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Abstract: With the fast development of VLSI and more device models, traditional implementation
method of device model in hand-coding can’t be satisfied, and module compiler is introduced at
last, as a automatic tool for fast modeling.

This paper presents an automatic model compiler, CAMC, which accepts device models in
behavioral language, such as Verilog-AMS, and generates C code according to standard circuit
simulator programming interface. The code generated can be compiled with a circuit simulator
after compiled by a C language compiler. This paper also gives the detailed implementation and
optimization algorithms of CAMC.

Some interconnecting problems, reflection etc., heavily impact on signal integrity in the design of
high speed circuit. This paper gives a way in probing some issues in interconnect design.

In Chapter I, the historical background of model compiler is introduced. In Chapter I, the basic
concept of compiling is explained. In Chapter 11, the algorithm of automatic model compiling is
studied, the algorithm of circuit simulating and the model of transmission lines is also introduced.
In Chapter 1V, the main work of this dissertation is discussed, including the details of the front end
and back end of CAMC, and the application of CAMC in Signal Integrity.

Keyword: module compiler, circuit simulator, interconnect modeling, signal integrity
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1.2

Verilog

v
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1.3

1.3.1
Verilog-AMS ~ VHDL-AMS
C
(ODE) \erilog-AMS
module resi stor (a, b) ;
inout a, b ;

electrical a, b ; // access functions are V() and I ()
parameter real R = 1.0 ;

analog

I (a,b) <+V (a,b) /I R

endmodule

1.3.2

C C
Verilog Verilog

Lex Yacc

1.3.2
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(STAMP)

1.3.3

PCB VLSI

1.4

Lex Yacc

CAMC
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2.1

2.2

W DN

S-[-]E
E - [123456789][123456789]*
S E - 1234567890
Chomsky
1 XSy - XAy
2 S-A

3 S-aA



BNF(Backus-Naur Form)

erp caep op exp | ((exrp ) | number
np—_|_‘_|_-.:
2.2.1
S (S)S|e
Parsing stack Input Action
$S ()9 S — (9)S
$S)S( ()$ match
$S)S ) $ S — ¢
$S) )3 match
$S $ S — ¢
$ $ accept
3
BNF
1 A->a
2




MIN.T] ( ; 3
S S—(5)S S—e §—=
1 A>a o= +ap
a A->a MI[A, 4]
2 A—a O = *e
S$:>*ﬂAa}/ S a A—>q
M[A,a]
LL(L)
2.2.2
’ S > (S)S|e
(S)S
Stack Input  Action
$ ()$  shift
$( )$ reduce S —— ¢
$(S ) $ shift
$(S) $ reduce 5 —— ¢
$ ( S ) S $ reduce S — (S ) S
$S $ reduce S’ — S
$S’ $ accept
4
1
2

(Finite Automata)

(Nondeterministic Finite Automata)



(Deterministic Finite Automata)

s [CU—)
e L—
—_— 5 .88
J J—
{ s 8 —(5)5
J
. §— (.5)8 l
. § . .(8)8 ( 5 (5)8.
i J— \ 5 — (5.8 /
5§ — (818 5

2.3Lex Yacc

Lex  Yacc[12]

Lex Yacc

2.3.1Lex

Verilog-AMS
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Lex

Lex
Lex
LexiB 30 {4 Lex || CEE T iRiES
tres
Com ¥ 45
7 B 4 1R
Verilog- 18] 3% =
AMSIR 3O St [
7Lex
Lex
{ 1
%%
{ 1
%%
{ }
Lex
Yacc Lex
Lex Lex
Yacc
Yacc(Yet Another Compiler Compiler)
(-y) C
y.tab.c
2.3.2Yacc
Yacc(Yet Another Compiler Compiler) Lex

Yacc

16



Yacc Yacc

Yacc Lex

%%

%%

Yacc

Yaccif 3 14

CIEBE A HT R T

CHm 1 35

Verilog-AMSHYTE £ 7 #7 88

8Yacc

LALR BNF

2 Yacc

Yacc LR

Yacc

Lex Yacc

BNF

LALR

Yacc
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2
Yacc
$$ $1,$2
3
4
Yacc YYError
Yacc
1 /
2 / Yacc
3 /
Yacc
Yacc
2.3.3
Abstract Syntax Tree, AST
(
exp
N\
|
e - N : e - N
exp Op exp
G / G G /
( I ) ( I ( I )
number + number
G / G G /
9
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number

10

number

meta language

XML
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3.1

Verilog-AMS|8]

VHDL-AMS Verilog VHDL
C
Verilog-AMS  VHDL-AMS
3.1.1Verilog-AMS
Verilog Verilog-AMS
Verilog Verilog
Verilog-AMS
Verilog-AMS
Verilog-AMS Verilog

Verilog-AMS



Ports
Node
Module \T Module
Module
11
Verilog-AMS
potential

(Kirchhoff’s Potential Law)
(Kirchhoff’s Flow Law)

flow

+ :
potential

12

Verilog-AMS

flow
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_ftrull'j
. ey B
- +. ) flow 3 '+ .
potential § potential
] r o
KFL
flowy + flow, + flowy =0

pu!c nti u."

potential

+

[
|

+

potential 4

KPL

-potentialy -potential

“';'Jrf:'('.!.f.’.‘u‘.’_: + _.'?r:.'t',-‘:,f."u'f_‘r =0

‘."?H."t.'.l'l."h.'xlg

13
3.1.2

\erilgo-AMS

module resistor (a, b) ;

inouta, b ;

Verilog-AMS

analog

Verilog-AMS

module

analog

ddt,idt

22




electrical a, b ; // access functions are V() and I()

parameter real R=1.0;
analog

I(a,b) <+V (a,b) / R;

endmodule
Verilog-AMS
3.2
[10][11]
321 “< 7>
3.2.1.1
— 1

\erilog-D
C

Verilog-AMS
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OR
7
T 2
1 3
—i+i, +ig=0
—i,+i, +i; =0
—iy,—ig—i; =0
A-i=0
[
n
1 J Kk
a, =14-1 ] k
0 j
‘u, | [-1 0 O]
u, 0 -1 0
u
u,| |0 0 -1 ™
= Uy2
u, 1 -1 0
un3
U 0o 1 -1
U | |1 0 1]
AT.u =u
Qf:{qkj}
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qy =1-1 j Kk
0 j k
u=Qiu,
u, u
Q=0
3.2.1.2
Kk
YUy =1,
Y, Uy
Ib
Al=[a A" |=0
A Ai Is
Al, =—Al,
YbUb Ib
AY U, ==Al,
U,=AU,
AY,A'U =-Al,
YU, =1,
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Y
|1
[A A A{IZ =0
IS
11
Is
Al +Al =—Al,

YU, =1, Y,A'lU, =1,

AY AU, + AL, =—All

YzAzTun +Zz'2 :Wz
W2

ALA AU [-AlL
YZA;- ZZ |2 W2

Ynl A2 Un _ ‘]n
vzl
Ynl

3.2.2.3%¢

|

Jn

VCVS CCVS

Jn
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3 VCCS
u U
L
n |-9 9
4 CCVS
Upouyp Uy g I, Iz_
I 1
j -1
m 1
n -1
1 -1
| 1 -1 —r |
3.3
Newton-Raphson
= f(X, Xy, X,)
X f

i Do i\ of, . i of, -
| = fi(xl‘,xzj,...,xr{)+87'j(xl‘”—x1‘)+ et (T = X))
1 n

] oF

F:[fl’fZ"--)fn]TX:[Xl,xz,...,xn]T a;\( Iij+l:0
A n A _A i i j
J.5X=J,(Xj+1_xj)= F(X1'X2""1Xn)

J Jacobi -F RHS Right Hand Side
Jacobi RHS “ 7
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3.3.1

Curr = f (X, X, ...X,)

X

Newton-Raphson
Taylar

of of of
Curr™ = f (X7, X) .. X2 )+ — (X" = X) + — (X = X))+ —— (XD = XT)
0%, ) Xy,

f(x',%;...xp)=Curr"

Curr™t & Iyt O yna O o +(Curr” LBV —...ix””)
0%, 0oX, Xm 0%, 0X, X
Xl X2 Xm RHS
STAMP i i of Curr” _ﬂxn _ixn - ix””
OX, X, oX,, X, X, CUoX,
3.3.2
0= f(x,X,...x,,Curr)
Taylar
- curr+ Ly A o +...ix”+1 +(f(x,x],...x7,Curr) —LCurr
oCurr 0%, oX, OX,, oCurr
X, X, e Xy Curr RHS
N+ +1

28



N- -1
f (X', x),...x2, Curr) — Curr
SO I I O - B T i e
aXl aXl aXm oCurr _ﬂxn _ixn _ ixnﬂ)
X, X, COX,,
N+ N-
3.3.3
Vo= (X, Xpy.e Xy )
Taylar
Xy X, Xn \Y i RHS
N+ +1
N- -1
. of of .
O X, X0 Vi) ——V ——i
R R I D - S I T T e "
6)(1 aXl aXm GV a| _ﬂxn _ixn_ i n+1)
0%, oX, X,
3.4
PCB
3.4.1
R1 L1 G1 C1

29
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v(z+ z,t) 1(z+ z,t)

v(z+Az,t) -v(z,t) = -Av(z,t) = R,Azi(z,t) + LAz @y

ov(z,t)

i(z+Az,t)—i(z,t) =-Ai(z,t) =G,Azv(z,t) + C,Az

z z

_ 8"(2’0 “Ri(z1)+ Li—ai(azt’t)
_di(z,t) GV +C, ov(z,t)
Z 0

v(z,t) =Re[V (z)e'"]

i(z,t) =Re[l(z)e'"]

_ d\giz) =(R, + jol))1(2) =Z,1(2)
- dld(zZ) =(G,+ JaC)V(2) =YV (2)

Z, =R +joL, Y =G, + jaC,

v(z,t)

i1(z,0)
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3.4.2

Z
daV (z
ng )—ZlY1V (2)=0
d?1(z)
dT—ZlYll(Z)ZO
72 =7Y,

V(z)=Ae ™ +Ae”"

un=§}@9”+&éﬁ

, 4[4
7 Y,

V(z)=V,(z2)+V_(2)
IQFHQHI®:%NU%Vm]
ZO

S y
I Y,

v,=2- 1 t

3.4.3

“+1)
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Zs —_—|
Z0 Zr
15
Vi
VsZ0/(Z0-Z5)
Vs
Zr PV,
Y2
V. Z,-Z,
,O = =
V, Zr + ZO
3.4.3.2

Lm

Cm
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Inear = I(Lm)+|near(cm)
{ Ifar =1 far(Cm)_I(Lm)

>
Lm —  Cm
< |
< \
\ Ifar Cm
Inear Cm I Lm
16
3.5
Newton-Raphson
Jacobi L U
U

A-x=(L-U)-x=L-(U-x)=b

1 i-1 .
y, =—Ib, _Zaijyj],l =23,...,N
a. j=1

LU

33



N

X = [y, - > Bix;Li=N-LN-2,.,i
ﬂi' j=i+l

Jacobi LU
a, 0 0 0 Bu Bu Ps Pu a;;
Ay ay 0 0 ' 0 By Bn Pu _ a,,
Qy Oz Qyp 0 0 0 Ly Pu ay
y Qyp Oy oy 0 0 0 f, 8y

1< Jrauf +a,By +.. t oy B =3
=] :ailﬁlj +ai2132j Tt a Py =4

i> ] Lo P+ Byt oy By = @

Crout
1 a; =Li=1...,N

i1
/Bij = a; _Zaik/gkj
k=1

i j+1 N
1 =
jj =_(aij _zaikﬂkj)
B k=1

Crout

QD
Q
Q
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CAMC

CAMC(Camc is Another Model Compiler) CAMC

Verilog-AMS
zspice[13][14]

CAMC

18CAMC
gcc
zspice
CAMC

CAMC

CAMC

4.1

CAMC

411

Verilog-AMS
Verilog-AMS

Abstract
Syntax

Tree

Zspice

C CAMC
Zspice
(Net List)

VP(Verilog Parser) VP Verilog-AMS

Lex  Yacc
Lex Lex
CAMC Yacc

Lex
\erilog-AMS



binteger b[1-9][1-9]*
ointeger 0[0-9]*

hinteger O[xX][0-9A-Fa-f]+
dinteger [1-9][1-9]*

float  [0-9]*\.[0-9]+([eE][+-]?[0-9]+)?|[0-9]+\.?([eE][+-]?[0-9]+)?

2
3
module
4
if, else
5
idt, ddt  Verilog-AMS
LeX [ ¥4 >
Yacc Yacc
y.tab.h Lex
LeX [ ¥4 >y
4.1.2
Yacc Verilog-AMS
Yacc
CAMC
1
source_text
module_declaration module_items

module_declaration ::=
module_keyword module_identifier [digital_list_of ports];

Yacc

37



[module_items]
endmodule
Yacc
module_declaration
module_keyword module_identifier CC_LPARENTHESIS digital_list_of ports
CC_RPARENTHESIS CC_SEMICOLON module_items CC_ENDMODULE
CC_LPARENTHESIS CC _RPARENTHESIS CC _SEMICOLON
CC_ENDMODULE Lex
endmodule

typedef struct module_declaration {
identifier *pModuleldentifier;
identifier *pDigitalListOfPorts;
module_items *pModuleltems;
}module_declaration;

nature_declaration =
nature nature_name
endnature

real_declaration
CC_REAL list_of identifiers CC_SEMICOLON

integer_declaration
CC_INTEGER list_of identifiers CC_SEMICOLON

inout_declaration :
CC_INOUT list_of inout_identifiers CC_SEMICOLON

parameter_declaration
CC_PARAMETER opt_type list_of _param_assignments CC_SEMICOLON

declarator_init
parameter_identifier CC_ASSIGN constant_expression
CC_ASSIGN lex

38



typedef struct declarator_init {

struct identifier *pParameterldentifier;
constant_expression *pConstantExpression;
struct declarator_init *pNext;

}declarator _init;

list_of param_assignments
declarator_init | declarator_init CC_COMA list_of param_assignments

parameter_declaration
opt_type

list_of_param_assignments

L declarator_init
declarator_init -

constant_expression

19parameter_declaration

YaCC cc ER

List_of param_assignments
Declarator_init |  list_of param_assignments CC_COMA
declarator_init

Yacc

39



Analog_block :
CC_ANALOG analog_statement

CC_ANALOG analog
typedef struct analog_block {
analog_statement *pAnalogStatement;
struct analog_block *pNext;
}analog_block;

Module_items

|  module_item module_items

Yacc ()]

analog_block

module_items
analog_block

(/

module_item

module_item

20module_items

1 conditional_statement :
CC_IF CC_LPARENTHESIS
statement_or_null
2 conditional_statement_else:

module_item

module_items

analog_block

| analog_block module_items

module_items

module_items
module_item
analog_block

analog_block

IF WHILE, SWITCH

expression CC_RPARENTHESIS

conditional_statement_else

| CC_ELSE statement_or_null

3 statement_or_null

CC_SEMICOLON | statement

40



conditional_statement

conditional Statement else
statement_or_null - -

21conditional_statement

analog_branch_contribution :
bvalue CC_ANALOG_ASSIGN analog_expression CC_SEMICOLON
CC_ANALOG_ASSIGN <+

typedef struct expression {
primary *pPrimary;
operator *pUnaryOperator;
operator *pBinaryOperator;
struct expression *pExpressionl;
struct expression *pExpression2;
function_call *pFunctionCall;
struct built_in_function *pBuiltinFunction;
struct expression *pNext;
}expression;

expression

Yacc “* 7
Yacc $5 $1 %2
Yacc $$

if (Vgs —Vth <=Vds)

41



[ Expression ]

_[ Expression
_[ Identifier VVgs
_[ Operator -
_[ Identifier Vth

_[ Operator <=

_[ Identifier Vds

22
CAMC Yacc “¢ 77

#define NEW(pointer,type) \

{\
(pointer)=(type*)malloc(sizeof(type));\
memset ((pointer), 0, sizeof(type));\
}
1 Yacc extern
2
3
CAMC Yacc “* i
4.1.3
Il 1
real I;
1=3.1;
{
I 2
integer I;

42



}
|
23
Jacobi
4.1.4
VP
[
l_
l_
_
l_
4.2
CAMC

CAMC

O(n)

vcLex.
vcYacc.y
abytree.h
table.h, table.c
Makefile

CP(Code Printer) CP
CAMC

43



421

10

11

12

13

14

15

16

API
API
zspice
zspice
zspice_module_register
module_get_info
module_model_new
module_model_initialize
module_model_ask_parameter
module_model_default_parameter
module_model_set_parameter
module_model_set_sweep_parameter
module_instance_new
module_instance_initialize
module_instance_set_node
module_instance_get_node
module_instance_get_node_index
module_instance_ask_parameter
module_instance_default_parameter
Jacobi

module_instance_evaluate
1 15

CAMC

44



ModuleTable
NodeTable  ParamTable

Node Table @

13
module_instance_get_node_index (MODULENAME _instance_get_node_index)

{

p_MODULENAMEinstance instance =
(p_ MODULENAMEinstance) mylnstance->_instance;

if (Istrcmp(name,"GND"))  {

return E_RHS_NODE_GND;
}
else if (!strcmp(name,”p”)) {

return E_RHS_NODE _p;
}
else if (!strcmp(name,”n”)) {

return E_RHS_NODE _n;

}
else {
return O;
}
}
“GND” "p” ’n”
C 16
.include C
422
C
1 zspice

2

45



4.2.3Jacobi

Jacobi
Jacobi
Vit
Ids = Beta- ((Vgs _Vth) 'Vds _7) g d s
Ids Vg ’Vd ’Vs
1 x =f(\Va) NodeSet(x) = {a}
2 X=yopz NoteSet(x) = NodeSet(y) NodeSet(z)

(x,y)

typedef struct vbranch {
char name[128];
int direct;
identifier *pLeftNode;
identifier *pRightNode;
struct vbranch *pNext;
}vbranch;

vbranch_merge
vbranch_clone

Vi <Vy,V, <V

46



Variable
Vbranch

Symbol Table

(b.1) —\@

24

(Vd ’Vs) Ids

o(f+9) _g+a_g
OX OX OX

G Y
OX OX OX

1
ai
Yo
OX f ox

if (Istrcmp (pExpression->pBinaryOperator->OpName, "*")) {
output_expression (_ DERIVATE_,
pExpression->pExpressionl, pVBranch);

ccoutput ("*");

output_expression (_STATIC _,
pExpression->pExpression2, NULL);

ccoutput ("+");

47



output_expression (_STATIC _,

pExpression->pExpression1, NULL);
ccoutput ("*");

output_expression (_ DERIVATE_,
pExpression->pExpression2, pVBranch);

_DERIVATE_ _STATIC_

_DERIVATE_
VBranch

Vgs =V(g,9)
Vds =V (d,s)

Ids < +Beta* ((Vgs —Vth) *Vgs — ((Vds*)/ 2))
RHS

RHS = Beta* ((Vgs —Vth) *Vgs — ((Vds?)/ 2))

(g.s) (d,s)

Jacobian

olds
= Beta*(1*Vgs + (Vgs —Vth) *1
N@.9) (1*Vgs +(Vg )*1)

olds
oV (d,s)

= Beta*(-Vds)

g d s
d Beta*(Vgs + (Vgs—Vth))  Beta*(-Vds) —Beta*(Vgs+ (Vgs—Vth))—Beta*(-Vds)
s |—Beta*(Vgs+(Vgs—Vth)) —Beta*(-Vds) Beta*(Vgs+ (Vgs—Vth))+ Beta*(-Vds)

analog_branch_contribution

Jacobi
analog_branch_contribution

analog_branch_contribution

VariableName_Vp_n (p,n)
primary
if (flag ==_DERIVATE_) {
intvb =0;

pldTable = table_look_up_id (&ldTable, pPrimary->pldentifier);

48



}

pVB = pldTable->pld->pVBranch;
while (pVB) {
if (pVB->pLeftNode->index == pVBranch->pLeftNode->index
&& pVB->pRightNode->index == pVBranch->pRightNode->index)
vb=1;
pVB = pVB->pNext;
¥
if (vb)
ccoutput ("%s_V%s_%s", pPrimary->pldentifier->name,
pVBranch->pLeftNode->name,
pVBranch->pRightNode->name);
else
ccoutput ("0");

else if (flag == _STATIC_ ) {

if (type == PARAMETER)

ccoutput ("_ipv(%s)", pPrimary->pldentifier->name);
else

ccoutput ("%s", pPrimary->pldentifier->name);

}
_STATIC _ _ipv
_DERIVATE _
0

424
cp__

| printtree.h, printtree.c

| printh.h, printh.c

| printc.h, printc.c

| printevaluate.h, printevaluate.c ~ Jacobi

| Makefile
4.3
1) (Reduntance Elimination) Jacobian
2
3 (Node Sharing) CAMC (Hash)

49



4 (Loop Optimization)

CAMC
C CAMC
1 2 3 C
4
CAMC BSIM Level 1 spice Level 4
MOS 4 NMOS Vgs—Ids

25 BSIM1 MOSFETVs-Ids

VFB=-0.6 PHI=0.7 K1=0.0 K2=0 ETA=0 MUZ=600 DL=0 DW=0 U0=0 U1=0 X2MZ=0
X2E=0 X3E=0 X2U0=0 X2U1=0 MUS=600 X2MS=0 X3MS=5.0 X3U1l=0 TOX=0.02
TEMP=30 VDD=5 CGDO=1.5e-9 CGSO=1.5e-9 CGB0O=2.0e-10 XPART=1.0 N0=0.5 NB=0
ND=0 RSH=0 JS=0 PB=0.8 MJ=0.5 PBSW=0.8 MJSW=0.33 CJ=4.5e-5 CJSW=0 WDF=0
DELL=0

4.4
4.4.1
CAMC zspice
zspice zspice
zspice
1
2
3
4
5
zspice DC

AC zspice freq

50



AC
time TRAN time

circuit_start

U

time

freq

zspice_circuit_sweep_trans_foreach

zspice_circuit_sweep_foreach

zspice_circuit_sweep_freq_foreach

26zspice
zspice_circuit_sweep_trans_foreach
[20]
zspice
old_VraiableName old_* static

primary
else if (flag == _TRANS ) {
if (type == PARAMETER)

ccoutput ("old_ipv(%s)", pPrimary->pldentifier->name);

else

ccoutput ("old_%s", pPrimary->pldentifier->name);

¥
ddt idt

ddt
if (pAnalogExpression->AnalogOperator == DDT) {
if (flag == _DERIVATE_) {//derivative
ccoutput("(™);
output_analog_operator_argument(1,

pAnalogExpression->pAnalogOperatorArgument, p\VVBranch);

ccoutput("/step)");

}
else if (flag == _STATIC ) {

ccoutput(*((");
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output_analog_operator_argument(_STATIC_,
pAnalogExpression->pAnalogOperatorArgument, NULL);

ccoutput(™-");

output_analog_operator_argument(_TRANS _,
pAnalogExpression->pAnalogOperatorArgument, NULL);

ccoutput(™)/step)™);

¥
}
4.4.2
I e o N
1 1 1
27
RCLG
[15][161[17]1[18]
1/20
1/5
[19]
RCLG
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CAMC spice
CAMC RCLG
LOSSLESS_TLINEJ[a,b,c,d](Z0, TD);
CAMC

20 TD L C

zoz\/E TD=i-+/L-C
C

L ZO:TD C TD.
i Z0-i

Z0=1,TD=1,i

Z0 TD

10,20,100,200
=10
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. 20 Vs=1V Zs=2
01 (Zr-20)/(Zr+20)=-1
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Vinitial=Vs*Z0(Z0+Z5)=0.33V

TD

0.33+0.33+0.22=0.88V

0.33+0.33=0.66V
0.66V*0.33=0.22V

zspice
spice spice
spice H an
zspice Spice(l) Spice(ll)
0.00000000 0.000000000/0.000000e+00 0.000000e+00 [0.000000e+00 0.000000e+00
0.050000000 0.289570889[1.000000e-03 9.803941e-03 [1.000000e-03 3.333333e-03
0.10000000 0.242526578[1.042072e-03 1.021606e-02 [2.000000e-03 6.666667e-03
0.15000000 0.299201901[1.126215¢-03 1.103962e-02 [4.000000e-03 1.333333e-02
0.20000000 0.3509831091.294502¢-03 1.268257e-02 [8.000000e-03 2.666667e-02
0.25000000 0.365152929[1.631077e-03 1.595194e-02 [1.600000e-02 5.333333e-02
0.29999999 0.350153522[2.304225¢-03  2.242513e-02 [3.200000e-02 1.066667e-01
0.34999999 0.328473158{3.440042¢-03 3.315219e-02 [6.400000e-02 2.133333e-01
0.39999999 0.317527703{4.672715e-03 4.452180e-02 [1.000000e-01 3.333333e-01
0.44999999 0.321370052}6.319423e-03 5.928061e-02 [1.064000e-01 3.333333e-01
0.49999999 0.332874004(8.195753e-03 7.551724e-02 [1.192000e-01 3.333333e-01
CAMC
zspice spice(l) spice(ll)

RCLG
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| MOSFET

Berkeley Short-Channel IGFET Model(BSIM) Level 1[9]

Ho

Vin =Ves + 05 + K /@5 —Vgs =K, (@5 —Vis) =1V

1' V GS S V th ]
I, =0
2. Vs >Vip-and.0 <Vpg <Vpgyr ]
Co
Hy L

a
I = - (Vs — Vi Vs —2VZ)
L
gK,

2\/ ¢s _VBS

1
1744+ 0.8364(g, V)

a=1+

g=1



3. Ves > Vi-andVps >V ]

W
| o Cox T(VGS _Vth)z
s [1+UO(VGS _Vth)] . 2aK

K — 1+v, +1+2v,

2

VGS _Vth

V =
DSAT a \/E

v :ﬁ. (VGS _Vth)
CL a

IDS,totaI = IDs,w + IDS

| exp limit
DS W
I, +1

exp limit

W kT 2 .18 1KT —Vin)/ -V 1KT
IexpzﬂOCOXT(_) .e e(q )(Ves m)n[l_e bs (9 )]

/uOCOX W

l,. . = .
limit 2 L

3Ty’
q
Verilog-AMS
analog
begin

Vgs =V(g, s);
Vds =V(d, s);
Vbs =V(b, s);

Vth = Vb + PHI + K1*(sqrt(PHI-VDbs)) - K2*(PHI-Vbs);
g0 =1-(1/(1.744 + (0.8364*(PHI-Vbs))));

a=1+ ((g0*K1)/(2*sqrt(PHI-Vbs)));

vc = (UL/L)*(Vgs-Vth)/a;

K = ((1+vc)+sqrt(1+(2*vc)))/2;

Vdsat = (Vgs - Vth)/(a*sqrt(K));

if (Vgs <= Vth) //Cutoff
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Ids = 0.0;
else
begin
if (Vds < Vdsat)
Ids

//Trinode

(MUO/(1-+(U0*(Vgs-Vth))))*((Cox*W/L)/(1-+(U1*Vds/L)))*(((Vgs-Vth)
*\/ds)-((a/2)*Vds*Vds));

else
Ids

/[Saturation

(MUO/(1+(U0*(Vgs-Vth))))*((Cox*WI/L)/(2*a*K))*(Vgs-Vth)*(Vgs-Vt

h);
end

I(d,s) <+ Ids;

end

Jacobi
#if defined(_STATIC)
double Ids;
#if defined(_DERIVATE)
double Ids_Vg_s=0.0;
double Ids_Vb s=0.0;
double Ids_Vd s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/
#if defined(_STATIC)
double Vdsat;
#endif /*_STATIC*/
#if defined(_STATIC)
double K;
#if defined(_DERIVATE)
double K_Vg_s=0.0;
double K_Vb s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/
#if defined(_STATIC)
double vc;
#if defined(_DERIVATE)
double vc_Vg_s=0.0;
double vc_Vb s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/
#if defined(_STATIC)
double a;
#if defined(_DERIVATE)
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double a_Vb s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/

#if defined(_STATIC)
double g0;

#if defined(_DERIVATE)
double g0_Vb_s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/

#if defined(_STATIC)
double Vth;

#if defined(_DERIVATE)
double Vth_Vb s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/

#if defined(_STATIC)
double Vbs;

#if defined(_DERIVATE)
double Vbs_Vb s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/

#if defined(_STATIC)
double Vds;

#if defined(_ DERIVATE)
double Vds_Vd s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/

#if defined(_STATIC)
double Vgs;

#if defined(_DERIVATE)
double VVgs_Vg_s=0.0;
#endif /*_DERIVATE*/
#endif /*_STATIC*/

#if defined(_STATIC) && defined(_DERIVATE)
Vgs_Vg_s=1.0;

#endif /*_STATIC && DERIVATE*/
#if defined(_STATIC)
Vgs=BP(gs);

#endif /*_STATIC*/

#if defined(_STATIC) && defined(_DERIVATE)
Vds_Vd_s=1.0;

#endif /*_STATIC && DERIVATE*/
#if defined(_STATIC)
Vds=BP(d,s);
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#endif /*_STATIC*/

#if defined(_STATIC) && defined(_DERIVATE)
Vbs Vb s=1.0;

#endif /*_STATIC && DERIVATE*/

#if defined(_STATIC)

Vbs=BP(b,s);

#endif /*_STATIC*/

#if defined(_STATIC)

{

double __sqgrt_0=0.0;

#if defined(_DERIVATE)

double _d_sqgrt_0=0.0;

#endif /* DERIVATE */

#if defined(_DERIVATE)
_d_sqgrt(__sqrt 0, d sqrt_O,(Cipv(PHI)-Vbs)))
#else

_sgrt(__sqrt_0,((_ipv(PHI)-Vbs)))

#endif

#if defined(_STATIC) && defined(_DERIVATE)
Vth_Vb_s=((+(ipv(K1)*(-Vbs_Vb_s)* d_sgrt_0))-(_ipv(K2)*(-Vbs_Vb_5s)));
#endif /*_STATIC && DERIVATE*/

#if defined(_STATIC)
Vth=((Cipv(Vfb)+_ipv(PHD)+(_ipv(K1)*__sqrt_0))-(_ipv(K2)*(_ipv(PHI)-Vbs)));
#endif /*_STATIC*/

}

#endif /* _STATIC */

#if defined(_STATIC) && defined(_DERIVATE)
g0_Vb_s=(-(-(+(0.8364*(-Vbs_Vb_s)))/((1.744+(0.8364*(_ipv(PHI)-Vbs)))*(1.744+(
0.8364*(_ipv(PHI)-Vbs))))));

#endif /*_STATIC && DERIVATE*/

#if defined(_STATIC)
g0=(1-(1/(1.744+(0.8364*(_ipv(PHI)-Vbs)))));
#endif /*_STATIC*/

#if defined(_STATIC)

{

double __ sqgrt_0=0.0;

#if defined(_DERIVATE)

double __d_sqgrt_0=0.0;

#endif /* DERIVATE */

#if defined(_DERIVATE)
_d_sqgrt(__sqrt 0, d sqrt O,(Cipv(PHI)-Vbs)))
#else

_sgrt(__sqrt_0,((_ipv(PHI)-Vbs)))

#endif
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#if defined(_STATIC) && defined(_DERIVATE)
a_Vb_s=(+(g0_Vb_s* ipv(K1)*(2*__sqrt_0)-(g0* _ipv(K1))*(2*(-Vbs_Vb_s)* d_s
grt_0))/((2*_sqrt_0)*(2*__sqrt_0)));

#endif /*_STATIC && DERIVATE*/

#if defined(_STATIC)
a=(1+((90*_ipv(K1))/(2*_sqrt_0)));

#endif /*_STATIC*/

}

#endif /* _STATIC */

#if defined(_STATIC) && defined(_DERIVATE)
vc_Vb_s=((Cipv(UL)/_ipv(L))*(-Vth_Vb_s))*a-((_ipv(UL)/_ipv(L))*(Vgs-Vth))*a_
Vb_s)/(a*a);

vc_Vg_s=((_ipv(U1)/ _ipv(L))*Vgs_Vg_s)/a;
#endif /*_STATIC && DERIVATE*/

#if defined(_STATIC)
ve=((Cipv(U1)/_ipv(L))*(Vgs-Vth))/a);

#endif /*_STATIC*/

#if defined(_STATIC)

{

double __ sqgrt_0=0.0;

#if defined(_DERIVATE)

double _ d_sqgrt_0=0.0;

#endif /* DERIVATE */

#if defined(_DERIVATE)
_d_sqrt(__sqrt 0, d sqrt_0,((1+(2*vc))))

#else

_sqrt(__sqrt_0,((1+(2*vc))))

#endif

#if defined(_STATIC) && defined(_DERIVATE)
K_Vb_s=((+vc_Vb_s)+(+(2*vc_Vb_s))* d sqrt _0)/2;
K _Vg_s=((+vc_Vg_s)+(+(2*vc_Vg_s))*__d sqrt _0)/2;
#endif /*_STATIC && DERIVATE*/

#if defined(_STATIC)

K=(((1+vc)+__sqrt_0)/2);

#endif /*_STATIC*/

}

#endif /* _STATIC */

#if defined(_STATIC)

{

double __ sqgrt_0=0.0;

#if defined(_DERIVATE)

double __d_sqgrt_0=0.0;

#endif /* DERIVATE */

#if defined(_DERIVATE)

65



_d_sqgrt(__sqrt_ 0, d sqrt _0,(K))
#else

_sgrt(__sqrt_0,(K))

#endif

#if defined(_STATIC)
Vdsat=((Vgs-Vth)/(a*__sqrt_0));
#endif /*_STATIC*/

[* variable "Vdsat': never used in source expression -> computation of deriv skipped
*/

}

#endif /* _STATIC */

if

((Vgs<=Vth))

{

#if defined(_STATIC)

1ds=0.0;

#endif /*_STATIC*/

#if defined(_STATIC) && defined(_DERIVATE)
Ids_Vg_s=0.0;

Ids_Vb s=0.0;

Ids_Vd s=0.0;

#endif /*_STATIC && DERIVATE*/
}

else

{

if

((Vds<Vdsat))

{

#if defined(_STATIC) && defined(_DERIVATE)
Ids_Vd_s=((((_ipv(MUO0)/(1+(_ipv(U0)*(Vgs-Vth)))*(-(((ipv(Cox)*_ipv(W))/_ipv(
L)*(+(Cipv(UL)*Vds_Vd_s)/ ipv(L)/((1+((ipv(UL)*Vds)/_ipv(L)))*(1+((_ipv(U1
)*Vds)/_ipv(L))))*(((Vgs-Vth)*Vds)-(((a/2)*Vds)*Vds)))+(((_ipv(MUO)/(1+(_ipv(
U0)*(Vgs-Vth))))*((Cipv(Cox)*_ipv(W))/_ipv(L))/(1+(Cipv(U1)*Vds)/_ipv(L)))))*
(((Vgs-Vth)*Vds_Vd_s)-((((a/2)*Vds_Vd_s)*Vds)+(((a/2)*Vds)*Vds_Vd_s)))));
Ids_Vb_s=(((-Cipv(MUO)*(+(_ipv(U0)*(-Vth_Vb_s))))/((1+(_ipv(U0)*(Vgs-Vth)))*
(1+(Cipv(U0)*(Vgs-Vth))N))*(((Cipv(Cox)*_ipv(W))/_ipv(L))/(1+((_ipv(U1)*Vds)/ i
pv(L))*(((Vgs-Vth)*Vds)-(((a/2)*Vds)*Vds)))+(((_ipv(MUO)/(1+(_ipv(U0)*(Vgs-
Vi) *((Cipv(Cox)*_ipv(W))/_ipv(L))/(1+((ipv(U1)*Vds)/_ipv(L)))*((-Vth_Vb
_S)*Vds-a_Vb_s/2*Vds*Vds)));
lds_Vg_s=(((-Cipv(MUO)*(+(_ipv(U0)*Vgs_Vg_s)))/((1+(_ipv(U0)*(Vgs-Vth)))*(1
+(_ipv(U0)*(Vgs-Vth))))*(((Cipv(Cox)*_ipv(W))/_ipv(L))/(1+((ipv(UL1)*Vds)/_ipv
(L)N*(((Vgs-Vth)*Vds)-(((a/2)*Vds)*Vds)))+(((_ipv(MUO0)/(1+(_ipv(U0)*(Vgs-Vth
M)*((Cipv(Cox)*_ipv(W))/_ipv(L))/(1+((ipv(U1)*Vds)/_ipv(L)))))*Vgs_Vg_s*Vd
s));
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#endif /* STATIC && DERIVATE*/

#if defined(_STATIC)

1ds=(((_ipv(MUO0)/(1+(_ipv(U0)*(Vgs-Vth)))*(((ipv(Cox)* ipv(W))/_ipv(L))/(1+((
_ipv(UL)*Vds)_ipv(L)))*(((Vgs-Vthy*Vds)-(((a/2)*Vds)*Vds))):

#endif /* STATIC*/

}

else

{

#if defined(_STATIC) && defined(_DERIVATE)
Ids_Vb_s=(((((((-Cipv(MUO)*(+(_ipv(U0)*(-Vth_Vb_s)))/((1+(_ipv(U0)*(Vgs-Vth)
))*(1+(ipv(U0)*(Vgs-Vth)))))*((Lipv(Cox)*_ipv(W))/_ipv(L))/((2*a)*K)))+((Cipv(
MUOQ)/(1+(_ipv(U0)*(Vgs-Vth)))*(-(((Cipv(Cox)*_ipv(W))/_ipv(L))*(((2*a_Vb_s)*
K)+((2*a)*K_Vb_s)))/(((2*a)*K)*((2*a)*K)))))*(Vgs-Vth))+((Cipv(MUO)/(1+(_ipv(
U0)*(Vgs-Vth))))*((Cipv(Cox)*_ipv(W))/_ipv(L))/((2*a)*K)))*(-Vth_Vb_s)))*(Vgs
-Vth))+(((Cipv(MUO0)/(1+(ipv(U0)*(Vgs-Vth))))*((Lipv(Cox)*_ipv(W))/_ipv(L))/(
(2*a)*K)))*(Vgs-Vth))*(-Vth_Vb_5s)));
lds_Vg_s=(((((((-Cipv(MUO)*(+(_ipv(U0)*Vgs_Vg_s)))/((1+(ipv(U0)*(Vgs-Vth)))
*(1+(Cipv(U0)*(Vgs-Vth)))*((Cipv(Cox)*_ipv(W))/_ipv(L))/((2*a)*K)))+(Cipv(M
U0)/(1+(ipv(U0)*(Vgs-Vth))))*(-((Cipv(Cox)*_ipv(W))/_ipv(L))*((2*a)*K_Vg_s))
I(((2*a)*K)*((2*a)*K)))))*(Vgs-Vth))+((Cipv(MUO)/(1+(ipv(U0)*(Vgs-Vth))))*(((
_ipv(Cox)*_ipv(W))/_ipv(L))/((2*a)*K)))*Vgs_Vg_s))*(Vgs-Vth))+(((Lipv(MUO)/(
1+(ipv(U0)*(Vgs-Vth))))*((Cipv(Cox)*_ipv(W))/_ipv(L))/((2*a)*K)))*(Vgs-Vth))*
Vgs_Vg_s));

#endif /*_STATIC && DERIVATE*/

#if defined(_STATIC)

lds=(((Cipv(MUO)/(1+(_ipv(U0)*(Vgs-Vth)) *((Cipv(Cox)*_ipv(W))/_ipv(L))/((2*
2)*K)))*(Vgs-Vth))*(Vgs-Vth));

#endif /*_STATIC*/

#if defined(_STATIC) && defined(_DERIVATE)

Ids_Vd s=0.0;

#endif /*_STATIC && DERIVATE*/

}

}

_load_static_residual2(d,s,lds)

_load_static_jacobian4(d,s,d,s,lds_Vd_s)
_load_static_jacobian4(d,s,b,s,lds_Vb_s)
_load_static_jacobian4(d,s,g,s,1ds_Vg_s)
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Z0=1, TD=1 CAMC

#if defined(_ STATIC)

static double v_tline_0_| O;

static double v_tline 0 _c O;

static double i_tline_0 | 0;

static double i_tline 0 c 0;

static double old_v_tline_0 | 0=0.0;

static double old_v_tline_ 0 ¢ 0=0.0;

static double old_i_tline_0_| 0=0.0;

static double old_i_tline_ 0 _c_0=0.0;

if (tran_reset ==1) {
old v tline 0 | 0=v tline 0 | O;
old v tline 0 ¢ 0=v _tline 0 c O;
old_i_tline 0 | 0=i_tline 0 | O;
old_i_tline 0 ¢c 0=i_tline 0 c O;

}

static double v_tline 0 | 1;

static double v_tline 0 c 1;

static double i_tline 0 I 1;

static double i_tline 0 ¢ 1;

static double old_v _tline_0 | 1=0.0;

static double old_v_tline 0 ¢ 1=0.0;

static double old_i_tline 0 | 1=0.0;

static double old_i_tline_ 0 _c 1=0.0;

if (tran_reset ==1) {
old v tline 0 | 1=v tline 0 | 1;
old v tline 0 ¢ 1=v tline 0 c 1;
old_i _tline 0 | 1 =i tline 0 I 1;
old i _tline 0 c 1= _tline 0 c 1;

}

static double v_tline_0_|_2;

static double v_tline_0_c_2;

static double i_tline_0_I_2;

static double i_tline_0_c_2;

static double old_v_tline_0 | 2=0.0;

static double old_v_tline 0 ¢ 2=0.0;

static double old_i_tline_0 | 2=0.0;

static double old_i_tline_ 0 _c 2=0.0;

if (tran_reset ==1) {



old v tline 0 | 2=v tline 0 | 2;

old_v_tline_ 0_c 2=v_tline 0 c 2;

old_i_tline 0 | 2=i _tline 0 | 2;

old_i_tline 0 c_2=1i_tline_ 0 _c_2;
}
#endif
#if defined(_ DERIVATE)
double v_tline_0_ | V0=1/0.333333;
double v_tline_ 0 ¢ V0=1*0.333333;
double i_tline_0 | VO0;
doublei_tline_ 0_c VO;
double v_tline_0_ | V1=1/0.333333;
double v_tline 0 ¢ V1=1*0.333333;
double i_tline_0_1 V1,
double i_tline_ 0 _c_V1;
double v_tline_0_ 1 V2=1/0.333333;
double v_tline 0 ¢ V2=1*0.333333;
double i_tline_0_1 V2;
double i_tline_ 0 _c_V2;
#endif
#if defined(_STATIC)
v_tline_0_|_0=(BP(b,tline_node_0_0))/0.333333;
v_tline_0_c_0=(BP(tline_node_0_0,a))*0.333333;
i_tline_0_|_0=0.5*global_step*(v_tline_0_|_O+old_v_tline_0_| _0)
old_i_tline_0_I_0;
i_tline_0_c_0=2.0*(v_tline_0_c_0-old_v_tline_0_c_0)/global_step
old_i_tline 0 c 0;
#if defined(_ DERIVATE)
i_tline_0_| V0=0.5*global_step*(v_tline_0_| VO0);
i_tline 0 _c V0=2.0*v_tline_0_c_VO0/global_step;
#endif
_load_static_residual2(b,tline_node_0_0,i_tline_0_| _0)
_load_static_jacobian4(b,tline_node_0_0,b,tline_node_0_0,i_tline_0_| VO0)
_load_static_residual2(tline_node 0 0,a,i_tline 0 c_0)
_load_static_jacobian4(tline_node_0 0,a,tline_node 0 0,a,i_tline_ 0 _c VO0)
v_tline_0_|_1=(BP(tline_node_0_0,tline_node_0_1))/0.333333;
v_tline_0_c_1=(BP(tline_node_0_1,a))*0.333333;
i_tline_0_|_1=0.5*global_step*(v_tline_0_| 1+old_v_tline_0_| 1)
old_i_tline_0_I_1;
i_tline_0_c_1=2.0*(v_tline_0_c_1-old_v_tline_0_c_1)/global_step
old_i_tline 0 c_1;
#if defined(_ DERIVATE)
i_tline_0_| V1=0.5*global_step*(v_tline_0_|_V1);
i_tline 0 ¢ V1=2.0*v_tline_0_c_V1/global_ step;



#endif

_load_static_residual2(tline_node_0_0,tline_node 0 _1,i tline 0 | 1)
_load_static_jacobian4(tline_node 0 _0,tline_node 0 1,tline_node 0 0,tline_nod
e 0_1,i tline_0 I V1)

_load_static_residual2(tline_node 0 1,a,i tline 0 c 1)
_load_static_jacobian4(tline_node 0 1,a,tline_node 0 1,a,i tline 0 ¢ V1)
v_tline_0_|_2=(BP(tline_node_0_1,d))/0.333333;
v_tline_0_c_2=(BP(d,a))*0.333333;

i_tline_0_|_2=0.5*global_step*(v_tline_0_| 2+old_v_tline_0_| 2) +
old_i_tline_0_I_2;
i_tline_0_c_2=2.0*(v_tline_0_c_2-old_v_tline_0_c_2)/global_step
old_i_tline 0 c 2;

#if defined(_ DERIVATE)

i_tline_0_| V2=0.5*global_step*(v_tline_0_|_V?2);

i_tline 0 ¢ V2=2.0*v_tline_0_c_V2/global_step;

#endif

_load_static_residual2(tline_node_0_1,d,i_tline_0_| 2)
_load_static_jacobian4(tline_node_0_1,d,tline_node_0_1,d,i_tline_0_| V2)
_load_static_residual2(d,a,i_tline_ 0 _c 2)
_load_static_jacobian4(d,a,d,a,i_tline 0 _c V2)

#endif
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vclex.
vcYacc.y
abytree.h
table.h, table.c
Makefile

printtree.h, printtree.c
printh.h, printh.c
printc.h, printc.c
printevaluate.h, printevaluate.c ~ Jacobi
Makefile
CP VP make camc
vm.exe
vm.exe <modulename>
<modulename>
gcc zspice
camc TEST
make

Verilog-AMS

vm.exe

Makefile
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