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SUMMARY

The basic features of ten sutomated nonlineaxr
transient cireuit analysls programs are listed and
the values of each of the festures discussed from
a potentlal user's viewpoint. The fectures com-
pared for eech program include the types of analy-
sis performed, the types of elements handled,
built-in models, the computers on which the pro-
grams are operational, documentation, program
availability, user convenience, speclal features,
and mathematicol solution formulation.

INTRODUCTION

This paper compares the major features of
several digiial computer programs for nonlinear
transient circuit analysis, The features of the
programs are presented from the user's viewpolnt
and include discussions of the capabilities, limi-
tations, and availabvility of each program.

There are in existence a number of trensient
circuit analysis computer programs. Most of these
progrems can be applied to Transient Radiation
Effects on Electronies {TREE) problems. Since
there is no current, comparetive documentatlon on
the capability, limiteticns, and availability of
these programs, the Defense Atomic Support Agency
{DASA) requested the Alr Force Weapons Laboratory

APWL} review the programs in existence,

APPROACH

This survey complements earlier surveys by
Wirthl in 1964 which briefly compared PREDICT,
NET-1, CIRCUS, MISSAP, and ECAF; by Dickhaut® in
1965 whlc“ compared PREDICT, NET-1, and CIRCUS;
and by Pritchards in 1965 which Lompared TRAC with
PREDICT, NET-1, and CIRCUS, Programs reviewed
previously have been modlfied, new programs have
been developed, and several other industry- and
university-developed programs have become of gen-
eral interest upvough recent listings in tech-
nical journzls.”

Information for this survey wes primarily
gathered from & questionnaire which was sent to
sixteecn different government laboratories, cor-
porations, and universities which were knowm to
have developed saphi=tinqted circuit anslysis
PYOEYams,

The questiomneire was formulated to gather
informetion in & ¢ongise form about all aspects of
the progrem of interest to & potential user of
the program., The questionnoire consisted of seven
sections:
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I. Capability of the Program: This section
was concerned with the types of analysis per-
formed {ac, dc, traasient), kinds and number of
elements handled, and built-in model capsbility.

II. Computer Cowpatibility: ‘This section
asked on which computers the program was opera-
tional, in what language the program was written,
the size memory required, and guestions concerning
the status and documentation of the program,

III. Radiastion Effects: This section wos con-
cerned with special features of a program for
handling radietion effects problems,

IV. Use, Comvenience, and Flexibility Fac-
tors: This section was concerned with input and
output formats, restrictions on circuit topology
specification, and general features such as re-
run options.

V. Mathematical Deteils: This section was
concerned with the types of soluticn formulation
and integration routines used in the progranm.

VI, Availability: This section was concerned
with the avallability of the pregram and the pro-
cedure for obtaining the program.

VII. Additional Informstion: This section
asked for a user's manual and & sample problem
run for cach program.

RESULTS

From the information obtained Crom the ques-
tionnaires ,* {len programs are categorized as auto-
mated nonlinear transient circuit analysis pro-
grams. These programs are automated in that they
formulate the circuit eguations from topological
and component deta and perform the scolutlon cal-
culations to provide a transient or time history
analysis of the circuit. The programs are also
powerful enough to include nonlinear elements
{capacitors, resistors, inductors, or voliage
or current sources) ugsed to model active elec-
tronic devices.

The nemes of the ten programs included Iin
this survey are given in Table I along with the
names of the originating orgenization and

*3Zee Acknowledgments section of this paper and
references & through 13.



government spomscy, A comparison of the major
features and capabilities ol the programs is shown
in Tables Ii through IV,

DISCUBSION

The program features are compared in Tables
IT through IV. The following 1s a user-oriented
discussion of these fealures. As seen in Table IL
all programs except PREDICT provide a stcady-state
de solution. FEach program uses an iterative tech-
nigue, usually & modified Newton-Taphson to obtain
the de solution, This provides an effieient means
of obtzining the initial conditions required for a
gubsaquent tronsient analysis., Two of the pro-
gramns, the General Networle Analysis program and
the MISEAP I also provide nominal ac solutions and
frequency or Fourier analysis.

One of the first concerns of a transient
analysis is the initial conditisns of the eircuit,
For all programs, except PREDICT, the initial con-
ditione for the transient analysis can be automat-
ically calculated by the dc solution portion of
the program. For PREDICT the de¢ solution can- be
pbtained by n separate "power supply turn-on”
transient run. All of the programs except CIRCUS
and the General Network Analysis program provide
for entering user-supplied initial conditions.
Thig feature is particularly useful for circuits
which the de iteretive solution fails to converge
end the eircuit initial condition must be approxi-
mated from measurements or separate transient runs

An important feature of each program is the
type of elements or components which may be
entered, All of the programs readily accept con-
stant valued resistors, caepacitors, inductors, and
constant and time-varying voltage sources. All
except NET-1 alsc include constant and time-
varylng current sources. ALl except TAG and TRAC
provide for entering inductive coupling through
mutuel inductance. These elements along with
built-in models for active devices provide an
adequate tool for deseribing most standard dis-
cret component transistorized eireuwits. For
applications such as modeling new semiconductor
devices, more flexibility is required, For theoe
epplications it is important to be able to define
functionally-variable elements end enter these in-
to the program. Several of the programs provide
for this by allowing varizble elemenis defined by
a toble (F 9, equation (F,), or subroutine (F,),
as shown in Teble IT,

An indicetion of the maximum size of the ecir-
cuit which may be entered is shown in the next two
colums of Table II. This varies from 30 nodes for
the General Network Bnelysis program and 60 ele-
ments for the Oklshoms Stete /nalysis program,.to
300 nodes for the SCEPTRE program and 600 elements
for the NET-1R progrem. For some of the programs,
additionsl limits are placed on the number of each
type of element, while others limit only the total
nuhber of elements or ncdes.

The CTRCUS, General Network Analysis, NET-1R,
and TRAC programs include fixed built-in models

for active devices. These models are considered
fixed wmodels in thot they cannct readily be
changed by .2 user. The built-in fransistor end
dicde models of these programs are nonlinear tran-
sient Ebers-Moll wmodels and are essentially the
same for each of these programs.

MISSAP III built-in models are defined in
subroutines which can be chenged by & user. Other
programs, PREDICT, SCEPTRE, STRAP, and TAG do not
inelude built-in models. For these programs ac-
tive devices are entered by user-defined equiva-
lent circuit models either as port of an overall
circult, or in the case of GCEPTRE, from a user-
defined model library tape.

The last column on Table II indlcetes whelher
models or model psrameter data mey be stored and
called from & model library tape. The GCEPTRE-
stored model feature is unigue in that the stored
model is user defined and may have up to 25 exter-
nal terminals,

Table TII indicates the computers on which
each of the programs are operstional, the language
it is written in, the extent of the documentation,
and the availability of each program,

If a program is capable of solving & particu-
lzr problem and is operational on an available
computer, whether or not the progrem is used may be
determined by how difficult the program is to use,
A1l of the programs heve been designed to be used
by engineers without requiring the seyrvices of a
progremmer. AllL of the programs us¢ an engineer-
oriented input language. In general, the less
restrictive, easier to use programs provide for a
free-field input as indicated in Table IV,

An exemple free-field SCEPTRE input is shown
in Flgure 1. The input for this eircuit would -
look similar for CIRCUS, with commas replacing
the desh and equal signs, and for NET-1 with
blanks replacing the commss, dashes, and equal
gigns. The input for PREDICT would be similar
except the transistor would have to be specified
as equivalent circult elements and defining equa-
tions, STRAP would also appear similar except
varisble element values would be entered in 8
subroutine, '

An example of the free-field subroutine for-
mat of MISSAP III is shown in Figure 2.

TAG also uses @ free-field subroutine format
which is flexible, but less convenient to use,
TRAC uses a fixed field formel for element specl -
fication plus the use of auxiliary FORTRAN equa-
tions for defining nonstandard elementis or outputs.

An ecconomically importent feature.is a save
and continue feature that permits the user %o
save the results of a transient run in a form
that permite the run to be continued from that
point. This is particularly valuable Cor enalyz-
ing large circuits which may require several
minutes of computer time for a few microseconds
of problem time and where the circult recovery
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time cannot be estimated accurately. A1l progroms
except General Network Analysis and MISSAP III
have this feature,

R1=1K 0 @
it % ECTSLE

Helaluie ¢ §

T=— D10V

+

CIRCUIT DESCRIPTION  (T)

ELEMENTS
R,1l-2=1

R2, 2 - L =19

R3, 5 -3=1.5

El, L ~5 =10

ET, 4 -1 =10

T, 2 -1 - 3 = MODEL 2M91kA {PERM)
QUTFU

VR3, VEL, VCXT1, PLOT

RUN CONTROLS

STOPTIME = 500
FUN INTTIAL CONDITIONS
END

Figare 1, Example of SCEPTKRE Input Format

Another convenlent Tezture of most of the
programs is one that permits the clrcult analysis
to be rerun automatically, with ecircult parameter
changes (element value, transient forecing func-
tion, ete.) by reguiring only specification of the
changes.

For all the progrems, transient ocutput 1s 2
time history of the circult response. Some of the
programs such as CIRCUS, General Network Analysis,
and NET-1R essentially provide only node voltages
and semiconductor junctlon currents and voltages
as output. PREDICT provides only element currents
and voltoges as output. Other programg such as
SCEFTRE, TAG, and TRAC clso provide for additional
user-defined outputs which are combinations of
cireuit veriebles. Using thils feature, quentities
such a3 element power dissipation and voliage
between arbitrary points in s circuit are readily
svailable for cutput, MISSAP IIT provides s
unique method for specifylng output by inserting
voltmeters and ammeters in the cireuit and then
printing these "meter readings' ss output,

Most of the programs provide for plotted re-
sults as well sg printed listings s shown in the
"plots” column of Teble IV. Some of the progrems
such as CIRCUS and SCEPTRE provide plet informa-
tion which can be processed by user installation
supplied plot routines o obtain edditional plot-
ted recults,

150041

+
L. 5V
1 My
3ine Wave

SUBROUTINE CKT 1
DIMENSION MM (1000)
COMMON MEM

CALL MISSAP {61, 40, 1000)

CALL E {2, 6, 3, 1.5, 0, 1,0B-3, 1000., 0)

CALL V (2, 6, 1, 1, 1.0E-3)

CALL T (2, L, 2, 15, 1.0E-6, 0.98, 1.0B-7, 39.5)
CALL ® (L) 6. 330.0)

CALL ¢ (4, 6

, 0.05E-6, 0.7, 0)
CALL R (13, 8, 1800.03

CALL DC (8, 6, 12.0)

caLL v (15, 8, 2, 1, 1,0E-3)
CALL QRUN (0, 5.0E-3, 5.0B-k)
RETURN

END

Flgure 2, Example of MISSAP ITT Input Format

The next four columns of Table IV indicate the
sclution terminstion options aveilable for each
program, Most of the programs provide for solu-
tion termination when the problem response time
limit specification is reached, when a specified
computer machine time limit is reached, and when
the solution time step lncrements decrease below
a minimun limlt. MISSAP III, SCEPTRE, and TAG
also provide for terminstion when circuit vari-
gbles exceed user-specified limits,

One of the major uses of these programs is
providing cirecuit nuclear rediation response
caleulations. All but three of the prograums,
MISSAP ITI, Oklahoma Slete Systems Analysis, and
TAG were elther designed or have been adapted
specificelly for radiation effects applications.

Some of the programs provide directly for
radiatlion effects apalysis as shown in Table IV
by including photocurrent generators in the bullt-
in semiconductor device models. These programs
also usually provide a simple format for entering
radiation effects data, 'These programs also pro-
vide for entering or celeulating radistion in-
duced device model parawmeter changes.

The remaining columns of Teble IV indicate
the bagic approach used for the equation formula-
ion ond solubion by esch of the progrems. Tor

the transient solution either & state verisble
(copacitor voltage end inductor current) or nodal
(admittance matrix) formulstion is used. Gener-
ally, on explicit numerical intcegration routine
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is used with the state variable formulation, Gen-
erally, for the nodal forminlation, lmplicit inte-
gration by including recursive difference approxi-
mations in the admittance matrix is used for
solution with an accompanying iteration sclution
technique for nonlinearities and dependent sources
#t eoch solution time increment,

There are other important aspects of these
programs that have not been included in this paper.
One 1is the relative solution efficiency of the
various programs. Previous comparisons have shown
differences of up to a factor of ten in the comput-
er time regquired for different programs to cal-
culate the same circuit response on a similar
computer. Although efficiency is important, its
accurate evalustion requires that all programs te
run on the same computer for a family of circuit
problems.

CONCLUSIONS

The programs reviewed were quite similar in
capability of anelyzing most transistorized cir-
cults. The entering of most circuit data is don-
venient and quite slmilar for CIRCUS, NET-1R, and
SCIPTRE, with TAG and TRAC probably the least
convenient,

Considerable differences in the flexibility
of the programs were noted. CIRCUS, General Net-
work Analysis, and NET-1R progrems are fairly
inflexible in that only fixed value elements are
pernmitted outside of the built-in models. The
other progrems are capable of processing func-
tionally variable elements and so are useful for
performing modeling work, However, the ease of
entering variable elements varies considerably be-
tween programs. Only FREDICT, SCEPTRE, and STRAP
make provisions for describing variable elements in
simple englneer-oriented langusge.

ACKNOWLEDGMENT

The author wishes to thonk John Hubbard and
John Anderson for their sssistance in preparing
the survey questionnaire and the following for
their efforts in completing the questionnaire and
providing information about thelr reospective pro-
groms: R. H. Dickhaut (CIRCUS), J. J. Menard
{General Network fnalysis progrem), R. J. Reid
(MISSAP III), R. Puttcamp (NET-1R}, J. Walden
{Oklahoma State Systems Analysis program)

S. R. Sedore {SCEPTRE), XK. A, Wyse (STRAPS,
W. K. Shubert (TAG}, E. D. Johnson and C. Kleiner

(TRAC).
REFERENCES
1. Wirth, J. L.,"The Design and Analysis of

Electronic Circuits by Digital Computers,’ BSCR-
GL-1355, Sandia Corporation, October 1904.

2. Anelytical Methods end Fundamental Parameters
for Fredicting Responses of Electronic Circuits to
Trensient Nuclear Radiation, with Application to
Hardened Circult Design, ATWL TR 05-105, Air Force
Weapons Leboratory, July 1965.

3. Memorandum, Pritchard, G, K., Air Torce Weap-
ons leboratory, to Ballistic Systems Division,
Evaluation of TRAC Computer Code {unpublished).

b, PFelk, Hownrd (Editor), "Computer Programs for
Circuit Design,"” Electro-Technology, Vol. 77,
No. 6, Jun 1968, pp. 5%-57.

5. Dunanian, Jomn, "Check Design Program Avail-
ability,"” Electronic Design, Vol. 14, Fo. 23,
11 Qctober 1956, pp. T6-30.

6. Millimen, L. D., Messena, W. A., Dickhaut,
R.6H., User's Guide to CIRCUS, to be published,
1967,

f. Perlich, D, R., and Kimbsll, E. M., Utiliza-
tion Manual Computer Program 2M23, General Network
Analysis Nonlinear Steady-State and Nonlinear
Transient Programs, Lockheed Missile and Space
Company .

8. ‘The Michigsn State System Analysis Program,
MISSAP T, Michigoan State Unlversity, HMast lansing,
Michigan, 15 May 1966,

9., MISEAP I1I, General Information Manual, BFlec-
tronic Circuit Analyses, Michigan State University,
Bast Lansing, Michigan, 25 July 1966,

10, Malmberg, A. P., Cornwell, . N., NET-1 Net-
work Anelysis Frogram, T090/700% Version, LA-3110,
Los Alemes Scientific Laboretory, Sept 196k,

11. Autometed Digital Computer Program for Deter-
mining Responses of Electrcnic Systems to Tran-
sient Nuclear Radiation, PREDICT Circuit Analysis
Program, WL, TDR 6L-62, Vol II, Air Force Weapons
Tehoratory, fAugust 1964,

12, Automated Digltal Computer Progrem for Deter-
mining Responses of Electronic Circuits to Tran-
sient Nuclear Radlation (SCEPTRE), Vol. I,
SCEPTRE User's Manual, Vol. 1I, SCEFTRE Formula-
tion, PREDLCT Support, AFWL TR 66-126, Air Force
Weapons laboratory, Februsry 1967,

13. King, K. 0., Gillet, K., Libaw, W., TAG User's
Manuel, R-847, Planning Research Corporation,
June 1966.

10-4



TABLE T--AUTOMATED NONLINEAR YRANSIENT CIRCUIT

ANALYSIS PROCRAMS, ORIGINATORS, AND SPONSORS

' Program
i

Progran Originator Sponsor
CIRCUS Boeing Company

(Circuit §hnu1ator)

Ceneral Network Analysis Lockheed 1S Navy

Sunnyvale, Calif

:
MISSAP IIX

(Miphigan State Systems
Analysis ErogramT

Michigan State University
Fast Lensing, Michigen

NET-1R (Network Analysis

Los Alamos Scientific

TASL (AFC) |

Generator)

Program, Radlation Laboratory and Braddock, HDL, US Army
Versioni Dunn, & McDonald, Inc

Oklahoma State Systems Oklahoma State University

Analysis Program S5tillwater, Oklahoma

PREDICT (Prediction of IBM Corporation AFWL, USAF
Radiation Effects by Owego, New York

Digital Computer

SCEPTRE (System for Cir- TBM Corporation AFWL, USAF
cuit Evalvation and Pre- Owego, New York

diction of Transient

Radiation Effects)

STRAP (Simplified Tran- Douglas Aircraft Co.

sient Radiation Analysis Santa Moniea, Calif

Program) :

TAG (Eransient Analysis Jet Propulsion Leboratory | NASA

Pasedena, Calif

TRAC (Transient Radiation
Analysis by Computer)

Autonetics
Aneheim, Calif
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