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$HOME/hpeesof

AGILENT-VACOMP (*) 2003C.day Dec 3 2003 (built: 12/04/03 01:42:48)
Tiburon Design Automation (R) Verilog-A Compiler Version 0.97.120103.
Copyright (C) Tiburon Design Automation, Inc. 2002-2003. All rights reserved.

Compiling Verilog-A file
'/users/bobl/Tutorial_prj/veriloga/psfetv.va'
Loading Verilog-A module 'R' from

'/users/bobl/hpeesof/agilent-model-cache/cml/veriloga_21561_20031204_135236_007390/lib.hpux11/resv.cml'.

This module overrides the builtin 'R' (Linear Two Terminal Resistor).

HPEESOFSIM (*) 2003C.day Dec 3 2003 (built: 12/03/03 21:27:46)
Copyright Agilent Technologies, 1989-2003.
Loading Verilog-A module 'psfetv' from

'/users/bobl/hpeesof/agilent-model-cache/cml/veriloga_21561_20031204_135236_007390/lib.hpux11/psfetv.cml'.

CT DC_FET1.S1[1] <(GEMX netlist)> DC_FET1.VGS=(-2->0)

DC DC_FET1.S1[1].DC_FET1.DC1[1/5] <(GEMX netlist)> DC_FET1.VGS=-2 DC_FET1.VDS=(0->5)
..
........................................

DC DC_FET1.S1[1].DC_FET1.DC1[2/5] <(GEMX netlist)> DC_FET1.VGS=-1.5 DC_FET1.VDS=(0->5)
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..

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

DC DC_FET1.S1[1].DC_FET1.DC1[3/5] <(GEMX netlist)> DC_FET1.VGS=-1 DC_FET1.VDS=(0->5)
..
........................................

DC DC_FET1.S1[1].DC_FET1.DC1[4/5] <(GEMX netlist)> DC_FET1.VGS=-500e-03 DC_FET1.VDS=(0->5)
..
........................................

DC DC_FET1.S1[1].DC_FET1.DC1[5/5] <(GEMX netlist)> DC_FET1.VGS=0 DC_FET1.VDS=(0->5)
..
........................................

Resource usage:

Total stopwatch time: 35.54 seconds.
-------------------------------------------------------------------------------
Simulation finished: dataset `tutorial_PSFETV' written in:
`/users/bobl/Tutorial_prj/data'
----------------------------------------------------------------------------
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Id: Id = Area * Beta_T * (1 + lambda * Vdst) * (pow(Vgt, q) - pow(Vgt - Vdt, q));

Id = Area * Beta_T * (1 + lambda * Vdst) * (pow(Vgt, ) - pow(Vgt - Vdt, q));
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#load

#load
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.va .vams

PRJ_DIR/veriloga
$HOME/hpeesof/veriloga
$HPEESOF_DIR/custom/veriloga
$HPEESOF_DIR/veriloga

PRJ_DIR/veriloga

$HOME/hpeesof/veriloga

$HPEESOF_DIR/custom/veriloga

$HPEESOF_DIR/veriloga
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#load

#load "veriloga", "filename"

#load #load

#load

Loading Verilog-A module 'R' from

'/users/bobl/hpeesof/agilent-model-cache/cml/veriloga_21561_20031204_135236_007390/lib.hpux11/my_resistor.cml'.
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This module overrides the builtin 'R' (Linear Two Terminal Resistor)

PNDIODE

PNDIODE:d1 1 0 Is=3e-14 Rs=1 N=1.1 CJ0=1e-12 TT=0

Model PNDIODE Dmod1 IS=3e-14 RS=1 N=1.1 CJ0=1e-12 TT=0
Dmod1:d1
Dmod1:d2
Dmod1:d3

d1 d2 d3

PNDIODE RS

i Dmod1 RS

RS
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Dmod1:d1 RS=2
Dmod1:d2 RS=3
Dmod1:d3 RS=4
Dmod1:d4

d1 d3 RS d4 Dmod1

RS DMod1

d4
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AGILENT_MODEL_CACHE_DIR

hpeesofsim.cfg

HPEESOFSIM (*) 2003C.day Dec 13 2003 (built: 12/13/03 21:28:34)

Copyright Agilent Technologies, 1989-2003.
A Verilog-A compiled model library (CML) cache has been created at

'/users/bobl/hpeesof/agilent-model-cache/cml/0.99/hpux11'
Compiling Verilog-A file

'/users/bobl/QA_Test/Tutorial_prj/veriloga/deadband.va'
AGILENT-VACOMP (*) 2003C.day Dec 13 2003 (built: 12/14/03 01:50:07)
Tiburon Design Automation (R) Verilog-A Compiler Version 0.99.121203.
Copyright (C) Tiburon Design Automation, Inc. 2002-2003. All rights reserved.

Compiling Verilog-A file
'/users/bobl/QA_Test/Tutorial_prj/veriloga/gumpoonv.va'

AGILENT-VACOMP (*) 2003C.day Dec 13 2003 (built: 12/14/03 01:50:07)
Tiburon Design Automation (R) Verilog-A Compiler Version 0.99.121203.
Copyright (C) Tiburon Design Automation, Inc. 2002-2003. All rights reserved.
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USE_CACHE=
PREPARE_DIR=

USE_CACHE YES NO YES NO

lib.hpux11
lib.linux_x86
lib.sun57
lib.win32

PREPARE_DIR NO

last_crossing()

$abstime()

idtmod()

Advanced Design System 2008

19



list() makearray()
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hpeesofsim.cfg

USER_VERILOGA_MODEL_PATH=myDir1:myDir2:...

`include

$HPEESOF_DIR/tiburon-da/veriloga/include

`include
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veriloga

hpeesofsim.cfg

$HPEESOF_DIR/config

˜/hpeesof/config

$HPEESOF_DIR/custom/config

modelsim ncsim

DIGITAL_ENGINE=modelsim

NC_ROOT tools/bin

$CDS_INST_DIR

hpeesofsim.cfg

NC_ROOT=$CDS_INST_DIR/tools/bin

NCVLOG_OPTIONS

NCVLOG_OPTIONS=-work worklib -view v

NCELAB_OPTIONS
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NCELAB_OPTIONS=-access rw worklib.%%s:v

NCSIM_OPTIONS

$HPEESOF_DIR/config/hpeesofsim.cfg)

NCSIM_OPTIONS=-gui -input $HPEESOF_DIR/tiburon-da/verilogams/misc/interactive.tcl worklib.%%s:v

NCSIM_OPTIONS=-input $HPEESOF_DIR/tiburon-da/verilogams/misc/batch.tcl worklib.%%s:v

MODELSIM_ROOT

$LMS_HOME_OS

MODELSIM_ROOT=$LMS_HOME_OS

VLOG_OPTIONS

VLOG_OPTIONS=

VSIM_OPTIONS

VSIM_OPTIONS=-c -do "vsim -pli libvpi.so work.%%s; run -all"

VLOG_OUTPUT_FILE

msvlog.log ams_files

VLOG_OUTPUT_FILE = msvlog.log

VERILOG_PATH
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VERILOG_PATH=.

CONNECT_MODULE_PATH connectmodules

tiburon-da/connectmodules

CONNECT_MODULE_PATH=$HPEESOF_DIR/tiburon-da/connectmodules

DEFAULT_DISCIPLINE

DEFAULT_DISCIPLINE=logic

DETAILED_DISCIPLINE_RESOLUTION 1

DETAILED_DISCIPLINE_RESOLUTION=0;

TOP_VERILOG_FILE TOP_MODULE __mytop.v __mytop

TOP_VERILOG_FILE=__mytop.v

TOP_MODULE=__mytop

TOP_TIMESCALE

TOP_TIMESCALE=`timescale 1fs/1fs

OP_MAX_ITER 10

OP_MAX_ITER=10
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.va

.vams veriloga $HOME/hpeesof $HPEESOF_DIR/custom

ddt()

`include "disciplines.vams"

module R(p,n);

electrical p,n;

parameter real R=50.0;

analog V(p,n) <+ R * I(p,n);

endmodule
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analog

I(p,n)

4*K*T/R

`define P_K 1.3806226e-23

$temperature

white_noise()

`include "disciplines.vams"

`include "constants.vams"

module R(p,n);

electrical p,n;

parameter real R=50.0;

analog V(p,n) <+ R * I(p,n) + white_noise(4 * `P_K * $temperature / R, "thermal");

endmodule

Advanced Design System 2008

26

http://edocs.soco.agilent.com/display/ads2008/Verilog-A+and+Verilog-AMS+Reference+Manual
http://edocs.soco.agilent.com/display/ads2008/Verilog-A+and+Verilog-AMS+Reference+Manual


I = C * dV / dt

ddt()

`include "disciplines.vams"
module C(p,n);

inout p,n;
electrical p,n;
parameter real C=0 from [0:inf);
analog I(p,n) <+ C * ddt(V(p,n));

endmodule

from [0:inf)

V = L * dI/dt

`include "disciplines.vams"
module L(p,n);

inout p,n;
electrical p,n;
parameter real L=0 from [0:inf);
analog V(p,n) <+ L * ddt(I(p,n));

endmodule
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I = Is * (exp(V/Vth - Rs * I) - 1)

`include "disciplines.vams"
`include "constants.vams"
module diode(anode,cathode);

electrical anode, cathode;
parameter real Area = 1.0 from (0:inf]; //Area scaling factor
parameter real Is = 1e-14 from [0:inf]; //Saturation current [A]
parameter real Rs = 0.0 from [0:inf); // Series resistance [Ohm]
parameter real N = 1.0 from (0:inf); //Ideality
parameter real Tt = 0.0 from [0:inf]; //Transit time [s]
parameter real Cjo = 0.0 from [0:inf]; //Junction capacitance [F]
parameter real Vj = 1.0 exclude 0; //Junction potential [v]
parameter real M = 0.5 from [0:inf]; //Grading coef
parameter real Fc = 0.5 from [0:1]; //Forward bias junct parm
parameter real Kf = 0.0; //Flicker noise coef
parameter real Af = 1.0 from (0:inf); //Flicker noise exponent
real Vd, Id, Qd;
real f1, f2, f3, Fcp;
analog begin

f1 = (Vj/(1 - M))*(1 - pow((1 - Fc), 1 - M));
f2 = pow((1 - Fc), (1 + M));
f3 = 1 - Fc * (1 + M);
Fcp = Fc * Vj;
Vd = V(anode, cathode);
// Intrinsic diode
Id = Area * Is * (exp(Vd / (N * $vt - Rs * I(anode, cathode)) / $vt)))- 1);
// Capacitance (junction and diffusion)
if (Vd <= Fcp)

Qd = Tt * Id + Area * Cjo * Vj * (1 - pow((1 - Vd / Vj), (1 - M)))/(1 - M);
else

Qd = Tt * Id + Area * Cjo * (f1 + (1 / f2) * (f3 * (Vd - Fcp) + (0.5* M / Vj) * (Vd * Vd - Fcp *
Fcp)));

I(anode, cathode) <+ Id + ddt(Qd);
end
endmodule

// /* */

exp() pow()
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`include "constants.vams"
`include "disciplines.vams"
module diode_va(anode,cathode);

electrical anode, cathode, internal;
parameter real Area = 1.0 from (0:inf]; //Area scaling factor
parameter real Is = 1e-14 from [0:inf]; //Saturation current [A]
parameter real Rs = 0.0 from [0:inf]; //Ohmic res [Ohm]
parameter real N = 1.0 from [0:inf]; //Emission coef
parameter real Tt = 0.0 from [0:inf]; //Transit time [s]
parameter real Cjo = 0.0 from [0:inf]; //Junction capacitance [F]
parameter real Vj = 1.0 exclude 0; //Junction potential [v]
parameter real M = 0.5 from [0:inf]; //Grading coef
parameter real Kf = 0.0; //Flicker noise coef
parameter real Af = 1.0 from (0:inf); //Flicker noise exponent
parameter real Fc = 0.5 from [0:1]; //Forward bias junct parm
real Vd, Id, Qd;
real f1, f2, f3, Fcp;
analog begin

f1 = (Vj/(1 - M))*(1 - pow((1 - Fc), 1 - M));
f2 = pow((1 - Fc), (1 + M));
f3 = 1 - Fc * (1 + M);
Fcp = Fc * Vj;
Vd = V(anode, internal);
// Intrinsic diode
Id = Area * Is * ((Vd / (N * $vt)) - 1);
// Capacitance (junction and diffusion)
if (Vd <= Fcp)

Qd = Tt * Id + Area * Cjo * Vj * (1 - pow((1 - Vd / Vj), (1 - M)))/(1 - M);
else

Qd = Tt * Id + Area * Cjo * (f1 + (1 / f2) * (f3 * (Vd - Fcp) + (0.5 * M / Vj) * (Vd * Vd - Fcp *
Fcp)));

I(anode, internal) <+ Id + ddt(Qd);;
V(internal, cathode) <+ I(internal, cathode) * (Rs / Area);

end
endmodule

1/f flicker_noise()

// Noise
I(anode, cathode) <+ white_noise(2 * `P_Q * Id, "shot");
I(anode, cathode) <+ flicker_noise(Kf * pow(Id, Af), 1.0, "flicker");
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// Series resistor
V(internal, cathode) <+ white_noise(4 * `P_K * T * (Rs / Area), "Rs");

limexp()

exp()

from (0 : 10]

except 5

parameter real X = 20.0 from (-inf: -10] from [10:inf);
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parameter real X = 20.0 exclude (-10:10);

$abstime

`include "disciplines.vams"
`include "constants.vams"
module sine_wave(n1,n2);

electrical n1,n2;
parameter real gain = 1.0, freq = 1.0;
analog V(n1,n2) <+ gain * sin(2 * `M_PI * freq* $abstime);

$bound_step(0.05/freq);
endmodule

$bound_step() 0.05/freq
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// Voltage Controlled Oscillator
module vco(in, out);

inout in, out;
electrical in, out;
parameter real gain = 1, fc = 1;
analog V(out) <+ sin(2*`M_PI*(fc*$abstime() + idt(gain*V(in))));

endmodule

// Phase Detector
module phaseDetector(lo, rf, if_);

inout lo, rf, if_;
electrical lo, rf, if_;
parameter real gain=1;
analog function real chopper;

input sw, in;
real sw, in;
chopper = sw > 0 ? in : -in;

endfunction // chopper
analog V(if_) <+ gain*chopper(V(lo),V(rf));

endmodule

inout

phaseDetector

// Phase Locked Loop
module pll(rf, out, ref, if_);

inout rf, out, ref, if_;
electrical rf, out, ref, if_;
parameter real tau = 1m from (0:inf);
parameter real loopGain = 1 from (0:inf);

Advanced Design System 2008

32



parameter real fc = 2.0k from (0:inf);
real cap, res ;
electrical lo;
phaseDetector #(.gain(2)) pd1(lo, rf, if_);
vco #(.gain(loopGain/2), .fc(fc) ) vco1(out, lo);
analog begin

cap = 150e-9;
res = tau / cap;
V(out, if_) <+ I(out, if_)*res;
I(out, ref) <+ ddt(cap*V(out,ref));

end
endmodule

module sinRampSrc(p,n);
inout p,n;
electrical p,n;
parameter real fStart = 1, hzPerSec = 1;
analog V(p,n) <+ sin(2*`M_PI*(fStart+hzPerSec/2*$abstime)*$abstime);

endmodule
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module_name #(parameter list and values) instance name(port connections);
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module RLC(in, out);
electrical in, out, n1, n2;
parameter real RR = 50.0 from [0:inf);
parameter real LL = 0.0 from [0:inf);
parameter real CC = 0.0 from [0:inf);
R #(.R(RR)) R1(in, n1);
L #(.L(LL)) L1(n1, n2);
C #(.C(CC)) C1(n2, out);

endmodule
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MyVAMS_Example veriloga

$HPEESOF_DIR/examples/VAMS_Example_prj MyVAMS_Example_prj

veriloga

.v .va

.vams

ConnectA2D.vams basic_A2D

module basic_A2D(in,out);

in out

thresh

real

parameter thresh = 0.5;

basic_A2D basicA2D

myA2D _basic_A2D BasicA2D

A in

D out
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Built-in Component

basic_A2D

X
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Test_Divider.dsn
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ams_files

Clk DivOut
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NCSIM_OPTIONS=-gui -input $HPEESOF_DIR/tiburon-da/verilogams/misc/interactive.tcl worklib.%%s:v

Advanced Design System 2008

42



Examples/Tutorial/SDD_Examples_prj

`include "disciplines.vams"
`include "constants.vams"
module gumpoon\(b, c, e\);

electrical b, c, e, bi, ci, ei;
analog begin

// SDD netlist fragment
end

endmodule

parameter real n=1, xti=3, Rth=0, Tau=0, Tamb=27, eg0=1.16, xtb=1, rbm=1e-12, jrb=10e-3,

mje=0.5, mjc=0.333, vjc=585.8e-3, vtf=1.124, vje=1.993, nf=1.002, nr=0.9649, ne=1.630,

nc=1.055, tf=14.19e-12, tr=1e-9, cje=1.178e-12, cjc=392.9e-15, jtf=914.3e-3, xtf=32.13,

rb=6.549, rc=6.314, re=.15, vbf=32.37, vbr=10, jbr=8.26e-3, jbf=914.3e-3, jle=0, jlc=0, bf=127,

br=10, js=16.55e-15;

analog begin
vei=V(ei);
vci=V(ci);
vbi=V(bi);
ve=V(e);
vc=V(c);
vb=V(b);
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I[1,0]=ib+_v1*1e-12

I(b) <+ ib + V(b)*1e-12;

I[1,1]=qb2+qbe

I(b) <+ ddt(qb2+qbe);

F[4,0]=vbi+ib*Rbb-vb
F[4,1]=(qb2+qbe)*Rbb

vbi-vb= ib*Rbb-ddt(qb2 + qbe)*Rbb

V(bi,b) <+ Rbb*(ib + ddt(qb2 + qbe)) ;
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diode(v,is,n)=is*(exp_soft(v/(n*vt)) - 1)

analog function real diode;
input v, is, n, vt;
real v, is, n, vt;
begin

diode = is * (exp_soft(v / (n * vt)) - 1);
end

endfunction

exp_soft(x)=if (x < exp_max) then exp(x) else (x+1-exp_max)*exp(exp_max) endif

analog function real exp_soft;
input x;
real x;
`define max_arg ln(1e16)
begin

if (x < `max_arg)
exp_soft = exp(x);

else
exp_soft = (x + 1 - `max_arg) * exp(`max_arg);

end
endfunction

`include "disciplines.vams"
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`include "constants.vams"
`define max_arg ln(1e16)

module gumpoon(b, c, e);
electrical b, c, e, bi, ci, ei;
parameter real n=1, xti=3, Rth=0, Tau=0, Tamb=27, eg0=1.16, xtb=1,
rbm=1e-12, jrb=10e-3, mje=0.5, mjc=0.333, vjc=585.8e-3, vtf=1.124,
vje=1.993, nf=1.002, nr=0.9649, ne=1.630, nc=1.055, tf=14.19e-12,
tr=1e-9, cje=1.178e-12, cjc=392.9e-15, jtf=914.3e-3, xtf=32.13,
rb=6.549, rc=6.314, re=.15, vbf=32.37, vbr=10, jbr=8.26e-3,
jbf=914.3e-3, jle=0, jlc=0, bf=127, br=10, js=16.55e-15;
analog function real exp_soft;

input x;
real x;
begin
if (x < `max_arg)

exp_soft = exp(x);
else

exp_soft = (x + 1 - `max_arg) * exp(`max_arg);
end

endfunction
analog function real diode;

input v, is, n, vt;
real v, is, n, vt;
begin

diode = is * (exp_soft(v / (n * vt)) - 1);
end
endfunction

real vei, vci, vbi, ve, vc, vb;

analog begin
vei=V(ei);
vci=V(ci);
vbi=V(bi);
ve=V(e);
vc=V(c);
vb=V(b);

vjc_T=vjc
vje_T=vje
Br_T=br
Eg(t)=eg0-7.02e-4*(t+TzeroC)^2/(1108+(t+TzeroC))
Bf_T=bf
Js_T=js*TempRatio^xti *

exp_soft(Eg(Tamb)*((Tj-Tamb)/((Tamb+TzeroC)*vt)))
TempRatio=(Tj+TzeroC)/(Tamb+TzeroC)
TzeroC=273.15
Tj=Tamb
ibb=if (ib < 1pA ) then 1pA else ib endif
Rbb=3*(rb - rbm)*(tan(Z) - Z)/(Z*tan(Z)^2) + rbm
Z=(-1 + sqrt(144*ibb/(pi^2*jrb) + 1))/((24/pi^2)*sqrt(ibb/jrb))
qbc=tr*diode(vbci, Js_T, nr) -

cjc*vjc_T*((1-vbci/vjc_T)^(1-mjc))/(1-mjc)
qb2=qbc
iff=diode(vbei, Js_T, nf)
TFF=tf*(1+xtf*(exp(vbci/(1.44*vtf)*(iff/(iff+jtf))^2)))
qbe=diode(vbei, TFF*js/QB, nf) -

cje*vje_T*((1-vbei/vje_T)^(1-mje))/(1-mje)
ib2=diode(vbei, jle, ne) + diode(vbci, jlc, nc)
ib1=diode(vbei, Js_T/Bf_T, nf) + diode(vbci, Js_T/Br_T, nr)
ic2=-diode(vbci, Js_T/Br_T, nr) - diode(vbci, jlc, nc)
ic1=diode(vbei, Js_T/QB, nf) - diode(vbci, js/QB, nr)
QB=(Q1/2)*(1 + sqrt(1+4*Q2))
vt=boltzmann*(Tamb+TzeroC)/qelectron
Q2=diode(vbei, Js_T/jbf, nf) + diode(vbci, Js_T/jbr, nr)
Q1=1/(1 - vbci/vbf - vbei/vbr)
vbei=vbi-vei
vbe=vb-ve
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vbc=vb-vc
vbci=vbi-vci
ib=ib1+ib2
ic=ic1+ic2
ie=-(ib+ic)
X=1.0 Hz

endmodule

`include "disciplines.vams"
`include "constants.vams"
`define max_arg ln(1e16)
`define TzeroC `P_CELSIUS0
module gumpoon(b, c, e);

electrical b, c, e, bi, ci, ei;
parameter real n=1, xti=3, Rth=0, Tau=0, Tamb=27, eg0=1.16, xtb=1,
rbm=1e-12, jrb=10e-3, mje=0.5, mjc=0.333, vjc=585.8e-3, vtf=1.124,
vje=1.993, nf=1.002, nr=0.9649, ne=1.630, nc=1.055, tf=14.19e-12,
tr=1e-9, cje=1.178e-12, cjc=392.9e-15, jtf=914.3e-3, xtf=32.13,
rb=6.549, rc=6.314, re=.15, vbf=32.37, vbr=10, jbr=8.26e-3,
jbf=914.3e-3, jle=0, jlc=0, bf=127, br=10, js=16.55e-15;
analog function real exp_soft;
input x;
real x;
begin
if (x < `max_arg)

exp_soft = exp(x);
else

exp_soft = (x + 1 - `max_arg) * exp(`max_arg);
end
endfunction
analog function real diode;
input v, is, n, vt;
real v, is, n, vt;
begin

diode = is * (exp_soft(v / (n * vt)) - 1);
end
endfunction

analog function real Eg;
input t, eg0;
real t, eg0;
begin

Eg=eg0-7.02e-4*(t+`TzeroC)*(t+`TzeroC)/(1108+(t+`TzeroC));
end
endfunction

real vei, vbe, vbei, vbci, vbc, vci, vbi, ve, vc, vb;
real Tj, vjc_T, vje_T, Br_T, Bf_T, Js_T, TempRatio, vth;
real ic, ie, ib, ibb, Z, vt, pi2, Rbb, Q1, Q2;
real qbc, qb2, iff, TFF, qbe, ib2, ib1, ic1, ic2, QB;

analog begin
vei=V(ei);
vci=V(ci);
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vbi=V(bi);
ve=V(e);
vc=V(c);
vb=V(b);
vbei=vbi-vei;
vbe=vb-ve;
vbc=vb-vc;
vbci=vbi-vci;
Tj=$temperature;
vth = $vt;
vjc_T=vjc;
vje_T=vje;
Br_T=br;
Bf_T=bf;
TempRatio=(Tj+`TzeroC)/(Tamb+`TzeroC);
Js_T=js*pow(TempRatio,xti) *

exp_soft(Eg(Tamb,eg0)*((Tj-Tamb)/((Tamb+`TzeroC)*vth)));
qbc=tr*diode(vbci, Js_T, nr, vth) -

cjc*vjc_T*(pow(1-vbci/vjc_T,1-mjc))/(1-mjc);
qb2=qbc;
iff=diode(vbei, Js_T, nf, vth);
TFF=tf*(1+xtf*(exp(vbci/(1.44*vtf)*pow(iff/(iff+jtf),2))));
ib2=diode(vbei, jle, ne, vth) + diode(vbci, jlc, nc, vth);
ib1=diode(vbei, Js_T/Bf_T, vth) + diode(vbci, Js_T/Br_T, nr, vth);
ic2=-diode(vbci, Js_T/Br_T, nr, vth) - diode(vbci, jlc, nc, vth);
Q1=1/(1 - vbci/vbf - vbei/vbr);
Q2=diode(vbei, Js_T/jbf, nf, vth) + diode(vbci, Js_T/jbr, nr, vth);
QB=(Q1/2)*(1 + sqrt(1+4*Q2));
qbe=diode(vbei, TFF*js/QB, nf, vth) -

cje*vje_T*(pow(1-vbei/vje_T,1-mje))/(1-mje);
ic1=diode(vbei, Js_T/QB, nf, vth) - diode(vbci, js/QB, nr, vth);
ib=ib1+ib2;
if (ib < 1e-12 )

ibb = 1e-12;
else

ibb = ib;
pi2 = `M_PI * `M_PI;
Z=(-1 + sqrt(144*ibb/(pi2*jrb) + 1))/((24/pi2)*sqrt(ibb/jrb));
Rbb=3*(rb - rbm)*(tan(Z) - Z)/(Z*pow(tan(Z),2)) + rbm;
ic=ic1+ic2;
ie=-(ib+ic);
V(bi,b) <+ Rbb * (ib + ddt(qb2+qbe));
V(e,ei) <+ re * (ie - ddt(qbe));
V(c,ci) <+ rc * (ic - ddt(qb2));
I(c) <+ -ddt(qb2) + ic+vc*1e-12;
I(b) <+ ddt(qb2+qbe) + ib+vb*1e-12;
I(e) <+ -ddt(qbe) + ie+ve*1e-12;

end
endmodule

examples/Tutorial/UserCompiledModel_prj

PNDIODE.c analyze_lin, analyze_nl, analyze_ac_n,
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diode_nl_iq_gc analyze_lin

analyze_nl diode_nl_iq_gc

analyze_ac_n

diode_nl_iq_gc

csat = IS_P * AREA_P;
vte = N_P * VT;
vd = vPin[2] - vPin[1]; /* junction voltage */
/*

* compute current and derivatives with respect to voltage
*/

if ( vd >= -5.0*vte )
{

exparg = ( vd/vte < 40.0 ) ? vd/vte : 40.0;
evd = exp(exparg);
*id = csat * (evd - 1.0) + GMIN * vd;
*gd = csat * evd / vte + GMIN;

}
else
{

*id = -csat + GMIN * vd;
*gd = -csat / vd + GMIN;
if ( BV_P != 0.0 && vd <= (-BV_P+50.0*VT) )
{

exparg = ( -(BV_P+vd)/VT < 40.0 ) ? -(BV_P+vd)/VT : 40.0;
evrev = exp(exparg);
*id -= csat * evrev;
*gd += csat * evrev / VT;

}
}
/*

* charge storage elements
*/

fcpb = FC_P * VJ_P;
czero = CJO_P * AREA_P;
if (vd < fcpb)
{

arg = 1.0 - vd / VJ_P;
sarg = exp(-M_P * log(arg));
*qd = TT_P * (*id) + VJ_P * czero * (1.0 - arg * sarg) / (1.0 - M_P);
*capd = TT_P * (*gd) + czero * sarg;

}
else
{

xfc = log(1.0 - FC_P);
f1 = VJ_P * (1.0-exp((1.0-M_P)*xfc)) / (1.0-M_P);
f2 = exp((1.0+M_P)*xfc);
f3 = 1.0 - FC_P * (1.0+M_P);
czof2 = czero / f2;
*qd = TT_P * (*id) + czero * f1 + czof2 * (f3 * (vd - fcpb) + (M_P / (VJ_P + VJ_P)) * (vd * vd - fcpb

* fcpb));
*capd = TT_P * (*gd) + czof2 * (f3 + M_P * vd / VJ_P);

}
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PNDIODE.ael

$vt GMIN

`include "constants.vams"
`include "disciplines.vams"
`define GMIN 1.0e-12
module PNDIODE(anode,cathode);

inout anode, cathode;
electrical anode, cathode, internal;
parameter real AREA = 1.0 from (0:inf]; //Area scaling factor
parameter real IS = 1e-14 from [0:inf]; //Saturation current [A]
parameter real RS = 0.0 from [0:inf]; //Ohmic res [Ohm]
parameter real N = 1.0 from [0:inf]; //Emission coef
parameter real TT = 0.0 from [0:inf]; //Transit time [s]
parameter real CJO = 0.0 from [0:inf]; //Junction capacitance [F]
parameter real VJ = 1.0 exclude 0; //Junction potential [v]
parameter real M = 0.5 from [0:inf]; //Grading coef
parameter real EG = 0 from (0:inf]; //Activation energy [eV]
parameter real XTI = 3.0 from [0:inf]; //IS temp exp.
parameter real KF = 0.0; //Flicker noise coef
parameter real AF = 0.0 from (0:inf); //Flicker noise exponent
parameter real FC = 0.0 from [0:1]; //Forward bias junct parm
parameter real BV = 0.0 from [0:inf]; //Reverse breakdown voltage [v]
parameter real IBV = 0.0 from [0:inf]; //Current at BV [A]
real vd, csat, vte, evd, evrev;
real id, qd, exparg, vth, T;
real fcpb, xfc, f1, f2, f3;
real czero, arg, sarg, czof2;
analog begin

csat = IS * AREA;
vth = $vt;
vte = N * vth;
vd = V(anode, internal); /* junction voltage */

/*
* * compute current and derivatives with respect to voltage
* */
if ( vd >= -5.0*vte ) begin

exparg = ( vd/vte < 40.0 ) ? vd/vte : 40.0;
evd = exp(exparg);
id = csat * (evd - 1.0) + `GMIN * vd;

end
else begin

id = -csat + `GMIN * vd;
if ( BV != 0.0 && vd <= (-BV+50.0*vth) ) begin
exparg = ( -(BV+vd)/vth < 40.0 ) ? -(BV+vd)/vth : 40.0;
evrev = exp(exparg);
id = id - csat * evrev;

end
end
/*
* * charge storage elements
* */
fcpb = FC * VJ;
czero = CJO * AREA;
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if (vd < fcpb) begin
arg = 1.0 - vd / VJ;
sarg = exp(-M * ln(arg));
qd = TT * id + VJ * czero * (1.0 - arg * sarg) / (1.0 - M);

end
else begin

xfc = ln(1.0 - FC);
f1 = VJ * (1.0-exp((1.0-M)*xfc)) / (1.0-M);
f2 = exp((1.0+M)*xfc);
f3 = 1.0 - FC * (1.0+M);
czof2 = czero / f2;
qd = TT * id + czero * f1 + czof2 * (f3 * (vd - fcpb) + (M / (VJ + VJ)) * (vd * vd - fcpb * fcpb));

end
I(anode, internal) <+ id;
V(internal, cathode) <+ I(internal, cathode) * (RS / AREA);
I(anode, internal) <+ ddt(qd);
// Noise
T = $temperature;
V(internal, cathode) <+ white_noise(4 * `P_K * T * (RS / AREA), "thermal");
I(anode, internal) <+ white_noise(2 * `P_Q * id, "thermal");
if (id > 0)

I(anode, internal) <+ flicker_noise(KF * pow(id, AF), 1.0, "flicker");
else

I(anode, internal) <+ flicker_noise(KF * -pow(-id, AF), 1.0, "flicker");
end

endmodule

design_kit/bin/$arch
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$arch

dk_prj/bin/$arch/resistor.va

dk_prj/bin/$arch/varactor.va

USE_CACHE=NO

dk_prj/bin/hpux11/vamake.spec
dk_prj/bin/hpux11/resistor.va
dk_prj/bin/hpux11/varactor.va
dk_prj/bin/hpux11/lib.hpux11/cml-table.idx
dk_prj/bin/hpux11/lib.hpux11/resistor.cml
dk_prj/bin/hpux11/lib.hpux11/varactor.cml

vamake.spec

USE_CACHE=NO
PREPARE_DIR=NO
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gcc

gcc

$HPEESOF_DIR/tiburon-da
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cc

aCC

cc AGILENT_CML_BUILDER

export AGILENT_CML_BUILDER=agilent-cml_builder-cc.sh

cc
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