.1956—1958

. 1960

200 . Illinois
Nanyang Chemnitz

Fraunhofer



1958  Jack S. Kilby
1C 50
2005 1C

1IC TCAD
1C

Stanford 1C

1979

IC TCAD

IC TCAD

IC TCAD 1C

SUPREM-2

40%

60 %

1C 1959  Robert N. Noyce
1C
2 200 1C
1C 1C
IC TCAD (@
IC
1978 IC SUPREM-2
SEDAN-1
.20 80 20
IC
1981
1988
(@
1C TCAD

1C TCAD
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§1.

§1.

§1.

§2.
§2.
§2.

1.1
1.2

2.1
2.2
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3 SUPREM-2

2.3.1

2.

2. 3.

DO DD DD N DN

w o w w w w
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1C
IC

—_ = =

(S N

N

Pearson [V

132 T~ R R S
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12
12
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15
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Do

§2.4

Do

§2.5

Do

§2.6

Do

.3

.3

.4

2
2
2
.3
2
2
2
.4

. 3. 2.
. 3. 2.
.3, 2.

~N o Ol

.3.3.1 Deal-Grove
. 3. 3.

Do

. 3.3,

w

SUPREM-2

.1

.4.2 MOS
SUPREM-2

.0

.1

SUPREM-2

.5.2 SUPREM-2

.6

. 6.
. 6.

2
2

.5.2.1 SUPREM-2
.5.2.2 SUPREM-2

SUPREM-3

.1
2
3
2

ol

SUPREM-3

SUPREM-3

SUPREM-3

.6.3.1 SUPREM-3

.6.3.2 SUPREM-3

.6.3.3 SUPREM-3

SUPREM-3

CMOS P

20
21
23
24
24
25
26
26
27
27
28
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30
30

35
40
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41
46
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52
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Do

§2.7

§3.1
§3.2
§3.3

.6.6 SUPREM-3

.6.7 SUPREM-3
2.6.7.1 SUPREM-3
2.6.7.2 SUPREM-3
2.6.7.3 SUPREM-3

SUPREM-4

.7.1 SUPREM-4
2.7.1.1

2.7.1.2 Monte Carlo
2 SUPREM-H4

3 SUPREM-4
2.7.3.1

2.7.3.2

4  SUPREM-4

5 SUPREM-4
2.7.5.1 SUPREM-4
2.7.5.2 SUPREM-4

2.7.5.3 SUPREM-4

SEDAN-1
SEDAN-1
SEDAN-1
2301
.3.2

NMOS

CMOS

NMOS

56
58
58
58

73
87
88
88
89
89
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90
90
94
95
95

95

98
104

108
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110
112
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113
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.3.3

§3. SEDAN-1

woow A w

3.4.2.1
3.4.2.2

§3. SEDAN-3

.4.1 SEDAN-1
.4.2 SEDAN-1

SEDAN-1
SEDAN-1

.5.2 SEDAN-3
.5.3 SEDAN-3

3.5.3.1
3.5.3.2

5
3.5.1 SEDAN-3
3
3

GaAS Al,Ga, As

3.5.4 SEDAN-3

3.95.4.1
3.95.4.2
3.5.4.3
3.5.4.4
3.5.4.5
§4.1 MINIMOS-2
§4.2 MINIMOS-2
§4.3 3
§4.4 MINIMOS-2
4.4.1
4.4.2

SEDAN-3
SEDAN-3
SEDAN-3
SEDAN-3
npn

SEDAN-3

MOS

npn

Al,Ga, As-GaAs

114
115
115
116
116
118
121
121
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126
126
130
135
135
136
138

140

142
145

147
147
148
150
152
152
154
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§4.5 MINIMOS-2
4.5.1 MINIMOS-2
4.5.2 MINIMOS-2
4.5.2.1 MINIMOS-2
4.5.2.2
§4.6 MEDICI
4.6.1 MEDICI
4.6.2 MEDICI

4.6.3 MEDICI
4.6.3.1
4.6.3.2
4.6.3.3
4.6.3.4
4.6.4 MEDICI
4.6.4.1 MEDICI
4.6.4.2 MEDICI
N  MOSFET
4.6.4.3 MEDICI
LDD MOSFET
4.6.4.4 MEDICI
HBT
§5.1
5.1.1
5.1.2

5.1.2.1 SAMPLE
5.1.2.2 DEPICT

SiGe

1.5#m

155
155
155
155
157
160
160
161
163
163
168
172
185
186
186

187

212

219
224

227
227
227
228
228
231
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§5.2

ol o1 oy o1 o o1 o U1k~ w1l U1 Ol
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1.2.3 ELITE
1.2.4 OPTOLITH

FABRICS 1]
FABRICS I
FABRICS ]

H
N
S o

10

ISR GO O B W)
— = s

SIS N NS B S IR S 2 NS )
N

SUPREM-2
SEDAN-1
MINIMOS-2

235
235
236
237
237
237
238
239
240
241
243
243
245
251
252
252
253
256
257
257
257
261
262

266
266
280
292



1C

§1.1

1.1.1
simulation
3
i
il
i1
Simulation
modeling
10%
1.1.2
“ 1C TCAD'.

level

modeling and simulation

simulator

Technology CAD of
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§1.2 IC
1.2.1 IC
1C 1C .1C
LIC 3
IC
IC
LIC 1C
LIC IC
1C .IC
1.1
1C
1C
1.1 IC N
0, H,O .
3
1C

1C

IC

1C

IC
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1.2.2 IC
IC 1C . IC (@
. 1C PN PN
MOS MOSFET MOS MS MESFET
MS Si SiGe AlGaAs GaAs
TFT
1IC PN
MOS .IC
1.2
1IC
MOS
1.2 1IC N
MOS
. IC
.IC

Poisson
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MOSFET

MOS

MOSFET

1C
IC
IC
1.3

1C

1C

§1.3

§1.1

IC TCAD
IC
IC
IC .1C
1C
1C
3
IC
IC IC
§1.2
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Stanford University

SUPREM-2
SUPREM-3 SUPREM-14,
Stanford
SEDAN-1
SEDAN-3  SEDAN-1
Technology University of Vienna MOSFET MINI-
MOS-2 Synopsys PISCES
MEDICI.
2005
i
SUPREM-2 SEDAN-1 MINIMOS-2 1C TCAD
40 %
i 60% 1C TCAD

111

1C TCAD



§2.1 SUPREM

20 70 IC LSI
VLSI IC VLSI
IC
" 1C
Stanford University SUPREM
IC . SUPREM  Stanford Univer-
sity Process Engineering Model . SUPREM
version
SUPREM-1 1C 1977 5 2.1
SUPREM-2 1C 1978 6 2.2
SUPREM-3 1C 1983 7 2.3
SUPREM-4 1C 1986 7 2.4
SUPREM-3. 5 1C 1987 12 2.5
SUPREM-1 SUPREM
1C . SUPREM-2
SUPREM-1 SUPREM-2
SUPREM-2 1C . SUPREM-3
IC . SUPREM-4
1C SUPREM-4

1C Synopsys
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TSUPREM-4 2.6 Silvaco SSUPREM-4 2.7 1C
. SUPREM-3. 5 Stanford

§2.2 SUPREM-2

SUPREM-2 1C
MOS
CCD
MOS
7
7
10 nm.
SUPREM-2 13 000 PC
1981
SUPREM-2.
SUPREM-2
§2.3—82.5 SUPREM-2 SUPREM-2
SUPREM-2

§2.3 SUPREM-2

2.3.1
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R, Gp.
J. Lindhard M. Scharff M. Schiott 3 1963
LSS 2.8 . LSS R, Gp
Gaussian
2.9 Pearson [V
2.2
2.3.1.1
SUPREM-2
Rv Op Q
LSS R, o, Ny
N, 1 ,vy—R,\’
Ny = ’ CXP[** — ] 2.1
vV 2rno, 2 ( Op )

N, ? Q N,

N, 1 ,yv—R,\?
Q:JNydyz : Jexp[——ip de 2.2

0 vV 2wo, 70 2( Op )

P,
N< - 1 Y*RJ :

P, = : Q/J ex [_77] }d 2.3

' 270, 0 P 2 ( Op ) Y

o 2
Ny = Pyexp[*i Y Rp) } 2.4
2 op
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2.3.1.2

Gibbons  Mylroie 2.9

o1 02
R. Ra modal range
N(y)
Y 2.1
Pytommmmmm .
N () P No( Niy N: y
! N, v =Piexp — y—R, * 26
01 i o, 2.5
| 0<y<R,
0 R, v
2.1 N, y :Pyexp — y—Ra ’ 25;
( [2.2]) 2.6
R, <y<<eo
2.5 2.6 P, Q
Py:Q Qo R, 0 R, +Qo R, R, o0 2.7
Qs R a b P,
b . .
QaRab:Jexp—y*RZZGZdy 2.8
o1 o R, SUPREM-2
2.9 2.10 .
2.3.1.3 Pearson [V
Pearson
v .
Hofker 2.11

Pearson [V . Pearson [V
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Ny = Ny 2.9
fy =—in| b4+ bx b |
2bg 0 n 2
2b,x, +b
Warctan['x_’_zl.} 2.10
4b, by — bf B 4b,by — by
2.10
Xn = yi RP GP
a=—m Bg + 3 A
b, =— 48, — 3v: A 2.11
bl — a
2.11
A= 1082*12)/?*18 2.12
2.9 N,
No:QJe”dy 2.13
2.9 — 2.13 oo R, v B Q Pearson [V
2.2 Pearson [V . 2.2
Pearson [V
Pearson [V
SUPREM-2 Pearson [V
Pearson [V
0. 045 Pearson
I\ 50%

2. 2.

Pearson [V
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1020
30 keV
(111>
(100
PEARSON 1V
EXP. TAIL
1019
i
g
S
8]
Z.
Q
© 108
\
17 N 1 1 1
10 0.0 0.2 0.4 0.6 0.8
DEPTH (pm)
2.2 (111)  <100) ( [2.2])
Pearson IV Pearson [V , 10" em™?
2.3.1. 4
- RH\
Pearson [V R, SUPREM-2
R:nsi - Rmsi + 1— Rms\ Rmox Zox
R;si = R}»i + 1 — Rpsi Rpox Zox
2.14 Rui  Ruox
R!. -
2.15 R Ry
!
Rys -
ZOX

2.3.1.5
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SUPREM-2

2.3.2
2.3.2.1
1.
€ 2°C .
Iiayz ¢
P C=Cy t vy
y .D - Fick
Cy t
y=0 t=0 Cot=C y=0
t
y>0 t=0 Cy 0 =0 t=20 y=0
Cy t =C< Z J eﬂzdl>=Cerfc y
Vi Jv /o - 2/Dt
y=0 t>0 % O—
.
y=0.t=0
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Cy t = Q e—yz 1Dt
v/ Dt
Fick Fick
2.16 — 2.22
2.
Al e ~
— CdV = g—1dV— F. ndS
dt Vot Vot St
C =
St = t
V t St
F =
n=2St
g:
1=
2.16 V t
Vt St
d _
d*QYl yv: = Uy v Fy, —Fwy
t
2.17 Y2 Y1

.16

.17

.18

.19
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3. Fick
y Fp y
Fick
d |
Fp y Dy Cy 2.20
dy
Iy y 2 .C y
3 D y
4. Fick
d y
% = Fp yo» —Fp v 2.21
2.18 2.20 2.21 y
Fick
€ _poC 2,922
Jt dy*
2.22 a b
c D
2.3.2.2
1.
Fick TEMPERATURE(CC)
1020 _ : II%OOI I}OOI 10,00. 9(?0
T
; T ~
2.3 n, T g
12 SUPREM-2 E
18 ) )
9 99 0.8 0.7 0.8 0.9
1000/T(K 1Y)
2.3 n;
n; T T ( [2.2])
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n; T
2.
10 20 .
2.13  Fair 2. 14 1977
D=f{ DX+D V +D- V- +D" V' 2.23
fC
2%
fe=1+[1+4<%>] . C»n f.=2 C<n f.=1->2.
DX . DV v v =
- + A% A
vo=2 v :<3>' v =0 2. 24
n; n; n
n n=n 2.23
D =D+D+D" +D" 2.25
SUPREM-2
D:fCDi 1+va 1+B 2.26
DY
P s
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[\7*3 [\77& [Vzl D:
n; n
D.. 2.23 2.24 2.25 B
» 1 ; B
D)\ — Di Pa—— D\ - Di 2. 27
1+8 1+38
2.4 D D fy B
B SUPREM-2
3 100
B 1
10?
- _14-pf
D/D; | D/Di= 1+p\
10 //
1 p=0.5
1
| 5
T /
1071 =5
L
—2 1 1 L 1 L L
10 1072 107! 1 10* 10°
f,
2.4 ] D/D;
fy ( [2.2])
2.3.2.3
2.15 2.5
. SUPREM-2
2.12 .D y 2.5
n fy _ >0
n

[V
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1019

1021

7
g
E
J 10"
Z
)
|®)] e .
1 \ \ _~Bd(initial)
Lok | \_AC
‘l \\ \\
1016 ! \ Il 1 ! !
0.00 0.15 0.30 0.45 0.60 0.75 0.90
DEPTH (pm)
2.5 ( [2.2])
2.3.2.4
SUPREM-2 1977 Fair Tsai
2.16 “ "
“ P+Vzn _
3
I ;o II
1 1
| | I SURFACE
0 mmomne
A i SEER i TAIL
N
1 I
1 ]
1
Lo C
| |
] |
1 I
1 ; D/D;
\: !
1 1
A4 ! \
i i \
L \
DEPTH
2.6 Fair Tsai 3

( [2.2])

2.

6



Microelectronics

MICROELECTRONICS 19

2.28

Dmil

2.31

fenh

DX

2

D= f{DX+D*<£) }

n;
C
C=n+2.04X10"n’
2.29
0.11 eV
n(‘
. 2 _0.39eV
n. T =4.65X10 exp( T )
p
3
- « _n; 0.3 eV
= |/D*+D nini|:1+cxp(7k,r
2.31
Matsumoto 2.17
SUPREM-2
Dtai
fenh - feT;(
2.16

V-

)]}

.18

PV-

2.28

2.29
2. 6.

2. 30

2.31

2.32

f

enh

Boltzmann-
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Matano
n; z
( ;') . SUPREM-2
n=n my LAY
e (w) (w)
Dtnil
4.
2.31
3X10% ~4 X
10 em™* .
SUPREM-2 n;
n, = n exp(— i%‘ ) 2.33
AE,
102 AE, =— 1.5 X 107% Crs —3 X 10* em™® eV
[ POCI
I 7 min @ 920 °C 2.34
\ . 2. 34 CTS
20 C’I‘S >3 X 1020 Cm73 . n.

w \ .27 AE,

AN

10 \\ SUPREM-2

I
VN

\

EE— AE, =—2.3X10° Q, "®eV  2.35

o J—

CONC(ecm™3)

17 1
1075 0.2
DEPTH(ym)
# Q,

( [2.270), 2.3.2.5

2.19 2. 20
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OED Oxidation Enhanced
Diffusion . Hu 2.21
Antoniadia ~ 2-20 OED
OSF Oxidation Stacking Fault

OED
OSF. OED
SUPREM-2
OED.
1.8 3. 3.
OED 2.22 |
2.3.2.6
1.
2.
F.\' — h C] - C2 Meq 2. 36
F, 1 2 G G 1 2
2.8 Si10, Si . M.,
1—2
Cao
M, = =2 2.37
Cio
2.37 Ci Cy 1 2 . 2. 36
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SUPREM-2 2.36
Si0, Si
Cl O Meq = 1.
h—co h 1 pym sec
M, = 1. G,
C,.
SUPREM-2
Si0,-Si
Si0,-Si 2. 36
Si10,-Si . Ghosh-
tagore 2.23 Si0,-Si
h Mcq
M., >50
3. —
Fb
Fl) = Vox C] - QCZ 2. 38
Vo = dZ,. dt a
0.44 .F, 2.8 F, h>»>Vv,, C,—
Clp
REGION 1 REGION 2

— TN
2}
;:)
\
|\o
.

—
o

2.8 Si-SiO, F, ( [2.2])
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M., C, h<V,, C—aC,. h>>V,,
SUPREM-2 h 0.1 pm min h>V,,.
2.3.2.7 —_—
2.16 SUPREM-2
2.24 .
K.
mAs == As,, 2.39
Ky
m K(. Kd
C.
C.=C,—C 2. 40
Cr C . C.
(77% — mK.C" —K,C, =1—g 2.41
1 g 2. 26 Kc
Kc 1 m
K, = (K1> 2,42
2.41
aif:Kdecc nC =1-g 2,43
2.16 .m 4
Schwenker
2.24
aC. It =0 2.43
Cr ke 2. 44

C
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2.9 2.44
800 900 1100
10f 1000
Cr/C |
=
6_
4f
2_
1(')20 I 1(|)21
Clecm™®)
2.9 s
(
SUPREM-2
2.3.3

2.3.3.1 Deal-Grove

SUPREM-2

Kp ()2 P()

Deal-Grove

2.25

2.45

Ky

2.46

2.47
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T
2 _ .
T:Z()Xt—o +AZy t=0 9 48
B
Kp K,
2.3.3.2
MOST
.HO 226 1978
O, SiO,
SUPREM-2 HO  Plummer
K. Ko
K.=K, 1+7y C'—1 2.49
K| Y
_ 3 ~1.10eV
Y= 2.62X10 exp[ KT ] 2.50
CT
SR RNE RIS R
BN ) A C9 A €
C' = S S S 2.51
1+C+C+C
C'=exp E'—E kT E'=0.35eV
C=exp EE—E kT E =E,—0.57eV 2.52
C =exp 2E,—E —E- kT E =E,—0.11eV
3
E, E
E, T =1.17—4.73X10" T* T-+636 eV 2.53
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E T =E, 2—kT 14 2.54
n HO  Plummer . Ko
Ky = Kp 1+8C%‘22 2.55
2.55
S =19.63X10 "®exp 21'{83 eV 2.56
Ky o n
2.3.3.3
K. Kp
SUPREM-2
M, =+ — 22 +A + /2, A TIBA 2.57
2.45 . At
A B
Azox
2.3.4
2.10 SUPREM-2
Ca .
SUPREM-2 Co210 . -
Fs Fb. Fs
GAS SILICON | “ ”
ZERO
FLUX _ o
¢ BOUNDARY F.=h KC; =G 2.58
& | h
1.F |
__>Fb |
MOVING
INTERFACE C K

F, EVAPORATION FLUX
F, MOVING-BOUNDARY FLUX

2.10 K = ?i” 2.59
( [2.2D) Cao
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ng1<> Cio
Fl)
Fh — V Cgl *CI 2. 60
-
autodoping
§2.4 SUPREM-2
SUPREM-2
MOS
2.4.1
_ 1 /1
R = o 3 2.61
I ~ AN
1 P Xj
Re =p o 2.62 1
S=1 x 2. 11 T T
2.11 S=I-x
Rs = p x 2.63
Q U
R — 1 e 2. 64
o 2 - : ~
unCNydy Y2 — W un(zNydy
Xi =Y — YW1 2. 65
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RS o Yo 1
qf p C N ydy
Y1 Y2 q @ C
C .C vy @ y N vy
Cay =Gy A D n
Ny Ny
i _
i1 e n C
C=n+2.04 X10 *n’
SUPREM-2
| L) || Ry 2.12
P J Rory,
fe Roeag+fH> 2. 12 R, Ry,
Ros, e
A Dg A Ropg nc n(‘w n(“
Ps
2.12 ;
i1
2.4.2 MOS
MOS Vo
Vi = Vi + Ws+ Vi
VFB

Vg = bus — qNss Cox

2.66

Ny =

- q

2.67

Ry I.L,Jrn:r

2.68

2.69
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bus
bus
W
n yq
2.13
n,
N
Vi
W
Ya.

. NSS
states cm®  Cox
T =+ k—Tln[nhnizy"] 2.70
q 1,
N(y)=Ca—Cp
. n yq
P +
DEPLETION:
- . REGION |
Yld y
MOS 2 13
P s N(y)
y ( [2.2])
q Jdn y dy 2.71
C()X 0 )
Yd
dh?:gCny —Ca vy :gn}’ 2.72
dy“ €g €s
v, =1 dednydy*JJdnydydy 2.73
€s 0 0

LT mn g

i

2.68—2.73 Vi
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V.

§2.5 SUPREM-2

2.5.1 SUPREM-2

SUPREM-2
1 SUPREM-2
SUPREM-2
i
11 SUPREM-2

2.5.2 SUPREM-2

Stanford
No. 5019-2 22

2.5.2.1 SUPREM-2

1.
@y

N 1X10" cm’
(2)

50 nm

SUPREM-2
1C 1978 6
CMOS P
100
5 X 10%cm?®

200 keV



Microelectronics

MICROELECTRONICS 31

12....
13....

14....

10% 15
5
1 000 C
1000 C
1 000 C
5 X
4 X 10" cm?®

1100 °C 90 min

1100 C
1025 °C

5 min

5 min

5 min

1000 C 30 min

10" cm? 90 keV

* % % STANFORD UNIVERSITY PROCESS ENGINEERING MODELS PROGRAM x x %

% % % VERSION 0-02 x* x* %

. TITL CMOS P-WELL SIMULATION
. GRID DYSI=0.01 DPTH=0.6 YMAX=2.5
. SUBS ORNT = 100 ELEM= - CONC= 1E15

. COMM STARTING OXIDE THICKNESS OF 500 A.
. STEP TYPE=DEPO TIME=1 GRTE=0.050

. PLOT TOTL=Y CMIN=14 NDEC=4 WIND=1.8

. COMM P = WELL IMPLANT
. STEP TYPE = IMPL. ELEM =8 DOSE = 5E12 AKEV= 200

PLOT TOTL =N
PRINT HEAD=Y

COMM DRIVE — IN IN N2 FOR 1.5 HOURS
STEP TYPE = OXID TEMP = 1100 TIME =90 MODL = NITO

STEP TYPE = ETCH TEMP = 25

. COMM  --- STOP PLOTTING START PRINTING INFORMATION ---
10....
11....
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15....
16....

17....
18....
19....

20....
21....

22....

23....
24. ...
25....
. PLOT
27.. ..

26. ..

28....

29....
30....
31....

32....

33....

34....

35....

COMM
GRID

COMM

MODEL

STEP

COMM
STEP

STEP

COMM

STEP

STEP

STEP

SAVE

COMM

MODEL

STEP

COMM

MODEL

STEP

END

---EXTEND GRID SPACE ---
DYSI=0.015 DPTH=1.0 YMAX=7.0

DRIVE — IN FOR 15 HOURS IN 10 % DRY 02
NAME = DRY1 PRES=.1
TYPE = OXID TEMP = 1100 TIME =900 MODL = DRY1

FIELD OXID GROWTH IN WET 02 FOR 5HOURS
TYPE = OXID TEMP = 1025 TIME =300 MODL = WETO

TYPE = ETCH TEMP = 25

GATE OXIDATION AT 1000 C

TYPE = OXID TEMP =1000 TIME=15 MODL = DRYO
TYPE = OXID TEMP =1000 TIME=5 MODL = WETO
TOTL=Y WIND=6

TYPE = OXID TEMP = 1000 TIME=5 MODL = DRYO

FILE=PW1 TYPE=B

ANNEAL --- CALCULATE THRESHOLD VOLTAGE---

NAME = SPM1 GATE = AL QSSQ = 4E10 CBLK=1

TYPE = OXID TEMP = 1000 TIME =30 MODL= NITO MODL = SPM1
THRESHOLD TAILORING IMPLANT

NAME = SPM1 CBLK = 6E15
TYPE = IMPL. ELEM =P DOSE=5El1l1 AKEV=90 MODL = SPM1

i heading information
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CMOS P = WELL SIMULATION
THRESHOLD TAILORING IMPLANT
STEP # 12

ION IMPLANT GAUSSIAN APPROXIMATION
IMPLANTED IMPURITY = PHOSPHORUS

IMPLANTED DOSE = 5.000000E+ 11
IMPLANT ENERGY = 90.0000

RANGE = 9.664024E- 02
STANDARD DEVIATION = 4.174892E - 02

PEAK CONCENTRATION

5.023804E + 16

SURFACE CONCENTRATION = — 4.060335E+ 16 ATOMS CM + 3

GATE MATERIAL ALUMINUM  SILICON UNDER GATE = N - TYPE

OXIDE THICKNESS = 809.5 ANG. CAPACITANCE AREA = 4.26E- 04 PF UM2
THRESHOLD VOLTAGE = .15 VOLTS AT SURFACE STATES = 4.00E+ 10
JUNCTION DEPTH SHEET RESISTANCE
.101351 MICRONS 24786.9 OHMS SQUARE
3.65608 MICRONS 6092. 49 OHMS SQUARE

21109.4 OHMS SQUARE

NET ACTIVE CONCENTRATION

OXIDE CHARGE = 1.181700E +11 IS 3.79 % OF TOTAL
SILICON CHARGE = 3.002378E + 12 IS 96. 2 % OF TOTAL
TOTAL CHARGE = 3.120549E + 12 IS 109.0 % OF INITIAL
INITIAL CHARGE = 2.854394E +12

CHEMICAL CONCENTRATION OF BORON

OXIDE CHARGE = 4.229726E + 10 IS 1.38 % OF TOTAL
SILICON CHARGE = 3.022125E +12 IS 98.6 % OF TOTAL
TOTAL CHARGE = 3.064422E + 12 IS 100.0 % OF INITIAL

INITIAL CHARGE = 3.064422E +12
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CHEMICAL CONCENTRATION OF PHOSPHORUS

OXIDE CHARGE = 1.413504E +11 IS 28.3 % OF TOTAL
SILICON CHARGE = 3.583073E +11 IS 71.7 % OF TOTAL
TOTAL CHARGE = 4.996577E +11 IS 0.000E+ 00 % OF INITIAL
INITIAL CHARGE = 0.000000E+ 00

2.14

CMOS P-WELL SIMULATION
THRESHOLD TAILORING IMPLANT

iSTEP=12 TTME= .0 MINUTES.
DgEPT)H f CONCENTRATION(LOG ATOMS/CC)

m.
RV 15 16 17 18
08 T T oo

1 1 * 1 1 1

1 1 * 1 1 1

1 1 * 1 1 1

1 * 1 1 1

! 1 * 1 1 1

1 1 124 1 1

1 1 1 * 1 1

1 1 1 * 1 1

1 1 1 * 1 1

00 mmm e e e e

1 1 1% 1 1

! 1 1> 1 1

1 1 I ox 1 1

! 1 T 1 1

1 1 I * 1 1

1 1 184 1 1

1 1 * 1 1

1 1 *| 1 1

1 1 * | 1 1
2,00 -—-—-—m—mmmmmmm oo R

1 1 * 1 1 1

1 1 * 1 1 1

! ! * 1 1 1

1 1 * 1 1 1

1 | % 1 1 1

1 x| 1 1 1

1 * 1 1 1 1

* 1 1 1 1

1 * 1 1 1 1
400 === m == e e

1 * 1 1 1 1

! * | 1 1 1

1 * | 1 1 1

! *| 1 1 1

1 *| 1 ) 1

1 *) 1 1 1

1 * 1 1 1

1 * 1 1 1

1 * 1 1 1
6.00 -———----—----~ K

1 * 1 1 1

1 1 1 1 1

! ! 1 1 1

1 1 1 1 1

1 1 1 1 1

1 1 1 1 1

! 1 1 1 1

1 1 1 1 1

1 1 1 1 1
800 = —m - m o
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2.5.2.2 SUPREM-2

(@Y

(2)

10 em’

45 min

60 min

5 min

1.15 X 10" em?

Stanford Kitchip

1X10" em? 100
1 X 10" em? 30 keV
1250 °C 180 min
1000 C 1X10% cm?
1100 C 60 min
1200 C 90 min
950 C 30 min. 1.2 X
1 000 C
1 000 C
1 000 C
1000 C 10 min
1025 °C 33 min
900 C 10 min
900 C 10 min
900 C 10 min

% % % STANFORD UNIVERSITY PROCESS ENGINEERING MODELS PROGRAM * x*

% % % VERSION 0-02 x* x* %
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1.... TITLE STANFORD KITCHIP PROCESS 6 5 78
2.... GRID YMAX=5 DPTH=1 DYSI=.01
3.... SUBS ELEM=8 CONC= 1E15 ORNT =100
4.... PRINT HEAD=Y
5.... COMM BURIED LAYER
6.... STEP TYPE = IMPL. DOSE = 1.5E15 AKEV =30 ELEM= AS
7.... PLOT TOTL=Y WIND=4
8.... STEP TYPE = OXID TEMP = 1250 TIME =180 MODL = DRYO
9.... PLOT TOTL = N
10.... STEP TYPE = ETCH TEMP = 25

11.... COMM EPITAXY

12.... PLOT TOTL=Y WIND=8

13.... STEP TYPE = EPIT TEMP=1000 TIME=11 GRTE=.5 ELEM=AS CONC= 1E15
14.... PLOT TOTL =N

15.... COMM ISOLATION

16.... STEP TYPE = OXID TEMP = 1100 TIME =60 MODL = DRYO

17.... STEP TYPE = OXID TEMP = 1200 TIME =90 MODL = DRYO

18.... PLOT TOTL =Y

19.... STEP TYPE = ETCH TEMP = 25

20.... COMM BASE DIFFUSION

21.... PLOT WIND =4

22.... STEP TYPE = PDEP TEMP = 950 TIME =30 ELEM=B CONC=1.2E20
23.... PLOT TOTL =N

24.... STEP TYPE = OXID TEMP = 1000 TIME =45 MODL = DRYO

25.... STEP TYPE = OXID TEMP = 1000 TIME =60 MODL = WETO

26.... STEP TYPE = OXID TEMP =1000 TIME=05 MODL = DRYO
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27.... STEP TYPE = OXID TEMP =1000 TIME=10 MODL = NITO
28.... PLOT TOTL =Y
29.... STEP TYPE = ETCH TEMP = 25
30.... SAVE FILE = EBNCF TYPE=B
31.... COMM EMITTER DIFFUSION
32.... MODEL NAME = MPH2 STCO =0
33.... STEP TYPE = PDEP TEMP = 1025 TIME =33 ELEM=P CONC=1.15E21
34.... PLOT TOTL = N
35.... STEP TYPE = OXID TEMP =900 TIME=10 MODL= NITO MODL = MPH2
36.... STEP TYPE = OXID TEMP =900 TIME=10 MODL = WETO
37.... SAVE FILE = EBNCL. TYPE =B
38.... PLOT TOTL =Y
39.... STEP TYPE = OXID TEMP =900 TIME =10 MODL = NITO
40.... END
3.
1
i
STANFORD KITCHIP PROCESS 6 5 78

EMITTER DIFFUSION
STEP # 17

NEUTRAL AMBIENT DRIVE — IN

TOTAL STEP TIME = 10.0 MINUTES

INITIAL TEMPERATURE = 900.000 DEGREES C.
OXIDE THICKNESS = L1777 MICRONS
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OXIDE | SILICON § ! SURFACE
DIFFUSION | DIFFUSION | SEGREGATION : TRANSPORT
COEFFICIENT | COEFFICIENT | COEFFICIENT | COEFFICIENT
BORON 1.29677E=09 | 6.39843E=06 16589 3.67548E = 04
ARSENIC 1.03185E=11 | 4.27144E=07 10.0000 2.54185E= 03
PHOSPHORUS | 4.19632E=08 | 4.36669E=06 | 10.0000 ! 0.00000E + 00
SURFACE CONCENTRATION = — 4.416995E + 20 ATOMS CM + 3
JUNCTION DEPTH i SHEET RESISTANCE
1.00908 MICRONS | 8.20940  OHMS SQUARE
1.49193 MICRONS | 24343.0  OHMS SQUARE
! 24.7713  OHMS SQUARE
NET ACTIVE CONCENTRATION
OXIDE  CHARGE = 3.403248E+ 15 1S 23.0 %  OF TOTAL
SILICON CHARGE = 1.141275E+ 16 1S 77.0 %  OF TOTAL
TOTAL ~ CHARGE = 1.481600E+ 16 IS 100.0 % OF INITIAL
INITIAL CHARGE = 1.481735E+ 16
CHEMICAL CONCENTRATION OF BORON
OXIDE  CHARGE = 4.670280E+ 13 IS 7.66 %  OF TOTAL
SILICON CHARGE = 5.629458E+ 14 IS 92.3 %  OF TOTAL
TOTAL ~ CHARGE = 6.096486E + 14 IS 99.9 % OF INITIAL
INITIAL CHARGE = 6.099692E + 14
CHEMICAL CONCENTRATION OF ARSENIC
OXIDE  CHARGE = 3.166797E + 09 IS 2.295E=04 % OF TOTAL
SILICON CHARGE = 1.379806E+ 15 IS 100.0 % OF TOTAL
TOTAL ~ CHARGE = 1.379809E+ 15 IS 100.0 % OF INITIAL

INITIAL CHARGE

1.379809E + 15
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21.
78.
100.0

IS
IS
IS

6.490390E + 15
2.341254E+ 16
2.990293E + 16
2.990294E + 16

CHARGE

CHEMICAL CONCENTRATION OF PHOSPHORUS
CHARGE

SILICON CHARGE
INITIAL CHARGE

OXIDE
TOTAL

T e et e e — | e e e e —s— | e et et —e —e —s — | e —e e —s — —s —e —e | e et et —e—e s —s
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a 1
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oy - S S S S
B3
[}



Microelectronics

40  MICROELECTRONICS

§2.6 SUPREM-3

SUPREM-3 SUPREM-2 5 Stanford
IC
SUPREM-2 TMA
TMA SUPREM-3 227 Silvaco SSUPREM-3 2-28
1C .
SUPREM-3
i
MOS
ii
il
10
4
v
v 1C
TCAD .
SUPREM-3

2.6.1 SUPREM-3

SUPREM-3 SUPREM-2
Gaussian Gaussian P As Sb Pearson-4
B . Pearson-4
LSS
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LSS
i “ " Pearson-4
Pearson-4
B
il
1 “ "
recoil effect
10 “
" SUPREM-3 Boltzmann
Transport Equation BTE BTE
BTE “ "
Monte Carlo MC
SUPREM-3 .MC
MC
MC
2.6.2 SUPREM-3
SUPREM-3 SUPREM-2
i Deal-Grove
Zi+AZ,=DB t+r<
2.45 .
ii K,
K,
i K, K, K,
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v
K, K,
2. 45
M, =L — 22+ A + 2Z. T A T +IBA
2.57 .
SUPREM-3 SUPREM-2
HCI
default value .
SUPREM-3 K, K,
H,O O, Kp
KP — Ki> P\ +P, 1 2 1 +8C(i S
H,O K,
Ki =K. P+Py 2 1+7C—1 qa
O, K,
K =K, P/ 4P7 2 14y C—1 qaltKent
2.74 —  2.76 K K}
Klp Cl efEl kT
KII — Cze E, kT
2.77 2.78 0,

C, = 12.9 ym* min
E, =1.23eV
C, = 1.038 X 10° ym min

E2:2.OeV

2.74

2.75

2.76

2.77

2.78
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H,0 K, K
T>950C C, =7.0pum’ min
E, = 0.78¢V
T<950°C C, = 283 ym’ min
E, =1.17eV
T>90°C C, =2.9X10" ym min
E, = 2.05eV

T <<900°C C, =3.4X10" yum min

E'_) - 1. 60 eV
SUPREM-3 SiO,
1.
SUPREM-3 K, a
a 111 =1
a 100 =11.7=0.595
a a 111 a 100
K, SUPREM-3
2.
O, H,0 0, K,
PPy
K, = KP< 5 ) 2.79
P, Plfl t1 tl*l
O, H,0 K,
P+ Py
K, = KL< 5 ) 2. 80
O, K,
i P? 75 +P?;715
K, = Kl<f) 2.81
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O,
Y
Cy
Cr Si Si0O,
3.
MOS
K,
SUPREM-3
i ¢ HCI
2.3
HCI
7

H,O SUPREM-3
p 0, — Pnz() = 0. 92 atm.
. SUPREM-3
KL:KiLlJFVCV_1 2.49
K, =K, 1+35Ct 2.55
_ sy L10eV
Yy =2.62X10 CXp( KT ) 2.50
_ g 283 6V ]
d=19.63X10 exp( T ) 2.56
q= 1.28€Xp<%/> 2.82
HCI
HCI SiO, MOS
SiO,
MOS 1IC . O, HCI
HCl HCI 1% ~2%
K, HCI
n < HCI K, K,
K, = Kil‘n 2.83
K, = K, ¢ 2.84
T SUPREM-3
2.2 2.3. H;0 HCI
H,O SUPREM-3
€
n=1—0 100 2.85
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(=1—0 100 2.86
0 = %HCI
4.
<20 nm 10 .
H,O 2.5 nm Si0O,
MOS IC O,
. SUPREM-3
%:%+Kef“’ 2.87
Ke * " K K= K,exp —E, kT
7 nm. K, Ea L
SUPREM-3 2. 1.
2.29 .
2.1 SUPREM-3 SiO, K,, E,, L
K, nm min E, eV L nm
100 6.57 X 10° 2.37 6.9
110 5.37 X 10° 1. 80 6.0
111 5.87 X 10° 2.32 7.8
K, SiO;
Ke " O, K, 2.76
SUPREM-3 Siz N, 20 80
CMOS LOCOS Siz N, Siz N, Si0O,
. SUPREM-3 Kamins
2.30 . AX,
Ax, = 1.1 X107 g 1oV KT t“PHZ() 2.88
AX, nm t min H,0O O, PHz"
atm . 900 ‘C 1000 C 1 atm
10 atm. 800 C 2. 88
O, H,O O,

AX, 0, =~ 0.15A%x, H,O 2. 89
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Si1 Ng AXn Sl(,)z Xo
X, = QAX,
Ax, X, Q SUPREM-3

2.6.3 SUPREM-3

SUPREM-2
SUPREM-3 SUPREM-2

point defect-assisted

SiO, Si Poly-Si SizN,

2.6.3.1 SUPREM-3

1. B
D, B

w)

— 3.46 eV

D, B :D§+Dg(

= 0. OS7exp<T)+ 0. 7Zexp<

1.

65.

—3.46 eV

B P As

= [O. 037 + 0. 72(%)}6)@(*3?;1?6\7)0”12 sec
2.91 B
V¥ v
B %A v* A\l

P

n;

DQ( ) D, B DJ(E

n

2. As
Dy As

2.90

Sb

2.91

.91
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D. As :D?§S+D1(§)

i

o —3.44 eV —4.05eV, /n
= 0. OGGexp(*kT )+12.Oexp<7kT )(ni )
. —3.44 eV n —4.05eV
= 0. O660Xp<7k,r )+ 12.O<ni>cxp<7k,r ) 2.92
2.92 As
%A ' . D},
D,. .DX. D, Dy As
P N . n
As Cr As Cr As As n
Cr As SUPREM-3 Fair 2.31
As As Cr As n
Ckl-“ As =n+K T’ 2.93
o s 0.33 eV s
KT =0.41 X 10 exp<7k,r >cm 2.94
As Cr, As SUPREM-3 n
Cr, As =n+ K' T n' 2.95
n' Murota 2.32
i o 68 1 6 eV 9
K T =1.13X10 exp( KT >Cm 2.96
2.96 Schwenker 2.24
3 P
Dy P
D, P =D} +D;(§>+D§ <3>
- —3.66 eV n —4.00 eV
=3 85exp< KT >+ 4, 44(ni )exp( = )

+44.2(n£)‘exp<M>cm2 sec 2.97
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2. 97 Si DY D, P N Si
2.97 .
C']‘ P C'I‘ P n
2- 16 2- 31
C, P =n+K'Tn 2.98
K" T =5.33X10 "exp 10.40eV cm’ 2.99
kT
SUPREM-2 SUPREM-3 Fair
. 2.16
(D
2.97 2.98 2.99 n
>5X10* em™
Angm
AE, .
AE, = AE,  + AE, 2. 100
AE,
AE, 111 =—15X10% Cp —C, T eV 2.101
CT\_ Si SiO, 10 nm
2.43 X 107
O T =5 =
AE, 100 = 1.23AE, 111 2.102
AE,
AE, =—2.3X107° 0, “"eV 2.35
Op cm’
AEgmf AEgh AEg N 2. 97 1;
Nie N AE, Nje
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(2)

Dy P

SUPREM-3

G

3

Dy P

1050 °C

Matano

Xe 2.97

1 n?

D' P

Xe

857 C

n;. n,exp(_zﬁgjcrn 3 2.33
2.97 Dy P n n
n
n = n,
= 4,65 X IOZIexp<_O'k$,I?eV>cmf3 2.30 '
D; +D, n’ n’n exp 3AE, kT X
1+exp 0.3eV kT exp — x—x. Ly 2.103
n, E, = E.—0.11 ¢V
n. Ly
L,

Du}d

G == XP 2.32 "'
Dy

n n Dy P m
D P
150 nm 1 000 C 50 nm
D' P kink
SUPREM-3 Boltzmann-
Dy P n. n °’ Dy P
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SUPREM-2 . SUPREM-3
DY P AE,
exp 3AE, kT exp — X—X. Ly

= 0. 214exp<M>+ 15. O(%)exp(Mf)cm2 sec

kT ; kT
2.104
2.6.3.2 SUPREM-3
B P As Sb
Si SiO, Si
.B P As Oxidation-Enhanced Diffusion — OED
Sh Oxidation-Retarded Diffusion — ORD .B P As
Si Si Si
. B P As
Si . Sh Sh Si
. Sh
ORD. Sb ORD Mizuo Higuchi H,O
0O, Sh 233 Shp  ORD 50 %

OED B P As

D = Dy + AD,,
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DN ADOX
e
Dy = Dy + 1Dy =
= oron (&)
2.105 Dy Dy,
Dy
fy
D|,C} . .
fy = Dlnicll Ds Dy
Si i
Ci Gy

fH
1000 ~1100°C f, B:P: As

2.105
Dy
. fn
fll
. Fair

=0.17:0.12:0.09 23t f,

f, = Knexp( kTA) K, E, 2.34 2.35 C,
Cy
. Cu\ K, Texp —X L, ,dx,%°
ADOX - f]IDSi (CV ) 1 1 +Kp T PO'S . (ﬁ) 2.106
v/ o 2 HCI
0 Kink o 111 %1.5p 100 234
p 100 10¥em™*. K, T K, T
—0.5
K, T p 100 =1.31 x1o*5exp(%>(£> 2.107
K, T =2.31X lO“exp(i&Té?f}eV) atm %7 2.108
Py HCI HCI
OED SUPREM-3 Py U° HCl  OED L
Si Si SiO,
) L, 10 >100pum
Czchocralski
L, SUPREM-3 L, = 25 pm.
OED i—’t‘ AD, ~ i—’f) n
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SUPREM-3 n=20.5  AD, ~ (dx>

dt
ORD Sb
. . G
D Sb =Dy Sb — 2.109
G

G G G G C, Cy
2.6.3.3 SUPREM-3

Si

D . SUPREM-3

2.3
Si0O, Wolf 2-36 Ghezzo
Brown 2-37
. SUPREM-3 SUPREM-2
B P As Sb Si Si0,
2.38—2.41 2.20 2.36 Si4N'g
2.6.4 SUPREM-3
SUPREM-2 _
§2.3.4  SUPREM-3
Reif
2.42—2. 46 Fick
Fick
2
HNxt_DJN)it 2110

FrE 9%

.5
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p N _ 0 2.111
IX | y—o
p 2N — ¢ 2.112
IX | = surface
dN t © N t
[ :KAT+gNt —KIH{PDt K, } 2.113
N D
g Ko Ko N
Ko i
2.111—2.112
T
L Ky, Ky Kiy g
= K 2.114
+Kmf
gt R,
K, K, Ko
SUPREM-3 2.3 2.45 2.16— 2.18
SUPREM-3

(D MAIN GAS STREAM

GAS
FLOW
@ BOUNDARY LAYER /® ADSORBED LAYER
F I/ // — 1
Vi ‘ l
\_ SILICON EPITAXIAL
SUSCEPTOR SUBSTRATE FILM

REACTOR TURE WALL

2.16 ( [2.45]



Microelectronics

54 WICROELECTRONICS

GAS PHASE
o AsHy
(D|F,
gN
) W
SOLID SILICON \\ oN
e
SOLID SILICON
2.17 (1) (2) (3)
(4) ( [2.45])
1016
L ----SIMULATED IMPURITY (&
SIMULATED CARRIER
o0 © MEASURED CARRIER
|
§ | SURFACE SUBSTRATE —|
z
S
=
=
=
15
10"
Z
g
S T
- DOPANT
200 GAS FLOW
jaly
3
a
o 31.08 . ?o.ﬁ,rlde(nﬁn212 . 0
0.00 150 3.00 450 6.00 7.50 9.00
DEPTH (pm)
1016
---- SIMULATED IMPURITY (P
SIMULATED CARRIER
R © MEASURED CARRIER
TE |
8 |~—SURFACE l SUBSTRATE —~
Z
S
e
<
a4
; 1015
o T
Q
Z
3 DOPANT
2 GAS FLOW
Z
<
[a W)
: |
1.6 6.8 6
TIME(min)
10 . . . . .
0.00 0.80 1.60 2.40 3.20 4.00 4.80
DEPTH (pim)
2.18 , ( )

( [2.45])
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5l

5

2.6.5
1C
SUPREM-3
SUPREM-3
At

MOS

SUPREM-3
SUPREM-3
SUPREM-3

CVvD LPCVD

SUPREM-3 2.19

DEPOSITION
Initial Properties/Parameter Values

GRAIN GROWTH

Grain Size
SEGREGATION

Dopant Distribution across Grain
Active Concentration
-—

\
OXIDATION DIFFUSION
Oxide Thickness

Dopant Distribution/Loss across Poly-Si and Poly/SiQ; Interfaces

Conservatlion of Total Dose

Time Increment at AT
RESISTIVITY
2.19 SUPREM-3

( [2.3])
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SUPREM-3 2.3 2.47 .

2.6.6 SUPREM-3

§2.4
SUPREM-3
SUPREM-3
SUPREM-2
SUPREM-3 Poisson
Poisson

i<<ydﬂ>=—qpy ¢ —ny ¢ +Nyy ¢

dy dy
—N, v ¢ +Ny vy 2.115
¢ n p N, N,
N,
ny ¢ =NFi, q %‘ ¢y *‘#F“ y 2.116
py ¢ =NeFiom Zrde vy —¢y — Ve 2.117
N. Ny Ve P, ¢FI,

Fio oy 15 Fermi-Dirac . 2.115
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d¢
¢ dy
2. 115 .
SUPREM-3
SUPREM-2
SUPREM-3
] n; P
Vit
n,:J ny dy 2.118
it
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]
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J
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SUPREM-3
. Onj
—1
Onj Onj
1
Pri = Oy
OnT OpT
1
pnT - Gn'l‘
1
[ OpT
SUPREM-3
SUPREM-2
2.6.7 SUPREM-3
2.6.7.1 SUPREM-3
SUPREM-3 SUPREM-2
SUPREM-3 100
2.3 .
Stanford 1C
SEL 83-001 “ NMOS "
” 2.3
2.6.7.2 SUPREM-3
1.
(D
2.20 NMOS

Opi

2.126
2.127
2.128
2.129
SUPREM-3
SUPREM-3
1983 7 No.
NMOS
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2.20 NMOS

P 100
40 nm SiO, padlayer
Si0, 80 nm Si, N,
B P
3 1000 °C
B
40 nm
0. 5 pm
POCI,
As
30 1000 C
CVD Si0,
1000 °C 30
Al
NMOS

S3EXIA
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S3EX1C

(@Y

S3EX1B

S3EX1D
S3EX1E
S3EX1F

Input file name = >> S3EX1A

10...
11...
12...

13...
14..
15...
16...

17...
18...

. Title

. Comment

$

. Comment

. Initialize

+

. Comment

. Diffusion

. Comment

. Deposit

Comment
Diffusion

Print

Comment

. Etch

Etch
Etch

Comment

Implant

SUPREM-III Example 1. NMOS Silicon Gate
Active device region initial processing.

File S3EX1A

Initialize silicon substrate.
100 Silicon Boron Concentration= lel5

Thickness=1.5 dX=.005 XdX=.02 Spaces= 150

Grow pad oxide 400A.

Temperature = 1000 Time =40 Dry02

Deposit 800A of CVD Nitride.
Nitride Thickness=.0800 Spaces =15

Grow field oxide.
Temperature = 1000 Time =180 Wet02

Layer

Etch to silicon surface.
Oxide all

Nitride all

Oxide all

Implant boron to shift the threshold voltage.

Boron Dose =4ell Energy=50
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19... Comment Grow gate oxide

20... Diffusion Temperature = 1050 Time =30 Dry02 HCL% =3

21... Comment Deposit polysilicon
22... Deposit Polysilicon Thickness = 0.5 Temperature =600
23... Comment Heavily dope the polysilicon using POC13

24 ... Diffusion Temperature = 1000 Time=25 dTmin=.3

+ Phosphorus Solidsolubility
25... Print Layer
26... Plot Chemical Boron Xmax =1.5 Clear A Axis Linetype =2
27... Plot Chemical Phosphorus Xmax=1.5 A Clear A Axis Linetype =3
28... Plot Chemical Net Xmax=1.5 A Clear Axis
29... Comment Save the structure at this point. The simulation runs
30... $ are split for the gate and source drain regions.
31... Save Structure File= S3E1AS
32... Stop End of SUPREM-III Example 1.

(2)

Input file name = > S3EX1B

1... Title SUPREM-III Example 1. NMOS silicon Gate
2. .. Comment Gate region.

3... § File S3EX1B

4. .. Comment Initialize silicon substrate.

5... Initialize Structure = S3E1AS

6... Comment Implant Arsenic for source drain regions.
7... Implant Arsenic Dose = 5E15 Energy= 150
8. .. Comment Drive-in Arsenic and re-oxidize source drain regions.

9... Diffusion Temperature = 1000 Time =30 Dry02
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10... Comment
11... Etch

12... Comment

13... Deposit

14... Comment
15... $
16... Phosphorus

17... Comment

18... Diffusion

19... Comment
20... Etch
21... Comment

22... Deposit

23... Comment

24... Print
25... Plot
26... Plot
27... Plot
28... Plot

29... Comment

30... Save
31... Stop
(€))

Input file name = >

1... Title

2... Comment

Etch contact holes to gate source and drain regions.

oxide

Deposit Phosphorus doped Si02 using CVD.
Oxide Thickness =.7500 Phosphorus Concentration=1.E21

Increase the diffusivity of phosphorus in oxide by
two orders of magnitude.

Oxide Dix.C=4.56E7

Reflow glass to smooth surface and dope contact holes.

Temperature = 1000 Time =30

Reopen contact holes.

Oxide

Deposit Aluminum.

Aluminum Thickness=1.2 Spaces=10

Plot the chemical impurity distributions at this point.

Layer

Chemical Boron Xmax = 3.5 Clear A Axis Linetype =2
Chemical Arsenic Xmax = 3.5 A Clear A Axis Linetype = 3
Chemical Phosphorus Xmax = 3.5 A Clear A Axis Linetype =6
Chemical Net Xmax = 3.5 N\ Clear Axis

Save the structure.

Structure File= S3E1BS

End of SUPREM-III Example 1.

S3EX1C

SUPREM-III Example 1. NMOS Silicon Gate

Source drain regions.
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11...
12...

13...
14. ..

15...
16. ..

17...
18...
19. ..

20. ..

21. ..

22. ..

23. ..
24. ..

25. ..
26. ..

27. ..

. Comment

. Initialize

. Comment
. Etch
. Etch

. Comment

. Implant

Comment

Diffusion

Comment

Etch

Comment

Deposit

Comment

$
Phosphorus

Comment
Diffusion

Print

Comment

Etch

Comment

Deposit

Comment

File S3EX1C

Initialize silicon substrate.

Structure = S3E1AS

Etch polysilicon and oxide over source drain regions.
Polysilicon

Oxide

Implant Arsenic for source drain regions

Arsenic Dose =5E15 Energy= 150

Drive-in Arsenic and re-oxidize source drain regions.

Temperature = 1000 Time =30 Dry02

Etch contact holes to gate source and drain regions.

oxide

Deposit Phosphorus doped si02 using CVD.
Oxide Thickness =.7500 Phosphorus Concentration= le2l

Increase the diffusivity of phosphorus in oxide by
two orders of magnitude.

Oxide Dix.C=4.56E7
Reflow glass to smooth surface and dope contact holes.
Temperature = 1000 Time =30

Layer

Reopen contact holes.

Oxide

Deposit Aluminum.

Aluminum Thickness=1.2 Spacas=10

Plot the chemical impurity distributions at this point.
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28... Print Layer
29... Plot Chemical Boron Xmax = 2.5 Clear A Axis Linetype=2
30... Plot Chemical Arsenic Xmax = 2.5 A Clear A Axis Linetype =3
31... Plot Chemical Phosphorus Xmax = 2.5 A Clear A Axis Linetype =6
32... Plot Chemical Net Xmax = 2.5 N Clear Axis
33... Comment Save the structure.
34... Save Structure File = S3EICS
35... Stop End of SUPREM-III Example 1.

4)

Input file name = >

(€]

=
= O W W 9 o

=

Input file name = >

. Title

. Comment

$

. Comment

. Initialize

. Comment

$

. Electrical
. Bias

. End

. Stop

(€))

. Title

. Comment

$

. Comment

. Initialize

S3EX1D

SUPREM-III Example 1. NMOS Silicon Gate
Gate region electrical simulation.

File S3EX1D

Initialize using gate region result.

Structure = S3E1BS

Solve Poisson’s equation with the gate biased from

0. volts to 3. volts in .2 volt steps.

Steps =16

Layer =3 Diffusion=1 V.Majority=0. dV. Majority=.2

End of SUPREM-III Example 1.

S3EX1D

SUPREM-III Example 1. NMOS Silicon Gate
Isolation region initial processing.

File S3EX1E

Initialize silicon substrate.

100 Silicon Boron Concentration= 1lel5
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10...
11...
12...

13...

14. ..

15...
16. ..

17...
18...

19...
20 ...

21..
22. ..
23. ..
24. ..

25. ..
26. ..

27. ..

. Comment

. Diffusion

. Comment

. Implant

Comment
Diffusion

Print

Comment

Implant

Comment

Diffusion

Comment

Deposit

Comment
Diffusion

+

. Print

Plot
Plot
Plot

Comment

Save

Stop

Thickness=3.0 dX=.01 Spaces= 150

Grow pad oxide 400A.

Temperature = 1000 Time =40 Dry02

Implant boron to increase field region doping.

Boron dose=1el3 energy= 150

Grow field oxide.

Temperature = 1000 Time =180 Wet02

Layer

Implant boron to shift the enhancement threshold voltage.

Boron Dose =4ell Energy=50

Grow gate oxide

Temperature = 1050 Time =30 Dry02 HCL% =3

Deposit polysilicon

Polysilicon Thickness=0.5 Temperatrue =600

Heavily dope the polysilicon using POC13
Temperature = 1000 Time=25 dTmin=.3
Phosphorus Solidsolubility

Layer

Chemical Boron Clear A BAxis Linetype = 2
Chemical Phosphorus A Clear A\ Axis Linetype = 3
Chemical Net N Clear Axis

Save the structure at this point.

Structure File= S3E1ES

End of SUPREM-III Example 1.



Microelectronics

66 [MICROELECTRONICS

(6)

Input file name = > S3EX1F

11...
12..

13...
14. ..

15...
16. ..

17...
18..

19...
20. ..
21...
22. ..
23...
24. ..

. Title

. Comment

$

. Comment

. Initialize

. Comment
. Etch
. Etch

. Comment

. Implant

Comment

. Diffusion

Comment

Deposit

Comment

Diffusion

Comment

. Deposit

Comment
Print
Plot
Plot
Plot
Plot

SUPREM-III Example 1. NMOS Silicon Gate

Final isolation region processing.

File S3EX1F

Initialize silicon substrate.

Structure = S3E1ES

Etch polysilicon and oxide over source drain regions.

Polysilicon

Oxide Amount = .0700

Implant Arsenic for source drain regions.

Arsenic Dose = 5E1l5 Energy= 150

Drive-in Arsenic and re-oxidize source drain regions.

Temperature = 1000 Time =30 Dry02

Deposit Phosphorus doped Si02 using CVD.

Oxide Thickness =.7500 Phosphorus Concentration= le2l

Reflow glass to smooth surface and dope contact holes.

Temperature = 1000 Time = 30

Deposit Aluminum.

Aluminum Thickness=1.2 Spaces=10

Plot the chemical impurity distributions at this point.

Layer
Chemical Boron Clear
Chemical Arsenic N Clear

Chemical Phosphorus A Clear
Chemical Net A Clear

N\ BAxis Linetype = 2
A Axis Linetype = 3
A Axis Linetype =6

Axis
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25... Comment Save the structure.
26... Save Structure File = S3E1FS
27... Stop End of SUPREM-III Example 1.
3.
(D

SUPREM-III Example 1. NMOS Silicon Gate
Active device region initial processing.
File S3EX1A

Initialize silicon substrate.

Grow pad oxide 400A.

Deposit 800A of CVD Nitride.

Grow field oxide.

layer material type thickness dx dxmin top bottom  orientation
no. microns microns node node or grain size
4 OXIDE .0190 .0100 .0010 232 233
3 NITRIDE . 0685 .0100 .0010 234 248
2 OXIDE . 0382 .0100 .0010 249 251

1 SILICON 1.4832 .0050 .0010 252 400 100
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Integrated Dopant

layer Net Total
no. active chemical active
4 0.0000E + 00 0.0000E + 00 0.0000E + 00 0
3 —3.1740E+ 06 —3.1639E+ 06 3.1740E + 06 3
2 —-5.8718E+09 —5.8717E+ 09 5.8718E + 09 5
1 —1.4124E+ 11 —1.4124E+ 11 1.4124E+ 11 1
sum —1.4711E+11 —-1.4711E+11 1.4711E+11 1

Integrated Dopant

layer BORON

no. active chemical
4 0.0000E + 00 0.0000E + 00
3 3.1740E + 06 3.1639E + 06
2 5.8718E+ 09 5.8717E+ 09
1 1.4124E+ 11 1.4124E+ 11
sum 1.4711E+ 11 1.4711E+ 11

chemical

Junction Depths and Integrated Dopant

Concentrations for Each Diffused Region

layer region type junction depth net

no. no. microns active Qd
4 1 0.0000 0.0000E + 00
3 2 0.0000 0.0000E + 00
3 1 p . 0685 5.4061E + 07
2 1 0.0000 5.8718E + 09
1 1 P 0.0000 1.4124E+ 11

Etch to silicon surface.

Implant boron to shift the threshold voltage.

Grow gate oxide

Deposit polysilicon

Heavily dope the polysilicon using POC13

.0000E + 00
.1639E + 06
.8717E + 09
.4124E+ 11
L4711E+ 11

total

chemical Qd

0.

0
5.
5
1

0000E + 00

.0000E + 00

4061E + 07

.8718E + 09
L4124E+ 11
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layer material type thickness dxmin top bottom  orientation
no. microns microns node node or grain size
3 POLYSILICON .5000 .0100 .0010 200 250 .5910
2 OXIDE . 0683 .0100 0.0000 251 256
1 SILICON 1.4531 .0050 .0010 257 400 100
Integrated Dopant
layer Total
no. active chemical active chemical
3 1.1001E+ 16 2.2085E + 16 1.1001E+ 16 2.2085E+ 16
2 6.6967E + 12 6.6967E + 12 6.9105E + 12 6.9105E + 12
1 —4.2108E+11 —-4.2108E+ 11 4.2108E+ 11 4.2108E+ 11
sum 1.1007E+ 16 2.2091E+ 16 1.1008E + 16 2.2092E + 16
Integrated Dopant
layer BORON PHOSPHORUS
no. active chemical active chemical
3 3.3264E + 07 3.3264E + 07 1.1001E+ 16 2.2085E + 16
2 1.0688E+ 11 1.0688E+ 11 6.8036E+ 12 6.8036E+ 12
1 4.2108E+ 11 4.2108E+ 11 4.8264E + 04 4.8264E + 04
sum 5.2800E + 11 5.2800E + 11 1.1007E+ 16 2.2091E+ 16
Junction Depths and Integrated Dopant
Concentrations for Each Diffused Region
layer region type junction depth net total
no. no. microns active Qd chemical Qd
3 1 0.0000 1.1001E+ 16 2.2085E+ 16
2 2 0.0000 6.7710E+ 12 6.8069E + 12
2 1 . 0355 6.2314E + 10 6.2867E + 10
1 1 0.0000 4.2108E+ 11 4.2108E+ 11

Save the structure at this point. The simulation runs

are split for the gate and source drain regions.

END SUPREM-III
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(2)

SUPREM-IIT

SV
—

5
(=]

a0l sl el g

silicon -=

—
©

Si0;

=
>

Phosphorus

=
[=2)

LOG CONC(ATOMS/CM3)
=

—
(=)l

0.0 0.3 0.5 0.8 1.|0 1.2 1.5
DEPTH FROM SURFACE(MICRONS)

2.21 . ,SUPREM-3

(3

SUPREM-III Example 1. NMOS Silicon Gate

Gate region.

File S3EX1B

Initialize silicon substrate.

Implant Arsenic for source drain regions.

Drive-in Arsenic and re-oxidize source drain regions.
Etch contact holes to gate source and drain regions.

Deposit Phosphorus doped Si02 using CVD.

Increase the diffusivity of phosphorus in oxide by

two orders of magnitude.

Reflow glass to smooth surface and dope contact holes.
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Reopen contact holes.

Deposit Aluminum.

Plot the chemical impurity distributions at this point.

layer material type thickness dx dxmin top bottom  orientation
no. microns microns node node or grain size
4 ALUMINUM 1.2000 .0100 .0010 191 201
3 POLYSILICON . 4845 .0100 .0010 202 250 .8955
2 OXIDE . 0683 .0100 0.0000 251 256
1 SILICON 1.4531 . 0050 .0010 257 400 100
Integrated Dopant
layer Net Total
no. active chemical active chemical
4 0.0000E + 00 0.0000E + 00 0.0000E + 00 0.0000E + 00
3 1.5868E + 16 2.7642E+ 16 1.5868E + 16 2.7642E+ 16
2 1.4632E+ 13 1.4632E+ 13 1.4850E+ 13 1.4850E+ 13
1 —4.1920E+ 11 —4.1920E+ 11 4.1940E + 11 4.1940E + 11
sum 1.5882E + 16 2.7656E+ 16 1.5883E+ 16 2.7657E+ 16
Integrated Dopant
layer PHOSPHORUS ARSENIC
no. active chemical active chemical
4 0.0000E + 00 0.0000E + 00 0.0000E + 00 0.0000E + 00
3 1.1022E+ 16 2.2670E+ 16 4.8457E + 15 4.9719E + 15
2 1.3308E+ 13 1.3308E+ 13 1.4334E+ 12 1.4334E+ 12
1 1.0429E + 08 1.0429E + 08 3.9465E- 10 3.9465E- 10
sum 1.1035E+ 16 2.2683E+ 16 4.8471E+ 15 4.9734E + 15
Integrated Dopant
layer BORON
no. active chemical
4 0.0000E + 00 0.0000E + 00
3 1.0138E+ 08 1.0138E+ 08
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sum

layer

no.

NN W

1.0859E + 11 1.0859E + 11
4.1930E+ 11 4.1930E+ 11
5.2799E + 11 5.2799E + 11

Junction Depths and Integrated Dopant

Concentrations for Each Diffused Region

region type junction depth net
no. microns active Qd
1 0.0000 0.0000E + 00
1 n 0.0000 1.5868E+ 16
2 n 0.0000 1.4661E+ 13
1 .0510 3.4154E + 10
1 P 0.0000 4.1920E+ 11

Save the structure.

END SUPREM-IIT

CONC(ATOMS,/CM3)

LOG

(€Y

2.22.

SUPREM-III

total
chemical Qd
0.0000E + 00
2.7642E + 16
1.4749E+ 13
3.7425E+ 10
4.1940E + 11

Aluminum :'_ o :. (=50,

2.22 , SUPREM-3

3.4
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2.6.7.3 SUPREM-3

1.
(@)
2.23
- Poisson
o X — \’////////’.
S \ N+ /;P
\ /
2.23
2)
Si P 100
1 pm SiO,
Si0,
Sb 10" cm? 5 1150 C
Si0O,
1.6 um  As
40 nm Si0,

80 nm Siy N,

Si
B



Microelectronics

74 MICROELECTRONIGCS

Siz N,
B B 10" cm?
50 keV
As
2.
S3EX2A
S3EX2B
S3EX2C
S3EX2D
S3EXZ2E
@y
Input file name = > S3EX2A
1... Title Suprem-I1T1 Example 2. Bipolar Poly doped emitter.
2... 8% Initial active region formation.
3... § File S3EX2A
4. .. Comment Initialize the silicon substrate.
5... Initialize 100 Silicon Boron Concentration= 5el4
+ Thickness=5. dX=.01 XdX=.05 Spaces=100
6... Comment Grow masking oxide for non-active regions.

7... Diffusion Temperature = 1150 Time =100 Wet02

8... Comment Etch the oxide over the buried layer regions.

9... Etch Oxide

10... Comment Implant and drive-in the antimony buried layer.
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11... Implant Antimony Dose=5El4 Energy= 120
12... Diffusion Temperature = 1150 Time =15 Dry02
13... Diffusion Temperature = 1150 Time = 300
14... Print Layer
15... Plot Net Chemical Xmax=5
16... Comment Etch off the oxide.
17... Etch Oxide
18... Comment Grow 1.6 micron of arsenic doped epi.
19 ... Epitaxy Temperature = 1050 Time =4 Growth.Rate= .4
+ Arsenic Gas. Conc = 5E15
20... Comment Grow a 400A pad oxide.
21... Diffusion Temperature = 1060 Time =20 Dry02
22... Comment Deposit nitride to mask the field oxidation.
23... Deposit Nitride Thickness= .08
24. .. Comment Plot the chemical impurity distributions at this point.
25... Print Layer
26... Plot Chemical Boron Xmax = 5 Clear A Axis Linetype =2
27... Polt Chemical Arsenic Xmax =5 A Clear A Rxis Linetype =4
28... Plot Chemical Antimony Xmax = 5 A Clear A Axis Linetype=5
29... Plot Chemical Net Xmax = 5 N\ Clear Axis Linetype =1
30... Comment Save the simulation structure at this point for use in
31... § subsequent processing.
32... Savefile Structure File= S3E2AS
33... Stop
(2

Input file name = > S3EX2B

1...

Title
$

Suprem-III Example 2. Bipolar Poly doped emitter.

Final active device region fromation.
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3... § File S3EX2B
4. .. Comment Start from the result of S3EX2A.
5... Initialize Structure = S3E2AS
6... Comment Field oxide growth. Oxidation is masked by nitride.
7... Diffusion Temperature = 800 Time = 30 T.RATE = 10
8... Diffusion Temperature = 1000 Time =15 Dry02
9... Diffusion Temperature = 1100 Time =210 Wet02
10... Diffusion Temperature = 1100 Time =15 Dry02
11... Diffusion Temperature = 1100 Time =10 T.RATE = — 30
12... Print Layer
13... Plot Net Chemical ZXmax =5
14... Comment Etch the oxide and nitride layers.
15... Etch Oxide
16... Etch Nitride
17... Etch Oxide
18... Comment Move the fine grid to the surface.
19... Grid Layer. 1 Xdx=0.
20... Comment Implant the boron base.
21... Implant Boron Dose = 1E14 Energy = 50
22... Comment Remove oxide from emitter region.
23... Etch Oxide
24... Comment Deposit arsenic doped polysilicon for emitter contacts.
25 ... Deposit Polysilicon Thickness= .5 Temperature =620
+ Arsenic Concentration = 1e20
26... Comment Anneal to activate base and drive-in emitter.
27... Diffusion Temperature = 1000 Time =20 Wet02
28... Comment Plot the electrically Active impurity distributions.
29... Print Layer
30... Plot Active Boron Xmax = 6 Clear A Axis Linetype =2
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31...
32...
33...

34...
35...

36...

Plot
Plot
Plot

Comment

Savefile

Stop

3

Active Arsenic Xmax = 6 A Clear A Axis Linetype =4
Active Antimony Xmax = 6 A Clear A Axis Linetype=5
Active Net Xmax = 6 N\ Clear Axis Linetype=1

Save the resulting active region.

Structure File= S3E2BS

Input file name = >>S3EX2C

13...

. Title

$
$

. Comment

. Initialize

. Comment

$

. Electrical
. Bias
. Bias
. Bias

. End

Stop

(€Y

Suprem-III Example 2. Bipolar Poly doped emitter.
Electrical simulation of the active device region.

File S3EX2C.

Start with the result of the active device region simulation

Structure = S3E2BS

Solve Poisson’s equation with the collector ramped

from 0 volts to 6 volts in 2 volt steps.

Extent =3 Steps=14

Layer =1 Diffusion=3 V.Minority=0 DV.Minority= 2
Layer =1 Diffusion=2 V.Majority=0 DV.Majority= 2
Layer =1 Diffusion=1 V.Minority=0 DV.Minority= 2

Input file name = > S3EX2D

. Title
.8

$

. Comment

Suprem-III Example 2. Bipolar Poly Doped Emitter
Initial isolation region formation.

File S3EX2D.

Initialize the silicon substrate.
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5... Initialize 100 Silicon Boron Concentration=5E14
+ Thickness=3 dX=.03 Spaces=75

6... Comment Grow masking oxide for the non-active regions.

7... Diffusion Temperature = 1150 Time =100 Wet02

8... Comment Implant and drive in the antimony buried layer.

9... Implant Antimony Dose = 1E15 Energy= 80
10... Diffusion Temperature = 1150 Time=15 Dry02
11... Diffusion Temperature = 1150 Time = 300
12... Print Layer
13... Plot Net Chemical Xmax=14.5
14... Comment Etch off the oxide.
15... Etch Oxide
16... Comment Add 1.6 microns of arsenic doped epi.
17 ... Epitaxy Temperature = 1050 Time=4 Growth.Rate= .4

+ Arsenic Gas. Conc = 5E15

18... Comment Grow a 400A pad oxide.
19... Diffusion Temperature = 1060 Time =20 Dry02
20... Comment Deposit a 800A layer of silicon-nitride.
21... Deposit Nitride Thickness = .08
22. .. Comment Plot the chemical impurity distributions at this point.
23... Print Layer
24... Plot Chemical Boron Xmax = 5 Clear A Axis Linetype =2
25... Plot Chemical Arsenic Xmax = 5 A Clear A\ Axis Linetype=4
26... Plot Chemical Antimony Xmax = 5 A Clear A Axis Linetype =5
27... Plot Chemical Net Xmax = 5 A Clear Axis Linetype =1
28... Comment Save the initial part of the isolation simulation.
29... Savefile Structure File= S3E2DS
30... Stop
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5

Input file name = >> S3EX2E

11...
12...

13...
14. ..
15...
16. ..
17...

18

19...
20. ..

21. ..
22...

23. ..
24 ...

. Title
.8
$

. Comment

. Initialize

. Comment
. Etch
. Etch

. Comment

. Etch

Comment

Implant

Comment
Diffusion
Diffusion
Diffusion
Diffusion
...Diffusion
Print

Plot

Comment

Implant

Comment
Deposit
+

Suprem-III Example 2. Bipolar Poly doped emitter.

Final isolation region formation.

File S3EX2E.

Start with the result of S3EX2D.
Structure = S3E2DS Thickness = 6

Etch the nitride and oxide layers.

Nitride
Oxide

Etch half the silicon epi layer.
Silicon Amount = .8

Implant boron in the field region.

Boron Dose =2E13 Energy= 100

Grow the field oxide.

Temperature = 800 Time = 30
Temperature = 1100 Time = 15
Temperature = 1100 Time = 210
Temperature = 1100 Time = 15
Temperature = 1100 Time = 10
Layer

Net Chemical Xmax =5

Implant the boron base.

Boron Dose = 1E14 Energy= 80

T.Rate =10
Dry02
Wet02
Dry02

T.Rate= — 30

Deposit arsenic doped polysilicon for the emitter contact.

Polysilicon Thickness= .5 Temperature =620.

Arsenic Concentration = 1E20
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25... Comment Remove the polysilicon.
26... Etch Polysilicon
27. .. Comment Anneal to activate base and emitter regions.
28... Diffusion Temperature = 1000 Time =20 Wet02
29... Comment Plot the electrically active impurity distributions.
30... Print Layer
31... Plot Active Boron Xmax = 5 Clear A Axis Linetype =2
32... Plot Active Arsenic Xmax = 5 A Clear A Axis Linetype=4
33... Plot Active Antimony Xmax = 5 A Clear A Axis Linetype=5
34... Plot Active Net Xmax = 5 A\ Clear Axis Linetype=1
35...Comment Save the final isolation region simulation.
36... Savefile Structure File= S3E2ES
37... Stop
3.
@)

Suprem-III Example 2. Bipolar Poly doped emitter.

Initial active region formation.

File S3EX2A

Initialize the silicon substrate.

Grow masking oxide for non-active regions.

Etch the oxide over the buried layer regions.

Implant and drive-in the antimony buried layer.

layer material type thickness dx dxmin top bottom  orientation
no. microns microns node node or grain size
2 OXIDE . 0637 .0100 0.0000 324 326

1 SILICON

4.5328 .0100 .0010 327 400 100
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Integrated Dopant

layer Total
no. active chemical active chemical
2 6.4335E+ 11 6.4335E+ 11 6.4780E + 11 6.4780E + 11
1 4.9257E+ 14 4.9257E+ 14 4.9299E + 14 4.9299E + 14
sum 4.9321E+ 14 4.9321E+ 14 4.9363E+ 14 4.9363E+ 14
Integrated Dopant
layer BORON ANTIMONY
no. active chemical active chemical
2 2.2262E + 09 2.2262E + 09 6.4557E+ 11 6.4557E + 11
1 2.0843E+ 11 2.0843E+ 11 4.9278E+ 14 4.9278E + 14
sum 2.1065E+ 11 2.1065E+ 11 4.9342E+ 14 4.9342E+ 14
Junction Depths and Integrated Dopant
Concentrations for Each Diffused Region
layer region type junction depth net total
no. no. microns active Qd chemical Qd
2 1 n 0.0000 6.4335E+ 11 6.4780E+ 11
1 2 n 0.0000 4.9265E + 14 4.9288E + 14
1 1 p 2.6812 8.5363E + 10 9.7159E+ 10
Etch off the oxide.
Grow 1.6 micron of arsenic doped epi.
Grow a 400A pad oxide.
Deposit nitride to mask the field oxidation.
Plot the chemical impurity distributions at this point.
layer material type thickness dx dxmin top bottom  orientation
no. microns microns node node or grain size
3 NITRIDE . 0800 .0100 .0010 174 182
2 OXIDE . 0402 .0100 0.0000 183 184
1 SILICON 6.1151 .0100 .0010 185 400 100
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Integrated Dopant

chemical

.0000E + 00
.0577E + 08
.9333E+ 14
.9333E+ 14

Total

active
0.0000E + 00
5.0632E + 08
4.9375E + 14
4.9375E+ 14

Integrated Dopant

chemical

.0000E + 00

0577E + 08

.9894E + 11
.9944E + 11

ANTIMONY
active
0.0000E + 00 0
2.4647E - 03 2
4.9274E + 14 4
4.9274E+ 14 4

Integrated Dopant

chemical
. 0000E + 00
.3539E - 03

0844E + 11

.0844E + 11

chemical

.0000E + 00
.0577E + 08
.9375E + 14
.9375E + 14

chemical

.0000E + 00
.4615E- 03
.9274E + 14
.9274E + 14

Junction Depths and Integrated Dopant

Concentrations for Each Diffused Region

layer Net
no. active
3 0.0000E + 00 0
2 5.0632E + 08 5
1 4.9333E+ 14 4
sum 4.9333E+ 14 4
layer ARSENIC
no. active
3 0.0000E + 00 0
2 5.0632E+ 08 5.
1 7.9894E + 11 7
sum 7.9944E + 11 7
layer BORON
no. active
3 0.0000E + 00 0
2 9.3545E- 03 9
1 2.0844E + 11 2.
sum 2.0844E + 11 2
layer region type
no. no.
3 1 0.0000
2 1 n
1 2 n
1 1 P

junction depth

microns
0.0000E + 00
0.0000
0.0000
4.3815

net
active Qd
0.0000E + 00
5.0632E + 08
4.9341E+ 14
7.9561E+ 10

Save the simulation structure at this point for use in

subsequent processing.

END SUPREM-III

total
chemical Qd

5.0632E + 08
4.9365E + 14
9.1535E+ 10
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(2
2. 24.

SUPREM-III

\
/

LOG CONC (ATOMS/CM3

2.0

3.0

DEPTH FROM SURFACE (MICRONS)

2.24 N / SUPREM-3
(€D)
Suprem-III Example 2. Bipolar Poly doped emitter.
Final active device region formation.
File S3EX2B
Start from the result of S3EX2A.
Field oxide growth. Oxidation is masked by nitride.
layer material type thickness dx dxmin top bottom  orientation
no. microns microns node node or grain size
4 OXIDE .0750 .0100 .0010 174 178
3 NITRIDE . 0345 .0100 .0010 179 182
2 OXIDE . 0402 .0100 0.000 183 184
1 SILICON 6.1151 .0100 .0010 185 400 100
Integrated Dopant
layer Net Total
no. active chemical active chemical
4 0.0000E + 00 0.0000E + 00 0.0000E + 00 0.0000E + 00
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3 3.1700E + 06 3.1700E + 06 3.6534E + 06 3.6534E+ 06
2 3.2643E+ 08 3.2643E+ 08 3.9650E + 08 3.9650E + 08
1 4.9333E+ 14 4.9333E+ 14 4.9375E+ 14 4.9375E+ 14
sum 4.9333E+ 14 4.9333E+ 14 4.9375E+ 14 4.9375E+ 14
Integrated Dopant
layer ARSENIC ANTIMONY
no. active chemical active chemical
4 0.0000E + 00 0.0000E + 00 0.0000E + 00 0.0000E + 00
3 3.4088E + 06 3.4088E + 06 2.9574E + 03 2.9574E + 03
2 3.6109E + 08 3.6109E + 08 3.7520E + 05 3.7520E + 05
1 7.9907E+ 11 7.9907E+ 11 4.9274E+ 14 4.9274E+ 14
sum 7.9943E + 11 7.9943E + 11 4.9274E + 14 4.9274E + 14
Integrated Dopant
layer BORON
no. active chemical
4 0.0000E + 00 0.0000E + 00
3 2.4166E + 05 2.4166E + 05
2 3.5036E + 07 3.5036E + 07
1 2.0853E+ 11 2.0853E+ 11
sum 2.0857E+ 11 2.0857E+ 11
Junction Depths and Integrated Dopant
Concentrations for Each Diffused Region
layer region type junction depth net total
no. no. microns active Qd chemical Qd
4 1 0.0000 0.0000E + 00 0.0000E + 00
3 2 0.0000 6.0542E + 02 6.9198E + 02
3 1 n .0100 3.1698E + 06 3.6531E + 06
2 1 n 0.0000 3.2643E+ 08 3.9650E+ 08
1 2 n 0.0000 4.9340E + 14 4.9366E + 14
1 1 p 4.5878 6.8353E+ 10 8.2066E + 10

Etch the oxide and nitride layers.

Move the fine grid to the surface.
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Implant the boron base.

Remove oxide from emitter region.

Deposit arsenic doped polysilicon for emitter contacts.

Anneal to activate base and drive-in emitter.

Plot the electrically Active impurity distributions.

layer material type thickness dx dxmin top bottom  orientation
no. microns microns node node or grain size
3 OXIDE .2110 .0100 0.0000 133 142
2 POLYSILICON . 4072 .0100 .0010 143 184 .5581
1 SILICON 6.1151 .0100 .0010 185 400 100

Integrated Dopant

layer Net Total
no. active chemical active chemical
3 2.0429E + 14 2.0429E + 14 2.0429E + 14 2.0429E + 14
2 3.9256E + 15 4.0538E + 15 3.9280E + 15 4.0562E + 15
1 1.1099E + 15 1.1246E+ 15 1.3079E+ 15 1.3225E+ 15
sum 5.2397E+ 15 5.3826E + 15 5.4402E + 15 5.5831E+ 15
Integrated Dopant
layer ARSENIC ANTIMONY
no. active chemical active chemical
3 2.0429E+ 14 2.0429E + 14 —1.3521E+02 —1.3523E+02
2 3.9268E + 15 4.0550E + 15 1.2032E+ 07 1.2032E+ 07
1 7.1616E + 14 7.3081E + 14 4.9274E+ 14 4.9274E + 14
sum 4.8472E + 15 4.9901E + 15 4.9274E + 14 4.9274E + 14
Integrated Dopant
layer BORON
no. active chemical

3 8.3229E + 08 8.3229E + 08



Microelectronics

86  MICROELECTRONICS

2 1.2115E+ 12 1.2115E+ 12
1 9.8999E + 13 9.8999E + 13
sum 1.0021E+ 14 1.0021E+ 14

Junction Depths and Integrated Dopant

Concentrations for Each Diffused Region

layer region type junction depth net

no. no. microns active Qd
3 1 n 0.0000 2.0429E + 14
2 1 n 0.0000 3.9256E + 15
1 4 n 0.0000 6.8290E + 14
1 3 .1195 6.6124E + 13
1 2 . 4526 4.9315E+ 14
1 1 P 4.6177 6.8012E + 10

Save the resulting active region.

END SUPREM-III

9]
2.25.

total

chemical Qd

2
4
7
6
4
7

.0429E + 14
.0562E + 15
.5343E+ 14
.8378E+ 13
.9343E + 14
.9528E+ 10

SUPREM-III
21 <

T

SiO;
Poly

'

20

LOG CONC (ATOMS/CM3)

T
I
T
]
]
]
1
]
1
]
1
[}
[

T
R
-f
]

]

1

1

1

]

'

1

1

i

1

1

1

1

|

T T T
3.0 4.0
DEPTH FROM SURFACE (MICRONS)

2.25 , SUPREM-3
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§2.7 SUPREM-4

SUPREM-2 SUPREM-3 1C
Si0,
~2 pm 50 nm  MOS
100 nm “ "
4 BiCMOS 8 2.26
MOS 2 um
MOSFET — —
IC
POLY EMITTER
/ﬁ—PTSI \
oA L ndn —gen Lo ndn N A —n—
N N P Ny N i S Ly g0 IR TIPS S S
= C_ R = gy =S g
N WELL P+S/D/ N—T5/D PEPI \ INAU IE%VL COLLECTOR
J ~
N \ CHANNEL [ \
INTTDURNILIELS ] <TODP | AT 1 T TTY TTNTNT < ﬁhl
I, e l\ l\lTDUKILULAILI(I]
Y/ \
g SPTOUBSTRATE N v
6 2 5 3 8 7 4 1
2.26 BiCMOS .
) 8 ( [2.50])
IC 3

SUPRA 248 SUPREM-4 2-4
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SAMPLE 2-49 DEPICT 2°0

BICEPS 2-°1 COMPOSITE ?2-%2

SUPRA

SUPREM-4 1C
SSUPREM-4 27 SUPREM-4
SUPREM-4.

2.7.1 SUPREM-4

TSUPREM-4 2.6

SUPREM-4 .
Monto Carlo SUPREM-4
distribution moments Gaussian  Pearson
. Monte Carlo
trajectories .
2.7.1.1
y
Ly
Iy =doseXf{y 2.130
dose fy
Gaussian  Pearson y=20
X Gaussian
Ix y
XZ
Ix vy =1y X exp<—72> 2.131
270y 2o,
x y ox Ox
SUPREM-4 I x vy
SUPREM-4

Pearson
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Icomposite y = ylamorphous y + 1 — 7 Ichanneled y 2.132

Y Tamorphous y
Ichanneled y Icomposite y
Pearson
ii tilt and rotation
iii
v
v BF,

vi
2.7.1.2 Monte Carlo

SUPREM-4
Monte Carlo

Monte Carlo

SUPREM-4 Monte Carlo
Monte Carlo

2.7.2 SUPREM-4

SUPREM-4 1C
SUPRA 2148
0, H,O
. SUPREM-4

2.133

Jdn :D(Jzn 32n>

dt Ix* Iy’
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SUPREM-4
[ )
@
@
() RTA TED
[ )
[ )
[ )
® Si SiO,
[ )
® Ge C SiGe SiGeC B
() B B F B
2.7.3 SUPREM-4
SUPREM-4
LOCOS
2.7.3.1
SUPREM-4 SUPREM-3
Deal Grove
dy B
_— = 2.134
dt A+ 2y
y BA B
HCl
N, O N, Si,
SUPREM-3
2.7.3.2

SUPREM-4
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3
1.
SUPREM-4 LOCOS "
LOCOS LOCOS
SUPREM-4 Guillemot 253
LOCOS "
2.27
2.0
ey
Semirecessed Oxide I
SEMIROX
e
— Shape 1
10— __ Tox=920 C
\\ Eox=0.52 pm
e, =0.1pm
eox=0. 04 pm
0.0 .
0.0 1.0 2.0

2.27 Guillemot

2.0

Semirecessed Oxide

SEMIROX
Tox=920 °C Lo
Eox=0.65 pm 1
e, =0.19 pm
€ox=0.01 pm
0.0 .
0.0 1.0 2.0

( [2.53])
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1 SiO, Si0, Si 2
DV:C — (770 =0 2.135
dt
D C . LOCOS
Si0, Si
Navier-Stokes
pViv=Vp 2.136
povop
Green 2.135 2.136
2.54 .
960 C  SiO,
. SUPREM-4 Kao
Si0, Si0,
2.55 SiO,
=\ = LOCOS
M i
AL i
A i . SUPREM-4
2 R i 9 98
g | L\ :
= W 3.
2 0.5} =)
S SUPREM-4
x(;_;m) Si0,
2.28 SUPREM-4
Si0, Si

(950 C , 240 min),

( [2.50]) Si0,

2.137 — 2.141



Microelectronics

MICROELECTRONICS 93

h C, SiO,
H SiO, Henry
SiO, SiO,
SiO,
F =DvC
D SO, C v
F = K.C 7,
K, C n;
V. F =0
SiO,
&Y _ F
dt — Nl + ‘Ythm
dY .
T Sl()z Nl
7 thin Si0,
. H. Z. Massoud 7 thin

Yam = TOP1. exp<ﬂ>ex ( — v

kT TOP3

3 TOP1 TOP2 TOP3
111 110 100 . Ve

Si0,
Si0,

2,137

= HP,

2.138

2.139

Si0,

2.140

2.141

Y1l1ir1
2.56

2.142

Si
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SUPREM-4 TSUPREM-4
TICAL COMPRESS VISCOUS VISCOELA 26
(1) VERTICAL

(2) COMPRESS
Si0, 3
. S0, Si .
Si0, Si0,

VERTICAL

(3) VISCOUS

Si0, 7 Si0,
. S10,  Si
. VISCOELA
Young VISCOELA

(4) VISCOELA

SiO, Viscoelastic flow 3
Si0,
Si0, Si
SiO,
SiO,
VISCOUS

2.7.4 SUPREM-4

2.7.1—2.7.3 SUPREM-4

VER-

Si0,

COMPRESS
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SUPREM-4
SUPREM-4
2.4 2.6 2.7 2.50 .
2.7.5 SUPREM-4
2.7.5.1 SUPREM-4
SUPREM-4 SUPREM-2 SUPREM-3 SUPREM-4

SUPREM-4

SUPREM-4 TSUPREM-4 SSUPREM-4
2.4 2.6 2.7,
CMOS NMOS
Synopsys TSUPREM-4 2.6

2.7.5.2 SUPREM-4

Q) LOCOS

$ TSUPREM-4 narrow window example

S part 1 Oxide shape

$ set up the grid
LINE X LOC=0.0 SPAC=10.15
LINE X LOC=1.25 SPAC=0.05
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LINE X LOC=1.5 SPAC=0.1

LINE Y LOC=0 SPAC =0.03
LINE Y LOC=0.5 SPAC=0.1

$ No impurities for faster oxidation simulation

INITIALIZE

$ Deposit pad oxide and define nitride mask
DEPOSITION OXIDE THICKNES = 0. 03 SPACES = 2
DEPOSITION NITRIDE THICKNES = 0.10 SPACES=2
ETCH NITRIDE RIGHT P1.X=1.25

$ Plot the grid
SELECT TITLE = "Grid for Oxidation"
PLOT. 2D GRID SCALE C.GRID=2

$ Do the oxidation

METHOD VISCOEL DY.OXIDE=0.05 INIT=0.15
AMBIENT MAT = OXIDE VC=170

AMBIENT MAT = NITRIDE VC=100

DIFFUSION TEMP =1000 TIME=100 WETO2

$ Save the structure

SAVEFILE OUT.FILE = S4EX2AS

(2 LOCOS

$ Plot the final structure showing flow lines
SELECT TITLE = "Flow at End of Oxidation Step"
PLOT. 2D SCALE FLOW VLENG=0.065 X.MIN=0.5 C.FLOW=14

$ Plot the final structure showing stress vectors

SELECT TITLE = "Stresses After Oxidation"

PLOT. 2D SCALE STRESS VLENG=0.2 X.MIN=0.5+
C.COMPRE =4 C.TENSIO=2 L.TENSIO=2
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$ Plot filled contours of hydrostatic pressure
SELECT Z= —-0.5% SXX+SYY TITLE = "Contours of Hydrostatic Pressure"
PLOT. 2D SCALE X.MIN=0.5 X.MAX=1.8
FOREACHI 1 TO 5

COLOR MIN.V = I-0.5 % 2E9 MAX.V = I+0.5 x2E9 COLOR= 13+1

COLOR MIN.V = —I-0.5 x2E9 MAX.V = -I+0.5 x2E9 COLOR= 25-1
END
$ Create a legend
LABEL X=1.52 Y= —0.2 LABEL= "Compression" SIZE= 0.3
LABFL, X=1.60 Y= —0.15 LABEL="1-3E9" C.RECT=14 SIZE=0.3 W.RECT=0.35 H.R=0.35
LABFL X=1.60 Y= -0.1 LABEL="3-5E9" C.RECT=15 SIZE=0.3 W.RECT=0.35 H.R=0.35
IABEL X=1.60 Y= —0.05 LABEL="5-7E9" C.RECT=16 SIZE=0.3 W.RECT=0.35 H.R=0.35
LABFL X=1.60 Y=0.0 LABEL = "7 - 9E9" C.RECT=17 SIZE=0.3 W.RECT=0.35 H.R=0.35
IABEL X=1.52 Y=0.05 LABEL= "Tension" SIZE=0.3
LABFL X=1.60 Y=0.1 LABEL="1-3E9" C.RECT=24 SIZE=0.3 W.RECT=0.35 H.R=0.35
LABEL X=1.60 Y=0.15 LABEL="3-5E9" C.RECT=23 SIZE=0.3 W.RECT=0.35 H.R=0.35
LABEL X=1.60 Y=0.20 LABEL = "5 - 7E9" C.RECT=22 SIZE=0.3 W.RECT=0.35 H.R=0.35
LABEL X=1.60 Y=0.25 LABEL="7-9E9" C.RECT=21 SIZE=0.3 W.RECT=0.35 H.R=0.35

$ Redraw boundaries

PLOT. 2D ~AX ~CL

$ Print location of interface

SELECT Z=Y
PRINT. 1D SILICON  OXIDE

3.

i

11

v Contours .

i 2.29 v
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Flow at End of Oxidation Step
1

Distance (microns)

'0.60  0.80 1.00  1.20  1.40

Distance (microns)

2.29
2.7.5.3 SUPREM-4 CMOS NMOS
1.
CMOS NMOS
100 1X10" cm®
30 nm
P 1X10"% em? 35 keV
P 1100 °C 120 min
100 nm
5X10"% cm’ 80 keV
1000 C 360 min
1X10"% cm?
950 C 30 min
300 nm
20 nm
LDD 5X10"% cm’

100 keV

0.02

100 keV
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200 nm
2X10" cm? 100 keV
900 C 30 min

CMOS
Q) CMOS
$ TSUPREM-4 N-channel MOS application
$

$ 1. Identify the graphics driver
$ Default from DEFPDEV TERM or S4PCAP "default" entry used

$ 2. Beginning of the main loop
FOREACH ID 35

$ 3. Specify the mesh
MESH GRID.FAC=1.5
MESH DY.SURF=0.01 LY.SURF=0.04 LY.ACTIV=2.0

$ 4. Initialize

INITIALIZE <Z100> BORON = 1E15 WIDTH= 0.7+ LD 10.0 DX=0.1

$ 5. Plot the initial mesh
SELECT TITLE = "Mesh for Delta=0.@ LD "
PLOT. 2D SCALE GRID Y.MAX=3.0 C.GRID=2

$ 6. Initial oxide pad
DEPOSIT OXIDE THICKNESS =0.03

$ 7. P-well implant
IMPLANT BORON DOSE = 1E12 ENERGY = 35

$ 8. Use a point defect models that simulates OED
METHOD PD. TRANS
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$ 9. P-well drive
DIFFUSE TEMP =1100 TIME=120 DRYO2 PRESS=0.02

$ 10. P-well doping profile
SELECT 7 =1L0G10 BORON TITLE = "Channel Doping Delta=0.@ LD "
PLOT. 1D X.VALUE=0 RIGHT=3.0 BOTTOM=15 TOP=19 LINE.TYP=2 COLOR=2

LABEL X=1.8 Y=18.5 LABEL= "After p-well drive" LINE.TYP=2 C.LINE=2

$ 11. Pad nitride
DEPOSIT NITRIDE THICKNESS=0.1

$ 12. Field implant and oxidation
IMPLANT BORON DOSE = 5E13 ENERGY = 80
DIFFUSE TEMP = 1000 TIME =360 WETO2

$ 13. Etch to remove the pad
ETCH NITRIDE ALL

$ 14. Vt adjust implant
IMPLANT BORON ENERGY = 100 DOSE = 1E12

$ 15. P-well doping profile

SELECT Z=L0G10 BORON

PLOT. 1D X.VALUE=0 ~AXES ~CLEAR COLOR=2

LABEL X=1.8 Y=18.2 LABEL= "After Vt implant" LINE.TYP=1 C.LINE=2

$ 16. Print oxide and silicon thicknesses
SELECT zZ=1
PRINT. 1D X.VALUE=0.0 LAYERS

$ 17. Etch oxide
ETCH OXIDE TRAP THICK=0.05

$ 18. Gate oxidation
DIFFUSE TEMP = 950 TIME =30 DRYO2
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$ 19. Poly deposition
DEPOSIT POLYSILICON THICKNESS=0.3 DIVISIONS=4

$ 20. Poly and oxide etch between x=0.0 and 0.5 microns
ETCH POLY LEFT P1.X=0.5
ETCH OXIDE TRAP THICK=0.04

$ 21. Deposit a thin layer of oxide
DEPOSIT OXIDE THICKNESS =0.02

$ 22. LDD implant
IMPLANT PHOS ENERGY =50 DOSE=5E13 IMPL.TAB = PHOSPHORUS

$ 23. LTO
DEPOSIT OXIDE THICK=0.2

$ 24. Establish a sidewall spacer
ETCH OXIDE TRAP THICK=0.22

$ 25. Source drain implant

IMPLANT ARSENIC ENERGY =100 DOSE = 2E15

$ 26. Oxide etch
ETCH OXIDE LEFT pl.x=0.5

$ 27. Use an oxidation model that understands polysilicon

METHOD COMPRESS

$ 28. Source drain reoxidation including the polysilicon gate

DIFFUSE TEMP = 900 TIME =30 DRYO2
$ 29.BPSG—etch to open windows for aluminum contact
DEPOSIT OXIDE THICK=0.3

ETCH OXIDE LEFT P1.X=0.3

$ 30. Metallization—etch to create a source contact
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DEPOSIT ALUMINUM THICK=0.5 SPACES=3
DEPOSIT PHOTORESIST THICK=1.0

ETCH PHOTORESIST RIGHT P1.X=0.6
ETCH ALUMINUM TRAP ANGLE =85 THICK=0.8
ETCH PHOTORESIST ALL

$ 31. Reflect to form the complete structure then save it
SAVEFILE OUT. FILE = S4EX7AS@LD

STRUCTURE REFLECT RIGHT

SAVEFILE OUT. FILE = S4EX7AP@LD MEDICI

$ 32. End of loop
END

(2

$ TSUPREM-4 N-channel MOS application—part B
$ Plot the results for delta=10.3

$ Read the structure
INITIALIZE IN.FILE = S4EX7AS3
STRUCTURE REFLECT RIGHT

$ Prepare to plot contours of boron phosphorus and arsenic
SELECT TITLE = "N-Channel Delta=0.3 "
PLOT. 2D SCALE Y.MAX=1.5

COLOR SILICON COLOR =7
COLOR OXIDE COLOR =5
COLOR POLY COLOR = 3
COLOR ALUMI COLOR = 2
SELECT Z =L0G10 Boron

FOREACH VAL 14 TO 21 STEP 1
CONTOUR VALUE = VAL LINE=5 COLOR= 2
END

SELECT Z =L0G10 Phosphorus
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FOREACH

CONTOUR

END

SELECT

FOREACH

CONTOUR

END

PLOT. 2D

VAL 16 TO 21 STEP 1
VALUE = VAL LINE=4 COLOR=3

Z=L10G10 Arsenic
VAL 16 TO 21 STEP 1
VALUE = VA, LINE=2 COLOR=4

~“AX ~CL

S Add labels

LABEL
LABEL
LABEL
LABEL
LABEL
LABEL

X=0.01 Y= -0.8 LABEL= "Aluminum"
X=1.99 Y=-0.8 LABEL= "Aluminum" RIGHT

X=1.0 Y= —-0.45 LABEL= "BPSG" CENTER
X=1.0 Y=-0.2 LABEL= "Poly" CENTER
X=0.05 Y=0.35 LABEL = "Source"

X=1.95 Y=0.35 LABEL = "Drain" RIGHT

$ Plot the grid

SELECT

PLOT. 2D

n

TITLE = "Final Mesh Delta=0.3
GRID SCALE Y.MAX=3 C.GRID=2

$ Plot arsenic profile in poly

SELECT

PLOT. 1D

SELECT

PLOT. 1D

LABEL
LABEL

3.

Z=Logl0 Active Arsenic TITLE = "Arsenic Concentration in Gate"
X. V=1 LEFT= -0.4 RIGHT=0 BOT=16 TOP=21 COLOR=14
Z=Logl0 Arsenic

X.Vv=1 ~AX ~CL COLOR=4 LINE=2

X= —-0.16 RIGHT Y=19 SIZE=0.28 COLOR=4 LABEL= "Active"
X= —-0.15 LEFT Y=19.7 SIZE=0.28 COLOR=4 LABEL= "Total"

i 0.8 pm NMOS

i

111

NMOS
0.8 pm NMOS
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v

2.

30 1 2 2.31

Channel Doping Delta=0. 3
L L 1 L L L L 1

19

LOG10 (BORON)

After p well drive
—— After Vt implant

0.00

3.00

1.00
Distance (microns)
2.30 NMOS
Arsenio Concentration in Gate
21 i ' T
| i
| : :
I
204 AF
—~ I F
§ 194 Active ) . L
& E
<
N
(5 I
2 !
S 184 ! L
2 =
o |
— | (N3
%D i ! : B
~ 17 i IE
| HE
| \F
/ | i)
16+——Lr—v—— —— —— —L
—0.40 —0.30 —0.20 —0.10 0.00
Distance (microns)
2.31

D. A. Antoniadis

S. E. Hansen R. W. Dutton and A. G. Gonzalez

SUPREM | -A
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SEDAN FLOW

REDAD INPUT
CARD AND
CHECK SYNTAX

PRINT ERROR

INITIALIZATION
_0_0_

SOLVE POISSON’S
AT

EQUILIBRIUM
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ResuLt [ STOP )
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—V, MOS —
MOS — MOS
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5
Poisson
5
5
Poisson
2
99 p_ 4N
dXh ESi
o dn
]n — («l}lnnE+ an di
X
d
Jp - q‘upPE — qu Ii
dn 1 d.]n
dt q dx u
dp 14l
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q €si
Jp
Up Dn Dp
Hn - Dn VkT
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MOS
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3.1

3.2

3.3

3.4

3.5

Poisson

Jn
Hn

3.6
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d
E,=—¢ 3.8
dx
U SRH
Auger
3. 1.
3.1 ( [3.1])
x Lo — o] 2EE |3 405 % 1077
qn;
t ty = L.lz)l o VkT 4. 483 X 10 !
41 (#n ¢]) VK’I‘ = kT q 0.025 86
E Vir L 7.595
n p N 0 1.45 % 10" -3
P o 1.0 2 —
U Uy = o Virn; Ly | 3.234 X 10" 1 — :
Jn .]p .]\) = quony Vir Lo 1.762 X 10°® — z
k 8.62% 107 °K
T 800 °K
q 1.6 x 107"
Si Csi 1.04 X 1071
Si0O, €ox 3.45x 107"
2
¢ pia—N 3.9
dx
dn
n nnE n 3. 10
J i +u dx
J E—p, SP 3.11
p e P Hp d .
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dn _ dJ,
I dx U 3.12
dp _dl,
dt  dx U 3.13
3.9 — 3.13
X
§ 3.3 SEDAN-1
3.3.1
SEDAN-1
X
Nr x
— . HPmax — Mmin 3 14
n X Hmin + ) +7NT < K .
]
Pmex pmin N7 K 3.2
3.2 ( [3.1])
o tomin N* K E.
n 1407.3 71.12 1. 059E17 0.729 1 7396
P 467.73 49.71 1. 606E17 0.7000 20 000
p X E x SEDAN-1
px =p Ny 1+Ex E 3.15
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7.396 X 10° 2.0Xx10"
3.2
SEDAN-1 X N;r x
RMOB
RMOB 3.2 3. 14
3.15
3.3.2
1017 3.
N
SEDAN-1 Slotboom 3-3
Vi N N\’
e = N — — ) 3.16
n neXP{VkT[lnNO—F 1n<NO) —5—(/}}
n; = 9.0 N, = 10" 3
C=0.5
3.4
d 1 dDEC d
J. = qnun(*ﬁfg >+an£ 3.17
d 1 dDEV d
J, = qpup<*§+q )f qDb, d—i 3.18
DEC DEV
DEC DEV
dDEC

dx
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n = n.exp ¢ Vir

3.19 3.17

dDEC _ LV o dng
dx n. F 1 dx
3. 20
d
Ju = aqunEr +aD,
ETn - %{(4’ + Virln l';i.e )

_ _.p dp
Jp - q,U~pPE’I‘p qu dx
ETP - i(#’ - Vlel'l r;_c )

3.3.3
U
SRH
U = Usn + U,
USRH UA SRH Auger
SRH
USRH _ np — n;,

Tn n+nl +Tp p+p1

3.19

3. 20

3.21

3.22

3.23
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n =neexp E . q+¢ Vir pi =n.exp — ¢+E q Vau E
Tp Tn
Auger _
U, =C, n’p—nn’. +C, p’n— pn, 3.27
C. G, n p Auger
.3
3.3 ( [3.1])
C. C, Uy 7' No N, Usn - Too  Tpo Usrh
n 2.8X107% 5X10' 0.5X10°°¢
p 9.9X10 * 5X 10 0.5X10°¢
. SEDAN-1
UA Cn Cp
USRH
T
= = .2
Tn - N, 3.28
NOH
T, = 1;"‘1\1’]_ 3.29
N,
3. 28 3. 29 Tno  Tpo Non Nu])
3. 3.
§3.4 SEDAN-1
3.4.1 SEDAN-1
SEDAN-1

SUPREM
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SEDAN-1 SEDAN-1
SEDAN-1 ~ SUPREM-2 SEDAN-1
SUPREM-2 SUPREM-2 GRID
YMAX SEDAN-1 GRID
SUPREM-2 SAVE
LUMN= N N SEDAN-1 PROFILE LUMN= N N

3.4.2 SEDAN-1

SEDAN-1 NPN MOS
SUPREM-2

3.4.2.1 SEDAN-1

3.1.

NPN SUPREM-2
TITLE SEDAN INPUT TEST NPNT 1
GRID NREG=1 STSZ=.05 NSTP=20
GRID NREG=2 STSZ=.01325 NSTP =150
GRID NREG=3 STSZ=.05 NSTP =30
DEVICE TYPE = NPNT BACO=2.17
COMMENT — BIPOLAR PROFILE FROM SUPREM II —
PROFILE TYPE = SUPR LUMN = 22
BIAS VBEF =0 VBEL=.9 VBES=.1 VCEF=1 VCEL=5 VCES=1

MODEL SRHR=Y AUGE=N BGNW=Y
COMPUTE FT

PRINT HEAD = Y

END

NPN

TITLE SEDAN INPUT TEST NPNT 2
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GRID
DEVICE

COMMENT
PROFILE
PROFILE
PROFILE
PROFILE
PROFILE
BIAS
MODEL

PRINT
PLOT

END

TITLE
GRID
DEVICE

COMMENT
PROFILE
BIAS

PRINT
PLOT

END

TITLE
GRID
GRID
GRID
DEVICE

NREG=1 STSZ=.025 NSTP =200
TYPE = NPNT BACO=1.3

—ANALYTICAL BIPOLAR PROFILE WITH BURIED LAYER—

TYPE = ANAL

NLAY =1 TLAY=CNST PAR1=0 PAR2=5 PAR3= —1El5
NLAY =2 TLAY=GDIF PAR1=0 PAR2=.33 PAR3= —1E19
NLAY =3 TLAY=GDIF PAR1=0 PAR2=.95 PAR3=3.64El6
NLAY =4 TLAY=GDIF PARl1=1 PAR2=.33 PAR3= - 1E19
VBEF=.0 VBEL=.9 VBES=.1VCEF=1 VCEL=5 VCES=1
SRHR=Y AUGE=Y BGNW=Y

HEAD=Y PRT1=Y
BETA=Y CCDE=Y BCDE=Y

MOS SUPREM-2

SEDAN INPUT TEST MOS 1
NREG=1 STSZ= .01 NSTP =200
TYPE = MOSC OXTH= .09

—MOS PROFILE P-SUBSTRATE FROM SUPREM II—
TYPE = SUPR LUMN = 22
VGSF =0 VGSL=3 VGSS=.5

HEAD = Y
NETQ = Y

MOS

SEDAN INPUT TEST MOS 2

NREG=1 STSZ=.02 NSTP=3 $ THREE REGIONS TO ASSURE
NREG=2 STSZ=.004 NSTP=100 $ SUFFICIENTLY FINE GRID
NREG=3 STSZ=.02 NSTP=77 $ SPACING AT THE INTERFACE
TYPE = MOSC OXTH= .1
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COMMENT —MOS PROFILF P-SUBSTRATE FROM ANALYTICAL—
PROFILE TYPE = ANAL

PROFILE NLAY=1 TLAY=CNST PAR1 =0 PAR2=2 PAR3=1El5
PROFILE NLAY=2 TLAY=GIMP PARl1=.1 PAR2=.2 PAR3=8El5

BIAS VGSF=0 VGSL=3 VGSS=1 VSBF=1 VSBL=1 VFBA=0
COMPUTE MOS. CAPA

PRINT HEAD = Y

END

3.4.2.2 SEDAN-1
NPN
NPN 0.5 pm

SEDAN-1
3.2
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1018

(em™3)
low

1012
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3.2 N 0.8V
1.0V n P

3

Gaussian
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3.4 a 3.4 b SRH-7z Ny
MOS
MOS
MOS
3.5 n=— N/\ V(‘,S
3.6 3

Quer =2N, 2n ¢ tox

§3.5 SEDAN-3

3.5.1 SEDAN-3

Stanford 1979 SEDAN-1 1982
SEDAN-2 3-5 1985
SEDAN-3. SEDAN-1 SEDAN-2 pnp
MOS SEDAN-3
GaAs

Al ,Ga,_ As Hg,-.Cd,Te
MOS Schottky

SIS Semiconductor-Insulator-Semiconductor

SEDAN-3
i ©or “ box” method
i1 Fermi-Dirac Boltzmann
il
iv Schottky
SEDAN-1 SEDAN-3

X SEDAN-3
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3.5.2 SEDAN-3

SEDAN-1

3.2

Poisson

SEDAN-3

d

Jx

-

Jx

Poisson

J
<£>:q p—n+ N, — N,

dn 1 95, .
an_ = —R
at q Ix TG
L oR
dt q JX
I,
Jn = qua.n Ix
_ I,
Jp qup P K
— G —
SRH Auger
3. 34 b,
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-V
SEDAN-3
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= N.F S
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3.31
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E\/ - Ey
— N 7F g [ ————L2 3. 36
p v ( KT )
Ne¢ Ny F% 12
3.2 A Ec Ey T
EFn —*q‘#n EFp :7(‘14)1:)-
T M
B, Lo 3.37
T — T KT .
EV - EF»
- Yn ‘Yp
Yo = il 3. 39
exp M
y, = i 3.40
exp
n = N(f ’y"eqn 3' 41
p = vape”v 3.42
3.41 3.42 Shockley 3.6
Tn ' 1
Eyn = F,
np = NCNV’Yn’yPeiER e n?c’)/n’)’p 3- 43
E, = E. —Ey ne = o/NoN, e Fe 2T
SEDAN-3 generalized potential v
1 Ne¢
_ — ~ (E. I ¢
A = < ¢ +Ey —kTIn NV> 3. 44
r Poisson
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E X
E =E.+x 3. 46
3. 44 3. 46
1 Ne
E =— q\PJr?(len N\7+Eg>+x 3.47
3.45 3.47
_ 1 Ne¢
— q¢ + const. ——q\Ier?(len N—+Eg>+x 3.48
v
3.48 X
I _ 9 1rl Ne 9 gy ,
E*ax{ q[2<Eg+len NV>+X}}*9XW 9 3.49
11 Ne i
0= q[Z (Eg—l—len N\,>+X} 3.50
E. ¥ —aq¥ g0
3.7
E 3. 49 Poisson 3. 30
SEDAN-3 Poisson

J [f ¢ v —0 J:q p—n-+ N, —Njx
Jdx
3.51

E

3.7 E, X, —q¥, q0
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Ne Ny % 3.51
Poisson v ¢ .
‘% Nie 3.41 3.42
n= nieyn(\y\j(b") 3.52
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3.4 ( [3.2])
T = 300K
Q q 1.602 X 107" coulomb
¢ T b b, V., = kT q 0.025 86 Y
n p N n, = +/NcNy 3.51 X 10" cm ?
X Ly = V¢ qno 6.9 10" cm
3 e = Vo Lp 3.75 X 10° V cm
m 1o 1 em” V- sec
t to = L po Ve 1.84X 10" sec
U u =n, t 1.91 X 10* em - sec!
Jo Jp Jo = qpoNoeo 2.1x10° A cm’
3.5.3 SEDAN-3
¥ n p X t
. SEDAN-3 Si GaAs AlGa,— As
Hg, Cd,Te
Si GaAs
Al Ga, As
3.5.3.1
1.
SEDAN-3
3.7
Ny T
Nt T e = fo 7T 3.63
TS T T Ny Te v, P
o Ny T Nt Nt = Np + Nj T
3.8
o No T = p + 3. 64
1+ Nr N



Microelectronics

MICROELECTRONICS 127
tmin o Nit @ T 3.5
3.5 lln(NTy T) ( [3-2])
P o Nt o
88T, """ 7.4 X 108T %% 1.26 x 10 T%* 0. 88T, "6
54.3T, % 1.36 X 10°T*% | 2.35x 10" T3 0.88T, "
T K T, =T 300 3.63
le BZZ 3.7. Vsm 3.9
. 2.4 X 107 _
Ve T =108 T 600 3.6
Ve cm sec T K.
2
Si
GaAs Eq, T
’I‘Z
E, T =E,—— 3.66
g T+B
310 E, o B 3.6
3.6 Ey ( [3.2])
E a X107 g
Si 1.17 4.73 636
GaAs 1.519 5. 405 204
E., eV «a eV K B K.
AE,
E, T N
E,. T N =E; T —AE, T N 3. 67
N T, SEDAN-3
Slotboom 3.11
AE, T, N [ N +\/ In Nﬁ +o.5} 3.68



Microelectronics

128 WMICROELECTRONICS

. V,=9X10%eV N,=10"cm®
T, 300 K N

AE, T N SEDAN-3 Lanyon
3.12
_ FflzT] Flzn Tolz
AE, T N =AE, T, N[Flzn o TO](T> 3.69
3.2 A
1 AE, T N ~1 VT
T T, AE, T N T
3.
Ne¢ Ny
27m, kT ,%?
Ne = 2( o 3.70
2am, kT, **
Ny = 2(%) 3.71
Si m, = 1.447m, m, = 1.08m, 3.13
m, k h Planck
Ne = 2.5X 10" m; m, *?T:°? 3.72
Ny =2.5X 10" m; m, **T5* 3.73
Tn
Sl X - X() X() - 4. 05 eV 3.9
E, AE, X SEDAN-3
AEg — AEC + AEV AE( — AEV AE( - %Eg X
Y = % + AEc — %AEg 3.74
AE(‘ AEV
4,

— SEDAN-3 SEDAN-1
. SEDAN-3
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U - USRH + U/\ 3 75
_ np — n, Ny
Usgn = 3.76
SRH Tp n + n, + Tn P + P1
To
= 3. 77
U1+ N: N,
U[\ = Cn nzp — nn;, nip + Cp pgn - pnm nip
= Cin+C,p np—np,ny 3.78
3.76 3.78 n;, 0, ns, Yu Y, 1 3.75 — 3.78
SEDAN‘I U SRH UgRH Tn
T, Anger Ux 3.25 — 3.29 .
n p 7 N C, C,. SEDAN-3 3.7
SEDAN-1 C, SEDAN-3 0.5 ~ 2.8 X
1073 cm® sec SEDAN-1 2.8 X 10 % cm® sec 3.3
3.7 SRH  Auger ( [3.2])
T sec N, cm? Cauner cm’ sec
n 5% 1077 5 X 10" 0.5 ~2.8x107%
p 5X 1077 5 X 10" 9.9 X107
5.
freeze-out effect SEDAN-3
N5
N,Z NI) NA 3.9
Np = Ny 3.79
1+ gpexp (Lo
D ( kT )
Ny = Na 3. 80
1 _'_ EA - EF
gaexp (71& )
gp &a SEDAN-3 Si
go 2 ga 4. Ep Ex 3. 37

3.38 3. 41 3.42
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+ Np

D = IR 3.81
1+ eve™™ T Ne
N, = Er— 3.82
14 T
gae 7, Ny
AE,  AE,
default value SEDAN-3 AE,  0.044 eV AE L 0. 045 eV,
3.81 3.82
Nj = No 3. 83
1+ gDeAE“
n C
N, = Na 5 3.84
14 g, e
gae 7Ny
NIJ; Na Np Ni Ne Ny n p n, = N¢Ny AEp
AE, kT
3.5.3.2 GaAs Al,Ga, ,As
GaAs
.AlLLGa; As  GaAs
Molecular Beam Epitaxy MBE
Metal-Organic Chemical Vapor Deposition MOCVD
1.
E,
.SEDAN-3  GaAs E,
3.66 3.6 3.14
E, =1.424—1.6 X 10 *N'? 3.85
N cm * E, eV. AlGa_,As E,

E, 0<{x<{0.45 =1.424+41.247x

3.86
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E, 0,45 <{x<C1.0 = 1.900+0. 125x+ 0. 143%° 3. 87
0.45<x<1.0 X 0 x<C0.45
3.8 3. 9.
4
~ INDIRECT
> 3} /CONDUCTION BAND 1
st
5 2 Xs -
2 DIRECT b INDIRECT—
& 1 CONDUCTION BAND| '* CONDUCTION BAND
K Is HEAVY-HOLE BAND
2 0% LIGHT-HOLE BAND |
~
e —1 Ty
B —2F  SPLIT-OFF
BAND =
_3 6
n/a 27/a
K
[111] I [100]
3.8 GaAs E [100] [111]
k JT,X L ( [3.14])
3.2 ——
3.0-_ E§=3.0l8_
T=297K ]
2.8 Al,Ga;—As
~ 2.6
B
&
& 2.4
S 90
S 2
o
5 20
o .
g
Z 1.8
1.6
1. 4FEr=1. 424 ]
1.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

GaAs MOLE FRACTION AlAs,X AlAs

3.9 AlLGa,_,As

(Fx_’rs ) ’
(

(Ts—X, Is—Lg)
[3.14])
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Al ,Ga,_ As E, SEDAN-3

X GaAs 4,07 eV 39 Al,Ga; As

Y x =4.07—0.64 Eg x —1.424 3. 88
eV 1.424  GaAs E, x  AlAs
3. 88 X x AE, x X x = 4.07 — AE, x
AE, x =E, x —1.424  AE. x = 0.64AE, x .
2.
GaAs Al,Ga, ,As m,
3. 14 x < 0.45 I 3 T X L
m, m = mim *’+ mi m, *‘exp —AE"T kT
+ m® m, *fexp —AE¥T kKT *?*° 3.89
x > 0.45 X
m, my, = m, m, *?exp —AE" kT

+ mb my *fexp —AE"* kT 4+ m m, *?% ?° 3.90

m, m! mk m? r L X
AE"" T AEYT AET® AEMX
3. 8.
3.8 ALGa,_,As ( [3.2])

Ef 0<<x<C0.45 = 1.424-+1.247x

EL 0.45 <x<C1.0 = 1.424+1.247x+1.147 x—0.45 *

EL = 1.708 4 0. 642x

EY = 1.90040.125x+ 0. 143x*

mE m, = 0.067 + 0. 083x

mi my, = 0.55+0.12x

mY my, = 0.85—0.07x

m, m, = 0.48+0.31x
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mP
m, = mj)’ +m}y” >’ 3.91
mph mpl 3. 15 3. 16
GaAs AlAs m, m, GaAs m,, = 0.50m, m, = 0.088m,
AlAs m, =0.50m, m, = 0.26m,. SEDAN-3 3.91 3.8
m, m, m, X
m, m, 3.70 3.71
Nec Ny.
3.
GaAs n Nroe e 3.17
4
‘u NT _|_ Vsat (f)
Ny e = R 3.92
1+ <i>
€0
€0 Ny =5X10" em™ e =4kV cm 317
Vi cm sec 3.18
Vo T =11.3X10°—1.2X10* T 3.93
T K. p. NT NT
Si 3.64 . GaAs 3.64 3.9 3. 9.
SEDAN-3
3.9 (3.64) GaAs p(Ny) ( [3.2])
[min Lo Nref a
0 8100 1.69 X 10" 0.436
0 408.7 2.75 X 10" 0. 359
Al Ga, ,As 3.19
n Nr x :}Id]ld+ 1—7 i 3.94
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ny

Yo ng +n
3.95

_ 1
1+ mb m! Yfexp —AEYT kT + m¥ m! Yexp — AEXT kT

hd

3.19
m, x =0 Cw— (o .
[ ]al 2 . GaAs Np 3.96

IBEE (=
! . AlAs
2 Gl x — ! x I

3.97

GaAs AlAs
. AlAs
¢ ¢ h 1 1 2 AlAs
AlAs  GaAs

GaAs. ¢ x Al ,Ga,  As

G—1

12l ) 1fx<j;m »

1 x( ‘lfl)f 1=x ()

¢ =

my Nrox
k .
-1

32 v
12 2 <
. 1 GaAs N 3.

w N ox =

m, x =0
[ } Gl x — o x

m, X i X

GaAs
3.10 316

o (N ) ( [3.2]

tp Gaas Nt

AlAs
3.10 GaAs AlAs

€y € Pn NT

99

3.64 .GaAs

)

€h
3.64

we Np em® V- sec

3.9

GaAs 10.9
75~294~

8.12

AlAs

* SEDAN-3 294 em® V- sec
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4.
GaAs Al.Ga, , As SRH
Auger
U="U,+U, 3. 100
[Jnr SRH USRH Auger UA USRH
Ua Si 3.76 3.78 .U,
IJr 3. 14
U, = B np—nyp, 3.101
Ny Po np B
1
B = N 3.102
N T T
SEDAN-3 3. 77 To N,
3.7 Si o =6X10°%sec N, =
2.1X10"% em* 3-14
3.5.4 SEDAN-3
SEDAN-3 3.2 .
3.5.4.1 SEDAN-3
SEDAN-1 SEDAN-3 SEDAN-3
SEDAN-3
3.2 .
SEDAN-3 3 1 Stan-
ford SUPREM-2 SUPREM-3 SUPRA
2 ASCII 3
SEDAN-1

SEDAN-3
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3.5.4.2 SEDAN-3 MOS
1.
P MOS
MOS
N.. qi 10" em™?
2.
title MOS capacitor with interface charge

comment

material

device

grid
grid

profile

profile

profile

bias

model

compute

print

plot

end

p-substrate with channel implantation

si

mos oxth=0.1 gi=1.0ell temp= 300

nreg=1 steps=.1 nstep=1

nreg = 2 steps = .02 nstep =120

anal

nlay=1 cons begin=0 end=2.5 conc =1.el5

nlay = 2 gimp range = 0.5 charlen= 0.5 peakcon = 8. el5

vgsf =0.0 vgsl =4.0 vgss =0.25 vsbf =0.0 vsb1=0.0

srhr = y auge = y bgnw =y wgate=4.1

Cmos

head =y site=y sout =y

moss

‘ dmos’
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Vgs V Psi s Volts E sVecm Qnet C cm2 On C cm2 Qp C cm2
0. 1.05966e— 01 2.91963e+ 04 —3.02450e—08 —1.34924e—-13 1.07136e-07
0.250 2.27600e—01 3.34727e+04 —3.46750e—08 —1.36745e—11 1.02720e- 07
0.500 3.38826e—01 3.79080e+ 04 —3.92696e—08 —9.55967e—10 9.90673e— 08
0.750 3.85038e—-01 4.37289e+04 —4.52995e—-08 —5.58274e—-09 9.76641e—-08
1.000 4.04355e—-01 5.01099e+04 —5.19098e—-08 —1.16435e—-08 9.71147e-08
1.250 4.15973e—-01 5.66369e+04 —5.86712e—08 —1.80913e—08 9.68010e—08
1.500 4.24201e— 01 6.32200e+04 —6.54908e—08 —2.46984e—-08 9.65885e— 08
1.750 4.30548e— 01 6.98295e+04 —7.23377e—08 —3.13876e—08 9.64309e—- 08
2.000 4.35704e—-01 7.64527e+04 —7.91987e—08 —3.81249e-08 9.63072e-08
2.250 4.40043e—-01 8.30831e+04 —8.60672e—08 —4.48926e—08 9.62063e— 08
2.500 4.43784e—-01 8.97173e+04 —9.29398e—-08 —-5.16806e—08 9.61217e—- 08
2.750 4.47072e—-01 9.63534e+04 —9.98143e—08 —5.84826e—08 9.60493e—- 08
3.000 4.50003e—-01 1.02990e+05 —1.06689e—-07 —6.52948e—-08 9.59863e— 08
3.250 4.52646e—01 1.09627e+05 —1.13565e—07 —7.21143e—-08 9.59308e— 08
3.500 4.55053e—-01 1.16263e+05 —1.20439e—-07 —7.89393e—-08 9.58812e-08
3.750 4.57263e—01 1.22898e+05 —1.27313e—07 —-8.57684e—-08 9.58366e— 08
4.000 4.59303e—01 1.29533e+05 —1.34185e—-07 —9.26006e—08 9.57962e— 08
11 N, = 10" cm™* N, =0 ~
- Ve 3.10 ‘ dmos'
5e-08 T e e

g 4e-08 ]

S5 -

o 3e-08 4 E

< -

Z  2e-08 N =10" em™> -~ 1

] el

~ L

= -

2 le-081 N =0 1

= .

= -

3.10

Vs (volts)

(0 L B DAL BRI DL R LI B B B
0 0.4 06 1.2 1.6 2 2.4 2.8 3.2 3.6 4.0

Ve
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3.10 X
P~ - Vi 3.11 * dmos’
e 0. 57—
- 1 icooe==
) Ne=10" em 2 _ - —====="=
Z 0.4 L R
=4 P
- /
=037/ 1
H /
= // Nes=0
£ 0.2/ ]
@] /
& /
=014 .
<
&
= 04 1
=
=
St J0 e L L B L L B L B L B
0 0.4 0.6 1.2 1.6 2 2.4 2.8 3.2 3.6 4.0
Vs (volts)
3.11 s - Vgs
3.5.4.3 SEDAN-3 npn
1.
SUPREM-3
“ dcon’ * dpsi “ djed * djbb Gummel
3
2.
title Analysis of normal npn transistor

comment profile input from SUPREM III export file

material si

device type = trans ferm =y temp = 300

grid autog depth= 3.5 nemit =50 sf1 =1.01 sf2=1.02

profile suprem3 file = mls3
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bias vbef = 0.0 vbel =0.8 vbes=0.1
+ vcef =0.0 vcel =3.0 vces=1.5
comment smaller bias step for higher bias
bias vbef = 0.85 vbel = 0.95 vbes =0.05 vcef =3.0 vcel =3.0
model srhr = y auge = y bgnw =y
compute ft
print head =y site=y sout =y screen=n
plot vbe =0.0 vce=0.0 conc poten jc jb beta
end
3.
1 * dcom’ 3.12
5
o~ 21 T T T T T T T T l l I
| + 4
g n
<~ 207 3 31
Z
=) 24
= 194 ]
3 2 4
S 184 1 & o 5
=) p < 1l
O -
% 173 E i: o] Tb
O =
>~ 164 n 4 O —33
. 16 8
% —44
£ 193 3 —51 V=3V
= _
o 14 T T T T T T T T —6
8 0 0.4 08 1.2 1.6 2 24 2.8 3.23.5 _ ———
DEPTH (microns) 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
Vie (volts)
3.12 3.13 - Gummel
il - Gummel 3.13
11 - Je
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507 T T T T T T T T

451 Fermi-Dirac

40_5 ---- Boltzmann

[SSIE w W
S o S O
| | P

CURRENT GAIN
&

104

T T T T T T T T
-7 —6 —5—4 =3 -2 —1 0 1
LOG J.(A/cm?)

3.14

3.5.4.4 SEDAN-3

SUPREM-3.
SUPREM-3
SEDAN-3
0.175 pm
As

A=1.75nm
Xe = 0.6 eV

2.

title Analysis of Poly-emitter npn Transistor

material si

device  poly tran ferm=y temp = 292

grid autog depth=1.5 sf1=1.02 sf2=1.05

ASCII

An = 0. 38 eV

npn
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profile

bias
+

bias

model
model
model
model

model

model

print

plot

end

file = dpol

vbef =0.4 vbel=1.0 vbes=0.1
vcef =1.5 vcel=2.0vces=0.5

vbef =1.05 vbel =1.2 vbes=0.05 vcef =2.0 vcel =2.0

srhr =y nsrh=1.0el7 ntau=5.e—-5 ptau=1.e—-7
auge =y cnau=0.5e— 31

bgnw = y bgnt = n nbgo = 2. el7
sres=yeare=1.0e—6re=4.3rb=1.0e3 rc=1.4e2
ngra =1 gsz01 = 1750 wint = 17.5 bhp= 0.6 bhn=0.38
nsst =1.0el2

tcon=5.0e-6

head = y site =y sout =y screen=y

vbe = 0.7 vce = 2.0 conc poten curr jb jc beta

* dcon’ Ve =0.7V  V.=2V
3.15.

polysilicon

L 1 L L L s e S S B B
204 net conc. 3
194
184
174 i{
164

154 rl\ |
144 } \\ \ ! Vee=2V E
134 / %3 ) ]
12 g +

114

!
104 | \ ]
I

9.
81 ] | ——— electron conc.
4,7 \ ]
"
0 0.2 0.4 0.6 0.8 1 .2 1.4
DEPTH (microns)

LOG CONCENTRATION(cm™®)

\ —-— hole conc.

3.15
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it Gummel 3. 16.
3.16 -V
5 T T T T T T T S5y T T T T T T T
44 Ve E
3_ -
2 5 7 ;
g <
= = 1 :
= e
B o 03 4
= Q
&) -
Q —17 — %a=0.38ev 7]
-=-- Xn=0.45¢eV
_2— o
A=17.5A
—34 Xp=0.6 eV
B SR SRR IR R BT R I L
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
Vie (volts) Ve (volts)
3.16 3.17
Gummel Gummel
i1 Gummel 3.17.
3. 17
3.5.4.5 SEDAN-3 Al Ga,_,As-GaAs
1.
Aly ;Gay ; As-GaAs 0.42 ym
Al ;Ga, ;s As GaAs GaAs 30 nm
X X 0.3 0.

Gummel

L6V=>V,>07V
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2.

title

material

device

grid

comment

comment

profile

profile
profile
profile
profile
profile

composit
composit
composit
bias
bias

+

comment

bias

bias

bias

model

print

plot

end

Graded HBJT simulation

AlGaAs

trans ferm=y

autog = y depth=1.2

Structure is from Yoshii's article

IEEE Transactions on Electron Devices Sept. 1984

anal

nlay =1 const begin=0 end=0.2 conc= —2.el8
nlay =2 const begin=0.2 end= .45 conc= —5.el7
nlay =3 const begin=0.45 end=0.5 conc=1.¢el8

nlay=4 const begin=0.5 end=1. conc= —5.el6

nlay =5 const begin=1. end=1.2 conc= —2.el8

nreg = 1 begin= 0. end=0.42cs=0.3ce=0.3
nreg=2 begin=0.42 end=0.45¢cs=0.3ce=0.0
nreg=3 begin=0.45end=1.2 ¢cs=0.0ce=0.0

vbef =0.0 vbel=0.0 vcef=0.0vcel=0.0
vbef = 0.5 vbel = 0. 65 vbes =0.05

vcef =1.0 vcel =4.0 vces=1.0

skip bias of vbe = 0.7V to avoid iteration divergence

vbef =0.71 vbel =0.71 vbes=0.0 vcef =4.0 vcel =4.0

vbef =0.8 vbel=1.0 vbes=0.1 vcef=4.0vcel=4.0
vbef =1.05 vbel =1.6 vbes =0.05 vcef =4.0 vcel =4.0

auge =y abox =y

head =y site =y sout =y screen=n

vbe = 0.0 vce = 0.0 conc band poten jc jb beta
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3.
i ‘ dban’ Al, ;Ga, s As GaAs
3.18.
2.5 T T T T T T (RN EEon AL L EEC
9]
at equilibrium
1.5 b
1_
% 0.5
P
] 0+
&
7 —0.5
<3
_1_
—1.5-
—21 x=0.3, | x=0 ]
_2'5 T T T T T T T T T T T
0 0.1 02 0.3 04 05 06 0.7 08 09 1 1.1 1.2
DEPTH (microns)
3.18 Aly. 3 Ga, ; As/GaAs
n 0.7<V,.<1.6V Gummel 3.19 Ve <LO0.7V
I T T O T T T T
6.
51
4.
34
L 2 Ts
g
<13
<
~ 03
=
e
vl
S 2
_3_
_4.
T
_5.
—64 Ve=4V
_7_
—8hrrr e e
06 07 08 09 1 1.1 1.2 1.3 14 15 1.6 1.7
Ve (volts)

3.19 Al ;Gay ; As-GaAs Gummel
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.1

.10

11
.12

.13

.14

.16
.17

D.C. D’Avanzo M. Vanzi and R. W. Dutton One-Dimensional Semiconductor Device
Analysis SEDAN Technical Report No. G-201-5 Integrated Circuit Laboratory

Stanford University October 1979

Z.P.Yu and R. W. Dutton SEDAN-III-A Generalized Electronic Material Device
Analysis Program Integrated Circuit Laboratory Stanford University July 1985

J. W. Slotboom Solid State Electronics Vol.20 1977 p. 279

R. J. Van Overstreaten H. J. DeMan and R. P. Mertens IEEE Transactions on Electron
Devices Vol. ED-20 March 1973 p. 290

Z.P.Yu G. G. Y Chang and R. W. Dutton Supplementary Report on SEDAN-2

Stanford University Tech. Rep. G-201-12 June 1982

A. H. Marshak and C. M. Van Vliet Proceedings of the IEEE Vol. 72 1984

p. 418

D. M. Caughey and R. E. Thomas Proc. IEEE Vol.55 1967 p.2192

N. D. Arora J.R. Hauser and D. J. Rouston IEEE Trans. on Electron Devices Vol.
ED-29 1982 p.292

S. M. Sze Physics of Semiconductor Devices 2nd ed  John Wiley &. Sons New York

1982

A. H. Marshak et al. IEEE Transactions on Electron Devices Vol. ED-28 March
1981 p.293

J. W. Slotboom and H. C. de Graaff Solid-state Electron. Vol. 19 1976 p. 857

H. P. D. Lanyon and R. A. Tuft IEEE Transactions on Electron Devices Vol. ED-26

July 1979 p. 1014

A. Neugroschel S. C. Pao and F. A. Lindholm IEEE Transactions on Electron Devices

Vol. ED-29 May 1982 p. 894

H. C. Casey Jr. and M. B. Panish Heterostructure Lasers Academic Press New
York 1978

J. S. Blakemore J.Appl. Phys. Vol.53 No.10 Oct. 1982 p. 123

Landolt-Bornstein  New York Springer-Verlag 1982 Vol. 17a p. 165

J.J.Barnes R.].Lomax and G. . Haddad IEEE Trans. Electron Devices Vol. ED-
23 Sept. 1976 p.1042
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3.18 M. A. Littlejohn J. R. Hauser and T. H. Glisson J. Applied Physics Vol. 48 Nov.

1977 p. 4587

3.19 J. E. Sutherland and J. R. Hauser IEEE Trans. Electron Devices Vol. ED-24 April

1977 p. 363



MOSFET
MINIMOS-204- 17,
MEDICI4- 21,

§4.1 MINIMOS-2

MINIMOS-2 Technology University of
Vienna Austria MOSFET
1 . CDC Cyber 74
CPU 5~60
2 3
SUPREM-2
3
MINIMOS-2
Si—Si0,
4 Newton 1978
MINIMOS-2
MOSFET
MINIMOS-2
. MINI-
MOS-2
10 25X 25 60 X 60. MINIMOS-2

Scharfetter ~ Gummel %3

Stone SIP 4.4
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Poisson MINIMOS-2  FORTRAN-5 ANSI77

17 000 1 1 103

4 34

§4.2 MINIMOS-2

Poisson 4.1 4.2
4.4 4.5

div ¢grad ¢ =—q p—n—+ Ny, —N;

dwi—q%}:—qG—R

L9
dWh+W$:qG—R
dt

J.=— q p.ngrad ¢ — D,grad n

b

J,=—4q py,pgrad ¢ +D,grad p

an d
[ 0 £ =0 ¢
Jt Jt
€sEm €oxID Csem = Coxip =

C:ND*NA :NS*N;.

divgrad¢ =n—p—C
div J,=—q G—R

div ;= q G—R

b

—

2=— ., ngrad ¢ —grad n

b

J,=—p, pgrad -+ grad p

4.1.

4.

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

10
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4.1 ( [4.1])
Xy z Ly — [Vir ¢
qn;
t ty = 14‘1271 Lo Vk'l‘
¢ b b, Vir = kT q
p n N n; -3
[T tto :
G R U, = o Virn; L?)I 1 — 3
I 1y Jo = qpeo 1y Vir Lo — :
MINIMOS-2 MOSFET 4,6 —
4,10 1
n, = 2
G—R=0 3 n
MOSFET J,=0 p MOSFET J,=0 14
T = T 250~450 K
n MOSFET
divgrad g =exp ¢ — ¢, —exp ¢, —¢ —C
Jdiv 1: 0
- 4. 11
Jo=— p.ngrad ¢,
J,=0 b, =
p  MOSFET
divgrad g =exp ¢ — ¢, —exp ¢, —¢ —C
Jdiv T},: 0
N 4.12
Jp:_ ‘uppgrad (ﬁp
J,=10 $, =
MOSFET

4. 11 4.12
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MOSFET
§4.3 3
MOSFET
MINIMOS-2 3
4.13
C, x y =0.5Ne ¥ “.oerfe x L4
4.13
|Ls =2 VDt
D t L, N,
4. 14
Cxy = a 4 AR,- Vx - Dose: Ky +K —y erfc X L,
Ky =¢ " /7o o erfe —a R, AR, +v2- y L,
a= 2+ L, AR, * T
4. 14
R, AR, Dose 4.13 4. 14
L.. D
D=D,- e’ 4.15
D, T, 4.2
4.2 D, T.( [4.1])
D, em® sec T, K
0.5554 —3.975- 10*
3. 85 —4.247- 10
12.9 —4.619- 10"
24 —4.735- 10*
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R, AR, .16
Rp - Zaixi l
-1
: 4.16
AR, ZbixiJ
i=1
X R, AR,
4,17
R, Risi 1 — Tiox Ryox 4.17
Tiox RpSi Rpox
R, AR, R, 4.3—4. 5.
4.3— 4.5 R, AR, 5keV 300 keV
4.5
4.3 R, ( [4.1])
a 3.38.- 107° 1.259- 107° 8.887- 107" 9.818- 107"
a, —3.308- 10°°¢ —2.743- 1077 —1.013- 10°° —1.022- 10°°
as 1.290- 10°° 8.372- 10°¢ 9.067- 10°°
a, —3.056- 1071 —3.442- 1071
as 4.208- 107" 4.608- 107"
4.4 AR, ( [4.1])
b, 1.781- 107° 6.542- 107" 2.674- 107" 3.652- 107"
b, —2.086- 107 —3.161- 10°° —2.885- 10°° —3.820- 10°°
bs 1.403- 1077 1.371- 1078 2.311- 10°¢ 3.235- 10°¢
b, —4.545- 107" —2.252- 107" —8.310- 1071 —1.202- 1071
bs 5.525- 107" 1.084- 107" 1.601- 107"
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4.5 R, ( [4.1])
a 3.258- 10°° 9.842- 107! 7.200- 107" 7.806- 107"
ay —2.113- 10°° —2.240- 1077 —8.054- 10" —7.899- 10°°
as 6.641- 10°° 7.029- 10°°¢
ay —2.422- 1071 —2.653- 107"
as 3.191- 10" 3.573- 107"
SUPREM-2
4,18
Cxy =cVy +max x [ 0° 4,18

Xy 4.1
4.18
f
A
(44
B
X
y
4.1 (4.18)
X,y
MINIMOS-2

8 4.4 MINIMOS-2

4.4.1

MOSFET

100
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MINIMOS-2 MINIMOS-2
. T Ep
Si—Si0, y C n p . MINI-
MOS-2
V. Bk
pror y E, E. N T = [;L}E‘ISJF (E) }
P
=2 B =—1 -
Ve =1.53- 10°. T V_,=1.62. 10°. T
+ v
.y E, E N T = T 2
pus Yy I : LI N y—l—byr
Yr - Y<> 1+ Ep Epo
b=2+E, E,
E,=MAX 0 E, J,+E;J, i+ 4.20
E.=MAXO0 E. J,—E-J -J I'+7I
Yon = 5. 1077 Vop = 4.1077
Epon = 105 Epop - 8. 10S
E.. = 1.8 10° E. = 3.8 10°
L N T = ML T . aJF}Lmin' l1—a
a=1 1+ T 300" NN, °
N=0.67- N,+N, +0.33- n+p
min — 55. 24 Mmin — 49. 7 4. 21
b, =—3.8 b, =— 3.7
¢, = 0.73 c, = 0.7
N,, = 1.072- 10" N,, = 1.606- 10"
[138 T - A' T €
A, =7.12- 10° A, =1.35- 10° 4. 22
lgn:2.3 g, = 2.2
4.19 — 4.22 n p . N C n p

T
pua N T
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Hus Yy Ep E. N T

y E, E. N T . pToT
LIS
V.
(£) Y
Mathiessen LS LLTOT -
4.4.2
4,11 4,12
G — R = 0. MINIMOS-2
4,23 — 4.27
G—R .= G—R 4+ G—R .+ G—R ,,+G, 4,23
G_R tot G_R th
G, . G—R 1 f— . 4.23
G—R
. n/ — pn
G—R 4= :
: Tn p+pl +Tp n+n1
N
— . S (14— 4,24
7, = 3.95- 10 /( +7’1_ 100)
T, = 3.52: 1075/<1+%)
4,24 G—R . Shockley-Read-Hall
T Ty
. n, — pn
G—R = ‘ .
T p¥pm S+ atm s, 07
S, = 100 4. 25
= 100
4.25 S, S, .oy Dirac-Delta
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J G—R Ay nf—pn Co- n+C,- p
C,=2.8 10 4.26
lcl, —=9.9. 10
T B, | J.|
G, = ——A,exp —
q E- ]
7 B, | T,|
Y N S 4,27
q E- J
A, = 7.10° A, = 1.588- 10°
B, = 1.23. 10° B, = 2.036- 10°
4,24 — 4,27 on o S S, C C, A, B, A, B
MINIMOS-
8§4.5 MINIMOS-2
4.5.1 MINIMOS-2
Stanford SUPREM
MINIMOS-2 MINIMOS-2
MINIMOS-2
MINIMOS-2  SUPREM-2
SUPMINI.
4.5.2 MINIMOS-2
4.5.2.1 MINIMOS-2
4 a1 MINIMOS-2
1980 MOSFET

3 pm.
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4 MINIMOS-2 4
MODEL=1—D MODEL=THRES
MODEL=2—D MODEL=AVAL .
3 MOSFET

TITLE TEST 4 1

DEVICE CHANNEL=N GATE=AL TOX=420.E-8 W=200.E-4 L=3.E-4

BIAS UD=3 UG=0 UB= -2

PROFILE NB=1.2E15 ELEM=AS DOSE=5.FEl5 TOX=420.E-8 AKEV=300 TEMP= 1050
+ TIME = 2700

IMPLANT ELEM=B DOSE=5.E11 AKEV=140 TEMP =900 TIME= 1000

IMPLANT ELEM=AS DOSE=5.E11 AKEV= 150

OPTION NSS=4.E10 MODEL=1-D

OUTPUT DC=YES EL=NO ET=NO CC=NO PSI=NO

END

3 MOSFET

TITLE TEST 4 2

DEVICE CHANNEL=N GATE=AL TOX=420.E-8 W=200.E-4 L=3.E-4

BIAS UD=3 UB= -2

PROFILE NB=1.2E15 ELEM=AS DOSE=5.FEl5 TOX=420.E—-8 AKEV=300 TEMP= 1050
+ TIME = 2700

IMPLANT ELEM=B DOSE=5.E11 AKEV=140 TEMP =900 TIME= 1000

IMPLANT ELEM=AS DOSE=5.E11 AKEV=150

OPTION NSS=4.E10 MODEL = THRES

OUTPUT EL=NO ET=NO CC=NO PSI=NO

END

3 MOSFET

TITLE TESTH 3

DEVICE CHANNEL =N GATE=AL TOX=420.E-8 W=200.E-4 L=3.E-4

BIAS Ub=3 UG=0 UB= -2

PROFILE NB=1.2E15 ELEM=AS DOSE=5.E15 TOX=420.E—-8 AKEV=300 TEMP= 1050
+ TIME = 2700

IMPLANY ELEM=B DOSE=5.E11 AKEV=140 TEMP=900 TIME=1000

IMPLANT ELEM=AS DOSE=5.E11 AKEV= 150

OPTION NSS=4.E10
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CHANNEL =N GATE=AL TOX=420.E-8 W=200.E-4 L=3.E-4

OUTPUT EL=NO ET=NO CC=NO PSI=NO
END

3 MOSFET
TITLE TEST 4 4
DEVICE
BIAS UD=3 UG=0 UB= -2
PROFILE NB=1.2E15 ELEM=AS DOSE=5.E15

TIME = 2700
IMPLANT ELEM=B DOSE=5.E11
IMPLANT ELEM=AS DOSE=5.E11 AKEV=150
OPTION NSS=4.E10 MODE = AVAL AN=1.7E7
OUTPUT EL=NO ET=NO MAJ=YES MIN=NO
END
4.5.2.2
MINIMOS-2
MOSFET
0. 2 Hm

4.2

[log, em™*]

AP=1.7E7

(

AKEV = 140 TEMP =900 TIME = 1000

BN=2.9E6 BP=3.2E6

[4.6])

O.Bym

TOX=420.E—8 AKEV=300 TEMP=1050

4.

6
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0.0

—0. 21

—0. 4+

—0.64

—0. 8

MICRON

—1. 04

—1. 2+

—1. 4+

_1.6 T T T T T
—.2 0.0 0.2 0.4 0.6 0.8
MICRON
4.3 [v]

(Ups =6V, U =2V, Uy =2V,

20

S N
STy

S

SO

.“
.

A
WA
RNt

15

2
e
)

10

4.4

[log, em™*]
(Ups =6V, Uss =2V, U =2V,

asasanuti
I

( [4.6])

Uus=6v
Ugs=2V
USB=2V

an=ap=0

( [4.6])
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.b N
MIGRO

4.5 [log, em™*] ( [4.6])
(Ups =6V, U =2V, Uy =2V, )

,' . v' UDS =6 V
l; ‘0: ":‘\\ Uss=2V
SN Us=2V
=X [[,O,"\‘\\ﬁ%\ *
Y
0"“\‘\\\\\\&
Y
e "’ “‘\ \\\‘
RS
' ““‘ )3252:0.:.,.:.,
II IIII d,'ﬁzzisiizzisiszi 2
S »,,,,,,,..4,::,Q:;;2;52;§§§§zzégséisésizzgszsis??i:-
S
37 "lll; PRL5S
7 %

4.6 / [em™*s7'] ( [4.6])
(Ups = 6V, Us =2V, Uy = 2V)
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§4.6 MEDICI
4.6.1 MEDICI
MEDICI 1992 4.7
Stanford PISCES-2B 8 Synopsys
MEDICI X-2005. 10 MEDICI
4.2 MEDICI Synopsys
TAURUS MEDICI 3 MEDICI
DAVINIC TAURUS DEVICE
MEDICI MOS
MEDICI  Poisson
CMOS Latchup
MEDICI MOSFETs JFETs
MESFETs. MEDICI
MEDICI
. MEDICI
MEDICI
MEDICI
MEDICI 3
MEDICI Synopsys TCAD TMA

SUPREM-3  TSUPREM-4

MEDICI
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MEDICI
lumped
v
AC S
4.6.2 MEDICI
MEDICI Poisson
Poisson
V. (Vy=—qp—nt+N,—N, —p. 4,28
€ ¢  MEDICI ¢ Np N,
0s
m_ Ly J-u, 4.29
dt q
d -
T ly L=U, 4.30
Jt q
U, U, L L
I= qpn Un nE,+V un 4.31
J=am u, PEA+V up 4,32
U, U, kT, q kT, q.
Energy Transport Model ]T, ]T) 4.9 410 411
I: QunnEHr qu. V u,n + qnu, Iptn Un_ Vu, 4,33

du,
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. — P 0, =
=awpE,—ap, V up —apy, }157[ Vu, 4.34
p

spurious

velocity overshoot effect 411 |

MEDICI
412 413 414 415

. <_1l7v 7 _3 U, — U dnu, 7 14 R
V. S,= qJ E, 2[“ELE.TAUW+ h } qu(JnJan
4.35
g <_ 17+ &= 3 u, — U Jdpuy, 7 14 ~n R
VeoS= q b B, [ HOL. TAUW at J qu(’" +H,
4.36
s 5 L
Sn——?u{qaLELE CQu.n vu, } 4.37
§_ 5 T
p—+7u{q—HOL CQu, p Vup} 4. 38
HY = U, [ = +%up} SRHG: Ugu, + Ul u, 1.39
R v rEe .
Hp = UAAuger[7+?u j| ? SRHG UgRH UpL +U\uger 4. 40
4.35 — 4.40
) §,, §p scaled
W cm®-Coul.
@ u, kT, q.
e G G 1 cm’-sec.
. HR HR
n P
W cm?*-Coul.
° u, USRII >0 u, USRII >0
Uy, = UpL =
I U " U

( ELE.TAUW HOL.TAUW . Twn
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Twp SeC  Tyn 2 X 107" sec
X 107" sec Ty, Tym
o ELE.CQ HOL. CQ
1.
® SRHG 1 0
SRHG 1 0.
MEDICI 4.16 4,17

%[%Jﬁ- Vu, +u, V. I}LELE.CQV- U, 0 Vu, +%T,‘- E

o c ~ 11
_ i n u, Uy + J nu, + E.G, — R 4,41
2 Twn at q !
1r5 - o o - 2z 1> =
- H[? Jp‘ VUp + u, V Jp}_'_ HOL- CQ V upV‘Pp Vul’ _'_ E JP. E
o p ~1I
_ 3 ple U I PWy 7 EG, _ HE 4,42
2 Twp dt q !
4.6.3 MEDICI
MEDICI
4.6.3.1
1. SRH. Auger
MEDICI SRH Auger
U = Uu = Up = USRII + UAugcr + Udlr 4- 43

U Un Up USRH Uf\uger Udi(
SRH Auger

2
pn— ;.

Usrn =

4. 44

T [n + nicCXP<ETkI§rAP> }+ Tn [p -+ m&xp(#)}
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Ug = C.DIRECT np — n’. 4.45
UJ\uger == nCAug n T _'_ p(‘//\ug p T pn - nxzc 4' 46
. T DN. AUGER
Crgn T = AUGN(% 4. 47
. T DP. AUGER
Crg, T = AUGP<% 4.48
4.44 — 4.48 n;. Tn Tp
ETRAP E, E;
ETRAP = E, — E,. C.DIRECT AUGN AUGP DN, AUGER DP, AUGER
cm® sec Auger cm® sec
Auger cm’ sec Auger
Auger MEDICI
C.DIRECT = 0 AUGN = 2.8 X 107* cm® sec AUGP =
9.9 X107 ecm® sec DN.AUGER = 0 DP.AUGER = 0.
2.
MEDICI
4.18 node
1 S. Nd; 1
= : 4.49
T;“ 1 Ai + Tn 1
1 S. Pd; 1
= : 4. 50
T;” Ai + Tp 1 v
eff eff
n p 1 Tn 1 Tp 1
i SRH Ai di 1
S.N S.P
3. N
TAUNO _ Ntoml Xy Nmml Xy N
— —ANJrBN(iNSRHN )+CN<7NSRHN ) 4.51
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TAUPO Nw Xy Now x y 7 -
o x oy AP+ BP<7NSRHP >+ Cp(iNSRHP ) 4,52
Nl NSRHN NSRHP TAUNO TAUPO AN
AP BN BP CN CP EN EP
4.6
4.6 ( [4.2])
Si Poly-Si Si0, GaAs
NSRHN SRH 5% 10 5% 10 5% 10 cm ?
NSRHP SRH 5% 10 5% 10 5% 10 cm ?
TAUNO | SRH 1x10°7 1X107 | 2X10° | 1x107° sec
TAUPO SRH 1 X107 1 X107 2% 107° 1Xx107"° sec
AN
AP
BN 0
BP 0
CN 0 0 0 0
cp 0 0 0 0
EN 2 2 2 0
EP 2 2 2 0
4.51 4,52
. X y = TAUNO 4.53

N 1+ Nmml Xy NSRHN
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TAUPO

“ X Y T 13EN.. x y NSRHP 404
EXN. TAU
ranT:ran<3% 4.55
EXP. TAU
rpxyT:rpxy<% 4.56
EXN. TAU EXP. TAU T
wxy T xy T T X Yy
T, X ¥ .
4.
SRH
SRH UR'I‘U\I
Urron = U + Upun 4.57
UgHR SRH Ululu
Tn E
_L_()
Tn = T 4.58
o E=0 I.
. I, 4. 19
MEDICI .
o E l E : . i Etrap E AEn
I, = «/;Em])exp[ 3 (Etrap> j|{2 erfc[ 5 ( E F.. KT )}} 4.59
E AE,
., = A kT
_ E /(AE, '’ _AE, | E (AE.\'7 1 E AE
L=yrg s (%) o TEL () T E (W)
E 12 AE 14 E ) 12 AE 34
X erf n) (D " 4. 60
el (g.) () (%) (1) ]
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0.25

E AEm
v~ N KT
Eap AE, kT
3
E.., — 8 M.RTUN:- m, kT 161
h
q o
0 n > n.exp E, 2kT
AE JE“ —In2  n < n<n.exp E, 2kT
no__ ZkT n{e ~ ~ 1e g 4 62
kT
2113: —In E‘t n < n,
M. RTUN m,
n,
ETRAP
n, = ni(.exp( KT ) 4.63
Tp Fp AEp kT P+
ETRAP
p. = nicexp( T ) 4. 64
Ublbl
S. RTUN Ebtbt
Uy =— B. RTUNE* Dexp<— T) 4.65
. Eg ’I‘ 32
Elnln - E. RTUN(m) 4. 66
D 4.19
0 — V4, ,- E<0
n. — pn = = .
D= < — . Sqn,. vy, 4. 67
nFn pro Vé, o Ex>0 ], , <10 qnev,
1 —V$,,- E=0 I,,>10"qn.v.,
Veat B. RTUN S. RTUN E. RTUN

4.7
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4.7 ( [4.2])
Si Poly-Si SiO, GaAs
B. RTUN 410" | 410" |4 X 10" 0 cm VS, RTUN em?® sec
S. RTUN 2.5 2.5 2.5 2
E. RTUN 1.9 X 107|1.9 X 107 |1. 9 X 107 0 V cm
4.6.3.2
1.
E, Ne Ny
3.9
- _ EGALPH T*
E, T =E 0 T + EGBETA
3007 T?
= Ee 300+ EGALPH[%O +EGBETA T+ EGBETA] 1.68
32
Ne T = 2M, (2“”}117‘“) 4. 69
2nemg kT *?
Ny T = ZMV(%) 4,70
M(‘, Mv mye Mygp

E, 300 = EG300. MEDICI

T NC.F
Ne T = NC300<SO—O> 4.71
T NV.F
Ny T = NV300<W> 4.72
¢
gy = E — e KTy Ne
a¢ = Ec 5 5 ln(Nv> 4.73

EG300 EGALPH EGBETA NC300 NC.F NV300 NV.F
4.8
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4.8 ( [4.2])
Si Poly-Si SiO, GaAs
EGaoo | SUOK 1.08 1.08 9.0 1. 424 eV
EGALPH ol 4.73 %107 [4.73 X 107 |4.73 X 10~ [5. 405 X 10~ | eV K
a na
EGBETA 636 636 636 204 K
beta
300 K ] ,
NC300 2.8% 10" [2.8x10" |2.8x 10" | 4.7X 10" |cm™®
NC. F 1.5 1.5 1.5 1.5
Nvago | JOOK 1,04 X 10" |1.04 X 10" |1.04 X 10" | 7% 10" |cm™®
NV. F 1.5 1.5 1.5 1.5
2.
AE, AE,
3.3
V0. BGN q X Nw Xy : -
AE, — o2, Now Xy N CON. BGN 4.74
¢ 2kT [ NO.BGN A (PO, B(IN +
n, x y = nexp AE, 4.75
Nie V0. BGN NO. BGN CON. BGN
4.9
4.9 (1) ( [4.2])
Si Poly-Si SiO, GaAs
V0. BGN Slotboom 9% 107 [9x 107 | 9x 107 0 %
Sloth ] ] ] ) .
NO. BGN otboom 1x107 [1x107 | 1x107 |1x107 | em™*
CON. BGN Slotboom 0.5 0.5 0.5 0
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MEDICI 4.20 4.21 AE, n
AEcn AEVn p AEC]) AEVP

1 1 1

AE., = ANC. BGN(%E;)T + BNC. BGN(%)T 1 CNC. BGN(lgzg )7
4.76
AEy, = ANV, BGN(lONmf + BNV. BGN(mNm)ll -+ CNV. BGN(ll(;IlS )
4. 77
AEq, = APC. BGN(;;S )i 1 BPC. BGN<1ON18>% 4 cPC. BGN( 1](:]18 )i
4.78
Bl = APV, BGN(llgI'* ) +BPV. BGN(lon)]‘ +CPV, BGN(II(;L )
4.79

ANC. BGN BNC. BGN CNC. BGN ANV. BGN BNV, BGN CNV,
BGN APC.BGN BPC.BGN CPC.BGN APV.BGN BPV.BGN CPV.BGN

4.10
AEgn p Xy Nje
AE;{H p AEVn p AECn p 4. 80
n, x y = mexp AE, , 4,81
n p 4. 82 4. 83 N,
E, E, 4.84  4.85 n, 4. 81 ne x

n=a Neexp 7, = nieexp[ﬁ $— ¢, } 4,82

pa Nyexp 3, = nicexp[% b, — ¢ J 4.83
En:—V<4)+kaln n,c> 4, 84

q

Ep=—$<¢—k§1n nie> 1.85
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AR 0T X I °¢ 0T X €972 — 0T X €977 — 0T X €972 — NOF "AdD

AR 0T X 61721 0 0 0 NOF "Add

Ad 0 ¢ 0T X 9% 8T ¢ 0T X 9% 8T 0T X 97 8T NO4 "AdV

A® 0T X LV 70— 0T X 8170 — 0T X 8170 — ¢ 0T X 8170 — NO4 DdD

AR 0 e 0T X 22791 — | 00 X 22°9T— | 01X L2 91— NOd "Odd

AP 0T X TL°6— 0 0 0 d NO4 "DdV
S, U03IS[NOY uelf

A? 01 X 28°2L 0T X FL70 0T XFL70 0T X TL70 NO4 "AND

A® 0T X L% 7L ¢ 0T X 80 7T ¢ 0T X 80°¢T 0T X 80°CT NOd ‘AN

AP 0 0 0 0 NOd "ANV

Ad ¢ 0T X €1 8T — ¢ 0T X 8L°0 ¢ 0T X 8L°0 ¢ 0T X 8L°0 NO4 “OND

A® 0 0 0 0 NO4 ONA

AR e 0L X 06 9T — | Ol X¥8FT— | Ol X¥8 VI — | 01 X¥8 V[ — u NO4 'ONV
S U0)ISTNOY uelf

syen ‘oIS 1IS-£10d 1S
([T°+] )(2) o1t
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3.
MEDICI E,
X AE, AX.
AE:;I - AE( - AEV . 86
AY =— AE. . 87
AEc AEy
AE(‘ - mln AE(‘i . 88
AEy = max AE,, AEy, . 89
AEQ 1 AIZVI AI?‘Vh
de-
formation potential theory *%
AEG = XID €11 + €22 + €33 + XIUE;; .90
3 XID XIU
0.77 eV 9.16 eV.
4.23
AEs AEy AEy, 4.2 4.22 4.23 .
4.6.3.3
1. MEDICI
o p MEDICI
4.11
4.11 MEDICI ( [4.2])
Si GaAs 300 K
CONMOB
Si
ANALYTIC
4. 24 4. 25 GaAs 3.9 3.2 .
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ARORA Arora 426
ARORA

CCSMOB

Philip 128 4.29
PHUMOB

1. 30

SRFMOB

SRFMOB2

MOSFET
UNIMOB

PRPMOB

Lombardi Lombardi 152
LSMMOB

GMCMOB
NMOS PMOS

Shirahata Shirahata b3 Philip
PHOMOB

SHIRAMOB

University of Texas Austin

MOSFET

TFLDMOB

FLDMOB
Si GaAs.

1,37

STRMOB

Hewlett-Packard
1.38

HPMOB

lucent
LUCMOB

Coulomb
IALMOB

TMPMOB
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19
Si
GaAs
2.
MEDICI 4. 11 19 17
low field transverse field
parallel field 3 4.12.
4.12 MEDICI ( [4.2])
Low Field Transverse Field Parallel Field
LUCMOB
IALMOB
CCSMOB HPMOB
LSMMOB FLDMOB
GMCMOB TMPMOB
SHIRAMOB
ANALYTIC PRPMOB
ARORA SRFMOB
CONMOB SRFMOB2
PHUMOB TFLDMOB
4,12 HPMOB LSMMOB
LUCMOB IALMOB 3 . MEDICI
“ CONMOB PRPMOB FLDMOB' “ LSMMOB FLDMOB’
“ LSMMOB HPMOB’
“ ” 2 .
UNIMOB STRMOB 4. 12 UNIMOB
” STRMOB

4.12
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PIEZORES
3.
ARORA PRPMOB FLDMOB LUCMOB 4
(1) ARORA
ARORA Arora 126
Nmm\ X'y T . ARORA
[Lon Hop
T | EXN2.ARO
T EXN1. ARO MUN2. ARO ( 3070 )

. = MUNI1. ARO 4.91

o (300) + Niw Xy
EXN3. ARO
L CN. ARORA(S%) 1
T | EXP2.ARO
T EXP1. ARO MUPZ. ARO ( % )
{1, = MUPL, ARO( 0 O) + N x v 4.92
EXP3. ARO
1+ CP. ARORA(%) 1
T . EXN4.ARO
an = AN. ARORA(%> 4.93
T . EXP4.ARO
a, = AP. ARORA<%> 4. 94
4,91 — 4.94 Si GaAs
4.13
4.13 Arora ( [4.2])
Si GaAs
Arora
MUNI1. ARO 88.0 8.5 X 10° em? V-sec
Arora _ 2

MUN2. ARO 1252.0 0.0 cm® V-sec
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Si GaAs
Arora . ; _
CN. ARORA .26 X 10" 1.26 X 10" cm ?
Arora
AN. ARORA 0. 88 1.0
Arora
EXNI1. ARO —0.57 —0.57
Arora
EXN2. ARO —2.33 0.0
Arora
EXN3. ARO 2.4 0.0
Arora
EXN4. ARO —0. 146 0.0
Arora X )
MUPI1. ARO 54.3 4 X 107 cm® V-sec
Arora 2
MUP2. ARO 407.0 0.0 cm® V-sec
Arora . _ i
CP. ARORA .35 X 10" 2.35X 10" cem ?
Arora
AP. ARORA 0. 88 1.0
Arora
EXP1. ARO —0.57 0.0
Arora
EXP2. ARO —2.23 0.0
Arora
EXP3. ARO 2.4 0.0
Arora
EXP4. ARO —0. 146 0.0
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(2) PRPMOB
PRPMOB :
PRPMOB . PRPMOB
(s o s
pts » = GSURFN. Hon 4.95
|+ Sl
ECN. MU
is » = GSURFP. {oe 4. 96
1+ b
ECP. MU
on  pop CONMOB
4,14 E . E,,
MODELS EJ. MOBIL =
True E,. E , Exi o« Ea
4 2 2-59 GSURFN GSURFP ECN, MU
ECP. MU 4.15
4. 14 (T =300 K)( [4.2])
em” V-sec em® V-sec
=
1.0 x 10" 1350.0 495. 0 § 000. 0 390.0
2.0 X 10" 1345.0 495.0 7718.0 380.0
4.0 x 10" 1335.0 495.0 7 445.0 375.0
6.0 X 10" 1320.0 495.0 7 290.0 360. 0
8.0 x 10" 1310.0 495.0 7182.0 350.0
1.0 x 10" 1300.0 491. 1 7 300. 0 340.0
2.0 X 10" 1248.0 487. 3 6 847.0 335.0
4.0 x 10" 1200.0 480. 1 6422.0 320.0
6.0 X 10" 1156.0 473.3 6185.0 315.0
8.0 X 10" 1115.0 466. 9 6023.0 305.0
1.0 x 10" 1076.0 460. 9 5900. 0 302.0
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cm’ V-sec

em-
2.0 10" 960. 0 434.8 5 474. 300.0
4.0 X 10" 845.0 396.5 5 079. 285.0
6.0 X 10" 760.0 369. 2 4 861. 270.0
8.0 X 10" 720.0 348. 3 4 712. 245.0
1.0 X 10" 675.0 331.5 4 600. 240.0
2.0 X 10" 524.0 279.0 3 874. 210.0
4.0 X 10" 385.0 229.8 3 263. 205.0
6.0 X 10" 321.0 203.8 2 950. 200.0
8.0 X 10" 279.0 186.9 2 747. 186.9
1.0 X 10" 252.0 178.0 2 600. 170.0
2.0X 10" 182.5 130.0 2 060. 130.0
4.0 X 10" 140. 6 90. 0 1632. 90.0
6.0 X 10" 113.6 74.5 1424. 74.5
8.0 X 10" 99.5 66. 6 1293. 66. 6
1.0 X 10" 90.5 61.0 1 200. 61.0
2.0X 10" 86.9 55.0
4.0 X 10" 83.4 53.7
6.0 X 10" 78.8 52.9
8.0 X 10" 71.6 52.4
1.0 X 10% 67.8 52.0
2.0 X 10* 52.0 50. 8
4.0 X 10* 35.5 49.6
6.0 X< 10* 23.6 48.9
8.0 X 10* 19.0 48. 4
1.0 X 10 17.8 48.0
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4.15 (PRPMOB) ( [4.2])
Si GaAs
GSURFN 1.0 1.0
GSURFP 1.0 1.0
ECN. MU 6.49 X 10" 1x 108 V cm
ECP. MU 1.87 X 10" 1X10°% V cm
GSURFN GSURFP 1.0 0 1
MOBILITY
(3) FLDMOB
FLDMOB
FLDMOB
MOB-
ILITY FLDMOB = n FLDMOB
[ ] FLDMOB = 0
SURMOB 4.2 2-32
HKS n HUS pe
) FLDMOB =1 FLDMOB silicon-like
Caughey-Thomas b
n == s ETS . BETAN 1 BETAN 4 97
[1 + ( S nSm n)
VU
P = ) E,us - BETAP _ 1 BETAP 4.98
|:1+ (#“- PSH‘H 1))
v,
E, . E , v vy
T VS«'\\ ’I‘
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3.9

v T = 2.4 %X 10 " 499
1 +O 8 CXp(W>
A MOBILI-
TY VSATN VSATP 1.035 X 10" cm sec.
4.97 BETAN 4. 98 BETAP 2.0
1. 0.
o FLDMOB = 2 FLDMOB GaAs-like
4. 40
V:‘m E I n EXNI1. GAA
e JrEH n<EON)
= - 4.100
n E EXN2. GAA
1+ (T3
EON
VS;" E EXP1. GAA
ps ”JFE‘I (EM)
p T EIH EXP2. GAA 4.101
1+ ( EOP )
V:m :at 141
v, T = 11.3 X 10°—1.2X10* T 4,102
v v MOBILI-
TY VSATN VSATP 6.5 X 10° em sec
7.7 X 10% em sec.
4.100 EON EXNI1. GAA EXN2. GAA 4.101
EOP EXPI1.GAA EXP2.GAA 4.16
4.16 FLDMOB=2 FLDMOB ( [4.2])
GaAs
FLDMOB 5
EON . 4X10° V cm
GaAs
FLDMOB
EXNI1. GAA . 4.0
GaAs
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GaAs
FLDMOB
EXN2. GAA . 4.0
GaAs
FLDMOB )
EOP . 4 % 10° V cm
(xaAs
FLDMOB
EXP1. GAA . 4.0
GaAs
FLDMOB
EXP2. GAA . 4.0
GaAs
[ J FLDMOB = 3 FLDMOB Hansch
1.42
2 S n
Pn = 200 E[uS BETAN. HA _ 1 BETAN. HA 4.103
1+[1+ (7’5 e )
Vl’l
2 S p
Mo — 2 EMS : BETAP. HA _ 1 BETAP. HA 4.104
L1 (BB
VP
4.103 BETAN. HA 4. 104 BETAP. HA
2.
(4) LUCMOB
LUCMOB Darwish
39 Philip PHUMOB Lombardi
LSMMOB
-1
us:[i+1+1} 4,105
‘U~b ‘Uvac ‘Un\'r
b Lac Ler
Ry Philip PHUMOB
1 = 1 + 1 4,106

Hb n HI, n HI n
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—TETN. UM

T
gL . = MMXN, UM<%>

= Nioul NRFN. UM , ALPN. UM N n4p
e e <N1e[[ n ) ( Niotal P2 n (NM -
H1n M2 on Nier »
MMXN, UM* T 3 ALPN.UM —1.5
1 + = MMXN. UM — MMNN. UM | 300

_ MMXN. UM: MMNN. UM 300, "°
2 .» ~ MMXN. UM — MMNN, UM( T

Nt » = Np + NG P, .

Nlef{ p
Nleff p = N/\ + NI)G Pp
GP, GP, P, P,
PHUMOB

Lac sr IJOmbardi

~ BN.LUC CN. LUC N Lue

total

Hac n EL n ’I‘ 300 KN. LUC j/ﬁ

_ BP.LUC + CP. LUC NExr-Lue
Mac p E . T 300 Ke-Luc m

~/DN.LUC
[T ( B )

= (M)

7,
EL P

FN.LUC n+p

EXN9. LUC
total

Y. = AN. LUC +

o~

. 107

) 4.108

4.109

4,110

4,112

4.2 2-31

LSMMOB

4.113

4,114

4,116

4,117
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FP. LU
v, = AP.LUC + PP LUC n ¥ p 4.118
total
2 S n
Pn = P E‘u BETAN. HA _ 1 BETAN, HA 4.119
Vi 1 (i
Vl\
2 S p
Mo — 200 EM : BETAP. HA _ 1 BETAP. HA 4.120
1+[1+ (7’5 — ")
v
p
4.119 4.120 Hansch 4.103 4.104
HUS n HUs p
LUCMOB 4. 17
4.18
4.17 LUCMOB b ( PHUMOB ) ( [4.2])
Si GaAs
PHUMOB
MMNN. UM 52.2 0.0 em® V-sec
PHUMOB . )
MMXN. UM 1.417 X 10° 8.5 X 10° cm® V-sec
PHUMOB . . .
NRFN. UM 9.86 X 10 1 X 10% cm”®
PHUMOB
ALPN. UM 0.68 1.0
PHUMOB
TETN. UM 2.285 0.0
PHUMOB
NRFD. UM 4 X 10% 1x10% cm”?
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Si GaAs
PHUMOB 30
CRFD. UM 0.21 1X10*
PHUMOB
MMNP. UM 44.9 0.0 cm? V-sec
PHUMOB 3 2 2
MMXP. UM 4.705 X 10° 4 X 107 cm® V-sec
PHUMOB ) ,
NRFP. UM 2.23 X 10Y 1 X 10% cm”?
PHUMOB
ALPP, UM 0.719 1.0
PHUMOB
TETP. UM 2. 247 0.0
PHUMOB
NRFA. UM 7.2 X 10% 1 X 10% cm ®
PHUMOB ,
CRFA. UM 0.5 1X10*
4.18 LUCMOB 4.17 ) ( [4.27)
Si GaAs
AN. LUC 2.58 2.58
AP, LUC 2.18 2.18
BN. LUC 3.61 X107 .61 X107 cm sec
BP. LUC 1.51 X 107 .51 X 107 cm sec




Microelectronics

WICROELECTRONIGS 185
Si GaAs
CN. LUC 1.70 X 10* 1.70 X 10* 1
CP. LUC 4,18 X 10° 4,18 X 10° 1
DN. LUC 3.58 X 10" 3.58 X 10" 2
DP. LUC 4,10 X 10" 4.10 x 107 3
FN. LUC 6.85 X 107% | 6.85x 107 4
FP. LUC 7.82X 107 |7.82x10 % 4
KN. LUC 1.7 1.7
KP, LUC 0.9 0.9
EXN4. LUC 0.023 3 0.023 3
EXP4. LUC 0.0119 0.0119
EXN9. LUC 0.076 7 0.076 7
EXP9. LUC 0.123 0.123
1 em? V-sec X V em !?em® BXM-LUC
2 em’ V-sec X V cm v,
3 em® V-sec X V em v,
1 e’ |- EXP. LUC
4.6.3.4

MEDICI
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1. -

Yu 3.2 SEDAN-3
2.
3. —

R 1.43
4.
MEDICI
TMPMOB
1I. TEMP .

5. Schottky (SBT)

Schottky
6. MOSFET

MOSFET

C-V . MEDICI
Schrodimger van
Dort e MOSFET
7.
Si SiO, 110
7
4.2
4.6.4 MEDICI
MEDICI L

4.6.4.1 MEDICI

MEDICI SEDAN-1 SEDAN-3  MINIMOS-2
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1 MEDICI MEDICI
il MEDICI
MEDICI
11 MEDICI
MEDICT
4.6.4.2 MEDICI 1.5 pm N MOSFET
1.
MEDICI 1.5 pm N MOSFET
mdexl1
mdexlg
mdex1d
mdex1i
mdex1f
mdex1t
mdexla
2.
(D 1.5pym N MOS mdex1
mdex1

1... TITLE Synopsys MEDICI Example 1-1.5 Micron N-Channel MOSFET

2... COMMENT Specify a rectangular mesh
3... MESH SMOOTH = 1
4... X.MESH WIDTH=3.0 H1=0.125

5... Y.MESH N=1 L= -0.025

6... Y.MESH N=3 L=0.
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7... Y.MESH DEPTH=1.0 H1=0.125
8... Y.MESH DEPTH=1.0 H1=0.250
9... COMMENT Eliminate some unnecessary substrate nodes
10... ELIMIN COLUMNS Y.MIN=1.1
11... COMMENT Increase source drain oxide thickness using SPREAD
12... SPREAD LEFT WIDTH=.625 UP=1 LO=3 THICK=.1] ENC=2
13... SPREAD RIGHT WIDTH=.625 UP=1 LO=3 THICK=.1 ENC=2
14... COMMENT Use SPREAD again to prevent substrate grid distortion
15... SPREAD LEFT WIDTH=100 UP=3 LO=4 Y.LO=0.125
16... COMMENT Specify oxide and silicon regions
17... REGION SILICON
18... REGION OXIDE IY.MAX=3
19... COMMENT Electrode definition
20... ELECTR NAME = Gate X.MIN=0.625 X.MAX=2.375 TOP
21... ELECTR NAME = Substrate BOTTOM
22... ELECTR NAME = Source X.MAX=0.5 IY.MAX=3
23... ELECTR NAME = Drain X.MIN=2.5 IY.MAX=3
24... COMMENT Specify impurity profiles and fixed charge
25... PROFILE P-TYPE N.PEAK=3E15 UNIFORM OUT.FILE = MDEX1DS
26... PROFILE P-TYPE N.PEAK=2El6 Y.CHAR=.25
27... PROFILE N-TYPE N.PEAK=2E20 Y.JUNC=.34 X.MIN=0.0 WIDTH=.5
+ XY.RAT = .75
28... PROFILE N-TYPE N.PEAK=2E20 Y.JUNC=.34 X.MIN=2.5 WIDTH=.5
+ XY.RAT = .75
29... INTERFAC QF = 1E10
30... PLOT.2D GRID TITLE = "Example 1-Initial Grid" FILL SCALE
31... COMMENT Regrid on doping
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32...

33...

34...
35...
36...
37...

38...
39...
40. ..
41. ..

42. ..

43. ..

44. ..
45. ..
46. ..

47. ..

48. ..

49. ..

50...
51...
52...

REGRID

+

PLOT. 2D

COMMENT
CONTACT
COMMENT

MODELS

COMMENT
SYMB
METHOD
SOLVE

REGRID
+
+

PLOT. 2D

COMMENT
SYMB

SOLVE

COMMENT
PLOT. 1D
+
+
PLOT. 1D
+
+
PLOT. 2D
CONTOUR
CONTOUR

mdex1

DOPING LOG IGNORE = OXIDE RATIO=2 SMOOTH-=1
IN. FILE = MDEX1DS

GRID TITLE = "Example 1-Doping Regrid" FILL SCALE

Specify contact parameters
NAME = Gate N.POLY
Specify physical models to use

CONMOB FLDMOB SREFMOB2

Symbolic factorization solve regrid on potential
CARRIERS = 0
ICCG DAMPED

POTEN IGNORE = OXIDE RATIO=.2 MAX=1 SMOOTH=1
IN. FILE = MDEX1DS
OUT. FILE = MDEX1MS

GRID TITLE = "Example 1-potential Regrid" FILL SCALE

Solve using the refined grid save solution for later use
CARRIERS = 0

OUT. FILE = MDEX1S

Impurity profile plots

DOPING X.START=.25 X.END=2.5 Y.START=0 Y.END=2

Y.LOG POINTS BOT=1E15 TOP=1E21 COLOR=2

TITLE = "Example 1-Source Impurity Profile"

DOPING X.START=1.5 X.END=1.5 Y.START=0 Y.END=2

Y.LOG POINTS BOT=1E15 TOP=1E17 COLOR=2

TITLE = "Example 1-Gate Impurity Profile"

BOUND TITLE = "Example 1-Impurity Contours" FILL SCALE

DOPING LOG MIN=16 MAX = 20 DEL=.5 COLOR= 2

DOPING LOG MIN= —-16 MAX= —-15 DEL=.5 COLOR=1 LINE=2

4. 7— 4.12.
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o

S G
s e
i S e i o e
At
el e I

2.5

2.0

3.00

0

1. 00 1. 50
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50

0

(SUOIDIAL) 20UBISI(]

00T 05T

mdex1 30 PLOT.2D

4.7

3,00

2.00

1.00

0.50

~
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e
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o
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mdex1 33 PLOT.2D

4.8

4.8
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150 2,00 250 3.00
Distance (Microns)

1,00

0.50

0.00

(SUOIOTJA]) 20URISI

PLOT. 2D

mdex1 43

4.9

4.9

0

2.0

75

1. 25 1. 50 il

1.00
Distance(Microns)

—
N

T
(=)
N

( (WO )UONEIIUIOU0))F0|

15

mdex1 48 PLOT. 1D

4.10
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17 T T T T T T T
i
g
[3)
=1
2
£ 16
]
8
a
o)
S
&
- —& B— 5]
15 . . : T T : T
0.00 0.25 0. 50 0.75 1. 00 1.25 1. 50 1.75  2.00
Distance(Microns)
4.11 mdex1 49 PLOT. 1D
)
=
<)
8
= |
ol (=
o O
(5} .
o —
8t
2
a
of
[Ta]
Il
p=4:
o [ R e e ey o BT e MO e R R e SRR e AR e ey S SN
0.00 0. 50 1. 00 1. 50 2.00 2. 50 3.00

Distance (Microns)

4.12 mdex1 50 PLOT.2D 51 52 CONTOUR
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(2 mdexlg
1.5 pym N MOSFET 0.1V
ov 2V,
mdexlg
1... TITLE Synopsys MEDICI Example 1G-1.5 Micron N-Channel MOSFET
2... COMMENT Calculate Gate Characteristics
3... COMMENT Read in simulation mesh
4... MESH IN. FILE = MDEX1MS
5... COMMENT Read in saved solution
6... LOAD IN. FILE = MDEX1S
7... COMMENT Use Newton’s method for the solution
8... SYMB NEWTON CARRIERS=1 ELECTRONS
9... COMMENT Setup log file for IV data
10... LOG OUT. FILE = MDEX1GI
11... COMMENT Solve for Vds =0.1 and then ramp gate
12... SOLVE V Drain =.1
13... SOLVE V Gate =.2 ELEC=Gate VSTEP=.2 NSTEP=9
14... COMMENT Plot Ids vs. Vgs
15... PLOT.1D Y.AXIS=1I Drain X.AXIS =V Gate POINTS COLOR =2
+ TITLE = "Example 1G-Gate Characteristics"
16... LABEL LABEL ="Vds=0.1v" X=1.6 Y=0.7E-6
mdexlg
4.13 Vi = 0.1V Vi
0.2V V,.=2V Vi
Vi EXTRACT MOS. PARA
(3) mdex1d
1.5pm N  MOSFET 3V

ov 3V.
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11...
12...

13...
14..

1(Drain) (Amps/um)*10~¢

. TITLE
. COMMENT

. COMMENT
. MESH

. COMMENT
. LOAD

. COMMENT
. SYMB

. METHOD
. SOLVE

COMMENT
SYMB

COMMENT

. LOG

Vds=0.1v

0.00

V(Gate) (Volts)

4.13 mdexlg 15 PLOT.1D 16 LABEL

mdex1d

Synopsys MEDICI Example 1D-1.5 Micron N-Channel MOSFET

Calculate Drain Characteristics

Read in simulation mesh

IN. FILE = MDEX1MS

Read in initial solution

IN. FILE = MDEX1S

Do a Poisson solve only to bias the gate
CARRIERS = 0

ICCG DAMPED

V Gate =3.0

Use Newton's method and solve for electrons

NEWTON CARRIERS =1 ELECTRON

Setup log file for IV data
OUT. FILE = MDEX1DI

0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2

00
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15...
16. ..

17...
18...

19...

20. ..
21. ..

22. ..
23. ..
24. ..

COMMENT Ramp the drain

SOLVE V Drain

=0.0 ELEC=Drain VSTEP=.2 NSTEP=15

COMMENT Plot Ids vs. Vds

PLOT.1D Y.AXIS=1I Drain

X.AXIS =V Drain

POINTS COLOR = 2

+ TITLE = "Example 1D-Drain Characteristics”

LABEL LABEL = "Vgs = 3. 0v"

X=2.4 Y=0.1E-4

COMMENT Potential contour plot using most recent solution

PLOT. 2D BOUND JUNC DEPL FILL SCALE

+ TITLE = "Example 1D-Potential Contours"
CONTOUR POTENTIA MIN= —1 MAX=4 DEL=.25 COLOR=6
LABEL  LABEL="Vgs=3.0v" X=0.2 Y=1.6
LABEL LABEL = "Vds = 3. 0v"
mdex1d 4.14 .15,
(= T T T T T 3
(Tl
T
e o
A 1
2~
3
g
0w
£
=
T o
BTRSE |
— .
lag=]
=
8 Vgs= 3.0v
S - . T T .
0. 00 0. 50 1. 00 1.50 2. 00 2.50 3.00
V(Drain) (Volts)
4.14 mdex1d 18 PLOT. 1D 19 LABEL
4.14 V. =3V Vo,
O. 2 V VDS — 3 V
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2... COMMENT

3... COMMENT
4... MESH
5... COMMENT
6... LOAD

7... COMMENT
8... SYMB
9... METHOD

Substrate and Gate Current Calculation

Read in simulation mesh

IN. FILE = MDEX1MS

Read in saved solution

IN. FILE = MDEX1S

Perform a zero carrier solution to bias the drain
CARR =0
DVLIMIT=1 ICCG

8
=3
Bk
=3
=~ %}
o
g i
S :
s |
o 3|
Q .
]
s}
2
a
8_
=l Vgs=3.0v
Vds=3.0v
sl
~0.00 0.50 100  Lbs0 200 250 3.00
Distance (Microns)
4.15 mdex1d 21 PLOT. 2D, 22 CONTOUR
23—24 LABEL Vo =3V, V=3V
4 mdex1i
1.5 pm N MOSFET 5V
ov 7.5V
mdex1i
1... TITLE Synopsys MEDICI Example 11— 1.5 Micron N-Channel MOSFET
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10. ..
11...

12...
13...

14. ..
15...

16...
17...
18 ...

19...
20 ...

21. ..

22. ..
23 ...

24. ..

25. ..
26 ...

27. ..
28. ..
29...
30...
31...
32...

COMMENT
SOLVE

COMMENT
SYMB

COMMENT
LOG

COMMENT

$
SOLVE

COMMENT
PLOT. ID
+

LABEL

COMMENT
PLOT. 1D
+
+

LABEL

COMMENT
PLOT. 2D
+
CONTOUR
LABEL
LABEL
LABEL
LABEL
LABEL

mdex1i

Solve for Vds =5.
V Drain =5. LOCAL

Switch to 1 — Carrier Newton

NEWTON CARRIERS =1 ELECTRONS

Setup log file for IV data
OUT. FILE = MDEX11I

Ramp the gate performing an impact ionization
and gate current analysis at each bias.

V Gate =0. ELEC=Gate VSTEP=.5 NSTEP=15
IMPACT.I GATE.CUR

Plot substrate current versus gate bias

Y.AXIS=1II X.AXIS=V Gate Y.LOG POINTS COLOR=2
TITLE = "Example 1I — Substrate Current vs. Vgs"

LABEL = "Vds=5.0v" X=6.0 Y=4E-12

Plot gate current versus gate bias

Y. AXIS = HE Gate X.AXIS =V Gate Y.LOG POINTS COLCR =2
LEFT=0. BOT=1E-19 TOP=1E-13

TITLE = "Example 1I — Gate Current vs. Vgs"

LABEL = "Vds=5.0v" X=.4 Y=3E-14

Plot generation rate contours

BOUND JUNC X.MIN=2.0 Y.MAX=.7 FILL SCALE

TITLE = "Example 1I — Generation Rate Contours"

II.GENER LOG ABS MIN=17 MAX=27 DEL=1 COLOR=2
LABEL = "Oxide" X=2.4 Y=-0.01

LABEL = "Drain" X=2.6 Y=0.20

LABEL = "Substrate" X=2.4 Y=0.55

LABEL = "Vgs=7.5v" X=2.8 Y=0.55

LABEL = "Vds = 5. 0v"
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—74

—84

—g

—104

log (II¢ Amps/um))

—114

0.00 L.00 200 300 400 500 600 700
V(Gate) { Volts)

4.16 mdexli 20 PLOT.1D 21 LABEL

4.16

2.5V

T T T T T T T

Vds=5.0v

L

|
—
=

i

1

&
o
1

—164

log(HE (Gate) (Amps/um))
|
=
vl

—184

—19

0.00 100 200 300 400 500 600  7.00
V(Gate) (Volts)

4.17 mdexli 23 PLOT.1D 24 LABEL
Vgs
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4. 17
Vgs . Vgs Vds
Ve
4.0V
8

=)

="

Sk

=

(=)

S

Q
o=}
gk i
<]
S L |
E e
s I ; 4
==
s & _
A S

L Substrate Vas—10- 50 Vi |

=) Vas=5.0V

SE d

o

= i

1 1 i 1 1 ) n 1 1 n n 1 n L I 1 n I L
2. 00 2.20 2. 40 2. 60 2.80 3.00

Distance (Microns)

4.18 mdexli 26 PLOT.2D, 27 CONTOUR
28—32  LABEL

4,18 V. =75V V., =50V
Si—Si0,

5 mdex1f
1.5um N MOSFET 3

mdex1{

1... TITLE Synopsys MEDICI Example 1F — 1.5 Micron N-Channel MOSFET
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11...
12...

13...

14..
15...
16...
17...
18...

19...
20. ..
21. ..
22. ..
23. ..
24. ..
25. ..
26. ..
27 ...

. COMMENT

. COMMENT
. MESH

. COMMENT
. LOAD
. INTERFAC

. COMMENT
. SYMB
. SOLVE

COMMENT
SYMB

COMMENT

+

. LOoP

ASSIGN
ASSIGN
ASSIGN
ASSIGN

LOAD

Gate Characteristics Including Fast Interface States

Read in saved mesh

IN. FILE = MDEX1MS

Read solution to get models
IN. FILE = MDEX1S
CLEAR

O-carrier solution with Vg=-0.6v Vd=0.1lv
CARRIERS = 0
INIT V Gate =-0.6 V Drain =0.1 OUT.FILE = TEMPSOL

Switch to 1 — carrier

NEWTON CARRIERS =1 ELECTRON

Gate characteristics with zero positive and negative
fast interface states Vd=0.1v
STEPS = 3
NAME = NDON N.VALUE= 0.0 5E11 0.0
NAME = NACC N.VALUE= 0.0 0.0 5El1
NAME = LOGFIL Cl1="MDE1FIZ" (2= "MDEIFIP" (3= "MDEIFIN"
NAME = SOLFIL C1 = "MDE1SzZ" C2 = "MDE1SP" C3 = "MDE1SN"

IN. FILE = TEMPSOL

INTERFAC N.DON= @NDON N.ACC= @NACC

LOG

SOLVE

SOLVE

SOLVE
L. END
COMMENT

PLOT. ID
+

+

OUT. FILE = @LOGFIL

V Gate =-0.6 OUT.FILE= @SOLFIL"1"

V Gate =—0.4 ELEC=Gate VSTEP=0.2 NSTEP=11
V Gate =2.0 OUT. FILE = @SOLFIL"2"

Plot log drain current versus Vgs

IN.FILE = MDE1IFIP Y.AXIS=1I Drain X.AXIS =V Gate Y. LOG
BOT=1E—-14 TOP=1E—-4 LINE=1 COLOR=2 SYMB=1

TITLE = "Example 1F —Log Id vs. Vgs"
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28 ...

29 ...

30 ...

31..
32...

33...
34...
35...
36 ...

37...

38...

39...

40. ..

41. ..

42. ..

43. ..
44 . ..

45. ..

46 ...

47. ..

48 . ..

49 ...

PLOT.1D IN.FILE=MDE1FIZ Y.AXIS=1I Drain X.AXIS=V Gate Y. LOG
+ LINE=1 COLOR=3 SYMB=2 UNCHANGE

PLOT.1D IN.FILE=MDEIFIN Y.AXIS=1 Drain X.AXIS =V Gate Y. LOG

+ LINE=1 COLOR=4 SYMB=3 UNCHANGE
LABEL  LAB= "Positive States" COL=2 SYMB=1 START.LE LX.FIN=-.5
+ X=-0.3
. LABEL  LAB= "Zero Charge" COL=3 SYMB=2 START.LE LX.FIN=-.5
LABEL  LAB= "Negative states" COL=4 SYMB=3 START.LE LX.FIN=-.5

COMMENT Plot band diagrams at X=1.5

LOOP STEPS = 3
ASSIGN NAME = SOLFIL C1="MDE1SZ" (2= "MDE1SP" (3= "MDE1SN"
ASSIGN NAME = TITLE  Cl1 = "Zero Charge" (2= "Positive States"

+ C3 = "Negative States"

LOOP STEPS = 2
ASSIGN  NAME=NUM  N.VALUE= 1 2
ASSIGN  NAME=XOFF N.VALUE= 2.0 11.0
ASSIGN  NAME=CLEAR L.VALUE= T F
ASSIGN  NAME=BIAS Cl="Vg= -0.6v" C2="Vg=2.0v"

LOAD IN. FILE = @SOLFIL@NUM

IF COND = @CLEAR
PLOT.1D CONDUC COL=4 BOT=2 TOP= -2 X.LEN=7 X.OFF= @XOFF
+ X.ST=1.5 X.EN=1.5 Y.ST=0 VY.EN=0.5 TITLE= @TITLE
ELSE
PLOT.1D CONDUC COL=4 BOT=2 TOP=-2 X.LEN=7 X.OFF= @XOFF

+ X.ST=1.5 X.EN=1.5 Y.ST=0 Y.EN=0.5 TITLE= @TITLE
+  CLEAR
IF. END

PLOT.1D VALENC COL=4 UNCHANGE X.LEN=7 X.OFF= @XOFF
+ X.ST=1.5 X.EN=1.5 Y.ST=0 Y.EN=0.5
PLOT.1D POTEN COL=3 UNCHANGE X.LEN=7 X.OFF = @XOFF
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50 ...

51...

52...

53...

54...

55...

56. ..

57...

+ X.8T=1.5 X.EN=1.5 Y.ST=0 Y.EN=0.5
PLOT.1D QFN COL=2 UNCHANGE X.LEN=7 X.OFF= @XOFF LINE=2
+ X.ST=1.5 X.EN=1.5 Y.ST=0 Y.EN=0.5
LABEL LABEL = @BIAS
LABEL LABEL = Conduction X=.33 Y= -0.95 C.SI=.2
LABEL LABEL = Potential X=.33 Y= -0.40 C.SI=.2
LABEL LABEL = Qfn X=.33 Y=-0.05 C.SI=.2
LABEL LABEL = Valence X=.33 Y=0.35 C.81=.2
L. END
L. END
mdex1f
_4 T T T T T
——H&—— Positive States
—f5q4 ——O— Zero Charge

log(I(Drain) (Amps/um))
|
©
|

—a—— Negative States

—104 1
—114 i
_12_ -
_]3— =
—14 L e B B B AL A s S E S S R
—0. 50 0. 00 0. 50 1. 00 1. 50 2.00
V(Gate) (Volts)
4.19 mdex1f 27—29 PLOT.1D 30—32
LABEL Ve

4.19

4.20— 4.22
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Potential ( Volts)

Potential (Volts)

Zero Charge

Zero Charge

(=] o
ai] Ve=—06V sl V=20V
| I
o (=]
= . = .
A Conduction 4 — Conduction -
i
Potential = Potential
=
= I L g8y ] G
S 2o
g
Valence o Valence
g
[ (=1
3 | i =3 4
o o
o (=]
:\i T T :\i T T
0. 000 0. 200 0. 400 0. 000 0. 200 0. 400
Distance (Microns) Distance (Microns)
4.20 mdex1f 34—57 PLOT. 1D LABEL
Positive States Positive States
T T p=3 T
; V,=—0.6V ; V=20V
(=] [=
f) i (=] L P
Tk Conduction 4 T;— Conduction 4
Potential - Potential
/ 2
=1 A g <8f A B
S S
/ Valence 5 Valence
g
o
o (=
o 4 = 4
o | (=]
[=] (=
E\i T T :\i T T
0. 000 0. 200 0. 400 0. 000 0. 200 0. 400
Distance (Microns) Distance (Microns)
4.21 mdex1f 34—57 PLOT. 1D LABEL
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4.19
Negative States Negative States
S T T = T T
5 Ve=—0.6V 5 Ve=2.0 V
(=4 o=
(=] == )
— Conduction — Conduction
O] Potential a Potential
5 2
el Qfn | a=4 Qfn
B s =l Y
g» Valence § Valence
5 o
o oV
o
3 3 S i
o o
(=} (=}
N‘ T T C\i T T
0. 000 0. 200 0. 400 0. 000 0. 200 0. 400
Distance (Microns) Distance (Microns)
4,22 mdex1f 34—57 PLOT.1D LABEL
“ " 4.19 .
6 mdexl1t
1.5 pym N MOSFET. 10V

mdex]1t
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10...
11...

12. ..
13...
14...
15...
16. ..

17...
18 ...

19...

20. ..

21 ...

22. ..

23...

24. ..

25...
26. ..

. TITLE Synopsys MEDICI Example 1T — 1.5 Micron N-Channel MOSFET
. COMMENT Simulation Including Band-to-Band Tunneling

. COMMENT Read in saved mesh
. MESH IN. FILE = MDEX1MS

. COMMENT Read solution to get models
. LOAD IN. FILE = MDEX1S

. COMMENT Regrids on band-to-band tunneling rate with Vd=10v Vg=-4v
. LOOP STEPS = 3

ASSIGN NAME = INITIAL L.VALUE= T F F
SYMB CARRIERS = 0
METHOD ICCG DAMPED

IF COND = @ INITIAL

SOLVE V Gate =—-4 V Drain =10 INITIAL
ELSE

SOLVE V Gate =—-4 V Drain =10
IF. END

ASSIGN NAME = BBRATE N.VALUE= 6 10 14
REGRID BB.GENER IGNORE = OXIDE [0G " CHANGE RATIO= @BBRATE
+ SMOOTH=1 IN.FILE = MDEX1DS
L. END

COMMENT  Plot the simulation grid
PLOT.2D GRID FILL SCALE
+ TITLE = "Example 1T — BTBT Simulation Grid"

COMMENT  Turn on band-to-band tunneling model
MODELS BTBT

COMMENT Initial O-carrier solution with Vd=10v Vg=0v
SYMB CARRIERS = 0
SOLVE INITIAL V Gate =0 V Drain =10
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27... COMMENT
28... SYMB
29... METHOD
30... LOG
31... SOLVE
32... COMMENT
33 ... PLOT. 1D
+
+
34... LABEL
35... COMMENT
36 ... PLOT.2D
+
37... CONTOUR
38... LABEL
39... LABEL
40... LABEL
41... LABEL
mdex]t
4,23
4. 24
4.25
7
ov
20~30V

Switch to 2 — carriers and then ramp the gate
NEWTON CARRIERS = 2

A BUTONR

OUT. FILE = MDEX1TI

V Gate =0 ELEC=Gate VSTEP=-0.25 NSTEP= 16

Plot drain current versus gate bias

BOT=1E—-14 TOP=1E—-10 LEFT=-4 RIGHT=0 COLOR=2
X.AXIS =V Gate Y. AXIS =1 Drain Y. LOGARITH POINTS
TITLE = "Example 1T — Drain Current vs. Vgs"

LABEL = "Vds =10.0V" Y=3E-14

Plot band-to-band generation rate contours

X.MIN=2.1 X.MAX=2.7 Y.MAX=0.3 BOUND JUNC FILL
TITLE = "Example 1T — Generation Rate Contours"

BB.GENER LOG ABS MIN=13 MAX=23 DEL=1

LABEL = "Oxide" X=2.40 Y=-0.01

LABEL = "Drain" X=2.50 Y=0.10

LABEL = "Vgs=-4v" X=2.55 Y=0.25

LABEL = "Vds = 10v"

n MOSFET

Vg=—4V Vo=10V

mdexla

1.5 ym N MOSFET.

6V 12V

mdex]1

SCALE
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Distance (Microns)

1.00 0.50 _  0.00

1.50

2.00

Ve

0.00 050 100 LA 200 25 300
Distance (Microns)
4.23 mdex1t 21  PLOT.2D
(BTBT)
10 T T T T T T T
A —l14
g
s
o
2,
g
z
2 12 1
£
e
)
[*]
= 134 1
Vds=10.0 v
400 =350 —300 —250 —200 —150 —100 —050 0.00
V(Gate) (Volts)
4.24 mdexlt 33 PLOT. 1D 34 LABEL
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O
g
o
3
2
8
=
8
2
a
2.5
4.25 mdex]1t 36 PLOT.2D, 37 CONTOUR
38—41 LABEL
mdexla
1... TITLE Synopsys MEDICI Example 1A — 1.5 Micron N-Channel MOSFET
2... COMMENT Avalanche Breakdown Analysis
3... COMMENT Initial mesh specification
4... MESH SMOOTH = 1
5... X.MESH WIDTH=3.0 H1=0.125
6... X.MESH WIDTH=1.5 H1=0.125 H2=.3
7... Y.MESH N=1 L=-0.025
8... YMESH N=3 L=0.
9... Y.MESH DEPTH=1.0 H1=0.125
10... Y.MESH DEPTH=1.0 H1=0.250
11... Y.MESH DEPTH=2.0 H1=0.250 RATIO=1.4
12... COMMENT Eliminate nodes increase source drain oxide thickness
13... ELIMIN COLUMNS Y.MIN=1.1
14... SPREAD LEFT WIDTH=0.625 UP=1 LO=3 THICK=.1 ENC=2
15... SPREAD RIGHT WIDTH=2.125 UP=1 LO=3 THICK=.1 ENC=2
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16. ..

17. ..
18. ..
19. ..

20. ..
21...
22. ..
23...
24. ..

25. ..
26. ..
27. ..
28 ...

29 ...

30...

31...
32...

33...
34...

35...
36...
37...
38...
39...
40. ..
41 ...

SPREAD

COMMENT
REGION
REGION

COMMENT
ELECTR
ELECTR
ELECTR
ELECTR

COMMENT
PROFILE
PROFILE
PROFILE
+
PROFILE
+

INTERFAC

COMMENT
REGRID

+

COMMENT
CONTACT

COMMENT
MODELS
COMMENT
SYMB
METHOD
SOLVE
REGRID

+

LEFT WIDTH = 100 UpP=3 LO=4 Y.LO=.125

Specify oxide and silicon regions
SILICON
OXIDE IY.MAX =3

Electrode definition

NAME = Gate X.MIN=0.625 X.MAX=2.375 TOP
NAME = Substrate BOTTOM

NAME = Source X.MAX=0.5 IY.MAX=3

NAME = Drain X.MIN=2.5 IY.MAX=3

Specify impurity profiles and fixed charge

P-TYPE N.PEAK=3E15 UNIFORM OUT. FILE = MDEX1DS

P-TYPE N.PEAK=2El6 Y.CHAR= .25

N-TYPE N.PEAK=2E20 Y.JUNC=.34 X.MIN=0.0 WIDTH=0.5
XY.RAT= .75

N-TYPE N.PEAK=2E20 Y.JUNC=.34 X.MIN=2.5 WIDTH=2.0
XY.RAT= .75

QF = 1E10

Regrid on doping
DOPING LOG IGNORE = OXIDE RATIO=2 SMOOTH=1
IN. FILE = MDEX1DS

Specify contact parameters

NAME = Gate N.POLY

Specify physical models to use

CONMOB FLDMOB SREFMOB2

Initial solution regrid on potential
CARRIERS =0

ICCG DAMPED

POTEN IGNORE = OXIDE RATIO=.2 MAX=1 SMOOTH=1
IN. FILE = MDEX1DS
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42 ...

43. ..
44. ..
45. ..

46. ..
47. ..
48. ..
49. ..
50. ..
51...

+ FILL SCALE
COMMENT Solve using the refined grid Vds=4
SYMB CARRIERS = 0
SOLVE V Drain =4 LOCAL

COMMENT Calculate ionization integrals for Vds=6 8 10 12

LOOP STEPS = 4
ASSIGN NAME = BIAS N.VALUE=6 DELTA=2
SOLVE V Drain = @BIAS
EXTRACT IONIZATI X.MIN=2.0

PLOT.2D GRID TITLE = "Example 1A — Avalanche Simulation Mesh"

L. END
mdexla
8
ok
S_
L 1N i
~ /
§ [~ .
s s/ : '
TAAANANANA A NN : %
2 VIV VYN !
i 4/]\
¥} //,////\ \ ]
" Y i\
<E WL R S hars Jioe o T S ; S .
0.00 1.00 2. 00 3.00 4. 00
Distance (Microns)
4,26 mdexla 42 PLOT. 2D
mdexla 47—51 Ves =0V

VDS:10V VGS:OV VDS:].ZV
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Solution for Bias
V Gate
V Substrate

V Source =0.0000000E + 00
V Drain =1.0000000E + 01
Electrode Electron
Name Ionization
""" Substrate  0.6847
Drain 0.6847
Electrode Hole
Name Ionization
""" Substrate ~ 0.5200
Drain 0.5299

Solution for Bias
V Gate

V Substrate

V Source =0.0000000E + 00
V Drain =1.2000000E + 01
Electrode Electron
Name Ionization
""" Substrate  1.002
Drain 1.002
Electrode Hole
Name Ionization
""" Substrate  1.003
Drain 1.003

=0.0000000E + 00
=0.0000000E + 00

=0.0000000E + 00
=0.0000000E + 00

Peak Field
V cm

5.7214E + 05

5.7214E+ 05

Peak Field
V cm

5.7214E + 05
5.7214E + 05

Peak Field
V cm

6.9988E + 05
6.9988E + 05

Peak Field
V cm

6.9988E + 05
6.9988E + 05

VDS

X Location

microns

X Location

microns

X Location

microns

X Location

microns

Y Location

microns

1.2536E—-02

1.2536E- 02

Y Location

microns

1.2536E - 02
1.2536E - 02

Y Location

microns

4.1325E-02
4.1325E-02

Y Location

microns

4.1325E-02
4.1325E—- 02

>1
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X = 2.326 pm y =

0.041 p,m .
4.6. 4.3 MEDICI LDD
MOSFET
1.
LDD MOSFET
0.5 pm LDD MOSFET
10 nm 150 nm 0.2 pym LDD 0.1 pm.
2.
(1) mdex8a
mdex8a
MOS template file mosstr0.
mdex8a

1... TITLE MEDICI Example 8A-LDD-MOSFET Simulation
2 ... COMMENT Calculation of substrate current using the carrier

+ temperature-based impact ionization model

3... COMMENT Create the structure using the MOSFET templates
4... CALL FILE = mosdef0 " PRINT

59... COMMENT Modify the mosdef0 parameters to define a
+ 0.5 micron n-channel LDD

60... ASSIGN NAME = TRANTYPE C. VALUE = NMOS

61... ASSIGN NAME = FTLE . VALUE = E8A
62... ASSIGN NAME = LGATE .VALUE =0.5
63... ASSIGN NAME = LSOURCE .VALUE= 0.5
64... ASSIGN NAME = LSCONT . VALUE = 0. 25
66... ASSIGN NAME = LDCONT . VALUE = 0. 25
67... ASSIGN NAME = LSPACER . VALUE = 0. 15

68... ASSIGN NAME = TOX

C
N
N
N
65... ASSIGN  NAME = LDRAIN N.VALUE=0.5
N
N
N. VALUE = 0. 01
N

69... ASSIGN NAME = NSUB . VALUE = 5E15



Microelectronics

MICROELECTRONICS 213

70. ..
71. ..
72. ..
73. ..
4. ..
75. ..
76. ..
7. .
78. ..
79. ..
80. ..

81...
82...

506. ..
507. ..
508. ..

ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIGN

. ASSIGN

ASSIGN
ASSIGN
ASSIGN

COMMENT
CALL

COMMENT
CONTACT
MODELS

i

111

NAME = VITYPE
NAME = VTPEAK
NAME = VTCHAR
NAME = SDPEAK
NAME = SDJUNC
NAME = LDDPEAK
NAME = LDDJUNC
NAME = CHANSP
NAME = JUNCSP
NAME = RATIO
NAME = VDBMAX

Z =2 =2 =2 =2 = =2 =z =z = Q

. VALUE = P

. VALUE = 5E15
.VALUE = 0. 10
. VALUE = 1E20
. VALUE = 0. 20

VALUE = 2E18
VALUE=10.1
VALUE = . 005
VALUE = .03

.VALUE=1.4
. VALUE = 3

Create the structure using the template "mosstr0"

FILE = mosstr0

Specify models

NAME = Gate

P. POLY

N PRINT

CONMOB PRPMOB FLDMOB CONSRH AUGER

FLDMOB .

TMPDIF.

true’

TMPMOB
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509...
510...
511...
512...

514...
515...
516. ..
517. ..
518...

519...

520. ..

521...
522. ..
523. ..
524. ..
525...

526. ..
527. ..
528. ..
529...
530...

531...
532...

mdex8a

COMMENT Apply drain bias 2.0v
SYMBOL CARR =0
METHOD ICCG DAMPED

. COMMENT Perform three sets of solutions

SOLVE V Drain =2.0 OUT.FILE = TEMPSOL

+ 1. DDE solution mobility E  impact ioniz E
+ 2. Approx EB solution mobility E  impact ioniz T
+ no temp. enhanced diffusion
+ 3. Full EB solution mobility T impact ioniz T

LOOP STEPS = 3

ASSIGN NAME = ELETEMP L.VALUE= F T T

ASSIGN NAME = FULLEB L.VALUE = F
ASSIGN NAME = LOGFIL Cl = "MDESAID"
ASSIGN NAME = SOLFIL Cl1 = "MDEBASD"

LOAD IN. FILE = TEMPSOL

IF COND = @ELETEMP

IF COND = @FULLEB

MODELS TMPDIF TMPMOB II.TEMP
FLSE

MODELS " TMPDIF " TMPMOB II.TEMP
IF. END

SYMBOL CARR=1 NEWTON ELECTRON
METHOD ETX.TOL=0.10
ELSE
SYMBOL CARR=1 NEWTON ELECTRON
IF. END

COMMENT Sweep gate bias from Ov to 6v.
LOG OUT. FILE = @LOGFIL

F T
C2 = "MDEBAIE"
C2 = "MDEBASE"

ELE. TEMP

C3 = "MDESAIF"
C3 = "MDESASF"
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533...
534. ..
535...
536...
537...

538...

539 ...

540 ...

541 ...

542 ...

543. ..
544 ...

545 ...

546 ...

547 ...

548 ...

549. ..
550 ...

551...
552. ..

SOLVE

SOLVE

SOLVE

SOLVE
L. END

mdex8a

COMMENT
PLOT. 1D

+

+ TITLE = "Example 8A-Substrate Current

PLOT. 1D
+
PLOT. 1D
+
PLOT. 1D
+
LABEL
LABEL

LABEL

LABEL

LABEL

COMMENT
+
LOAD
PLOT. 2D
+
CONTOUR
LABEL

V Gate =0.00 IMPACT.I

V Gate =0.25 ELEC=Gate VSTEP=0.25 NSTEP=4 IMPACT.I
V Gate =1.50 ELEC=Gate VSTEP=0.50 NSTEP=8 IMPACT.I
V Gate =6.00 IMPACT.I OUT.FILE= @SOLFIL

4,27—  4.32

Plot substrate current for the three cases
IN.FILE = MDEBAID X.AX =V Gate Y. AX =1 Drain
LOG LINE=2 SYMB=1 BOT=1E-18 TOP=1E-2
IN.FILE = MDEBAID X.AX=V Gate Y.AX=1I

LOG COL=2 SYMB=2 UNCH

IN.FILE = MDESAIE X.AX=V Gate Y.AX=1I

LOG COL=3 SYMB=3 UNCH

IN.FILE = MDESAIF X.AX=V Gate Y.AX=1I

LOG COL=4 SYMB=4 UNCH

LAB="V Drain =2v"

"

LAB="I Drain X=3.5 Y=1E-5 LINE=2
START.L. LX.FIN=3.2 COL=1 SYMB=1
LAB="1I Sub. DD "

START.L. LX.FIN=3.2 COL=2 SYMB=2
LAB="I Sub. EB-full "

START.L. LX.FIN=3.2 COL=4 SYMB=4
LAB="I Sub. EB-approx "

START.L. LX.FIN=3.2 COL=3 SYMB=3

Impact ionization generation rate

and electron temperature

IN. FILE = MDE8ASD

BOUND FILL SCALE Y.MAX=0.4 L.ELEC= -1
TITLE = "Example 8A - DD Impact Ionization"
II.GENER LOG FILL MIN=13 DEL=1 LINE=1

LABEL = "V Drain =2v" X=0.1 Y=0.3
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553... LABEL LABEL = "V Gate =6v"

554... LOAD IN. FILE = MDE8SASF
555 ... PLOT.2D BOUND FILL SCALE Y.MAX=0.4 L.ELEC=-1
+ TITLE = "Example 8A — EB Impact Ionization"
566. .. CONTOUR II.GENER LOG FILL MIN=13 DEL=1 LINE=1
557... LABEL LABEL = "V Drain =2v" X=0.1 Y=0.3

558... LABEL LABEL = "V Gate =6v"

559 ... PLOT.2D BOUND FILL SCALE Y.MAX=0.4 L.ELEC=-1
L+ TITLE = "Example 8A — EB Electron Temperature"
560... CONTOUR ELE. TEMP FILL MIN=500 DEL=250 LINE=1

561... LABEL LABEL ="V Drain =2v" X=0.1 Y=0.3
562... LABEL LABEL ="V Gate =6v"
(2) mdex8a
8
= ek
4 s ]
2 AV / L 3L j
S /N \V’ z \] / \ =18
Az /A / /, \ N \\ 5 I
D o AL \ ] S ol
g 3L N = s St o
2 SEad et A 5 —L
g / / } NN S
S v/l MO =t
§ (=} / ) \ \ T § o:
g L ALA AN N 58 i
= — / LA VR \ A QQ —L
a / / ,/ \\_ [
[ i (= i
(=] S -
~ L
2 3|
o~ ~
0. 00 0.50 1. 00 1.50 0. 00 0.50 1. 00 1.50
Distance (Microns) Distance (Microns)

4.27 ( ) ( )
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21 T T T T
—S/D(X=0)

—---—LDD(X=0.5)
——— Channel(X=0.75) 4

log(Concentration(cm—2))

0.50 1.00 1.50 2.00 2.50
Distance (Microns)

4.28 /  S/D(x=0), LDD(x=0.5) (x=10.75)

V(Drain)=2 v R

- --& --[(Drain)
—64 F e 1(Sub.) (DD)
/ ——+— I(Sub) (EB-fulD
e . —a&— I(Sub)(EB-approx)

log(I(Drain) (Amps/um))
|
S

_16-
—18 : - - . .
0. 00 1. 00 2.00 3.00 4.00 5. 00 6.00
V(Gate) (Volts)
4.29 mdex8a 539—542
4. 29 — DD

EB-Approx. EB-full
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nonlocal dark space effects

o
=
<
8
2
(o)
g
s i =
B2, V(Drain) =2 V
B8 VGaeo=6V

P e R T o LG N 110 L ) () e A e T O VA e 10l et L SOt PG 1 SIS GRS (BN

0. 00 0.20 0. 40 0. 60 0.80 1.00 1.20 1. 40
Distance (Microns)
4.30 mdex8a 549—553

@
&
5
3
2
8
=
8
. V(Drain)=2 V gt
A 8l  VGae=6V
=) e e e e e e e (DR SN | Sl iy UG WA VYR
0.00 0. 20 0. 40 0. 60 0. 80 1. 00 1. 20 1. 40
Distance (Microns)
4.31 mdex8a 554—558

mdex8a 559—562 3.
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4.6.4.4 MEDICI SiGe
(HBT)
1.
npn Si;—,Ge, HBT HBT Si
Sii - Gey . Si - Ge, Si AE, AE,
-+ AE, AE,
Ge X
0.2
2.
@) mdex16
mdex16 Ge
1... TITLE Synopsys MEDICI Example 16 — 1D SiGe HBT Simulation
2... COMMENT Specify a "1D" Mesh Structure
3... MESH OUT. FILE = MDEX16M
4. .. X.MESH WIDTH=0.50 N.SPACES=1
5... Y.MESH DEPTH=0.1 H2=0.005 RATIO=1.2
6... Y.MESH DEPTH=0.1 H1=0.005
7... Y.MESH DEPTH=0.6 H1=0.005 H2=0.050
8 ... COMMENT Use a SiGe base X.MOLE=0.2 with a graded mole fraction
+ for the emitter-base and base-collector transitions.
9... REGION SILICON
10... REGION SIGE Y.MIN=0.100 Y.MAX=0.125 X.MOLE=0.0 X.END=0.2
11... REGION SIGE Y.MIN=0.125 Y.MAX=0.200 X.MOLE=0.2
12... REGION SIGE Y.MIN=0.200 Y.MAX=0.230 X.MOLE=0.2 X.END=0.0
13... COMMENT Electrodes Use a majority carrier contact for the base.
14... ELECTR NAME = Emitter TOP
15... ELECIR NAME = Base Y.MIN=0.125 Y.MAX=0.125 MAJORITY
16... ELECTR NAME = Collector BOTTOM
17... PROFILE N-TYPE N.PEAK=2E16 UNIFORM
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18. ..
19...
20. ..
21. ..
22. ..
23 ...

24. ..
25. ..
26. ..
27 ...

28. ..
29...
30...
31...

32...

33 ...

34...
35...
36 ...

37...
38...
39...
40. ..
41. ..
42. ..
43. ..

PROFILE
PROFILE
PROFILE
PLOT. 2D
FILL
PLOT. 2D
+
LABEL
LABEL
LABEL
PLOT. 1D
+
LABEL
LABEL
LABEL
PLOT. 1D
+
LABEL
+
COMMENT
+
SYMBOL
SOLVE
PLOT. 1D
+
PLOT. 1D
PLOT. 1D
PLOT. 1D
LABEL
LABEL
LABEL
LABEL

(2) mde

4, 32—

N-TYPE N.PEAK=5E19 Y.MIN=0.80 Y.CHAR=0.125
P-TYPE N.PEAK=2E18 Y.MIN=0.12 Y.JUNC=0.200

N-TYPE N.PEAK=7E19 Y.JUNC=0.10

GRID FILL SCALE TITLE = "SiGe HBT Mesh"

SET.COLOR C.SIGE=5 C.SILI

BOUND FILL SCALE JUNC L.JUNC=1

TITLE = "SiGe HBT Structure"
LABEL = "n-emitter" X=0.1

LABEL = "SiGe p-base" X=0.1

=3 /NP.COLOR

7 Y=0.05

7 Y=0.18

LABEL = "n-collector" X=0.17 Y=0.50

DOPING LOG X.ST=0 X.EN=0

TITLE = "Doping Through Emitter"

LABEL="n" X=0.05 Y=1El6

LABEL = "p X=0.15 Y=1El6
LABEL="n" X=0.50 Y=1El6

NCLEAR X.OFF=11.5

Y.ST=0 Y.EN=0.8 COLOR=2

X.MOLE X.ST=0 X.EN=0 Y.ST=0 Y.EN=0.8 COLOR=4 LINE=2

NCLEAR " AXES /" MARKS ’ LABELS

LABEL = "mole fraction max=0

LX.FIN=0.22 ARROW C.SI=0

Perform a 0-bias solution and plot the equilibrium

band diagram.

CARR =2 NEWTON

VAL NEG X.ST=0 X.EN=0
TITLE = "HBT Band Diagram Vce
CON NEG X.ST=0 X.EN=0
POT NEG X.ST=0 X.EN=0
QFP NEG X.ST=0 X.EN=0
LABEL = "conduction" X=0.40
LABEL = "potential” X =0.40
LABEL = "valence" X=0.40

LABEL = "Fermi level" X=0.26

x16

4.34

2" X=0.3 Y=0.18 START.LE

.2

Y.ST=0 Y.EN=0.8
=0.0 Vbe=0.0"
Y.ST=0 Y.EN=0.8
Y.ST=0 Y.EN=0.8
Y.ST=0 Y.EN=0.8
Y=0.25
Y=-0.3

Y= —-0.85
Y=0.05

MIN=-1.2 MAX=1.2

UNCH
UNCH
UNCH COL=2 LINE=2



Microelectronics

MICROELECTRONICS 221

Distance (Microns)

0. 200

0. 800

0. 000

0. 400

0. 600

8
o n-emitter
o
of SiGe p-base
(=) o
S
3
g
15
8
S o
s 2 gl
3 <)
g
2 n-collector
a
(=)
e (=)
O
(=3
L St
o
1 1 1 1 1 1 1 1 1 d 1 1 1 1 1 1 1 1 1
0. 000 0. 200 0. 400 0. 000 0. 200 0. 400
Distance (Microns) Distance (Microns)
4.32 mdex16 21—26 HBT ( )
HBT ( )
204 o E
T
194 ! ' ~<——mole fraction (max=0. 2) E
1 1
2185 , | ]
« I 1
| 1 |
§ 17 | ‘. ]
g AN
s 16 : ! 1
P 1 1
S 154 j | ]
a I 1
8 C
% 14 : '. 1
2 I |
131 | i 1
i \
124 i i 4
l| 1

Distance (Microns)

4.33 mdex16 27—32
X

Ge

I
0.000 0.100  0.200 0.300 0.400 0.500 0.600 0.700 0.800
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10...

- T T T T T T T

o_ -

o]

Lo_ -
~ d 1
% 1 conduction
Z g Fermi level
Gl e U N
g |
ig | potential
a 2B

e

il

1 valence

o1

=3

T T T T T T T T

0.000 0.100 0.200 0.300 0.400 0.500 0.600  0.700 0.800
Distance (Microns)
4.34 mdex16 36—43
(3) mdex16f
mdex16f mdex16 HBT
Si -, Ge, Sty Gey

. TITLE Synopsys MEDICI Example 16F — 1D SiGe HBT Simulation

. COMMENT Read in mesh specify contact and model parameters
. MESH IN. FILE = MDEX16M
. CONTACT NAME = Emitter SURF.REC VSURFN=1E5 VSURFP = 1E5

. MODELS CONMOB FLDMOB CONSRH AUGER BGN

. COMMENT Use Vc=2.0 ramp the base voltage
. SYMBOLIC NEWTON CARRIERS =2
. METHOD CONT. STK

. LOG OUT. FILE = MDE16BI

SOLVE V Collector =2.0 V Base =0.0

+ ELEC = Base VSTEP=0.05 NSTEPS =16



Microelectronics

MICROELECTRONICS

223

11...

12...

13 ...

14 ...

15...
16. ..

17...

18 ...

EXTRACT NAME = Beta EXPRESS= @I Collector @I Base

COMMENT Plot Ic and Ib vs. Vbe

PLOT. 1D IN.FILE=MDE16BI X.AXIS=V Base Y. AXIS=1 Collector LOG
+ LEFT=0 RIGHT=0.9 BOTTOM=1E-15 TOP=1E—-3 POINTS

+ TITLE = "Example 16F — HBT Gummel Plot" COLOR = 2

PLOT. 1D IN.FILE=MDE16BI X.AXIS=V Base Y.AXIS=1 Base LOG

+ UNCH COLOR=3 LINE=2 POINTS

LABEL LABEL = "Ic" X=0.5 Y=7E-8

LABEL LABEL="Ib" X=0.5 Y=2E-11

COMMENT Plot the current gain vs. collector current

PLOT. 1D IN. FILE=MDE16BI X.AXIS=1 Collector Y. AXIS = Beta X.LOG
+ Y.LOG LEFT=1E-10 RIGHT=1E—-3 BOT=10 TOP=1E3 COLOR=2
+ TITLE = "Example 16F — HBT Gain vs. Collector Current"

+ POINTS

(4) mdex16{

log(1(Collector) (Amps/um))

—12+
—134
— 1473

0.000  0.200  0.400  0.600  0.800
V(Base) (Volts)
4,35 mdex16f 13—16 Gummel

( L L Vi )
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3
2 o
®
1 T T T T T T
—10 —9 —8 —7 —6 —b —4 —3
log(1(Collector) (Amps/um) )
4.36 mdex16f 18 B L
4. 36 Si
Sii—, Ge, 1~2
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SUPREM-2
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5.1.1
Stanford
SUPREM-4 2.4 Synopsys Silvaco
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1990 OKI Electric Industry Co. Ltd TCAD
OPUS 3D 5.1 5.2
Synopsys TAURUS PROCESS 5.3 OPUS
TAURUS PROCESS

CPU

5.1.2

5.1.2.1 SAMPLE

SAMPLE Simulation And Modeling of Profiles in Lithography and Etching
UC Berkeley 1979
1980
5.4 5.5 2,49 2.50

SAMPLE

SAMPLE  FORTRAN 77 15 000
SAMPLE 2.49 2,50 |
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0.625 pm

5.7 .
2.
@)

1. 25 Hm

SAMPLE 5.6

# Single wavelength projections lithography

lambda 0.4358

proj 0.28

linespace 1.25 1.25
parcohdef 0 0.7 1.5
run 1
resmodel 0.4358

0.551 0.058 0.010

1.68 -0.02 0.7133
layers 4.73 -0.136
1.47 0.0 0.0741
dose 150
run 3
devrate 1 5.63 7.43 —12.6
devtime 15 75 5
run 4
descumspec 0.02 0.04 3

SAMPLE

(2)

=+ o o H o

A

lambda parameter
numerical aperture
linespace parameters
sigma and defocus

run image machine

resist exposure parameters

layer parameters

dose for exposure in mJcm ™ *
run exposure machine

resist development parameters
development times

run development machine

run descum

SAMPLE

# Single wavelength projections lithography

=

lambda 0.4358



Microelectronics

230  WICROELECTRONICS

0.435 8 pm.
proj 0.28
0. 28 Hm.
linespace 1.25 1.25
1. 25 ‘um 1. 25 ym.
parcohdef 0 0.7 1.5
0.7 1.5 ym.
run 1
resmodel 0.4358
0.551 0.058 0.010
1.68 -0.02 0.7133
0.4358
C Dl 58 o =AM+ B % — IMC
M 1 A
=0.551 ym~' B
=0.058ym ' C
0.010 cm® m] n k = 1.68 —0.02 k
k=— A+B X dr 0.713 3 ym.

layers 4.73 —0.136
1.47 0.0 0.0741

n k473 —0.136
0.074 1 pm
1.47 0.0 .

dose 150

150 mJem™ 2.
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run 3

devrate 1 5.63 7.43 -12.6

rate rate M = exp E, + E,M + E; M?
E, E, E, 5.63 7.43 —12.6.

devtime 15 75 5

15 sec 75 sec 5 15 sec 30 sec
45 sec 60 sec 75 sec 5 5

run 4

descumspec 0.02 0.04 3

descumming 3
“ "3
“ " 0.02 Ium 0.03 gm 0. 04 Hm.
3.
SAMPLE 5.
5.1.2.2 DEPICT
DEPICT 3 DEPICT-2 DEPICT-3 DEPICT-4
DEPICT-2 TMA Technology Modeling Associates Inc.
USA 1990 5.9
SAMPLE
[ ]
) aerial imaging model
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1:' T T T T T LA L G: T T T T T T T
0.9F yaE
0.8F / ] —0-1F
ERX:: ] —6.2 15
; _ / /é L 75M
& 0-8F / 1 Z-osf a ¢
wn) - 3 E
4 0'55 E —0.4F \
e 0-4F / E 2 : 30's
= 0.3F 3 a —0.5F o a
0.2f- E —osk Wﬁ
01—_/ E ok 77 M5 N\
6201 05 08 T iz 002 04 06 08 1 1z
DISTANCE (pm) DISTANCE (pm)
a b
—0.1F ]
—022—
2 osf V ]
o ; ]
5 O ]
) i ]
2 —osf :
z 4 5
—0.6F ‘ 1
—oaf [ g
002 04 06 0.8 1 12
DISTANCE (um)
C
3
5.1 SAMPLE ( [2.49])
[ )
[ ) .
() TMA TCAD
TSUPREM-4 DEPICT-2
TMA PISCES-2B 4.8
TMA 1993
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1996 DEPICT-3 5-10 DEPICT-4 5-11 | DEPICT-3

51.

12

{ TMA TSUPREM-4
TMA MEDICI 4.7
RAPHAEL 5.12
DEPICT-4 DEPICT-2  DEPICT-3

o
300 pm X 100 pm I-line SPARC 20
30 .
° OPC—Optical Proximity Correction .
([ J
o
[
 J GDS [I
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DEPICT .
4 constant aerial intensity
AA' . 4
0.6 pm c=0.7
NA = 0. 28.
5 DEPICET-2 4
5 “ " .

£
g '
i

448 s
Lower Oxide thickness (um)

5.2 SiO, /Poly-Si/SiO, /Si
DEPICT-3 ( [5.10])

DEPICT-3 DEPICT-3
5.2

6 7 DEPICT-4
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SPARC 20
0.4 pm 300 pm X 100 pm I-line
GDS [
6
7
5.1.2.3 ELITE
ELITE Silvaco 5.13
1C reflow
APCVD LPCVD
. ATHENA ELITE SSUPREM-4 OPTOL-
ISH 5. 14 CMP MC
MC
ELITE
. ELITE string algorism
8 9 ELITE
ELITE
9 ELITE
5.8 void .
5.1.2.4 OPTOLITH
OPTOLITH Silvaco 5.
.OPTOLITH GDS-1I 1C

.OPTOLITH
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10 OPTOLITH
10
5.1.2.5
SAMPLE DEPICT ELITE OPTHLIH
PROLITH PROFILE SIMPL SIMPL-1 SIMPL-2
SIMPL-DIX 3D-MULSS . 5.1 PROLITH 6
5.1
5.15
PROLITH Dept of Defense 1986
2.50
5.16
PROFILE Stanford U 1988 5.17
2.50
SIMPL-1 UC Berkeley 1983 o 18
2.50
SIMPL-1
SIMPL-2 UC Berkeley 1985 ; éi
SAMPLE )
SIMPL-2

. SIMPL- 5.19

SIMPL-DIX UC Berkeley 1988 .
DIX DIX Design 2.50

Interface in Xwindow
Mitsubishi Elec-
3D-MULSS| . | . 1990 Al 5. 20
tric Corporation
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5.1.3

J. Lorenz COMPOSITE 5-21 |
COMPOSITE COMPOSITE
COMPOSITE
DEPICT
TSUPREM-4
OPTOLITH SSUPREM-4

ELITE

5.1.4

Carnegie-Mellon
University CMU 1982
FABRICS »- 22 1984
FABRICS | ®-23 . FABRICS I CMU
FABRICS [l
5.1.4.1 FABRICS I
FABRICS [
1C NMOS CMOS
FABRICS . FABRICS [I
1C .
FABRICS [ FAB1 FAB2 FABI FAB2
FAB1 FAB2
. FABRICS 1[I
SUPREM

SEDAN MINIMOS
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FABRICS [
JPDF Joint Probability Density Function .
JPDF
JPDF JPDF
JPDF
JPDF

5.1.4.2 FABRICS []

FABRICS [
tors
5.3 3 RNG’s
Wafer level Chip tavel
RNG2 i
Om (means) !
i m
i ¢| RNGI
. i
o RNG3 i (local fluctuation)
o (standard i
< deviations) '
i
5.3

N [5.22])

RNG’s Random Number Genera-

RNG’s . 5.3
RNG’s
RNG1
RNG
D;. RNG2
RNG1 D,

.RNG2  m, on

my,

RNG3 m, o,

RNG3

O

Om
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FABRICS [ C

5.1.4.3 FABRICS []

FABRICS [ FAB1 FAB2
.FABI1 FAB2 5.4 5.5
Disturbances —| RNG LI rar Set of
L= | Main Physical |—
Process Parameters - Routine Parameters
Process | |
Supervisor RIPOLAR CMOS
Routines NMOS an LMOS
| Diffusion | Oxidation | Annealing
Fabrication Step Routine Library
5.4 FABI1 ( [5.237])
Devi
Physical f\‘/IAaiZ 1\;;(11?1
Parameters Routine Template
| Device Layout | Device Template Library
Library
* * A of1 MOS BJT
— uxiliary (G 1
Circuit Parasitics Routines (SPICE) ;:::)e
Simulator Extractor
InputFile (FRED)
(e. g. SPICE) *
Circuit
Extractor
(ACE)
Layout File
(e. g. CIF)

5.5 FAB2 ( [5.23])
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5.4
FAB2
5.5
MOS
MOS
Poon
CIF
5.1.4.4
CMU
1 VLSI
i1
111
5.23  5.26
v NMOS
5
CMU

FABI1
. FABI1
FAB2 FABI1
FABI1 FAB2
FAB2 .
npn  pnp MOS
.FAB2
Shichman-Hodges Gummel-
5.5 CIF  Caltech Intermediate Form
ACE A Circuit Extractor CMU
FRED
80 FABRICS [I
5.23 5.24
IC 5.23  5.25
1C
64 bit X 64 bit DRAM 5.23
statistical moments 5.23

FABRICS [T FABRICS 1[I
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FABRICS [I 1C TCAD
TSUPREM-4 MEDICI
(@ 1C
1C 1C “ " Design For Manu-
facturing DFM 90
TCAD DFM
DFM TCAD 1C
<100 nm 5.27 — 5.33
5.1.5
SEDAN-1 SEDAN-3 MINIMOS-2 MEDICI
Synopsys
MEDICI Version X-2005. 10
pn pn
MOS MOS MOS MS MS MS
Si SiGe AlGaAs GaAs
Si TFT
MOSFET
MOSFET MOSFET
5.34 5.35

CMOS
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5.35  5.36
5.2
5.2
1980 2 5.37
FIELDAY IBM
1981 7 5.38
1 2
1981 12 e T
WATMOS Waterloo MOSFET
1982 4 5. 40
1984 5 5.41
CADDETH Hitachi 819
1985 10 5.42
SIERRA TI 1989 5 5.43
250 000
1990 6 5. 44
STRIDE Stanford _
1991 9 5.45
MINIMOS 5  MINIMOS
MINIMOS 5 1990 8 MIN-1 < 46
1 ol Je Jd.
ienua IMOS 6. 1
MINIMOS 6. 1 Vienua 1992 S 6 5.47
SOI MOSFET’s
MESFET s
Munich _
SITAR , 1990 11 5.48
Siemens
MOSFET
SMART 1[I Matsushita 1991 5 5.49
Monte _
PMC-3D Hughes 1994 6 | . 5.50
Carlo
DAVINCI
TMA 1990 11 5.35

Version 2. 1
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( )
DEVICE 3D BLA2E
3D GIGA 3D TFT 3D
. N MIXEDMODE 3D QUAN- o
3D ATLAS Silvaco 1996 10 5.51
TUM 3D LUMINOUS 3D
DAVINCI _ _
. _ Synopsys 2005 6 5.52
Version X-2005 6
Taurus Device ~ ~
. _ Synopsys 2005 6 5. 36
Version X-2005 6
NPN 11 5.35 |
11 a
b
11
NPN
5.1.6
VLSI ULSI 0.5 pm
GHz
5.1.6.1
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Maxwell
SPICE
5.53
Maxwell
Poisson
well
CPU
Maxwell

low-k

Maxwell

1—31

Maxwell

Max-
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(52}
(21
S
o

5.1.6.2
3
SAP 5.55 Synopsys
X-2005. 06 5-56 Silvaco
1. SAP
SAP  Smart Analysis Program

1998 6 San Francisco

Technology Conference

SAP SCAP

Backward-Euler

w

Black

Vienna

RAPHAEL Version

PARASITIC EXTRACTION 5.57 |

Vienna

International Interconnect

STAP

Laplace  Poisson

Crank-Nicholson

MCSR
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SAP LAYGRID

CUTGRID
GDSII
CIF
SAP www. lue. tuwien. ac. at .
2. RAPHAEL
RAPHAEL
RAPHEAL TMA HP 1991 28
ACM IEEE Design Automation Conference 5.58
10 RAPHAEL ——RAPHAEL Version X-2005. 06
Synopsys
Synopsys RAPHAEL
RAPHAEL
GUI
RAPHAEL
RAPHAEL 5
RC2 RC2-BEM RC3 RC3-BEM
RI3 . RC2
. RC2 Laplace  Poisson
.RC2-BEM  RC2
RC2 . RC3
RC2 RC3
.RC3-BEM  RC3
RC3-BEM RC3
RC3 . RI3
. RC3 . RI3
RC3 RI3 RC3

.RAPHAEL 5

RC2  RC2-BEM
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RC3  RC3-BEM 5.56 .
RAPHAEL Graphical User Interface GUI
GUI 4
D (Parasitics Database)
foundries . RAPHAEL
(2) (Layout Parameter Extraction, LPE)
LPE , LPE , : Cadence’s Dracula, Diva, Vam-
pire, Mentor Graphics’ xCalibre = ICextract (rule files)
3) (Field Solvers)
RAPHAEL 5 GUI
(4) RAPHAEL (RAPHAEL Interconnect Library, RIL)
RIL RAPHAEL
RAPHAEL . 5. 14
RILL. GDSII . GDSII GDSII
GDSII Stream Format Interface RAPHAEL
. GDSII Synopsys TCAD 1IC
Taurus Layout . GDSII 1C GDSII
1C
@ @&
Raphael
Values Current Netlists
Temperature

5.6 RAPHAEL ( [5.56])
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5.6 RAPHAEL
IC
SPICE Netlists .
3. PARASITIC EXTRACTION
PARASITIC EXTRACTION Silvaco
SPICE
Silvaco PARASITIC EXTRACTION 5
CLEVER STELLAR QUEST EXACT HIPEX.
(1) CLEVER
CLEVER
SPICE
. CLEVER
5.7
CLEVER Inputs/Outputs
Inputs Outputs
(SPICE netlist with active\
Technology rule file for (| devices and interconnect
[device recognition h ( CLEVER 1 | _Parasitic J
(Froegmor—) || Pt Bamcor | | (Awnotwed byou e )
Lcommand e J—T | showing active device
[Cell layout (in GDSID) :I—J | Platforms ?ﬁ:fnbptmw;l Interactive 2D and 3D |
— graphics
5.7 CLEVER / ( [5.57])
(2) STELLAR
STELLAR
50 000

. STEL-
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LAR

LAR 5.8

SPICE

. STEL-

STELLAR Inputs/Outputs

Inputs

Outputs

[Technology rule file for

device recognition

Process definition
command file

STELLAR

Characterization of
Standard Cell Parasitics

SPICE netlist with active
devices and capacitances

Interactive 2D and 3D

graphics
[Cell layout (in GDSID)
5.8 STELLAR / ( [5.57])
(3) QUEST
QUEST
RF SPICE . W-
SPICE GDSII
GUI
. QUEST 5.9
QUEST Inputs/Outputs
Inputs Outputs
I Technology file ]_\ /_lwfelement transmission ]
L - ) |line SPICE models J
[ Process parameters | { 3 || Frequency dependent |
I\" FUTEEE pEReAEEE v JI | | | inductor SPICE model |
| | . J
| QUEST |
((ner Lo £ ) | I I SV )
| GDS1I layout file | e — e 4 - . . =11 Multi-port S-parameters |
L J | High Frequency Parasitic | L J
Ve ~ I Extraction I r ~
Il Field Solver parameters JI— i i _Il 3D structure files JI
. J
Design of Experiment RLCG and Q factor
(optional) data files
5.9 QUEST / ( [5.57])
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(4) EXACT
EXACT
LPE . EXACT
Mentor  xCalibre  Calibre xRC Candence
Diva  Dracula LPE Silvaco  HIPEX
dual damascene
low-k . EXACT
LPE . EX-
ACT 5.10
EXACT Inputs/Outputs
Inputs Outputs
|' Calibre, Calibre XRC ,\l
~— Dracula LPE,Diva, |
l HIPEX, rule f1les J
I( EXACT \I I - N N\
(e i | { Tabulated capacitance |
technology files | | | Luables )
I | Interconncct Characterization | { Interconnect parasitic |
— System '7_>Ldatabase Jl
[Parameterized test ) J ! «3D Field Soiver ! ( 3
l structures or GDS I 1'- I «Ontimizar I —Il SPICE netlist ,I
\ * Worksheet J}
\—{ Statistical package I
L J
5.10 EXACT / ( [5.57])
(5) HIPEX
HIPEX
DRC LXS LPE RC
5.11 HIPEX HIPEX-NET
MOSFET MESFET BJT JFET
. HIPEX-C . HIPEX-RC
RC . HIPEX-CRC
. HIPEX 5.12
3

Poisson
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HIPEX Products Inputs/Outputs

Inputs Outputs
Geometric Layout ( , . A
(GDSII ,CIF) SPICE netlists with
(| parasitic C or RC
| vy
Technology ﬁlTS ]7
(Extraction rules) - ~
HIPEX SPICE ,DSPE, SPEF netlists
with distributed C or RC
[Option files Jﬁ Full-Chip Parasitic Extractors knetworks y
s ~
| .
[Graphic User Interface}—/ Summary Files
| vy
5.11 HIPEX ( [5.57])

HIPEX Full-Chip Parasitic Extractor Product Design Flow

EXACT -
Plgoctess D Fiold Technology HIPEX-NET SPICE
ate Solver File HIPEX-C Netlist
© HIPEX-RC
Cell Date

Cell Libraries
—

— OPTION

Design
Data GDSII
~—— HIPEX-CRC [ 777
GUI i

e et

Command N -
Data
5.12 HIPEX / ( [5.57])
SPICE 3
Stanford Chemnitz
ANSYS 5.59
5.60 — 5.64 ANSYS
8§5.2
ITRS 2005 Modeling and Simalation 5. 65

2005—2013 2014—2020
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5.2.1
5.2.1.1 10
5.65
TCAD—
TCAD

compact model

10
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5.65 10
5.65
=32 nm 2005—2013
<32 nm 2014—2020 28~14 nm.
.3 5.4
5.3 ( [5.65])
Year of Production 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
DRAM 1 2 Pitch nm con- _ _
80 70 65 57 50 45 40 36 32
tacted
MPU ASIC Metal 1 M1 1 2 _
. 90 78 68 59 52 45 40 36 32
Pitch nm contacted
MPU Physical Gate Length
32 28 25 22 20 18 16 14 13
nm
5.4 ( [5.65])
Year of Production 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
DRAM 1 2 Pitch nm contacted 28 25 22 20 18 16 14
MPU ASIC Metal 1 M1 1 2 Pitch nm
28 25 22 20 18 16 14
contacted
MPU Physical Gate Length nm 11 10 9 8 7 6 6
5.2.1.2
=32 nm 9 2005—2013
5. 65 6

1. 5~100 GHz

S- R-C-L
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HBTs CMOS LDMOSTs

11 RF
v GV

EM

St SiGe SOl

[o8)
P2
/s

CMP

— high-k
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255

low-

® CMP

ECP

® MOCVD PECVD ALD

4.
®

e~ o 0

e 6 > 0 0 o

NA

immersion lithography

defect printing

CMOS
CMOS
high-k

CMOS

OPC

PSM



Microelectronics

256 WICROELECTRONICS

high-k
low-k high-k

5.2.1.3

<32 nm 28~14 nm 7 2014—2020
5.65 4

e X 0 0

FD-SOI Fin FET FET

CMOS

[ ] o ~° & 0 0 o

e & 0
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5.2.1.4
5.2.2
5.2.1
5.65
5.2.1
5.2.1 5. 5.4
5.5 5.6 a b c d
a
b
c
d
5.2.2.1
5.5 )
2005 2006 2007 2008 2009 2010 2011 2012 2013
¢ Highk 1

b

SPER
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2005 2006 2007 2008 2009 2010 2011 2012 2013
a d NGL
b EUV EPL ML2
OPC EUV EPL
MIL.2
d
a b
LER b
EUR
. b
b
a d
ULK
CMP
b
dum-
my layout
d
‘C padwear CMP
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( )
2005 2006 2007 2008 2009 2010 2011 2012 2013
a
b
—CMP— —
b
d
a
b  high-k
b
a
CMOS b b
b MRAMs PCMs FeRAMs SO-
NOS NROMs
¢ MRAMs PCMs
FeRAMs SONOS b
NROMs
c NIV
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2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
¢ b
d
CMOS \
CMOS ’
b
a d b
RLC
RLC

C
low-k
C

I

’ b b
RLC
¢ b d
C

b
C

b b
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.2.2.2

5.6

2014

2015

2016

2017

2018

2019

2020

MIL2

EUV EPL

CMOS

b
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2014 2015 2016 2017 2018 2019 2020
I

’ d

d
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5.1 S. Ushio et al. “ A Fast Three-dimensional Process Simulator OPUS 3D with Access to
Two-dimensional Simulation Results " IEEE Trans. Computer-Aided Design CAD-9
1990 p. 745

5.2 J.Ueda et al. “ Technology CAD at OKI" Microelectronics Journal. 26 1995 p. 159

5.3 “ Taurus Process Reference Manual " Version X-2005. 10 October 2005 Synopsys
Inc.

5.4 W.G. Oldham et al. IEEE Trans. on Electron Devices Vol. ED-26 No. 4 April
1979 p. 717
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5.6 M. G. Rosenfield and A. R. Neureuther IEEE Trans. Electron Dev. Nov. 1981
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SUPREM-2 2.2

SUPREM-4

SUPREM-2
SUPREM-2
3 11
INITIALZATION INPUT OUTPUT PROCESS MODEL
TITLE PRINT STEP
COMMENT PLOT MODEL
END SAVE
GRID LOAD
SUBSTRATE
4
SUPREM-2 72
+ .
TITLE END COMMENT . . TITLE
COMMENT

END
NAME = VALUE

PARAMETER VALUE
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VALUE NUMERICAL
LOGICAL VALUE
N NUMERICAL 10. 2 1.28E-14 350.236
L LOGICAL T TRUE Y YES F FLASE N NO
E ELEMET }A%SB(A)I;(S)EINI(P PHOSPHORORUS SB ANTIMONY
S STEP TYPE STEP
M MODEL TYPE MODEL
P PARAMETER NAME
FT FILETYPE A ASCII B BINARY
MICRON ATOMS
CUBIC CENTIMETER ATOMS SQUARE CENTIMTER.
MINUTES MICRONS MINUTE MICRONS
SQUARED MINUTE.
OR .
1. INITIALIZATION CARDS( )
(1) TITLE CARD
TITLE CARD
. TI-
TLE CARD TITLE CARDS

TITLE

(2) COMMENT CARD

COMMENT CARD

CARD

TITLE CARD
STEP CARD COMMENT
. COMMENT
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CARD
COMMENT

(3) END CARD

END CARD
END
END CARD
END .
(4) GRID CARD
GRID CARD .
TITLE CARD GRID CARD
100 400
3
10 25
4 . GRID
CARD DYSI . GRID CARD
DPTH
. GRID CARD YMAX
DPTH YMAX
DYSI
0.01 . 0.02 0.03
100. 100

DYSI DPTH YMAX .
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400 DYSI 4
GRID CARD YMAX
GRID CARD
—xm [H
- DPTH—~
YMAX
Dz DYSI (4% DYSI, 0.15 M)
~ R, 2 i
R | R n
100 5 3] 400 &5

GRID DYSI= N DPTH= N YMAX= N
DYSI DPTH

MICRONS. =0.01
DPTH MICRONS

DYSI =0.01
YMAX MICRONS.
(5) SUBSTRATE CARD
SUBSTRATE CARD .

. SUBSTRATE CARD TITLE GRID CARD
. SUPREM-2 111 100
P N + - B P SB

SUBSTRATE ORNT= N ELEM= E CONC= N

.15

AS
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ORNT 111 100
ELEM
B P SB AS
N .
CONC ELEM
2. INPUT/OUTPUT CARDS( / )
(1) PRINT CARD
PRINT CARD SUPREM-2
CARD
PRINT CARD HEAD
CARD TOTL IDIV
PRINT CARD
FALSE.
STEP CARD . PRINT CARD
PRINT CARD
PRINT HEAD= L TOTL= L IDIV= L
HEAD =FALSE
TOTL
=FALSE N
IDIV
. =FALSE N
(2) PLOT CARD
PLOT CARD
CARD GRID CARD
LINE PRINTER
DEVICE
AXIS DATA SUPREM-2

GRID

STEP CARD

PRINT

TRUE

PRINT CARD

TITLE
. SUPREM-2
STANDARD LIST

5
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4 .
PLOT CARD  WIND

THE PLOT WINDOW

Y
0. 05
10 g log CMIN
NDEC
UNDERFLOW OVERFLOW
4 PLOT CARD . TOTL
IDIV
. AXIS
.DATA
PLOT WIND= N CMIN= N NDEC= N TOTL= L IDIV= L
+ AXIS= L DATA= L
WIND MICRONS =4,
CMIN LOG =14.
NDEC =7.
TOTL =FALSE.
IDIV
=FALSE.
AXIS =FALSE.
DATA =FALSE.
3 SAVE LOAD CARD
SAVE LOAD CARD
. LOAD CARD TITLE
END CARD . SAVE CARD
SAVE LOAD CARD

FORTRAN
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SAVE LUNM= N TYPE= FT LOAD LUNM= N TYPE= FT

LUNM FORTRAN
20 29

TYPE ——ASCII FT=A BINARY FT=B .

BINARY ASCIT 20
3. STEP CARDS( )
STEP CARD . 6
SUPREM-2

@)

PEARSON-[V

SUPREM-2
STEP TYPE=IMPL ELEM= E DOSE= N
+ AKEV= N OR RANG= N STDV= N MODL = M
ELEM B P SB AS
DOSE ATOMS CM 42
AKEV KEV
RANG . MICRONS
STDV MICRONS
MODL
(2

SUPREM-2

200 C
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STEP TYPE=ETCH TEMP= N

TEMP
TIME
ERTE
MODL
(€D)

STEP TYPE =DEPO TIME= N

TIME

GRTE
ELEM
CONC
MODL
€Y

MODL

STEP TYPE=O0XID TIME= N

TIME
TEMP

TRTE
MODL

ELEM

. TEMP
TRTE

SUPREM-2

TIME= N ERTE= N MODL = M

C.
MINUTES.
MICRONS MINUTE.

CONC
GRTE= N  ELEM= E CONC= N

MINUTES
MICRONS MINUTE
B P SB AS
ATOMS CM A 3

MODEL CARDS

NITO
TEMP = N TRTE= N MODL = M
MINUTES
© _
‘C MINUTE. =0
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(5
. SUPREM-2
. CONC ELEM
. TEMP
TRTE

STEP TYPE=PDEP ELEM= E CONC= N TIME= N TEMP = N TRTE= N

+ MODL = M
ELEM B P SB AS
CONC ELEM ATOMS CM A 3
TIME MINUTES
TEMP C.
TRTE ‘C MINUTE. =0
MODL
(6)

ELEM . CONC

GRTE .
TEMP ) TRTE
MODL

STEP TYPE =EPIT TIME= N GRTE= N TEMP = N TRTE= N
+ MODL = M ELEM= E CONC= N
TIME MINUTES.
GRTE MICRONS MINUTE
TEMP C _
TRTE ‘C MINUTE =0
ELEM B P SB AS.
CONC  ELEM . ATOMS CM A 3
MODL

4. MODEL CARDS( )
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MODEL CARDS . MODEL CARDS
. MODEL CARDS 4
4
3 3
1—5 SUPREM-2 50
MODEL CARDS.
ELEMENT MODELS BORON MBONO NO = 1—5
PHOSPHORUS MPHNO NO = 1—5
ANTIMONY MSBNO NO = 1—5
ARSENIC MASNO NO = 1—5
OXIDATION MODELS STEAM STMNO NO = 1—5
WET WETNO NO = 1—5
DRY DRYNO NO = 1—5
NITROGEN NITNO NO=1—5
EPITAXY MODELS EPINO NO=1—5
SPECTAL PURPOSE MODELS SPMNO NO = 1—5
STEP CARD
MODL=MAS2 . MODEL CARD
MODEL CARD.
@b)

MODEL CARD

BORON MBO1 MBO2 MBO3 MBO4 MBO5
PHOSPHORUS MPH1 MPH2 MPH3 MPH4 MPHS5
ANTIMONY MSB1 MSB2 MSB3 MSB4 MSB5
ARSENIC MAS1 MAS2 MAS3 MAS4 MASS
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=DOX0 * EXP — EOX@ @KT
= SEGO * EXP — SEGE KT
= STCO * EXP — STCE KT
= HSFO * EXP — HSFE KT

= DSXN x EXP — ESXN KT
= DSXN % EXP — ESXN KT + DSXD x EXP — ESXD KT
= DSXN x EXP — ESXN KT + DSXW x EXP — ESXW KT
=DSXD x EXP — ESXD KT
= DSXW x EXP — ESXW KT
KT= * K
BETA

FACTOR= 1+ BETAx N P NIEF 1+ BETA

N P NIEF

NIEF  10% NIEF FACTOR=1

= KEQO * EXP — KEQE KT
= KDCO % EXP — KDCE KT

= CLST
MODEL NAME= M  DOX0= N EOX0= N DSXN= N ESXN= N
+ DSXD= N ESXD= N DSXW= N ESXW= N
+ SEGO= N SEGE= N HSFO = N HSFE= N
+ STCO= N STCE= N BETA= N CLST= N
+ KEQO = N KEQE= N KDCO = N KDCE= N
DOXO0 MICRONS SQUARED MINUTE
EOXO0 .ELECTRON VOLTS
DSXN . MICRCNS SQUARED MINUTE
ESXN .ELECTRON VOLTS
DSXD . MICRONS SQUARED MINUTE

ESXD .ELECTRON VOLTS
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DSXW . MICRONS SQUARED
MINUTE

ESXW .ELECTRON VOLTS

SEGE EIECTRON VOLTS

STCO MICRONS MINUTE.
STCE .ELECTRON VOLTS

HSFO . MICRONS MIMUTE.
HSFE .ELECTRON VOLTS

STEAM STM1 STM2 STM3 STM4 STM5
WETO2 WET1 WET2 WET3 WET4 WETS
DRYO?2 DRY1 DRY2 DRY3 DRY4 DRY5
NITROGEN NIT1 NITZ2 NIT3 NIT4 NIT5

= LRTE x EXP — LREA KT x PRES

= PRTE » EXP — PREA KT x PRES
KT= * K

MODEL NAME = N LRTE= N LREA= N PRTE= N PREA= N
+ PRES= N
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LRTE . MICRONS MINUTE

LREA .ELECTRON VOLTS

PRTE . MICRONS SQUARED MINUTE
PREA .ELECTRON VOLTS

PRTE . MICRONS SQUARED MINUTE
PRES ATMOSPHERES

3

1—5 EPI1 EPIZ EPI3 EPI4 EPI5.

MODEL NAME = M FAUT= N FRAC= N

FAUT
FRAC
)
.5
SPM1 SPM2 SPM3 SPM4 SPMS5.
MODEL NAME = M NIEF = N NIEA= N GATE= G QSSQ= N
+ CBLK= N
NIEF NI
NI=NIEF * EXP —NIEA KT » T=x % 1.5 K
T K
—2.09717E16 ATOMS CM 4 3
NIEA . =
0- 561839EV
GATE 3 .
P+ N+. G AL + — =AL.
QSSQ
STATES CM 42 =0.
CBLK
CBLK=0

CBLK=1
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CBLK= N P N
5.
Al A2 SUPREM-2
100 111
Al
NAME ORNT BORON PHOSPHORUS| ANTIMONY ARSENIC
SEGREGATION COEFFICIENT
SEGO 111 1126.0 10.0 10.0 10.0
SEGO 100 2208.0 10.0 10.0 10.0
SEGE 111 0.91 0.0 0.0 0.0
SEGE 100 0.96 0.0 0.0 0.0
SURFACE TRANSPORT COEFFICIENT
STCo 1. 674E7 9. 0ES 1. 5E3 9. 0ES
STCE 2.481 1. 99 1.04 1. 99
MOVING BOUNDARY FLUX TERM
HSFO 0.1 0.1 0.1 0.1
HSFE 0.0 0.0 0.0 0.0
SILICON DIOXIDE DIFFUSION COEFFICIENT
DOXOo0 1. 896E6 4.56E7 7.86E25 1. 05E10
EOXO0 3.53 3.5 8.75 4. 89

SILICON DIFFUSION COEFFICIENT NEUTRAL OR NON-OXIDIZING AMBIENT

DSXN 111 3.332 4E9 2. 31E10 7. 74E10 1. 440E11
DSXN 100 3.332 4E9 2. 31E10 7.74E10 1. 440E11
ESXN 111 3.425 65 3.66 3.98 4.08
ESXN 100 3.425 65 3. 66 3.98 4.08
SILICON DIFFUSION COEFFICIENT DRY 02 OXIDIZING AMBIENT
DSXD 111 1. 608E1 2. 31E10 7. 74E10 1. 440E11
DSXD 100 5.502E2 4. 158E10 7. 74E10 1. 440E11
DSXD 111 1.4530 3.66 3.98 4.08
DSXD 100 1.690 65 3.66 3.98 4.08
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( )

NAME ORNT BORON | PHOSPHORUS| ANTIMONY | ARSENIC
SILICON DIFFUSION COEFFICIENT WET 02 OXIDIZING AMBIENT
DSXW 111 1. 608E1 2. 31E10 7. 74E10 1. 440E11
DSXW 100 5. 502E2 8. 880E10 7. 74E10 1. 440E11
ESXW 111 1. 430 3. 66 3.98 4,08
ESXW 100 1. 690 3. 66 3.98 4,08
BETA
BETA ‘ 3.0 ‘ 1.0 0.0 100. 0
CLUSTERING SIZE
CLST ‘ 0.0 ‘ 0.0 0.0 4.0
EQUILIBRIUM CLUSTERING COEFFICIENT
KEQO 0.0 0 0 2. 72E-17
KEQE 0.0 0 0 —0.305
DECLUSTERING RATE
KDCO 0.0 0.0 0.0 1. 8E8
KDCE 0.0 0.0 0.0 2.6
A2
NAME ORNT STEAM WET DRY NEUTRAL
LINEAR OXIDE GROWTH RATE
LRTE 111 2. 717E6 2. 717E6 1. 038E5 0.0
LRTE 100 1.617E6 1.617E6 6. 181E4 0.0
LREA 111 2.05 2.05 2.00 0.0
LREA 100 2.05 2.05 2.00 0.0
PARABOLIC OXIDE GROWTH RATE
PRTE 111 6. 43 6. 43 12,87 0.0
PRTE 100 6. 43 6. 43 12.87 0.0
PREA 111 0.78 0.78 1.23 0.0
PREA 100 0.78 0.78 1.23 0.0

SEDAN-1
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MEDICI
SEDAN-1
1.
SEDAN-1 3
TITLE COMMENT . GRID
DEVICE PROFILE BIAS COMPUTE
END PRINT PLOT
MODEL
. SEDAN-1 72
+ . .
.TITLE COMMENT END . TITLE
COMMENT  END
NAME = VALUE
NAME = VALUE NAME = VALUE
“ COM-
MENT 3
B1
N NUMERICAL 10. 2 1.28 E-14 350. 236
T TRUE Y YES F FALSE N NO TRUE
L LOGICAL “ =Y PLOT EFIE=Y
PLOT EFIE
D DEVICE TYPE NPNT MOSC PNDI NPNR
p PROFILE TYPE | SUPR ANAL
F LAYER TYPE CNST EXPO GDIF ERFC GIMP
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2.
(1) TITLE
TITLE

TITLE
TITLE

(2) COMMENT
COMMENT
SEDAN-1

. COMMENT

COMMENT
*

— - - — — s

(3) END
END

END

(4) GRID
SEDAN-1

400

GRID TITLE

GRID NREG= N NSTP= N STSZ= N

NREG

GRID

400

. TITLE
COMMENT
COMMENT.
.END
GRID
. NPN PN



Microelectronics

MICROELECTRONICS 283

 — MOS
NSTP
STSZ
GRID . NSTP 400.  SEDAN-1
SUPREM-2 .
SUPREM-2 YMAX SEDAN-1
SUPREM-2 SUPREM-2
0.1
0.01 0.005
GRID NREG=1 STSZ=.02 NSTP=50
GRID NREG=2 STSZ=.01 NSTP =100
GRID NREG=3 STSZ=.05 NSTP=80
(5) DEVICE
DEVICE . DEVICE GRID
TITLE
DEVICE TYPE= D BACO= N OXTH= N
D
NPNT NPN
MOSC MOS
PNDI PN
NPNR NPN .
TYPE=NPNR SEDAN-1 SUPREM-2
'L
B
B . DEVICE BIAS
TYPE=NPNR TYPE=NPNT

TYPE= D
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TYPE = NPNT NPN FORWARD
TYPE = MOSC MOS CAPACITOR
TYPE = PNDI PN DIODE

TYPE = NPNR NPN REVERSE

DEVICE TYPE = NPNT. . .
DEVICE NPN FORWARD. . .

BACO BASE CONTACT TYPE = NPNT

OXTH OXIDE THICKNESS TYPE = MOSC
DEVICE

DEVICE TYPE = NPNT BACO=1.1

DEVICE NPN. FORWARD BASE CONTACT = 1.1

DEVICE TYPE = MOSC OXTH = .1

DEVICE MOS. CAPACITOR OXIDE. THICKNESS = . 1

DEVICE M OXI = .1

(6) PROFILE

PROFILE . MOS
SUPREM-2 SUPREM-2 . DEVICE
. SEDAN-1
SUPREM-2 MOS
Si—Si0,
PROFILE

PROFILE TYPE = ANAL NLAY= N TLAY= F PARI= N PAR2= N PAR3= N
SUPREM-2
PROFILE TYPE = SUPR LUNM= N

10 PROFILE
SUPREM-2 LUNM
SUPREM-2 SAVE .SAVE SUPREM-2
TYPE=A TYPE=B
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NLAY
TLAY= F TYPEOFLAYER TYPEOFLAYER
CNST GDIF
ERFC

PAR1 PAR2

1 PAR2

PAR3 P -3,

i GDIF PARI1 0 X=0

1 X=LASTX PAR3

s N

C X =PAR3 x EXP —

C X =DPAR3 x ERFC |L x PAR1 — X| PAR2
C X =PAR3 x EXP |L % PARL — X| PAR2

11 GIMP

PAR3

C X =PAR3 x EXP —

PROFILE

PROFILE TYPE = ANAL

|L x PAR1 - X| PAR2 % x 2

X—PAR1 PAR2 x x 2

PAR2

PROFILE NLAY = 1 TLAY = CNST PAR1 = 0 PAR2 = 5 PAR3 = — 1E15

PROFILE NLAY = 2 TLAY = GDIF PAR1 = 0 PAR2 = .33 PAR3 = — 1E19

PROFILE NLAY = 3 TLAY = GDIF PAR1 = 0 PAR2 = . 95 PAR3 = 3. 64E16

PROFILE NLAY = 4 TLAY = GDIF PAR1 =1 PAR2 = .33 PAR3 = — 1E19

PROFILE TYPE = SUPR LUNM = 22

(7) BIAS
BIAS
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BIAS

BIAS XXXF = N XXXL = N XXXS = N XXXF = N XXXL = N XXXS = N

NPN NPN

VBEF = —
VBEL =

VBES = — VBE VBES
VCEF =
VCEL = —

VCES =
MOS

VGSF =
VGSL = —
VGSS =
VSBF =
VSBL = —
VSBS =
VFBA =

PN

VDDF =
VDDL =

VDDS =

XXXF=XXXL

(8) COMPUTE
COMPUTE

SEDAN-1
SEDAN-1

MODEL DELTV

DELTV MOS

VBEF

VBEL

XXXS PN

SEDAN-1

SEDAN-1
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FT
VCB=0 VBE=0.45
DQ NPN
DJC .
SEDAN-1 TB QB JC
TB TEC
.  TEC SLIC
FT TEC
VA Early
VBE=.6 VCE=.4 VCE=.8
Early Early
Early . Early
COMPUTE
.COMPUTE

COMPUTE CJE CJC FT VA CJD MOS.CAPA

CJE e NPN
CJC — NPN
FT
TB NPN .
VA  Early NPN
CJD
MOS. CAPA  MOS MOS
3.
OUTPUT PRINT  PIOT
(1) PRINT
PRINT SEDAN-1
PRINT HEAD

MOS

SEDAN-1

VBE=0.9 TEC

1 2% PI x TEC

FT

SEDAN-1

JC~VCE
SLIC  SPICE

TEC
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B GUMMEL

3 3 3 3 TRUE

PRINT

PRINT HEAD= L PRT1 = L PRT2 = L PRT3 = L

HEAD

VBE=0 VCE=0 ]SS
2 MOS

PRT1

PRT2

PRT3

PRINT

PRINT HEAD 1 2 3

(2) PLOT

PLOT SEDAN IBM

CMIN  CMAX FALSE.
TRUE
4

PLOT

PLOT EFIE= L PHIN= L PHIP= L PSIP= L NCON= L

+ HCON= L ECON= L BETA= L CCDE= L BCDE= L

+ BEJC= L BCJC= L DDJC= L NETQ= L ELEQ= L

+ HOLQ= L CMIN= N CMAX = N

PLOT E.FIELD PHIN PHIP POTENTIAL NET.CONC HOLE.CON

+ ELEC.CON BETA JC JB CJE CJC CJD OQNET ON

+ QP CMIN= N

7

CMAX = N

JD MOS.CAPA TEC

X
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CMIN CMAX .
CMAX—CMIN 5

EFIE E. FIELD ~

PHIN ~

PHIP ~

PSIP POTENTIAL ~

NCON NET. CONC ~

HCON HOLE. CON ~

ECON ELEC. CON ~

BETA DC BETA~]C

CCDE JC ~VBE

BCDE B ~VBE

BEJC CJE ~VBE

BCJC CJC ~VBC

DDJC CJD ~VD

NETQ QNET MOS ~
ELEQ QN MOS ~
HOLQ QP MOS ~
CMIN ~ 10

CMAX ~ 10

JD ~VD
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MOS. CAPA MOS ~
TEC ~
FT
4,
MODEL
. MODEL
MODEL SRHR= L AUGE= L BGNW= L TINC= N CNAU= N
+ CPAU= N ELFT= N HLFT= N MOBF= N MOBO= N
+ MOBlL = N MOB2 = N MOB3 = N MOB4 = N MOB5 = N
+ MOB6 = N MOB7 = N MOFE = N MOFH= N NSRH= L DELV= N
MODEL SRH AUGER BGN TIMESTEP= N CN.AUGER= N
+ CP.AUGER= N E.LIFETIME= N H.LIFETIME= N
+ MOB. DATA MOBO = N MOBl1 = N MOB2 = N
+ MOB3 = N MOB4 = N MOB5 = N MOB6 = N
+ MOB7 = N MOBN= N MOBP = N DELTV= N NSRH= N
SRHR SRH Shockley-Read-Hall

Shockley-Read-Hall
ELFT HLFT

SRHR .
AUGE AUGER . AUGER
. AUGER .
BGNW BGN . “ ”
TINC TIMESTEP
MOS poisson
TINC BIAS
CNAU CN. AUGER AUGER

CPAU CP. AUGER AUGER
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AUGER
U AUGER =CNAU* PxNx %x2—-NxNIEx %2 +CPAUx NxPx x2—PxNIEx % 2

ELFT E. LIFETIME Shockley-Read-Hall
HLFT H. LIFETIME Shockley-Read-Hall

Shockley-Read-Hall
USRH = NxP—-NIEx % 2 TCN* N+ N, +TCPx* P+P,

TCN=ELFT 1+ NT X NSRH
TCP=HLFT 1+ NT X NSRH
MOBF MOB. DATA
MOBF

MOBF FALSE SEDAN-1
NBS . NBS MOB0O  MOB7

MOB N = MOBO + MOB1 — MOBO 1+ N X MOB2 x x MOB3

MOB N = MOB4 + MOB5 — MOB4 1+ N X MOB6 x % MOB7

MOB0O  MOB7 MOB0O  MOB3
MOB4  MOB7 . .
MOFE MOFH MOBN MOBP MOFE
MOFH

MOBE =MOBN % 1+E X MOFE x x —1
MOBE =MOBN % 1+E X MOFH x x —1

NSRH Shockley-Read-Hall

DELV DELTV



Microelectronics

292 WICROELECTRONICS

SEDAN-1

MOS

SRHR = FALSE AUGE = FALSE BGNW = FALSE

TINC=1 — CNAU = 2.8E— 31

ELFT=1E-6 HLFT = 1E- 6

MOBO = 1407.3 MOB1 =71.1

MOB3 = .729 MOB4 = 467.7

MOB6 = 1.6E17 MOB7 = 0. 700

MOFH = 2. 0E4 NSRH = 5.E16

MINIMOS-2
Vienna SEDAN-1
MEDICI
MINIMOS-2
1.
MINIMOS
80
72

title

DELTV .05

DELTV .DELTV

CPAU=9.9E - 32
MOBF = FALSE
MOB2 = 1. 1E17
MOB5 = 49.7
MOFE = 7. 396E3

DELV = . 02
4.1
MINIMOS-2
Stanford
SUPREM-4
80
. title
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"IDENT" "KEY 1" ="VALUE 1"

"KEYi" = "VALUEi"

“ IDENT"
DEVICE BIAS STEP PROFILE IMPLANT OPTION OUTPUT
END. “ IDENT" M IDENT?
*
+ . %
“ IDENT” “ IDENT" .
MINTMOS Keys DEVICE BIAS PRO-
FILE END* IDENT" .STEP IMPLANT OPTION OUTPUT
“ IDENT" “ IDENT" END
“ IDENT"
2. DEVICE “IDENT”
DEVICE® IDENT" “ KEYT? s.
DEVICE CHANNEL = 'type' GATE = 'Mat' TOX = 'nun' L= 'nun' W= "num'
“ KEYY
&= CHANNEL
“ KEYY N P n p
. .CHANNEL" KEYT"
&= GATE
“ KEYY . 'mat AL NPOLY PPOLY
n P . . GATE" KEYY
OPTION*® IDENT” UFB* KEY/{"
GATE" KEYY.
& TOX
“ KEYY . 'num’ 107% 1077
. TOX* KEYY”
w W
“ KEY? . 'num' 2X107" 0.1

. W* KEYY
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& L
“ KEYY . 'num’ 2X107°  2X10°°
.L* KEYY?"
3. BIAS “IDENT”
BIAS* IDENT” “ KEYT1 s.
BIAS US = 'num' UB = 'num' UG = "num' UD = "nun'
“ KEYY
= US
“ KEYY . 'num’ —20 20
“ KEYY
= UB
“ KEY? . 'num’ —20 20
“ KEYY UB=US.
w UG
“ KEYY . 'num’ —20 20
“ KEY? MODEL = THRES.
OPTION* IDENT”
& UD
“ KEYY . 'num’ —20 20
. UD" KEYT
Ub—US US—UB
n p PHYSCK* KEYY

OPTION*® IDENT”
4. STEP “IDENT”

STEP" IDENT" “KEY{1 s.
STEP DB = 'num' NB= 'num' DG= 'num' NG = "'num' DD = 'num' ND = 'nun'
“ KEYY
&= DB
“ KEY? . 'num' —5 5
. 0.1. DB" KEYY NB
“ KEYY

= NB
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“ KEY{" . 'num' 1 10
.NB* KEY{ DB* KEY?
= DG
“ KEY{" . 'num’ —5 5
. 0.1.DG* KEY{ NG
“ KEY{ . MODEL = THRES OPTION
“ IDENT” DG* KEY?” NG* KEY{
= NG
“ KEY{ . 'num' 1 10
.NG* KEY? ND* KEY?
= DD
“ KEY{ . 'num’ —5 5
. 0.1.DD* KEYY ND
“ KEY{
&= ND
“ KEY{" . 'num' 110
.ND*“ KEY{" DD* KEY{
PHYSCK* KEY{" NO.
UD+i*DD—US i=1 ND US—UB—i* DB i=1 NB
0 20 0 —20 n p

5. PROFILE “IDENT”
PROFILE® IDENT"
“ KEYT? s.

PROFILE FILE = 'log' LFIT = 'num' NB= 'num' NS = 'num' TEMP = 'num' TIME = 'num'

+ ELEM = 'dop' DOSE = 'num' AKEV = 'nun' TOX = 'num'

“ KEYT
3 .
“ KEY! s

1. FILE = YES LFIT = 'num'
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2. NB= 'num' NS="num' TEMP = 'num' TIME = 'nun’ FILE = NO

3. NB= 'num' ELEM = 'dop' TEMP = 'num' TIME = 'nun' DOSE = 'num'

AKEV = 'num' TOX = 'num' FILE = NO

= FILE
“ KEY{
A. 'log' YES  NO.

FILE=YES

NB NS TEMP TIME ELEM DOSE AKEV TOX" KEYi s

& LFIT
“ KEYY
. 'num' 0.1 2
FILE® KEYY
DOSE AKEV  TOX* KEY/”
LFIT 0.7.
& NB
“ KEYY
.NB* KEYY
“ KEYY
&= NS
“ KEYY
107 10%
TOX" KEYT1" s

100 . FILE = YES

AKEV* KEY" NS* KEY!"
= TEMP

“ KEY?”
. TEMP* KEY{"
TEMP" KEYY

=& TIME

“ KEY{"
3600 . TIME" KEYT{

TIME® KEYY{

= ELEM

“ KEY{"

log=YES

NS* KEYY

subdiffusion

. LFIT* KEYY

NB NS TEMP TIME ELEM
FILE® KEYY”

3. 'num' 5X10%  5X10"7

FILE=YES . NB

—3 ! !
num

ELEM DOSE AKEV

p .
ELEM DOSE
°C. 'num' 800 1300
FILE=YES
. 'num’ 60 48
FILE=YES

. 'dop' B P SB AS
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. ELEM* KEY?
DOSE AKEV* KEY{ s NS* KEY? . n
P SB AS p B . FILE=YES NS
“ KEY? ELEM* KEYY
= DOSE
“ KEY? ~2. 'num’ 108 107
DOSE* KEY? ELEM AKEV* KEY/
NS* KEY{" FILE=YES NS* KEY? DOSE* KEY{
= AKEV
“ KEY{" . 'num' 10
300 AKEV* KEY? ELEM DOSE* KEY{ s
NS* KEY{ FILE=YES NS*“ KEY/" AKEV
“ KEY?
= TOX
“ KEY{" . 'num' 0 10°
. TOX* KEY{ ELEM DOSE AKEV
“ KEY{ NS“ KEY{” ELEM DOSE
AKEV* KEY?
FILE=YES NS* KEY{" TOX* KEYY"
6. IMPLANT “IDENT”
IMPLANT* IDENT” .
“ IDENT” IMPLANT
IMPLANT
IMPLANT FILE=YES PROFILE
IMPLANT “ KEY{ s.

IMPLANT ELEM = 'dop' DOSE = 'num' AKEV = 'num' TEMP = 'num' TIME = 'num'

“KEY! s
= ELEM
“ KEYT

'dop'

B P SB AS
IMPLANT* KEYY
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ELEM" KEYY
& DOSE

“ KEYT{"

IMPLANT" KEYY{

w AKEV

“ KEYT

IMPLANT* KEYT{' s

& TEMP

“ KEY{"
1 300 . TEMP" KEY{"
& TIME

“ KEYT"
3600 . TIME" KEYY{"

7. OPTION “IDENT”

OPTION* IDENT"

“ IDENT” “ KEYY
“ KEYT! s

2 'num' 10 10"
DOSE" KEYY"
"'num' 10 300
AKEV* KEYY
C. 'num' 800

IMPLANT" KEY{" s

. 'num’ 60 48 x
“ KEY{

“ IDENT”
“ KEYY

OPTION MODEL = 'mod' PHYSCK = 'log' UFB = 'num' NSS = "num' TEMP = 'num'

+ TN="num' TP = 'num' MI = 'nun' MV = 'nun' MB= 'nun' MS = 'nun'

+  GRIDFREEZE = 'log' CURRENT = 'num' RBULK = 'num' AN = 'num' AP = 'nun'

+ BN= 'num' BP= "num' SN="num' SP= 'num' CN= 'numn' CP = 'num'

“ KEYT" s
= MODEL
“ KEYT? MINIMOS-2

!

MODEL=1—D

MODEL=THRES MODEL=1—D

STEP* IDENT”

. 'mod’ 2—D .

UG* KEYT

NG* KEY" DG* KEYY

BIAS* IDENT”
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CURRENT* KEYY
MODEL=2—D
IMOS 2.0 MINIMOS 1.1
MODEL=AVAL

= PHYSCK
“ KEYY “
out-of-range” BIAS*

lo
PHYSCK=NO “

“ KEYY

SCK=NO
= UFB
“ KEY?
. “ KEYY
“ KEY?
DEVICE GATE" KEYY
& NSS
“ KEYT?
“ KEY1”
“ KEYY
w TEMP
“ KEYY

MIN-
1.0

” “ ” ! !

num

IDENT” . “ KEY?
UD
g YES NO
” MINIMOS-2

PHYSCK=NO . PHY-

GATE
NSS* KEYY . UFB
NSS* KEY?

2 'num' 0 10"

UFB* KEYY"

K. 'num' 250 450

“ KEYY 300 K.

& TN
“ KEYY

. num 1077 10°

“ KEYY 107°

= TP
“ KEY!

. 'num' 107° 10°
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“ KEYY
= MI
“ KEYY
“ KEYY
& MV
“ KEYY
10°

= MDB
“ KEYiﬂ
“ KEY!

w MS
“ KEYT
“ KEYY
& GRIDFREEZE
“ KEYY
“ KEYY
YES NO. * KEYY?
& CURRENT
“ KEYY
CURRENT*" KEYY
1X10°"  2X10°
“KEY1!"s
== RBULK
“ KEYY
“ KEY1"
RBULK = ISUB
&= AN AP BN BP
“ KEY{ s
@ E = APxexp —BP E E

UB

X 10°  BP 2.036 X 10°

“ KEYY

Mathiessens

MODEL" KEYY

1075

107" 10°

. num

1. MI

. num 10°¢

1. MV

.1 10

. num

1. MB 1

2

. num 10~ 10°

1. MS

STEP* IDENT”
. 'log'
YES.

mod= THRES

. num
. 1X1077«W L.
MODEL" KEY{" mod=AVAL

! !
. num

“ KEYY

0 1X10°

0.

BIAS" IDENT”

an E = ANxexp —BN E

“'.BN BP
BN = 1. 23

13

. AN AP
AN = 7 X 10°

Van Overstreaten

AP = 1.58 X 10°
Solid State Electron
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1107

1X107%

pp. 583—608 .
ISUB
e AN =1.7X10" AP=1.7X10" BN =2.9x10° BP
= 3.2X10°,
& SN
“ KEY? Si—Si0;,
'num' 1 1x107 . 100.
e SP
“ KEYT . 'num' 1
100.
& CN
“ KEY? Auger . ¢, 'num' 0
2.8X10°%,
w CP
“ KEY{” Auger . "num'
1X10°% . 0.99X10 .

8. OUTPUT “IDENT”
OUTPUT" IDENT”
“ IDENT" “KEY! s
“KEY{" s

OUTPUT DC = 'log' PST = 'log' ELAT = 'log' ETRAN = 'log'
+ OXID='log' MIN='log' MAJ = 'log' PHI = 'log' CC= 'log'
+ RHO= 'log' JLAT = 'log' JTRAN = 'log' MOB = 'log' AVAL = 'log'

“ KEYD s . 'log' YES
“ KEY{

= DC

“ KEY? . “KEY?P NO.
& PSI

“ KEY{" . “KEY? YES.
& ELAT

“ KEY{ . “KEY? YES.

w ETRAN

NO
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“ KEY?”
= OXIDE

“ KEY?"
= RHO

“ KEY{
& MIN

“ KEY{
= MAJ

“ KEY?

MODEL=AVAL

= PHI

“ KEYY
w CC

“ KEYY

= JLAT

“ KEY{"
& JTRAN

“ KEY{
= MOB

“ KEY?”
w AVAL

“ KEY?”

“ KEYY YES.
“ KEYT NO.
“ KEYY NO.
“ KEYT YES.
“ KEYY NO

OPTION* IDENT”

“ KEYY 0.

“ KEYY YES.
MODEL=1—D  MODEL=THRES OPTION*® IDENT”

“ KEYT

“ KEYT

MODEL=AVAL

9. END “IDENT”
END* IDENT”
“ IDENT".

END ERROR = 'num' BIN = 'log'

“ KEYT1 s
= ERROR
“ KEYY

“ KEYT

“ KEYY NO.

“ KEYY NO.

NO.

NO.
OPTION* IDENT”

“ IDENT”

MODEL =
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THRES ERROR='num' . 'num'
10" 0.5 .

“ KEYT “ KEY{ 2X107%,
& BIN

“ KEYT . 'log' YES

NO. “ KEY?" . “KEYV" NO.
B
10. A

READ DOPFIL SUBS SURF SUBCH RJT RJL YINC

SUBS cm?
SURF cm ’
SUBCH cm ?
RJT cm
RJL subdiffusion cm
YINC
100

READ DOPFIL ASI DASI DSI DDSI ACI DACI DCI DDC I

AS cm ?
DAS cm !
DS cm °
DDS cm ?
AC cm °
DAC cm !
DC cm ?
DDC cm !

I=1 1=100 99 x YINC. MINIMOS-2



Microelectronics

304 MICROELECTRONICS

11. B
BINAER  Fortran
MOD-
EL* KEYY OPTION® IDENT” . S. L

1. TITLE 80
2. CHANNEL UFB TOX L W. 1 +4

CHANNEL TOX L W DEVICE" IDENT"

UFB OPTION“ IDENT
3.0S UG UD UB ID IS IB 7

US UG UD UB BIAS" IDENT’
ID IS IB
4. LI UT NI 3
LI— Debeye
UT——
NI—
5. NX NY NYOXM NYTOT NXSP NXSOXM 6
NX——X
NY——Y
NYOXM——Y
NYTOT——NY + NYOXM
NXSPp—— X
NXSOXM—— X
6. X1 I= 1 NX X—
7.Y )] J= 1 NYTOT Y—

NYOXM + 1 —
8. CI1 J I= 1 NX J= NYOXM+1 NYTOT
9. PSIT J I= 1 NX J= 1 NYTOT
10. CMINT J I= 1 NX J= NYOXM+1 NYTOT.

MODEL = 1—D MODEL = THRES

11. MOBMIN 1T J I= 1 NX J= NYOXM-+1 NYTOT.
12. JIMINT J I= 1 NX J= NYOXM-+1 NYTOT X

13. JTMINT J I= 1 NX J= NYOXM+1 NYTOT Y
MODEL = 2—D
14. CMAJ T ] I=1 NX J= NYOXM+1 NYTOT
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15.
16.
17.
18.

MOBMAJ 1 J I= 1 NX J= NYOXM-+1 NYTOT

JLMAJ T J I= 1 NX J= MYOXM-+1 NYTOT X
JTMAJ 1 J] I= 1 NX J= NYOXM+1 NYTOT Y
AVALT J I= 1 NX J= NYOXM+1 NYTOT
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