fE-03
" 1e36IEeOY __ 20A76E~0Yy . ————— et s e o o
~le2¢iE004 20 181£~0)
=1.J01E001 1e683r-03
=1e3r0Ce0]) 1e186E~03

ce— ~~%e%008~ o: —. = L0 0ACESOL __ %40 74f~0S

‘*.OOOF- ~9.,696%000 le401F=~0q

%00F - OJ =A.581F+00 1+97/AF~04

-l.OOOF -03 ~7%10E¢00 e 328F ~04

—— ~J-50°E~OJ 04 7CECQ0___2,4H7F - 00

~34000F-0 ~5.482C000 Z.A71F-04

= 2500 - OJ =481 TE*00 20292F-04

=2.000C~-0% =Je*H15¢00 1e977( -00

e . =1e5000-03 ___ +2,¢70F¢00 4.527(-00

~1.000F-03 ~1e765R 400~ 9,523E-05

=5+9200F~-0a ~9,2I0E-0} 2e611F£-0%

- O “HeA 795202 =5,437C-0%

———— 00000-08 ___ 7,4076=01._~l,416E~0a

. 14000F-0y 1eS76€4CN =2,23HE=-04

1+%50QF~0) 20432E000 =2.9%AF~04

2.000C-0) 3331E000 =~J¢5€2f-0a

- .~ €eB005=C3 4,216+ 00 ~"Ae0aCE~0Na

3.0001:-0) Sel1%06 000  ~ae367F -04

3¢500F~0) ColIAEIOC -a,5IrF-04

4,009C~-03 Te117900C ~4,513F~04

e = 80900E-05 __ N.1875¢00 _~4,337r-04

$e0COV~ Qe l26OF N0 =) NQ7r =08

%5¢5000~0) t.C3RCs01 ~Je221E~-048

. Ce0N0FE~0) 1 ISRE01 ~2¢23CE~0A

e . %e%0IC-0) . . 12040008 _ =94 INF=0%

7.000CL-03 1a64109F 0018 He 120k =0%

e300 -0} 14817€E4901 =~4.291F~04

A.0C0r-03 1.417£+0) «%¢ 2HRC =04

e cen B0e500€-0Y | 1+817€¢01 _ ~1.429-03

%4 000F =0 ledl7r 0} ~14928L-03
9-500(-0] 1e8178401

201.

=24428E-03

The following is a part of output file when the above-mentioned

deck is run on the program T-SPICE2A.
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NC YRANSFFR CURVE OF FAIRCHILD 741

Q1 10 1 3 MODN X=37e5 ¥=800
02 10 2 & MODN X=34.9 Y=84
03 < 11 3 MODP X=32e S Y=12e8
N4 9 11 4 MADP X=_Ee0 Y=12e8
0S5 S & 7 MONN X=3902 ¥=16¢5
05 3 & B MODN X=45450 Y=16e5
Q7 23 & €& MNON X=3245 ¥=22e%
08a 10 10 23 MODP 62 X=13e0 Y=€e S
N8B 10 10 23 MODP <8 X=26¢0 Y=6e%
Q024 11 10 23 MODP o4 X=32¢5 Y=6¢ 5
N98 11 10 23 MOOP 66 X=2600 V=6e5
210 11 12 14 MODN X=39¢2 ¥=224%
Q1tl 12 12 24 MODN X=8500 ¥=2840

N12 12 13 23 MNDP X=8e¢0 Y=€eS
Q13A 15 13 23 MOD1 X=8e 0 ¥=1248
0138 17 13 23 M0OD2 X=8e0 Y=1248
Q14 23 17 20 MODA X=13e0 ¥=47¢0
N1SA 17 20 21 MOON 3% X=3245 Y=3840
N15R 17 20 21 MCDN o6%5 X=26¢0 ¥=38.0
016 23 9 1€ MODN X23765 =286 0
0174 15 16 25 MONN ¢35 X=45, Y=2860
NEra 1S 16 25 MODN 6% X=41e0 Y2280
018A 17 18 19 MODON 75 X=32e5 Y=31e3
Q19R 17 18 19 MODN 625 X=26€e0 ¥231e3
Q194 17 17 18 MODN (6% Xu26¢ 0 Y=31e3
019R 17 17 18 MODN o035 X=3205 Yz31e3
N20 24 19 22 mMONP Xz2816¢0 Y=47¢0

Q21 26 22 21 MOOP X=26e 0 Y=47¢0
n22 < 2£ 28 MODN X=41e0 Y=38e0
Q23A 24 15 9 MOD2 X=37e5 Y=3840
Q232 24 1 19 MNON4 X=37e5 Y=31e3
Q24A 2€ 26 24 MODN 25 Xz32e% ¥=38e0
N2aB 26 26 28 MODN o75 X=3205 Y=47¢0

R1 7 24 1K

R2 € 28 0K
03 8 24 1K
P4 14 24 3K

RS 13 12 39K
R6 20 21 27

RY 21 22 2290
g 28 24 100e0
P9 1 24 SOK
R1D 18 19 40K
R11 2F¢ 24 50K
DFR1 21 2 100K
RFB2 2 30 S0eC
oL 21 0 100K

The following deck performs a dc transfer curve analysis for

A2-4. dc_transfer curve of a 741 operational amplifier

a commercially available 741 operational amplifier shown in Fig. A2.4,



VING 1 6 D0
ver 23 0 1S40
Ve 28 9 =1%40
VIN O 30 -8m

eMANEL MCDN NPN I1S=]14Ff~14 VAR]00
eMINEL MODP ONP 1S=14F~14 VASTE,0
SMNANEL MOANY PNP 1S=24,29F€-15 VA=27S
eMNNEL MCD2 PNP [Sz2,QF=15 VAx7S,

«MNOFL MND3 PNP 1S340063E-13 VAa7S
oMODFL MONA PNP 1S2,79F=1% VAnTS

e MNDEL MONA NPN IS=z]e,F=14 VA=2100 BF=200

eTHOML L X355 LY=58 AOu10 90310 KS22¢23E-03 KMzheSE-04 GH=1eE-02
$70S2,02 TCH=902 LXHDR=110 LYHOR=2110

«PRINT OC V(2) V(21)

¢PRINT DC T(Q1,02) T(Q3,04} T(Q%,06)

e3LOT DC V(2) (~-osaM,eaM} Vv(21)

oPLOT NC T(01,02) T(03,04) T(QS,08)
eDC VIN «-AM Go8M ,aM

¢IPTIAN ACCT IDRUG7z=] PDMAX3,1S

¢ END

| Qi3
A8 @
QSM 9.
Qe
Rio
o 1@
| y
3 N Al
i @ sJ, 1.32-————{9;; !
‘ . t- "!.'.lfb H 1 )
T—‘ i Daa }_‘_’, ‘ b;'.; ;;\ :
':*i L@ Q - f’" =K ir.“;‘";‘.y; :
«Qu{_,"'_ —“ ‘e ] ;)!‘OK = 100 ! h, (
. 9 i ] P
L L i L S
{ @ i
Fig. A2.4

Complete schiematic of 741 operational awpii!iue
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The following Is a part~of output file when the above-ment {oned

the program T-SPICE2A.

is run on

deck

OC TRANSFELR CURVE OF FAIRCMILD 74
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OC TRANSFER CURVE OF FAIRCHILD 741 :
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check starts. The basic objective of the second order check is to form
an asymmetrical thermal network for every rectangle without creating
. nodes around the edges of the rectangle. If a node is created around

the edges of the rectangle then it affects the thermal network of the

R

adjacent rectangle which it shares the line segment containing the node
created. The overlay tries to first complete this triangular thermal
network for a rectangle without creating nodes around the outside edges

_________________ of the rectangle. |In this process, a few nodes interior to the rec-

(a) tangle may be created. If a node is created on the outside edges, then
it goes back to the first order check and this process is repeated until

F every rectangle has its own triangular network in accordance with the

requirement. The subroutines FRMTR! and INDTRI are devoted to the second
order check. When the second order treatment is finished it goes to
the final linkage formation step.

The overlay returns to the main program with six tables labeled

c IPNTX, IPNTY, NOFFTH, IURTH, LINKTH and {PERIM. Nth entry into IPNTX

and IPNTY tables give X and Y coordinates of node N. Nth entry into
NOFFTH gives the number of nodes connected to node N. Tables IURTH,
LINKTH contain data regarding node connections and these data are stored
in a linked list bead structure in NODPLC array. NODPLC({IURTH+N) (=IPTR)
is a pointer to LINKTH table and NODPLC(LINKTH+IPTR+1)(=N1)} is a node

connected to node N. NODPLC(LINKTH+IPTR) is another pointer to the

next bead. If IPTR = 0, it indicates the end of the bead. Table

/ IPERIM gives all the nodes on the edges of the chip sequentially,

{c)

starting from the lower left corner in a counterclockwise direction.

Fig. A3.9 The number of entries, IPRM in IPERIM table is equal to the number of

Examples of first order check nodes along the outside edges plus one, and

: » v = W
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NODPLC(IPERIM+1) = NODPLC (IPERIM+IPRM) .

A3-5. The RCVGRD overlay

This overlay simply reads in data concerning the asymmetrical
network previously formed and available in punched form and reconstructs

the six tables mentioned in FRMGD1, 2, 3, 4 overlays.

A3-6. The FRMGTH overlay

This overlay calculates the values of all the thermal resis-

tances and capacitors for both chip and header as shown in Chapter 3.

A3-7. The SETUP overlay

In T-SPICE2A, the SETUP overlay with the flag 'INTL' set at
1 or 2 establishes the integer pointer structure for the thermal or
electrical circuit respectively.

In T-SPICE2B, the SETUP overlay with the flag 'INTL' set at
-1, 0, +] establishes the integer pointer structure for the thermal,

electrical, and overall electro-thermal circuits, respectively.

A3-8. The JAGTH overlay

The JAGTH routine is the control routine for the overlay. It
calculates the chip temperature for a unit power input on the top sur-
face of the chip with two sets of thermal conductances 1.5 GH and 2.0
GH distributed from the bottom surface of the header to the ambient,
where GH is the user-specified junction to ambient conductance. From
these two resuits the header to ambient thermal resistance is linearly
interpolated to give user-specified junction to ambient thermal resis-

tance.

274,

A3-9, The THLOAD overlay

This overlay calculates all the admittance-matrix coefficients
associated with the thermal resistances and their locations in the
matrix. The matrix coefficients and their locations are stored in
NDTPC and NTHVAL tables respectively. The content of these two tables
is copied into the Y-matrix later when the actual analysis begins and

the loading of admittance matrix becomes necessary at every iteration.

A3-10. The DCTRAN overlay

This overlay in T-SPICE2A is different from that in T-SPICE2B.
First the DCTRAN overlay as implemented in T-SPICE2A is presented and

then the DCTRAN as implemented in T-SPICE2B is presented.

A3-10-1. The DCTRAN overlay in T-SPICE2A

The DCTRAN overlay is the control routine and performs the dc
operating analysis, the transient initial conditions analysis, dc
transfer curve analysis and transient analysis. |t consists of the
following subroutines: DCTRAN, TRUNC, TERR, SORUPL, LUDCMP, FITERS ,
ITER8 , CHKCON, UPDPWR, UPDVAL, LMTPWR, DCDCMP, DCSOL, LOAD, COPYTH,
INTGR8 and BJT.

In dc transfer curve analysis as shown in Fig. A3.10, the pro-
gram first updates source values at time zero and does the LU decompo-
sition of the thermal admittance matrix through the subroutine call
to LUDCMP. The LU decomposed Y-matrix is stored in the LVNTH table
and later used during the loading of the thermal matrix. The INITF
flag is then set to two. The subroutine FITERS is called to actually
obtain the first point solution. |f the solution does functionally

converge, the values of the specified output variables are stored in
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Initialize

v .

TIME = 0, 0

v

Call SORUPD

v

IDCOCM = 2
Call LuDCMP

v

1DCDCM = 1
CINITF = 2
Call FITERS

Print warning
statement

No\

v

Converged?

v

4 Yes

Store outputs

y

c

Finished?

Yes

Return

No

Update variable
source value

v

INITF = 6

v

Call FITERS

¥

hYL.( Converged?

N
) o

dc transfer curve analysis employing modified functional method

)

Fig. A3.10

- (@

&
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central memory. |If the solution does not functionally converge, then
the warning statement is printed out and the analysis proceeds to store
the last result of the solution.‘ Then the variable source is incre-
mented and the INITF flag is set to six. This procéss continues until
the required number of dc transfer curve points has been computed.

The dc operating point analysis as shown in Fig. 3A.11 is less
complicated than the dc transfer curve.analysis. It proceeds in the
same manner as in the dc transfer curve analysis and after the solution
is converged the INITF flag is set to‘four. Then the device model
routine BJT is called to compute the linearized, small-signal value
of the non-linear capacitors in the device model.

The initial transient point analysis is almost identical to
the dc operating point analysis and shown in Fig. 3A.12. The only dif-
ference is that in the initial transient point analysis, the linearized
capacitances are not computed after the solution converges.

The transient analysis loop is shown in Fig. A3.13. Since the
time-zero solution has been computed by the initial transient point
analysis, it first stores the values of the output variables. After
the proper time step is chosen, the thermal admittance matrix is decom-
posed by the subroutine LUDCMP., The decomposed matrix is stored in
the LVUNTH table and the first time point solution is obtained by calling
the subroutine FITER8 with the INITF flag set equal to five. If the
time point does not functionally converge, the time step is reduced
by a factor of 8 and the time point is re-attempted. If the time point
does converge, then the subroutine TRUNC is called twice with the INTL

flag set to one and two, to calculate the smallest time step from both

electrical and thermal circuits respectively. The smaller of the two

g3 3
: 3
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Initialize
v

TIME = 0, ¢

v

Call SORuPD

A

IDCDCM = 2
Call LUDCMP

v

IDCDCH = 1
Call FITERS

v

) No ( Converged? 4;)

W VYes

INITF = &4

y )

Terminate Call BJT

2

Call OVTPVT

|
v

v

Return

Fig. A3.11
Flow chart of dc operating point analysis employing modified

functional method
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initialize
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Time = ¢, ¢

v

Call SORUPD
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I1DCDCM = 2
Call LUDCMP
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A—

Update time
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Call SORUPD

Terminate
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Fig. A3.12

functional method

Flow chart of initial transient analysis employing modified

IDCDCH = 2
Call LUDCMP

\

1DCDCM = ]
Call ITERS

K

(;7 €onverged? }"“5"‘

[

’9——4, No
DELTA = DELTA/8
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Fig. A3.13

v
No :
W DELTA too small?
] Yes
Terminate
M \ T
rf X
Return

9

5 .

280.

Flow chart of transient analysis employing modified functional method
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is chosen as a next time step. As long as the chosen time step is
greater than 90 per cent of the present time step, then the time point
is accepted and the output variables are stored. Otherwise, the time
point is rejected and re-attempied with the smaller time step.‘ The

LU decomposition is necessary prior to each call to FITER8 because
the thermal admittance matrix coefficients vary with the size of the
time step chosen.

All four of the analysis procedures in the DCTRAN overlay use
the subroutines FITER8 , ITERS , LUDCMP, and LOAD.

The subroutine FITER8 as shown in Fig. A3.14 calls ITERS with
the INTL flag set to one and two alternately until both the electrical
and thermal solutions converge functionally. ITNUM that indicates the
number of functional iterations is first set to zero and the subroutine
UPDVAL is called to update the non-linear device parameters according
to guess temperatures. The integer pointer structure for the electrical
system stored in the table IURI, 1UCl, and 10DR] are copied onto the
IUR, 1UC, and IORDER tables. The subroutine ITER8 is called with INTL
=] and it returns with the solution of the electrical nodal voltages.
The subroutine CHKCON next checks for the functional convergence between
the current functional iterate solution and the previous iterate solu-
tion with respect to the electrical nodal voltage, temperatures, and
electrical currents through all the non-linear electrical elements.

If the functional convergence is obtained, it returns to the subroutine
DCTRAN. Otherwise, the subroutine UPDPWR is called and the new power
dissipation vector is created according to the latest electrical solu-
tion and the integer pointer structure for the thermal system stored

in the tables |UR2, 1UC2, and I0DR2 are copied onto the IUR, lUC, and

"

4]

{TNUM = 0 . Call UPDPWR
_V < N
Call UPDVAL INTL = |
N\ L\ No
Recover IUR, 1UC, I0DER ITNUM = 0 ? *)ﬁr
and allocate LVN, LVNIMI ('_‘Yes-'ﬂ,_‘_'—"‘
for electrical system INITF = MIND
L L= <
MIND = INITF Call ITERS
. [\ No R\
( ITNUM = 0 7)—>— INITF = 2 Store results
v Yes - \
= 1 4 Clear IUR, TUC,
INITF = INITF 10DER, LVN,
Y LVNIMI
INTL = 2
Call ITERS 2
ITNUM = [TNUM+1
'cc - 7 e 1 - .
onverged )-—?—— 1GOOF = 1 ‘- s )
Yes - : <\ ITNUM > IFLINT?
> i_Yes
Store results -
T Return
Clear IUR, 1UC, IORDER,
LVN, LVNIMI
W
Call CHKCON
Converged? So Yes
Y
Recover IUR, {UC, I0ORDER
and allocate LVN, LVNIMI
for thermal system
-
Fig. A3.14

ITER8 flow chart




283.

10RDER tables. The subroutine ITER8 is called with INTL=2, and it
returns with the nodal temperature solution. This process continues
until the functional convergence is obtained.

The flow graph of ITER8 is slightly different from that in
SPICE 2 and shown in Fig. A3.15. When the flag IDCDCM is equal to one,
it indicates that the LU decomposition of the thermal admittance matrix
has been performed previously and the decomposed matrix is stored in
the LVNTH table. Thus the call to DCDCMP is skipped.

The flow graph of LOAD is shown in Fig. A3.16. When the flags
INTL=1 and IDCDCM=2, they indicate that the thermal admittance matrix
is to be loaded and LU decomposed. In this case, the excitation vector
will not be loaded since it is not needed flor LU decomposition. When
the flag IDCOCM=1, it indicates that the LU decomposition of the thermal
admittance matrix has been performed and LU decomposed matrix is avail-
able in LVNTH table. Thus the content of the LVNTH table is copied
onto the LVN table and the excitation vector is also loaded. |If the
flag INTL=2, it indicates that the electrical admittance matrix is to
be loaded.

The flow graph of LUDCMP is given in Fig. A3.17. The function
of this routine is to perform LU decomposition for the thermal admit-
tance matrix and store the LU decomposed matrix in the LVNTH table.

To this end, it first copies the integer pointer structure for the
thermal system stored in the IUR], IUCI, and I0DRI tables into the IUR,
1UC, and IORDER tables. Then with the flag INTL=1, the subroutine LOAD
is called and then the thermal admittance matrix is LU decomposed
through the subroutine DCDCMP. The LU decomposed matrix is stored in

the LVUNTH table.

‘ S to

= e
r>

l
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ITERNO = 0 -
¥
kA
TTERNO = TTERND
+ 1
NONCON = 0
v Y
( ITERNO > ITLIM ‘)_ff[zfrminate
LT
Call LOAD
¥
Yes
(:7 INITF = 1 7 44)
$ No
( INITF = 2 7 )—9:[INITF =3
) i:—A
( NONCON = 7—)—1 INITF = 1
No
28 | \
(;7 INTL = ? 1DCDCM = i> NONCONBij)
2 Ih‘* < Yes Yes
Call DCDCMP ¥
| .
w -
call DCSOL
v | v
(:, INTL = 7 'j>_i,__ Return
2
Fig. A3.15
ITERB flow chart
o5 "3 ;
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J,= 1

IDCDCM = ? ’

=1 ]

|

Recover IUR, IUC,
“IORDER for thermal
system & allocated
memory space

v

INTL = 1

Load thermal
admittance matrix
(Call COPYTH)

Recover the LU
decomposed thermal
admittance matrix

Load electrical
admittance matrix

v

Call.LOAD

v

{

Load thermal
excitation vector

Load electrical
excitation vector

{

< 1
<

A

—_—

Return

Fig. A3.16

LOAD flow chart

b

Call DCDCMP

v

Store the result

Vv

Replace the memory

space no longer needed

i)

Return

Fig. A3.17

LUDCMP flow chart
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thermal network successfully. In order to insure the success of the

289.

thermal network formation, the user must first create his own tri-
angular thermal network making sure that all the interior angles of
triangles are less than 90 degrees, and enter these extra node loca-
tions as a part of input data.

The flow graph of T-SPICE2C is shown in Fig. A3.19. The pro-
gram works in the following way. It first chooses a node A on a chip
plane and another node B closest to it. Then it checks if there exists
a node with which A and B can create a triangle without inflicting any
difficulty. Node C in Fig. A3.20(a) is acceptable but node C in Fig.
A3.20(b) is not because of the presence of a node D.

If no appropriate node exists, then the program creates a node
C and forms a triangle ABC. Now at this point the three nodes A, B,
and C are considered to form a perimeter which will eventually be
expanded until it coincides with the outside edges of the rectangular
chip. Thus we can make a perimeter table whose entries are sequentially
A, B, C, and back to A.

The next step is to find a node for every line segment along
the perimeter, which lies within the region defined by two straight
lines drawn perpendicular to the line segment at two ends and closest
to that line segment as shown in Fig. A3.21. A line segment which has
the closest node is then chosen and the line segment and its closest
node D are used to form a triangle, ABD. If no such nodés exist, an
appropriate node D is created to form a triangle with one of the Iiné
segments along the perimeter. At the end of this process the perimeter
table will be expanded to cover this node. Fig. A3.22 shows a case

of this example,

e >
Pick a node "A'" in the No Is there a node
vicinity of the middle along the perimeter
of the chip at which outer angle
\is <180°7
\L LAYes
Find or create a node
Hpn
E?gg:gtatgoﬂzu B )\ so as to make this
angle >180°
4
Does a node ''C" No
. -
exist such that 4ABC -
can be formed? ¥
Create a node ''C"
Yes ‘}! &P |
Form AABC
<~/
Does a node ''D"
exist that lies ¥

above the perimete

r?

Yes |

Create an appropriate
node

Y.

I
A g

Form triangle

290.

-

table

Update the perimeter

v

Is the therme! net-
work complete?

Yes
g
N
No
—
-
Fig. A3.19

P

Punch the data

Flow chart of thermal network formation in T-SPICE2C
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+10:
+11:

L +12:

4 ) .

TABLE A4.2

- 297.

The Linked List Structure of Resistors in T-SPICE28B

next-pointer LOCV + 0: element name
Locv +1: r(T nom)
ni ‘ +2: TC

n2 + 3: X Loc
(n1, n2) + 4: Y Loc
(n2, nl)

(nl, NT)

(n2, NT)

(NT, nl)

(NT, n2)

Lxi offset

INDT

NT

) ‘ 298,

A4-2. Capacitors

In T-SﬁICEZA, all the electrical capacitors are stored in the
linked list under ID (identification number) = 2, while the thermal
capacitors are stored under 1D = 13. In T-SPICE2B both the electrical
and thermal capacitors are stored under ID = 2., The linked list
structure for capacitors under ID = 2 are identical in both T-SPICE2A

and T-SPICE2B and shown in Table A4.3.

TABLE AL.3

The Linked List Structure for Capacitors

LOC + 0: next-pointer LOCY + 0: element name

+ 1: LOCV : + 1: computed element
value

+ 2: nl

+ 3: n2

+ 4: (n1, n2)
+ 5: (n2, nl) Lxi + 0: q (capacitor)

+ 6: Lxi offset + 1: i (capacitor)

ey
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Al-3.  Inductors
The linked list structure for inductors is identical in both

T-SPICE2A and T-SPICE2B and is shown in Table Ah.4.

TABLE A4.4

Linked List Structure for Inductors

ID =3

LOC + 0: next-pointer LOCV + 0: element name
+ 1: LOCV + 1: computed value
+ 2: nl
+ 3: n2
+ 4: IBR

4+ 5: (nl, IBR)

+ 6: (n2, IBR)

+ 7: (IBR, nl)

+ 8: (IBR, n2) Lxi + 0: phi (inductor)

+ 9: Lxi offset +1: VvV (inductor)

;‘\, ~—~
/
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Al-4, Mutual inductors

The linked list structure for mutual inductors in both T-SPICE2A

and T-SPICE2B is shown in Table A4.5.

TABLE Ab.5

Linked List Structure for Mutual Inductors

LOC + 0: next-pointer LOCV + 0: element name
+ 1: LOCV + 1: value

+ 2: ptr(Ll)

+ 3: ptr(L2
+ b4: (L1, L2)
+ 5: (L2, L1)




Ah-5. Voltage controlled current source

The linked list structure for voltage controlled current source

in both T-SPICE2A and T-SPICE2B is shown in Table AL.6.

TABLE AL.6

Linked List Structure for Voltage Controlled Current Source

LOC + 0: next-pointer LOCY + 0: element name
+ 1: LOCV + 1: value
+ 2: nl + 2: delay
+ 3: n2
+ 4: n3
+ 5: nk

+ 6: (nl, n3)
+ 7: (nl, nk)
+ 8: (n2, n3)
+9: (n2, nk)

301.

302.

Al-6. Non-linear voltage controlled current source

The linked list structure for non-linear voltage controlled

current source in both T-SPICE2A and T-SPICE2C is shown in Table A4.7.

TABLE Ak.7

Linked List Structure for Non-Linear Voltage Controlled Current Source

ID = 6
LOC + 0: next-pointer LOCV + 0: element name
+ 1: LoCv + 1: pl
+ 2: nl + 2: p2
+ 3: n2
+ 4: n3
+ 5: nb
+ 6: (nl1, n3) +21: p2l

+ 7: (nl, nb)
+ 8: (n2, n3)
+ 9: (n2, nb) Lxi + 0: V old
+10: NPAR +1: Geq

+11: Lxi offset + 2: i old
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305, 306.
A4-9. BJT +19: (ne', ne) +7: 9,
The linked list structuresof BJT in T-SPICE2A and T-SPICE2B +20: (ne', nc') + 8: g{cbe)
are shown in Table AL.10 and Table Ak.ll respectively. +21: (ne', nb') +9: 1(cbe)
+ 22: Lxi offset +10: g(cbe)
TABLE AL4.10 + 23: INDT +11:  i({cbc)
~ The Linked List Structure of BJT in T-SPICE2A + 2h: NT +12:  g{ces)
ID =10 +13:  i(ccs)
Comments:
LOC + 0: next-pointer LOCY + 0: element name
(1) 1s(T) is the saturation current at the current iterate temperature T.
+ 1: LOCY + 1: area factor '
(2) 8B(T}, RC(T), RE(T) are extrinsic base, collector and emmiter resis-
+2: nc + 2: X Loc ’
tances at the current iterate temperature T.
+ 3: nb +3: Y Loc
+ 4: ne + b4 T
TABLE A4.11
+5: ne! -+ 5 1s(T)
The Linked List Structure of BJT 'in T-SPICE2B
+ 6: nb!' + 6: RB(T)
ID =10
+ 7: ne' + 7: RC(T)
+8: mp + 8: RE(T) LOC + 0: next-pointer LOCV + 0: element name
+ 9;: off +9: VT + 1: LOCV + 1: area factor
+10:  (nc, nc') +10:  PWR +2: nc +2: Xtoe (Vpp )
+11:  (nb, nb') +3: nb +3: ¥ Loc (Vg )
+12:  (ne, ne') Lxi + 0: Vbe +4: ne
+13:  (nc', nc) +1: Vbe +5: nc' Lxi +0: V
+14: (nc', nb') +2: ic + 6: nb’ + 1: Vbc
+]5: (ncl, ne') + 3: ib + 7: ne! + 2: ic
+16: (nb', nb) + 4 9, +8: mp +3: ib
+17:  (nb', nc) +5: g +9: off + 4 9pi
+18:  (nb', ne') +6: g +10:  (nc, nc') + 50 9,
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+ 11: {nb, nb*) +6: g o an intrinsic BJT and adapted to T-SPICE may be characterized by the fol-
i1l
+ 12: (ne, ne') - + 7 9, lowing equations:
+:13: (nc', nc) + 8: gfcbe) )
le = (CBE - CBC)/QB - CBC/BR - CBCN
+ 14: (nc', nb") + 9: i(cbe)
+ 15: (nc', ne') +10: g(cbc)
’B = CBE/BF + C8C/BR + CBCN
+ 16: (nb', nb) +11: i(cbe)
+17: (nb', nc) +12:  c(ces) where CBE = ls.[exp(qVBE/kT) - 1] if forward biased,
+18: (nb', ne') +13: i(ccs) - (IS/VT).VBE if reverse biased.
+19: (ne', ne) +14:  dIF/dT = - i i
’ . . CBEN Czls.[exp(qVBE/nekT) 1] if forward biased,
+20: (ne', nc') +15:  dIB1/dT = (Czls/nev.l.).\lBE if reverse biased.
+21: (ne', nc') +16:  d1B2/dT €BC = 1. [exp(qVp /kT) - 1] if forward biased,
+22: (nc', NT) #7: T = (IS/VT) if reverse biased.
+ 23: (nb!' NT) +18: CBEQB = - i i
i CBCN ch"s[exP(qVBC/nckT) 1] if forward biased,
+ 24:  (ne', NT) +19: CBCQB = i i
’ = (ck'ls/chT)‘vBC if reverse biased.
+25: (NT, nc') +20: diCl/dT : fe: collector current
+26:  (NT, nb') +21:  dIC2/dT Ig: base current
+27: (NT, ne') +22: dP/dVbe BF: ideal forward current gain
+28: Lxi offset +23: dP/dVce BR: ideal reverse current gain
+23:  INDT +2h:  dP/dT Vgg: base-to-emitter junction voltage
+30: NT Vge: basesto-collector junction voltage
Comments : k: Boltzman's constant
(1) The contents of LOCV + 2, 3 are changed to initial base-to-emitter T: temperature in degrees K
and base-to-collector or junction voltage guesses after the junc- I : saturation curren:
tion initializing scheme. . . C,: forward non-ideal base current coefficient
(2) Notations in linearized BJT model as used in T-SPICE2B are defined ch: reverse non-ideal base current coefficient
in the following: ) ng: non-ideal base-to-emitter emission coefficient

The integral charge model proposed by Gummel and Poon [27] for

s Y

::% Jigr . ¢ e
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AL-10. Thermal capacitors

In T-SPICE2A, thermal capacitors are treated differently from
electrical capacitors, while in T-SPICE2B both are stored under ID =
2. Thermal capacitors in T-SPICE2A are grouped under ID = 13 and its

linked list structure is shown in Table A4.12.

TABLE Ak.12

Linked List Structure of Thermal Capacitors

LOC + 0: next-pointer LOCV + 0: element name
+ 1: NT ' + 1: wvalue
+:2: Lxi offset

Comment:

(1) Since all the thermal capacitors have one no&e~at ground, only one

node needs to be specified.

Ab-11, Thermal parameters

All the thermal parameters are stored under ID = 15 and are

shown in Table A4.13,

' SN =

~d )

TABLE Ak.13

Linked List Structure for Thermal Parameters

Comment:

LOCV + O:
+ 1:
+ 2:
+ 3:
+ 4
+ 5:
+6:
+ 7:
+ 8:
+ 9:
+10:

+11:

(1) For the meanings of the notations, see Appendix |.

LX

LY

BO

KS

TCS
TCH
&H
CXHDR

CYHDR

312,
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A4-12. Zener diode
The linked list structures of zener diodes in T-SPICE2A and
T-SPICE2B are shown in Tables AL.14 and AlL.15, respectively.
TABLE A4.14
Linked List Structure of Zener Diode in T-SPICE2A

iD= 18
LOC + 0: next-pointer LOCV + 0: element name

+ 1: LOCV + 1: value (T nom)

+ 2: nl +2: TC

+ 3: n2 + 3: - X Loc

+ 4: IBR + 4: Y Loc

+ 5: (nl, IBR) +5 T

+ 6: (n2, IBR) + 6: Value (T)

+ 7: (IBR, nl) + 7: PWR

+ 8: (IBR, n2)

+ 9: INDT
+10: NT
Comments:

(1) value (T nom) is the zener voltage at nominal temperature (27°C).

(2) value (T) is the zener voltage at the current iterate temperature T.

B B

A
d 314,
TABLE AkL.15
Linked List Structure of Zener Diode in T-SPICE2B

1D =18
LOC + 0: next-pointer LOCY + 0: element name

+ 1: LOCV +1: value (T nom)

+ 2: nl +2: TC

+ 3: n2 + 3: X Loc

+ 4: IBR +4: Y Loc

+5: (nl, IBR)
+6: (n2, 1BR)
+7: (IBR, nl)
+ 8: (IBR, n2)
+ 9: INDT

+10: NT

Ab-13. BJT model
The linked list structure of BJT model for both T-SPICE2A and

T-SPICE2B is shown in Table AL.16.

TABLE AL.16

Linked List Structure of BJT Model

1D = 22

LOC + 0: next-pointer LOCV + 0: model name
+ 1: LOCV . +1: BF
+ 2: model type + 2: BR

+ 3: IS



+
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+10:
+1:
+12:
+13:
+14:
+15:
+16:
+17:
+18:
+19:
+20:
+21:
+22:
+23:
+24:
+25:
+26:
+27:
+28:
+29:
+30:

RB
RC
RE
vA
vB
1K
c2
NE
IKR
c4
NC
TF
R
ccs
CJE
PE
ME
cJc
PC
MC
EG
PT
KF
AF
TCic
TCIB

TCIE

315.

316.

Comments:
(1) TCIC, TCIB, TCIE are the temperature coefficients of the extrinsic

collector, base, and emitter resistances.

Al-14. .PRINT/.PLOT

The linked list structures for elements defined under ID = 31
through 42 are identical to that of SPICE 2. The linked lists repre-
sented by ID = 43, 44 are added for temperature outputs under dc an&
transient simulations. The linked structure of dc analysis output is

shown in Table AL.17.

TABLE AL.17
Linked List Structure of dc Analysis Output Variable

ID = 43

LOC + 0: next-pointer LOCYV + 0: variable name

- +1: LOCV

+ 2: Namel(NI)
+ 3: Name2(N2)
+ b4: ISEQ

+ 5: unused

Comments:

(1) Name | and Name 2 are the names of the devices whose temperature
difference is the desired output. The names are changed to cor-
responding thermal node numbers N1 and N2 in the subroutine DEFTHN.

(2) The linked list entries for ID = 44 are exactly the same as for

1D = 43 except that the output variables are for transient.
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APPENDIX 5

LIST OF THE T-SPICE PROGRAM

Persons who wish to obtain the T-SPICE program should write
to the Electronics Research Laboratory, University of California,
Berkeley, California 94720. The laboratory charges only a nominal

handling charge for any of the programs that it has available.
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