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l Introduction

The design of high-performance integrated circuits requires
an accurate, inexpensive way in which to assess circuit perfor-
mance. Discrete “breadboard”™ techniques are inadequate because
they do not accurately model the effects of parasitics, thermal
coupling, and device matching, which are critical to integrated-
circuit performance. Prototype circuit construction must also be
ruled out because of the high cost - typically, six man-months
and $25000.

As a result of these considerations, the semiconductor in-
dustry has turned to the integrated-circuit (IC) simulator to
evaluate the performance of circuits during the design stage.
The SPICE program was developed to meet the needs of the IC group
at Berkeley. The analyses which it performs include dc operating
point, nonlinear transient, small-signal frequency-domain, noise,
harmonic distortion. and dc sensitivities.

This report describes the internal design of the SPICEZ pro-
gram (the fundamental theory and algorithms are described in
[1}]). Chapter 2 describes the dynamic memory allocation tech-
nigque which is used throughout the program. Chapters 3-12 detail
the program structure. Finally., the Appendices (Chapter 13) con-
tain a listing of the User’s Guide., specifications for all the
internal data structures, descriptions of COMMON variaples, and a

program listing.
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2 Data Management

2.1 Description of Data

As execution proceeds, SPICEZ regquires storage for many dif-
ferent data blocks. Memory must be allocated to hold the circuit
description:, the linearized <c¢ircuit egquations. operating-point
information, charge-storage information for <transient (large-
signal) analysis, and output variables- In general. both the
number and the size of these blocks is a function of the circuit

to be analyzed.

2.2 Previous Method

SPICEl solved this storage problem by allocating a £fixed
amount of storage in FORTRAN COMMON-blocks for each of a fixed
number of data blocks; for example, space for 400 nodes and 25
device models was reserved. This approcach had the advantages of
simplicity and efficiency. but it suffered from one drawback:
storage -reserved for one type o0f data could not be used for
another data type. Thus, a 75-node circuit whose description re-
guired 26 device models would "overilow memcry", even though the

total memory available was sufficient.

2.3 Design Considerations

There were four principal considerations in the design of
the memory allocation pacxage in SPICE2. First of all, the im-
plementation language had to be FORTRAN - no other language suit-
able for scientific computation was (cor is) as widely available

on as many different computers. This consideration required that
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the memory to be managed had to consist of a single FORTRAN ar-
ray; this array is called "VALUE"®" in SPICEZ2.

Secondly., both the number and the size of managed data
blocks had to be dynamically variable. This consideration elim-
inated the following type of ®"dynamic®” memory allocation (assum-

ing some fixed number of blocks):

DIMENSION A(1000)

... determine sizes of blocks, and store
e in variables I, J, and K

CALL DOIT(A(1),I,A(1+I),J.,A(1l+I+J),K)

END

SUBROUTINE DOIT(A,I,B,J,C,K)
DIMENSION A(I),B(J).C(K)

.o« all real computation performed nere

RETURN

END

The third consideration was that more than two blocks could
be varying 1in size at the same time. At first, the pattern of
memory usage in SPICE2 permitted memory to be managed as a last-
in-first-ocut (LIFO) stack, in which the (only) block whose size
was varying at any given moment could be positioned at the top
(end) of allocated memory. Subseguent enhancements to SPICEZ2 el-
iminated this possibility.

The fourth consideration was the dynamic region-size <capa-
bility which some computer operating systems support - for exam-
Ple, the SCOPE [2] operating system on Control Data Corporation

6000-series computers. Such a capability offers potential reduc-

-3
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tions in both response time and analysis cost sufficient to jus-

“tify its inclusion in the memory manager-.
2.4 Management System Description

2-4.1 Definitions

The memory manager in SPICE controls “tables" using “table
pointers”. A "table*® is a contiguous block of memory: a “"table
pointer” is a variable which serves both to identify & block (to
serve as the block "name®) and to indicate the blocKk origin in
memory. As an example, consider a table of 100 words with table
pointer “LTAB". 1In SPICEZ2, the global allocation array is named
“VALUE"; the contents of table “LTAB" would bpe accessed as
VALUE (LTAB+1) through VALUE(LTAB+100), regardless of where in

VALUE the table happened to be at any given moment.

2.-4.2 Memory Manager Calling Sequences

There are 8 entry points in the memory management package:
SETMEM, GETMEM, RELMEM, EXTMEM, CLRMEM, SIZMEM, PTRMEM, and
CRUNCH. The rest of the SPICE2 program uses only these entry
points for all memory allocation and manipulation. A brief

description of each entry follows:

entrv(arguments) description

SETHMEM (IFAMWA) initializes the memory manager: the
dynamically-managed memory starts at
(absolute) address IFAMWA

GETMEM (P,S) makes a new managed table. P is the
table pointer for this new table; the
size of the new table is S words.

RELMEM (P, S) reduces by S words the size of the

-4-
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table pointed to py table pointer P.

EXTMEM(P,S) extends py S words the size of the
table pointed to by table pointer P.

SIZHMEZM(P,S) sets S to the size (in words) of the
table pointed to by table pointer P.

CLRMEH (P) destroys the table pointed to by
table pointer P-
PTRMEM (Pl ,P2) changes the table pointer for the
table pointed to by table pointer Pl
to be P2. :
CRUNCH forces a compaction of the dynamically-

managed memory

2.4.3 Memory Allocation Algorithms
The memory manager maintains a “table entry" table at the
high-address end of managed memory. This table contains a four-

word entry for each allocated table of the form:

word contents
1 table origin (array subscript)
2 allocated table size (in words)
3 requested block size (in words)
4 address of table pointer

The memory manager uses the redundant information in the
"table entry"™ table for error-checking (verifying. for example.
that the value of a table pointer is the same as the appropriate
entry in the “"table entry" table). Note that any allocated table
may in fact be larger than required:; that fact would be indicated
by an "allocated size®™ which was greater than the “requested
size". The memory manager assumes that arguments are passed "Dy
address”™ since it uses the address of the table pointer to update

its value should the taple origin change.

-5=
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There are two basic algorithms used in the memory manager -
one to allocate a new table, the other to extend an existing
table. The allocation algorithm can be described by the follow-
ing:

call CRUNCH:

if (memory insufficient) get more memory:

add entry at end cf "table entry"™ table for new table:;

store table origin into table pointer variable;

The variable MEMAVL (memory available) in the memory manager
always contains the number of words of memory which are free (al-
located to some pDlock, Dbut more than reguested). Therefore the
"insufficient memory" test is a simple checkx of MEMAVL.

The algorithm to extend a table is the following:

if (regquired size > allocated size)

{ if (insufficient memory) get more memory:
call COMPRS to move tables below the tabple
being extended towards the origin of
the dynamically-managed memory:
call COMPRS to move tables above the table
being extended towards the end of the
dynamically-managed memory:
}

store new required size in “"table entry® table;

The table extension algorithm takes advantage of the fact
that when a given table is extended, most of the time the next
call on the memory manager will Dbe ¢to extend the same table
again. Note that neither algorithm changes the origin of the

first table allocated (assuming that it is not subseguently des-

troyed).
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3 Program Structure

The SPICE2 program consists of 15000 FORTRAN and COMPASS
statements divided into 7 major overlays together with an overlay
root.

A composite memory map for SPICE execution is shown below.
At any one moment, only the root and one of the indicated first-
level overlays is resident in memory-. The dynamically-managed

memory pegins after the longest overlay (as indicated pelow)-

SPICE overlay root

READIN ERRCHK SETUP DCTRAN DCOP ACAN OVTPVT

00 o0 00 oo oo oo

.
® © 8 ¢ 0 00000 0000000000060 0600000200000 ®©©® 2060000000000 0 000000

<-IFAMWA
DYNAMICALLY-MANAGED MEMORY (COMMON-block /BLANK/)

80 o0 00 00 08 o G0 00 20 00 S0 %0 00 0e 00 o
@ sa 6o ee 00 00 00 00 00 6o 00 00 00 e oo

o.co.-oo..co-ooooooo.oo.co.-o.o.coo.c...nla-oooooo.o-oooo-<-ICORE

The variables IFAMWA and ICORE are explained in Sections 2.4.2

and 13-4.1.

Each section of the program is discussed separately in the

following chapters of this report.
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4 Overlay Root

The SPICE overlay root drives the rest of the program, cal-~-
ling the first-level overlays to procéss the circuit description.,
analyze the circuit, and output the simulation results. The root
consists of the main program together with routines TITLE, SET-
MEM, COMPRS, MEMPTR, DMPMEM, TMPUPD, MAGPHS, XOR, OUTNAM, ALFNUM,
FIND, MEMORY. DCDCHMP, DCSOL, MOVE, COPY. and Z2ERO. The main loop

is described in the following figure:

initialize:
while (.not. end=-of-input)
{ call READIN; call ERRCHX: call SETUP;
repeat ‘
{ TEMP = next analysis temperature; - call TMPUPD:
if (8c transfer curves regquested)
{ MODE = ]1; MODEDC = 3;
call DCTRAN: call OVTPVT; }
if (dc operating point or ac analysis regquested)
{ MODE = 1; MODEDC = 1;
call DCTRAN; call DCOP: }
if (ac analysis requested)
{ MODE = 3: call ACAN: call OVTPVT; }
if (transient analysis regquested)
{ MODE = 1l; MODEDC = 2;
call DCTRAN; call DCOP;
MODE = 2;
call DCTRAN; call OVTPVT: }
}

until (no more analysis temperatures):;
}

stop

The READIN overlay reads inpuf until either a line c¢ontain-
ing ‘<.END’° is read or end-of-file is found. As the overlay exe-
cutes, it builds the linked-lists which SPICE uses to store the
circuit description, and it sets certain flags in COMMON to indi-
cate what analyses were reguested. 1In the ERRCHK overlay:. SPICE

expands the supcircuit ecalls, prints a circuit summary., and

-8~
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checks for common input errors. The SETUP overlay constructs the
pointers which are used to manipuiate the spa;se equation coeffi-
cient matrix in both the DCTRAN and ACAN analysis overlays. Thnis
overlay also generates the machine code which is executed to
solve the circuit eguations.

The main analysis loop consists of the “repeat® loop in the
above figure- For each analysis temperature, it checks succes-
sively for a dc transfer curve analysis, an dc operating-point
analysis, an ac (small-signal) analysis, and a transient (large-
signal) analysis. The dc¢ operating-point analysis is always per-
formed if an ac small-signal analysis is regquested because SPICE
requires the small-signal equivalent models for the nonlinear
elements in order to perform the ac analysis.

The DCTRAN overlay performs the dc¢ transfer c¢urve:, dc¢
operating-point, transient initial-condition, and transient ana-
lyses. Exactly which of these analyses it performs is determined
by the values of the COMMON variables MODE and MODEDC. The ACAN
overlay performs the ac analysis. Finally, the OVTPVT overlay
generates the tapular output listings and line-printer plots from
the results of the multi-point analyses.

The overlay root contains several utility subroutines which
are used throughout the rest of the program. A brief description

of those routines follows (A and B are array names):
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-name({arguments)
MOVE(A,I,B,J.N)

COPY4(A,B/N)

COPYB(A,B,N)
COPYl16(A,B/N)
ZERO4 (A,N)
ZEROB(A,N)

ZEROL6(A,N)

OVERLAY ROOT UTILITY ROUTINES

i .

moves N characters from B to A, starting
at the Jth and Ith character positions
respectively; eight characters/word
is assumed

moves N integers from A to B: if A and B
overlap in memory - for example., if
B is really A(10), to move data within
a single array - COPY4 copies either
A(l)=-to-A(N) or A(N)=-to-A(l) to prevent
the transfer from destroying the data

COPY4 (), but for real variables

COPY4 (), but for complex variaples

zerces A(l) - A(N) integers

ZERO4 (), but for real variaples

ZERO4 (), but for complex variables

-10-
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5 Readin Overlay

The READIN overlay pefforms the initial input-processing for
SPICE. This overlay consists of the routines READIN, KEYSRC,
EXTNAM, RUNCON, OUTDEF, CARD, GETLIN, and NXTCHR. It builds the
linked-lists which describe the circuit to be analyzed, and it
sets certain flags in COMMON to indicate which analyses have been

requested. A flowchart for the overlay follows:

read title; if (end-of-file found) exit:

initialize:;
call CARD; if (end-of-file found) exit:
repeat
{ switch (type of input line) .
{ element description: process in READIN;
*.ENDS": process in READIN;
*.HMODEL": process in READIN:
*.END": exit:
®.SUBCKT": process in READIN:
other ®"." line: call RURNCON;
}
call CARD:
} until (end-of-file found):
exit:

5.1 Scanning

5.1.1 Readin

The READIN suproutine processes element and device-model de-
finitions- The routine <calls CARD to scan the physical input
lines. Subroutine FIND is called to preset storage for each in-

Pput element. Analysis and output directives are processed oy

RUNCON.

-11-
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5.1.2 Card

Suproutine CARD is called by READIN to scan the next logical
input line. Since physical lines may be logically continued (by
putting a “+’ in column one of the next physical line), CARD as-
sumes on entry that the next line has already been read from in-
put, and always leaves the next input line (unscdhned except for
the initial ‘+° <check) in the array AFIELD (in COMMON-block
LINE).

Each logical input line is parsed into a set of “numbers”
and "names”. A field is assumed to oe a "name" if it begins with
either an alphabetic character or a period (".") followed Doy an
alphabetic <c¢haracter. A field is a "number”" if it begins with
either a digit (0-9) or a period (®.") £followed Dy a digit.
Fields are delimited py any character in the set (" "*, ",", "=%,
"(®", ®")"):; in the present version, all delimiters are eguivalent
except with processing output variable definitions (see
subroutine OUTDEF). The results of the scan are stored in the
tables IFfELD. ICODE, IDELIM, and ICOLUM, all of which track with
each field of the line (the first word o¢f each of the tables
refers to the first field, the second word for the second field,
etc.). The entry in ICODE is +1, 0, or =1 to indicate ®name",
"number”, and end-of-line. The 1IFIELD entries are either a
floating=-point number or & name stored in 8H format (left-
justified, blankx-filled to 8 characters). The IDELIM table con-
tains the field delimiter character. Finally. the ICOLUM <tabple
contains the column number at which the field oegan in the input

line.

-12-
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5.1.3 Runcon

The RUNCON subroutine processes run control lines - for ex-
ample, a ".TRAN" card indicating that a transient analysis is to
be done. It sets the pertinent flags in COMMON to indicate which
analyses SPICE is to perform (see Section 13.4 for a description
of the COMMON flags). Some error-checking is performed - for ex-

ample, that required analysis parameters have not been omitted.

5.1.4 Find
The FIND subroutine is used to locate a particular list ele-
ment or to allocate space if the element cannot pe found. It has

four parameters, descriped in the following:

3 . .
ANAME name of list element

ID number of list to search

LOC set by FIND to location of element

IFORCE l => element must not already exist

If NSBCKT is nonzero, a subcircuit definition is being read.
In that event, FIND searches the current subcircuit definition
list (pointed to by the subcircuit whose definition is pointed ‘to
DYy NODPLC(ISBCKT+NSBCKT)) instead of the nominal element list

(pointed to by LOCATE(ID)).

5.2 Storage

5.2.1 Elements
All input data to SPICE2 is maintained in a series of linked
lists stored in table IELMNT. The LOCATE array (in COMMON-block

CIRDAT) contains pointers (subscripts to the NODPLC array) to the

-13-
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beginning of each list. By convention, the integer- and real-
valued data are accessed using separate supscripts for the
({equivalenced) arrays NODPLC and VALUE. Each list entry contains
a4 ‘“"next-pointer“ which is the NODPLC-subscript of the next list
element (zero if none). Each entry also contains a VALUE-
subscript (usually 'called LOCV), which points to the first word
of real-valued storage for the list element.

A detailed description of every linked-list element struc-

ture is contained in Section 13.2.

5.2.2 Analyses and Outputs

SPICEZ2 performs three principal analyses: dc¢, ac¢, and tran-
siente. For each of these analyses, a separate COMMON-block is
used to store pertinent information. For example, COMMON=-block
/TRAN/ contains variables TSTEP, T3STOP, and TSTART, which are set
t0 the print-step., final simulation time, and starting simulation
time., respectively. A detailed description of the COMMON-
variables is contained in Section 13.4.

Analysis output variables are stored in <table LOUTPT as
analysis proceeds. After each sweep poirt (of some source (dc),
£requence (ac), or time (transient)) is solved, the LOUT?PT table
is extended and the values ¢f the cutput variaonles at that point
stored away. The variable ISE. (see Section 13.2.24) contains
the offset for ﬁhe particular output variable within each exten-
sion of the LOUTPT table. Since the results of a given analysis
are printed before another analysis is begun., only one output

taple is necessary. The output variaple definitions themselves
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are also stored in linked-list form in table IELMNT (with 1ID=41l

through 45).

5.3 Subcircuit Structures

During READIN, each subcircuit definition is stored as a
linked 1list of elements and device models. JThe “subckt info"
field in each element of a subcircuit definition 1list contains
the element 1ID. Supcircuits are completely local entities in
SPICE2; elements or device models introduced within a subcircuit
definition are not known outside that definition. As a result,
if the 1line

@l 1 2 3 MODA
is read as part of a subcircuit definition, SPICE does not in
general Kknow where device model MODA is defined (it may be de-
fined later within this subcircuit definition, or it may be de-
fined in some enclosing subcircuit definition, or it may be de-
fined in the nominal circuit definition). To so%ve this problem
correctly, an "unsatisfied name®™ table, IUNSAT, was added; this
table contains all the names (such as *“MODA"). During READIN,
the various element definitions contain pointers into the IUNSAT
table. Proper resclution of name references 1is made in
suproutine LNXREF (in the ERRCHK overlay) and is discussed in

Section 6.4.
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5.4 Forward References

For efficiency reasons, the input file is read only once by
SPICE. As a result, a reference to séme element may be read be-
fore the element definition itself. An example of this'situation
is shown below:

«DC VIN 0 5 .5
ee. (other input)
VIN 4 0 PULSE(O0 5)

When the ".DC" line is read, FIND is <called with the “force-
action® parameter IFORCE set to O. The effect ¢of this call is to
add an "undefined but referenced” element with name "VIN" to the
circuit. For such a case, subroutine FIND sets the (LOC + 2)th
word ¢f the lis“ =2ntry to ".UN" (for "“undefined"). (Properly
speaking, the IUNSAT table should also be used for this purpose:
at present, elements within subcircuits are not treated in the

same manner as elements in the nominal circuit description.)
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6 Errchk Overlay

The ERRCHK overlay finishes the processing of input data and
performs miscellaneous error checking. The overlay consists of
the routines ERRCHK, SHLSRT, PUTNOD, GETNOD, SUBCKT., FNDNAM,
NEWNOD, ADDELT, CPYTAB, LRKREF, SUBNAM, ELPRNT, MODCHK, and
TOPCHX. A flowchart describing the actions of this overlay fol-
lows:

check forward references:

generate compact node set:;

call SUBCKT to expand suncircuit calls:

call LNKREF to link-up external names;

set source function defaults and limits:

call ELPRNT to print circuit element summary:

call MODCHK to print and preprocess device models:;

call TOPCHK to check topology and print node table:

invert resistance values:;

change K to M for mutual inductance:

generate breakpoint table;

check analysis limits;

seguence output variables:

6.1 Forward Reference Check

The forward-reference problem is explained in Section 5.4.
In ERRCHK, all that need be done is to seguence through all the
element lists checking whether the (LOC + 2)th word of any entry
has the value ".UN". Since all element lists store either a node
numper or other small integer in the (LOC + 2)th position. the

presence of that value indicates that the element was never actu-

ally read in. but only referenced.

-17-



SPICEZ2 REPORT ERRCHK OVERLAY COMPACT NODZ SET

6.2 Compact Element Node Set

After the READIN overlay has completed, the circuit element
list entries contain the input node numbers. Since the analysis
portion of SPICE2 reguires a compact, consecutive set of node
numbers, ERRCHKX renumbers all element nodes and stores the new
node numbers in place of the user node numbers. A translation
table, JUNODZ: is constructed and used when SPICE has to print
the original (user) node number; if NODPLC(LOC+2) contains the
renumbered node number, NODPLC (JUNODZ+NCODPLC(LOC+2)) contains the

input node numper.

6.3 Subcircuit Expansion

At the end of execution of the READIN overlay, all subcir-
cuit definitions have been read in and stored on the ID=20 linked
list, and all subcircuit calls‘have been read in and stored on
the ID=19 list. Furthermore, before subcircuit expansion is per-
formed, the initial compact node set has been constructed., SO
that all wuser node numbers (and all internal node numbers) are
known. This last point is important since additional (noncon-
flicting) "user”™ node numbers may have to be generated during
subcircuit expansion.

All elements and device models, contained within any subcir-
cuit definition are treated as purely local to that definition by

SPICE2. Consider the following input:
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X1 1 2 3 SuBl

«SUBCKT SJ31 17 15 23
wl 17 3 15 QuldD
-MODEL QMOD37 NPN()
w2 23 17 6 @iMoD37
R123 3 © 1K

X1 17 23 67 suUB2
-ENDS SUBI

-MODEL Q#OD37 PNP()
QWS 1 17 45 210D37

Note that QMOD, the device model for suocircuit element @l,
is not defined within the subcircuit. SPICEZ2 will search enclos-
ing subcircuit definitions (if any). and then the nominal circuit
description, for that device model definition. Note that
although QrlOD37 is defined poth within the subcircuit definition
and outside that definition, the transistor Q2 within the supcir-
cuit will use the device model definition contained within the
suocircuit, and transistor (5 will not. (For transistor Q5.
SPICE2 will try to f£ind a device model girilOD37 which is defined in
an outer, enclosing supcircuit definition (if any) or within the
nominal circuit description.)

The actual expansion algorithm used in subroutine SU3CKT is

as follows:
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LOCX = LOCATE(19): (pointer to first subckt call)
while (LOCX is nonzero)
{ call FNDNAM to determine subcircuit:
check for recursive definition:
LOC = first sudpcircuit element:;
while (LOC is nonzero)
{ call FIND to add element space;
set "“subckt info"™ appropriately:
call ADDEZLT to add element data:
LOC = pointer to next subckt element:

}
LOCX = pointer to next X-element:

Subcircuits are expanded “"top-down"®" since any “X-element" within
a subcircuit definition being expanded will be added to the end
of the supcircuit call list. The test for recursion checks that
the X-element which caused a particular subcircuit to be expanded
was not itself added as a ;esult of a previous expénsion of that
supcircuite. The test is simplified by the fact that “subckt in-
fo®” for the “X-elemert™ causing the expansion points to the sub-
circuit definition of which it was a part (if any).

The call to subroutine FIND is somewhat modified since no
naming conflict 1is possible at this point in execution. There-
fore, a unigque "element name® is constructed from éhe numoer of
elements of the type being added.

The FNDNAM subroutine determines what element is m@meant by
some name in the IUNSAT table (see Section 5.3). The routine
first searches the subcircuit expansion list (which 1is optained
from the "supbckt info® word of each list entry) in reverse order.
If no match is found, FNDNAM then searches the nominal circuit

description list.
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6.4 IUNSAT Resolution

After suocircuit expansion, '“unsatisfied" nane references
must oe resolved before the <complete <circuit description is
available (see Section 5.3). This resolution is performed by
subroutine LNKREF, which sequences through the linked lists, cal-

ling FNDNAM to resolve the reference(s) for each circuit element.

6.5 Circuit Summary

Berore printing the circuit summary. the ERRCHK sudbroutine
first makes a pass through the independent sources, setting de-
fault function values. Then subroutine ELPRJT is <calleds, which
prints out a summary of the circuit elements.

To print 6ut the device model summary. suporoutine MODCHK 1is
called. It first assigns default model parameters from the de-
Tault parameter list DEFVAL. The device models are then grinted.
After printing the parameter values, MODCHK performs one-time
model parameter computations, such as replacing resistances by
conauctances (details regarding the pre-processing are containead
in Sections 13.2.18 - 13.2.21). Finally. MODCHK yenerates addi-
tional node numpers for those nodes adoed to accommodate nonzero

device model resistors.

6.6 Node Table / Topclogy check

Subroutine TOPCHK is called by ERRCHXK to construct the <cir-
cuit node table and to check that three topological constraints
are satisfied oy the circuit to be analyzed: no voltage source
and/or inductor loop, no current source and/or capacitor cutset.

and no node with less than two branches connected exists.
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The node table is constructed using taples IUR, ITABLE, anag
ITABID. The entries in the IUR table are offsets within the IT-
ABLE and ITABID tables. The entries in the ITABLE table are
pointers to circuit elements; entries in ITABID are the element
ID for the corresponding pointer in ITABLE. After the tables
have been constructed, the elements connected to node number N
are pointed to by

NODPLC(ITABLE+NODPLC(IUR+N))

through
NODPLC (ITABLE+NODPLC (JUR+N+1)-1)

6.7 Breakpoint Table

In transient analysis, SPICE2 always uses a program-
calculated timestep, regardless of the user-specified print in-
terval. However, the independent source waveforms frequently
have sharp transitions which could cause an pnnecessary reduction
in the timestep in order to f£find the exact transition time. To
overcome this problem, ERRCHK generates a "preakpoint® table,
LSBKPT, which contains a sorted list of all the transit;on points
of the independent scurces. During transient analysis, whenevef
the next timepoint is sufficiently close to one of the break-
points, the timestep is adjusted so that the program lands exact-

ly on the breakpoint.
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7 Setup Overlay

The SETUP overlay generates the pointer arrays necessary . to
manipulate the sparse egqguation matrix used in all of the ana-
lyses. The overlay consists of routines SETUP, MATPTR, RESERV,
REORDR, MATLOC, INDEX, CODGEN, and MINS. A flowchart of this
overlay follows:

NSTOP = number of equations:

call MATPTR to establish matrix structure;

call REORDR to reorder equations for sparsity:

call MATLOC to store matrix locations;

if (macnhine code requested)

call CODGEN to perform code generation;

The suproutines MATPTR. REORDR, and MATLOC respectively es-
tablish the weguation matrix structure, reorder the equations to
maximize sparsity, and store the matrix pointers for each c¢ircuit

element. The CODGEN subroutine generates machine instructions to

solve the set of egqguations.

7.1 Matrix Structure

The equation matrix is very sparse - typically, over B5% of
its entries are zero. The matrix structure is stored internally
in two different forms during the setup process. Initially., the
nonzero matrix entries are recorded using a set of linked lists,
one for each row of the matrix, together with some auxiliary
tables. The i°th entry of the ISR table is a pointer to the pe-
ginning of a linked list: each o¢f whose entries records the
numper of some nonzero column in the i‘th row. The liﬁked list

entries themselves are stored at the end of the NUMOFF table.

-23-



SPICE2 REPORT SETUP OVERLAY MATRIX STRUCTURE

The auxiliary tables used are NDIAG, NUMOFF, and WMOFFC. The
NDIAG table records whether or not the diagonal matrix elements
are nonzero, the first N words of the NUMOFF table recqrd the
number of nonzero columns in each row of the matrix, and the
NMOFFC table contains the number of nonzero rows .in each column
of the matrix.

The linked-list structure used for matrix setup has the ad-
vantage that only a constant (small) overhead is required to
modify the matrix structure. However, the linked list method 1is
not desirable for analysis (given that SPICE2 does not use pivot-
ing) since such a structure increases poth memory and cpu re-
guirements. Because of these considerations, atter the final ma-
trix structure nas been estaplished, SPICE generates a compact
matrix pointer system.

The compact pointer system divides the eguation matrix into
three parts: the matrix diagonal., an upper-, and a lower-
triangular section. The diagonal is stored separately since it
is not sparse. For the upper triangle, the tables IUR and IUC
are used. Consider the i“th row of the equation matrix: let
Il = NODPLC(IUR+i) and 1let I2 = NODPLC(IUR+i+l)-1. Then the
numpers of the nonzero columns in the upper-triangular part of
the 1i°th row are stored }n NODPLC(IUC+I1l) through NODPLC(IUC+I2).
(If I1>I2 then there are no such columns.) Tne actual matrix en-
tries are stored in taple LVN "in parallel® to the IUC table. 1In
other words, having found the offset within <the IUC table for
some (i,)) matrix element, than the actual location within the

compressed matrix storase of the element value 1s immediately
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known. The lower-triangular part of the matrix is stored using a
dual set of matrix pointers, in tables ILC (the ILR index) and

ILR.

7.2 Row-Swap

SPICE2 uses the Modified Nodal formulation [3]., (4] to con-
struct the set of equations describing the input c¢ircuit.
Although that set of equations is nonsingular for any <circuit
satisfying the topological constraints mentioned in Section 6.6,
problems may still arise when no provisien for pivoting is incor-
porated in the program. These problems arise because the subpset
of equations added to scolve for currents £flowing in "voltage-
defined" branches may be singular [(l:. pp. 67-69].

Basically, the solution to this singularity problem is to
swap the matrix row which solves for a branch current with the
corresponding row which solves for the voltage at the positive
node of that branch. However, the order in which rows are
swapped i1s not arbitrary if there are trees of voltage-defined
elements. The algorithm used in SPICE to decide on the corder of
row-swaps 1is the following:

Tables already constructed:

NODEVS: # of voltage-defined elements connected to node
NDIAG: nonzero if conductance connected to node
ISEQ: vector of pointers to all voltage-defined elements

let NUMVDE = § of voltage-defined elements
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for (I = 1 to NUMVDE)
{ FOUND =..false.:
for (J = I to NUMVDE)
{ (examine element pointed to by ISEQ(J))
for (NODE = each of the 2 element nodes)
{ if (NODE = ground) continue:;
if (NODEVS(NODE) > 1) continue;
if (NDIAG(NODZ) = Q) go to swap:
FOUND = .true.; save J:;

}
}
if (FOUND = .false.)
{ abort - voltage-defined element loop exists )
swap:

exchange rows for element iﬁdicated Dy J;
delete element from ISEQ table;

7.3 Reorder

As previously noted, the typical eguation matrix is very
sparse. Howver, the order in which unknowns are solved can have
a considerable effect on sparsity due to the generation anéd pro-
pagation of “fill-in“ terms (zero matrix entries which become
nonzero during the LU decomposition). Various algerithms to de-
cide on. the order of variable elimination have peen proposed
(Barzry Isl. Markowitz [6)., Nakhla [7])- SPICE2 uses the Mar-
kowitz algorithm: the number of matrix terms per row and column.,

which the method reguires, is obtained frcm the NUMOFF and NMOFFC

tables, respectively.

7.4 Element Matrix Pointers

After the final matrix structure has Dpeen established,
suproutine MATLOC is called. To minimize element load time., the
offsets within the LVN table to each matrix term which a given
circuit element increments are stored with each circuit element.

In this way. the overhead of mapping an (i,3) matrix location to
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its proper offset within the LVN table is incurred only once.
For example, @& resistor pbetween nodes il and 2 causes an aadi-
tion (or suptraction) to matrix terms (WN1l.81), (Nl1,id2), (N2.d1),
and (W2,N2). The locations of each of these terms is stored with

each resistor.

7.5 Machine Code Generetion and Execution

Suproutines CODGEIl and MINS are used to yenerate the 1loop-
less machine instructions which are executed to perform the LU
decomposition and forward/packward suostitution steps which solve
the linearized circuit equations. The code generation process is
simplified oy noting that two forms of assignment statements can
be wused to accomplish the entire matrix solution; these forms
are:

A = A/B and A A - B*C

for different values of A, B, and C. The technique used in
SPICE2 is to perform a mock equation solution, generating the ap-
propriate machine instructions in place of performing the actual
arithmetic. Subroutine CODEXC 1is wused as an interface to the
generated machine code, since standard FORTRAN contains no provi-=-
sion <for calling suproutines which have not been previously com-
pilea.

Timing comparisons indicate that the code generated for the
CDC 6400 computer at the University of California at Berkeley ex-
ecutes petween 3 and 4 times faster than the equivalent FORTRAN
suproutine (which must contain additional code to again map (i,3)

matrix entries to their location within the LVN taopcle as the
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equations are solved). However:. the code can occupy a consider-
aple amount of memory: for the UA74l1, approximately 2000 woras.
Whether or not to use the generated machine code depends on

memory availapility and computer resource charging algorithms.

-238-



SPICEZ2 REPORT ANALYSIS INTRODUCTION

8 Analysis

This section briefly describes the element load, equation

solution, and junction limiting algorithms in SPICEZ.

8.1 Element Load

The construction of the circuit equation coefficient matrix
can pe performed incrementally, one element at a time (see, for
example, [(8B]). A concise description of wheré each element type

adds to the matrix can be found in Section 13.6.

8.2 Matrix Equation Solution

The solution technique for the system of linearized <c¢ircuit
equations is to first perform an LU factorization of the coeffi-
cient matrix, followed by forward and backward supstitution steps
to solve for a particular right-hand side forcing vector. This
technique has two main advantages over simple Gaussian elimina-
tion. - First of all, multiple right-hand sides can be solved with
much less effort, since the L and U factors need to be computed
only once. Secondly, SPICE2 uses the adjoint analysis technique
[9)] to efficiently perform small-signal noise and distortion, and
dc sensitivity analyses. The equation matrix of the adjoint cir-
cuit is the transpose of the matrix for the original circuit;
conveniently, the L and U factors of the transposed matrix are
the transpose of the original L and U factors. Thus, the adjoint
analyses may be performed £for just the cost of a forward and
backward substitution step using the transpose of the already-

factored equation matrix.
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8§.2.1 LU Decompositon

As noted, SPICEZ2 factors the coefficient matrix into lower-
and upper-triangular matrices L and U. The actual algorithm used
for the factorization is so arranged that the L and U factors oc-

cupy the same memory locations as the original matrix. The algo-

rithm is given below:

Transform "Ax = b" into “LUx = b"

NSTOP = number of circuit equations: note that the ground
node is included in the matrix but not solved.

for (I = 2 to NSTOP)
{ for (J = I+l to NSTOP)
{ Aa(J,I) = A(J,I)/A(I.,1):
for (K = I+l to NSTOP)
{ A(J,K) = A(J/K) = A(J,I)*A(I,K): }
}

Result: A(I,J) = U(I.J) for Jd > 1
= L(I,J) for d < I

8.2.2 Forward/Backward Substitution
The algorithm used in SPICE2 to perform the forward and

backward substitution steps follows:

Forward substitution:

-1
evaluate: y =Ux =1L b
for (I = 2 to NSTOP)
{ for (J = I+l to NSTOP)
{ B(J) = B(J) - L(J.1)*B(1): ),

}
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Backward supstitution:

-1 -1 -1
evaluate: x=U y=U L b
for (I = NSTOP to 2 py -1)
{ for (J = I+l to NSTOP)

{ B(I) = B(I) = U(I.J); }
B(I) = B(I)/U(I.,1):

8.3 Devices

SPICEZ2 contains built-in models for the p-n junction diode,
the Dbipolar junction transistor (BJT)., the junction field-effect
transistor (JFET). and the metal-oxide-semiconductor field-effect
transistor (MOSFET). The model equations for the diode, BJT, and

JFET are described in (1l].

8.3.1 MOSFET Model

The MOSFET model wused in SPICZ2 1is derived from the
Frohman-Grove model [10], with the addition of some subthreshold
[11] and short-channel (12] effects. The nonlinear oxide capaci-
tance formulation of J. Meyer ([13] is included. The actual equa-

tions used are given in Section 13.5.

8.3.2 Junction Limiting

The Newton-Raphson algorithm used to aid convergence can run
into numerical problems due to the exponential nonlinearities in
the semiconductor device models. To solve this difficulty. addi-
tional constraints are placed on the per-iteration change in dev-
ice voltages. Subproutine PNJLIM contains (and most concisely

describes) the limiting algorithm used for p-n junction voltages:
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subroutine FETLIHM is used to limit per-iteration changes in FET

voltages.
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9 Dctran Overlay

The DCTRAN overlay is the largest one in SPICE2: it per-
forms the dc transfer curve, dc operating point, initial tran-
sient operating point, and transient analyses. The overlay con-
sists of routines DCTRAN, COMCOF, TRUNC, TERR, SORUPD, ITERSB,
CODEXC, LOAD, JdLCSRC, UPDATE, EVPOLY, EVTERe, NXTPwWR, INTGRS,

PHJLIM, DIODE., BJT, FETLIM, JFET, MOSFET, MOSEuN, and MOSCAP.

5.1 DC Operating Point
The dc¢ operating point computation is indicated when vari-
aples MODEZ and ©1CDZDC nave values 1 and 1, respectively. A

flowchart for this analysis follows:

initialize;

TIME = 03
call SORUPD to set sources to time-zero values:
INITF = 2;

call ITERS:
if (converged)
{ INITF = 4;
call DIODE; call BJT: call JFET; call MOSFET:
print operating-point solution:

The actual Newton-Raphson iteration 1is controlled oY

suproutine ITER8. A flowchart for that suproutine follows:

IGOOF = ITERNO = NDRFLO = NONCON = 0;
DONE = .false.:
while (not DONE)
{ call LOAD:
if ((NOSQOLV is nonzero) and
(analysis = initial transient)) exit;
ITERNO = ITERNO + 1:
switch (INITF) of
{ "1": 4if (NONCON = 0) exit; goto solve:
"2": INITF = 3: goto solive;
"3": 1f (NONCON = 0) INITF = 1; goto solve:
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“4%","5",%6": INITF = ];
}
solve:
if (ITERNC > iteration limit) exit:
call DCDCMP; call DCSOL;
if (IGOCF > 0)
{ IGOOF = 0; NDRFLO = NDRFLO + 1; )
if (NONCON = 0)
{ check node voltages for convergence;
if (voltages converged) DONE = .true.; }

At the conclusion of the dc operating-point analysis (as a
result of the <calls to the device modeling routines with INITF
set to 4), the LX0 table contains all the small-signal device
parameters, which are subseguently printed out Dy subroutine DCOP

(in the DCCP overlay).

9.2 Transient Initial-Conditions

The transient initial-condition computation estaplishes a
consistent set of circuit conditions pricr to the start of the
transient analysis-. (By "consistent" is meant conditions which
satisfy Kirchhoff’s 1laws.) The DCTRAN overlay performs this
analysis wnen MODE and MODEDC have values of 1 and 2, respective-
ly. A flowchart fer the initial transient solution algorithm
follows:

initialize:;

TIME = 0:

call SORUPD to set sources to time-zero values;

INITF = 2:

call ITERS:

if (converged)
{ print solution: }

-34~-



SPICEZ2 REPORT DCTRAN OVERLAY DC TRANSFER CURVE

9.3 DC Transfer Curves

The dc transfer curve computation is simply a repetitive dc
operating point computation performed for a range of values for
one independent voltage or current source in the circuit. The
analysis 1s performed when MODE and MODEDC have values of 1 and

3, respectively. A flowchart for this analysis follows:

initialize;
TIME = 0;
call SORUPD to set sources to time-zero values:
INITF = 2;
for (each source value)
{ call ITERSB;
if (not converged) stop analysis:
store outputs;
INITF = o;:
} .
(the OVTPVT overlay is called from the overlay root
to output any regquested plots)

The value of ¢ for INITF causes a linear extrapolation from
the previous solutions to obtain the initial guess used for the
subsequent iteration; that is, the initial guess for sweep point

n+l 1is the linear extrapolation of the solutions at sweep points

n=-1 and n.

9.4 Transient analysis
The transient analysis is performed when MODE has a value of

2. A flowchart of the analysis steps fcollows:

initialize; TIME = 0; DELTA = TSTEZP; INITF = 5;
savout: store outputs in LOUTPT table:

if (TIME > TSTOP) exit:

.adjust DELTA for breakpoint table values;
newtim: TIME = TIME + DELTA;

call SORUPD;:

if (INITF not equal to 5) INITF = 6;

call ITERSB: .
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if (converged) goto tsterr:

TIME = TIME - DELTA; DELTA = DELTA/38:; goto tstdel:
tsterr: call TRUNC;

if (error acceptanle) goto savout:

TIME = TIME - DELTA;

DELTA = DELNEW (computed in TRUNC)
tstdel: if (DELTA < DELMIN) stop analysis;

goto newtim:;

9.4.1 Numerical Integration Methods

SPICE2 uses either Trapezoidal (14] or variable-order Gear
ilS] to perform the numerical integration necessary for the tran-
sient analysis. The chcice is based on the value of the COMMON-

variable METHOD.

S9.4.2 Automatic Timestep

There are two methods available to the user to control the
computation of the appropriate transient analysis timestep:
iteration count and truncatiocn error estimation. The iteration
count method uses the number of ilewton-Raphson iterations re-
guired to converge at a timepoint as a measure of the rate of
change of the circuit. 1If the number of iterations is less than
ITL3, the timestep 1is doubled:; if greater than 1ITL4, the
timestep 1s divided Dby 8. This method has the advantage of
minimal computation overnead; however, it suifers in that it
does not take into account tha true rate-of-;hange of circuit
variables.

The second method of timestep determination is based on the
estimation of 1local truncation error. The appropriate ftunction
derivative is approximated oy a divided difference - hence the

"estimation." Although recquiring somewhat more cpu time than
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iteration count, the truncation error estimation method allows a

meaningful error-bound to be set on the computed output values.
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10 Acan Overlay

The ACAJ overlay performs the small-signal, noise, and dis-
tortion The overlay contains routines ACAN, ACDCMP, ACSOL,
ACLOAD, NOISE, ACASOL, DINIT, and DISTO. All analyses performed
use the linearized models for all the nonlinear devices. A
flowchart of this overlay follows:

initialize:

for (FREQ = FSTART to FSTOP)

{ call ACLOAD;

call ACDCMP;

call ACSOL;

save small-signal outputs:

if {noise analysis requested) call NOISE:;

if (distortion analysis requested) call DISTO;
}

(the OVTPVT overlay is called from the overlay root

t0 output any regquested plots)
10.1 Small-Signal Analysis

The small-signal analysis is performed at each frequency
point by first calling subroutine ACLOAD. This subroutine zeroes
and then loads the <complex-valued eguation matrix using the
results of the dc operating point analysis stored in the LX0
table. Then subroutines ACDCMP and ACSOL are called. which per-

form an LU decomposition and forward/packward substitution on the

set of circuit egquations to obtain its solution.

10.2 Noise and Distortion Analyses
The noise analysis used in SPICEZ2 is described oy references
{16] and [l17]). The distortion analysis algorithm is described in

(18, 19, 20].
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1l Dcop Overlay

The DCOP overlay performs three functions: it prints out
the device operating point information. computes the small-=signal
transfer function. and computes dc sensitivities of output vari-

ables with respect to circuit parameters. The overlay contains

routines DCOP., SSTF. SENCAL, and ASOL.

11.]1 Small-Signal Transfer Function

The small-signal transfer function analysis is performed by
subroutine SSTF; it evaluates the gain, input resistance, and
output resistance of a specified two-port using the linearized
device models computed as a part of the dc operating point

analysis.

ll1.2 DC Sensitivities

The dc sensitivities of output variables with respect to
circuit parameters are computed »py subroutine SENCAL. The
analysis is performed using the adjoint technique [9]), thus re-
guiring only one eguation solution per output variable (rather

than per circuit parameter).

-39~



'SPICE2 REPORT OVTPVT OVERLAY DESCRIPTION

12 OVTPVT overlay

The OVTPVT overlay generates the gabular listings and 1line-
printer plots displaying the results of the multi-point‘analyses.
It contains routines OVTPVT, NTRPL8, SETPRN, SETPLT, PLOT, SCALE,
and FOURAN. The overlay is <called after each multi-point
analysis, to avoid the necessity of storing unnecessary output
values in memory.

Subroutine FOURAN is used to calculate the Fourier «coeffi-
cients of transient analysis output waveforms. The coefficients
are computed recursively using a "truncated infinite series®™ al-

gorithm [l, pp. 254-259].

=d Q=



SPICE2 REPORT USER’S GUIDE SPICE 2C REPORT

13 aAppendices

13.1 User’s Guide

=4l-






UNIVERSITY OF CALIFDRNIA
COLLEGE OF ENGINEEPCING
DEPARTMENT OF ELECTRICAL ENGINEERING
AND COMPUTE® SCIENCES

Se COHEN VERSION 2060 (31 MAYT7E)
Des Da» PEDERSION

USER*S GUIDE FCR SPICE

SPICZ 1S & GENERAL-PURPOSE CIRCUIT SIMULATION PROGRAM FECTR NONLINEAR OC,
NONLINT AR TRANSIENTy, AND LINEAR AC ANALYSES. CIRCUITS MAY CONTAIN RESISTORS,
CARPACITORS, INDUCTORS, MUTUAL INDUCTCRS, INDERPENDENT VDLTAGE AND CURRENT
SOURPCES, FCUR TYDES CF DEPENDENT SOUFCES, TRANSMISSION LINES, ANDC THE =JUP MCST
CCMMON SEMICONCUCTOR DEVICES: DIODES, BJUTS, JFETS, AND MOSFETSe

SOPICZ HAS BUILT=IN MODELS FOR THE SEMICONDUCTOIOR DEVICES, AND THI USER NEED
SPICIFY ONLY THE PEXTINENT MCODEL PARAMETER VALUES, THE MOCDEL FOR THE BJT IS
BASED CN THE INTEGRAL CHARGE MODEL CF GUMMSL AND PODONT HOWEVER, IF THE SUMMEL-=-
SDCION SPARAMFTERS AREI NOT SPECIFIED, THE MODEL REDUCES TO THE SIMPLER ESEXIS-MOLL
MCDEL IN FITHER CASE, CHARGEZ STORAGE EFFECTS, OWMIC RESISTANCES, AND A
CUPRSINT=DEPENDENT QUTOUT CONDUCTANCE MAY BE INCLUDED, THE DIODE MODEL CAN BE
USED FOR ZITHER JUNCTICN DICDES OR SCHOTTKY BARRIER DIODESe THE JSET MCDEL IS
RASED CN THE F£ZI7T MODEL 0OF SHICHMAN AND HODGZEZSe THE MODEL FOR THE MQOSFET IS
SASED ON THE FROHMAN-GFIVE MQODELS HOWEVER, CHANNEL-LENGTH MODULATION, SuUB-
THRESHIOLD CONDUCT ION, ANC SOME SHORT-CHANNEL EFFECTS ARE INCLUDED.

SR0GRRAM LIMITATIONS

S9I1ZT USES DYNAMIC MEMORY MANAGEMENT TC STORE ELEMENTS, MODELS, AND CUTRUT
VALUES, THUS,, THE CNLY LIMITATICN IMPOSED 38Y THE PROGRAM ON THE SIZE CR THE
COMPLEXITY DF TwRT CIQCUIT TO ARE SIMULATED IS THAT ALL NECESSARY DATA FIT IN
MEMCOY, FOR EXAMPLET, 2 100-F0INT TSANSIENT ANALYSIS 0OF THE UA™a] JFERATIONAL
AMPLIFIES CEQUIRES APPROIXIMATELY EC000 (0OCTAL) wORDS OF MEMDRY ON THE CDC &4 00
AT THE UNIVESSITY DOF CALTIFOCPNIA AT BERKELEYe



-=<== TRANSIENT ANALYEIS

THE TRANSIEINT ANALYSIS PORTICN OF SPICE COMPUTES THE TRANSIENT QUTPUT
VARIABLES AS A FUNCTION OF TIME OVER A USER-SPECIFIED TIME INTERVAL, THE
INTTIAL CONPITIONS ARE AUTOMATICALLY DETERMINED BY A DC ANALYSISe ALL SOURCES
WHICH ARS NOT TIME DEPENDENT (FOR EXAMPLE, POWER SUPPLIES) ARE SET TO THEIR DC
VALUEe FDR LARGE=-SIGNAL SINUSOIDAL SIMULATIDNS, A FOURTER ANALYSIS OF THE
ODUTPUT WAVEFORM CAN BE SPECIFIED TO OBTAIN THE FREQUENCY DOMAIN FOURIER COEF=-
SICIENTS, THE TRANSIENT TIME INTERVAL AND THE FOURIER ANALYSIS OPTIONS ARE
SPECIFIED CN THE oTRAN AND oFOUSRTER CCNTROL CARDSe

—=== ANALYSIS AT DIFFERENT TEMPEPATURES

ALL INPUT DATA FOR SPICE 1S ASSUMED TO HAVE BSEN MEASURED AY 27 DEG C
(200 DZG K)o THE SIMULATION ALSO £SSUMES A NDOMINAL TERMPERATURE DF 27 DEG Ce
THE CIKRCUIT CAN 3E SIMULATED AT OTHER TEMPERATURES BY USING A oTEMP CONTROL
CARD,

TEMPE RATURE APSEARS EXPLICITLY IN THE EXPCNENTIAL TERMS OF THE BJT AND
DICDE MODEL ZQUATIDONS, IN ADDITION, SATURATION CURRENTS HAVE A RUILT=IN
TEMFERATUDE DEDENDENCEe THE TEMPERATURE DEDCENDENCE OF THE SATURATION CURRENT
IN THE BJT MODELS IS DETERMINED BY:

IS{TEMD) = JO%X(TEMP¢FPT)*EXP(-Q*SG/(K*TEMP))

WHERE K 1S BOLTZMANS CONSTANT, G IS THE ELECTRCONIC CHARGE,y 10 IS A CONSTANT, EG
IS THE ENERGY GAP WHICH IS A MODEL PARAMETER, AND PT IS THE SATURATION CURRENT
TEMOPERATURE T XPCONENT (ALSO A MODEL PARAMETER, AND USUALLY EQUAL TO 3. THE
TEMPERATURE DESENNENCE OF THE SATURATION CURRENT IN THE JUNCTION OIODE MODEL IS
DETERMINED BY:

IS(TEMP) = IO0x(TEMPe(PT/N))IXEXC(=QXEG/(KEXNXTEMP))

WHERZ N IS THE ZMISSION COEFFICIENT, WHICH IS A MODEL PARAMETER, AND THE OTHER
SYMBALS HAVE THI SAME MEANTING AS ABQOVEZ. NOTE THAT FOR SCHCTTKY BARRIER DIODES,
THE VALUE 0OF THE SATURATION CURFENT TEMPERATURE EXPONENT, ©T, IS USUALLY 2.

TEIMRPERATURE APPEARS EXPLICITLY IN THE VALUE COF JUNCTION PNTENTIAL, PHI,
DR ALL THE DEVICE MODELSe THE TEMPERATURE OEPENDENCE 1S DETERMINED BY:

PHI(TEMP) = KXTEIMP/QkLOGINAXND/NI(TEMP)¢*2)

WHESE K IS e0LT ZMANS CONSTANT, Q IS THE ELECTRCNIC CHARGE, NA IS THE ACCEPTOR
IMPURITY DENSITY, ND IS THE DONDCR IMPURITY DENSITY, NI IS THE INTRINSIC CONCEN-
TRATION., AND EG IS THE ENERGY GAPe

TEMPERATURET APPEARS EXPLICITLY IN THE VALUEZ OF SURFACE MOBILITY, UO, FOR
THZ MOSFET M™MOCELe THE TEMPERATURE DEPENDENCE IS DETERMINED B8Y:

UC(TEMP) = UC(TNCM)/(TEMD/TNOM) $(165)

TEMPERATURE APPEAPS EXPLICITLY FOR RESISTOR VALUES ACCORDING TO THE
FOLLOWING EXPRESSICN:

VALUE(TEMP) = VALUE(TNOM)®R(1+TCl1%x(TEMP=TNOM)+TC2%.(TEMP-TNDOM)*2))
. \

WHERZ TEMP 1S THE CIRCUIT TEMPERATURE, TNOM IS THE NOMINAL TEMPERATURE, AND

TCl AND TC2 ARE THE €1RST- AND SECOND-ORDER TEMPERATURE COEFFICIENTSe
\



TYPES JF ANALYS!S

-=== DC ANALYSIS

THE DC ANALYSIS ©0RTICN OF SPICE DETERMINES THE DC OPERATING BPOINT OF THE
CIRCUIT wITH INDUCTORS SHOSTED AND CAPACITORS OPENED. A DC ANALYSIS 1S AUTO-
MATICALLY OEXQFORMED FRIOR TO A TRANSIENT ANALYSIS TO DETERMINE THE TRANSIENT
INITIAL CONTITIONS, AND PRICR TC AN AC SMALL-SIGNAL ANALYSIS TD DETERMINE THE
LINEARIZED, SMALL-SIGNAL MODELS FOR NCONL INEAR DEVICES, IF REQUESTED, THE OC
SMALL-SIGNAL VALUE OF A TRANSFER FUNCTICN (RATIO OF OUTPUT VARIABLE TO INPUT
SCURCE), INPUT RESISTANCE, AND QUTPUT 29ESISTANCE WwWILL ALSC BRE COMPUTED AS A
DART NE THE DC SOLUT ION, THE DC ANALYSIS CAN ALSDO BE USEID TO GENERATE ODC
TRANSFER2 CURVES: A SPECIFIED INDEPENDENT VOLTAGE OR CURRENT SOURCE I8 STEPPED
OVER A USER-S2PECIFIED SPANGE AND THE DC NQUTPUT VARIABLES ARE STORED FOR EACH
SSEQUENTIAL S2URCE VALUE. IF REQUESTED, SPICE ALSO WILL DETERMINE THE DC SMALL-
SIGNAL SENSITIVITIES 0OF SPECIFIED OUTPUT VARIABLES WITH RESPECT TO CIRCUIT
SARAMI TERS, THE DC ANALYSIS QDPTIONS ARE SPECIFIED ON THE oDCy eTF,y, 0P, AND
e SENS CONTPROL CARDSe

‘=== AC SMALL-SIGNAL ANALYSIS

THE AC SMALL-SIGNAL PORTION CF SPICE COMPUTES THE AT CUTPUT VARIABLES AS A
SUNCTION OF FREQUENC Y, THE PROGRAM FIRST COMPUTES THE DC OPERAT ING POINT OF
THE CIRCUIT AND DETEZSMINES LINEARIZED, SMALL-SIGNAL MODELS FTZR ALL OF THE NON=-
LINEAR PEVICES IN THE CIPCUITe THE RESULTANT LINEAR CIRCUIT IS THEN ANALYZED
OVEIR A USER=SOECIFIED TANGE CF FREQUENCIE Se THE DESIRED ODUTPUT OF AN AC SMALL-
SIGNAL ANALYSIS IS USUALLY A TRANSFER FUNCTICN (VOLTAGE GAIN, TRANSIMPEDANCE,
STC)e IF THE CIRCUIT HAS ONLY ONE AC INPUT, IT IS CONVENIENT TO SET THAT INPUT
TO UNITY AND ZERQO OHASE, SO THAT QUTPUT VARTABLES HAVE THE SAME VALUE AS THE
TRPANSFER FUNCTION OF THZ OUTPUT VARIABLE WITH RESPECT TO THE INPUT,

THE GENERATION OF WHITE NOISE BY RESISTORS AND SEMICONDUCTCR DEVICES CAN
ALSC 8% SIMULATED WwITH THE AC SMALL-SIGNAL PORTICN OF SPICEe. EQUIVALENT NOQOIsE
SQURCE VALUES ARE DETESIMINED AUTOMATICALLY FROM THE SMALL=-STIGNAL OPERATING
POINT 0OF THE CIRCUIT, AND THE CONTRIBUTION 0OF EACH NOISE SOURCE IS ADDED AT A
SIVEN SUMMING POINT, THE TCTAL DQUTPUT NOTSE LEVEL AND THE EQUIVALENT INOUT
NOISE LEVIL ARE DETEFMINED AT EACH FREQUENCY POINTe THE CUTPUT AND INPUT NOIESE
LEVELS ARE NORMALIZET WITH RESPECT TO THE SCUARE ROCT OF THE NCISE BANDWICTH
AND HAVE THE UNITS VOLTS/RPT HZ CR AMPS/ST HZ, THE QUTPUT NOISE AND EQUIVALENT
INPUT NCIST CAN 2E PRINTED CR PLOTTED IN THE SAME TASHION AS OTHER CSUTPUT
VARTABLES. NO ADDITIONAL INPUT DATA IS NECESSARY FOR THIS ANALYSISe

FLICKE® NCISE SOUFCES CAN BE SIMULATED IN THE NOISE ANALYSIS BY INCLUCING
VALUES FOR THE PARAMETEXRS KF AND AF CN THE APPROPRIATE DEVICE MODEL CARDSe

THE DISTOSTION CHARACTERISTICS CF A CIRCUIT IN THE SMALL-SIGNAL MODE CAN
SE SIMULATED AS A PART OF THE AC SMALL-SIGNAL ANALYSISe. THE ANALYSIS IS
DEQFJIQMEZID ASSUMING THAT CNR CR TWO SIGNAL FREQUENCIES ARE IMPQOSED AT THE INPUT,.

-4

TIECUENCY RANGE AND THE NOISE AND CISTOSTION ANALYS IS PARAMETESS ARE
DN T
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! E oeaC. oNOISE, AND SCISTCRTICN CONTROL CARLS.
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CONVERGENCE

BOTH DC AND TRANSIENT SOLUTIONS ARE OBTAINED 8Y AN ITERATIVE PFOCESS wHICH
IS TERMINATED WHEN 8CTH OF THE FOLLOWING CONDITIONS HOLD:

1) THE NONL INEAF BTANCH CURRENTS CONVERGE TC WITHIN A TOLERANCE OF
Oel PERCENT CR 1 ©ICOAMP (100E-12 AMP), ¥HICHEVER 1S LARGER

2) THWHE NODE VOLTAGES CCNVEFGE TO WITHIN A TOLERANCE OF 0Oe1 PERCENT
OR 1 MICROVOLT (1¢0E-6 VOLT), WHICHEVER IS LARGER

ALTHOUGH THE ALGCRITHM USED IN SPICE HAS SEEN FOUND TO BE VERY RELIABLE, IN
SOME CASES IT WILL FAIL TO CONVERGE TO A SCOLUTIOCNe WHEN THIS FAILURE OCCURS,
THE PROGRAM wILL PRINT THE NODE VOLTAGES AT THE LAST ITERATION AND TERMINATE
THE J03. IN SUCH CASES, THE NODE VOLTAGES THAT ARE PPINTED ARE NOT NECESSARILY
CORPECT OR EVEN CLCSE TO THE CCRRECT SOLUTICNe

FAILURE TO CONVERGE IN THE DC ANALYSIS IS USUALLY DUE TO AN ERROR IN
SPECIFYING CIFCUIT CCNNECTICNSy, ELEMENT VALUES, OR MODEL PARAMETER VALUESe
DIGENERATIVE SWITCHING CIRCUITS OR CIRCUITS wITH POSITIVE FEEDBACK PROBASBLY
WILL NDT CONVERGE IN THE DC ANALYSIS UNLESS THE 2DFFz OPTION IS USED FOR SOME
OF THE DRV ICES IN THE FEZDBACK PATH,e

INPUT FORMAT

THE INPUT ©ORMAT FOR SPICE IS OF THE FREE FORMAT TYPEe, FIELDS ON A CARD
ARPE SEDADPATED BY ONE OR MODRE BLANKS, A CCMMA, AN EQUAL (=) SIGN, OR A LEFT OR
RIGHT DSARENTHES IS EXTRA SPACES ARE IGNOREDe A CARD MAY BE CONTINUED 8Y
PUNCHING A + (PLUS) IN COLUMN | OF THE FOLLCWING CARDS SPICE CONTINUES READING
SEGINNING WITH COLUMN 2,

A NAME FIZLD MUST BEGIN WITH A LETTER (A THROUGH Z) AND CANNOT CONTAIN
ANY DEL IMITERSe. ONLY THE FIRST EIGHT CHARACTERS OF THE NAME ARE USED.

A NUMBEX FISLD MAY BE AN INTEGER FIELD (12, =-44), A FLOATING POINT FIZLD
{314159), EITHER AN INTEGEF OR FLOATING SOINT NUMBER FDLLOWED BY AN INTEGER
T XPONENT (1E-14, 2065E3), OR EITHER AN INTECER DR A FLOATING POINT NUMBER
FOLLOWED BY DNE OF THE FCLLOWING SCALE FACTORS:

G=1E9° MEG=1E5 K=1E3 MIL=25,4E=4 M=1E-3 U=1E=6 N=1E-9 P=1E-12

LETTERS IMMEDIATELY FOLLOWING A NUMPER THAT ARE NOT SCALE FACTORS ARE [GNOREC,
AND LETTESS IMMENIATELY FOLLOWING A4 SCALE FACTOR ARE IGNOREDe HENCE, 10, 10V,
10VOLTS, AND 10HZ ALL PEPRESENT THE SAME NUMBER, AND M, MA, MSEC, AND MMHOS ALL
REDRSSENT THE SAME SCALE FACTD®e NOTE THAT 1000, 100060, 1000HZ, 1E3, 1.0£3,
1KHZ, AND 1K ALL REPRESENT THE SAME NUMBER,



CI2CUIT DESCRIPTION

THE CIPCUIT T2 BE ANALYZED 1S DESCRISED TO SPICE BY A SET OF ELEMENT
CARDS, wHICH DEFINE THE CIRCUIT TOPCLOGY AND ELEMENT VALUES, AND A SET OF
TONTROL CARDS,y WHICH DEFINE THE MODEL PARAMETEIRS AND THE RUN CONTRIOL S, THE
TI2®ST CA®D IN THE INPUT DECK MUST BE A TITLE CARD, AND THE LAST CARD MUST BE A
¢ END CARDo THE ORDER 0O THE REMAINING CARDS IS ARBITRARY (EXCEFT, CF COURSE,
THAT CONTINUATICN CARDS MUST IMMEDIATELY FOLLOW THE CARD BEING CONTINUED).

EACH ELEMENT IN THE CIFCUIT IS SPECIFIED BY AN ELEMENT CARD THAT CONTAINS
THE ELEMENT NAME, THEE CIRPCUIT NCDES TO WHICH THE SELEMENT IS CONNECTED, AND THE
VALUES OF THI PARAMETERS THAT DETERMINE THE ELSECTRICAL CHARACTERIST ICS OF THE
SLEMENTe THE FIRST LETTER CF THE ELEMENT NAME SPECIFIES THE ELEMENT TYCE,
THE FOOMAT FNP TWE SFICE ELEMENT TYPES IS GIVEN IN WHAT FOLLOWS, THE STRINGS
EXXXXXXX2, TYYYYYYY2, AND =2ZZZ2ZZZZz DENCTE ARBITRARY ALPHANUMERIC STRINGSe FOR
EXAMBPLI, A FESISTOR NAME MUST BEGIN WITH THE LETTER R AND CAN CONTAIN FROM DANE
TO EIGHT CHARACTERSe HENCE, R, R1, RSE, RO0UT, AND R3AC2ZY ARE VALID RESISTCR
NAMES,

DATA F€IZLDS TWHAT A2E ENCLDOSED IN SQUARE BRACKETS ( (] ) ARS QO°OTIONAL, ALL
INDICATED DUNCTUATICN (PARENTHESES, EQUAL SIGNS, ETCe) ARE REQUIREDe WITH
RESPELT TO SRANCH VOLTAGES AND CURPRENTS, SPICE UNIFORMLY USES THE ASSJOCIATED
DETEIENCST CONVENTION INDICATED IN THE DFAWING BELOW:

>
>>
I DODOOOO555>

>>

>
eeeecscocecoeccecveeosn
. .

XEXIXIREEX ec0cececeeceo

° D)

600000086000 000000606060C

+ v -

N2DES MUST BE NONNEGATIVE INTEGERS SUT NEED NOT B2E NUMBERED SECUENTIALLY.
THE DATUM (GROUND)Y NCODE MUST BE NUMSERED ZERC. THE CIRCUIT CANNOT CONTAIN A
-00P NF VOLTAGE SOURCES AND/OR INDUCTORS AND CANNQOT CCNTAIN A CUTSEZT OF CURRIENT
SOURCES AND/CR CARPACITORSe EACH NODE IN THE CIRCUIT MUST HAVE A DC PATH T2
GROUND, ZVE®Y NODE MUST HAVE AT LEAST TwWO CONNECTIONS EXCE®ST FOR TRANSMISSICN
L INE NODES (7D PERMIT UNTEIMINATED TRANSMISSION LINES).



ELEMENT CARCS

*%k%% RT SI STORS

GENERAL FORM DX XXXXXX NI N2 VALUE [TC=TC1[,TC2]]
S XAMDL S RC1 12 17 1K TC=06001,00015

N1 AND N2 APE THE TWO ELEMENT NODESe. VALUE IS THE RESISTANCE (IN OHMS)
AND MAY BE POSITIVE OR NEGATIVE 8SUT NOT ZERDe TC1 AND TC2 ARE THE (9PTIONAL)
TEMPERATYURE COEFFICIENTSS IF NOT SPECIFIED, ZERO 1S ASSUMED FOR BO THe THE
VALUE OF THE RESISTOR AS A FUNCTION 0OF TEMPERATURE 13 GIVEN B8Y:

VALUS (T ZMP) VALUS(TNOM) X (1+TC1*( TEMP=TNOM )+ TC2%x( TEMP=TNOM )4 2) )

*xxxx CACACITORS AND INDUCTOPS

GENERAL FOOM CXXXXXXX N+ N= D0 (Pl P2 eece] [IC=INCOND]
LYYYYYYY N+& N= PO [Pl P2 oeee)] [IC=INCOND)]

EXAMDLES caye 12 0 1uUF
C2sC 17 2F 10U SV 1C=3vV
LLINK 42 €9 1UH
LSHUNT 23 £1 10U 22U IC=15.7A

N+ AND N- ARE THE PTSITIVE AND NEGATIVE ELEMENT NODZS, RESPECTIVELY,
P00y (Pl, P2, ETCe) ATE THE CCEFFICIENTS OF A POLYNOMIAL DESCRIBING THE ELEMENT
VALUZ . FN2 CACACITORS, THEZ CAPACITANCE (IN FARADS) IS EXPRESSED AS A FUNCTION
AF THE VOLTAGE AC®PDSS THE SLEMENT. FOR INDUCTORS,y THE INDUCTANCE (IN HENRIES)
TS EXPORESSED AS A FURCTION TF THE CURRENTY THROUGH THE ELEMENT. TO ILLUSTRATE,
“HE SECZOND EXAMPLE ABCVE DESCRIBES A CAPACITOR WITH A VALUE DEFINED BRY

C = 10E-6 + EE-6xVv
WHEREZ Vv IS THSE VOLTAGE ACRDSS THE CAPACITOR.

FOR THE CAPACITOR, THE {(COPTIONAL ) INITIAL CONDITION IS THE INITIAL (TIME-
ZETD) VALUE OF CADACITOR VOLTAGE (IN VOLTS). FOR THE INDUCTOR, THE (OPTIONAL)
INITIAL CCONDITION IS THE INITIAL (TIME=ZERD) VALUE OF INDUCTCOR CURRENT (IN
AMPES) THAT FLOWS FROM N+, THROUGH THE INDUCTOR, TO N-=-» NOTE THAY THE INITIAL
CONDIT IONS (I1& ANY) APFLY =®0ONLY=® 1F THE UIC OPTION 15 SPECITIED ON THE »TRAN
CARD,



#xxx COUPLED (MUTUAL) INDUCTCORS

GINERAL FCRM KXXXXXXX LYYYYYYY LZZZ2Z22Z2Z VALUE

S XAMDLE S K43 LAA LEBB 06999
KXFRMR L! L2 0087

.

LYYYYYYY AND LZ222Z2ZZ ARE THE NAMES OF THE TwO COUPLED INDUCTIRS, AND
VALUE 1S THE CDEFFICIENT OF COUPLING, K, WHICH MUST BE GREATER THAN 0 AND LESS
THAN OR EQUAL TO 1 THE CCOUPLED INCUCTORS CAN BE ZINTERED IN EITHER DORDER AND
MUST BE CONSTANT (ONLY PO CAN BE SPECIFIED ON TkHE INDUCTOR CARDS)e IN TERMS OF
THE DO0T CIONVENTION, THIS COUPLING PUTS 4 DQOT 8Y THE FIRST NOCE OF ZACH DF THE
CCUFLED INDUCTIORSe

Thxx TRANSMISSION LINES (LOSSLESS)

GENERAL FOPM TXXXXXXX NI N2 N3 N4 ZO0=valLUE [ TD=VALUE] [F=FREQ [NL=NIM_EN]]
+ [IC=V1’11,V2q12]
T XAMEL ST T1 1 0 2 0 Z0O=50 TD=10ONS

N1l AND N2 ARE TFHE NCODES AT PORT 13 N3 AND Na&a ARE THE NODES AT PJRT 2,
Z0 1S THE CHABACTERISTIC IMPEDANCE., THE LENGTH OF THE LINE MAY BE EXPRESSED IN
SITHER OF TwD FOPRPMS, THE TRANSMISSION DELAY, D, MAY BRE SPECIFIED OIRECTLY ({(AS
TD=10NS, FOG ZXAMPLE), ALTERNATIVELY, A FREQUENCY F MAY BE GIVEN, TOGETHER
9ITH NL, THE NORMALIZED ESLECTRICAL LENGTH OF THE TRANSMISSION LINE wITH RESPECT
TO THE WAVELENGTH IN THE LINE AT "HE FPZQUENCY ¥, I A FREQUENCY IS SPECZIFISD
3UT NL IS OMITTED, Je2S% 1S ASSUMED (THAT IS, THE FRIZIQUENCY IS ASSUMED TO BE TH=E
QUASRTER-wAVEI FRIQUINCY ) NOTE THAT ALTHOUGKH 30TH FORMS FOR EXPRESSING THE L INE
LENGTH ARE INDICATEID AS CPTICONAL, CNE OF THE TWO *MUST= BE SPECIFIZCe

NOTE THAT THIS ELEMENT MODELS CNLY ONE PROPAGATING MODE. IF AlLL FOUR
NOCES A®E DISTINCT IN THE ACTUAL CIPCUIT, THEN TwO MODES MAY BE ZXCITEDe TO
SIMULATE SUCH A SITUATION, TWC TRANSMISSION-LINE ELEMENTS ARE REQUIRED. (SEE
THE EXAMPLE IN APPENCIX A FDOF FURTHFER CLARIFICATION.)

THE (OPTIONAL) INITIAL CONDITICN SPECIFICZATION CONSISTS OF THE VOLTAGE
AND CURQENT AT EACH OF THE TRANSMISSION LINE PORTS. NOTE THAT THE INITIAL
CONCITIONS (IF ANY) APPLY =ONLYX IF TEE UIC OPTICN IS SPECIFIED CON THE TRAN
C ARDe



kxkk | INSAR DESENDENT SNURCES

SPICE ALLCOWS CIRCUITS TC CCONTAIN LINEAR DEPENDENT SJURCES CHARACTERIZED BY
ANY OF THE FOUR EQUATICNS

1=Gxv V= Exv I=F=x%x] V=H%x]
WHERE G, €, ¥, AND H ARE CONSTANTS CEPRESENTING TRANSCONDUCTANCE, VOLTAGE GAIN,
CURRENT GAIN, AND TRANSRESISTANCE, PESPECTIVELYs NOTE: A MORE COMPLETE DES-
CRIPTION OF DSPENDENT SOURCES AS IMPLEMENTED IN SPICE IS GIVEN IN APPENDIX Be
%%k%kx | INEAR VOLTAGE-CONTROLLED CURRENT SOURCES
GENERAL FO®RM GXXXXXXX N+ N= NC+ NC-= VALUE
EXAMPL S Gl 2 0 5 0 Oel1MMHC

N+ AND N=- ARE THE POSITIVE AND NEGATIVE NDODES, RESPECTIVELY, CURRENTY FLOW
1S FROM THS PJOSITIVE NODE, THROUGH THE SOURCE, TO THE NEGATIVE NODEe NC+ AND
NC- ARQZT THE POSITIVE AND NEGATIVE CONTROLLING NODES, RESPECTIVELYe VALUE IS
THE TRANSCONDUC TANCE (IN MHDS),
kxx* | INEAR VOLTAGE-CONTPOLLED VOLTAGE SCURCES
GENERAL FORM EXXXXXXX N+ N= NC+ NC- VALUE
SXAMPLE E1 2 3 14 1 2.0

N+ IS THE POSITIVE NODE, AND N=- IS THE NEGATIVE NODEe NC+ AND NC- ARE THE
POSITIVE AND NEGATIVE CONTROLLING NODES, RESPECTIVELYe VALUE IS THE VOLTAGE
GATINg
#xx% |_ INEAR CURFENT=-CONTROLLED CUPRENT SCURCES
GENERAL FORM FXXXXXXX N+ N= VNAM VALUE
EXAMPLE F1 12 5 VSENS &

N+ AND N- ARE THE EOSITIVE AND NEGATIVE NODES, PESOECTIVELYe CURRENT FLOW
1S FROM THE D0SITIVE NODE, THRDUGH THE SOURCE, TD THE NEGATIVE NODEe VNAM IS
THE NAME OF A VOLTAGE SOURZCE THFOUGH WHICH THE CONTROLLING CURRENT FLOWSe THE
DIRECTION OF DOOSITIVE CONTRCLLING CURPENT FLOW IS FROM THE POSITIVE NCODE,
THROUGH THE SOURCE, TO ~HE NEGATIVE NODE OF VNAMs VALUE IS THE CURRENT GAIN,
t%wx® |_TNEAR CURRENT=-CONTROLLED VOLTAGE SOURCES
GENERAL FORM HXXXXXXX N+ N= VNAM VALUE
= XAMPLE HX 5§ 17 VZ 0eEK

N+ AND N= ARE THE PCSITIVE AND NEGATIVE NODES, RESPECTIVELYe VNAM IS THE
NAME OF A VDL TAGE SPNURCE THROUGH WHICH THE CONTROLL ING CURRENT FLDOWS, THE
DIPECTION OF OOSITIVE CCNTROLLING CURRENT FLOw 1S5 FROM THE POSITIVE NODE,

THROUGH THE SOURCE, TD THE NEGATIVE NODE CF VNAM, VALUE 1S THE TRANSPESISTANCE
(IN OHMS), '



xkxx [NDEPENDENT SOURCES

GENERAL FORM VXXXXXXX N+ N= [[DC) CC/TIAN VALUE] [AC [ACMAG [ AZPHAS

1
IYYYYYYY N+ N= [{DC)] DC/TRAN VALUE) [AC [ACMAG [ACOwAS 11

g]
E)
I xaMPLE S vCC 10 0 DC 6

VIN 13 2 06001 AC 1 SIN(O 1 1IMES)

ISRC 23 21 AC 06232 45,0 SFFM(O 1 10K 8§ 1K)
VMEAS 12 ©

-

N+ AND N= ARE THE ©®CSITIVE AND NEGATIVE NODES, RESPECTIVELY. NOTE THAT
VOLTAGEZ SOURCES NEZID NCT BF GROUNDED. CURRENT IS ASSUMED TO FLOW FROM THE PCS-
ITIVE NODE, TH2OUGH THE SCUSCE, TO THE NEGATIVE NODE.

DC/TRAN IS THE CC AND TRANSIENT ANALYSTS VALUEZ OF THE SOURTES IF THE
SOURCE VALUE IS ZERD 8CTH FOR DC AND TRANSISENT ANALYSES, THIS VALUE MAY S8SE
OMITTED, IF THE SOURCE VALUE 1S TIME=INVARTANT (Z¢Gey A POWER SUPPLY), THEN
THE VALUE MAY OPTICNALLY BE PRECEDED BY THE LETTERS DCe

ACMAG 1S THE AC MAGNITUDE AND ACPHASE IS THE AC PHASEe THE SOURCE IS SET
T0 THIS VALUE IN THE AC ANALYS IS, IF ACMAG 1S DMITTED FOLLOWING THE KEYWORD
ACy, A VALUE OF UNITY IS ASSUMEDe IF ACPHASE IS5 OMITTED, A VALUE OF ZEROD IS
ASSUMED, I¥ THE SOURCE IS NOT AN AC SMALL-SIGNAL INPUT, THE KEYWCID AC AND THE
AC VALUES ARZ OMITTED,

ANY INDEPENDENT SCOURCEZ CAN BE ASSIGNED A TIME-DERPENDENT VALUE FOR
TEANSIENT ANALYS!Se IF A SCURCE IS ASSIGNED A TIME-DEPENDENT VALUE, THE TIME-
ZZ20 VALUE [S USED FOR DC ANALYSISe THERZ ARE FIVE INDESENDENT SOURCE FUNC-
TICNS: PULSE, EXPONENTIAL, SINUSDOIDAL, PIZCE-WISE LINEAR, AND SINGLE-FREQUENCY
EM,e IT DARAMETERS OTWER THAN SCURCE VALUES ARE OMITTED 0% SET TO ZERD, THE
NETAULT VALUES SHOWN WILL 2E ASSUMED, (TSTEP 1S THE PRINTING INCREMENT AND
TSTC® IS THE FINAL TIME (SEE THE «TRAN CARD FOS EXPLANATION) ).

le PUL s= PULSE(V1 Vv2 TC T2 TF Fw PER)

SXAMDL E VIN 2 0 PULSE(=1 1 2NS 2NS 2NS SONS 100NS)
DARAMETERS AND MDEFAULT VALUES UNITS

vi INITTAL VALUE —— VOLTE OR AMPS

va PULSED VALUE === VYOLTS OR AMPS

D DELAY TIME Oe O SECCTNDS

TR R1ISE TIME TSTEP SECONCS

TF FALL TIME TSTEP SECONCTS

Sw PULSZ wIDTH TSTCP SECCNDS

PER PERIDD TSTOP SECONDS



& SINGLE PULSE SC SPECIFIED 1S DESCRIBED BY THE FOLLOWING TABLE:

T IME VALUE
o] vi
TO vi
TD+TR v2
TD+TR+OW v2
TO+TR+OW+TF vi
TSTOP vi

INTERMEDIATE ©0INTS ARE DETERMINED BY LINEAP INTERPOLATIONe

2e SINUSOIDAL SIN(VD VA FREQ TD THETA)

= XAMPLE VIN 3 0 SIN(CO § 100MEG 1INS 1E10)
S ARAMETESS ANC DEFAULT VALUES UNITS

vo CEFSET - VOLTS CR AMES
VA AMPL 1TUDE - VCLTS DR AMPS
=°EQ FREQUENCY 1/TSTOP HZ

D DELAY Oe O SECCONDS
THETA DAMPING FACTOR Ce0 1/SECONDS

THE SHAPE OF THE WAVEFORM IS DESCRIBED BY THE FOLLOWING TABLE:

T IME VALUE
0 TO 7O vO
TD TO TSTOP VO + VAXEXO( = (TIME-TD)%XTHETA) *SINE( TWOPI%*FREQ*( TI ME~-TD))

Te EXPONENTIAL EXP(V1l v2 TD1 TAU1l TDZzZ TAU2)

= XAMDLE VIN 2 0 EXP(=4 =1 2NS 2O0ONS 60NS 40ONS)
DARAMETERS AND CEFAULT VALUES UNITS

vi INITIAL VALUE -—— VCLTS CR AMFS

va PULSED VALUE -——— VOLTS OR AMPS

TD1 EISE DELAY TIME O0e0 SECONDS

T AU RISE TIME CONSTANT TSTEP SECONDS

TO2 FALL CELAY TIME TD1+TSTEP SECONDS

TAUZ2 FALL TIME CCNSTANT TSTEP SECCNDS

THE SHAPE NDF THE WAVEFCRM IS DESCRIBED BY THE FOLLOWING TABLE:

T IME VALUE

0 TC TO1 vi

TO1 TO TD2 V1+(V2=-V])*x(1-EXP(=(TIME-TD1)/TAU1))
TD2 O TSTCP VI4(V2=V1)*(1=-EXP(=-(TIME-TD1)/TAUL1))

+(V1=-Vv2 1% (1 =EXP(=(TIME=-TC2)/TAUZ))



&, °'IECS-WISE LINEAR

OwL(T: v1 [T2 v2 =3 ¥3 Ta
TXAMPLE VCLOCK 7 £ PWL(O =7 10ONS -
D ARAMETERS AND DEFAULT VALUES

EACH PAIR OF VALUES (T1I, V1) SPECIFIES

V4 eee))

T §INS =2 {7NS =3 18NS =7 SONS =7)

THAT THE VALUE OF THE SOURCE IS VI

(IN VOLTS OR AMPS) AT TIME=Tle THE VALUE CF THE SJURCE AT INTERMEDIATE VALUES
JF TIME 1S DETERMINED BY USING LINEAR INTERSPCLATION ON THE INPUT VALUES,

Se SINGLE=-FREIQUENCY FM

SFFM(VOD VA FC MDI F§)

SXAMPLE V1 12 0 SFFM(0 IM 20K £ 1K)
DARAME TERS AND DEFAULT VALUES UNITS

vO OFFSET -== VOLTS 08 AMPS
VA AMBLITUCE -=— VOLTS OR AMPS
FC CARFIER FEEQUENCY 1/TSTOP HZ

MDI MODUL AT ION INDEX - -——-

=5 SIGNAL FREQUENCY 1/7sTOP Z

THE SHARPE OF THE WAVEFORM 1S DESCRIBED

VALUE = VO + VAXSINE((TWORPIX*FC*xT IME)

8Y THE FOLLOWING EQUATION:

+ MDI®SINE(TWOPIXFS*TIME))



kxxx STMICOCNDUCTOR DEVICES

THE SLEMENTS THAT HAVE BEZN DESCRIBED TC THIS POINT TYPICALLY REQUIRE ONLY
A FEW DARAMETER VALUES TO SPECIFY COMPLETELY THE ELECTRICAL CHARACTERISTICS OF
THE ELEMENTe, HOWEVER, THE MDDELS FOR THE FOUR SEMICONDUCTOR DEVICES THAT ARE
INCLUDED IN THE SPICE PROGRAM REQUIRE MANY PARAMETER VALUES. MOREOVER, MANY
DEVICES IN & CIRCUIT OFTEN ARE DEFINED BY THE SAME SET OF DEVICE MODEL PARA-
METERSe FOR THESE REASCNS, A SET OF CEVICE MODEL PARPAMETERS IS DEF INED ON A
SEPARATE oMCDEL CARD AND ASSIGNED A UNIQUE WMODEL NAMEe THE DEVICE ELEMENT
CARDS IN SPICE THEN REFERENCE THE MODEL NAME, THIS SCHEME ALLEVIATES THE NEED
TO SPECIFY ALL DF THE MODEL PARAMETERS CN EACH CEVICE ELEMENT CARDe.

EACH DEVICE ELEMENT CARD CONTAINS THE DEVICE NAME, THE NODES TO WHICH THE
DEVICE IS CDNNECTED, AND THE DEVICE MODEL NAME, IN ACDITION, TWD OPTIONAL
SARAMETERS MAY BE SPECIFIED FOF EACH DEVICE: AN AREA FACTOR, AND AN INITIAL
CONDITICNe

THZ AREA FACTOR DETERMINES THE NUMRER OF EQUIVALENT PARALLEL DEVICES OF A
SPZCIFTED MCLCEL. THE AFFECTED PARAMETERS ARE MARKED WITH AN ASTERI SK UNDER THE
HEADING 2AREAzx IN THE MODPEL DESCRIPTICNS SELOW.

TwQ DIFFERENT FORMS OF INITIAL CONDITIONS MAY BE SPECIFIED FOR DEVICESe
THE FI1XST FORM 1S INCLUDED TC IMPRCVE THE DC CONVERGENCE FOR CIRCUITS THAT
CONTAIN MORE THAN ONE STABLE STATE. 1F A DEVICE 1S SPECIFIED OFF, THE DC
OPERATING POINT 1S CETERMINED WITH THE TERMINAL VOLTAGES FOR THAT DEVICE SET TO
ZERQCoe AFTEXR CONVERGENCE 1S OBTAINED, THE PROGRAM CONTINUES TO ITEXRATE TO
ORTAIN THE EXACT VALUE FOR THE TERMINAL VOLTAGES. IF A CIRCUIT HAS MORE THAN
ONE DC STABLE STATE, THE OFF OPTION CAN BE USED 7O FORCE THE SOLUTION TO
CORRESPCND TDO A DESIRED STATE. IF A DEVICE 1S SPECIFIED OFF WHEN IN REALITY
THE NDEVICE 1S CCNDUCTING, THE PPRCGRAM WILL STILL OBTAIN THE CORRECT SOLUTION
( ASSUMING THZ SOLUTICNS CONVERGE) 8UT MORE ITERATIONS WILL BE REQUIRED SINCE
THE PROGRAM MUST INCEPENCENTLY CONVERGE TO TWO SEPARATE SOLUTIONSe

THE SECOND FORM OF INITIAL CONDITICN SFECIFICATION (USING IC=eee) IS
DRCVINED TO ALLOW THE USER TO BY®PASS THE DC OPERATING POINT CALCULATION
NOPMALLY MADE BEFORE THE START CF TRANSIENT ANALYSISe THESE INITIAL CONDI-
TIONS ARE USED BY SPICE =%0ONLY* [F THE UIC DOPTION IS GIVEN ON THE eTRAN CARD.

*%kx% JUNCTICN DIODES
SENERAL FORM DXXXXXXX N+ N= MNAME [AREA] [OFF] [1C=vD]

EXAMPLE CBRIDGE 2 10 DINDE>
DCLMP 2 7 DMOD 360 IC=0e2

N+ AND N=- ARE TFE POSITIVE AND NEGATIVE NODES, RESPECTIVELY. MNAME IS THE
MODEL NAME, ARZ A IS THE AREA FACTOR, AND OFF INDICATES AN (OPTIONAL) INITIAL
CONDITION ON THE DEVICE FCR DC ANALYSIS. I THE AREA FACTOR IS OMITTED, A
VALUE 9F 160 IS ASSUMED, THE (CPTICNAL) INITIAL CONDITION SPECIFICATION USING
IC=vD IS INTENDED FOF USE WITH THE UIC CPTION ON THE +TRAN CARD, WHEN A TRAN-
STENT ANALYSIS IS DESIRED STARTING FFOM OTHER THAN THE QUIESCENT OPERATING
POINTe



kxk%x RIOPOLAR JUNCTICN TRANSISTOFS
GENERAL FO=M OXXXXXXX NC NP NE MNAME [AREA]) [3FF].[IC=VEE,VCE]
£ XAMPLE Q22 10 24 13 QMOD 1C=0e847540

NC, NBy AND NE ARE THE COLLECTCR, BASE, AND EMITTER NODES, RESPECTIVELY.
MNAME 1S THE MODEL NAME, AREA IS THE AREA FACTOR, AND OFF INDICATES AN
(O°PTICNAL)Y INITIAL CONDITION ON THE DEVICE FOR THE DC ANALYSIS. IF THE AREA
FACTOR 1S OMITTED, A VALUE OF 1.0 IS ASSUMED, THE (OPTIONAL) INITIAL CONDITION
SPZCIFICATION USING IC=sVvBE,VCE IS INTENDED FCR USE wlTH THE UIC OPTION ON THE
s TSAN CARD, WHEN A TRANSIENT ANALYSIS 1S DESIRED STARTING FROM OTHER THAN THE
QUTESCENT NPEIATING PCINT,

xEkxx JUNCTION FIZLOD-EFFECT TRANSISTCORS
GENERAL =CoM JXXXXXXX ND NG NS MNAME [AREA] [OJFF] [IC=VvCS,VvGS]
ZXAMDLE J1 7 2 3 JM1 OFF

ND, NG, AND NS ARE THZ DRAIN, GATE, AND SOURCE NODES, RESPECTIVELYe MNAME
1S THE MODEL NAME, AREA 1S THE AREA FACTOR, AND OFF INDICATES AN (OPTIONAL)
INTTIAL CONDITICN CN THE DEVICE FOR DC ANALYSISe IF THE AREA FACTOR IS OMIT-
TED, A VALUE OF 140 IS ASSUMED. THE (OPTIONAL) INITIAL CONDITICN SPSCIFICATION
USING 1C=vDS,VGS IS INTEMDED FOR USE WITH THE UIC OPTION ON THE o TRAN CARD,
WHEN A TRANSIENT ANALYSIS IS DESIRED STARTING FROM COTHER THAN THE QUIESCENT
OPERATING PCINTe.

x*¥x&x MISFETS

GENERAL FOOoM MXXXXXXX NC NG NS NB MNAMZE [{w=vAaL ] [L=VAL] [AD=vAL] [AS=VAL)
M [OFF] [1C=VvDS,VGS,VSS]
T XAMOL S M21 2 17 & 10 MODM L=2MIL wW=0eSMIL

NDy NG, NS, AND NB ARE THE DRAIN, GATE, SCURCEZ, AND BULK (SUBSTXATE)
NODES, PESPECTIVELYe ~ MNAME IS THE MUDEL NAME. W AND L ARE THE CHANNEL WIDTH
AND LENGTH, IN CENTIMETZIRS; IF OMITTED, BOTH W AND L ARE ASSUMED TO B8E 1e0s
AD AND AS ARZ THE AREAS TF THE DRAIN AND SOURCE DIFFUSIONS, IN CMe2; IF NOT
SPECIFIED, 207H AREAS ARE ASSUMED TC BE 1e.0E-£, OFF INDICATES AN (OPTIONAL)
INITIAL CONDITICN ON THE DEVICZ FOR DC ANALYSIS. THS (OPTIONAL) INITIAL CONDI-
TION SPECIFICATION USING 1C=vDS,vGS,vBS IS INTENDED FOR USE wITH THE UIC OPTION
AN THE »,TRAN LARD, WHEN A TPRPANSIENT ANALYSIS 1S DESI®EZD STARTING FROM OTHER
THAN THE QUISSCENT QPERATING POINT,



xxxk SMODEL CARCD
GENERAL FNRM e MCDEL MNAME TYPE(PNAME] =PVAL1 PNAME2=PVAL2 see !}
S XAMPLE eMODEL MCD] NPN(BF=50 IS=1E-12 vaA=50)
THE (MODEL CARD SPECIFIES A SET OF MODEL PARAMETERS THAT WILL BE USED BY

ONE OR MORE DEVICESe MNAMFE IS THE MODEL NAME, AND TYPE IS ONE OF THE FOLLOWING
SEVEN TYDES:

NPN NPN BJT MODEL

ONP PNP BJT MODEL

|») DICDE MODEL

NJF N-CHANNEL JFET MODEL
oJ* P-CHANNEL JFET MCCTEL
NMOS N=-CHANNEL MOSFET MODEL
PMOS P-CHANNEL MOSFET MODEL

PARAMETIR VALUES ARE DEFINED BY APPENDING THE PARAMETER NAME, AS GIVEN
SELOW FOR EACH MODEL TVYPE, FOLLOWED BY AN EQUAL SIGN AND THE PARAMETER VALUE.
MODEL 2ARAMETZIRS THAT APE NOT GIVEN A VALUE ARE ASSIGNED THE DEFAULT VALUES
GIVEN 2ELOW FOR EACH MCDEL TYPE.

-==-- DIODE MODEL

THE DC CHARACTERISTICS OF THE DIODE ARE DETERMINED 8Y THE PARAMETERS 1S
AND No AN CHMIC RESISTANCE, RSy, IS INCLUDED. CHARGE STORAGE EFFECTS ARE
MODELED BY A TRANSIT TIMF, TT, AND A NCNLINEAR DEPLETION LAYER CAPACITANCE
WHICH IS DETERMINED 8Y THE PARAMETERS CJC, PBy, AND M, THE TEMPERATURE DEPEND-
ZNCE OF THE SATURATION CURKENT 1S DEFINED SY THE PARAMITZRS EGy, THE ENERGY GAD,
AND PT, THE SATURATICN CURRENT TEMPERATURE EXPONENT, REVERSES BREAKDOWN IS
MODELED BY AN EXPONENTIAL INCREASE IN THE RXREVERSE DIODZ CURRENT AND 1S DETER-
MINED 3y THE PARAMETEXRS BV AND IBV (80TH OF WHICH ARE POSITIVE NUMBERS)e

ARE A NAME PARAMETER DEFAULT TYPICAL
1 * IS SATURATION CURPRENT 1,0E~-14 1.0E-14
2 * 2Ss OHMIC RESISTANCE 0 10
2 N EMISSION COEFFICIENT 1 l1e0
4 T TRANS IT TIME o] Oe INS
= = cJo ZZRO-BT1AS JUNCTION CAPACITANCE o] 20F
) ©8 JUNCTION POTENTIAL 1 Oe 6
7 M GRADING COEFFICIENT Oe& 0eS
] =G ENERGY GAP 1e¢11 1¢11 SI
Oe 59 S3D
Oe&7 GE
S oT SATURATICN CURRENT TEMP, EXPONENT 3¢ 0 30 UN
2¢0 SBD
10 KF FLICKER NOISE COEFFICIENT 0
11 AE FLICKER NOISE EXPCNENT 1
12 FC CECRWARD=-2TAS NONIDEAL JUARNCTICN
CAPACITANCE CODEFFICIENT Oe
13 2V REVERSE BREAKDOWN VOLTAGE 10060 4060

IBv CURRENT AT BFEAKDOWN VOL TAGE 1.0E-3



=== BJT MQOCELS (BCTH NPN AND FNP)

THE RIFJLARI JUNCTION TRANSTISTO®P MODEL IN SPICE IS AN ACAPTATION OF THE
INTEGRAL CHARGE CONTRCOL MODEL CF GUMMEL' AND PCCN; HOWEVER, IFf THE ADDITIONAL
GUMMEL -PCON S ARAMETERS ARE NOT SPECIFIED, THWHE SIMPLEX ZBERS~-MOLL MOCEL OF
SPICEZ, VEXSION 1, IS USEDe THE DC MODEL IS DEFINED BY THE PARAMETERS B, C2,
IKy AND NE, WHICH DETERPMINE THE FORWARD CURRKRENT GAIN CHARACTERISTICS, BR, C&,
ITKPy AND NC, WHICH DETERMINE THE REVERSE CURRENT GAIN CHARACTERISTICS, VA AND
VB, WHICH DETERMINE THE CUTFUT CONDUCTANCE FOR FORWARD AND REVERSE REGIONS, AND
THE SATURATION CURRENT, ISe THREE OHMIC RESISTANCES, RB, RC, AND RE, ARE
INCLUDED, BASSE CHARCGE STORAGE 1S MODELED 3Y FORWARD AND REVERSE TRANSIT TIMES,
TF AND TR, AND NONLINEAR DEPLETION LAYER CAPACITANCES wHICH ARE DETERMINED BY
TJE, 2%, AND ME FOR THE B=Z JUNCTION, AND CJC, PC, AND MC FOR THE B=C JUNCTICNe.
A CCNSTANT COLLECTOCP=-SUBSTRATE CAPACITANCE, CCS, IS ALSO INCLUDEDe. THE
TEMDERATURE DTPENDENCE OF THF SATURATION CURRENT IS DETERMINED 3Y THE ENERGY
GAP, EGy, AND THE SATURATION CURRENT TEMPERATURE EXOCNENT, PTe

ARZ A NAME PARAMETER DEFAULT TYPICAL
1 BF IDEAL FOPWARD CUPRENT GAIN 100 100
2 3R IDEAL REVERSE CURRENT GAIN 1 Oel
3 * IS SATURAT ION CURRENT 160E-14 1.0E-16
a * Qe BASE OHMIC RESISTANCE o} 100
& * RC COLLECTOR OHMIC FESISTANCE 0 10
() * RE EMITTER COHMIC RESISTANCE 0 1
7 VA ECRWARD EARLY VOLTAGE INFINITE 200
8 ve PEVERSE EARLY VOLTAGE INFINITE 200
S x IK FORWAFD HIGH=CURFENT KNEE CURRENT INFINITE 10MA
10 c2 FORPWARD LOW-CURRENT NONIDEAL
SASE CURRENT COEFFICIENT 0 1000
11 NE NCNIDEAL LOW=CURRENT BASE-EMITTER
EMISSION CCEFFICIENT 2¢ 0 200
12 * IKR REVERSE HIGH=CURFENT KNEE CURRENT INFINITE 100mMA
13 ca REVERSE LOW=CURRENT NONIDEAL
BASE CURRENT COEFFICIENT 0 10
14 NC NONIDEAL LOW=CURRENT BASE-COLLECTOR
EMISSION CCEFFICIENT 240 20 0
18 TF FCRWARD TFANSIT TIME 0 OeINS
1A TR REVERSE TRANSIT TIME [o) 10NS
17 * ccs COLLECTCR=SUBSTRPATE CAPACITANCE 0 2PF
18 * CJE ZERC=-21AS B=E JUNCTICN CADACITANCE 0 2PF
196 SE B=Z JUNCTICN POTENTTIAL 1.0 Oe 7
20 ME 2= JUNCTION GRACING CDEFFICIENT Oe5 0e33
21 * cJc ZERD B21AS B-=C JUNCTION CAPACITANCE 0 1 PF
22 eC 8=C JUNCTICN POTENTIAL l1e¢0 Oe S
23 MC B=C GRADING COEFFICIENT OeS 0e33
24 EG ENE® GY GAPRP 1011 111 SI
Oe 57 GE
2¢ PT SATURATION CURRENT TEMEy EXPONENT 300
2% KF FLICKER NCISE COEFFICIENT o] BeEE=16 NPN
5e3E=-13 PNP
27 AF FLICKER NOISE EXPONENT b 10 NPN
15 ONP
28 = COQWARD=-BTAS NONIDEAL JUNCTION

CAPACITANCE CCEFFICIENT Oe¢ =



===—= JFET MCDELS (20TH N AND P CHANNEL)

THE JFET MODEL IS "DERIVED FPOM THE FEZT MODEL 0OF SHICHMAN AND HODGZ Se THE
DC CHARACTESISTICS ARE DEFINED BY THE PARAMEITERS VTD AND BETA, WHICH DETERMINE
THE VARIATION OF DRAIN CURRENT WITH GATE VOLTAGE, LAMBDA, WHICH DETERMINES THKE
QUTOUT CONDUCTANCE, AND IS, THE SATURATION CURRENT OF THE TWO GATE JUNCTIONS,
TWO NHMIC RESISTANCES, RD AND RS, ARE INCLUOED. CHARGE STORAGE IS MODELED BY
NONLINZAP DEPLETION LAYER CAPACITANCES FOR SOTH GATE JUNCTIONS WHICH VARY AS
THE =172 POWER OF JUNCTIOCN VOLTAGE AND AREZ DEFINED 8Y THE PARAMETERS CGS;, CGD,
AND PR,

AREA NAME PARAMETER DEFAULT TyePlCAL

1 vTn THRESHOLD VOLTAGE =240 =20

2 * BETA TPANSCONDUCTANCE PARAMETER 1e0E~-4 140E-3
2 LAVMEOA CHANNEL LENGTH MODULATION PARAMETER 0 1 0E-4
4 * 2D DRAIN OHMIC RESISTANCE 0 100

S * RS SOUFCE DOKMIC RESISTANCE 0 100

€ * cGs ZERO=-BIAS G-S JUNCTION CAPACITANCE o] EPF

7 * TGt ZERD-FTAS G=-D JUNCTICN CAPACITANCE 0 1 PF

2 pB ‘ GATE JUNCTION PDTENTIAL 1 0 €

Q * Is GATE JUNCTION SATURATION CURRENT 1e¢0E-1¢ 1 ¢0E-14
10 KF FLICKER NOISE COEFFICIENT 0

i1 AF FLICKER NOISE EXPONENT 1
12 FC FCRWARD=-BIAS NONIDEAL JUNCTION

CAPACITANCE COEFFICIENT O0e



-=== MOSFIT MODELS (80TH N AND P CHANNEL)

THE MOSTET MODEL 1S DEFIVED FRCM THE FRCHMAN-GROVE MDDEL. THE DC CHARAC-
TEODISTICS OF THE MOSFET AQE DEFINED 8Y THE DARAMETERS VTQD, SETA, LAMBDA, PHI,
AND GAMMA, VTO IS POSITIVE (NEGATIVE) FOR ENHANCEMENT MODE AND NEGATIVE (POSI~-
TIVE) 0P DESLETION MODE N=-CHANNEL (P=CHANNEL) DEVICESe CHARGE STORAGE IS
MODELSD BY THREE CONSTANT CAPACITORS, CGS, CGDy, AND CGB, BY THE NONLINEAR OXIDE
CAPACTITANCE WHICH 1¢ DISTRIBUTED AMCNG THE GATE-SOURCE, GATE-CRAIN, AND GATE-
BULK REGIONS USING THE FORMULATION OF Je Ee MEYER, AND BY THE NONLINEAR DEOLE-~
TION=LAYZIR CAPACITANCES FOF B0TH SUBSTRATS JUNCTIONS WHICH VARY AS THE =1/2
POWER JF JUNCTION VODLTAGE AND ARE DETERMINED 8Y THE PARAMETERS C8D, CBS, AND
S8,

NAME DARAME TER CEFAULT TYPICAL UNITS
1 vT2 ZERO~-BIAS THFESHCLD VOLTAGE Oe 0 ~0e} \YJ
2 KP INTRINSIC TRANSCONDUCTANCE FPARAMETER 1.0E-5 3elE-E A/Ve2
2 GAMMA SULK THRESHOLD PARAMETE® Oe O De37 ve(lrzay
4 oK+ 1 SURFACE FOTENTIAL AT STRCONG INVERSION Ce b Oeb6S \'
£ LAMBC A CHANNEL=-LENGTH MCDULATICN PARAMETER Oe0 0e02 /v
] 2D DRAIN DJHMIC RES ISTANCE Ce O 10 OHMS
7 RS SCURCE JOFMIC PESISTANCE 0e0 10 OHMS
8 CGS GATES=SOURCE OVEFLA® CAPACITANCE .
DER CM CHANNEL WI1DTH Oe O 4, 0E~-13 F/CMm
S CGD GATE-DRAIN OVERULAP CAPACI TANCE
PER CM CHANNEL WIDTH O O 4, 0E-13 F/CM
10 <G» GATE=-BULK QDVERLAP CAPACITANCE
BIR CM CHANNEL LENGTH 0e O 200E-12 F/7CM
11 can ZERN=BIAS P=-0 JUNCTION CAPACITANCE
PER CM#¥2 OF JUNCTION AREA 0e0 2e0E-8 S/CMe2
12 c2s ZERQC-BIAS B=S JUNCTION CAPACITANCE
ODER CM¥2 COF JUNCTICN AREA Ce0 20 0E-8 F/7CMs 2
12 Tox OXIDE THICKNESS INFINITY 160E-8 M
IF NSUB SPECIFIED: 1¢ 0E=-5
14 P SULK JUNCTION POTENTTIAL Qe8 0e37 \'
1€ JS BULK JUNCTICN REVERSE SATURATION CURRENT
OEZR CM#¢2 OF JUNCTION ABREA 1.02-8 1e¢0E~-8 A/CMe 2
() NSuUS SFEELCTIVE SURSTRATE DOPING Oe O 44,0E15 /CcMe
17 NES EFEECTIVE SURFACE STATE DENSITY Oe O 1.0E1C /CMe2
18 NF S SFFEZCTIVE FAST SURFACZS STATZ DENSITY 0e0 1.0E1D /CTMe2
9 XJ METALURGICAL JUNCTICN DEPTH Ce O le CE-4 CM
20 LD LATZRAL CIFFUSICN COEFFICIENT Oe8 Ce8
21 NGATE SOLYSILICON GATE DCPING AL GATE 1e0E20 /CTMe3
22 TPS TYOE OF POLYSIL ICON: +1 (=1) FOR
OPPOSITE (SAME) AS SUBSTRATE +160
23 uo SURFACE MORILITY 700 600 CMve2/v=-S
24 UCRIT™ CRITICAL FIEZSLD FOR MUS2ILITY DEGRADATION 1s 0E+4 1.0E+ 4 V/CM™
28 UEXP CRITICAL FIELD EXPONENT (MOBILITY) 00 Oel
2¢& (SR TRANSVERSE FIELDC CCEFFICIENT (MOS2ILITY) Oe O Oe 3
27 KF SFLICKER NOISE COEFFICIENT O0e 0
28 AF ELICKER NCLISE EXPCONENT 10
2@ FC TORWARD=-ETAS NONIDEAL JUNCTION

CAPACITANCE CCEFFICIENT 0+ S



xkkk SUSCIRCUITS

A SURCIFCUIT THAT CONSISTS OF SPICE ELIMENTS CAN BE DEFINED AND REFERENCED
IN A FASHICN SIMILAR TCT DEVICE MODELSe THE SUBCIRCUIT IS DEFINED IN THE INPUT
DECK RY A GROUPING OF ELEMENMT CARDS{ THE PROGRAM THEN AUTOMATICALLY INSERTS
THZ GROUP OF ELEMENTS WHEREVER THE SUBCIRCUIT IS REFZRENCED, THERE IS NO LIMIT
AN THE SIZE OR COMPLEXITY OF SUBCIRCUITS, AND SUBCIRCUITS MAY CONTAIN OTHER
SUBCIRCUITS, AN EXAMPLE OF SUBCIRCUIT USAGS IS GIVEN IN APPENDIX Ae

kxxkk o SUBCKT CARC
GENERAL FORM e SUBCKT SUBNAM N1 [ N2 N2 gee]
EXAMPLE e SUBCKT QOPAMD 1 2 3 &

A SUBCIRCUIT DEFINITIIN IS EBEGUN WITH A 4SUBCKT CARDe SUBNAM IS THE 5SUB-
CIRCUIT NAME, AND N1, N2, ocee ARE THE EXTERNAL NODZS, WHICH CANNDT S8E ZEROD.
THE GROUP COF ZLEMENT CARDS WHICH IMMECIATELY FOLLOW THE oSUBCKT CAXID DEFINE THE
SUBCTIRCUI T THE LAST CARD IN A SUBCIRCUIT DEFINITION IS THE oENDS CARD (SEE
BELCW) o CONTRCL CAPCS MAY NOT APPEAR WITHIN A SUBCIRCUIT DEFINITION; HOWE VER,
SURACIRCUIT DEFINITIONS MAY CONTAIN ANYTHING ELSE, INCLUDING OTHER SUBCIRCUIT
DETINITIONS, DEVICE MODELS, AND SUBCIRCUIT CALLS (SEE BELOW). NOTE THAT ANY
DEVICEI MODELS OR SUECIRCUIT DEFINITIONS INCLUDED AS PART OF A SUBCIRCUIT DEFI-
NITION ARPE STRICTLY LOCAL (IeEe,y, SUCH MODELS AND DEFINITIONS ARE NOT KNOWN
DUTSIDE THE SUBCIRCUIT DEFINITION),. ALSDO, ANY ELEMENT NODES NOT INCLUDED ON
THE o SUBCKY CARD ARE STRICTLY LOCAL, WITH THE EXCEPTION OF 0 (GROUND) wHICH 1S
ALWAYS GLOSAL,

*¥%xxx oENDS CARD
GENERAL FORM ¢ ENDS [ SUBNAM)
EXAMPLE e ENOS OPaMP
THIS CARD MUST BE THE LAST ONE FOR ANY SUBCIRCUIT DEFINITIONe THE SUB-
CIRCUIT NAME, I¥ INCLUDED, INDICATES WHICH SUBCIRCUIT DEFINITION I3 BEING

TEIMINATED ¢ TF OMITTEC, ALL SUPBCIFCUITS SIZING DEFINED ARE TERMINATED. THE
NAME IS NEEDRED CNLY WHEN NESTED SUSCIRCUIYT DEFINITIONS ARE BETING MADE,

*%x*x SUBCI®CUIT CALLS
GENERAL FORM XYYYYYYY N1 [N2 N2 oee] SUENAM
SXAMPL S X1 2 4 17 3 1 MULTI
SYRCTIRCUITS ARE USSD IN SPICE BY SPECIFYING ®SEUDD-ELEMENTS BEGINNING WITH
“HE LETTER X, FOLLOWED BY THE CIRCUIT NODES TC BE USED IN EXPANDING THE SuB-

rIPCUIT, FOLLOWED BY THE SUBCIRCUIT NAME, THE NODES MUST BE IN THE ORDER THAT
THEY ARE OEFINED IN CN THE oSUBCKT CARDe.



CONTIOL CARDS

kXxx%x TITLE CARD
ExaMPLE OO WER AMPLIFIER CIRCUIT

THIS CARD MUST BE THE FIRST CARD IN THE INPUT DECKe 1TS CONTENTS ARE
PRINTED VERBATIM AS THE HEACING FOR EACH SECTION OF OUTPUT,

k%kx% ¢SND CAPD
Z XAWMOLE e END

THIS CARD MUST ALWAYS BE THE LAST CARD IN THE INFUT DECKe NQOTE THAT THE
DERQRIOD IS AN INTEGRAL PART CF TrE NAME,

xx*k COMMENT CARD
GENERAL FORM = ANY COMMENTS
£ XA MDLE * RF=1K GAIN SHOULC ESE 100

THIS CARD IS PRINTZID QUT IN THE INPUT LISTING SUT IS OTHERWISE IGNORED.

kxkx o TSMD CASD
GENERAL FORM e TEMF T1 (T2 (T2 eeel)
EXAMDLE e TEMP =S5,0 25,0 125¢0

TSIS CARD SPECIFIES THE TEMPERATURES AT WHICH THE CIRCUIT IS TO SE SIMULA-
TEDe T1, TZ, eee ARE THE DIFFERENT TEMPERATURES, IN DEGFEES Ce TEMPERATURES
LESS THAN =223,0 D=G C AFE IGNORED, MODEL DATA IS SPECIFIED AT TNOM DEGREES

( SEZE THE LCPTION CARD FOR TNOM) IF THE e¢TEMP CAGD IS OMITTED, THE SIMULATION
ALSC wILL BE PERFCIMED AT A TEMPERATURE OF TNCM.

Exxx o wIDTH CAPD

GSENEDAL FOOM e WIDTH IN=COLNUM
SEXAMPLE eWICTH IN=72

COLNUM IS THE LAST COLUMN RS AD FROM EACH LINE COF INPUT] THE SETTING TAKES
EFFECT WITH THE NEXT LINE PEACe THE DEFAULT VALUE FCR COLNUM IS 80,



kkk%x oDODPTIONS CARD

GENSRAL FORM

EXAMPL =

s CFTIONS OFTY 0OPT2 eee (CR CPT=0PTVAL ssce)

oCOPTIONS ACCT LIST NODE

THIS CARD ALLOWS THE USER TO RESET PROGPAM CONTROL AND USER OPTYIONS FOR
SPECIFIC SIMULATION FUCFNDSE Se ANY COMBINATICN OF THE FOLLOWING OPT JONS MAY BE
INCLUDED, IN ANY DRCER, tX+ (BELOW) REPRESENTS SOME POSITIVE NUMBER,

OPTION

LisT

N2IMOD

NOPAGE

NODE

0FTS

GMIN=X

RELTCL=X

ABSTOL=X

VNTCL =X

TRTOL=X

CHGTOL=X

NUMDGT=X

TNOM=X

SFFECT

CAUSES THE EXECUTICN TIME FOR THE VARIODUS SECTIONS OF
THE PIOGRAM TO RE PRINTED AS WELL AS OTHER ACCCUNTING
INFCRMATION TO BE PRINTECe

CAUSES THE SUMMARY LISTING OF THE INPUT DATA TO BE
PEINT=ZCe

SUPPRESSES THE PRINTCUT OF THE MODEL PARAMETEPRS,
SUPPRESSES PAGE EJECTS

CAUSES THE NCDE TABLE TO BE PRINTEDe

CAUSES THE OPTION VALUES TO BE PRINTEDe

RESETS THE VALUE OF GMIN, THE MINIMUM CONDUCTANCE
ALLOWED BY THE PROGRAM, THE DEFAULT VALUE 1S 1.,0E-12¢

RESETS THE RELATIVE ERROR TOLERANCE OF THE PROGRAM, THE
DEFAULT VALUE IS 06001 (Oeil PERCENT)e

RESETS THE ABSOLUTE CURRENT ERROR TOLERANCE OF THE
FROGRAM, THE CEFAULT VALUE IS 1 PICDAMP,

RESETS THE ABSOLLTE VCLTAGE ERROR TOLERANCE OF THE
PROGRAM, THE CEFAULT VALUE IS 1 MICRCVOLT.

RESETS THE TRANSIENT ERFOR TOLERANCE, THE DEFAULT VALUE
IS T 0o THIS PARAMEZITER IS AN ESTIMATE 2OF THE FACTOR 3Y
wHICH SPICE OVERESTIMATES THE ACTUAL TRUNCATION ERROR,

RESETS T+E CHARGE TOLERANCE OF THE PROGRAM, THE DEFAWLT
VEALUE IS 1e0E=-14,

RESETS THE NUMBER OF SIGNIFICANT DIGITS PRINTED FOR
DUTPUT VARTARLE VALUES, X MUSYT SATISFY THE RELATION
0 < X < Be THE DEFAULT VALUE IS 4. NOTE: THIS OPTION 1S
INDEPENDENT OF THE ERROR TOLERANCE USED BY SPICE (le¢Ee,y IF
THE VALUES OF OBTICNS RELTOL, ABSTOL, ETCe ARE NOT CHANGED
THEN ONE MaY BE PRINTING NUMERICAL #NOISEz FOR NUMDGT > 4,

RESETS THE NOMINAL TEMFERATURZI, THE DEFAULT VALUE IS
27 DEG C (300 PEG Kle



ITLI=Xx

I1TLa =X

ITLS=X

LIMTIM=X

LIMDPTS=X

LVLCID=X

LVLTTIM=X

ME THOD=NAME

MAXORD= X

RESETS THE DC ITERATION LIMIT, THE DEFAULT 1S 100e

RESETS THE DC TOANSFER CURVE ITERATION LIMIT, THE
EFAULT 1S 20

RESZTS THE LOWER TRANSIENT ANALYSTIS ITERATION LIMIT,
THE DETAULT VALUE IS 4o

RESETS THZ TRANSIENT ANALYSIS TIMEPOINT ITERATION LIMIT,
THE DEFAULT IS 10, .

RESETS THE TRANSIENT ANALYSIS TOTAL ITERATIDN LIMIT,
THE DEFAULT 1S 5000

RESETS THE AMCUNT DF TIME RESERVED BY SPICE F0OR
GENERATING PLOTSe ~ THE DEFAULT VALUE IS 2 (SECONTCS),

RESETS THZ TCTAL NUMBER OF POINTS THAT CAN 2E PRINTED
OR PLOTTED IN £ DCy AC, CR TRANSIENT ANALYSISe THE
DEFAULT VALUE 1S 201

IF X IS € (TwO), THEN MACHINE CDODE FOR THE ™MATRIX SOLU-
TION WILL BE GENERATED, O"HERWISE, NO MACHINE CODE IS
GENEXRATEDe THE DEFAULT VALUE IS 2.

I¥ X IS 1 (ONE), THE JITERATION TIMESTEP CONTROL IS USEDe
IF X IS 2 (TwO), THE TRUNCATION=ERROR TIMESTE® IS USEDe
THE DEFAULT VALUE 1S 2 IF METHOC=GEAR AND MAXDRD>2 THEN
LVLTIM IS SET TO 2 BY SPICE.

SETS THE NUMERICAL INTEGRATION METHOD USED BY SPICE.
PCSSIBLE NAMES ARE GEAR OR TRAPEZOINALe THE DEFAULT 1S
TRAPEZOIDAL

SETS THE MAXIMUM CRDER FOR THE INTEGRATION METHOD IF
GEAF*S VARTABLE=-ORDER METHOD 1S USED, X MUST BE BETWEEN
2 AND 6. THE DEFAULT VALUE 1S 2



tx%xk ,0P CARD
SENERAL FOFM e NF

THE INCLUSION COF THIS CARD IN AN INPUT DECK WILL FOPCE SPICE TO DETERMINE
THE DC OPERATING POINT NF THE CIRCUIT WITH INDUCTORS SHORTED AND CAPACITORS
OPENEDe NOTE: A DC ANALYSIS IS AUTOMATICALLY PERFORMED PRICR TO A TRANSIENT
ANALYSIS TC DETERMINE THE TRANSIENT INITIAL CONDITIONS, AND PRIOR TO AN AC
SMALL-SIGNAL ANALYSIS T2 DITERMINE THE LINEARIZED, SMALL-SIGNAL MODELS FOR
NONLINEAR DEVICESe

SO ICE PZIRPFORMS A DC OPERATING SOINT ANALYSIS IF ND DTHER ANALYSES ARE
QEQUESTEDe

xx%x%x oDC CARD
GENERAL FORXM eDC SIICNAM VSTART VSTLCP VINCR
EXAMBPLE aDC VIN Q0e25 5e O Ce 25

THIS CARD DEFINES THE DC TFANSFER CURVE SOURCE AND SWEEP LIMITSe SRCNAM
IS THE NAME 2F AN TNDEPENCENT VCLTAGE OR CURRENT SOURCEe VSTART, VSTOP, AND
VINCR ARE THE STARTING, FINAL, AND INCREMENTING VALUES RESPECTIVELYe THE ABOVE
EXAMOLE WILL CAUSE THE VALUE OF THE VOLTAGE SCURCE VIN TO BE SWEPT FROM 0625
VOLTS TO Se0 VOLTS IN INCREMENTS DF 0e2E VODOLTSe

x%xxE o TF CAFD
GENERAL FORM e TF DUTVAF INSRC
EXAMPL € e TF V(E,432) VIN

THIS CASD DEFINES THE SMALL-SIGNAL DUTPRPUT AND INPUT FOR THE DC SMALL-
SIGNAL ANALYSIS, DUTVAR 1S THE SMALL-SIGNAL CUTPUT VARIAEBLE AND INSRC IS THE
SMALL-SIGNAL INPUT SOURCE. IF TH1S CARD IS INCLUDED, SPICE WILL COMPUTE THE
OC SMALL-SIGNAL VALUE CF THE TRANSFER FUNCTICN (DUTPUT/INPUT), INPUT RESIS-
TANCE, AND CUTPUT SESISTANCE, FCFR THE ABCOVE ZXAMPLE, SPICE WOULD CCOMPUTE THE
RATIO OF VI(F,3) TO VIN, THE SMALL-SIGNAL INPUT RESTISTANCE AT VIN, AND THZ
SMALL-SIGNAL JUTPUT RESISTANCE MZTASURED ACRKRCSS NODES S AND Zo

*¥%x%k% oSENS CARD
GENERAL FCORM e SENS DOV1 [OV2 eee )
EXAMPLE e SENS V(S}) V(a,3) v(17)
I A SINS CARD 1S INCLUCED IN TrE INPUT DECK, SPICE WILL DETERMINE THE
DC SMALL-SIGNAL SENSITIVITIES OF EACH SFECIFIED QUTPUT VARIABLE wWITHKH RESPECT TO

EVERY CIPCUIT SARAMETEFR, NOTE: FOR LAPGE CIRCUITS, LARGE AMDUNTS OF NUTPUT
CAN BE GENETATED.



kxmEx ¢NCISE CAFD
GENERAL FpEw™ e NCISE QUTV INSRC NUMS
TXAMPLE eNOISE VI(E) VIN 10

THIS CARD CONTFCLS THE NOISE ANALYSIS CF THE CIRCUIT. OUTVY IS A VOLTAGE
JUTPUT VARITASLE WHICH DEFINES THE SUMMING POINT, INSRC IS THE NAME QOF THE
INDEPENDINT VOLTAGE OR CURFENT SOURCE WrHICH IS THE NOISE INPUT REFESRENCE, NUMS
1S THE SUMMARY INTERVAL SPICE WILL COMPUTE THE EQUIVALENT QUTPUT NDISE AT
THE SPECIFIED OUT2UT AS WELL AS THE EQUIVALENT INPUT NOISE AT THE SPECIFIED
INPUT, TN ADDITION, THE CIONTRIBUTICNS OF EVESRY NCISE GENERATOR IN THE CIRCUIT
WILL B8Z SRINTED AT EVEFY NUMS FREQUENCY POINTS (THE SUMMARY INTERWVAL). IF NUMS
1S ZERD, NO SUMMARY ORINTOUT WILL BE MACE,

THE QUTDUT NOISE AND THE EQUIVALENT INPUT NCISE MAY ALSO BE PRINTED AND/CR
PLOTTED {(SEE THZ DESCRIOPTION CF THE oPRINT AND oPLOT CARDS)e

*x=x TRAN CASD
GENERAL FOFM ¢« TRAN TSTEF TSTOP [TSTART [TMaX])] [VUIC]

S XAMPLES e TRAN INS 100NS
e TRAN INS 100ONS ESO0ONS
e TRAN 1ONS 1US UIC

TSTEP 1S THE PRINTIAG INCREMENT, TSTOP IS THE FINAL TIME, AND TSTART IS
THE INITIAL T IME, TF TSTART IS OMITTED, IT 1S ASSUMED TC 8E ZERQCe THE
TRANSISNT ANALYSIS ALWAYSE BEGINS AT TIME ZERQDC. IN THE INTE2VAL [ZERQ, TSTART),
THE CIRCUIT IS ANALYZZD (TC REACH A STEALCY STATE),; BUT NO QUTPUTS ARE STOREDa
IN THE INTZ=vAL [TSTART, TSTOP}, THE CIRCUIT 1S ANALYZED AND QUTPUTS ARE
STORED, TMAX IS THE MAXIMUM STEPSIZE THAT SPICE WILL USE (DEFAULT VALUE IS
TETOP/S0e0) 0

UIC (USET INITIAL CONDITIONS) 1S AN OPTIONAL KEYWORD wHICH INDICATES THAT
THE USIR DNES NOT WANT SPICE TC SOLVE FOR THE QUTIESCENT OPERATING PQINT SEFQORE
AEGINNING THE TRANSIENT ANALYSISe 1€ THIS KEYWORD IS SPECIFIED, SPICE USES THE
VALUES SPECTIFIZD USING IC=¢ee ON THE VARIOUS ELEMENTS AS THE INITTIAL TRANSIENT
CONDITION AND PROCZEDS WITH THE ANALYSIS.

T¥mEx GTOUR CARD
GENERAL =C22M e FOUR FREZEQ COVY [OVZ OVZE ocee ]
EXAMPLE sFOUF 100KHZ V(E)

THIS CAPD CONTRCLS WHETKHESR SPICE PERIFORMS A FOURIER ANALYSIS AS A PART OF
THE TRANSTENT ANALYSISe FREQC IE& THE FUNDAMENTAL FREQUENCY, AND OV1, eees ARE
THE QUTPUT VARTABLES FCOR wHICH THE ANALYSIS IS DESIRED,. THE FOURIER ANALYSIS
IS OEOFORMED (OVER THE INTERVAL [TSTCP-PERIOD, TSTOP)], WHERE TSTOP IS THE FINAL
TIME SPECLTITIED FOR THE TSANSTIENT ANALYSIS, AND REXRIOD IS ONE SEXIIQD OF THE
SUNDAMENTAL FREAUENCY,. THE TC COMPONENT AND THE FIRST NINE COMPONENTS ARE
DETESMINED, FOR MAXIMUM ACCURACY, TMAX {(SEE THE oTRAN CARD) SHOULD BE SET TO
DE2I0D/100,0 (CX LESS 0P VERY HWIGH=Q CIRCUITS).



*%*%kx o AC CAPD

GENERAL FO&RM eAC DEC ND FSTARPT FSTOP
e AC OFCT NO FSTART FSTCP
eAC LIN NF FESTART FSTCP

S XAMPLES eAC DEC 10 1 10KHZ
eAC DEC 20 1 100KHZ
eAC LIN 100 1 100HZ

DEC STANDS FOR CECADE VARIATION, AND NC IS THIZ NUMBER OF POINT S PER
DECADE, OCT STANDS FOF CCTAVE VAFRIATION, AND NQ IS THE NUMBER DOF POINTS PER
QCT AVEe. LIN STANDS FOR LINEAF VARIATICN, AND NP IS THE NUMBER OF PQOINTS,
FSTART IS THE STAFTING FFREQUENCY, AND FSTOF IS THE FINAL FREQUENCY, IF THIS
CA2D IS INCLUDED IN THE DECK, SPICE WILL PERFORM AN AC ANALYSIS OF THE CIRCUIT
OVER THE SPECIFIED FFEQUENCY RANGEe NOTE THAT IN ORDER FDR THIS ANALYSIS TO BE
MEANINGFUL, AT LEAST ONE INDEPENDENT SOURCE MUST HAVE BEEN SPECIFIED WITH AN AC
VALUE,.

kkk%k ¢DISTO CARD
GENERAL FQORM eCISTO RLCAD [INTER [SKW2 [REFPWR [SPwW2]]]))
E XAMBPLE +DISTO RL 2 0e95 16 0E=3 0De75

THIS CARD CONTPROLS WHETHER SPICE WILL COMPUTE THE DISTORTION CHARACTERIS-
TICS OF THE CISCUIT IN A SMALL-SIGMNAL MODE AS A PARY OF THE AC SMALL-SIGNAL
SINUSDINAL STZACY=-STATE ANALYSI Se THE ANALYSIS IS PERFORMED ASSUMING THAT
ONE DR TwO SIGNAL FREQUENCIES ACE IMPOSED AT THE INPUT: LET THE TWD FRE-
QUENCTES BE =1 (THE NOMINAL ANALYSIS FREQUENCY) AND F2 (=SKW2%F1)e THE PROGRAM
THEN COMPUTES THE FOLLCWING DISTORTION MEASURES:

HD2 = THE MAGNITUDE OF THE FREQUENCY COMFDONENT 2%F] ASSUMING THAT F2
IS NOT PRESENT,

HD3 - THE MAGNITUDE OF THE FREQUENCY COMPONENT 3%F] ASSUMING THAT F2
IS NOT PFESENTe '

SIMZ - THE MAGNITUDE OF THE FREQUENCY COMPONENT F1 + F2e
DIMZ - THE MAGNITUCE OF THE FRECUENCY CCMPONENT F1 = F2e
DIMT = THE MAGNITUDE COF THE FREQUENCY COMPONENT 2%F1 - F2,

RLOAD IS THE NAME OF THE DOUT®OUT LOAD RESISTOR INTO wHICH ALL DISTORTION
POWER PRODUCTS ARE TO BZ CCMPUTEDe INTER 1S THE INTERVAL AT WHICH THE SUMMARY
DRINTOUT DOF TWE CONTFIBUTICNS CF ALL NONL INEAR DEVICES TO THE TOTAL DISTORTION
TS TO 3E 2RINTEDe. I1F OMITTED OR SET TO ZERD, NO SUMMARY PRINTOUT wILL BE MADE,
QETOWR IS THE PRPESERENCE POWER LEVEL USED IN COMPUTING THE DISTORTION PRODUCTS,
IF DMITTED, A VALUSE 0OF 1| Mw (THAT 1S, DBM) IS USED. SKw2 IS THE RATID OF Fz TO
Fle 15 MMITTED, A VALUE CF 0e9 1S USED (1eEey F2 = 0e9%F1)o, SPW2 IS THE AMP-
LITUDE 0OF F2, IF OMITTED, A VALUE OF 10 1S ASSUMED,

THE DISTORTION MEASUFES HD2, WD2, SIM2, DIM2, AND DIM3 MAY ALSC BE BE
SR INTED AND/OR PLOTTED (SEE THE DESCFIPTION CF THE SPRINT AND oPLOT CARDS)e



e¥¥k ¢ ODRINT CARD
GENERRAL FORM s ORINT PRTYPE 0OVY [OV2 eee QOVAR]

S XAMPLES o PRINT TRAN V(4) T{(VIN)
ePFINT AC VM(4,2) VR(7) vD(8,2)
e PRINT DC V(2) I(VSRC) V(23,17)
e PRINT NOISE INODISE
e FFINT DISTO HD3 SIM2(DB)

THIS CAPT DSEFINES THE CONTENTS OF A TABULAR LISTING OF ONE TO EIGHT OUTPUT
VARTIABLES, PETY®E 1S TWE TYFE QF THE ANALYSIS (DC, AC, TRAN, NOISE, O2 DISTOR-
TIONY DR WHICH THE SPECIFIED QUTPUTS ARE DESIRED, THE SORM FOR VOLTAGE OR
CURRENT OQUTOPUT VARTIABLES IS AS FCLLCWS:

VINIT N2 SPECIFIES THE VOLTAGE LIFFERENCE BEZITWEEN NODES Ni
AND N2Ze IF N2 (AND THE OS9RECEDING COMMA) S OMITTED,
GFCUND (0) 1S ASSUMEDe FOR THE AC ANALYSIS, FIVE
ADDITIONAL OUTPUTS CAN BT ACCESSED BY REPLACING THE
LETTER v 8vy:

VR = REAL PART

vi - IMAGINARY PART

VM = MAGNITUDE

VP = PHASE

vCe 20*_2G10 (MAGNITUDE)

TEVXXXXXXX) SPECIFIES THE CURRENT FLOWING IN THE INDEPENDENT
VOLTAGE SOURCE NAMELD VXXXXXXXe POSITIVE CURRKREINT
FLCWS FPOM THE ©0SITIVE NODE, THROUGH THE SOURCE, TO
THE NEGATIVE NCDE, FOR THE AC ANALYSIS, THE CORRES-
OONDING REPLACEMENTS FOR THE LETTER 1 MAY 8E MADE IN
THE SAME WwWAY AS DESCRIZED FOR VOLTAGE OUTPUTS.

QUTDUT VARIABLES FT% THE NCISE AND CISTORTION ANALYSES HAVE A DIFFERENT
T0RM FOQOM THAT OF THE CTHER ANALYSE Se THE GENERAL FORM IS

ovi(x))
AHERT 2V 1S aNY OF DONOTSE (CUTPUT NOISE), INC SZ (EQUIVALENT INPUT NCISE)Y,
D2, 02, SIv2, DIvz, OF DIM3 (SEE CESCRIPTICN OF DISTORTION ANALYSIS), AND X
MAY BE ANY 0OF :

FEAL PART

= IMAGINAPY PART

MAGNITUDE (DEFAULT IF NOTHING SPECIFIED)
- DHASE

8 - ZO*LCGlO(MAGNITUCE)

O U0 £+~ D0
[}

THUS, SIM2 (NR SIM2(™)) DESCRIBES TwE MAGNITUDE OF THE SIM2 DISTORTION MEASURE,
WHILE =D2(2) DESCRIBES THE RE AL PART CF THE HDZz TISTORTICN MEASURE.



xk%% ¢DLOT CARD

GENERAL FOGM e FLOT FLTYPE OVl [(FPLC1,PHI1)]) [OV2 [(PLD2,PHI2)] eee OVE]

EXAMPLES ¢PLOT CC v(4) V(S) V(1)
e PLCT TRAN V(17,5) (2,5) I(VIN) V(17 (1,9}
ePLOT AC VM{S) VM(Z21,24) VDB(5) VR(E)
¢ PLCT DISTO KCZ HC2(R) SIwN2 -

THIS CARD DEFINES THE CONTENTS OF ONE FLOT OF FROM ONE TO EIGHT OUTPUT
VARTABLES. PLTY2E IS THE TvYPE CF ANALYSE1S (DC, ACy, TRAN, NOISE, CR DISTORTION)
FOR WHICH THE SPECIFIED OUTPUTS ARE DESTRED. THE SYNTAX FOR THE OV! IS
IDENTICAL TO THAT FOR THE oPRINT CARD, DESCFRIBEC ABOVES

THE OPTIONAL BLCT LIMITS (PLD,PHI) MAY BE SPECIFIED AFTER ANY COF THE
DUTOPUT VARIABLE S, ALL QUTPUT VARTABLES TO THE LEFT OF A PAIR OF PLOT LIMITS
(PLD,PHI) WILL BI PLOTTED USING THE SAME LOWER AND UFFER PLOT BOUNDS. I= PLCT
LIMITS AREZ NOT SPECIFIED, SPICE wILL AUTOMATICALLY DETERMINE THE MINIMUM AND
MAXIMUM VALUZ S 0OF ALL CUTPUT VARTABLES BEING FLOTTED ANLC SCALE THE FLOT TO FlTs
MOKRE THAN CONE SCALE WILL BE USED IF THE CUTOUT VARTASLE VALUES WARRANT (leEe
MIXING DUTPUT VARTABLES WITH VALUES WHICH ARE ORDERS-OF-MAGNITUDE DIFFERENT
STILL GIVES READABLE PLOTS)e

THE QOVERPLAP CF TwQO OR MODRE TRACES ON ANY D2LO0T IS INDICATED BY THE LETTER



APPENDIX A: EXAMOLE DATA DECKS

THE FOLLOWING DECK CETERMINES THE DC OPERATING SOINT AND SMALL-SIGNAL
TRANSFE® FUNCTION NOF A SIMPLE DIFFEPENTIAL -PAIRe

SIMPLE DIFFERENTIAL FAIR

vCcCc 7 0 12

VEE 8 0 =12
VIN 1 O

RSl 1 2 11X

}sz 5 0 1K

21 2 2 &4 MOD1

02 € &6 &4 M(COD1

2C1 7 3 10K

°2C2 7 £ 10K

©Z 4 8 10K

s MANDEL MDOD1 NON(2F=50 VA=S0 1S=1e05-12 RAR=100)
e TF V(5) VIN

e END

THE FOLLOWING CECK DETEPMINES THE DC TRANSFER CURVE AND THE TSANSIENT
DULSE RESPONSE CF A SIMPLE RTL INVERTERe THE INPUT IS A PULSE FROM 0 TO §
VCLTS WIT™H DELAY, DISE, AND FALL TIMES COF 2NS AND A PULSE WIDTH OF 30NSe THE
TRANSIZENT INTERVAL IS 0O TC 100NS, WITH PRINTING TO BE DONE EVERY NANOSECIOND.

S IMFLE RTL INVERTER

vCC &4 0 §

VIN & 0 PULSE(O0 S 2NS ZNS 2NS ZO0NS)
g2 1 2 10K

¢! 3 2 0 Q1

RC 2 &4 1K

o FLCT DC VI(Z2)

e PLYT TRAN VI(Z) (0,3)

s PRINT TRAN VI(3)

o MODEL Q1 NPNI(BF=20 RB=100 TF=z=0eINS CJUC=2PF)
sDC VIN O S 0ol

s TRAN 1INS 100NS

e END

THE FCLLOWING CECK PETERMINES THRE AC SMALL-SIGNAL RESPONSE 0O A ONE-
TRANSISTNR AMODLIFIER OVED THE FREQUENCY PANGE 1HZ TO 100MEGHZ.

CNE=-TRANSISTOR AMPLIFIED
vCZ 3 0 12

VEE &6 0 =12

VIN 1 0 AC 1

2s 1 2 1ix

21 2 2 4 X33

*RC & 2 €00

52 & § 1K

C2YPASS &4 0 1USD

s PLOT AC VM(3) vo(3)

s AC DEC 10 1HZ 10OMEGHZ

e MODSL X232 NPN(2F=30 RE=£E0 Vva=20)
s END



THE FOLLCWING DECK SINMULATES A FOUR=-EIT BINARY ADDER,
CIRCUITS TO DESCRIBE VARIOUS PIECES OF THE OVERALL CIRCUIT.

ADDER - 4 BIT ALL=-NAND=-GATE BINARY ADDE®
k%% SUBCIRCUIT DEFINITIONS

o SUBCKT NAND | 2 2 &

* NODES: INPUT (2), QUTPUT, VCC
Q1 9 £ 1 aMCD

D1CLAMD® 0 1 DMDD

Q2 9 5 2 QMCD

DaCLAMP O 2 DMOD

2B &4 5 4K

R1 &4 6 1e5K

03 € 9 8 OMCD
22 8 0 1K

RC 4 7 1320

Qa 7 5 10 QMDD

DVSEDRIP 10 2 DMCD
QS 2 8 0 QMCO
¢« ENDS NAND

e SUBCKT ONERIT | 2 3 4 5 6
* NODES: INPUT(2), CARRY=IN, OUTPUT, CARRY-DOUT, VCC

X1 1 2 7 & NAND
X2 1 7 8 5 NAND

X2 2 7 9 & NAND
X4 8 9 10 6 NAND
X5 2 10 11 €& NAND
X6 2 11 12 & NAND
X7 10 11 12 & NAND
X8 12 13 4 & NAND
XS 11 7 5 € NAND

¢ SENOS ONERTIT

e SUBCKT TWOBIT 1 2 3 4 5 6 7 8 9

* NODES: INPUT - BITO(Z2) / BIT1(Z2), OUTPUT - BITO / BIT1,
*x CARRY=IN, CARRY=-OUT, VCC

X1 1 2 7 5 10 & ONEBIT

X2 2 4 10 6 8 9 ONEBIT

e ENDS TWOSRIT

e SUBCK™ €OJURBIT 1 2 2 ¢4 5 € 7 8 9 10 11 12 13 14 15
x NODES: INPUT = PITO(2) ~» BITI(2) 7 BIT2(2) r BIT3(2),

USING SEVERAL SUB=-

* nuUTeyT - 8170 , BIT1 s BIT2 /7 3173, CARRY-IN, CARRY-OUT, VCC

X1 1 2 3 4 9 10 13 1€ 1S TWOBIT
x2 £ 6 7 2 11 12 15 14 1S TwWOBIT
e ENDS FCUEBIT

®%k®& DITFINE NOMINAL CIRCUIT

s MCDEL DMOD O

e MCDEL QMCD NON(BF=75 R8=100 CJE=1PF CJUC=3PF)
vee 99 0 07T Sy

VINIA 1 0 PULSE(O 3 0 10NS 10NS 1 0NS SO0NS)



VINIS 2 0 PULSE(0 3 0 10ONS 10ONS 20NS 10ONE)
VIN2A 3 0 PULSE(O 3 0 10NS 10NS 40NS 200NS)
VINZS & Q0 PULSE(O 2 0 10NS IONS BONS 400ONS)
VINZA 3 0 PULSS({0 2 0 10ONS 10ONS 1EONS B80ONS)
VINZS &€ 0 PULSE(O 2 0 10NS 10ONS 320NS 1600NE)
VINGA 7 0 OULSE(O 3 0 10NS 10ONS 640NS Z200NS)
VINAG 3 0 PULSTE(0 3 0 10ONS J10ONS 12280NS 6400NS)

X1 12 2 4 5 647 89 10 11 12 0 13 $9 FOQURBIT
RBITO 9 0 1K

RB8IT1 10 0 1K
*SIT2 11 0 1ix
RBI1IT3 12 9 1K
PCOUT 12 0 1K

s SLOT TRAN V(1) VI{2) VI(3) V(&) V(5) VvV(E) V(7)) v(8)
e PLOT TRAN V(S) VI10) V(11) VI(12) Vv(13)

e PRINT TRAN V(1) VI(2) V(Z) v(a) V(E)Y V(&) V(7)Y V(8)
¢ PRINT TRAN VI(S) V(10) Vv(1l) v(1Z) Vv(13)

« TRAN 1INS €400NS
xxx (FQJO THOSE wlTH MONEY (AND MEMORY ) TC BURN)

2 OPT ACCT LIST NODZE LIMPTS=z€401
2 END

THE SOLLOWING DECK SIMULATES A TRANSMISSION=LINZ INVERTER, TwWC TRANSMIS-
SIION=-LINE ELEMENTS ARE REQUIRED SINCE TwD PROPAGATION MODES ARE ZXCITED. IN
THE CASE OF A COAXIAL LINE, THE FIRST LINE (T1) MODZLS THE INNER CONDUCTOR wiITH
RESPECT TO THE SHIELD, AND THE SECOND LINE (T2) MOOELS THE SHIELD WITH RESPECT
TO THE OUTSIDE WCORLDe

TRANSMISSICN-LINE INVEFSTER
Y1 1 0 2PULST(0 1 0 OeliN)

211 2 350

X1 2 0 0 & TLINE

=2 4 0 SO

e SUBCKT TLINE 1 2 2 @&

T1 1 2 2 4 Z0=50 TD=1eSNS
T2 2 0 &4 0 20=100 TD=1INS
e ENCS TLINE

e TRAN 0DaINS ZONS
e PLLCT TRAN VI2) VI{4)



APPENDT X B: NONLINEAR DEPENCENT SOURCES

SPICE ALLCWS CIRPCUITS TO CONTAIN DECENDENT SOURCES CHARACTERIZED BY ANY OF
THE FOUR EQUATICNS

I=F(v) V=F(V) I=F (1) v=F (1)’

WHERE THE FUNCTINNS MUST BE POLYNOMIALS, AND THE ARGUMENTS MAY BE MULTI-

D IMENS IONALe THE OOLYNOMIAL FUNCTIONS ARES SPECIFIED BY A SET OF COEFFICIENTS
POy Ply see9 PNe 80TH THE NUMBER NOF DIMENSIONS AND THE NUMBER OF CODEZFFICIENTS
ARE ARBITRARY, THE MEANING OF THE COEFFICIENTS DEPENDS UPON THE DIMENSION OF
THE FOLYNCMIAL, AS S+OWN IN THE FOLLOWING EXAMFLES:

SUPPDSE THAT THE FUNCTICN IS ONE-DIMENSIONAL (THAT 1S, A FUNCTION OF ONE
ARGUMENT),s THEN THE FUNCT ION VALUE FV 1S DETERMINED B8Y THE FOLLOWING EXPRE S-
SION IN FA (THE TUNCTICN APGUMENT) :

SV = DO + (DI%XFA) + (PZXFA$Z) + (P3IRFAS3) 4 (Pa%FAs4) + (PSXFA4S) + cae

SUPPOSE NOW THAT THE FUNCTION IS5 TWO-DIMENSIONAL, WITH ARGUMENTS FA AND
T8 THEN THE FUNCTICN VALUE FV IS DETEFMINED BY THE FOLLOYWING EXPRESSION:

SV = PO + (O1%FA) + (P2*FB) + (O3IKFA2) + (PAXFAXFD) + (PS5%F342)
+ (DEXFAAZ) + (P7*FA'2%FB) + (PB*FAXF342) + (POXFBEL3) + o4,

CONSIDER NOW THE CASE OF A THREE-DIMENSICNAL POLYNOMTIAL FUNCTION WITH
ARGUMENTS FA, F3, AND FCe THEN THE FUNCTION VALUE FV IS DETERMINED BY THE
FOLLOWING EXPRESSION:

EV = PO + (P1%FA) + (P2%FB) + (P2%FC) + (P4XFASZ) + (PSXFAXFB)
+ (PEXFAXFC) + (P7%FB82) 4+ (PS8*FBAFC) + (PGXFCH2) + (D 10%FA43)
+ (P11%FAS2%FR) + (P1ZXFA#2%FC) + (P1IXFARXFB*2) + (Pl4%FARF3%FC)
+ (PISXFAXFCH2) + (P1SXFR42) 4+ (P17%XFBI2RFC) + (P1BXFBXFC42)
+ (P19%FC43) + (P20%FA%4) + eee

NO~E I1F THE FCLYNCMIAL TS ONE-DIMENSICNAL AND EXACTLY ONE CDOEFFICIENT IS
SOPECIFIED, THEN SPICE ASSUMES 17T TO BE P! (AND PO = 0e0), IN ORDER TO FACILI=-
TATE THE INDUT OF LINEAR CCNTROLLED SOUFRCESe.

FIR ALL FOUR 2F THE DEPENDENT SDURCES CESCRIBET BELOW, THE INITIAL CONDI-
TION PARAMETE® 1S DESCFRIRED AS OPTIONALe IF NOT SRPECIFIED, SPICE ASSUMES 0.0,
THE INITIAL CONDITICN FOR DEFENDENT SOURCES IS AN INITIAL 2GUESS2 FOR THE VALUE
3F THE CCNTROLLING VARIABLE. THE PROGRAM USES THIS INITIAL CONDITION TO OBTAIN
THE DC QPERATING POINT OF THE CIRCUITs AFTER CONVERGENCE HAS BEEN OBTAINED,
THE PROGRAM CONTINUES ITERATING TO OBTAIN THE EXACT VALUE FO® THE CONTROLLING
VARTABLE, HENCE, TO REDUCE THE COMPUTATIONAL EFFORT FOR THE DC DPERATING
SOINT (OR IF THE OQOLYNCMIAL SPECIFIES A STRONG NONLINEARITY), A VALUE FAlIRLY
CLOSE TP THE ACTUAL CONTROLLING VARIABLE SHOULD BE SPECIFIED FOR THE INITIAL
CCONDIT ICN,



wkx*x yOL-AGE=-CONTROLLED CURRENT SOURCES
SENESAL FOPM GXXXXXXX N+ N= [OCLY(ND)) NC1+ NCl= ece PO [Pl ese] [IC=0es]

S XAMDLES Gl 1 0 5 2 0O 0elumMHO
GR 17 3 17 2 0 1M 1eSM IC=2V
GMLT 23 17 PCLY(2) 3 § 1 2 0 1M 17M 245U 1IC=2e5¢y 163

N+ AND N- ARE TFrE OCSITIVE AND NEGATIVE NODES, RESPECTIVELY. CURRENT FLOW
1S *ROM THE POSITIVE NODE, THRCUGH THE SOURCE, TO THE NEGATIVE NDDE. POLY(ND)
ONLY HAS TD BSE SPECIFIED IF THE SOURCE IS MULTI-DIMENSIONAL (ONE-DIMENSIONAL IS
THE DITAULT). I SOECIFIED, ND IS THE NUMEZR OF DIMENSIONS, WHICH MUST SE
S0SITIVE, NCl+, NC1-;, soe ARE THE FOSITIVE AND NEGATIVE CONTROLLING NODES,
RESPECTIVELY, ONE PAIR OF NCDES MUST BE SPECIFIED FOR EACH DIMENSION. PO, Pl,
D2y eee s BN ARE THE FOLYNOMIAL CDEFFICIENTSe THE (OSPTIONAL) INITIAL CONDITION
1S THE INITIAL GUESS AT THE VALUE(S) OF THE CCNTROLLING VOLTAGE(S)e 1F NOT
SPECIFTIED, D60 IS ASSUMED. THE POLYNOMTAL SPECIFIES THE SOURCE CURRENT AS A
FUNCTICON OF THE CONTFROLLING VOLTAGE(S)e THE SECOND ZIXAMPLE ABOVE DESCRIBES A
CURRENT SOURCE WITH VALUE

T = 1E=-3%V(17,3) + 1eSE=2%V(17,2)%2

NOTE THAT SINCET TwWE SODURCE NODES ARE THE SAME AS THE CONTROLLING NOOES, THIS
SCURCE ACTUALLY MODELS A NINLINEAR RESISTORe

®xx* VOLTAGE-CCNTPROLLED VvOLTAGE SOURCES
GENERAL FORM EXXXXXXX N+ N= [PCLY(NC)] NCl+ NCl=- c0e PO [Pl eee) [IC=0sc]

ZXAMPLES €1 3 &4 21 17 10¢S 2e1 175
EX 17 0 POLY(3) 12 0 185 017 0 0 1 1 1 IC=1e572e0,17e35

N+ AND N=- ARPE THE PCSITIVE AND NEGATIVE NODES, RESPECTIVELY. POLY ({ND)
ONLY HAS TO 2% SPECIFIED IF THE SOURCE IS MULTI-DIMENSIONAL (ONE-DIMENSIONAL IS
THE DETAULT), IF SPECIFIED, ND IS THE NUMRER OF DIMENSIONS,; WHICH MUST SE
OCSITIVE, NCl+4, NCl=; esee ARE THE POSITIVE AND NEGATIVE CONTEOLL ING NODES,
SESPECTIVEL Y. ONE PAIR COF NODES MUST BE SPECIFIED FOR EACH DIMENSICNe °0, Pil,
22y seey PN ASE THESE EOLYNOMIAL COEFFICIENTS, THE (COPTIONAL) INITIAL CONDITICN
IS THE INITTAL GUESS AT THE VALUE(S) OF TwE CONTROLLING VCLTAGE(S)e IF NOT
SPECIFIZD, Qe 0 IS ASSUMED, THE POLYNCMIAL SPECIFIES THE SCURCE VOLTAGE AS A
FUNCTION NOF THE CONTFOLLING VCLTAGE(S)e THE SECOND = XAMPLE ABOVE DESCRIIBES A
VOLTAGE SOURCE WITH VALUE

V = VI(13,0) + V(1£,0) + Vv(17,0)

{ IN OTHER WCORDS, AN IDEAL VCLTAGE SUMMER).



xxxk CURRENT-CONTROLLED CURRENT SDURCES
3ENERAL FOXM FXXXXXXX N+ N= [POLY(ND)) VN1 {UN2 s0e) PO [P1 e0e)] [IC=00e]

T XAMBLES F1 12 10 VCC 1IMA 1.3M
FXFEP 12 20 VSENS 0 1

N+ AND N- ARE THE POSITIVE AND NEGATIVE NODES, RESPECTIVELYe CURRENT FLOW
1S FROM THE ©0SITIVE NODE, THROUGH THE SOURCE, TO THE NEGATIVE NODEe. POLY (ND)
CNLY HAS TO BE SPECIFIED IF THE SOURCE 1S MULTI-DIMENSIONAL (ONE-DIMENSIONAL IS
THE DEFAULT) IF SPECIFIED, NC 1S THE NUMRBER OF DIMENSIONS, WHICH MUST BE
POSITIVE, VNi, VN2, eses ARE THE NAMES OF VOLTAGE SOURCES THROUGH WHICH THE
CONTROLLING CURRENT FLOWSS ONE NAME MUST BE SPECIFIED FOR EACH DIMENSIONG THE
DIRECTION OF POSITIVE CONTROLL ING CURRENT FLOW IS FROM THE POSITIVE NODE,
THROUGH THE SOURCE, TO THE NEGATIVE NODE OF EACH VOLTAGE SOURCEe. PO, P13,

P2y evey PN ARE THE POLYNOMIAL COEFFICIENTSe THE (COTIONAL)Y INITTIAL CONDITION
1S THE INITIAL SGUESS AT THE VALUE(S) OF THT CONTROLLING CURRENT(S) (IN AMPS),
I¥ NOT SPECTIFIED, Qe 0 IS ASSUMED, THE FCLYNCMIAL SPECIFIES THE SOJRCE CURRENT
AS A FUNCTION 2% THE CONTROLLING CURRENT(S)e THE FIRST EXAMPLE ABOVE DESCRIRBES
A CURRKRENT SCURCE WITH VALUE

I = 1E8=32 + 1e3E-3xI1(VCC)

*kkkk CURRENT-CONTROLLED VOLTAGE SOURCES
GEINERAL FNRM HXXXXXXX N+ N= [POLY(ND)] VN1 [VN2 ese] PO [Pl oee)] [IC=sse]

EXAMDLES HXY 13 20 P0OLY(2) VINI VIN2 0 0 O O 1 IC=0eS 13
HR &4 17 vX 0 0 1

N+ AND N- ARE THE POSITIVE AND NEGATIVE NODES, RESPECTIVELYe POLY(ND)
ONLY HAS TO BE SPECIFIED IF THE SDOURCE 1S MULTI-DIMENSIONAL (ONE-DIMENSIONAL IS
“HE DEFAULT). I SPECIFIED, ND IS THE NUMBSER DOF DIMENSIONS, WwHICH MUST BE
PCSIT! VE.e VN1, VN2, eee ARE THE NAMES CF VOLTAGE SDOURCES THROUGH WHICH THE
CONTROLLING CURRENT FLOWST CNE NAME MUST 8E SPECIFIZD €08 EACH DIMENSION. THE
DIRECTION OF POSITIVE CONTROLLING CURRENT FLOW IS FROM THE POSITIVE NODE,
THROUGH THE SOURCE, TO THE NEGATIVE NODE OF EACH VOLTAGE SCOUPCE. P00, Pi,
D2y esey PN ARE THE SOLYNOMIAL COEFFICIENTS, THE (OPTICNAL) INITIAL CONDITION
IS THE INITIAL GUESS AT THE VALUE(S) OF THE CCNTROLLING CURRENT(S) (IN AMPS) .
T NOT SCECIFIEDy, O0e0O IS ASSUMEDs THE POLYNOMIAL SPECIFIES THE SOURCE VOLTAGE
AS A FUNCTICN 0OF THE CONTRCOLLING CUFRENT(S)e THE FIRST EXAMPLE ABDVE DESCRXIBES
A VOLTAGE SOURCE WITH VALUE

V = T(VINL)®]I(VIN2)



SPICEZ2 REPORT LINKED LIST SPECIFICATIONS LIST ELEMENTS

13.2 Linked List Specifications

Each list element generally contains both integer and real
data. Even though both data types require only one word of
memory on the CDC 6400 computer, separate subscripts are used to
access the two types. All integer data is referenced using the
array NODPLC; all real (and character) data is accessed using
the (eguivalenced) array VALUE. The VALUE-subscript for the
first real value is stored in the integer part of the 1list ele-
ment and is called LOCV (LOCM for device models): the NODPLC-
subscript is called LOC.

In the detailed 1list-element structure definitions which

follow, notation is defined only on first use.

-42-



SPICEZ REPORT LINKED LIST SPECIFICATIONS RESISTOR

13.2.1 RESISTOR

ID = 1
- 1: supckt info
LOC+ 0: next-pointer
+ 1: LOCV LOCV+ 0: element name
+ 2: nl + 1: g(TEMP)
+ 3: n2 + 2: r(TWOHM)
+ 4: (nl,n2) + 3: temp. coefficient 1
+ 5: (n2,nl) + 4: temp. coefficient 2
+ 6: (nl.nl)
+ 7: (n2,n2)

Comments:

l) “"subckt info" is used to indicate subcircuit relationships
(see Sections 5.3 and 6.3 for details). Briefly.

a) 1if the element is part of the nominal circuit
description, “subckt info"* is zero.

b) 1if the element is contained within a subcircuit
definition, “subckt info" is the element ID (1 for
resistors).

c¢) 1if the element is added to the «circuit as a
result of subcircuit expansion, “supockt info* is a
pointer to the "X* element which caused the expan-
sione.

2) “"next-pointer” points to (is the NODPLC-subscript of) the
next element of the same 1ID; if there is no next element,
"next-pointer"” is zero. However, if this element is a part of a
supcircuit definition, then “next-pointer"™ points to the next
element within the definition, regardless of ID.

3) "LOCV" points to the real-valued storage for the element.

4) "ni" is element node number i. During READIN, this is the
numper read from input: after ERRCHK, this entry is replaced by
an index into the JUNODE array (the <compact renumpered node
list).

5) The notation “(a,b)®" means a pointer to matrix location
(a,b): the a"th row, p'th column entry.

6) “element name®™ is the element name, left-justified, with
blank fill to 8 characters. .

Y

7) "g(TEMP)" i1s the element conductance, adjusted for the wvalue
of TEMP.

-4 3=



SPICE2 REPORT LINKED LIST SPECIFICATIONS RESISTOR

8) “r(TNOM)" is the input element resistance (assumed to Dbe at
TNOM4 degrees).

-44-



SPICE2 REPORT LINKED LIST SPECIFICATIONS CAPACITOR

13.2.2 CAPACITCOR

ID = 2
- 1: subckt info

LOC+ 0: next-pointer
+ 1: LOCV LOCV+ 0: element name
+ 2: nl + 1: computed element value
+ 3: n2 + 3: initial condition
+ 4: function code + 3: argument vector
+ 5: (nl.,n2)
+ 6: (n2.nl)
+ 7: tp(function coefficients)
+ 8: LXi offset LXi + 0: g{(capacitor)
+ 9: exponent vector + 1: i(capacitor)
+10: (nl.nl)
+11: (n2,n2)

Comments:

1) "function code"”" is zero for “polynomial®", the only function
currently implemented.

2) The notation “tp(something)® means “a table pointer to a
table which contains °“something’“.

3) “"LXi offset® is the offset for this element into any of the
LXi tables (LX0, LXl, etc.) which are used during analysis to
contain intermediate analysis results.

4) "“argument vector® and “exponent vector" are used by the func-
tion evaluation routines.

5) “gl(element)"™ means the charge stored in element.

6) "i(element)"” means the current flowing in element.



SPICEZ REPORT LINKED LIST SPECIFICATIONS INDUCTOR

13.2.3 INDUCTOR
ID = 3

= 1: supckt info
LOC+ 0: next-pointer
l: LOCV LOCV+
2: nl +
3: n2 +
4: function code +
5: IBR
6: (nl'IBR)
7: (nZ.IBR)
8: (IBR,nl)
8: (IBR.,n2)
+10: tp{function coefficients)
+11: LXi offset LXi + 0: phi(inductor)
+12: exponent vector + 1: v(inductor)
+13: (IBR,IBR)

element name

computed element value
initial condition
argument vector

[WH NN el
ee oo eco oo

++++4+4++4+4

Comments:
l) “IBR" is the eguation number for the inductor current.
2) "phi(element)® is the flux in element.

3) ®"v{element)™ is the voltage across element.

=4 b=



SPICE2 REPORT LINKED LIST SPECIFI€ATIONS MUTUAL INDUCTANCE

13.2.4 MUTUAL INDUCTANCE

ID = 4
- 1: subckt info

LOC+ 0: next-pointer
+ 1: LOCV LOCV+ 0: element name
+ 2: ptr(Ll) + 1l: value
+ 3: ptr(L2)
+ 43 (L1,L2) !
+ 5: (L2.L1)

Comments:

l) “ptr(Li)® means a pointer to one of the inductor elements
which this element is coupling. During READIN, this word is an
index into the IUNSAT table:; after ERRCHK, it points directly to
the inductor.

2) "(Li,Lj)" means the matrix location (A,B) where A 1is the
equation number for the <current in Li, and B is the egquation
numper for the current in Lj.

3) During READIN, “value®” is K. the coefficient of coupling:
after ERRCHK, "value" is M, the mutual inductance.

.47~



SPICE2 REPORT LINKED LIST SPECIFICATIONS SOURCE: I = G(V)

13.2.5 VOLTAGE-CONTROLLED CURRENT SOURCE

ID = 5

]
—
. oo

subckt info
next-pointer
: LOCv LOCV+ 0: element name
2: nl

3: n2

4: dimension of function

5:

6

[
(o]
N
+ +
- o

function code
: tp(controlling nodes)
7: tp(matrix locations)
8: tp(function coefficients)
+ 9: tp(argument vector)
+10: tp(exponent vector)
+1l: tp(initial conditions)

+++++++

+12: LXi offset LXi + 0: i(source)
2 values/dimension: + 1: controlling v
+ 2: di(source)/dv(control)
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SPICE2 REPORT LINKED LIST SPECIFICATIONS SOURCE: V = E(V)

13.2.6 VOLTAGE-CONTROLLED VOLTAGE SOURCE

ID = 6

subckt info

next-pointer

LOCV LOCV+ 0: element name

n+

n—

dimension of function

function code

IBR

tp(controlling nodes)

tp(matrix locations)

tp(function coefficients)

tp(argument vector)

tp (exponent vector)

tp(initial conditions)

+13: LXi offset LXi + 0: v(source)
+ 1: i(source)

2 values/dimension: + 2: controlling v
+ 3: dv(source)/dv(control)

I
O
(9]
+

+++ o+
WONNOOULLE WN - O

+

+ + 4+
- e
N - O

Comments:

l) ™IBR" is the equation number for the current through this
element.

=49 =



SPICE2 REPORT LINKED LIST SPECIFICATIONS SOURCE: I = F(I)

13.2.7 CURRENT-CONTROLLED CURRENT SOURCE

ID = 7

!
—

suockt info

next-pointer

Locv LOCV+ 0: element name
: nl

: n2

4: dimension of function

5: function code

6: tp(ptrs to controlling currents)

7.

8

t
o)
O
+ +
o

tp(matrix locations)
: tp(function coefficients)
+ 9: tp(argument vector)
+10: tp(exponent vector)
+11: tp(initial conditions)
+12: LXi offset LXi + 0: i(source)
2 values/dimension: + 1: controlling i

+ 2: di(source)/di{(control)

+ 4+t



SPICE2 REPCRT LINKED LIST SPECIFICATIONS SOURCE: V = H(I)

13.2.8 CURRENT-CONTROLLED VOLTAGE SOURCE

(w]
]
[o3]

I

subckt info

next-pointer

LOoCvV LOCV+ 0: element name
n+

n-

dimension of function

function code

IBR

tp(ptrs to controlling currents)
tp(matrix locations)

tp(function coefficients)
tp(argument vector)

tp(exponent vector)

+12: initial conditions

t
Lo}
0

+ +

+ 4+ +4++4++
WOoONOWULLNE O -

+

+ +
e
- o

+13: LXi offset LXi + 0: v(source)
+ 1: i(source)
2 values/dimension: + 2: controlling 1
+ 3

dv(source)/di(control)
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13.2.9 INDEPENDENT VOLTAGE SOURCE

ID = 9

subckxt info

next-pointer

LoCv LOCV+ 0: element name

n+ + 1: dec/transient value
n- + 2: ac value: magnitude
function code + 3: ac value: phase
tp{function coefficients)

IBR

(nl:IBR)

(nZ,IBR)

(IBR.nl)

(IBR.n2)

&
O
0
+

WOV WO

° se 00 oo

+++ 4+

—
O W
T

Comments:

1) “function code" indicates which built-in function to use for
this source, from the following possibilities:

function code built-ip function
0 <no function specified>
1 pulse
2 sine
3 exponential
4 plece-wise linear (PWL)
5 single-frequency fm (SFFH™)
2) "IBR" is the equation number for the current flowing in this
element.
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13.2.10 INDEPENDENT CURRERT SOURCE
Ib = 10

- 1: supckt info
LOC+ 0: next=-pointer

+ 1: LOCVY LOCv+ 0: element name

+ 2: nl + 1: dc/transient value
+ 3: n2 + 2: ac value: magnitude
+ 4: function code + 3: ac value: phase

+ 5: tp(function coefficients)

Comments:

l) "function code" indicates which built-in function to use for
this source, from the following possipilities:

function code built-in function

<no function specified>
pulse

sine

exponential

piece-wise linear (PWL)
single-fregquency fm (SFFM)

Db wh - O
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13.2.11 DIODE

ID = 11

subckt info

next-pointer

Locv LOCV+ 0: element name
np + 1: area factor
nn + 2: IC: vd

np”’

mp

of £

: (np.np’)

8: (nn,np”)

+ 9: (np’./np)

+10: (np’.nn)

t
O
(9]
+

e oo

++
douswn- O

+11: LXi offset LXi + 0: v(diode)

+12: LDO offset + 1: i(diode)

+13: (np¢np) + 2: geg

+14: (nn,nn) + 3: g(diode capacitance)
+15: (np’/np”) + 4: i(diode capacitance)

Comments:

l) If the diode has no extrinsic resistance (RS = 0 in the
corresponding device model)., then np = np’ = the p-doped side of
the diocde, and nn = the n-doped side. If RS is nonzero, then it
is modeled as a resistance petween np and np’, with np’ being the
true p-doped sicde of the diode-.

2) ™"mp" is a pcinter to the device model for this element.

J) "“off" is zero unless the element was specified as “off* in
the circuit description (in which case its value is 1).

4) "IC:" means "initial condition specification”.

5). "LDO offset" is the offset for this element into the distor-
tion analysis working storage taple LDO.



SPICE2 REPORT LINKED LIST SPECIFICATIONS . BJT

13.2.12 BJT
ID = 12

l: subckt info
LOC+ 0: next-pointer

l: LOCV LOCV+ 0: element name
2: nc + 1: area factor
3: nb + 2: IC: vbe

4: ne + 3: IC: vce

5: nc’

6: nb’

7: ne’

8: mp

+ 9: off

+10: (nc,nc’)

+11: (nb,nb’)

+12: (ne,ne’)

+13: (nc’.nc)

+14: (nc’,ndb”")

+15: (nc’/ne’)

+16: (nb’.nb)

+17: (nb"snc’)

+18: (nb",ne’)
+19: (ne’.ne)
+20: (ne’,nc’)
+21: (ne’.,nb’)

+22: LXi offset LXi
+23: LDO offset

+24: (nc.nc)

+25: (nb,nb)

R RN

: vbe
l: vbe
2: ic
3: ib

+H A+ o+

+26: (ne,ne) gpi
+27: (nc’.nc’) 5: gmu
+28: (no’/nbd’) 6: gmo
+29: (ne’,ne’) 7: go

8: q(cbe)

+ 9: i(cbe)

+10: q(coc)

+11: i(coc)
+12: ¢l{zcs)
+13: i(ccs)

Comments:

l) The element nodes nc, nb, and ne are the collector, base, ana
emitter nodes, respectively. If any of the extrinsic resistances
(RB, RC, or RE) are nonzero, then the corresponding resistor is
included bDbetween nodes nx and nx’ (for the appropriate “x7).
Otherwise, nx° is the same node as nx. ’
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13.2.13 JFET

ID

e
(O]
(9]
+
o

= 13

supckt info

next-pointer

LOoCv LOCV+ O
2: nd + 1:
3: ng + 23
4: ns + 3
5: nd’
6: ns’
b
8
9

[}
[

+
—

+ 4+ 4+ 4+

M mp
: off

: {(nd,nd’)
+10: (ng.nd’
+1l1: (ng,ns’)
+12: (ns,ns”’)
+13: (nd’.nd)
+14: (nd’.ng)
+15: (nd’,ns”’)
+16: (ns’,ng)
+17: (ns’.ns)
+18: (ns’,nd’")

+19: LX1i offset LXi + 0:
+20: (nd,nd) + 1:
+21: (ng.ng) + 2
+22: (ns.ns) + 3:
+23: (nd’,ndéd") + 4:
+24: (ns’,ns”) + 5:
+ 6:
+ 7
+ B:
+ 9:
+10:
+11
+12:

Comments:

1) The element ncocdes nd, ng, and ns are the

source,

respectively.

-56-
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element name
area factor
IC: vds
IC: vgs

vgs

vgd

ig (gate)
id (drain)
i(gate-to-drain)
gm

gds

ggs

ggd

gl(cgs)
i(cgs)
g({cygd)
i(cgd)

drain, gate, and
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13.2.14 MOSFET

ID = 14
- 1: subckt info
LOC+ 0: next-pointer
+ 1: LOCV LOCV+ 0: element name
+ 2: nd + 1: channel length
+ 3: ng + 2: channel width
+ 4: ns + 3: drain diffusion area
+ 5: nb + 4: source diffusion area
+ 6: nd’ + 5: IC: vds
+ 7: ns’ + 6: IC: vgs
+ 8: mp + 7: I1C: vps
+ 9: off + 8: devmod
+10: (nd/nd’) + 9: von
+11: (ng.,nb) +10: vdsat

+12: (ng.nd’)
+13: (ng.ns’)
+14: (ns.ns”)
+15: (nb.,ng)
+16: (nb.nd')
+17: (nbsns’)
+18: (nd’.,nd)
+19: (nd’,ng)
+20: (nd’.,nb)
+21: (nd’"/ns’)
+22: (ns’,ng)
+23: (ns’,ns)
+24: (ns’.,nb)
+25: (ns’,nd’)
+26: LXi offset LXi
+27: (nd,nd)
+28: (ng.,ng)
+29: (ns.ns)
+30: (nb.,nb)
+31: (nd’,nd’)
+32: (ns’,ns’)

0: vbod
1: vbs
2: vgs
¢ vgd
4: id

! 1ibs

6: ibd

7: gm

8: gds

9: gmps
+10: gpd
+11: gbs
+12: q(cbd)
+13: i(cod)
+14: g(cbs)
+15: i(cobs)
+16: g(cgs)
+17: i(cgs)
+18: g(cgd)
+19: i(cgd)
+20: g(cgb)
+21: i{cgb)

S T Y
w
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Comments:

l) The element nodes nd, ng, ns, and nb are respectively the
drain, gate, source, and pulk (substrate).

2) "devmod”" is the device mode: +1 (-1) for normal (inverse).
3) "von" is the adjusted threshold voltage for the device.

4) "vdsat"™ is the saturation voltage for the device.
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13.2.15 TRANSHMISSION LINE

ID

=17

]
[
L1)

[
(o]
0
+
o

2:
3:
4:
5:
6:
7:
8:
+ 9:
+10:
+11:
+12:
+13:
+14:
+15:
+16:
+17:
+18:
+19:
+20:
+21:
+22:
+23:
+24:
+25:
+26:
+27:
+28:
+29:
+30:
+31:
+32:

++++++++

Comments:

subckt info
next-pointer
LOCV

nl

n2

n3

n4

nil

niz

IBR1

IBR2
(nl,nl)
(nl,nil)
(n2,IBR1)
(n3,n3)
(n4,IBR2)
(nil:nl)
(nil,nil)
(nil,IBR1)
(niZ:niZ)
(ni2,IBR2)
(IBR1.,n2)
(IBRlln3)
(IBR1,nd4)
(IBRl,nil)
(IBR1,IBR2)
(IBRZ.nl)
(IBR2,n2)
(IBRZ.n4)
(IBRZ'niZ)
(IBR2,IBR1)
LTD offset
(n3,ni2)
(ni2,n3)

element name

z0 |

td

excitation: IBR1
excitation: IBR2
IC: v(port 1)
IC: i(port
IC: v(port
IC: i(port

t
O
n
<
+

++
[P RN N ONLEN NN SN N e
28 08 S0 Be 0S¢ e S
NN -

LTD + 0: past value (LOCV + 3)
+ 1l: past value (LOCV + 4)

l) The model for this element is described bDbelow in terms of

SPICE circuit elements

tional dependencies):

Rl
Vi
R2
\

nl nil 20

nil n2

n3 ni2 20

ni2 né4
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(although the program does not allow func-

delay(v(n3,n4),TD)+delay(i(v2).TD)*20

delay(v(nl,n2),TD)+delay(i(vl),TD)*20
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13.2.16 SUBCIRCUIT CALL (X" element)
ID = 19

- 1: subckt info
LOC+ 0: next=-pointer

+ 1: LOCV LOCV+ 0: element name
+ 2: tp(°X’ element nodes)
+ 3! ptr to subcircuit description

Comments:
l) Subcircuit structures and manipulations are sketched as a

part of the description of suocircuit definitions in Section
13.2.17.
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13.2.17 SUBCIRCUIT DEFINITION
ID = 20

- 1: subckt info
LOC+ 0: next-pointer
+ 1l: LOCV LOCV+ 0: subcircuit name
+ 2: tp(subckt definition nodes)
+ 3: ptr to definition element list

Comments:

1) Consider the following SPICE input (not contained within any
enclosing subcircuit definition):

X1 1 2 3 susl
.SUBCKT SUB1 17 13 4
X1 17 6 4 suB2

R1 17 13 1K

Q1 1 4 17 A

-MODEL A NPN()

-ENDS SUBI

At the end of READIN (pefore ERRCHKX)., the internal data struc-

tures representing this input would look something like the fol-
lowing:

e O
0e oo o0 oo

LOCATE(189) =-=->: 0:
: (LOCV) & ==> "X1"
:(nodlst): ==> : 1l:
:......‘.: : 2:
: : -
:(SUDCKt): ==—=-—cccccccee-- > ®"SUBl" (in IUNSAT
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: 0:

LOCATE(20) ==>: 0:

: (LocCv)

-=> "SUBL"

:(nodlst): ==> : 17:
Secececscossl : 13:
H : :n..nc-u4:

tptr(def):-

e o 060 0 00 0 0 e e 0 0000 00 ¢ o0 000 e 0 00

:(ID) 18: :(ID) l:
-> =nxt-pntr= -=> nXt-pntr: =-> ...

l
I
l
l
|

: <"R1"™>
(defn)

T <"X1"™>

(defn)

2) After subcircuit expansion (controlled by subroutine SUBCKT
in overlay ZRRCHK)., copies of the elements on the subcircuit ele-
ment list (LOC + 3) are added (with appropriately modified node
numbers) to the element lists. For these added elements, "subckt
info" i1s a pointer to the "X" element which caused the given ele-
ment to be added.
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13.2.18 DIODE MODEL
ID = 21

- 1: supckt info
LOC+ 0: next-pointer
+ 1: LOCV LOCV+ 0: model name
+ 2: <unused> 1: IS
2 RS
3: N
4: TT
5: CJO
6: PB
t M
: EG
9: PT
+10: KF
+11: AF
+12: FC
+13: BV
+14: IBV
+15: £(FC)
+16: £(FC)
+17: £(FC)
+18: vcrit

++ 4

Comments:

1) The model parameter keywords are defined in the User’s Guide
(Section 13.1).

2) The notation "f(argsf‘l refers to some value (which is a func-
tion of the variable(s) "“args") which 1is evaluated once in
subroutine MODCHK.

3) One-time only preprocessing of model parameters is done 1in
suproutine MODCHKX in the ERRCHK overlay. For the diode model.
the preprocessing is as follows:

docation replaced DY
LOCV+ 2 1/RS (0 if RS = 0)
+12 FC*PB
+13 computed start of reverse exponential
+15 PB*(1-(1-FC)"(1-M))/(1-M)
+16 (1-FC)~ (1+M4)
+17 1-FC* (1+M)
+18 N*VT*1n (N*VT/(sqgrt(2)*IS))
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4) SPICE does not generate an additional node for the diode
resistance if RS is zero; instead, the np’ node is set egual to
the np node (see Section 13.2.11). This processing of np, to-
gether with setting 1/RS to 0 when RS is 0, allows 3PICE to treat
RS consistently during analysis regardless of the value of tne
resistance.
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13.2.19 BJT MODEL
ID = 22

sudbckt info
next-pointer
LOCV

model type

LOC+

model name
BF

BR

Is

RB

RC

RE

VA

vB

IK

c2

NE

+12: IKR

: C4

+14: NC
+15: TF

+16: TR

+17: CCS

+18: CJE

+19: PE

+20: ME

+21: CJC

+22: PC

+23: MC

+24: EG

+25: PT

+26: KF

+27: AF

+28: FC .
+29: £(FC,PE)
+30: f£(FC,PE)
+31: f£(FC,PE)
+32: £(FC.PC)
+33: £(FC,PC)
+34: £(FC,PC)
+35: £(FC,PC)
+36: vcrit

+
N O
[y
(o)
0
<
+

+++++
-

FoOwWaoO~NONUd WO
L] o o0 LX) (1] o0 (1) (1] o0 L1 o0 oo

+
[
w

Comments:

1) "model type®” is +1 for "npn" and -1 for "pnp".
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2) The preprocessing performed in

lows:
docation
LOCV+

+ 4+ + +
W OooJoU o

+
+12
+28
+29
+30
+31
+32
+33
+34
+35
+36

replaced pvy

1/RB
1/RC
l1/RE
1/VA
l/V3
1/1IK

(0
(0
(0
(0
(0
(0

if
if
if
it
if
if

RB
RC
RE
VA
va
IK

subroutine iMODCHX is as

1/IKR (0 if IKR

FC*PE

0)
0)
0)
0)
0)
0)
= ()

PE*(1=(1-FC)~ (1=-ME))/(1-ME)
(1-FC)~ (1+ME)

l1-FC*(1+ME)
FC*pC

PC*(1-(1-FC)™ (1-MC))/(1-MC)
(1=FC)~ (1+MC)

l=-FC*(1l+MC)

VT*1ln(VT/(sgrt(2)*1s))

3) See Comment 4 in Section 13.2.18 regarding the processing
device model resistors.

BJT MODEL

fol-

of
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13.2.20 JFET

ID

23

LOC+ O:

Comments:

l) "model type" is +1 for

2) The preprocessing

described in

LINKED LIST SPECIFICATIONS

MODEL

suockt info
next-pointer
Locyv

model type

what follows:

"njf" and -1 for

performed

JFET MODEL

LOCV+ 0: model name

+ 1: VTO

+ 2: BETA

+ 3: LAMBDA

+ 4: RD

+ 5: R3

+ 6: CGS

+ 7: CGD

+ 8: PB

+ 9: IS

+10: KF

+11: AF

+12: FC

+13: £(FC)

+14: £(FC)

+15%: f(FC)

+16: vcrit
IlpJfll.

the MODCHK subproutine 1is

M i1s not a model parameter and is

location replaced py
LOCV+ 4 1/RD (0 if RD = 0)
+ 5 1/RS (0 if RS 0)
+12 FC*PB
+13 PB*(1-(1-FC)~(1-M))/(1-M)
+14 (1-FC)~ (1+M)
+15 1=-FC*(1+M)
+16 VI*1ln(VT/(sgrt(2)*1S))
Note: for the JFET,
0.5.

fixed at

3) See Comment 4 in Section 13.2.18 regarding the processing of

device model

resistors.
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13.2.21

ID = 24

LOC+ O0:

Comments:

1) "model type" is +1 for

2) *VINIT"
tages.

LINKED LIST

MOSFET MODEL

supckt info
next-pointer
LOCV

model type

Ynmos"

SPECIFICATIONS

t

o)

a

<

++H++
UV W O

[+ SRR Y ¢ )
s oo o0

+

+ +
o
- O

+12:
+13:
+14:
+15:
+16:
+17:
+18:
+19:
+20:
+21:
+22:
+23:
+24:
+25:
+26:
+27:
+28:
+26:
+30:
+31:
+32:
+33:
+34:
+35:

and -1 for

is the initial guess used for the MOSFET

MOSFET

model name
vTO
KP
GAMMA
PHI
LAMBDA
RD

RS
CGS
CGD
CcG3
CBD
CBs
TOX
PB

Js
NSUB
NSS
NFS
XJ

LD
NGATE
TPS
uo
UCRIT
UEX
UTRA
KF

AF

FC
£(FC)
£(FC)
f(FC)
VINIT
vbi
xd

“pmos".

diode

MODEL

vol-
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2) The preprocessing performed oy subroutine MODCHK is
described pelow:
location replaced py
LOCvV+ 2 KP*COX
+ 3 Sqrt (2*EPSSIL*CHARGE*NSUB)/COX
+ 4 2*VT*1ln(NSUB/NI)
+ 6 1/RD (0 if RD = 0)
+ 7 1/RS (0 if RS = 0)
+13 EPSOX/TOX (COX; 0 if TOX = Q)
+29 FC*PB
+30 PB*(1-(1-FC)~(1-M))/(1-M)
+31 (1-FC)~(1+M)
+32 1-FC*(1+M)
+33 VI*1n(VT/(sgrt(2)*JS))
+34 VTO-GAiMMA*sgrt (PHI)
+35 sqrt (EPSSIL™2/ (CHARGE*NSU3))

Note: for the IMOSFET, M is not a model parameter and is fixed at
0.5. Also, some of the above pre-processing is a function of
which model parameters were specified by the user. See the list-
ing of suproutine MODCHK for the exact details.

3) See Comment 4 of Section 13.2.18 regarding the processing of
device model resistors.
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13.2.22 .PRINT DC

ID = 31

subckt info
next-pointer
LocCv LOCV+ 0: pseudo-name
analysis type

numper of variables

ptr(variaple 1)

typ(variable
ptr(variable
typ(variable
ptr(variable
typ(variable
ptr(variable
+11: typ(variaple
+12: ptr(variaple
+13: typ(variable
+14: ptr(variable
+15: typ(variabple
+16: ptr(variable
+17: typ(variable
+18: ptr(variable
+19: typ(variable

t
o)
)
+ +

+H 4+t

+4+
oo bs wihrHOK
(X} (1] ee o8 o8 ea Be [X)

+
| ol
o

0O~ O UVU HE B WL
T Nl N Nl St N N Vot Vil N Nl Ve’ ot “nir® st

Comments:

1) "pseudo-name” is meaningless (simply a unique "name" so that
subroutine FIND may be used)-.

2) “analysis type" is actually redundant information:

dc transfer curve
transient

ac

noise

distortion

U o

-

3) The number of output variables must be between 1 and 3.

4) ptr(var) means a pointer to the appropriate output descrip-
tion on the appropriate output variaple list.

5) typ(var) descripes the form in which the variable is to Dbe

output. Assuming that the variable is "V(l)® then the following
table gives the interpretation of “typ":
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~

tvpl( actual ipterpretation of “var"”
V(l)

ViM(l)

VR(1)

VI(l)

VP(1l)

VDB(1)

s Wi+ E

6) The linked-list entries for ID = 32, 33, 34, and 35 are ex-
actly the same as for 1D = 31 except that the analysis types are
transient, ac, noise, and distortion, respectively.
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13.2.23 .PLOT DC

ID = 36
- 1: subckt info

LOC+ 0: next-pointer
+ 1: LOCV LOCV+ 0: pseudo=-name
+ 2: analysis type + 1: plo(variable 1)
+ 3: number of variables + 2: phi(variaple 1)
+ 4: ptr(variable 1) + 3: plo(variaple 2)
+ 5: typ(variable 1) + 4: phi(variaole 2)
+ 6: ptr(variable 2) + 5: plo(variable 3)
+ 7: typ(variable 2) + 6: phi(variabple 3)
+ 8: ptr(variable 3) + 7: plo(variansle 4)
+ 9: typ(variable 3) + 8: phi(variable 4)
+10: ptr(variable 4) + 9: plo(variable 95)
+11: typ(variable 4) +10: phi(variaple 5)
+12: ptr(variable 5) +11: plo(variable 6)
+13: typ(variable 5) +12: phi(variable 6)
+14: ptr(variable 6) +13: plo(variable 7)
+15: typ(variable 6) +14: phi(variable 7)
+16: ptr(variable 7) +15: plo(variable 8)
+17: typ(variable 7) +16: phi(variable 3)
+18: ptr(variable 8)
+19: typ(variable 3)

Comments:

1) "plo(var)" and "phi(var)"“ are the lower and upper plot limits
for the indicated output variable. A value of 0.0 means that no
plot limit was specified.

2) The linked-list entries for ID = 37, 38, 3., and 40 are ex-

actly the same as for ID = 36 except that the analysis types are
transient, ac¢, ncise, and distortion, respectively.
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13.2.24 DC ANALYSIS OUTPUT VARIABLE

ID = 41
= 1: subckt info
LOC+ 0: next-pointer
+ 1: LOCV LOCV+ 0: variable name
+ 2: nl | ptr(source) | =--
+ 3: n2 | - | ==
+ 4: ISEQ | |
+ 5: type 0 | 1 | 2 - 8
+ 6: <unused>

Comments:

1) *“variable name" is an artificially-constructed unique iden-
tifier for the output variable. It has one of 3 forms:

eutput variapble "variaple pame”
v(nl,n2) (nl*2712)%*2718 + (n2*2712)*2"¢6
1(vxxxxx) vxxxxx (the name of the source)
noise/distortion desired output - for example, “hd3"

2) "ISEQ" is the offset within the memory block for the outputs
of a given sweep point at which the value for this output vari-
aple is stored.

3) “type" is the type of output variable (and determines the
meaning of (LOC + 2) and (LOC + 3) as detailed above):

tvype meaning
0 voltage: vi(nl,n2)
1 current: i(source)
2 noise: onoise
3 noise: inoise
4 distortion: HD2
5 distortion: HD3
6 distortion: DIM2
7 distortion: SIM2
8 distortion: DIM3

4) The linked-list entries for ID = 42, 43, 44, and 45 are ex-
actly the same as for ID = 41 except that the output variables
are for transient, ac, noise, and distortion analyses, respec-
tively- '
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13.3 Table Specifications

13.3.1 IELMNT

All linked-list elements are stored in this taople. It |is
always the first tabple allocated; its origin is never changed oy
the memory manager. SPICE2 takes advantage of that fact and uses
apsolute (rather than relative) subscripting for the linked lists

(that is, NODPLC(variable) rather than NODPLC(IELMNT+offset)).

13.3-2 ISBCKT

This table is used as a stack of pointers to suoncircuit de-
finitions. Each entry is one word., and consists of the WGCDPLC-
subpscript of the subcircuit definition currently being read (list
ID=20). The taple is required since subcircuit definitions may

be nested.

13.3.3 IUNSAT
This taple contains all names which cannot be resolved until
after subcircuit expansion has been performed (in the ZRRCHK

overlay). Each entry is one word.

13.3.4 ITEMPS

This table contains the temperatures at wnich analysis has
been reguested to be periormed. The first entry is always TNOM:
if the table contains more than one entry, the <£first analysis

temperature used is the second entry in the taole.
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13.3.5 IFOUR
This taple contains pointers to the output variables (list

ID=42) for which a Fourier analysis has been regquested.

13.3.6 ISENS
This table contains pointers to the output variables (list

ID = 41) for which a dc sensitivity analysis has been requested.

13.3.7 IFIELD, ICODE, IDEZLIM, and ICOLUM
These tables are filled by subroutine CARD. For each field
of information scanned from the current logical input line, one
entry is made in each of the tables, as follows:
IFIELD: VALUE(IFIELD+n) contains either:
l) a name, stored in 8H format,
2) a (floating-point) number
ICODE: NODPLC(ICODE+n) contains
+1 => corresponding IFIELD is name

0 => corresponding IFIELD is number
-1 => previous field was last one of line

IDZLIM: VALUE(IDELIM+n) contains the character
which delimited the field, stored in
l1H format

ICOLUM: NODPLC(ICOLUM+n) contains the column

position in the current line at which
the field started
13.3.8 JUNODE
This table contains the input user node numbers. SPICEZ
uses a compact set of element node numbers, numoered sequentiallx
from 1 (for the ground node). In routine ERRCHK, an ordered list
of user node numbers is constructed in table JUNODE, and all ele-

ment nodes are replaced by offsets into the JUNODE table. The
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overhead is put on obtaining the user node numbers since they are
printed perhaps three times during a simulation run, while the

compact element node numpers are needed thousands of times.

13.3.9 LSBKPT

This table contains the transient analysis oreakpoints., in
order of increasing time. Each entry is>one word (see Section
6-7). The breakpoint values are opbtained from the independent

source waveforms and time-delayed elements (transmission lines).

13.3.10 IORDER, IUR, ITABLE, and ITABID

These tables are constructed by TOPCHK, and destroyed after
topological <checking has been performed. The IORDER table is
used to check that a conductive path to ground from every node in
the <c¢ircuit exists. The other tables are used in the generation

of the node table, with the focllowing descriptions:

IUR: NODPLC(IUR+n) 1is the offset from the origin of

the ITABLE and ITABID tables to where the
pointers to elements connected to node "n”
are stored. The last pointer for node "n”"

is stored at the location in ITABLE indicated

by NODPLC(IUR+n+l)-1.

ITABLE: NODPLC(ITABLE+m) contains a pointer into the
IELMNT tabple to a circuit element.

ITABID: NODPLC(ITARID+m) contains the element ID for

the element pointed to oy the corresponding
entry in the ITABLE table.
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13.3.11 ISR

This table, together with part of the NUMOFF table, is wused
to record the nonzero circuit egquation coefiicient matrix ele-
ments. The ISR table contains NSTOP+l entries. The i‘th entry
is a list header which points to a linked-list stored in NUMOFF
containing the numbers of the nonzero columns of the i“th row of
the matrix. The actual 1list manipulation 1is performed in

suproutine RESERV.

13.3.12 ISEQ

This table is used to keep track of the "voltage-defined"
elements (that is, those elements whose currents are unknowns in
the Modified Nodal egquations - (controlled) voltage sources, in-
ductors, ., and the dependent sources within transmission-line ele-
ments). Each entry points to the (LOC + 0)°th position of one of

those elements.

13.3.13 ISEnl

This table tracks the ISEQ taple. It is used to Keep track
of where element nodes are stored, since the nodes needed for
transmission-line elements are stored 1in (relative) locations

different from those of the other elements.

13.3.14 NEQN

This table also tracks the ISEQ table. It records the
number of the eguation added to the Modified Nodal matrix to
evaluate the element current (see variable 1IBR in suoroutine

MATLOC) .
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13.3.15 NODEZVS

This table records the number of "voltage-defined" elements
connacted to each circuit node. It is used in suoroutine REORDR
to help decide the order in which to swap matrix rows (to elim-

inate some singularity problems).

13.3.16 NDIAG

In the SETUP overlay, this table records whether the diago-
nal elements of the matrix are nonzero (due to the loading of
some element, or due to propagation of £fill-in from the LU fac-
torization process). During dc¢ analysis:. this taonle is used to
hold the right-hand side (of the system of «circuit egquations)
while the recordering required b»py the row-swap process is per-

formed.

13.3.17 NMOFFC
The 3°th entry of this table contains the number of nonzero

off-diagonal terms in the j“th column of the equation matrix.

13.3.18 NUMOFF

The first NSTOP words of this table contain the numper of
nonzero off-diagonal <terms in each row of the equation matrix.
The rest of the table is used to hold the 1linked-list elements
(pointed to by the entries in the ISR table) which indicate which
columns are nonzero for a given row of the matrix. Each 1list
element contains two words: a pointer to the next list element
(zero if none exists), and the numper of the column containing

the nonzero matrix element. Note that absclute supscripts are
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used for the linked list (the origin of tne {UMOFF table must not

change while matrix setup is in progress).

13.3.19 ISWAP
This table records the matrix row-swap performed in
subroutine REORDR. It 1is 1indexed using the renumpered row

numper, and contains the corresponding original row number.

13.3.20 IEQUA
Tnis taple is the inverse of ISWAP: it maps original matrix

row numpers 1into the set of reordered row positions.

13.3.21 IORDER

This table records the simultanecous swapping "of rows and
columns (equations) done to maximize the sparsity of the equation
matrix. It is index~d using the renumbered equation numper, and

contains the corresponding original equation numoer.

13.3.22 JMNODE
This table is the inverse of IORDER: it maps equations into

their reordered position.

13.3.23 IUR

This taple. in conjunction with the IUC taple, records the
position of the  upper-triangular matrix elements in the one-
dimensional storage used to hold the matrix coefficients. T he
i‘th entry of the IUR table indicates the starting offset within
the IUC table for the nonzero column numbers of the i°th row.

The last entry for the i‘th row is indicated oy the contents of
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the (i°th + 1) entry minus 1l.

13.3.24 1UC
This table, indexea through the IUR table:, records the
numbers ©f the nonzero coiumns for the upper-triangular eguation

-

matrix terms.

13.3.25 1ILC

This table is the dual of the IUR table, <fcr the lower-
triangular matrix terms. It is accessed oy colunn nuwmwer, and
indicates the starting position within the ILR taple where the

NonNzero row positions are stored.

13.3.26 ILR
This table is the dual of the 1IUC taple, for the 1lower-
triangular part of the eguation matrix. It contains the numoers

of the nonzero rows for given columns of the matrix.

13.3.27 MACINS
This table <contains the machine coaqe (generatea oy
suproutine CODGEN) which is used to solve the system cf linear-

izeu circuit eguations.

13.3.28 LVNIMI
This taple contains the solution to the linearizea <circuit

eguations obtained from the previous Newton-Raphson iteration.
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13.3.29 LV

This table contains the system of circuit eguations {the
equation coefficients and the right-hand side vector). The vari-
apoles LYNL, LYU, and LYL contain the offsets in the LVN table io
the Dbeginning of the matrix diagonal. upper-triangle, and lower-

triangle terms, respectively.

13.3.30 LX0

This taple contains nonlinear device operating-point infor-
mation. During transient analysis, the taple also contains in-
formation about capacitor charges and inductor fluxes. A precise
description of the taple contents for each circuit element is in-
cluded in Section 13.2. Note that this taple always contains in-

formation relative to the current iteration/sweep point.

These taples contain the previous contents of the LXO0 tabple.
In particular, LX1 <contains the previous contents of LX0, LX2

contains the previous contents of LXl, and so forth.

13.3.32 LTD

This table stores previous values of time-delayed sources
within the circuit. The LXi tables are inadegquate for this pur-
pOse Decause more than seven delayea values of some Ssource may »e

necessary-.
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13.3.33 LOUTPT

This taple is used to store tne values of reguested output
variaples (node voltages and/or voltage-source currents) during
analysis. Each entry in the taole consists of n+l words:; the
first word is the value of the swept variable, and the rest are
the corresponding output variaple values. For ac analysis, the
size of each entry in the table is 2*{(n+l) words (for the real

and imaginary parts of the complex output variaple values).

13.3.34 NDIAGC

This taple serves the same purpose for the ac anaiysis as
does the NDIAG table for the dc/transient analyses (see Section
13.3.6), except that this taple is twice as long since for the ac¢

analysis the right-hand side is complex-valued.

13.3.35 LVNC
This taple is the complex-valued analog to the LVN table

(see Section 13.3.29).

13.3.36 LDV and LDl

These taples are used in the smalli-signal distortion
analysis, which 1s performed using suproutines DINIT (for ini-
tialization) and DISTO. The LDO table contains suo-computations
which need ope evaluated only once for a given operating point.
The LDl table holds copies of the solution vector at different

frequencies as the distortion analysis i1s performed.
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13.3.37 LVNCT

This taple is only allocated if both noise ana small-signal
distortion analyses have been requested.- It is used to store the
solution to the current frequency-point because Dpoth the noise

and distortion analyses destroy the right-hand side vector.

-

13.3.38 LOCX
This taple contains the interpolated x-axis values for out-

put variabples.

13.3.39 LOCY

This taple contains the interpolated y-axis values of the
output variables. For n sweep points and m output variables, it
contains m*n words, with all the wvalues for +the first output
variaple first, then the values for the second output variabple,

and so forth.
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13.4 Labeled-Common Variable Descriptions

13.4.1 MEMRY

This COMiON=-plock contains variapbles used to manage the

dynamically=-allocated taoples.

. . ,

LORG NODPLC(LORG+n) is word n in memory

ICORE total number of memory words 1in use

MAXCOR maximum value of ICORE for present circuit

MAXUSE maximum number of words reguired py circuit

MEMAVL number of words of available memory {(in other
words, (words allocated) - (words reguired))

LDVAL NQOQDPLC(LDVAL) is last worc of dynamically-
managed memory ]

NUMBLK number of allocated taples (does not include
the "table entry" tabple)

LOCTASB NODPLC(LOCTAB+1l) is the first word of the
"tapble entry" table

LTAB NODPLC(LTAB+1l) is the first wora of the entry
in the "taple entry" table found oy function
MEMPTR
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13.4.2 TABINF

This COMiON-Dlock contains taple information (table pointers
and some taple lengths). (The notation "tp(something)" means "a

table pointer to a table containing “something’.*")

name description
IELMNT tp(input data linked-list storage)
ISBCKT tp(suocircuit definition stack)
NSBCKT size of ISBCKT tabple '
IUNSAT tp(unsatisfied name list)
NUNSAT size of IUWSAT table
ITEMPS tp(analysis temperatures)
NUMTEHM size of ITEMPS table
ISENS tp(dc sensitivity outputs)
NSENS size of ISEZNS table
IFOUR tp(Fourier analysis outputs)
NFOUR size of IFOUR table
IFIELD tp(scanned input line fields)
ICODE tp(type of data in corresponaing IFIELD entry)
IDELIM tp(delimiter character for IFIELD entry)
ICOoLUM tp(peginning column number of IFIELD entry)
INSIZE size of IFIELD., ICODE, IDELIM, and ICOLUM tables
JUNODE tp(nodes used in circuit description)
LSBKPT tp(breakpoint values for transient analysis)
NUMBKP size of LSBKPT tabple
IORDER tp(record of row renumbering)
JMIVODE tp(inverse(IORDER table))
IUR tp(IUC indices)
IuC tp(nonzero columns in upper triangle)
ILC tp(ILR indices)
ILR tp(nonzero rows in lower triangle)
NUMOFF tp(numpoer of nonzero ofr-diagonal entries in row)
ISR tp(ptrs to linked-list of matrix structure)
NHMOFFC tp(number of nonzero off-diagonal entries in column)
ISgEy tp(ptrs to voltage-derined elements (L,E(.V,H,T))
ISEG] tp(element node flag for corresponding ISEQ entry)
NEuN tp(equation numper for corresponding ISEQ entry)
NODEVS tp(number of voltage-defined oranches
inciaent to node)
NDIAG tp(in REORDR: whether diagonai is nonzeroc:
in analysis: copy of LVN)
ISWAP tp(record of eguation swaps)
IEQUA tp(inverse (ISWAP))
AMACINS tp(machine instructions (code))
LVNIM] tp(previous solution (copy of LVN))
LXO0 tp(current circuit state information)
LVil tp(right-hand-side for set of circuit eguations)
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LYNL
LYu
LYL
LX1
LDO
LDl
LTD

LouTPT

LX7

LABZLED-COMMON VARIABLES /TABINF/

LVN offset: matrix diagyonal terms

LVil offset: matrix upper-triangie terms

LVd offset: matrix lower-triangle terms
tp(past values of LX0 table)

tp(distortion analysis constants)
tp(distortion analysis work space)

tp(previous timepoint information for elements

which involve delay (transmission lines))

tp(saved output values to be printed/plotteaq)
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13.4.3 MISCEL

This COMMON-Dlock contains miscelianeous variaples contain-

ing the program version, execution time, etc.

name description

APROG () program version and release date
ATIME real-time clock ( hh:mm:ss )
ADATE date ( dd mmm yy)

ATITLE() circuit title (first input line)
RSTATS () program statistics:

(1) - cpu time: READIN

(2) - cpu time: SETUP

(3) - cpu time: dc transfer curves
(4) - no. iter: dc transfer curves
(S5) - cpu time: dc operating point
(6) - no. iter: dc operating point
(7) - cpu time: ac analysis

(8) - no. iter: ac analysis

(3) - cpu time: transient analysis
(l0) - no. iter: transient analysis
(l11) - cpu time: print/plot generation

(20) = NSTOP
(21) - no. matrix terms before REORDR
(22) - no. matrix terms after REORDR

(23) - no. of fillin matrix terms
(26) - “operation count” for matrix
(27) - percent sparsity of matrix
IWIDTH input line width
LWIDTH output line width
NOPAGE nonzero => inhibit page ejects for suptitles
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13.4.4 LINE

This COMMON-plock contains variaoles pertaining to the next

input line to be scanned.

pame description

ACHAR input character (in 1lH format)

AFIELD() next input line (in A8 format)

OLDLIN() previous input line (in a8 format)

KNTRC column numper in current input line
KNTLIMN last column to scan in current input line
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13.4.5 CIRDAT

This COMMON-pDlock contains miscellaneous circuit data.

name description

LOCATE() LOCATE(n) points to the first element with ID = n
(in taple IELMNT)

JELCNT () JELCNT(n) is the numoer of elements with ID = n

NUNODS number of user nodes (in nominal input circuit)

NClIODS number of circuit nodes (after subckt expansion)

NUMNOD total circuit nodes (including nodes added for
extrinsic resistances in device models)

NSTOP? numper of circuit equations

NUT number of nonzero terms in upper triangle

NLT numper of nonzero terms in lower triangle

NATRI size of LX0 taple

NDIST size of LDO table

NTLIN size of LTD taple

IBR temporary variable: next equation number available
for element currents

NUMVS numpber of voltage-adefined elements

(inductors, (in)dependent voltage sources,
and transmission lines)
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13.4.6 MOSARG

This COlMON-block contains the mosfet device parameters used

in subroutines MOSEWUN and MOSCAP.

name description

GAMMA gamma

BZTA K’

VTO zero-bias threshold voltage
PHI inversion potential

COoX tnin-oxide capacitance

VB3I puilt-in voltage

ANFS fast surface state density
XNSU3 effective substrate doping
XD depletion-layer-width constant
XJ metallurgical junction aqepth
XL channel lengtn

XLAMDA lampda

JUTRA mopility transfield factor
UEXP mobility exjponent

vBP voltage at which mooility begins to degrade
VON threshold voltage

VDSAT saturation voltage

G d(id)/d(vygs)

GMBS d(id)/d(vos)

GDS d(id)/d(vds)

CDRAIN drain current (id)
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13.4.7 STATUS

This COMMON-Dlock contains variables which determine the

program analysis status.

i , .
OMEGA 2 * PI * FRED

TIME simulation time

DELTA current timestep

DELOLD() previous timesteps

aAG () truncation-error estimation coefficients

VT thermal voltage (=K*7T/Q or BOLTZ*TEMP/CHARGE)
XNI intrinsic carrier concentration

EGFEZT energy gap for mosfets

MODEZ analysis mode:

l = dc analysis (subtype MODEDC)
2 - transient analysis

3 = ac analysis

MODEDC dc analysis type:
1 = dc operating point
2 = initial transient point
3 - dc transfer curve

ICALC number of output sweep points

INITF analysis state within iteration for given sweep point:
1l - converge with ‘off’ devices floating
2 = initialize junction voltages
3 - converge with ‘off’ devices held off
4 - store small-signal parameters
S5 = first timepoint ia transient analysis
6 = <first iteration of sweep point:

predict junction voltages

METHOD numerical integration method flag:
l - trapezoidal
2 = Gear

IORD integration orader

v1AXORD maximumm integration order

NONCOW numper of nonconvergent branches

ITERWNO iteration numoer for current sweep point

ITENNO temperature numper

NOSOLV 1l => "use initial conditions" (UIC) specified

for transient analysis

-yl-



SPICE2 REPORT

13.4.8 FLAGS

LABELED-COMiMOl VARIABLES /FLAGS/

This COidMON-plock contains miscellaneous output and error

flags.

pame

IPRNTA
IPRHTL
IPRNTHM
IPRNTN
IPRNTO
LIMTIM
LIAPTS
LVLCOD

LVLTIw

ITL1
ITLZ2
ITL3
ITLA4
ITLS
IGOCOF
NOGO
KEOF

; o

nonzero => print accounting information
nonzero => print circuit summary list
nonzero => print device model summary
nonzeroc => print node tapie
nonzero => print options
seconds of cpu time to reserve for output
maximum numper of sweep points
macnine coae flag:

1l = no machine code

2 = generate and execute machine code

to soive the circuit eguations

timestep determination algorithm flag:

i = iteration count

2 = truncation-error estimation
iteration limit: dc operating point
iteration limit: per point of ac transtfer curve
lower transient analysis limit (if LVLTId = 1)
upper transient analysis limit
iteration limit for entire transient analysis
local error flag
global error flag (error if nonzero)
nonzero => end-of-file on input
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13.4.9 KNSTHT

This COMMON-block contains various execution-time constants.

name description

TWOPI 2 * PI

ALOG2 in(2)

XLOG10 ln(10)

ROOT2 sgrt(2)

RAD 1l radian, in degrees (360/TWOPI)

BOLTZ Boltzmann’s constant

CHARGE electronic charge

CTOK Kelvin temperature equivalent to 0 Centigrade
GIN minimum pranch conductance

RELTOL relative convergence tolerance

ABSTOL absoiute current convergence tolerance
VNTOL absolute voltage convergence tolerance
TRTQL truncation-error estimation tolerance
CHGTOL charge error tolerance

EPSO permittivity of free space

EPSSIL permittivity of silicon

EPSOX permittivity of silicon dioxide
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13.4.10 DC

This COWMON=-plocKk contains variaples pertinent to the dac¢

analyses.

name description
TCSTAR start value for dc transfer curve
TCSTOP final value for dc transfer curve
TCINCR increment for dc¢ transfer curve
ICVFLG numper of dc transfer curve sweep points
(0 => no dc transfer curve reguested)
ITCELH pointer to source to be swept
KS350P nonzero => dc¢ operating point must pe computed

(small-signal transfer function and/or dc sensi-
tivity analyses requested)

KINZL small-signal transfer function analysis flag:
0 - no small-signal transfer function
>0 = pointer tc input source
KIDIN ID of element pointed to by KIWEL
KOVAR pointer to output variaole for small-signal
transfer function analysis
KIDQOUT <unused>
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13.4.11 AC

This COMMON-0locKk contains variables pertinent to the ac

analyses.

. .
FSTART starting frequency for ac analysis

FSTOP final frequency for ac analyc:

FINCR if freguency sweep is linear, FINCR is an

additive constant.
if frequency sweep is logarithmic (octave/decade),
FINCR is a multiplicative constant.

SKwW2 ac distortion analysis: sxw2
REFPRL ac distortion analysis: reference power level
SPW2 ac distortion analysis: spw2
JACFLG numper of ac sweep points (0 => no
ac analysis regquested)
IDFREQ type of fregquency sweep:
1 - decade
2 = octave
3 - linear
INQISE nonzero => perform noise analysis
NOSPRT noise summary interval: every NOSPRT sweep
points, a noise summary is printed
NOSOUT pcinter to noise analysis output variable
WOSIN Pointer to noise analysis input source
IDIST distortion analysis flag:
0 = no distortion analysis
>0 - pointer to distortion load resistor
IDPRT distortion summary interval: every IDPRT sweep

points, a distortion summary is printed
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13.4.12 TRAU

This COrlidON-plock contains variables pertinent to tne tran-

sient analysis.

pame description

TSTEP transient analysis print interval

TSTCP final simulation time for transient analysis

TSTART time at which to beyin saving outputs

DELMAX maximum value for DELTA (timestep)

TDAX maximum delay for delayed-value elements
(transmission lines)

FORFRE Fourier analysis frequency :

JTRFLG numper of transient output points

(0 => no transient analysis reguested)
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13.4.13 OUTINF

This COMMON-pDlock contains variables used in the generation

of output.

name description
STRING() scratch line buffer used in generating output
YVAR () output values for one line
ASTART starting x-value for output
XINCR increment to get next x-value for output
ITAB() pointers to output variaple definitions
ITYPE() typ() values for output variapies
ILOGY () logarithmic plot flag:

l - not logarithmic

2 = logarithmic
JPOINT number of output points
NUMOUT numper of output for current analysis moge
KNTR temporary output variable counter
WUMDGT numper of significant digits to use for

tabular output variable listing
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13.4.14 CJE

This COultloN=-plocx contains varianles descripiny the current

Job environment. Its contents are set by suproutine GETCJE.

name description

JOBHAM <unused>

USRID1 <unused>

JSRID2 <unuseg>

JIAXTAP <unused>

ITAPE <unused>

HAXECS <unused>

IECS <unused>

MAXIMEH maximum amount of memory availaole to SPICE
IHEM <unused>

MAXLIN <unused>

ILINES numper of output lines generated
rIAXPCH <unused>

IPUNCH <unused>

MAXTIHM cpu time limit (in milliseconds)
ITIME elapsed cpu time (in milliseconds)
HAXPPU <unused>

IpPU <unused>

IEFTIM <unused>

ISPTIi <unused>

MAXDLR <unused>

ICQST cost of joo, excluding lines printed (in cents)
KCJEX () <unused>
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13.4.15 BLAJK

This COlMON=-plock contains the array into which all dynamic

memory allocation is made.

name description

VALUE() glooal dynamically-managed allocation array
NODPLC () VALUE-equivalence for integer values

CVALUE () VALUE-equivalence for complex values
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13.5 MOSFET Eguations

The MOSFET model in SPICE2 is based on three independent
variables: VGS, VDS, and VBS. Variables used in the model egua-

tions are defined at the end of this section-.

Channel modulation:
Leff = LO0*(l-Lambda*VDSs)
Mobility variation:
Ueff = UO* (Vbp/(Vgst-UTRA*VDS)) “UEXP

for (VGS-VTO-UTRA*VDS) > Vbp
(otherwise, Ueff = U0)

Two-dimensional bodv effect:
Gammad = Gamma*(1-Gl)
Gl = X3*(sgrt(l+2*W/Xj)=-1)/L0
W = Xd*sgr+ (PHIs-VBS)
Saguration voltage:
Védsat = VGS-Vbi+0.5*Gammad~2*Vl
vl = l-sgrt(l+4*(VGS-Vfpb-VBS)/Gammad~2))

Drain current:

Subthreshold region

Id = Beta*(Fl-2*Gammad*F2/3)*exp(VGS-VOW)/VFACT
VON = Vbi+Gammad*sgqrt (PHIs-VBS)
+k*T/g* (l+g*Nfs/Cox+Gamma/2*1l/sqQqrt (PHIs-VBS))
F2 = (PHIS+VSATON-VBS)~(3/2)=-(PHIs-VBS)~ (3/2)
VFACT = VON-Vbi-VSATON/2-(2/3)*Gammad/VSATON*F2
Fl = (VON-Vbi-VSATON/2)*VSATON
VSATON = minimum(VDS, Vdsat at VGS = VON)
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Linear region

1d = Beta*(F1l-2*Gammad*F2/3)

Beta = Kp*(Ueff/U0)*(LO/Leff)

Kp = UO*Cox*W/LO

Fl = (VGS-Vbi-VDS/2)*VDS

F2 = (PHIs+VDS-VBS)"(3/2)-(PHIs-VBS)~(3/2)

Saturation region

As in linear, with "VDS" replaced by "VDSAT".

Capacjitance:
CBD = CBD(0)/(1-VBD/PB)~0.5 for VBD < FC*PB
= linear extrapolation for VBD > FC*PB
CBS = same eguation as CBD
CGB = overlap capacitance (from geometry) + Cl(Cox)
Cl(Cox)= constant W*L*Cox for VGS < VTO-PHIs
= linear ramp to 0 for VITO-PHIs < VGS < VTO
= 0 for VGS > VTO
CGSs = overlap capacitance (from geometry) + C2(Cox)
C2(Cox)= constant 0 for VGS < VTO-PHIs/2
= linear ramp to (2/3)*Cox for VTO-PHIs/2 < VGS < VTO
= constant (2/3)*Cox for VTO < VGS < VTO+VDS
= (2/3)*Cox*(1-(VGS-VTO-VDS)"2/(2*(VGS=VTO)=-VDS)"2)
for VGS > VT+VDS
CGD = constant 0 for VGS < VT+VDS
= (2/3)*Cox*(1-(VGS-VTO)~"2/(2*(VGS-VT0)-VDS)"2)
for VGS > VT+VDS
Variable definitions:
Gamma = model parameter

if not specified and NSUB is nonzero,
Gamma is computed using the expression

Gamma Xd*sgrt (Vx+sgrt(1+vx~2))/(LO*VDS)
where

Vx (VDS-Vdsat)/4
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Xd

PHIs

VEb

Vbi

MODEL EQUATIONS

depletion constant (sgrt(2*EPSSIL/Q*NSUB))
surface potential = 2*PHIE

PHIms - Uss/Cox

Vib + PHIs

electronic charge

Boltzmann’s constant

temperature (in degrees Kelvin)
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13.6 Element Load Templates

This section describes the various element "stamps" or loca-
tions in the <circuit equation coefficient matrix to which dif-
ferent elements add. The notation used pelow is descriped in the
following figure:

ni the i°th element nnde

i(elt) the eguation added to the sodified ilodal equations to

solve for the current in element “elt"

Al) the Modified Nodal coefficient matrix
B() the right-hand sice for the set of circuit equations

13.6.1 Resistor

A{nl,nl) = A(nl,nl) + 1/R
A(nl,n2) = A(nl:,n2) - 1/R
A{n2,nl) = A(n2,nl) - 1/R
A(n2,n2) = A(n2,n2) + 1/R

13.6.2 Capacitor

A(nl,nl) = A(nl,nl) + C/h (h = timestep:; infinity for dc)
A(nl,n2) = A(nl,n2) - C/h (note: conductance depends upon
A(n2,nl) = A(n2,nl) - C/h the integration method)
A(n2.n2) = A(n2,n2) + C/n

B(nl) = B(nl) 4+ C/h*V(C) (V(C) = voltage across C)

B(n2) = B(n2) - C/h*V(C)

13-.6.3 Inductor

A(nl 'l(L)) = +]

A(n2 ,i{(L)) = -1

A(i(L), nl) = +1

A(l(L)l n2) = -1

A(i(l).,1i(l1)) = =-L/h (h = timestep; infinity for dc)
B(i(L)) = B8(i(L)) - L/nh*I(L) (I(L) = current through L)
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l13.6.4 Voltage-controlled Current Source

A(nl,ncl) = A(nl,ncl) + gm
A(nl.,nc2) = A(nl.nc2) = gm
A(n2.,ncl) = A(n2,ncl) - gm
Aa{n2.,nc2) = A(n2,nc2) + gm

(gm = d(source)/d(controlling nodes (ncl,nc2))

-

13.6.5 Voltage-controllea Voltage Source

Al nl,i(E)) = +1
A n2.i(E)) = =]
A(i(E)s nl) = +1
A{i(E), n2) = -1
A(i(E)s ncl) = =-Av
A(i(E), nc2) = +Av

(Av = d(source)/d(controlling voltage (ncl.,ncl)))

13.6.6 Current-controlled Current Source

A(nl.i(ve))
A(nZ:i(VC))

+Al
-Al

(Ve voltage source through which controlling
current flows:;

Ai = d(source)/d(controlling current i(Vv)))

13.6.7 Current-controlled Voltage Source

A( nl, i(H)) = +1
A( n2, 1(8)) = =1
A(1(H), nl) = +1
A(i(H), nz2) = -1
A(i(H),1(vec)) = R

(R = d(source)/d(current flowing in VvVe))
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13.0.8 Independent Voltage Source

A( nl,i(V))
A( n2,i(Vv))
A(i(V), nl)
A(i(V).i(V))

A( n2,i(v))
Ali(V), nl)
A{i(V), n2)
A(i(Vv),i(Vv))

+ 0+ 0+
e

B(i(v)) =V

13.6.9 Independent Current Source

B(nl) = B(nl) -1
B(n2) = B(n2) + 1
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13.7 Potential Conversion Problems

13.7.1 Call-pby-address

An implicit assumption in the design of the memory manage-
ment package in SPICE2 is that it is possible to change the value
of some variable given its “address“. The (U.C. Computer Center)
system tfunction LOCF is used for that purpose: it takes a single
argument, and returns the address of the argument. Prodlems ar-
ise 1if the FORTRAN compiler uses call-py-value instead of call-
by-address, since in that event calls to LOCF will always return

the address of the local copy of the passed parameter.

13.7.2 Dynamic Region Size

SPICE2 is written so as to take advantage of the possibility
of dynamically changing its region size (the number of words of
meﬁory allocated to the 3Joo oy the operating systein). This
dynamic region variation 1s achievea oy using “illegal"™ suo-
scriptsAin the array VALUE to reference memory abcove (higher-
addressed than) the last word of code for the program. Thus, py
changing the number of words allocated tc the joostep, the size
of VALUE can pe effectively varied. ‘

I dynamic region variation is either not desirable or im-

possible, one may simply declare
DIMENSION VALUE(50000Q)

and live with a fixed-size maximum amount of available space,

with corresponding waste for small-sized circuits.
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13.7.3 Characters-per-word
SPICEZ2 assumes 8 characters per real-valued variaple. This
assumption is "wired" into the code in many places; fortunately.

it is a reasonable assumption for most large computers.

-

13.7.4 Words-per-real=-value

SPICE2 was originally written for the CDC 6400 computer =
which has 60-bit words. As a result. only one word is used both
for integer and real values. However, since more than 48 pits of
floating-point precision are necessary for accurate solutions of
medium-sized circuits, most non-CDC computers reguire that
floating-point vafiables pe typed "DOUBLE PRECISION" (or
"REAL*8"). This causes proolems in SPICE bpecause the memory
manager allocates space 1in terms of "words” instead of “"some
numper of integers/reals” (which would pe more machine indepen-
dent). Changes in SPICEZ2 to solve this proplem for a specific
computer are extensive Dpecause modifications must Dpe made

throughout the program.

13.7.5 Array subscripts

As mentioned above, SPICEZ2 achieves its dynamic region size
variation, together with dynamic memory allocation, by using
*illegal"” (in a strict ANSI FORTRAN sense) supbscripts. There are
two ways to resolve this problem on computers which check array
supscripts. ©One may locate the origin of the /BLANK/ COMMON=-
block at the end of all executed code for SPICE2, (in which case
the dynamic region-size capapility may oe used)-. Alternatively.,

one can simply declare VALUE to be of size 25000 (or some other
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large numper) and dispense with dynamic region-size variations

(and put up with the wasted memory in which this method results).
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13.8 Program Listing

Persons who wish to ootain the SPICEZ program should regquest
the wupdated version from the Electronics Research Laboratory,
University of California, Berkeley, California 94720. The La-
boratory <charges only a nominal nandling charge for any of the

programs that it has availaple.
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