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ABSTRACT

SLIC is a computer program which simulates and analyses linear

integrated circuits. SLIC performs the following four types of

analyses: nonlinear dc analysis, linear small-signal analysis,

noise analysis, and sensitivity analysis. The dc analysis computes

the dc node voltages and the transistor operating points. The small-

signal analysis first generates linearized small-signal transistor

models and then computes the poles and zeros and/or frequency re

sponse of a specified transfer function. The noise analysis computes

the the equivalent thermal and shot noise sources and at five fre

quencies computes the noise at the output port. 'The sensitivity

analysis computes the sensitivities (partial derivatives) of the

transistor operating points and the specified transfer function

(at five frequencies) with respect to specified passive circuit

elements. In addition SLIC allows the temperature and a single dc

source to be varied and also allows analyses of altered versions

of the original circuit.
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I. INTRODUCTION

,£ The SLIC (simulator for linear integrated circuits) program

has undergone a number of modifications and additions since the

original work of Idleman [1] [2] was completed. Larger circuits

(up to 100 nodes) can be simulated and simulation times have been

reduced with the implementation of sparse matrix techniques.

Voltage-controlled current sources, mutual inductors, and junction and

MOS field-effect transistor models have been added. The option to

plot a specified dc voltage as a single source is varied (dc transfer

curve) has been added. The provision to bypass the dc analysis and

proceed directly into a small-signal analysis has also been included.

The implementation of Mullens method which is used to compute poles

and zeros has been modified to reduce pole-zero computation times.

The optional noise analysis now computes the rms output port noise

generated by each equivalent thermal and shot noise source at up to

five user specified frequencies. Previously, only the total rms

output noise was computed. An optional sensitivity analysis has

1> been added which computes the sensitivities (partial derivatives)

of the transistor junction voltages with respect to certain user

specified passive circuit elements. At up to five user specified

frequencies, the sensitivities of a defined transfer function with

respect to the transistor small-signal parameters and the selected

passive elements are also computed. The input data format has been

modified to allow the use of keywords in the description of transistor



models. Of the above modifications and additions, William McCalla

was responsible for.implementing sparse matrix techniques, adding

mutual inductors, modifying the implementation of Muller's method,

and adding the sensitivity analysis.

The bipolar transistor model used in SLIC is described by

McCalla [3]. The dc model is a nonlinear hybrid-pi equivalent of

the Ebers and Moll transport model [4]. Incorporated in this model

are basewidth modulation effects, a current-dependent short-circuit

dc current gain 0_, high level injection effects, and temperature-
J?

dependent effects. A linear, small-signal hybrid-pi model is used

for the small-signal analyses. The junction and MOS field-effect

transistor models used are based on the insulated-gate field-effect

transistor model of Shichman and Hodges [5] [11]*

SLIC consists of approximately 5100 Fortran statements and has

a field length of 41000 decimal words. It is capable of simulating

and analyzing circuits of up to 100 nodes with the following

limitations: 40 resistors, 20 capacitors, 20 inductors, 20 voltage-

controlled current sources, 10 mutual inductors, 30 bipolar and

field-effect transistors, 10 bipolar transistor models, 10 field-

effect transistor models, 10 current sources, and 10 grounded voltage

sources.
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II. USER'S GUIDE

This section contains the SLIC user's guide which describes

the input data language and the various analysis options. An

example is also included to illustrate circuit and analysis

descriptions.



\

UNIVERSITY OF CALIFORNIA
COLLEGE OF ENGINEERING

DEPARTMENT CF ELECTRICAL tNGINfERING

AND COMPUTER SCIENCES

H. M. KOP AUGUST 1972

D. 0, PtDERSON

USERS GUTD5 FOR SLIC VERSION H

GENERAL PRCGRAM DESCRIPTION

SLIC SOLVES FOR TH2 OC NOCE-TO-DATUK VOLTAGES, TFANSISTCR OPERATING PCINTSt
SMALL-SI GfiAL POLES, ZEROS, AND FREQUENCY RcSPC.NSL", NOISE ' PERFORMANCE, AND
SENSITIVITY OF C!RCUTT5 CONTAINING PESISTORS, CAPACITORS, INDUCTORS, VOLTAGE-
CONTRCLL«VO CURRcNT SOURCES, MUTUAL INDUCTORS, e I POLAR TP ANSI STOPS, JUNCTION
AND MPS FI ZLP-EFFHCT TRANS IST03S., CURRENT SOURCES, AND GROUNDED VCL7AGE
SOURCES. SLIC ALLOWS TH= US2R TO CHOOSE A COMBINATION C* THE ABOVE TYPES CF
ANALYSES. ANALYSES MAY BE REPEATED FOR SEVERAL DIFFEFENT TcMPEPATURES AND/OR
FOR SEVERAL OIFFERENT VALUES OF ANY DC SCARCE.

THr NONLINEAR BIPOLAR TPANSISTOR MODEL IS £OUIVALC-NT TO THAT OF E9ERS AND
MOLL WITH BASl=WIDTH MODULATION EFFECTS AND-A CUFrzNT-DEPFNDENT SETA INCCPPORATED
AND THE SMALL-SIGNAL MOD'iL IS THE EXTRINSIC HYBRIO-PI. THE MODELS FOR BOTH
JUNCTION ANO MCS FI-LD-fcFFCCT TRANSISTORS ARE BAScC ON THE INSULATED-GATE
FIELD-EFFECT TRANSISTOR MODcL CF SHICHMAN ANO H3DGES.

PROGRAM LIMITATIONS

100 NODES ♦ DATUM NODE (NUMBERED 0)

40 RESISTORS

20 CAPACITORS

20 INDUCTORS

20 VCLTAGE-CONTROLLiD CURRENT SOURCES

10 MUTUAL INDI.C73RS

10 3IPCLAR TRANSISTOR MODELS

10 FlrLO-zFFECT TRAMS ISTQP MODJ;LS
30 TRANSISTORS OF TH<= F'JLLOWING TYPES -

DIPOLAR TFANSISTDRS TR^N CR PMP")
JUNCTION FIELD-EFFECT TRANSISTCkS (N OR P CHANNEL)

MOS FltLD-LFFFCT TRANSISTORS (N CR P CHANNEL!
10 CUPRrNT SOURCES
10 GROUNDED VCLTAGc SOURCES
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REMARKS

#

THEFOLLOWINGARt:GENERALCOMMAS.CONCERNIMGCHARACTERISTICSANDLIMITATIONSCF
THEPROGRAM.

I)Jn-3_SMAYQ:BATCHEDBYUACINSJHr\±_S_E_OU4NTIALLY—ATITLECARDFOREACH
NEWJOBFOLLOWINGTHi:NOCAF<00**-THE"PRCEfEDINGJOB.

2!ALLELEMENTMAM.:SMUSTBEUNIOUf.REPETITIONOFANAMEWILLCAUSEITS
PRFVICUSOCCUP.ANCETOBeOELaFD0^P.EPL/C£D.NAMESMUSTNOTCONTAINANY
DELIMITERS(BLANKS,COMMAS,ECUALSIGNS,ANDPARfNTHSSES).

3)TM-"GROUNDORDATUMNODEMUST*BENUMBERLD0.

4)THEUSEOFvACHOHMICBASE,CDLLl-T.TCR,*OPAIN
TRANSISTORSCREATESANEXTRANCD'fINTHECIRCUIT*
4)TH-fUSEOFvACHOHMICBASE,CDLLtT.TCRr*OPAIN,ANDSOURCERESISTANCEIN

CONVERGENCE

OHMICBASE,COLLECTOR,DRAIN,ANDSCURCERESISTANCESCANBEINCLUDEDIN
CTHETP\NSISTORMCorLS.INSOMEINSTANCES,WHERESTRINGSOP.LOCPSOFTRANSISTORS

ANDDICOE-CONNECTEDTRANSISTORSAREPRESENT,CONVERGENCECANBEIMPROVEDBY
THEINCLUSIONCFTHESCOHMICRESISTANCES.

BIPOLARTRANSISTOROPERATINGPCINTVAP.IATfONS

FORANJNLINEARDCANALYSIS,THECEPENDrtNCSOFTHEOUTPUTCONDUCTANCEON
COLLECTORCUP.R5NTISMODELED.THEDEPENDENCEOFTHEFC'iWARDTRANSISTCRBETAON
COLLECTORCURRENTALSOCAN3£MGCELED.BETAISASSUMEDTOFALLOFFATLOW
CURRENTSASTHEONE-HALFPGWfF.AMDTOFALLOFFLlfEARLYATHIGHCURRENTS.
OUTPUTCONDUCTANCEISASSUMEDTOVARYLINEARLYWITHCOLL=CTORCURRENT.FORA
LINTAP,SMALL-SIGNALANALYSIS,THEDEPENC^NCECFCOMPUTEDSMALL-SIGNALBETACAN
BeMODELEDWITHR£S«>c'CTTQCOLLcCTOPCUPKcNT.TFANSITTIM&ANDJUNCTION

(CAPACITANCESARE.MODELEDWITHR'JSP'ECTTOJUNCTIONVOLTAGES.

0'TEMPERATUREANALYSIS
S

3

:^?;THETEMPEKATURESENSITIVITYCFDCOPERATINGPOINTSANDSMALL-SIGNAL
IPERFORMANCECANBe*ANALYZEDTHROUGHAUTCMATICVAPIATIONSOFRESISTOR,

CAPJCITOP,IN0UCTC1R,VOLTAOCCNTRCLLECCURRiNTSOURCE,ANDMUTUALINDUCTOR
VALUESANDTRANSISTORPARAMETERSKITHTEMPERA-TU^c.THEUSERCANSPECIFYVALUES

\FORTH^SEP*c.AM.=TifPSEFFECTIVEATANCMINALTcMPr*UTUP.E(TNOM).ALSO.USER
"SPECIFIh"DAf-\:THE"FIRST"-ANDStCCND-ORDtF"fEMP"-}RATURECOEFFICfcNTSFORTHEABOVE

STATEDILrlMcINTSANDrtlPHLARTRANSISTORB^tils,CHMICBASERESISTANCES,AND
OHMICCOLLECTORRfcSISTANCcS.THsNOMINALTEMPERATUREVALUESARE-THENMULTIPLIED
BYTHEFACTOR

(••

,1+TCI*(T-TNOM)+TC2*(T-TNCM)«»2



WHCF E T IS THE Tj.**Pr RATURE OF INTEREST AND TCI AND TC2 ARE FIRST- AND SECOND-
OROLR TLMP'IsATUPw CO :FFIC I*.'SI7 S , RESPECTIVELY. BIPOLAR T.7ANSISTCK JUNCTION
SATURATION CURRENTS, OUTPUT CONDUCTANCE, TRANSIT TTM"., AND JUNCTICN CAPACITANCES
ARE VARIED POR BOTH I ARC.* AMD SMALL-SIGNAL ANALYSES ACCORDING TO THE
THEORETICALLY DERIVED RELATIONSHIPS FOR SILICCN TRANSISTORS.

* ^



INPUT DATA FORMAT.

'•'"* THtr INPUT DATA FORMAT OF SLIC IS C*= THE FREE VqRMAT TYPE. FIELOS ON A

J

CARD ARC-- SF.PARATrD BY ON<E Gi< MCRE DELIMITERS. 3LANKS, COMMAS, EQUAL SIGNS, LEFT
PARENTHESES, AND RIGHT PARENTHESES /HE ALL DELIMITERS.

__ a_o- Mu^.f ^-..aI>J WITH A NAME. pitLD STARTING IN COLUMN 1, WITH THE

( EXCEPTION OF TITLE CARDS, COMMENT CARDS, AND CCNTINUATJON CARDS.

A NAME FITLD MUST CONTAIN FFOM ONE TO FOUR CHARACTERS. ANY TPAILING
. CHAPACTEPS Af>"£ IGNORED. THr FIRST CHARACTER OP A NAME FIELD MUST BE A LETTER

AND ONLY CcSTAIN LFTT-'ftS WHICH ARE DESCRIBED B'LPW IN THE GUIDE MAY JBE_ US_FDt_
f>lt"VtMVl>TlNGn[U«J T.J'THR^C! CHARACTERS MAY BE COMPOSED OF ANY COMBINATION OF

I ALPHANUMERIC CHARACTERS EXCEPT DELIMITERS.

A NUMERIC FltLH MAY BE AN INTEGER FIELD (12, -44), A FLOATING POINT FIELD
( (3.14159), EITHER AN INTEGER OR A FLOATING «*»OINT NUMBFR FOLLOWED 8Y AN INTEGER

fXPO'Jc.NT ( 1E- 14, 2.<V5P0), OR EITHER AN I NTEGSR CR A" FLOATING PCINT NUMBER
FOLrOWl'D^Y~ONt OF THE" POLLOWING SCTl E FACTORS -"

< .
G 1.0S+9

MEG 1.0E+6

( K 1.0S+3
M 1.03-3 .'
U 1.0E-6 , .

( N 1.0E-9
P 1.0E-12 > .

I ANY LETTERS IMMEDIATELY FOLLOWING A NUMBER THAT ARE NOT SCALE FACTORS ARE
IGNORED, AND ANY LETTERS IMMFDIATEJJMFJCIJ^J^G^JSCJ^

TicNCT~lOT_iOV"rOVOrT"$', AMD 10HZ ALL KcP"RTS!:NT THE SAML NUMStRt AND M, MA, MSSCT
AND MMH'JS ALL REPRESrflT THE SCALE FACTCR M. NOTE THAT 1000, 1000.0, 10CCHZ,
1E3, 1.0=3, 1KHZ, AND IK ALL REPRESENT THE SAME NUMBER. VALUES IN NUMERIC
FILLOS MAY BE DEFAULTED BY A SLASH, /, AND DELIMITERS NEED NOT Pc USEO BETKEEN
SUCCESSIVE SLASHES. FOR EXAMPLE, THE GRCUP C= NUMRER FIELDS ( 10K//9.6U ! IS
EQUIVALENT TO ( 10K 0.0 0.0 9.6U ). ' '

< CONTINUATION CAaDS ARE" BEGUN WITH A PLUS, +, IN COLUMN I AND MAY BE USED
IN DESCRIBING TRANSISTOR MODELS, VARIABLE CURRENT SOURCcS, AND VARIABLE GROUNDED

^ . VOLTAGl" SOURCES.
' ",

THE FIRST CARP rp AN IN°UT DECK MUST RE A TITLE CAFD AMD THE LAST CARD AN
- 5 END CARD7 THE~~OROcR OT ALL OTHER CARDS~TS~~ARBlTKARY.
( « •

O . •
2 —- : :

( '

(.. ' . • ••
t . '• :

(

(
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CONTROL CARDS

1! TITLE CARD — A CAP.O WHOSE CONTENTS ARE PRINTED CUT VERBATIM AT THc HEAD
GF EACH SECTION OF OUTPUT.

2X**PLc -

SOLOMON AND WILSON SERIES-SCRIES TRIPLE BROADBAND AMPLIFIER

2) COMMENT CARDS — CARDS (CFTICNAL) WHOSE CCN^ENTS ARE PRINTED OUT VHP RATIM
( WHEN P.EAO.

c
EXAMPLE -

* OPEN LOOP — NO FEEDBACK

C COLUMN 1 MUST CONTAIN AN ASTERISK, *. THE FcST CF THE CARD MAY CONTAIN ANY
COMMENTS.

C

3) PRINT CARD — A CARD WHICH SPECIFIES THE TYPE OF CC AMO/OR SMALL-SIGNAL
C ANALYSIS DESIRED.

C
GENERAL FORM - f

PRINT DCMODE ACMODE VAR( »TS, FMIN, FMAX ) OUTPUT (NQ», NO-) TNPUT(NI»,M-!

EXAMPLES -

PRINT CC PZ FLOG(10,IHZ,lOOMfGhZ) V0UT(7,0) IIN(1,C!
( PRINT AC FLIN 10 95KHZ 105KHZ VOUT 15 0 VIN 2 C

PRINT DC

C DCMODE IS THE LETTERS DC IF A DC ANALYSIS IS CESIRED OR BLANK IF N'JNE IS
DESIRED.

C ACMODE IS THE LETTERS PZ IF POLES AND ZEROS (WITH OP. WITHCUT A FREQUENCY '
RESPONSE) AR'i DESIP-ID, THE L5TTEPS AC IF ONLY A PRr:QUENCY RESPONSE IS D3SIPEC,

3 OR BLANK IF NEITHER IS DESIRED.

IF ACMODE IS PZ TWO OPTIONAL NUMERIC FIELCS MAY IMMEDIATELY FOLLOW THE
LETTERS °Z. TFs f^t TJM-RIC FIELD IS THE UPPEP FREQUENCY LIMI^ FOR POLES
AND THE SECOND NUMCF.IC FIiELD IS.THE UPPER FREQUENCY LI«IT FOR ZEROS. THESE
LIMITS ARE SPECIFIED IN Uc^Z. TF EITHER NO POLES OR NO ZGFCS ARt DESIRFD,

t

THE NUM3 =R 0 fZ"V)!'SHCULO Bt: S°r:'CI PI EC. THE SPECIFICATION OF A / (SLASH!
WILL CAUSE ALL POLES OR ZEROS TQ BE FOUNC.

THE- VAR SPECIFICAT!INS MUST Bf. PRESENT IF ACMODE IS AC. IF ACMODE IS PZ
AND A FREQUENCY re SPANS!-* IS ALSO D'SIRED, THEN THE VAP. SPECIFICATIONS SHOULD BE
PRESENT.TWO TYP~S OF FViCJ^NCY VARIATION ARE ALLOWrO. VAP_I^ THE_L|TT_EPS

'rCOG~Fc"rTT~C0GAR7TlT^(rv'ARlTrrC^ OF FP^QUCTJCY p'cints p'er
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DECADE.FMIMISTHESTARTINGFR<-Q'J^NCYANDPMAXISTHEFINALFPEOcNCY.VAP
ISTHEL-TTiHSFLINr0R~A'LINE"ARVAT!ATfnN'TNO'PTSIStH?">fUMBTn~r'F""FRE6UENCV

irJPOINTSSTARTINGWITHFMINANDENDINGWITHFMAX.{

THEOUTPUTANDINPUTSPECIFICATICNSSPECIFYTHETRANSFERORDRIVINGPCINT
(FUNCTICNPCRPCLL-SA.JOZEROSAND/CRFREQUENCYRESPONSE.OUTPUTISTHELETTERS
4VOUJ__FnPVOLTAGjj_OUTPUTORTHELcTTEKS_ICUT_FORCURRENTOUTPUTANDNO*^NO_NO-

JRl:THE'oos'lT'iVEAND"NirGATIVVCUTPUT~NQbr"sT"fESpTCTIYe'LY.'1NPUf"ISTHELETTERS*
(*VINFCRVOLTAGEINP!JTCRTH~LcTTERSIINFORCURRENTINPUTANDNI+ANDNl-
gARETHEPOSITIVEANDNEGATIVEINPUTNCDES,RESPECTIVELY.

('"

4)DCCAf'D—ACARD(OPTIONAL)WHICHSPECIFIESTHEPLOTTINGOFADCTRANSFER
CCUPVE.ASPECIFIEDDCOUTPUTVOLTAGEISPLOTTEDASASINGLEVCLTAGEORCURRENT

SOURCEISVARIED.THENUMBERCFPOINTSPLOTTEDCANNOTEXCEED101.

CGENERALFORM-

c
DCSMAMESTARTSTOPSTEPONAMENlM2

EXAMPLES-

COCVS-0.5+0.540.MVVCUT70
DCII0.0IMA10UAV3434

CSNAMEISTHENA*>EOPTHEVOLTAGECRCURRENTSOURCETHATISVARIED.THIS
SOURCEMUSTALSOBESPLCIFIEDONA*VOLTAG,EORCUFRENTSOURCECARD*.STARTIS
THEINITIALSOURCEV,',LUc,STOPIS?*£FINALSOURCEVALUE,ANDSTEPISTHE

(INCREMENT.ONAMEISTHENAMECFTHEOUTPUTVOLTAGEV.HICHEXISTSBETWEENNODES
NlANDN2.

(

5)TEMPERATURECARD—ACARD(OPTIONAL)WHICHSPECIFIESTHENOMINALTEMPERA

TUREANDUPTOFIVETAMPERATfjRESATWHICHTHECIRCUITISTCPEANALYZED.

T;.:MPFPATURESAPESPECIFIEDINDEGREESKELVIN.IFTHISCARDISOMITTEC,AN
ANALYSISISPcRFJRMjnATTHiASSUMEDNOMINALTEMPERATUREOF30CDEGREESKELVIN.

(.IFONLYTHENOMINAL7-EMPERATUREISSPECIFIt-.D,ASINGLEANALYSISISPERFORMEDAT
THISTEMPERATURE.THISCARDHASNjEFFECTONATRANSISTORWHICHHASA

TEMPERATURESPECIFIEDONITS*TR/NSISTCRCARD*.

k
GENERALFORM-

TEMPTNOMTlT2T3T4T5

EXAMPLES-

TEMP3Q33CC3C5310

T'EMP298

TNOMISTHENOMINALTEMPERATURE.Tl,T2,T3,T4fANDT5ARETHEUPTOFIVE
TEMPERATURESATWHICH7H~CIRCUITISTOBEANALYZED.INTHEFIRST'EXAMPLE

(ABOVE,TN(*MIS300D:Gnf=SANDTHECIRCUITISANALYZEDAT300,305AND310
DEGREES.INTFESEC.'NDEXAMPLE,ONLYONEANALYSISISPERFC-EMFCATTHENOMINAL
TiTMPETATUAf~0P~29'3"0ZG~PfJHS.

1

(
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6)NOISECARD—ACAPO(OPTIONAL)WHICHSPECIFIESUPT0FIVEFAFQUc^CIES

ATWHICHNOISEANALYSESARETOBcPERFORMED.THECQUIVALHNTSHOTANDTHERMAL
fNOISESOURCESFORTHEDCCIRCUITA3ECCMPUTEDAMDPRINTEC.FOREACHFREQUENCY

SPFCIjFI^O,THERMSNCISECONTRIBUTIONATTHEOUTPUTPORTFROMEACHEQUIVALENT
NCT'S?"SOURCE"ISCOMpTitToAN5~PRTNTr~D.THEfOTALRMSNGISEATfHe"OUTPUTPORT

(ANDTH>:TOTAL«MSNOISEREFERREDTOTHEINPUTFORTAREALSOPRINTEDATEACH
FREQUENCY.AeANOWIDTHOF1HERTZISASSUMEDINTFcNOISECALCULATIONS.

(GENERALFORM-

C
NOISEFlF2F3HF5•

EXAMPLE-

CNOISE1KHZ10KHZ100KHZIMEGHZ

Fl,F2,F3,F4,ANDF5ARETHEUPTCFIVEFREQUENCIESATWHICHTHENOISE
CANALYSISISTOBEPERFORMED.

C
7)SENSITIVITYCA-.O—ACAPO(OPTIONAL)WHICHSPECIFIESV?TOFIVE
FREQUENCIESATWHICHSENSITIVITY(PARTIAL"Dt'ffv\TIVIE)"ANALYSESARETOBE

CPERFORMcD.ONLYS'EN'SITIVITIESWITHRESPECTTOTHEPASSIVEELEMENTS(R,C,L,
ANDG)CANBEPERFORMED.ALSO,THECARDS>CFTHEPASSIVEELEMENTSOFINTEREST
MUSTCONTAINTHELETTERVIMTHEFIELDIMMEDIATELYFOLLOWINGTHESECOND-ORDCR

CTEMPERATUPr.COEFFICIENT.NOTETHATFORRESI$TC°SANCINDUCTORS,THECOMPUTED
SENSITIVITIESAPEWITHRESPECTTOTHEIRRECIPRCCALS(I.E.1/RANOl/L).

(GENERALFORM-

SENSFlF2F3F4F-5
(

EXAMPLE-

(SENS1MEGHZ10MEGHZ

i

3

2-

Fl,F2,F3,FA,ANDF5ARETHEUPTCFIVEPR:CU£MCIESATWHICHTHE
SENSITIVITYANALYSISISTOBEPERFORMED.

B)ALT^RCARD—ACARD(OPTIONAL)WHICHINOIC/TSSTHATUPCNCTVPLETKNCFTHE
PRESENTANALYSIS(INCLUDESALLVARIABLESOURCEVALUESATFACHSPECIFIEDTEMPFR-

(ATUFc)THECIRCUITAMD/ORRESPCNS.ECONTROLCAFCSAPETOBEALTERED.

1)ANYTYP1*CFCARD^AYF3LLCWAN"ALTERCARC.THEPTOGRA'mVIEWSSUCHCAPDS~7T
ACONTINUATIONOFTHECIRCUITORRESPONSECCNTROLCARDDESCRIPTION.THUS

I)FORDCAND/ORSMALL-SIGNALANALYSES,ANALYSISSPECIFICATIONSMAYBE
tINTRODUCED,DELETED,ORCHAN'GfrOBYINCLUDINGAPRINTCA&OWITHNEW

.ANALYSIS<J>ECIFICATIONS,DELIMITERS,ORALTcREDANALYSISSPcCIF1CATTONS,
RTSoECTTVlLYET

(
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II)TS'MPfRATUP.t:VARIATIONSMAYBEfNTROCUCiP,DELETED,ORCHANGEDBY
•INCLUDINGAT£MPEPATUF':CAFOWITH,WITHOUT,%*WITHNEWTFMp.-RATUP.FDATA,

RtSPECTIVcLY.NOISEFRrOUfNCI^SMAYHEINTf-OCUCEC,DELETED,ORCHANGFD
\*BYINCLUDINGANOISECAi-DWITH,WITHOUT,OPWITHNlWNOISEFREQUENCIES,
('RESPECTIVELY.SENSITIVITYFREQUENCIESMAYflrINTRODUCED,DELETED,OR

CHANGf:0_BYINCL'JDINGASENSITI_V!1YC_AJ"&_MTH,__WITHQ1JT,QRWITHNEW
fc~'*SWs7flV'lTYFp"E'QUENCfES,RESPECTIVELY."
K.•'

III)ELEMENTSMAYBEADDED,DcLETcD,ORCHANCSOBYINCLUDINGANEWELEMENT
«~-NAMEANDCESCPIPTIONf-ANOLDLLC-McNTNAMEWITHMCDESCRIPTION,ORANOLD
(ELEMENTNAMEANDNEWDESCRIPTION,RESPECTIVELY.

r-^ir:
IV)TRANSISTORMCDc:LPARAMETERSMAYBEACDuO,DELETED,ORCHANGEDBY

(INCLUDINGANEWKEYWORDANDNUMERICFIELDS,AN01DKEYWORDWITHNO
NUMERICFIlLDS,ORANOLCKEYWORDWITHNEWNUMERICFIELDS,RESPECTIVELY,
ONACARDWITHANOLDTRANSISTv)RMOCELNA^E.

c

c

c

2)ANYNUMBEROFSUCCESSIVEALTERCAPDCYCLnSARE*AlLOWED.

EXAMPLE-

ALTFR

COLUMNS1-5MUSTCONTAINTHiWORCALTER.

(9)ENDCARD—ACARDWHICHINDICATESTHATUPONCOMPLETIONOFTHEPRESENT
ANALYSIS,AMEWCIRCUITISTCCEENTERED..THISCARDMUSTBEINCLUDED.

i.EXAMPLE-

END

COLUMNS1-3MUSTCONTAINTHEWORDEND.

V

('*

('

1-

(



"L EMC NT CARDS

1) RESISTOR, CAPACITCP, AND INDUCTOR CARCS

GENERAL FCP.M -

CXXX Nl N2 VALU" TCI TC2 VAR

CXXX Nl N2 VALUE TCI TC2 VAR
LXXX Nl N2 VALUE TCI TC2 VAR

EXAMPLES -

PI 01 21 300K 2.0F-3
CI 01 00 12.OP // V

LZRO 02 10 0.000001

12

THE CIRST FIELD MUST CONTAIN Af.' ELEMENT NAM? THAT BEGINS UITH THE LETTER
R FOP, R£SISTOR CARDS, C C0R CAFACITOF. CARCS, AND L FCR INDUCTOR CARDS.
NL AND N2 APE THE MODES OF T^t ELEMENT. VALUE IS THE NOMINAL RESISTANCE IN
OHMS FOa RESISTOR CARDS, NCMINAL CAPACITANCE IN PARADS C0R CAPACITOR CARDS,
AND NOMINXL INDUCTANCE IN HENRIES FOP INCUCTOR CAPOS. VALUE CANNCT BE ZERO
OR NtGATIVE. TCI AMD TC? ARE THE FIF.ST- AND SECCND-GRDf-3. TEMPERATURE
COEFFICI FN fS, P"cSP?CfTvELY. UNS°2C l'F I"ED f£>rt~Pfc*RAT UPE CCcFFICTENTS ARE ASSUMED
TO BE 0.0. VAR IS AN OPTIONAL FIELD USED TO SPECIFY A SENSITIVITY ANALYSIS
VARIABLE. IF VAR IS THE LETTER V AND A *£ENS CARD* IS INCLUDEO IN THE DATA
DECK, SENSITIVITIES (PARTIAL DERIVATIVES) WITH RESPECT tq THE SPECIFIED
=LEML:NT WILL 8c PERcORMED.

2) VOLTAGE-CONTROLLEC CURRENT SOURCE CARDS

GENERAL FORM -

GXXX Nt N- NC+ NC- VALUE TCI TC2 VAR

EXAMPLE -

GM2 7 0 3 0 3M 2E-3



3)MATUALINCUCT^KCARDS

GENERALFORM-

MXXXNlN2N3N4VALUE1VAL'JC2VALUE3TCITC2

(
»EXAWPL<

13

-(ML1254610U10'J5UO.IM

=MXXXISTHEMUTUALINDUCTCP.NAM.EWHICH"USTBEGINWITHTHELETTERM.Nl
(ANDN2ARFTHENOD'SCFTHEPRIMARYWINDINGANON3ANDN4APETHENODESOFTHE

SCCCNDARYWINOTNG.VALUEtISTHeN'IMIN;L_SELf^INOUCTANCECFTHEPRIMARY
wTNTriNG7"viLUi2~S~T^5nNlWI^fNCUCTANCCBETWEENTHFPRIMARYAND

fCECCNDAKYWINDINGS,ANDVALUE3ISTHENOMINALSELF-INDUCTANCECFTHESECONDARY
WINDING.ALLINDUCTANCESAPESPfCIFIEDINHENRIES.TCIANDTC2*RETHEFIRST
ANDSECUNO-ORDERTrMPgRATURcCOEFFICIENTS,RESPECTIVELY.UNSPECIFIEDTEMPERA-

('TURtCOEFFICIENTSAREASSUMEDTOBEO.O.

c
4)CURRENTSCURCECARDS

QGENERALFORM-

c
rXXXlHN-VALUEVALUES

EXAMPLE-

QIS02030.002

fX'XXISTHECUT^KTSOURCENA.MeHHTcTTmUSTp.;6!h"WIththeletterI.Nf
(ANDN-'apeTHEPOSITIVEANDNEGATIVENODES,RESPECTIVELY.APOSITIVECURRENT

FLOW**«PMN+THP3UGHTHESOURCETDN-.VALUEISTHENOMINALCURRENTINAMPcRES

c
OFTHECUPRENTSOURCE.

FnoaSINGLECURRENTSOURC?(OR^
TrLTfFS~'oTTWRT^WHICHTHtCIRCUITISTOBEANALYZEDMAYBE

("FNTEFEC.TH^SFADDITIONALVALUVSAPEENTEREDCNTHEREMAINDEROFTH?SCURCF
CARDAMDIFNFC=SSARYCMCARDSFOLLOWINGIMMEDIATELY.THESECARDSTHATFOLLOW
MUSTCONTAINAPLUS,*,INCOLUMN1.NOTETHATADCITICNALSOURCEVALUESSHOULD

•^notBcSPECIFIEDF0C.TFt:GENERATIONOFADCTRANSFERCURVE(SFE*DCCARD*
3.

('.

(.

(

1

c

c

ABOVE).

5)GROUNDEDVOLTAGESOURCECARDS.

GENERALFCRM-

VXXXN+0VALUEVALUES

EXAMPLE-

V*1015.010.0



1^

VXXXTSTH^JGRTJNCKOVOLTAGESOURCF_NAMr:WH:CH_MUSTBJjGlNWITH_TH;:_LFTTCR
V7N+"lSTHr.'~pbsrtTVE"NOOEOFfHE"riRCUNDEDV":LTAGVSTU«CF.VALUEISTHENOM
INALVOLTAGE(POSITIVEORNEGATIVE)INVOLTSQFTH';VOLTAGESOLRCfc.

FORASINGLEGROUNDEDVOLTAGESOURCE(ORCUPRFNTSOURCE)UPTOTWENTY
V\LUESFOPWHICHT^CIRCUITIS"0BCANALYZEDMAYBEENTEREDASDESCRIBEDUNDER
THFCURRENTSOURCECARDS.

6)TRANSISTOR(BIPOLARANDFIFLC-ECFECT)CARDS

GENFP.ALFCRM-.____

QXXXNIN2N3N4MODELAREAFCURVOLTTEMP

EXAMPLES-

Q5763BNS2IMA3.0

010734FJUN

025:11100FMOS2

QXXXISTHETRANSISTORNAMEWHICHMUSTBEGINWITHTHELETTER0.

FORBIPOLARTRANSISTORS,MISTHECOLLrCT0PNODE,N2ISTHEBASENQDc_,_
N3ISTHEtMITTcRNODE,ANDN4ISNOTSPECIFIED.C0RJUNCTiONFIELD-EFFECT
TRANSISTORS,NlISTHEDRAINNCDE,N2ISTHEGATENODE,N3ISTHESOURCENODE,
ANDN4ISNOTSPECIFIED.FORMOSFIELD-EFFECTTRANSISTORS,NlISTHEDRAIN
NODE,H2ISTHEGATENCDE,N3ISTHESCURC*£'MODE,ANDN4.ISTHFSUBSTRATE(BULK)
NODE.

MODEL!STHEFOURCHARACTERTfcANSISTO**MOC^LNAMEWHICHMUSTBEGINWITHTHE
LETTERBFORABIPOLARTRANSISTOR^CDELORTHELETTERPFORAFIELD-EFFECT
TRANSISTORMODEL.

AREAFISTHEAREAFACTORTHATISTOBeUSEDWITHTH!ETRANSISTORMODEL.
Jf.5IfAuirTCP»_^VALUrOFj.QISASSUMED.ANAR'EAFACTCF__0_F_2_.0FOREXAMPLEt
IMPLIES"THAT"TWOTRANSISTORSCFTW-MODELINDICATEDARETOBEPLACEDIN
PAPALLEL.HENCE,FOP.ABIPQLA?TRANSISTOR,RBANDRCAPEHALVFDWHILEISSr
CJE,ANi)CJCAREDOUBLED.

FORBIPOLARTRAMSISTOFS,CUPANDVCLTAREVALUESCFTHECCLLECTORCURRENT
ANDCOLLECTQrv-GUTTERJUNCTIONVOLrAGE;RESPECT?VELY.__IFTHECC_A_NALYSISj_S

"BY'PASSED,"THESEVALUESWILLBEUSED~Ts"TH>0PERATING'POTnTTdGENERATETHE
SMALL-SIGNALPARAMETERS.IFDEFAULTED,VALU'SOcC.1MAFORCURAND1.0VCLT
FORVOLTAREASSUMED.CURANDVCLTARENOTSPECIFIEDFORFIELC-EFFECT
TRANSISTORS.

T^MPISTH'-TEMPERATUREINDEGREESKELVINATWHICHTHETRANSISTQRISTOBE
7*ETdT~IFOMITTED,TH£TPANSISTOR"w"ILLBE'A'LToUU)"TOFOLLOWTHETEMPERATURES
ASSPECIFIEDONTHE^TEMPERATURECARD*.
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BIPOLAR TRANSISTOR "nOEL CARDS

THI;

THE MOOt
SPECIFIC

PARAMO Tl"

"CASE' TH*:
DEFAULT

DEFAULT

1) AS Nr

SE CARDS DESCRIBE THE 3I°OLAR TRANSISTOR MODELS USED IN THE CIRCUIT.
L PARAMETERS ARE ENTi-PSO AS GPCUPS OF NUMERIC FIELDS PRICEFDEC BY

KEYWORDS WHICH ARE DESCRIBED BcLOW. TH? CROSR IN WHICH GROUPS CF
RS ARE trNTtR• D IS AR BITg f o.Y AND A\'Y_GRCUP MAY BE _CMITTCD_» 1^J|*HICH
"DEFAULT" VALUES" ARE™ ASSUMED. - WITH IN ~A GROUP SLASHES"~MAY BE USEO TO
LEADING NUM.RIC FIELDS AND ANY Of-'TTTTD TRAILING NUMERIC FIELDS TAKE ON
VALUES. AS VANY CONTINUATION CARDS (SPECIF!EC BY A PLUS, +, IN COLUMN
C-"SSARY MAY 3E USED.

GENERAL FORM -

BXXX TYPE BF=BrMAX,ICMAX,3FLCW,ICLCW,VCE,TC1,TC2 BR=VALUE
♦ R0-VMUE,IC,V3E,VCE RB=VALUE* ,TC 1, TC2 REVALUE ,TCl ,TC2
♦ FT=VALU:,IC,VCE,LE/WB,ICO TSAT=VALUS CJr=VALUE,VBE,PHIE,NE
♦ CJC=VUUE,VBC,PHIC,NC,RATIO CSUB=VALUL: T5MP=VALUE ISS^VALUE
+ TF=VALUE VA*VALUE • * '

EXAMPLES--

3NPN=NPN BF=100,.i.OVA(40, l.OUA,3.0V,6.667'',-36.0U! BR»i ISS*2.02-14
*• RB=l50.(2.0Mf9.e>J) RC=100.0( 1.5M,7.0U) PC=50K,2MA
♦ CJE=3.0PF,0.65V CJC =1.QPF,-5.0V CSU3=2.0PF
♦ tT"=600Mf GHZ"( lVOMA, 5.0V )

BNS NPN RF 290 BR 1 ISS 1.26E-15 RB 67C RC.,300 RO 180K IM
+ FT 703MEG IM CJE .65P CJC .36P CSUP- 3.2P VA 50.0V

BPNP RB =100 CSUB=3.2PF BF=UO PNP

1) NAME

BXXX IS THE BIPOLAR TRANSISTOP MODEL NAM* WHICH MUST BEGIN WITH THE
LETTER 3.

2) TYPE KtYKORD s NRN CR PNP

TYPE IS EITHER THE KEYWORD NPN CR PNP OEPENDING CN WHETHER THE BIPOLAR
MODEL TYPE IS NPN OR PNP, RESPECTIVELY. IF CMTTED, NPN IS ASSUMED.

3) FORWARD BETA KEYWORD BF

BFMAX IS THE NOMINAL FORWARD BETA.

BETA, B<=MAX_ IS JHS MiX R«!jM_VALU;i CF TFE
CURRENT" AT" WHICH B^'UX GCCUR"S, 3*10W IS
BELOW ICMAX, AND ICLOW IS TH? COLLECTOR
THE CONSTANT VALUE OF THE

FCR A CUP RENT-DEPENDENT FQPWARD
FOPWARC BETA, ICMAX !S THE COLLECTOR
A VALUl CF THE FGRWAP~D BTtA AT A CUPRENT
CURRENT at WHICH BFLOW CCCURS. VCE IS

CILLECTCF-EMITTER VOLTAGE AT WHICH BOTH BFMAX AND
BFLOW CCCUR. TCI AND TC2 ARE THE FIRST- AND SICOMC-CPCER TEMPERATURE

COEFFICIENTS, P.cSPLTT IVELY, FCR BOTH THE FCRWARO AND PEVSRSL BETAS.
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4) REVERSE BETA KFYW'J^.D .: BR l

VALUE IS THE NOMINAL REVERSE BETA. NOTE THAT THE TEMPERATURE COEFFICIENTS
_FOR_THE PEV-R_SJf_BETA APE TH.E SAMF- AS JHOSE FOR THH FfPJKAjRD BEJ_A_AND ARE
SPECfF"lt-D "IN THE BF GRCUP. THE R'EViRSE BETA IS NOT"CCLLtCTCR CURRENT' dYpENdInT.

5) OUTPUT RESISTANCE KEYWOPD : RO

yALUE_J S THF OUTPUT RJfS ISJANCJ . IC^J/Br, _AND VCE APg THE VALUES OF
"CGLLcC'TOP. CURRENT, B^Sc-EEMITTFR""vCL'f AGE", AND_"CCLLcCfOR-EMITTER VOLTAGE, RES
PECTIVELY, AT WHICH TH? OUTPUT RESISTANCE IS MEASUP'D. IF TH£ EARLY VOLTAGE
!S MOT SPECIFIED, THE KO DATA IS OSED TO COMPUTE TK'z EARLY VOLTAGE (SEE *EARLY
VOLTAGE* DESCRIPTION 3EL0W). NOTE.THAT VBF. ANC VCE ARE OPTIONAL. IF SPECIFIED,
THE DATA IS USED TO CCVPUT2 THE PEVCRSE SATURATION CUF9ENT AS DESCRIBED BELOW
UNDF R 'REVtR SE SATURATION CUP RENT*. IF CMIT T£ C, A -06 FAULT CR EXPLICITLY
SPrCTFTtD "VALUE FOR " HE TcVTP7S~F"S ATURATION CURRENT I~S ASSUMED.

6) BASE RESISTANCE KEYWORD : R8

VALUE IS THi: NOMINAL OHMIC BASE RESISTANCE. TCI AND TC2 ARE THE FIRST-
AND SECOND-ORDER TEMPERATURE CCECFICIENTS, RESPECTIVELY.

7) COLLECTOR RESISTANCE KEYWORD* : RC

VALUc IS THE NOMINAL OHMIC COLLECTOR RESISTANCE. TC1 AND TC2 ARE THE
FIRST- AND ScCCND-ORPER" TirMPFRATURE COtFFIC'fENTS, RESPECTIVELY.

3) SMALL-SIGNAL UNITY GAIN FREQUENCY KEYWORD : .FT

VALUF_ IS THE Fr SQUXNCY AT WHICH THE SMALL-SIGNAL SHORT-CIRCUIT CCMMCN-
~."MITfEER"CUR"RE*Nt"GArfJ TS UNITY. !C AND VCE A* if THE" COLLECTOR CURRENT AND
COLL£CTOP-cM{TTEP VCLTAGE, RESPECTIVELY, AT WHICH FT IS "L'ASUREO. FT, IC, AND
VCE ARE USrD TC-COMPUTE THE «=CRWARD TRANSIT TIME, T.f. Li/WC AND ICO ARE USED
TO MODEL HlGH-CUPRcNr FT RCLL-CFF. LF/WB IS TH.I RATIO OF TH? LATERAL EMITTFR
DIMENSION TO THh OASEWTDTH AND ICC IS THF CURRENT AT WHICH FT STARTS TO PCLL-

JDFF._ TO ACCOUNT Fpy, HIGH CURRENT FT RCLL-CFF, THE COMP'JTcC VALUE OF TF IS
MULTIPLIED BY THE FACTOR " *

( 1 ♦ 0.25 * (LE/WB)**2 * (IC/ICC - 1)**2 )

o) SATURATION TIME CONSTANT KEYWORD : TSAT

VALUC IS THE SATURATION TIME CONSTANT WHICH IS PPESENTLY NOT USED IN SLIC.

10) EMITTER JUNCTION CAPACITANCE KEYWORD : CJE

•VATTJE IS THE tRTTTElT^OMCTl-.firTATArrTAlTCE AND VBE IS TH* eASfc-gMTTfCR

&
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-y^LTAr,.^ATWHICHTH'-EHTTKRJUNCTIONCAPACITANCFIS_MFASU?rP.PHIC»STHE
CONTACTPOTENTIALANDfUISTHEGRADIENTFACTCP."flitEMITTERJUNCTION""CJPACT
TANCcATAGIVFNV».-.ISDESCRIBEDBYTHEFCLLCWINGEQUATION

\

CJceCJK(VBE=0)/(I-VBE/PHIC)*"NE

OPAFORWARDBIASED FORBOTHNPNANDPNPDEVICES,VR::SHOULDBE_DCSIT_L¥£_FC
JUNCffONANDNEGAT'fVfFOP.A~RvVc>S"rBIASCDJUNCTION."*

11)CCLLECTORJUNCTIONCAPACITANCFKEYWORO:CJC

VALUElijfiiz.COLLECTORJUNCTIONCAPACITANCFANDVgCISTHEBASE-COLLcCTCR
VOLTAGEATWHICHfirCCLLEXTCRJUN£tION"CAPACITANC="ISMEASURED.-PHICIS~YHE

CCCNTACTPOTENTIALANDNCIS''HiGRADIENTFACTOR.THECOLLECTOfiJUNCTIONCAPACI-
„.TANCEATAGIVENVBCISDESCPIGEIhBYTHEFCLLCWINGEQUATION

CCJC=CJC(VBC=0)/(I-VBC/PHIC)**NC

(';RATIOISTHEFRACTIONCFTHEA30VEDESCRIBEDCJCTHATOVERLAPSTH*BASEOHMIC
RESISTANCE.THUS,RATIO*CJCISTHECAPACITANCETHATEXISTSB-TWcENTHECOLLEC
TORANDTHEBASECONTACTAND(l.O-PATIG)*CJCISTHECAP/CITANCETFATEXISTS

(.BETWEENTHECOLLECTORAMDTHEBASEACTIVEPEGICMS.FCRBOTHNPNANDPNP
DEVICES,VBCSHOULDBEPOSITIVEFCRAFORWARDEIASEDJUNCTIONANDNEGATIVE
FORAREVERSEBIASEDJUNCTION.\*"

12)SUBSTRATECAPACITANCEKEYWORD':CSUB#.

VALUEISTHESUBSTRATECAPACITANCE.FORANNPNTRANSISTOR,CSUBIS
;SU^1EDTOEXIST3ETWEENTHEEXTERNALCOLLECTORANDGROUND,WHILEFCRA

CTRANSISTORCSUBISASSUMEDTOEXISTBETWEENTHEINTERNAL8A*SEANDGROUND,

C.♦13)TEMPERATUREKEYWORD:TEMP

c.

•.3-

i:

i

(

VALUEISTHcTrMPERATUREATWHICHTHEMODELPARAMETERSAREMEASURED.

L4)REVERSESATURATIONCURRENTKEYWORD:ISS

VALUEISTHt"NOMINALREVERSESATURATIONCURRENTANDIS^ELATEDTQTHE
SHnRT-C'fPCUITPBEKS-MCLLSVTTmatIONCURS"c**¥««»BYTHEFOLLOWINT,"EQUATION^

ISS=ALPHAF*ItS=ALPHA**ICS*

IFISSISNOTSPECIFIEDANDIFVBEAMDVCEOFTHEROSPECIFICATIONAREALSCNOT
SpECIFIEDf_TH_E_N_ISSISDEFAULTEDTO1.0F.-14AMPERES.IFISSISNOTS°ECIFIEQ
BUfVii'E'ANCVCEARE"TPTCTFI•="'•)FORRO,THcNISSISCOMPUTEDFPoTTHERQDATABY
THEFOLLOWINGEQUATION

ISS=IC/((1♦VCB/VA)*EXP(VBEVVT))

WHEP.EVAISTHECARI.YVOLTAGEAMDVTTH»ETHERMALVOLTAGE.
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15) FCRWARD TPANSIT TIME KEYWORD : TF
*

VALUE IS THE FQ'.WARD TRANSIT TIME. IF UNSPECIFIED, TF IS COMPUTFO FROM THC
FT DATA. IF FT IS UNSPECIFIED, TH:N TF IS SET TO O.O. IF TF IS SPFCIFIED,
THIS VALUt: REPLACES 'WY FT QrRIV-D VALUE.

16) EARLY VOLTAGE KEYWORD : VA

VALUE IS THE EA^LY VOLTAGE. IF UNSPECIFIED, VA IS COMPUTED FROM THE RO
DATA BY THE FOPMULA

VA = RO * IC

IF RO IS UNSPECIFIED, THEN VA IS SET TO INFINITY. IF VA IS SPECIFIED, THIS
VALUE REPLACES ANY SO CERIVEC VALUc.
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PARAMETER

TYPE
BF=BFMAX

ICMAX

BFLOW

ICLOW

VCE

TCI

TC2

BD*VALUt

RO=VALUE
IC

VBE

VCE

RB=VALUE

TCI
TC2

RC-VALUE

TCI

TC2

FT=VALUE
IC

-VCE

-LE/WB

ICO...

TSAT=VALUS

CJE-VALUE
VBE

PHIE

N'c

CJC?VALUE

VBC

PHIC

NC
PATIO

CSUB>VALU5
Tc.MP=VALUE

ISS=VALUE

TF=VALUF.

VA=VALUE

DEFAULTVALUE

NPN

1Q0.0

IGNORED
IGNORED

1GNCRE0

0V6"
0.0

0.0

1.0

INFINITE

IGNGPl-D

IGNORED

IGNORED

0.0

0.0

0.0

0.0

0.0

0.0

"INFINITE
IGNORED

IGNORED

JGNORFD
fGNJCR'tD•
0.0*•»

0.0.

0.0

0.7VOLTS(NPN)

_0.5VOLTS(PNP)
0.33333

0.0

0.0

0.5VOLTS"

0.33333

0.0

0.0

300DEGK

SEEDESCRIPTIONABOVE
SEEDESCRIPTIONABOVE
SEEDESCRIPTIONAeO\Tc

19
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FIELD-EFFECTTpANSISTORMODELCA'DS

THESECARDSDESCRIBf-TH!:FIELD-fFFiCTTRANSISTOR*ODc~LSUSEDINTHE
CIRCUIT.THEMODELPARAMETERSAPEFNTEPFDBYSPECIFYINGAPARAMETERKEYWORD

(FnLLOWEOBYTHEPAhA"c.TF!<VA.LUE.TH_CkCERINWHICHPARAMETERSAREENTLRPDIS
ARBITRARYANDANY_PA*A_N_Tt;PMAYRECMITTCD,INWHICHJ^SJE_JJiH_P=F_AULJ_VALJIEIS_
i.SSU'i:Eb.ATMANYCC^trNUATIONC/RDSTSPf"cTF"lcO"BY""APLUS,+,INCOLUMN1)AS

(NECLSSARYMAYBi:USED.

('
GENERALFORM-

•L^X,-TYPEVTC=VAL1PHI_yAj_23FT^Vj>LJ__3Aj^MA=yj^4__LAMPQA^VAL5R0=VAL6_
"*+RS=VAL7CGS=VA*L8CGD=VAL9CGB=VAL*10C^D=VALll"C3S=VAL12~PB=VAL13

(+IS=VAL14

EXAMPLES-

FJ1NJIJMVTJ=-3BETA=0.001LAMBDA=0.05RQ=500PS=500CGS=10PFCGD=1QPF
C

(FM4NMOSVTO1.0BETA1.25UGA.MMA0.5CGB0.32PFCBCT0.2PFCBS0.2PF

C1).NAME

"FlOOTTSTHEFfELO-EFFECTTF/NSIST3RMODELNAMEWHICHMJSTBEGINWITHTHE
(LETTERF.

(2)TYPEKEYWORD:NJUM,PJUN,NMOS,ORTMOS

2

i

FORJUNCTIONFlELD-cFFECTTRANSISTORMODELS,TYPEISEITHERTHEKEYWORD
NJUMORPJUNDEPENDINGONVJH'THE"THEMODELISNCHANNELCRpCHANN-EL,
RESPECTIVELY.FORMf.SFIELD-EFFECTTRANSISTORMODELS,TYPEISEITHERTHE
KEYWORDNMCSOPPMOSDEPENDINGCMWHETHERTH_MODELISMCHANNELORPCHANNEL,
RESPECTIVELY..?

3)THRESHOLDVOLTAGEKEYWORD:VTO

VAL1ISTHETHRESHOLDVCLTAGE.FCRBCTHNCHANNELAND-PCHANNEL
DEVICES,VTOSHOULDBEPOSITIVEFOf.1ENHANCEMENTMODEAND-NEGATIVEFORDEPLETION
MODE.•

4)SURFACEPCT£NTIALKEYWORD:PHI

THISPARAMETERt$FO*MOSFIELC-cFFECTTRANSISTORMODELSCNLY.VAL2IS
THFCHANNELSURFACEPOTENTIAL.

5)TRANSCONDUCTANCEPARAMETERKEYWORD:BETA

VAL3ISTHETPANSCOMDUCTANCEPARAMETER.«?OTHTHETHRESHOLDVCLTAGEAND
THETRANSCGNnUCTANCr-PARAMETERDETERMINETHEVARIATIONOFCRAINCUPRFNTWITH
rurr"VGTTAG_:.



c
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c
9) SOURCE RESISTANCE KEYWORD : RS.

( VAL7 IS THE OHMIC SOURCE PfSISTANCE.

21

6) BULK THRESHOLD PARAMETER KfcYWORC : GAMMA

THIS PAf-AMI-TEP IS FOR MCS F T El O-EFFFCT TRANS ISTCP MODELS CNLY. VAL4 IS TH"
BULK (SUBSTRATE) T HP i-SHOLO PARAMETER. BOTH THE SURFACE POTENTIAL AND THE BULK

JHRESHCL O PARAMETER DETERMINE THE VARIATION OF THF THRiiSHOLD VCLTAGE VHJH
SUBStP.Af'c: VOLTAGE. "

7) CHANNEL LENGTH MODULATION PARAMiETER KEYWORD : LAMBDA

_VAL5 IS THE CHANNEL LENGTH MCPULATIOM PARAMETER WHICH DETERMINES THE OUTPUT
CONDUCfANuE. " •

8) DRAIN RESISTANCE KEYWORD : RD

VAL6 IS THE OHMIC DRAIN RESISTANCE.

(. 10) GATE-SOURCE CAPACITANCE * KEYWORD : CG"S

FOR JUNCTION Fl ELO-'-EFFECT TRANSI STCR^MODELS, VAL8 IS THE ZERO BIAS GATE-
( "" SOURCE -JUNCTION CAPACITAin'CE WHICH VARIES AS THE -1/2 POWER OF THE GATS-SOURCE

VOLT*GE.__ FOR NOS FI a D-EFFECT, TPANSISTPR M0D6LS , VAL8 IS THE LINEAR GATE-
" SOURCE CAPACITANCE.

11) GATE-DRAIN CAPACITANCE KEYWORD : CGD

FOR JUNCTION Fl ;i D-FFFECT TRANSISTOR MODELS, VAL9 IS THE ZERO BIAS GATE

S-

DRAIN JUNCTION CAPACITANCE WHICH VAPIES AS THE -1/2 POWER OF T^E GATE-DRAIN .
VOLTAGE. FOR MOS FIELD-EFFECT TRANSISTe* MODELS, VAL9 IS.THc LINEAR GAtc-CRAIN
CAPACITANCE. . "

12) GAT''—BULK CAPACITANCE KEYWCRD : CGB

< THIS PARAMfTER IS FOR MOS FTELO-CFFFCT TRANSISTOR MODELS CNLY. VAL10 IS
THE LINLJAR GATE-BULK CAPACITANCE.

13) BULK-CRAIN CAPACITANCE KEYWORD : CBD

C

1

THIS PARAMETER IS FUR MOS FIELO-EFFtCT TRANSISTOR MODELS CN'LY. VAL11 IS
TH\r ZERJ BIAS BULK-DRAIN JUNCTION CA°ACITANCf WHICH VARIES AS THF -1/2 POWER
OF THE BULK-DRAIN VOLTAGE.

14) BULK-SOURCE .CAPACITANCE KEYWCRD : CBS
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fHfS~iPATQT^TEiriTTEfp.MO"SFIEL(-EFFECTTPANSITORMODELSCNLY.VAL12ISTHE
ZEROBIASBULK-SCURC-JUNCTIONCAPACITANCEWHICH\JARIESASTHE-1/2POWEROF
THFBULK-SCURCEVOLTAGE.•

15)JUNCTIONPOTENTIALKL-YWORDPS

VAL13ISTHFGATEJUNCTICNDCTFNTIAt.FORJUNCTIONFIELD-EFFECTTRANSISTOR
MODELSORTHEBULKJUNCTIONPGTFMTIALFORMOSFIELD-EFFECTTRANSISTORMOOELS.
THISPARAMETERISUS^DTOCOMPUTETHEJUNCTIONCAPACITANCES.

16)SATURATIONCURRf.NTKEYWORD:IS

VAL14ISTHEGAT£JUNCTIONSATURATIONCURRENTFORJUNCTIONFIELD-EFFECT
TRANSISTORMODFLS.OPTHfEBULKJUNCTIONSATURATIONCURRENTFCRMOSFIELD-EFFECT
TRANSISTORMODfcLS.

NOTEEACHOFTHEABOVEJUNCTICNCAPACITANCESATAGIVENJUNCTIONVOLTAGE
(VJUN)ISDESCRIBEDBYTHtFOLLOWINGEQUATION

CJUN=CJUM(VJUN=0)/(1-VJUN/PB)*»0.5

PARAMETER

VTO

PHI(MOSFETONLY)

BETA

GAMMA(MOSFETCNLY)
LAMBDA

PS.

CGS

CGD

COB

Jr3_L
COS

PB

IS

(MOSFTTCNLY)

(MOScfTCNLY)
(MOSFETGNLY)

DEFAULTVALUE

"^2~0~"VOLTS(JFET,NANOPCHANNEL)
♦2.0VOLTS(MOSF.T,NANDPCHANNEL)
0.5VOLT

1.05-4

O.Q

O.-C;•:
0.0-

O.C

O.C

0.0

O.C

0.0

0.0

1.0VOLT
1.0E-14AMPS
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*('
EXAMPLE —

\

THE SET OF DATA CARDS BELOW DESCPIBE A BRCAC3AND AMPLIFIER AND ILLUSTRATE
THE CTING FORMAT FOR SLIC. ANALYSES ARE PERFCK^Vr: FOR TWO TEMPERATURES AND A
M07SE ANALYSIS IS PE.-:FCP,M!,D FOR TH^Et:' FREQUENCIES. .

SOLOMON AND WILSON SERIES-SERIES TRIPLE BRGACeAND AMPLIFIER
PRINT DC AC FL^GdOjlMEGHZ^OOM^GHZ) VCUT 14 0 VIN 1 0
TEMP 300 300 .305
NOISE 1MEGHZ 1QMEGHZ 1CQMEGHZ .

( BNPN=NPN BFM00,1.0MA(40,1.0UA,3.0V,6.667M,-36.0U) RR=1 ISS=2.0E-14
+ RB=150.(2.0M,9.6U) RC= 10CT.0 (I .5M, 7.0U) R0=50K,2MA
+ CJE *3.0PF 0.65V CJC I.OP* -5.0V CSUB 2.0PF

Q + FT=600MEC-HZ( l.0MA,5.0V)
*_ ;
V5(l,0)=0.0

C RS 1 2 50.0
CCS(2,3)-i.0UF .
Ql 5 3 4 BNPN

{' RE1(4,0)=100.0
RA 13 5 9K " •; •
Q2 6 5 0 BNPN

( CP 6 5 3PF

RR(13,6)=5.0K
Q3 8 6 7 BNPN

( RE2(r,0)=100.0
PF(7,4)=1.0K

3-

(.

1

c

c

P.C 13 0 600

04 13 8 9 BMPN
P.G(9,10)=3.0K
RK(12,ll)=6.0K
Q5(13 13 12)=3NPN
06 10 11 0 BNPN

CBYP 10 0 10UF

RD(10,3)=12.0K
07 (11,11,0) BNPN 1.3
Q8 9 11 0 BMPN
09(9,11,0) BNPN
Q10 9 11 0 3NPN
CC"L 9 14 IUF

J.' ?L(14,0)=50.0
VCC(13,0)=6.0VCLTS
CND



III. PROGRAM DESCRIPTION

The following sections describe the operation of the SLIC

program. The total program consists of a main program and thirty-

five subroutines. A written description and a flowchart of the

execution sequence are provided for the main program and each

subroutine. A description of the function of each common block

variable is also included.

Main program:

Data read-in subroutines:

Matrix set-up subroutines:

SLIC

READ

ELEMNT

BMODEL

VJCT

FIT

FMODEL

INLIST

CHECK

CLKST

SETUP

NCODE

OPTORD

NUMSET

2h



DC subroutines:

AC subroutines:

Pole-zero subroutines:

Other subroutines:

DCMOD

DCTRAN

PLOT

DCANAL

BJTDC

JFET

MOSFET

UPDATE

DCSOLV

DCADJ

ACMOD

ACANAL

ACSOLV

ACADJ

PZANAL

MULLER

CDET

LOG2

SORT

SENSE

NOISE

CLOCK

25
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MAIN PROGRAM SLIC

SLIC controls the overall program execution sequence. The

first step is the reading of input data describing the circuit and

the the types of analyses. Subroutine READ reads and checks the

input data and subroutine CHECK prints transistor model parameters

and processes transistors. If fatal errors are discovered in the

input data, the job is aborted and a new job is begun. If no fatal

errors are found, the specified analyses are performed.

For the dc analysis, subroutine SETUP sets up the dc sparse

matrices and subroutine DCMOD computes the dc circuit models. If

a dc transfer curve is requested, subroutine DCTRAN computes and

plots the transfer curve. Next, subroutine DCANAL computes and

prints the dc node voltages and transistor operating points. If a

frequency response or pole-zero analysis is not also requested,

subroutine ACMOD computes and prints the small-signal transistor

parameters. If one of these analyses is also requested, ACMOD will

be called later.

SLIC performs two types of small-signal analyses: a frequency

response or a pole-zero analysis with an optional frequency response.

Only one of these two analyses can be requested for a job.

For the frequency response, subroutine SETUP sets up the ac

sparse matrices and subroutine ACMOD computes and prints the small-

signal transistor parameters. Subroutine ACANAL then computes the

magnitude, phase, real part, and imaginary part of the transfer



function directly, from the complex nodal admittance equations and

prints these values.

For the pole-zero analysis, subroutine ACMOD first computes

and prints the small-signal transistor parameters. Next, sub

routine PZANAL computes and prints the poles and zeros of the

transfer function. If a frequency response is also requested,

PZANAL computes and prints the magnitude, phase, real part, and

imaginary part of a pole-zero derived transfer function.

For the noise analysis, subroutine NOISE computes and prints

the equivalent noise sources and at each requested frequency the

rms noise at the output port. For the sensitivity analysis,

subroutine SENSE computes and prints the sensitivities (partial

derivatives).

If a variable source and/or temperature variations are spec

ified, the requested analyses are repeated for each source and/or

temperature value.

Throughout the execution of a job, subroutine CLKRD computes

and prints the elapsed job time. The elapsed time is printed at

the end of each type of analysis. Also, if a fatal error is

encountered during the execution, the job is aborted.

27
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MAIN PROGRAM SLIC

INITIALIZE

,f-

* f 4

READ CIRCUIT DESCRIPTIO

AND CONTROL CARDS AND

CHECK FOR ERRORS

N

CALL READ

V

PRINT TRANSISTOR MODEL

PARAMETERS AND PROCESS TRANSISTORS CALL CHECK

^ *

PRINT THE ELAPSED TIME CALL CLKRD

^ f

|FATAL ERROR ? YES

Tii
^ f NO

i •< f

NO
DC TRANSFER CURVE

OR DC ANALYSIS ?

1

"<

YES

SET UP SPARSE MATRICES CALL SETUP

1 VGK-

FATAL ERROR ?
ihiO

Tii

i

NO

COMPUTE THE DC MODELS CALL DCMOD

1
FATAL ERROR ?

YES

ru

NO
1 N0

- DC TRANSFER CURVE ?

<

r
COMPUTE AND PLOT THE

DC TRANSFER CURVE CALL DCTRAN

t.

' y[
DB



A

29

B

>

C

I
D

NO
DC ANALYSIS ?

'

YES

COMPUTE AND PRINT THE DC

NODE VOLTAGES AND TRANSISTOR

OPERATING POINTS

CALL DCANAL

f > f

r>

PRINT THE ELAPSED TIME CALL CLKRD^

V

FATAL ERROR ?
YES

\
v N0

V- YES FREQUENCY RESPONSE OR
POLE-ZERO ANALYSIS ?

"

NO

COMPUTE AND PRINT THE

SMALL-SIGNAL TRANSISTOR

PARAMETERS

CALL ACMOD

< f

PRINT THE ELAPSED TIME CALL CLKRD

1'

V

i'

NO
- FREQUENCY RESPONSE ?

'

r YES -

SET UP SPARSE MATRICES -4 *- CALL SETUP

•<r

FATAL ERROR ?
YES

'

i rir '

NO

r

E
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E G D

v

i

COMPUTE AND PRINT THE

SMALL-SIGNAL TRANSISTOR

PARAMETERS

CALL ACMOD

% >

PRINT THE ELAPSED TIME y CALL CLKRD

i
FATAL ERROR ?

YES

3 *<

>r NO

COMPUTE AND PRINT THE

GAIN AND PHASE OF THE -

TRANSFER FUNCTION

CALL ACANAL

> '

PRINT THE ELAPSED TIME CALL CLKRD

1
FATAL ERROR ?

YES

7 Ji

<r _1r NO
f

NO
LE-ZERO ANALYSIS ?

'

YES
r

COMPUTE AND PRINT THE

SMALL-SIGNAL TRANSISTOR

PARAMETERS

CALL ACMOD>

' r

N
PRINT THE EUPSED TIME CALL CLKRD

1 r

FATAL ERROR ?
YES

(

r

H
J| NO

c D



A

u

H

COMPUTE AND PRINT THE
POLES AND ZEROS OF THE
TRANSFER FUNCTION. IF
A FREQUENCY RESPONSE IS
ALSO REQUESTED, COMPUTE
AND PRINT THE GAIN AND
PHASE OF THE TRANSFER

FUNCTION.

PRINT THE ELAPSED TIME K

FATAL ERROR ?
YES

NO

NO
NOISE ANALYSIS ?

YES

COMPUTE AND PRINT THE
EQUIVALENT SHOT AND

THERMAL NOISE SOURCES
AND AT EACH REQUESTED
FREQUENCY THE NOISE
AT THE OUTPUT PORT

I
PRINT THE ELAPSED TIME

NO
5

SENSITIVITY ANALYSIS ?

YES

K

CALL PZANAL

CALL CLKRD

CALL NOISE

CALL CLKRD

j
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A J

-1

1
COMPUTE AND PRINT THE

SENSITIVITIES OF THE DC

JUNCTION VOLTAGES TO THE

VARIABLES AND OF THE SMALL-

SIGNAL PARAMETERS TO THE DC

JUNCTION VOLTAGES AND TO THE

VARIABLES AND AT EACH

REQUESTED FREQUENCY THE
SENSITIVITIES OF THE TRANSFER

FUNCTION TO THE SMALL-SIGNAL

PARAMETERS AND TO THE

VARIABLES

PRINT THE ELAPSED TIME

YES
_

VARY TEMPERATURE ?

NO

YES
VARY A SOURCE ?

NO

CALL SENSE

CALL CLKRD

32
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SUBROUTINE READ

This subroutine controls the reading and processing of input

data. Subroutine INLIST reads an input data card and if recog

nizable, control-is transferred to a section of READ that handles

the particular type of card. If unrecognizable, an error message

is printed. The PRINT, TEMP, NOISE, SENS, and DC cards are read

and processed within READ. Subroutine ELEMNT reads and processes

resistor, voltage-controlled current source, capacitor, inductor,

mutual inductor, transistor, voltage source, and current source

cards. Subroutine BMODEL reads and processes bipolar transistor

model cards while subroutine FMODEL reads and processes field-

effect transistor model cards. The reading and processing of input

data continues until an ALTER or END card is read.

33



3*

SUBROUTINE READ

MTTU PTPPTTTT *> .
YES

nan v*JLXtl»UXl f

NO

i
"

i k ,. (TITLE CARD;

READ A CARD

AND CHECK CARD

TYPE

INITIALIZE

INLIST

r<

i f
SET UP AND

PRINT HEADING
«*-* INLIST

BRANCH TO TYPE

< '



CARD TYPESt

(PRINT CARD)

INITIALIZE

DETERMINE FIELD TYPE
AND BRANCH TO TYPE

INLIST

*DC
—>

AC

PZ

SET DC ANALYSIS FLAG

SET FREQUENCY RESPONSE FLAG

SET POLE-ZERO ANALYSIS FLAG

OBTAIN POLE AND ZERO
UPPER FREQUENCY LIMITS

I

INLIST

VIN

UN
—•

OBTAIN INPUT TYPE (VOLTAGE
OR CURRENT) AND INPUT NODES

1

* •- INLIST

A -«•

(END OF CARD)

VOUT

ioim
OBTAIN OUTPUT TYPE (VOLTAGE
OR CURRENT) AND OUTPUT NODES

1
FLIN

FLOG

-«—*•

OBTAIN FREQUENCY VARIATION, NUMBER
OF FREQUENCY POINTS, AND MINIMUM

AND MAXIMUM FREQUENCIES

< * INLIST

I

INLIST

35



(TEMPERATURE CARD)

INITIALIZE

i'

OBTAIN TEMPERATURES INLIST

I

(NOISE CARD)

INITIALIZE

I
OBTAIN FREQUENCIES INLIST

T

(SENSITIVITY CARD)

INITIALIZE

> '

_\T»fP» *** nnrvMinMnTBii INLISTOBTAJ.n rruv^uano _.£»_>

\
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(DC CARD)

INITIALIZE

OBTAIN INPUT SOURCE NAME

OBTAIN MINIMUM VALUE,
MAXIMUM VALUE, AND STEP

SIZE OF INPUT SOURCE

OBTAIN OUTPUT VOLTAGE

NAME AND NODES

T

INLIST

INLIST

INLIST

(RESISTOR, VOLTAGE-CONTROLLED CURRENT SOURCE,
CAPACITOR, INDUCTOR, AND MUTUAL INDUCTOR CARDS)

OBTAIN ELEMENT NAME, NODES
VALUE, AND TEMPERATURE COEFFICIENTS

T

(TRANSISTOR CARDS)

OBTAIN TRANSISTOR NAME, NODES,
MODEL NAME, AREA FACTOR, V^

OR VDgt Ic OR I-j, AND TEMPERATURE

T

CALL ELEMNT

CALL ELEMNT

37



(VOLTAGE SOURCE! AND CURRENT SOURCE CARDS)

OBTAIN SOURCE NAME,
NODES, AND VALUE(S) CALL ELEMNT

"

(BIPOLAR TRANSISTOR MODEL CARDS)

OBTAIN BIPOLAR TRANSISTOR

MODEL PARAMETERS

T

(FIELD-EFFECT TRANSISTOR MODEL CARDS)

OBTAIN FIELD-EFFECT TRANSISTOR

MODEL PARAMETERS

T

(ALTER CARD) (END CARD)

CLEAR ALTER FLAG

I
RETURN

CALL BMODEL

CALL FMODEL
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SUBROUTINE ELEMNT

This subroutine reads and processes data on resistor, voltage-

controlled current source, capacitor, inductor, mutual inductor,

transistor, voltage source, and current source cards. A different

set of arguments is passed from subroutine READ for each type of

card. Subroutine INLIST is called each time a new data record is

needed.

Execution is started by checking if the element has previously

been read. If so, the new data replaces old stored data. Next,

the element nodes are obtained and if a transistor card is being

processed, the transistor model name is also obtained. Then the

element values are obtained. Finally any additional values are

obtained for voltage and current sources; and resistor,voltage-

controlled current source, capacitor, and inductor cards are checked

for sensitivity analysis variable designation.



SUBROUTINE ELEMNT

NO

NEW ELEMENT ?
NO

I YES

SET ELEMENT POINTER

AND STORE ELEMENT NAME

OBTAIN ELEMENT NODES

IS ELEMENT A TRANSISTOR ?

YES

SET NEW ELEMENT TO

PREVIOUS ELEMENT'S

POINTER

INLIST

OBTAIN TRANSISTOR MODEL NAME •< INLIST

OBTAIN ELEMENT VALUES INLIST

Q OR M
ELEMENT TYPE ?

V OR I

40

CHECK IF SOURCE IS

VARIABLE AND OBTAIN

ANY ADDITIONAL VALUES

INLIST

R, G, C,
OR L

INLIST *

CHECK IF ELEMENT

IS VARIABLE

RETURN

S y-



SUBROUTINE BMODEL

This subroutine reads and processes data on bipolar tran

sistor model cards. Subroutine INLIST is called each time a new

data record is needed. If the model has previously been read,

the new data replaces old stored data. The model parameters are

first read, stored, and checked for negative values. Next a

number of additional model parameters are computed from the user

kTspecified parameters. The .thermal voltage (VT = —), basewidth

modulation factor (n), reverse saturation current (Is), current-

dependent B„ coefficients, zero bias junction capacitances

(C and C, ), and forward base transit time (t_) are computed
jeo jco' *

for each model. Subroutines VJCT and FIT are called during these

calculations.
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SUBROUTINE BMODEL

1
NEW MODEL ?

NC
PREVIOUS MODEL'S

POINTER
voo

u xau

SET MODEL POINTER

AND STORE MODEL NAME

«'_.

ir

(DBTAIN MODEL PARAMETER INLIST,j ^_i-i-

V

CHECK FOR NEGATIVE

MODEL PARAMETERS

y

COMPUTE VT, fl, AND Ig

^ r

VJCT
*- '20MPUTE jL, COEFFICIENT FIT

E
- VJCTCOMPUTE C. , u . , iknu -uw

jeo* jco* F

1 r

RETURN
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SUBROUTINE VJCT

This function subroutine computes the base-emitter junction

voltage of a bipolar transistor from supplied values of collector

current and collector-emitter voltage. A modified Newton-Raphson

method similar to that of the BIAS-3 program [4] is used. VJCT is

called from the subroutines BMODEL and CHECK.



SUBROUTINE VJCT

INITIALIZE

^

SOLVE FOR V^ BY
USING A MODIFIED

NEWTON-RAPHSON METHOD

v

RETURN

v>

* _?•
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SUBROUTINE FIT

This function subroutine computes the three current-dependent

$F coefficients from two sets of 3p and I specifications. The

linear equations are first assembled [3] by a method of least

squares. Next the equations are solved by the Gauss-Jordan elim

ination method. Finally a check is made for any negative coefficients

If any are found, FIT is set to -1.0.



SUBROUTINE FIT

ASSEMBLE LINEAR EQUATIONS

SOLVE EQUATIONS BY
GAUSS-JORDON ELIMINATION

TEST FOR NEGATIVE

COEFFICIENTS

RETURN
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SUBROUTINE FMODEL

This subroutine reads and processes data on field-effect

transistor model cards. Subroutine INLIST is called each time a

new data record is needed. If the model has previously been read,

the new data replaces old stored data. The model parameters are

first read, stored, and checked for negative values. Finally any

unspecified parameters are set to default values.
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SUBROUTINE FMODEL

NEW MODEL ?
NO

YES

SET MODEL POINTER

AND STORE MODEL NAME

OBTAIN MODEL PARAMETERS «

CHECK FOR NEGATIVE
MODEL PARAMETERS

SET DEFAULT VALUES

RETURN

SET NEW MODEL TO

PREVIOUS MODEL'S
POINTER

INLIST
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SUBROUTINE INLIST

This function subroutine reads and interprets the free-format

input data. INLIST is called each time a new data record is needed.

Before reading a new data card, any error messages from the

previous card are printed. The first record of the card is then

read, the type of card identified, and the card printed. For

element cards, the element name is also obtained. Control is then

returned to the calling subroutine.

INLIST interprets a single data record as follows: first, a

slash (/) indicating a default value is checked for. If found,

control is returned to the calling subroutine. For a numeric data

record, the value is obtained. Four forms of numeric data can be

interpreted. A number may be an integer, a floating point number,

either an integer or floating point number followed by an integer

exponent (e.g., 1E-14 or 2.65E3), or either an integer or a floating

point number followed by an engineering scale factor (G,MEG,K,M,U,N,

or P). For a name data record, the type of keyword is determined.

After interpretation of the data record, INLIST is set to -1 if no

data was found, to 0 is a number was found, or to +1 if a name was

found. Control is then returned to the calling subroutine.



SUBROUTINE INLIST

PRINT ANY ERROR

MESSAGES FROM

PREVIOUS CARD

READ NEW CARD,
CHECK CARD TYPE,
AND PRINT CARD

OBTAIN NAME

INITIALIZE

YES
NEW CARD ?

YES

SKIP DELIMITERS

DEFAULT VALUE ?

NO

NUMBER ?
NO

YES

OBTAIN NUMBER

SKIP TO DELIMITER

RETURN

50
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YES
RETURN

OBTAIN KEYWORD



SUBROUTINE CHECK

This subroutine begins by printing a summary of the transistor

models. Bipolar transistor model parameters and then field-effect

transistor model parameters are printed. Next transistors are

checked for the presence of required models. Finally, initial

values of bipolar and field-effect transistor junction voltages are

determined.
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SUBROUTINE CHECK

PRINT PARAMETERS OF ANY

BIPOLAR TRANSISTOR MODELS

PRINT PARAMETERS OF ANY

FIELD-EFFECT TRANSISTOR MODELS

CHECK TRANSISTORS FOR THE
PRESENCE OF REQUIRED MODELS

PROCESS INITIAL

VALUES OF TRANSISTORS

RETURN
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SUBROUTINE CLKST/CLKRD

This subroutine computes and prints the elapsed job time. A

system library subroutine SECOND is called to obtain the time.

At the beginning of each new job CLKST calls SECOND to obtain the

initial job time. Entry CLKRD calls SECOND to obtain the present

job time and then computes and prints the elapsed job time (the

difference between the present job time and the initial job time).



SUBROUTINE CLKST/CLKRD

nutUUlilX« 11UJI JLAiJ

TIME OF JOB CALL SECOND

v

RETURN

Entry CLKRD

i
OBTAIN PRESENT TIME CALL SECOND

i
COMPUTE AND PRINT

ELAPSED TIME

^ '

t RETURN
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SUBROUTINE SETUP

This subroutine controls the generation of pointers used in

a sparse matrix solution of a system of linear equations or in a

sparse-matrix determinant evaluation. A square integer matrix

called an indicator matrix is used here. This indicator matrix

records the non-zero structure of the indefinite nodal admittance

matrix.

First, the indicator matrix is zeroed and the circuit topology

checked for missing and single branch nodes. Next, subroutine

NCODE loads element positions into the indicator matrix. Subroutine

OPTORD then optimally reorders the nodes and subroutine NUMSET

numbers the non-zero entries of the indicator matrix and establishes

arrays which store the singly dimensioned admittance matrix locations

where the element values are later loaded.



SUBROUTINE SETUP

CLEAR INDICATOR MATRIX AND

CHECK FOR MISSING AND

SINGLE BRANCH NODES

LOAD INDICATOR MATRIX

WITH ELEMENTS

OPTIMALLY REORDER NODES

NUMBER NON-ZERO LOCATIONS

AND SET UP INDIRECT

REFERENCE POINTERS

NCODE

CALL OPTORD

CALL NUMSET

1
-» DCODEINTERPRET liNuiuAiun waia-la

\ »

RETURN
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SUBROUTINE NCODE/DCODE

This subroutine loads and interprets the indicator matrix.

Element nodes are received as arguments from the calling subroutine

SETUP. For each element, NCODE loads non-zero values into four

indicator matrix locations corresponding to locations in a square

indefinite admittance matrix. Entry DCODE interprets the reordered

indicator matrix by storing four locations of the singly dimensioned

matrix where the element value is later loaded.



SUBROUTINE NCODE/DCODE

LOAD 1'S IN FOUR INDICATOR
MATRIX POSITIONS CORRESPONDING

TO THE ELEMENT NODES

RETURN

Entry DCODE

1
STORE ELEMENT TYPE

< f

STORE FOUR SINGLY DIMENSIONED
MATRIX LOCATIONS WHERE ELEMENT

VALUE IS LATER LOADED

4

< t

RETURN
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SUBROUTINE OPTORD

This subroutine optimally reorders the nodes to minimize the

number of operations required in a sparse matrix solution of a

system of linear equations or in a sparse matrix determinant

evaluation. The method used is equivalent to that described by

Berry [6]. A pseudo Gaussian elimination is performed on the indi

cator matrix to establish the optimal order. The node reordering

process is conducted as follows: nodes incident with voltage sources

are chosen first. Next selected are all nodes which as the pivot

node in a Gaussian elimination create no new non-zero entries called

fill-ins. Finally, the remaining nodes are reordered choosing at

each step the node which creates the least number of fill-ins. In

case of ties, nodes having the greatest number of off-diagonal

entries are chosen first.



SUBROUTINE OPTORD

u

INITIALIZE

NUN « NUMBER OF NODES

j

DO N«1,NUN

INCIDENT VOLTAGE SOURCE ?

NO

DO KK«N,NUN

YES

3LOCATE NON-ZERO TERMS IN PRESENT ROW

NO
ANY NON-ZERO TERMS FOUND ?

YES

«T]DETERMINE POTENTIAL FILL-INS

ANY FILL-INS ?
NO

YES

TEST FOR PIVOT SUITABILITY

-CONTINUE

INCORPORATE FILL-INS

I
INTERCHANGE NODES

=1=
CONTINUE

i
RETURN
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SUBROUTINE NUMSET

This subroutine first numbers the non-zero entries of the

indicator matrix and then establishes the indirect reference pointers

used in a sparse matrix solution of a system of linear equations or

in a sparse matrix determinant evaluation. First, current vector

entries are numbered. Next, entries on or above the matrix diag

onal are numbered by rows from top to bottom and entries below the

diagonal are numbered by columns from left to right. Finally,

voltage source and datum node entries are numbered.

The indirect reference pointers are established in the fol

lowing order: first, pointers for voltage source reduction, then

pointers for the LU decomposition, followed by pointers for the

forward substitution, and finally pointers for the backward sub

stitution. For a small-signal analysis additional pointers are

established for the forward substitution with the U transpose and

the backward substitution with the L transpose. These additional

pointers are used in computing the complex adjoint node voltages.



SUBROUTINE NUMSET

INITIALIZE

I
NUMBER CURRENT VECTOR ENTRIESSSJ

NUMBER UPPER-TRIANGULAR
ENTRIES BY ROWS

NUMBER LOWER-TRIANGULAR
ENTRIES BY COLUMNS

NUMBER VOLTAGE SOURCE
AND DATUM NODE ENTRIES

POLES }ANALYSIS TYPE ?
ZEROS

1DC

t AC

SET UP INDIRECT REFERENCE
FOR VOLTAGE SOURCE REDUCTION

< '

NO

SET UP INDIRECT REFERENCE
FOR LU DECOMPOSITION

T

>UT ?1FLOATING OUTPUT

YES

SET UP INDIRECT
REFERENCE FOR FLOATING

OUTPUT REDUCTION
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DC' I
AC

ANALYSIS TYPE ?
POLES

1

^

ZEROS

SET UP INDIRECT REFERENCE

FOR FORWARD AND BACKWARD
SUBSTITUTION

<r

RESTORE INPUT COLUMN

f

^ f

AC ANALYSIS ?
NO

'

T
YES

SET UP INDIRECT REFERENCE
FOR FORWARD SUBSTITUTION WITH '

U TRANSPOSE AND FOR BACKWARD
SUBSTITUTION WITH L TRANSPOSE

"

RETURN
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SUBROUTINE DCMOD

This subroutine computes the dc circuit models at the'present

analysis temperature. First, the saturation current, dc current

gain 3, basewidth modulation factor n, and the base and collector

ohmic resistances are computed for each bipolar transistor. The

thermal voltage and the drain and source ohmic resistances are

computed for each field-effect transistor. Next, the resistor and

voltage-controlled current source values are computed from the

nominal values, first- and second-order temperature coefficients,

and the present analysis temperature. Inductors and mutual induct

ance windings are modeled as 1 ohm resistances for the dc analysis.

These element values are then stored for later loading into the

singly dimensioned admittance matrix. Finally, the node voltage

vector is zeroed and voltage source values are loaded into this

vector.
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SUBROUTINE DCWOD

I «,

COMPUTE AND STORE
TRANSISTOR MODEL PARAMETERS

AT THE PRESENT ANALYSIS
TEMPERATURE

NEGATIVE £

I

NO

YES

PRINT ERROR MESSAGESAGE I

COMPUTE AND STORE
ELEMENT VALUES AT THE

PRESENT ANALYSIS TEMPERATURE

DZERO NODE VOLTAGE VECTOR

LOAD VOLTAGE SOURCES
INTO NODE VOLTAGE VECTOR

RETURN
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SUBROUTINE DCTRAN

This subroutine controls the calculation and plotting of a

dc transfer curve. A single voltage or current source is stepped

over a specified range. A maximum of 101 values is allowed. For

each of these source values, a dc analysis is performed by calling

subroutine DCANAL and a specified voltage between two nodes is

stored. Next, subroutine PLOT plots this voltage as a function of

the varied source. Finally, the dc circuit values are restored

for the operating point dc analysis.
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SUBROUTINE DCTRAN

INITIALIZE

LOOP THROUGH SOURCE
VALUES AND COMPUTE AND
STORE OUTPUT VOLTAGE

PLOT DC TRANSFER CURVE

RESTORE VALUES FOR
THE DC ANALYSIS

RETURN

67

CALL DCANAL

CALL PLOT
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SUBROUTINE PLOT

This subroutine plots the dc transfer curve. Two arrays

containing the source and output voltage values are passed from

the calling subroutine DCTRAN. The minimum and maximum values of

output voltage are first determined. Next, a scaling operation is

performed to determine the output voltage coordinates. These co

ordinates are then.printed. Finally, each point of the dc transfer

curve is printed along with the source and output voltage values.



SUBROUTINE PLOT

INITIALIZE

v

DETERMINE MINIMUM AND

MAXIMUM VALUES OF YVAL

ir-

SCALING

DETERMINE AND PRINT COORDINATES

PLOT YVAL VS. XVAL

RETURN
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SUBROUTINE DCANAL

This subroutine controls the nonlinear dc analysis which

computes the node voltages, transistor operating points, and

power dissipation. The approach used is a modified Newton-Raphson

procedure of BIAS-3 [4] in which changes in forward biased junction

voltages are limited to values of less than 2V_ between iterations

[7]. This method involves repeating a number of steps until node

and transistor junction voltages agree with their previous values.

First, trial transistor operating points are computed from the

present set of node voltages, the nonlinear transistor models are

linearized about these operating points, and a set of linear alge

braic equations is assembled in terms of unknown node voltages.

Next, a new set of node voltages is obtained by solving these

equations and the new and old node voltage sets are compared. If

there is no agreeaeat to within 10 uV, the new node voltage set is

used to generate new trial operating points and the process is

repeated. This iterative process concludes when each node voltage

agrees with two previous values and each junction voltage agrees

with one previous value to within 10 uV.

The operation ef DCANAL is now described. The singly dimen

sioned admittance matrix is first zeroed. Next, the transistor

models are updated and linearized by calling subroutine BJTDC for

bipolar transistors, subroutine JFET for junction field-effect

transistors, and subroutine MOSFET for field-effect transistors.
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The resistors, inductors (modeled as 1 ohm resistors), and

linearized transistor model elements are then loaded into the

admittance matrix and subroutine DCSOLV computes a new set of node

voltages. For circuits with no transistors, only one iteration is

needed to obtain the dc solution. For circuits containing tran

sistors, three iterations are performed before circuit convergence

is checked. At each iteration the present node voltage set and

the previous two sets are stored. During the fourth and all fol

lowing iterations circuit convergence is checked. If the present

node voltage fails to agree with the previous two sets to within

10 uV, a new iteration is started. If agreement is reached, the

present set of transistor junction voltages is compared with the

previous set. If no agreement to within 10 uV, a new iteration is

started. If agreement is reached, the iterative process is com

plete and the node voltages are printed. The transistor operating
<

points and the circuit power dissipation are also printed for cir

cuits containing transistors.
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SUBROUTINE DCANAL

INITIALIZE

DO ITER«1,100

I
ZERO ADMITTANCE MATRIX«1

NO
ANY TRANSISTORS ?

YES

UPDATE BIPOLAR TRANSISTORS KRsl CALL BJTDC

UPDATE JUNCTION FIELD-EFFECT TRANSISTORS CALL JFET

}UPDATE MOS* FIELD-EFFECT TRANSISTORS H • CALL MOSFET

RIXJLOAD ADMITTANCE MATRIX

I
CALL DCSOLVSOLVE FOR NODu vul.taubd

< r

B

72



A

4

NO

B

i
ANY TRANSISTORS ?

YES

YES
IS ITER < 3 ?

NO

DO LAST THREE SETS OF
NODE VOLTAGES AGREE ?

YES

NO

DO THE PRESENT TRANSISTOR
JUNCTION VOLTAGES AGREE WITH

THE PREVIOUS JUNCTION VOLTAGES ?

m NO

STORE THE PRESENT SET
AND THE PREVIOUS TWO
SETS OF NODE VOLTAGES

CONTINUE

PRINT NO CONVERGENCE
MESSAGE

73

YES

PRINT NODE VOLTAGES

ANY TRANSISTORS ?

YES

PRINT TRANSISTOR
OPERATING POINTS

COMPUTE AND PRINT

POWER DISSIPATION

^

RETURN

NO



SUBROUTINE BJTDC

This subroutine computes the incremental bipolar transistor

models used in the nonlinear dc analysis. Based on the present

set of node voltages, new base-emitter and base-collector junction

voltages are first determined by subroutine UPDATE. UPDATE limits

a new forward biased junction voltage to changes of less than 2VT

from the previous value [7]. Next, eight incremental model ele

ments <^.grf.a„.a„.ic(»«WW and W I31 are COT*uted-

The incremental model is shown on the next page. Finally, the

model elements are stored for later loading into the singly dimen

sioned admittance matrix and current vector.

The following equations are used to compute the incremental

model elements (refer to McCalla [3] for details):

V
T

V

X - 1 - n v~-
VT

•ffl
1/2

.

V /v
be' t

'"CC VRp/2V
l + e« BE T

e

he = XIss e
/v

BC' T

"ci = 'cc + XIss
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Base d

O /W-

BE

+ V.
BC

'*r

XEBN

e
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Collector

VW^—o
rc

O 0 Q 0 ©
gmrVBC&tff

gmfVBE

'CCN.

O
Emitter

Incremental Bipolar Transistor Model



&

F ci +VcT1'2* Vet

&R " XSR0

Cl +I SV1^ +'VCT

T 1+6 V2VT
10C * * 2 C

W " V V/2VT
T 1 + 8 e BE T

8ir£ ° 60saf

^nr " V +XVT ^CC'hc'

1 XVC

CC1

XISS , VBE/VT nv
(e - 1)

V /2V
BE' T

l+6e

V /V

= CC1 e V
"CCN X " gmf BE

LCBN B„ girfVBE

T IEC1 IEC „
XECN X " VT BC

?6



I
! „ JEC1 _ y

EBN 3B • Birr BC

where: V. = Early voltage

C-jCa^C, e coefficients of the current dependent forward 3

I_q •» reverse saturation current

3RQ = reverse 3
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SUBROUTINE BJTDC

INITIALIZE

COMPUTE NEW BASE

JUNCTION VOLTAGES

COMPUTE AND STORE

THE INCREMENTAL BIPOLAR
TRANSISTOR MODEL ELEMENTS

RETURN
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CALL UPDATE
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SUBROUTINE JFET

This subroutine computes the incremental models of junction

field-effect transistors for the nonlinear dc analysis. The model

used is based on the insulated-gate field-effect transistor model

of Shichman and Hodges [5] [11]. Based on the present set of node

voltages, new gate-drain and gate-source junction voltages are

first determined by calling subroutine UPDATE. Next, the gate

junction model elements (gGD, Sqs^eqqj)* **& ^qgs^ are comPuted*

The drain current and derivatives (gj. and G ) are then computed

for either the normal mode or inverse mode depending on the polarity

of the drain-source voltage. Next, an equivalent drain current

source (1^™) is computed. Finally, the model elements are stored

for later loading into the singly dimensioned admittance matrix and

current vector.

The following equations are used to compute the incremental

model elements:

I. Gate Junction Models

w-v*Vgs/Vt-x>

. *» +TGS
8GS = V„

I * I - c VEQGS '••GS 8GSVGS



T- /Gd/Vt 1>XGD * (e " 1}

h + *GD
&GD V,

T S3 T — a. V
EQGP GD BGD GD

II. Drain Current and Derivatives

A. Normal Mode [VDS > 0]

1. Cutoff region ^vgs"VT0^ - °

2. Saturation region 0 < (v6S"*vTo^ — VDS

«M ° «2<V6S"»I0> +• WDS]

3. Linear region ^Vgs"VT0^ ^ VDS

Ij, - 8VDS[(2+X)(VGS-VT0) -VDS]

8M " *<2+X>VDS

^g - e[(m)(vGS-vT0) - 2VDS]

B. Inverse Mode [VDS < 0]

1. Cutoff region (VGS~VDS~VT0* - °

80



. h ' hi " hs =°

2. Saturation region 0 <. (vGS"vDS~vTo) - ~ VDS

h " ~ «VGS-VDS-Vt(VGS-VDS-VTO> "• XVDS]

•k - - e[2<vGS-vDS-vT0) -*V

«DS - eX<VGS-VDS-V " *M

3. Linear region (VGS-VDS-VT0) > - V„s

h = 6VDSt(2+X)(VGS-VDS-VT0> + VDS>

hi" BVDS(2+A)

^s = et(2+x)(vGS-vDS-vT0) + 2VDg] - gM

III. Equivalent Drain Current Source

^REQ = XD "^GS ~^S^S

where: V Q « threshold voltage

3 B transconductance parameter

A s channel length modulation factor

Ig » gate junction saturation current
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Gate

+ V
GD

GGD

^1GD

Q Q , Vm OGS

^S

gMVGS

6
Source

Drain

•>/Ws—o

Incremental Junction Field-effect Transistor Model
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SUBBOUTINE JFET

INITIALIZE

'r

COMPUTE NEW GATE

JUNCTION VOLTAGES -• • CALL UPDATE

i'

COMPUTE GATE JUNCTION MODELS

"

NO
V < n ?

YES

1VDS^

COMPUTE THE DRAIN

CURRENT AND DERIVATIVES

FOR THE NORMAL MODE

COMPUTE THE DRAIN

CURRENT AND DERIVATIVES

FOR THE INVERSE MODE

COMPUTE THE EQUIVALENT
DRAIN CURRENT SOURCE

STORE THE INCREMENTAL

JUNCTION FIELD-EFFECT

TRANSISTOR MODEL ELEMENTS

RETURN
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SUBROUTINE MOSFET

This subroutine computes the incremental models of MOS field-

effect transistors for the nonlinear dc analysis. The model used

is based on the insulated-gate field-effect transistor model of

Shichman and Hodges [5] [11]. Based on the present set of node

voltages, new substrate-drain and substrate-source junction volt

ages are first determined by calling subroutine UPDATE. Next,

the substrate (bulk) junction model elements (goT^SBg^goBD' and

I_0Bg) are computed. The drain current and derivatives (Signs'

and g^rog) are then computed for either the normal mode or inverse

mode depending on the polarity of the drain-source voltage. Next,

an equivalent drain current source (Zju^q) is computed. Finally,

the model elements are stored for later loading into the singly

dimensioned admittance matrix and current vector.

The following equations are used to compute the Incremental

model elements:

I. Substrate Junction Models

V /V_ T , VBD/VT -v

*S + hp
8BD " VT

IEQBD ° XBD "" 8BDVBD

m



V+IBS
gBS VT

'•EQBS " IBS " 8BSVBS

II. Drain Current and Derivatives

A. Normal Mode IVDg >0]

VT-VT0 +Yl(*-VBS)1/2-«1/2J

1. Cutoff region <vgs~VT* - °

h " hi - 8DS " ^BS " °

2. Saturation region 0 <. (^qs^T^ —VDS

Id=b(vgs-V1(vgs-V +xV

gj, - BI2(VGS-VT) + XVDS]

h>S " 6A(VGS-VT)

V U V 1"1/2«MBS =~T l+"VBS]

3. Linear region <vGs""VT* - VDS

I„ - BVDSt(2+X)(VGS-VT) -VDS]

% - B(2+X)VDS

gDS - 6[(2+X)(VGS-VT) - 2VDg]
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¥ r. „ ,-1/2
SMBS • T" W^BS3

B. Inverse Mode [VDg < 0]

vT =vT0 +Y[(*+vDS-vBS)1/2-*1/2]

1. Cutoff region <VGS""VDS~V - °

*D " *M " 8DS " ^S = °

2. Saturation region 0 < ('qs"^"'^ 1 "VDS

hi - -e(VGS-VDS-V[(VGS-VDS-V " "W

%, = -6f2(VGS-VDS-VT) - XVDS]

8DS- •WafW

gMBS--2-[*+VDS-VBS)"12

3. Linear region (vgs"VDS_VT^ - "VDS

Ij, - 6VDSI(2+X)(VGS-VDS-VT) +VDS]

«M " evDS<2+X)

gDS=e[(2+x)(vGS-vDS-vT) + 2vDS]

- 8m[i - i<*+vDS-vBSr1/2]

has "• T [**vr>sSs]~
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III. Equivalent Drain Current Source

IDREQ " ^ "^GS "8DSVDS "^S^S

where: V_Q = threshold voltage

4> = surface potential

3 B transconductance parameter

Y •» substrate threshold parameter

X *= channel length modulation factor

I « substrate junction saturation current
0
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SUBROUTINE MOSFET

INITIALIZE

COMPUTE NEW SUBSTRATE

JUNCTION VOLTAGES

COMPUTE SUBSTRATE JUNCTION MODELS

NO

VDS<°?
YES

CALL UPDATE

COMPUTE THE DRAIN

CURRENT AND DERIVATIVES

FOR THE NORMAL MODE

COMPUTE THE DRAIN

CURRENT AND DERIVATIVES

FOR THE INVERSE MODE

COMPUTE THE EQUIVALENT
DRAIN CURRENT SOURCE

STORE THE INCREMENTAL
MOS FIELD-EFFECT

TRANSISTOR MODEL ELEMENTS

RETURN
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SUBROUTINE UPDATE

This subroutine determines a new transistor junction voltage

from the previous value and the new node voltages. A forward

biased junction voltage is limited to changes of less than 2VT

from the previous value. The difference between the previous

junction voltage and the junction voltage obtained from the new

node voltages is first computed. If the magnitude of this dif

ference is less than or equal to 2VT, the new junction voltage is

the value obtained from the node voltages. If the magnitude is

greater than 2V„, the polarity of this difference is checked. For

a negative difference and a previous junction voltage less than or

equal to 10V-,, the new junction voltage is the value obtained from

the node voltages. For a negative difference and a previous junc

tion voltage greater than 10VT, the new junction voltage is the

previous value decreased by 2Vr For apositive difference and a

value from the node voltages of less than or equal to 10VT, the

new junction voltage is this value. For a positive difference and

a value from the node voltages of greater than 10VT> the new junc

tion voltage is the previous value increased by 2VT or 10VT, which

ever is greater. The above method is equivalent to that described

by Nagel [7][11].



SUBROUTINE UPDATE

NO

YES

FIRST ITERATION ?

YES

V « V
new old

DELTA - V - V n,
new old

|delta| < 2VT ?

NO

DELTAS 0 ?
YES

NO

YES

Vold^10VT?

NO

V ' » V .. - 2V-
new old T

V «= V
old new

RETURN
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V^-C iovT ? YES

NO

new

NO

V m V + 2V
vnew Yold * *VT

V_„j$ 10V? ?
new

| YES

V - 10V-
new T

•*< 1*
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SUBROUTINE DCSOLV

This subroutine solves the sparse system of linear nodal

admittance equations for the dc node voltages. First, the admit

tance matrix elements of the column corresponding to a voltage

source node are multiplied by the value of the source and subtracted

from the current vector. This is called voltage source reduction

and is done for each voltage source. Next, an LU decomposition is

performed on the singly dimensioned admittance matrix. This is

equivalent to partitioning a square admittance matrix into upper

and lower triangular matrices. Forward substitution is then per

formed which effectively transfers the lower triangular matrix into

the current vector. Finally, backward substitution is performed

resulting in the dc node voltages and voltage source currents.
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SUBROUTINE DCSOLV

REDUCE VOLTAGE SOURCES

LU DECOMPOSITION

FORWARD SUBSTITUTION

BACKWARD SUBSTITUTION

RETURN



SUBROUTINE DCADJ

This subroutine computes the sensitivity (partial derivative)

of each bipolar transistor junction voltage with respect to each

sensitivity designated resistor. The adjoint method of Director

and Rohrer [8] is used. The admittance matrix is first zeroed and

loaded and then an LU decomposition is performed. Finally, for

each bipolar transistor junction the following steps are performed:

adjoint excitation vector computation, forward substitution with U

transpose, backward substitution with L transpose, and storage of

the partial derivatives.

s*



SUBROUTINE DCADJ

CLEAR AND LOAD

ADMITTANCE MATRIX

LU DECOMPOSITION

CYCLE THROUGH EACH

BIPOLAR TRANSISTOR JUNCTION

FORWARD SUBSTITUTION

WITH U TRANSPOSE

BACKWARD SUBSTITUTION

WITH L TRANSPOSE

I
STORE PARTIAL DERIVATIVES

I
U CONTINUE

RETURN
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SUBROUTINE ACMOD

This subroutine computes the small-signal circuit models at

the present analysis temperature. First, the small-signal bipolar

transistor model parameters and their sensitivities (partial

derivatives) with respect to the dc junction voltage are computed

[3J. Next, the small-signal model parameters for the junction

and MOS field-effect transistors are computed. These small-signal

model parameters are computed based on the operating point of each

transistor and are stored for later admittance matrix loading. The

small-signal models for the three types of transistors are shown

on the following pages. These small-signal transistor model para

meters are then printed. Next, the values at the present analysis

temperature of the resistors, voltage-controlled current sources,

capacitors, inductors, and mutual inductors are computed and stored

for later admittance matrix loading. Finally, the complex node

voltage vector is zeroed.
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SUBROUTINE ACMOD

, NO ANY TRANSISTORS ?

,r YES

COMPUTE THE SMALL-SIGNAL

TRANSISTOR PARAMETERS

w

PRINT THE SMALL-SIGNAL

TRANSISTORS PARAMETERS

f ^ '

7

STORE THE PASSIVE ELEMENTS

i>

ZERO NODE VOLTAGE VECTOR

' r

RETURN

100
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tV SUBROUTINE ACANAL

=\ * This subroutine controls the frequency response analysis in

which the magnitude, phase, and real and imaginary parts of a

specified transfer function is computed. The frequency response

is obtained from a direct solution of the complex nodal admittance

equations. For each frequency in the analysis, the following steps

are performed: the complex admittance matrix is first zeroed and

loaded with inductors, capacitors, and resistors; subroutine ACSOLV

then solves the complex nodal equations; and finally the magnitude

gain, db gain, phase, real part, and imaginary part of the transfer

function are computed and printed.



SUBROUTINE ACANAL

INITIALIZE

1
UPDATE FREQUENCY

ZERO COMPLEX ADMITTANCE MATRIX

LOAD COMPLEX ADMITTANCE MATRIX

SOLVE COMPLEX NODAL EQUATIONS

COMPUTE AND PRINT MAGNITUDE

GAIN, DB GAIN, PHASE, REAL
PART, AND IMAGINARY PART

OF TRANSFER FUNCTION

NO
FINAL FREQUENCY ?

.. YES

RETURN
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CALL ACSOLV
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SUBROUTINE ACSOLV

This subroutine solve the sparse system of complex nodal

admittance equations. The method used is identical to that of

subroutine DCSOLV except that the admittance matrix and node volt

age vector are complex. The complex nodal equations are solved

in four steps: voltage source reduction, LU decomposition, forward

substitution, and backward substitution.



1<*

SUBROUTINE ACSOLV

REDUCE VOLTAGE SOURCES

LU DECOMPOSITION

FORWARD SUBSTITUTION

BACKWARD SUBSTITUTION

RETURN



•
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SUBROUTINE ACADJ

This subroutine solves for the set of complex adjoint node

voltages in two steps. First, a forward substitution with the

U transponse is performed, and second, a backward substitution with

the L transpose is performed.



SUBROUTINE ACADJ

FORWARD SUBSTITUTION

WITH U TRANSPOSE

I
BACKWARD SUBSTITUTION

WITH L TRANSPOSE

RETURN
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SUBROUTINE PZANAL

This subroutine controls the calculation of the poles and

zeros of a specified transfer function and if requested, computes

a frequency response from a pole-zero derived transfer function.

The poles are first computed. Subroutine SETUP sets up the sparse

determinant, subroutine MULLER computes the poles, and subroutine

SORT rearranges the stored poles in an ascending order in terms of

the magnitudes of the real parts. The zeros are then computed in

a similar manner by calling subroutines SETUP, MULLER, and SORT.

Next the poles and zeros are printed. If a frequency response is

also requested, the following two steps are performed for each

frequency: the specified transfer function is computed from the

poles and zeros; and then the magnitude gain, db gain, phase, real

part, and imaginary part of the transfer function are computed and

printed.



SUBROUTINE PZANAL

INITIALIZE

<'

SET UP SPARSE DETERMINANT

FOR POLES COMPUTATION
CALL SETUP

•

V-

COMPUTE POLES CALL MULLER

*'

QAnm TIOT TTG CALL SORToVKl JrULCiO

I
SET UP SPARSE DETERMINANT

FOR ZEROS COMPUTATION

COMPUTE ZEROS

SORT ZEROS

I
PRINT POLES AND ZEROS

T

CALL SETUP

CALL MULIER

CALL SORT
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> *

l
FREQUENCY RESPONSE ?

NO

YES

UPDATE FREQUENCY

COMPUTE AND PRINT MAGNITUDE

GAIN, DB GAIN, PHASE, REAL
PART, AND IMAGINARY PART

OF TRANSFER FUNCTION

NO
FINAL FREQUENCY ?
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SUBROUTINE MULLER

This subroutine solves for the zeros of a complex determinant

using Muller's method [9]. First, three initial trial points are

set up. The three initial points are presently chosen to be

1.0 x 106, -1.0 x 109, and -1.0 x 10 . Next, subroutine CDET

evaluates the complex determinant at each of these three trial

points. Throughout MULLER, determinant values are scaled in terms

of their integer logarithm to the base two. A quadratic inter

polation polynomial is constructed through the determinant values

of the three trial points. This polynomial is then solved for two

zeros. The smaller zero replaces the oldest of the three previous

trial points and the above process is repeated until the magnitudes

of two successive trial points agree to within 5.0 x 10 . This

smaller zero is then checked for a negligible real or imaginary

part. The real part is considered negligible if its magnitude is

six orders of magnitude smaller than the magnitude of the imaginary

part, and likewise the imaginary part is negligible if it is six

orders of magnitude smaller than the real part. If a negligible

part is found, it is set to zero. The zero is then stored and its

inaginary part is checked. If non-zero, a conjugate zero exists

and the entire process is repeated using the conjugates of the

three trial points. If zero, the two ol'dest trial points generate

a third trial point by Newton-Raphson approximation and the entire

process is repeated. All zeros of the complex determinant are



assumed found when the magnitudes of three successive determinant

-7
values agree to within 5.0 x 10 .
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SUBROUTINE MULLER

INITIALIZE TRIAL POINTS

EVALUATE DETERMINANT

AT TRIAL POINTS

ALL ZEROS FOUND ?

T NO

YES

CONSTRUCT THE COEFFICIENTS OF THE
QUADRATIC INTERPOUTION POLYNOMIAL

SOLVE FOR THE SMALLEST ZERO
OF THE INTERPOUTION POLYNOMIAL

CONVERGENCE ?
YES

INO

112

CALL CDET

RETURN

EVALUATE DETERMINANT

AT NEW POINT
CALL CDET STORE ZERO

UPDATE TRIAL POINTS

1
IS THE IMAGINARY

PART OF ZERO - 0 ?

INO

SET UP TRIAL POINTS
FOR CONJUGATE ROOT

SET UP TRIAL POINTS FOR
A NEWTON-RAPHSON STEP

TO THE NEXT ROOT

YES
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SUBROUTINE CDET

This subroutine evaluates a complex determinant using sparse

matrix techniques. The complex admittance matrix is first zeroed

and then loaded with inductors, capacitors, and resistors. If the

output port is not referenced to the datum (ground) node, a floating

output reduction is performed• Next, an LU decomposition is per

formed and a determinant value is obtained. If any previously

calculated zeros of the determinant exist, the determinant value is

divided by the difference between each previous zero and the trial

point.
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SUBROUTINE CDET

ZERO COMPLEX ADMITTANCE MATRIX

LOAD COMPLEX ADMITTANCE MATRIX

t<-
NO 3FLOATING OUTPUT ?

YES

FLOATING OUTPUT REDUCTION

LU DECOMPOSITION

DIVIDE OUT PREVIOUS ROOTS

RETURN
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SUBROUTINE LOG2

This function subroutine computes the integer logarithm to

the base two of the passed argument. If the argument is zero a

value of -128 is returned. The process is initialized by setting

the argument to its absolute value and setting the integer loga

rithm to 1. If the argument is less than 1, it is doubled and the

integer logarithm is decreased by 1. This is repeated until the

argument is greater than or equal to 1. The present value of the

integer logarithm is returned. If the argument is between 1 and

two, the initial integer logarithm value of 1 is returned. If the

argument is greater than 2, it is halved and the integer logarithm

is increased by 1. This is repeated until the argument is less

than or equal to 2. The present value of the integer logarithm is

then returned.
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SUBROUTINE L0G2

v •>
B • 0

T/V9 t__ OO RETURN IA i

• YES

1aA*£ *- — JL<&<J

1
,*o

T-|x|
L2 - 1

<'

NO
Y > 2 ?

n

( '

Y < 1 ?
NO

Y

L2

- Y/2.0
- L2 + 1

NO r

' ' YES
k i

1
Y o Y + Y

L2 « L2 - 1

•

Y> 2 ?
YES

•i
1

NO

YES
Y <1 ?

r

L0G2 » L2

RETURN



SUBROUTINE SORT

This subroutine rearranges a set of stored complex roots so

that the magnitudes of the real parts are in an ascending order.

The root with the smallest real part magnitude is first found.

This root becomes first in order. Of the remaining roots, the

root with the smallest real part magnitude is again found. This

root becomes second in order. The process continues until all the

roots have been rearranged.
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SUBROUTINE SORT

r

ONLY ONE ROOT ?
YES

NO

NRT - NUMBER OF ROOTS

NRTM1 - NRT - 1

DO N=1,NRTM1

15Rain« 1.0X10
NEXT « N

DO NN=lfNRT

Rabs - (REAL PART OF ROOT n|

p u *?
NO

min ' abs

'

r YES

Rmin " Rabs
NEXT - N

' 'rf v

i r

CONTINUE

I
NEXT - N ?

YES

NO

INTERCHANGE ROOT N AND ROOT NEXT

CONTINUE

I
RETURN
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RETURN
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SUBROUTINE SENSE

This subroutine controls the sensitivity analysis in which

sensitivities (partial derivatives) with respect to selected pas

sive elements called variables are computed by the adjoint method

[8]. A nonlinear dc analysis is first performed with calls to sub

routines SETUP, DCMOD, and DCANAL. Then a dc adjoint analysis is

performed by calling subroutines SETUP, ACMOD, and DCADJ. Next

the following three types of sensitivities are computed and printed

for the bipolar transistors: sensitivities of dc junction voltages

to the variables, sensitivities of small-signal parameters to the

dc junction voltages, and sensitivities of small-signal parameters

to the variables. Finally for each of the up to five specified

sensitivity frequencies, the following steps are conducted: sub

routine ACANAL performs an ac analysis, subroutine ACADJ computes

the complex adjoint node voltages, and the sensitivities of the

transfer function to the bipolar transistor small-signal parameters

and to the variables are computed and printed.
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SUBROUTINE SENSE

INITIALIZE

I
PERFORM DC ANALYSIS

PERFORM DC ADJOINT ANALYSIS

FOR BIPOLAR TRANSISTORS, COMPUTE AND PRINT
SENSITIVITIES OF DC JUNCTION VOLTAGES TO
VARIABLES & SENSITIVITIES OF SMALL-SIGNAL
PARAMETERS TO DC JUNCTION VOLTAGES AND

TO VARIABLES

#- CYCIJS THROUGH SENSITIVITY FREQUENCIES

r

U-

PERFORM AC ANALYSIS

PERFORM AC ADJOINT ANALYSIS

COMPUTE AND PRINT SENSITIVITIES OF THE
TRANSFER FUNCTION TO THE BIPOLAR TRANSISTOR
SMALL-SIGNAL PARAMETERS AND TO THE VARIABLES

- CONTINUE

RETURN

CALL SETUP

CALL DCMOD

CALL DCANAL

CALL SETUP

CALL ACMOD

CALL DCADJ

CALL ACANAL

CALL ACADJ
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SUBROUTINE NOISE

This subroutine uses the adjoint method and computes the

noise at the output port from each thermal and shot noise source

in the circuit [10]. First, the equivalent noise current sources

are computed and printed. These noise sources are of two types:

thermal noise sources due to the circuit resistors, bipolar tran

sistor ohmic base and collector resistances, and field-effect

transistor ohmic drain and source resistances; and shot noise

sources due to the dc base and collector currents of bipolar tran

sistors and the dc drain currents of field-effect transistors.

Then for each of the up to five specified noise frequencies, the

following steps are conducted: subroutine ACANAL performs an ac

analysis; subroutine ACADJ computes the complex adjoint node volt

ages; and the rms output noise contribution from each noise source,

the total rms output noise, and the total rms noise referred to the

input are computed and printed.



SUBROUTINE NOISE

INITIALIZE

COMPUTE AND PRINT THE EQUIVALENT THERMAL
NOISE CURRENTS OF THE RESISTORS '

COMPUTE AND PRINT THE EQUIVALENT THERMAL
AND SHOT NOISE CURRENTS OF TRANSISTORS

I
SET UP AC SPARSE MATRICES

I
CYCLE THROUGH NOISE FREQUENCIES

PERFORM AC ANALYSIS

PERFORM AC ADJOINT ANALYSIS

COMPUTE AMD PRINT THE OUTPUT RMS NOISE
CONTRIBUTION FROM EACH EQUIVALENT

NOISE SOURCE

COMPUTE AND PRINT THE TOTAL RMS OUTPUT
NOISE AND THE TOTAL RMS NOISE REFERRED

TO THE INPUT

CONTINUE

RETURN
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CALL SETUP

CALL ACANAL

*- CALL ACADJ
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SUBROUTINE CLOCK

f This subroutine is written in Control Data COMPASS assembly

language and obtains the time and date of job execution. Due to

its special nature, no description or flowchart is included for

this subroutine.
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COMMON BLOCK VARIABLES

This section lists and describes the common block variables,

UNLABELLED COMMON BLOCK

NPOS(2000)

COMMON/NAM/

TITLE(20)

COMMON/RES/

KR

RNAM(40)

NR(40,2)

R(40,3)

COMMON/GM/

KG

GNAM(20)

storage for the pointers to the terms

of the sparse Y-matrix and current

vector that are modified during a sparse

matrix solution

- "Title card" image

- the total number of resistors

- names of the resistors

- nodes of the resistors

- nominal resistances and first-order and

second-order temperature coefficients,

respectively, of the resistors

- the total number of voltage-controlled

current sources

- names of the voltage-controlled current

sources
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NG(20,4)

G(20,3)

COMMON/CAP/

KC

CNAM(20)

NC(20,2)

C(20,2)

COMMON/IND/

KL

ALNAM(20)

NL(20,2)

AL(20,3)

COMMON/MUL/

KML

AMLNAM(IO)
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positive and negative current source

nodes and positive and negative control

ling nodes, respectively, of the voltage-

controlled current sources

nominal transconductances and first-

order and second-order temperature coef

ficients, respectively, of the voltage-

controlled current sources

the total number of capacitors

names of the capacitors

nodes of the capacitors

nominal capacitances and first-order

and second-order temperature coefficients,

respectively, of the capacitors

- the total number of the inductors

- names of the inductors

- nodes of the inductors

- nominal inductances and first-order and

second-order temperature coefficients,

respectively, of the inductors

- the total number of mutual inductors

- names of the mutual inductors



NML(10,4)

AML(10,5)

COMMON/CUR/

KCS

CSNAM(IO)

NCS(10,2)

CS(10)

COMMON/VOL/

KVS

VSNAM(IO)

NVS(10,2)

VS(10)
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primary winding and secondary winding

nodes, respectively, of the mutual

inductors

nominal primary self-inductances,

nominal mutual inductances between the

primary and secondary windings, nominal

secondary self-inductances, and first-

order and second-order temperature coef

ficients, respectively, of the mutual

inductors

the total number of current sources

names of the current sources

positive and negative nodes, respectively,

of the current sources

values of the current sources

the total number of voltage sources

names of the voltage sources

positive and negative nodes, respectively,

of the voltage sources

values of the voltage sources
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COMMON/TRN/

KQ

QNAM(30)

NQ(30,6)

QMOD(30)

QARF(30)

QCUR(30)

QVOL(30)

QTEMP(30)

NQTYP(30)

IBJT

12?

the total number of bipolar and field-

effect transistors

names of the transistors

external collector, external base,

emitter, internal collector, and internal

base nodes, respectively, for the bipolar

transistors or external drain, gate,

external source, internal drain, internal

source, and substrate (MOSFET's only)

nodes, respectively, for the field-effect

transistors

names of the referenced transistor models

area factors in relation to the referenced

transistor models

initial collector currents for the bipolar

transistors

initial collector-emitter voltages for

the bipolar transistors

temperatures at which the transistors

are to be maintained

indicators denoting the types of the tran

sistors (1 for bipolar transistors, 2 for

junction field-effect transistors, or 3

for MOS field-effect transistors)

the total number of bipolar transistors



IJFET

IMFET

COMMON/VAR/

KV

VNAM(20)

VSCAL(20)

NPE(20)

NTV(20)

COMMON/BJT/

NBMOD(30)

VBE(30)

VBC(30)

CC(30)

CB(30)

COMMON/FET/

NFMOD(30)

the total number of junction field-

effect transistors

the total number of MOS field-effect

transistors
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the total number of variable elements

names of the variable elements

values of the variable elements

pointers to the variable elements

indicators denoting the type of variable

element (1 for resistors, 2 for voltage-

controlled current sources, 3 for capacitors,

or 4 for inductors)

names of the referenced bipolar transistor

models

base-emitter voltages of the bipolar

transistors

base-collector voltages of the bipolar

transistors

collector currents of the bipolar

transistors

base currents of the bipolar transistors

names of the referenced field-effect

transistor models



ITC

TCVAL1

TCVAL2

TCDEL

TCNAMO

NTC1

NTC2

KNTC

IVS

COMMON/CNTRL/

KDC

KAC

KPZ

KALTR

COMMON/LIST/

KTEMP1
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indicator denoting the type of input

source (0 for a voltage source or 1

for a current source)

initial value of the input source

final value of the input source

increment of the input source

name of the output voltage

positive node of the output voltage

negative node of the output voltage

pointer to the input source

pointer to the input voltage source in

the sparse matrix

- dc analysis indicator (0 for no dc

analysis or 1 for a dc analysis)

- frequency response only indicator (0

for no frequency response or 1 for a

frequency response)

- pole-zero analysis indicator (0 for no

pole-zero analysis or 1 for a pole-zero

analysis)

- altered analysis indicator (0 for no

altered analysis or 1 for an altered

analysis)

- indicator to denote which temperature

value is presently being used



KTEMP2

TNOM

TEMP (5)

KVARS1

KVARS2

VARNAM

VARVAL(20)

KNOIS1

KNOIS2

FNOIS(5)

KSENS1

KSENS2

FSENS(5)

COMMON/TRFN/

NOUT

NOP
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the total number of temperature values

the nominal temperature

the temperature values at which the

circuit is to be analyzed

indicator to denote which variable

source value is presently being used

the total number of variable source

values

the name of the variable source.

the variable source values

indicator to denote which noise analysis

frequency is presently being used

the total number of noise analysis

frequencies

the noise analysis frequencies

indicator to denote which sensitivity

analysis frequency is presently being

used

the total number of sensitivity analysis

frequencies

the sensitivity analysis frequencies

indicator to denote the type of small-

signal output (1 for voltage output or

2 for current output)

the positive output node
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NOM

NINP

NIP

NIM

PLIM

ZLIM

KFREQ

GOUT

DIV

FMIN

FMAX

GSCAL

CSCAL

ALSCAL

FSCAL
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the negative output node

indicator to denote the type of small-

signal input (1 for voltage input or

2 for current input)

the positive input node

the negative input node

the upper frequency limit for poles

the upper frequency limit for zeros

indicator to denote the type of frequency

variation (1 for no frequency response,

2 for logarithmic variation, or 3 for

linear variation)

the conductance across the output nodes

the number of points per decade for a

logarithmic frequency variation, or the

number of frequency points for a linear

frequency variation

the initial frequency

the final frequency

the small-signal analysis scale factor

for conductances

the small-signal analysis scale factor

for capacitances

the small-signal analysis scale factor

for inductances

the small-signal analysis scale factor

for frequencies



COMMON/CRKT

VALU(500)

KODE(500)

LOCI(500) ^

LOC2(500)

LOC3(500)

LOC4(500) J

NELT

COMMON/NODE/

VDC(lOl)

VAC(101)

PSIDC(lOl)

PSIAC(lOl)

NINC(lOl)

NORD(lOl)

NLOC(lOl)

NMAX

NDMR

NDMC

COMMON/SPARSE/

NMOD
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- temporary storage for the values of

all elements (including transistor

model elements)

- indicators denoting each element type

temporary storage for the nodes of

all elements

- the total number of elements

- dc node voltages

- complex ac node voltages

- dc adjoint node voltages

- complex ac adjoint node voltages

- number of incident branches to each

circuit node

- the user specified nodes

- the optimally ordered nodes

- the maximum user specified node number

- maximum number of rows in the indicator

matrix

- maximum number of columns in the indicator

matrix

- maximum number of user specified nodes



NUT

NLT

NTOT

NADJ

NFO

NVC(IO)

NUR(lOl)

NLC(lOl)

NFS(101)

NBS(lOl)

COMMON/FILE/

CARD(80)

COL(80)

FNUM
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number of elements in the upper-triangular

matrix

number of elements in the lower-triangular

matrix

total number of elements in the singly

dimensioned admittance matrix and current

vector

starting pointer for ac adjoint analysis

number of extra elements due to. floating

output

number of non-zero entries in the rows

with voltage sources

number of non-zero entries in each row

of the upper-triangular matrix

number of non-zero entries in each column

of the lower-triangular matrix

number of entries per column used in forward

substitution

number entries per row used in backward

substitution

temporary storage for eighty column data

card

error pointers for an eighty column data

card

floating point free-format value



INUM

IPT

ISTRT

ISET

NERR

KERR(80)

IPARAM

COMMON/BJTMOD/

KBMOD

BNAM(IO)

BMOD(40,10)
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integer free-format value or keyword

code

data card column that is being processed

starting column of free-format field that

is being processed

indicator to denote continuation card

(0 for non-continuation cards and 1 for

continuation cards)

number of errors on a card

indicators denoting the types of card

errors

indicator to denote the type of card for

keyword interpretation (1 for bipolar

transistor model cards, 2 for PRINT cards,

and 3 for field-effect transistor model

cards)

the total number of bipolar trnasistor

models

names of the bipolar transistor models

bipolar transistor model parameters

(both user-defined and computed):

1. type (+1.0 for NPN or -1.0 for PNP)

2* 3F : BFMAX

3. I
CMAX

4. 3
FLOW
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5.
"CLOW

6. VCE

7. T

C1

8. TC2

9. *R

10. r0 V ro

11. h
12. VBE

13. V
CE

14. rB : rB

15. TC1

16. TC2

17. rc ! rC

18. T
XC1

. 19. T
XC2

20. fT: fT

21. V

22. v
VCE

23. Vwb
24. xco

25. ^AT

26. C. : cJe
27. VBE

28. ♦.
29. n

e

30. c4 : C3c
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BCC(10,3)

CS0(19)

ETA(IO)

CJO(10,2)

TAUO(IO)

32.

33.

34.

35. C

BC

*C
ratio

138

SUB

36. temperature

37. Is

38. Tp

39. VA

three coefficients that model „ vs. 1^

reverse saturation currents at their

defined temperatures

basewidth modulation factors at their

defined temperatures

zero bias values of C. and C ,
je jc

respectively

forward transit times at their defined

temperatures
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IV. CLOSING NOTES

SLIC has undergone a number of changes which provide for more

versatile use. However, there are two areas where improvement could

be made. First, a considerable amount of core storage could be reduced

by eliminating the use of a square indicator matrix in the sparse matrix

set up. With the 100 node capability, a 101 by 101 square matrix or

approximately 10,000 words of core storage is needed. Assuming that

circuits will contain no more than 10 incident branches to each node,

then only 1,000 (100 nodes times 10 off-diagonal terms) words of core

storage will be needed. The time required to set up the sparse matrix

would also be reduced since the sparse square indicator matrix would

not have to be searched for non-zero terms. Changes to subroutines

SETUP, NC0DE, 0PT0RD, and NUMSET would be required. The second area

concerns the way transistor data ft stored. Presently, all types

(bipolar, junction field-effect, and MOS field-effect) of transistor

data are stored together in one storage area. Since each transistor

type has a different model, a search is required to find the transis

tors of each type. This searching could easily be eliminated by

creating a separate storage area for each transistor type.
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