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SPICE2 REPORT INTRODUCTIOl~ IC DESIGN 

l Introduction 

The design of high-performance integrated circu~ts 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 4lso be 

ruled out because of the high cost - typically, six man-months 

and $25000. 

As a result of these considerations, the semiconductor in­

dustry bas 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 de operating 

point, nonlinear transient, small-signal frequency-domain, noise, 

harmonic distortion, and de sensitivities. 

This report describes the internal design of the SPICE2 pro­

gram (the fundamental theory and algorithms are described in 

[lJ ). Chapter 2 describes the dynamic memory allocation tech­

nique 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 CQlolMON variaDles, and a 

program listing. 
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2 Data Management 

2.1 Description of Data 

As execution proceeds, SPICE requires storage for many d~f­

ferent data blocks. Memory must be allocated to hold the circuit 

description, the linearized circuit equations, 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 

SPICE1 solved this storage problem by allocating a fixed 

amount of storage in FORT~~ COMMON-blocks !or each of a fixed 

number of data blocks; for example, space for 400 nodes and 25 

device models was reserved. This approach had the advantages of 

simplicity and efficiency, but it suffered from one drawback: 

storage -reserved for one type of data could not be used for 

another data type. Thus, a 75-node circuit whose description re­

quired 26 device models would "overflow memory", even though the 

total memory available was sufficient. 

2.3 Design Considerations 

There were four principal considerations in the design of 

the memory allocation package in SPICE2· First of all, the im­

plementation language had to be FORT~~ - no other language suit­

able for scientific computation was (or is) as widely available 

on as many different computers. This consideration required that 

-2-
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the memory to be managed had to consist of a single FORTR&~ ar-

ray: this array is called "VALUE" in SPICE2· 

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): 

DIMENSIOH A(lOOO) 

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

CALL DOIT(A(l),I,A(l+I),J,A(l+I+J),K} 

END 

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

••• all real computation performed nere 

RETURN 
END 

The third consideration was that more than two blocks could 

be varying in size at the same time. At first, the pattern of 

memory usage in SPICE2 permitted memory to be managed as a last-

in-first-out (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. Subsequent enhancements to SPICE2 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 ma.nag~r· 

2.4 Management System Description 

2.4.1 Definitions 

The memory manager in SPICE controls •ta~les" using "table 

pointers". A "table" is a contiguous block of memory~ a "table 

pointer" is a variable which serves both to identify a block (to 

serve as the block •name") and to indicate the block origin in 

memory. As an example, consider a taole of 100 words with table 

pointer •LTAB"· In SPICE2, the global allocation array is named 

•vALuE•: the contents of table "LTAB" would De accessed as 

VALUE(LTAB+l) through VALUE(LTAB+lOO), regardless of where in 

VALUE the table happened to be at any given moment. 

2. 4. 2 Memory l1anager 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: 

entry(argume~Ul 

SETMEM ( IFAMWA l 

GETMEM(P,S) 

RELMEH(P,S) 

description 

initializes the memory manager: the 
dynamicQlly-managed memory starts at 
(absolute) addreas IFAMWA 

makes a new managed table- P is the 
table pointer for this new table; the 
size of the new table is s words. 

reduces by S words the size of the 

-4-
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EXT!"iE!-! ( P, S ) 

s I z i·l;:; !vJ ( p I s ) 

CLRMEH(P) 

PTRMEM(Pl,P2) 

CRUNCH 

DATA i-iANAGEMENT SYSTE~ DESCRIPTION 

table pointed to ~Y table pointer p. 

extends by S words the size of the 
table pointed to by table pointer p. 

sets S to the size (in words) of the. 
table pointed to by table pointer p. 

destroys the table pointed to by 
table pointer p. 

changes the table pointer for the 
table pointed to by table pointer Pl 
to .be P2· 

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: 

l 
2 
3 
4 

contents 

table origin (array subscript) 
allocated table size (in words) 
requested block size (in words) 
address of table pointer 

The memory manager uses the redunnant 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 •requ~sted 

size•. The memory manager assumes that arguments are passed "by 

address• since it uses the address of the table pointer to update 

its value should the table 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 of •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 block, but more tnan requested). Therefore the 

•insufficient memoryw test is a simple check of MEMAVL· 

The algorithm to extend a table is the following: 

if (required size > allocated size) 
{ if (insufficient memory) get more memory: 

call COMPRS to move tables below the table 
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 taDle 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 be to extend the same table 

again· Note that neither dlgorithm changes the origin of the 

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

troyed). 

-6-
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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 oegins after the longest overlay (as indicated oelow). 

SPICE overlay root 

. . ........................................................... 
READ IN ERRCHK : SETUP : DCTRAN : DCOP : ACAN : OVTPVT : 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . .......... . . . ...... . 

. . . . ........................................................... 
:<-IFAMWA 

DYNAMICALLY-MANAGED MEMORY (COL-1io10N-block /BLANK/) 

: · · · • • • • • · • • • • • • · • • • • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • • ····:<-I CORE 

The variaoles 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. 

-7-
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4 Overlay Root 

The SPICE overlay root drives the rest of the program, cal-

ling the first-level overlays to process the circuit description, 

analyze the circuit, and output the simulation results. The root 

consists of the main program together with routines TITLE, SET-

MEM, COL1PRS, MEMPTR, DMPi-fEM, TMPUPO, MAGPHS, XOR, OUTNAM, ALFNUM, 

FIND, MEl.•WRY, DCDCi"iP, DCSOL, HOVE, COPY, and ZERO. The main loop 

is described in the following figure: 

initialize~ 
while (.not. end-of-input) 
{ call READIN; call ERRCHK~ call SETUP; 

repeat 
{ TEMP • next analysis temperature; call TMPUPD; 

i£ Cdc transfer curves requested) 
{ MODE ... l: MODEDC • 3: 

ca 11 DCTRk.'J; call OVTPVT; } 
if (de operating point or ac analysis requested) 

{ HODE liZ l ; MODEDC c l; 
call OCT RAN; call DCOP; } 

if (ac analysis requested) 
{ MODE = 3; call ACA.N; call OVTPVT; } 

if (transient analysis requested) 
{ MODE -l ; MODEDC = 2: 

call DCTRAN: call DCOP; 
MODE - 2; 
call DCTRAN; call OVTPVT; } 

} 
until (no more analysis temperatures); 

} 
stop 

The READIN overlay reads input until either a line contain-

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 COMI~ON to indi-

cate what analyses were requested. In the ERRCHK overlay, SPICE 

expands the su~circuit calls, 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 manipulate the sparse equation coeffi-

cient matrix in both the DCTRAN and ACAN analysis overlays. This 

overlay also generates the machine code which is executed to 

solve the circuit equations. 

The main analysis loop consists of the •repeat• loop in the 

above figure. For each analysis temperature, it checks succes-

sively for a de transfer curve analysis, an de operating-point 

analysis, an ac (small-signal) analysis, and a transient (large-

signal) analysis. The de operating-point analysis is always per-

formed if an ac small-signal analysis is requested because SPICE 

requires the small-signal equivalent models for the nonlinear 

elements in order to perform the ac analysis. 

The DCTRAN overlay performs the de transfer curve, de 

operating-point, transient initial-condition, and transient ana-

lyses. Exactly which of these analyses it performs is determined 

by the values of the COMHON variables MODE and l-!ODEDC. The ACA.I.~ 

overlay performs the ac analysis. Finally, the OVTPVT overlay 

gene~ates the tabular 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 Bare array names): 

-9-
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~(arguments) description 

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

COP:t4(A,B,N) 

COPYtl(A,B,N) 

COPY16(A,B,N) 

ZER08(A,N) 

ZEROl6(A,N} 

moves N integers from A to B: if A and a 
overlap in memory - for example, if 
B is really A(lO), 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(), out for complex variaoles 

zeroes A(l) - A(N) integers 

ZER04(), but for real variaoles 

ZER04(), but for complex variables 

-10-
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5 Readin Overlay 

The READIN overlay performs 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 COl.U-iON 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: 

} 

•. ENDS": 
•. MODEL": 

., ·END": 
·.suscKT'": 

other .... line: 

call CARD; 
} until (end-of-file found); 
exit: 

5.1 Scanning 

5 ol ol Rea din 

process in READIN; 
process in READIN; 
process in READIN: 
exit; 
process in READIN; 
call RUNCON; 

The READIN subroutine 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-

put element. Analysis and output directives are processed by 

RUNCON. 

-11-
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5.1.2 Card 

Subroutine CARD is called DY 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 (unscanned except for 

the initial '+' check) in the array AFIELD (in co~~ON-block 

LINE). 

Each logical input line is parsed into a set of "numbers" 

and •names". A field is assumed to be a •name" if it begins with 

either an alphabetic character or a period {"."} followed by an 

alphabetic character. A field is a "number" if it begins with 

either a digit (0-9} or a period (".") followed DY a digit. 

Fields are delimited by any character in the set <• ", • • , , ·=·, 
•c•, •)•}: in the present version, all delimiters are equivalent 

except with processing output variable definitions (see 

subroutine OUTDEF). The results of the scan are stored in the 

tables IFIELO, ICODE, IDELIM, and ICOLUM, all of which track with 

each field of the line (the first word of each of the tables 

refers to the first field, the second word for the second field, 

etc.). The entry in ICODE is +1, O, or -1 to indicate •name", 

•number", and end-of-line. The IFIELD entries are either a 

floating-point nu~er or a name stored in SH format (left-

justified, blan~-filled to a characters). The IDELIM table con-

tains the field delimiter character. Finally, the ICOLUM table 

contains the column number at which the field Degan in the input 

line. 
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5.1.3 Runcon 

T~e RUNCON subroutine processes run control lines - for ex-

ample, a •.TR~~N card indicating that a transient analysis is to 

be done. It sets the pertinent flags in co~~ON to indicate which 

analyses SPICE is to perform (see Section 13.4 for a description 

of the CO!-ilwlON 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 be found. It has 

four parameters, described in the following: 

Qgr,pmeter 

ANAME 
ID 
LOC 
I FORCE 

description 

name of list element 
number of list to search 
set by FIND to location of element 
l => element must not already exist 

If NSBCKT is nonzero, a subcircuit definition is being read. 

In that event, FIND searches the current suDcircuit definition 

list (pointed to by the subcircuit whose definition is pointed ·to 

by NODPLC(ISBCKT+NSSCKT)) 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 IELl>h'iT. The LOCATE array (in COtviHON-block 

CIRDAT) contains pointers (subscripts to the NODPLC array) to the 
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beginning of each list. By convention, the integer- and real­

valued data are accessed using separate suDscripts for the 

(equivalenced) arrays NODPLC and VALUE. Each list entry contains 

a •next-pointer• which is the NODPLC-subscript of the next list 

element (zero if none). Each entry also contains a VALUE­

su~script (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 l3.2. 

5.2.2 Analyses and Outputs 

SPICE2 performs three principal analyses: de, ac, and tran­

sient. For each of these analyses, a separate co~~ON-block is 

used to store pertinent information. For example, COMMON-block 

!TRANI contains variables TSTEP, TSTOP, and TSTART, which are set 

to the print-step, final simulation time, and starting simulation 

time, respectively. A detailed description of the COL1HON­

variables is contained ~n Section 13.4. 

Analysis output variables are stored in table LOUTPT as 

analysis proceeds. After each sweep poir.t (of some source (de), 

:requence (ac), or time (transient)) is solved, tne LOUT?T table 

is extended and the values of the output variaDles at that point 

stored away. The variable ISE~ (see Section l3·2-24) contains 

the offset for the 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 

taDle is necessary. The output variaole definitions themselves 
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are also stored in linked-list form in table IEL~~T (with ID=41 

through 45). 

5.3 Subcircuit Structures 

During READIN, each subcircuit definition is stored as a 

linked list of elements and device models. The •subckt info" 

field in each element of a subcircuit definition list contains 

the element ID· Subcircuits 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 line 

Ql l 2 3 MODA 

is read as part of a subcircuit definition, SPICE does not in 

general know 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 solve this problem 
\ 

correctly, an "unsatisfied name" table, IUNSAT, was added: this 

table contains all the names (such as •MODA•). During READIN, 

the various element definit~ons contain pointers into the IU~SAT 

table. Proper resolution of name references is made in 

subroutine LNKREF (in the £RRCHK 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 some element may be read be-

fore the element definition itself· An example of this situation 

is shown below: 

.oc VIN 0 5 .5 
(other input} 

VIN 4 0 PULSE(O 5) 

When the ".oc• line is read, FIND is called with the •force-

action• parameter IFORCE set to o. The effect of this call is to 

add an wundefined but referenced" element with name •vrNR to the 

circuit· For such a case, subroutine FIND sets the (LOC + 2)th 

(Properly 

speaking, the IU~~SAT 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.) 

-16-



SPICE2 REPORT ER.RCHK OVERLAY INTRODUCTION 

6 Errchk Overlay 

The ERRCHK overlay finishes the processing of input data and 

performs miscellaneous error checking. The overlay consLsts of 
' 

the routines ERRCHK, SHLSRT, PUTNOD, GETNOD, SUBCKT, FNDN&~, 

NEWNOD, ADDELT, CPYTAB, LNKREF, SUBNAM, ELPRNT, MODCHK, and 

TOPCHK· A flowchart describing the actions of this overlay fol-

lows: 

check forward references~ 
generate com~act node set; 
call SU8CKT to expand su~circuit 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; 
sequence 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 sequence 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 

number 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. 
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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 requires a compact, consecutive set of node 

numbers, ERRCHK 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(JUNODE+NODPLC(LOC+2)) contains the 

input node number. 

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=l9 list. Furthermore, before subcircuit expansion is per­

formed, the initial compact node set has been constructed, so 

that all user 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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Xl 1 2 3 SUB! 
.suaCKT SJ31 17 15 23 
Q 1 1 7 3 1 5 \.lt·lOD 
.MODEL QMOD37 N?N() 
J2 23 17 6 UMOD37 
R12J 3 6 lK 
Xl 17 .23 67 SU.a.2 
. ElWS SUBl 

.MODEL QWOD37 PHP() 
W5 1 17 45 Q~OD37 

.SUBCIRCuiT EXPAlJSIOl~ 

iJote that Qi-IOD, the device model for SU;:)Circui t element Ql, 

is not defined within the su~circuit. S?ICE2 will search enclos-

ing subcircuit definitions (if any), and then the nominal circuit 

description, for that device model definition. Note that 

although QMOD37 is defined ooth within the subcircuit definition 

and outside that definition, the transistor 0.2 within the suocir-

cu~t will use the dev~ce moael def~nition contained within the 

suocircuit, and trans~stor Q5 will not. (For transistor QS, 

SPICE2 will try to find a device moael Q~OU37 which is defined in 

an outer, enclosing suocircuit definition (if any) or within the 

nominal c~rcuit description.) 

The actual ex~ansion algorithm used ~n subroutine SU3CKT ~s 

a.s follows: 
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LOCX • LOCAT£{19): (pointer to first subckt call) 
while (LOCX is nonzero) 
{ call FNDNAM to determine subcircuit: 

check for recursive definition: 

} 

LOC = first su~circuit element: 
while (LOC is nonzero) 
{ call FIND to add element space: 

set •subckt info• appropriately: 
call ADOELT to add element data: 
LOC • pointer to next suDckt element: 

} 
LOCX • pointer to next x-element: 

Subcircuits are e~~anded •top-down• since any ·x-element• within 

a subcircuit definition being expanded will be added to the end 

of the subcircuit 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 result of a previous expansion of that 

subcircuit· The test is simplified by the fact that •subckt in-

fo• for the •x-elernert• 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 

na~ing conflict is possible at this point in execution. There-

fore, a unique •element name• is constructed from the number of 

elements of the type being added. 

The FNDNAM subroutine determ1nes what element is meant by 

some name in the IU~SAT table (see Section 5.3). The routine 

first searches the subcircuit expansion list (which is ootained 

from the •subckt infoN word of each list entry) in reverse order. 

If no match is found, FHONAM then searches the nominal circuit 

description list. 
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6.4 IU~SAT Resolution 

After suocircuit expansion, "unsa ti sf i ed" name references 

must oe resolved oefore the corn~lete 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 

Beiore printing the circuit summary, the ERRCHK suoroutine 

first makes a pass through the independent sources, setting de­

fault function values. Then subroutine ELPR~T is called, which 

prints out a summary of the circuit elements. 

To print out the device model summary, suoroutine MODCHK is 

called. It first assigns default model parameters from the de­

fault parameter list DEFVAL· The device models are then printed. 

After printing the parameter values, MODCHK performs one-time 

model parameter com~utations, such as replacing resistances by 

conauctances (details regarding the pre-processing are contained 

in Sections 13-2-18 - 13-2.21)· Finally, MODCHK yenerates addi­

tional node numoers for those nodes adaed to accommodate nonzero 

device model resistors. 

6.6 Node Table I Topology check 

Subroutine TOPCHK is called by ERRCHK 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 ta~le is constructed using ta:Cles I UR, I TABLE, ana 

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 !TABLE· After the tables 

have been constructed, the elements connected to node number i~ 

are pointed to by 

NOD?LC(ITABLE+NODPLC(IUR+N)) 
through 

~ODPLC(ITABLE+NODPLC(IUR+N+l)-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 wh~ch could cause an unnecessary reduction 

in the timestep in order to find the exact transition time. To 

overcome this problem, ERRCHK generates a •oreakpoint• table, 

LSBKPT, which contains a sorted list of all the transition points 

of the independent sources. During trans1ent analysis, whenever 

the next timepoint is sufficiently close to one of the break-

points, the timestep is adJUSted so that the ~rogram 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 equation matrix used in all of the ana-

lyses. The overlay consists of routines SETUP, MATPTR, RESERV, 

REORDR, MATLOC, INDEX, CODGEN, and lUNS. A flowchart of this 

overlay follows: 

NSTOP = number of equations: 
call ~ATPTR to establish matrix structure; 
call REORDR to reorder equations for sparsity: 
call MATLOC to store matrix locations; 
if (machine code requested) 

call CODGEN to perform code generation: 

The subroutines MATPTR, REORDR, and MATLOC respectively es-

tablish the equation matrix structure, reorder the equations to 

maximize sparsity, an~ store the matrix pointers for each circuit 

element. The CODGEN subroutine generates machine instructions to 

solve the set of equations. 

7-l Matrix Structure 

The equation matrix is very sparse - typically, over 85\ 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 oe-

ginning of a linked list, each of whose entries records the 

numoer of some nonzero column in the i'th row. The linked list 

entries themselves are stored at the end of the NUMOFF table. 
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The auxiliary tables used are NDIAG, NUMOFF, and NMOFFC· The 

NDIAG table records whether or not the diagonal matrix elements 

are nonzero, the first N words of the NUMOFF table record the 

number of nonzero columns in each row of the matrix, and the 

NMOFFC table contains the number of nonzero rows ~n 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 is 

not desirable for analysis (given that SPICE2 does not use pivot­

ing) since such a structure increases both memory and cpu re­

quirements.. Because of these considerations, after the final ma­

trix structure h~s been established, SPICE generates a compact 

matrix pointer system. 

The compact pointer system divides the equation 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 rue 

are used. Consider the i'th row of the equation matrix; let 

Il = NODP~C(IUR+i) and let 12 = NODPLC(IUR+i+l)-l. Then the 

numoers of the nonzero columns in the upper-trian9ular part of 

the i'th row are stored in NODPLC(IUC+Il) through NODPLC(IUC+I2). 

(If Il>I2 then there are no such columns.) The actual matrix en­

tries are stored in taDle LVN •in parallel• to the rue table. In 

other words, having found the offset within the rue table for 

some (i,J) matrix element, than the actual locQtion ~ithin the 

compressed matrix stora;e of the element value is 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· 

1.2 Row-Swap 

SPICE2 uses the Modified Nodal formulation [3], [41 to con-

struct the set of equations describing the input circuit· 

Although that set of equations is nonsingula for any circuit 

satisfying the topological constraints mentioned in Section 6.6, 

problems may still arise when no provision for pivoting is incor-

porated in the program. These problems arise because the sunset 

of equations added to solve 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 is not arbitrary if there are trees of voltage-defined 

elements. The algorithm used in SPICE to decide on the order of 

row-swaps is the following: 

Tables already constructed: 
NODEVS: # of voltage-defined elements connected to node 
NDIAG: nonzero if conductance connected to node 
ISEJ: vector of pointers to all voltage-defined elements 

let NUMVDE = I of voltage-defined elements 
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for (I B 1 to NUMVDE) 
{ FOU~D K .• 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(NOOE) • 0) go to swap: 
FOUND • .true.: save J: 

if (FOUND = .false.) 

ROW-SWAP 

{ abort - voltage-defined element loop exists } 
swap: . 

exchange rows for element indicated DY J: 
delete element from ISEQ table: 

} 

7.3 Reorder 

As previously noted, the typical equation matrix is very 

sparse. Howver, the order in which unknowns are solved can have 

a considerable effect on sparsity due to the generation and pro-

pa;ation of •fill-in• terms (zero matrix entries which become 

nonzero during the LU decomposition). Various algorithms to de-

cide on. the order of variable elimination have been proposed 

(Barry [5], Markowitz [5], Nakhla [7] ). SPICE2 uses the Mar-

kowitz algorithm: the number of matrix terms per row dnd column, 

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

tables, respectivaly. 

7.4 Element Matrix Pointers 

After the final matrix structure has been established, 

subroutine ~TLOC 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 ~ay, the overheQd of mapping an (i,J) matrix location to 
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its proper offset within the LVN table is incurred only once. 

For example, a resistor between noaes i.H and i·J2 causes an addi-

tion (or su.ctraction l to matrix terms (Nl dH), (Nl .i~2), ( N2, i.U), 

and (N2,N2). The locations of each of these terms is stored with 

each resistor. 

7.5 Machine Code Generction and Execution 

Su.croutines CODGEi~ and HlNS are used to !Jenerate the loop­

less machine instructions which are executed to perform the LU 

decomposition and forward/backward su.cstitution steps which solve 

the linearized circu~t equations. The code generation process is 

simplified .cy noting that two forms of assignment statements can 

be used to accomplish the entire n~trix solution~ these forms 

are: 

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

for different values of A, B, and c. The technique used in 

SP!CE2 is to perform a mock equation solution, generating the ap­

propriate machine instructions in place of performing the actual 

arithmetic. su~routine CODEXC is used as an interface to the 

genera ted ma ch~ne coae, since standard FORTRArl contains no provi­

sion for calling su.croutines which have not been previously com­

piled. 

Timing comparisons indicate that the code generated for the 

CDC 6400 computer at the University of California at Berkeley ex­

ecutes between 3 and 4 times faster than the equivalent FORTR~~ 

subroutine (which must contain additional code to again map (i,J) 

matrix entries to their location within the LVN ta.cle as the 
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equations are solved). However, the code can occu~y a consider­

able amount of memory: for the UA74l, a~proximately 2000 woras. 

Whether or not to use the generated mach~ne code det>ends on 

memory availaDility and computer resource charging algorithms. 
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8 Analysis 

This section briefly describes the element load, equation 

solution, and JUnction limiting algorithms in SPICE2· 

8 ·1 Element Load 

The construction of the circuit equation coefficient matrix 

can ne performed incrementally, one element at a time (see, for 

example, (8) ). A concise description of where 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 circuit 

equations is to first perform an LU factorization of the coeffi­

cient matrix, followed by forward and oackward substitution 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 distort~on, and 

de 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, SPICE2 factors the c·oefficient 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: 

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+1 to NSTOP) 

} 

{ A(J,I) = A{J,I)/A(I,I): 
for (K = I+1 to NSTOP) 
{ A(J,K) = A{J,K) - A(J,I)*A{I,K); } 

} 

Result: A(I,J) = U(I,J) for J > I 
• L(I,J) for J < I 

a.2.2 Forward/Backward SuDstitution 

The algorithm used in SPICE2 to perform the forward and 

backward substitution steps follows: 

Forward substitution: 

evaluate: 
-1 

y = Ux = L b 

for (I = 2 to NSTOP) 
{ for {J • I+l to NSTOP) 

{ B(J) • B{J)- .L(J,I)*B(I); } 
} 
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Backward substitution: 

evaluate: 
-1 -1 -1 

X • U y • U L b 

for (I • NSTOP to 2 ~y -1) 
{ for (J • I+1 to NSTOP) 

{ B(I) • B(I) - U(I,J); ) 
B (I ) • B (I ) /U (I , I ) : 

} 

S.J Devices 

EQUATION SOLUTION 

SPICE2 contains built-in models for the p-n junc~ion diode, 

the bipolar 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 [1]. 

B-3·1 MOSFET Model 

The MOSFET model used in SPICE2 is derived from the 

Frohman-Greve model (10], with the addition of some subthreshold 

[111 and short-channel [12] effects. The nonlinear oxide capaci-

tance formulation of J. Meyer (131 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. Subroutine PNJLIM contains (and most concisely 

describes) the limiting algorithm used for p-n JUnction voltages; 
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subroutine FETLIM is used to limit per-iteration changes in FET 

voltages. 
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9 Dctran Overlay 

The DCTRA~ overlay is the largest one in SPICE2: it per-

forms the de transfer curve, de operating point, initial tran-

sient operating point, and transient analyses. The overlay con-

sists of routines DCTR~~. COMCOF, TRUNC, TERR, SORUPD, lTERS, 

CODEXC, LOAD, ~LCSRC, UPDATE, EVPOLY, EVT~R~, NXTPrlRr INTGR8, 

Pi~JLIM, DIODE, BJT, FETLIM, JF:C:T, LwlOSFET, MOSEuN, and 110SCAP· 

9.1 DC Operating Point 

The de operating point computation is indicated when vari-

ables MODE and MODEDC have values 1 and 1, respectively. A 

flowchart for this analysis follows: 

initialize: 
TIME = O: 
call SORUPD to set sources to time-zero values: 
INITF = 2; 
call IT:C:R8; 
if (converged) 

{ IiHTF = 4: 
call DIODE: call BJT; call JFET; call MOSFET; 
print operating-point solution: 

} 

The actual Newton-Raphson iteration 1s controlled 

suorout1ne ITERB· A flowchart for that suoroutine follows: 

IGOOF = ITERNO = NDRFLO = NO~CON = 0; 
DONE= .false.; 
while 

{ 
(not DOHE) 

call LOAD; 
if ((NOSOLV is nonzero) and 

(analysis= initial transient)) exit; 
ITERNO = ITERNO + l; 
switch (INITF) of 

{ "1": if (NOl-JCON = 0) exit; goto solve; 
"2": INITF = 3: goto solve; 
"3": 1f (NONCON = 0) I~ITF = l; goto solve: 

-33-

oy 



SPICE2 REPORT DCTR&~ OVERLAY DC OPER!TING POINT 

} 
solve: 

if (ITERNO > iteration limit) ex~t: 
call DCOCMP; call OCSOL; 
if (!GOOF > 0) 

{ !GOOF • 0; NORFLO • NDRFLO + l; } 
if (NONCON • 0) 

{ check node voltages for convergence; 
if (voltages converged) DONE • .true.; } 

} 

At the conclusion of the de operating-point analysis (as a 

result of the calls to the device modeling routines with INITF 

set to 4), the LXO table contains all the small-signal device 

parameters, which are subsequently printed out by su~routine DCOP 

(in the DCOP overlay). 

9.2 Transient Initial-Conditions 

The transient initial-condition computation establishes a 

consistent set of circuit conditions prior to the start of the 

transient analysis· (By "consistent" is meant conditions which 

satisfy Kirchhoff's laws.) The DCTR&~ overlay ~erforms this 

analysis when MODE and MODEDC have values of 1 and 2, respective-

ly. A flowchart for the initial transient solution algorithm 

follows: 

initialize; 
TIME = 0; 
call SORUPD to set sources to time-zero values; 
INITF = 2: 
call ITER8; 
if (converged) 

{ print solution; } 
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9.3 DC Transfer Curves 

The de transfer curve computation is simply a repetitive de 

operating point computation performed for a range of values for 

one independent voltage or current source in the circuit. The 

analysis is performed when MODE and MODEDC have values of l 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 ITERB; 

} 

if (not converged) stop analysis; 
store outputs; 
INITF = 6: 

(the OVTPVT overlay is called from the overlay root 
to output any requested plots) 

The value of c for INITF causes a linear extrapolation from 

the previous solutions to ootain the initial guess used for the 

suosequent iteration; that is, the initial guess for sweep point 

n+l is 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 follows: 

initialize; TIME = 0; DELTA = TSTEP; INITF = 5; 
savout: store outputs in LOUTPT taole; 

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 ITERB; 
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if (converged) goto tsterr: 
TIME = TIHE - DELTA: DELTA • DELTA/8: goto tstdel; 

tsterr: call TRUNC; 
if (error acce~taDle) goto savout: 
T I i-IE • 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 (l4l or variable-order Gear 

l15l to perform the numerical integration necessary for the tran-

sient analysis. The chcice is based on the value of the COM~ON-

variable METHOD. 

9.4.2 Automatic Timestep 

There are two methods available to the user to control the 

computation of the appropriate transient analysis tirnestep: 

iteration count and truncation error estimation. The iteration 

count method uses the number of r·~ewton-Raphson iterations re-

quired to converge at a timepoint as a measure of the rate of 

change of the circuit· If the number of iterations is less than 

ITLJ, the timestep is doubled: if greater than ITL4, the 

timestep ~s divided DY s. This method has the advantage of 

minimal computation overhead; however, it suffers in that it 

does not take ~nto account thQ true rate-of-change of circuit 

variables. 

The second method of tirnestep determination is based on the 

estimation of local truncation error. The appropriate function 

derivative is approximated oy a divided difference hence the 

"estimation." Although requiring 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 ACA~ overlay performs the small-signal, no~se, and dis-

tortion The overlay contains routines AC&~, ACUCMP, ACSOL, 

ACLOAD, NOISE, ACASOL, DINIT, and DISTO. All analyses performed 

use the linearized models for all the nonlin~~r 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 
to output any requested plots) 

10.1 Small-Signal Analysis 

The small-signal analysis is performed at each frequency 

point oy first calling subroutine ACLOAD· This subroutine zeroes 

and then loads the complex-valued equation matrix using the 

results of the de operating point analysis stored in the LXO 

table. Then subroutines ACDCMP and ACSOL are called, which per-

form an LU decomposition and forward/backward SUDstitution on the 

set of circuit equations to obtain its solution. 

10.2 Noise and Distortion Analyses 

The noise analysis used in SPICE2 is descrioed ~Y references 

l16l and (17). The distortion analysis algorithm is described in 

(l8, 19, 20). 
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11 Dcop Overlay 

The DCOP overlay performs three functions: it prints out 

the device operating point information, computes the small-signal 

transfer function, and computes de 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 de operating point 

analysis. 

11.2 DC Sensitivities 

The de sensitivities of output variables with respect to 

circuit parameters are computed DY subroutine SENCAL· The 

analysis is performed using the adjoint technique [9], thus re­

quiring only one equation solution per output variable (rather 

than per circuit parameter). 
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12 OVTPVT overlay 

The OVTPVT overlay generates the taDular listings and line­

printer plots displaying the results of the multi-point analyses. 

It contains routines OVTPVT, NTRPLS, 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 Fourie~ coeffi­

cients of transient analysis output waveforms. The coefficients 

are computed recursively using a "truncated infinite series• al­

gorithm [l, PP• 254-259]. 

• 
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13 Appendices 

13·1 User's Guide 
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UN!VE~S!~Y OF CALI~~~NIA 
COLL~GE OF ENG!NEEOI~G 

DEPARTMENT 0~ ELECTRICAL ENG!NEE~ING 
AND COMPUTEO SCIENCES 

VERSION 2~.0 (31MAY76) 

USE~*S GUIDE FCR SPICE 

SPICE IS A GENERAL-PURPOSE CIRCUIT SI~ULA~IDN ;::>qOG~A~ ~OR NONLINEA~ DC, 
~O~LIN~A~ T~~NSIE~r, AN~ L!NEAR AC ANALYSES• CI~CUITS ~AY CONTAIN RESISTORS, 
CAi=lACI ... IJPS, I~DUCIO~S, MUTUAL INDUCTORS, II\IDEOENDENT 1/0LT•G: AND CURRE"''T 
SOUPCES, ~CUR TYPES CF QEPENDENT SOUPCES 1 ToANSMISSI::JN LINES, AND TYE =cuP MCST 
CC~~ON SE~!CDNDUCTO~ ~EV!CES: DIODES, 8JTS, JF~~s, AND ~OSFETSe 

S~IC~ ~AS 9UILT-IN MODELS FOP T~E SE~ICONDUCT::JR DEVICES, AND T~E USER NEED 
SP~CI~Y ONLY THE oEOT!NENT MODEL oAPA~ETE~ VALUES. T~E MODEL FOo THE 8JT IS 
9ASE::J CN THE !NTEGRAL CHARGE MODEL OF GUMMEL AND ;::>O'J~: HOWEVER, t= THE GU.,.MEL­
OCJN OA.?A~F~E~S ARE NOT S;::>ECIFIED, T~E MO::JEL REDUCES TO THE SI~PLEq E9E~S-MCLL 
\ICDELe !N ~I-~::o CASE, CHAi=;:::;E STQ;:;"AGE EFFECiS, 0'"1MIC RESISTANCES, AND A 
:UoRENT-~E;::>EN::lENT OUTOU~ CONDUCTANCE MAY SE INCLUDEDe T~E D!O':)E MO~EL CAN 9E 
USED =o<:< E!-HE~ JUNCTICN D!ODES 0~ SC~OTTKY SA~~!E=l DIODe-Sa T~E J«=e~ ~O::JEL IS 
~ASED CN ~HE -=:~ ~ODEL OF SHICHMAN •ND ~ODGESe T~E ~ODe-L FO~ iHE MOSFET IS 
~AS~D 0~ T~E ~~::JHMAN-G~~VE MODEL~ HOWEVE~, CHANNEL-LENGTH ~ODULATION, SUS­
TH~ESHOLO CONOUC: ICN, A"'C SOME SHOI=<T-CHANNEL EF'F'ECTS ARE INCLUDE~. 

=~OG~A~ L.!~!TAT!ONS 

!;:::>!::~ USES ::JY~~'-'!C ~E~C::::Y r-IA.NAGE"'1EI'-IT TC ST'JR~ EL:MENTS, "10DEL5 1 AN::J CUT:::lUT 
V'LUE5o -yus, THE CNLV L!MITATICN IMPOSED 9Y THE ~qQG~AM ON THE SIZE C~ TH: 
COMPLEXl~Y ~= ~H! CI~CU!~ TO ~! SI~ULATED !5 ~HAT ALL ~ECESSARY DATA FIT IN 
~EM~oy. F'OR EXAMPLE. t 100-~0!NT TOANSIENT ANALYSIS oe THE UA~~l O~EqATIONAL 

A~PLlF!EC CEQU!~ES APO~'JXIMATELY ~COCO (OCTAL) WORDS OF ~E~OOY ON THE CDC 6400 
AT THE U"'IVE~SITY ~F C.AL!FCONIA AT 8ERKELEYe 



T~ANSIENT ANALYSlS 

T~E TQANSI~NT ANALYSIS PORTION OF SPIC~ COMPUTES THE T~ANSIENT OUTPUT 
VAR!A~LES AS A eu~CTION OF TIME OVER A USER-SPECietED TIME INTERVALe T~E 

INITIAL CON~ITIQNS APE AUTOMATICALLY DETE~MINED 8Y A DC ANALYSISe ALL SOURCES 
WH!C~ AR::: NOT TI~E ~EPE"lDE'NT (FOP EXAMPLE., POWER SUPPLIES> ARE SET TO T~::IR DC 
VALUEe FOR LARGE-SIGNAL SINUSOIDAL SIMULATIONS, A FOURIER ANALYSIS OF T~E 

OUTPUT w~vEeORM CAN eE SPECIFIED TO OBTAIN THE FREQUENCY DONAIN FOURIER COEF­
=IC!E~TSo T~E T~ANSIENT TIME INTERVAL AND THE FOURIER ANALYSIS ~PTIONS ARE 
SPECI:IED rN THE eTRAN AND eFOUR!ER CONTROL CARDSe 

A"lALYSlS AT DIFFERENT TEMPEPATUqES 

ALL INPUT DATA FO~ SPICE IS ASSUME~ TO HAVE 9EEN MEASURED AT 27 DEG C 
(300 DEG K)e T~E SIMULATION ALSO ~SSUMES A NOMINAL TERMPERATURE OF 27 DEG Ce 
THE CIGCUIT CAN ~E SIMUL6TED AT OTHER TEMPERATURES 9Y USING A eTEMP CONTROL 
C AR'Jo 

-EMDERATU~E APPEARS EXPLICITLY IN THE EXPONENTIAL TERMS oe THE BJT AND 
DIQ'JE MO'JEL EQUATIONS. IN ADDITION, SATUQATION CURRENTS HAVE A BUILT-IN 
~E~~=~~TU~E DEPENDENCE. THE TEMPERATURE ~EDENDENCE OF THE SATURATION CURRENT 
IN T~E 9JT ~O'JELS IS DETERMINED 8Y: 

W~EP.E K IS 80LTZMANS CONSTANT, 0 !S THE EL~CTqCNIC CHAI=:GE, IO IS A CONSTANT, EG 
IS T~E ENE;:;>GY SAP WHICH IS A MODEL PARAMETE~, AND PT IS THE SATURAiiON CUR~ENT 
TE~PE~ATU~E EXPONENT (ALSO A ~ODEL PARA~ETE~, ANO USUALLY EQUAL TO ~). THE 
~E~PERATUPE DEOEN~ENCE OF THE SATURATION CURRENT IN THE JUNCTION DIODE ~ODEL IS 
:> ETER~ I NED 8Y: 

WHEQE N IS TH~ ~MISSION COEFFICIENT, w~ICH IS A MOOEL ~A~A~ETER, AND THE OTHE~ 

SY~9~LS HAVE T~E S~ME MEAN!NG AS AeOVEe NOT~ THAT FOP SCHOTTKY SA~R!ER DIODES, 
:~E VALUE ~F iHE SA7URATION CURPENT TEMPE~ATURE EXPONENT, DT 9 IS USUALLY 2e 

TEMPERATURE APPEARS EXPLICITLY IN THE VALUE OF JUNCTION P~TENTlAL, PHI, 
:aR ALL THE DEVICE MODELSe THE ~EMPERATURE DEPENDENCE IS DETER~INED 8Y: 

P~l(TE~P) = K*~EMP/O*LOG(NA*ND/NICTEMP)+21 

-~E~E K IS ?QLTZ~ANS CONSTANT, Q IS THE EL~C7~0NIC CHARGE, NA IS THE ACCEP~O~ 
IMDU~!TY 'ENSITY, ND IS THE DONOQ I~~UPITY DENSITY, Nl IS THE INT~INSIC CONCEN­
-~A-!ON. AND EG IS 7HE ENERGY GAPe 

7EMPERATU~E APPEAPS EXPLICI~LY IN THE VALUE OF SUQFACE ~08ILlTY, UO, FOR 
THE MQSFET ~OCEL• THE TEMPE~~TURE DEPENDENCE IS DEiERMlNED 8Y: 

UOCTEMP) = UCCTNCM)/(TE~O/iNOMl+Cle5) 

TE~PERATURE APOEAPS EXPLICITLY eaR ~ESISTOP VALUES ACCORDING TO THE 
;:: OLLOW I NG E XPC<E SS I CN: 

VALUECTE~P1 : VALUE(iNOMl*(1+TC1*(TE~P-TNOMl+TC2*(TEMP-TNOMl•2)l 
. \ . ., 

WHEPE T~MP IS ~HE CIRCUIT TE~PEkATURE, iNOM IS YHE NOMINAL TEMPERATURE, AND 
TCl ANO TC2 ARE THE CIPST- AND SECOND-ORDER TEMPERATURE COEF=ICIENTSe 



TYPES ~F ANALYS!S 

DC ANALYSIS 

THE DC ANALYSIS OQ~TICN OF SPICE OETEQ~!NES THE DC OPERA;ING =OINT OF THE 
CI~CUlT W!TH !N~uc~o~S SHQ:TED AND CAPACITO~S OPENEDe A DC ANALYS!S IS AUTO­
~AT!CALLY OEQFO~MED ~~IO~ ~o A T~ANSIENT ANALYSIS TO DETEQMtNE T~E T~ANSIENT 
INITIAL CON~lT!ONS, AND P~!O~ TC AN AC SMALL-SIGNAL ANALYSIS TO OETE~~INE THE 
LTNEA~IZED, S~ALL-SIGNAL MODELS FOQ NONLTNEA~ OEVICESe IF REQUESTED, i~E DC 
SMALL-SIGNAL VALUE OF A TRANSFE~ FU~CTlCN C~ATIO OF OUTPUT VARIABLE TO INPUT 
SOU~CEJ, INPUT RESISTANCE, AND OUTPUT ~ESISTANCE WILL ALSO ~E COMPUTED AS A 
PAQT ~~ THE ~C SOLUT!ONe THE DC ANALYSIS CAN ALSO 9E us:D TO GE~E~ATE DC 
T~ANS~~~ ~U~V!S: A SPECIFIED INDEPENDENT VOLTAGE 0~ CUQQENT SOU~CE IS STE~PED 
OVE~ A USER-S~ECIFIEO OANGE AND THE DC CUTOUT VAR!A8LES 'RE STORED FOR EACH 
SE~UENT!AL S~URCE VALUEe I~ REQUESTED, SPICE ALSO WILL OETE~MINE THE DC SMALL­
SIGNAL SENSITIVITIES o~ SPEC!FIED OUTPUT VA~IASLES WITH RESPECT ~0 CIRCUIT 
OARAMETEQS 0 T~E DC ANALYSIS ~OTJONS ARE SPECIFIED ON TH~ eDC, eTF, 0 00 1 AND 
eSeNS CON-POL CA~DSe 

AC SMALL-SIGNAL ANALYSIS 

THE AC SMALL-SIGNAL POR7ION OF SPICE CQ~PUTES THE A: OUTPUT VA~IA8LES AS A 
~UNCTION OF· eq~QUENCVe THE PROGRAM FIRST COMPUTES THE ~C OPERATING POINT OF 
TH~ Ct~CUIT AND D~~QMINES LIN~A~IZED, SMALL-SIGNAL MQD~LS F~P ALL OF T~E NON­
LINEAR DEVICES IN THE CIPCUITe THE RESULTANT LINEAR CIRCUIT IS THEN ANALYZED 
~VER A USE~-SOECIFIE~ CANGE CF FREQUENCIES. THE DESI~ED OUTPUT OF AN AC SMALL-
51GNAL A~ALYS!S IS USUALLY A TR~NSF~R FUNCTION (VOLTAGE GAIN, TRANSI~PEOANCE, 
~TCle IF THE CIRCUIT H~S ONLY ONE AC INPUT, IT IS CONVENIENT TO SET TH~T INPUT 
TO UNITV ANO ZERO PHASE, SQ THAT OUTPUT VARIABLES HAVE THE SA~E VALUE AS THE 
TPANSFER FUNCTION OF THE OUTPUT VARIABLE WITH ~ESPECT TO TH~ INOUTe 

THE GENE~A-ION OF WHITE NOISE 8Y RESISTORS AND SE~!CONDUCTOP OEV!CES CAN 
ALSO 9E S!~ULATED WITH THE AC S~ALL-SIGNAL PDPTION OF SPlCEe EQUIVALENT NOI~ 
SOURCE VALU~S A~E OETEQMINEO AUTOMATICALLY FROM THE SMALL-S!~NAL OPERATING 
OQ!NT 0~ THE C!~CUIT, AND THE CONTRI9UTION a~ EACH NOISE SOURCE !S ADDED AT A 
G!V~N SUMM!NS PO!NT~ THE iCTAL OUTPUT NO!SE LEV~L AND THE EQUIVALENT INPUT 
~O!SE LEV~L A~E ~ETEOM!N=D A- EACH F~EQU~NCY OQINTe THE OUTPUT AND !NPUi NOISE 
LEVELS APE NOR~ALIZEO W!TH RESPECT TO THE SCUAPE RO~ OF THE NOISE 9ANDWICTH 
ANn HAVE 7HE UNITS VOLTS/PT HZ CR AMPS/OT ~z. THE OUTPUT NOISE AND EOU!VALENi 
tNOUT NC:S~ CAN eE ORINTEO OR PL~TTED IN T~~ SAME cASH!ON AS D~ER CUTOUT 
VA01A8LESe ~0 ADDITIONAL INPUT DATA IS NECESSARY FO~ THIS ANAL~SISe 

~LICKE~ ~C!SE SDUCCES CAN !E SIMUL~TEO TN THE NOISE ANALYSIS BY I~CLUD!NG 

VALUES FOq THE ~ARAMETE~S KF AND A~ CN THE APP~OP~I•TE D!VICE ~DDEL CA~DSe 

T~E O!STOCTION CHA~ACiE~!SilCS OF A CiqCUIT lN THE SMALL-S!GNAL MODE CAN 
9E SI~ULATED AS A ~ART OF THE A~ SMALL-S!GNAL ANALYSIS• THE ANALYSIS IS 
PE~F~~~E~ ASSU~!NG 7HAT ON~ 0~ TWO S!GNAL F~EQUENC!ES A~E !~OOSED AT THE IN~UTe 

THE e~ECUE~CY ~ANGE AND iHE NOISE AND ~ISTQqT[QN ANALYSIS OARA~!T~~S A~E 

5~EC!c!E~ C~ T~E oAC •• ~O!SE, ~ND =c;s-c~T!CN CONT~OL CARD5e 



C ONV:R GENCE 

BO~H DC AND T~ANSIENT SQLUT!ONS ARE Q9TAINED 9Y AN ITERATIVE DFDCESS WHICH 
IS T~RMJNATED WHEN ~CTH OF ~HE FOLLDWING CONDITIONS HOLD: 

1) THE NONL!NEAF BCANCH CUP.~ENTS CONVERGE TC WITHIN A TOLERANCE OF 
Oel PE~C~NT CR 1 CICOAMP (leOE-12 AMP), WHICHEVER IS LA~GER 

2l T~E NODE V~LTAGES CCNVEFGE TO WITHIN A TOLERANCE OF Oe1 PERCENT 
OR 1 MlCP.OVOLT (leOE-6 VOLT), WHICHEVER IS LARGER 

ALTHOUGH THE .ALGOR!i,_.M USED TN SPICE HAS SEEN FOUND TO BE VERY RELIABLE, IN 
'SOII.IE CASES IT WILL FAlL TO CONVERGE TO A SOLUTlONe '!"tHEN THIS FAILURE OCCURS, 
-HE DR!JGRAM WILL PRINT THE NODE VOLiAGES AT THE LAST ITERATION AND TEFMINATE 
THE JO~. IN SUCH CASES, THE NODE VOLTAGES THAT ARE PPINTED ARE NOT NECESSARILY 
CORRECT 0~ EVEN CLOSE TO THE COFREC~ SOLUTICNe 

FAILURE TO CONVERG: lN THE DC AN~YSIS IS USUALLY DUE TO AN ERROF IN 
S~ECIFY!NG CICCUIT CCNN:CTICNS, ELEMENT VALUES, OR ~ODEL PARAII.IETE~ VALUESe 
OEGENEF~TIVE SWITCHING CIRCUITS OR CIRCUITS WITH POS!TlVE FEEDBACK PROBA9LY 
WILL NOT CONVERGE IN THE DC ANALYSIS UNLESS THE *OFF~ OPTION IS USED FOR SOME 
OF iHE D~V!CES IN THE FEEDBACK PATHe 

lN?UT FO:;>MAT 

THE !NDUi FORMAT FOR SPICE IS OF T,_.E FREE FOR~AT TYPEe FIELDS ON A CARD 
~OE SEOACATEO BY ONE OR MQCE BLANKS, A COMMA, AN EQUAL (:) SIGN, OR A LEFT OR 
~ lGHT OA::>ENTHES IS; EXTRA SPACES ARE IGNO~EDe -. CARD "1AY BE CONTINUED 9'1' 

DUNCHING A+ ( 0 LUS) IN COLUMN 1 OF THE FGLL:WING CARD; Sl='lCE CONTINUES READING 
9EGYNN!NG W!TH COLU""'N 2e 

A NAME F!ELD MUST 9EGIN WITH .A LEITE~ (A THROUGH Z) AND CANNOT CONTAIN 
ANY DELI~ITE~Se ONLY THE F!RST EIGHT CHARA:TERS OF THE NAME ARE USEDe 

A NV~gE~ ~IELD MAY BE AN JNTEGE~ FIELD (12, -44), A FLOATING DOINT ~IELD 
(3el4159), ~!THE::> AN INTEGEr:> OR FLOATING DQJNT NV~8E~ ~aLLOWED 9Y AN INTEGER 
!::Xr::>ONENT (lE-14, 2e6~E::'l, OP EITHEP AN INT!:GER OR A :=LOATlNG POINT NUMBER 
FOLLOWED eY ONE OF THE FCLLDWING SCALE FACTORS: 

G =1E o MEG =1 E5 1<=1 E3 M=lE-3 N=1E-9 

LETTE~S !M"''EDIATELY FOLLOI'ING A NUMI?ER THA.T .ARE NOT SCALE FACTORS ARE IGNORED, 
AND LETTECS l""'"'~E')IA7ELY FOLLnWING A SCALE FACTOR ARE IGNOREDe HENCE, 10, lOV, 
1 OVOLTS, AND 10HZ ALL I='EPRESENT ... HE SAME NVMeER, ANI) M, MA, "~!SEC, AND MMHOS ALL 
REC::>ESC::N: TI-'E SAME SCALE FACTOC1e NO ... E THAT 1000, 1000eD, 1000HZ, 1E3, 1•DE3, 
1KHZ, AND 1K ALL PEPPESENT THE SAME NUMeERe 



~~E CI~CU!T T~ EE ANALYZED IS DESC~I~EO TO SPICE BY A SET 0~ !LE~ENT 
CAQDS, WH!CH DE~INE ;HE Cl~CUI! TOPOLOGY A~D ELE~ENT VALUES, AND A SET OF 
':ONTqOL CAPOS, WHICH DE=INE' ;HE ,_.OOEL P.AF<AM':T!RS AND THE ::::uN CDNIQ·JLSe THE 
=!C!S! CAr>D !"' THE INPU! DECK MUST BE A T!TLE CA~, AND THE LAST CARD ~UST BE A. 

eEND CAQDo THE OF<D!~ o~ THE ~EMAIN!NG CA~DS IS ARBITI=IARY n::xCEP"T 9 CF COURSE, 
THAi CONTINUATICN CARDS ~UST IMMEDIATELY ~OLLOW THE CARD BEING CONTl"'U!Dlo 

EACH ELE~ENT IN T~E CICCUI~ IS SPECIFIED ev AN ELE~ENT CARD THAT CDNTA ~s 

THE ELE~ENT NAME, T~E CIPCUIT NODES TO WH!CH THE ELEMENT IS CONNECTED, A"'D ~-E 

VALUES OF TH:;: PA~A~ETEPS THAT DETEPMINE TH:: ELr::CTqiCAL C"I-'AP.ACTE=1IST ICS o= T; .. 
ELEMENie THE =!~~T LETTER CF THE ELEMENT NAME SPECIFIES THE ELE~ENT TYCEe 
THE FOCMAT ~l")l=l THE SPICE ELEMENT TYPES 15: GIVEN IN WHAT ~OLLOWSe THE ST=!l...,GS 
~XXXXXXX:, *YYYYYYYz, AND :zzzzzzz: DENOTE A~SIT~ARY ALPHANUMERIC STR:NGSo FOR 
EX~~CL!, A C!S!S'70R NAME MUST 8EGIN WITH THE LETTER R AND CAN CONTAIN FROM ONE 
TQ E I SHT CHAi=< AC TEl=< So 
NA"'ESe 

DATA C::I!L~S T1-4AT A~E ENCLOSED IN SQUAI=<E E!F<AC!<ETS ( (] ) AF<E QOTIONALe ALL 
!N!Jir.A~EIJ 0UNC'7UAT!ON (OARENTH!:SES, EQUAL S!GNS, ETCel A;:<E ;:<EOUI::<E!:>e WITH 
~!S~ECT TO SI=<ANC~ VOL~AGES AND CUP~ENTS, SPICE UNIFOI=<~LY USES TH: ASSOCIATED 
CE=E~E~C~ CCNV:NTION INDICATED IN T~E OPAW!NG BELOW: 

> 
>> 

>>>>>>>>>>> 
>> 
> 

••••••••••••••••••••• 
• • 

• • • • • • • • • • • • •••••••••• 
• • 
••••••••••••••••••••• 

+ v 

NJ!:>:S MUST SE NONNEGATIVE IN~EGERS 9UT NEED NOT SE NUMBE~ED SECUENTIALLYe 
THE DATU~ (G~OUNDl NODE MUST 8E NU~SERED zEqOo T~E CIRCUIT CANNOT CONTAIN A 
... 00~ 8~ VOLTAGE SOUI=<CES AND/OR INDUCTORS AND CANNOT CONTA!N A CUTSET 0~ CUR~ENT 
SOURCES AND/CR CAPACITO~Se EACH NODE IN THE CIRCUIT MUST HAVE A DC PATH ;~ 

GROUNDe EVEOY NODE MUST HAVE AT LEAST TWO CONNECTIONS EXCEOT FOR TRANSMISSION 
LINE NODES (TO PER"'4!i UN·E~~!NA""ED TI=<ANSMISS!ON L1NES)e 



**** I=I::'SIS'TO~S 

oxxxxxxx Nl N2 VALUE [TC=TC1[,TC2]J 

RCl 12 17 lK TC=OeOOl,Oe015 

N1 AND N2 APE T~E TWO ELC:"''ENT NODESe VALUE IS TH~ ~ES ISTANCE (IN OHMS) 
A~D ~AY 8E POS!~IVE ~R ~EGATIVE 9UT NOT ZEROe TC1 AND TC2 ARE THE (~PTIONALl 

TEMt:>E!::>A-U~E" COE;=FICIENTS; IF NOT SPECIFIED, ZERO IS ASSUM!::D FO~ BOTHe THE 
VALUE Q~ THE RESISTO~ AS A FUNCTID~ OF TEMPERA'TURE 15 GIVEN 9Y: 

**** CAPAri•ORS AN~ INDUCTOPS 

CXXXXXXX N+ N-co (Pl ~2 •••] {IC=INCOND] 
LYYYYVYY N+ N- PO {P1 P2 •••] IIC=!NCOND] 

C~YC 1~ 0 lUF 
C~SC 17 2~ lOU 5U IC=3V 
LL!NK A2 ~9 1UH 
LSHUNT 23 51 lOU ~2U IC=1Se7A 

N+ ANQ ~- ARE T~E P~SI'T!Vr:: AND NEGATIVE ELEMENT N~DES, RESPECTIVELY• 
co, (Dl, o2, El"Co) At:E THE CCEcF!CIENTS OF A POLYNO~IAL DESC~ISING THE ELEMEI\T 
VALUr::o ;:=~~ CADAC!•ORS, THE CAPAC!~ANCE (IN FARADS) IS EXPRESSED AS A FUNCT!ON 
"'~F 'HE VCJLTAGE ACP'JSS THE ::::LEMENTe FOR !~DIXTORS, iHE INDUCTANCE (I~ HENC<!ES) 
!S EXPDESSE~ AS A FU~CTION ~c THE CUPRENT THROUGH THE ELEMENTe TO ILLUSTRATE, 
-H~ SEC~NO EXA~DL: ABCVE c:sc~IB:S A CAPACITOR WITH A VALUE DEFINED ~y 

C = lOE-5 + :E-6*V 

F::J~ THE CADAC!TOR 1 THE (OPTIONAL) INITIAL CC:NDI"'!ON IS THE INITIAL (TlME­
ZEC::J) VALUE OF CADAC!TOR VOL7AGE (IN VOLTSie FO~ THE INDUCTOR, THE (OPTIONAL) 
INITIAL CQND!T!ON IS ""HE lN!""IAL (TJME-ZEROI VALUE OF INDUCT~~ CUR~ENT ( !N 
A~PS) T~AT FLOWS ~~0~ N+ 1 THROUGH T~E !NDUCTOQ, TO N-e NOTE THAT T~E INITIAL 
~ONOI""IONS (!~ANY) AD~LY *ONLY* JF THE UIC OPTION lS SP:CI~!ED ON THE eTRAN 
CA~D. 



~XXXXXXX LYVYYYYY LZZZZZZZ VALUE 

K4~ LAA L8S Oe999 
KX~~M~ Ll L2 Oe87 

LYYYYYYY AND LZZZZZZZ ARE THE NAMES OF THE ~WO COUPLED !NDUCTURS, A~D 

VALUE IS THE C!JC.Fl=IC!ENT Q!= COUPL!NG, K, WH!CH "'U'ST BE GREAT5< THAN 0 AND LESS 
~~AN 0~ EQUAL ~0 ls THE CCUPLED INDUCTORS CAN SE ENTERED !N EITHER !JODER AND 
"'UST SE CONSTANT (ONLY PO CAN BE SPECIFIED ON T'"'E INDUCTOr:l CARDSle IN TE:::l~S OF 
~HE ,OT C~NVENT!ON, THIS COUPLING CUTS A DOT SY THE Fl:::lST NOCE Q!= EACH OF THE 
CCUPLESI !NDUCT'JRSe 

**** T~ANSM!SS10N LlNES (LOSSLESSJ 

GENERAL FOPM TXXXXXXX Nl Ni? N::J N4 Z0:V6.LUE: {TD-=VAL'JE] (F:FREO [NL:NRMLENJ] 
+ [IC=Vl 9 I1,V2,!2] 

'l 1 0 2 0 Z0=50 TD=lONS 

Nl AND N2 ARE -~E NODES AT caR~ 1: N3 AND N4 ARE THE NODES AT 0 0RT 2. 
ZO IS THE CHAOACTERIST!C IMPEDANCE• THE LE~GTH OF THE LINE MAY 9E EXPRESSED IN 
::ITHE=< OF T\11'0 C"'JOr-ISe THE Tl=<ANS~!SS!ON C1ELAY, :o, '•UY ~E SOECll='!ED DIREC7LY (AS 
,.D=lONS, =-o~ EXA,..CLEl. ALTERNA":'!VELY, A l=t;EQUENCY F "'AY BE SIVEN, TDGET!-iE=< 
WITH NL, THE NO~MAL!ZED ELEC1°ICAL LENGTH OF 7HE TRANSMISSIO~ LINE ~ITH RES~ECT 

Tl") 7HE 'NAVELE"JGiH :N "'"HE L!NE AT -HE FOEQUENCY c• !FA FREQUENCY ~ S SPE:!F~~ 
3UT "lL IS OM~-:-..,.:;::1), 0.2~ !S ASSUME9 (THAT IS, THE ;:::;:;::QU!::NCY IS ASSU~E:J TO 8:7: ":'",_,E 
CUAC~i::R-~AVi:: F~Eau::NCY)o NOTE THAT AL":'HOUGH 30TH FOR~S FO~ EXP~ESSING T~E LI~E 
!...=NGT~ AI='': I"lDICA":"ED AS CPTICNAL, :NE ~F TH:: T~O *'-~UST* eE SPEC!""!EDe 

NOTE THAT T~IS ELE~EN~ MODELS CNLV ONE P~OCAGATING ~ODE. !F ALL ~OuP 

NOCES ACE O!ST!NC~ !N T'-IE AC~UAL CIPCU'IT, T'"1EN 'WO "''ODES :>o~AY BE EXC!~De 70 
:";P<IULATE SUCH A SITUATIDN 1 ni/C T-.::1ANSMISSION-LINE ELEMENTS APE REQUYJ:<ED. 
T'-IE EXAMCLE IN AOPENCIX A FD~ FURTHEP CLA~lF!CAT!ONel 

CSE:: 

THE (OPTIONAL) INITIAL C~NDlTICN SPECI~ICATION CONSISTS OF THE VOLTAGE 
AN~ CUP~ENT AT EACH OF THE TPANSM!SS!ON L!NE PORTS. NOTE THAT THE INITIAL 
CONCITIONS (!F ANY) APPLY *ONLY* IF T~E UIC OPTION IS SPECIFIED ON THE eTRAN 
CAI:;!De 



S~ICE ALLCWS CI~CUITS TC CLNTAIN LINEA~ DE~ENDENT SJU~CES CHARACTE~IZ~D BY 
ANY OF THE FOU~ EQUATIONS 

l=G*V 

WHE~E G, E, F, AND H A~E CONSTAN"!'S CEPRESENTING TI:<ANSCONDUCTANCE 9 VOLTAGE GAIN, 
CU~~ENT GAIN, AND T~ANSPESISTANCE, PESPECTIVELYe NOTE: A MORE COMPLETE DES­
C~IPTION OF DEPENDENT SOURCES AS IM~EMENTED IN SPICE IS GIVEN IN APPENDIX Be 

GENE::<AL FOt::>M GXXXXXXX N+ N- NC+ NC- VALUE 

EXAMPLE Gl 2 0 5 0 OolMMHC 

N+ AND N- ARE T~E POSI!IVE AND NEGATIVE NODES, PESPECTIVELVe CURPENT FLOW 
IS FPQ~ THE P~SITtVE NODE, T~POUG~ THE SOUPCE, TO THE NEGATIVE NODEo NC+ AND 
NC- Ac::>E THE" P'JSIT1V!:: AND NEGATIVE CC"''TF<OLLING NODES, RESOECTIVELYe VALUE IS 
THE TRANSCC'N9UCTANC!:: CIN MHOS)e 

EXXXXXXX N+ N- NC+ NC- VALUE 

El 2 3 14 1 2 • 0 

N+ IS THE POSITIVE NODE, AND N- IS THE NEGATIVE NODEe NC+ AND NC- ARE THE 
~OSITtvE AND NEGAIIVE CONTROLLING NODES, PESPECTIVELYe VALUE IS THE VOLTAGE 
G A! Ne 

FXXXXXXX N+ N- VNAM VALUE 

EXAMPLE Fl 13 5 VSENS 5 

N+ AND N- APE T~E ~OS!T!VE AND NEGATIV~ NODES, PESOECTIVELYe CURRENT FLOW 
!S Fc::>O~ T~E OQS!T!VE NODE, THPOUGH THE SOURCE, TO THE NEGATIVE NODEo VNA~ IS 
THE NAME OF A VOLTAG! SCJUt:>CE Tl-f~OUGH 1111-·qCH 'HE CCJNTt10LLING CURREN! FLOIIISe THE 
)!OECT!~N OF DOS!T!V~ CQNTRCLL!NG CURPE~T FLOW IS FROM THE P~SIT:vE NODE, 
'H::.OUGH TH:;: SOU~CE, Tel -HE NEGATIVE NCOE OF VNA"'o VALUE IS THE CURt<ENT GA!Ne 

:*** LINEAR CURRENT-CONTROLLED vnLTAGE SOURC~S 

GE~Ec::>AL FO!:!M HXXXXXXX N+ N- VNAM VALUE 

HX 5 17 VZ Oe5K 

N+ AND "1- ~~E THE CIOSIT!VE AND NEGATIVE NODES, RESPECTIVELY• VNAM IS THE 
NAME a~ A VOLTAGE S~URCE TH~OUG~ WH1CH THE CONTROLLING CURRENT FLQWSe THE 
QICECTIDN OF OQSITIVE CGN!ROLLING CURRENT FLOW IS FkOM THE POSITIVE NODE, 
THPOUGH THE SOURCE, TO THE NEGATIVE NODE OF VNAMe 
( ! N OH 'AS) • 

VALUE IS THE TRANSP.ESISTANCE 



vxxxxxxx N+ N- !{DC] OC/T=-AN VALUE] [ AC {AC'"IAG [ACI'HASE))] 
!Y yyyyyy N+ N- ! (DC) DC/T~AN VALUE] [ AC {ACMAG r A c :::~ .... "'se: 1 1 1 

vee l 0 0 DC 6 
VIN 13 2 o. 001 AC 1 S I"' ( 0 1 1"'1E ~ l 
ISC1C 2:: 21 AC Oe'!33 4!:e0 SFFM(O 1 101( ! 11<. ) 
VMEAS 12 9 

"4+ AND N- A;:<E THE OQSI;"IVE AND NEGATIVE NODES, RESOECT!VELYe NOTE THAT 
VOLTAG~ snu~C~S NEED NCT SF G~QUNDE~. CUR;:<ENT IS ASSUMED T~ FLOW FC10 ... T~E POS­
!T!V: ~ODE, TH~OUGH THE SCUCCE, TO THE NEGA~tVE NODEe 

~C/TCAN IS THE DC AND TRANSIENT ANALYSIS VALUE OF THE SOUR~Ee !F THE 
SOURCE VALUE IS ZE~O 90T'-' F~~ DC AND TRANSIENT ANALYSES, THIS VALUE ... AY 9E 
O~!TTE~. t= ~'-'E SOU~CE VALUE IS TIME-INVARIANT <E.G., A POWEq SUPOLY), THEN 
THE VALUE ~AY QCTIONALLY 9E PRECEDED BY THE LETTE;:<S DCe 

AC~AG lS THE AC ~AGNITUDE AND ACPHASE IS THE AC CHASEe THE SOURCE IS SeT 
-o TH!S VALUE IN THE AC ANALYSISe IF ACMAG 15 OMITTED =OLLOWING iHE KEYWORD 
AC, A VALUE OF UNITY !S ASSUMEDo IF ACPHASE tS OMITiED, A VALUE OF ZERO IS 
ASSU'"IE~. !~ TH~ SOURCE IS NOT AN AC SMALL-SIGNAL !NCUT, THE I(EYwcqo AC AND THE 
A C VA L U E S A P:: 0 'I I "!"'i E D • 

ANY lNOEOENDENT SOURCE CAN SE ASSIGNED A TIME-DEPENDENT VALUE FOR 
TOANSIE"' 1 ANALYS!S& !F A SOUPC! IS ASSIGNED A TIME-OEPENO:NT VALUE, iHE TIMc­
ZE~O VALUE IS USED =oP QC ANALYSISe THE~E ARE F!VE INOEOENOE~T SOURCE FUNC­
TI~~s: ~ULSE, EXPONENTIAL, S!NUSOIOAL, PIECE-WISE LINEAR, AND SINGLE-FREQUENCY 
=.... t= CA~AME~ERS OT~E~ iHAN SCUOCE VALUES ARE OM!TTE9 0~ SET TO ZERO, THE 
~E=AUL- VALUES SHOWN WILL eE ASSUMED. (TSTEP IS THE P~INiiNG INCREMENT AND 
TST~o IS T~E FINAL Tt~E <SEE THE .TRAN CARD FO~ :x~LANATIONl >• 

• • • 

v 1 
V2 
"'"D 
TR 
-F 
:::>w 
o:q 

PULS~ PULSECVl V2 TOT~ TF PW PE~) 

V 1 N :; 0 P UL S E ( - 1 

IN I-! AL VALUE 
PULSED VAL'JE 
~EL.AY Tl "'E 
RISE TI"'E 
=ALL ~1 ME 
PULS! 'W 101"< 
I'E ~I ·JD 

o.o 
TSTEP 
TSTEP 
'!STOP 
TSTOI=l 

2NS 2NS 2NS SONS lOONS) 

UN tiS 

VOLT S OR A M P S 
VOLT 5 0:::! AMP S 

SECCNDS 
SECONDS 
SECON':S 
SECCNDS 
SEC~NDS 



~ SI~GL~ PULSE S~ SPECI~lED 15 DESC~lB~D BY THE ~DLLOWYNG TABL~: 

VALUE 

0 V1 
~o Vl 
T I)+T~ V2 
T !)+'Tc:t+PW V2 
TD+TR+Piiii+T~ V1 
T ST:JP Vl 

!NTE~MEDIATE POINTS A~E DETER~INED BV LINEAe INTEPPOL~TlONe 

2e SINUSOIDAL SINCVO VA F~EO TO THETA) 

VIN 3 0 SlN(O 1 lOOMEG 1NS 1E101 

~ARAMETE~S ANC DE~AVLT VALUES UN liS 

vo ceF SET VOLTS c'" AMPS 
VA A~PL P'UDE VOL'!S OR ~'"IPS 

=oea ~"><EOU:=NCY 1 /i STOP HZ 
.,.0 c:JEL.AY o.o SECONDS 
Tt•P=:"TA I)AMPI"'G FACT OR o.o 1/SECO"'DS 

THE SHAPE OF THE WAVEFO~M IS DESC~!BED EY THE FOLLOWING TABLE: 

VALVE 

0 TO TD vo 
TD TO TS7:JO VO + VA*EXC(-(TIME-TDl*THETA)*SINE<TWOPI*FREO*CT!~E-TDl) 

; • EX OQNENT I AL EXP(Vl V2 TDl TAUl TD2 TAUZl 

V!N ~ 0 EXP(-4 -1 2NS 30NS 60NS 40NSl 

UNITS 

V! !'\IIT!AL VALUE VOLTS Ct< .AMPS 

VOLTS Ot:/ AMPS 
SECONDS 
SECONDS 
SECONDS 

V2 OULS::D VALUE 
:01 ~! S': DELAY 
,. AU l t:<! SE iii'JIE 
; 02 ~"ALL CELAY 
T AU2 ~"ALL TI ~E 

T !~E 
CONSiANT 

TIME 
CC NSTANT 

o.o 
TSTEP 

'TO 1 +TS'TEP 
TSTEP SECCNDS 

THE SHAPE ~F T~E WAVE~CRM !5 OESCP.IBED BV THE FOLLOWING TABLE: 

... I~E 

0 ;(" ... ')1 
TD1 TO TD2 
T02 ""0 TS!OP 

VALUE 

Vl 
V1+(V2-Vl l*C1-EXPC-{'T!ME-T01 )/TAUl)) 
Vl+(V2-Vll*C1-EXP(-(TlM~-T011/TAU1)) 

+(Vl-V2l*(l-EXP(-(T!ME-TC21/TAU2)) 



OWL(Tl V1 [T2 V2 ~3 ~3 TA V4 eee]l 

VCLOCK 7 5 l=IWLCO -7 10NS -'7 11NS -~ l7NS -3 18NS -7 SONS -i') 

ElCH PAI~ OF VALUES (Tl, VI) Sl=IECIFIES TH~T THE VALUE OF THE SOU~CE IS VI 
fIN VOLTS ~~ A~PS) AT TIMEzTie TH~ VALUE CF THE SJU~CE AT INTERMEDIATE VALUES 
~F :tME IS DETERMINEO ev USING LINEA~ tNTEROOLATION ON THE INPUT VALUESe 

SFF~(VO VA FC ~DI FS) 

:'::XAMPLE V 1 1 2 0 SFF M ( 0 1M 2 OK 5 1 K ) 

UNITS 

vo OFFS!::T VOLTS oo AM !=IS 
VA A !loli:>L I :u ~E VOLTS OR AMPS 
FC CARF:I!::R F~'!Q UENCY l/TSTOP HZ 
MD I MODULATION INDEX 
=s SIGNAL FR'!OU ENCY 1 /i STOP ..,z 

THE SHAOE OF THE WAVEFO~M IS DESCRIBED 9V THE FOLLO~ING EQUATION: 

VALVE = VO + VA*SINECCT~OPI*FC*TtME) + MDI*SINECTWOPI*FS*!IMEll 



**** s::~ICCNDUCTOR ~EVIC!S 

T~! ~LE~E~TS THAT HAVE BEEN DESCR!e!D TC THIS POINT TYPICALLY R:QUIRE ONLY 
A FEW 06.RAM!T!=:R VALUES T::J SPE:CIFV CC·~PLET!LY THE !LECTRICAL CHARACTERISTICS OF 
"!"HE ELEME"'Te HOWEVER, THE ~QDELS FOJ:; THE FOUP. SEa4!CDNDUCTOR O!:VICES THAT ARE 
INCLUDED !N THE SPICE PROGRAM REQUIRE ~ANY P~RAMETER VALUESe ~OREOVEP., ~ANY 

DEVICES lN A CIRCUIT OFTEN ARE DEFINED BY THE SAME SET OF DEVICE MODEL PARA­
~ETERSe FOR THESE REASCNS, A SET OF OEVICE MODEL PARAMETERS IS DEFINED ON A 
SEPARATE eMCDEL CA~O AND ASSIGNED A UNIQUE ~ODEL NAMEe THE DEVICE ELEMENT 
CA'<DS IN SPICE THEN REFERENCE Tt-E MODEL NAMEe THIS SCHE"1E ALLEVIATES THE NEED 
TO S~ECIFY ALL OF THE MODEL PARA~ETERS CN EACH DEVICE ELEMENT CARDe 

!ACH DEVICE ELEMENT CARD CONTAINS THE DEVICE NAa4E, THE NODES TO WHICH THE 
)EVICE IS CONN!CT!D, AN~ THE DEVIC!: MODEL NAMEe IN ACDITION, TWO OPTIONAL 
OARA~!:T!RS MAY 8E SPEC!=IEO FCP EACH DEVICE: AN AREA FACTOR, AND AN INITIAL 
COND!TIC"Ne 

TH~ AREA FACTOR DETERMINES THE NUMBER OF EQUIVALENT PARALLEL DEVICES OF A 
SP~CIF!ED ~CDELe T~E AF~ECT!D P~RAMETEPS ARE ~ARKED WITH AN AS~EQISK UNDER iHE 
HEAD!NG ~A~EA: I~ THE MODEL DESCR!PTICNS BEL!JWe 

TWO ~IF~E~ENT FO~~S OF INITIAL CONDITIONS ~AY BE SPECIFIED FOR DEVICES. 
THE FI~Si FOR~ !S I~CLUDED TC IMPRCVE ~~E DC CONVERGENCE FOR CI~CUITS THAT 
CONTAIN ~ORE IHAN ONE s~~BLE STATEe lF A DEVICE !S SOECIFIED OFF, THE DC 
DPE~ATING POINT IS r.ETERMINED W!TH THE TERMINAL VOLTAGES FOR THAT DEVICE SET TO 
ZEROe A.FTE~ CONVE~GENCE 15 OBTAINED, THE PROGRAM CONTINUES TO ITE~ATE TO 
O=IAIN TI-lE EX6.CT VALU: FCR THE TERMINAL VOLTAGES. IF A CIRCUIT HAS MORE THAN 
ONE DC STABLE STATE, THE OFF OPTION CAN BE USED iO FORCE TH~ SOLUT!ON TO 
CO~~~SPCND TO A DESIRED STAiEe !F A DEVICE IS SPECIFIED OFF WHEN IN REALITY 
TH~ ~EV!(E 1S CONDUCTING, THE PPOGRAM WILL STILL OBTAIN THE CO~RECT SOLUTION 
(ASSU~ING T~: SOLUTIONS CONVERGE) 9UT MOPE ITERATIONS WILL BE REQUIRED SINCE 
THE PRIJGJ:<A~ MUS":' INDEOENDENTLY CCNVERGE TO TWO SEPA~ATE SOLUTIONS. 

THE SECOND FO~M OF INITIAL CON~ITICN SPECIFICATION (USING IC=•••) IS 
O~CVI~ED ~o ALLOW THE USER iO evoAsS THE DC OPEKATING POINT CALCULATION 
NOP~ALLY ~ADE BEFO~E THE STAPT OF TKANSIENT ANALYSIS. THESE INITIAL CONDI­
T!ONS ACE USED 8Y SPICE *ONLV* IF THE UIC OPTION IS GIVEN ON THE eTRA.N CARDe 

GENERAL FORM OXXXXXXX N+ N- MNAME [APEAl {OFF] {IC=VD] 

DEPIC'SE 2 10 DIODEl 
DCLMP 3 7 DMOD 3e0 IC=Oe2 

N+ AND N- ARE TI--E POSITIVE AND NEGATIVE NODES, RESPECTIVELY. ~NA'-"E IS iHE 
~ODEL NAM~ 1 AR!:A IS THE APEA FACTOR, AND OFF INDICATES AN (OPTIONAL) INITIAL 
COND!•!QN ~N THE DEVICE FOR DC ANALYS!Se IF THE AREA FACTOR IS OMI~TED, A 
VALUE ~F leO IS AS~UMEDe THE (QPTICNAL) tNTTIAL CONDITION SPECI~ICATION USING 
IC=VD !S tNTENDED FO~ USE WITH THe UIC OPTION ON THE .~RAN CARD, WHEN A TRAN­
~!ENT ANALYSIS IS DESIRED S7ARTlNG FPOM OTHEO T~AN iHE QUIESCENT QOERATING 
PO lNTe 



**** 9!00~AR JUNCT!~N T~ANSISTO~S 

GEIIJERA~ C::Q=<M OXXXXXXX NC "le NE .,.NAIII!E (AREA) { ~FF] [ IC=VE!E,VCEl 

EXAMPLE 02~ 10 24 13 OMOD IC=Oe~,SeO 

NC, N8, AN~ NE ARE ~HE COLLECTC~, SASE, AND EMITTER NODES, RESCEC~IVELYe 

~NAME !S TI-!E MODEL NAME, .AREA IS TI-lE oflf<EA F.ACTOR, AND OFC:: lNDICATEc; AN 
(OOTIC·NAL) !NITIA.L CONDITION ON THE DEVICE C::QR THE DC ANALYSISe IF TI-lE AREA 
~ACTOo !S OMtTiED, A V.ALUE OF leO IS ASSUMEOe THE (OPTIONAL) INITIAL CONDITION 
SP~C!FTCATICN USING IC=V~E,VCE IS INTENDED FO~ USE WITH T~E UIC OPTION ON THE 
$·~AN CARD, W~N A TRANSIENT ANA~YSIS IS DESIRED STARTING FROM OTHER THAN THE 
QU!ESCENT OOE~AT!NG ~DIN~. 

**** JUNCTION FIELD-EFFECT TRANSISTORS 

JXXXXXXX NO NG NS MNA~E [AREAl {~FF] [IC=VCS,VGSl 

J l 7 2 3 JM 1 OFF 

ND, NG, AND NS ARE THE D~A!N, GATE, AND SOURCE NODES, RESPECTIVELY. ~NAME 

!S THE ~ODEL NAME, AREA TS THE A=<EA FACTOR, AND OFc:: INDICATES AN (OPTIONAL) 
!N!TIA~ CONDITION ON THE DEVICE FOR DC ANALYSISe tF THE AREA FACTOR IS OMIT­
TEO, A VALUE OF leO IS ASSVMEDa THE (OPTIONAL) lNIT!AL CONDITION SPECIFICATION 
US!N~ !C=VOS,VGS IS !NTEP'JOED FOI=< USE WITH ii-IE UIC O~i!ON ON THE eT~AN CA=I.D, 
WI-leN A TRANSIENT ANALYSIS IS OESI~ED STARTING FQOM OTHEq THAN THE QUIESCENT 
0 t:l E !=:AT I NG ~C I Ni e 

MXXXXXXX NC NG NS N8 "lNAM; {W=VA~l [L=VAL) (AO=VAL] [AS=VAL) 
+ {OFF] !IC=VCS,VGS,VSS] 

~31 2 17 ~ 10 ~ODM L=2MIL W=0.5M!L 

~'), NG, NS, AND NE ARE THE DRAIN, GATE 1 SCV=IC~, A"J:J 8ULK (Si.JEST::;ATEl 
NO')ES, CES~~C-IVELYe MNAM~ IS THE MODEL NAME. W AND L ARE THE CH,NNEL WI')TH 
O..ND L!:NGTI-i, IN CENTl-..~ERS; IF OMITTED, 80TH WAND L ARE ASSUMED TO 9c leOe 
A') AND AS A!:E Tl-'!: Ai:IEAS CF THE DRAIN AND SOURCE OIFFUSIO'NS, IN CM,2; IF NOT 
SP~Cl~!~'), ~o-~o~ A~EAS A~E ASSUMEO T~ SE leOE-~. OFF INDICATES AN !OPTIONAL) 
tN!T!AL CONO!TICN ON THE DEVICe FOR DC ANALYSIS• THE (OCTIONAL) INITIAL CONDI­
~!ON SCEC!~!C~~ION USING IC=VDS,VGS,VSS IS INTENDED FOR USE wiTH T~-iE UIC OPTION 
jN TH!: eiOAN CA~D, WHEN A TPANS!ENT ANALYSIS lS OES!=EO STARTING F~OM O~ER 
T~AN .,.1-'E QU!C:SCENT OPE~ATING POINTe 



**:!<* s"'ODEL CAC<D 

GENE=<AL e nRM .~~DEL ~NA~E TYPE(PN~ME1=PV~L1 PNAME2=PVAL2 ••• 

EXAMPLE aMOD:::L M~Dl NPN(BF=50 IS=lE-1~ VA=50) 

THE aMODEL CARD SPECieiES A SET OF MODEL PARA"'ETERS THAT WILL BE USED BY 
ONE OP ~O=<E ~~VtCESa ~NAMe IS TH~ ~ODEL NA~E, AND TYPE IS ONE OF THE FOLLOWING 
SEVEN TYPES: 

"'PN 
ClljP 

" NJF' 
OJ~ 

NMOS 
P"'10S 

NPN e JT MODEL 
PNP BJT MODEL 
Dt r:'OE ~Or:JEL 

N-CHANNEL JFET MODEL 
P-CHANNEL JFET MCC~L 
N-CHANNEL MOSFET M~DEL 

C-CHANNEL MOSFET MODEL 

PAcAMET:1=< VALUES A1=<E DEeii\IED BY APPENOING THE PARAMETE1=< !\lAME, AS GIVEN 
9ELOW FQ~ EACH ~ODEL TYDE, FnLLOWED 8V AN EQUAL SIGN AND THE DARAMEiEP VALUEe 
MODEL DAQAMET~~S THAT APE NOT GIVEN A VALUE ARE ASSIGNED THE DEFAULT VALUES 
GIVEN ~ELOW FO~ EACH MODEL TYPE• 

DIODE MODEL 

THE DC CHARACTE~ISTICS OF THE DIODE ARE DETERMINED ~V THE PARAMETERS IS 
AND Ne AN OH"'IC ~ESI5TANCE, RS, IS INCLUDED. CHARGE STORAGE EFFECTS ARE 
MODELED ev A TRANSIT TIMF, !T 9 AND A NCNLtNEAP DEPLETION LAYER CAPACITANCE 
WHICH IS DETEcMII\IED 9Y THE PARAMETE~S CJO, PE, ~NO Me THE TEMPERATURE DEPEND­
ENCE OF THE SATURATION CUP~ENT IS DEFINED ~y THE PARAMETERS EG, TH~ ENERGY GAD, 
~~~ P~, TH~ SATURA-ICN CURRENT ~E~PERATVRE EXPONENT. REVERS~ BREAKDOWN IS 
~ODELED 8V AN ~XPONENT!AL INCREASE !N THE ~~VEPSE DIODE CUP~EN~ AND !S DETER­
M!N~D 9V THE PAO.AMET':::~S BV AND leV {90TH oe WH!CH A~E POSITIVE NUM9ERSl. 

ARE~ NAME PARAt.IIETER DEFAULT TYPICAL 

1 .. IS SATU~.e.TION CURP!:N.,. laOE-14 le OE-14 
2 .. ~s 01-'M!C t:)ES!STANCE 0 1 0 
: N EMISSION COE~~ICIEN.,. 1 leO 
4 .,.,. 

T~A NS !T TIME 0 Oe 1 N S 
~ .. t: JO ZERO-eiAS JUNC-lON CAPACITANCE 0 20F 

6 cs JUNCTION POTENTIAL 1 o. 6 
7 l,ll G~ADING COEFFIC!ENT o.s o.s 
9 EG ENEJ:<GY GAP 1e11 lell SI 

o. 59 530 
Oe67 GE 

9 OT S ATUR AT lCN CURRENT TEMPe EXPONENT 3. 0 3. 0 JN 
2· 0 580 

1 0 KF FLICKER NOISE COEFFICIEN~ 0 
11 A~ FLICKER NOISE EXPCNEN'T 1 
12 FC ~CR\liAPD-!:! AS NON IDEAL JUt-.CT! CN 

CAPACI"':"ANCE CO EF F l C IE N T o. '= 
1 3 =.v REVERSE BDE AKDOWN VOL~ AGE lOOeO 40e0 
1 4 ~BV CURF<ENT A~ SCEAKOOWN VOLTAGE 1eOE-3 



--·---

SJT MOC~LS CBCTH N~N AND ~N~) 

T~E ~!COLA~ JUNCTIQN TRANS!STQC ~ODEL I~ SPICE IS AN ACAPTATION oc THE 
I NTC:Gt:;:.L CH.t.=<GE CCNT~C:L 'wiODEL CF GU~<AMEL· AND !=CONi H!JWEVEc, IF THE ADDITIONAL 
GU~MEL-P~ON =:.~AMETERS A~E NOT SPECIFIED, THE S!~PLE~ !SERS-~OLL MOCEL OF 
S=ICE, VE=ISION 1, IS USED. TH!:: DC MODEL IS DEFINED BY THE PARAMETERS s:::, C2r 
!K, :.NO NE 1 WH!CH ~ETEcMINE THE FORWARD CURRENT GAIN CHARACTERISTICS, BR, C4r 
!KP, AND NC, WHICH DETERMINE THE REVERSE CURRENT GAIN CHARACTER!SIICS, VA AND 
VB, ~HICH !JETEPM!NE THE CUi~UT CONDUCTANC!:: FOR FORWARD AND R:VERSE REGIONS, AND 
THE SATUCAT!ON CURRENT, ISe THREE OHMIC RESISTANCES, RS, RC, AND ~E, ARE 
lNCLU~EDe QAS!:: CHARGE STORAGE IS MODELED !Y FORWA~D AND REVERSE ~ANSIT TIMES, 
TF AND TR, AND NONL!NEAR DEPLETION LAYER CAPACITANCES wHICH ARE DETERMINED BY 
~JE, =~, AND ME FOR THE 9-E JUNCT!DN, AND CJC, PC, AND MC FOR ~HE B-C JUNCT!CNe 
A CCNSTANT COLLECTOC-SUESTRAiE C.lPACITANCE, CCS, IS ALSO INCLUDED. THE 
TE~=EcATUcE D~~ENDENCE OF THF SATURATTON CURRENT !S OETER~INEO ~y THE ENERGY 
GAP, EG, AND THE SATURATION CURF.~NT TE~PERATU~E ~x=CNENT, Pie 

1 
2 
3 
4 

= 
6 
7 
9 
Q 

1 0 

11 

l 2 
1 '3 

1 4 

l 5 
~ !". 

l 7 

1 9 
l Q 

20 
2 l 
~2 

23 
:24 

* 
* 
* • 

* 

* 
* 

* 

SF 
9R 
IS 
qe 
RC 

VA 
VB 
I K 

C2 

NC 

TF 
~:; 

ccs 
CJE 
:::JE 
'AE 

AF 

IDEAL FQP~A~D CU~qENT GAIN 
! DEAL REVERSE CUI::!R !:NT GAIN 
S~TUI::!ATION C~RENT 

SASE OHMIC RESISTANCE 
COL~ECTOR OHMIC ~ESISTANCE 

E~ITTE~ OHMIC ~ESISTANCE 
~CRWAP.D EARLY VOLTAGE 
P EVEqs E EARLY VOL i AGE 
FORWA~D H!GH-CUq~ENT KNEE CURRENT 
FCPWARO LOW-CUqRENT NON!OE4L 

BASE CURRENT COEFFICIENT 
NCNlDEAL LOW-CUcPENi BAS!:-EMITTE~ 

EMISSION COEFFICIENT 
REvEqsE H!GH-CUPRE~~ KNEE CURRENT 
REVERSE LOW-CURREN~ NONIOEAL 

BASE CURRENT COEFFICIENT 
NON!DEAL LOW-CURRENT SASE-COLLECTOR 

EMISSION COEFFICIENT 
FOqWAPO T~ANSIT TIME 
REVERSE TRANSIT TIME 
COLLECTOR-SUeSTCAIE CAP~CITANCE 
zeqo-=IAS 9-E JUNCTION CAPACITANC~ 
B-E JUNC~!ON OOTEN.IAL 
e-E JUNCT!ON GRACING COEFFICIENT 
ZERO etAS 9-C JUNCTION CAPACITANCE 
8-C JUNCT!CN POTENTIAL 
B-C GRADING COEFFICIENT 
E"'Et: GY GAP 

SA7URATiQN CURRENT TEMCe EXPONENT 
FLICKER NCI~E COEFFICIENT 

FL!CKEP NOISE EX~ONENT 

~QRWA~0-3!AS NONtOEAL JU~CTION 

CA~AC!TANCE CCEFF!CIE~T 

DEFAULT 

100 

1 
leOE-14 

0 

0 
0 

INFINITE 
INF !N I i'E 
INFINITE 

0 

2. 0 
INF IN IT E 

0 

2· 0 
0 
0 
0 
0 

1· 0 
o.s 

0 
leO 
o.s 
1. 11 

3e0 
0 

1 

TYPlCAL 

100 
o.t 

leOE-16 
100 

10 
1 

200 
200 

lOMA 

1000 

2· 0 
100MA. 

1. 0 

2· 0 
0.1 NS 
lONS 

2CF 
2PF 
o • ., 
Oe3'3 
ll='F 
o. 5 
Oe33 
1.11 5! 
Oe ~7 GE 

6 e e;:- 16 NP N 

5e3E-13 PNP 
l• 0 NP .... 
l e 5 ON P 



---- J~!:~ "'CS!:OLS (c:!OT!-1 NAND P Cl-it.NNEL) 

T~E JF!:T ~O::>EL IS ')EC! !VED F?C'M THE FET MODEL OF SHlCt-4~AN AND ~ODGESe THE 
DC Cl-iARACTEOISTICS AOE DEFINED ev THE PA~AM:TERS VTO AND SETA, WHICH OET!:C!MINE 
THE VARIA~!ON OF QOA!N CURRENT WITH GATE VOLTAGE, LAMBDA, WHICI-i DETER~INES TI-lE 
~UTOUT CONDUCTA~CE, AND IS, THE SATURATtDN CURRENT OF THE TWO GATE JUNCTIONSe 
TWO DH~IC RESISTANCES, C!D AND RS, ARE INCLUDED. CHARGE STORAGE IS MODELED BY 
~DNL!NEAP DE 0 L!:TION LAYER CAPACITANCES FOR 90TH GATE JUNCTIONS WHICH VARY AS 
THE -1/2 POWER OF JUNCT!CN VOLTA~E AND ARE DEFiNED 9Y THE PARAMETERS CGS, CGD, 
t..ND ce. 

AC!!: A N.6"1!: Pt.RA~!:TEP DEFAULT TYPICAL 

1 Vir) THC!:':Sl-'OLD VOL.,..AGE -2.0 -2.0 
2 * s=:-A T~ANSCD~DUCTANCE PA.RAME-::o. leOE-4 le0!:-3 
3 L At.I<:'DA CI-'AN~ EL LENGi'H MC'DULATIO~ PARA "'E T!:R 0 1 • OE-4 
4 * t:!D DPA!N OHM! C PES I ~T ANCE 0 100 
5 * ~=<S SOUI=CE 0 1-'Ml C C!ES!STANC!: 0 100 
~ * C GS ZERO-etAS G-S JUNCi'ION CAPACITANCE 0 '5PF 
7 * ':GC ZERO -e I AS G-D JUNCTION CAPACITANCE 0 1PF 
'3 p~ GATE .JUNCTION POTENTIAL 1 o. ~ 
0 * ! s GATE JUNCTION SA TU RAT I 0 N CURRENT l•OE-14 1eOE-14 

1 0 I(~ FLICKER NOISE COEFFICl:NT 0 
1 1 A~ FLICKEFI NOISE EXPONENT 1 
12 FC F CRW AI:ID- erAS NON IDEAL JU"-CTI ON 

CACACI..,..ANCE COEFF! C I :NT o. = 



---- ~~SF~T ~ODELS (90TH NAND ~ CH~NNELl 

THE ~os~~T ~ODEL IS DEOIVE~ ~RC~ T~E F~CHMAN-G~OVE ~ODELe TH~ DC CHA~AC­

T~OISTI~S o~ T~~ ~OS~ET A~E DE~INED SY THE DARAMETE~S VTO, SETA, L4MBDA, ~H1, 
4~D GA~MAe VTO IS POSITIVE (NEGATIVE) FO~ EN~ANC!~ENT ~ODE AND NEGATXVE (~OSI­

TIVE) =o~ DE~LETION MODEN-CHANNEL (D-CHANNELl DEVICESe CHARGE STORAGE IS 
~OOELED BY TH~EE CONSTANT CA~ACITORS, CGS, CGO, AND CGB, BY THE NONLINEA~ OXIDE 
CAPACITANCE WHICH IS OISTFI~UTED AMCNG THE GATE-SOURCE, GATE-~AIN, AND GATE­
~ULK R~G!ONS USING T~E FORMULATION OF Je Ee MEYER, AND SY THE NONLINEAR OEPLE­
T!ON-L~Y:~ CA~AC!TANCES FOF 90TH SUSST~ATE JUNCTIONS WHICH VARY AS THE -1/2 
0 0WE~ ~F JUNCTION VOLTAGE AND ARE DETERMINED 9Y TH~ PARAMET~RS CBO, CBS, AND 
os. 

1 VT :l 
2 Kl=l 

~ GA ~~A 
4 PHI 
5 LAM 8C A 

6 PO 
-, I:<S 
S CGS 

9 CGD 

11 C9!) 

l 2 t:2S 

l ~ oO X 

1 4 

1 5 

1 6 
~ .., 
! s 
1 9 
20 
21 
22 

PS 
JS 

NSU'3 
"'~S 

"'F 5 
XJ 
LD 
"'GAT~ 
;os 

uo 
uc =<'I.,. 

~ 5 U! XP 
2 t UT'=' A 
27 KF 
2 8 1\F 

2 o =c 

ZERO-EtAS T~PESHCLD VOL;AGE 
INTRINSIC TRANSCONDUCTANCE PARA~ETER 
9 UL K THP ESHOLD PAI=U METE c 

SU~FACE POT:NTIAL AT ST~CNG INVERSION 
CHANNEL-LENG~H ~CDULA~ICN PA~AM~TE~ 

DQAIN aH~IC ~ESISTANCE 

SOURCE ~~M!C ~~S!STANC~ 
GATE-SOUQCE OVE~LAC CAPACITANCE 

OER CM CHANNEL WIDTH 
G~TE-D~AIN OVE~LAP C~PAClTANC~ 

PE~ CM CHANNEL WIDTH 
GATE-SULK ~VE~LA~ C~PAC!TANCE 

O~R CM CHt~NEL LENGTH 
ZEC~-S!AS ~-~JUNCTION CAPACITANCE 

P~P C~•2 OF JUNCTION AREA 
ZERO-BIAS 8-S JUNCTION CAPACITANCE 

oe~ CM•2 OF JUNCTION AQEA 
0 X I DE TH 1 C K N E S S 

!F NSUe SPECIFIED: 
SULK JUNCTION OOTEN~!AL 
9ULK JUNCT!CN ~EV~~SE SATURA~lON CURR~NT 

PEo c~·~ oF JUNCTION ACEA 
:~~ECT!VE SU~STPATE DOPING 
EF~~CTIVE SU~FACE STA-E DENSITY 
EFFECTIVE FA.ST SURFACE STATE OEI'-.S!TY 
ME7ALUt:;GICAL JUI\ICT!C:N DEPTH 
LATE~AL CIFFUS!ON COEFF!C!ENT 
POLVSILICON GATE DOPING 
rvc:; OF Po:JLYSILICON: +l (-1) F~1:1 

OPPOSITE CSA~E) AS SUSST~ATE 
SUcC::ACE MOSIL!TV 
C~!TlCAL FIELD FOR MOSILITY DEGRADATION 
CQ!TICAL F!ELD EXPONENT (MOS!LITV) 
T~ANSVE~SE ~!ELO CCEF~1CIENT (~OeiLITYl 

=Lt C'KEI:< NOISE COEF~l CIENT 
=LICKEQ NOISE EXPONENT 
=~~WARD-E!AS NONIDEAL JUNC~!ON 

CADACITANC~ c=EF=tC!ENi 

CEFAULT ~YPlCAL UNITS 

o. 0 
leOE-5 

o. 0 
Oe6 
o.o 
o. 0 
o.o 

o. 0 

o. 0 

o.o 

o.o 

-o.~ 
3el E- 5 

Oe:37 
Oe65 
0 .o 2 
1. 0 
1.0 

4e OE-1:3 

4eOE-13 

2eOE-12 

2eOE-e 

OeO 2eOE-8 
!N'F!NlTY leOE-5 
t. oe- s 

o.a 

loOE-9 
o. 0 
o. 0 

OoO 
o. 0 
o.a 

AL GATE 

+leO 
700 

1e DE +4 

o.o 
o. 0 
o.o 
1. 0 

o .. 5 

Oe37 

1. oe- e 
4e 0 El 5 
1e OEl C 

leOElO 
l.OE-4 

o. 9 
1e 0 E2 0 

600 
le OE+ 4 

0 ·1 
o. 3 

v 
A/V•2 
v•ctt2r 
v 
/V 

OHMS 
OHMS 

F/CM 

v 

A./CM•:Z 
/C~•~ 

/C M ~2 

/C~ •2 
CM 

/CMt3 

C~ • 2/V-S 
V/C¥. 



**~* SUBCl~CUITS 

A SU9Cl~CUIT T~A- CONSISTS OF SPICE EL:~ENTS CAN BE DEFINED AND REFERENCED 
IN A FASHICN SIM!LA~ TC DEVICE MODELSe THE SUSCIRCUIT IS DEFINED IN THE lNPUJ 
DECK ~y A GROUPING OF ELEMFNT (jRDS; THE PQQGRAM THEN AUTOMATICALLV INSERTS 
THE Gi::!'JUP 0"" ELE""EN'S W~EREVER THE SUBCIRCUIT IS REFERENCED. THERE IS NO LIMIT 
~N THE SIZE 0~ COMPLEX1TY OF SUBCI~CUITS, ~NO SUBCIPCU!TS MAY CONTA1N OTHER 
SU8CIRCUITSe AN EXAMPLE OF SUBCIRCUIT USAG~ IS GIVEN IN APPENDIX Ae 

**** oSUBCK~ CARC 

e Sl;8CKT SUBNAM Nl [ N2 N3 e • •] 

E XA MOLE eSUBCKT OPAMP 1 2 3 • 

A 5U~CI~CUIT DEFINITllN IS BEGUN WITH A eSUBCKT CAROe SUBNAM IS THE SUB­
CIPCU!T NAME, AND Nl, N2, o•• ARE THE EXT~RNAL NOD!S, WHICH CANNOT SE ZEROe 
'HE G~JUP CF ELEMENT CAR~S WHICH IMMEDIATELY FOLLOW THE eSUBCKT CA~D DEFINE THE 
SUSC!RCU!i• THE LAST CARD !N A SUBC!RC~lT DE~IN!TION IS THE .ENDS CARD {SEE 
8EL0Wle C~NT~CL CAPCS ~AY N~- APPEAR WITHIN A SUBC!RCUIT DEFINITION; HOWEVER, 
SU~CI~CUIT D~F!NIT!ONS MAY CONTAIN ANYTHING ELSE 1 INCLUDING OTHE~ SUBCIQCUIT 
DEelN!TICNS, DEVICE MODELS, AND SUBCI~CUIT CALLS (SEE BELOWle NOTE THAT ANY 
OEVIr.E ~ODELS OR SUECI~CUIT DE~!NIT!ONS INCLUDED AS PA~T OF A SUBCIRCUIT OEFI­
~!TION AP~ ST~!CTLV LOCAL (I.E., SUCH ~OOELS AND DEFINITIONS ARE NOT KNOWN 
OUTS!~~ THE SUBCIRCUIT DE~INITION)e ALSO, ANY ~LE~ENT NODES NOT INCLVOED ON 
TH~ eSUBCKT CARD ARE ST~!CTLY LOCAL, WITH THE EXCEPTION OF 0 (GROUND) WHICH IS 
ALWAYS GLD"=AL. 

G :::NER AL FOR~ eENDS [SUBNAM) 

.ENOS OPA~P 

Tuis CA~D ~UST BE T~E LAST ONE ~oR ANY SUBCI~CUIT DEFINIT!ON. THE SUB­
C!PCU!.,.. NA~E, !"= !NCLUl)FD, !NDICA~Es Wt-q(H SU8CIC::CU!"':' DE~INITlON IS 9EING 
"':'E":<M!t--.IAiED: ~F D~I~TEC:, ALL SUE'CICCUITS 9E:!NG DEFINED ARE TERMINATED. 'THE 
NA~E IS NEEDED CNLY WHEN NESTED SU~C!RCUIT DEFINITIONS ARE B~ING ~ADEa 

XYYYVYYY Nl { N2 N::: • e e] SU81\AM 

Xl 2 • 17 3 1 MULTI 

SU~CIRCU!TS A~E US:D I~ SP!CE 8Y SPECIFYING OSEUD'J-ELE~ENTS BEGINNI~G WITH 
-HE LETTEQ x, ~OLLDWED BY THE C!RCUIT NODES ~0 eE USED IN EXPANDING THE SUB­
r.tPCU!T, FOLLOWED BY T~E SUBCIRCU1T NA~E. THE NODES MUSi BE IN THE ORDER THAT 
THEY ARE DEFINED lN CN THE eSUBCKT CARDe 



**** T!-.._=: CARD 

~XAM~L: POWE~ AMPLIFIE~ C1~CUIT 

THIS CA~D MUST EE T~E FIRST CARD IN THE INPUT DECKe ITS CON~ENTS ARE 
PP.I~TEry VE~B~TlM AS THE HEACING FOP. EACH SECTtO~ OF OUTOUTe 

• Er<-0 

THI~ CA~D ~UST ALWAYS 8E THE LAST CARD IN THE I~~UT DECKe 
PE~IOD IS ~N !~TEG~AL PA~T CF T~E NAMEe 

E XA "'OU:! * F<F=lK GAIN SHOULC SE 100 

NOTE THAT ""HE 

THIS CA~D IS P~INT~D OUT IN THE INPUT LISTING SUi IS OTHE~WISE !GNOREDo 

eTE~~ Tl (T2 (T~ eee]] 

T~IS CA~D SP~CIFIES THE TEMPE~ATURES AT WHICH THE CIRCUIT IS T~ SE SI~ULA­
TEDe Tt, T~, ••• A~E THE DIF~ERENT ""EMPERATU~ES, IN DEG~E~S Ce TEMPERATUPES 
LESS T~A~ -223o0 DEG C A~E lGNO~EDo MOD=L DATA IS SPECIFIEO AT TNOM DEG~EES 
( SE: T._.E eCPi!ON CA~I) FOP TNOM); IF THE eTEMP CA~D IS 0M1TTED 1 TI-lE SIMULAT!O'< 
ALSO WILL 9E PE?~O~~=~ AT A TEMPE~ATURE OF TNCMe 

• .., I OT H IN= 7 2 

COL~U~ IS THE LAST COLUMN ~EAD F~D"' EACH LINE a~ INPUT; THE SE-TING TAKES 
EFFECT WITH THE NEX- LINE PEADe THE DEFAULT VALUE FC~ COLNU~ IS 80e 



eC~T!ONS OFT1 QPT2 ••• (0~ CPT:OPTVAL eeel 

eOPT!ONS ACCi LIST NODE 

THIS CAQD ALLOWS T~E USE~ TO ~ESET PROGPAM CO~T~OL AND USER OP~IONS FOR 
SP~CtFlC SIMULAT!ON PUCPOSESe ANY COMBINATION OF THE FOLLOWING OPTIONS MAY BE 
INCLUDED, 'N ANY ORCERe ~X* (BELOW) REPRESENTS SOME POSITIVE NUMBE~. 

OPT!ON 

AC(T 

LIST 

NOCAGE 

NODE 

OPTS 

ABS~OL=X 

VNTOL=X 

T~TOL=X 

CHG70L=X 

NU~DGT=X 

TNO~=X 

EFFECT 

CAUSES THE EXECUTICN TIME FOR THE VA~!OUS SECTIONS OF 
THE P~OGRAM TO 8E P~!NTED AS WELL AS OTHER ACCCUNTING 
INFCPMAT!ON TO BE PPINTECe 

CAUSES THE SUMMAPY LISTING OF THE INPUT DATA TO BE 
P~!NT~De 

SUPPRESSES THE PRINTOUT OF THE MODEL PA~AMETEPSe 

SUPP~ESSES PAGE EJE(TS 

CAUSES THE NCDE TABLE TO EE P~INiEDe 

CAUSES THE OPTION VALUES TO BE PRINTEDe 

RESETS THE VALUE OF GMIN, THE ~IN!MUM CONDUCTANCE 
ALLOWED 8Y THE PROGRAMe THE DEFAULT VALUE IS leOE-12e 

RESETS THE RELATIVE ERROR TOLEqANCE OF ~HE PROGRAMe 
DEeAULT VALUE IS OeOOl (0e1 PERCENT)e 

RESETS THE ASSOLUiE CURRENT ERROR TOLE~ANCE OF THE 
P~OGRAMe THE CEFAULT VALUE IS l PJCOAMPe 

RESETS THE ASSOLLTE VOLTAGE ERROR TOLERANCE OF TH~ 
P~OGRAMe THE CEFAULT VA~UE IS l MICRCVOLTe 

THE 

~ESETS THE T~ANSIE~T ER~OR TOL~RANCE. TH~ OEFAULT VALUE 
IS ~.o. THIS PARA~ETE~ IS AN ESTIMATE ~F THE FACTO~ 9Y 
WHICH SPICE OVERESTIMAT~S THE ACTUAL T~UNCATION ERRORe 

~ESETS iFE CHARGE TOLE~ANCE OF THE PROGRAMe 
V~LUE IS leOE-14e 

THE DEFAULT 

RESETS THE NUM9ER 0~ SIGNIFICANT DIGITS PRINTED FOR 
OUTPUT VARIA~LE VALUESe X MUST SATISFY THE RELATION 
0 < X < Be THE DE~AULT VALUE IS Ae NOTE: THIS OPTION lS 
INDEPENDENT OF THE ERROR TOLERANCE USED BY SPICE <IeEe, IF 
THE VALUES OF O~T!CNS RELTOL, A8STCL 9 ETC• ARE NOT CHANGED 
THEN ONE ~~y SE PRINTING NU~ERICAL *NOISE~ FOR NUMDGT > Ae 

~ESETS THE NOMINAL TEMFE~ATUREe THE DEFAULT VALUE IS 
27 DEG C (~00 DEG K)e 



I TL 1 = X 

!":"L2=X 

IiL5=X 

Ll~'TI~=X 

L I~ Dj 5= X 

LVLC~D=X 

LVL~l'"I=X 

~ESE~S T~E DC ITERATION LIMITe T~E DEFAULT IS 100e 

RESE'T'S T~E DC ~~~NSFER CURVE !TE~ATIO~ L!~!Te 

I)ES::AUL~ IS 20• 

~ESE'T'S ~~E LOWEq T~ANSIENT ANALYS!S ITERATION LT~ITe 
Tl·-1!:: DE=AuLT VALUE IS 4e 

RESETS T~E TRANSIENT ANALYSIS TIMEPOINT ITERATION LIM!Te 
T~ E DE FA UL T I S 1 0 e 

RESETS THE iRA~SIENT ANALYSIS ~OTAL ITERATION LI~ITe 
THE DE~AULT IS 5000e 

~ESETS T~E A~CUNT OF 'TI~E RESERVED BY SPICE co~ 

GENERATING OLOTSe ·T~E DEFAULT VALUE IS 2 (SECONDS)e 

~ESETS ~HE TOTAL NU~SER QF CQINTS THAT CAN ~E PR~NTEO 

0~ PLOTTED IN ~ DC, AC 1 OR T~ANSIENT ANALYSIS. THE 
DEFAULT VALUE IS 20le 

IF X IS 2 (TW0) 1 T~EN IIIACHINE CODE FOR THE "''ATRIX SOLu­
TION WILL EIE GENERA-:D.. O~HE=<WI SE, NO "'AC'"ii NE CODE IS 
GENE~ATEDe T~E DE~AULT VALUE IS 2e 

Is:: X IS 1 (ONE), T~E ITERATION TI~ESTEP CONTROL IS US(~e 

IF X IS 2 (TW0l 1 T~E TRUNCATION-ERROR •IMESTEO IS USEDe 
~~E DE~AULT VALUE IS 2e IF ~ETHOO=GEAR AND MAXDRD>2 THEN 
LVLTIM IS SET TO 2 BY SPICEe 

~E~HOD=NAME SETS THE NU~ERI~•L INTEGRATION ME~~OD USED SY SP!CEe 
PCSSI9LE NAMES ARE GEAR OR TRA?EZOI~ALe T~E DEFAULT IS 
~~A.PEZO!DALe 

SETS THE ~AXIMUM C~DE~ FOR T~E INTEGRATION ~ETHCD IF 
GEA~*S VA~lASLE-OROER METHOD IS USEDe X MUST BE BEi~EEN 
2 AND 6• THE DE~AULT VALUE !S 2e 



*"'':jt* .oo CARD 

T~E :NCLUS!ON 0~ THIS CARD IN AN INPUT D~CK W!LL FOPCE SPICE TO DETERMINE 
THE DC OPE=<IITING P:JIN ... nF Tt-E CIRCUIT W!TH INDUCTORS SHORTED AND CAPACITORS 
OPENEDe NOTE: A DC ANALYSIS IS AUTOMATICALLY PEQFORMED P~I~R TO A TRANSI~NT 
IINALYS!S ~C DETERMINE THE TRANSIENT INITIAL CONDITIONS, AND PRIOR TO AN AC 
S~ALL-SIGNAL ANALYSTS TO D~TERMINE THE LINEARIZED, SMALL-SIGNAL MODELS FOR 
NONLINEAR DEVICES. 

SO!CE PEPFORMS A DC OPERATING POINT ANALYSIS IF NO OTHER ANALYSES ARE 
t< EOUES T EDe 

GENE>::: A L ~ O=<M eDC S=<CNAM VSTART VSTOP VINCR 

~DC V ! N 0 • 2 5 5e 0 Ce 2 5 

THIS CARD DE~INES THE DC TPANSFER CU~VE SOURCE AND SWEEP LIMITSe SRCNAM 
IS T~E NA~E OF AN !NDEPENDENT VCLTAGE OR CURR~NT SOU~CEe VSTART, VSTOP, AND 
V!NCR ARE THE STAO~ING 1 ~lNAL, AND INCREMENTING VALUES RESPECTIVELY• THE ABOVE 
EXA~0LE W!LL CAUSE THE VALUE OF THE VOLTAGE SCURCE VlN TO SE SWEPT FRO~ 0.25 
VOLTS TO SeO VOLTS !N INCREMENTS OF Oe25 VOLTSe 

eTF OUTVAF INSRC 

eTF V(5,:;) VIN 

THIS CAPO DEFINES THE SMALL-SIGNAL OUTPUT AND INPUT FOR THE DC SMALL­
SIGNAL AN~LYS!Se QUTVAR IS THE SMALL-SIGNAL OUTPUT VARlASLE AND INS~C lS THE 
S~ALL-S!GNAL INPUT SOURCEe IF 1 HIS CAPD IS INCLUDED, SCICE WILL C~~PUTE T~E 
OC S~ALL-S!GNAL VALUE C~ THE TRANSFEP FUNCTICN !OUTPUT/INPUT), !NP~T RESIS­
TANCE, A"l') c~-ouT ~ESISTANCE. FCI=. THE ABOVE !::XAMPLE, SCICE WOUL'.) COa.,cuTE THE 
~ATin ~F vc:,3l T~ VIN, THE S~ALL-SIGNAL lNOUT ~ES1STANCE AT VIN, AND :~E 

SMALL-S!GNAL ~u~nu ... RESISTANCE M~ASU~E'.) AC~OSS NODES 5 A~D 3e 

**** • SENS CARD 

GENEC<AL FORM eSENS OVl {OV2 ••• 

EXAMPLE eSENS V(9) V(4,3) V(17) 

t= A eSENS CA~D IS INCLUDED YN T~E !~CUT DECK, SPICE WILL DETERMINE THE 
DC S~ALL-SIGNAL SE~SITIVITIES OF EACH S~ECIFIED OUTPUT VARIA~LE WlT~ RESPECT TO 
EVEQY C!OCU!T OA~AMETE~c NOTE: FO~ LACGE C!~CU!TS, LAQGE AMOUNTS OF ~UTPUT 

CAN "'E GENEt: A TED. 



.~DIS: V(5) VIN 10 

T'"1IS CARD CONTI:OLS THE NOIS~ ANALYSIS :1= THE CI~CU!Te OUTV IS A VOLTAGE 
~u~PuT VA~IAeLE WHTC~ DEFINES THE SUMMING POINT. INSRC IS THE NA~:: OF T'-1~ 

I~D~PE~O~NT VOLTAGE OR CURCENT SOURCE W~lCH IS THE NOISE INPUT RE~~~:NCEe NUMS 
tS T'-1~ SUMMA~Y !Ni~~VALe SPICE WILL COMPUTE THE EQUIVALENT OUTPUT NOISE AT 
THE SP:t:P'IED OUT'='U-:" AS WELL AS THE EQUiVALENT INPUT N'OISE AT TH: SPECIFIED 
TNPUT. TN ADO!TIDN, TH~ CJNT~l9UTICNS OF EVE~Y NOISE GENE~ATOR tN THE CIRCUIT 
WILL 9E =~lNTED AT EVEPV NUMS FP~QUENCY POINTS (THE SUMMARY lNiERVALle IF NUMS 
iS '!~~::l, NO SIJ~YARY PRINTO'JT WILL BE MADEe 

T'"1E ::lUiPUT NOISE AND THE EQUIVALENT INPUT NCISE MAY ALSO BE ~q!NT~D AND/OR 
PLCTT~D iSE~ THE ~E~CPICTION CF THE ePRINT AND ePLOT CAROSJe 

eT~AN TSTED TSTOP {TSTAPT [TMAX]] (UIC] 

eT~AN lNS lOONS 
eT~AN 1NS lOOONS 500NS 
eiPAN lONS lUS VIC 

TSTEP !5 THE PRINit~G INCREMENT, TSTOP IS THE FINAL TIME, AND TSTART IS 
THE IN!TIAL ·t~~. !F TSTA~T IS OMITTED, IT IS ASSUMED TO BE ZERO. THE 
TI=:!ANS!:N"T" ANALYSIS ALWAYS BEGINS AT TIIoiiE ZEROe IN THE INTE':IVAl. ( ZE~O, TSTART), 
THE C!RCUtT !S ANALYZED CTC REACH A STEADY STATE), 9UT NO OUTPUTS A~E STORED~ 

TN T'"1E tN·~~VAL {TSTART, TSTO~], THE CIRCUli IS ANALYZED AND OUTPUTS ARE 
STORE~o T~AX IS THE ~AX!MU~ STEPSIZE T~AT SPICE WILL USE (OE~AULT VALUE IS 
i S TOO/50 • 0) • 

U!C !USE: !N-:TIAL CONDITIONS) IS AN OPTIONAL KEY'MORD WI·'IIC!-1 INDICATES THAi 
THE us:R D~ES NOT WANT SPICE TC SOLVE FOR THE QUIESCE:NT OPERATING gOINT SE~ORE 
9EGINN!NG iH~ T':IANS!ENT ANALYS!Se !~ THIS KEYWORD !S SPECI~IED, SPICE USES THE 
VALUES SoECiFIE~ US!NG IC=••• ON THE VARIOUS ELEMENTS AS THE tNIT!lL T~ANSIENT 
CONDlTtCN AND o~OC~E~S W!TH THE ANALYSIS. 

GENE~ A L ::: C ::< M 

~FOU~ l00K'"1Z V(5J 

T~IS CAg~ CONT~CLS WHET~ER SgiCE ~E~FO~MS A FOURIE~ ANALYSIS AS A PART OF 
,.HE i=>ANS!E~~- ANALYS!Se FREO !S T1-4E FUNDAMENTA.L F=!EOUENCY, AND OVl, •••' AI=!E 
THE: OIJTCIJ~ VA;:;IASL~S ~0=< 'IIIHlCH T~E ANALYSIS IS DES!I:IED. THE FQUR!E~ ANALYSIS 
!S CEC""OR'-1!:1) C"JVE=! THE INTERVAL [TSTOP-PERIOO, TSTOP], WHE~E TSTOP IS ... HE ~!NAL 

T!~E soecter:o FOP T~E TPANSYENT ANALYSIS, AND PE~IO~ IS ONE PERIOD OF THE 
""UNDA~ENTAL ""RE~UENC~. T'"1E ~C COM~~NENT AND THE F!=!ST NINE COMPONENTS ARE 
~E"7'E=<IO.ITN::D. ""0'< '-'AXIMU~ Ar:CU~ACV, TMAX (SEE THE eiRAN CAROl SHOUL:) 9E SET TO 
=E 0 IOO/loo.o <o=< L:ss "'"'JP v~Y 1-'IG~-"-O C!RCul-sl. 



***"' • AC C ACD 

G!:NERAL l="Qt:;M eAC D'::C ND FSTAJ:>T FSTDP 
eAC '=' r:T NO FSTART FSTCP 
eAC LIN Nl= FSiA~T FSTCP 

EXAMPLES eAC DEC 10 1 1OKHZ 
• AC o::c 20 1 100KHZ 
eA C LIN 100 1 100HZ 

D'::C S~ANDS FO~ DECADE VARIATION, AND NC IS TH: NUMBER OF POINTS PER 
~ECADEe OCT STANDS FO~ OCTAVE VA~IATION, AND NO IS THE NUM8ER OF DQINTS PER 
~C~AvE. LIN S!ANDS FO~ LIN:.a.r: VAt:;IATION, AND NP IS THE NUM8ER OF D~INTSe 

FSTA~T IS THE STAr=TING FFEOUENCY, AND ~='STOP !5 THE FINAL FREOUENCY.e IF THIS 
CA~D IS INCLUDED !N THE DECK, screE WILL PERFORM AN AC ANALYSIS OF THE CIRCU!T 
~V'::R THE SP=Cl~='IED Fr;EQUENCY RANGEe NOTE THAT TN ORDER ~='OR THIS ANALYSIS TO BE 
~EAN!NGFUL, AT L'::AST ONE INDEPENDENT SOURCE MUST HAVE 8E'::N SPECIFI'::O WtTH AN AC 
VALUE. 

eD!STO RLOAD {INTEP (SKW2 (REFPWR [SPW2]]]] 

eDISTO RL 2 Oe95 leOE-3 Oe75 

THIS CARD CON~POLS WHE~HER SPICE WILL COMPUTE THE DISTORTION CHARACTERIS­
TICS oc THE CJCCUIT !N A S~ALL-SIG~AL MODE AS A PART OF THE AC SMALL-SIGNAL 
S!NUS~I~AL STEACY-STA~E ANALYSTS• T~E ANALYSIS !S PEQFORMED ASSUMING THAT 
ONE ~q TWO SIGNAL ~='PEQUENCIES A~E !~POSED AT THE INPUT; LEI THE TWO F~E­
QUENC!ES ~E =1 (THE NOMINAL ANALYSIS FREQU~NCYl AND F2 C=SKW2*=lle THE PROGRA~ 
THEN CaMPUTES THE =OLLCWlNG DISTORTION MElSURES: 

HD2 - THE ~AGNlTUDE OF THE FF\EOUENCY COMPONENT 2*Fl ~SSUiol I NG THAT F2 
I S N:JT PE:<ESE"'!Ta 

HD'3 - THE "'AGNITUDE OF ~HE FR EOU ENCY COMPONENT 3*F1 ASSUMING THAT F2 
I S NOT P>=E SEN Te 

SI~2 - THO:: ~AGNITUDE OF IHE FREQUO::NCY COMPONENT F"l + F2e 
O!M2 - TI-lE ~AGNITUDE OF ;"HE FRECUENCY COMPONENT Fl - F2e 
D!M:? - TH::: "'1AGNITUDE CF THE FREQUENCY COIIA~='ONENT 2*F1 - F2e 

RLOAD IS THE NAME OF THE DUTDUT LOAD RESISTOR INTO WHICH ALL DIST~RTION 

POWE~ OC<>ODUC"r S ARE TQ e:; CCMPUTEDe INTER IS THE INTERVAL AT WHICH THE SUMMARY 
OQINTOUT OF ;1-1E CONT~lEUTIONS CF ALL NONLINEAR DEVICES TO THE TOTAL DISTORTION 
!S TO ~E O~lNIEDe !F O~ITTED OR SET TO ZERO, NO SUIIAMARY PRINTOUT WILL 9E ~ADEe 
QECPWR IS THE OE~"Et<ENCE POWER LEVEL USED IN COM~UT!NG THE DISTORTION oRODUCTSe 
!F OM!.,.T!::D, A VALUE OF 1 MW (TH~T IS, DE!M) IS USEDe SKW2 IS iHE RATIO OF F2 TO 
Fle I"' !'}"'IIT'::D, ~ IIALUE OF o.q IS USED (IeEe 9 F2 = Oa9'*C"l)., SPW2 IS THE AMP­
LITUDE r.F F2e I~=' :lMITTED, /l VALUE OF leO IS ASSUMEDe 

THE DtSIO~TlON MEASUPES HD2, HD~, SIM2, DIM2, AND OTM3 MAY ALSO 9E SE 
OQINTE~ AN~/0~ PLOTT:D (SEE THE DESC~I~TlDN CF THE .,PRINT AND .,PLOT CARDSl= 



!XAMI='LES ~~~!NT T~AN V(A) l(V!N) 
ePI=IN7 AC VM(4.2) V;:1(7) V0(8 1 3) 

• o I=< IN T DC V ( 2) I ( VS R C) V ( 2 3 , 1 7 I 
.~R!NT NOISE !~OtSE 

ePPINi O!SiO H03 SI~2(08) 

THIS CAP~ D!F!NES THE CONTENTS OF A TABULAR LISTING OF ONE TO EIGHT CUTOUT 
VAR!A9LESe P!::TY:;)E IS TI-lE ... YPE 0~ it-If! A.NALYSIS <DC, AC, iRANj NOIS!, OR DISTOR­
TION) ~OR WHICH TH~ S:;)EC1~I!D OUTPUTS ARE DES!REDe TI-lE ~ORM FOR V~LiAGE OR 
CUPP!N"r DUTPU..,. VARIA8LES :s AS FCLLCWS: 

!(VXXXXXXX) 

SPECIFIES ii-"E VOLTAGE D.IFFERENC! S~WEEN NODES Nl 
AND N2e IF N2 (AND THE :!RECEDING CDM"'A) IS OMITTED, 
GCOUND (Q) IS ASSUMEDe FO~ THE AC ANALVSIS, F!V: 
ADDITIONAL OVTI=lUTS CAN SE ACCESSED 8Y REPLACING THE 
LETTEP v eY: 

Vf' 
VI 
VM 
VP 
vee -

RE~ ~ART 

l'-~AG!NARY CART 
MAGNITUDE 
PHASE 
20*LOG10(MAGNlTUDEl 

SPECIFIES THE CURRENT FLOWING !N THE I~DEI::IENDENT 

VOLTAGE SOURCE NAMED VXXXXXXXe o :l S! T I VE CUR~ EN T 
FLOWS FPOM THE CQS1TIVE NODE, THP.OUGH THE SOURCE, TO 
THE NEGAT!VE NCO!e FOP THE AC ANALYSIS, THE CORRES­
CQND!NG o~CILACEMENTS FOR THE LETTER t MAY 9E ~AOE ~N 

THE SAME WAY AS DESCRISEO FOR VOLTAGE OUTI='U75e 

OUT~U7 VARIABLES ~~~ THE NCISE ANO DISTORTION ANAL~SES HAVE A DIF~E~ENT 
~O~M FCC~ T~AT OF T~E OT~ER ANALYSES. THE GENE~AL FOR~ IS 

ov r < x , l 

4~-<E=<~ 'JV !S A.NV OF ONO!SE" (CUT~VT NOISE), tr-.c··s::: (EQUIVALENT !N~UT NCISEl, 
1-0J2, 1-i'JJ, SI'A2 1 'J!\12, 0=< DIM3 (SEE CESC~IPT!CN 0~=" ::liS"TOQ7!CN ANALYS"ZS) 1 AND X 
M A Y 3 E ANY 0~=" : 

t:l - ~E AL PAt:/ T 
I - !~AGINA~Y PA~T 

M - MAGNITUD~ (D~AULT IF NOTHING SOECI~l~Ol 
!=' - C~ASE 

D9 - 20*LCG10(MAGNITUCE) 

THUS, SIM2 {0~ SIM2(~)) DESC~1EES T~E MAGNI~UDE 0~ T~E SI~2 DISTO~TION ~EASU~E, 

~H!L~ H02(~l DESC~ISES ~HE ~EAL ~ART CF T~E HD2 ClSTORTlCN MEASURE. 



e P L 0 ,.. PL T Y D !:: 0 V 1 [ ( P L C 1 1 P ..- I 1 ) ] [ 0 V 2 { ( P L 0 2 , PH I 2 ) ] • • e 0 V 8 ] 

eDLO.,. CC V{4) V(5) V(1) 
e o L C'T T RAN V ( 1 7 1 5 ) ( 2 t 5 ) 1 ( V ! N) V ( 1 7 t ( 1 , 9 ) 
e P L :l,.. A C VM ( 5 ) V M ( ~ 1 1 2 4 I VD 8 ( 5) V o ( 5) 

eOLCT DlSTO 1-'C2 HC=(~<) Sl"2 

T~IS CA~D DEFINES THE CONTENTS 0~ ONE PLOT OF FRO~ ONE TO EIGHT OUTPUT 
VA~IA5L!::Se PLTY=>E IS T~E TVP!:: C'F ANALYSIS (DC, AC, TRAN, NOISE, OR DISTORTION) 
~OR WHIC~ THE SPECIFIED OUTPUTS AP!:: DESIRED. THE SYNTAX FOR THE OVI IS 
IDENTICAL TO THAT FOR THE oPRINT CARD, DESC~IBEC A80VEo 

T~E OP~IONAL DLCi LIM!""S CPLQ,PHI) ~AY 8E SPECIFIED AFTEI:I ANY OF IHE 
OUTPUT VAPIABL:Se ALL OUTPUT VA~IA8LES TO THE LEFT OF A PAl~ OF PLOT LI~ITS 
(DLO,P~ll WILL g:; PLOTT!::D USING THE SAME LOWER AND UPPER PLOT 90UNDSe IF PLCi 
LIM!TS AR:: N"),.. SDEC!F!ICD, SPICE WILL AUT0"4ATICALLY D:::TER~INE THE "''INIIIIUM AND 
MAXIMUM VALU=:S o~ ALL CUTPUT ·VA~IABLES 8E!NG PL~TIED ANC SCALE THE PLOT TO FIT~ 

~~o~ THAN CNE SCAL!:: WILL BE USED IF THE OUTPUT VAP!A9LE VALUES WARRANT (IeEe, 
MIXING OUTPUT VA~!ABLES W!TH VALUES WHICI-' ARE ORD:::RS-OF-MAGNITUDE DIFFEqENT 
STILL GIVES ~EADABLE PLOTSle 

THE OVEPLAO CF T~O OP MO~E ~RACES ON ANY CLOT IS !NDIC4TED BY THE LETTEq 

X • 



T~! ~OLLOWT~G DECK OETER~INES THE DC O~E~ATING ::>OINT AN~ SMALL-SIGNAL 
T~ANS~!~ euNCT!ON ~F A S!~~LE DIFF!O~NTIAL ·~AIRe 

S! M~L! DIF=-Et=:ENi!AL 
vee 7 0 1 2 
v:~ ~ 0 -12 
VI..., 1 0 
C!Sl 1 2 \I( 
=I c:-_, 5 0 1K 
:ll ~ 2 4 MOD 1 
02 5 6 4 "'101)1 
ClC! ~ ::3 10K 
::::>(2 -:' 5 lOK 
0 ':: 4 ~ lOK 

t:AI~ 

oM~OEL M~D1 NON(~F:50 VA=50 !S=leOE-12 ~A=100) 
•iF V{5) V!N 
• END 

""HE FOLLOWING CECK DEiE::>MINES iHE DC Tl=<ANSF!~ CU~VE AND THE Tt:AN5IENT 
DULSE ~ESDONSE CF A SIMPLE ClTL lNVERTERe T~E INPUT IS A PULSE F~O~ 0 TO 5 
VCLTS W!~H DELAY, ctSE, AND FALL TI~ES OF 2NS AND A PULSE WIDTH OF ::30NSe TH! 
... C!ANSIENT IN-~C!VAL IS 0 TO lOONS, WITH PRINTING TO 8E DONE EV:R'I' NANOSEC:JNO• 

S !"''I=LE RiL INVEC!TER 
vee a. o s 
V !"' ! 0 OUL.SE ( 0 5 2NS c"'S 2NS :;ONS) 
~'? 1 2 10'< 
Cl 3 2 0 Ql 
~c :: 4 lK 

• ~ CT 0 C V ( 3 J 
•OL.~T TC!AII.I V(:;) (0,5) 
,.PC!!"'T T=<AN V(3J 
oMODE!.. 01 NP11.1(13F=20 RB=lOO TF=OelNS CJC=2PF) 
• DC V I "'l 0 5 0 • 1 
• i' R AN t NS 1 0 0 N S 
oEND 

T~-<E FCLL~~!NG CECK DE~E~M!NES T~E AC SMALL-SIG~AL ~ESOQNSE c: A ONE­
T~ANSIST~~ AMOLIFIE~ OVEQ THE F~EOUENCY PANGE 1HZ TO 100~EGHZ• 

ONE-i~~NSiS70~ AM~LIFIEO 

vc-: 5 o 1 2 

v == 6 0 -1 .2 
VIN 1 0 AC 1 
=>s 1 2 !I( 
11 :: 2 4 x~-_., 
~c : :! ~00 

=: A ~ 11< 
C :!Y>='ASS A 0 l u-=D 
.~LOT ~C V~(~) V0(3) 
, AC DEC 10 1HZ lOOMEGHZ 
0 Y0DEL x~~ N~N(~~=10 =<e~:o VA:20) 
, E"'lD 



THE FOLLCWING DEC~ S!WULATES A FOU~-e!T E!INA~Y ADDER, USING S:VERAL SUB­
CIRCUITS TO DESCRI~E VARIOUS PIECES OF TH~ OVERALL CIRCUIT. 

~DOER - 4 SIT ~LL-NAND-GATE eYNA~Y ADDE~ 

*** SUBC!RCUIT DEFINITIONS 

• SUBCI<T N~"'D 1 2 3 4 

* "'ODES: IN~UT(.2), ou~PuT, VCC 
a 1 9 s 1 r:l~C'o 

DlCLA~O 0 1 DMOD 
02 9 5 2 OMCD 
0 2CLA~O 0 2 D MOD 
1::18 4 5 41( 

::<1 4 6 le~K 

03 6 9 8 O"''C"D 
t::>2 8 0 lK 
RC 4 7 130 
Q4 ... 5 10 01>100 

DV9ED~:JD l 0 ? 
Q!: 3 8 0 OMC') 
• ENDS NAND 

OMOD 

• 5UBCKT QNE~IT 1 2 3 4 5 6 
* NOI)Et:;: JNDUT(21, CARR.Y-!N, OUTPUT, CARRY-OUT, VCC 
X 1 1 2 7 <5 NA NO 
X2 1 7 8 5 N~ND 
X3 2 7 9 6 NAND 
X4 8 9 1 0 6 NAND 
X5 3 10 l l 6 NAND 
X6 3 11 12 ..., NA"JD 
X7 10 11 1 3 6 NAND 
XE' !2 ! i 4 6 N~ND 

xc; 11 7 5 f NAND 
• ENDS ON~": IT 

eSUBCKT TWD8!T 1 2 3 4 56 7 8 9 
* PIIDOES: INPUT- 8I':0(2) / BIT1(2l, OUTPUT- B!TO / 8IT1, 
* CARRY-IPII, CARRY-CUT, VCC 
Xl 1 2 7 5 lO 9 ONE9!T 
X2 3 4 10 6 8 9 QNEBIT 
• EN!) S T WO '3 I T 

oSUBCK~ eoui=<BIT l 2 3 4 5 f "7 8 9 10 11 12 13 14 15 
# PIIODES: p.,jDUT- e!T0(2) / BITl(2) / 8!T2(2) / 8IT3(21, 
* ~UTDUT - BITO / B!Tl / BIT2 / 8!T3, CA~RY-!N, CARRY-OUT, VCC 
X 1 1 2 3 4 9 1 0 1 3 1 6 l 5 T W08 IT 
X2 S 6 7 e 11 12 15 14 15 TWCIB!T 
• EN!)S e: CU c; 8 !'T 

*** DEI:'INE NOMINAL CIRCUIT 

• ~CDEL 0"'!JD D 
.~OD~L Q~GD NCN(8F=75 ~g=lOO CJE=lP~ CJC=3DF) 
vr:c 99 o D': sv 
V!NlA 1 0 OULSE(O 3 0 lONS lONS lONS SONS) 

--·_.J<r 



V !Nl9 ? 0 CUL s: { 0 3 0 1 ONS lONS 20NS l 0 ON S l 
V! ""12A 3 0 CULSE ( 0 3 0 l ONS lONS 40NS 200 NS l 
V!"l29 (;. 0 :::IUL SE ( 0 3 0 1 ON S 1 ON S SONS 400N S l 
V!"l3o\ s 0 OUL Se: ( 0 ; 0 lONS 10 NS l~ONS 80011,jSJ 
V t N 39 6 0 CUL St:.' ( 0 3 0 l ONS lONS 320NS 1600NSl 
V !N4o\ .,. 0 CULSE ( 0 3 0 1 ONS lONS 640"1 s :!2 0 O"l S l 
V INA~ ~ 0 PUL SC: ( 0 3 0 lONS lONS 12SONS 6400~5) 
Xl 1 2 : 4 ~ -!: 7 e 9 10 11 12 0 13 99 F ouqe I; 
1:18! TO 9 0 lK 
~8I'Tl 10 0 lK 
~ 9 I""' z 1 1 0 lK 
::( 9! i3 l2 0 lK 
ccou~ . "" 0 1K . -
.cL~'T ~qAN VC1) V(2J V(31 V(A) V(5) V(6) V(7) V(A) 
• PL 0 T 'T' C<.A N V ( 91 V ( 1 0 ) V ( ! l l V ( 12) V ( 1 3 I 

e'='~INT T'=<AN V(ll V(2J V('?) V(41 V(5) V(~) V(7) V(8) 

o ::lC! N"1" ;qA "J V ( 91 V ( 1 0) V ( l:, ) V ( 12.) V ( 13) 

• 'T ~ AN l N 5 e A 0 ON S 
*** (~~o ~HQSE W!TH ~ONEY (.AND ~~~0~) TC 8U~"ll 

sOOT o\CC~ LIST NODE LIM::l'TS=t40l 
o END 

~~E ~OLLDW!NG DECK S!~ULATES A TRANSMISSION-LINE tNVE~TERe T~C !RANSMIS­
S!~N-LrNE ELE~ENTS A~E ~EOU!~ED SINCE TWO cqQPAGAT!ON MODES ARE EXCITE~. IN 
~HE CASt:: OF A COAXIAL LINE, THE FIPST LINE (Tl J MODELS 'THE INNER CONDUCTOR WITH 
~ESOC:CT iO 'THE SHIELO, AND THE SECOND LINE C'TZl ~ODELS 'THE SHIELD WITH RESOECT 
TO THE OUTSIDE WORLDe 

T~ANS~!SS!CN-L!~E INVE~-E~ 

v ! 1 o :;)'J L s~ < o 1 o o. l "~l 
:ll 1 :2 50 
X 1 2 0 0 4 TL ! "'E 
~ 2 4 0 '50 
eSUeC~T TLI"'E 1 2 3 A 
Tl 1 2 ~ 4 Z0=50 ~D=!e5NS 
T2 2 0 A 0 ZO=lOO !D=lNS 
• ENC'S TL! NE 
• T~ AN 0 • l N S 2 ON S 
.,oLCi ~l=<AN V(2l V(4) 
• END 



SPICE ALL~WS CI~CUITS TO CONTAIN DEPENDENT SOURCES CHA~ACTERIZE~ BY ANY OF 
T~E FOUR ~QUA~lCNS 

I:F(V) V:F(V) 1 =F ( I ) V=~ ( l ) . 

WH~RE ;H~ FUNCTI~NS MUST BE POLYNOMIALS, AND THE ARGU~ENTS ~AY BE ~ULTI­
OlMENS!ONALe T~!: P~LYNOMIAL FUNCTIONS ARE SPECI~IEO BY A SET OF COEFFICIENTS 
;:~o, P!, •••, PNe 9~TH THE NJM8ER OF DIMENSIONS AND THE NUMBER OF CClEF~IClENTS 

ARE AP9!T~APVe THE M~ANING 0~ THE COE~FIC!ENTS DEPENDS UPON THE Dl~ENSION OF 
TH= POLVNCMIAL, AS S~OWN IN THE FOLLOWING EXAM~LES: 

SUPP::JSE' THA"r THE FUNCTION IS ONE-DI MENS!ONAL (THAT IS, A FUNCTION OF ONE 
ARGUM~N-le iH=N THE ~UNCTION VALUE FV IS DETERMINED BY THE FOLLOWING EXPRES­
Sl~N IN FA (THE =uNCi!CN APGUMENT): 

SUPPOSE NOW THAi THE FUNCTlON IS TWO-Dl~ENSIONAL, WITH ARGUMENTS FA AND 
=e. THEN THE FUNCTICN VALUE FV IS DETEoMINED BY THE FOLLOWING EXP~~SSION: 

CONS!DE~ NOW THE CASE OF A THREE-DIME~SICNAL POLYNOMIAL FUNCTION WITH 
AI::!GUM!:"iTS FA 1 F9 1 AND FCe THEN THE ~UNCTION VALUE FV IS DETE~MINED BY THE 
FOLLOW1N~ EXPRESSION: 

N~~E: !F THE PCLVNCMIAL IS ONE-DIMENSICNAL AND EXACTLY ONE COEFFICIENT IS 
S::IECIFIE:::l, -:"HEN SPICE ASSUMES !'7 TO 8E Ol (AND PO= OoOl, IN ORDE~ TO FACILI-
7 A.,.E -HE !NDIJ..,. OF L !NEAP CCN"'!"PDLLED SOU~CESe 

Fj~ ALL F~U~ ~F THE DEPENDENT SOURCES CESC~IeEC BELOW, THE INITIAL C~NDI­
T!QN PAPA~ETEP IS DESCPI~ED AS nP~IONALe IF NOT SPECIFIED, SPICE ASSU~ES OeOe 
THE INITIAL CONOI~ICN FDR DEPENDENT SOURCES IS AN I~ITlAL *GUESSz FOR THE VALUE 
~F THE CONTROLLING VAR1A8LEe THE PROGRAM USES THIS INITIAL CONDITION TO DeTAIN 
TH~ DC OPEPATING POINT OF THE CiqCUIT. AFTE~ CONVERGENCE HAS BEEN OBTAINED, 
THE P~OG~AM CONTINUES ITERATING TO OBTAIN THE EXACT VALUE FOP THE CONT~OLLING 
VARIASLEe HENCE, TO REDUCE THE CD~PUTAT!ONAL EFFORT FOR THE DC OPERATl~G 
OO!NT (OR IF THE POLYNCMIAL SPE.CIFIES A STt;~QNG NONLINElR!TY), A VALUE FAIRLY 
CLOSE T~ THE ACTUAL CONTPOLLING VA~!ABLE SHOULD BE SPECIFiED FOR THE INITIAL 
CCND!7 !O"'e 



GXXXXXXX N+ N- {CIC'L.V(NDl] NCl+ NCl- ••• CIO [1='1 •••l [IC=eee] 

!::XAMCIL.::S G 1 l 0 5 :! 0 Oe 1 ~ '-"H 0 
G~ 17 :5 17 3 0 l'-1 le5M YC=2V 
GMLT 2:: 17 CICL.Y(2) 3 51 2 0 llol 17"1 3e5U IC=2e5, le3 

N+ AND ~- ARE i~E OCJSIT!VE AND NEG~TIVE NODES, ~ESCIECTIVELYe CUCI~EN~ FLOW 
IS e~OM T~E OCJS!TlV:: NODE, THROUGH THe SOU~CE, TO THE NEG~TIVE NOD:e CIOLV(ND) 
ONLY HAS ~o 9E SOECIF!ED IF THE SOURCE !S ~ULTI-DIMENS!ONAL (ONE-DIMENSIONAL IS 
~~E DE~AULTle y: SDEC!~!EO, NO IS THE NUMe~~ OF DIM::NSIONS, WHICH MVSi 9E 
~OS!TIVE• NC1+ 1 NCl-, ••• ARE THE POSITIVE AND ~EGATIVE CONT~OLLING NODES, 
~ESOECTIVEL"• C!NE PAIR OF NODES MUST BE SCIECI=-IED FOR EAC~ OI"'ENSIONe PO, Pl, 
oz, •••, I:'N A~E THE I=OLVNO"''IAL COEFFICIENTS• THE (QCITIONAL) INITIAL CONDITION 
!S TH!:: !N!TIAL GUES'S Ai THE VALLJECSl OF ':HE CCNT~OLL!NG VOLTAGE(S)e IF NOT 
SOECIF!EO. o.o IS ASSU~EOe THE POLVNOM:AL SPECIFIES THE SOURCE CURRENT AS A 

~UNCTICN os::- THE CONTP~LLING VOLTAGECS)e THE SECOND EXAMPLE ABOVE DESCqiBES A 
CUCICIENT S~U~CE WITH VALUE 

NOTE THAT S!NC:: THE SOUCICE NODES ACIE THE SA'-1E AS THE CONTROLLING NODES, THIS 
SOURCE ACTUALLY MODELS A NJNL!NEAR RESISTO~e 

**** VaLTAG~-CONiPOLLED VOLTAGE SOU~C~S 

EXXXXXXX N+ N- [~'OLY(NC:l] NCl + NCl- e •• PO [Pl •••] f IC=eeo] 

El 3 ~ 21 17 10.5 Zel le75 
~X 17 0 POLYC3l 13 0 15 0 17 0 0 l 1 1 IC=le5,2e0,17e35 

N+ A.N') N- ~CIE THE POS!iiVE AND NEGA:'IVE NODES, RESCIECTIVELY'e POL'I'(ND) 
CNLY HAS TO =~ SOECir!~O IF THE SOURCE IS ~ULTI-Dl~ENS!ONAL (DNE-DI~ENSIONAL !S 
... HE DE~AULTla IF SPECIFIED, ND IS "l"HE NU"1~EC< OF 0tM:NSIONS 1 WH!CH "4UST 9E 
°CS!T1V~. NCl+, NCl-, ••• AF<E THE OOSITIVE AND NEGATIVE CONTI:!'JLLlNG NODES, 
~ESP:CTIV~LVa ONE PAIP CF NODES ~UST BE SOECIF!EO ~oR :ACH OIMENS10Ne oo, ~1, 

02, ••• , O"J A=E TH: CQLVNO~I.aL COEF~ICI~NTS. THE (QCT!ONAL) IN!iiAL CClNDI-ICN 
!S ... HE IN!T!AL GUESS AT TH~ VALUE(S) OFT~:: CCNTRDLLING VCLTAGECS)e IF NOT 
SPE~!F!::O, OeO IS ASSUMED. THE POLYNJMIAL SPECIFIES THE SOURCE VOLTAGE AS A 
=uNCTION OF THE CONT~OLL!NG VOLTAGECS)e THE SECOND EXAMPLE ASOVE OESCqiBES A 

VOLTAGE SOUPC E W! TH VALUE 

(IN OTHEI=< WC1i='r)S 1 AN IDEAL VCLT,GE SUMMER). 



***~ CUR~~Ni-CO~TR'JLLED CURRENT SOU~CES 

F'XXXXXXX N+ N- {POLY(ND) J VNl [ V~2 •••] PO [Pl •••] [ IC=•••] 

F' 1 1 2 1 0 VC C 1 M A 1 • 3M 
FXFEP 13 20 VS:NS 0 1 

N+ AND N- AQE THE POSITIVE AND NEGATIVE NODES, RESPECTIVELY. CURRENT FLOW 
!S FROM THE POSITIVE NODE, THROUGH THE SOURCE, TO THE NEGATIVE NODEe POLYCNDI 
ONLY HAS TO BE SPECIFIED IF THE SOURCE IS MULTI-OIME~S!ONAL CONE-DIMENSIONAL IS 
THE DEF'AUL'i)a IF SOECt=IED, NO IS THE NUM9ER OF DIMENSIONS, WHICH !IIIUST BE 
OOSP'IVEe VNl, VN2 9 ••• ARE THE NAMES OF VOLTAGE SOURCES ~HC!OUGH WHICH THE 
CCNTPOLLING CU~RENT FLOWS; ONE NAME MUST 8E SPECIFIED FOR EACH DIMENSIONa THE 
~l~ECT!QN OF PQSITlV: CO~TROLL!NG CU~RENT FLOW IS FROM THE POSITIVE NODE, 
THROUGH THE SOURCE, TO iHE NEGATIVE NODE OF EACH VOLTAGE SOURCE. PO, P1 9 

-;:,2, •••' ON AR=' THE POLYNOMIAL COEFFICIENTS• THE !COTIONALl INITIAL CONDITION 
!S 'H~ INITIAL ~UESS AT THE VALUE(S) OF TH: CONT~OLL!NG CURR~NT(S) (IN AMPS)e 
!e ~OT SOEC!F'IED, OaO IS A5SUMEDe THE Fr'L'I"NO~IAL SPECIFIES TI-'E SO'JRC'E: CURP'E:NT 
AS A FUNCTION ~c -HE CON7~DLLING CURRENT(Sie THE FIRST EXAMPLE ABOVE DESCRI~ES 
A CURRENT SOURCE WITH VALUE 

**** CURRENi-CQNiROLLED VOLTAGE SOURCES 

HXXXXXXX N+ N- {POLY(NDI) VN1 [VN2 eee] PO [P1 eee] [IC=eoe] 

HXY 13 20 OOLY(2) VINl V!N2 0 0 0 0 1 IC=OeS 1e3 
HI=( 4 17 V X 0 0 1 

N+ AND N- ARE T~E P~S!i!VE AND NEGA~IVE NODES, RESPECTIVELY. POLY(ND) 
~NLY ~AS T~ 8~ SPECIFIED IF THE SOURCE !S MULTI-DIMENSIONAL (ONE-DI~ENSIDNAL IS 
-HE ~E=AULTle I~ SOECJ~IED, NO IS T~E NU~9Eq OF DIMENSIONS, WHICH ~UST BE 
P':'SIT! VEe VNl 1 VN?., ••• .ARE THE NAMES CF VOLTAGE SrJ1Ji=!CES THROUGH WHICH THE 
CONTROLLING CU~qEN- FLOWS~ CNE NAME MUST s: SPEClF!EO ~0~ EACH DlMENSIONe THE 
?!R~Co!ON ~ OQSIT!VE CrJNT~OLLING CURRENT FLOW IS FROM T~E O~SIT!VE NODE, 
~HPOUG~ ~~:: SOUP.CE, TO THE NEGA-!VE NODE OF EACH VOLTAGE SOUCCEo PO, Pl, 
oz, •••• ON ARE TH'E: OOLVNO~IAL COEFFICIENTS. THE ('JPTlCNAL) INITIAL CONDITION 
!5 'TH:::: INITIAL GUESS AT THE VALU:OCS) OF THE CCNTPOLL!NG CURRENi(S) (!N AMPSle 
re NOT so~ci~!ED, OeO IS ASSUMEDe 'THE POLYNOMIAL SPECIFIES THE SOU~CE VOLTAGE 
AS A ~UNC-!CN OF THE CQNT~OLLING CU~~ENT(S)o THE F!RST EXAMPLE ABOVE DESC~IBES 
A VOLiAGE SOURCE WI~~ VALUE 

V = !(VIN1.>*ICVIN2) 
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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 (equivalenced) array VALUE· The VALUE-subscript for the 

first real value is stored in the integer part of the list ele­

ment and is called LOCV (LOCM for device models); the NODPLC­

subscript is called LOC. 

In the detailed list-element structure definitions which 

follow, notation is defined only on first use. 
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13.2.1 RESISTOR 

ID • 1 

1: suockt info 
LOC+ o: next-pointer 

+ 1: LOCV 
+ 2: n1 

LOCV+ 0: element name 
+ 1: g(TEMP) 

+ 3: n2 
+ 4: ( n1, n2) 
+ 5: (n2,nl) 
+ 6: (nl.nl) 
+ 7: (n2,n2) 

Comments: 

1) •suDckt info• is used to indicate 
(see Sections !).J and 6.3 for details). 

a) if the element is part of the 
description, wsubckt info• is zero. 

+ 2 : r ( T iWt-1 ) 
+ 3: temp. coefficient l 
+ 4: temp. coefficient 2 

subcircuit relationships 
Briefly, 

nominal circuit 

b) if the element is contained within a subcircuit 
definition, •suDckt info" is the ele~ent ID (l for 
resistors). 

c) if the element is added to the circuit as a 
result of subcircuit expansion, •suockt info• is a 
pointer to the •x• element which caused the expan­
sion. 

2) "next-pointer• points to (is the NODPLC-subscript of) the 
next element of the same ID: if there is no next element, 
"next-pointer" is zero. However, if this element is a part of a 
suDcircuit 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" lS element node 
nu~oer read from input: 
an index into the JUNODE 
list). 

number i· During READIN, this is the 
after ERRCHK, this entry is replaced by 
array (the compact renumoered node 

5) The notation w(a,b)• means a pointer to matrix location 
(a,b): the a'th row, b'th column entry. 

6) "element name• is the element name, left-JUStified, with 
blank fill to 8 characters. 

7) "g(TEMP)" is the element conductance, adjusted for the value 
of TEi-lP • 
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8) •r(TNOc·l)• is the in;>ut element resistance (assumed to be at 
TNOH degrees). 
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13·2·2 CAPACITOR 

ID II: 2 

- l: 
LOC+ o: 

+ l : 
+ 2: 
+ 3: 
+ 4: 
+ 5: 
+ 6: 
+ 7: 
+ 8: 
+ 9: 
+10: 
+ll: 

Comments: 

su.bckt info 
next-pointer 
LOCV 
nl 
n2 
function code 
( nl 1 n2) 

LOCV+ 0: element name 
+ 1: computed element value 
+ 3: initial condition 
+ 3: argument vector 

( n2 1 nl) 
tp(function 
LXi offset 

coefficients) 

exponent vector 
(nl.nl) 
(n2~n2) 

LXi + Q: q(capacitor) 
+ 1: i(capacitor) 

l) "function code" is zero for Npolynomial"~ the only function 
currently implemented. 

2) The notation utp(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 CLX01 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) "q(element)" means the charge stored in element. 

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

ID "" 3 

1 : 
LOC+ 0: 

SUDCkt info 
next-pointer 

INDUCTOR 

+ l: LOCV LOCV+ o: element name 
+ 2: nl + l: computed element value 
+ 3: n2 + 2: initial condition 
+ 4: function code + 3: argument vector 
+ 5: IBR 
+ 6 : ( n 1 , I BR ) 
+ 7: (n2,IBR) 
+ 8: (ISR,n1) 
+ 9 : ( I BR , n2 ) 
+10: tp(function coefficients) 
+11: LXi offset LXi + Q: phi(inductor) 
+12: exponent vector + 1: v(inductor) 
+ 1 3 : ( I BR , I BR ) 

Comments: 

1) NIBRN is ~he equation number for the inductor current. 

2) ~phi(element)• is the flux in element. 

3) •v(element)• is the voltage across element • 
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13·2·4 MUTUAL INDUCTANCE 

ID = 4 

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

+ l: LOCV 
+ 2: ptr ( L1) 
+ 3: ptr ( L2) 
+ 4: ( L1 I L2) 
+ 5: ( L2 ILl) 

Comments: 

LOCV+ o: element name 
+ 1: value 

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) "CLi1LJ)u means the matrix location (A,B) where A is the 
equation number for the current in Li, and B is the equation 
number for the current in Lj. 

3) During READIN, •value" is K, the coefficient of coupling; 
after ERRCHK, "value" is M, the mutual inductance. 
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13.2.5 VOLTAGE-CONTROLLED CURRENT SOUrtCE 

ID • 5 

- 1: subckt info 
LOC+ o: next-pointer 

+ 1: LOCV 
+ 2: nl 
+ 3: n2 
+ 4: dimension of function 
+ 5: function code 
+ 6: tp(controlling nodes) 
+ 7: tp(matrix locations) 

LOCV+ Q: element name 

+ 8: tp(function coefficients) 
+ 9: tp(argument vector) 
+10: tp(exponent vector) 
+11: tp(initial conditions) 
+12: LXi offset LXi + o: i(source) 

2 values/dimension: + 1: controlling v 
+ 2: di(source)/dv(control) 
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13.2-6 VOLTAGE-CONTROLLED VOLTAGE SOURCE 

ID = 6 

- 1: subckt info 
LOC+ o: next-pointer 

+ 1: LOCV LOCV+ 0: element name 
+ 2: 
+ 3: 

n+ 
n-

+ 4: dimension of function 
+ 5: function code 
+ 6: IBR 
+ 7: tp(controlling nodes) 
+ s: tp(matrix locations) 
+ 9: 
+10: 
+11: 
+12: 
+13: 

Comments: 

tp(function coefficients) 
tp(argument vector) 
tp(exponent vector) 
tp(initial conditions) 
LXi offset LXi + Q: 

+ 1: 
+ 2: 
+ 3: 

2 values/dimension: 

v(source) 
i(source) 
controlling v 
dv(source)/dv(control) 

1) •IBRu is the equation number for the current through this 
element. 
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13-2-7 CURRENT-CONTROLLED CURRENT SOURCE 

ID = 7 

- l: 
LOC+ O: 

+ l: 
+ 2: 
+ 3: 
+ 4: 
+ 5: 
+ 6: 
+ 7: 
+ s: 
+ 9: 
+10: 
+ll: 
+12: 

su:Ockt info 
next-pointer 
LOCV 
nl 
n2 
dimension of function 
function code 

LOCV+ o: element name 

tp(ptrs to controlling currents) 
tp(matrix locations) 
tp(function coefficients) 
tp(argurnent vector) 
tp(exponent vector) 
tp(initial conditions) 
LXi offset LXi + o: i(sourceJ 

2 values/dimension: + 1: controlling i 
+ 2: di(source)/di(control} 
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13-2.8 CURRENT-CONTROLLED VOLTAGE SOURCE 

ID • 8 

l: 
LOC+ 0: 

+ l: 

subckt info 
next-pointer 
LOCV LOCV+ o: element name 

+ 2: n+ 
+ .3: n-
+ 4: dimension of function 
+ 5: function code 
+ 6: IBR 
+ 7: tp(ptrs to controlling currents) 
+ 8: tp(matrix locations) 
+ 9: tp(function coefficients) 
+lO: tp(argument vector) 
+l1: tp(exponent vector) 
+12: initial conditions 
+1.3: LXi offset LXi + o: v(source) 

+ 1: i(source) 
2 values/dimension: + 2: .con~rolling i 

+ 3: dv(source)/di(control) 
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13·2·9 INDEP~~DENT VOLTAGE SOURCE 

ID • 9 

l: su:Cckt info 
LOC+ 0: next-pointer 

+ l: LOCV 
n+ 
n-
function code 

LOCV+ 0: element name 
+ l: de/transient value 
+ 2: 
+ 3: 

ac value: magnitude 
ac value: phase 

+ 2: 
+ 3: 
+ 4: 
+ 5: 
+ 6: 
+ 7: 
+ a: 
+ 9: 
+10: 

tp(function coefficients) 
lBR 
(nl,IBR) 
(n2,IBR) 
(IBR,nl) 
(IBR,n2) 

Comments: 

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

function ~ 

0 
l 
2 
3 
4 
5 

built-in function 

<no function specified> 
pulse 
sine 
exponential 
piece-wise linear (PWL) 
single-frequency fm (SFFM) 

2) •IBR" is the equation number for the current flowing in this 
element. 
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13.2.10 INDEPENDENT CURRENT SOURCE 

ID = 10 

- l: SUDCKt info 
LOC+ o: next-pointer 

+ 1: LOCV 
+ 2: nl 
+ 3: n2 

function code 

LOCV+ Q: 
+ l: 
+ 2: 
+ 3: 

element name 
de/transient value 
ac value: magnitude 
ac value: phase + 4: 

+ 5: tp(function coefficients) 

Comments: 

11 "function code" indicates which ~uilt-in function to use for 
this source, from the following possibilities: 

function ~ 

0 
1 
2 
3 
4 
5 

built-~ function 

<no function specified> 
pulse 
sine 
exponentia 1 
piece-wise linear (PwL) 
single-frequency fm (SFFM) 
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13-2.11 DIODE 

ID = 11 

1 : 
LOC+ 0: 

+ 1 : 
+ 2: 
+ 3: 
+ 4: 
+ .5: 
+ 6: 
+ 7: 
+ 8 : 
+ 9: 
+10: 
+11: 
+12: 
+13: 
+14: 
+15: 

Comments: 

LINKED LIST SPECIFICATIONS DIODE 

su~cxt info 
next-pointer 
LOCV 
np 
nn 
np 
mp 
off 
( np, np · ) 
(nn,np') 
(np . ,n?) 
(np . , nn l 
LXi offset 
LDO offset 
(n?,n?l 
(nn,nn) 
(n? ' , np. l 

LOCV+ Q: element name 
+ 1: area factor 
+ 2: I c: vd 

LXi + 0: v(cliode) 
~ 1 : i(diode) 
+ 2: geq 
+ 3: q(diode capacitance) 
+ 4 ; i(diode capacitance) 

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

2) "ml?" is a pointer to the device model for this element. 

3) "off" is zero unless the element was specified as MoffM in 
the circuit desc=iption (in which case its value is 1). 

4) "rc:• means "initial condition specification". 

5) "LDO offset" is the offset for this element into the distor­
tion andlysis working storage taole LDO. 
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13.2.12 BJT 

ID = 12 

- 1: su:Ockt info 
LOC+ o: next-pointer 

+ 1: LOCV 
+ 2: nc 
+ 3: nb 
+ 4: ne 
+ 5: nc • 
+ 6: nb' 
+ 7: ne 
+ 8: mp 
+ 9: off 
+10: (nc,nc') 
+11: (nb,nb') 
+12: (ne,ne') 
+13: (nc',nc) 
+ 14 : ( n c ' , nb' ) 
+15: (nc',ne') 
+16: (nb', nb) 
+17: (n.o',nc') 
+ 18 : ( nb • , ne • ) 
+ 19: ( ne • , ne) 
+20: (ne' ,nc') 
+21: (ne',nb') 
+22: LXi offset 
+23: LDO offset 
+24: (nc,nc) 
+25: (nb,nb) 
+26: (ne,ne) 
+27: (nc',nc') 
+28: (n.o', nb') 
+29: (ne',ne') 

Comments: 

LOCV+ o: element name 
+ 1: area factor 
+ 2: IC: vbe 
+ 3: rc: vee 

LXi + o: vbe 
+ 1: vbc 
+ 2: ic 
+ 3: ib 
+ 4 : gpi 
+ 5 : gmu 
+ 6: gmo 
+ 7: go 
+ 8: q(cbe) 
+ 9: i(c.oe) 
+10: q(CDC) 
+11: i(coc) 
+12: c;r:cs) 
+13: i(ccs) 

BJT 

1) 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 between nodes nx and nx' (for the appro~riate 'x'). 
Otherwise, nx' is the same node as nx. 
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13-2-13 JFET 

ID = 13 

- 1: 
I.OC+ 0: 

+ 1: 
+ 2: 
+ 3: 
+ 4 : 
+ ~: 
+ 6: 
+ 7: 
+ 8 : 
+ 9 : 
+10: 
+11: 
+12: 
+13: 
+14: 
+15: 
+16: 
+17: 
+18: 
+19: 
+20: 
+21: 
+22: 
+23: 
+24: 

Comments: 

Lll~l<ED LIST SPECIFICATIONS JF.t:T 

su.:Cckt info 
next-pointer 
I.OCV 
nd 
ng 
ns 
nd' 
ns 
mp 
off 
(nd,nd') 
(ng,nd') 
(ng,ns') 
(ns,ns') 
(nd' ,ndl 
(nd',ng) 
{nd' ,ns') 
(ns' ,ng) 
(ns',ns) 
(ns' ,nd') 
LXi offset 
(nd,ndl 
(ng,ng) 
(ns,nsl 
(nd' ,nd' l 
(ns' ,ns') 

LOCV+ o: element name 
+ 1: area factor 
+ 2: IC} vds 
+ 3: I c: vgs 

I.Xi + o: vgs 
+ l: vgd 
+ 2: ig (gate) 
+ 3: id (drain) 
+ 4: i(gate-to-drainl 
+ 5: gm 
+ 6: gds 
+ 7: ggs 
+ 8: ggd 
+ 9: q(cgsl 
+10: i(cgsl 
+11: q(c-:;dl 
+12: i(cgd) 

1) The element nodes nd, ng, and ns are the drain, gate, and 
source, respectively. 
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13-.2-14 MOSFET 

ID = 14 

- 1: su.bckt info 
LOC+ o: next-pointer 

+ l: LOCV 
+ 2: nd 
+ 3: ng 
+ 4: ns 
+ 5: nb 
+ 6: nd' 
+ 7: ns' 
+ 8: mp 
+ 9: off 
+10: ( nd, nd' ) 
+11: (ng,nb) 
+12: (ng,nd') 
+13: (ng,ns') 
+14: (ns,ns') 
+15: (nb,ng) 
+16: ( nb, nd' ) 
+17: (nb,ns') 
+18: (nd',nd) 
+19: C nd', ng) 
+20: (nd',nb) 
+21: ( nd • , ns • ) 
+22: (ns',ng) 
+23: (ns',ns) 
+24: (ns',n.b) 
+25: ( n s' , nd' ) 
+26: LXi offset 
+27: (nd,nd) 
+28: (ng,ng) 
+29: (ns,ns) 
+30: (nb,nb) 
+31: (nd' ,nd') 
+32: (ns',ns') 
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LOCV+ Q: element name 

LXi 

+ 1: channel length 
+ 2: channel width 
+ 3: drain diffusion area 
+ 4: source diffusion area 
+ 5: IC: vds 
+ 6: rc: vgs 
+ 7: rc: v.bs 
+ 8: devmod 
+ 9: von 
+10: vdsat 

+ o: vod 
+ 1 : vbs 
+ 2: vgs 
+ 3: vgd 
+ 4: id 
+ 5 : ibs 
+ 6: i:Od 
+ 7: gm 
+ a: gcis 
+ 9: gm.os 
+10: g:Od 
+11: g:Os 
+12: q(cbd) 
+13: .i(c.bd) 
+14: q(cbs) 
+15: i(c.bs) 
+16: q(cgs) 
+17: i(cgs) 
+18: q(cgd) 
+19: i(cgd) 
+20: q(cgb) 
+21: iCcgb) 



SPICE.2 REPORT LINKED LIST SPECIFICATIONS MOSFET 

Comments: 

l) The element nodes nd, ng, ns, and nb are respectively the 
drain, gate, source, and ~ulk (su~strate). 

2) "devmod" is the device mode: +1 C-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 TRANSt1ISSION LINE 

ID = 17 

- l: subckt info 
LOC+ o: next-pointer 

+ 1 : LOCV 
+ 2: nl 
+ 3: n2 
+ 4: n3 
+ 5: n4 
+ 6: nil 
+ 7: ni.2 
+ 8 : IBRl 
+ 9: IBR2 
+10: (n1,n1) 
+11: (n1,ni1) 
+12: (n.2,IBR1) 
+13: (n3,n3) 
+14: ( n 4, I BR.2 l 
+15: (ni1,n1l 
+16: (nil,nil) 
+17: (nil,IBRl) 
+18: (ni2,ni2) 
+19: (ni2,IB.R2) 
+20: (IBR1,n2) 
+21: (IBR1,n3) 
+22: (IBRl,n4) 
+23: (IBR1,ni1) 
+.24: (IBR1,IBR2) 
+25: (I BR2, nl) 
+26: (IBR2,n2) 
+27: (IBR2,n4) 
+28: (IBR2,ni2) 
+29: (IBR2,IBR1) 
+30: LTD offset 
+31: (n3,ni2l 
+32: (ni2,n3l 

Comments: 

LOCV+ o: element name 
+ 1: zO .. 
+ 2: td 
+ 3: excitation: IBR1 
+ 4: excitation: IBR2 
+ 5: Ic: v(port l ) 
+ 6: Ic: i(port 1) 
+ 7: rc: v(port 2 ) 
+ 8: rc: i(port 2 ) 

LTD + O: past value (LOCV + 3) 
+ 1: past value (LOCV + 4) 

l) The model for this element is described below in terms of 
SPICE circuit elements (although the ?rogram does not allow func­
tional dependencies): 

Rl nl nil ZO 
Vl nil n2 delay(v(n3,n4),TD)+delay(i(v.2),TD)*ZO 
R2 n3 ni2 zo 
V2 ni2 n4 delay(v(n1,n2),TD)+delay(i(v1),TD)*ZO 
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13 • .2.16 SUBCIRCUIT CALL ('X' element) 

ID • 19 

- 1: su~ckt info 
LOC+ o: next-pointer 

+ 1: LOCV LOCV+ o: element name 
+ 2: tp('X' element nodes) 
+ 3: ptr to SUDcircuit description 

Comments: 

1) Subcircuit structures and manipulations are sketched as a 
part of the description of su~circuit definitions in Section 
13 • .2-17. 
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13-2-17 SUBCIRCUIT DEFINITION 

ID = 20 

- 1: subckt info 
LOC+ Q: next-pointer 

+ 1: LOCV LOCV+ Q: 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 SUBl 
.SUBCKT SUB1 17 13 4 
X1 17 6 4 SUB2 
R1 17 13 1K 
Q1 1 4 17 A 
-MODEL A ~PN () 
·EdDS SUB1 

At the end of READIN (Defore ERRCHK), the internal data struc­
tures representing this input would look something like the fol­
lowing: 

o: . . .......... 
LOCATE(19) -->: 0: . . .......... 

: (LOCV) : --> "X1" . . .......... 
: (nodlst): --> . . .......... 

: ••••••• 3 : 
:(subckt): -----------------> •sua1• (in IUNSAT table) . . 
0 0 0 0 0 0 0 0 II e 
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0: . . . . . . . . . . . . 
LOCATE ( 20) -->: 0: . . . . . . . . . . . . 

: ( LOCV) : --> "SUB1 • . . . . . . . . . . . . 
: (nodlst l: --> . . . . . . . . . . . . 
:ptr(def):-. 
. . I .......... 

I 
I 
I 
I 

. . . . . . . . . . 
17: 
13: 

: ••••••• 4 : 

:(ID) 19: . . . . . . . . . . . . 

SUBCKT DEFINITION 

:(IDl 1: . . . . . . . . . . . . 
--> :nxt-pntr: --> :nxt-pntr: --> •.• . . . . . . . . . . . . 

(defn) . . . . . . . . . . . . 

. . . . . . . . . . . . 

(defn) . . . . . . . . . . . . 

2) After su~circuit expansion (controlled by su~routine SUBCKT 
in overlay ERRCHK}, 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, "su:Ockt 
infoM is 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 : subckt info 
LOC+ o: next-pointer 

+ 1: LOCV LOCV+ o: model name 
+ 2: <unused> + 1: IS 

+ 2: RS 
+ J: N 
+ 4: TT 
+ 5: CJO 
+ 6: PB 
+ 7: M 
+ 8: EG 
+ 9: PT 
+10: KF 
+11: AF 
+12: FC 
+13: BV 
+14: IBV 
+15: f(FC) 
+16: f(FC) 
+17: f(FC) 
+18: vcrit 

Comments: 

1) The model parameter keywords are defined in the User's Guide 
(Section 13-1). 

2) The notation wf(argsf• refers to some value (which is a func­
tion of the variable(s) "args") which is evaluated once in 
subroutine MODCHK· 

3) One-time only preprocessing of model parameters is done in 
subroutine MODCHK in the ERRCHK overlay. For the diode model, 
the preprocessing is as follows: 

location 

LOCV+ 2 
+12 
+13 
+15 
+16 
+17 
+18 

replaced c.Y. 

1/RS (0 if RS = 0) 
FC*PB 
computed start of reverse exponential 
PB*(1-(l-FC)-(l-M))/(1-M) 
( l-FC ) - ( l H1 ) 
1-FC*(l+M) 
N*VT*ln(N*VT/{sqrt(2)*!S)) 
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4) SPICE does not generate an additional node for the diode 
res~stance if RS is zero; instead, the np· node is set equal to 
the np node (see Section l3·2·ll). This ~recessing of np, to­
gether with settins l/RS to o when RS is o, allows SPICE to treat 
RS consistently during analysis regardless of the value of trie 
resistance. 
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13·2·19 BJT MODEL 

ID = 22 

- 1: su~ckt info 
LOC+ 0: next-pointer 

+ 1: LOCV 
+ 2: model type 

Comments: 

LOCV+ o: model name 
+ 1: BF 
+ 2: BR 
+ 3: IS 
+ 4: RB 
+ 5: RC 
+ 6: RE 
+ 7: VA 
+ 8: VB 
+ 9: IK 
+10: C2 
+ll: NE 
+12: IKR 
+13: 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: f(FC,PE) 
+30: f (FC,PE) 
+31: f(FC,PE) 
+32: t(FC,PC) 
+33: t(FC,PC) 
+34: f(FC,PC) 
+35: f(FC,PC) 
+36: vcrit 

1) •model type• is +1 for "npn• and -1 for "pnp". 
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2) The preprocessing performed in subroutine MODCHK is as fol-
lows: 

location replaced ~ 

LOCV+ 4 l/RB ( 0 if RB ... 0) 
+ 5 l/RC (0 if RC • 0) 
+ 6 1/RE ( 0 if RE • 0) 
+ 7 l/VA (0 if VA ., 0 l 
+ a 11va ( 0 if va ... 0 l 
+ 9 l/IK (0 if !K - 0) 
+12 1/IKR (0 if IKR ... 0) 
+28 FC*PE 
+29 P.E*(l-(1-FC)-(1-M.E))/(1-ME) 
+30 (1-FC)-(1+ME) 
+31 1-FC*(1+ME) 
+32 FC*PC 
+33 PC*(1-(1-FC)-(l-MC))/(1-MC) 
+34 (1-FC)-(1+MC) 
+35 1-FC*(1H1C) 
+36 VT*ln(VT/(sqrt(2l*IS)) 

3) See Comment 4 in Section 13.2-18 regarding the processing of 
device model resistors. 
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13-2.20 JFET MODEL 

ID = 23 

- 1: su.ockt info 
LOC+ o: next-pointer 

+ 1: LOCV 
+ 2: model type 

LOCV+ o: model name 
+ 1: VTO 

Comments: 

+ 2: BETA 
+ 3: LAMBDA 
+ 4: RD 
+ 5: RS 
+ 6: CGS 
+ 7: CGD 
+ 8: PB 
+ 9: IS 
+10: KF 
+11: AF 
+12: FC 
+13: f(FC) 
+14: f(FC) 
+15: f(FC) 
+16: vcrit 

2) The preprocessing performed in the MODCHK subroutine is 
described in what follows: 

location 

LOCV+ 4 
+ 5 
+12 
+13 
+14 
+15 
+16 

replaced .Q.Y 

1/RD (0 if RD z 0) 
1/RS (0 if RS = 0) 
FC*PB 
PB*(1-(1-FC)-(1-M) )/(1-M) 
( 1-FC)- ( 1 H1) 
1-FC*(1+M) 
VT*ln(VT/(sqrt(2)*IS)) 

Note: for the JFET, M is not a model parameter and is fixed at 
0. 5. 

3) See Comment 4 in Section 13·2-18 regarding the processing of 
device model resistors. 
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13.2.21 MOSFET ~ODEL 

ID = 24 

- 1: SU.CCJtt info 
LOC+ 0: next-pointer 

+ l: LOCV LOCV+ o: model name 
+ 2: model type + l: VTO 

+ 2: KP 
+ 3: GAMMA 
+ 4: p -·'! 
+ 5: LAr-13DA 
+ 6: RD 
+ 7: RS 
+ 8: CGS 
+ 9: CGD 
+10: CGB 
+11: CBD 
+12: cas 
+13: TOX 
+14: PB 
+15: JS 
+16: HSUB 
+17: NSS 
+18: NFS 
+19: XJ 
+20: LD 
+21: NGATE 
+22: TPS 
+23: uo 
+24: UCRIT 
+25: UEXP 
+26: UTRA 
+27: KF 
+28: AF 
+29: FC 
+30: f{FC) 
+31: f{FC) 
+32: f{FC) 
+33: VINIT 
+34: vbi 
+35: xd 

Comments: 

l) •model type" is +1 for unmos" and -1 for "pmos•. 

2) "VINIT" is the initial guess used for the 1-!0SFET diode vol­
tages. 
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2) The preprocessing performed DY subroutine 
described oelow: 

location 

LOCV+ 2 
+ 3 
+ 4 
+ 6 
+ 7 
+13 
+29 
+30 
+31 
+32 
+33 
+34 
+35 

replaced ,by 

KP*COX 
sqrt(2*EPSSIL*CHARGE*NSUB)/COX 
2*VT* ln (NSUB/tH) 
l/RD (0 if RD • 0) 
1/RS (0 if RS • 0) 
EPSOX/TOX (COX; 0 if TOX • 0) 
FC*PB 
PB*(1-(1-FC)-(1-M))/(1-M) 
( 1-FC)- ( 1 +t-1) 
l-FC*(l+M) 
VT*ln(VT/(sqrt(2)*JS)) 
VTO-GAi•U1A * sqrt (PHI) 
sqrt(EPSSIL-2/(CHARGE*NSUB)) 

MOSFET MODEL 

MODCHK is 

Note: for the MOSFET, M is not a model parameter and is fixed at 
o.s. Also, some of the above pre-processing is a function of 
which model parameters were specified by the user. See the list­
ing of suDroutine 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 

- l : su:Cckt info 
LOC+ o: next-pointer 

+ l: LOCV LOCV+ o: pseudo-name 
+ ,2: analysis type 
+ 3: nu.m.Oer of variables 
+ 4: ptr{variable 1 ) 
+ 5 : typ(variable l ) 
+ 6: ptr(variable 2 ) 
+ 7: typ(variable 2) 
+ 8 : ptr(variable 3 ) 
+ 9 : typ(variable 3) 
+10: ptr(variable 4 ) 
+11: typ(variable 4 ) 
+12: ptr(varia.ole 5 ) 
+13: typ(variable 5 ) 
+14: ptr(varia.cle 6 ) 
+15: typ(variable 6) 
+16: ptr(variable 7 ) 
+17: typ(variable 7 ) 
+18: ptr(variable 8 ) 
+19: typ(variable 8 ) 

Comme!"'ts: 

1) •pseudo-name• is meaningless (simply a unique Hname" so that 
subroutine FIND may 0e used). 

2) "analysis type" is actually redundant information: 

analysis ~ 

1 
2 
3 
4 
5 

actual analysis 

de transfer curve 
transient 
ac 
noise 
distortion 

3) The number of output varia.cles must be oetween l and a. 

4) ptr(var) means a pointer to the appropriate output descrip­
tion on the ap~ropriate output variable list. 

5) typ(var) describes the form in which the variable is to be 
output. Assuming that the variable is "V(l)• then the following 
table gives the interpretation of "typ": 
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actual interPretation 21 ·~" 

V(1) 
Vt>1 ( 1 ) 
VR(1) 
VI ( 1) 
VP(1) 
VDB(1) 

6) The linked-list entries for ID • 32, 33, 34, and 35 are ex­
actly the same as for ID • 31 except that the analysis ty~es are 
transient, ac, noise, and distortion, respectively. 
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1.3·2-23 .PLOT DC 

ID = 36 

- 1 : su.Ockt info 
LOC+ 0: next-pointer 

+ l: LOCV LOCV+ o: pseudo-name 
+ 2: analysis type + 1: plo(variable 1 ) 
+ 3: number of variables + 2: phi(variaole 1 ) 
+ 4: ptr(variable 1 ) + 3: plo(varia.ole 2) 
+ 5: typ(variable 1 ) + 4: t~hi(varia.ole 2) 
+ 6: ptr(variable 2) + 5: plo(variable .3 ) 
+ 7 : typ(va.ria.Ole 2) + 6: phi(varia.ole 3} 
+ 8: ptr(varia.Ole .3 ) + 7: plo(varia.ole 4) 
+ 9: typ(variable 3 ) + 8 : phi(variable 4 ) 
+10: ptr(variable 4) + 9: plo(variable 5) 
+11: typ(variable 4} +10: phi(varia.ole 5) 
+12: ptr(variable 5) +11: plo(varia.ble 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 a l 
+17: typ(variable 7) +16: pbi(variable a l 
+18: ptr(variable 8) 
+19: typ(variable a l 

Comments: 

1) Mplo(va.r)" and •phi(var)M a e the lower and upper plot limits 
for the indicated output variable. A value of o.o means that no 
plot limit was specified. 

2) The linked-list entries for ID = 37, 38, J~, and 40 are ex­
actly the same as for ID = 36 except that the analysis types are 
transient, ac, noise, and distortion, respectively. 
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13.2.24 DC ~lALYSIS OUTPuT VARIABLE 

ID = 41 

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

+ 1: LOCV LOCV+ o: variable name 
+ 2: 
+ 3: 
+ 4: 
+ 5: 
+ 6: 

n1 I 
n2 I 

:+SEJ I 
type 0 I 
<unused> 

ptr(source) 

1 2 - 8 

Comments: 

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

output variable 

v(n1,n2) 
i(vxxxxx) 

noise/distortion 

(n1*2-12l*2-18 + (n2*2A12)*2-6 
vxxxxx (the name of the source) 
desired output - for example, •nd3" 

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
able is stored. 

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

0 
l 
2 
3 
4 
5 
6 
7 
8 

meaning 

voltage: 
current: 
noise: 
noise: 
distortion: 
distortion: 
distortion: 
distortion: 
distortion: 

v(nl,n2) 
i(sourc::e) 
onoise 
inoise 
HD2 
HD3 
Dl£12 
SIH2 
Dl£.13 

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. 

-73-



SPICE2 REPORT TABLE SPECIFICATIONS I ELi·INT 

13.3 Table Specifications 

l 3 . 3 -1 I ELMHT 

All linked-list elements are stored in this taole. It is 

always the first table allocated; its origin is never changed oy, 

the memory manager. SPICE2 takes advantage of that fact and uses 

absolute (rather than relative) subscripting for the linked lists 

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

lJ.J.2 ISBCKT 

This table is used as a stack of pointers to suocircuit de­

finitions. Each entry is one word, and consists of the ~ODPLC­

subscript of the subcircuit definition currently being read (list 

ID=20). The taole is reguired since subcircuit definitions may 

be nested. 

13.3.3 IUNSAT 

Tbis taole contains all names which cannot be resolved until 

after subcircuit expansion has been performed (in the ERRCHK 

overlay). Each entry is one word. 

13.3. 4 ITE11PS 

This table contains the temperatures at which analysis has 

been reguested to be performed. 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 taole contains pointers to the output variables (list 

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

13.3.6 ISENS 

This table contains pointers to the output variables (list 

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

13.3.7 !FIELD, ICODE, IDELIM, 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: 

I FIELD: 

I CODE: 

IDELIM: 

I COLUi'i: 

13.3.8 JUNODE 

VALUE(IFIELD+n) contains either: 
1) a name, stored in SH format, 
2) a (floating-point) numaer 

NODPLC(ICODE+n) contains 
+1 => corresponding IFIELD is name 

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

VALUE(IDELIM+n) contains the character 
which delimited the field, stored in 
1H format 

NODPLC(ICOLUt1+n) contains the column 
posltion in the current line at which 
the field started 

This table contains the input user node numbers. SPICE2 

uses a compact set of element node numbers, nu~ered sequentially 

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 nooe numbers are needed thousands of times. 

13.3.9 LSBKPT 

This table contains the transient analysis Dreakpoints, in 

order of increasing time. Each entry is one word (see Section 

6.7). The b~eakpoint values are obtained from the independent 

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

13.J.l0 IORDER, IUR, ITAB~E. 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 conduct~ve path to ground from every node in 

the circuit exists. The other tables are used in the generation 

of the node table, with the following descriptions: 

IUR: 

IT ABLE: 

!TABID: 

NODPLC(IUR+n) is the offset from the origin of 
the ITABLE and !TABID tables to where the 
pointers to elements connected to node Rn" 
are stored. The last pointer for node •nR 
is stored at the location in ITABLE indicated 
by NODPLC(IUR+n+l)-1. 

NODP~C(!TABLE+m) contains a pointer into the 
!EL~~T table to a circuit element. 

NODPLC(ITABID+ml contains the element ID for 
the element pointed to oy the corresponding 
entry in the ITAB~E table· 
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13.3-11 ISR 

This table, together with part of the NUMOFF table, is used 

to record the nonzero circuit equation coefficient 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 list manipulation is performed in 

subroutine 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 equations - (controlled) voltage sources, in­

ductors, and the dependent sources within transmission-line ele­

ments). Each entry points to the (LOC + O)'th position of one of 

those elements. 

13.3.13 ISE~1 

This table tracks the !SEQ taole. It is used to keep track 

of where element nodes are stored, since the nodes needed for 

transmission-line elements are stored in (relative) locations 

different from those of the other elements. 

13.3.14 NEQN 

This table also tracks the ISEO table. It records the 

number of the equation added to the Modified Nodal matrix to 

evaluate the element current (see variaole IBR in suoroutine 

MATLOC). 
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13.3.15 NODEVS 

This table records the number of •voltage-defined" elements 

connected to each circuit node. It is used in suDroutine REORDR 

to help decide the order in which to swap matrix rows (to elim­

inate some singularity problems). 

lJ.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 ~recess). During de analysis, this taD1e is used to 

hold the right-hand side (of the system of circuit equations) 

while the reordering required oy the row-swap process is per­

formed. 

13-3.17 NMJFFC 

The J'th entry of this table contains the num0er of nonzero 

off-diagonal terms in the j'th column of the equation ~trix. 

lJ.J.lS NUMOFF 

The first NSTOP words of this table contain the numDer of 

nonzero off-diagonal terms in each row of the equation matrix. 

The rest of the table is used to hold the linked-list elements 

(pointed to by the entries in the ISR table) ~hich indicate which 

columns are nonzero for a given row of the matrix- Each list 

element contains two words: a pointer to the next list element 

(zero if none exists), and the numDer of the column containing 

the nonzero mat=ix element. Note that absolute suDscripts are 
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used for the linked list (the or1gin of tne ~UclOFF table must not 

change while matrix setup is in progress). 

13.3.19 ISWAP 

This table records the matrix row-swap 

subroutine REORDR· It is indexed using the 

performed in 

renumoered row 

numoer, and contains the corresponding original row number. 

13.3.20 IEQUA 

This table is the inverse of ISWAP: it maps original matrix 

row numoers into the set of reordered row positions. 

13.3-21 IORDER 

This table records the simultaneous swapping of rows and 

columns (equations) done to maximize the s~arsity of tne equation 

matrix. It is index~d using the renumbered equat1on number, and 

contains the corresponding original equation numoer. 

13.3.22 JMNODE 

This table is the inverse of !ORDER: it maps equations into 

their reordered position. 

13.3.23 IUR 

This taole. in conJunction with the rue taole, records the 

position of the upper-triangular matrix elements in the one­

dimensional storage used to hold the matrix coefficients. The 

i'th entry of the IUR table indicates the starting offset within 

the rue 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 1· 

lJ.J-24 rue 

This table, indexea throuyh the IUR table, recorus the 

numeers ot the nonzero columns for the upper-triangular equation 

rna trix terms. 

lJ.J.25 ILC 

This table is the dual of the IUR table, tor the lower­

triangular matrix terms. It is accessed oy column num~er, and 

indicates the starting position within the ILR table where the 

nonzero row posi~ions are stored. 

lJ.J.26 ILR 

This table is the dual of the IUC taole, for the lower­

triangular part of the equation matrix· It contains the numoers 

of the nonzero rows for given columns of the matrix· 

13.3. 2 7 t-lACINS 

This table contains the machine code (genera tea 

subroutine CODGENl which is used to solve the system of linear­

izeo circuit equations. 

13.3.28 LVNH1l 

This table contains the solution to the linearizea circu~t 

equations obtained from the previous Newton-Ra~hson iteration. 
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13 . 3 . 2 9 L Vi~ 

This taole contains the system of circuit equations (the 

equation coefficients and the right-hand side vector). The vari­

aoles LYNL, LYU, and LYL contain the offsets in the LVN table to 

the beginning of the matrix diagonal, upper-triangle, and lower­

triangle terms, respectively. 

lJ.J.JO I..XO 

This taole contains nonlinear device operating-point infor­

mation. During transient analysis, the taDle also contains in~ 

formation about capacitor charges and inductor fluxes. A precise 

description of the taole contents for each circuit element is in­

cluded in Section 13·2· Note that this taole always contains in­

formation relative to the current iteration/sweep point. 

13.3.31 LX1 - LX7 

These taoles contain the previous contents of the LXJ taole. 

In particular, LXl contains the previous contents of LXO, LX2 

contains the previous contents of LXl, and so forth· 

1J.J.J2 LTD 

This table stores previous values of time-delayed sources 

within the circuit· The LXi tables are inadequate for this pur­

pose oecause more than seven aelayea values of some source may ~e 

necessary. 
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lJ.J,JJ LOUTPT 

This ta.cle is used to store tne va~ues of requested output 

variables (node voltages and/or voltage-source currents) during 

analysis· Each entry in the ta.cle consists of n+l words~ the 

first word is the value of the swept variable, and the rest are 

the corresponding output varia.cle values. For ac analysis, the 

size of each entry in the ta.cle is 2*(n+l) words (for the real 

and imaginary parts of the comt)lex outt)llt varia.cle values). 

13.3.34 NDIAGC 

This table serves the same purpose tor the ac analys~s as 

does the NDIAG table for the de/transient analyses (see Section 

lJ.J.6), except that this table is twice as long since tor the ac 

analysis the ri~ht-hand side is com~lex-valued. 

13.3.35 LV~~C 

This table is the comvlex-valued analog to the LVN table 

(see Section 13-3.29). 

l3.J.J6 LOU and LDl 

These ta.cles are used in the small-signal c:astortion 

analysis, which is ~erformed using su.crout1nes OINIT (for ini­

tialization) and DISTO· The LDO table contains su~-computations 

which need .ce evaluated only once for a given operating ~oint. 

The LDl table holds copies of the solution vector at different 

frequencies as the distortion analysis is performed. 
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13.3.37 LViKT 

This taole is only allocated if DOth noise ana small-signal 

distortion analyses have been requested. It is used to store the 

solution to the current frequency-point because both the noise 

and distortion analyses destroy the right-hand side vector. 

13-3.38 LOCX 

This taole contains the interpolated x-axis values for out­

put variables. 

13.3.39 LOCY 

This taole contains the interpolated y-axis values of the 

output variables. For n sweep points ana m output variables, it 

contains m*n words, with all the values for the first output 

variable first, 

and so torth. 

then the values for the second output variaole, 
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13.4 Labeled-Common Variable Descriptions 

1 J • 4 • l HE!-1R 'i 

This COHHON-olock contains varia.oles used to manage the 

dynamically-allocated ta.oles. 

LO:RG 
I CORE 
HAXCOR 
i1AXUSE 
HEHAVL 

LDVAL 

iWl•lB.LK 

LOC'l'AB 

LTAB 

description 

NODPLC(LORG+n) is word n in memory 
total number of memory woros in use 
maximum value of ICORE for present circuit 
maximum number of words required .oy c~rcuit 

number of words of available memory (in other 
words, (words allocated) - (words required)) 

NODPLC(LDVAL) ~s last wore ot dynamically-
managed memory . 

number of allocated ta.oles (does not include 
the "tanle entry" table) 

clODPLC(LOCTAB+l) is the f~rst ~ord of the 
"table entryN table 
~ODPLC(LTAB+l) is the first wora of the entry 

in the "taole entry~ table found cy function 
i--iEHPT:rt 
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13.4.2 TABINF 

Th1s COMMON-block contains tacle information (table pointers 

and some table lengths). (The notation "tp(somethingl" means "a 

table vointer to a table.containing 'something'.") 

IELt<ll~T 

ISBCKT 
i~SBCKT 

IUNSAT 
NUi'JSA:' 
I TEMPS 
NUl>1TEl1 
ISEH.S 
l'JSENS 
I FOUR 
l~FOu~ 

I FIELD 
I CODE 
IDELIM 
ICOLUH 
INSIZ£ 
JUNODE 
LSBi\PT 
i~U!13I<P 

I ORDER 
Jt•liWDE 
IUR 
rue 
ILC 
ILR 
i~Ui10FF 

ISR 
NHOFFC 
ISEJ 
ISE..:il 
i~EIJ•~ 
iWDEVS 

NDIAG 

I SwAP 
IEQU.rl 
~·lAC INS 
LVNHll 
LXO 
LVi'~ 

description 

tp(input data linked-list storage) 
tp(succircuit definition stacK) 
size of ISBCKT table 
tp(unsatisfied name list) 
size of IUNSAT table 
tp(analysis tem~eratures) 
size of ITEMPS table 
tp(dc sensitivity outputs) 
size of ISENS table 
tp(Fourier analysis outputs) 
size of IFOU~ table 
t~(scanneo input line fields) 
tp(type of data ~n corresponding IFIELD entry) 
tp(delimiter character for IFIELD entry) 
tp(ceginning column number of IFIELD entry) 
size of IFIELD, ICODE, IDELIM, and ICOLUM tables 
tp(nodes used in circuit description) 
tp(breakpoint values for transient analysis) 
size of LSB~PT table 
tp(record of row renumbering) 
tp(inverse(IORDER table)) 
tp(IUC indices) 
tp(nonzero columns in upper triangle) 
tp(ILR indices) 
tp(nonzero rows in lower triangle) 
tp(numcer of nonzero oft-diagonal entries in row) 
tp(ptrs to linked-list of matrix structure) 
tp(number of nonzero off-diagonal entries in column) 
tp(ptrs to voltage-dei~ned elements (L,E,V,H,T)) 
tp(element node ilag for corresponding ISEQ entry) 
tp(equation numcer for corresponding ISE~ entry) 
tp(number of voltage-defined cranches 

~nciaent to node) 
tp(in REORDR: whether diagonal is nonzero: 

in analysis: copy of LVN) 
tp(record of equation swaps) 
tp(inverse(ISWAP)) 
tp(machine instructions (code)) 
tp(previous solution (copy of LVN)) 
tp(current circuit state information) 
~p(right-hand-siae for set of circuit equat1ons) 
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LY1~L 

LYU 
LYL 
LXl - L:O 
LDO 
LDl 
LTD 

LOU'rPT 

LABELED-COMMON VARIABL~S /'fASI.i.~F I 

LVN offset: matri~ d~ayonal terms 
LV1l oft set: rna tr ix upper-tr .iang le terms 
LV.~ off set: rna tr ix lower-tr .iang le terms 
tp(~ast values of LXO taDle) 
tp(aistort.ion analysis constants) 
tp(distortion analysls work s~ace) 
tp(previous timepoint information for elements 

which involve delay (transmission lines)) 
tp(saved output values to be printea/~lotteal 
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13.4.3 i-HSCEL 

This COt1i-10N-o1ock contains miscellaneous varia.oles contain-

ing the program version, execution time, etc. 

~ 

APaOG () 
.rlTIME 
AD ATE 
ATITLE() 
RSTATS () 

I WIDTH 
LWIDTH 
HOP AGE 

description 

program varsion and release date 
real-time clock ( hh:mm:ss 
date ( dd mmm yy) 
circuit title (first input line) 
program statistics: 

(l) -cpu time: 
(2) - cpu time: 
(3) - cpu time: 
(4) - no. iter: 
(5) - cpu time: 
( 6 ) - no. iter: 
(7) -cpu time: 
(8) -no. iter: 
(9) - cpu time: 

(10) - no. iter: 
(11) -cpu time: 
( 20) - NSTOP 

READIH 
SETUP 
de transfer curves 
de transfer curves 
de operating point 
de operating point 
ac analysis 
ac analysis 
transient analysis 
transient analysis 
print/plot generation 

(21) -no. matrix terms before REORDR 
(22) - no. matrix terms after REORDa 
(23) - no. of fillin matrix terms 
(26) - "operation count" for matrix 
(27) -percent sparsity of matrix 

input line width 
output line width 
nonzero => inhibit page eJects for subtitles 
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.l3.4.4 LINE 

This COl·lMON-.clock contains variaules pertaining to the next 

input line to be scanned. 

A CHAR 
AFIELD() 
OLDLIN ( ) 
Ki-iTRC 
KNTLIN 

description 

input character (in lH format) 
next input line (in AS format) 
previous input line (in AS format) 
column numoer in current input line 
last column to scan in current in~ut line 
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13.4.5 CIRDAT 

This CO~MON-nlock contains miscellaneous circuit data. 

n.a.m.e. 

LOCATE () 

JELCNT () 
NUN ODS 
HCllODS 
NUl>liWD 

NSTO? 
NUT 
NLT 
dXTRH 
~WIST 

i~TLIN 

IBR 

description 

LOCATE(n) points to the first element with ID = n 
(in table IELlviNT) 

JELCNT(n) is the numoer of elements with ID = n 
number of user nodes (in nominal input circuit) 
number of circuit nodes (after suockt expansion) 
total circuit noues (including nodes added for 

extrinsic resistances in device mouelsl 
number of circuit equations 
nu~er of nonzero terms in upper triangle 
number of nonzero terms in lower triangle 
s~ze of LXO table 
s~ze of LDO table 
size of LTD taole 
temporary variable: next equation numner available 

for element currents 
number of voltage-aefined elements 

(inductors, (in)dependent voltage sources, 
and transmission lines) 
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lJ-4.6 MOSA.RG 

This COt·li-iOi~-blocx: contains the mosfet device parameters used 

in suoroutines MOSE~N and MOSCAP· 

GAML1A 
BETA 
VTO 
PHI 
cox 
VBI 
XNFS 
X.NSU3 
XD 
XJ 
XL 
XLAHDA 
UTRA 
UEXP 
VB.!? 
VON 
VDSAT 
G~1 

GL1BS 
GDS 
CD RAIN 

description 

gamma 
k' 
zero-bias threshold voltage 
inversion potential 
thin-oxide capacitance 
ouilt-in volta.;e 
fast surface state density 
effective substrate doping 
depletion-layer-width constant 
metallurgical junction oepth 
channel length 
lambda 
mobility transfield factor 
mobility exponent 
voltage at which mooility begins to degrade 
threshold voltage 
saturation voltage 
d(id)/d(V~S) 

d(id)/d(V..JS) 
d(id)/d(vds) 
drain current (idl 
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13.4.7 STATUS 

This COL-!i-10!~-.olock contains variables which determine the 

program analysis status. 

OH.EGA 
T!i1£ 
DELTA 
DELOLD () 
AG ( ) 
VT 
XNI 
EGFET 
HODE 

L-10DEDC 

I CALC 
!NITF 

HETHOD 

lORD 
•·lAXORD 
iWlKOi~ 

ITER•W 
ITEHNO 
NOSOLV 

description 

2 * PI * FREJ 
simulation time 
current timestep 
previous timesteps 
truncation-error estimation coefficients 
tnermal voltage (=K*'l'/Q or BOLTZ*TEL"1P/CHARGE) 
intrinsic carrier concentration 
energy gap for mosfets 
analysis mode: 

l de analysis (subtype MODEDC) 
2 transient analysis 
3 ac analysis 

de analysis type: 
l de operating point 
2 initial transient point 
3 de transfer curve 

number of output sweep points 
analysis state within iteration for given sweep point: 

l converge with 'off' devices floa~ing 
2 initialize JUnction voltages 
3 converge with 'off' devices held off 
4 store small-signal parameters 
5 first timepoint i~ transient analysis 
6 first iteration of sweep po~nt: 

predict JUnction voltages 
numerical integration method flag: 

l trapezoidal 
2 Gear 

integration order 
maximum integration order 
numoer of nonconvergent Dranches 
iteration num~er for current sweep point 
tern~erature numDer 
l => "use initial conditions" (UIC) specified 

for transient analysis 
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13.4.9 FLAGS 

This COi1i·l0i~-oloci{ contains mi see llaneous output and error 

flags. 

IPR~TA 

IPRlJTL 
IPR1~Tl1 

IPRNTLIJ 
IPRNTO 
LIMTIM 
LL1?TS 
LVLCOD 

LV LTI1·l 

ITLl 
ITL2 
ITL3 
ITL4 
ITLS 
I GOOF 
NOGO 
KEOF 

description 

nonzero •> print accounting information 
nonzero => print circuit summary list 
nonzero => print device model summary 
nonzero => print node taole 
nonzero => print options 
seconds of cpu time to reserve for output 
maximum nu~er of swee? points 
machine coae flag: 

l no machine code 
2 generate and execute machine code 

to solve the circuit equations 
timestep determ~nation algorithm flag: 

l iteration count 
2 truncation-error estimation 

iteration limit: de operating point 
iteration limit: per ~oint of oc transfer curve 
lower transient analysis limit (if LVLTI~ = l) 
upper transient analysis limit 
iteration limit for e~tire transient analysis 
local error flag 
glooal error flag (error if nonzero) 
nonzero => eno-of-file on input 
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13.4.9 i<.NSTNT 

This COMHON-~lock contains various execution-time constants. 

TWOPI 
XLOG2 
XLOGlO 
ROOT2 
RAD 
BOLTZ 
CHARGE 
CTOK 
G.1IN 
RELTOL 
ABSTOL 
VNTOL 
TRTOL 
CHGTOL 
EPSO 
EPSSIL 
EPSOX 

description 

2 * PI 
ln(2) 
ln(lOl 
sqrt(2) 
l radian, in degrees (360/TWOPI) 
Boltzmann's constant 
electronic charge 
Kelvin temperature equivalent to 0 Centigrade 
minimum branch conauctance 
relative convergence tolerance 
absolute current convergence tolerance 
absolute voltage convergence tolerance 
truncation-error estimation tolerance 
charge error tolerance 
permittivity of free space 
permittivity of silicon 
permittivity of silicon dioxide 
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This COdHON-oloc~ contains variaoles pertinent to the de 

ana lyses. 

TCSTAR 
TCSTO? 
TCil~CR 

ICVFLG 

ITCELL-1 
i<SSOP 

KIN::::L 

i<l D I l~ 
KOV.;R 

KIDOUT 

description 

start value for de transfer curve 
final value for de transfer curve 
increment for de transfer curve 
numoer of de transfer curve sweep ~oints 

(0 => no de transfer curve requested) 
pointer to source to be swept 
nonzero => de operating point must oe corn~uted 

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

small-signal transfer function analysis flag: 
0 no small-signal transfer function 

>0 pointer to in~ut source 
ID of element pointed to f:ly KiiJ.EL 
po~nter to output variaDle for small-signal 

transfer function analysis 
<unused> 
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1J.4.11 AC 

This COMMON-block contains variables ~ertinent to the ac 

analyses. 

FSTART 
FSTOP 
FINCR 

SKW2 
REFPRL 
SPW2 
JACFLG 

lDFRE;.J 

I NOISE 
LWSPRT 

NOSOUT 
iWSil~ 

lD!ST 

!DPRT 

description 

starting frequency for ac analysis 
final frequency for ac analy[~S 
if frequency sweep is linear, FINCR is an 

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

F!NCR is a multiplicative constant· 
ac distortion analysis: skw2 
ac distortion analysis: reference power level 
ac distortion analysis: spw2 
nurru:)er of ac sweep points ( 0 => no 

ac analysis requested) 
type of frequency sweep: 

1 decade 
2 octave 
3 linear 

nonzero => perform noise analysis 
noise summary interval: every ~~OSPRT sweep 

points, a noise summary is printed 
pointer to noise analysis output variable 
pointer to noise analysis input source 
distortion analysis flag: 

0 no distort~on analysis 
>0 pointer to distortion load resistor 

distortion summary interval: every IDPRT sweep 
points, a distortion summary is printed 

-95-



SPICE~ .i\EPORT LABZLED- CUL•h-lOd VARIABLES /TAAd/ 

13 • 4 • 12 TRA~J 

This C0~10N-clock contains variables pertinent to tne tran-

sient analysis. 

TSTEP 
TSTOP 
TSTART 
DELMAX 
TD•1AX 

FORFRE 
JT?..FLG 

description 

transient analysis print interval 
final simulation time for transient analysis 
time at which to begin saving outputs 
maximum value for DELTA (timeste~) 
maximum delay for delayed-value elements 

(transmission lines) 
Fourier analysis frequency 
number of transient output points 

(0 => no transient analysis requested) 

-96-



S?ICE2 REPORT LABELED-COM~0~ VARIABLES /OUTI NF I 

13·4·13 OUTINF 

This COMMON-clock contains variables used in the generation 

of output. 

STRI1~G ( ) 
i'VAR () 
XSTART 
XI1KR 
ITAB () 
ITi'PE() 
ILOGi() 

~~POINT 

i:WHOUT 
KNTR 
iWt-IDGT 

description 

scratch line buffer used in generating output 
out~ut values for one line 
starting x-value for output 
increment to get next x-value for output 
pointers to output variaole def~nitions 
ty~() values for output variaoles 
logarithmic plot flag: 

1 not logarithmic 
2 logarithmic 

number of output points 
nu!TWer of output for current analysis mode 
tem~orary out~ut variable counter 
num~er of significant digits to use for 

tabular output variable listing 
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13·4·14 CJ.E 

This COdi·l04~-o1ocx contains varia.oles descri.cing the currant 

JOD environ~ent. Its contents are set by su.oroutine GETCJE. 

~ description 

JOB1iAM 
U3RID1 
USRID2 
;-IAXTAP 
I TAPE 
1ilAX:C:CS 
IECS 
MAXHEH 
I H:C:l-1 
MAXLIN 
I LINES 
L·lAXPCH 
IPUNCH 
i-lAXTHl 
IT IHE 
i·1AXPPU 
IPPU 
I.EFTit-1 
ISPTli-1 
L•lrlXDLR 
I COST 
XCJEX () 

<unused> 
<unused> 
<unused> 
<unused> 
<unused> 
<unused> 
<unused> 
maximum amount of memory availaole to SPICE 
<unused> 
<unusea> 
number of output lines generated 
<unused> 
<unused> 
cpu time l~mit (ln milliseconds) 
elapsed c~u time (in milliseconds) 
<unused> 
<unuseu> 
<unused> 
<unused> 
<unused> 
cost of jo.c, excluding lines printed (in cents) 
<unused> 



SPICE2 REPORT LABELED-C~~~O~ VARIAdLES /BLA;l.tC/ 

1 3 • 4 -1 5 BL&~ .i.\ 

This COMHO~-.olock contains tha array into which all dynamic 

memory allocation is made. 

VALUE () 
NODPLC () 
CVALUE() 

description 

glo.oal dynamically-managed allocation array 
VALUE-equivalence for integer values 
VALUE-equivalence for complex Vdlues 
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13.5 MOSFET Equations 

The MOSFET model in SPICE2 is based on three independent 

variables: VGS, vos, and VBS. Variables used in the model equa-

tions are defined at the end of this section. 

Channel modulation: 

Leff = LO*(l-Lambda*VOS) 

Mobility variation: 

Ueff = UO*(Vbp/(Vgst-UTRA*VDS))-UEXP 

for (VGS-VTO-UTRA*VOS) > Vbp 
(otherwise, Ueff = UO) 

Two-dimensional ~ effect: 

Gammad = Gamma*(l-Gl) 

Gl = XJ*(sgrt(l+2*W/XJ)-l)/LO 

W = Xd*sqr~(PHis-VBS) 

Saturation voltage: 

Vdsat = VGS-Vbi+0.5*Gammad-2*Vl 

Yl = l-sqrt(l+4*(VGS-Vfb-VBS)/Gammad-2)) 

Drain current: 

Subthreshold region 

Id = Beta*(Fl-2*Gamrnad*F2/3)*exp(VGS-VOi~)/VFACT 

VON = Vbi+Gammad*sqrt(PHis-VBS) 
+k*T/g*(l+q*Nfs/Cox+Gamma/2*1/sqrt(PHls-VBS)) 

F2 = (PHis+VSATON-VBS)-(3i2)-(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 

Id = Beta*(F1-2*Gammad*F2/3) 

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

Kp = UO*Cox*W/LO 

F1 = (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". 

Capacitance: 

CBD = CBD(0)/(1-VBD/PB)-0.5 
= linear extrapolation 

CBS = same equation as CBD 

for VBD < FC*PB 
for VBD > FC*PB 

CGB =overlap capacitance (from geometry) + C1(Cox) 

C1(Cox)= constant W*L*Cox for VGS < VTO-PHis 
= linear ramp to 0 for VTO-PHis < VGS < VTO 
= 0 for VGS > VTO 

CGS =overlap capacitance (from geometry) + C2(Cox) 

C2(Cox)= constant 0 for VGS < VTO-PHis/2 

£w10SFET 

= 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-VT0)-2/(2*(VGS-VTO)-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*sqrt(Vx+sqrt(l+vx-2))/(LO*VDS) 
where 

Vx = (VDS-Vdsat)/4 
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Xd 

PHis 

Vfb 

Vbi 

q 

k 

T 

=depletion constant (sqrt(2*EPSSIL/q*NSUB)) 

= surface potential = 2*PHif 

= PHims - wss/Cox 

= Vfb + PHis 

= electronic charge 

=Boltzmann's constant 

= temperature (in degrees Kelvin) 
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13.6 Element Load Templates 

This section descr1bes the various element •stamps" or loca-

tions in the circuit equation coefficient matrix to which dif-

ferent elements add. The notation used aelow is descrioed in the 

following figure: 

ni the i•th element n0de 
i(elt) the equation added to the ~edified ~odal equations to 

solve for the current in element "elt" 
A() the Modified Nodal coefficient matrix 
B() the right-hand sioe for the set of circuit equations 

13.6-1 Resistor 

A(n1,nl) = A(nl,nl) + 1/R 
A(nl,n2) = A(nl,n2) - 1/R 
A(n2,n1) = A(n2,n1) - 1/R 
A(n2,n2) = A(n2,n2) + l/R 

lJ-6.2 Capacitor 

A(nl,nl) = A(nl,n1) + C/h 
A(n1,n2) = A(nl,n2) - C/h 
A(n2,n1) = A(n2,n1) - C/h 
A(n2,n2) = A(n2,n2) + C/h 

B(nl) = B(n1) + C/h*V(C) 
B(n2) = B(n2) - C/h*V(C) 

13-6.3 Inductor 

A(n1 ,i(L)) - +1 
A(n2 ,i(L)) = -1 
A(i(L), n1) ... +1 
A(i(L), n2) - -1 
A(i(l),i(l)) = -L/h 

B ( i ( L) ) = B ( i ( L) ) - L/h *I ( L) 
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(h = timestep; infinity for del 
(note: conductance de~ends upon 

the integration method) 

(V(C) =voltage across C) 

Ch = tirnestep: infinity for de) 

(l(L) =current through L) 
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13-6-4 Voltage-controlled Current Source 

A(n1,nc1) = A(nl,ncl) + gm 
A(nl,nc2) = A(n1,nc2) - gm 
A(n2,nc1l = A(n2,ncl) - gm 
A(n2,nc2) ~ A(n2,nc2) + gm 

SOURC~: I • G(V) 

(gm • d(source)/d(controlling nodes (nc1,nc2)) 

lJ.6.S Voltage-controlle~ Voltage Source 

A( n1,i(El) ~ +l 
A( n2,i(E)) = -1 
A(i(E), n1) = +1 
A ( i ( E ) , n2 l = -l 
A(i(E), nell = -Av 
A(i(E), nc2) = +Av 

(Av = d(sourcel/d(controlling voltage (ncl,nc2))) 

lJ-6.6 Current-controlled Current Source 

A(nl,i(Vc)) • +Ai 
A(n2,i(Vc)) = -Ai 

(Vc = voltage source through which controlling 
current flows; 

Ai = d(sourcel/d(controlling current i(Vl l) 

13-6.7 Current-controlled Voltage Source 

A( nl, i(H)) = +l 
A( n2, i(H)) = -1 
ri(i(H), n1) = +l 
A ( i ( H ) , n2 l = -1 
A(i(H),i(Vc)) = R 

(R = d(source}/d{current flowing in Vc)) 
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13.6.8 Independent Voltage Source 

A( nl,i(V)) =A( nl,i(V)) + l 
A C n2, i C v) ) • A C n2 , i ( v) ) - 1 
A ( i ( v ) , nl ) • A ( i ( v ) , nl ) + l 
A ( i ( V ) , n2 ) • A ( i ( V ) , n2 ) - l 
A(i(V).i(V)) • A(i(V),i(V)) + l 

B(i(V)) • V 

13.6.9 Independent Current Source 

B(nl) = B(nl) -I 
B(n2) = .a(n2) +I 

-lOS-
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13.7 Potential Conversion Problems 

13.7-l Call-by-address 

An implicit assumption in the design of the memory manage­

ment package in SPICE2 is that it is possi~le to change the value 

of some variaole given its •addressw. The (u.c. Computer Center) 

system function LOCF is used for that purpose: it takes a single 

argument, and returns the address of the argu.nent. Pro.clems ar­

ise if the FORTR&~ compiler uses call-by-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 possi~ility 

of dynamically changing its region size (the num0er of words of 

memory allocated to the JO.C .cy the operating system). This 

dynamic region variation is achieveo .cy using •illegal" suo­

scripts in the array VALUE to reference memory above (higher­

addressed than) the last word of code for the program. Thus, oy 

changing the number of words allocated to the JO.cstep, the size 

of VALUE can be effectively varied. 

Ii dynamic region variation is e~ther not aesirable or im­

possible, one may simply declare 

DHlE~SION VALUE ( 5000u) 

and live with a f~xed-size maximum amount of available spac~. 

with corresponding waste for small-sized circu~ts. 
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13.7.3 Chardcters-~er-word 

SPICE2 assumes d characters ver real-valued variable. This 

assumption is "wired" into the code in many places: fortunately, 

it is a reasonaole assumption for most large computers. 

13.7.4 Words-per-real-value 

3PICE2 was originally written for the CDC 6400 computer 

which has 60-oit words. As a result, only one word is used both 

for integer and real values. However, since more than 4d bits of 

floating-point precision are necessary for accurate solutions of 

medium-sized circuits, most non-CDC computers require that 

floating-point variables be ty~ed "DOUBLE PRECISION" (or 

"REAL*B"J. This causes pro~lems in S?ICE Decause the memory 

manager allocates space in terms of "words" instead of "some 

numoer of integers/reals" (which would be more machine indepen-

dent). Changes in SPICE2 to solve this problem for a specific 

computer are extensive ~ecause modifications must be 

throughout the program. 

13.7.5 Array SUDSCripts 

made 

As mentioned above, SPICE2 achieves its dynamic region size 

variation, together with Jynamic memory allocation, by using 

"illegalN (in a strict ANSI FORTRA~ sense) su.Oscripts. There are 

two ways to resolve this problem on com~uters which check array 

subscripts. One may locate the origin of the /BLANK/ co~~ON­

block at the end of all executed code for SPICE2, (in which case 

the dynamic region-size capaoility may De used). Alternatively, 

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

(anJ ?~t up with the wasted memory in ·which this method results). 
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13-8 Program Listing 

Persons who wish to ootain the SPICE2 program should request 

the updated version from the Electronics Research Laboratory, 

University of California, Berkeley, California 94720. The La­

boratory charges only a nominal handling charge for any of the 

programs that it has availaole • 

• 
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