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SUMMA RY 

The basic features of ten automated nonlinear 
transient circuit analysis programs are listed and 
the values of each of the features discussed from 
a potential user's viewpoint. The features com- 
pared for each 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, special features, 
and mathematical solution formulation. 

I. Capability of the Program: This section 
was concerned with the types of analysis per- 
formed (ac, dc, transient), kinds and number of 
elements handled, and built-in model capability. 

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

INTRODUCTION 

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

There are in existence a number of transient 
circuit analysis computer programs. Most of these 
programs can be applied to Transient Radiation 
Effects on Electronics (TREE) problems. Since 
there is no current, comparative documentation on 
the capability, limitations, and availability of 
these programs, the Defense Atomic Support Agency 
(DASA) requested the Air Force Weapons Laboratory 
(AFWL) review the programs in existence. 

APPROACH 

~lhis survey complements earlier surveys by 
Wirth I in 1964 which briefly compared PREDICT, 
NET-l, CIRCUS, MISSAP 3 and ECAP; by Dickhaut E in 
1965 which compared PREDICT~ NET-l, and CIRCUS; 
and by Pritchard 5 in 1965 which compared TRAC with 
PREDICT, NE~-l, and CIRCUS. Programs reviewed 
previously have been'modified, new programs have 
been developed, and several other industry- and 
university-developed programs have become of gen- 
eral interest t~rough recent listings in tech- 
nical journals.~, 5 

Information for this survey was primarily 
gathered from a questionnaire which was sent to 
sixteen different government laboratories, cor- 
porations, and universities which were known to 
have developed SOphisticated circuit analysis 
program, s. 

The questionnaire 'gas formulated to gather 
information in a concise form about all aspects of 
the program of interest to a potential user of 
the program. The questionnaire consisted of seven 
sections: 

III. Padiation Effects: This section was con- 
cernedwlth special features Of a program for 
handling radiation effects problems. 

IV. Use, Convenience, 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 Details: This section was 
concerned with the types of solution formulation 
and integration routines used in the program. 

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

VII. Additional Information: This section 
asked for a user's manual and a sample problem 
run for each program. 

RESULTS 

From the information obtained from the ques- 
tionnaires,* ten ~rograms are categorized as auto- 
.mated nonlinear transient circuit analysis pro- 
grams. These programs are automated in that they 
formulate the circuit equations from topological 
and component data and perform the solution 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 voltage 
or current sources) used to model active elec- 
tronic devices. 

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

*See Acknowledgments section of this paper and 
references 6 through 13. 
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government sponsor. A comparison of the major 
features and capabilities of the programs is show~ 
in Tables II through IV. 

DISCUSSION 

The program features are compared in Tables 
II throu~ IV. ~e following is a user-oriented 
discussion of these features. As seen in T~ble II 
all programs except PREDICT provide a steady-state 
dc solution. Each program uses an iterative tech- 
nique, usually a modified Ne~ton-~phson to obtain 
the dc solution. This provides an efficient means 
of obtaining the initial conditions required for a 
subsequent transient analysis. ~¢o of the pro- 
grams, the General Network Analysis program and 
the MISSAP I also provide nominal ac solutions and 
frequency or Fourier analysis. 

One of the first conccrns of a transient 
analysis is the initial conditions of the circuit. 
For all programs, except PREDICT, the initial con- 
ditions for the transient analysis can be automat- 
ically calculated by the dc solution portion of 
the program. For PREDICT the dc solution canbe 
obtained by a 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. 
This feature is particularly useful for circuits 
which the dc iterative solution fails to converge 
and the circuit 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, capacitors, inductors~ and 
constant and time-varying voltage sources. All 
except NET-I also include constant and time- 
varying current sources. All excepL TAG and TRAC 
provide for entering inductive coupling through 
mutual inductance. These elements along with 
built-in models for active devices provide an 
adequate tool for describing most standard dis- 
cret component transistorized circuits. For 
applications such as modeling new semiconductor 
devices~ more flexibility is required. For these 
applications it is important to be able to define 
functionally-variable elements and enter these in- 
to the program. Several of the programs provide 
for this by allowing variable elements defined by 
a table (F @__equation (FQ~ or subroutine (F~), 
as shown in Table II. 

An indication of the maximum size of the cir- 
cuit which may be entered is shown in the next two 
colums of Table II. This ~ries from 30 nodes for 
the General Network Analysis program and 60 ele- 
ments for the Oklahoma State fnalysis program, to 
300 nodes for the SCEPTRE program and 600 elements 
for the NET-IR program. For some of the programs, 
additional limits are placed on the number of each 
type of element, while others limit only the total 

number of elements or nodes. 

The CIRCUS, General Network Analysis, NET-IR, 
and TRAC programs include fixed built-in models 

for activedevices. These models are considered 
fixed models in that they cannot readily be 
changed by a user. The built-in transistor and 
diode models of these programs are nonlinear tran- 
sient Ebers-Moll models and are essentially the 
same for each of these programs. 

MISSAP III built-in models are defined in 
subroutines which can be changed by a user. Other 
programs, PREDICT, SCEPTRE, ST[UP, and TAG do not 
include built-in models. For these programs ~e- 
tive devices are entered by user-defined equ|va - 
lent circuit models either as part of an overs]l 
circuit, or in the case of SCEPTRE, from a user- 
defined model library tape. 

The last column on Table II indicates whether 
models or model parameter dats may be stored and 
called from a model library tape. The SCEPTRE- 
stored model feature is unique in that the stored 
model is user defined and may have up to 25 exter- 
nal terminals. 

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

If a program is capable of solving a particu- 
lar problem and is operational on an available 
ccmputer~ whether or not the program is used may be 
determined by how difficult the program is to use. 
All of the programs have been designed to be used 
by engineers without requiring the services of a 
programmer. All of the programs use an engineer- 
oriented input language. In general, the less 
restrictive, easier to use programs provide for a 
free-field input as indicated in ~ble IV. 

An exanrple free-field SCEPTRE input is shown 

in Figure I. The input for this circuit would 

look similar for CIRCUS, with conmms replacing 
the dash and equal signs, and for NET-I with 
blanks replacing the commas, dashes, and equal 
signs. The input for PREDICT would be similar 
except the transistor would have to be specified 
as equivalent circuit elements and defining equa- 
tions. STRAP would also appear similar except 
variable element values would be entered in s 

subroutine. 

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

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

An economically important feature is a save 
and continue feature that permits the user to 
save the results of a transient run in a form 
that permits the run to be continued from that 
point. This is particularly valuable for analyz- 
ing large circuits which may require several 
minutes of computer time for a few microseconds 
of problem time and where the circuit recovery 
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time cannot be estinmted accurately. 
except General Network Analysis and MIShaP III 
have this feature. 

..tWO: ~ 2  IT!:=: 

=.![:Kt'l 

T +ET=-IOV 

CIRCUIT DESCRIPTION 0 
~r_~dNNTS 
RI~ 1-2=1 
R2, 2 -4 =19 
R3, 5 - 3 =1.5 
El, i - 5 =i0 
ET, 4 - ! = I0 
TI, 2 - i - 3 : MODEL ~914A (PERM) 
OUTPUTS 
VR3, VRI, VCXTI, PLOT 
RUN CONTROLS 
STOPTIME = 500 
RUN INITIAL CONDITIONS 
END 

All programs 

T! :2~:;~14 '. 

EL='[()V 
I" 

~___-- 

T 

Figure I, Example of SCEPTRE Input Fo~mt 

Another convenient feature of most of the 
programs is one that permits the circuit analysis 
to be rerun autommtically, with circuit parameter 
changes (element value, transient forcing func- 
tion, etc.) by requiring only specification of the 
changes. 

For all the programs, transient output is a 
time history of the circuit response. Some of the 
progra~ such as C!RCUS~ General Network Analysis~ 
and NET-1R essentially provide only node voltages 
and semiconductor junction currents and voltages 
as output. PREDICT provides only element currents 
and voltages as output. Other programs such as 
SCEPTRE~ TAG, and TRAC also provide for additional 
user-defined outputs which are combinations of 
circuit variables. Using this feature, quantities 
such as element power dissipation and voltage 
between arbitrary points in a circuit are readily 
available for output. MISSAP III provides a 
unique method for specifying output by inserting 
voltmeters and a~.eters in the circuit and then 
printing these "meter readings" as output. 

Most of the programs provide for plotted re- 
suits as well as printed listings as sho~,m in the 
"plots" col~n of T~ble IV. Some of the programs 
such as CIRCUS and SCEPTREprovide plot informa- 
tion which can be processed by user installation 
supplied plot routlnes to obtain additional plot- 
ted results. 

() 
@ 

.. 5V . - f 
I !{}[z 

T S i n e  12V 
~ave 

SUBROUTINE CKT i 
DIMENSION M~ (1000) 
CO~ON MEM 
CALL MISSAP (61, 40, i000) 
CALL E (2, 6, 3, 1.5, O, l.OE-3, 1oo0., 0) 
CALL V (2, 6, l, i, 1.0E-3) 
CALL T (2, 4, 2, 15. 1.0E-6, 0.98, 1.0E-7, 39.5) 
CALL R (4, 6, 330.01 
CALL C (4, 6, 0.05E-6# 0.7, 0) 
CAUT~ R (15, 8, 18oo.o) 
CALL DC (8, 6, 12.0) 
CALL V (15, 8, 2, i, 1.0E-3) 
CALL QRUN (0, 5.0E-3, 5.0E-4) 
RETURN 
END 

Figure 2, Example of MISSAP I!I Input Format 

The next four columns of Table IV indicate the 
solution termination options available 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 increments decrease below 
a minimum limit. MISSAP III, SCEPTRE, and TAG 
also provide for termination when circuit vari- 
ables exceed user-speclfied limits. 

One of the major uses of these programs is 
providing circuit nuclear radiation response 
calculations. All but three of the programs, 
MISSAP III, Oklahoma State Systems Analysis, and 
TAG were either designed or have been adapted 
specifically for radiation effects applications. 

Some of the programs provide directly for 
radiation effects analysis as shown in Table IV 
by including photocurrent generators in the built- 
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 calculating radiation in- 
duced device model parameter changes. 

The remaining columns of Table IV indicate 
the basic approach used for the equation formula- 
tion and solution by each of the programs. For 
the transient solution either a state variable 
(capacitor voltage and inductor current) or nodal 
(admittance matrix) formu]ation is used. Oener- 
ally~ an explicit n~merical integration routine 
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is used with the state variable formulation. Gen- 
erally, for the nodal formulation, implicit inte- 
gration by including recursive difference approxi- 
mations in the a~mittance [~trix is used for 
solution with an accompanying iteration solution 
technique for nonlinearities and dependent sources 
at each solution time increment. 

There are other ~mportant aspects of these 
programs that have not been included in this paper. 
One is 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 required for different programs to cal- 
culate the same circuit response on a similar 
computer. Although efficiency is important, its 
accurate evaluation requires that all programs be 
run on the same computer for a family of circuit 
problems. 

CONCLUSIONS 

3. Memorandum, Pritchard, G. K., Air Force Weap- 
ons Laboratory, to Ballistic Systems Division, 
Evaluation of TRAC Computer Code (unpublished). 

4. Falk, Howard (Editor), "Computer Programs for 
Circuit Design," Electro-Technology, Vo~. 77, 
No. 6, Jun 1966, pp. 54-57[ 

5. Dunanian, John, "Check Design Program Aw~il- 
ability," Electronic Design, Vol. 14, No. 23, 
II October 1966, pp. 76-80. 

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

7. Perlich, D. R., and Kimball, E. M., Utiliza- 
tionManusl Computer Program 2M23; Genera]. Network 
Analysis Nonlinear Steady-StaZe and Nonlinear 
~ansient Prosrams, Lockheed Missile and Space 
Company. 

The programs reviewed were quite similar in 
capability of an~,lyzing most transistorized cir- 
cuits. ~he entering of most circuit data is Con- 
venient ~nd quite similar for CIRCUS, NET-1R, and 
SCEPTRE, 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 programs are fairly 
inflexible in that only fixed value elements are 
permitted outside of the built-in model~. The 
other programs 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. 0nly PREDICT 3 SCEPTRE, and STRAP 
make provisions for describing variable elements in 
simple engineer-oriented language. 
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TABLE I--AUTO~Z~D NONLINEAR TRANSIENT CIRCUIT 
ANALYSIS PROGAAMS, ORIGINATORS, AND SPONSORS 

Progr.am 

CIRCUS 
(Circuit Simu!a tor) 

General Network Analysis 
~Program 

MISSAP Ill 
(Michigan State Systems 
A na!ysis P_~ogram~ 

"NET-IR (Network Analysis 
Program~ Radiation 
Version) 

Oklahoma State Systems 
Analysis Program 

PREDICT (Prediction of 
Radiation Effects by 
Digital Computer 

%CEPTRE (S_ystem for _Cir'- 
cult Evaluation and Pre- 
diction of Transient 
_Radiation EFfects ) 

STRAP (SLmplified _Tran- 
sient Radiation Analysis 
Pro  ) 

TAG (Transient Analysis 
_Generator) 

~C' (Transient Radiation 
A_nalysYs by C_omputer) 

Originator 

Boeing Company 

Lockheed 
Sunnyvale, Calif 

Michigan State University 
Fast L~nsing, Michigan 

Los Alamos Scientific 
Laboratory and Braddock, 
Dunn, & McDonald, Inc 

Oklahoma State University 
Stillwater, Oklahoma 

IBM Corporation 
Owego, New York 

IBM Corporation 
Owego, New York 

Douglas Aircraft Co. 
Santa Monica, Calif 

Jet Propulsion Laboratory 
Pasadena, Calif 

A utonetics 
Anaheim, Calif 

S~oonsor 

US Navy 

msr, (Am) 
HDL~ US Army 

AFWL, USAF 

AFWL, USAF 

NASA 

1 ~ _ g  
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4- Save and Continue 

Rerun with Changes 

Node Voltage 

~ ~ ~ ~ ~ ~ Element Current 
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Plots 

Problem Time 

Computer Time 

Minimum Step 

Circuit Response 
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