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SUMMARY

A two-dimensional process simulator called ROMANSIIT
ig discussed in this paper. The program is based on the
numerical solution to the boundary-value problem which governs
the redistribution of impurities during local oxidation of
silicon (LOCOS). The formulations of this boundary-value
problen in the physical domain of the device and in the
transformed time-invariant rectangular domain, are presented.
Default models for the concentration dependent diffusion coef-
ficient and oxide growth which are integral parts of the
boundary-value problem, are discussed together with the model
used to specify the 2D distribution of an implant. The num-
erical procedure which involves a spatial discretization of
the boundary-value problem in the stationary rectangular com-
putational domain and use of Hindmarsh's GEARBI to solve the
resultant stiff system of coupled nonlinear ordinary differ-
ential equations in the time as an initial-value problem, is
briefly discussed. An application of ROMANSII to simulate the
thermal redistribution of the n-well, field, channel, and
source/drain implants through all the process steps of a
standard 2:m CMOS technology, is considered in detail. The
results for the net impurity concentration of the final dopant
profile were obtained as a function of vertical depth and
lateral position along the width and length directions of both
the n- and p-channel devices.

TROMANS II (Redistribution and Oxidation Modeling ANalysis
by Simulation in II-dimensions)
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1.  INTRODUCTION

During the past decade, the microelectronics industry has
devoted considerable effort towards developing a mature VISI
technology. To achieve this objective, process and device
gsimulators will play an important role in the design and fab-
rication of devices of small feature size. A gearch of the
literature reveals that the development of two-dimensional
(2D) device simulators is at a higher state than for process
simulators. To eliminate this lag considerable research has
recently been directed towards the development of 2D process
simulators; however, the result of this efforft has been simu-
lators [1-4] for bulk device structures. In this paper a
procegs simulator, ROMANSII, is presented which is capable of
simulating the redistribution of impurities in bulk, as well
as, SOS/S0I device structures.

The governing boundary-value problem for the redistribu-
tion of impurities during local oxidation of silicon is formu-
lated in Sec. 2. Section 3 is devoted to a discussion of the
default models for implant distribution, oxide growth, and
concentration dependent diffusion coefficient. A brief dis-
cussion of the numerical procedure used to solve the boundary-
value problem is presented in Sec. 4 since a more detail dis-
cussion is given elsewhere [5]. Finally, in Sec. 5 the pro-
gram is used to simulate the redistribution of dopant profiles
for a standard 2um CMOS technology-.

2. BOUNDARY-VALUE PROBLEM

The problem pertaining to the redistribution of impurit-
ies during LOCOS is important because other redisitribution
problems encountered in the fabrication of a device are spec-
ial cases of it. To formulate the governing equations for
this problem, the dynamically changing physical domain for a
finite device structure as shown in Fig. 1(a) is utilized. 1In
this figure the lateral dimension of the device cell, ]yl < B,
is assumed to repeat itself periodically in the lateral direc-
tion so that y = O and + B are planes of symmetry. Without
going into the details of the derivation it can be shown by
congervation and continuity arguments together with the
following assumptions:

o} there are no sinks or sources present in the
physical domain

0 diffusion in oxide and substrate media isg negligible

o coupling of species is via the built-in electric

field under the condition of local charge neutrality
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that the governing boundary-value problem for the a specie
is given as follows:
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where the summation with respect to 8 is over all species.
Symbols appearing in these equations and not defined in
Fig. 1(a) are: k is the segregation coefficient; U, is the
oxide growth rate normal to the Si/SiOp interface; Cq4 and
Cp are the total concentrations of the a and 8 species,
respectively; and Dgp is the concentration dependent diffu-
sion coefficient.

Besides being nonlinear the above boundary-value problem
is further complicated by the complex and nonuniform movement
of the $i/Si0 interface. No attempt was made to solve the
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Pig. 1. Finite device structure during LOCOS and stationary
rectangular computational domain in the transformed (&, n)
coordinate system are shown in (a) and (b), respectively.
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boundary-value preoblem in the physical domain of the device;
instead, the procedure used was to transform the problem to a
time-invariant rectangular computational domain like that shown
in Fig. 1{b). To achieve this the following translation-
gcaling transformation:

[x-mU(y,t) ]I,

)
- : (2.4)
T=1

where L{y,t) = Ly-mU(y,t), is introduced. In a straight for-
ward but tedious procedure, it can be shown that the above
boundary-value problem given by (2.1 - 2.3) and defined on the
shaded region, {mU < x <L,, O <y < B}, of the physical
domain of Fig. 1(a) can be transformed to the shaded region,
{0 <& <Ly O < n <B}, of the time-invariant rectangular
domain of Fig. 1(b) as follows:
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F2(L,5,Un) =ﬂ’££9f—> ,
m(L -¢) 5
F3(L’g'UT'Un’Unn’DaB) = " [UTL - (UnnL+2mUn)DdB] ,
F, (1) =-§—° ,
and
= mUTI
FS(UH) (1+m2Ui) .

If the substrate interface located at § = I, is allowed to
recede to a remote position the above coefficients will reduce
to the following:

2.2
Fl(L,z,Un) —=1+nU,
FZ(L’E’UT]) _—>mUﬂ ’

F3(L’ ‘:yU T'Un’Unn’DaB) — m{UT-U

1.

D
nn af
F4(L) —_—1,

and F5(Un) remains the same. With these coefficients
(2.5 - 2.7) will then be the governing boundary-value problem
for a bulk device structure.

3. DEFAULT MODELS

The default models used in ROMANSII to specify input
information to the boundary-value problem for concentration
dependent diffusion coefficient, oxide growth, and implant
distribution, are discussed in this section.

3.1 Concentration Dependent Diffusion Coefficient

To be consistent with the derivation of the boundary-
value problem which required the coupling of species to be via
the built-in electric field under the condition of local
charge neutrality, the concentration dependent diffusion
coefficient is constrained to be of the following form:
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where 6é4g is the Kronecker symbol, i.e., 859 = 1 for a = 8
and O for a # 8; k is Boltzmann's constant; T is temperature;
e is the electronic charge; uy is the mobility of the o
specie; Zg 1s + 1 when B identifies a donor and -1 for an
acceptor; Sq = £4(Cq)/2n4; ny is the intrinsic carrier con-
centration; fa(Cu) is the electrically active concentration,
Ny, expressed as a specified function of the total concen~
tration, Cg;

M
S =3 z(f
61 8 B
coupled ionized donors and acceptors; F, = 3fy(Cq)/3C;
and Dy is that part of the concentration dependent diffusion
coefficient which is responaible for diffusion via neutral
and charged vacancy states.®t Assuming that an Einstein
relation exists between Dy and g, i.e. Dy = (kT/e) ug
than {(3.1) can be expressed as

(CB)/2ni) with M being the total number of

SF Z3F
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In the present version of ROMANSII, the following model [9]:

(1-s,01 D, (3:2)

8

L+ v (p/n) + v (a/n) + v (a/n))?

D = }Dai (3.3)

+ - =
1+ + +
Ta Ta Ya

which is applicable to boron, arsenic, and phosphorus, was
chosen for Dge In this expression n and p are the elec-
tron and hole concentrations, respectively; Dy ; is the
intrinsic diffusion coefficient with the effects of oxida-
tion enhanced diffusion (OED) incorporated; v} = (D%/Dy),
vg = (Dy/Dy), and v3 = (D3/Dg) with Dy, D}, D3, and D3

denoting the diffusivities of the neutral, singly charged

t1tRecent research [6-8] has shown that in order to properly
account for oxidation enhanced diffusion (OED) in silicon,
diffusion via interstitials is also required.
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positive, singly charged negative, and doubly charged nega-
tive, vacancy states, respectively. For boron, arsenic, and
phosphorus not all contributions from the various vacancy
states are important and the following approximations to (3.3)
are accurate models:

1+ vl (p/ni)

D —_—————. D . (boron)
a 1+ Y+ al ’
o
1+ vy (n/n;)
a i .
D — D ., (arsenic) ,
a 1+ oy, ol

and

o . —~ D, (phosphorus) ,
ot

- = 2
1+ v, (n/ng) + v (n/n;) }
where the normalized ratios (n/ni) and (p/ni) appearing in

these equations can be expressed in terms of S as 5 + 82 + 1

and -8 + V82 + 1, respectively.
3.2 Oxide Growth

Oxide growths frequently encountered in practice when
certain prescribed initial oxide geometries are brought into
contact with oxidizing ambients, are qualitatively shown in
Fig. 2. To model these oxide growths the following pheno-
menological expression:

- [u(y,t) - U (3)] (a-y) + s [U(t) - U]
u(y,t) = 5 erfe VZ R_u(t)
[¢)

+ U (y) (3.4)
is utilized in ROMANSII, where

Uy, 8) = ~(o/2) + [(@2)% + 8t + 0 () + 02 )P,
(3.5)
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Fig. 2. Oxide growths frequently encountered in the
fabrication of devices when various beginning oxide geometries
are brought into contact with oxidizing ambients.

and¥*

0() = (/2) + [(/2) + 66 + a v+ v2)H2 (5.6)

with (3.6) being the well-known expression of Deal-Grove [10].
The symbols appearing in these expressions are: a is the
initial position of the nitride mask edge; & is a factor which
determines how much of the bird's beak region is under the
nitride mask; Ry is the ratio of lateral to vertical oxide
growths and is a parameter which controls the lateral extend of
the bird's beak region; Uo(y) and U, are the specified initial
nonuniform and uniform oxide thickness, respectively; and 8 and
(B/a) are respectively the parabolic and linear growth rate
coefficients. Equation (3.4) which governs the situation
shown in Fig. 2(d), will reduce to those for the other situa-
tions shown in Fig. 2. For example,the following are obtained:
if the nitride's mask edge (y=a) is placed at a remote negative
position far from the device cell then (3.4) will reduce %o
(3.5) which governs the situation shown in Fig. 2(c); if Uy(y)
is set equal to the uniform oxide pad under the nitride mask
then (3.5) gives rise to

*Recently, a model [11] has been developed which eliminates
the deficiency of (3.6) in predicting the growth of very
thin oxides especially those grown in dry oxygen.
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[u(t) - U] (a-y) + s [U(t) - U]
Uy,t) = ————2" orfe Sl
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(3.7)

as the governing expression for the situation shown in Fig.
2(b); and finally, if Uy(y) is set equal to an initial oxide
of uniform thickness, U,, and the nitride's mask edge (y=a)
is placed at a remote negative position far from the device
cell then (3.4) will reduce to (3.6) which governs the situa-
tion shown in Fig. 2(a).

%.% Implant Distribution

The model of Runge [12] for calculating the 2D distribu-
tion of an implant after penetration through an effective mask
whose cross-section varies arbitrarily with lateral position,
is utilized. To be consistent with the formulation of Sec. 2
which assumes the device cell, |y] < B, is symmetric about y =
0 and repeats itself periodically in the lateral direction, the
model of Runge is restricted in ROMANSII to effective mask
geometries similar to that of Fig. 3(a). Using the property
that the mask is symmetric about y = O, the convolution inte-
gral of Runge for the implant distribution can then be
expressed as:

cd-104 ~ -(y—yo)zp
Cimp(x,.Y) ="——"2Wchf dy, <exp —20—2—j
0 L (3.8)
2 2
~(y+y,) [z (y )-x(y )-R ]
+ exp | ———=—|}exp b ’
2 2
20 20
L P

where Cq is the dose; W(yy) is the thickness of the effective
mask; X(yo) is the position of the Si/SiOp interface from the
initial surface of the silicon wafer; Rp is the projected range
in silicon; and op and oy, are the vertical and lateral standard
deviations, respectively.

The following expressions:

X(yo) =m [USiO (yo) + ZU;]'_O :] (3-9)
2 ) 299
and
R R
W(y,) = Usso, (ry) g2+ TV (b)) g2 (3.10)
P!SIOz Y PsY

where the latter is based on the assumption of equivalent stop-
ping powers, are used to calculate X(y,) and W(y,) as a
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Fig. 3. Device cell (’yl S.B) which repeats periodically in
the lateral direction with an implant window over the entire
structure (|y| < «) is illustrated in (a); while in (b) the
window is closed for 3B j_fy’ by an impenetrable barrier.

function of lateral position. The first term on the right
side of (3.10) is the contribution of the first Si0> layer
adjacent to the silicon medium while the summation over y in
the second term are the contributions of the subsegquent
layers. USiOg(yo) and Uy(yo) denote the physical thickness of

these layers, and Rp,SiOZ and RP,Y the projected range values.
The term %Tugioz’p in (3.9) is the accumulated thickness of

all oxide uniformly etched from the first SiOs layer prior
to the introduction of the implant.

To evaluate the above integral the window opening for the
implant which is over the entire periodic structure of Fig.
3(a), was restricted to the device cell and adjacent neighbor-
ing cells as shown in Fig. 3(b) where in the region |y| >
3B, the mask is taken as an impenetrable barrier to the
implant. For this latter mask geometry (3.8) reduces to

o0t }
Cimp(ny) = m {FO+3B(X’Y) + FO*,),B(X,}’»} , (3-11)
P
where
12 28 ~(yy )2
Fi (x ) = -.l_- (£> dy ex ————o.—.
0380777 T G g o 5XP 0o 2
0 L
[xni(y,)-x(y )-R_]?
exp ° 5 o P . (3.12)
2op
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The analytical procedure for evaluating the integrals of
(3.12) involves approximating both W(y,) and X(y,) by straight
line segments as follows: W(ygy) = Wi + Ai(y-yoi) and X(ygo) =
X3 + Bi(y-Yoi) for yoi < ¥o < Yoi+l, Where ¥ol, Jo2» +++»s Yois
evey YoM are the lateral positions of the grid points used to
solve the boundary-value problem of Sec. 2. In terms of Wj =
W(yoi)s Wi+l = W(yois+1), Xi = X(yoi), and Xj+1 = X(yoi+1)
which are specified through (3.9) and (3.10), the slopes are
calculated as A; = (Wi+1 - Wi)/di and Bj = (Xi+1 - Xi)/d1,
where di = Yoi+l - Yoi- The result of this procedure is

M-1
+ _ +
Fo a0 ¥) = Eéi Cyexp [-D; (x,3,7,,)]

+
(erf {Eil:yc + Gi(x!y’yoi>:]}

i+l
£
-erf (B [y . + ¢ (x,5,5,,0]3) , (3.13)

where

o, = [1+ (a; - )P R?1V/2,

[1,(xyyp) # (8, - 2)y]? c2

* -
Di(x,y,yoi) 202 ’
Y
Ei = v_} ’
ZULCi

2 2

+
Gi(xyy!yoi)
= + (W, - X)) - .- -
Hi(x’y0i> X ( i xl) (Al Bi)yoi Rp ’

and

td
|}
wQ’bP

For most applications involving devices with feature size as
small as two microns the upper 1limit of 3B in the integral of
(3.12) was adequate; because as this 1limit was changed from 3B
to 5B, 7B, etc., to include contributions from additional
neighboring cells the observed change on the implant profile
in the physical domain of the device was insignificant.
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4. NUMERICAL PROCEDURE

In the present version of ROMANSII the coupling of spec-
ies is neglected, i.e., the terms in the summation over g in
the transformed boundary-value problem given by (2.5 - 2.7)
for which 8 # a are not considered. The numerical solution
to the resultant boundary-value problem is briefly discussed
in this section because a more detailed discussion is given
elsewhere [5]. The rectangular computational domain of Fig.
1(b) was subdivided into a uniform grid with coordinates
(gi,nj) using meshwidths Af = Ej+1 - Ei and An = ni+1 - ni-
This gave rise to Ny = (Lo/af) + 1 and N = (B/4an) + 1 grid
points in the vertical and lateral directions, respectively.
On this uniform grid a straight forward procedure employing
centered difference approximations was used to discretize the
spatial derivations of (2.5 - 2.7). The results of this
procedure was a semidiscrete system,

d -
Tl T f(cij'Ci-l,j’ci+l,j’ci,j+l’ci,j-l’ci+l,j+1’

C (4.1)

Ci1,341°%41,3-1°Cm1, 510 T

of N; x N, coupled ordinary nonlinear differential
equations in the time domain. This gtiff system of equations
wag solved as an initial-value problem for an arbitrarily
specified initial distribution, Cij(r=0). The solution was
obtained by the variable-order and variable-step-size stiff
integrator of Hindmarsh le], which is optimally first to
fifth order accurate in the time variable. Because of the
uniform centered differencing in the spatial directions, the
difference operators in this procedure are second order accur-
ate in £ and n. The strong point of this procedure isg the
excellent error control of the integrator which allows both
the time step and order of integration to be selected in an
optimal manner. Finally, it should be noted that the solution
obtained by this numerical procedure was the base on which
ROMANSII was developed.

5. APPLICATION

In this section the redistribution of the dopant profiles
for the 2um CMOS technology [14] shown in Fig. 4, is consid-
ered. This technology employs eight mask operations including
a passivation mask and uses a LOCOS scheme for device isola-
tion. A brief description of the process steps is now pre-
sented. Using a LPCVD nitride and CVD oxide layer as mask,
the n-well phosphorus implant is performed. This is followed
by a high temperature drive step to form the well. The active
layer is then delineated, and the CVD oxide, nitride and thin
thermal oxide layers are dry etched so as to expose the field
areas of both p- and n-channel devices. This is followed by a
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2um CMOS TECHNOLOGY

PHOTORESIST

1 OXIDE/NITRIDE/SILOX DEPOSITION
MASK 1 n-WELL

1ON IMPLANT PHOSPHORUS/DRIVE
SILOX

W

MASK 2 ACTIVE AREA
ETCH SILOX/NITRIDE
MASK 3 n-CHANNEL FIELD
FIELD IMPLANT {BORON;)

~o v

FIELD OXIDATION

REMOVE NITRIDE/THIN OXIDE

10 SACRIFICIAL OXIDE AND REMOVAL

11 VT THRESHOLD ADJUST IMPLANT (BORON)
12 GATE OXIDE

13 DEPOSIT n+ DOPED POLYSILICON

© w

14 MASK 4 GATE

15 ETCH POLYSILICON
18 p* IMPLANT

17 MASK 5n+ IMPLANT

FIELD OXIDE

PHOSPHORUS GLASS POLYSILICON

18 DEPOSIT PHOSPHORUS GLASS
18 ACTIVATE IMPLANT AND REFLOW

PHOSPHORUS

GLASS

ALUMINUM-

SILICON POLYSILICON n* 20 MASK & CONTACTS

21 ETCH CONTACTS TO CLEAR
22 METAL DEPOSITION A 1 81 {(~1%)
23. MASK 7 INTERCONNECTS
> 24 ETCH METAL
P 25 SINTER

Fig. 4. Process schedule for a standard 2um CMOS technology.

field implant for the n-channel field threshold voltage
enhancement using the thick CVD oxide as mask. The field oxi-
dation step is performed at this point after removing the top
CVD oxide from the active regions. This is followed by the
growth and removal of the sacrificial oxide. The gate oxide
is then grown and a threshold voltage adjust implant {boron)
is introduced into the channel regions. Polysilicon (n*) and
molybdenum silicide gates are deposited and patterned, fol-
lowed by source/drain implantation for both p~ and n-channel
devices. Next, a phosphorus doped crossover oxide is
deposited, and the contacts are delineated and etched. Fol-
lowing the activation of the source/drain implants and reflow
cycle for improving step coverage, an aluminum silicon metal
layer is deposited. The interconnects are patterned and
etched, and wafers are sintered. A passivation layer deposi-
tion and opening of pads completes the fabrication process.
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ROMANSII was used to simulate the thermal redistribution
of the phosphorus, boron, and arsenic impurities through all
the process steps of Fig. 4. These simulations were carried
out along the width and length directions of the n- and
p-channel devices. The top view which is applicable to both
device, and cuts along which the simulations were carried out,
are qualitatively shown in Fig. 5. A ROMANSII input format
which is similar to that of the SUPREM program but modified to
handle 2D problems, was used to code these redistribution
problems. Model parameters for the key process steps
(oxidation/drive-in, implantation, etch, and depositionﬁ, were
generated using subroutines of the SUPREMII program [15
Because SUPREMII is a one-dimensional program, the stored data
for the projected range statistics was extended to include
information on the lateral standard deviation using the same
data source [16]. The parameters R, and § of the LOCOS
process step were obtained by requiring the simulated cross-
sectional view of the bird's beak region to be consistent with
SEM data. The effects of clustering which become important at
high impurity concentrations, are taken into account through
the de-enhancement factor, F, = afa(ca)/aca, in the diffusion
coefficient of (3.2). A subroutine based on the model used in
SUPREMII to relate the total concentration to the electrically
active impurity concentration, has been incorporated into
ROMANSIT to evaluate F.

The simulated results along the width and length direc-
tions of the n-channel device are shown in Figs. 6 and 7,
respectively, while the corresponding results for the

)

[ I

| DRAIN

SOURCE I

TOP VIEW

Fig. 5. Top view for p- and n-channel devices with cuts AA'
(length direction) and BB' (width direction) along which
ROMANSII simulations were carried out.
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p-channel device are shown in Figs. 8 and 9. In each figure
the surface topography and corresponding equi-density contours
for the final net dopant profile are plotted as a function of
vertical depth and lateral position. Because y=0 is a plane
of symmetry the net dopant profile is plotted only to the
right of this plane. The results in Fig. 6 for the n-channel
device reveal the usual and unavoidable encroachment of both
the field oxide and boron profile into the channel region.

The results of Fig. 7 are similar to those of Fig. 6 except
that a heavily doped source/drain region of arsenic has been
inserted between the channel and field regions. This heavily
doped (~1.4 x 1020 ¢m=3) source/drain region is characterized
by a junction depth of 0.25um and lateral penetration under
the polysilicon gate of 0.17um. An examination of the results
of Fig. 8 for the p-channel device reveals the same encroach-
ment of the field oxide into the channel region but they
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Fig. 6. Surface topography and corresponding equi-density
contours along the width direction of the n-channel device.
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Fig. 7. Surface topography and corresponding equi-density
contours along the length direction of the n-channel device.

differ from those of Fig. 6 in the following way: a junction
located 0.22um from the Si/Si02 interface exists such that in
the lightly doped layer which is bounded by the junction and
Si/8102 interface, the redistributed boron threshold voltage
adjust implant is dominant over the redistributed phosphorous
n-well implant while in the region on the other side of the
junction the converse is true. 1In Fig. 9 a heavily doped
(~4x1019 cm-3) source/drain region of boron has been introduced
between the channel and field regions; otherwise, the results
of this figure are similar to those of Fig. 8. The junction
depth and lateral penetration under the polysilicon gate of
the heavily doped boron source/drain region are 0.42um and
0.27um, respectively. Finally, it should be noted that the
results of Figs. 6 to 9 correlated well with those obtained by
SUPREMII along cuts where the net dopant profile is essen-
tially one dimensional. Also, it was shown in Ref. 15 that a



ROMANSII: A TWO-DIMENSIONAL PROCESS SIMULATOR 563

SURFACE TOPOGRAPHY: W = LOG oIy, N\ |
Np DONOR (PHOSPHORUS) CONCENTRATION
N, ACCEPTOR (BORON) CONCENTRATION

70

EQUI-DENSITY Np—Np =N m
AVALUES (M)
aixt0™ uno“ -.um“ u.nno" w15x10'®
n.uno' #2110 25x10'® L 278

P-CHANNEL (NIDTH DIRECT ON)

o
" POLYSILICON GATE
e
29
o
2 GATE OXIDE
Sel L FIELD OXIDE
o
z
E"'- ..... |
ph
8 1 .
el —— il -
s—— e = Np=N,y >0
i L . i T —————
™R [ uo-u‘-ouwcrmmmom
o b ——— e GRS R @ d
L T = T yom— T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

LATERAL POSITION(MICRONS)
(b)

Fig. 8. Surface topography and corresponding equi-density
contours along the width direction of the p-channel device.
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Fig. J. Surface topography and corresponding equi-density
contours along the length device of the p-channel device.

boron profile similar to that of Fig. 6 but obtained under
slightly different conditions by ROMANSII, yielded one-
dimensional distributions deep in the channel and field
regions that were in satisfactory agreement with those
obtained by spreading resistance measurements.

6. CONCLUSION

The two~dimensional simulator, ROMANSII, which is capable
of predicting the redistribution of impurities in bulk and
finite (S0S/S0I) device structures, is presented in this
paper. This simulator is based on the solution to the most
general boundary-value problem which governs the redistribu-
tion of high concentration impurities during LOCOS. Because
of the complex and nonuniform movement of the Si/SiOg inter-
face, the boundary-value problem was not solved in the physi-
cal domain of the device. Instead, a translation-scaling
transformation was used to transform the physical domain of
the device to a fixed time-invariant rectangular computational
domain. In the computational domain the transformed boundary-
value problem with the coupling of species neglected, was spa-
tially discretized and the resultant stiff system of coupled
ordinary nonlinear differential equations was solved as an
initial value problem using the best currently available inte-
grator, GEARBI.

Simulations to investigate the redistribution of the
n-well, field, channel, and source/drain implants which are
used in the fabrication of a standard 2um CMOS technology,
were carried out using ROMANSII. The results for the net
impurity concentration of the final dopant profile were
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obtained as a function of vertical depth and lateral position
along the width and length directions of both the n- and
p-channel devices. These results represent the first complete
two-dimensional description of the final dopant profile as it
exists in a standard CMOS device structure.
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