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_FORWARD =~

The verswn of SCEPI‘RE avallable at LRL was or1g1nally recelved as

- SCEPTRE/6600 ver51on 10 69 -A 1n Decen'ber of 1969 - Version 10-69-A is
‘,an adaptatlon of the or1g1nal SCEPTRE wmtten for the IBM 7094. The -
-only user s manual available at. that t1me was  the one’ that had been

: 'wntten for the or1g1na1 SCEPTRE Because of the many changes that the

versmn 10 69-A had been through the user's manual was in many ways

not relevant to this newer- SCEPTRE 'Ihere were features that the orlg-

,1na1 user's manual- spoke of that Just smply d.1d not ‘work on our vers-’
| ~ion; and in go1ng thmugh the cod1ng, features were found that were

' not mentloned in the manual

Durlng the course of the pro;ect 1t was detemuned wh1ch of the

om:Ltted features had been purposely deleted from our version and Wthh

A'had been aborted by programnlng errors, machine dlfferences etc Some _

of these determlnatlons were made by studying the cod1ng 1nvolved

Others were done by d1rect conversatlons with. Captaln John Anderson

' "and L1eutenant R.’ B. McBrlde of AFWL Albuquerque New Mexico, and an - |
B author of the or1g1nal SCEPI‘RE Stephen R. Sedore of IEW Electron1cs
. 'v-Systems Center, Owego New York Those features purposely deleted

. the codlng was changed to. ‘conform with 1ts 1ntended purpose



Defined Parameters:

A special section has been-created to enable the user to

~ define quantities that may be output other than sources or

.passive. currents and voltages. :The user mayienter: systems of e

. first-order differential equations.that may:or.may;not have

anythmg ;dl.do yi_;h-,-,g,(pg;.rjt;-icg;‘ar electrical network. - .

P e et
el LI

Output:

.In addition to the conventional output:format, which allows

- "-?'fal'l"';s"éureeSu-énd"--pa’.%si"\‘/e currents ‘and -voltages at each solution

LEDR llst . S f"’.v‘:;‘:; '

*increment; the user may requestTas outptit any defined parameter
© from-item D. “He may also selectahy élement value, step size,
“‘and pass count. ‘-iTijr‘ne‘is not the only’ independent variable for

~these outputs ‘thé: uSet may “$elect-others from'a fairly large

L

. Subprogram Capability:: -

‘The ‘user who is familiar with computer programming may write

~FORTRAN subroétitines -and insert them-in otherwise conventional

'SCEPTRE tuns. -This“option pemmits handling special situations--

- éven though these should be ‘rare.:

of specified network quantities.

-“can be- ‘accommodated.

. Automatic Temination: 'v B v

Runs may be automati¢ally terminated contingent on the behavior

N,

. Flex1b111ty

Nonconventlonal source dependenc1es ‘and network topologles

P



To vauaint the reader with the input format, a simple inverter

‘circuit (see Fig. 1) and the input cards that would describe it

. 'appear_heré.
‘ o v E2=10v.

R2=1.5

El=lv.

FIG. 1

SIMPLE INVERTER CIRCUIT

See the tran51stor ‘models subsectlon Chapter 3. for a detailed

descr1pt10n of the tran51stor model .
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" DATA CARDS

MODEL DESCRIPTION (INITIAL,PRINT)
MODEL 2N2369 (PERM) (B-E-C)
- ELEMENTS
" CE,1-E=BQUATION 1(VCE,JE,5.,.9,.30,1.8E-11,37.2,.25)
CC.1-2=EQUATION 1(VCC.JC.3.7..9..22,5.75E-11,38.5,6.2)
JE,1-E=DIODE EQUATION(1.8E-11,37.2)
JC,1-2=DIODE BQUATION(S.75E-11,38.5)
JN,2-1=FQUATION 2(TABLE BTA(JB))*JE

JI,E-1=.5%J
RB,B-1=.1
RC,C-2=.05. .
RL,E-1=1,E+6
‘R2,1-2=1.E+6 =
FUNCTIONS =~

EQUATION 1(C,G,A,B,D,H,E,F)= (A/ABS (B- C)**D+(E*F)*(G+H))
EQUATION 2(A)= (A/(A+1 0))

TABLE BTA
©.1,50., 1.,100., 5.,75.

vCIRCUIT DESCRIPTION :

- Z.- SCEPTRE EXAMPLE CIRCUIT = ---

---ONE TRANSISTOR INVERTER  ---
ELEMENTS - .

EIN,0-1=TABLE 1(TIME)

E1,0-4=1. -

LSk

1 ]
e O
U
@,
.

= e e

-

eaaaa
. v -
N\xw-‘mf—'lo
G\U1-II>N\I

'2-3=3.386
T1,5-0-6=MODEL 2N2369 (PERM)

' DEFINED PARAMETERS

PVOUT=(10.0- VRC)

PWRIN=(EIN*IEIN)

INITIAL CONDITIONS

VJET1=.5

OUTPUTS.

PVOUT (VOUT) , PWRIN,, VCET1 ,PLOT

PVOUT (VOUT) PIDT(EIN(VIN))

'FUNCTIONS ~

TABLE 1

0.,0., 1.,-2.5, 50.,-2.5, 51.,0.; 52.,0.
RUN CONTROLS |
STOP TIME=100

RUN INITIAL CONDITIONS



'Each"elénhent is déscribed by a card with the element name, the nodes
to which it is connected, and its iralue.»' The element type is usually.
intplieit 1n the name v The name of a resistor starts with an R, the name
of a cépec_itor starts w1tha C, and so on. The nodes are entered in a
from-to di‘rection of assumed positive current fiow. For voltage sources
the assmned“direction of positive current flow is from the negative node
to the p051t1ve node. Note the voltage source spec1f1cat10ns for EIN, E1,

and E2 (node 0 1is assuned to be ground)

All values for this example are in units of k, pFs, and nsec. It
is recenl_nended that all circuits input to SCEPTRE be normalized in this
: 'mamier.‘
fThe i(éiue for the capacitor C1, 3.3E6, implies a value of 3300000.
" This is the ‘standard E format where the integer following the letter E
is a powerof ten. |

ThlS example will be used extenswely here to demonstrate the various

' features of SCEPTRE.
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(HAPTER 2. INPUT DECK

The input deck consists of controi cards and ‘data input : The control
cards are usually the same for each run and w111 change only when certain
spec1a1 features of SCEP’I‘RE are exerc1sed ’Ihe data cards descr1be the
circuit to be analyzed and they therefore change with each c1rcu.1t These

cards are descnbed below

A. (I)NTROL CARDS

At LRL Berkeley, the control cards that are to be used with each run
’ appear below These cards should be followed by a 7-8-9 card (a card w1th
a 7, 8, and 9 punched in the first column) and then by the data cards |
| '-'f»_'Ihe last card in -the 1nput deck should in all cases be the white: LRL end-

B "of file card

JOB CARD.  (NAME,PRIORITY, TIME,126000.J0B NUMBER,USER NAME)
LIBCOPY (EEBINARY , SCEPTRE,SCEPTRE) .

* LIBCOPY (EEBINARY , TAPE6O ,SCEPTR2)

* SCEPTRE.
RUNF(S, , , TAPES ,NULL)

- LOAD(I=LGO, L=TAPE60 ,O-NOMAP)

" NGO.

* SCEPTRZ.

a) Permanent Library:

If the user wishes to keep a permanent library of stored models, - |
he l"nusrt request that a magnetic tape be mounted to store them. To ¥

ha_\_fev'this magnetic tape mounted, the card, -

~* REQUEST LIBTAPE,nnnn,0.



must appear d.uectly after the job card. The nnnn is an LRL library
tape nunber One permanent library already exists at LRL with an -
extensnre list of possible trams;istor and diode mode.ls from which to
choose. The library number for this tape is 12042. The transistors
and diodes that are on this tape appear in Appendix C.

b) TV Plots/Cal -Comp Plots

Any time the user requests pr1nted plots as outputs, he has the
»addly_tlonal options of getting either 35 mm photographic film or Cal-

Coﬁrp..o.utpﬁts as well. To request film outputs the cards

LIB(I)PY(EEBINARY PLOTTV PIUI'I'V)
PLOI'I'V

. should appear at the end of the other control cards. ’Ihe film can

be used to make 8 x 11 copies of the desired plots. To request
Cal-C_omp plots, the cards_

' LIBCOPY(EEBINARY PLUI'CC ,PLOTCC)
- PLOTCC.

éh'odld appear.
- When requestmg TV plots or Cal-Comp plots the user should also -

Stbmlt a OOS card to the I/0 desk specifying the number of plots

' reques ted



B. DATA CARDS CARDs :

The data input deck COI]SlStS of headlng and subheadmg cards and, under
these, statements to descnbe the circuit to be analyzed and to control
the run The headlngs, and the subheadmgs allowed under each, appear

below

1) MODEL DESCRIP'I‘ION(INITIAL PRINT)

MODEL NAME (PERM, TEMP OR DELETE) (NODE-NODE- . .-NODE)
- (COMMENT OR MESSAGE CARDS, IF ANY, UP TO 11 ALLOWED)
1. ELEMENTS

2. DEFINED PARAMETERS

‘3. OUTPUTS |

4. FUNCTIONS

XSTER NAME (PERM, TEMP, OR DELETE)

USER SPECIFIED PARAMETER VALUES
1. FUNCTIONS
* The MODEL. DESCRIPTION heading is used when it is desired _'to store one or
more models See ‘the stored model feature section of this -report for a

more detailed description of this option.

11) CIRCUIT DESCRIPTION

((DMV!ENT OR MESSAGE CARDS, IF ANY, UP TO 11 ALLOWED)
‘1. ELEMENTS
- ‘2. DEFINED PARAMETERS
-3. OUTPUTS
‘4. INITIAL CONDITIONS
5. FUNCTIONS
6. RUN CONTROLS

The CIRCUIT DESCRIPTION heading is always used when any network is pre-
sented for analysis. Any or all of ':the six subheadings listed under the

head].ng may be used. The comment cards can include up to 72 colunns of
alphanumeric information.



iii) RERUN DESCRIP’I'ION(N)

(C(MMENT OR MESSAGE CARDS IF ANY, UP TO 11 ALLOWED)
1. ELBMENTS =

_ 2‘. DEFINED PARAMETERS

- 3. INITIAL OONDITIONS
4, FUNCTIONS -
5 RUN OONTROLS ,
The RERUN DESCRIPTION Headlng is used whenever the rerun feature is

exerc1sed A11 changes to the master network must appear under thlS head:mg

iv) END
This card must always appear.
'I"'he'_‘_headin'g and SLbheading cards repreSent» the general sequence of
-_ infoﬁnétion input. The formats and types of 1nfonnat10n to be input under

each srbheadlng are described below

a) ELB/IENTS
All elements introduced in MODEL DESCRIP’I‘ION CIRCUIT DESCRIP-
.TION or RERUN DESCRIPTION must appear under thls subheadlng The

- vaeneral form for cards under elements is

ELEMENT NAE, NODE-NODE=VALﬁE |

i '_where ELEMENT NAME is a maximm of five alphammerlc characters.
The connectlon nodes are spec1f1ed in a from-to order correspondlng
to the assuned direction of_ current flow. NODE is a maximum of six
_“a:l_lphanuneric characters. VALUE may be a constant, a table name |
: (w1th an independent variable), a defined parameter, an equation
name (with an argument list) , or a nathematical expression. Possible
'entrles under the ELEMENTS sectlon ‘are summarized on the followmg

page (Table 1. ).



TABLE 1.

ENTRIES UNDER ELEMENTS

ELBMENT NAME

VALUE SPECIFICATION .. - -

NODES
STARTS WITH
R (RESISTOR) ,
C (CAPACITOR) . ] CONSTANT,
L (INDUCTOR) , | NODE-NODE TABLE NAME (INDEPENDENT VARIABLE),
E (VOLTAGE SOURCE) |, | = DEFINED PARAMETER, OR
J (CURRENT SOURCE) |, EQUATION NAME (ARGUIMENT LIST)
M (MUTUAL INDUCTANCE) , | LNAME-LNAME

-

LINEARLY DEPENDENT SOURCES

E , | NODE-NODE = CONSTANT*VR
J , | NODE-NODE =| ° CONSTANT*IR
PRIMARY DEPENDENT CURRENT SOURCES _
J , | NODE-NODE = DIODE TABLE NAME, OR
DIODE EQUATION (X1,X2)
SECONDARY DEPENDENT CURRENT SOURCES
J , | NODE-NODE = CONSTANT*JNAME (A PRIMARY DEP CURRENT SRC)
VOLTAGE AND CURRENT SOURCE DERIVATIVES
DE = CONSTANT
DJ | = CONSTANT
MODEL CALLS
ANY NAME *, | NODE-NODE-...-NODE | = MODEL NAME (PERM OR TEMP)
| : v
|
- L X, I

_0’[-
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The special values included for various sources are the only
fd'nns of mathematical expressions that should be used under the
-vélue specification. AlthoiJgh SCEPTRE will accomodate other
vexpiessions mder this spécification, the format for these expres-
_Siohs is more restricted than it is under the FUNCTIONS subheading.
It is therefore recommended that these expressions be entered
under FUNCTIONS. |
- The value specifications under primary dependent current
s(_)urces, DIODE TABLE NAME and DIODE EQUATION(X1,X2), are included
l to éécomodate those  current sources that represent diode or tranéis-
. t_dr. junctions. DIODE -H)UATIQN()Q,XZ) should be used when the closed
form representation J=X1 [EXP(XZ*VJ)-I] is desired. Note that this
- i_s;-the conventiohal’ form for the diode equation where X1 is the
safﬁfation current, IS, and X2 is q/kT. The program will auto-
;_.mat’i:cﬂéllly use the voltage across the current source as the indepen-
~ dent variable. |
The first chéfact__er M implies that a mutual vi.nductance between
~two inductors is being specified. The usual mutual inductance
'-:_»b_ojlarities apply as sign conventions. Note that in thi_s. éase the
node specifications are replacéd by the nalr;es of the inductors
. irﬁro’lved. For example, if coupling exists between inductors L1

and L2, the fappropriate entry might be

MX,L1-L2=32.4
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ji__n_'.a.ddition, the user must ensure that MX is less than the
ffﬁﬁz“ . This ensures that the_co‘efficient, of coupling is 1ess
than un1ty |
Vv If a variable voltage source 1s COniieCted in a loop containing
| only capacitofé and other voltaée' sources, or a variable current
- .seu'rcev is comnected in e cut set'containing only inducfor‘s and
:o"t}_vlelr cui'rent sources, the time derivatives ‘of lthese sources- must
' be }suppli'ed. The derivatines are suppl_ied under the format indicated.
. Note that in this case no vno'de 'specifieation is required. |
- Some cards from our. inverte'r circuit exanlple of .Chépter 1 are

‘repeated here as possible entries under this subheading.

CE,1-E=Q1(VCE,JE,S.,.9,.30,1.8E-11,37.2,.25)
JC,1-2=DIODBQ(5. 75E-11,38.5)
EIN,0-1=T1 (TIME)

C1,2-3=3.3E6

T1,5-0-6=MODEL 2N2369 ‘(PERM)

For the inpuf data, the word EQUATION and the letter Q are
' "_eql'Jivalent as are the word TABLE and the letter T. For example,
note that 'ehe specification TABLE 1(TIME) has been replaced here
| by T1(TIME).
The tabular entry for TABLE 1 and the analytical expression
Vrfor EQUATION 1 must be entered under the FUNCTIONS subheading.

A good general rule to follow throughout the program is that all

constants in parenthesis must include decimal points.
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b) DEFINED PARAMETERS:

:' " This subheading will permit the user considerable flexibility
v 1n the use of SCEPTRE Any variable that can be descnbed in
' ‘tenns of any network variable and/or any number may be defined
| »and this quantlty may be used as an element value, an argument
~in an equation or table or an output at each time step of the
»pmblem in the same marmer as any conventional output. The gen-
) eral fom for entries under DEFINED _PARAME'I’ERS is
‘ PNAME:VAL@ : __ ,.or
DPNAME=VALUE
'_‘wh:ére_i:he D indicates the derivative of the defined parameter
PNAME Under this format it is possible to have the program
'si_x:nulat_e any system of non-linear firétéorder differential
' v_.eq}xa'tions that may or may not have zinythihg to do with any partic-
- ular circuit?l Fd'r exam;Sle, if we wishéd to. simulate the differen-

tial equatiori,% = -50 x N, N(0)=70. We could input

CIRCUIT DESCRIPTION:
DEFINED PARAMETERS -
DPN-( 50. O*PN)
PN=70.
~ RUN CONTROLS
" Note that the value of N (PN) at time zero is also ehtéred
under the defined'pafameters section. This manner of inputting
can extend to any number of simultaneous first-order differential

-equations. SinCe the value of the variable can be in any range,
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the-_user should make sure that the error criteria used is proper
for his particular problem (see the discussion on integration

variables under the run cantrols section of this report).

¢) OUTPUTS:
B ‘Any output must consist: of same dependent variable which is
a function of some independent variable. SCEPTRE outputs consist
‘of printed tabular llstlngs of requested dependent variables as
functlons of time, and/or plots of the dependent variables as
| functlons of time or some other independent vanable SCEP’I'RE
‘will not give a tabular listing of a dependent variable as a
:functlon of any 1ndependent variable other than time. The follow-
ing quantities may serve as elther dependent or independent

variables.

- The voltage or current associated with any element (for example, '

VRL implies that the desired output is the voltage across

. resistor R1).
- Any element value.

- .Any defined parameter.

The general fom for entries under OUTPUTS is

VARIABLE1 ,VARTABLE2 ,VARIABLE3 - or if a plotted output
: is desired,

VARTABLE1 ,VARTABLE2 ,VARIABLE3,PLOT
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1f _'a_n independent variable other than time is desired for the

plotted output, the proper entry is

VARIABLEL , VARTABLEZ , VARIABLE3, PLOT (INDVAR)

where INDVAR is the desired independent variable. For example,
the entry o |

PVOUT , PLOT (EIN)
w111 give a plot of PVOUT as a function of EIN.” To nename'anj
output Variabie, the user need only supply the new name for ‘it in
_p;ai'enthésis following its entry in the output list. For example,
R the entry |
PVOUT (VOUT) , PLOT (EIN(VIN))
“ 1n o_i_xr inverter cirguit will give the same plotted output as the

a__bdve entry, but here the variables will be named VOUT ana VIN

respectively.

~d) INITIAL CONDITIONS:
- Under this sibheading,- the user may specify the initial value
of any circuit variable (a voltage or.a'current). The general

~ format for entries under INITIAL CONDITIONS is

VNAME=CONSTANT -~ or,
INAME=CONSTANT

multiple entries may appear on one card if they are separated

by commas .
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. Any entry under this subheading specifies the value of the
variable at the'.be'ginni'ng of the analysis vphase.‘ This is true
"i'_rfegardless or whether the program is to do an initial condition
- aijalysi‘s ‘or begin the transient analysis right aséay. Entries
_ihclu‘déd-tmder this subheading, then, serve one of two possible
uses. | |
" First, if an initial condition analysis is being made , it
_ aSS:ists convergence to a sbiutibn if an initiél _gue-ss. of some of
_t.he circuit _variables is made (a more complete discussion of this
is inciuded under the run controls section of this report).

This is espeéially true if a diode junction is 'expectéd to be for-
ward biassed in the initial condition solU_tioh. It is always a
good idea, for example, to give an initial guess of .5 volts

: -a'cros‘sﬂ the internal base-emitter juncti»on of any silicon transis-
| fbrs that>are expected to be initially forward bi'assed in a
ci-r_c:uif for which an initial condition solution is requested.

Note that this has been done in the inverter circuit example.

Second, if a transient only run is being made, thé set of all
')'cap,acitor voltages and inductor currents should be supplied fof
a complete solution. These variableé are the only meaningful
entries in the transient mode of operation. Those not specified

are assumed to be zero.
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“In this data group, each of the tables and equations referred

'to under ELEMENTS and/or DEFINED PARAMETERS must be defmed in
-detall

- »For tabular entries, the general form for entries under FUNCTIONS
~is ' |

TABLE NAME OR DIODE TABLE NAME  [or TNAME]
NUMBER ,NUMBER , NUMBER ,NUMBER, ETC.

where each paJr of numbers represents a unique point. And for each
- point pair, the independent variable appears first. Note that this
fo_nnjvis used to specify TABLE 1 in our inverter circuit example of

' Chapter 1. An_aitemative formmat for specifying this table would be

T1 = 0.,0., 1.,-2.5, 50.,-2. sv”51"o' 52.,0.

The table values are updated at each time step by linear inter-

_polatlon and extrapolatlon The reader should note that by g1v1ng
”vthe point (52. 0 ) it is assured that extrapolatlon will g1ve a

~ value of zero for all values of time greater than fifty-one units
“of time. |

.= For equation definition entries, the general form for entries

*under FUNCTIONS is

EQUATION NAME - (DUMMY VARIABLE LIS’I‘)b (MA'I‘I-[EMATICAL EXPRESSION)
[OR QNAME(DUMMY VARIABLE LIST) = (MATH EXP)]
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The dummy variable list must contain the same number of
‘entnes as does the argument list in the ongmal equatlon refer-
ence. Each dummy varlable may conta.m up to six alphanunenc
characters the flI‘St of which must not be a nurber or any of the
letters I thru N 1nc1u51ve All mathematical expressmns that

appear in SCEPTRE should be enclosed in parenthesis.

In addition to the usual mathematical operations of multipli-

'_cation, division, addition and subtraction, any algebraic opera-

tional functions available in FORTRAN are also available in SCEPTRE.

These include SQRT(X), SIN(X), COS(X), EXP(X), etc. As an example,
'if the value of a variable cap‘acitance,' say Cl, is given by

L
c1=1_0[e ] the cards

C1=BQUATION 1 (10,38,VC1) . under ELEMENTS, and
'BQUATION 1 (A,B,C) = (A*(EXP(B*C))) under FUNCTIONS

vfould produce the desired result.

£) RUN CONTROLS:

" This is the subheading under which all auxiliary information

” neéded to control the run is éntered. First, the usei' may specify
“which of the three possible modes of operation he desires. An
initial condition only run, a transient only run, or both an
_initial condition and transient run. If an initial condition

run is being made, he may control the criteria used for convergence

o
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"of the Newton‘-Raphson scheme that SCEPTRE employsz] He can con-
trol the start time and stop time for a transient run and can
»choose the type and accuracy of the numerical integration routine
used. Additional control, including automatic termination, of

the run is available as outliné_d below.

" Under normal conditions, a transient only analysis will be
made. This mode of operation can be changed by either of the
- following entries under RUN CONTROLS:
RUN I. C. ONLY - -- Only an initial conditions run
will be made in this case.

There will be no transient calcu-
lations done.

- RUN INITIAL CONDITIONS -- This will cause both an initial
Lo ' condition and transient run to
be made.
Depending on the mode of operation, various control quantities
can be supplied. Most of these quantities have automatically

» pr_éset values that hold unless specific entries are 511pplied.

Th_e general fo'rmbfor these entries is
'QUANTITY = VALUE SPECIFICATION

' pbssible entries under the RUN CONTROLS subheading that are of
‘this general type, along with their preset information, are given

in Table 2. on the following page.



‘TABLE 2.

QUANTITY PRESET TO VALUE SPECIFICATION

INITIAL CONDITION VARIABLES N P

_' | NEWTON- RAPHSON PASS L;IMIT : -',100 | | Nunber - [see the follow,ing dis;:ussion , -; .
RELATIVE CONVERGENCE | .001 Number ‘on initial condition control -
ABSOLUTE CONVERGENCE | .0001 Nunber variables] |

TRANSIENT RUN VARIABLES |
START TIME 1o Number [A transient run may be started at t # 0]
STOP TIME _ NONE Number [This must be specified in all transient runs]
MAXIMUM PRINT POINTS 1000 Ntmbér‘ [Max outputed irregardless of number calculated]
INTEGRATION VARIABLES |
INTEGRATION ROUTINE XPO TRAP or RUK - [see the following discussion
MAXIMM INTEGRATION PASSES | 20,000 Nutber - - on integration variables]
MINIMUM STEP SIZE E-5(STOP TIME) | Number |
MAXIMUM STEP SIZE E-2(STOP TIME).| Nutber
STARTING STEP SIZE: E-3(STOP TIME)'| Number
MAXIMUM ABSOLUTE ERROR .0075 Nutber
MAXIMM RELATIVE ERROR [0 Number
MINIMM ABSOLUTE ERROR | .0002 Number
MINIMIM RELATIVE ERROR 0

Number

RUN CONTROL VARIABLES

_OZ-
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- Initié'_lj"'Condi.fion'Contml Variables -

For the initial condition solution, SCEPTRE employs a modified Newton-.

" Raphson iteration schenx,zlfhich linearizes all nbnf linear bvariables about

their previous operating point for any given iteration. This procedure

‘continues until each variable is within a specified tolerance of its pre-

vious value. Moré specifically, 'assuni_ng preset tolerances, when the

value of eac_:h and every variable has not changed by more than the quantity

-(.001+.0001x(variable value)) in two successive iterations, convergence

is assumed to have occured. The user may change the values .001 (ABSOLUTE
CONVERGENCE) ‘and .0001 (RELATIVE CONVERGENCE) to attain any tolerance he

- wishes for convergence.

If, éft_er '100 iterations, there are variables that are still changing

between lsuc_céssive iterations by more than their allowed tolerance, a

.di'ag_nostic message is outputted and the program aborts. The upper limit

of _100 ‘i.t_erlatio'ns (THE NEWTON-RAPHSON PASS LIMIT) can also be changed by
the user. Experience to date has shown, however, that most circuits that

will n‘_ot converge in 100 iterations will not converge at all, and those

~circuits that do converge do so in less than 30 iterationms.

Convergence problems in initial condition solutions are the direct

‘result of the gross non-linearities in the circuit being solved. The

exponential relationship between the current and the voltage of a diode
or trans'ivstor junction is one such non-linearity, and the way in which this
relationship is handled has become a classic problem in programs of this

sort?l In general, any non-linear set of equatibns will converge to a
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solut-ior'_i' 1f ‘the iteration pfocess is begun sufficiently close to it.
SCEPTRE?beg_ins itevfating assuming that all circuit 'yariables (\}oltages
and curfentS) are zero except those representing independent sources.
It then convefges fo a solution frdm this s.t‘ate. "I‘her_efore, if conver-
gence _problemé arise, the user should‘ begin the iteration process closer
to the 'actﬁal solution. To do this, he can take advantage of the fact
that the value of any variable at the rb'eginning of any run (initial- condi -
“tion or »transient)v can be specified under-thé INITIAL CONDITIONS sub-
hea'ding'." ‘That is, he can specify initial guesses to an initial condition
soluti_on. under the INITIAL CONDITIONS card to assist comiergence. |
As an example, note that in our inverter circuit example, the voltage
source El assures that the transistor will be initially foxward biassed.
For circuits in which there are forward biassed silicon transistors, the
base-emitter voltages for each transistor will be in the raﬁge .of .5 to
.8 volts. since this variable represents the dominant current through
the transistor, and represents a gross non-linearity, it would help
ensure cbnvergenoe if the user specified an initial guess of .5 volts.
‘Here, this non-linearity is represented by the current source JE. There-
fore, the card VJET1=.5 serves as an initial guess to the value of this

v Volta'ge'i_and the program will converge easier.
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T Inteététion Vériébles -

| -'Ihr_ee-integration'routines are available for use with SCEPTRE. These:
mﬁtiries are ealled XPO, TRAP, and RUK (exponential, trapezoidal, and
nge-K‘utta integrétien respectively) . Studies to date indicete that
 the XPO”;integratim scheme is usually, though not always, faster than the
other methods. For this reason, this routine is used ’.unlesvs one of the

others ‘is specifically requested by an’' INTEGRATION ROUTINE card.

In':g:e'neral, integretim _m'utine"s use the value of each variable at a
| _ given-f»t'ime ‘and an estimate of the amount that it changes to calculate
Qhat its velue is at a later time. The error acquired at each time step
dependson the accuracy of the estimate of the chahg'e over the length of
the time .s'tep.v It can be -sho_wn that this error is iproportional to a
: pov.ve‘r.'ofvthe step size"!]' In the XPO routine, for example, it is propor-
: tibhé,l_'-‘te '~'the‘cube of the step size. This erref is not directly avail-
able 'te the integration scheme (othemise, it could use them for av more
a_ccuré.te result in the fixst_place); but its upper_ limit is available,

-and this is used to control the size of the time step taken.

4

. SCEP'I‘RE begins 'the transient solution by arbitrarily taking a step
size‘bne one-thousandth of the specified stop time. At each step (includ-
ing tlie'first one) it wcalculates the values of all the circuit variables
at the new time and estimates the size of the error acquired for each
. variable._ If at any time‘ this error is greater than the quéntity
(MAXIMM ABSOLUTE ER]_K)R + MAXIMWIM RELATIVE ERROR. X (vériable value))

for any \'rariable,'th_e step size is halved. This'process is repeated



-24-

until the estimated error sizes for all variables are less than their allow-
ed toleranoes If the error estimates for all variables are less than
(MINIMIM ABSOLUI'E ERROR + MINIMM RELATIVE ERROR X (variable value)) for
seven consecutlve steps, the step size is doubled If at any t1me the
reqmred step size becomes less than the minimum step 51ze the run is.
stopped and !1t is 1nd1cated in the output that a smaller minimun step is
needed to "keep the errors within their specified tolerances. At no time

will the step size be allowed to become larger than the maximum step size.

The reader cen see from the list of integration variables he has con-
trol ove’f,rthat he may speoify any degi‘ee of accuracy he desires. Since
‘ir_lcrea‘se_d accuracy -implies smaller step sizes, which in tu'rn; implies
more computer time, we see that this increased ziccuracy cah get very

| expen‘s'.ive. Experience has shown that the values to which the integra-
thl'l variables are preset give an acceptable accuracy execution time trade
off for most circuits.

For some circuits the required integration .accuraC)" will force the
step size .to ‘become prohibitively smell. This sitoatioh occurs most often
when a circuit has time constants that are small"compared to the time |
interval -OVer which the user requests a solution. Except in borderline
cases , where a slight adjustment will produce an acceptable result, this
represerits a real limitation to the usefulness of pmgralns such as SCEPTRE.
If this happens, the user has the option of either acceptihg relatively

large errors or using alternate methods of analysis.
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In a traﬁsient Tun, the user 'may wish to monitor certain voltages or
currents 1n a network to défemihe"their relation to some predetermined
quantity . 'If the relation is satisfied, there may bé no further interest
in contiriuih_g the run.v The run can be téminat’ed ét that point by the

entry
* TERMINATE IF (xxx..NN.yyy)

[wh_éfé .NN. can be .LT. (less than), -

“ | .LE. (less fhan or equal to),
(greater than),
(greater than or equal to),
(equal to),

5B R 3

(not equal to)]

As an example of this last entry under RUN CONTROLS, if the card
TERMINATE IF (VCC.GE.0) appears, the run will terminate if the voltage

across capacitor CC becomes positive.
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CHAPTER 3. STORED MDDEL FEATURE

Mos’f'.ﬁéers of circuit analysis programs find ﬁat repeated use is
made 6f-_’s¢pe’eie1 combinations of elements such as filter sections, bias-
mgnetworks, or in modeling transistors, etc. A convenient approach
in haﬁ&liﬁg this situation is to describe the nett_#drk or mo_del once and
store if‘folr ‘future use. In SCEPTBE, a lﬁodel may be spered teniporarily
or penﬁane'ntly. If it is etored temporarily, 1t is available for the
nn in which it is stored only. If it is Stored permanently, it is
available . for anyvnumbei' of runs until it is dele.ted- from permanent
storage.'. To select whether a partivculai' model is to be stored tem-
pofarily, pemanently, or delete‘d from a permanent model library, one of
the key words TEMP, PERM, or DELETE must appear on the correspondlng
FMODEL NAME card. Whenever the pemanent stored model feature is used
a model 11bra1y magnetic tape must be mounted for ‘the un. A discussion
on the procedure for dding th‘i; is included under the control ‘cards

section of this report..

All sfered models are transferred from storage to the main circuit,
where they ere used by reference to their external nodes. Corfesponding |
extemal nodes in both the main c1rcult and the stored model must match
in sequence. As an example of the use of this feature, the followmg
séquenéé of cards will store, as a temporary model, a series R-L-C
cvircuit,'and will call this model into use under the circuit designation

T1 and T2.



' MODEL DESCRIPTION

MODEL SERIES RLC CIRCUIT (TEMP) (EXTOI EXTOZ)

ELEMENTS
_ R,EXT01-1=1E3
L,1-2=1E-6
C,2-EXT02=1E-6
oUTPUTS
VC,IL,PLOT
CIRCUIT DESCRIPTION

COMMENT CARD ... RLC MODEL EXAMPLE ...
ELEMENTS .

T1,5-6=MODEL SERIES RLC CIRCUIT ('I'EMP)

T2,11-4=MODEL SERIES RLC CIRCUIT (TEMP)

END

COMMENT CARD

" -~ The name of this model is SERIES RLC CIRCUIT.'

Its external nodes are des1gnated EXT01 and
EXTO02.

- The capacitor voltage and inductor current

will be output in both tabular and plotted

fomm (as a function of t1me) for .each place ’

this model is used.

. Note that under -the circuit designation T1,

the node EXT01 of the model becomes node 5
and the node EXT02 becaomes node 6 in the
main circuit. Intemal nodes are discussed

below.

ae .
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The name of any intemal node, element, Atable“ or equation of a

stored model becomes a combination of its name under the MODEL DESCRIPTION
and the c1rcu1t de51gnat10n of that model in the main c1rcu1t In the
' above example, the 1nducto_r L becomes LT1 when referred to as a part of
T1l, and becomevaT.Z when referred Vte as a part of T2. Because of this,
and because of the restrictions on the length of names for nodes (6‘\_
characters); evlements (5 characters), tables (5 Acharacters) and equ’ations )
(5 characters) the length of these names when used in a stored model and

the: length of circuit de51gnat10ns of models should be kept small

On both the model name card and the circuit de51gnat10n cards if
neither 'I'EMP or PERM (or DELETE) appear for the specified model temporary

storage is assumed.

The model name (in this case, SERIES RLC CIRCUIT) must be kept to a
maximm of 18 characters. As specified earlier, the subheadings elements, -
defined parameters, outputs, and functions are valid subheadings under the

MODEL NAME card.

If a permanent library is being used, the words INITIAL or PRINT or
both (separated by a con,ma)' may 'appear. in. parenthesis on .the MODEL ‘
bESCRI?I‘I_ON card. INITIAL should .appear for the special case of the first
model:'pe_'rmanently stored on any individual tape. PRINT should appear
whenever a‘printed listing of all models on that particular tape 1s

desired._'b_;lhese words are never used on the MODEL DESCRIPTION card for

tempo I‘ai’)’ storage.
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A word' of wamning is in order here. If the {vbrd INITIAL appears and
the model __fape that was mounted for the run 'alr'e'ady has models on it,
: they.-\‘will‘"“l.jé erased. Also, the permanent library on tape number 12042
has over"_th hundred models on it. If PRINT appears while using this

library tape, over seventy pages of output will result.

A. CHANGES TN STORED MODELS
The uSe_r who frequently makes usé of the stored model feature of

S.CEP’I'Rvai_llz'often encounter the situation in which the topology of his
stbred modé.l. -is satisfactory but the size of some of the model elements

' must be changed. Changes can be effected easily for any‘indyividual Tun,
'buj: no peman'ent changes to the..sto:red; model are possible. (The user has
the optlon of storing a second model which contains a different version
of the origiﬁal.) ‘A1l changes must be made on the circuit designation

card that 'appears under the ELEMEN'I‘S subsection of the circuit description.

a) Gla;ﬁges in elements or defined parameters:
 The method by which element values or defined parameters are
_d_"n_ahged in a stored model is best illustrated by an exa:@lé.
' Suppose that the user wishéd to maké the value of .the capacitor
1n the above RLC model example a tabﬁlar function of the voltage
écross_ it in 'the'modlel.dgsighatedv VT1. -The féllowing would make
fhe necessary change o

Tl,S-6=MODEL SERTES RLC CIRCUIT (CHANGE C=TABLE7(VCT1))
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of ’co.urse, the tabular function (TABLE7) would have to appear
under the FUNCTIONS subheading of the main circuit. If, at the

same time, he wished to change the resistor to 500 ¢, he could

iﬁée_rt the following entry
'T1,5-6=MODEL SERIES RLC CIRCUIT (CHANGE C=TABLE7(VCT1) ,R=5E2)
which would produce the desired result. |

Changes in outputs:

The RLC model example above calls for the outputs VC and IL.

If other quantities from the model are desired as outputs, they

may be'requested. under the OUTPUTS swheading of the main circuit.

‘To request the current in the resistor R in T2, for example, the

- specification IRT2 would appear under outputs.

- Outputs requested in a stored model may also be suppressed

ir_x any given circuit designation. To inhibit the outputs for

T2 either

T2,11-4=MODEL SERIES RLC CIRCUIT -(PERM, SUPPRESS VC;IL) , OT
T2,11-4=MODEL SERIES RLC CIRCUIT (PERM, SUPPRESS ALL)

wduld .appear. : Under the first format any number of the previously

requested outputs can be suppressed.

The normal output routine will produce a listing of the entire

~circuit without a detailed printout of any stored models. To get
- such a printout the circuit designation card should be changed

"~ to read i

T2,11-4=MODEL SERIES RLC CIRCUIT (PERM,PRINT)
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c) ’Chaiiges inv fxmc‘tions:
H_.‘:A"table or equafion that appears under the FUNCTIONS subheading
.-jef 'the storec'l‘model' can be chahged as ‘i‘lllustrated in the following
| example | |
" Q4,7-4-6=MODEL2NA4D (PERM, CHANGE TABLEI=TABLE7) = ,or
Q17,3-18-2_;BDIJEL 2N44D (PERM, CHANGE Q1=Q2j |
v__FQ"xj.the table change, no correlation is required between the
: nﬁrber of point pairs in the original énd new tables. For the
'eeuafion change, the independent variables thaf held for the
| .voriginal' equation must also apply for the new equation. A table
_'taim.o't be Chaz'lged to an equation, and an equation cannot be changed
v_to a table but this type of change can easily be effected by mak-
E 1ng the approprlate change in the values of the affected element

or deflned parameter

d) Multiple changes:
' Any combination of the above changes to stored models can be
_aceomdated by including' them all, separated by commas, within

- one set of parentheses.
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B. TRANSISTOR MODELS

BeéauSe of the expected high use of the Ebers-MOll transistor model
a version for which the user need only supply the parameter values is

aVailable. The model, and the equations that describe it are ‘shown in

Fig. 2.81 | o0
RC
IN o == =R
B RB
JE J1 =c -
.

where -
' 6g x VJg
JE = Ipg (e . _-1)
JC =1 (eCXvVJC )
= (‘S e -
IN = ay x JE
JI = oy x JC
a
E X
CE=——————-nE + 6 X Tg (JE * Igg)
be - Ve | |
I |
- CC= ————nc + 8¢ x ¢ (JC x Ig)
o |¢C‘Vcc| |

 FIG, 2. SCEPTRE TRANSISTOR MODEL ,,
f ) g . :

7]

b
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.Tb ﬁse this mbdei, use the XSTER NAME card'andmspecify the parameter
values on the following cards. Each of the pafamefers-has a preset
valuevéha-the user need»spéCify only those he wishes to change. The
pafameféfs,‘their'SCEPTRE hame, and their preset values are listed in

Table 3;  belqw.

PARAMETER |  SCEPTRE NAME PRESET VALUE |

 ¢'1-3 | PHIE | .8
Con. : NE o | | .5
| IES o . 1E1
THETAE 38.5
TAUE .25
ALPHAT | 5

K 1.
PHIC | 8"

| N 5
T - Ics . 2Bl
THETAC 38.5
TAUC 2.,
A " ALPHAN o .99
":.Rcv‘i' 1 ke 05

R2 : 1.E+6

TABLE 3.-



The designation PNP ‘(Qr NPN) can appear anywhere among the parameters
to declaré that a PNP- (or NPN) transistor is desired. If neither designa-
tion appears an NPN transistor is assumed. ' '

As an example of the format for usmg this feature the followmg is
a llstlng for the original version of the transistor model used in the
inverter circuit example of Chapter 1, and the format for stormg the same
model usmg the abbrev1ated (XSTER) version. '

 ORIGINAL VERSION
MODEL 2N2369 (PERM) (B-E-C)
EMENTS

EL
CE,1-E=BQUATION 1(VCE,JE,5.,.9,.30,1.8E-11,37.2,.25)
~ CC,1-2=BQUATION 1(VCC,JC,3.7,.9,.22,5. 75E-11, 38. 5,6.2)
JE,1-E=DIODE BEQUATIONO1.8E-11,37.2)
- JC,1-2=DIODE BQUATION9S. 75E-11,38.5)
JN, 2-1=EQUATION Z(TABLE BTA(JE))*JE
JI,E-1=.5*JC
RB,B-1=.1
- RC,C-2=.05"
R E-1=1.E+6
" R2,1-2=1.E+6
FUNCTIONS

EQUATION 1(C,G,A,B,D,H,E,F)= (A/ABS (B- C)**D+(E*F)*(G+H))
EQUATION 2(A)=(A/(A+1.0))

TABLE BTA

.1,50., 1.,100., 5.,75.

ABBREVIATED VERSION

XSTER 2N2369 (PERM) (B-E-C)

AE=5. ,PHIE=.9,NE=.30,TES=1.8E-11,THETAE=37.2
AC=3.7,PHIC=.9 NC=.22,1CS=5. 7SE-11 ,TAUC=6. 2
ALPHAN=Q2 (TBTA(JE)) NPN

FUNCTIONS

Q2(A)=(A/(A+1.0))

TBTA=.1,50., 1.,100., 5.,75.
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The'trensistor model stored will always have the element names shown

in the'original version. Note that in the abbreviated version we were
able'tqispecify theefbrﬁard beta as a function of JE, the emitter current,
even tﬁbﬁgh JE did not.explicitly;appear as an element.

| Since,the name BQUATION1 is used for the equation that describes
the junetion capacitances CE and cc, the user should not use this name
to define any other equatlons fbr the transistor model. The nodal sequence
 (B- -E- -C) on the XSTER NAME card.w111 mean that the three nodes specified
vvon the c1rcu1t de51gnat10n card will be base emitter, and collector
respectlvely If no nodal sequence is included, the sequence (B-E-C) is

assumed.

Note that in the abbreviated version, only those parameters that differ

from the correspondlng preset value are spec1f1ed

-The-FUNCTION-subheading is the only one allowed under the XSTER NAME

. card. -



CHAPTER 4. RERUN FEATURE

The Terun feature of SCEP'I‘RE allows the user to run mu1t1p1e vers1ons
of a c1rcu1t Numer1ca1 values may change for each version, but the

topology and element form must remain the same.

‘The RERUN DESCRIPTION- (N) heading Can appear as many times as desi_red
after the CIRCUIT DESCRIPI‘ION. (N) specifies the number of reruns desired‘
under that heading. If (N) does not appear, only one rerun 'will_ be made.
Each :md.1v1dua1 rerun will utilize all information from the master run
eicceptthat which is specifically modified for that particular terun.

' Any in_t_ei_‘mediat'e reruns will have no effect on a subsequent rerun.

Fdr each desired. rerun, a complete transierit only run will be made.
The 1n1t1a1 conditions used will be those calculated, or Spec1f1ed for
the master rn. If the nature of the change is such that new m1t1a1
| cond1t10ns should be calculated a RUN INITIAL (DNDITIONS card should
appear under the RUN CON'I'ROLS section.

Any e_lement, defined parameter, initial condition, or run control
varia.ble‘ that had a numerical value for the master run may be changed
mder.'renm. The format undei' tﬁese subheadings is best illustrated by
an exaﬁ;le) Suppose the user wished to change the value of the capaciter
Cl,. in the in\terter circuit example of Chapter 1 to 3. 7E6, then to 4.1E6,

and then to 4.5E6 in three consecutive reruns. Suppose also that he
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Wished_.‘te ‘change the probiein duration to 110, then to 120, and then
to 125 for the three.valu:'es of ‘Cl. The cards |

" RERIN DESCRIPTION (3)

" ELEMENTS -

Cl = 3.7E6, 4.1E6, 4. 5E6
~ RUN CONTROLS |
"'STOP TIME=110,120,125

-.,END

would vac‘:com"plish ‘the 'de“sir‘ed'result.' The user may not describe ‘the
values Ofllil‘\ore than one vvariablle on the same card under this heading.

Unde,r""the functions sijbheading, only tables can be changed. | Equa-
‘. ti'ons'ot equation arguments camnot be directly changed under rerun. It
- ‘should be noted in passing though, that any argument that has a numer-
‘ v1ca1 value in the argunent list of an equation spec1f1ed under elements
can be changed to a defmed parameter. The numerlca.l value of this
deflned parameter can, in turn, be changed in any subsequent Treruns.
For example note the forth argument, ¢’E’ of CE, the nonlinear capacitor,
in the tran51stor model of the inverter circuit example of Chapter 1.
This argument has a value of .9 in the master nm. Suppose now that the
~ user wished to change its value to .85 and then to .8 in two reruns.

If the Afolrlowing changes were_'made to the transistor model cards

ELEMENTS
CE,1- E—BQUATION 1(VCE,JE,5. ,PRM,.30,1. 8E 11,37.2,.25)

\DEFINED PARAMETERS
. PRM=.9
~ .- FUNCTIONS
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we see that the value of ¢g would be .9 in the master run. Its value
could then be changed to .85 and .8 in subsequent reruns by placing
the cards | |

RERUN DESCRIPTION (2)
. PRMT1=.85,.8
 END
at the end of the CIRCUIT DESCRIPTION cards.

When specifying a variable under rerun, the user must use ifs name
* under the main circuitr.' The user cannot chénge the value of a variable,
~in a model and have that change apply to allvplaces where that model is |
usedlnthe main circuit. Note that in the example above, the defined
parameter PRM of the transistor model was referred to as PRMI‘l under
re_m; ) . . v

' When changing a tvable, the indépendent variable values can be changed
:onl'y on;é'for eéch RERIN DESCRIPTION heading and the dependent variable
values‘_.ca'n be changed for each individual rerun. The format for chang-
| ing a“-_ téble is also best illustrated by an exainplé. 'Suppose that for a
first rerun we wished the Table T1 (in.thé inverter circuit e‘xémple of
Chapter 1) to become 0.,0., 5.,-3., 25.,-3., 30.,0., 31.,0. and for the
second rerun we wished it to become 0.,0., 5.,-5., 25.,-5., 30.,0.,
31.,0. (Note that the independent variable values 0., 5., 25., 30., 31.
are the ‘same in both caées and we can therefofe include both changes

under the same RERUN DESCRIPTION heading.) The entry



RERUN DESCRIPTION (2)
. FUNCTIONS =~

. T1 =0.,0.,0.
S 5.,-3.,-5.
25.,-3.,-5.
30.,0.,0.
. 31.,0.,0.

END
would produce the desired résult. The reader can see from the format
- why only one set of independént variable values can be specified under
a singlé RERUN DESCRIPTION heading. A change in the independent variable
- values ,‘of a table between reruns will be the only case in which the RERUN

DESCRIP'I‘I'QN heading will have to be used more than once.

~ All 6utputs that applied for the master run will apply to all sub-

_s‘equent runs Termination conditions also apply to all rerums.
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CHAPTER 5. SUBROUTINE CAPABILITY

This feature is intended for the user with'Spméexperierice in FORTRAN
progranm‘:_'lhgf and with an occasional need for speéial é’:o:rrpﬁtation_ that is
not diie‘évp:iy'provided by SCEPTRE. Any subroutine may be written accord-
ing to the fules' of FORTRANIV function subroutines éld_ input as a part of
the 1nput deck. 'I'hé subroutine name must be 'uniqtvxe and begin wifh any
letter vexcept I,J, K,' L, »M, or N. It must not exceeci six alphanunieric :
charactets’.{ .Uniqdenéss would be insured if the letter F were used as
the first_' character of any subroutine created by the user:

- To iilustrate a possible use ._fo_1f this feature, and the méthod for
.usingv it, suppose ﬁre’ wanted to deséribe -a voltage source, EIN, whése
\vralue'w.a:s. a nonconventional function .of »timev. An appropriate procedure

would include under ELEMENTS

EIN,0-1=Q7 (TIME)
and under FUNCTIONS

- Q7(A)=(FGEN(4)).

- The subroutine itself should be included before the regular data cards
and after a card with the word SUBPROGRAM punched in the first ten columns.

A possible entry for the example above could be

(7-8-9) CARD
SUBPROGRAM
FUNCTION FGEN (Z)
- IF (Z.LE.10.) GO TO 1
- FGEN=S.
-- 1 FGEN=-.05%*(Z**2)+*Z
~ END

i
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~ CHAPTER 6. PROGRAM LIMITATIONS AND RESTRICTIONS

The" Storage of data is restricted only by the amount of memory
allocated in FORI‘RAN DIME!*JSI(N statements. 'Ihe data limits shown in
- Table 4 therefore reflect only the current sizes of storage blocks

and they can_ be 1ncreased by an experienced programmer.

TABLE 4.
DESCRIPTION OF DATA MAX
Heading Cards | - |1
Nodes ) o 301
‘Defined Parameters | 100
v Mutua‘l ‘Industances 7 |50
" Model Table Changes - 15
'I\docjielvOutput Suppressions | 10
Supplied Initial Conditions | 100
Cards Per Equation Function 20
Optional Texmination Conditions 10
Model Termlnals (External Nodes) . 25
Elements ‘ v 300
Source Derivatives 50
Deflned Parameter D1fferent1a1 Equations 100
Arguments in Equation Value Specification -50
Model Equation Changes . 115
Output Requests | 1100
Equation Functions (1 Equation Per Card) v 80
Table Functions | | 8o
Mo_dels on Library Tape (Combined) 250
Model Internal Nodes - 1301
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Additional restrictions to the use of SCEPTRE include topological
restrictions on the circuit introduced. The user must recognize the

following restrictions

- No run.may contain a loop composed exclusively of voltage sources

~or a cut set composed exclusively of current sources.

- - No initial condition run may contain a loop composed exclusively
“of voltage sources and inductors or a cut set composed exclusively
of current sources and capacitors.

-. . No resistor current can be used as an independent variable in a

table or equation used in an initial conditions run.

The user may note that a wide variety of network quantities are
allowe& as arguments in equation and table construction. It is sometimes
true that'the nse of certain*quantities'can‘causeta computational delay.
in trénsient runs. That is, eomputatiqn at thevnth time step will begin
with independent variable values that are‘valid at the (n—l)th time step.
The amount of error introduced by these delays is difficult to assess.
As a rule, the error will be proportionalrto the degree of nonlinearity
eXhibited by the equation or table. Computational delays:will not occur
if the independent variables are time, capacitor vbltages, or inductor |
currents. The validity of the use of other independent variables cannot
be unambiguously stated. The status is topology dependent. The program
willvaiways print out a warning message if a computationalvdelay occurs,

provided that the proper equation or table formats are used.
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,quing simulation, the message THE NEWION-RAPHSON PASS LIMIT HAS
BEEN EXCEEDED WITHOUT ATTAINING CONVERGENCE may appear. The reader is
referred to the discﬁssionnon con#ergence in the run controls section
Qf this,‘report for a discussion of this error. Anothef possible message
during simﬁlation is MATRIX,*****? IS SINGULAR,l vathis'message is
enooqntered,.it is suggestéd that the user examine the ﬁarameter values
of his éifcuit Very‘élosely for any'possibie errors.  This message is

often the result of errors of this type.
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~ CHAPTER 7. ERROR DIAGNOSTICS -

mé.'fr'eé form input data format of SCEPTRE is intended to minimize
fonnatting ‘errors. Other types df. errors such as those of omission,
ambiguity, inconsistency, and violation (of syntax, program limits, etc.)
must be 'detected aan dia’gnd‘sed‘ahd the usér alerted. For this purpose,
- the program possesses .a_compreh_ensi\}e input data diagnostic capability.
As the vi'.rllput data cérds are read in by the input processor, each card is
pr'i'nted 'odt and then scanned for .ermr‘s_.. If an error is found, an error
message sfating the »tvroubvle is print_ed, immediately following the card .in
ex_'ror; : ihe severity of errors detected 1n this manner is also indicated.

There ‘are three levels of severity

LEVEL 1 -- WARNING ONLY - execution continues

LEVEL 2 -- SIMULATION DELETED - error scan continues, but analysis
' phase is aborted

LEVEL 3 -- EXECUTED TERMINATED - processing is immediately stopped

The program also contains a diagnostic capability to inform the user
if any errors are detected while the network topolbgy is being analyzed.
Durirj.l'g..-..this phase of execution, the program will detect a.ny'viblations
of the.topological restrictions discussed in the previous section. This
phase of execution will also inform the user of any possible computa-
tional delays (also discussed in the previous section) that will occur

during simulation.
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~ APPENDIX A. SCEPTRE OPERATION AND PROGRAMMING NOTES

The version of SCEPTRE "cur.rent'ly' availiable at LRL was 6riginally
SCEP'I‘RE/6600 VERSION 10-69-A. It has since been adapted for use on the
BKY (LRL) SCOPE_syspém. 1t takes a state-space approach to circuif
analysis.‘_Thisfapprpach a11cw§ the user to input a wide variety of real

and theoretical circuit types. This versatility comes at no small cost.

“The coding and logic sequence is quite cumbersome at some points. And,

especiaily for larger circuits, the amount of computer time necessary
for a full run can become prohibative. The user who is familiar with

the operation of SCEPTRE, however, can in many casés take full advantage

of the versatility and minimize unnecessary computations. The following

Qutline‘of the control cards and their;purpose will familiarize the

reader with SCEPTRE's operation.

1. LIBCOPY (EEBINARY,SCEPTRE/BR,SCEPTRE)

This card loads an unrelocatable (cross-referenced) object
“ deck onto a disk file called SCEPTRE. ‘

2. LIBOOPY (EEBINARY, TAPEGO/BR,SCEPTREZ)
. This card loads two files onto a disk file called TAPE6O.
- The first file is a set of card images utilized by SCEPTRE.
The second file is an object deck of relocatable subroutines
that will be used in the second phase.
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SCEPTRE

This card loads the object deck SCEPTRE into the computer .

'>'and begins execution. Durlng executlon a FORI‘RAN program,
‘ SCEPTREZ is wrltten onto a disk file called TAPE8. The

first file of TAPE60 is used here as data. In addition,

- ‘element values ‘table values, control variables, etc. are

written on TAPE8 as data to. be read by SCEP’I'RZ An addi-
t10na1 record of data is wr1tten for each rerun requested

To get a prlnted 115t1ng of the SCEPTR2 program and the data’
assoc1ated with'it, the user need only put a card with the

" words WRITE SIMUL8 DATA in ‘the - RUN CONTROLS subsection of

the main circuit.

.- RUNF(S, , ,TAPES,NULL)

This card compiles the program writte_n ‘on TAPES. The word
NULL is there to suppress any output listing from this
compilation.

LODE (I=LG0 ,L=TAPE60 , 0=NOMAP)

This card loads the object deck compiled above, and the
comp11ed subroutines that are on the second file of TAPE60
The O-NOMAP suppresses the load-map output

This card does the cross-referencing for the header 'program |
SCEPTRZ, and the subroutines on TAPE60. The unrelocatable
object deck is then written onto a disk file called SCEPTRZ,
and

. SCEPTRZ.

Loads and executes this program.
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We- can see from the above outllne that one p0551b1e time savings
would result if we were rmnmg the same circuit many times changlng
only element values between Tuns.. In this case, the user could store

_ the complled SCEPTRZ object deck and use it each tlme for execution

' instead of recomp111ng for each rum. The only information needed from

Step 3.__ would be the deta.'

For 'additional information on SCEPTRE. operation as well as infonnait_ion
on t.he mathematical formulations used, the reader is referred to technical

report Nos. AFWL-TR-66-126 and AFWL-TR-67-124. \
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. APPENDIX B. FEATURES UNIQUE AT LRL BERKELEY

Thiéééction is infendéd for the user who is familiar with other
versionénbf SCEPTRE.v_Tﬁe'fbllowing is a list df_the major differeﬁces
between the version of SCEPTRE available at LRL and many versions found
e15ewhéfe;}= | :

Tﬁe;LRL version does not have:

| '1::.A RE-OUTPUT option. |

"'2. A CONTINUE option.

Thé,LRL version does have:
' 1} vA TV plot capability.
" 2. A Cal-Comp plot capability.

"3. " A built-in transistor model.

in addition,'the LRL version of SCEPTRE has been modified to handle
the chaféctefistic represented by the value specification
DIODE EQUATION (X1,X2) differently.ﬁ]This modification was made to
imprbve-the convergence to an initial condition solution. Thereforé,

many  circuits that will not converge on other versions of SCEPTRE will

- converge on the version available here.
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APPENDIX C.

PERMANENT LIBRARY. MODELS
CURRENTLY AVAILABLE AT LRL

The following is a list of the diodes and transistors for which a
model exists on’-tape nunber 12042, the LRL permanent SCEPTRE library
tape. For instructions on the use of this tape, see the control c‘ard. '

section of this write-up.

DIODES
IN63 - IN93 ~ IN100 IN140
IN191 FD200 UT262 - IN270
IN279 = FD300  UT484 IN486A
SD500 FD600 - FD624 FDA630
IN645 IN646 IN647 - 1N648
IN649  IN658 IN659 IN661
IN695 . FD700 IN746A IN747A
IN748A IN749A  IN7S0A IN751A
IN752A IN753A  IN754A - 1IN755A
IN756A  IN757A  1IN758A IN759A
IN827A © IN903 IN914  1N914B
IN961 . 1N962B IN963B - 1N964B
IN965B 1N966B IN967B IN968B
IN969B - IN970B  1IN97IB 1N972B
IN973B -~ IN995  FIMI000 1N2199
H2969  1N2997 IN3016B 1N3017B
~ 1N3018B IN3019B IN3020B - 1N3021B
1N3022B IN30238  1IN3024B - 1N3025B
IN3026B  1IN3027B 1N3028B ID3050T |
IN3070 IN3071 ~ IN3600 1N3605
1IN3669 1N4001 ING003  UT4410

1IN4572 1N4610 FD6666



3TX002
2N336
2N398

GE489A
2N598
2N718 .
2N835

2N964
2N1099

2N1301 -
ZN1490 -

PT1867

IN2126 -

2N2258

2N2538
'2N2708

2N3017
'2N3119
2N3468
2N3600

2N3866
2N3960

2N174
2N343

- 2N404

2N491B
2N657
2N718A
2N910
2N976
2N1131

 2N1304

2N1499A

- 2N1893

2N2187
MM2258

- GE2646

2N2784
2N3019
2N3227

- 2N3498

2N3635
2N3904

2N4125

A210
2N356'
MPS404

- GE493

2N697
2N720A
2N914
2N995

-2N1132
'2N1306

2N1506A1
2N1900
2N2188
2N2369
MD2646
2N2808

- 2N3021

2N3244
2N3499
2N3737
2N3906

-C 2-

TRANSISTORS

TC229
2N375
MPS404A
GE494A .
2N705
2N722
2N915
2N1016B
2N1184
2N1307
2N1613
2N2048
2N2192
2N2411
MD2647
2N2845
2N3026
2N3251
2N3501
2N3738
2N3913

~ 2N315

N384
2N414
MJES21
2N706
2N743
2N916
2N1016E
2N1225
2N1308
2N1711
2N2060
2N2222
2N2453
GE2647

2N2887

2N3055
2N3252
2N3502
2N3766
2N3914

2N329A

2N385

2N457
2N58S

' 2N706A

2N797
2N918

2N1037

2N1228
2N1342
2N1724
2N2087

2N2223

2N2481
2N2656
2N2894
2N3108
2N3287

2N3503.

2N3792
2N3915

2N335
2N393
NS480
IN597
2N711A
2N834
2N955A
2N1039
2N1289
2N1483
MM1737
2N2102
2N2243A
2N2484
2N2695
2N2905
2N3117
2N3309
2N3507
2N3828
2N3959
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. APPENDIX D.  EXAMPLE CIRCUITS AND COMPUTER TIMING NOTES

Inthls appendix, we wi.llv(tr)‘vr to give the reader some i.dea of the
amount of ‘computer time necessary to‘solve_'vari‘om types of circuits.
’I‘hreé exémples; a sinpie inverter, a one stage ainplifier,“ and a mono-
stable_b.multi'vibrator were run on both SCEPTRE and the CIRCUS program,
another transient analysis pmgfam available at LRLY ] The SCEPTRE input
da_té and'the respectivé outputv waveforms for these examples are shown
" on the ﬁeﬁct few pages.,' A summary of the computer (cp) time necessary

‘to solvé these circuits on each program is given in Table D1. following

the examples.
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EXAMPLE D1. INPUT DATA

'SIMPLE INVERTER CIRCUIT

MODEL DESCRIPTION
XSTER 2N2369 (TEMP)
RB=.025,RC=:005
AE=S. PHIE=.9 NE=.30,1ES=1.8E-11 THETAE—37 2
© AC=3.7,PHIC=.9 ,NC=.22,ICS=5.75E-11 ,THETAC=34.5
ALPHAN=QZ (TBN(JE) ) ,ALPHAT= QZ(TBI(JC))
TAUE=TTN(JE) ,TAUC=TTI (JC)
FUNCTIONS . » o
Q2(A) (A/(A+10)) '
1.,65.5, 2. ,68., 5.,69.4, 10.,65. s, 20.,27.4, 50. ,27.8
TBI .75,.15, 1.7,.17, 2.5,.18
TIN = 1.,.36, 2.,.39, 5.,.39, 10.,.4
TI1 = 1.,64., 2.,48.5, 5.,62. v
CIRCUIT DESCRIPTION L
---  SIMPLE INVERTER CIRCUIT  ---
ELEMENTS.
EIN,0- 1—T1(TIME)
E1,0-4=-1
E2,0-7=10
,1-2=.0264 -

5
5

1-
9%'

. ’

RC,7-
52"

LNO\U'L&-N

oot

thb—‘

.3E6

T1,5-0-6=MODEL 2N2369

DEFINED PARAMETERS

PVOUT=(10.0-VRC) ,

INITIAL CONDITIONS

VCET1=-1., VCCT1=-11., VC1-1.

OUTPUTS

' PVOUT (VOUT) , PLOT

FUNCTIONS

T1.=0.,0.,1.,2.9, 110. 2 9, 111.,0., 113.,0.
RUN CONTROLS a '
STOP TIME = 200.

END :



-D 3-

| @
= Ri=500 —
— 4
El=-1
EIN ‘
2.9t
Ins™ ""-—"'IIOns — l~1ns.

- FIG. 3. SIMPLE INVERTER CIRCUIT
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EXAMPLE D2. INPUT DATA

AMPLIFIER CIRCUIT

MODEL DESCRIPTION
XSTER' 2N2369 ' (TEMP)
RB=.025,RC=.005
AE=S. ,PHIE=.9 ,NE=.30,IES=1.8E-11,THETAE=37.2
AC=3.7,PHIC=.9 ,NC=.22,1CS=5.75E-11, THETAC=34.5
ALPHAN=Q2 (TBN (JE) ) ALPHAI=Q2(TBI(JC))
TAUE=TTN (JE) , TAUC=TTI (JC)
FUNCTIONS. .
QZ (A) (A/ (A+1. )) .
= 1.,65.5, 2.,68., 5.,69.4, 10.,65.5, 20.,27.4, 50.,27.8
TBI 75 .15, 1.7,.17, 2.5,.18 . . -
. TIN=1.,.3, 2.,.39, 5.,.39, 10.,.4
TTI =.1..64.. 2..48.5, 5..62,
CIRCUIT DESCRIPTION S
© . .--- AMPLIFIER CIRCUIT  ---
ELEMENTS
EIN,0-1=T1 (TIME)
E1,0-6=10
"RS,1-2=.025
' Cl1,2-3=1.E5
RB1,3-6=8. 2
RBZ,3-0=1.6
RC,6-4=.51
- RE,5-0=.1
CE,5-0=3.3E6
T1,3-5-4=MODEL 2N2369
DEFINED PARAMETERS
PVOUT=(10.-VRC)
INITIAL CONDITIONS
VCET1-.7196, VCCT1=-4.656, VCl=-1.484, VCE=.7612
FUNCTIONS |
T1=0.,0., 10.,.014, 110.,.014, 124.,0., 125.,0.
_OUTPUTS | |
“ PVOUT (VOUT) ,PLOT
RUN CONTROLS
STOP TIME=200.
~ END

|'| u
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® @
RS=25. y: Cl=.1p 3 -
. | -
Z RB2=1.6K 7
| - -
RE 100.?, T 3.3
= ©
EINA
.014}

10ns.w{ - |*— 100ns. —»| |e14ns.

FIG 4. AMPLIFIER CIRCUIT
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_EXAMPLE D3. INPUT DATA

' MONOSTABLE MULTIVIBRATOR CIRCUIT

MODEL DESCRIPTION

XSTER 2N709 (TEMP)

RB=. 048 ,RC=. 007

AE=.96 ,PHIE=.9 NE=.38,IES=3.55E-11 ,THETAE=33.5

AC=1.9,PHIC=.9 NC=.18,1CS=8. 7E-11 ,THETAC=30.8
* ALPHAN=QZ (TBN(JE) ) ,ALPHAI=Q2 (TBI (JC))

TAUE=TIN (JE) TAUC—TTI(JC)

FUNCTIONS -

Q2 (A) (A/(A+1. ). , , )
1.,74.1, 2.,72., 5.,60.3, 10.,44.3, 20.,21.8

TBI = 5. 7 .18, 9.7,.21, 20.,.24 .
TIN = 1. 105 2.,.0988, 5.,.127, 10.,.142
TII = 1. 31 4, 2.,30.4, 5.,31.4, 10.,28.5

CIRCUIT DESCRIPTION
---  MONOSTABLE MULTIVIBRATOR CIRCUIT -
EIN,0-6=T1(TIME)
. E1,0-5=10
RF,1-4=9.1
RCI,2-5=1
RB2, 3-5=10
. RB,1-6=10
RC2,5-4=1
C1,2-3=33
'T1,1-0-2=MODEL 2N709
T2,3-0-4=MODEL 2N709
DEFINED PARAMETERS
PVOUT=(10. -VRC2)
INITIAL CONDITIONS
VCCT1=-10.,VC1=9. 3,VCET2=.7
'OUTPUTS - .
PVOUT (VOUT) ,PLOT
"FUNCTIONS - | |
T1=0.,0., 1.,3., 101.,3., 102.,0., 106.,0.
RUN CONTROLS o - '
'STOP TIME=300., MAXIMUM PRINT POINTS=250.
END
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® E1=10.

; .
—

ins —I f— 100ns . ———-I b~ 1ns.

FIG. 5. MONOSTABLE MULTIVIBRATOR CIRCUIT



-D 10-

™

MONOSTADLE

"LTIVIBRATOR CIRCUIIT

{ J B | ~t L pa—
-
o ; \l\l -l
- \\‘I -
= wd
P " and
'. -y
p -—
E ad -d
- o
p= -
- .
o 1
L -
por ) e
T U | S I N et
o o o) e o
O o) e O . O O
O e o =} .
.

.80

1.290

TIME



-D 11-

The rﬁhning.times of each circuit for both SCEPTRE and CIRCUS are

shown in Table D1.'bélow,',

TABLE DI1.
RUNNING TIMES 'SIMPLE INVERTER | AMPLIFIER | MONOSTABLE MULTIVIBRATOR
FOR (in secs.) ' ' ‘ o :
SCEPTRE | 11.5 11.1 280
CIRCUS = 2 2 | 15

These funning times resulted from inputting exactly the data shown
on>the piece?ding pages. The reader may remember the discussion on
integration variables in the run controls section‘of’Chapter 2. in it,
we discuséed the acéufacy--computer time trade-off that was available
td the user by proper adjustment of the error criteria for the mumerical
"integrétion; We will try tbugive some perspective here as to what;this

trade off entails.

~ The monostable multivibrator circuit was run a total of seven times
with larger errors allowed in the integration routine for each successive
© Tun. The'computer’time_necessary for each run is tabulated on the follow-

“ing in Table D2. as a function of the MAXIMUM ABSOLUTE ERROR. -
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TABLE D2.

.00 | 295

MAXIMUM ABSOLUTE ERROR COMPUTER (cp) TIME (sec) '

i A L e o e s e A ot e e ]

0 .0075 (Preset Value) | . 28.0

.05 ‘ - 23,5 .

v;l v e o o 22.2

s 214

1. | 21.3

Since the MAXIMIM RELATIVE ERROR is preset to zero,

the

MAXIMIM ABSOLUTE ERROR represents the largest value the estimated

error can go to without halving the time step size. If the error

is estimated to be greater than this riumber, the time step is halved

and nbne”computer time is 'necessaiy for solution. Note the decrease

in computer time as the allowed error increases. .
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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