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— - SUPREM II —— A PROGRAM FOR IC PROCESS MODELING AND SIMULATION

Dimitri A. Antoniadis , Stephen E. Hansen , and
Robe rt W. Dutton

— PREFACE

SUPREM II is the second version of the Stanford University IC

process simulation program , SUPREM. Several modifications and ref m e—

ments relative to SIJPREM I [i] have been implemented but the basic

program architecture and I/O philosophy has not been altered . The

input language syntax remains the same , but various semantic changes

have been made mainly to accommodate the new or improved physical

models used in SUPREM II. Also , CPU time saving features have been

incl uded , the mo st impo r tant one bei ng t he in t roducti on of lat ent

regions in the simulated space where the impurity distributions are
not processed until they exceed a physically significant level of

concentration. In this new version of the program the probability of

numerical instability such as the occurence of negative impurity con—

centrations, has been greatly reduced by the implementation of a new

segregation model. Among new physical processes that are now simulated

by SUPREM II are, phosphorus diffusion under high concentration and

the associated base push, arsenic clustering which affects both arsenic

migration and final electrical activity, and enhanced oxidation rates

due to high surface concentration of n— and p—type impurities.

This report consists of three parts. In the main part the physi-

cal process models and their numerical implementation in SUPREM II

are described. Also, some details of the program and data structure

are discussed. The second part (Appendix 1) contains the SUPREM II

operating manual valid at the time of the program release. The last

part of the report (Appendix 2) consists of a set of examples of

program usage in mult-~—step process simulation together with some of

the resulting outputs.

E. 
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1. INTRODUCTION

The Stanford University PRocess Engineering Models (SUPREM) pro-

gram is a computer simulator capable of simulating most typical IC

fabrication steps. The program is designed so that these steps can - 

-
be simulated either individually or sequentially , just as they would

occur during the actual fabrication process. The output of the program,

available at the end of each step, consists of the one—dimensional

profiles of all the dopants present in the silicon and silicon—dioxide

materials. These profiles may be displayed in various formats including

line—printer output, line—printer plots, and high—resolution (Calcomp

type) plot. It is understood that, in sequential step simulation, the

output of a processing step constitutes the initial conditions for

the subsequent step. The junction depths and sheet resistances of all

n or p layers formed during the process are also calculated.

The fabrication step simulation is based on several process models.

The models implemented in SUPREM are the following:

(a) ion implantation

(b) chemical predeposition through the surface (gaseous or solid)

(c) oxidation/drive—in

(d) epitaxial growth

(e) etching

( f )  oxide deposition

Migration of impurities is fully accounted for in any of the above models

involving high temperature.

Communication between the user and SUPREM II has been kept as simple

as possible. The input file consists of free format statements involving

key words and numbers. Typically, a single processing step can be simu-

lated with an input specification involving less than 60 alphanumeric

characters. The details of input specification are given in the SUPREM

II user manual (Appendix 1).

Several physical parameters have been stored in the program and

constitute the default values used by the models. These values are

given in Appendix 1 with the appropriate references. They may be
overriden by user—specified parameters.

-2-
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The various process models have been implemented in SUPREM as sub—

programs, each consisting of a number of subroutines and special

functions. Figure 1 is a schematic of this arrangement. Input para-

meter specifications have been designed to resemble actual process

runsheet data and documentation . A run may consist of a series of

process steps. A typical input file is listed in Appendix 2. The

sequence of steps and the specification of the correct model parameters

are controlled by a supervisor program that evokes the appropriate

step subp~ogr tm. All communication between the various subprograms

is directed through the common variable area of the computer memory .

RED 1STR IBUT ON

I NEUTRAL AMB. 
______I OXIDIZING AMB./SEGRG. ~ I ~

INTRINSIC DIF. I
INPUT 

I EXTRINSIC DIF./COUPLING I
FILE EPITAXY/OUT-DIFFUSION 1

• I GRID MANIPULATION
INPUT - I -— ____

SCANNER 
~~ INTERPOLATION ....

~

J IMPURITY
SUPERVISOR 

~~] oXIDE DEPOSITION 
— 

IPROFILES

I ( OXIDE/SILICON ETCH

I INITIAL PROFILES

..~ ION IMPLANTATION ~ I
I CHEMICAL DEPOSITION I
I SUBSTRATE

L __ __J

OUTPUT GENERATOR

( OUTPUT]

Figure 1 General block diagram of the SUPREM process simulator.
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One essential part of the common area contains the impurity con—

centration arrays. [n the present version of SUPREM, there is a

capability for handling up to three different impurity species. The

impurity concentration is stored in terms of a discrete profile with

a maximum number of 400 points. Each concentration value corresponds

to a point in the discrete space (spatial grid) defined along a

vertical axis, with its origin at the surface of the material —— silicon
(Si) or silicon dioxide (Si0

2
). Typically , the spatial grid is divided

into the Si02 grid points , high—resolution—depth grid points, and low—

resolution grid points, as illustrated in Appendix 1. Within each of

the above three areas, the grid—point separation is uniform. The

spatial steps for each area and the three interface point indexes are

stored at the end of the concentration array , together with additional

information pertaining to the various physical characteristics (such

as diffusivities, segregation coefficients , etc.) of the impurity

species represented in this array. Storage (and recovery) of intense—

diate or final results in nonvolatile records is therefore greatly

facilitated .

Very of ten , during a processing step , the physical dimensions of

the simulated discrete space may change , as happens for example during

oxidation, etch , deposition , and epitaxy. The distance between

spatial grid points may not be uniform during any of the above proces—

ses. For this reason, a cubic spline interpolation routine has been

incorporated into the program and is used at the end of each of the

processing steps to restore the uniformity of the spatial grid.

—4—
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2. PROCESS MODELS

. 
2.1 Ion Implantation Model

The simplest description of an implanted impurity profile in

silicon or silicon dioxide is a symmetrical gaussian curve with first
• two moments the projected range, ~~ and the standard deviation, a ,

calculated from the LSS theory [2]. However, experimental distribu-

tions of many ions, such as boron or arsenic are found to be assymmetrical .

The simple gaussian approximation of those implanted profiles is often

inadequate so that higher—order moments must be usec~ to construct range

H distributions. Gibbons and Mylroie [~
] have shown that the third

central moment is enough to provide sufficient information to construct

accurate distributions when the asymmetry is not excessive (less than

the standard deviation). In these cases, the distribution can be repre—

• sented by two half—gaussian proffles, each with a different standard

deviation, O
~ 

and O
2~ 

joined together at a modal range R as shown

H in Figure 2. This method is used to specify the implanted profile

of all impurities in SUPREM II, with the exception of boron where a

modified Pearson IV distribution is used as described later.

C(y)

Figure 2 The joint half gaussian representation of as—implanted
impurity profiles

For the joint half—gaussian distribution, the two sides are given by

C1(y) = P
~ 

exp (y - R)2/2a12] O� y �R~

C2(y) 
= exp (y - R ) 2 /20 22] Rm< Y �~~

‘ 

-
• 

_
~~~~~~ ~~~~~~~~~~ - • - -~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~



In SUPREM II , the values for R , a and a are obtained from them 1 2
Gibbons—Mylroie algorithm which makes use of ~~~ 

~~ 
and of the third

moment ratio , y~ . These last three quantities are obtained by inter-

polation from look—up tables for each element in silicon or silicon

dioxide as a function of implant energy [4]. In addition to the

acceleration energy, the normal way of specifying an implant is by

selecting the ion dose. As a result , a relationship between the dose

and peak concentration must be used. Defining the normalized ion

dose by

b

Q(a ,R,a,b ,) = f exp f— (y— R)2/2a2] dy

The peak concentration, P , and the total dose, Q, are related by

Py = Q/[Q( a 1, Rm~ 
0, R )  + Q(a 2 , R , R , co) ]

In implantation through silicon dioxide, two sets of ~~~ a2, and R
must be used in the two regions. Because the stopping power of silicon

dioxide is somewhat different from that of silicon , the modal range

in silicon is modified to account for this difference in the following

approximate way ,

R si = 
~~~~ 

+ (1 — 

~~Si
’
~~ox~ 

Z

where Z is the silicon dioxide thickness, R and R are the
-
; ox inSi mSi

corrected and the uncorrected values of the silicon modal range, and

~PSI and are the silicon—dioxide projected ranges. A possible

small discontinuity of the profile at the silicon—oxide interface

is an artifact produced by this - approximation.

Boron implanted profiles: Hofker et al [5] have shown that the implan—

ted boron profiles, before annealing, may be descr ibed by a Pearson
type IV distribution. They have experimentally determined the fourth

moment ratio, 
~~ 

Although this distribution describes well the pro—

file of boron from the surface to a distance somewhat beyond the peak

4 of distribution, Figure 3 shows that the approximation fails to model the

F
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— - Figure 3 Boron as—implanted profiles in <111> and <100> silicon
in a random direction. Pearson IV and modified Pearson
IV distributions for representation of these profiles.

observed exponential tail that is due to random scattering of boron

ions along channeling directions. Based on experimental results [6,7,8]

we have empirically modified the Pearson [V distribution by adding an

exponential tail with a fixed characteristic length (0.045 inn),

independent of dose energy and crystalline surface orientation. The

tail is attached to the shoulder of the standard Pearson IV distribution

where the concentration drops to 50% of the peak value. Of course after

the addition of the tail, renormalization of the distribution to the

implanted ion dose is carried out. Typical resulting profiles from

this modification are shown in Figure 3.

The standard Pearson IV distribution is calculated as follows:

L I  4 - f ( y )
C(y) = C0

e

~~~ j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ ~~~~-- - -~~~~~~ - 
: -~~~~~~~~~~~~ ~~~~~~ ~~
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where

f (y )  
~~~~~

— Inib + b
1 X + b2x2J —

(b
1
/b

2 
+ 2a) 

tan —1 12~
)2 X + b

1

(4b2b0 
— b

1
2
)½ 

[
(4b2b 

- b
1
2)½

and

x = (y — R )/a

a — y 1(~2
+ 3)/A

b0 
= — 

~~~ 
— 3y~)/A

b1
= a

b2 
= _ (2

~2 
— 3y~ — 6)/A

and A = 1O
~2 

— 12y~ — 18

The constant C is found front a normalization to the implanted dose:

A = Q /fe
f~~~dy

2.2  Impurity migration during thermal processing

- - 2.2.1 Introduction. The redistribution of impurities in the

space of the silicon—silicon dioxide system, during thermal processing,

is governed by the general continuity equation which can be written as

~~ JCdV 
= f(g — 

~~) 
dV — . dS (1)

V(t) V(t) S(t)

where —
C = impurity concentration

S(t)= closed surface (function of time, t)

V(t) volume enclosed by S(t)
+
F = impurity flux vector
+

n = outward unit normal to S(t )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



g = impurity generation rate per unit volume

I = impurity loss rate per unit volume

The left hand side of equation (1) represents the time rate of

change of the impurity content in any volume, V(t), and it is equated

to the net impurity generation rate in the same volume minus the net

impurity outflow through the surface S(t) enclosing V(t). The reason

for using the continuity equation in integral form is that it simpli-

fies treatment of volume changes which occur during silicon oxidation

and epitaxy processes. The generation and loss mechanisms have been

included to account for the exchange of impurity atoms between different

j states in the silicon lattice as in the case of arsenic where atoms may

coexist in substitutional and clustered states.

For one dimensional flow, equation (1) can be written

~~ 
Q(y 1,y 2)mU (y 11y2

)—[F(y2) 
— F(y 1)] (2)

where
y,

Q(y 1,y 2
) C(y) dy (3)

H
U(y 1,y 2

) J (g — £)dy (4)

where y is the direction perpendicular to the silicon surface and is

• positive inwards, and the flux F(y) is positive in the y direction .
Physically , the impurity flux may arise from thermal diffusion, from

interface phenomena such as evaporation or segregation and from the

motion of interfaces as in the case of silicon oxidation and epitaxy.

In the sections that follow we discuss the models used to describe

each of the physical processes present in equation (2) as well as their

— numerical implementation in the context of SUPREM II.

-9-
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2.2.2 Diffusive flux. Solid state diffusion is the physical

mechanism responsible for impurity migration within the silicon body

during high—temperature processing steps. At any point, y, the diffu—

sive flux, FD(y), of impurities is related to their concentration and

diffusivity gradient by the modified Pick’s first law [9]. For one —
dimensional flow the relation is

d1~~,) — 
~~~~~ (D(y) . C(y) ) (5)

where D(y) is the diffusion coefficient of the impurity. Under the

assumption of single—state migration there is no generation or loss

within the material. The conservation equation, therefore, becomes

dQ(y 1,y 2)
dt 

= — (FD(Y2)~ 
FD(y l)) (6)

~ • 
Under the further assumption of uniform diffusivi ty ,  the well—known
Fick’s second law is derived by using equations (3) and (5) in (6)

and differentiating with respect to y. The equation becomes

~c _ a 2c
~— — D—— ~ (7)

Fick’s second law is generally adequate for the calculation of

impurity migration under low impurity concentration conditions. However,

this approximation fails as the impurity concentration increases to or

above the intrinsic carrier concentration, ni(T), in the semiconductor at

the process temperature. Figure 4 is a plot of n~ vs temperature as

defaulted in SUPREM II [10]. In addition , equation (7) may fail even
— at low concentration conditions if another impurity species is present

in the silicon at high concentration. We refer to silicon in which

any impurities exist at concentrations lower than n
i
(T) at the process

temperature, as intrinsic silicon. If the opposite is true then we

refer to it as extrinsic.

One of the first attempts to explain diffusive flux under extrinsic

conditions was to include the “electric field effect” of the introduced

free carriers on the impurity ion migration [ii], in a way similar to

ambipolar diffusion In plasmas. The effective diffusion coefficient

— 10—
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Figure 4 Intrinsic carrier concentration in silicon vs temperature.

thus becomes a function of impurity concentration given by

~ I fn \2 1 -½1
D = D j f = D i 1 1 + [ 1 + 4 (

~~
i) j  ~‘ (8)

where D1 is the intrinsic diffusion coefficient. As can be seen,

the maximum value of 
~e 

is 2, for C >> n1 and this is clearly m ade—

quate to explain diffusivity enhancements of the order of 10 to 20

often observed with most of the common impurities.

At present, it is generally accepted that extrinsic diffusion
phenomena are the result of impurity migration by interaction with

charged point defects in silicon [12]. All common impurities diffuse

in silicon by means of interaction with lattice point defects such

as silicon atom vacancies and possibly interstitials. Thus, the diffu—

sion coefficient is proportional to the concentration of such point

defects. Although the concentration of neutral defects at any given
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temperature is dependent on the impurity concentration (so long as

it does not approach that of silicon atoms), the concentration of

defects at various charge states (which have been identified within

the silicon bandgap), depends on the Fermi level position in the band—

gap and thus is a function of impurity concentration. Recently Fair

[13] summarized some of the latest work on diffusion in silicon and

suggested that the effective diffusion coefficient should be the sum

of several diffusivities, each accounting for impurity interactions

with different charge states of lattice vacancies. The effective

F .  
diffusion coefficient can thus be expressed as

D = fe~~
C 
+ D [v]+D [v ]  + D~ [v~]} (9)

where D
’
~ is the diffusivity due to each identified charge state, v,

of vacancies, (v: =, —, x, + i.e doubly negative, singly negative,
neutral and positive), and [v”] is the concentration of vacancies in

- - ~ • each charge state, normalized to the intrinsic concentration of that

state. Using Boltzmann approximation it can be easily shown that these
— 

normalized concentrations may be given by

[\(J = !L, [ v ]  = (fl )
2 
and [v~] = (10)

where n is the free electron concentration. Thus, under intrinsic

conditions (nn1), equation (9) becomes

Di
DV + D + D + D + (11)

i.e the intrinsic diffusivity is the sum of the diffusivities resulting

from the various vacancy charge states.

The above model is the basis of what has been implemented in SUPREM II.

However, with the exception of phosphorus, it has been assumed that only

the neutral and one charged defect state is responsible for the diffusi—

vity of impurity atoms . The specific form now used in the program is

D = Di (1 +6f~)/(1 + ~) (12) 
. 

-

where D1 is the measured intrinsic diffusivity and 
= n/n

i 
for donors

and n1/n for acceptors. Thus, under intrinsic c~ndit~r~ns £ I and
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D = D
1. On the other hand for extrinsic conditions the physical meaning

of the parameter ~ can be derived by combining equations (9), (10) and

(12), to get

x 1 v 8D = D 1 1~~~8 
an d D

Thus, B = D
V /DX

, is an index of the effectiveness of charged vacancies

relative to neutral ones in impurity diffusion. Figure 5 is a plot of
• 

normalized diffusivity vs. 
~~ 

Although it might be expected that 8
for any impurity element is a function of temperaturI~, no definite charac—
terizations exist at present . Recommend ed values (also included in the
program as defaults) are 8 3 for boron and B = 100 for arsenic while

for phosphorus a completely different model is used as described later.

B is not known for other impurities and therefore is defaulted to 1.

2 _____________________________________________________

10

1+s Y

DID, ‘
‘_ 1.p

101
_

1 -

1~j

100

16 .2 ‘ 

1~
_ 1 1 

10’ i02

• Figure 5 Normalized diffusivity vs normalized carrier concentration
for different values of 8.
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It is well known that when different impurity atoms are present in

silicon there is direct interaction among them 114]. Fig. 6 illustrates

one such (simulated) case where high concentration arsenic effects the

distribution of boron*. In SUPREM II this interaction is directly

1019 ~~~~~~~~ B (ext)

- 

B (int )

- 

8 ic?8 -

- B (initial)
I iO’~~

—

- 

t016 ~~~~~~ t h u  1 1 1 1 1  I i i

0.00 0.15 0.30 0.45 0.60 0.75 0.90
DEPTH (sm)

I F

• Figure 6 Illustration of e f fec ts  of heavy arsenic doping on the redistri-
bution of boron.

*The case of phosphorus is quite different. As explained later, phosphorus
at high surface concentration indirectly affects the diffusivity of other

• impurities by increasing the concentration of point defects in silicon.
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modeled through the use of equation (5) for the calculation of impurity

flux. For the example shown in Figure 6 the diffus ive flux of boron

in the region which is heavily n—doped is reduced because f v (boron) =

ni/n 0, while at the edge of the arsenic profile the dip is produced

by the rapid spacial change of and thus of diffusivity for boron.

Phosphorus: The model implemented in SUPREM for the diffusive migration

of phosphorus has been presented by Fairand Tsai [is]. The model predicts

with reasonable accuracy the phosphorus kink formation as well as the

base push effect, commonly observed during heavy emitter diffusions in

bipolar technology. According to this model the physical explanation

• of these “anomalous” effects lies in the enhancement of vacancy concen-

tration in the silicon caused by the dissociation of the phosphorus—

doubly ionized vacancy pairs that flow from the surface into the silicon

bulk. A typical high concentration phosphorus profile is con~posed of

• three regions as shown schematically in Figure 7a.

(a) The surface region in which phosphorus diffusion is assumed

to take place by interaction with neutral and with doubly

charged vacancies forming P~V pairs. In this region the

diffusivity is given by

D = f ~ D
X + D~~!L_\

2
~n1.

where n, the free electron concentration is calculated from

the total phosphorus concentration using equation (48). Thus

in this region the diffusivity is monotonically decreasing,

as shown in Figure 7a. The end of the surface region is

assumed to lie at the point where the Fermi level drops

below .11 eV from the conduction band which is identified

as the state level for doubly ionized vacancies. This occurs

at a characteristic electron concentration, ne, given by

21 / 0.39 eV
ne(T) = 4.65 x 10 exp \— kT

(b) The tail region where the diffusivity is enhanced relative

to the intrinsic value due to supersaturation of the silicon

lattice by vacancies resulting from the P V dissociation.
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- (  I I II , III
I I
I I SURFACE

• PROFILE “ I~’TERMI REGIONSI III TAIL

DID~

DEPTH

Figure 7a A typical phosphorus doping profile with a
de5arkation of the three regions considered
by the Fair and Tsai model. Also shown is
the local diffus ivity profile derived by the
model.

In this region the diffusivity is given by

DTAIL ~e 
DX + D 

:c 11 
+ exp (O.3 eV

)J
~ (l3)

where n9 is the surface electron concentration. This equation

should only be considered as an empirical fit to observations.

As can be seen the tail diffusivity depends very strongly on

ii and thus the surface concentration of phosphorus. Since

the model predicts that there exists a vacancy defect super-

saturation in the bulk, a point that has been recently verified

by Matsumoto et al [16], any other impurity elements present in

the silicon lattice beneath a region of heavy phosphorus surface

concentration should also experience a diffusivity enhancement

approximately equal to that of phosphorus. Thus, in SUPREM It
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an enhancement factor, 
~e~~ ’ given by

- 

DTAIL

~
enh 

— 

f
eD
x

is calculated and multiplies the intrinsic diffusivity, DX,

of any other impurity in the presence of phosphorus. This -

treatment permits the modeling of the base push effect, but

also predicts an enhancement of diffusivity of other elements

such as arsenic or antimony that may constitute the buried

collector in bipolar processes. This latter effect is proposed

by the present authors, and has yet to be experimentally

confirmed .

The beginning of the tail region is determined as follows:
- 

- 
It has been observed by means of Boltzmann—Matano analysis of

- F phosphorus prof i les under heavy doping conditions [15 , 17]

that there exists an intern diate region between the surface

and the tail, ~Jhere the diffusivity increases in propor—

tion to (‘~~) . This empirical observation is used in SUPREM II

to determine the beginning of the tail region. Namely, the —

diffusivity calculated at the end of the surface region, i.e.

at the point where n = 

~e’ 
is multiplied by (111)2 as the

depth from the surface increases, until the point where the

value D
TAIL 

is reached . At that point the tail region is

assumed to begin.

It can be easily seen from equation (13) that the model just described

• predicts that the diffusivity of phosphorus, at least in the tail region,

should increase monotonically with increasing surface concentration. It

is however well known that as the surface concentration increases above

-
. 

- about 3—4 x i020 cm
3 
the tail diffusivity decreases. This effect may

be attributed (Fair [18]), to silicon bandgap narrowing due to the stress

induced on the lattice by the high phosphorus concentration. In SUPREM II
• this stress effect is modeled by increasing the intrinsic carrier con—

centration, nj, according to the formula

—17—
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lul
l.,

I AE
n1 

= n~ (unstressed) 
exp (~— —j~~

where AEg is the stress-induced bandgap narrowing given by the
equation [18] - 

- -

I
~
Eg 

= - 1.5 x io 22 
(cTS 

- 
~~ ~ io 20 cm 3) eV

where CTS is the total surface concentration of phosphorus. Of course,

at the same time “e must also be increased by the same amount. The

importance of including the stress effect is illustrated by Figure 7b

where the calculated diffused phosphorus profiles with and without

l~Eg 
are compared with experimental data.

.~ 2I

-\  Pod 3
7min ® 920°C

iO
20

~~

E
U

U 19 _
• zlO
$ 0

U

id8 -

I, I I
0.2 0.4

- DEPTH (sm)

• Figure 7b Calculated phosphorus profiles for two different surface
concentrations . Slower diffusion of the higher surface
concentration profile is due to the silicon stress model.
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One additional stress effec t also included in SUPREM II affec ts

the diffusivity of ion implanted phosphorus profiles. In this case

it is observed that the diffusivity is further decreased under high

dos e conditions, probably due to permanent lattice disorder [18]

produced by the implantation process. Thus, in the case of ion

implanted phosphorus an additional bandgap narrowing is calculated

from the equation [18]

~
Eg 

= - 2.3 x 1O
6(Q~Y

25 
eV

where Q~ is the phosphorus atom dose.

- F 2.2.3 Diffusion under non—egu~.libriwu conditions — Oxidation

Enhanced Diffu~ion. It has been observed by several authors [e.g. 19 ,

20] that the diffusivity of boron and phosphorus is enhanced when the

silicon surface is oxidized. This phenomenon of oxidation enhanced

diffusion (OED) is generally attributed to enhancement of silicon point

defects due to the oxidation. Perhaps the most plausible model has

been proposed by Hu [21] and subsequently quantified by Antoniadis et

al [20]. This model relates OED with oxidation stacking fault (OSF)

growth, by invoking a dual diffusion mechanism for impurities in sili-

con whereby both vacancy and interstitial defects are responsible for

diffusion, and postulating an enhancement, due to oxidation, of the

silicon self interstitials. Thus, according to the model, during oxida-

tion the interstitialcy component of impurity diffusivity is enhanced

leading to OED while increased interstitial precipitation leads to OSF.

• At present the relationship between oxidation rate and OED is not known

with certainty. Thus, for boron in SUPREM II temperature dependent but

t ime independent OED is assumed for an ambient causing silicon oxidation.

For phosphorus a fixed enhancement of a factor 1.8 is assumed for dry

02 and 3.3 for wet °2 [18].

2.2 .4  Interfacial fluxes. An interface is the surface that sepa—

rates two different homogeneous regions such as the silicon bulk and

the silicon dioxide or the gas ambient. During thermal processing there

• exists at least one such interface that plays important role in the

redistribution o: dopant impurities. This may be a bare silicon surface

—19—

• - .



- - 
_ _

in an inert ambient where evaporation of impurities is taking place,

or the same surface in a dopant atom rich ambient where dopant incorpo-
ration takes place or perhaps the silicon—silicon dioxide interface

where dopant atom exchange between the two materials is taking place.

Although the actual details of the chemistry taking place at such

interfaces may not be known, generally the dopant atom flux across

interfaces may be phenomenologically described by means of a first

order kinetic model as

F~ = h(C 1 
— c2/meq 1—2~ 

(14)

where F is the dopant flux defined positive from region 1 to 2, C1 
is

the dopant concentration of the interface in region 1 and C2 the same

in region 2. Figure 8 illustrates the setup in the case of a Si02/Si

interface. meq 1—2 
is the equilibrium segregation coefficient for the

specific impurity species in the system of regions 1—2 and is defined as

C
m = —~~— (15)
eq,l—2 C

1

Finally, h which has units of velocity , is the surface mass—transfer

coeff ic ient .

In SUPREM II , equation (14), in one form or another, is used to

model all interfacial dopant flux phenomena. Following is a brief

- I discussion of each of the major cases.

C(y)

REGION 1 REGION 2

Figure 8 Interfacia]. flux , F , in the silicon—silicon dioxide system.
Also shown j~ the f!ux induced by the motion of the interface
during silicon oxidations
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(a) Evaporation. The mass—transport coefficient becomes the impurity

evaporation coefficient which is a function of temperature. The same

evaporation coefficient is used for Si02 and for silicon. Also, C1 is

assumed zero and m = 1.
eq

(b) Chemical deposition. Chemical deposition is simply modeled by

assuming (arbitrarily) that h -‘~ ~~~ , (actually h is set equal to 1 iim/sec),

meq 
= 1 and C1 equal to either the dopant solid solubility or to any

other (user) specified concentration. Thus, the simulated surface con—

- ‘ centration of silicon becomes very rapidly equal to C1. It is recognized

that the model may be overly simplistic but there exist too many different

processes by which dopants may be deposited in silicon, making it impracti—

cal to att empt to accu ra tely mode l each of th em specif ically in a general

program like SUPREM .

(c) Si02 — 
Si interfacial flux. Under non—oxidation conditions the Si02—

Si interface is stationary and equation (14) is sufficient to model the

impurity flux exchanged between the two regions. Unfortunately, there

exists practically no characterization of the flux in this stationary

system with the exception of the phosphorus doped Si02 
— Si system (used

• for silicon doping), which has been carefully explored by Ghoshtagore p2].

In this case h was de r ived as a singly activated function of temperature ,
while m was assumed infini te .  Actually the exact value of m wouldeq eq
not alter the observed result as long as it is kept large (say > 50).

In the case of a moving interface as in silicon oxidation there also

• exists a motion—induced interfacial flux resulting from the different

dopant concentration , across the interface. This flux denoted by Fb , is
given by

F
b 

= — v (C
1 

— ac2 ) (16)
-
. 

- where V dZ /dt is the oxide growth rate and a is the ratio of oxi—ox ox
dized silicon to resulting oxide thickness (equal to 0.44). Fb is also

depicted in Figure 8. Generally this flux competes with the flux F5.

If h >> v then C -
~~ m C while if h <<v then C ~ aC . In allox 2 eq 1 ox 1 2

characterizations of the moving interface system to date, the first •

condition has been implicitly assumed, i.e. that the equilibrium

F -
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segregation condition prevails. Thus, in the absence of any meaningful

values, h has been arbitrarily set equal to 0.1 inn/mm in SUPREM It,

and thus the condition h >> v is always satisfied.
ox

Although the exact values of the coefficients are not known at present,

the above described modeling of interfacial fluxes is physically more

meaningful than the classical model that has been used in SUPREM I. In

addition the new model lends itself more to numerical evaluation resulting

in substantial improvement of the solution stability.

2.2.5 Generation and loss mechanisms. Almost all dopants may exist

in silicon in more than one state particularly when the concentrations are

high. Typically one of these states is substitutional and therefore mobile

while the other, if present, may be some form of precipitate or cluster which
is immobile. Exchange between these two states gives rise to the generation

and loss terms in the continuity equation (1) of the mobile species . In

SUPREM II a model describing arsenic clustering phenomena [23,24] is inclu-

ded. However, due to lack of similar models, effects of clustering and

precipitation on the migration of other impurity atoms has been neglected.

The assumed chemical reaction for arsenic is

k
~~ 

C
A (17)

S~~~~~ m

F where in is the number of atoms in a cluster and k and kd the clustering

and declustering rate coefficients. Defining the concentration of

clustered atoms , C , as

C = CT 
- 

~~ 
(18)

where CT 
is the total concentration and C the substitutional concentration ,

the conservation equation for Cc may be written as

3 C
~~~~~~~~~~ m k C m _ k

d
C = 

~~~~
— 

~~ 
(19)

where 9. and g refer to the loss and generation terms in equation (1).

Further, defining the equilibrium clustering coefficient , ke~ 
by

k 
(k~~ 1/in (20)

e \kd/
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We can rewrite equation (19) as

= k
d 
[m(1e

C) in — C~] = — g (21)

The above equation together with equation (1) are used to describe the

thermal migration of arsenic atom s in silicon . The cluster size that

gives best f i t  to recent observed data [24 ] is in = 4 (tetrainers). How-

ever, there is evidence that  clusters of larger size may be involved .
The declustering rate coefficient k

d 
has been adopted from the work of

Schwenker et. al. [23]. Under equilibrium conditions (i.e. 3C~~~t = 0)

equation (21) yields

C
= 1 + 4 k4 C3 (22)

C e

This equation is plotted in Figure 9. It can be seen that clustering

imposes a limit to the maximum concentration of substitutional and

therefore electrically active, arsenic atoms. This limit is a function

of process temperature.

Although the clustering model predicts the formation and dilution

of clusters during predeposition and subsequent drive—in, an assumption

must be made about the initial cluster concentration when arsenic is
implanted . In this case , it is arbitrarily assumed in SUPREM II,

that the initial clustered arsenic profile is simply that determined by

thermal equilibrium at the annealing temperature , given the known implanted

profile of total arsenic atom concentration.

2.3 Thermal Oxidation

The rate of Si02 growth on silicon is described in SUPREM II by the

well known formula [25 ]

Z~ + AZ = B(t  ÷ T) (23)
where Z is the oxide thickness , t is time and A and B are related to the

linear and parabolic growth coefficients and K~ and normalized partial

4 — pressure , P0 ,  of °2 by

-23-
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- Figure 9 Normalized total arsenic concentration vs the substitutional

arsenic concentration , resulting from clustering model, as
1 a function of process temperature, under thermal equilibrium.

A = P
O
K
L
,

/K
L

• B = P 0 K~

The parameter T is related to the initial oxide thickness by
z
~~
(t=O) + AZ (t = 0)

T 
B (24)
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- Under relatively low dopant concentration conditions , K,1 and K~ depend only

on silicon crystal orientation and on the oxidizing ambient, and they are

singly activated functions of temperature. All relevant data are given in
Appendix 1 together with appropriate references.

It is however well known that under high surface concentration condi—

tions, such as in MOST source and drain or bipolar emitter region, the oxidation
rate of silicon is enhanced. A detailed description of the phenomenon has

been given by Ho et al. [26]. Briefly, it was found that the linear rate

• - coefficient is substantially enhanced, indicating an enhancement of the
• 

- surface reaction rate while the parabolic rate, which depends on diffusion of

02 through Si02 is only modesty enhanced . These enhancements are decreased

with increasing temperature. In SUPREM It we have incorporated a model

proposed by Ho and Plummet [27] which relates quantitatively the enhancement

factors for and K~ to the surface dopant concentration. The underlying

idea is that the rate of silicon oxidation depends on the lattice vacancy

concentration which is affected by the presence of dopant atoms as already

discussed in Section 2.2.2.

According to the model, the linear rate coefficient can be written as

Ic~ = K ~ [ l + y ( c T _ 1)] (25)

where is the intrinsic (i.e. low concentration) coefficient, y is an

experimentally determined parameter given by

3 1 1 .10 eViy = 2.62 x 10 exp — 

k T ]  
(26)

cT 
the normalized total vacancy concentration given by

1 + C~ (~~\ +ci~ \ + c (fl\
2

= ~
n jj k n i/ k 11iL

H + - 
( )

1 + C + C +C

with

C~ — exp [(E+ — Ei
)/kT] ; E

+ 
= 0.35 eV
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= exp [(Ei 
— E )/kT] ; E — E

g 
— .57 eV

= exp [(2E
1 — E — E )/kT]; E

= 
= Eg 

- .11 eV

The above expressions should be recognized as the normalized intrinsic

concentrations of vacancies in the three charge states with their cor-

responding state energies in the silicon bandgap. Finally the silicon

energy bandgap, Eg~ and intrinsic level, E m , are given as functions of
temperature by

Eg(T) = 1.17 — 4.73 x 10~~ [T
2
/(T + 636)] eV

E
~

(T) = E
g

/2 - kT/4

For n—type dopants the enhancement of the parabolic oxidation rate

has also been obtained by Ho and Plummer [27]. 5 is given as
5= K ~~

( 1 + ó C T
°22 ) (28)

where
— 16 2.83

= 9.63 x 10 exp kT eV (29)

is the Intrinsic parabolic rate and C
T is the total n—type dopant

atom concentration.

Since during oxidation the impurity surface concentration changes

due to diffusion and segregation distribution, the calculated enhanced

values of K
L 
and 5 may generally be time.dependent. Thus, rather than

using the classical oxide growth equation (22), in SUPREM II an incremen-

tal form of the same equation is used , namely

= {} _ (2Zox + A) +~~(2z + A) 2 + 4B~ t]

Thus, as the simulation time proceeds in small time increments, i~t, and

the impurities redistribute in the silicon, the coefficients A and B are

obtained from the surface impurity concentrations in each time increment,

and from those values the corresponding increment of oxide thickness,

i~Z is calculated.
ox a

2.4 Silicon Epitaxy

2.4.1 Introduction. Epitaxy is a processing step commonly used in

• 
-26-
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modern semiconductor fabrication technologies. As with oxide growth,

the epitaxial silicon growth step defines a numerical moving boundary

problem. The objective of SUPREM II is the simulation of impurity

redistribution occuring during this step.

The model for impurity redistribution is vaguely similar to that

reported by Langer and Goldstein [28]. Although redistribution caused

by diffusion and evaporation is well simulated, front—side autodoping

is omitted . Further investigative work is necessary before a reliable

front autodoping model can be incorporated in the process simulator.

Backside autodoping has also been neglected to conform with the

one—dimensionality imposed on SUPREM II. This, however, should not be

a severe limitation because backside autodoping is often avoided either

by backside sealing or by the use of ion—implantation on lightly doped

substrates. On the other hand , frontside autodoping may be a nonnegli—

gible effect , particularly when lightly doped layers are grown on

• heavily doped ones.

2.4.2 The model Figure 10 illustrates the epitaxial growth model

used in SUPREM. It is assumed that the bulk gas phase has a uniform

GAS SILICON
ZERO
FLUX

• 

CI~~ 
BOUNDARY

MOVING
- . 

- INTERFACE

F
~: EVAPORAT I ON FLUX

Fb: MOVING-BOUNDARY FLUX —

Figure 10 Model for the redistribution of impurities during epitaxial
silicon growth.
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equivalent concentration of single dopant species, C~~. This is a

fictitious concentration equal to the desired uniform epi—doping con—

centration. No real details of the gas phase are considered in SUPREM II.

At the solid gas interface, there exist two flux components, F6,

and Fb as indicated in Figure 10. F is an impurity “evaporation” flux,

F~ 
= h(kC*

1 
— C

1
)

where h is the impurity evaporation coefficient, as already dIscussed in

Section 2.2.4. As evaporation flux, we define any impurity flux exchange

between the gas and the solid , other than direct moving boundary incorpo—

ration; C1 
is the impurity concentration at the solid surface, and k is

the surface equilibrium segregation coefficient defined as

C
(31)

gI

The term Fb is a flux induced b
y the interface motion and can be calcu—

lated as in the oxidation case (Section 2.2.4). It is given by

*
F = v(C — C )  (32)
b gI I

where v is the interface velocity (growth rate)

Within the solid (silicon) body, diffusive flow of impurities is

accounted for as has been discussed in previous sections.

ii
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3. NUMERICAL IMPLEMENTATION OF PROCESS MODELS

F 
3.1 Introduction

The previous section has described the models of the physical
- processes that are simulated by SUPREM. In the present section, the

numerical implementation of those process models will be discussed

with particular emphasis on the discrete formulation of the impurity

continuity equa t ion under the moving boundary conditions encountered

during silicon oxidation and epitaxy. However, in order to establish

a basis for the discussion of this issue, the numerical solution of

the continuity equation under stationary conditions will be outlined

first.

- 3.2 Stationary Boundaries

The space over which the impurity continuity equation (2) is to be
I solved, is partitioned into discrete cells. The impurity concentration, -

C(y), is evaluated at points (or nodes) lying in the middle of each of

the discrete cells. Figure 11 illustrates this space discrettzation.

- C(y)

GAS Si02 Si

1 2  3 4 5 6 7 8 9 1 0

~~~~~~~~~

C2 ~~~~
—

~~~::2.4 F~5 F~5
C3 

~ 

~~~~~~~~~~~~~~~~

• Ci~~~~5\  
I

C7

I I  
- - - y

Figure 11 The partitioning of the simulation space into discrete
cells. Impurity fluxes across cell boundaries.

I
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For instance, taking cell i = 6 as an example, the discrete continuity

equation (neglecting generation—loss terms) is written as

~~~~ 
= - [F

D
(y6 5 ) - F

D
(ys s )]

— 

where FD(y6 5 ) and F
D
(y
s S
) are the impurity diffusive fluxes at the

right and left—hand boundaries of cell 6, and Q
6 
is the impurity con-

tent of cell 6. Thus, for the general ith cell not lying at any of the

space boundaries, the continuity equation discretized in space becomes

~~ Q~ 
= — 

[~~~~i÷~~ 
— 

~D
(
~
’i½ ~] 

(34)

where F
D 
is evaluated at the cell boundary from equation (5) and Q~ is

given by

~i+½
~i 

../ C~dy (35)

For simplicity we have ignored generation—loss terms in (34). Both the

spatial derivative in equation (5) and the integration in (35) are

carried out using numerical approximations. Specifically, the flux

is evaluated by replacing (5) by a difference equation while is

evaluated using midpoint integration.

The cells at the two space extreme boundaries as well as the sio2/
Si boundary (when it exists), deserve attention at this point.

(a) Top Boundary. The first discrete cell is actually a half—cell with

its node at the physical boundary. Generally, at this boundary an

evaporation or incorporation flux, F6
(O), governed by equation (14) as

discussed in Section 2.2.4, is assumed. At the inner boundary of this

cell a diffusive flux is evaluated as with all other cells, from equa—

tion (5). The continuity equation for this cell becomes

f~. Q1 = — [F0(y 1~~) 
— F (O)] (36)

(b) Deep Boundary. This boundary usually lies inside the silicon

substrate at the point where the simulated space terminates. The last

—30—
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cell in this end is also a half—cell similar to the first one. However,

— 
• a reflecting boundary (implied by setting h = 0 in equation (14), is

assumed here. Because the depth of simulation is user determined, care

must be taken ~o ensure that the presence of a reflecting boundary at

that point does not affect the simulation results. On the other hand,

this reflecting boundary facilitates significantly the use of SUPREM II

in unconventional cases such as Si on saphire or poly.-Si on Si02 , where
it stay be desirable to study the effect of the reflecting deep boundary

on impurity redistribution. The continuity equation for this last cell

becomes

Q =  F~(YQ (37)

(c) Si02/Si Interface. Since this interface is an extremum point where

impurity concentration must be evaluated it must always lie on a node.

This node is shared by two half—cells, the one in Si02 and the other in

Si. Since the impurity concentration is generally discontinuous across

the interface (because of thermodynamic segregation), the interface node

contains two d i f ferent  concentrations, one for the oxide half—cell and
one for the silicon half—cell. An interfacial flux, F , described by

equation (14), is assumed to flow between these two cells, while diffu—

sive flux calculated from equation (5) with the appropriate diffusivities

for the two materials, is flowing across the other two boundaries. The

continuity equation for the two interfacial half—cells becomes

~~~ ~~~~~~~ 
— [F — F

D ~ i-.Q 3 (38)

~ 
~I,SI = — [F

D
YI.~~) 

— Fs]

The established boundary cell equations (36), (37), (38) and (39)
— together with equation (34) for all other cells constitute a system of

• equations that describes the temporal evolution of the impurity distri—

- - bution. Numerically , this evolution is obtained by replacing the time

derivative in these equations by a discrete approximation. All the

above equations are of the type

H
i
(t) 

~~ 
Qi

(t) (40)
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where H~(t) denotes in abbreviated form the cell boundary flux differ-

ence. Assuming that at time t
o 

the concentration distribution is known,

the distribution at a future time t1 may be derived by solving the

equation

fHi t) dt = Qi(ti
) - Q1(t0) (4 1)

Various methods exist for performing this integration numerically.

The method used in SUPREM II is first order implicit, i.e. it assumes

that during the time interval (t1—t0
), H.(t) = H1(t1). Then the above

equation becomes

H .(t 1) = [Q.(t1
) — Qi(to)]~

/(t
r

to
) (42)

Now, there are as many equations of the form given above , as the number

of discrete space cells. Also, since for each cell the function H ,,

is evaluated at t1 (i.e. at the future time), 
it Involves not only the

unknown cell concentration Ci(ti
) but also the two neighboring cell

concentrations ~~~~ (ti
). Thus, the resulting equations are mutually

coupled and form a system with a tridiagonal determinant. This system

of equations is solved successively in small (simulated) time increments

by means of gaussian elimination. Also, since the system may be non—

linear due to the dependence of diffusivity on impurity concentrations,

Newton—Raphson iterations of the solution are performed until conver—

- • 
gence of the results (concentrations) is achieved.

3.3 Moving Boundary — 
Si02/Si

When silicon is oxidized the interface between Si02 and Si moves

into the silicon and the oxide layer expands with a velocity vox(t)

given by

dZ (t)
V • v (t) = 

ox (43)
ox dt

where Z is determined as discussed in Section 2.3. Under these condi—

tions a moving boundary induced impurity f lux , FbI given by equation (16)
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also flows across the interface.

The presence of the moving boundary complicates the numerical

formulation of the continuity equation in two ways. Firstly, because

of the non—unity volumetric ratio of Si to Si02 (c~ = 0.44), there is

expansion of the discrete volume cells as they become part of the

Si02. Figure 12 illustrates this effect. Thus, for the cells around
the interface, volume is a function of time and the integration bounda-

ries of equation (35) change between times to and t1. Secondly, the

existence of the two Interfacial fluxes F
5 and Fb creates a jump dis—

continuity in the impurity flux, that propagates through space during

oxidation. Referring to Figure 13 the flux across the interface from

time to to t1 can be considered as a superposition of two separate
processes. The first process assumes that the interface moves instan—

taneously (at t0
+), to its new node and that F5 flows for the time

interval (t ,t1). The second process consists of the redistribution

of the impurity contents of the two Si02 cells nearest the interface

- - - due to the moving boundary flux Fb that flows across the boundary of

these two cells.

INITIAL
~
s- SILICON THICKNESS-’I

t~~~I I 1 1 1 1  • • — I  t~~0

$ \ t i i t~~~~ 
. . a —‘

r i i i —
~ 
. . . ~~~~ t~ 4t1

• i , 
\ 

i i . • . ~~~ t=16t 1

Si02 /Si
INTERFACE LOCUS

Figure 12 Relationship of SiO and Si volumes when silicon is
oxidized at four ddferent times. Here the oxidation
rate is assumed purely parabolic . The tick marks

• identify cell boundaries.
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Numerically assuming that the discontinuity occurs in the ininediate vici—
nity of the ith cell at a time t in the interval (t0,t1), the first order
implicit approximation to the integral equation (41) yields

Hi
(ti) ± 

~~ 
Fb(t l

) = [Qj t
1 

- Q1(t0
)]/(t1-t0

) (44)

keferring to Figure 13, i may be equal to I or to I—i, where I identi-

fies the interface node. The + sign is used when the equation represents

the continuity in the interfacial cell I in Si02 and the 
— sign when the

continuity in cell I—i , also in Si02, is represented.

To complete this discussion, it remains now to outline the inter-

relation of time and space discretization that arises frost the considera-

tion of the moving boundary. Given the constraints that the interface

3 
must always lie on a node and that the number of oxide nodes may increase

by at most one node in any time step , two basic possibilities for advance-
ment of the interface exist in SUPREM II, depending on the oxidation rate

• -.---- -

t
Q

I\ Fb ‘1~

•

Si02 Si
I- i I

Figure 13 Interfacial cells and moving boundary flux at two incre—
ments of time. For simplicity the volumetric ratio, a,
is assumed unity .
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which is typically a quadratic function of time. These two possibi—

lities are illustrated in Figure 14. Note that the figure has been

drawn assuming a 1 for clarity. In Figure 14(a) the number of
- 

oxide nodes increases by one while in 14(b) it remains fixed. In

the first case, (a), the interface crosses the left hand boundary
of the cell that contains the interface in time 4, while in the
second case, (b) it does not cross any boundary. When case (a)

arises , equation (44) must be used in the two cells that share the

crossed boundary while in case (b) the cells in the neighborhood of
the interface see no special boundary flux i.e. equation (42) is

valid just as in all other cells. Of course, in both cases the

fact that the volumes of the two cells change in the interval (t0, t1)

must be accounted for , in establishing the cell Impurity content.

Thus, as already mentioned the limits of integration in equation (35)
are time depend ent for the two cells in the interface neighborhood .

Si02 Si

; :~~~~~:
• S ~~~

I ~~ 
I

•

~~~~~~~~

• —.--

~~~~~~~~

‘- .
~~~ • t

1

(a)

I I I ‘ I
‘-

~~~~~~~~~~~~~~~~~ k 
•~~• I  •

~ \~i ~
•-~~~• i 4 . 1 . 1 .  

t

t i~ 
I

(b)

Figure 14 Examples of interface motion (a) when the number of oxide
nodes increases by one and (b) when the number does not
increase. In case (a) the interface crosses the cell
boundary while in (b) it does not. For simplicity a = 1
has been assumed.
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3.4 Moving Boundary - Epitaxy

As with oxidation—diffusion , discussed in Section 3.3, the epi—

taxi~l growth—diffusion algorithm has been derived from the impurity

conservation equation [Eq. (1 )]. Special treatment of fluxes is

necessary only at the moving/gas solid interface. Again the algorith—

mic constrain is imposed —— the interface must always lie on a spatial

grid node and, during any simulated time increment t, no more than one

- 

- new node of solid can be generated. This is illustrated in Figure 15.

The solid vertical lines identify the gas/solid int erface , and the

broken lines delineate the discrete subcell boundaries across which the

fluxes flow. The concentration in each subcell is considered uniform

with value equal to the concentration at the grid node.

3 
The numerical method used for the solution of the conservation

equation is implicit , first order in time and uses midpoint integration

in space. The procedure for the solution of the resulting system of

equations from one time increment to the next can be best understood by

referring to Figure 15.

(a) At time to, the concentrations in the solid and

the gas (near the interface) are known. These
• concentrations are either the initial conditions

or the results of the solution up to the simulated

time t0(Figure 15a).

(b) Still at time to, an intermediate step (Figure

• 15b) is taken at which the contents of the two

cells near the interface are rearranged . Speci-

f ically , the concentration at the new node, i—i ,
to be added during the next time increment t~t,

is fixed at the gas concentration C~1, and theg
concentration at the interface node, i, is

modified to account for particle conservation in

the ith subcell. The second operation is

necessary because one nodal concentration value

must be used to account for the current in each

—36—

-



__________ - 
—

~~

-

~~~~~

‘——

~ 
_ _ _ _ _ _ _ _

I
- ( I )

i+1 i+2

t O

I .  

C~
* h

I :~~~~~~~~: - ~~ 
to

I. , c.’i I
I j  I

I —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i—I I i+1

• 
- ( I )

Figure 15 Motion of the silicon/gas interface in the discrete space,
H I - during epitaxial silicon growth. For explanation see text.
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subcell. The results of this intermediate step serve
now as initial conditions for the next time increment.

(c) Time is incremented to t
o 
+ ~t, and the system of coupled

impurity conservation equations for each subcell is

solved. The interface has now advanced by one grid node.

This is shown in Figure 15c. From this point on, the

cycle of operations is repeated as just described.

In setting up the system of equations, in step (c) above, the two

interface fluxes, described in Section 3.3.2, are also included;

however , although the evaporation flux, Fs, flows out of or into the

H composite system shown in Figure 15c , the moving boundary f lux F
b

does not; Fb only results in rearrangement of the contents of the

- - (i—1)th and and ith cells in going from the situation shown in

Figure 15b to that in 15c. This is a key point if particles are to

be fully conserved by the algorithm.

The equations for the impurity conservation in the first two

cells from time to 
to t

1 
becomes

— FD(yi½ ) + F — 4 F
b 

= k~- [Q1 1 (t 1
) — Q1 1 (t0)] (45)

— FD (Y i~~ ) + F
D

(y
i½

) + 4 F
b 

= ~~~~~ [Q~ (t1
) — Q~(t0)] (46)

where FD 
identifies the diffusive flux and the remaining symbols and

indexing have been defined earlier in the previous sections.

3.5 Spatial Discretization, Truncation Errors and Time Step Generation

The impurity concentration resulting from a diffusion process is

a continuous function of space and time. The concentration profile

resulting from numerical simulation is a discrete approximation both

in space and time, to this continuous function. This space and time 
F

d iscretization naturally leads to so—called truncation errors of the

numerical solution of the continuity equation. These errors are small

provided the space and time intervals are small.
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In SUPREM II the maximum number of discrete space intervals is

fixed to 400 and thus there is a limitation imposed to the smallest

space increment, 1~y, that can be used. However it has been found

through practice that spacial steps of order 100k provide accurate

results under most circumstances . Clearly there exists a trade—off
-

- 
between computation (CPU) time necessary for a particular simulation

and spacial discretization errors. It is very hard to derive general

forms that would rigorously satisfy specific trade—off goals, parti—

- - cularly since profiles of different shapes may coexist in any simulation.

A good rule of thumb for selecting Ay maybe that it be fine enough to

adequately represent the sharpest final profile of the simulation.

Generally, as time progresses during a process involving diffusion,

the profiles tend to become less steep, and thus the rate of change of

the content of each discrete subcell diminishes. It is reasonable to

assume that temporal discretization errors for a particular discrete

space would be proportional to the rate of change of the profile, i.e.

to the rate of change of impurity content of each subeell. Thus, if in

the interest of CPU time economy , temporal truncation errors are to be

kept rather constant during a simulation, the tine steps should become

• longer as simulation time elapses. This scheme has been adopted in

SUPREN II where the time steps (which are built—In to the program),

increase parabolically with time starting from a small value of about

half a minute . Again through practice it has been found that this scheme

provides accurate results under most process simulation conditions.

• Finally, it should be mentioned here that a latency feature exists

in SIJPREM II , that can significantly reduce the CPU time of simulations.

The basic idea is that impurity concentrations below i013 cm 3 (this is

arbitrary), are not physically significant and thus need not be processed.

An algorithm is built—in to the program that keeps track of the length of

simulation space for each impurity species and increases it as the

profiles spread out by diffusion. Thus, the number of spacial points
over which the continuity equation is numerically solved, is always

optimum and is controlled by direct feedback from the actual profile

being processed.
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4. CALCULATION OF ELECTRICAL PROPERTIES

4.1 Introduction

The previous sections have described the models and their numeri—

cal implementation used in SUPREM II to obtain the impurity profiles

resulting from simulated processes. Ideally , these profiles together

with some lateral geometry information would serve as an input to a

device analysis program that may calculate electrical parameters and

predict the behavior of devices under development , thus completing the

cycle of device computer design. However, a lot of insight into the

performance of devices and circuits is often gained from simple elec-

trical parameter calculations. For this reason SUPREM II incorporates

the calculation of layer or sheet resistance and of MOS threshold voltage.

3 
Following is a discussion of the implementation of these two calculations .

In this section the symbol N(y) is used to denote the net carrier con—

centration under quasi—neutrality conditions. It is defined as N(y) =

C~ (y) - C
D
(y) where C stands of atomic impurity concentration and the

subsripts A and D for acceptor and donor impurity type.

4.2 Sheet Resistance /

Layer resistance is calculated as the reciprocal of the average con-

ductivity of the layer g iven by the equation

.L. = = 
ci f 2 11(C) N(y)dy (47)y2 y1 j

y1

where y1, y2 define the boundaries of the layer (measured from the top 
—

silicon surface), q is the elementary charge, N(y) the net carrier

concentration defined above and ii(C) the appropriate carrier mobility

which is a function of total impurity concentration [20). The net

carrier concentration is calculated by assuming total impurity electri—

4 cal activity except in the case of arsenic where only the unclustered

atoms are assumed to cdntribute electrons and in the case of phosphorus

where the electron concentration, n, is related to the atomic impurity

concentration, C, by the expression [is]
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C n+2.04 x 10 n (48)

Both of the above exceptional cases are important for heavy doping

conditions.

Sheet resistance is calculated in SUPREM II for all layers of

individual type resulting from a process simulation. For example,

in the case of simulation resulting into an npn layer structure three

sheet resistances are calculated , namely, (a) of the n—layer extending

from the silicon surface to the np junction (b) of the p—layer extending

from the first (np) to the second (pn) junction and (c) of the n—layer

extending f r om the seco nd (pn) junction to the end of the simula ted

space. The sheet resistance of the layer bounded by the end of the

space may or may not be of physical significance, depending on the

particular process that is simulated . Also, the sheet resistance of

3 

the middle layer in the above example which could be interpreted as

a pinched base r esistance may well be an underestimate since depletion

regions are not considered in the calculations.

4.3 MOS Threshold Voltage

The calculation of MOS threshold voltage, VT, is implemented in

SUPREM II based on the full depletion approximation and the assumption

of quasi—neutral impurity profiles [28]. Figure 16 shows a typical

p—type implanted impurity profile. It is assumed that all the carriers

are depleted for O � X�X
d
. The threshold voltage is then calculated

from

V
T

V
~~~

+
~~~~

+ V B 
(49)

where v~~ is the flat band voltage given by

~~~ 
= 

~MS 
— q N

85
/C
~~ 

(50)

* - with 
~MS 

the gate—semiconductor contact potential dependent on the

4 gate material and on the channel surface doping , N
~~ 

the oxide inter—

face charge density and C
ox 

the oxide capacitance per unit area.

i4 Is the surface potential under strong inversion conditions
r

given by L28

I
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N(Y):CA~CD

Figure 16 A typical p—type profile resulting from boron ion—implan—
tation. N(x) is the hole distribution under quasi—
neutrality conditions.

kT IN~N( y~)1
= ± 2 I 

(5 1)
ni J

where Nb is the carrier concentration at the bulk contact and N(y~) the

same at the edge of the depletion region. N
b may be the surface con—

• centration, the substrate concentration or an arbitrary user determined

concentration. Obviously Nb and N ( Yd ) must be of the same type. Details

on the specifications of C
b is given in Appendix 1. The positive sign

refers to p—type and the opposite to n—type impurities.

4 • Finally, VB 
is the silicon bulk voltage given by

= 

~~ 

N(y)dy (52)

The one unknown in the above equations is the depletion region width

This is determined by solving the Poisson equation using the full

depletion approximation.

t 2
44 = — ~~

— (C
D

(Y) — C
A

(y))  = -~~~ N(y )
dx s s

- 
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~~ft Double integration of this equation and use of the appropriate boundary —

• 
- 

conditions yields

~~~ 
J

~Yd~
(y)

~
y _ffdN(y)dy2~ (54)

Thus , 
~d is determined by numerical solution of the non—linear system

of equations (51) and (54).

Within the accuracy limitations imposed by the assumptions used

here , V
T 
can be calculated for any arbitrary impurity profile. The

vertical profile under the gate does not have to be of a single doping

type. Thus, a junction may exist within the depletion region as is

often the case with implanted channel and depletion mode devices. The

one important consideration is that the doping type at the bulk contact

be the same as that at the edge of the depletion region. If the

profiles are such that this is not satisfied , no threshold voltage can
be calculated.

- 
. 
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5. SUPREM II DATA STRUCTURE

5.1 General Information

The SUPREM II data structure is divided into five main blocks.

The first block is made up of six, 450 word , real arrays. The first

three of these arrays contain information about the impurities being

processed in the process under simulation. The discretized impurity

profiles are stored in the first 401 words of each array, f ollowed by
one word specifying the impurity element, nine words containing spatial

grid information about the profile, (see Figure on page 55) and

the rest containing the physical constants pertaining to redistribution

• of the impurity. The fourth of the six arrays is reserved for storing

the total arsenic distribution (including clusters), while the fifth

is a general working array. The sixth of the arrays in this block is

used to hold the 400 point spatial matrix indicating the distance bet-

ween each of the points in the profiles of the previous arrays. The

last fifty points of the sixth array contain current step parameters

such as temperature, time, ambient, etc.

The second block is made up of three arrays, one of type logical,

one of type integer and one of t;~~ ~~.ii. These arrays contain infor—

mation regulating the type and quantity of input and output, along with

some grid and substrate information that is not normally variable from

step to step. In addition some temporary grid pointers used when oxi-

dizing or growing epitaxial silicon are also stored in the second block.

The third block consists of arrays containing model card parameters

as described in the SUPREM II user ’s manual (Appendix 1). The arrays

are initialized to the internal default values when the substrate card

is read-in and are modified by the occurence of the model cards in the

input deck. When a model card is referenced in a step card, the model

parameters are read from the appropr iate array in this block.

- -
- The fourth block is made up of four 410 word arrays which are used

as working arrays by various routines throughout the program. The fifth

block is reserved for future implementation of an optimization routine.
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Figure 17 Flowchart of SUPREM II program.
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When SUPREM is initiated , it first lists the entire input deck,

numbering the lines. Secondly, it goes through the deck , line by line,

checking the validity of the syntax and card order. If , after checking

the entire deck , any errors were found, SUPREM lists the errors and the

line numbers in which they occured, and then terminates. If no errors

are found it then begins processing the first process in the deck.

This process is illustrated in the flow chart of Figure 17.

As described in the user’s manual the first card in a processing

sequence must be a title card, this is because when a title card is

processed by the input routine, all of the data arrays described above,

except those of the second block, are zeroed. The second block is

initialized to its default values. The next two cards in the sequence

- must be a.,~rid and a substrate card. When the first grid card is

3 
processed , the spatial matrix is set up in the sixth array of the first

block, and the spatial grid information in the first of the impurity

arrays are set. The substrate card , by specifying the crystalline

orientation of the silicon surface, causes the model cards to be m i —

tialized. If the substrate card also specifies a substrate impurity

element, then the first impurity array is opened and its physical para—

meters initialized .

As impurities are introduced in subsequent steps, the second and

- 

-: third of the impurity arrays in the first block are opened and m i —

tialized . When an element model for one of the impurities present is

referenced in a step card of the process, the parameter values asso-

ciated with that mode~. in the third block are m apped into the appropriate

impurity array. The parameters that are associated with the element,

and special purpose models, once set, are not changed except by a later

reference to a model card of the same type. However, epitaxial and

oxidation model cards must be specified at each step in which their

associated parameters are to be used, or else the program will use

its default values.

5.2 Program Segmentation

• Following is a list of the SUPREM II main program and segments

together with the routines that they use. A brief description of each
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of the routines is included in the source code and thus will not be
— 

I 
given here. The program structure reflected in this section is the

original one, developed on a Hewlett—Packard 2100 minicomputer under

DOS—Ill operating system. Although this segmentation is not a unique

solution it can serve as guide to those users of SUPREM II that may

wish to use the program on small machines.

SUPREM MAIN AND SEGMENTS

SUPREM Main

SUPRN STPRC OPTIM FUNC

Segment SUSYN

SUSYN GETLN ERSET GDSY N SBSYN PLSYN PRSYN SLSYN MDSY N STSYN

OPSYN RSLSY STOSY ISCOM PARSE LGTOP GETRL IGTEL MODNN STPTP
PARTP IFTYP ITYPE

-

~ Segment SUINP

• SUINP COMST ERSET PLTST PRNST MODST STPSV OPTST RSLTS STOPS

• 
GETLN PARSE INITE ISCOM LGTOP GETRL IGTEL MODNN STPTP PARTP

IFTYP ITYPE

Segment TGSIN

- • TGSIN GETLN FGRID SUES ISCOM ERSET PARSE BNDRS INITE OXINT

LGTOP GETRL IGTEL MODNN STPTP PARTP IFTYP TYPE

Segment SVLDF

• SVLDF PARSE SAVFL LODFL ERSET LGTOP GETLN ISCOM GETRL IGTEL

MODNN STPTP PARTP IFTYP ITYPE

Segment GRDNW

GRDNW PARSE ERSET CGRID LGTOP CETLN ISCOM GETRL IGTEL MODNN

STPTP PARTP IFTY P BNDRS SPLIN SEVAL ITYPE

Segment STPST

STPST PARSE ERSET INITE MODIN OXIDI EPTAX LGTOP GETLN ISCOM
GETRL IGTEL MODNN STPTP PARTP IFTYP OXINT SOLUB ITYPE

—47—
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Segment IMPLN

IMPLN ERSET QDIMP IPLNT GAUSN IMPRS PRSON TRAPZ SPLIN SEVAL - 
-

Segment DIFOX

DIFOX PREQ OXThI TIMOX SITIII DIFPR OXDEP INTRP COEF1 SOLVE

PRINT UPREC ACTVE DFPE DFFY PREC

I 
Segment DIFEP

DIFEP GRIEP PREQ CFEPI SLVEP PREPI UPREC SPLIN SEVAL DFFY
I 

Segment OPTIO

3 
OPTIO

- 

- 
Segment OPTPR

OPTPR DJAC LNEQS LUDEC LUELM

Segment OUTP1

OUTP1 ACTVE SHEET VTHRS QDINT EOUTP WRTQD TRAPZ SPLIN INSPL

- 

- 
I 

Segment OUTP2

OUTP2 PROUT PLTLP EOUTP PRVAL SPLIN SEVAL

Segment SUERR

SUERR
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SUPRE M.!! INPUT FORMAT

THE INPUT PARAMETE RS FOR SLJ PREM AR E SPECIFIED BY A SEQUENCE OF CARDS O~
• L INES IN A DATA FILE, EACH OF WH ICH BELO N GS TO ONE OF THE FO LLOW IN G CARD ØR

LI NE TYPES .

IN I TIA LI ZAT ION INPUT/ OUTPUT PROCE SS/ M ODEL 

TITLE PRINT STEP
CO MMEN T PLOT MO DEL
GRID SAVE
SUBST RAT E LO AD
END

EAC H CARD CONS ISTS OF ONE OF THE A B OV E  CARD TYPE IDENT IFIE R S FOLLOWED
BY E ITHER A P A R A METER LIST OR A C HARACTE R STRIN G (OF WM !CH ONLY THE rZ~~ST
FOUR CHARaCT E RS ARE SIG NIFICANT) . THE PA R A M E T E R  LIST OR C HARACT E R STR ING
Is SEPARATED FR QM THE CARD TYPE IDENTI F IER BY EITHER A C O M M A  OP ONE OR MORE
B LA N K S . ONLY THE FIRST 72 COLU MNS OF A LINE A R E READ 5y SU PR E Nt S INPUT
PROCESSO R . IF NOT ALL OF THE P ARAM E TERS OF A CARD’S P A R A M E T E R  L ISY WIL L
PIT ONE ONE LINE, THEY M A Y  BE PLA CED ON THE FO L L OWING  L IN E IF A PLUS (.3 IS
USED AS THE F IRS T ~1JON.B LANK CHARACTER OF THAT L INE. CA R D  TYPES THAT uSE a
CHAR ACTER STR ING INSTEAD ØF A P A R A M E T E R L IST M A Y  NOT H A V E  A C O N T I N U A T I O N  —
LI NE . A LL BL AN K LINES A PE IGNORED.

THE CA RD T YPES THAT HAVE A C HARACTER STRING INSTEAD OF A P A R A M E T E R  LIST ~

- 
-

t A PP TITLE , COMME N T. STOP AND END . THE STRINGS IN ANY TITLE OR COM MENT CARDS
APE USED 5Y THE OUT PUT ROU T INES , WH ILE TEXT IN STOP OR END CAR D S IS IGNO R ED .
THE P A R A M E T E R S  IN THOSE CARDS WH ICH USE A PA RA M ET E R L IST A RC sPEC IFIED iv A
PAR AM ET ER NAME TO W H ICH A V A L U E  IS E QUA TED (I.E. .NAM E )u (VA LUE ~~). THE PAPA.

— 
M E TE R / V A L U E  PA IR S M A Y  OCCU R TN A NY ORD ER WI TH IN THE LIST, SEPARAT E D FROM
EACH OTHER BY COM MAS . ANY BLANKS OR SPACE S HI THIN THE LIST ARE IGNORED ,

THE VA L U E S  A SS !GNEO TO THE V A R I O U S  PA R A M E T E R S  M A Y  BE OF SEVERAL DI FFER—
EN T TYPES (I.E. NU M E R ICAL, LOG ICAL, ETC .), TN THE CARD TYPE DESCRIPTIONS ON
THE FOLLO WING PAGES , THE TYPE OF V A L U E  THAT IS ASSIGNED TO A P A R A M E T E R  IS
INDICATED BY ONE OF THE FOLLOWING SYMBO L S .

• SY M B OL TYPE EXAMP L E  OR (DESCRIPTION)

4N~ NUMER ICA L. 15 . , 2 , 1.2 8E—1 4 • 350 .236
(L) LOG ICA L T , TRUE , Y , YES , P , FALSE , N , NO
‘E ELE M ENT B (BORON) , P (PHOSPHORUS ) , SB (ANTIMONY), AS (ARSE N IC)
5, STEP TYPE (SEE STEP CAR D DES CR IPTION )
M) MODE L TYPE (SE! MODE L CAR D DESCR IPTION)

4I~ P A R A M E T E R  N A M E  (THE N A M E  OF A O P IM !ZXNG OR RESULT P A R A M E T E R )  - -

~F1~~ FILE TYPE A , ASC II , B , B INA R Y
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AL L LENGTHS , AREAS , AND VOLUMES A PE GIVEN IN MICRON BA SED UNITS, EXCEPT
FOP IMPUR ITY CONCENT RATIONS , W H ICH ARE GIVEN IN ATOMS/CU B IC CENTIMETER, AND
IMPLAN T DOSES GIVEN IN ATO M S /SQUAR E CENT IMETER . TIME S AR E A L W A Y S  GIVEN IN
M INUTE S AND SO VELOCITIES ARE IN MICRONS /M INUTE AND DIPFU $!V !TIES ARE ZN
M ICRO NS SQUAR ED/M INUTE .

FO LL OWING IS A DESC R IPTION OF EACH CARD TYPE AND ITS ASSOC IATED PAPA.
METERS . ZN THIS DESC R IPT ION OPT IONAL PARAMETERS OR PAR A M ETE R GROU PS AR E
ENCLOSED BY 5QUAR E BRACK E TS , 3 , W HERE ONE OF A LIST OP PARAM E T E R S  OP
PARA METER GROUPS MUS T BE CHOSEN , TM! CHOTCES APE ENCLOSED BY ROUND SRA CKE TS ,

j ,  SE PARAT ED BY THE W O RD “OR” .

I! I 
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A~ IN IT IA L IZAT ION CARDS— sn oseSfl eeSW — .555*5.55_S
TITLE CARD
5 en a aS 5 5

THE TITLE CARD SPECIFICS THE CHARA CTER STRING USED SY THE PRINT AND P~.OT
RDIJTINE5 TO LABEL THE OUTPUT . THE TITLE CARD ALSO CAUSES THE INITIALIZATION
OP M A N Y  OF THE PROGRAM ’S DA TA BUFFE RS AND SO It MUST B! THE FIRST CARD IPI
A NY PROCESSING SEQUENCE . IF SEVE RA L PROCESSES AR E TO BE RUN , THEY NAY SE
PLAC EO IN THE SAME IN PUT FILE , SEPARATED BY THEIR TITLE CARO S ,

— TITLE C~ C HA RACT E R STRZN G ~ )

COMMEN T CA RD

COM MENT CA RDS CAN BE PLACED AT A NY POINT IN A PROCESS ING SEQUENCE AFTE R
THE IN IT IAL TITLE , GR ZO AND SU SSTPATE CARD S , THE CHARACTER STRING SPECIFIED

IN THE LAS T COMM ENT CA RD BEFORE A STEP CAR D IS USED BY THE PRINT AND PLOT
ROUTINES TO LABEL THE OUTPUT .

COM MENT N C IIA RAC TER STPING ~~3

END CARD
S a e Se e• e

THE END CARD IS USED TO TE R M I N A T E  THE PROGR AM AN D SO MUST BE THE LAST
CA R D IN THE INPUT FILE OR CARD DECK ,

END C C HA R A C TER STRING ~ 3
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GRID CARD 

THE SILICON WAF ER IN SUPREM IS REPRESENTED SY UP TO 108 POINTS SPACED
ALONG AN AX IS PERP ENDI CUL AR TO Its THE SURFACE . THESE POINTS AP E DIV IDED
A MONG THREE REGIONS , THE GRID SPACING , (DISTANCE BET WEE N ADJACENT POINTS )
IS UN IFO R M W ITHIN EACH REGION BUT USUA LL Y DIF FERS FROM REG ION TO REGION .

THE FIRST REGION IS TN! O NE REPRESENTING THE OX IDE . THIS REG IO N IS
AL L OCATED FR OM TEN TO FIFT Y POINTS IF AN OXIDE LAYER EXISTS AND ZERO POINTS
IF NO OX IDE EXISTS. THE GRID SPACING A N D TM ! ACT U A L N UMBER OF POIN T S USED
THIS REGIO N AR E DETE RM INED BY THE P R O G R A M .

THE SILICON DIS TRIBUT ION I S  STORED ZN THE NEXT TWO REG ION S . THESE
REGIONS D IFFER ON L Y IN THEIR GRID SPAC INGS , THE SECOND REG ION H A V IN G  A GR ID
SPACING AT LEAST T WIC E THAT OF THE FIRST , TM! GRID SPACING IN THE FIRST
SILIC ON REGION IS DETER MINED BY THE GR ID CAR D’ S DYS ! PARAM ETER , ITS BOUN .
DR IES EXTE ND FRO M THE SIL ICON SUR FA CE TO A DEPTH SPECIFIED THE GRID CARD’S
DPT H P A R A M E T E R . (THE SILICON SUR FA CE IS EIT HER THE OXIDE/SILI CON IN TE R FACE

- 
- 

OR THE SURFACE OF THE W A F E R  IF NO OX IDE IS PRESENT ) . THE GRID CARD’S Y M AX
PARA M ETE R SP F C IFXE S THE M A X I M U M  S ILICON DEPTH REPRESENTE D AND SO THE BOUN .

• D P IES QF THE SECOND SILIC ON REGION ARE AT ISPT M , THE END OF THE F IRST SILICON
REGI ON , AND AT Y M A X , THE END OF THE SILIC ON . THE P RO G R A M  W ILL TRY TO USE A
GR ID SP AC IN G OF OF T W O  TIM E S DYS I IN THE SECOND SILICON REGION , BUT IF THIS
WOU L D CAUSE THE N U M B E R  OF G R ID POINTS TO EXCEED THE I R S  POINT M A X I M U M , THE
PR O G R A M  W ILL INCR E AS E THE GRID SPACI NG TO F IT THE NUMBER OF PO INTS A V A I L A B L E .

THE REA SON FOR H A V IN G  TW O RE GIONS TN THE SILICON IS THAT INCLUDING A DEEP
ST RUCTURE, S~IC H A S A BU RIED COLLECTOR , M A Y  RE QU IR E A GR ID SPACING THAT IS TOO
CO A RSE TO A C C U R A T E L Y  REPR E SENT A STEEP OP N A R R O W  PROFI LE NfAR THE SURFACE,
SUC H A3 A M ION IMP L ANT . IN THIS CASE THE FIRST SIL ICON REGION , W HO’S GRID
SPACI NG CA N BE SPE C IF IED BY THE USER THRU THE DY ST P A R A M E T E R , IS EXTE NDE D to
CO VE R THE STEEP DR N A R R O W  PART OF THE DIS TR!B U TION . IN A LL BU T A FEW CASES ,
GRID SP ACI N GS OF LESS THAN 8,51 M ICR O NS IN THIS REG ION ARE UNNEC E SSARY . IN
F A C T , GRID SP ACI NGS OF P.82 A N D  P.53 APE OFTEN MOPE THAN A D E Q U A T E .

IF POSS IBLE , T HE P R O G R A M  W ILL USE LESS THA N THE M A X IM U M  N U M BER OF GR ID
PO IN TS FOR THE D IS TRr ~~1l T ION , AND SINCE THE TIME OF C A L C U L A T I O N  A ND OUTPUT IS

• DEPE NDE NT UPON THE NUMBER OF POINTS IN THE DI S TRIBUTION , THE USER SHOULD
CHOOSE THE GR ID P A R A M E T E R S  SO THAT THE M I N IM U M  N UMBE R OF POINTS ARE USED .

GRID CARDS M AY A PP EA R A N Y W H E R E  IN A PROCESSI N G SEQUENCE. THIS ALLOWS
THE USER TO M ODIFY THE GR ID SPACINGS AND B OU NR IE S YF NECESSARY -TO KEEP SUF .
F ICIE N? AC C U R A C Y  W H I LE M IN I M I Z IN G  THE T IM E OF CALCULATION . W HILE GR ID CARDS
M A Y  APP EA R A N Y W H E R E ,  A ? LEAST O NE MUST AP P E A R  E ITHER IM M E D I A T E L Y  AFTER THE
TITLE OR SUBSTRATE C A RD S IN ORDER TO INITIALIZE THE GRID , THE TOTA L DEPTH
OF THE SIMULATIO N SPECIFIED BY Y M A X , M A Y  BE EXTENDED BY LATER GRID CARDS ,
SILICON ADDED ZN THIS W A Y  HA S A C O N CENT RAT ION TN THE A DDED SILICON THAT IS
EQUAL TO THE CO N C E N T R A T I ON  IN THE LAST POINT IN THE O R I G I N A L  SILICO N .

Id — SUR FACE i d — I N T E R F A C E
* I

14 ..Y M A~~~a.e~~ .eese. .e eee~~~~ I I
j I 07 1 DY S I I GREATER THA N DR EQUA L . TO 2*DY SI I I

1— —I !... .... .... ...eee...e. e7  ——— •e— e °I
OX I D E  I SI RE GION I I 5! REG ION 2 1 I

1’ SeSe e e Sea  adS? POI N TS e s e ee a e e e e s a e 5Se  

—5 5—
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GRID (OYSI .4N~~3 (,flPT H.4N~~ (,YMA X.4 N 3

DYS I SPAC ING BET WEEN GR ID POINTS ZN MICRO NS IN TM! RE GION FROM THE
SILICON SURFACE TO THE DEPTH SPECIFIED BY DPTH 1 DEFAU LT VALUE
• 0.01

OPT H THE DEPTH ZN MICRONS OF THE SILICON RE GION THAT BEGINS AT THE
SILICO N SURFACE AND WHOSE GRID SPACING IS GIVEN BY DYSI .
DEFAULT VALUE • 0,51

YMA X I THE MAXIMU M CALCULATION THICKNESS OF THE SILICON IN MICRONS .
THERE IS NC DEFAULT VA LUE . THIS PARAMETER IS REQU IR ED ON THE
FIRST GRID CARD IN THE PROCESSING SEQUENCE AND CAN BE EXTENDED
SUBSEQ UENTLY . GRID ALLOCATIONS BETWEEN DPTH AN D YMAX ARE
EIT HER 2.DYSI DR THE MINI MUM VA LUE NEEDED TO FIT THE ‘Se POINT
LIMIT ,

S

• 
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SUBSTR ATE CARD

THE SUBSTRATE CARD PROVID E S THE PROGRAM W ITH INFORMATION ABOUT THE
SUBSTRATE, SUC H AS THE CRYSTALLINE ORIENTATION AND ANY INITIA L UN IFORM
IMPUR ITY CO NCENTRATION . SINCE THIS INFOR M A T I O N  IS NEEDED BEFORE ANY PROCES .
SI NG CAN BEGIN, SUB STRATE CARDS MUS T APPEAR IM M EDIATELY AFT ER EITHER THE
TITLE OR INITIA L. GRID CARD . SUPREM W ILL CURRE N TLY HAND LE ONLY SILICON SUB-
STRATES WIT H EITHER ~111~ OR ~1SB~ OR IENTAT IONS .

TN M A N Y  S IM ULATI ONS, THERE IS AN INITIAL UNIFO R M SUBSTRATE CONCENT RAT ION
THAT IS USED ON LY TO PROVIDE JUN CTION DE PTH IN FO RMAT ION AN D IS NOT OTHERWISE
SIG N I F I C A N T . WH EN THIS IS THE CASE, M UC H COMPUTA TIO N T IM E AND PRIN TED OUT .
PUT C AN BE SAVED BY SPECIFYING THE TYPE OF IN IT IA L SUBST RATE IMP URITY A $

EITHER P. OR N .TYP!, (• OR .3 A ND NOT AS THE ACTUAL E LEME NT TYPE, 8, 5 , 58
OR AS. IF USED IN THIS W A Y , THE IMP URITY CONCENTRATION SPECIFIED IS USED •
O N LY IN THE C A L C U L A T I O N  OF OUT PUT IN F O R M A T IO N  SUCH AS THE JUN CT ION DEPTHS,
SHEET RE S IST IV IT !ES , THRESHOLD VOLTAGES ETC. AND IS NOT A C T U A L L Y  PROCESSED
DUPING HIGH TEMPERATUR E PROCES SI NG STEPS . PLEASE NOTE THAT THIS CONCENT RA .
TIO N R E M A I N S  AT TM! SAME UNIFO RM LEVEL. THROUGHOUT THE EXISTING S ILICON , EVE N
INTRI N SIC E P I—LA YERS.

SUBSTRATE ORNT .(N) ~,ELEM ,4E ~ ~,CONC s’N~~13

ORN T I THE C R Y S T A L IN E  OR IENTAT ION OF THE WA F E R . ONLY ~111~ OR ‘18O~
OR I E N T A T I O NS AR E A LLO WED .

S

ELE M THE TYPE OF IMPU R ITY IN ITIALL Y IN THE SUBSTRATE W HO S UN IFORM
C O N C E N T R A T I ON  IS SPEC IFIED BY CONC . MAY BE A C T U A L  IMP URITY

- 1 DESIG NATION SUCH AS B , 5 , SB , OR AS, OR JUST THE IMPUR ITY TYPE
SUCH AS • FOP P.TYPE OR • FOR N— TYPE,

CUNC THE UNI FORM IMPURITY CONCENTRATION OF THE ELEMENT SPECIFIED BY
THE ELEM P A R A M E T E R . DEFAULT V A L U E  • 0,0

* — THIS FEATURE CAN SUBSTANT IALLY REDUCE CPU TIME ,
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8, INPUT/OUTPUT CARDS 
S

THE INPUT/OUTPUT CARDS ARE THE PRINT. PLOT, SAVE AND LOAD CARDS . THE
FIRST TWO OF THESE, THE PRjNT AND PLOT CARDS, AR E USED FOR CONTROLLING THE
HARDCOPY OUTPUT ØP THE PROG RAM , THE VALUE S  ASSIG NED TO THE P A R A M E T E R S  OF
THE PRINT ANO PLOT CARDS DO NOT CHANGE UNTIL THEY ARE MODIFIED IN SUBSEQUENT
PRINT OR 5LOY CARDS . THE OTHER TWO INPUT/OUTPUT CARDS , THE SAy !  AND LO A D,
ARE USED TO SAVE THE CURRENT STATE OP THE PROCESS UNDER SIMULATION OR TO

LO AD IN A PREVIOUSLY SAVED PROCESS AND RESUME PROCESSING FROM THE POINT AT
WH ICH IT WA S SAVED,

PRINT CARDS
. . eee . •eee e

THE PRINT CARDS CONTROL SUPREM’S PRINTED NUMERICAL OUTPUT , WHICH IS OF
TWO BASIC TYPES. THE FIRST TYPE , CALLED THE HEADING INFOR MATION , IS CONT .
ROLLED BY T,iE PRINT CARD~~S HEAD PARA METER . THE HEADING CONTAI NS INFORMATION . -
ABOUT THE STEP CARD’ S PARAMETE R S AND OTHER STEP RELATED VAR IABLES SUCH AS
THE A MOUNT OF OXIDE OR SILICON GROWN OR ETC HED , THE HEADING ALSO LISTS THE
AMOUNT OF OXIDE PRESENT, THE TOTAL SURFACE CONCENTRATIO N , JUNC TION DEPTHS,
SHEET RESISTIVITIES , TOTAL AND INDIV IDUA L INTEGRATED IMPURITY CONCENTRAT IONS
AND . IF THE GATE M A T E R I A L  IS SPECI F IED , THE THRESHO LD VOLT A G E . ?PI E SECOND
TYPE OF PRINTED NUMER ICAL OUTPUT IS A LIST OF THE DEPTH AND CONCENTRATION AT
EACH GRID POINT FOR BOTH THE TOTAL AND/OR IN D I V I D U A L  IMPUR ITY DIST R IBUTIONS ,
THESE A RE CONTRO LLED BY THE PRINT CA RD ’S TOTL AND ID ly P A R A M E T E R S ,

THE PRINT CARD PA R A M E T F R S  A PE A LL LOGIC A L FLAGS AND SO MUST BE SET TRUE
OR FALSE BEFORE THE OUTPUT CAN BE GENERATED . SINCE THE OUTPUT ROUTINES ARE
CALLED IMMEDIATELY A FTER THE COMPLETION OF A PROCESSING STEP , IF ANY OF THE
PRINT OPTIONS ARE TO BE CHANGED FOR THAT STEP’S OUTPUT , THE PRINT CARD THAT
MAK ES T HOSE CHANG ES MUST A PPEAR B EFORE T HAT STEP CA R D , PRINT CARD OPTIONS,
ONCE SET , APPL Y FOR ALL SUBSEQUENT STEPS UNTIL CHANGED BY LATER PRINT CARDS .

PRINT CH E A O S 4 L . 3  t , TOTL ” L ’ )  ( , ID IV ” L~~3

PlEAD i CONT RO LS THE PR INT ING OF THE HEADING INFORMAT ION . DEFAULT
V A LUE • FALSE .

TOTL I CONTROLS TM ! PRI NTING OF THE NET IMPURITY CONCENTRATIO N VALUES
VS. DEPT H AT EACH GRI D PO INT . DEFAULT V A L U E  • FA L SE.

IDlY I CO NTROLS THE PRINTING OF THE INDIV IDUAL IMPURITY CONCE NTRAT ION
V A L U E S  VS , DE PT M AT EACH GRID POINT FOP EACH ELEMENT PRESENT.
DEFAULT VALUE u FA LSE .
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PLOT CAR DS CONTROL THE PLOYS OF •IMPUR !TY CONCENTRATIOS VS. DEPTH . THEY
M A Y  APPEAR At ANY POINT IN A PROCESSING SEQUENCE AFTER THE IN ITIAL GRID AND
SUB ST RATE CARD SS. THE STANDA RD PLOT O IJT PUT FOR SUP R EM IS DONE ON A LIN E
PRINTER. SO ME SYSTEMS THAT P4AVE LINE OR POINT PLOTTERS MAY OUTPUT THE PLOTS
?Q TH EM INSTEAD OF THE LINE PRINTER , CHECK W ITH THE PERSON RESPONSIBLE FOR
M A IN T A N E N C E  OF SUP REM • ONLY FIVE OF THE PARAMET ERS LISTED BELOW ARE USED
WHEN PLOTTING ON THE LINE PRINTER . THE OT HER TwO , AX IS A ND DATA , ARE DES.

- 
- CRIBED IN CASE YOUR SYSTEM USES A PLOTTER W ITH SUPREM .

THE LI NE PRINTER PLOTS ALL TAKE UP THE SAME AMOUNT OF SPACE ON A PAGE IN
ORDER THAT DIF FERENT PLOTS CAN BE OVER LAYE D . THIS MEAN S IS tHAT THE OXIDE
IS PLOTTED IN A FIXED AMOUNT OF SPACE INDEPENDENT OF THE AMOUNT OF OX IDE ,
IF NO OXIDE EXISTS THE ~S STILL ADJUSTED. THE SILICO N IS ALSO PLOTTED ZN
TMF SAME AMOUNT OF SPACE ON EAC H PAGE , HOW EVER FOUR TIMES MORE AREA IS USED
THAN FOR THE UXIO !. THE AMOUNT OF SILICON THAT IS PLOTTED, (I.E. TM! PLOT

- 
- W I N D O w ) ,  I S S P E C I F I E D  BY T HE PLOT CA RD ’S W I N D  PARAM E TE R . THE MAX IM U M X.AX !S

V A L U E H O W E V ~~P M A Y  BE L A R G E R  THAN THE W I N D O W  SINCE THE FOUR MINO R D I V I S IO N S
- 

- OF T HE S IL IC O N A X I S  A R! L I M I T E D  TO W I D T HS  FROM T HE FO LLO W ING SERIES I  ,S1,
,R2 , .D25 , .R 4 , •R~~, .~~8, .1, .2, ETC . TH F Y.AXI S REPRESENTS THE LOG OP
TP4 F COUCE NT RA TI ON AND IT’S MI N IMU M LOG VALUE IS SPECIFIED BY  THE CH IN PAPA.
M E TE R . THE NU M B E R  OF DE CA D ES PLOT TED IS SPECIFIED BY THE NOE C P A R A M E T E R ,

‘ME OTHER FOUR PLOT CARD PARAMETERS A RE LOG ICAL FLAGS WHICH DETERMINE
WH AT IN FORMAT ION ~S TO RE PLOTTED . THE TOIL PARAMET ER CONTROLS THE PLOTTING
OF TH~ TOT AL OR NET CON CEN TRATION ANO THE IDIV PARAM ETER CONTROLS THE PLOT—

• T J NG OF THE IND IV IDUAL IMPUR ITY CONCENT RAT IONS . THE AXIS PARAM ETE R CONTROLS
TH E RLO TTING OF THE AXIS, W H IC H A LLOWS 114! “SEP TO PLOT SEVERAL CURVES ON
THE SAME SHEET WIT HOUT REPL OTTING THE AXIS AT EACH STEP • (THIS IS NOT POS—
SIPLE O N MOST LINE PRINTERS SO THE A X IS PARAMETER IS IGNORED BY THE LINE
PRINT ER PLO! R O UT I N E ) .  YPI E D ATA P A R A M E T E R  CONTRO L S THE PRINT OF SOME STEP
DA TA AT THE BOTTOM OF THE PLOTS, SUCH AS THE OX IDE THICKNESS , THE STEP TIME
AND TEMPERAT U RE , (AGAIN T HIS DOES NOT A PPLY TO LINE PRINTER PLOTS).

PL O ?  L~~ZND.4N~~ r ,CMT NU N.) ?,PJO!C.4N)~ (,TOTL .4L ) (,TDIV . L’l
• C A XI S U L~~ t,D ATA S4L II

W INO I AMOU N T OF SILICON PLOTTED IN MICRONS . DEFA ULT VA LU E • 4 ,

CHI N I LOG OF THE M I N I M U M  CONCENT RAT ION PLOTTED . DEFAULT VA LUE I

PIDEC N(~ MR!R OF D ECA DE tIP CONCENTRATION PLOTTED , DEFAUL T VALUE • 7

TOTL i C O N T R O L S  T HE PLOT I NG OF TH E NET IM P U R ITY C O N C E N T R A T I O N  VS 1
DEPT H. DEF AU LT VA LU E • FALSE ,

IDIV I CONTRO LS THE PLOT ING OF T HE IND IVIDUA L IMP URITY C O N C E N T R A T I O N S
V S .  DEPTH ~ OR EACH ELEM ENT PR ESE NT . DEFAULT V A L U E  • F A L S E.

AXI S  I CONT ROLS THE P L O T I N G  OF A X I S . D E F A U L T  V A L U E  • FA LSE .

DA T A  I C ONT RO LS THE PL a T ING OF STEP D A T A  BELOW THE P LOTTED CU RVE S ,
D E F A u L T  VAI .UE • FA LSE .
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S A V E  A ND LO AD CARDS

TM! SAVE AN D LOAD CARDS ARE USED TO STORE AND READ THE INFORMATION
NECESSA RY TO RESTART A PROCESSING SEQUENCE . THEIR MAIN USE IS FOR SIMULA .
TION RUN SPLITS, IN WHICH FOR EXA MPIE, SEVERAL EMITTER DIFFUSION TIMES MAY

• - BE SIMULATED WIT H OUT R ERU NN ING THE ENT IRE PROCESS FOR EACH DIFFUSION TI IE .

-~~ THE SAVE CARDS MAY APPEAR AT A NY POINT IN TH E PROCESS ING SEQUENCE AFTER THE
- - INITIAL TITLE , GR ID AND SUB STRATE CARDS . THE LOAD CARD SHOULD APPEA R IM ME.

D I A T E L Y  AFTER THE IN IT IAL T ITLE ,  GRID AND SUBSTRATE CA R DS ,

THE SAVE AND LO AD CA RDS HAVE ON LY T W O  P A R A M E T E R S . ONE SPECI FIES THE
FORTR AN LOGICAL UNIT NUMBER THAT IS ASSIGNE D TO THE DATA FILE IN THE JOB
CO NTROL LANGUAGE DECK WHILE THE OTHER SPECIFIES THE TYPE OF DATA TRANSFER ,

SAVE LUNMI(N) , TY PES’ FT .

LOAD LU NM. N~ , T Y P E I4 FT

LU NM $ A FORTRAN ITO LOGICAL UNIT NUMBER WHICH HAS BEEN ASS IGNED TO
A D A T A  FILE IN THE J .C.L DEC K ,

TYPE DESCRIBES THE TYPE OF DAT A TRANSFER AS EITHER ASCII OR BINARY
— 

TYPE. INFOR M A T I O N  TRANSF ER IN B I N A R Y  FORM IS ABOUT TWENTY
FASTER THAN ASC I I  AND THE DISC STORAGE IS MUCH LESS .
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C. PROCES S/ MO DEL CARDS
S S — S S e s s eeS  

S_ S

STEP CARD
eS_S.... .

STEP CARDS ARE USED TO SPE CI FY THE PROCESSING STEP TYPE S AND PARAMETERS ,
THERE ARE CURRE NTLY SIX DIFFERENT TYPES OF PROCESSING STEPS THAT CAN BE
MODELED BY SUPPEMOI ION IMPLANTATION , PREDEPOSITION , OXIDATION . EPITAXIAL
GROWTH , LOW TE MPERATURE OXIDE DEPOSITION AND ETCHING , DRIVE—INS ARE MODELED
BY OXIDATIO NS IN NIT R OGEN OR N EU TRA L AMB IENT S . EAC H STEP IN A PROCESSING
SEQUENCE USES THE IMPURITY DISTRIBUTIONS THAT RESULTED FROM THE PREVIOUS
STEP AS THE STARTING POINT FOR ITS CA LCULA T IONS .

EACH TYPE OF ST EP HAS I T ’ S  OWN P A R A M E T E R  LIST , THOUGH THEY MAY USE MANY
OF TH E SAME P A R A M ET E R S . THE VA L UE OF ANY STEP P A R A M E T E R  THAT IS NOT SPEC.
IF TED IS SET TO ZERO, W ITH THE EXCEPTION OF TEMPERA TURE , W H ICH WILL USE THE
LAS T SPECIFIED TEM PERATURE . FOLLO W ING IS A DESC R IPTION OF EACH STEP TYPE
AND IT’S ASS O CIA TED PARAMETER LIST.

ION IM P LA N T A T I ON

ION IM PLANT STEPS MA Y  BE SPECI F IED IN TWO W A Y S I

(1) IF THE IMP L A N T  ENERGY IS SPECIFIED THEN THE PRO G RAM USES INTERNA LL Y
STORED INFOR M A T I O N  TO CALCULATE THE PROFILE . IN THIS CASE THE PROFILE IS A
TW O—SIDED GAUSSI AN  FOR THE ELE M E NTS , ARSEN IC. PHOSPHORUS AND ANTI MONY , AND A
M ODI F IED PEARSON TYPE .!V DIS TRIBUTION FOR BORON ,

(2) IF THE RAN G E  AND STANDARD DEVATIO N ARE SPECIFIED THEN SUPPEM USES
THESE VALUE S  TO C A L C U L A T E  A SIMP LE GAUSSIAN D ISTRIBU T ION FOR THE ELEM EN T.

STEP TYPE u !M PL , ELFMU 4! , DOSE u4N~~, CA KE VUCN . )  OR (RANG .4N , S1DV u 4N ~~)
• (,MODL .wN~ I

ELE M I THE IMP URI TY ELEMENT TO RE IMP LANTED (B, P , SB, AS~~,

DOSE $ THE IMP L A N T  DOSE IN ATOMS/SQUARE CENTIMETER .

A KEV I THE IMP LA NT ENERGY IN KEy ,

RANG  $ THE RAN G E  OF THE SIMPLE GA U S S I A N  DISTRIBUTION IN MICRONS.

H I - STDV $ THE ST A N D A R D  DEVIATION OF THE SIMPLE GAUSSIAN D ISTR IBUTION IN
M ICRONS .

MOO L I THE N A M E  OF AN ELEME NT OR SPE CIAL PURPOS E M ODEL ,
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ETC H STEP

ETCHES IN SUPRE M CAN BE EITHER HIGH OR LOW TEMP ERATURE . A LO W TEMPERA .
TURE ETC H IS ONE IN WHICH THE TEMPERATURE IS BELOW 2P0 DEGREES CENTIGRADE .
IN LOW TEMPERATURE ETCHES THE AMO U NT OF OXIDE ETCHED A W A Y  IS EQUAL TO THE
ETCH RATE TIMES THE STEP TIME , ANY LOW TEMPERATURE ETCH STOP S W HEN THE A LL
OF THE OXIDE HAS BEEN REMOVED . IF EITHER THE TI M E OR ETCH R A T E  PA RAM ETER IS
1ERO OR NOT SPECIFIED THEN ALL OF THE OXIDE IS REMOVED ,

IN 141GM T EMP ERATU RE ETCHES, THE OX IDE IS ASS UMED TO BE ETCHED A W A Y  IN A
NEGLIGABL E AMOUNT OF TIME , A ND SO TM! AMOUNT OF SILICON REMOVE D IS EQUAL TO
THE ST EP TIME T IMES THE ETCH R A T E , IN THE CURRENT VERSION OF SUPREM THE
IMPURITIES IN THE RE M A I N I NG M A T E R I A L  IS NOT RED ISTR IBUTED , I.E. IS ASSUME D
TO BE

A STEP TYPE .ETCH , TEHP.- N t,TIME.4N,, ERTE$(N)3 C, MODLB(M~~3

TE MP THE SILICON TEMPERATU RE DUPING THE STEP IN DEGREES CENTIGRADE .

TIME I THE TOTAL STEP TI ME IN MINUTES .

ERTE I THE ETCH RATE IN MICRONS/MINUTE ,

MODL I THE NAM E OF AN ELEMENT OR SPECIAL PURPOSE MODEL .

LOW TEMPERATURE OXIDE DEPOSITION STEP
Sf leS SenSeS . 5 _ f l

IN THIS STEP , DOPED OR UNDOPED OXIDE IS DEPOSITED ON THE SILICON SURFACE
. 4  OR ON TO P OF A N Y  EX I S T I N G  OX I D E , THE AMOUNT OF OXIDE DEPOSITED IS EQUA L TO

THE STEP TIME TIMES THE GROWTH RATE , IF 114! DEPOSITED OX IDE IS TO BE DOPED
THEN THE IMPURITY IS SPECIFIED BY THE ELEM PARAMETER WHILE CONC SPECIFIES
IT’S UNIFO RM IMPU R ITY CO NCENTRATION ,

STEP TYPESOEPO, TIME.4N~~, GRTE.~ N (,ELEM.dE ~~, CONCS4N.3 C,HODL .4M~~

TI M E I THE TOTAL STEP TIME IN MINUTES .

GRTE I THE OXIDE GRO WTH RAT E IN M ICRONS/MINUTE ,

ELEM I THE OX IDE DOPING IMPURITY (B, P, SB , A S ) ,

CONC I THE IMPURITY CONCENTRATION IN THE DEPOSITED O X I D E  L A Y E R  IN
AT OMS/CUBIC CE N TIMETER .

MOOt. I THE NAME OF AN ELEMENT OR SPECIAL  PURPOSE MODEL .
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OXIDATION STEP (AND DRIVE—IN )
•S a S e S_ f l  S

THE O X I D A T I O N  STEP IS A HIGH TEMPERATURE STEP WH IC H INCLUDES THE REDIS.
TRIBUTIOW OF THE IMPURITIES PRESENT DUE TO DIFFUSION AND EVA PORATION , IN
AD DIT IO N IF THE AMBIENT INDICATED BY THE O X I D A T I O N  MODE L SPECIFIED BY THE
‘IDOL PARAMETER IS NOT A NEUTRAL ONE , TIlER IMPURITY REDISTRIBUTION DUE TO THE
GROWTH OF OXIDE A LSO OCCUR S . THE TEMP P A R A M E T E R  SPECIFIES THE WAFER TEMPER.
AT UR E AT THE BEG INNING OF THE ST EP . THE FINAL TEM P ERATURE IS EQUAL TO TM!
SPECIFIED INIT IAL TE MP E RATURE PL US, THE TEMPERATURE RATE OF CHANGE SPECIFIED
BY T RT ~~, TIMES THE TOTA L STEP T IME , THE O X I D A T I O N  AMBIENT IS SPECIFIED BY
AN O X I DA T I O N  MODEL CA RD REFEREN CE (SEE OXIDATION MODELS). OTHER MODEL CARD S
HAY ALSO BE RE FER ENCED IN TH E SAME CARD BUT ONLY ONE O X I D A T I O N  MODEL REFER—
ENCE I~ IS ALLOWED .  IF NO OXIDATION MODEL IS REFERENCED, THEN A NTYB MODEL IS
ASSU MED .

S TEP T Y P E s O X I D ,  T IM E.4N (, T EMP*4 N.)  C, T PTE .dN~~3 (, MOD L i~~M~~

4 TIME : THE TOTAL STEP TIME IN MINUTES.

TEMP I THE WAFE R TEMPERATURE AT THE START OF TM! STEP IN DEGREES
CENTIGR ADE . D E F A U L T  V A L U E  $ L A S T  SPEC IFIED STEP T E M P E R A T U R E .

IR T E  1 THE TEMPERATURE RATE OF C HANGE IN DEGR E ES/ M INUTE . DEFAULT
VA LUE •

‘IDOL : THE NAME OF AN OX IDAT ION , ELEMENT OR SPECIAL PURPOSE MODEL.
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PRE DEPOS ITIO N STEP CNO N.IM PLA NT)
— S neSS eec  S .SeeeSeSe~~ S

THE PRE DE POSIT IO N ST EP MODE LS TIlE INRODUCTION OF AN IMPURITY ELEMENT
FROM A CONSTANT SOURCE AT TM! SILICON SURFACE. SUPREM DOES NOT CARE ABOUT
DETA I L S  OF THE IMPURITY SOURCE, TN! CONC PARAMETER SPECIFIES TIlE SOURCE
CONCENTRATION AT THE SURFACE A ND THE SOU RCE ELEMENT TYP E IS INDICA T ED BY
THE ELEM PARAMETER , THE SILICON TEMPERATURE AT THE START OF THE STEP IS
SPECIFIED BY TIlE TEMP P A R A M E T E R  W HILE THE FINAL TEMPERATURE IS EQUA L TO THE
IN IT IAL TE MP ERATURE,  PLUS TH E T EMPER ATU RE. RAT ! .O F. CHA PIG E,  SPECIFIED BY TRTE ,
T IMES THE TOTAL  STE P T IME ,

ST EP ?Y PE• POE~~, ELEMUIII , C ONC.4N~ T IME. N’ r, 7EM P u N ~~) t , T RT~~i N ~~
• (,MODL$EM~ )

ELEM I THE IMPURITY ELE MENT BEING INTRODUCED (B, P , SB , A S ) ,

CO NC $ THE SURFACE GAS C O N C E N T R A T I O N  OP THE IMPURITY SPECIFIED BY
ELE M IN ATOMS/CUBIC CENTIMETER .

TIME S THE T O T A L  STEP TIME IN MI NUTES .

TEMP I THE W A F E R  TE MP E RA TURE AT THE BEGI NNING OF THE STEP IN DEGREES
C E N T I G R A D E .  DEFAULT VAL U E • LAS T  SPECIF IED STEP TEM PERAT URE.

T RTE THE TE MP ERATU RE R A T E  OF CHANGE IN DEGREES CENTIGRAD E/ MINUTE .
DEFAULT VALU E • SI,

‘IDOL I THE NAM E OF AN ELE M ENT OP SPECIAL  PURPOSE MODE L.

• 
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E P I T A X I A L  G R O W T H  ST EP
5._OS  .

THIS STEP MODELS THE EPITAXIA L GROWTH OF A SILICON LAYER AT HIGH TEMPER.
ATURE S , ON TOP OF AN IN IT IAL L A Y E R  OP SILICON . THE ADDED SILICON MAY DOPED
OR INTRI NSIC, IF IT IS TO BE DOPED, THE IMPURITY ELEMENT IS SPECIFIED BY THE
ELEM P A R A M E T E R  A ND THE BU LK GAS CONCENTRATION (NOT THE SUR FACE ) IS SPECIF IED
BY THE CONC PAR AMETER . TIlE AMOUNT OF SILICON GRO WN IS EQUAL TO THE GROWTH
R A T E ,  SPECIFIED BY G RT E,  TIMES THE T O T A L  STEP T IME. THE W A F E R  TEMPERATURE
AT T HE BEGINNING OF THE STEP IS SPECIFIED BY THE TEMP PARAMETER • THE FINAL
TE MPERATURE IS THE INITIAL TEMPERATURE PLUS , THE TEHPERATURE.RATE .OF .CNANGE
SPECIFIED BY TRTE, TI MES THf TOTAL STEP TIME. THE MODL PARAMETER NAY BE
USED TO SPECIFY ANY DESIRED ELEMENT , EPITAXY OP SPECIAL PURPOSE MODELS .

STEP TYPE .EPIT, T IM Eu N~~, GR TEu 4 N~ t , TE NP.4 N~~ t ,TRTE.4NI3 (,MODL.4M))
• CELE M.dE., CONC s N ~~)

TIME I THE TOTAL STEP TIME IN MINUTES .

GRIE I THE GROWTH RATE OF THE EPI .LAYER IN MICRONS/MINUTE .

TEMP I TI4 F WAF ER TEMPERATUR E AT TH E BEGINNIP4 OF THE STEP IN DEGREES
CENTIG R ADE . DEFAULT VALUE • LAST SPECIFIED STEP TEMPERATURE.

TRTE I THE TEMPERATURE R A T E  OF CHANGE IN DEG R EES/ M INUTE . DEFAULT
VA LUE • B ,

MODL I T H E  N A M E  OF A ELE MENT , E P I T A X Y  OR SPEC IAL PURPOSE MODE LS .
TI ON MOD EL.

ELEM I THE IMPURITY ELEMENT TN THE GROWN SILICON (B, P , SB , A S ) ,

- 
t 

CON C I THE BULK G A S  PHAS E C O N C E N T R A T I O N  OF TH E IMPURITY SPECIFIED BY
ELEM IN A T O M S / C U B I C  CENT IM ET E R .
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MODEL CARD
—S— S_S .. ..

THE MODEL CAROB ALLOW THE USER TO MODIFY INTERNAL PROGRA M COEFFICIENTS.
THERE ARE FOUR MAIN TYPES OF MODEL CARDS AN D TWO OF THESE , ELEMENT AND
OXIDATION , ARE DIVIDED INTO FOUR SUBTYPES , EACH OF THESE TYPES OR SUBTYPES
AR E IDENT IFIED 5Y A UNIQUE THREE CHARACTE R NAHE • IN ADDITION THERE ARE
F IVE OF EACH OF THE MODE L TYPE S OR SUBTYPES , IDE N TIFIED BY A SINGLE DIGIT
NUMBER FOLLOWING THE THREE CHARA CTER IDENT IF IER . THE NODEL TYPES, SUBTYPE S
AND THEIR NA MES ARE LISTED BELOW .

TYPE SUBTYPE RA M! (dM )

ELEMENT MODELS (BORON) MBO~ N • t • 5
(PHOSPHORUS) ‘IPHi N • I — 5
(ANT I MO NY, MSBN N U . 5
(ARSENIC ) HASN N • j • 5

OXIDATIO N MODELS (STEAM) STMu ~ • 1 — 5
(WET) WETW N • I • S
(DRY) DRYN N $ I . B
(NITROGEN) NTTN N • 1 • S

EPITAX Y MODELS —.. EPIi N • I • 5

SPECIAL PURP OSE MO rIELS so SPMN N I • 5

r
, t  A P A R T I C U L A R  MOD EL IS REFERENCE D IN A STEP CARD MY ASSIGN ING THE MODEL

N A ME  TO A MODL PAR AMET ER (I,E, MODLaMAS2 ). THIS RESULTS IN THE PARA M E T ER
VA L UES SPECIFIED ON THE MODEL CARD OF T H A T  NAME B EING ASSIGNED TO THE COR .
RES PO N DI N G PRO GRA M V A R I A B L E S . THESE NEW PARAMETER VALUES WILL SE USED IN
AU SUBSEDUE NT STEPS UNLESS REA SSIGNED BY ANOTHER REFERENCE TO A MODEL CARD
OF THE SA ME TYPE OR S U B TYPE . IF A STEP REFERENCES A MODEL WITH THE NUMBER
ZERO A 5  THE IDENTIFYING DIGIT , THEN ALL OF THE PROGRAM VAR IA BLES ASSOCIATED
W IT H MODELS OF THAT TYPE OR SUBTYPE ARE RESET TO THEIR DEFAULT VALUES ,

FOLLOWING IS A OESCR!PTIOW OF EACH OF THE MODEL TYPES AND THEIR PAPA.
METER LISTSI
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ELEMENT MODELS
_ f l  SCS~~ 55 f lOSS

THE ELEMENT MODELS ALLO W THE USER TO CHANGE THOSE PARAMETERS WH ICH ARE
ELE MENT SPECIF IC.  THERE ARE FOUR ELE MENT MODEL SUBTYPES CORRESPONDING TO
EACH OF THE A L L O W A B L E  IMPURITY ELE M ENTS,  BORON,  PHOSPHORUS , AN TI M ONY AND
ARSENI C. THE ELEMENT TN AT THE MODE L CA R O l S  PARA M E TE RS APPLY TO IS SPECIFIED
BY THE NA M E  PARA METER ASSIGN M E NT . THE ELEM ENT AND THE CORR E SPOND ING MODEL
NA MES ARE I

BORON I MBO1 , M502, 11803, H804 , M5Q5
PHOSPHORUS S ‘IPHI, MPH2, MPH3, M P H~~, MP H5
AN T IMO NY S M581, MSB2, $583, 4554, $555
ARSEN IC I MAS$, M A S S , MAS3 , 11A 54, M A S5

-~ - THE COEFFICIENTS THAT CAR RE ACCESSED THROUGH THE ELE M ENT MODEL CA R DS
ARE L ISTED BELOW , A LO NG WIT H THE W A ~~ TIl E MODEL C A R D ’ S  P A R A M E T E R S  ARE USED
TO CALCULA TE THE M ,

OXIDE DIFFUSIO N COEFFICIENT U DOXSI * EXP( .EOXP/KT)

SEGREGATION COEFF!CIEP4T • SEGB a E X P( . S E G E/ K T )

SURFACE TRA NSPORT COEFFIC IENT • STCSI • EXP (.STCF/KT)
MnV IN G ROIINDRY FLUX TERM • HSFR • EXP(.HSFE/KT)

SILICON DIFFUSIO N COEFFICIENT *

(~ ON OX IOIZI NG~ a DSX N a EX P ( . E S X N/ K T )

(FQR BORON IN DRY OXYGEN) • DSXN * EXP (.ESXN/KT) a USYD * EXPC— ESXD/KT )
(FOR BORON IN MET OXYGEN ) • DSXN * EXP (.ESXN/KT) a DSXW a EXPC .ESXW,KT)

(ALL OTHERS IN DRY OXYGEN ) $ OSXD a EXP(.ESXD/KT)
(ALL OTHERS IN MET OXYGEN) a DSXW a EXP (.!SXW/KT)

- - 
WHERE MT u BOLTZMAN ’S CONSTANT a THE TEMPERATURE IN KELVIN DEGREES ,

TwE PARAMETER BETA IS USED TO MODIFY THE SILICON DIFFUSION COEFFICIENT
OF IMPURITIES BY A MULTI PLICATIVE FACTOR CALCULATED BY ,

FACTOR • C I a BETA * (N  OR P)/NIEF )I( t • BETA)

WHERE (N OR P) IS TIlE FREE CARRIER CONCENTRATION AT A GRID
- 

- POI NT AT THE PROCESS TEMPERATURE, AND NIEF IS THE
INTRINSIC CARRIER CONCE NTRATION AT THE PROCESS TEMPER.
AT IIRE ,

• YF THE IMPUR ITY CONCENTRAT ION IS LESS THAN ISIX OF N!EF THEN THE NUMBER
C A R R I E R S  EQUALS  NIEF AND THUS FACTOR • I.

-67- 

-

~~ J T  - 
-
~~~~~~~~~

—_
_ 

- - ---- - - - - - -- - - -

- 
- 

• ~ I -~~--~~~~~- a  -

a — -‘ — — __ E 
~~



_ _ _  - - 
- 

- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

‘~~~ I

THE C LUS TERING OF ARSENIC AT HIGH CONCENTRAT ION LEVELS IS CO NTRO LLED BY
TIl E FO LLO W ING TH REE P A R A M E T E R S .

(EQUILIBRIUM CLUSTERING COEFFICIENT) a K !QBaEXP(.KEOE/K T)
C DECLUST ! RING COEFFICIENT)  • KOCSIaEXP (—KDCE/KT )
(NUM BER OF ATOMS PER CLUSTER)  • CLS T

MODEL NAME .4M~ (,DOX8.dN ~ 3 C, EO XSI.(N~~ (,DSXNU(N ~ ) (,ESXN.4N ~ 3
• C,DSXO .dNa~ (,E5XDU4N )  C ,DSXWU NI ) t,!SXWs NaI
• C,S EGB . Na) C,SEG E• IRI ’ ) (, HSF B u CNI )  (, MSF Eu N~~I
• ( , 5 T C 5 u N~~~ r,STCE.4N ) (,BETA u N ~~ (,CLST.~ Na)
• (, K EQB.4N.1 (, K EQEu (N~~) C , K DC B U4N ~~) C, K DCE .C N* )

: DOXSI I PRE.E~ PONENT IAL TE RM OF TN! SILICON DIOXIDE DIFFUSION COEF.
FICIENT IN MICRONS SQUARED/MINUTE .

EDXB V A C T I V A T I O N  ENE R GY OF TH E SILICON DIOX IDE DIFFUSION COEFFICIENT
IN ELECTRON VOLTS ,

DSXN I PRE .EXPO NEN T IA L TE RM OF THE INTRINSIC SILICON D IFFUSION COEF—
FICIE NT IN MICRONS SOUARED /MIN (JTE .

O* XN I A C T I V A T I O N  ENE RGY OF INT RINSIC SIL IC ON DIFFUSION COE FF ICIENT
IN ELECTRON VOLTS .

D SXD I P RE .EXP ON ENT IA L TERM OF THE SILICON DIFFUSION DRY OXIDATION
ENHANCEMENT COEFFICIENT IN MICRONS SQUARED/MINUTE .

ESXD I A C T I V A T I O N  ENE RGY OF THE SILICON D IF FUSI ON DRY O X I D A T I O N
EN HANCEMENT COEFFICIENT IN ELECTRON VOLTS .

SEGS I PRE .EKPONFNTIAL TERM OF THE SEGREGATION COEFFICIENT . DEFINED
THE CO NCENTRATION IN THE SILICON OVER TIlE CONCENTRATION IN
THE OXIDE ,

SEGE I THE ACTIVATION ENERGY OF THE SEGREGATION COEFFICIENT IN
ELECTRON VOLTS .

STCB I 114! PRE .EXPO PIEN T IA L CONS TANT OF THE SURFACE TRANSPORT COEF.
FICIERT IN MICRONS/MINUT E.

STCE I THE ACTIVATIO N ENERGY OF THE SURFACE TRAN SPORT COEFFICIE NT
- . 

- 
IN ELECTRON VOLTS .

145FSI PRE .EXPOP4ENTIAL CONSTANT OF THE MOVING SOUNDRY FLUX IN
MICRONS/ MINUTE.

HSFE I PRE .EXPDNENTIAL CONSTANT OF THE MOVING BOIJNDPY FLUX IN
ELECTRON VOLTS .

BET A I COEFFICIENT RELATING THE EFFECT OF UNCHARGED VACANCIES ON THE
DIFFUSIO N COEFFICIENT ,

CLST I NUMBER OF IMPURITYS ATOMS PER CLUSTER .
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- MEOB I PRE EXPONENT IAL CONSTANT OF THE EQUILIBRIUM CLUSTERING COEF.- FICIENT .

KEQE I A C T I V A T I O N  ENERGY OF THE EQUILIBRIUM CLUSTERING COEFFICIENT .

KOC B I PRESEXPONENT !AL CONSTANT OF THE DECLUSTERING COEFFICIENT .

KDCE : A CTIVAT ION ENERGY OF THE DECLUSTERING COEFFICIENT ,
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OX IDAT !ON MODE LS
•SSOS SSSeS.~~ SS S

THE OXIDATIO N MODELS HAVE TWO FUNCT IONS? 1) TO SPECIFY THE TYPE OF
AMBIENT THAT THE STEP IS BEING CARR IED OUT IN , AND, 2) TO MO DIFY THE OX IDE
GRO WTH R A T E  PARAMETERS FOR THAT AMB IENT . THE OXIDATION M ODEL NAMES A LLOW
DISTIN CTI ON BETWEE N FOUR AMBIE N T S , TIlE AMBIENT TYPES AND THE CORRESPONDING

t MO DEL NA M ES ARE LISTED BE LOW .

STEAM I ST Ill , STM2, STMO , ST M4 , STH3
W ET 02 I W E T I ,  WET?, WET3, WET4 , WETS

- DRY 02 I DRY I, DRY?, DRY 3 , DRY 4 , DRY S
- N ITROGEN I D RY I ,  DRY ? , DRY3 , DPY4 , DR Y5

j -

~
THE COEF F ICIENTS THAT AR E CA N M ODIFIED BY THE OX ID A T I O N  MODE L PARAM ETERS

AR E THE LIN EAR AND PARABO LIC OXIDE GROWTH RATES , THE EXPRESSIONS FOR THESE

$ COEFFI C IENTS USING THE O X I D A T I O N  MO DEL P A R A M E T E R S  ARE :

LINEA R G R OWTH RAT E • LRT E * EX PC .LR EA /K T ) a PRES

PA RABOLIC GRO WTH RATE a PRTE * EX P ( . P R F A / K T )  * PRES

WHERE MT • BOLTZMANS CONSTANT a TAHE TEMPERATURE IN KELVIN DEGREES ,

MODEL NAM E $ M C,LPTE•(N)i C ,LREA $~ N~~3 (, PR TEu(N.~ (, PREA .d N~~)
• (, PR ES ac N~~

LRTE 1 PRE SEX PO~4ENT I AL TERN FOR CALCULATING THE LINEAR GROWTH RATE IN
M ICRONS/M INUTE ,

LPEA ACTIVATION ENERGY FOR CA LC ULAT ING THE LINEAR GROWTH RATE IN
ELECTRON VOLTS .

PRTE I PRE .EXPONENTIAL TERM FOR CA LCULATING THE PARABO LIC GROWTH
- PATE IN M ICRON S S Q ( J A R E O / M I N U T E .

PR EA I A C T I V A T I O N  EN E RGY FOR C A L C U L A T I N G  THE P A R A B O L I C  G R O W T H  R A T E  IN
ELECT RON VOLYS ,

PRES I Y g.4~ A MBI ENT PRESS URE IN ATMOSPHERES .

tk- ~t
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E P ITAXY MODE LS 
S

TIlE EPITAXY MODELS ARE USED TO MOD IFY THE IMPUR ITY FLUX P A R A M E T E R S  U SED
BY THE EP ITA XI AL GROWTH ROUTI NE , THERE AR E FIVE EPI MO DELS , NUMBERED ONE
THROUGH FIVEI Felt , EP !2 . EP IO , EP!4, AND EPIB. THE PARAMETER LIST OF THE
ER! MODE LS IS DE SCR IBED BELOW .

M ODEL P 4A M E a M~ (,FRAC . N ’~ C , FAUT *4N ~~3

F R A C  A M ULT I P L IE R OF THE EVAP ORATION COEFFICIENT FOR AUTOD OPING ,

PAUT I THE FRACT ION OF DOPANT RELEASED FROM THE INTERFACE THAT IS
RE ABSORBED .

SPECIAL PURPOSE MODELS

THE SPECIAL PURPOSE MODELS ARE SO CALLED BECAUSE THEIR PARAMETERS ARE
ONES TH AT DON’T FIT IN WITH ANY OF THE OTHER MODELS , A ND IN SOME CASES ARE
NOT STRICTLY MODEL PARAMETERS IN THE SAME SENSE AS THE OTHERS , THERE ARE
FIVE SUCH SPECIAL PURPOSE MODELS, NUMBERED ONE THROUGH FIVE, THEIR PARAMETER
LIST IS DESC RIBED BELOW .

SPECIAL PUR POSE MODELS I SPPij, SPM2, SPM3, SPM4 , SP M S

MODEL NAME . M. (.NIFF.(N~~) (,N !EAa N~~3 C , GA TE u*G~~3 (,QSSO•P*~
• f,CRL Ka dN ~ )

NIEF THE RRE .EXPONENTIA L CONSTANT USED TO CALCULATE THE EFFECTIVE
INTRINS IC CARR IER CONCENTRAT ION , N!. AS A FUNCTION OF TEMPER .
AT tIRE , (I.E. ts4I • PIIEF a EXP (—NIFA /PIT) • (T ** 1.5) WHERE K IS

• MOLTZMA N’S CONSTANT AND T IS IN KELVIN DEGR~ ES~~, DEFAULT
VA LUE • 2.R97I7E16 ATO MS/CUBIC CENTIMETER ,

RICA I THE A CTIVAT ION ENERGY USED Ill TIlE ABOVE EXPRESSION FOR CALCU-
LATING THE EFFECTIVE INTRINSIC CARRIER CONCENTRAT ION . DEFAULT
VA LUE • P.561630 EV ,

GATE I THE GATE MA TERIAL USED TO CALCULATE TM! THRESHOLD VOLTAGE ,
THERE AR E THREE TYPES THAT M A Y  BE SPECI FIED , A L U M IN U M , P., AND
Na . THEIR SYMBOLS (dG~~) APE RESPECTIVELY, AL. a, AND — .

0550 THE NU MBFR OF SURFACE STATES AT THE SILICON /OXIDE INTERFACE IN
STATES /SOUARE CENTIMETER USED FOR CALCULAT ING THE THRESHOLD
VO LTAGES . DEFAULT VALU E • P.

CBLK I INDICATE S THE TYPE BULK CONTACT .
• CBLK • R , FO R CONTACT AT THE SUBSTRATE (LAST SI POINT)

4 CBLM • I, FOR CONTACT AT THE SURFACE (FIRST SI POINT)
CBLM $ 4N A RM ITRARY CONCENTRATION AT BULK CONTACT ,

- 

- I POSITIVE FOR P.TYPF , NEGATIVE FOP P4.TYPE,
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DEFAUL T P A R A M E T E R  V A L U E S  
S 

BELOW AR ! THE DEFAULT V ALUES OF THE VARIOUS MODEL PARAM ETERS USED IN
SUPRE M . THOSE P A R A M E T E R S  T HAT ARE O R I E N T A T I O N  DEPENDENT AND WHOSE (1B0~
VALUE IS NOT KNOWN USE THE (1-tl ~ VALUE AS TIlE DEFAULT .

NAME ORNT , I BO RON I PHOSPHORUS I ANTIMONY I ARSENIC I

SEGREGATION COEFFICIENT:
SEGP (tti ~ I 1126 .P 1 10.0 I 10.0 1 10 .0 I
SEGR ‘19 0k I 2298.91 I 19.0 7 l Q’.~ I 10.0 I
SEGE ct11 ~ I 9.91 I 5,0 I 0,9 7 0,8 I
SF.GE j o e~ I 0, 06 I ~~~ I 0 .9 7 0 .91 1

SU R FACE TRANSPORT COEFF ICIENTS -

ST C~I I t. 674E7 I Q ,9E5 I I.5E3 I 9.RES I
STCE I 2.4~~l I 1.09 I 1.04 1 1 ,09 I

M OVIN(.i NO UNDRY FLUX TERM :
I 9 .1 I 0 .1 I 0.1 1 0 .1 I

- 

~SFE I ~i.N I 9 ,9 I o ,o I P .~ I

SILICON DIOX IDE DI FFUSION COEFFICIENTI
DOX9 I 1.806E6 I 4,56E7 I 7.66E25 I t ,915E 10 I
EO XP 1 3.53 1 3,5 7 5.75 I 4.59 I

SI L IC ON DIFFUSIO N COEFFICIENT (NEUTRA L OR RON. OXIDT Z ING A M B I E N T ) :  - -

OSI N t t l ~ I 3.332 4E9 I 2,3i!to I 7.74E 191 I t .44#Ett I
U~~XN (1Q’9~ I 3.332 4E0 I 2.31E1 91 I 7,74E19 I I ,4491E11 I
E S X N  € 1 1 1  I 3. 4 2 5 6 5  I 3.86 I 3.96 1 4 ,916 I
E S X N  4199* I 3.42565 I 3.66 I 3.90 I 4,RB I

SILICON DIFFUSIO N COEFFICI ENT (DRY 0? OX IDIZING AMBIENT )S
f~SX f )  111 I i.SPBEI I 2.3tEtQ ’ I 7.74E10 I 1.1491E11 I
tISX I) 41991’ I 5.592E2 I 4 ,156E10 I 7 .74 E15 I t . 449E11 I
L S X D  ‘11t~ I t , 43 3~ I 3 ,66 I 3.95 I 4,06 I

• E S x D  95* I 1,6996 5 1 3 .56 1 3.98 7 4,88 I

SILICON r)XFFUSZDN COEFFICIENT (WET 02 OXIDIZI NG AMBIENT )I

~ S X W  4 111* I 1.SPOEI  I 2 ,3 1Et0  I 7 .74E IP I 1.44 9 E11 I
DS* ~ 4 100* I 5 ,5 5 2€ ?  I 4 .156E11 I 7 ,74E10 I 1,449E1 1 I
ESXW 11t~ I 1. 43~ I 3 ,66 I 3.90 1 4 ,PB I
E S X W  c lP P  I 1.600 1 3 ,56 I 3.95 7 4 ,*$ I

• - - B E T A :
I 3.0 7 1 ,9 I 1,91 I 109 .91 I

CLUSTERI NG S IZE :
CLS’ I s. o I ~i ,o I 0.0 1 4 .91 I

EI~U I L I 8 W 7 U M  C L USTE R I NG C O E F F I C I E N T S
K EOP I P~.P I P ,s I 91 ,0 1 2.?2t.17 I

I P. ’~ 7 9 .91 1 9 .91 1 .0 ,395 1
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NA ME ORNT • I BORO N I PHOSPHORUS 1 A N T I M O N Y  I AR SENIC

- DECLIISTERING RATE:
KDCR 1 91,0 1 0,91 I 0,0 I 4.BES

— KDCE I 0.91 I 91.91 I 0,0 I 2 .6

- NAM E ORNT STEAM I WET I DRY I NEUTRAL I

LI NEAR OXIDE GROW TH RATE:
LRTE 4111* I 2.717E6 I 2,717E6 I l.038E5 I 0.91 I
LRTE (1991* I 1,617E6 I t,617E5 I 6.181!’ I 0~ 0 I
L RE A (* 1 1*  I 2. 915 I 2,95 I 2.09 I 0,91 I
L RE A (100* 1 2 ,915 1 2 ,PI5 1 2 .919 1 0 ,91 I

PARABO L IC OXIDE GROWTH RATE S
PRTE (111* I 6,43 7 6.43 I 12 ,87 I 91,0 I
PRTE (190* I 6,43 1 6,43 I 12.87 1 91,91 1
PREA 4111* I 9.75 1 9.791 I 1.23 7 1
PPEA (199* I 9.7$ I 0,78 I 1.23 I 0,91 I
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REFE RENCES FOR DEFAULT PARAMET ER VALUES
_5  S S5S

S E G R E G A T I O N  C O E F F I C I E N T S :
BORON:
0, A , AN TO PJIA DIS , A , 0, GONZA LEZ AND P, W , OLITTON , J. FLECTROC HEM ,
SOC., (125), P. 813 , (1978 ),

ALL OTHE R IMPUR IT IE S
M , F , WO L F , SE M I C ON D U C T O R S , INTER SC IENCE, 1971 , P . 361.

SURFACE TRA NSPORT COEF F ICIENTS:
P . H, L ARGER ANO J , I. GOLDSTEI N , J , EL E CT R OCII EM SOC., A P R • 1974.

MOVING BOUNORY PLUY TERM:
SEE PAGE 21 OF THIS TEC HNICA L REPORT ,

SILICON DIOXIDE DIFFUSIO N COEF FICIENT;
N, GHEZZO AND 0. N , BROW N , J. ELECTROCPIEM SOC ., JAN , 1973.

SILICON DIFFUSIO N COEFFICIENT (NEUTRAL OR NON .OXTDIZING AMBIENT):
BORON:
0, A , A NTON IAQ IS . A~ G. r.ONZALEZ AND 9, W , DL JTTON , J. ELECTROC HEN SOC .,
(125), P. 9113, (19791),

PHOSP HORUS I
R~ ~~~, FA IR AN D 1. C . C. TS A I. J , ELECTROCI4E M SOC ,, (12 4), P. 1107 ,
(1977).

A N T I M O N Y ;
H . F. WOLF , SEM ICO P4DI JCTOPS, TNTER SCIENCE. 1971, PP . 153 & 363,

A R S E N I C :
T. L. CHIli AND H , N 1 GOS H , IBM J, RES . 0EV ,, 15 , 47?, (1971 ).

SILICON DIFFUSIO N COEFFICIENT (DRY 1~ 2 OXIDI ZING AMB IENT),

— BORON :
SA ME REFERENCE AS FOR NEUT RA L AM B IEN T A BOVE ,

PI4OSPPIORUSI
R~ 8~ FA IR , PR IVATE COMM UN ICATION .

ANTIMONY:
• DIFF IJSIVITY SAME AS FOR NEUTRAL AMBIENT .

ARSEN IC:
DIFF LiSI V ITY SAM E AS FOR NEUTRA L AMBIENT .

SILICON DIFFUSI ON COE FFICIENT (wET 02 OXIDI ZING AMBIENT):
DIFF IJSIV ITY SAME AS FUR DRY 92 AMBIENT FOR ALL ELEMENTS.

BE TA:
SEE PAGE 13 OF TN X~ TECH NICA L REPORT .

ALL AR SEN IC CLUSTERINr , INFO RMAT ION
F , F , M OR ENE AD, ~R IVAT € CI IMMIJN TCAT ION .

LI NEAR OXIDE GROWTH RATE COEFFICIENT:
91. C. Dt~A i ,  J . EL~~C ?ROCHEM SOC ., (125), P. 578 ,  ( 1 0 7 8) ,

PARA BOLIC OX IDE GROWTH RAT E COEFF ICIENT ,
SA llE REFERENCE AS FØR LINEAR GROWTH RATE A BOVE.
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APPENDIX 2

Following are two examples of processes simulated by SUPREM II.

The first example is a CMOS process where the p—well fabrication

is simulated and the final n—channel threshold voltage is calcu-

lated , first without and then with a threshold voltage tailoring

phosphorus implant. The second example is a bipolar process including

an arsenic buried collector, a boron base and a phosphorus emitter.
This process is a variant of a Stanford University standard process.

Both of the following two examples were designed so that the use

of the SUP REM II simulator could be illustrated under a wide variety

of processes. It is not implied that any of these processes would

result into useful electronic devices.

—
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.aa STANFORD UNIVERS ITY PROCESS ENGINEERING MODELS PROGRAM ~~~

... VERSION 0.02 a**

I,,.,TITL CMOS P.W!.L SIMU LA T ION
2....GRID DYSI.Ql ,01, DPTHuS ,8, ‘VM*X .2,5
3,,,.SUBS OR NT .t00, ELFM..,

4....COMM ST ART ING 0XI~~E THICKNESS OF 500 A ,
5....STEP TYPESDEPO , TIM€ u1 , GRTE.Ql ,91591

6....PLOT TOTLUY, CM I NUI4 , NOEC uA , WIND .1 ,S

7,.,.CON M P.W (LL IMPLANT

4 $..,.STEP TYPE.I MPL, ELEMU B , OOSE .5112, AKEV .200

9.,..COMM ~~~~~ STOP PLOTTING , ST ART PRINTING INFORMATION .s.

1Q’,...PLOT TDTL.N
11..,,PRINT HEA D IY

12 ....COM M OIVE.IN iN N2 FOR i.5 ~‘OURS
13..,,STLP TYPI.OKID, TfMPq~~~0Ø. T IM E UgP , MODL.N !T8

14...,STEP TYPE .ETCW , T€MP.25

15 ,...COMM —..tXTEN’~ GRID SPACE .— .t 16 ,..,GRIO DYSI’0.915, OPTM.1.0, V M A X S 7 ,P

17 .,..CO NM DRTVE .IR FOR j5 MOURS !‘~ 191~ DR Y 02
16 .,.. MODEL NAME U DR Y I , PRESU .t
19..,.STE P TY PEIOX7O , TFMPsIIRS , T ! M E U9SO ,  MODL ’DRYI

• 29....CO MM FIELD OXID GRO ’TW IN W E T  02 FOR SsOURS
21,,,~~ST~~P TYPESOX ID, TEM P.1d25, YI ME.3910, MODLSWITS

22,,,.STE P TYPE.ETCW , TFMP.25

23 ,,,.COMM GATE OX IDAT ION *7 1~~910 C
24.,,,STEP TY P€.OX Ir . TFMPSI9PP , TIMEIS, MODL .DRYR
25...,STEP TYPESDYIr,, TEMP.1OQ l 91, TI MEUS . MOOL .WETS
26 ..,. PLOT TOTLSY, WIND.6.
27 ..,.STEP TYPE uO X ID , T F M P u I O P P , TI ME ’S , MOF)L .DRYS

28..,.%AV E  F IL C .PWI , TYPE.B

29..., COM M ANNEA L ~~s• CALCULAT E THRESHOLO VOLTAGE ...
30 ,,,,MODEL NAMEISPHI, GAT EIA L , 0SSQ’4E1 91, C8LK’t
31....STEP TVPE .OX ID . TEMP .19109, TIME.391, MODLsNITO , M O D L U$P M 1

32,,.,COM” THRESHOLD TAILORIN G IMPLANT
33 ....MODEL NAM EU S PH I , CRLII.BEIS
34,,,.STEP TYPESI MPL, ELEM ’P , OOSE•5(It, A l~EVu99l , MODL.SPM I

35 .,,,€ND 
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CMOS P.WELL S IMULATION
PeWELL IMP LANT
STEP I 2 TIME I .9 MINUTES ,

DEPT H CONCENTRAT ION (LOG AT OMS/CC)
(UN)

14 15 16 17 18
S ,915 •a SSS S e 5* S 5 SS ’e . SS5 S e SSe S S SSS~~~SS5  S .S  SS S SSS SSS S SS SSS5 5 S e S S S S S S S 55 5

1 • 1 1 1
I • I I I
1 * I I I
I • 1 1 1 1
I • I I I I
I • I I I I
1 • I I 1 1
I • 1 1 1 1
I * I I I I

- I  ,910 ...*S..e.... *.S 5 55 _S  S S5SS S S S 5 5 t S S 5.S S~~~5e Se S.SSS5

I •1 1 1 I
I I • I I I
I I • I I 1
I I * I I I
I 1 1 *  1 1
1 1 1 • 1 1
1 1 1 • I I
1 1 1 *1 1
I I I I • 1

• 59 S . ._S . S S S S  Ss . . . s S S e S . .* . .S SSS SS....

1 1 I • I

I I I a 1
I I 1 • 1 1
1 1 I a 1 1
I 1 • 1 1 1

* 1 1
I • 1 1 1 I
I • 1  1 1 1
1 .1 1 1 - 1

• 1 • PR . 50 5. 5  S 5 5 5S5S S5 S S 5 S S 5 S 5 5 5 S 5~~~eS . 55 .5 S 5 5 S e 5.f l . S

1 • I I I
I • I I I
I • I I I
I • 1 1 1
I • I I I
I • I I 1
I a I I 1
I a 1 I 1
I * 1 I I

I • 59 . .SS e se .eS . SSS SS•* . . eS  5 5e . 5 5 5 SS 5 5 5  
- - a 1 1 1

I I 1 1
• I • 1 1 1

I * 1 1 1
I a 1 1 1

— 

I 
- :

I a I I 1
I * I I I

2,910 
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CMOS P.WELL SIMU LATION
DIVE.IN IN N2 FOR 1 ,5 MOURS
STEP w 3

NEUTRA L AM B IENT DRXV E .IN
TOT A L STEP TIME • 99,91 MINUTES
IN ITIAL TEMPERAT URE • 11919.99 DEGREES C.
OXIDE TMICKNESS • 5,0008E.02 MICR~~’S

I OXI DE I SILICON I I SURFACE
I DIFFUSION I DIFFUSION I S EGREGAT ION I T RAN S PORT
I COEFFICIENT I COEFFICIENT I COEFFIC IENT I COEFFICIENT

BORO N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SURFACE CONCENTRAT ION • 4,319897E.16 ATO NS,CM,3

JUNCTIO N OEPTN I SHEET RESISTANC E 
.. s.. ....... 1 

1 ,68157 MICRONS I 3722.72 ONM S/SOUARE
I 66619.9 OMMS /SOUAR E

NET ACTIVE CONCENTRATION

O X IDE CHARGE i 3.114949E•10 II .638 & OF TOTAL
SILICO N CHARGE • 4,6549291L.12 IS 99.4 Z OF TOTAL
lOYA L CHAR GE • 4.8851781*12 IS 06.3 1 OF IN ITIAL
IN IT IAL CHA RGE • 5,071 922f.12

CHEM ICAL CONCENTRAT ION OF BORON

C’XI f)E CM A R G E  • 3.11495 911.19 IS ,6~~3 I OF TOTAL
SILIC ON CM A R G E  • 4,9662 081.12 IS ~~~~ I OF TOTA L
Y D Y A L  CHA R GE • 4,997437E .12 IS 19 91 • I OF I N I T I A L
IN IT IA L CHA RGE • 1.997429E.12

a
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CMOS P.W ELL SIMU LATION
DIVE.!N IN N? FOR 1,5 HOURS
STEP O 4

ETC H STEP
ETC s T EMPE RATUR E u 25 ,0 DEGREES C ,
ETC H TIME • .0 M ZNU TES
ETCH RATE • .91099 MICRONS/MINUTE
OXIDE THICKNESS • ~,~~91ePE.o~ M ICRONS

SURF A CE CONCENT RATIO N • 4,3t0697E,16 ATOM $/C M ?3

JUNCTION DEPTH I SHEET RESISTANCE 
~~ 55 5 5 . 5 5 5 5  se.  I ses — S S S 5 .5.5S~~~S 555555.5.5

1.66157 M ICRO N s I 3722,72 O W N S/ SQUARE
I 86619.9 OMM S/ SQUAR I

NET A C T I V E  C O N C E N T R A T I O N

OXI DE CHAR(~E • 91 ,909199191.99 IS 9,9191PE.091 I OF TOTAL
SILICO N CHARGE • 4,65491291.12 IS 109.9 1 OF TOTAL
TOTA L C HARGE • 4,85 491291E .12 15 9 9 *  I OF IN ITIA L
IN ITIAL CHA RGE • 4.8151701.tl

C H EM ICAL C O N C E N T R A T I O N  OF BORON

OX IDE CHARG E • 91,99191919911.991 Is ~~~~~~~~~ I OF TOTAL
SILICON CHA RGE • ‘.9S6~ B~ f~~t~ IS 1091,91 I OF TOTAL
TOTA L C HARGE • 4,966,951.12 IS 99 ,4 1 OF IN ITI AL
IN ITIAL CHARG E • 4,907 4371.12

H

1* ~
—79—



-T r~~~~~ 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —‘5, —, 

~~‘55,~ ~~~~~~~~~~~~~~~~~~~~ -~ —--- — ——, --.----.- -——--- — ——V 
- 

~~~~~~~~~~~~~~ - -—— -- --- —~~~~~~ 

—

~~~~~

- —

CMOS P.W ELL SIMULATIO N
DRIVE .IN FOR 15 HOURS IN 1912 DRY 02
STEP 4 5

O XI OATI ON IN DRY OXYGE N
T O T A L  STE P TIME • 900,0 MINUTES
INITIAL TEMP ERATURE • 1100.00 DEGREES C ,
OXIDE THIC KNESS • .1404 M ICR rP 5

LINEAR OXIDE GROWTH RATE • 3,09174191E— ,4 M ICRONS/M INUTE
PARABOLIC OXIDE GROWTH RATE • 3.96859101.05 MICRONS,2/M !NUTE
OXIDE GROWTH PRESSURE • 9.9999901.02 ATMOSP M E RES

I OXIDE I SILICON I 1 SURFACE
I DIFFUSION 1 DIFFUSION 1 SEGREGATION 1 T RANSPORT
I COEF FICIENT 1 COEFFICIENT 1 COEFFICIE NT I C~ EFF !C !E N T

S S S S 5 S 5 S5S SSSS . S  S S S S 5S S 5~~~S.S S~~~5S 5 5 f l~~~.fl 5 5 5S5  S S 5 S S 5~~~S5~~

BORON I 2,9197161.07 I 1.235221.913 1 .66145 1 1.311321.92 I

SURFACE CO NCENTRATION • 1.9152711,16 AToM5/cM~ 3

Ju NCTION DEPTH I S HEET R ES ISTANCE 
Se ..~ 5.SS 5 . S S S S SSS~~~.5 5 5 5

4,93269 M ICRONS I 4067 .52 DHMS/S O UARS
I 197191.6 OHMS/SQUARE

NET ACTI VE CONCENT RATION

O XIDE CHARGE • 5,99133941.11 IS 10.9 2 OF TOTAL
SILIC ON CHAR GE • 4.@8152911•12 IS 09 ,1 2 OF TOTAL
TOTA L CHARG E • 4.591*591.1? IS 94,4 2 OF INITIAL
IN IT IA L CMAPG F • 4 ,854 124 1.12

CHEM ICAL CONCE P4TQA TION OF BORON

O XIDE CHARGE • 5 ,90339 4E•li IS 10 ,4 2 OF TOTAL
SIL IC ON CHARG E • 4.311637E •12 IS 919,6 2 OF TOTAL
TOTA L C HARGE • 4.811 97 61.12 IS 96 ,9 1 OF INITIAL
INI TIAL CHARGE • 4.9163911.12

—80—
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CMO S 9—WELL SIM ULATION
FIELD OX ID GR OWTH IN wET 02 FOR SHOURS
ST EP * 6

OXIO AT TON IN ‘lET OXYGEN
TOT AL STEP TIME • 3091.91 M IN U TES
IN IT IAL TEMPERATU RE . • 1025.99 DEGREES C .
OXIDE THICKNESS ‘ 1.203 MICRO N S

LINEAR OXIDE GRO WTH RATE I 2,1163919E—02 MICRONS/M INUTE
P A R A B O L I C  OXIDE GR OWT H RATE I 5.7185301~~03 M ICRON S ,2 /M INUT I
OXIDE GRO WTH PRESSURE • .842105 ATMOSPHERES

1 OX IDE I SILICON I I SURFACE
I DIFFUSI ON 1 DIFF USION I SEGREGATION 1 TRANSPORT 

00910w 1 3,74197E.Ql * I 3 ,18?87E .Ql 4 I •41303 I 3,904941—03 1

SURFA C E CONCE NTRAT ION • 3,349655F. t5  AT O M S/ C M, 3

JU NCT ION DEPT H I SHEET RESIST ANCE 
.1 5 5 _S  

3.69458 M ICRO N S  1 5758 ,51 OHMS/SQUARE
1 21949 ,1

NET ACTIVE CONCEN TRAT IOW

O X ID E CHA R GE • 1.72538 911.12 IS 37.8 2 OF TOTA L
SILIC ON CHARGE • 2.859799E•12 IS 62,4 1 OF TOTAL
TOT AL CHA RGE • 4,5959179E~~12 Is 1~i9, I OF INITIAL
INIT IAL CHARGE • 4.501*591 .12

CHEMICAL CDNCENTRAT ?ON OF 5ORON

OXI DE CHARG E • 1.7253 991.22 19 36,9 * OF T OTAL
SILICON C HA RGF • 3,97150*1.12 IS 64~~0 I OF TOTA L
TOT A L CHARGE • 4.7060791E .12 15 99,7 Z OF IN ITIAL
INITIAL CHA RG E I 4.8119761 .12

— 81-
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CMOS P— WE LL SIMULATION
FIELD DX 10 GROWTH IN W ET 02 FOR 5HOURS

- I  5119 * 7

ETCH STEP
ETCH TEMPERATURE • 25.0 DEGREES C.
ETCH TIME • .0 MINUTES
ETCH RATE a .09919 MICRONS/MINUTE
OXIDE THICKNESS • 9,900911.09 MICRONS

SU RFACE CONCE NTRATION • 3,3496551.15 ATO M S/CM ?3

JUNCTION DEPT H 1 SHEET R ESIST ANC E 
S S S S S5 SS S  I 5 

3,68457 M ICRONS I 578~~,55 OHMS/S QUARE
1 21949.1 OHMS/SQUARE

NET ACTIV E CO NCENTRATION

O XIDE CHARGE • 0,0919919191L.09 IS 0,99101.00 1 OF TOTAL
SILICO N CHAR GE • 2,8597091.12 IS 1910,0 2 OF TOTAL - -

:1 TOTA L CHARG E • 2.859791911.12 IS 62 ,4 2 OF INIT IAL
I- ITIA L CHA RG E • 4,585 979E .12 

- -

C -E MICAI, CONCE NTRAT ION OF BORON

OXIDE CHARGE S 9,919919191911*910 IS 0,BPRE.091 2 OF TOTAL
SILICON CHARGE • 3,971599E .12 IS 1910,91 ~ OF TOTAL
TOTA L CHAR GE • 3.971590E •12 IS 64,0 1 OF INITIAL
INITIAL CHARGE • 4,7989791* 1?

—82-
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CMOS P— W ELL SIMU LAT ION
GAT E OX IOA ? ION AT 1990 C
STEP 4 8

OXIDATION IN DRY OXYGEN
TOTA L STEP TIME • 5 ,9 MINUTES
IN ITIAL TE MP ERATURE • 19190 ,9199 DEGREES C.
OXIDE THICKNESS • 2,06751—02 M ICRO NS

LINEAR OXIDE GRO WTH RATE I 8,0199160E.03 MICRONS/MINUTE
PARABOLIC OXIDE GRO WTH RATE • 1,7650881.94 MXCRONS,2/MINUTE
OX IDE GROWTH PRESSURE • 1 ,999919 ATMOSPHERES

I OXIDE I SILICON I I SURFACE
I DI FFUS ION I D IFFUS ION I SEGREGATION I TRANS POR T
I COE FFICIENT I COEFFICIENT I COEF F ICIEN T I CQEFFICIENT

.5e 5 . .S5 5 f l eSSSS S S SS5~~~5 S SS 5~~~~~ 5e f l  S5 5550555 S 5 0 S S 5 5 5 S S S 5 SSS~~~5 5 S e5 e~~~Sf l S S  p

BORON I 2.9113681.98 I 2,913949E .04 1 .34974 1 2,326261—03 I

SURFACE CO NCENTRATIO N • 2 ,7249121.15 AT D MS / CM ?3

JJwCT IOw DEPT H - 
SHEET RESISTANCE 

a ees je  .5.50 

3 ,~ 76~ 9 M ICRONS I 5921 .81 OHMS/ SQUARE
1 21001, 5 o HMS/S QUA RE

-~~ ~‘JET ACTI V E CONCENTRAT ION

OXIDE C HARGE • 1.113799E•t 91 IS ,390 * OF TOTAL
SILICO N CHARGE • 2.5441941.12 IS 00,6 S OF TOTAL
TOTA L C HARGE a 2.855322E ’12 IS 99 ,0 I OF INITIAL
IN ITIAL CHARGE a 2.8597001412

CHEMICAL CONCENTRATT ON OF BORON

OXIDE C HAR G E • 1,1137991.191 IS •3~ 3 * OF TOTAL
SILICON CHA R GE I 3 .0554911412 IS Q9 ,8 I OF TOTAL
TOTAL CHA R GE S 3. 08681914 12 IS 99,8 1 OF INITIAL
IN IT IAL CHARGE a 3,0715991412

H
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CMOS P.WELL SIMULATION
— — GATE OXIDATION AT 19100 C

ST EP 4 9

OXID ATION IN WET OXYGEN
TOTAL STEP TIME • 5,91 MINUTES
IN ITIAL TEMPERATURE • 19109,9100 DEGREES C,
OXIDE THICXNESS • 7,862?E.02 MICRONS

LINEAR OXIDE GROWTH RATE S 1,4099591.02 MICRONS/MINUTE
PA R A B O L I C  OXIDE GRO W TH RAT ! S 5.0615281.93 MIC RON S~~2/MI NUTE
OX IDE GROW TH PRESSURE • .842195 ATMOSPHE R ES

1 OXIDE 1 SILICON I 1 SURFACE
I DIFFUSION 1 DIFFUSION I SEGREGATION 1 TRANSPORT
1 COE FFICIENT 1 COEFFI CIE NT 1 COEFFIC IE NT I COEFFICIENT

~~~~

e5 s .SSS _ _•

;

C_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SURFACE CONCENTRATIO N • 6.7580761.14 A T O M S / C M~~3

JUNCTION DEPTH I SHEET RES ISTANC E 
S5 5 C e 5 5 5 5  .~~~..e I S S S SS C S C

3,65247 MICRONS I 5872 ,59 OHMS/SQUARE
1 21 077.7 OHMS/S QUARE

NET ACTIVE CONCENTRATION

OXIDE CHAR GE • 3,4220241$191 IS 1 ,20 * OF TOTAL
- - SILICON CHARGE • 2.8213651.12 13 98,0 1 OF TOTAL

TOTAL C HARGE • 2,8555911.12 IS j~~ o , I OF INITIAL
INITI AL CHARGE • 2. 8553221.12

CHEM ICAL CONCENTRATION OF BORON 
-

OXIDE CHARGE • 3.422924E+19 IS 1 ,12 5 OF TOTAL
SILICO N CHARGE • 3.039493E+12 13 98.9 1 OF TOTAL
TOT AL CHARGE • 3,0646321.12 1$ 99,0 I OF INITIAL
IN ITIA L CHARGE • 3,0666191.12

—
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CMOS P WELL SIMULAT iON
GATE OXID AT ION AT 1096 C
STEP 4 10

OXIDATION IN DRY OXYGEN
TOTAL STEP TI ME • ~~~ 

M~~N~JT~ 3
INITIAL TE MPERATUR E • 190 0,090 DEGREES C ,
OXIDE THICKNESS • 8.99461.02 MICRONS

LINEAR OXI DE GROW TH RATE • 8.01991691E.01 MICRON S/ MINUT E
PARABOLIC OXIDE GRO WTH RATE • j,785125E.04 M !CRON5~ 2/ M tNUT E
OXID E GRQWTH PRESSURE • 1,000~ 0 ATMOSP HERES

I OX IDE 1 SILICON I I SURFACE
I DIFFUSION I DIFFUSION I SEGREGATION I TRANSPORT
1 COEFFICIENT I COEFFICIENT I COEFFIC IENT I COEFFICIENT

Oefl. S C S S C S C S S . f l . . eSS .e .Ae S S e e S S e ee e P S S f l f l t S f l e . S e f l  5Se 0  S . 5 f l f l S S S O f l.

BORON I 2.01 36*1—0* 1 2,030491.04 I ,34074 1 2,526261—03 1
-~SURFACE CONCENTRATION • 3,119767E,15 ATOMS,~CM~~3

JUNCTIO N DEPTH I SHEET RESISTAN CE
— 

555Se5 55 ..elss .eees .eee. . .s eeeesss .p es

3,65270 MICRONS I 5882,82 OHMS/SQUARE
1 2 1087 .8 OHMS/SQUAR E

NET ACTIVE CO NCENTRATION

OXIDE CHARGE I 3.9291351.10 IS 1.30 z OF TOTA L
SILICON CHARGE a 2,5150371 .12 IS 98~~6 I OF TOTAL

— TOTAL CHARGE • 2.855228E.12 IS I~~0,9 1 QF INITIAL
IN ITIA L CHARG E • 2,8555941.32

CHEM ICAL CONCENTRA TION OF BORON

OX I DE CHARGE • 3,9291351.191 13 1,29 1 OF TOTAL
SILIC ON CHARG E • 3 .9251671,12 IS 99,7 * OF TOTAL
TOTAL CHARGE • 3,9641591,12 IS 100 ,9 I OF IN ITIA L
IN ITIAL CHARGE • 3,0846321.12

H 
_  
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CMOS P.W!Ll_ SIMULATION
GATE OX IDATIO N AT 19100 C

I S’!P • 10 TIME • 5,0 MINUTES .

DEPTH 1 CONCENT RATION (LOG ATOMS/CC)
CU M) I

14 15 16 t7 16
.,08 *S Se SSS S 5 CS 5.5 e 5 e 5 e . S S a Sp S 5 S S S~~~5S 5 S 5 S 5 5 5 S 5 S S 5 S S S S 5 SSS 5*

I 1 - 1 1
1 I * 1 1
I I * 1 1 1
I I * 1 I 1
I I * I I I
I I * 1 1 1
I I * I 1 1

A I I • 1 1 1
1 1 • 1 1 I

• 00 0j 1 5 . SO . . 5 S S S S 5 C 5 SSS 5 S S S S S*  ... .S 5 . S*5 S 5 S C 5 . t S S e 5 . 5 S S 5 50W ~~~SS 5S~~~5*SS5555

1 1 1* 1 1
I 1 1 *  1 1
I I I • I I
1 1 I * I 1

-
~~ I I 1 * 1 I

1 1 1* 1 1
I 1 * I I

— I 1 .1 1 1
I 1 * 1 I I

2,00 ..... S5 5 . C S S S  .e*s  C.. Se ee S~~~. .5e 5 5 5 5 5 . 5

— I I * I I I
I 1 • I 1 1
I I * I I I
I I • 1 1 1
I 1 ’  1 I
I *1 - I I
I • I I I
S 1 I I I
1 a 1 1 1

• 4,00 * 
e.S.S.... S S S .e s.  Se~~

1 * I 1 1 1
1 . 1  1 1 I
1 * 1 1 1 I
I aI I 1 1
I *1 1 1 1
1 ‘I 1 I I
I a 1 1 I
1 a 1 1 I
I a I I I

6,90 e.e.c en. ... .. . ee*  55 55•  . 

I • 1 1 1
I 1 1 I I
1 1 1 1 I
I I I I I
I I 1 1 1
1 1 1 1 1
1 1 1 I I
1 1 1 1 I
1 1 1 I I

— 
: 

9,910 5 P e e 5 S S~~~5e S S f l 5 S 5 eS S S 5 5 S e S S S S a 5 5 S S  SS.S SS S .S S  5 e 5 5 e S 5~~~5S S S Se5 S S 5 p 5 5 5S
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CMOS P— WELL SIMULAT ION
ANNEA L ~~~~— CALCULATE THRESHOLD VOLTAGE .— .
S T E P 4 1 1

NEUT RAL A MBIENT D R I V E — I N
TOTAL STEP TIME a 30,0 MINUTES
IN ITIAL TE MP ERATUR E • 10091,000 DEGREES C.
OXIDE THICKNESS • 8,99461.62 MiCRONS

I OXIDE I SILICON I I SURFACE
I DIFFUSION I DIFFUSION I SEGREGATION 1 TRANSPORT
1 COEFFICIENT 1 COEFFICIENT I COEFFICIENT I COEFFICIENT 

555 5 5  Ses ee s eS e  55 eSSeSSS c e__ e S . .

BORON 1 2,013881.95 1 9.181971.05 I .34974 1 2,52626E.03 I

SURF ACE CONCENTRATIO N • 5,6569771.15 ATOMS/CMt3

GATE MATERIAL • ALUM INUM SILICON UNDER GAT E • P — TYPE
OXIDE THICKNESS • 899,5 ANG, CAPACIT AN CE / AR EA • 4,261.94 PF/UM2
THRESHOLD VOL TAGE • .50 VOLTS AT SURFACE STATES •

J U N C T I O N  019Th S H E E T  R E S I S T A N C E  
— — — 1  .e* 5S... . es ee . S e  PS e e e e C S

3.656918 MICRONS I 5887,97 OH MS/SQUARE
1 21109 ,7 OHMS/SQUARE

NET A CT IVE CONCE NTRATI ON

— OX ID E CH ARGE I 4,2297261.19 1$ 1 .48 * or TOTAL —

S~ LT CO N CHARGE • 2.6129197E’12 73 96,5 1 OF TOTAL
TOT AL CHARGE I 2.854394E’12 IS 1910.9 1 OF INITIAL
IN ITIAL CHARGE ‘ 2,855220E.12

CHEMICAL CONCENTRAT ION OF BORON

OXIDE CHARGE • 4.2297261.10 IS 1.38 S OF TOTAL
SIL ICON C HA RG E I 3.9221 251.12 13 99,6 1 OF TOTAL
TOTAL CHARGE • 3,061122E,12 IS 100.0 * OF INITIAL
INIT IAL CHARGE • 3,0644591.12

—87—
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CMOS P.WELL SIMULATION
ANNE A L 5.. CALCULA TE THRESHOLD VOLTA GE__ S

I STEP a tINE a 30,0 MINUTES ,

DEPTH I CONCENTRAT ION (LOG ATOMS/CC)
(UM~ I

- - 14 15 16 17 18
.,98 • 55 e e 5 5 5  S s . e e.. S e. SS 5 Ws 5 e S e 5 aS C S S 5S S~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•S W S S S S  55 5

I 1 • I I I
H I I * 1  1 1

I I * 1 I I
-
~~ I 1 * 1 1 1

1 1 * I 1
1 1 a 1 1 I
1 I a I I I

1 1 a 1 1
I I • I

,Ql0 ~~~~~~~~~~~~~~~~~~~~~~~~~ .... *5 5 5 5 55 55  *S . . . S S.e e S SSS*S P~~~ S S5 S~~~5e S 5 S S e 5e

I 1 1* I 1
I I 1 * I I
I 1 I • 1 1
I I I • I I
1 1 1 * 1 I
I 1 I• I I
1 1 • I I
I 1 *1 1 1
I I * 1  I I

• 2.00 • S SS S 5 S C C  55  . e. S .eS . e S e*e e  5 

I 1 * I 1 I
1 1 * 1 1 I
1 1 • 1 1 I
1 1 * I 1 1
1 1 * I 1 I
I •I 1 1 1
I • 1 1 1 1
* 1 I 1 1
I * I 1 1 1

• 4,90 s e e e e .e e e e  * 
5S 5 5 5 5 S e e~~~ S e S

1 • 1 1 1 1
I * 1  1 I I
1 • 1  I I

1 * 1 1 1 I
I •I I I 1
I *3 1 I 1
1 a I I 1
I a 1 1 I
1 • I I I

6,99 5 5*  5 ee S S ea S eS  5e S5 C e e S  • 5 5 5 S S 5 S S SS S C S C C  S a S S Se

I * 1 I 1
I 1 1 I 1
I 1 1 1 1
1 1 1 1 I
1 I 1 I I
I I 1 I I
I 1 1 1 1
I 1 1 1 1
I I I I - I

• 
- 

8.991 s s ass  5 5 5 5 5 .  _ .SS e~~~S S C C S C S 55  55. ~~ 5C 5  s.. e e e e
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CMOS P.W~~ l. SIMULATIO N
T$RESHD~ D TAILO PINr, IMPL ANT
STEP i 12

TO N IMPLANT (GAUSSIAN APPROXIMAT ION )
TM P I_ ANYE O IMPURITY • PHOSPHORUS
YMPL ANTED DOSE •

IMPLANT ENERGY •

R ANK •

STAN DARD DEVIATION • 4.1748Q2E—P2
PEAK CONCENTRAT ION • 5.~ 23S64F.16

SURFACE CONCENTRATION • 4.~ 6O335E,16 ATONS/CMT3

GATE MATERIAt. • ALUMINUM SILICON UNDER GATE U N • TYPE
OXIDE THICKNESS • 8R9,5 ANG , CAPAC ITAN CE/AREA u 4,26E—64 PF/UM2
THRESHOLD VOLTA GE • .15 VOLTS AT SURFACE STATES •

JUNCTION DEPTH 1 SHEET RESISTANCE 
•S• S. . S a  a.. ee . .e. . 

MICRONS 24766.9 OHMS/SQUARE
3.65698 MICRON S I 6P92,49 OHMS/SQUARE

I 211P9.4 OHMS/SQUAR E

NET ACTIVE CONCENTRATION

OXIDE CHARGE ; 1.1S17~ RE +t1 IS 3,79 X OF TOTAL
SILYCON CHARGE • 3.P92375E.12 IS 96,2 X OF TOTAL

• TOTA L CHARGE • 3.12P 549E’t2 IS 169. 1 OF INITIAL
IN ITIAL CHARGE • 2.854394E.12

CHEMIC AL CONCENTRAT ION OF BORON

OXIDE CHARG E • 4,229726E.1P IS 1,36 1 OF TOTAL
SILICON CH ARGE • 3,62212~ E•12 IS 96,6 1 OF TOTAL
TOTAL CHARGE • 3.064122E+12 IS ~6P .6 I OF INITIAL
IN ITIAL CHARGE • 3.96’422E~ 12

CHEMICA L CONCENTRAT ION OF PHOSPHORUS

OXIDE CHARGE • 1.413564E+iI IS 28,3 1 OF TOTAL
SILICO N CHARGE • 31 553673E.jl IS 71.7 1 OF TOTAL
TOTAL CHARG E • 4.996577E•11 IS S,666E466 I OF INITIAL
INITIAL CHARGE •

—
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CMOS P.W!LL. SIMULATION
THRESHOLO TATLORING IMPLANT

STE P ~ 12 TTMF U •Ø MINUTES .

DEPTH CONCE NTRATION (LOG ATOMS/CC~
(LaM~ I

14 *5 16
S ..SS*Se.. S S S .S .ae .S .aeS.e S S e •OS SS S S S S P S S S S S S S S SS• S S S SSS S S S S S S

* I 1 1
1 * ~ I
I I • I I I
1 a 1 1 1
1 1 • I I I
I I I I
1 1 1 a

3 1 1 *

I I 1 a
.00 S S S e S eee S S e seS Seeø~~~ SS e e e S e S S S — S S*— S S S S S W O~~~S S S— S — SS S~~~S•S~~~SS S

1 1 1* 1 I
I I I * I 1
I I I a
1 I I a 1 1

1 1 *  1 1
I I Ia 1 1
I I • I I
I I I 1
I I *~~~ I 1

2,00 — .• .... ..... a. .... ~~ • 

I I • I I I
I a

t 1 1 • 1 1 1
1 1 * I I I
I i a I I I

*1 1 1 1
1 * I 1 1 1
• 1 1 1
1 • I I I

4 ,~~0 e*se....  . . . e s  eases.. .  

I * I 1 1 1
I * 1 1 1 1
1 • I  I I I
I •1 I I I
1 * 1 I I I
1 * 1 1 1

• I I I
1 • I I I
1 * 1 1 1

6 • •s *e e . . . . s . e e .a . e . e .  •Se.ea...50 .e .OeSSSs.qeS

1 • I I I
1 I I I I
1 1 1 1 1
I I I I I
1 1 1 I 1
I I I I I
I I I I I
1 1 I I I
I I I I I

e
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a** STANFORD UNIVERSITY PROCESS ENGINEERING MODELS PROGRAM a*.

•aa V~ RS~ ON 0.02 •**

1....TITLE STA NFORD KITCHIP PROCESS 0/5/70
2..,.GRID YMAX. 5 ,  DPTH.* , DYS!. .0I
3,.,. $ UBS ELEMUB ,CONCe1EI5 .O RNT IIBR

4 ....PRINT HEA D UY

5,.,.COMM Bu RIED L AY E R

61...STEP TYPEUIMPL, DOSE.1.5E15. A KEVu3QI , ELEM UA S
7....PLOT YOYL SY . WINDI4
8....STEP TY PE.CIXIO TEMPuI25B . TIMESIOO. MO OL S O PYR
9,...PLOT YOTLSN

10....STEP TYPE .ETCW , T~ MP.25

iI.,,.COMM EPIrAXY

12,.,.PLOT TOTLUY , WINO .S
13..,.STEP TYPE.EPIT, TEM PaI000, TIMEUII , GRTE..5. ELFMUA S . CONCU,E *5
14,..,PL.OT TOFLUN

15....COM M ISOLAT ION

16.,.,STLP TYPESOXID , TEMPIIIPO. T1141s60,
17...,STEP TY PE’O~ ID, TEM P.1200, TIMEUGO, MODL .DRY0

18....PLOY TOTL.Y

t i9....~~TEP TYPE .ETCW ,

20,,•,COM M BASE DIFFUSION

21....PLOT W!N0.4
22....STEP TYPEiPOEP ,TEM P.G5QI ,T!ME.30 ,EL!M.B ,CO NCu1,2E20
23....PLOT TOTLUN
24....STEP TYPEIDYID ,TFMP.1000,T!ME.45 ,MODLSDRYP
25....STEP TYPE.OXID ,?!MPUI000,T!M!.60 .MODLU WE?0

• 26.,.,STEP TYPE.OXI0 ,TEMPuI000,TIME.5 ,MO0L.DPYe
27....STEP TY PESOWID •TEM P.t000 ,TIME uIR ,MOOLPNITP
2$....PLOY TO?i.uY

29,..,STEP TYPEIETC H ,TFMP125

S 30....SAVE FILESEONCF .TYPE*R

31....COMM EMITT ER DI FFu SION

32,...MODEL NAMEaMPH ,STCR.B
33....STEP TYPEuPDEP ,TFM P.1ø26 ,TXMES3 3 ,ELEM .P .CONCUISISE2I
34.... RLOT TQTLSN
35.,.. STEP TYPE .OXIO ,TEMP’900 ,TI ME U IP .MO0L.N1?5 ,MODL.MPHS
36 ,.,,S?(P TYP~ uOY~ D ,TEMPI900 •?IMEIIR .MODL.W !tS

37,..,SAV E FILESEONCL, TYPEuB

~~~~ ~~~~XID ,T!MP.900 ,TIMEUIR

• 40,,..END
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STA NFORD KITCHIP PROCESS 5/5/70
BURIED LAYER
STEP O I

TON IM PLANT (GAUSSIAN APPROXIMAT ION )
IMPL ANTED IMPURITY • ARSENIC
IMPLANTED DOSE • 1.S00000Es*5
IMPL ANT ENERGY a 30.0000
RA NIo! a 2,660490E—02
STANDARD DEVIATION I 7.682165E.03
PEAX CONCENTRATIO N a 7,789626E.20

SURFACE CONCENTRA TION • 9,G7o ö2IE.14 ATOMS/CM~ 3

NET A C T IVE CO NCENTRATION

OXIDE CHARGE a O ,00B~ B0E+B0 IS 0.000E*00 X OF TOTAL
• SILICON CHAR GE • i.449207E415 IS *00.0 S OF TOTAL

TOTA L CHARGE • 1.449207E•15 TO 2.051E.05 S OF INITIAL
• INIT IA L CHARGE a

CHEMICAL CO NCENTRA TION OF BORON

OXIDE CHARGE • 0,000oOPE.00 IS 0,000E.00 S OF TOTAL
SILICO N CHARGE • 5.000ooPE.11 IS j0B~~ X OF T OT A (
TOT AL CHARGE • 5,0000oBE.11 IS 100.0 5 OF INITIAL
INITIAL CHA RG E- •

CHEM IC AL CONCENTRATION OF ARSENIC

OXIDE CHARGE a 0,oBBooPE +00 IS 0.000E.00 S OF TOTAL
S ILICON CHARGE • 1.448723E.1S IS 100, 5 OF TOTAL

• TO TAL C HARG E • j,441723Ea15 IS 0.000E.0S S OF INITIAL
INITIAL CHARGE • 0 ,000000E +00
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STAN FORD KITCHIP PROCESS 6/5/78
BURIED LAYER

• STE P N  2

OXID A TXON IN DRY OXYGEN
‘OF AL STEP TIME I 180 ,0 M INUT ES
INITI AL TEMPERATURE • 1250 .00 DEGREES C •
OX IDE THICK NESS • .4177 MICRONS

LINEA R OX IDE GROWTH RATE • t.577185E—02 MICRONS /M INUTE
• PA~ A 0OLZC OXIDE GROWTH RATE • 3.113000E—03 MXCRDNS~ 2/MJNUT t

OXIDE GROWTH PRESSURE • 1•P000R ATMOSP HERES

• I OXIDE I SILICO N I I S URFACE
1 DIFF USION I DIFFUSION I SE GREGATION I T RANSPORT
I COE FFICIE NT I COEFFICIENT I COEFFICIENT I COEFFICIENT

S •• •e• S S S • Ce es• . .ee s.p ceo..... — Ce. — ..o ~~ s .e.. . — e S e s — s e e S e

BO RON 1 3 ,95069 E.@~ I 1,68161 E.02 I i.4700 I .18339 
S. 

ARSEN IC I 6.93 186E.07 1 4 ,5 52 01E— P3 1 1P .0~ 00 1 .234 2 1

SURFACE CONC ENTRAT I ON • — 7 ,765t 7 1E . 16 A TOM5, C M ,3

JU NCT ION DEPT H 1 S HEET R ESISTA NC E 
•—I  

I 28 .4 100 O H M S/SO UA R E

• NET A C T I V E  CO N CE NTRAT IO N

OX I D E C HAR GE • 6 ,7 P0562 E.13 IS 5,02 5 OF TOTA L
S ILICON C H ARGE • 1.382~ 55E~~15 IS 94 .1 5 OF T O TAL
T O T A L  C HA R G E • 1.’695~ 0E.1S IS 101, z or INIT IAL
INIT IA L  C HAR GE • 1,440207E.15

C H E M IC A L CO N C EN Y RAT !OP OF MO RO N

OX IDE C HARGE a 2. 7$47 15E. jE  15 5 ,60 5 OF T O TA L
S ILICON C HARGE • 4 ,696372E.1! 10 94 .4 5 OF TOTA L
TOTA L  C HAR GE • 4.976143E.11 is 99.5 5 OF INIT IAL
IN ITIAL C HA RG E • 5.000 PP PE* 11

CH EM ICAL CO NC E NTRAT IO N OF ARS E NIC

OX IDE C HA RG E • e .703345 E.13 IS 5.92 X OF TOTAL
• ( S ILICON CHARGE a t . 3$3?32 E.I5 IS Q4 .1 S OF TOTAL

• T O T A L  C HAR GE • j .47006 ~ E.15 IS 101. 5 OF INITIAL
• IN ITIAL C HARG E • 1.440723t.15
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STANFORD KITCHIP PROCESS 6/5/78
BURIED LAYER

I STEP • 2 TIME • 180.0 MINUTES .

DEPTH 1 CONCENTRATION (LOG ATOMS/CC)
• (UN) I

14 15 16 17 18 19 20 21
$ •.42 •e.s .esee*.sseeeeoeeses SeeseSeeeeeeeee.sap Cse ees•ee•eeees ceeeecee ee

1 1 1 1 1 * 1  1 1
I I I I I a I I I
I I I I I * I I I
I 1 1 1 1 *  1 1 I
1 1 I 1 l~ I I I
1 I I I 1* 1 1 I
1 I 1 I a I I I

• I I I 1 * I I I
1 I I I *1 I I I

• 00 SSCCSSCSSCSCS ..SS.SS.e.CSSeCSS SSSSfl S *SCCOCSS S*SCOSaCP CSSS CSSS SS

I I I I 1 *1 I I
I I I 1 1 ag I I
I I I 1 I *1 1 I
I I I I I *1 I 1
I 1 I 1 1 *1 1 1
1 1 I 1 1 * 1 I I

• 1 1 1 1 1 1 1
1 1 1 1 1 * 1  1 1
1 I 1 1 I * 1  I I

1.00 •.....See ......SS .e. .C•SS••S...S.S• eC.S.S ••SSSS5C *SeSSSSS•CCSC• CCSS•eq• U

I I I I I * 1  I I
I I I I 1 * I I I
I I I I I * 1  I I
I I 1 1 I * 1  1 I
I I I I I a I I I
I I 1 I I a 1 1 I
I I I I I • 1 I I
I 1 1 1 1 • 1 1 1
1 I I I I • 1 I 1

• 2.00 e e .  S .ee S e

I I 1 1 I • I I I
I I 1 1 I • 1 1 I

r 1 1 1 1 1 *  I I 1
I I 1 I I a I I I
1 1 I I 1 *  I I 1
I 1 I I I a  1 1 1
1 I 1 1 Ia I I I
I I I I * I 1 I
1 1 1 I a I I I

3,00 ..S SS5S.Se. ,.CSSSCS *S5.C.SSC.SS.SCCSS*SCC WSC.CSCSCSCSSCCSCCSCSSCSCSS

I I 1 1 * 1  I 1 I
1 1 1 I * 1  1 I I
1 I 1 1 * I I I I

f 1 1 I I • 1 1 1 1
I 1 1 1 • I 1 I I

“ I • I 1 I 1 • I 1 1 1
I I I I • 1 1 1 1
I I I I a I I I I
I 1 I Ia I 1 I 1

• I 4 • 08 ..... e..e.. .ee e........S. .. .*...~~SS....eSee•SSSeee•SeSe.CeCe•SSeeeeSS
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STA NFORD KITCHIP PROCESS 6/5/70
BURIED LAYE R
STE P I  3

ETCH STEP
• ETCH TEMPERATURE • 25 .0 DEGR EES C.

ETCH TIME • •0 MINUTES
ETCH RATE • .8000 MICRONS/MINUTE
OXIDE THICKNESS a 0.P000E.0P MICRONS

SURFACE CONCENTRATION • —7,705*71E.18 ATOMS,CM,3

• JUNCTION DEPTH I SHEET RESISTANCE

3 
e .__ . . _ _ _  .e

~~..s.e...SZ_e.ess..ee_.a.ee.ae .e..C a

1 28.4190 OHMS/ SQUARE

NET ACT IVE CONCEN TRATION

OXIDE CHARGE • 0.000000E•08 IS 0,000F.00 5 OF TOTAL
SILICO N CHARGE • j.382555E.15 IS 180.0 5 OF TOTAL
TOT AL CHAR GE a 1.382555E.15 IS 94.1 5 OF INITIAL
INITIAL CHARGE ‘ 1.’BOSSPE.15

CHEM IC AL CONCENTRATION OF BORON

OXIDE CHARGE a I~ 000000E *08 IS 0.000E.80 S OF TOTA L
SILICON CHARGE • 4,69037fl.11 IS 100.0 5 OF TOTAL
TOTAL CHARGE • 4 .69037 2E.11 IS 94 .4 5 OF INIT IAL
IN IT IAL CHAPGE • 4.976043E.1t

CHEM ICAL CONCENT RATIO N OF A~ SE N!C

OXIDE CHARGE • 8.000000E.08 IS 0,008E.00 S OF TOTAL
SILIC ON CHARGE • 1.303032E.15 IS 100,0 5 OF TOT A L
TOT AL CHARGE • 1.383032E•15 IS ~4.L s or IN ITIAL
IN ITIAL CH AR GE • 1,4780661,15

I
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STA NFORD KI?CWTP PROCESS 6/5/70
EPITAX Y
STEP R 4

EPT.L AYE R IMPURITY • ARSENIC
TEMPERATURE • 1800.0 DEGREES C
TIME • 11.0 MINUTES
GRO W TH RAT ! S .580 MICRONS/MINUTE
SILICO N ADDED a 5.5000 MICRONS
GAS— P HASE CONCENTRATION •

FAUT • ,000000E.00 FRAC • ,080000E+08 FIN, •

1 OXIDE I SILICON I I SURFACE
I DIFFUSION I DIFFUSION I SEGREGATION 1 TRANSPORT
I COEFFICIE NT I COEFFICIENT I COEFFICIENT I COEFFICIENT 1

.OCSSCOCSO SO ~~500 CSeSeC*W *C.SSSee~~SSa CSeeSeeSS5eeS See OSSeeSeSeCCeCS 5550

BORON I 3,95069E.06 I 9 .16197E.05 I 1,4700 1 2,526281.03 1 
e s S f l S e a 5 eS SSe5 s S e S eS  — eSeeOSeeOS . S S SSS S S  SenSe

ARSENIC I 8.93106 E.07 I 1,0* 6 9 2 1—05 1 10.8000 1 I., 19291E 02 1

SURFACE CONCENT RAT ION • .1.088080E.t5 ATOMS/CM?)

JUNCTION DEPTH I SHEET RESISTANCE
1
1 28,2615 OHMS/SQUARE

NET ACT IVE CONCENTRATION

OXIDE CHARGE • 8.0800001’00 IS 0.000E.00 S OF TOTAL
SILICON CH ARGE • t,379372E’iS IS 100.0 5 OF TOTAL
TOTAL CHARG E s t,379~ 72E.t5 IS 99.6 5 OF INITIAL

• IN ITIAL CHARGE a I.382555E.15
•

CHEMICAL CONCENTRA TTON OF SORON

OXIDE CHARGE • 0,000000E.00 IS 0,000E.80 S OF TOTAL
SILICO N CHARGE • 4.702629E’lI IS *80.0 5 OF TOTAL
TOTAL CHARGE • 4,702629E’ll IS 100. * OF INITIAL
INITIAL CHARGE • 4,6903721.11

• CHEM ICAL CONCENTRAT ION OF ARSENIC

OXIDE CHARGE • 8,0000001.00 IS 0.000E.80 S OF TOTAL
SILIC ON CHARG E • 1, 379050E.15 IS 108.0 * OF TOTAL

4 TOTAL CHARGE • 1.379050E’15 15 99.0 5 OF INITIAL
INITI AL CHARGE • 1.3$3032E’t5
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STANFORO KITCHIP PROCESS 6/5/70
EPITAXY

I STEP • 4 TIME a 11.0 MINUTES .

DEPTH 1 CONCENTRATION (LOG ATOMS/CC )
• (UN) I

14 15 16 17 10 19 20 2*
.00 ace.SSSS. S5 5e5..SCSCSSSSS SSSeSS CSSCeSSSSS S.ee..SeSe.s eS.ese*

1 1 I I I I 1 I
I 1 I 1 I 1 1 1
I I 1 1 1 1 1 1
1 1 1 I I I I I
I 1 I I 1 1 1 1
I 1 1 1 I I 1 1
I 1 1 1 1 I 1 I
I I I 1 1 I I 1
1 1 1 1 1 1 1 1

• 00 SCCSSSS CS tea e SSeeS S e e S S  . .e .eeSSS S ae S e S SeS S e e .

• 1 a I 1 1 1 I I
I • I I I 1 1 I

a 1 1 1 1 1 1
• a I 1 1 1 1 1

1 a I I I I I
a 1 1 1 1 1 1

1 1 1 1 1 I I
I a 1 1 I 1 1 1
1 • 1 • I 1 1 . 1 I

2,00 eSSS S S. . ee . . . S S.S e SSSSS..S S .S .S SCS SSS.Se SS e

• I • 1 I I 1 1 1
I a I I I I I I
I a I I I I I I
1 * I I 1 1 1 I
I a 1 1 I 1 1 I
1 • I I 1 I 1 1
1 a I 1 1 1 I
I • 1 1 I 1 I I
1 • 1 1 1 I 1

4,00 eeC... ea SC S S S S C S S 5  S SS S S SS S5CSS SSSSSSSSCSS.5e SSS ceSSSS

o I • 1 1 1 1 1 1
I * I I 1 1 1 I
I a 1 1 1 1 1 I

a 1 1 I 1 I 1
I a I I I 1 1 1
I 1. 1 1 1 I 1 I
1 1 1 • 1 1 I I I
I 1 I I I al 1 1

• • I I 1 1 I al 1 1
6,80 •eS eeS.. ee eSC.S•C CCSSCS SSeSeSS •ceeese .SeSeSS.*.eSSSSSSS..e. See. .

I I 1 1 I * 1  I I
I 1 1 I I * 1  1 I
* 1 1 1 1 * 1  1 1
I I I I I • 1 I I

4 1 1 1 I I * I I I
I I 1 1 1 • 1 1 1
1 1 1 I I a 1 1 1
1 1 1 I I • 1 I I
I I 1 1 1~~~ 1 1 I

8,00 •aaeese.~~ .e e• e.e e  e S S S Se .e eeee.S.e.*..e..eSS..e . .S.. .. .cs.eS

• • •  --- -- 
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STA NFORD KITCHIP PROCESS 6/5/70
ISOL ATION

5

OXIDATION TN DRY OXYGE N
TOT AL STEP TIME • 60•0 MINUTES
INITIAL TEMPERATURE • 1100,00 DEGREES C.
OXIDE THICKNESS • .1184 MICRONS

LINEAR OXIDE GROWTH PATE • 3.0074t8Ee03 MICRONS/M INUTE

* 
PARAO OLIC OXIDE GROWTH RATE • 3.9868281.04 MICRONSp2/MINUTE
OXIDE GROWTH PRESSURE • 1,80000 ATMOSPHERES

I OXIDE 1 SILICON 1 1 SURFACE
I DIFFUSION 1 DIFFUSION 1 SEGREGATION I TRANSPORT
I COEFFICIE NT I COEFFICIENT I COEFFICIENT 1 COEFFICIENT

S 50 .SS .e..5 5S.eSOSe.OSO 0550 eSOCO

BOR ON I 2.097161.07 I 1.235221.03 I ,66145 I 1.311 321—02 1
• .eee .Se.Se5.eee.ee ~~ SeSe SeeeeS SeSSSee 55 See .... .. en aSSeSS SC

ARSENIC 1 1 ,164021—80 1 1 ,525751S04 I 10,8000 I 4,470111.02 1

• SURFACE CONCENT RAT ION • .1,3853231.15 ATOMS,CMP3

JUNCT ION DEPTH 1 SHEET RESISTANCE
• SSeS SeSae .SSee— Seee.a~~ 1

I 27 ,474 8 OH MS/SQUAR E

NET ACTIVE CONCENTRATIO N

OXIDE CHARGE • i,360439E*09 IS 9.$63E.05 S OF TOTAL
SILICO N CHARGE • I.379328E.*5 IS 100.0 * OF TOTAL
TOT AL CHARGE • t.379338E~~15 IS 100.0 * OF INITIAL
INITIAL CHARGE • 1.3793721.15

CHEMICA L CONCENTRATIO N OF BORON

OXIDE CHARG E • 4.454211E— 10 IS Q.472E.20 S OF TOTAL
SILICON CHARGE a 4,702636E.1j IS 188,0 5 OF TOTAL
TOTAL CHARGE • 4,702~ 36E.t* is ioo, S OF INITIAL
INITI AL CHARGE • 4,7828291.11

CHEM ICAL CO NCE NTRAT IO N OF A RSENIC

OXIDE CHARGE • 1.360439Et0O IS 9.8001.05 5 OF TOTAL
SILIC ON CHARGE • I.3796151~ 15 IS 100.0 5 OF TOT A L
TOT AL CHARGE • 1,3798171.15 IS 100.0 5 OF INIT IAL
IN ITIAL CHARGE • 1.3790501.15

—98—



________  - - -

ST ANFORD K!TC$4!P PROCESS 6/5/70
ISOLATION
STEP ~ 6

OX ID ATION IN DRY OXYGE N
TOT AL STEP TIME • 90 .0 M INUT ES
INITIAL TEMPERATURE • 1200.00 DEGREES C,
OXIDE THICKNESS • .2674 MICRONS

LINEAR OXIDE GROWTH RATE • 9.4259771.03 MICRONS/M INUTE
• PA PA ~ OLIC OXIDE GROWTH RATE • 8,088042E.04 MICPONSt2/HINUTE

O X IDE GRO WTH PRESS URE • 1,00808 ATMOSPHERES

1 OXIDE I SILICON 1 I SU RFACE
P 1 DIFFUSION I DIFFUSION 1 SEGRIGAT ION I TRANSPORT

I COE FF ICIE NT I COEFFICIENT I COEFFIC IENT I COEFFICIENT
S S S 5 S~~ 5S e 5 5 S S

BORON 1 1,550961— 06 I 7 ,203 161.03 1 1.1473 I 5,443001.02 *
• SOS. SSSCCCSO oeaOeo..s..eoae.. c.e .n. 55

ARSEN IC I 1.957381.07 1 1,58489E.03 1 10,0000 I ,14000

SURFACE CONCE NTRATION • .1.1997821.15 ATOMS/CH?3 
—

JUNCTION DEPTH 1 SHEET RESISTANCE
* I 

I 24,7982 OHMS/SQUARE

NET ACTIVE CONCENT RATION

. 4  OXIDE CHARGE • 3,3293251o09 IS 2,414 EeP4 S OF TOTA L
S ILICON CHARGE • 1,3793571.15 IS 100.0 5 OF TOTAL
TOTAL CHARG E a 1.3793601.15 IS 100. 5 OF INITIAL
INI TIAL CHARG E • 1 ,3793301.15

CHEMICA L CONCENTRATION OF BORON

OX IDE CHARGE • 19562. 6 IS 4 ,IOSF — O6 S OF TOTAL
S ILICON CHARGE a 4 ,70 21711.11 15 100 ,0 5 OF TOTAL
TOT AL CHARG E • 4,7021721+11 IS 100,0 5 OF INITIAL
INITIAL C HA RGE • 4,7026361.11

CH EM ICAL CO NCENTRAT ION OF A RSEN IC

OXIDE CHA RGE • 3,3295451.89 15 2, 4 13 1—04 5 OF TOTAL
S ILICON CHARGE • 1,3790311.15 15 180,0 5 OF TOTAL
T O TA L  CHARGE • 1.3790341.15 Is ioo , x OF INITIAL
INiTIA L CHARGE • 1.379S17E~ 15
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STANFORD KITCHIP PROCESS 6/5/78
ISOLATION
STEP W 7

ETC H STEP
ETC H TEMPERATU !~E • 25.0 DEGREES C.
ETC H TIME • ,0 MINUTES

* ETCH R ATE • •8000 MICRONS/MINUTE
OXIDE THICKNESS • 0.00001.00 MICRONS

SURFACE CONCE NTRA TION • .1,1997621.15 ATOMS/CM ?3

JUNCTION DEPTH I SHEET RESISTANCE 
1 
* �~~,7~ St  OHMS/SQUARE

NET ACT IVE CONCENTR ATION

OX IDE CHARGE • o ,000000 E,0P Is o,oool.oe S OF TOTAL
$ SIL ICON CHARGE • 1.3793531.15 IS 108 ,0 5 OF TOTAL

TOTA L  C HARG E • 1,3793531. 15 IS 180 .8 5 OF INITIAL
IN IT IAL  C HARGE • 1,379350 1.15

CHEMICA L CONC E NTRA T ION OF BORON

OX IDE CHAR GE • 0 .500000E.BO IS 0.0001.00 5 OF T O T A L
SIL ICON CHARGE • 4 .702 185 E.11 IS 100 ,0 5 OF TOTA L
TOTA L C HARG E • 4 .7021801 +11 IS 100 , 5 OF INITIAL

-
: IN IT IAL CHA RGE • 4 ,702 17 2E.t1

C HEM ICAL CO N CENTRATION OF ARSENIC

OXIDE C HARG E • 0. 000000 E +80 IS 8,000 1400 5 OF TOTA L
S ILICON C HAR GE • 1.379027 1.15 13 ~O0,0 * OF TOTAL

• TOTAL CHARGE • 1.3790271.15 IS 108,0 5 OF INITIAL
INI TIA L CHARGE • 1.3798341.15
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• STA NFORD KITCHIP PROCESS 0/5/76
ISOLATIO N

I STEP a 7 TIME • .8 MINUTES.

DEPTH 1 CONCENTRATIO N CLOG ATOMS/CC)
(UM~ I

14 15 16 17 18 19 20 21
.08 S SS SS55eSSSSSS5S SSSS SSS S .e.SSSeSSS.S.S ea.eSS S.. S.eSSSe.

* I 1 1 1 1 1 * 1
1 1 1 1 1 1 I I
I I 1 1 1 1 1 I
I 1 I I I I I I
1 1 1 1 1 1 I 1
I I I I I I I I
1 1 I 1 1 1 1 1
1 1 I I I I I I

j 1 1 I 1 1 I 1 1
•~

0 • 55e 5e555 *5 5 55eee5 5555e5e55e5 5ee5 e.e.c. SSSS .ese eS.—. SSSSSC.CSS

•1 I Ia 1 1 I 1 1 1
I a 1 1 1 I I I
I 1 1 I 1 I I

• I * 1 1 1 1 1 1
1 • 1 1 I I I I
I * 1 I 1 1 1 1
1 • 1 1 * 1 1 1

• I a 1 1 1 1 1 I
• 

- I a I I I 1 . 1 1
L 3 2,00  SSØea.eeSa .eS Seas. . ...e.eSe5s.eS .SS5eSe.~~.SSSSSSSeSSSSeSSeS~~

1 • I I I I I I
• 1 * I 1 1 I I I

H I * 1 1 * 1 1 1
1 a 1 1 1 I I I
1 a 1 I I I I I
I I a  1 I 1 1 * 1
1 1 a 1 1 1 I 1 1
I I •I I I I 1 1
I I I a * 1 1 1

4 ,00 Sflee5S~~~Ca~~~S5 S S*S e. .SS.a ...S S.....e S..eS ..Se.es.ee ..SS

I I I I a  1 1 I I
1 I I 1 * I I I I
1 1 1 I .1 I I I
1 1 1 I Ia 1 I 1
1 1 1 1 1 * I I *
* 1 1 1 1 * 1 I I
1 1 1 I I a I I
I I I I I * I * I
I I 1 1 1 a l  I I

6 ,00 .... e.eSS.. S. SS.S S.a..... e...e ..S..SS SS..e... e.*...e ..s. .. ...ee...... e.

I 1 I 1 1 * 1  1 *
1 1 I 1 1 * 1  1 1
I 1 1 1 1 * 1  I I
1 1 1 1 I a 1 I &
1 * * 1 1 • 1 1 1
1 1 I 1 1 a I I I

~~~~~~
- I I I I I a I I I

1 1 * 1 1 • 1 I 1
1 1 1 1 1 * 1 .  1 I

0,60 e. S.S S.e.. .Se.S S 55a5e~~ S5 ..e SeSeSsSe**.eS ..S.SS5S.eSSeSSee.Se5
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STANr000 kITCHIR PROCESS 6/3/70
BASE DI FFUSION
ST EP * 8

GASE OUS PREDEPDS !TION
TOTAL STEP TIME • 30,8 MINUTES
IN IT IAL TEMPERAT URE • 950,000 DEG REES C.

* OXIDE THICkNESS • o,8060€.08 M ICRONS
PR EDEPOS IT ID N IM PURITY • BO RO N
GAS CONC . A T IN TE R FACE • 1.200000F.20 ATOMS/CC

I OXIOE I SILICON I 1 SuR FAC E
OI FFUSION I DIFFUSION I SEGREGATION I TRANS PORT
CO EFF ICIENT I COE FF ICIE NT I COE FF ICIE NT I COE FFICIE NT

I I

AR SEN IC 7.’53461—t l I 2.223651e06 1 10.0000 1 5,803501.03 1

S U R FA C E  C ON CE NT RA T I~~N • 1.1967191.20 AtOMS/CM ,)

._~~~~~::~~::. ~~~~::M 

.388777 M ICRON S I 5 ,31~ 5 OHMS/SQUA RE
I 2d ,SPU O~~ S/SOUARE

NE? A C T I V E  C C E N t R A ? I C ’ ~

• OxID E CMARGF • ~~~~~~~~~~~~ IS 0,0801.00 S OP ‘DiAL
SILI CON C M A R GE • 3,263~ 40!.15 IS 180 ,0 5 O~ T O T A L
?O T A L  C”A RGE • 3.26384?E.I5 IS 237, 5 OF IN IT IA L
IN IT IA L C*,A0 51 • 1.379)S3E~~t 5

C.IE ICA L CON C E I * TR A ?T ON ~~F 8ORO a~

OX IDE CI~A R6E • ~~7?~~ p0E.0P IS ~.00oE.00 * OF TOTAL
S!L!C!)N CwA R~ F • 1.6840531.15 13 100 ,0 5 CF TOTAL
T~~!A L OM AR SE • 1.0041531.15 IS 4,000F*05 * OR IN IT IA L
IN I’IA . CMA R~ 1 • a.’22165E.t1

C.,E Id! A L C NCEN ’RA ? !ON *~~ A RSEN IC

OX IDE CHAR GE • P ,70~ P00E•7P IS 0,2001.00 5 O~ TOTA L

• S!L~ ODN .ARSE a 1, 3798241.15 13 IU ,0 S OF !O~ A L
‘C”A ~. —A R 5 E  • 1.3798251.15 13 103 .0 ~ O~ INIT IA Lr IN IT I A L  CA R G E  a 1. 3790271.1!

• 
•
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I STANFORD KITCHIP PROCESS 0/5/78
I 6A SE DIFFUSION

1 STEP • 8 TIME a 30,0 MINUTES.

- - DEPTH I CONCENTRATION CLOG ATOMS/CC)
(UN) I

14 15 16 IT 18 *9 20 21
,00 5 

I I I 1 1 I I I• I I 1 1 1 1 1 1
* I I 1 1 1 1 I I

* 1 1 1 1 1 1 1
I I 1 1 1 1 1 I
I I I 1 1 I I &
I I I 1 1 I 1 1
I I I 1 1 I I I
I I I I I 1 1 1

,00 .e ......e .Se.Se.eeeC..s...s. S*SeeSSeeSSeeeSse.sSesSee eeee*SC SSS.eS

I I I I I I •* I
I I I I I I • I I
I I 1 * 1 a * 1
1 * 1 I I I I I
1 • 1 1 1 I I I

• 1 • I I I I 1 &
1 • I I I 1 1 I

i s  I a I I 1 1 I I
1 a 1 1 & 1 . 1 1

• 1 • 00 CSSS. e eeS*e.  CS e.SSC. ..eeeee.eeSse.eeee. .eeS. .ee.e... SSS.ee

I a I I I I I 1
I a I & I I I I

- * I & 1 & 1 1
1 * 1 1 I 1 1 1
* * I * & * & 1
I • I I I * I 1

* 1 * I 1 1 1 I 1
* a 1 1 1 * 1 1
I * I I * I 1 1

2,00 *ea..ee..e e .. S..e.eee.ee.. Oea.ss eSeseS *,.eS.......C S..

* 
I a I I I & 1 I

a I I I I I I
I a 1 1 1 & 1 I

• I a 1 1 * 1 1 1
* I • I I I 1 1 &

I a 1 1 I 1 1 1
* a 1 1 1 I I
I • * * 1 1 I 1
1 * I I I 1 1 1

3,.or I 1* 1 1 1 1 I I
* I •  I I I I I I
1 1 a  I I I I I I

— I & a 1 1 I I I I
1 £ * 1  I I I I I
* 1 .1 1 I I I I
* 1 1* 1 1 I I I
1 * I * I I I 1 £
I 1 * • I 1 I I 1

4 ,00 ee eaSeeSeSsaSese eSsssS eSs*e.es. eSesses eecseeeeeSeSae.e.e se.eeaeeS

— 103—
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STANFORD KITCHIP PROCESS 6/5/78
0*31 DIFFUSION
STEP • 9

OXIDATION IN DRY OXYGEN
I - TOTAL STEP TIME • 45,0 MINUTES

INITIAL TEMPERAT URE • 1000,000 DEGREES C.
OXIDE THICKNESS a 4 ,70 211.02 MICRONS

LINEAR OXIDE GROWTH RATE • 7,994$51Ee04 MICRONS/MINUTE
PARASOLIC OXIDE GROWTH RATE • 1,1075511—01 MICRONS?2/MINUTE
OXIDE GROWTH PRESSU RE • 1,06000 ATMOSPHERES

* OXIDE I SILICON I I SURFACE
1 DIFF USION I DIFFUSION I SEGREGATION * TRANSPORT
* COE FFICIENT I COEFFICIENT I COEFFICIENT 1 COEFFICIENT 

es_S.... S 5 sSS sSe .ee .eeSeS.e.e.,.e S..eae S...ee.S SS

oOROw I 2,01360E 00 I 2.039491.04 1 .34974 1 2.526261.63 1
— 

• 
SSS SSeS S...... SSS.CSS.eSeee S~~ 5S5SS5 e SSSSS5S~~5S5 S5C 55 SSSC S..S55

t j ARS EN IC 1 4 ,6094 71—1 0 1 1,016921.05 1 10.8000 * 1.19298 1.62 1

SURFACE CONCENTRATION • 2,542623E.t9 ATOMS/CN?3

JUNCTION DEPTH 1 SHEET RESISTANCE 

1,03444 MICRONS I 73,6273 OHMS/SQUARE
1 24 .0069 OHMS/SQUARE

WET A C T IVE CONCENTRATION

OXIDE CHARGE a 2,8163031+14 IS 9,47 5 QF TOTA L,
H SILIC ON CHARGE • 2,69382$E.15 IS 98,5 5 OF TOTAL

TOT AL CHARGE • 2.9754661.15 IS 91,2 * OF INITIAL
IN ITIAL CHARGE • 3.2636401,15

4, CHEMICAL CONCENTRATION OF BORON

OXIDE CHARGE • 2,0163901+14 IS 17.8 5 OF TOTAL
SILICO N CHARGE • 1.3151871+15 IS 82,4 5 OF TOTAL
TOT AL CHARGE • 1.596026E.15 IS 81,7 5 OF INiTIAL
INITIAL CHARGE • 1,8841531.15

CHEMICAl . CONCENTRATION OF ARSENIC

OXIDE CHARGE a 7.2811101.00 IS 5.2771.05 * OP TOTAL
SILICO N CHARGE • 1.3790261+15 15 108.0 5 OF TOTAL,

4 TOTA L ,  CHARGE • 1 .379029E.15 15 100. 5 OF INITIAL
IN ITIAL CHARGE • 1,3796281+15

-104-
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STA NFORD KITCHIP PROCESS 5/5/78
BASE DIFFUSION
STEP ~~1I

OXIDATION IN WET OXYGEN
$ TOT AL STEP TIME • 60.0 MINUTES

• INITIAL TEMPERATURE • 1000.000 DEGREES t,
OXIDE THICKNESS • •4235 MICRONS

LI NEAR OXIDE GROWTH RATE • 1.4726991.82 MICRONS/MINUTE
I PARABOLIC OXIDE GROWTH RATE • 5.1497571.03 MICRONS?2/MINUTE

OXIDE GROWTH PRESSURE • .842105 ATMOSPHERES

I OXIDE 1 SILICON I * SURFACE
I I DIFFUSION * DIFFUSION I SEGREGATION I TRANSPORT

• 1 COEFFICIENT I COEFFICIENT I COEFFICIENT I COEFFICIENT
SSSeS S. . eS~~ SSSe5eee~~ S — fl..SSee Seeee eS e.en . CSOSSS•SS S eee.flenee e.n. en..

- BORON I 2,01301E.00 * 2,030491.0’ 1 .34974 I 2,g2626E.03 I
e55a5•~~ ee.. SSOOSOS eS.e..SS Se. S S Se C C 5 5 5 S S  S~~ SS S SSSS• e eSS  f l eSSeeS SCS5 eS  Sfl se

ARSE NIC I 4,60947E.10 1 1 ,010921—05 I 10.0000 I 1.192981.82 *

SURFACE CO NCENTRATION • 3•8711021,je ATOMS/CM ?)

- • - 
JUNCTION DEPTH I SHEET RESISTANCE

• I 
•CS SS ..SSSSCSeCSS,.Se I ....eeS.S....SS5.e...e.e.S.

• 1,28266 MICRONS I 127.610 OHMS/SQUARE
• I 2’.1019 OHMS/SQUARE

NET ACTIVE CONCENTRATION

OXIDE CH ARGE I 9.046204E’14 IS 30,0 5 OF TOTAL
SILICON CHAR GE • 2,l2805PE~~15 IS 69,2 5 OF TOTAL
TOT AL, CHARGE a 2,932671E•15 15 98.6 * OF INITIAL

h INITIAL CHARGE • 2,975466E.15

• CHEM ICAL , CONCENTRA TION OF BORON

OXIDE CHARGE • 9,046388E•11 IS 58.2 5 OF TOTAL
SILICON CHARGE • 8.4946511.14 1$ 41.6 5 OF TOTAL
TOTAL CHARGE • 1.5541011.15 IS 97.3 * OF INITIAL

-~ • 
IP4IYIAL . CHARGE a 1,5968261.15

CHEMIC AL, CONCENTRATION OF ARSEN IC

$ OXIDE CHARGE a I.6456291’iP IS 1,3301.03 5 OF TOTAL
- SILICO N CHARGE • 1,3798071.15 15 100,0 5 OF TOTAL

TOTAL, CHARGE S 1 ,379625E’15 IS 160.0 * OF INITIAL
INITIAL CHARGE I 1.379$29f~ 15

~~I 
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STANFORD KITCHIP PROCESS 8/5/78
BASE DIFFUSION
STEP * 11

OX IDATION IN DRY OXYGEN
TOTAL, STEP TIME • 5.6 MINUTES
INITIAL TEMPERATURE • 1000.000 DEGREES C.
OXIDE THICKNESS • .4243 MICRONS

LINEAR OXIDE GROWTH RATE • 7,885412E.04 MICRONS/MINUTE
PARABOLIC OXIDE GROWTH RATE • 1,7955141.84 MICRONS,2/NINUTE
OXIDE GROW TH PRESSURE • 1,00000 ATMOSPH ERES

I OXIDE I SILICON 1 1 SURFACE
1 DIFFUSION I DIFFUSION I SEGREGATION I TRANSPORT
1 COEFFICIE NT 1 COEFFICIENT 1 COEFFICIENT I COEFFICIENT 

CS 

BORON I 2.613681—00 1 2,039491.04 I .34974 I 2.526261.03 1 
e f lSSCCC SC C ~~Sfl e5 ..S... e Sane eflfl

ARSEN IC I 4.609471—10 * 1.016921.05 I 10,0000 I 1 ,192901.02 1

SUR FACE CONCENTRAT ION • 5,071162E,1a ATOMS/CM?3

JUNCTION DEPTH I SHEEr RESISTANCE
e.eS.ee~~ ese. . SSOS~~~~ •SS I ... es.e.— eec..... e.ee...e.e

• 1.22169 MICRONS 1 320.319 OHMS/SQUARE
1 24,7965 OHMS/SQUARE

NET A CTIV E CONCENTRATION

H OXI DE CHARGE • 9.1277851+14 IS 31.1 5 OR TOTAL
SILICO N CHARGE • 2,0197511.15 IS 60,9 5 OF TOTAL,
TOTAL CHARGE I 2,932529E+15 78 100.0 5 OP INITIAL
INITIAL CHARGE • 2.9326711+15

CHEMICAL CONCENTRATION OF BORON

OX IDE CHARGE • 9.1279691.14 IS 58,7 5 0! TOTAL
SILICON CHARGE • 6.411’52E.14 IS 41,3 5 OF TOT AL
TOT AL CHARGE • 1.5539121.15 IS 100,0 2 OF INITIAL
INITIAL CHARGE • 1.554104E.15

CHEMICAL, CONCENTRATIO N OF ARSENIC

OXIDE CHARGE • 1,8371331.10 IS 1.3311.03 5 OF TOTAL
SILICO N CHARGE a 1.379832E’lS IS 100,0 5 OF TOTAL,
TOT AL CHARGE • 1.379856E+15 IS ISP. S OF INITIAL
INITIAL CHARGE • 1.3798251+15
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STANFORD KITCHIP PROCESS 8/5/78
BASE DIFFUSION

- 
STE P M 1 2

NEUTRA L A MB IENT DRIVE—IN
TOTAL STEP TIME • 10.0 MINUTES
IN ITIAL TEMPERATURE • 1000,000 DEGREES C,
OXIDE THICKNESS • .4243 MICRONS

• 
* OXIDE 1 SILICON I I SURFACE
I DIFFUSIO N I DIFFUSION I SEGREGATION I TRANSPORT
I COEFFICIENT I COEFFICIENT I COEFFICIENT I COEFFICIENT 

cC.. ~~0ese5e can.... . . e.. ...e.e . •aeaScS.SC S 5~~ CSCS Sfl Se

BOR ON I 2,013601.08 I 9,161971.05 I .34974 1 2,526261.03 *

~

SURFACE CONCENTRAT ION • 6,891926 1.j8 ATOMS/CN?3

- JUNC TION DEPTH I SHEET RESISTANCE 
..ae e ee.ele...ss.ecee.eea..ee..e.e eee

1.24112 MICRONS I 126 .360 OHMS/SQUAR E
• 1 24,7988 OHMS/SQUAR E

NET ACTIVE CONCENTRATION
• 

OXIDE CHARGE • 9,1626381+14 IS 31 .2 5 OF TOTAL
SILICON CHARG E • 2,0162001+15 IS 60,0 5 0! TOTAL
TOTAL CHARGE • 2,9324641.15 IS 100,0 2 OF INITIAL
INITIAL CHARGE • 2.932529E+15

- 

- 
CHEMIC AL CONCENTRATION OF BORON

OXIDE CHARGE a 9,1628211.14 IS 50,0 5 OF TOTAL
SILICO N CHARGE • 6.3759861.14 IS 41,0 s OF TOTAL
TOT AL, CHARGE • 1,5538811.15 IS 100.0 5 OF INITIAL
INITI AL CHARG E • 1.5539421.15

CHEMICAL CONCENTRATION OF AR SENIC

OXIDE CHARGE • 1,8291831.10 IS 1.3281.03 5 OF TOTAL
• - SILICO N CHARGE • 1,3790321.15 IS 100,0 x OF TOT AL

I TOTAL CHARGE • 1.3796581,15 IS 100.0 5 OF INITIAL
INITIAL CHARGE • 1.3700501.15

• 

•

~
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STA NFORD KITCHIP PROCESS 6/5/78
BASE DIFFUSION
STE P ~ 13

ETCH STEP

* 
ETCH TEMPERATURE • 25,0 DEGREES C.
ETCH TIME • .0 MINUTES
ETCH RATE • ,6000 MICRONS/MINUTE
OXIDE THICKNESS • 0,00001+00 MICRO NS

SURFACE CONCENTRATION a 6,8919201.16 ATOMS/CM?)

JUNCTION DEPTH * SMElT RESISTAN CE 
..e e.See.S.Seee I ,. ... .eS. .eeSS. .SSeeSSeee.

1,23930 M ICRONS 1 128 ,389 OH MS/SQUARE
1 24,7956 OHMS/SQUARE

NET ACT IVE CONCENTRATION

OXIDE CHARGE • 0,0000001.08 15 0,0001.00 5 OF TOTAL
SILICON CHARGE • 2,016181E’lS IS 100.0 5 OF TOT AL
TOT AL CHARG E • 2,0161811’lS IS 88,8 5 OF INITIAL
INITIAL CHARGE • 2.932461E’lS

CH EMICA L CONCENT RAT IO N OF BORON

• • OXIDE CHARGE • 0,060000E+00 1$ 0.008E.00 S OF TOTA L
SILICO N CHARGE • 6,3759741+14 IS 100,0 2 OF TOTAL

• TOTAL CHARGE • 6,375974E+14 15 41,0 5 OF INITIAL
INITIAL CHARGE • 1,55308tE~ t5

CHEM ICAL, CONCENTRAT ION OF ARSENIC

OXIDE CHARGE • 0,0000oPE.00 IS 0,00&IE+00 5 OF TOTAL
SILICO N CHARGE • 1.3798141.15 IS 180,0 5 OF TOT AL

• TOTAL CHARGE a 1 ,3796341.15 IS 180.0 5 OF INITIAL
INITIAL CHARGE U 1.3798501.15

-108-
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• STA NFORD KITCHIP PROCESS 6/5/76
SASE DIFF USION

• I STEP a 13 TIME • .0 MINUTES ,

DEPTH L CONCINTRATION CLOG £I’OMS/CCI

• C%J M~ I
14 15 *7 16 19 26 21
e...e•eeee••• .......____.Se_ .aS_ .Oe_ e_ __ S S 5S e_ .5.eSeSS ecSeee eweecS

• I I 1 1 1 1 1 I

* I 1 1 1 * 1 1

• I I I 1 1 1 1 £

* * * 1 1 1 I I

* 1 1 1 * I * 1
I 1 I 1 I 1 1 *
* 1 1 1 1 I I 1
I I I I 1 1 I 1
I I 1 I I I I I

• 00 .a.eeee..e.ea

* 1 1 1 I * 1 *
1 1 1 1 1 • 1 1
1 I 1 1 I a I 1
I I I I 1 • I I
1 * I 1 I *1 I 1
1 1 * 1 1 • 1 I I
1 * I * * a I I I
1 I I I I 1 1
I I I I • 1 1 1 1

1 • 00 •~~~Se e e e e S e e C S  ._ S_ . ._ e ._ S _ e s _*_ .e_ ._ e _ _ _ e _ 5 _ e CCce 5C~~~~~~~~5

I I I I 1 I I
a I 1 I 1 1 I

1 * 1  1 1 I I 1
I * 1 1 1 1 I *

• I * I I I 1 I I
1 * 1 I * * 1 1

• * * I 1 1 I * 1
I * * I I * 1 1
1 I 1 1 1 1 1

2,00 __e. ..._ .S*_ .e_S..e..S._e.__ .__ .C_ SS S S55 C 5 S S 5 SC

* • 1 * 1 I I I

* • 1 * * 1 1 I
1 • 1 1 * 1 I I

* • I I 1 1 1 1

* • 1 I I 1 I I

* * 1 I * 1 * 1
I a * I I I 1 1
1 • * 1 1 I I I

* I. I I 1 1 1 I
3,08 ee.. . . _eoe ..*_ .. __. ._SS. .S ... e_ .__e .*S .S_5_ _ee .5a . c_ 5 _ 5

~~
5 __ e 5 e e c e

~~
ea

I ~ 
a I 1 1 * * 1

1 I • I 1 1 * * 1
I a 1 1 I I I I
1 I •I 1 I 1 1 *
1 1 1* I 1 1 I 1
1 I I a 1 1 1 1

1 1 1 • I 1 1 I I

* I * • 1 I I I $
I I I a I I I I

4,00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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STANFORD KITCHIP PROCESS 6/5/76
EMITTER DIFFUSION
STEP * 1 4

GASEOUS PREDEPOSITION
TOTAL, STEP TIME • 33,8 MINUTES
IN ITIAL, TEM PERATURE a 1025.60 DEGREES C.
OXIDE THICKNESS • 0,86001+Po MICRONS
PREDEPOSITTON IMPURITY • PHOSPHORUS
GA S CO NC. AT INTERFACE • t ,150066E.21 ATOMS/CC

I OXIDE * SILICON * I SURFACE
I DIFFUSION I DIFFUSION * SE~ REGAT !ON 1 TRANSPORT
1 COEFFICIENT 1 COEFFICIENT I COEFFICIENT I COEFFICIENT

.....S..SeS eee..S.e..ee. e.e.c ... eee....eS S....efl. e S.Sep fl fl S5 5fl.Se S S — eeS

BORO N I 3,74197E.08 I 1 ,I7fllEeSl I ,11393 1 3,904941.03 * 
*flflSfl~~~~~e e.e. C.... .St.S SS.. .e.flSe. S. .Sa SeSS~~~e~~~Sfl5 OSSSe .eeSea eCse.e.

ARSENIC I 1,08752E.09 I 2.081261—05 * 18,6000 I 1.69177E~~02 * 

se e— cases 55Cc.. — see.... efl..n......S.e ....fl S SSccSeeeee .S  eeeeeS n” . .S —PHOSPHORUS I 1.176791.06 * 2,567091.84 1 10,0000 I 1.0060

SURF ACE CONCENTRATION • .3.390586E,20 ATOMS/CM?3

JUNCTIO N DEPTH I SHEET RESISTANCE 
.e.eS..s..ee.eea I SSe~~ S S e e a S S e S S S e S S  S

1.08376 MICRONS * 6.73201 OHMS/SQUARE
1,55913 MICRONS 1 26066.9 OHMS/SQUARE

I 24,77 57 OHMS/ SQUARE

• NET ACTIVE CONCENTRATION

OXIDE CHARGE a 0 ,000000E.00 IS 0.0001+00 5 OF TOTAL
• SILICON CHARGE a 1,3700531+36 13 108.8 5 OF TOTAL

TOT AL CHARG E • 1.3700811,16 IS 080, x OF INITIAL
INITI AL CHARG E • 2.8161011+15

CHEMiCA L CONCENTRATION OF BORON

OXIDE CHAR GE • 0,880000E+00 IS 0,80oE.00 S OF TOTAL
SILICON CHARGE • 6,1251951+14 IS 100,0 5 OF TOTAL
TOTAL CHARGE • 6,1251 951.14 IS 96,1 5 OF INITIAL
INITIAL CHARGE • 6,3759741,11

CHEMICAL CONCENTRATION OF ARSENIC

OXIDE CHARGE • 8,0000801+00 IS 8,0081+08 5 OF TOTAL
SILICON CHARG E • 1.379085E.t5 IS 100.0 5 OF TOTAL
TOTAL CHARGE • 1.3790051+15 15 100,8 2 OF INITIAL
INITI AL , CHARGE a 1.3790141+15

CHEMICAL CONCENTRATION OF PHOSPHORUS

OXIDE CHARGE • B,0000001+RP IS 0,9001.06 5 OF TOTAL ,
• SILICON CHARGE • 2,0732321+18 II *60.0 2 OF TOTAL

H.

TOTAL, CHARGE a 2.9732321+18 IS 6.0001.60 5 OF INITIAL,
INITIAL CHARGE • 0,0800001+00
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STANF000 KITCHIP PROCESS 6/5/78
EMITTER DIFFUSION

* STEP • 14 TIME • 33.0 MINUTES .

DEPTH I CONCE NTRATION CLOG ATOMS / CC )
CUM) I

14 15 16 17 II 19 20 21
• 80 . ....S... .e..e.S.s...e..S.e e......e....e.ee.CCSS...e.e... ..e.

I I 1 1 I * 1 *
I I * 1 * * 1 I
* * 1 * 1 1 * I
* I * * 1 1 1 *
I I I I I I 1 *I I I I I I I I
1 I I * I * * 1

• * I I * * * * *
I 1 1 1 1 I I I

•50 we .  .eee. .ee .e......e  e. ... e..e. .ee. s.. .eeeeeS*.e.e.

* I I I I I I * *
I I I I I * * a I
I * I I I * * • I
I I 1 1 I 1 I• I
I I I I 1 1 .1 *
I I I 1 1 I • I *
I I I I I I *
* I I I I • * 1
I I * 1 1 a I I

I • 00 . ee .ee.e..e.e.S.e...S..e.*.....eSe.c.eS.ee...ee...S.S..e...e

1 I 1 • 1 1 I I I
I I I • I I * * 1
1 I 1 1 1 I I
I * .1 1 * I I I
I 1~ I I I * I *

t I * I I I I I I *
I *1 1 * 1 * * *
* • I I I I * *
I * 1 * I I I I

2.00 e.e .S ..e .•w .e .aSeSe. .ce~~ S~~ ee e . e S S e• .ee

* a I 1 * I * I
• I a 1 I 1 I I

* • I I I I * *
I • I * 1 1 * I
I a I I I I I I
1 • I * * 1 1 *
1 a * I I I I I
* • I I I I I I
* I a 1 1 I I I I

• • 3,00 •a..eessSeec• .S.e..e.... S...ew..eeee..e... ...Sea ee.ee. e.......eS..ee

I I • * * * * * 1
1 I a 1 * I * 1
1 * a I I I * I *
I I •I * * 1 * I
I * I a * * * * *

4 * 1 I a * * I I I
$ * I I a 

~ I * * *
* I I a l  I 1 * I
I I I a I I * I 

- •

4,00 ..Seeee.ee...Se...aS. e..ee..Se.S *ee ~~eS...S.e.ec .eScSe.e..e ..Se S.See.eS

_ _ _ _  ___-  
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STANFORD KITCHIP PROCESS 6/5/78
EMITTER DIFFUSION
STEP a

NE UTRA L AMBI ENT DR!VE e I N
TOTA L STEP TIME a 10 ,0 MINU TES
IN ITIAL TEMPERATUR E • 900,OHR DEGREES C.
OXIDE THICKNESS • 0,8000E.oR MICRONS

I OXIDE 1 SILICON * I S1JRFAC E *
I DIFFUSION 1 DIFFUSION 1 SEGREGATION 1 TRANSPORT

F COE FF IC I ENT 1 CO EFFIC IENT I COEFFICIENT 1 COEFFICIENT 
S C C 

BORON 1 1,296771.09 1 8.398431.06 I .16589 1 3.675481—04 1 
Ce... .5C 5.c5ScSSe..S.S.

ARSENIC I 1 .031851.11 1 4,271141.07 I 10,0000 1 2.541851.03 I

;P4oSPH0R US 4:t;~ 3;~ :g8 4.;666;E:05 1 1;.;000 1

SURFACE CONCENTRATION • .3.322567E+P0 ATOMS/CM ?)

JUNCTION DE PTH * SHEET RESIS AN CE

1,08766 M ICRONS 1 6,71579 OHMS/ SQUAR E
1.36405 MICRONS I 26029.8 OsP~S/3QUARE

* 24.7739 O H MS/ S QUARE

NET ACTIVE CONCENTRATI ON

OXIDE CHARGE • o.oo~ oooE.oo i~ 0.000E+00 S OF TOTAL
SILICON CHA RGE • 1.3729841.16 IS 100.0 5 OF TOTA L
TOT AL CHARG E • t .372984E.16 IS 100 , 5 OF INIT IAL
INI T!AL CHARGE • 1.370081E+16

• CHEM ICA L CONCENTRATIO N OF BORON

OXI DE CHARGE • 0.000000E.00 IS 0,0081.00 5 OF TOTAL
SILICON CHARGE 5 8 ,12 !1201+14 IS 100 .0 5 OF TOTA L
TOTA L CHARG E a 8 .1211201.14 IS 99 .9 5 OF INITIAL
INIT IAL  C HARG E • 6.1251951.14

CHEMIC AL CONCENTRA TION OF AR SEN IC

OX I D E C HA RGE • 0,0000801.00 IS P.~ 0oE+00 S OF TOTA L
Sli.ICON CHARGE • 1,379804E.15 IS 100.0 5 OF TOTAL
TOTAL CHAR GE • i.379804E+15 IS 100.0 5 OF INITIAL
INIT IAL, CHAR GE • 1.37900SE.15

CHEMIC AL CONCENTRATIO N OF PHOSPHORUS

OXIDE CHARGE • 0,800000F+00 IS 0,0001+80 5 OF TOTAL
SILICO N CHARGE a 2,9732311.16 IS 100,0 5 OF TOTAL
TOT AL , CHARGE • 2,9733311+16 IS 100.8 2 OF INITIAL

* IN ITIAL CHARGE • 2.9732321.16
-11 2- 
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• STANFORD K ITCH IP PROCESS 6/5 / 78
EMITTER DIFFUSION
STE P N 10

OXID ATION IN WET OXYGEN
TOT AL STEP TIME • 10,0 MINUTES

• INITIAL TE MP ERATU RE • 900,060 DEGREES C.
OXIDE THICKNESS • • 1777 M ICRONS

L INEAR OXIDE GROWT H RAT ! S 5,6264331.02 MICRONS/ MINUTE
PA RABOLIC OXIDE GROWTH PATE • 4,5014631—03 MICRDNS?2/MINUTE
OX IDE G ROWTH PRESSU RE • .842105 ATMOSPHERES

* OXIDE I SILICON I I SUR FACE *I DIFFUSI ON I DIFFUSION I SEGREGATION * TRANSPORT

* COEFFICIE NT * COEFFICIENT 1 COEFFICIENT I COEFFICIENT
• . S .5

BORON I t.29877E.09 I 3•66143E.05 * .16589 I 3,67548E—04 I

*  
: ;~ ; 
; ;~:; 

;— ~—- - :: ;;;;:~: ~ 
._s 

~;; : ;
~~~;;__ .S_ 

~ l 8 5E 03 i 
C .S.__e5.. 

PHOSPHORUS * 4.196321.00 * 7,860051.06 1 10,0000 I 0,000001+00 *

SURFACE CONCENTRATION • .5 ,1970451. 20 ATO MS/CM ? )

JUNCTION DEPTH I SHEET RESISTANCE 
.— •—I .S.SeSSSee ee... .a S_ _ S_ _ Se

1.00799 MICRONS I 8,25491 OHMS/SQUARE
• 1,49109 MICRONS I 24321.2 OHMS/SQUARE

1 24 .77 15 OH MS/ SQUARE

NET ACTIVE CONCENTRATIO N

OX IDE C HARGE • 3 ,4537631.15 IS 23.4 5 OF TOTAL
SILICON CHAR GE a 1.1353501.16 IS 76~ 6 s OF TOTA L
T O T A L  C HARGE • 1.48 17351+16 IS 100 , 5 OF INITIAL
IN ITIAL CHARGE • 1.372984E+16

CHEM IC AL CONCENTRATION flF BORON

• OXIDE CHARGE • 4,6047921.13 IS 7,55 5 OF TOTAL
SILICO N CHARGE • 5 .6392 131. 14 IS 92 .5 z OF TOTAL
T O T A L  C HARGE I 6 .0996921.14 IS 99 .6 5 OF IN IT IAL
INI TIAL CHARGE • 6,t211 20E~~t4

CHEM IC AL CONCENTRATIO N OF ARSENIC

OXIDE CHARGE • 3,2405911.09 IS 2.354E—04 S OP TOTAL
SILICON C HARG E • 1.3796061.15 18 100.0 2 OF TOTAL
TOTAL CHARGE • 1.3790091.15 IS 100, 5 OF INITIA L
IN ITIAL CHARGE • 1.379004E•15

V CHEMICA L CONCENTRATION OF PHOSPHO RUS

OX IDE CHARGE • 6 .676 2531+ 15 IS 22 .3 5 OF TOTAL
• SILICON CHARGE • 2 ,3226691.16 18 77 .7 2 OF TOTA L

TOTA L CHARGE • 2.9900941+16 IS 101 . 2 OF INITIAL
INITIA L CHARGE • 2,9732311,10
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STANFORD KITCHIP PROCESS 6/5/70
EMITTER DIFFUSION
STEP a 17

NEUTRA L AMBIENT DR!VE.IN
TOT AL STEP TIME • 10 ,0 MINUTES

• • IN ITIAL TEMPERATURE • 900,000 DEGREES C .
OX IDE THICKNESS • .1777 M ICRONS

I OXIDE I SILICON 1 1 SURFACE
I DIFFUSION * DIFFUSION I SEGREGAT ION 1 TRANSPORT

* COEFFICIENT * COEFF ICIENT 1 COEFFIC IENT I COEFFICIENT * 
S e.... ...S...n..ewne. .ne. 

BORON 1 1 ,296771.09 * 6 ,39843 1.06 .16589 I 3,67 548 1—04 I
e.eSs.5..Sf l Sf lSS c ee e  c e c S . 5 e~~ e fl55S SeSSeCe Ce.. .. .. 55

ARSENIC I 1.031851—U 1 4,271441.07 1 10 .0000 * 2,541851.03 * 
. w 5.sSSews .•.. 

PH OSPHOR US 1 4 ,196321.08 1 4 ,366691.06 I 10,00 00 1 o ,o000 0E.0P *

SURFACE CONCENTRATION a .4,4169951+20 ATOMS/CM?)

JUNCTION DEPTH I SHEET RESISTANCE 
— — — — 1  ~~~~~~~~~~~~~~~ see.  

1,00908 MICRONS I 0,20940 OHMS/SQUARE
• 1.49193 MICRONS I 24343.0 OHMS/SQUARE

1 24 ,77 13 OHMS/SQUARE

NET ACTIVE CONCENTR ATION

OXIDE CHARGE • 3.4032401+15 IS 23.0 2 OF TOTAL
SILICON CHA RGE • 1.1412751.16 IS 77 .0 5 OF TOTAL
TOTA L CHARGE • 1.4816001.16 IS 100,0 2 OF INITIAL

- - INITIAL C HAR GE • 1,4817351.16

CHEMICA L , CONCENTRAT ION OF BORON

OXIDE CHARGE • 4.5702801.13 IS 7,66 5 OF TOTAL
SILICON CHARG E • 5.6294501+14 IS 92,3 2 OF TOTAL
T O T A L  C HARGE a 6,096486E.14 IS 99,9 2 OF INIT IA L
INIT IAL CHARGE • 5,0996921.14

• CHEMICA L CONCENTRATIO N OF ARSENIC

OXIDE CHARGE • 3.1657971+09 IS 2 ,295 E—04 S OF TOTAL
SILICON CHARGE • 1.3798061.15 IS 100.0 2 OF TOTAL
TOT AL CHARG E • 1.3798091.15 IS 100.0 2 OF INITIAL

• INITIAL CHARGE • 1.3798091.15

• CHEMICA L CONCENTRATION OF PHOSPHORUS

OXIDE CHARGE • 6 ,490390E.15 IS 21, 7 5 OF TOTA L
SI LICO N CHARGE • 2.3412541+16 IS 78.3 2 OF TOTAL

• TOTAL CH ARGE • 2. 99029 3E~~j 6 IS 100 ,0 2 OF INITIAL
INITI AL CHAR GE • 2, 990 294E.10
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• STA NFORD KITCHIP PROCESS 6/0178

EMITTER DIFFUSION
* STEP • 17 TIME • 10.0 MINUTES.

• 
DEPTH CONCENTRATION CLOG ATO MS/CC)
CUM ) *

14 15 16 17 18 19 20 21
..10 •.e..S5.5.. e..SSS..e eee....e... e.. eeeSØeS...e .e..ee.eeee. e.ee.e .e.e...

* 1 I 1 I & I a  *
I * I I 1 1 I • I

:1 * 
I 1 1 I * I I * *
I * I 1 * I * * *
I I * I I I I a I
* * I 1 * I I a  I
* I 1 * * I 1 .  1
* I 1 1 I 1 1 • *• I I I 1 * * * • *

.00 e e..eeeeeaeses.e.eeeeS.eeseeeae.SseS. eeS .S .e..eeee .e.5.S *ee5 *.e e

I 1 1 * I I I • *
* 1 I * * * I a  I
I I 1 1 1 1 I a  I
* * * I I I • 1
I I * * 1 * • I I
1 1 1 * * * • I I

• * 1 1 * * I~ * I
I I I * 1 * 1 1 1
I I I I • I  - I .1 1

1.00 •..esss..wss.e.ee..ee*e.S.e.....e.ees.e.esS.....e..e.....ee...s..o ....e

1 1 1 a J 1 1 1 1
* I * • * * I * 1
I I a * * * I
1 1 • * I * * * *
a * * * I I I *I *1 * 1 1 1 1 *I a I I I I I I
* • 1 1 1 * I I
I * 1 1 I * * *

2,00 ..e....S*.5 S ..e ...S..e..S.eSSS.. e.Cee..s. ...S..ee ....s.e ..S.. ..

1 • 1 1 1 1 1
I • 1 1 * I I I
I • I I * I I *
1 • 1 1 1 1 *
* a * I * I I I
I a * 1 * I * 1
1 • 1 * I 1 * 1
1 I a I I * * 1 *
1 1 .  * I I 1 1 I

3,00 e ... e. . ..ee *.S ..eS.ea.es ..e...se ..ee. ..... ee..e.e.. e... ...e..e.

1 1 a z 1 1 1 1 1
* I • 1 1 I * * 1

• * * *1 * * 1 1 1
I I *~ * 1 1 * 1
* * I a * * 1 * I

* • * * * *
1 1 1 a l  1 1 I 1

1 * I I * I I * I
I I I * 0  I I * I

4.00 e... SS .. ..e.eS.e......e...e.e.*Se •..w ..e ....e..e ..e.e...e .e s.e. .e.

~~ I t -115- 

— 
_______

- - V • • •~ - ~• V

- —~ _.• ________________ 
I’ S ~~ # 

- —

— ~~~~ 
4 _______


