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VDEC 0.35 m 
L = 0.4 m W = 2 m

nMOS
VDS = 3V  VGS = 0.7V

pMOS
VDS = -3V  VGS = -0.7V

ID 20 A 12 A
VT 0.5 V -0.65 V

VDsat 0.15 V -0.05V
1.3 x 10-3 AV-2 4.3 x 10-4 AV-2

gm 1.8 x 10-4 S 2 x 10-5 S
ro 6 x 105 2.5 x 106 
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log [ ID ]
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PISCES Drift-Diffusion 
DAMOCLES Boltzmann 

SUPREM

SPICE

CIDER Mixed-mode

LSI 
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ls list files
cd change directory
pwd path name of the current working directory
cp copy files
rm remove files
mv move files
mkdir make directory
rmdir remove directory
ln link file
cat concatenate files
more
less
echo
man manual document
su super user
chmod change permission mode
vi visual text editor

UNIX 

( fortran, c, perl, ... )
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SUPREM Stanford University Process Emulation Module

diffuse

implant
deposit
etch
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line x loc=0.0 tag=lft spacing=0.25
line x loc=0.45        spacing=0.03
line x loc=0.75        spacing=0.03
line x loc=1.4         spacing=0.25
line x loc=1.5 tag=rht spacing=0.25
line y loc=0.0 tag=top spacing=0.01
line y loc=0.1         spacing=0.01
line y loc=0.25        spacing=0.05
line y loc=3.0 tag=bot
region silicon xlo=lft xhi=rht ylo=top yhi=bot
bound exposed xlo=lft xhi=rht ylo=top yhi=top
bound backside xlo=lft xhi=rht ylo=bot yhi=bot
init boron conc=1.0e16
deposit oxide thick=0.025
implant boron dose=1.0e12 energy=15.0
deposit poly thick=0.500 div=10 phos conc=1.0e19
diff time=10 temp=1000
etch poly right p1.x=0.55 p1.y=-0.020 p2.x=0.45 p2.y=-0.55
diffuse time=30.0 temp=950
implant phos dose=1.0e13 energy=50.0
deposit oxide thick=0.400 spac=0.05
etch dry oxide thick=0.420 
method vert fermi grid.ox=0.0
diffuse time=30 temp=950 dry
implant ars dose=5.0e15 energy=80.0
deposit oxide thick=0.15 space=0.03
diffuse time=20 temp=950
plot.2d bound

$ suprem ldd.s4

File: ldd.s4
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Title Short Channel (L=1.5 um) MOSFET
mesh rectangular nx=38 ny=23
x.m n=1 l=0 r=1
x.m n=4 l=0.50 r=.7
x.m n=8 l=0.70 r=.75
x.m n=15 l=0.95 r=1.25
x.m n=24 l=2.05 r=1.0
x.m n=31 l=2.30 r=.8
x.m n=35 l=2.50 r=1.33
x.m n=38 l=3.00 r=1.40
y.m n=1 l=-.035 r=1
y.m n=4 l=0 r=1
y.m n=9 l=0.10 r=1.25
y.m n=16 l=0.50 r=1.15
y.m n=23 l=2.0 r=1.25
region num=1 ix.l=1  ix.h=38 iy.l=1  iy.h=4 oxide
region num=2 ix.l=1  ix.h=38 iy.l=4  iy.h=23 silicon
elec num=1 ix.l=4 ix.h=35 iy.l=1 iy.h=1
elec num=2 ix.l=1 ix.h=38 iy.l=23 iy.h=23
elec num=3 ix.l=1 ix.h=3 iy.l=4 iy.h=4
elec num=4 ix.l=36 ix.h=38 iy.l=4 iy.h=4
dop reg=2 unif conc=1e15 p.type
dop reg=2 n.type gaussian x.right=.5 ratio.lateral=.8
+       conc=2e19 junction=.5
dop reg=2 n.type gaussian x.left=2.5 ratio.lateral=.8
+       conc=2e19 junction=.5
$
symb gummel carr=1 electrons
method  iccg damped
mater   num=2 g.surf=0.75
contact num=1 n.poly
models  conmob temp=300 fldmob print
solve   initial
solve   v4=0.5 vstep=0.5 nsteps=4 electrode=4
log     outf=log
solve   v4=3
symb newton carriers=1 electrons
method  itlimit=50 autonr
solve   v1=-1.0 vstep=0.1 nsteps=20 electrode=1
$options plotdev=stout
plot.1d x.axis=v1 y.axis=i4 log 
end

$ pisces2 mosfet.p2

File: mosfet.p2
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#mesh
line x loc=0.0 tag=lft spacing=0.25
line x loc=0.45        spacing=0.03
line x loc=0.75        spacing=0.03
line x loc=1.4         spacing=0.25
line x loc=1.5 tag=rht spacing=0.25
#
line y loc=0.0 tag=top spacing=0.01
line y loc=0.1 spacing=0.01
line y loc=0.25        spacing=0.05
line y loc=3.0 tag=bot
#

#do the final anneal
diffuse time=20 temp=950
#put down the aluminum
deposit alum thick=0.1
#reflect the structure
struct mirror left
#etch off aluminum
etch alum start x=-1.4 y=0.1
etch continue   x= 1.4 y=0.1
etch continue   x= 1.4 y=-0.7
etch done       x=-1.4 y=-0.7
plot.2d boundary
#save it in Pisces format
struct pisc=ldd.mesh

Title Short Channel (L=1.5 um) MOSFET
mesh infile=ldd.mesh geom
symb gummel carr=1 electrons
method  iccg damped
mater   num=4 g.surf=0.75
contact num=1 n.poly
models  conmob temp=300 fldmob print
solve   initial
solve   v1=0.6 vstep=0.6 nsteps=2 electrode=1
log     outf=log
solve   v1=1.8
symb newton carriers=1 electrons
method  itlimit=50 autonr
solve   v2=0.1 vstep=0.1 nsteps=17 electrode=2
plot.1d x.axis=v2 y.axis=i2 
end

File: mosfet.p2File: process.s4

$ suprem process.s4 $ pisces2  mosfet.p2
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Drift-Diffusion 
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----- Mesh -----
&xmesh nelmts=       99,

xextnt= 3600.d-8,                           /
&ymesh nintvl=        4,

nelmts=       15,      10,      20,      4,
dymin =   60.d-8,  12.d-8,   5.d-8,  8.d-8,
yextnt= 4600.d-8, 300.d-8, 100.d-8, 45.d-8,
grade =       -1,      -1,       0,      1, /

----- Device -----
&regn mater='si',                                 /
&regn mater='sio', ylow=5000.d-8,                 /

substrate doping; constant
&doping      dop=-6.5d15    /

gaussian channel implant
&doping    shape='gauss', con=-7.0d17,

xloc= 850.d-8, yloc=4300.d-8,
xlen=20000.d-8, sigy=300.d-8,               /

gaussian source implant; shallow
&doping    shape='gauss', con=5.00d19,

xloc=   0.d-8, yloc=5000.d-8,
xlen=900.d-8, sigx= 50.d-8, sigy=200.d-8,   /

gaussian source implant; deep
&doping    shape='gauss', con=1.00d20,

xloc=   0.d-8, yloc=4800.d-8,
xlen=300.d-8, sigx=100.d-8, sigy=300.d-8,   /

gaussian drain implant; shallow
&doping    shape='gauss', con=5.00d19,

xloc=3600.d-8, yloc=5000.d-8,
xlen=900.d-8, sigx= 50.d-8, sigy=200.d-8,   /

gaussian drain implant; deep
&doping    shape='gauss', con=1.00d20,

xloc=3600.d-8, yloc=4800.d-8,
xlen=300.d-8, sigx=100.d-8, sigy=300.d-8,   /

----- Run -----
&phys      rigor='mc','dde',lmp=t,

impacti(1)=t, impacti(2)=f,                 /
&time      dtpois=5.0d-16, dtmc=5.0d-16, dtsc=5.0d-16,

stime=10.0d-12,                             /
&cntl iofreq=200, logfile=f,

levelp=1, levela=1, levelc=1,
dbout='nmosfet',                            /

&ninitial number =100000,                             /

----- Boundary conditions -----
&defcon number=1,  xlow=0.d-8,     xhgh=3600.d-8,

yloc=0.d0,                     /
&defcon number=2,  xloc=0.d-8,    xlen=435.d-8,

sigx=73.d-8,
yloc=5000.d-8, sigy=125.d-8,   /

&defcon number=2,  xloc=0.d-8,    xlen=0.d-8,
sigx=218.d-8,
yloc=4875.d-8, sigy=375.d-8,   /

&defcon number=3,  xloc=3600.d-8, xlen=435.d-8,
sigx=73.d-8,
yloc=5000.d-8, sigy=125.d-8,   /

&defcon number=3,  xloc=3600.d-8, xlen=0.d-8,
sigx=218.d-8,
yloc=4875.d-8, sigy=375.d-8,   /

&defcon number=4,  xlow=350.d-8,  xhgh=3250.d-8,
yloc=5045.d-8,                 /

back,   source,   drain,   gate
&contcs vappld= 0.00d0,  0.00d0,  3.00d0,  1.00d0,

phims='ec',                               /
&intfac default=-1.0, reflect=0.5,

xlow=0.d-8, xhgh=3600.d-8, yloc=5000.d-8, /
----- Statistical enhancement -----
&statbx percnt=f,                                 /
&statbx sfactr=10.d0,

xlow=450.0d-08, xhgh=3150.0d-08,
ylow=100.0d-08, yhgh=5000.0d-08,          /

35 325 3600
0

500
504.5

B

GS D

y [nm]

x [nm]



4-19

nMOSFET
IBM DAMOCLES
(http://www.research.ibm.com/DAMOCLES/)
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~ 1a sec (10-15 ) 
100,000 1p sec 

10 Pentium4 3GHz)

statistical factor 

sfactor =10
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SPICE

Simulation Program with Integrated-Circuit Emphasis

1970 University of California, Berkeley 
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SPICE

SPICE

NO

YES

NO

YES

G.W.Roberts and A.S.Sedra “SPICE second 
edition” Oxford University Press 1997 

NO

YES
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M1 M2

M3 M4

M5

M6

M7M8

4

5

1
+

2
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6

7 8

9

10
Cc

Iref

A CMOS Operational Amplifier
** Circuit Description
* Power suppliers
Vdd 4 0 DC +5V
Vss 5 0 DC -5V
* Differential-mode signal level
Vd 101 0 DC 0V
Rd 101 0 1
EV+ 1 100 101 0 +0.5
EV- 2 100 101 0 -0.5
* common-mode signal level
Vcm 100 0 DC 0V
* front-end stage
M1 7 1 6 4 pmostr L=8u W=120u
M2 8 2 6 4 pmostr L=8u W=120u
M3 7 7 5 5 nmostr L=10u W=50u
M4 8 7 5 5 nmostr L=10u W=50u
M5 6 9 4 4 pmostr L=10u W=150u
* second gain stage
M6 3 8 5 5 nmostr L=10u W=100u
M7 3 9 4 4 pmostr L=10u W=100u
* current source biasing stage
M8 9 9 4 4 pmostr L=10u W=150u
Iref 9 5 DC 25uA
* compensation network
R  8 10 10k
Cc 10 3 10pF
* model statements
.MODEL nmostr nmos level=2 vto= 1 tox=8.5e-8
.MODEL pmostr pmos level=2 vto=-1 tox=8.5e-8
** Analysis Requests
.DC Vd -4mV +4mV 100uV
** Output Requests
.PLOT DC V(3)
.end

+
1

100
101

Vd +++ Vcm

2

V+ = +Vd/2

V = Vd/2

File: cmosopamp.cir

R

Rd
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$ spice3
Program: Spice, version: 3f5
Date built: Sun Dec 26 09:36:30 JST 2004

Type "help" for more information, "quit" to leave.

Spice 1 -> source cmosopamp.cir

Circuit: A CMOS Operational Amplifier

Spice 2 -> run
Spice 3 -> display
Here are the vectors currently active:

Title: A CMOS Operational Amplifier
Name: dc1 (DC transfer characteristic)
Date: Tue Mar 29 09:43:01  2005

V(1)                : voltage, real, 81 long
V(10)               : voltage, real, 81 long
V(100)              : voltage, real, 81 long
V(101)              : voltage, real, 81 long
V(2)                : voltage, real, 81 long
V(3)                : voltage, real, 81 long
V(4)                : voltage, real, 81 long
V(5)                : voltage, real, 81 long
V(6)                : voltage, real, 81 long
V(7)                : voltage, real, 81 long
V(8)                : voltage, real, 81 long
V(9)                : voltage, real, 81 long
ev+#branch : current, real, 81 long
ev-#branch          : current, real, 81 long
sweep               : voltage, real, 81 long [default scale]
vcm#branch : current, real, 81 long

-- hit return for more, ? for help --

vd#branch : current, real, 81 long
vdd#branch : current, real, 81 long
vss#branch : current, real, 81 long

Spice 4 -> plot v(3)
Spice 5 -> write cmosopamp.raw
Spice 6 -> quit
Spice-3f5 done
$

SPICE
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C Cname n+ n- value Cc 8 10 10pF
D Dname A C model_name DCLMP 3 7 DMOD
E Ename n+ n- nc+ nc- value EV+ 1 100 101 0 +0.5
F Fname n+ n- vname value F1 13 5 VSENS 5
G Gname n+ n- nc+ nc- value G1  2 0 5 0 0.1MMHO
H Hname n+ n- vname value HX 5 17 V2 0.5K
I Iname n+ n- signal Iref 9 5 DC 25uA
J JFET Jname D G S model_name J1 7 2 3 JM1
K Kname Lname Lname value K43 LAA LBB 0.99
L Lname n+ n- value LAA 42 69 1uH
M MOSFET Mname D G S B model_name M1 7 1 6 4 pmostr L=8u W=120u
O Oname n1 + n1- n2+ n2- model_name O23 1 0 2 0 LOSSYMOD
Q Qname C B E model_name Q23 10 24 13 QMOD
R Rname n+ n- value Rd 101 0 1
T Tname n1+ n1- n2+ n2- Z0=value
V Vname n+ n- signal Vdd 4 0 DC +5V
X Xname n1 n2 .. sub_name X1 2 4 17 3 1 MULTI

n : 0 =0V
A : anode C : cathode
D : drain G : gate S : source B : body (sub)
C : collector B : base E : emitter
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DC value

AC magnitude phase_degrees

PWL( t1 v1 t2 v2  … tn vn )

[sec]

(t1,v1)
(tn,vn)

[V] [A]

(t2,v2)

PULSE( V1 V2 td tr tf PW T )

[V] [A]

[sec]
T

PW

tr tf

td

0

SIN( Vo Va freq td damp )

e-damp(t-td)

1/freq
td

Vo

[sec]

[V] [A]

sin 2damp t tdV Vo Va e freq t td

SFFM( Vo Va freq mdi fs )

sin 2 sin 2V Vo Va freq t mdi fs t

V1

V2

vdd dd 0 dc 5
vclk clk 0 dc 0 pulse(0 5 40n 2n 2n 40n 80n)
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.OPTIONS

.OPTIONS ABSTOL=1e-15 ( 1aA 1pA)

.OPTIONS NOMOD (

.IC V(node1)=value V(node2)=value …..

.DC source_name start_value stop_value step_value

.DC VDS 0 10 .5 VGS 0 5 1
VGS=0,1,2,3,4,5V VDS 0V 10V 0.5V

.AC DEC points_per_decade freq_start freq_stop

.AC OCT points_per_octave freq_start freq_stop

.AC LIN total_points freq_start freq_stop

.TR time_step time_stop
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.PRINT DC output_variables

.PRINT AC output_variables

.PRINT TRAN output_variables

.PLOT DC output_variables

.PLOT AC output_variables

.PLOT TRAN output_variables

output_variables

V(node)
V(node1, node2)
I(Vname)
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2 .SUBCKT
.include

.include CMOSopamp1

Xop1 2 5 6  cmos_opamp
Xop2 3 4 7  cmos_opamp
Xop3 9 8 10 cmos_opamp

.SUBCKT cmos_opamp 1 2 3
*connection +ve----| | |
*           -ve------| |
*           output-----|
*A CMOS Operational Amplifier

.ENDS

File : CMOSopamp1
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+

+

+

+

+

1

2

3

6

7

8

9
10

Vcm

Vdc1

Vdc2

Xop1

Xop2

Xop3
4

5

vo

Instrumentation Amplifier
.include opamp.mod
* signal sources
Vcm 1 0 0 SIN(0 25V 60Hz)
Vdc1 1 2 DC 10mV
Vdc2 3 1 DC 10mV
* instrumentation amplifier
Xop1 2 5 6  opamp
Xop2 3 4 7  opamp
Xop3 9 8 10 opamp
R1 5 4 10k
R2 5 6 100k
R3 4 7 100k
R4 6 8 10k
R5 7 9 10k
R6 9 0 10k
R7 8 10 10k
* analysis request
.tran 0.1ms 70ms 0 0.1ms
* output request
.print tran v(2) v(3) v(10)
.end

.SUBCKT opamp 1 2 3
*connection +ve-| | |
*           -ve---| |
*           output--|
*ideal Operational Amplifier
Iopen1 1 0 0A
Iopen2 2 0 0A
Eopamp 3 0 1 2 1e6
.ENDS

File: opamp.mod

File: instrAmp.cir

R2

R1

R3

R4

R5

R7

R6
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LEVEL=1 MOSFET Model
LEVEL=2 MOSFET Model
LEVEL=3 MOSFET Model
LEVEL=4 MOSFET Model (BSIM1)
LEVEL=7 MOSFET Model (BSIM3 Version 2.0)
LEVEL=81 Berkeley BSIM3 MOSFET model
LEVEL=8 SmartSpice MOSFET Model BSIM3
LEVEL=14 Berkeley MOSFET Model BSIM4
LEVEL=9 Philips MOSFET Model
LEVEL=30 Philips MOSFET Model 
LEVEL=31 Philips MOSFET Model 
LEVEL=18 Deep Sub-Micron MOSFET Model
LEVEL=44 EKV MOSFET Model
LEVEL=88 High Voltage MOSFET Model
LEVEL=20 Honeywell SOI Model (HSOI)
LEVEL=21 Florida SOI Model
LEVEL=22 Florida SOI Model
LEVEL=23 MOSFET SOI Model (BSIM3SOI)
LEVEL=24 STAG(Southampton Thermal AnaloGue) SOI Model
LEVEL=25 MOSFET SOI Model (BSIM3SOIv1)
LEVEL=26 MOSFET BSIM3SOIFD version 2 Model
LEVEL=27 MOSFET BSIM3SOIDD version 2
LEVEL=29 MOSFET BSIM3SOIPD version 2
LEVEL=32 CEA/LETI SOI model (LETISOI)
LEVEL=15 Leroux’s Amorphous-Si TFT Model
LEVEL=16 Berkeley Polisilicon TFT Model
LEVEL=35 RPI Amorphous-Si TFT Model
LEVEL=36 RPI polysilicon TFT Model

SPICE
SILVACO SmartSpice MOSFET 
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mDR1

mLD2mLD1

- Mixed Mode

?!

Double-gate FD SOI-MOSFET SRAM

1

3 3

6 6

4 5Cc

WL WL

2
mTR1 mTR2

mDR2

C1 C2B1 B2
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Double Gate SOI 6T-SRAM
mLD1 6 5 4 5 acmp w=0.3u
mLD2 6 4 5 4 acmp w=0.3u
mTR1 1 3 4 3 acmn w=0.2u
mTR2 2 3 5 3 acmn w=0.2u
mDR1 4 5 0 5 acmn w=0.13u
mDR2 5 4 0 4 acmn w=0.13u
Cc   4 5 5fF
C1   4 0 1fF
C2   5 0 1fF
Vdd 6 0 1.8
VB1 1 0 1.8 PWL(0n 1.8 .9n 1.8 1n 0 4n 0 4.1n 1.8
+               4.9n 1.8 5n 0)
VB2 2 0 0.0 PWL(0n 0 2n 0 2.1n 1.8 2.9n 1.8 3n 0)
VWL 3 0 1.8 PWL(0n 1.8 .8n 1.8 .9n 0 2.1n 0
+               2.2n 1.8 2.8n 1.8 2.9n 0 4.1n 0
+               4.2n 1.8 4.8n 1.8 4.9n 0)
.include dgmosN.m
.include dgmosP.m
.options acct bypass=1 method=gear
.control
tran 1n 6n
plot v(4) v(5)
.endc
.end

File: sram.cir
.model acmn numos
+
+output   all.debug mesh doping
+x.m n=1  l=0
+x.m n=2  l=0.1
+x.m n=12 l=0.5
+x.m n=13 l=0.6
+y.m n=1  l=-0.02
+y.m n=2  l=0.0
+y.m n=12 l=0.1
+y.m n=13 l=0.12
+
+region num=1 material=1 ix.l=1 ix.h=13 iy.l=1  iy.h=2
+region num=2 material=2 ix.l=1 ix.h=13 iy.l=2  iy.h=12
+region num=3 material=3 ix.l=1 ix.h=13 iy.l=12 iy.h=13
+ material num=1 oxide
+ material num=2 silicon
+ material num=3 oxide
+
+elec num=1 ix.l=1  ix.h=1  iy.l=2  iy.h=12
+elec num=2 ix.l=1  ix.h=13 iy.l=1  iy.h=1
+elec num=3 ix.l=13 ix.h=13 iy.l=2  iy.h=12
+elec num=4 ix.l=1  ix.h=13 iy.l=13 iy.h=13
+
+dop uniform p.type conc=1e+16 x.l=0.0 x.h=0.6 y.l=0.0 y.h=0.1
+dop uniform n.type conc=2.e20 x.l=0.0 x.h=0.1 y.l=0.0 y.h=0.1
+dop uniform n.type conc=2.e20 x.l=0.5 x.h=0.6 y.l=0.0 y.h=0.1
+
+contact num=2 workfunction=4.9
+contact num=4 workfunction=4.9
+ models concmob fieldmob tempmob bgn srh conctau
+ method ac=direct

File: dgmosN.m

$ cider  sram.cir
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Single-electron 

SPICE 

CAMSET (Circuit Analysis program including a Model of Single Electron Tunneling)
M.Kirihara, K.Nakazato, and M.Wagner, Jpn.J.Appl.Phys., vol.38, p.2028, 1999

connect nl,nr,ng
{Temp = 0.1}
Vdd = 0.1
Cg = 2.67e-20 / Vdd
Cl = Cg * 3
Cr = Cg * 5
Rtr= 1e6
Rtl= 1e6
{--------------------}
put t0 nl, nlc,Cl,Rtl
put t1 nlc,nc, Cl,Rtl
put t2 nc, nrc,Cr,Rtr
put t3 nrc,nr, Cr,Rtr
put cg nc, ng, Cg
{--------------------}
do montecarlo

asymmetric turnstile + load capacitor
rload nr rld 1e+25
cload nr 0   1.6e-17
Yturnstile.cam 3 0 nl nr ng turnstile
vrld rld 0  0
vm nl 0  dc 0 pwl(3e-7 0 4e-7 0.1)
vg ng 0 dc 0 pulse(0 0.5 1e-6
+ 0.49999e-6 0.49999e-6 0.00001e-6 1e-6)
.tran 1e-10 10e-6 0 2e-9
*.option temp=-273.05 rawstore=100
.option temp=-273.05
.save v(nr) v(ng)
.model turnstile y()
.end

File: turnstile.cir

File: turnstile.cam

$ cspice3 turnstile.cir

nl
nlc nc nrc

nr

ng rld
vm

vg vrld


