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Abstract

The TRajisport of Ions in Matter (TRIM) Monte Ceirlo code was used to calculate the

two-dimensional distributions of particles, primtiry damage, and electronic and nuclear

energy loss for implantation of a line beam source into silicon targets. Approximate two-

dimensional distributions of the Frenkel pairs (vacancy-interstitial) created by the primary

displacement damage of the target atoms were calculated by means of the Kinchin-Pease

equation. These particle, damage, and energy loss distributions allowed for the calculation

of the one-dimensional distributions of these quantities for implantation into unmasked tar-

gets. A superposition technique was used to construct the two-dimensional particle and ap-

proximate Frenkel pairs distributions for implantation past a mask edge. The energetic ions

used in the calculations were in two groups: those used as intentional dopants in silicon de-

vice fabrication and those which either limited lifetime or acted as gettering sites. The par-

ticle distributions were parameterized by means of standard polynomial fitting techniques.

Key words: displacement damage, electronic energy loss, Frenkel pairs, interstitials, ion

implantation, Monte Carlo calculation, nuclear energy loss, silicon device fabrication, two-

dimensional distributions, vacancies.
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Introduction

With the present thrust towards fabricating submicron VLSI devices comes an ever in-

creasing need to understand and control two-dimensional dopant impurity distributions

and two-dimensional damage distributions. Ion implantation is the primary method for

controlled introduction of dopants into semiconductor materials for VLSI applications. The

control over the particular dopant as well as over the energy and dose has made implan-

tation an indispensable tool for the fabrication of micron and submicron size structures.

When an energetic ion enters a solid, it slows down and eventually comes to rest as a result

of its interaction with the nuclei and electrons of the solid. The interactions with the nuclei

and the electrons take place simultaneously but, for purposes of computational modeling,

are treated as more or less separate and independent events. The two-body elastic collisions

with the core ions are responsible for the lateral scattering as well as primary displacement

damage which, in turn, is responsible for vacancy-interstitial or Frenkel pair production

through collision cascades. The inelastic scattering of the incident ions by the electrons

in the solid contributes to the slowing down but does not enter into lateral scattering or

damage production due to the very small mass of the electron compared with that of ions.

The two-dimensional distributions of the implanted ions and of the implantation-induced

damage play key roles in the physical understanding of the subsequent device processing.

This is especially the case for subsequent thermal annealing where the ion-implantation

induced damage may enhance the diffusion of the dopants by impurity-vacancy and/or

impurity-interstitial interactions.

The two principal techniques which are available for performing ion implantation calcula-

tions might be referred to as probabilistic and stochastic (or mechanistic). Both of these

techniques assume that the electronic and nuclear stopping of the incident ion by the elec-

trons and nuclei of the solid may be treated as separate events. Also, they both assume

that the target is random, i.e., they both neglect any crystalline order in the target. Fi-
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nally, with both computational techniques, the beam current and dose are assumed to be

below the point where the incident ions encounter each other in their journey in the solid.

In the probabilistic category, the single-particle distribution function (of the incident ions)

or its moments are obtained from the differential or integral form of the Boltzmann trans-

port equation of statistical mechanics. Derivations of this equation for classical [1] or

quantum [2] systems clearly show that this equation contains the effects of all possible

sequences of separated binary collisions. Hence, the effects of three-body collisions (and

higher) are neglected. This appeaxs to be an adequate description for all but very low ener-

gies. In the stochastic category, exemplary of the Monte Carlo technique, the trajectories

of a large number of incident ions are followed through the random sequence of elastic bi-

nary collisions (with the target nuclei) and inelastic electronic energy loss (with the target

electrons) and the information about particle positions and energy loss is stored in two-

dimensional array form. The tirray information is then used to compute the corresponding

distribution functions.

Each of these techniques has strengths and weaknesses. In principle, both techniques

should yield the same information.

The probabilistic approach is exemplified by the original LSS [3] calculations and the book

by Gibbons at ai. [4]. These numerically describe the distribution in terms of its first few

moments. In principle, higher moments could be calcvdated. The four-moment calculation

of Winterbon [5,6] is an extension of the LSS calculations and provides good agreement

with the SIMS profiles for boron implants into amorphous silicon as obtained by Hofker

[7]. There, a Peaxson IV equation is used to obteiin the distribution from the first four

moments.

The probabilistic approach caji be used, in principle, to obtain the two- or three-dimensional

distribution itself or the set of cross moments from this distribution [8] . While information

about the lateral distribution can be obtained, the calculation of the full two- or three-



dimensional distribution from the cross moments is difficult due to the lack of two- and

three-dimensional analogs of the Pearson system of distributions.

The stochastic or mechanistic approach is exemplified by the MARLOWE code of Robin-

son [9] and the TRIM (TRansport of Ions in Matter) Monte Carlo code of Biersack and

Haggmark [10]. For the work presented in this paper, the TRIM code was used to follow

the three-dimensional trajectories of the energetic incident ions as well as to calculate the

primary displacement energy transferred to the lattice ions. Hence, the two-dimensional

distribution of implanted ions and primary displacement damage can be calculated for a

line source of fixed incident energy and for a given number of incident particles (usually

on the order of 10^). In addition, the distribution of secondary displacement damage

was calcidated approximately by using the Kinchin-Pease equation. The two-dimensional

distributions resulting from a line source can be used to calculate the two-dimensional

distributions for the case of implantation past a mask edge by means of superposition of

these two-dimensional beams along a partially blocked surface which represents the eflfect

of a sufficiently thick absorbing mask.

The Biersack-Haggmark Monte Carlo Code

The basic assumption in the version of the TRIM code used in this calctdation is that the

target is random, i.e., the incident ion beam does not sense any crystallographic order in

the target. This can be experimentally achieved by either preamorphizing the target or by

suitably tilting the target away from open crystallographic axes. A tilt angle of 7 degrees

is often quoted, but the appropriate value may differ from this depending upon the species

being used in the implantation. The effects of the implantation process (ion ranges, lattice

damage, etc.) are then described in terms of isolated two-body elastic collisions between

the energetic ion and the ions of the solid and the viscous drag (inelastic scattering) on

the incident ion caused by the electron gas of the target. Each of these contributions to

the slowing down process will be discussed in the next sections. The term "Monte Carlo"

is applied to the code since the meaxi free path between the two-body collisions and the



collision geometry are determined by means of a random number generator. The use of a

remdom number generator for the calculation of both of these quantities is in keeping with

the assumed reindonmess of the target.

Two-Body Classical Scattering Theory

The elastic scattering of the incident energetic ion by the target nuclei is most easily

calculated by means of cltissical scattering theory. The term "elastic scattering" refers to

a collision process where the kinetic energy is conserved. The justification of the use of

classical scattering theory is based upon the fact that the partners in the collision are much

more massive than the electron and the energies axe typically in the range from about 100

eV to about 500 keV. In this situation, it is not necessary to use the Schroedinger equation

and the T matrix (Lippmann-Schwinger equation) [11] to describe the scattering event.

With this in mind, consider the situation of two structureless particles depicted in the

top part of figure 1. The target ion of mass, M2, and atomic number, Z2, is initially at

rest in the laboratory frame of reference. The energetic incident ion of mass, Mi, and

atomic nimiber, Zi, and kinetic energy, E, is scattered by the stationary particle via a

conservative, spherically symmetric, two-body potential. As the potential is conservative

and spherically symmetric, the Newtonian (or Lagrangian) equations for the two-body

system may be rewritten in terms of an equation for the center of mass of the system

and an equation for a reduced mass particle moving in the center of mass system [12].

The reader is referred to reference 12 for a detailed discussion of the two-body problem in

classical mechanics. The present calculation is not concerned with a detailed description of

the scattering process but rather with the determination of the asymptotic behavior of the

two particles. In particular, the elastic energy lost by the energetic ion and the direction

of its final velocity vector relative to its initial velocity vector are of prime interest. These

can be determined from the asymptotic scattering angle in the center of mass coordinate

system. The scattering event in the center of mass system is depicted in the bottom portion

of figure 1. There, P is the impact parameter, r© is the distance of closest approach,

and Er = E/{1 + M1/M2) is the relative energy in the center of mass system. In the
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laboratory frame, the angles, and and the energies, E' and E", are determined

from the conservation laws for energy and momentum as

^ , Ml sin S , -

tan#' = — i— -, (1)
Ml + M2 cos ^ ^ '

, (2)

E' = E-T, (3)

and

E" = r, (4)

where the elastic energy transfer or recoil energy, T, is

T = 'yEsm'Q, (5)

where the recoil factor, 7, is given by

^ M1M2 .

'y = 4"; 72 • (6)

(M1 + M2)

From eqs (1) to (5), it is clear that the scattering angle, 0, in the center of mass coordinate

system is of central importance. The asymptotic scattering angle in the center of mass

system is determined from integrating the classical equations of motion and is given by

The notation, 0{P,Er]V[r)), indicates that the scattering angle depends upon the vari-

ables, PiEri and upon the function, V(r). The distance of closest approach, ro, is deter-

mined from the solution of the equation

('-f-^)=«- <•>

The solution, ro, may be obtained numerically by meajis of the Newton method with a

few iterations. In the above, V{r) is the spherically symmetric two-body potential which
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is of the general form of the screened Coulomb potential. This is written as a product of

the Coulomb potential and a screening function in the form

V{r) = (9)
r

where ^(r) is the screening function. In its simplest form, the screening function may be

written as

<^(r) = exp(-r/a), (10)

where a is a screening length which determines the cut-off of the function. In its most

general form, the screening function may be written as a sum of normalized, weighted

exponential terms
n

^i^) = ^^ic^p{-bir/a), (11)

»=i

where the normalization of the weighting coefficients is expressed as

x:u'i=i- (12)

»=i

The two particular forms of the general screening function used in ion implantation cal-

culations are the Moliere [13] and the krypton-carbon [14] type. The Moliere screening

function is given by

(f>{r) = 0.35 exp(-0.3r/a) + 0.55 exp(-1.2r/a) + 0.1 exp(-6r/a), (13)

while the krypton-carbon potential is given by

(f>{r) = 0.191 exp(-0.279r/a) + 0.474 exp(-0.637r/a) + 0.335 exp(-1.919r/a). (14)

These two forms of the screening function are presented in figure 2. More recently. Bier-

sack and Ziegler [15] have proposed a universal screening function which is similar to the

krypton-carbon screening function. In the analysis and calculation of the effects of ener-

getic ions on solids, it is convenient to make use of the natural length and energy units

which appear in the equations. In particular, the screening length provides a natural unit
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of length while the Coulomb part of the screened Coulomb potential provides a natural

unit of energy. The screening length used in the calculations was proposed by Firsov [16]

and is given by

_ 0.8853ao

where ao = 0.529A is the Bohr radius. This length occurs naturally in the expression for

the screening function given by eq (9) which may be rewritten as

n«) = (16)

In terms of the scaled energy, it is convenient to define a dimensionless energy variable, e,

by

^ " ZiZ2e2 "
^iZ2e2(l + Mi/M2)

*

It is possible to write the above equation as c = FE^ where E is the energy is eV. Table 1

contains the listing of the factor, for a number of ions incident upon silicon. This will

be useful in the consideration of the relative effects of nuclear and electronic stopping.

A typical energetic ion may require hundreds if not thousands of two-body elastic col-

lisions before it comes to rest. This would mean that the scattering integral in eq (7)

would have to be evaluated a large number of times in order to properly treat the elastic

scattering processes. This repeated evaluation would then become the rate limiting step

in the calculation. Robinson [17] has used Gauss-Legendre and Gauss-Mehler quadrature

techniques in order to evaluate the scattering integral as well as other integrals involved

in classical two-body scattering by a central potential. This has been performed for the

Moliere screening potential as well as a number of other screening functions. He has pre-

sented the results in tabular form for a range of impact parameters and energies and for

a number of screening functions. While the repeated evaluation of the scattering integral

in the slowing down process is time-consuming, the entry of the results of the Robinson

tables into a data set for interpolation is also time-consuming. In addition, extensive tables

would use a considerable amount of memory. The answer lies in the use of what Biersack

and Haggmark call the "MAGIC" formula.
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MAGIC Formula for Elastic Scattering

The speed and efficiency of the TRIM code is achieved by the use of a fitted algebraic

relation between the scattering angle and the impact parameter and the energy (determined

from the Robinson tables). This MAGIC formula is obtained by expressing the scattering

angle in terms of a five-parameter expression which reduces to the Rutherford scattering

result for large e and then by determining the parameters by a least-square fit to the results

of the Robinson tables. Hence, once the impact parameter and the energy are given, the

scattering angle is determined by an algebraic expression which contains by construction

the results of the Robinson evaluation of the scattering integral. The construction of the

MAGIC formula proceeds as follows. First, make use of the transformation to dimensionless

length and energy units. The transformed lengths are

B = PIa, (18)

Ro=ro/a, (19)

Rr = p/a, (20)

A = 6/a, (21)

where p and 6 are related to the scattering geometry. In particular, p may be written as

where V(ro) is the derivative of the potential evaluated at the distance of closest approach.

In terms of these reduced variables, it is possible to write the equation for the scattering

ajigle a^

0 B + Rr + A
f

.

cos - =
. {^o)

2 Rq -\- Rr

The function, A, is fitted by means of the required asymptotic behavior to the Rutherford

scattering at large c and the tabular resxilts of Robinson. This leads to the expression



where

A = 2aeB^, (25)

{(i + Ayf'-A] (26)

(27)

(28)

and

7 =
C4 + e

(29)

Table 2 contains the listing of the coefficients, {Ci}, for both the Moliere and the krypton-

carbon potentials. Figures 3 and 4 contain the restdts of the MAGIC formula for the

Moliere and the krypton-carbon potentials, respectively. In these figures, the function

sin^ is presented as a function of the reduced impact parameter for a range of reduced

energy values. It is clear from these figures that for c > 1, elastic scattering is important

at only small relative impact paxameters. Figures 5 and 6 contain a comparison of the

results for two values of the reduced energy. These differences are traceable to the forms

of the two screening functions. For e > 10, the result for Rutherford scattering, i.e.,

is used in the calculation.

The original TRIM calculations discussed by Biersack and Haggmark made use of the

Moliere form of the potential. The results which they obtained for antimony on silicon

indicate that the nuclear potential is somewhat too strong as antimony experimentally

gets further into the silicon target than predicted by TRIM. The krypton-carbon potential

is softer than the Moliere. With this in mind, the krypton-carbon potential was used to

generate the data contained in this report.

(30)

Once the asymptotic scattering angle is determined from the impact parameter, the en-

ergy and the specific form of the potential from the algebraic formula, the elastic energy
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transferred to the lattice atom is determined from the equation

r = T£sin^(0, (31)

where the recoil factor, 7, is given by

Figure 7 represents the recoil factor, 7, as a function of the mass ratio, M2/M1. Notice that

this function peaks for equal masses and falls off to about 0.3 when the mass ratio (or its

inverse) is about 10. The nuclear energy transfer determined from eq (31) is responsible for

lateral scattering and primary displacement damage. The lateral scattering arises from the

elastic scattering where the direction of the energetic ion is turned away from its original

incident direction. The primary displacement damage arises from the situation where the

energy transferred, T, to the target atom is larger than the binding energy holding the

target atom to a "lattice" site.

Displacement Damage

The version of TRIM used in these calcxilations does not follow the trajectory of the lattice

atom which has been displaced by the collision with the energetic ion. In other words,

collision cascades which tend to spread out the secondary displacement damage are not

explicitly considered. This would lead to a significant increase in the computation time.

By way of example, typical calculations with 10* incident ions takes anywhere from 1 to

4 hours on a minicomputer. The CPU time increases with incident ion energy and also

for incident ions which are smaller in mass than the target. Hence, calculations of boron

into silicon usually feJl into the longer CPU time range while calculations of arsenic into

silicon usually take less than 1 CPU hour. Following the primary recoil would increase

the total CPU time by factors in the range of 10 to 100. However, it is possible to obtain

approximate information about the effects of collision cascades and the secondary damage

in the form of vacancy-interstitial or Frenkel pairs. The original discussion of the secondary

11



damage created during the recoil and slowing down of the primary displaced ion in a solid

was presented in a classic paper by Kinchin and Pease [18]. However, over the intervening

20 years estimates of the secondary damage caused by collision cascades have undergone a

certain amount of revision. For the present purposes, the modified Kinchin-Pease equation

lattice atom. The physical picture of the damage production is one where the ion which

is knocked off a "lattice" site moves off as an interstitial and leaves behind a vacancy in

the "lattice". This pair of defects is referred to as a Frenkel pair. The behavior of the

vacancies and the interstitials is not addressed by the TRIM code. There are a number

of processes in which these defects can participate. The vacancy and the interstitial may

recombine to give rise to a substitutional ion. This would reduce the defect density in the

material. For the purposes of semiconductor device fabrication, this process is devoutly to

be wished. However, the vacancies and/or interstitials may coalesce among themselves to

form macrodefects which may have to be removed by annealing. Clearly, these topics are

of great scientific and technological importance and form the basis of the study of defects.

The assumption which is made at this point is that the Kinchin-Pease equation may be

used to calculate the defect (Frenkel pair) distribution. The interstitial is assumed to stay

in the same volume element as the vacancy. This volume element is usually on the order

of about 100 A on a side. The fate of the vacancies and interstitials is not considered

but the distributions determined by this procedure can be used as the initial conditions

for investigations of defects. Within the framework of the Kinchin-Pease equation, the

defect producing energy, Edp, is determined from the energy transferred, T, to the primary

displacement according to equation

[19] is used to determine the approximate secondary damage caused by the displaced

T
(33)

1 -j- kdg{€d)
'

where

Jfed = 0.1334^2 /*M2"^^^ (34)

9{ed) = Cd -f- 0.402446^^ + c;
1/6

(35)d »
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and

(36)

The total number, u, of Frenkel pairs produced by the primajy nuclear energy transfer

were determined from

for Ed < Edp < 2.5Ed and

»^ = 1, (37)

for Edp > 2.5Ed. Ed is the displacement energy which is approximately 25 eV for silicon.

The total number of displaced atoms is assumed to be in the form of vacancy-interstitial

pairs. That is to say, the displaced atom leaves behind a vactmcy in the lattice while

moving away from it to form an interstitial. While actual implantation conditions, i.e.,

dose rate and target temperature, may provide enough thermal energy for the vacancy and

interstitisJ to recombine or even to form extended defects, it is assumed that the Frenkel

pair is a stable configuration at very low temperatures. The subsequent behavior of the

vacancy and interstitial is not explicitly considered in the TRIM code. The validity of

the approximation that the vacancies and interstitials stay in the same volume element

as the primary collision may in some sense be tested by evaluating the average energy

trjinsferred to the primary. If this average energy is large enough such that the range of

the displaced primary is on the order of the step increment used in the calculation, then

the calculated Frenkel pair distribution will tend to be much shallower that the actual

Frenkel pair distribution.

Electronic Energy Loss

In between the two-body collisions described above, the energetic ion is assumed to ex-

perience a velocity-dependent viscous drag caused by the electron gas in the target. This

electron gas may be viewed as arising from the outer valence electrons of the target atoms.

This situation is physically reasonable at low ion energies where the analogy to viscous
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drag seems correct. For large ion energies (but below relativistic energies), the viscous

drag may be envisioned as decreasing. The calculations of Lindhard [20] and Firsov [16]

for the energy loss are used in TRIM in the low energy regime. In general, the inelastic

energy loss of an ion traveling a distance X in a material with atomic density (number

density) equal to N may be written as

AEe = LNSe{E), (39)

where Se{E) is the electronic stopping. In the low energy region,

Se{E) = Sl = kE^, (40)

where the Lindhard theory predicts that

" = . (41)

and

q = l/2. (42)

More generally, k and q may differ from the above values and may be functions of the ion

energy. In the high energy regime, the electronic stopping is diminished. In this region,

the electronic stopping may be described by the Bethe-Block theory. The Bethe-Block

electronic stopping is represented by

Sb = HeB + 1 + C/cs), (43)

where

and where

for Z2 < 13, and

7o = 12 + rZ^^ (45)

Jo = 9.76 + 58.5Z2-^-^** (46)
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for Z2 > 13. In eq (43), C = 5 for Zi > 3. For < 3, the value, C = IOOZ1/Z2, is used.

The two energy regions axe connected by means of an expression introduced by Biersack

[21], This allows for a smooth transition of the electronic stopping from the low-energy

regime described by Lindhard and the high-energy regime described by Bethe-Block. In

paxticular, this connection is given by

= {SZ' + S^'r' . (47)

For the purposes of discussing the various contributions to the electronic stopping which

are currently feasible in silicon device fabrication, figure 8 contains the electronic stopping

for a light ion like boron and a heavy ion like arsenic incident on a silicon target at normal

silicon densities. The curve for boron shows both the low-energy region and the high-

energy region as well as the transition region obtained by using the Biersack connection.

The curve peaks at 2 to 3 MeV. The boron curve is labeled with k/kl = 1.5 as it was

calculated with a correction to the classical Lindhard expression. This will be discussed

shortly. For the case of arsenic, there is no peak region even up to 10 MeV. Figure 9 is

an expanded version of the previous figure in the range of energies from 10 keV up to 1

MeV. If these curves were replotted as stopping vs. E^^^^ the curves would be linear over

most of the range of the plot. Most implantations used in semiconductor device fabrication

are done in the range of energies from about 10 keV up to about 400 keV. Hence, for the

energies considered in these calculations (up to 400 keV), the energies may be considered as

low. That is to say, the Lindhard expression could be used directly. However, for purposes

of generality, the calculations were performed with the more general Biersack connection.

In the above discussion, the notion of the use of a corrected Lindhard coefficient for the

electronic stopping was introduced. This is based upon a number of observations made

on the profiles of well-channeled implants of a number of species in silicon targets. In

particular, deviations from the model are known to exist [22,23] in terms of oscillations in

the electronic stopping. These may be included in the TRIM code in terms of a correction

factor to the low-energy electronic stopping. The inelastic electronic stopping is assumed
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not to contribute to either lateral scattering or displacement damage due to the very small

mass of the electron compared with the mass of the energetic ion.

Combined Effects

The nuclear and electronic contributions to the stopping are presented in figure 10. Also

shown is the combined effect, 5fot(e), which is obtained from adding the two stopping

terms, i.e.,

Stot{e) = 5e(e) + 5„(e). (48)

For large e, the electronic stopping dominates, whereas the nuclear stopping is important

for small values of e. This can be understood from the results of figures 3 and 4. For

large values of e, elastic nuclear scattering is effective only for small values of the impact

parameter. From the evaluation of the factor relating the kinetic energy of the energetic

ion and the e value (see table 1), light mass ions will be stopped mainly by the electronic

term, while heavy mass ions will be stopped mainly by the nuclear term. This will be

discussed in more detail in the section related to the interpretation of the stopping terms.

Discussion of How the Code Works

Having described the two components of the stopping of the energetic ion, the typical

sequence of the stopping of an individual ion is now discussed. The target is divided into

a number of two-dimensional boxes with equal length sides predetermined by the user. In

particular, this length is the depth increment entered in the input data file. It is important

that this length is not too small such that only a few particles will be in any bin and hence

contribute to noise fluctuations in the data. On the other hand, the length should not be

too big; otherwise, there will be insufficient detail in the one- and two-dimensional data.

The judicious choice of this length comes from experience in the use of the code and is

based upon such things as the mass and energy of the incident ion as well as the number of

histories used in the simulation. For silicon targets and 10^ histories, this length is typically

on the order of 100 A. The ion is assumed to be normally incident on the top surface of

the target. The trajectory of an individual ion which is incident on the target is followed
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through the sequence of binary collisions with the core ions as well as the viscous drag with

the electron g£is along the path between the collisions with the core ions. If the energy

transferred to the lattice ions is below the displacement energy for silicon, the collision

is considered to excite the phonons. If the energy transferred is above the displacement

energy, the Kinchin-Pease model is used to calctdate the approximate number of local

vacancy-interstitial pairs created. These calculations follow the incident ion in the target

tmtil its energy falls below a predetermined energy (usually 5 eV) or until it emerges from

the back surface of the target. Also, incident ions which are backscattered from the top

surface may be followed. This calculation is repeated for each of the ions incident upon the

target until the total number of particles in the beam have been considered. For the total

of all of the ion histories, the number of stopped ions, primary displacements, Frenkel

pairs, and the energy lost to phonon excitation, displacement damage, and electronic

excitation are acctmaiilated in two-dimensional arrays corresponding to the locations in

the two-dimensional grid. The code follows the collision sequence in three dimensions. In

order to obteiin the two-dimensional results from a line source and to reduce the effects

of the noise resulting in the outer regions of the distribution, two steps were carried out

with the data. First, the results which arise from scattering out of the x — y plane were

projected into the plane. This simulates the two-dimensional results arising from a line

source where contributions from planes to the right and left of the plane of interest would

be added. Second, the residting two-dimensional results were added symmetrically about

the incident beam line. The added numbers were then placed on either side of the incident

beam line. The results which arise along the incident beam line were simply doubled. This

in effect doubles the number of particles with the added smoothing of the results away

from incident beam line. The basis of this is founded on the argument that the target

is spatially isotropic due to the assumption of a random target and that the two-body

potential is spherically symmetric.

The primary focus of the present calculations is to present the two-dimensional distribution

of implanted ions as well as an approximate two-dimensional distribution of vacancy-
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interstitial pairs for a single line beam. In addition, the one-dimensional distribution of

stopped ions, primary damage, approximate Frenkel pairs, electronic energy loss, phonon

excitation energy loss, and displacement damage energy loss is also discussed. The effects

of implantation past a mask edge upon the two-dimensional distributions of implanted ions

and vacancy-interstitial pairs were obtained by superimposing a number of line beams. As

previously mentioned, the validity of the approximate calculation of the local Frenkel pair

distributions was investigated from the point of view of the average primary displacement

energy.

Elements Used in Calculation

The TRIM code does not distinguish any one element from any other as to choice of

incident energetic ions. In principle, the calculations can be performed on any ion incident

upon any target. For the purposes of silicon device technology, there are a small number of

incident ions which are of interest. These fall into two categories, those which act as donors

or acceptors and those which act to limit lifetime or are gettering sites. This requirement

limits the number of incident ions of interest to about sixteen. These include: aluminum,

antimony, arsenic, boron, carbon, gallium, germanium, gold, indium, nitrogen, oxygen,

phosphorous, platinum, silicon, sulfur, and tin. The only exception to the requirements

for either of the two categories is silicon which is included in order to provide an estimate

of displacement damage ajid amorphization when silicon is implanted into silicon.

The one- and two-dimensional plots are contained in Appendix B under the names of

the elements. These results were obtained from the TRIM runs for energies from 25

keV to 400 keV in increments of 25 keV. Hence for each element, sixteen values of the

energy were used. For each value of the energy, four figures were prepared. One figure

contains the energy loss probability densities for electronic, displacement damage, and

phonon excitation while another contains the probability densities for atoms, primary

displacements, and approximate Frenkel pairs. The two remaining figures present the

results of particle and approximate Frenkel pair distributions (normalized to the peak
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value of the former) for implantation past a mask edge.

One-Dimensional Results for a Uniform Target

The TRIM code can be used to investigate the relative effects of the mass of the incident

ion upon things like the displacement damage and electronic energy loss. The informa-

tion which is of prime interest and which is presented in the figures are the energy loss

probability densities for electronic, displacement damage, and phonon excitation ajid the

probability densities for atoms, primary displacements, and approximate Frenkel pairs.

These figures were obtained a^ follows. The one-dimensional data for each of these quan-

tities were obtained by summing the two-dimensional data along each depth step. The

one-dimensional data for the implajited atoms were then stimmed over the depth to ob-

tained a normalization constant. The one-dimensional data for each of these quantities

were then divided by this normalization constant to construct the corresponding proba-

bility densities. For the ca^e of the implanted ions, the resulting probability density is

normalized to unity, whereas the normalization for the other quantities represents the av-

erage effect due to a single implanted ion on each of these quajitities. For example, the

normalization of the primeiry displacement and the approximate Frenkel pair probability

densities gives the average number of primary displacements and approximate Frenkel pairs

due to a single incident ion. Likewise, the normalization of the electronic, displacement

damage, and phonon excitation probability densities determines the average energy lost to

each of these three mechanisms by a typical incident ion. The reason for the magnitude

of the probability densities comes from the use of the depth unit in /xm. One of the useful

features of the use of the probability densities in this form is that when they are mtdtiplied

by the dose, they yield physical densities for each of the quantities considered.

It is of interest to consider the effects of incident ion energy and mass on these unnormalized

probability densities. In particular, the effect of the mass of the incident ion is easy to

investigate. This can be done by considering three different situations and three different

incident ions: 75-keV boron (Mi < M2), 300-keV silicon (Mi = M2), and 100-keV arsenic
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(Ml > M2). This will serve to introduce the reader to the various figures but also present

the kinds of information which can be obtained from these figures. The figures are labelled

by the atomic symbol of the incident ion, the incident beam energy, and an index ranging

from 1 to 4. With this in mind, the figures of particular interest at this time are B75-

(1,2,3,4), SI300-(1,2, 3,4), and AS100-(1,2,3,4). These are to be found in the figure listings

which are presented by increasing atomic number of the incident ion.

First consider the case of 75-keV boron (Mi < M2). Figure B75-1 contains the plots of the

energy loss probability densities, while figure B75-2 contains the plots of the probability

densities for atoms, primary displacement damage, and approximate Frenkel pairs. From

figure B75-1, it is clear that phonon excitation is a relatively small contribution to the

slowing down of the incident boron. Electronic energy loss dominates displacement damage

over most of the depth. This is part of the reason why boron has great difliculty in

amorphizing silicon. It might be argued that the energy loss due to electronic modes goes

into the production of heat which would provide a mechanism for the vacancy interstitial

reaction and the production of a substitutional silicon. The average energy transferred to a

primary displacement may be calculated by dividing the energy loss probability density by

the probability density for primary displacement damage. The results of this calculation

are contained in figure 11 and represents the average energy lost by the boron atom to

primary displacement damage. The maximum in this curve lies at about 0.5 keV. The

approximate range for silicon into silicon (the primary scattered into the target) at this

energy is about 0.0005 fim. This would indicate that the approximate Frenkel pair densities

calculated by the Kinchin-Pease equation should be reasonably accurate.

In going from small mass to equal mass, the probability densities presented in figures

SI300-1 and SI300-2 arise for the case of 300-keV Si into Si. Again, the phonon excitation

is small compared with the electronic and displacement damage contributions to the energy

loss. Also, the electronic energy loss is not as dominant when compared with displacement

damage as was seen in the case of the boron implant. This is due to the change in mass in
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going from boron to silicon incident ions. The approximate Frenkel pair probability density

increases by about a factor of 5. This along with the decreased contribution to electronic

energy loss indicates that amorphization of silicon by silicon can be accomplished much

more easily than by boron. The results of the calculation of the average energy transferred

to the primajy displacement are contained in figure 12. The maximum in the curve is at

about 3 keV where the silicon-into-silicon range is about 0.005 fim. This wotdd have the

effect of pushing the interstitial densities deeper into the target. Within the confines of

the method used, this would probably cause the Frenkel pair density to become somewhat

more peeiked and somewhat deeper than shown in figure SI300-2.

Finally, figures ASlOO-1 and ASlOO-2 contain the probability density results for a 100-keV

arsenic implant into silicon. Here, the displacement damage energy loss completely domi-

nates other energy losses. In addition, the approximate Frenkel pair probability density is

up by an order of magnitude over the corresponding boron results. This points to the rel-

ative ease with which the much more massive arsenic ion can damage the silicon lattice to

complete timorphization. Figure 13 contains the results of the average energy transferred

to a primary displacement. Here, as with the previous example of silicon, the maximum in

the curve appears at several keV. This would also tend to push the Frenkel pair densities

somewhat deeper into the material. This discussion contains the salient features for the

interpretation of the results presented in the figures for each of the incident ions in silicon.

Two-Dimensional Results for a Masked Target

In this section, the results of the calculation of the two-dimensional particle and approxi-

mate damage distributions for implantation past a mask edge are presented and discussed.

These distributions are constructed by superposition of the two-dimensional line beam

results. This is csirried out as follows. Starting from a fixed distance from the edge of a

rectajigTilar mesh, i.e., at the first step past the edge of the perfectly absorbing mask, the

two-dimensiontJ line beam results for the implanted ions and approximate Frenkel pairs

are entered into a two-dimensional array. The line beam is moved over by one-step incre-
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ment and added to the results stored in the corresponding two-dimensional arrays. The

line beam is moved over one more step and added again. This process is repeated until

the line beam is far from the mask edge. The resulting two two-dimensional arrays (for

implanted particles and approximate Frenkel pairs) should then give a reasonably accurate

description of these two quantities for implantation past a mask edge.

Figures B75-3 and B75-4 contain the unnormalized two-dimensional particle and approxi-

mate Frenkel pair contours for 75-keV boron implanted into silicon. The two-dimensional

particle contours show significant penetration under the mask edge. Enhanced diffusion of

boron in the presence of the displacement damage could further complicate the situation

indicated above.

Figures SI300-3 and SI300-4 contain the particle and Frenkel pair contours for 300-keV

siUcon implanted into silicon. Figures ASlOO-3 and ASlOO-4 contain the particle and

Frenkel pair contours for 100-keV arsenic implanted into silicon. By comparison with

the boron results, arsenic does not penetrate as far under the mask. However, there is

significantly more damage as indicated by the Frenkel pair contours.

Parameterization of Particle Distributions

In order to make the results of this investigation useful in process modeling, the distribu-

tions were parameterized in terms of standard polynomial fitting techniques. The results

of these fitting procedures are presented in tabular form in Appendix A for the various

elements. It is important to use these polynomial coefficients only over the range of depth

quoted in the tables (X/ and X^), as extension past these points can be lead to oscillations

which are unphysical. In order to construct the particle distributions £rom the polynomial

coefficients, the following expression is used:

f{X) = exp {Co + CiX + CiX^ -f dX^ + C^X^}. (49)
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Summary and Conclusions

The TRIM Monte Caxlo code can be used in a straightforward manner to obtain informa-

tion about the energy loss mechanisms and the particle and damage distributions in one

dimension (for a imiform target) and in two dimensions (for a masked target). The results

are useful for determining particle and damage profiles [24]. These in turn provide easily

interpreted input for two-dimensional diffusion/annealing codes to study enhanced diffu-

sion under mask edges. The approximate Frenkel pair probability density when multiplied

by the dose give Frenkel pair number distributions which can provide insight into the for-

mation of amorphized or heavily damaged layers. The electronic energy loss information

may be used to investigate the thermeJ effects which arise during implantation. These

are specificeJly related to ptirtial implantation annealing due to the choice of dose rates.

The creation of Frenkel pairs along with subsequent condensation into extended defects or

the complete removal of implantation-induced damage (depending upon dose rates and/or

target temperature) might be more easily understood in light of the results of the TRIM

calculations. The validity of the use of the approximate Frenkel pair densities determined

from the use of the Kinchin-Pease equation has to be examined in light of the average

primary energy. A more complete investigation of this validity and possible corrections

wotdd make use of not the average energy per se but rather the energy transferred to

each of the primaries and the approximate ranges of silicon into silicon at each of these

energies. In addition, extension of these calculations to other semiconductor materials is

of considerable interest. This is especisdly the case in III-V materials. All of these are

presently under investigation.
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TABLE 1. Multiplicative Factor for Calculating Epsilon from Energy (eV)

For Various Elements Incident Upon Silicon

"CM X
iiilement

A J. • TVT 1_Atomic JNumber Atomic Mass Factor (1/eV)

Hydrogen 1 l.UUO 7.947d97911(—04

Helium 2 4.003 3.4066846E-04

Boron 5 10.810 1.0185441E-04

Carbon 6 12.010 8.0435129E-05

Nitrogen 7 14.007 6.4331936E-05

Oxygen 8 15.990 5.2748001E-05

Aluminum 13 26.980 2.4115909E-05

Silicon 14 28.086 2.1685439E-05

Phosphorus 15 30.970 1.9029347E-05

Stdfur 16 32.060 1.7324581E-05

GeJlium 31 69.720 4.8626148E-06

Germanium 32 72.590 4.5474035E-06

Arsenic 33 74.920 4.2832517E-06

Indium 49 114.820 1.9138947E-06

Tin 50 118.690 1.8181523E-06

Antimony 51 121.750 1.7385657E-06

Gold 79 196.967 6.7665627E-07
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TABLE 2. Values of MAGIC Parameters for Moliere tind Krypton-Carbon Potentials.

Parameter Moliere Krypton-carbon

CI 0.6743 0.1166

C2 0.009611 0.006913

C3 0.005175 0.7887

C4 10.00 10.79

C5 6.314 17.16
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Figure 1. Scattering geometry in the laboratory and center of mass frame
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MOLIERE AND KRYPTON-CflRBON SCREENING

REDUCED HTOMIC SEPflRflTION IR/fl)

Figure 2. Plot of the Moliere (A) and the krypton-carbon (B) screening functions.

MOLIERE POTENTIAL

0 2 4 6 8 10 12 14 16 18 20 22 24

REDUCED IMPACT PARAMETER (B= P/a)

Figure 3. Scattering by the Moliere potential as depicted by the Biersack and Haggmark
MAGIC formula.
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KRYPTON-CARBON POTENTIAL

<X>|C\4

10-2

10-3
0 2 4 6 8 10 12 14 16 18 20 22 24

REDUCED IMPACT PARAMETER (B= P/a)

Figure 4. Scattering by the krypton-ceirbon potential as depicted by the Biersack and
Haggmark MAGIC formula.

REDUCED IMPACT PARAMETER (B = P/a)

Figure 5. Comparison of the scattering angle vs. impact parameter determined by the

Moliere and the krypton carbon potential (both from MAGIC formula) for e = 10~^.
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REDUCED IMPACT PARAMETER (B = P/a)

Figure 6. Comparison of the scattering angle vs. impact parameter determined by the

Moliere and the krypton carbon potential (both from MAGIC formula) for e = 10~^.
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Figure 7. Recoil factor, 7, as a function of the mass ratio, M2/M1.
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Figure 8. Electronic stopping for boron and arsenic in silicon as determined by eqs (39-47).

Notice that the peak of the electronic stopping for boron occurs at about 3 MeV. The peak
occurs where the Bethe-Block form of the electronic stopping overtakes the Lindhard form
of the stopping. The corresponding peak for arsenic occurs outside the upper range of the

figure (10 MeV). Both of these energies are outside the usual range of energies used in the

ion implemtation of semiconductor structures.
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Figure 10. Energy loss as a function of energy. The electronic, nuclear, and composite

energy loss curves are shown in this figure.
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Figure 11. Average energy per primary resulting from 75-keV boron in silicon.
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300 KEV SILICON
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Figure 12. Average energy per primary resulting from 300-keV silicon in silicon.
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Figure 13. Average energy per primary resulting from 100-keV arsenic in silicon.
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Appendix A. Tables of Polynomial Fitting Coefficients
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Appendix B. One-Dimensional and Two-Dimensional Distributions
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Figure B25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV boron normally

incident on a silicon target.
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Figure B25-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV boron normally incident on a

silicon target.
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Figure B25-3 Two-dimensional distribution of 25 keV boron implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 //m and the scale factor is

1000.
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Figure B25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV boron implanted past

a mask edge. The length increment (distance between tick marks) is 0.02 /xm and the

scale factor is 1.
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Figiire B50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV boron normally

incident on a silicon target.
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Figure B50-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV boron normally incident on a

silicon target.
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Figure B50-3 Two-dimensional distribution of 50 keV boron implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 /xm and the scale factor is

1000.
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Figure B50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV boron implanted past

a mask edge. The length increment (distance between tick marks) is 0.02 fim and the

scale factor is 1.
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Figure B75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV boron normally

incident on a silicon target. i
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Figure B75-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV boron normally incident on a

silicon target.
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Figure B75-3 Two-dimensional distribution of 75 keV boron implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 ^m and the scale factor is

1000.
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Figure B75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV boron implanted past

a m£Lsk edge. The length increment (distance between tick marks) is 0.02 fim and the

scale factor is 1.
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Figure BlOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV boron normally

incident on a silicon target.
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Figure BlOO-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV boron normally incident on a

silicon target.
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Figure BlOO-3 Two-dimensional distribution of lOQ keV boron implanted past a' mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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^ Figure BlOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV boron implanted

peist a mask edge. The length increment (distance between tick marks) is 0.02 /im

and the scale factor is 1.
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Figure B125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV boron normally

incident on a silicon target.
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Figure B 125-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 125 keV boron normally incident on a

silicon target.
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Figure B125-3 Two-dimensional distribution of 125 keV boron implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim. and the scale factor is

1000.
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Figure B125-4 Two-dimensional distribution of Frenkel pairs created by 125 keV boron implanted

peist a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure B150-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV boron normally

incident on a silicon target. 4
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Figure B 150-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV boron normally incident on a

silicon target.
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Figure B 150-3 Two-dimensional distribution of 150 keV boron implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim. and the scale factor is

1000.

Figure B150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV boron implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fj,m

and the scale factor is 1.
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Figure B175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV boron normally

incident on a silicon target.
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Figure B175-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV boron normally incident on a

silicon target.
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Figure B175-3 Two-dimensional distribution of 175 keV boron implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fxm and the scale factor is

1000.

67



WASK

I I I I I I I I I I I I I I I I I 1 1 I I I I I 1 1 I I

I I I I I I I I I I

Figure B175-4 Two-dimensional distribution of Frenkel pairs created by 175 keV boron implanted i'

past a mask edge. The length increment (distance between tick marks) is 0.02 fxm i

and the scale factor is 1. i
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Figure B200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 200 keV boron normally
incident on a silicon target.
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Figure B200-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 200 keV boron normally incident on a

silicon target.
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Figure B200-3 Two-dimensional distribution of 200 keV boron implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure B200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV boron implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fj,m

and the scale factor is 1.
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Figure B225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV boron normally

incident on a silicon target.
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Figure B225-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV boron normally incident on a

silicon target.
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Figure B225-3 Two-dimensional distribution of 225 keV boron implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.

Figure B225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV boron implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /im

and the scale factor is 1.
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Figure B250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV boron normally

incident on a silicon target.
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Figure B250-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV boron normally incident on a
silicon target.
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Figure B250-3 Two-dimensional distribution of 250 keV boron implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.

^ASK

Figure B250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV boron implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure B275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV boron normally

incident on a silicon target.
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Figure B275-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV boron normally incident on a

silicon target.

75



M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

"I I I I I I I I I I I I I I I I I I I I I

Figure B275-3 Two-dimensional distribution of 275 keV boron implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure B275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV boron implanted

< past a mask edge. The length increment (distance between tick marks) is 0.04 /zm

and the scale factor is 1. i
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Figure B300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV boron normally

incident on a silicon target.

300 «EV B0R0N
lO' F 1

1
1 1

1
1

1
1

1
1

' 1
'

1 ' I ' !

inl I.I.I I I I I I I 1 1 1 1 1 1 ' '

0 .1 .2 .3 .1 .5 .6 .7 .8 .9

DEPTH (M1CR0N5)

Figure B300-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV boron normally incident on a

silicon target.
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Figure B300-3 Two-dimensional distribution of 300 keV boron implanted past a mask edge. The
length increment (distance between tick marks) Is 0.04 fim and the scale factor is

1000.

i

Figure B300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV boron implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /im

and the scale factor is 1.
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Figure B325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV boron normally
incident on a silicon target.
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Figure B325-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV boron normally incident on a

silicon target.
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Figure B325-3 Two-dimensional distribution of 325 keV boron implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 ixm and the scale factor is

1000.
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Figure B325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV boron implante<||

past a meisk edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure B350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV boron normally

incident on a silicon target.
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Figure B350-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV boron normally incident on a

silicon target.
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Figure B350-3 Two-dimensional distribution of 350 keV boron implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.
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Figure B350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV boron implanted^

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure B375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV boron normally

incident on a silicon target.
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Figure B375-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV boron normally incident on a

silicon target.
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Figure B375-3 Two-dimensional distribution of 375 keV boron implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fj,m and the scale factor is

1000. |l

'ure B375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV boron implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure B400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV boron normally
incident on a silicon target.
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Figure B400-2 One-dimensional probability distributions for implanted boron (A), primary silicon

displacements (B), and Frenkel pairs (C) for 400 keV boron normally incident on a
silicon target.
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Figure B400-3 Two-dimensional distribution of 400 keV boron implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000. f
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Figure B400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV boron implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 jum

and the scale factor is 1.
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Figiire C25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV carbon normally

incident on a silicon target.
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Figure C25-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV carbon normally incident on a

silicon target.
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Figure C25-3 Two-dimensional distribution of 25 keV carbon implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 /zm and the scale factor is

1000.
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Figure C25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV carbon implanted

pzLst a mask edge. The length increment (distance between tick marks) is 0.02 /um

and the scale factor is 1.
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Figure C50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV carbon normally

incident on a silicon target.
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Figure C50-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV carbon normally incident on a

silicon target.
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Figure C50-3 Two-dimensional distribution of 50 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 ^m and the scale factor is

1000.
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Figure C50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure C75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV carbon normally

incident on a silicon target.
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Figure C75-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV carbon normally incident on a

silicon target.
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Figure C75-3 Two-dimensional distribution of 75 keV carbon implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 /zm and the scale factor is

1000.
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Figure C75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV carbon implanted

peist a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure ClOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV carbon normally
incident on a silicon target.
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Figure ClOO-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV carbon normally incident on a

silicon target.
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Figure C 100-3 Two-dimensional distribution of 100 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure C 100-4 Two-dimensional distribution of Frenkel pairs created by 100 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 /^m

and the scale factor is 1.
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Figure C125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV carbon normally

incident on a silicon target.
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Figure C125-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV carbon normally incident on a

silicon target.
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Figure C125-3 Two-dimensional distribution of 125 keV carbon implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.

Figure C125-4 Two-dimensional distribution of Frenkel pairs created by 125 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 //m

and the scale factor is 1. _
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Figure C 150-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV carbon normally

incident on a silicon target.
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Figure C150-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV carbon normally incident on a

silicon target.
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Figure C 150-3 Two-dimensional distribution of 150 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fj,m and the scale factor is

1000.
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Figure C150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fj,m

and the scale factor is 1.
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Figure C175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV carbon normally

incident on a silicon target.
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Figure C175-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV carbon normally incident on a

silicon target.
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MASK

Figure C 175-3 Two-dimensional distribution of 175 keV carbon implanted past a mask edge. The

. length increment (distance between tick marks) is 0.02 /zm and the scale factor is

1000.
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Figure CI 75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

ajid the scale factor is 1.
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Figure C200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV carbon normally

incident on a silicon target.
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Figure C200-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV carbon normally incident on a

silicon target.
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Figure C200-3 Two-dimensional distribution of 200 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure C200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 ^m
and the scale factor is 1.
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Figure C225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV carbon normally

incident on a silicon target.
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Figure C225-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV carbon normally incident on a

silicon target.
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Figure C225-3 Two-dimensional distribution of 225 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 ^m and the scale factor is

1000.
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Figure C225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /zm

and the scale factor is 1.
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Figure C250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV carbon normally

incident on a silicon target.
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Figure C250-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV carbon normally incident on a

silicon target.



MASK

J I I M I I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I I I M M I I I I I I I I I I I I I I I I I I I I I I I I L

1 I I I
I I I I I I I I

Figure C250-3 Two-dimensional distribution of 250 keV carbon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure C250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 //m

and the scale factor is 1.
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Figure C275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV carbon normally

incident on a silicon target.
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Figure C275-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV carbon normally incident on a

silicon target.
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Figure C275-3 Two-dimensional distribution of 275 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure C275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV carbon implanted

pzist a mask edge. The length increment (distance between tick marks) is 0.04 /xm

and the scale factor is 1.
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Figure C300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV carbon normally

incident on a silicon target.
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Figure C300-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV carbon normally incident on a

silicon target.
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Figure C300-3 Two-dimensional distribution of 300 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.

Figure C300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /^m

and the scale factor is 1. 113
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Figure C325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV carbon normally

incident on a silicon target.
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Figure C325-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV carbon normally incident on a

silicon target.
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Figure C325-3 Two-dimensional distribution of 325 keV carbon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim. and the scale factor is

1000.
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Figure C325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure C350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 350 keV carbon normally

incident on a silicon target,
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Figure C350-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV carbon normally incident on a

silicon target.
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Figure C350-3 Two-dimensional distribution of 350 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 iim and the scale factor is

1000.
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Figure C350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure C375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV carbon normally

^ incident on a silicon target.
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Figure C375-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV carbon normally incident on a

silicon target. -j-jg
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Figure C375-3 Two-dimensional distribution of 375 keV carbon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 ^m and the scale factor is

1000.
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Figure C375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV carbon implanted
past a meisk edge. The length increment (distance between tick marks) is 0.04 /im
and the scale factor is 1.
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Figure C400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV carbon normally

incident on a silicon target.
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Figure C400-2 One-dimensional probability distributions for implanted carbon (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 400 keV carbon normally incident on a

silicon target.
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Figure C400-3 Two-dimensional distribution of 400 keV carbon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure C400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV carbon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure N25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV nitrogen normally

incident on a silicon target.
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Figure N25-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV nitrogen normally incident on a

silicon target.

125



I I I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

Figure N25-3 Two-dimensional distribution of 25 keV nitrogen implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure N25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fxm

and the scale factor is 1.
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Figure N50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV nitrogen normally
incident on a silicon target.
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Figure N50-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV nitrogen normally incident on a

silicon target.
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Figure N50-3 Two-dimensional distribution of 50 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 nm and the scale factor is

1000.
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Figure N50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure N75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV nitrogen normally
incident on a silicon target.
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Figure N75-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV nitrogen normally incident on a

silicon target.
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Figure N75-3 Two-dimensional distribution of 75 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0,02 fim and the scale factor is

1000.
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Figure N75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV nitrogen implanted

past a ma^k edge. The length increment (distance between tick marks) is 0.02 //m

; and the scale factor is 1.
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Figure NlOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV nitrogen nor-

mally incident on a silicon target.
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Figure NlOO-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV nitrogen normally incident on a

silicon target.
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Figure NlOO-3 Two-dimensional distribution of 100 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 )um and the scale factor is

1000.
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Figure NlOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV nitrogen implanted^^^

past a mask edge. The length increment (distance between tick marks) is 0.02 fxm ^

and the scale factor is 1.
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Figure N125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV nitrogen nor-

mally incident on a silicon target.
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Figure N125-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV nitrogen normally incident on a

silicon target.
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Figure N125-3 Two-dimensional distribution of 125 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 //m and the scale factor is

1000.

Figure N125-4 Two-dimensional distribution of Frenkel pairs created by 125 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure N150-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV nitrogen nor-

mally incident on a silicon target.
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Figure N150-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV nitrogen normally incident on a

silicon target.
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Figure N150-3 Two-dimensional distribution of 150 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fxm and the scale factor is

1000.
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Figure N150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure N175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV nitrogen nor-
'

mally incident on a silicon target.
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Figure N175-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon f
displacements (B), and Frenkel pairs (C) for 175 keV nitrogen normally incident on a

silicon target.

140



J I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I L

ri I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

Figure N175-3 Two-dimensional distribution of 175 keV nitrogen implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 /xm and the scale factor is

1000.
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Figure N175-4 Two-dimensional distribution of Frenkel pairs created by 175 keV nitrogen implanted

past a mzLsk edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.

i

142 i



10"

10'

10°

o 10"

10*

10'

1 '
1

1

r

ZOO KEV NITR0GEN
I

' 1 1 r

-J 1 1 1 1 1 1 1 I 1
I I I I I

.3 .5 .6

DEPTH (MICR0N5)

.7

Figure N200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV nitrogen nor-

mally incident on a silicon target.
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Figure N200-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV nitrogen normally incident on a

silicon target.
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Figure N200-3 Two-dimensional distribution of 200 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure N200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1. ^
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Figure N225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV nitrogen nor-
mally incident on a silicon target.
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Figure N225-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV nitrogen normally incident on a
silicon target.
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Figure N225-3 Two-dimensional distribution of 225 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure N225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fxm^
and the scale factor is 1.
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Figure N250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV nitrogen nor-

mally incident on a silicon target.
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Figure N250-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV nitrogen normally incident on a

silicon target.
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Figure N250-3 Two-dimensional distribution of 250 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 jim and the scale factor is

1000.
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Figure N250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /xm^
and the scale factor is 1.
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Figure N275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV nitrogen nor-

mally incident on a silicon target.
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Figure N275-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 275 keV nitrogen normally incident on a

silicon target.
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Figure N275-3 Two-dimensional distribution of 275 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is ,

1000. 1

Figure N275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV nitrogen implanted ^
past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure N300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement d£Lmage(B), ajid phonon excitation (C) for 300 keV nitrogen nor-

mally incident on a silicon tajget.
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Figure N300-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV nitrogen normally incident on a

silicon target.
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Figure N300-3 Two-dimensional distribution of 300 keV nitrogen implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000. 1
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Figure N300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 ^^m

and the scale factor is 1.
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Figure N325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV nitrogen nor-

mally incident on a silicon target.
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Figure N325-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV nitrogen normally incident on a

silicon target.
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Figure N325-3 Two-dimensional distribution of 325 keV nitrogen implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000. ^
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Figure N325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure N350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV nitrogen nor-

mally incident on a silicon target.
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Figure N350-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 350 keV nitrogen normally incident on a

silicon target.
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Figure N350-3 Two-dimensional distribution of 350 keV nitrogen implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim. and the scale factor ig

1000.
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Figure N350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 iim

and the scale factor is 1.
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Figure N375-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage(B), and phonon excitation (C) for 375 keV nitrogen nor-
mally incident on a silicon target.
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Figure N375-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV nitrogen normally incident on a

silicon target.
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Figure N375-3 Two-dimensional distribution of 375 keV nitrogen implanted past a mask edge. The^

length increment (distance between tick marks) is 0.04 /um and the scale factor i^

1000.

Figure N375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV nitrogen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 //m

and the scale factor is 1. ._o
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Figure N400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV nitrogen nor-

mally incident on a silicon target.
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Figure N400-2 One-dimensional probability distributions for implanted nitrogen (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 400 keV nitrogen normally incident on a

silicon target.
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Figure N400-3 Two-dimensional distribution of 400 keV nitrogen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is^

1000.
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Figure N400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV nitrogen implanted
past a mask edge. The length increment (distance between tick marks) is 0.04 fxm
and the scale factor is 1. ,
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Figure 025-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV oxygen normally

incident on a silicon target.
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Figure 025-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV oxygen normally incident on a

silicon target.
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Figure 025-3 Two-dimensional distribution of 25 keV oxygen implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure 025-4 Two-dimensional distribution of Frenkel pairs created by 25 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 //m

and the scale factor is 1.
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Figure O50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV oxygen normally

incident on a silicon target. ^
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Figure O50-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV oxygen normally incident on a

silicon target.
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Figure O50-3 Two-dimensional distribution of 50 keV oxygen implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fxm and the scale factor is

1000.
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Figure O50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure 075-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV oxygen normally

incident on a silicon target.
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Figure 075-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV oxygen normally incident on a

silicon target.
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Figure 075-3 Two-dimensional distribution of 75 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure 075-4 Two-dimensional distribution of Frenkel pairs created by 75 keV oxygen implanted

pa^t a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure 0 100-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV oxygen normally

incident on a silicon target.
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Figure 0 100-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV oxygen normally incident on a

silicon target.
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Figure O100-3 Two-dimensional distribution of 100 keV oxygen implanted past a mask edge. The
f

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure 0 100-4 Two-dimensional distribution of Frenkel pairs created by 100 keV oxygen implantedl
past a mask edge. The length increment (distance between tick marks) is 0.02 ^m
and the scale factor is 1.
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Figure 0125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV oxygen normally

incident on a silicon target.
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Figure 0125-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV oxygen normally incident on a
silicon target.
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Figure 0125-3 Two-dimensional distribution of 125 keV oxygen implanted past a mask edge. The

... length increment (distance between tick marks) is 0.02 fj,m and the scale factor is

1000.
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Figure 0125-4 Two-dimensional distribution of Frenkel pairs created by 125 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure O150-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV oxygen normally

incident on a silicon target.
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Figure O150-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV oxygen normally incident on a

silicon target.
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Figure 0 150-3 Two-dimensional distribution of 150 keV oxygen implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 ^m and the scale factor i^

1000. %

Figure 0 150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV oxygen implanted
past a mask edge. The length increment (distance between tick marks) is 0.02 yum
and the scale factor is 1.
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Figure 0175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV oxygen normally

incident on a silicon target.
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Figure 0175-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV oxygen normally incident on a

silicon target.
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Figure 0175-3 Two-dimensional distribution of 175 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure 0175-4 Two-dimensional distribution of Frenkel pairs created by 175 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim
and the scale factor is 1.
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Figure O200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 200 keV oxygen normally

; incident on a silicon target. ^
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displacements (B) , and Frenkel pairs (C) for 200 keV oxygen normally incident on a

silicon target.
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Figure O200-3 Two-dimensional distribution of 200 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.

Figure O200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fxm

and the scale factor is 1.
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Figure 0225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 225 keV oxygen normally

incident on a silicon target. ^

10'

10'

ZZ5 KEV 0XTGEN
T ' I

I 1 1 1 1

f

1
1

1
1

1 1 r-

10'

10'

.3 .4 .5

DEPTH (MICR0N5)

Figure 0225-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV oxygen normally incident on a

silicon target.
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Figure 0225-3 Two-dimensional distribution of 225 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure 0225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure O250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV oxygen normally

incident on a silicon target. %

10"

10'

10"

S 10'

10' r

10^ .

ID'

Z5D nZV 0XTDEN
-| 1

1
, 1

1
1

1
1

1
1 F-

J _] I 1 I 1 I I L
.3 .1 .5 .6 .7 .8 .9

DEPTH (M1CR0N5)

Figure O250-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV oxygen normally incident on a

silicon target.
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Figure O250-3 Two-dimensional distribution of 250 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure O250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV oxygen implanted

p£Lst a mzLsk edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure 0275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement dainage(B), and phonon excitation (C) for 275 keV oxygen normally

incident on a silicon target. f
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Figure 0275-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV oxygen normally incident on a

silicon target.
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Figure 0275-3 Two-dimensional distribution of 275 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure 0275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure O300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 300 keV oxygen normally

incident on a silicon target. ^
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Figure O300-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV oxygen normally incident on a

silicon target.
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Figure O300-3 Two-dimensional distribution of 300 keV oxygen implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.
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Figure O300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV oxygen implanted

pELst a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure 0325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 325 keV oxygen normally

incident on a silicon target.
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Figure 0325-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV oxygen normally incident on a

silicon target.
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Figure 0325-3 Two-dimensional distribution of 325 keV oxygen implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.
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Figure 0325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV oxygen implanted

past a mzLsk edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 1.
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Figure O350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 350 keV oxygen normally .

incident on a silicon target.
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Figure O350-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV oxygen normally incident on a

silicon target.
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Figure O350-3 Two-dimensional distribution of 350 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 iim and the scale factor is

1000.

Figure O350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV oxygen implanted

peist a mask edge. The length increment (distance between tick marks) is 0.04 /im

and the scale factor is 1.
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Figure 0375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV oxygen normally

incident on a silicon target. ^ I
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Figure 0375-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV oxygen normally incident on a

silicon target.
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Figure 0375-3 Two-dimensional distribution of 375 keV oxygen implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 jim and the scale factor is

1000.

Figure 0375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fxm

and the scale factor is .1.
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Figure O400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV oxygen normally

incident on a silicon target.
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Figure O400-2 One-dimensional probability distributions for implanted oxygen (A), primary silicon"

displacements (B), and Frenkel pairs (C) for 400 keV oxygen normally incident on a

silicon target.
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Figure O400-3 Two-dimensional distribution of 400 keV oxygen implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure O400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV oxygen implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fxm

and the scale factor is 1.
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Figure A125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV aluminum nor-
g

mally incident on a silicon target. ^ I
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Figure A125-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 25 keV aluminum normally incident

on a silicon target.
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1000.
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Figure A125-4 Two-dimensional distribution of Frenkel pairs created by 25 keV aluminum implanted

past a meisk edge. The length increment (distance between tick marks) is 0.02 /im

and the scale factor is 1.
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Figure A150-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV aluminum nor-

mally incident on a silicon target.
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Figure A150-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 50 keV aluminum normally incident

on a silicon target.
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Figure A150-3 Two-dimensional distribution of 50 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 /zm and the scale factor is

1000.
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Figure A150-4 Two-dimensional distribution of Frenkel pairs Created by 50 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fxm

and the scale factor is 1.

201



75 rtEV RLUMINUM

0 .02 .0'! .06 .08 .10 .12 .14 .16 .18 ,20 .22 .24 .26 .28

DEPTH (MICR0N5)

Figure A175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV aluminum nor-^

mally incident on a silicon target. ^
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Figure A175-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 75 keV aluminum normally incident

on a silicon target.
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Figure A175-3 Two-dimensional distribution of 75 keV aluminum implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure A175-4 Two-dimensional distribution of Frenkel pairs created by 75 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fxm

and the scale factor is 1.
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Figure AUOO-l One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV aluminum nor-

mally incident on a silicon target.
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Figure AllOO-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 100 keV aluminum normally incident

on a silicon target.
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Figure AllOO-3 Two-dimensional distribution of 100 keV aluminum implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure A1125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV aluminum nor-

mally incident on a silicon target. ^
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Figure A1125-2 One-dimensional probability distributions for implanted aluminum (A), primary sili

con displacements (B), and Frenkel pairs (C) for 125 keV aluminum normally incident

on a silicon target.
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Figure A1125-3 Two-dimensional distribution of 125 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure A1125-4 Two-dimensional distribution of Frenkel pairs created by 125 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 /im

and the scale factor is 1.
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Figure A1150-1 One-dimensional probability distributions for energy loss due to electronic excitation
I

(A), displacement damage(B), and phonon excitation (C) for 150 keV aluminum no%
mally incident on a silicon target. ^
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Figure A1150-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 150 keV aluminum normally incident

on a silicon target.
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Figure A1150-3 Two-dimensional distribution of 150 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fxm and the scale factor is

1000.
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Figure A1150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 /xm

and the scale factor is 1.
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Figure A1175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV aluminum nor-

mally incident on a silicon target. ^
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Figure A1175-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 175 keV aluminum normally incident

on a silicon target.
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Figure A1175-3 Two-dimensional distribution of 175 keV aluminum implanted past a mask edge. The

^ length increment (distance between tick marks) is 0.02 /im and the scale factor is

1000.
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Figure A1175-4 Two-dimensional distribution of Frenkel pairs created by 175 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 iJ,m

and the scale factor is 0.1.
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Figure A1200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV aluminum nor-^

mally incident on a silicon target. W
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Figure A1200-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 200 keV aluminum normally incident

on a silicon target.
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Figure A1200-3 Two-dimensional distribution of 200 keV aluminum implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure A1200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /im

and the scale factor is 0.1.
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Figure A1225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV aluminum nor-

mally incident on a silicon target.
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Figure A1225-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 225 keV aluminum normally incident

on a silicon target.
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Figure A1225-3 Two-dimensional distribution of 225 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 /im and the scale factor is

1000.
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Figure A1250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV aluminum nor

mally incident on a silicon target.
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Figure A1250-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 250 keV aluminum normally incident

on a silicon target.
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Figure A1250-3 Two-dimensional distribution of 250 keV aluminum implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /zm and the scale factor is

1000.

221



!ASK

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 I I I I 1 1 I I 1 1 I 1 1 I 1 1 1 I 1

1

V8 84 84 84 84 84

Z\\ 112 112 112 112

-112 112 112 112-

-84 84 84 84 •

"56 56 56 56 56 -

-28 28 28 28 28

I I I I I I I I I I I I I I I I I I I I

Figure A1250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 ^m
and the scale factor is 0.1.
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Figure A1275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV aluminum nor-

mally incident on a silicon target.
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Figure A1275-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 275 keV aluminum normally incident

on a silicon target.
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Figure A1275-3 Two-dimensional distribution of 275 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.
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Figure A1275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /xm

and the scale factor is 0.1.
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Figiire A1300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV aluminum nor-

mally incident on a silicon target.
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Figure A130G-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 300 keV aluminum normally incident

on a silicon target.
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Figure A1300-3 Two-dimensional distribution of 300 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure A1300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 0.1. 1/
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Figure A1325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV aluminum nor-

mally incident on a silicon target.
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Figure A1325-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 325 keV aluminum normally incident

on a silicon target.
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Figure A1325-3 Two-dimensional distribution of 325 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 ^m and the scale factor is

1000.
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Figure A1325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fiia.

and the scale factor is 0.1.
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Figure A1350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV aluminum nor-

mally incident on a silicon target.
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Figure A1350-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 350 keV aluminum normally incident

on a silicon target.
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Figure A1350-3 Two-dimensional distribution of 350 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

!

1000.
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Figure A1350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV aluminum implanted

past a majsk edge. The length increment (distance between tick marks) is 0.04 ^m
and the scale factor is 0.1.
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Figure A1375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV aluminum nor-

mally incident on a silicon target.
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Figure A1375-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 375 keV aluminum normally incident

on a silicon target.
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Figure A1375-3 Two-dimensional distribution of 375 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.

Figure A1375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV aluminum implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fii

and the scale factor is 0.1.
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Figure A1400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV aluminum nor-

mally incident on a silicon target.
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Figure A1400-2 One-dimensional probability distributions for implanted aluminum (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 400 keV aluminum normally incident

on a silicon target.
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Figure A1400-3 Two-dimensional distribution of 400 keV aluminum implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 ^m and the scale factor is

1000.
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Figure A1400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV aluminum implanted ^
past a mask edge. The length increment (distance between tick marks) is 0.04 fim w
and the scale factor is 0.1.
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Figure Si25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 25 keV silicon normally

incident on a silicon target.
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Figure Si25-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV silicon normally incident on a

silicon target.
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Figure Si25-3 Two-dimensional distribution of 25 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Si25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 /im

and the scale factor is 1.
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Figure Si50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 50 keV silicon normally
incident on a silicon target.
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Figure Si50-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV silicon normally incident on a

silicon target.
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Figure Si50-3 Two-dimensional distribution of 50 keV silicon implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 //m and the scale factor is

1000.
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Figure Si50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fiia.

and the scale factor is 1.
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Figure Si75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV silicon normally
incident on a silicon target.
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Figure Si75-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV silicon normally incident on a

silicon target.
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Figure Si75-3 Two-dimensional distribution of 75 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Si75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0,02 /im

and the scale factor is 1.
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Figure SilOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV silicon normally

incident on a silicon target.
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Figure SilOO-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV silicon normally incident on a

silicon target.
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Figure SilOO-3 Two-dimensional distribution of 100 keV silicon implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure SilOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV silicon implanted
past a ma^k edge. The length increment (distance between tick marks) is 0.02 fj,m

and the scale factor is 1.
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Figure Sil25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV silicon normally

incident on a silicon target.
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Figure Sil25-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV silicon normally incident on a

silicon target.
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Figure Sil25-3 Two-dimensional distribution of 125 keV silicon implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Sil25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 ^m
and the scale factor is 1.

248 !



150 REV 5ILIC0N

|q4 I I I 1 I I I I I I I I I I I ' ' ' I '

0 .OS .10 .15 .20 .25 .30 .35 .40 .45

OEPTM (MICRBNS)

Figure Sil50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV silicon normally

incident on a silicon target.
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Figure Sil50-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV silicon normally incident on a

silicon target.
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Figure Sil50-3 Two-dimensional distribution of 150 keV silicon implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Sil50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fj,m{

and the scale factor is 1.

250



175 REV 5ILIC0N

Figure Sil75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV silicon normally
incident on a silicon target.
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Figure Sil75-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV silicon normally incident on a
silicon target.
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Figure Sil75-3 Two-dimensional distribution of 175 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 //m and the scale factor is

1000.

Figure Sil75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV silicon implanted M
past a mask edge. The length increment (distance between tick marks) is 0.02 fj,m

^
and the scale factor is 0.1.
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Figure Si200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV silicon normally

incident on a silicon target.
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Figure Si200-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV silicon normally incident on a

silicon tajget.
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Figure Si200-3 Two-dimensional distribution of 200 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure Si200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /zm

and the scale factor is 0.1.
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Figure Si225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV silicon normally^
incident on a silicon target. ^
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Figure Si225-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV silicon normally incident on a
silicon target.
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Figure Si225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 ^um

and the scale factor is 0.1.
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Figure Si250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV silicon normally

incident on a silicon target.
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Figure Si250-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV silicon normally incident on a

silicon target.
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Figure Si250-3 Two-dimensional distribution of 250 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 iim and the scale factor is

1000.
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Figure Si250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV silicon implanted

pcLst a meisk edge. The length increment (distance between tick marks) is 0.04 fxm

and the scale factor is 0.1.
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Figure Si275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV silicon normally

incident on a silicon target.
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Figure Si275-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV silicon normally incident on a

silicon target.
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Figure Si275-3 Two-dimensional distribution of 275 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.
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Figure Si275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fj,m

and the scale factor is 0.1.
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Figure Si300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV silicon normally
|

incident on a silicon target.
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Figure Si300-2 One-dimensional probability distributions for implanted silicon (A), primary silicon^

displacements (B), and Frenkel pairs (C) for 300 keV silicon normally incident on a

silicon target.
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Figure Si300-3 Two-dimensional distribution of 300 keV silicon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.

Figure Si300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV silicon implanted

past a mzLsk edge. The length increment (distance between tick marks) is 0.04 fim
and the scale factor is 0.1.
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Figure Si325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV silicon normally

incident on a silicon target. |
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Figure Si325-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV silicon normally incident on a

silicon target.
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Figure Si325-3 Two-dimensional distribution of 325 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /im and the scale factor is

1000.
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Figure Si325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /im

and the scale factor is 0.1.
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Figure Si350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV silicon normally
incident on a silicon target.
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Figure Si350-2 One-dimensional probability distributions for implanted silicon (A), primary silicon ^
displacements (B), and Frenkel pairs (C) for 350 keV silicon normally incident on a

silicon target.
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Figure Si350-3 Two-dimensional distribution of 350 keV silicon implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.

Figure Si350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim
and the scale factor is 0.1.
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Figure Si375-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage(B), and phonon excitation (C) for 375 keV silicon normally
incident on a silicon target.
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Figure Si375-2 One-dimensional probability distributions for implanted silicon (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV silicon normally incident on a

silicon target.
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Figure Si375-3 Two-dimensional distribution of 375 keV silicon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 /zm and the scale factor is

1000.
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Figure Si375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV silicon implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /zm

and the scale factor is 0.1.
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Figure Si400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV silicon normally
incident on a silicon target.
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Figure Si400-2 One-dimensional probability distributions for implanted silicon (A), primary silicon^

displacements (B), and Frenkel pairs (C) for 400 keV silicon normally incident on a

silicon target.
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Figure Si400-3 Two-dimensional distribution of 400 keV silicon implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure Si400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV silicon implanted

pa^t a mask edge. The length increment (distance between tick marks) is 0.04 nm
and the scale factor is 0.1.
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Figure P25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV phosphorus nor-

mally incident on a silicon target. ^
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Figure P25-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 25 keV phosphorus normally incident

on a silicon target.
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Figure P25-3 Two-dimensional distribution of 25 keV phosphorus implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 /um and the scale factor is

1000.
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Figure P25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV phosphorus implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 {im

and the scale factor is 1.
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Figure P50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV phosphorus nor-
mally incident on a silicon target.
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Figure P50-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 50 keV phosphorus normally incident

on a silicon target.
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Figure P50-3 Two-dimensional distribution of 50 keV phosphorus implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure P50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV phosphorus implanted

pcLst a mask edge. The length increment (distance between tick marks) is 0.02 /xm

and the scale factor is 1.
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Figure P75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV phosphorus nor-

mally incident on a silicon target. (
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Figure P75-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 75 keV phosphorus normally incident

on a silicon target.
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ure P75-3 Two-dimensional distribution of 75 keV phosphorus implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 /xm and the scale factor is

1000.

281



iV\SK

I I I I I I M I I I I I M I I M I I I I M I I I I I I I I I I I I I I I I I M I I I I I I I

03 640 640 640 640

-640 640 640 640

-480 480 480 480

-320 320 320 320

-160 160 160 160-

I I I I I I I I I I I I I I I I I I I I I I Ill I I I I

i

Figure P75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV phosphorus implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fj,m

and the scale factor is 1.
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Figure P 100-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV phosphorus

normally incident on a silicon target.
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Figure P 100-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 100 keV phosphorus normally incident

on a silicon target.
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Figure P 100-3 Two-dimensional distribution of 100 keV phosphorus implanted past a mask edge

The length increment (distance between tick marks) is 0.02 //m and the scale factor

is 1000.
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ure P 100-4 Two-dimensional distribution of Frenkel pairs created by 100 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 ^m and the scale factor is 1.
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Figure P125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV phosphorus

normally incident on a silicon target.
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Figure P125-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 125 keV phosphorus normally incident

on a silicon target.
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Figure P 125-3 Two-dimensional distribution of 125 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 )um and the scale factor

is 1000.
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Figure P 125-4 Two-dimensional distribution of Frenkel pairs created by 125 keV phosphorus im-

planted p£ist a mask edge. The length increment (distance between tick marks) is

0.02 fxm. and the scale factor is 0.1.
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Figure P 150-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV phosphorusj

normally incident on a silicon target. i
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Figure P 150-2 One-dimensional probability distributions for implanted phosphorus (A), primary sill

con displacements (B), and Frenkel pairs (C) for 150 keV phosphorus normally incident

on a silicon target.
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Figure P150-3 Two-dimensional distribution of 150 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fim and the scale factor

is 1000.
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Figure P 150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 /xm and the scale factor is 0.1.
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Figure P175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV phosphorus
normally incident on a silicon target.
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Figure P 175-2 One-dimensional probability distributions for implanted phosphorus (A), primary sill

con displacements (B) , and Frenkel pairs (C) for 175 keV phosphorus normally incident

on a silicon target.
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Figure Pi 75-3 Two-dimensional distribution of 175 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fxm and the scale factor

is 1000.
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Figure P175-4 Two-dimensional distribution of Frenkel pairs created by 175 keV phosphorus im-

planted past a ma^k edge. The length increment (distance between tick marks) is

0.02 fim and the scale factor is 0.1.
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Figure P200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV phosphorus

normally incident on a silicon target. ^
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Figure P200-2 One-dimensional probability distributions for implanted phosphorus (A), primary sill

con displacements (B) , and Frenkel pairs (C) for 200 keV phosphorus normally incident

on a silicon target.
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Figure P200-3 Two-dimensional distribution of 200 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fim and the scale factor

is 1000.
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Figure P200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.04 iim and the scale factor is 0.1.
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Figure P225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV phosphorus

normally incident on a silicon target.
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Figure P225-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 225 keV phosphorus normally incident

on a silicon tetrget.
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Figure P225-3 Two-dimensional distribution of 225 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fj,m and the scale factor

is 1000.
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Figure P225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.04 fim and the scale factor is 0.1.
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Figure P250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV phosphorus
normally incident on a silicon target.

10°

10'

10°

10^

°: 10

10^

10^ r

Z5D ttEV rM05rM0RU5

I

I r I I [ 1 I I I
I

I I I I
I

I I I I ; r I I 1
I

r I I r
I

I I I I

I
r I I 1

I
r I I I

I
I 1 t t

[
I I I I ;

[qI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ] I I I 1 j I I I I I I I I I I

0 .05 .10 .15 .20 .25 .30 .35 .10 .45 .50 .55 .60 .65

DEPTH [M1CR0N5)

Figure P250-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 250 keV phosphorus normally incident

on a silicon target.
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Figure P250-3 Two-dimensional distribution of 250 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fim and the scale factor

is 1000.

299



(

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

Figure P 250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.04 fxm and the scale factor is 0.1.
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Figure P275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV phosphorus
normally incident on a silicon target.
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Figure P275-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 275 keV phosphorus normally incident

on a silicon target.

301



flASK

I I M I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I I I I I I I I I I I I IJ

II I I I I I II II I I I I I I I I I I I I I I I I I I I I I I I I r

i

Figure P275-3 Two-dimensional distribution of 275 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fim and the scale factor

is 1000.

Figure P275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.04 fim and the scale factor is 0.1.
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Figure P300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV phosphorus
normally incident on a silicon target.
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Figure P300-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 300 keV phosphorus normally incident

on a silicon target.
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Figure P300-3 Two-dimensional distribution of 300 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 jim and the scale factor

is 1000.

Figure P300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.04 fj,m and the scale factor is 0.1.
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Figure P325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV phosphorus

normally incident on a silicon target.
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Figure P325-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 325 keV phosphorus normally incident

on a silicon target.
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Figure P325-3 Two-dimensional distribution of 325 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fxm and the scale factor

is 1000.
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Figure P325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

-. 0.04 fim and the scale factor is 0.1.
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Figure P350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV phosphorus

I normally incident on a silicon target.
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Figure P350-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 350 keV phosphorus normally incident

on a silicon target.
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Figure P350-3 Two-dimensional distribution of 350 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fim and the scale factor

is 1000.
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Figure P350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.04 )Ltm and the scale factor is 0.1.

308



Figure P375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV phosphorus

normally incident on a silicon target.
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Figure P375-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 375 keV phosphorus normally incident

on a silicon target.
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Figure P375-3 Two-dimensional distribution of 375 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fim and the scale factor

is 1000.
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Figure P375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV phosphorus im-

planted past a mask edge. The length increment (distance between tick marks) is

0.04 jim and the scale factor is 0.1.
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Figure P400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV phosphorus
normally incident on a silicon target.
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Figure P400-2 One-dimensional probability distributions for implanted phosphorus (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 400 keV phosphorus normally incident

on a silicon target.
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Figure P400-3 Two-dimensional distribution of 400 keV phosphorus implanted past a mask edge.

The length increment (distance between tick marks) is 0.04 fim and the scale factor

is 1000.

Figure P400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV phosphorus im-

planted past a msisk edge. The length increment (distance between tick marks) is

0.04 fj.m and the scale factor is 0.1. {
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Figure S25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV sulfur normally

incident on a silicon target.
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Figure S25-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV sulfur normally incident on a

silicon target.
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Figure S25-3 Two-dimensional distribution of 25 keV sulfur implanted past a mask edge. The length

increment (distance between tick marks) is 0.02 fim and the scale factor is 1000.
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Figure S25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV sulfur implanted past

a mask edge. The length increment (distance between tick marks) is 0.02 iim and the

scale factor is 1.
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Figure S50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV sulfur normally

incident on a silicon target.
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Figure S50-2 One-dimensional probability distributions for implanted sulfur (A), primary silicoJ

displacements (B), and Frenkel pairs (C) for 50 keV sulfur normally incident on a

silicon target.
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Figure S50-3 Two-dimensional distribution of 50 keV sulfur implanted past a mask edge. The length

increment (distance between tick marks) is 0.02 fim and the scale factor is 1000.
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Figure S50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV sulfur implanted past

a mask edge. The length increment (distance between tick marks) is 0.02 /zm and the

scale factor is 1.
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Figure S75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV sulfur normally

incident on a silicon target.

75 KEV 5ULrUR
10^ ^—I

I

I -|

—

'—I—1—I—I—I—I—I—I—I—I—I

—

'
I
r—

I

r—

3

10' .

DEPTH (MICR0N5)

Figure S75-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV sulfur normally incident on a

silicon target.
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Figure S75-3 Two-dimensional distribution of 75 keV sulfur implanted past a mask edge. The length

increment (distance between tick marks) is 0.02 fim and the scale factor is 1000.
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Figure S75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV sulfur implanted past

a mask edge. The length increment (distance between tick marks) is 0.02 nm and the

scale factor is 1.
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Figure S 100-1 One-dimensional probability distributions for energy loss due to electronic excitatior

(A), displacement damage(B), and phonon excitation (C) for 100 keV sulfur normalh
incident on a silicon target. ^
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Figure SlOO-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 100 keV sulfur normally incident on a

silicon target.
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Figure S 100-3 Two-dimensional distribution of 100 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 /xm and the scale factor is

1000.
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Figure S 100-4 Two-dimensional distribution of Frenkel pairs created by 100 keV sulfur implanted

past a mELsk edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 1.
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Figure S 125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 125 keV sulfur normally
incident on a silicon target.
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Figure S 125-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV sulfur normally incident on a

silicon target.
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Figure S 125-3 Two-dimensional distribution of 125 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 {j,m and the scale factor is

1000.

326



I I I I I I I I I I I M I I I I I I I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I

Figure S125-4 Two-dimensional distribution of Frenkel pairs created by 125 keV sulfur implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fj,m

and the scale factor is 1.
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Figure S150-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV sulfur normally

incident on a silicon target.
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Figure S150-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV sulfur normally incident on a

silicon target.
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Figure S 150-3 Two-dimensional distribution of 150 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 /xm and the scale factor is

1000.
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Figure S150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV sulfur implanted

past a meisk edge. The length increment (distance between tick marks) is 0.02 /xm

and the scale factor is 0.1.
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Figure S175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV sulfur normally

incident on a silicon target.
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Figure S175-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV sulfur normally incident on a

silicon target.
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Figure S175-3 Two-dimensional distribution of 175 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure S 175-4 Two-dimensional distribution of Frenkel pairs created by 175 keV sulfur implanted

pcLst a m£isk edge. The length increment (distance between tick marks) is 0.02 fj,m

and the scale factor is 0.1.
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Figure S200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV sulfur normally

incident on a silicon target.
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Figure S200-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV sulfur normally incident on a

silicon target.
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Figure S200-3 Two-dimensional distribution of 200 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 /Ltm and the scale factor is

1000.
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Figure S200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV sulfur implanted

pcist a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 0.1.
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Figure S225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV sulfur normally

incident on a silicon target.
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Figure S225-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 225 keV sulfur normally incident on a

silicon target.
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re S225-3 Two-dimensional distribution of 225 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fim and the scale factor is

1000.
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Figure S225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV sulfur implanted

peist a mask edge. The length increment (distance between tick marks) is 0.04 fxm

and the scale factor is 0.1.
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Figure S250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV sulfur normally

incident on a silicon target.
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Figure S250-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV sulfur normally incident on a

silicon target.

338



I I I I I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I I I I

I I I I I I M I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

Figure S250-3 Two-dimensional distribution of 250 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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re S250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV sulfur implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 iim

and the scale factor is 0.1.
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Figure S275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement dajiiage(B), and phonon excitation (C) for 275 keV sulfur normally
incident on a silicon target.
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Figure S275-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV sulfur normally incident on a

silicon target.
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Figure S275-3 Two-dimensional distribution of 275 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure S275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV sulfur implanted

past a meisk edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 0,1.
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Figure S300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV sulfur normall]^

incident on a silicon target. ^
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Figure S300-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV sulfur normally incident on a

silicon target.
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Figure S300-3 Two-dimensional distribution of 300 keV sulfur implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.
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Figure S300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV sulfur implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /xm

and the scale factor is 0.1.
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Figure S325-1 One-dimensional probability distributions for energy loss due to electronic excitatio3

(A), displacement damage(B), and phonon excitation (C) for 325 keV sulfur normal

incident on a silicon target. '^1
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Figure S325-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV sulfur normally incident on a

silicon target.

346



[iASK

J I I I I I I I I I I I I I I M I M I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

n I I I I Ill I I I I I I I I I I I I I I I I I I I I I I n

Figure S325-3 Two-dimensional distribution of 325 keV sulfur implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 iim and the scale factor is

1000.
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Figure S325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV sulfur implanted

pEist a mzLsk edge. The length increment (distance between tick marks) is 0.04 /xm

and the scale factor is 0.1.
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Figure S350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV sulfur normally

incident on a silicon target.
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Figure S350-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV sulfur normally incident on a

silicon target.
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Figure S350-3 Two-dimensional distribution of 350 keV sulfur implanted past a mask edge. The

length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure S350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV sulfur implanted

past a msLsk edge. The length increment (distance between tick marks) is 0.04 /xm

and the scale factor is 0.1.
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Figure S375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV sulfur normally

incident on a silicon target.
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Figure S375-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV sulfur normally incident on a

silicon target.
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Figure S375-3 Two-dimensional distribution of 375 keV sulfur implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 /xm and the scale factor is

1000.
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Figure S375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV sulfur implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 fim

and the scale factor is 0.1.
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Figure S400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV sulfur normally

incident on a silicon target.
^

^0 REV 5ULrUR
10"

10'

10°

::i 10^

CD A

S 10'

10^

10^

10'
I . I . I I I 1_ I I I l_

0 .1 .2 .3 .5 .6 .7

DEPTH miCRBNS)

.8 .9

Figure S400-2 One-dimensional probability distributions for implanted sulfur (A), primary silicon

displacements (B), and Frenkel pairs (C) for 400 keV sulfur normally incident on a

silicon target.

352



HASK

J I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I [ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I L

~l I I I I I I I I I I I I I I I I I I I I I I I M

Figure S400-3 Two-dimensional distribution of 400 keV sulfur implanted past a mask edge. The
length increment (distance between tick marks) is 0.04 fxm and the scale factor is

1000.
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Figure S400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV sulfur implanted

past a mask edge. The length increment (distance between tick marks) is 0.04 /zm

and the scale factor is 0.1.
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Figure Ga25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV gallium normally

incident on a silicon target.
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Figure Ga25-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV gallium normally incident on a

silicon target.
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Figure Ga25-3 Two-dimensional distribution of 25 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fxm and the scale factor is

1000.
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Figure Ga25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV gallium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 1.
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Figure Ga50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV gallium normally
incident on a silicon target.
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Figure Ga50-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV gallium normally incident on a

silicon target.
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Figure Ga50-3 Two-dimensional distribution of 50 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 ^m and the scale factor is

1000.
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Figure Ga50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV gallium implanted

pa^t a mask edge. The length increment (distance between tick marks) is 0.01 //m

and the scale factor is 1.
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Figure Ga75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV gallium normally

incident on a silicon target. {
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Figure Ga75-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV gallium normally incident on a

silicon target.

360



I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

Figure Ga75-3 Two-dimensional distribution of 75 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Ga75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV gallium implanted

past a mEisk edge. The length increment (distance between tick marks) is 0.01 //m

and the scale factor is 1.
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Figure GalOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement dajnage(B) , and phonon excitation (C) for 100 keV gallium normally

incident on a silicon target.
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Figure GalOO-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV gallium normally incident on a

silicon target.
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re GalOO-3 Two-dimensional distribution of 100 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fxm and the scale factor is

1000.
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Figure GalOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV gallium implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 //m

and the scale factor is 0.1.
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Figure Gal25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV gallium normally

incident on a silicon target.
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Figure Gal25-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV gallium normally incident on a

silicon target.
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Figure Gal25-3 Two-dimensional distribution of 125 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Gal25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV gallium implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fxm

and the scale factor is 0.1.
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Figure Gal50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV gallium normally

incident on a silicon target.
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Figure Gal50-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV gallium normally incident on a

silicon target.
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Figure Gal50-3 Two-dimensional distribution of 150 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Gal50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV gallium implanted

past a mzisk edge. The length increment (distance between tick marks) is 0.02 ^lm

and the scale factor is 0.1.
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Figure Gal75-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage (B), and phonon excitation (C) for 175 keV gallium normally
incident on a silicon target.
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Figure Gal75-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV gallium normally incident on a

silicon target.
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Figure Gal75-3 Two-dimensional distribution of 175 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Gal75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV gallium implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fxm

and the scale factor is 0.1.
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Figure Ga200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV gallium normally
incident on a silicon target.
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Figure Ga200-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV gallium normally incident on a

silicon target.
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Figure Ga200-3 Two-dimensional distribution of 200 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Ga200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV gallium implanted

past a mzLsk edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 0.1.
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Figure Ga225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 225 keV gallium normally

incident on a silicon target. ^
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Figure Ga225-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV gallium normally incident on a

silicon target.
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Figure Ga225-3 Two-dimensional distribution of 225 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 jim and the scale factor is

1000.
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Figure Ga225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV gallium implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim

^ and the scale factor is 0.1.
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Figure Ga250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV gallium normally

I incident on a silicon target.
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Figure Ga250-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV gallium normally incident on a

silicon target.
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Figure Ga250-3 Two-dimensional distribution of 250 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Ga250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV gallium implanted

past a ma^sk edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 0.1.
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Figure Ga275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 275 keV gallium normally

incident on a silicon target.
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Figure Ga275-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV gallium normally incident on a

silicon target.
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Figure Ga275-3 Two-dimensional distribution of 275 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 /zm and the scale factor is

1000.
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Figure Ga275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV gallium implanted

pa^st a mask edge. The length increment (distance between tick marks) is 0.02 /im

and the scale factor is 0.1.
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Figure Ga300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV gallium normally

incident on a silicon target.
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Figure Ga300-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV gallium normally incident on a

silicon target.
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Figure Ga300-3 Two-dimensional distribution of 300 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 fxm and the scale factor is

1000.
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Figure Ga300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV gallium implanted

pcLst a mask edge. The length increment (distance between tick marks) is 0.02 fj,m

and the scale factor is 0.1. ^
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Figure Ga325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV gallium normally

incident on a silicon target.
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Figure Ga325-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV gallium normally incident on a

silicon target.
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Figure Ga325-3 Two-dimensional distribution of 325 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is

1000.
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Figure Ga325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV gallium implanted

past a mask edge. The length increment (distance between tick marks) is 0.02 fim
^

and the scale factor is 0.1.
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Figure Ga350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV gallium normally

incident on a silicon target.
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Figure Ga350-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV gallium normally incident on a

silicon target.
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Figure Ga350-3 Two-dimensional distribution of 350 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 //m and the scale factor is

1000.
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Figure Ga350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV gallium implanted
^

past a meisk edge. The length increment (distance between tick marks) is 0.02 fxm

and the scale factor is 0.1.
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Figure Ga375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV gallium normally

incident on a silicon target.
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Figure Ga375-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV gallium normally incident on a

silicon target.
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Figure Ga375-3 Two-dimensional distribution of 375 keV gallium implanted past a mask edge. The

length increment (distance between tick marks) is 0.02 fim and the scale factor is,;

1000. f
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Figure Ga375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV gallium implanted

past a mask edge. The length increment (distance between tick marks) is 0.02

and the scale factor is 0.1.
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Figure Ga400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage (B) , and phonon excitation (C) for 400 keV gallium normally

incident on a silicon target.
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Figure Ga400-2 One-dimensional probability distributions for implanted gallium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 400 keV gallium normally incident on a

silicon target.
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Figure Ga400-3 Two-dimensional distribution of 400 keV gallium implanted past a mask edge. The
length increment (distance between tick marks) is 0.02 /xm and the scale factor is

1000.

HASK

Figure Ga400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV gallium implanted ^
past a mask edge. The length increment (distance between tick marks) is 0.02 fim

and the scale factor is 0.1.
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Figure Ge25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV germanium nor-

mally incident on a silicon target.
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Figure Ge25-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 25 keV germanium normally incident

on a silicon target.
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Figure Ge25-3 Two-dimensional distribution of 25 keV germanium implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Ge25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV germanium implanted

past a m£Lsk edge. The length increment (distance between tick marks) is 0.01 /xm

and the scale factor is 1.
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Figure Ge50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV germanium nor-

mally incident on a silicon target.
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Figure Ge50-2 One-dimensional probability distributions for implanted germanium (A)
,
primary sili-

con displacements (B), and Frenkel pairs (C) for 50 keV germanium normally incident

on a silicon target.
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Figure Ge50-3 Two-dimensional distribution of 50 keV germanium implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fxm and the scale factor is

1000.
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Figure Ge50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV germanium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 1.
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Figure Ge75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV germanium nor-

mally incident on a silicon target.
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Figure Ge75-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 75 keV germanium normally incident

on a silicon target.
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Figure Ge75-3 Two-dimensional distribution of 75 keV germanium implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Ge75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV germanium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 1.
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Figure GelOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV germanium
normally incident on a silicon target. |
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Figure GelOO-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 100 keV germanium normally incident

on a silicon target.
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Figure GelOO-3 Two-dimensional distribution of 100 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fxm and the scale factor

is 1000.
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Figure GelOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV germanium im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 ^m and the scale factor is 0.1.
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Figure Gel25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV germanium
normally incident on a silicon target.
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Figure Gel25-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 125 keV germanium normally incident

on a silicon target,

407



II Ill Ill Ill I I I I I I I I I I I I I I I I I I

re Gel25-3 Two-dimensional distribution of 125 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fim and the scale factor

is 1000.
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;ure Gel25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV germanium im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 fxm and the scale factor is 0.1.
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Figure Gel50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV germaniu:

normally incident on a silicon target. 1
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Figure Gel50-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 150 keV germanium normally incident

on a silicon target.
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Figure Gel50-3 Two-dimensional distribution of 150 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 /xm and the scale factor

is 1000.
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Figure Gel50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV germanium im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 /xm and the scale factor is 0.1.
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Figure Gel75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV germanium
normally incident on a silicon target.
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Figure Gel75-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 175 keV germanium normally incident

on a silicon target,
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Figure Gel75-3 Two-dimensional distribution of 175 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fim and the scale factor

is 1000.
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Figure Gel75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV germanium im-

planted peist a mask edge. The length increment (distance between tick marks) is

0.02 fxm and the scale factor is 0.1.
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Figure Ge200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 200 keV germanium
normally incident on a silicon target. ^
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Figure Ge200-2 One-dimensional probability distributions for implanted germanium (A), primary sili

con displacements (B) , and Frenkel pairs (C) for 200 keV germanium normally incident

on a silicon target.
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Figure Ge200-3 Two-dimensional distribution of 200 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fxm and the scale factor

is 1000.
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Figure Ge200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV germanium im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 /xm and the scale factor is 0.1.
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Figure Ge225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement dajnage(B), and phonon excitation (C) for 225 keV germanium
normally incident on a silicon target.
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Figure Ge225-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 225 keV germanium normally incident

on a silicon target.
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re Ge225-3 Two-dimensional distribution of 225 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 /zm and the scale factor

is 1000.
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Figure Ge225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV germanium im-

planted pa^t a mask edge. The length increment (distance between tick marks) is

0.02 fim and the scale factor is 0.1.
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Figure Ge250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV germanium

normally incident on a silicon target. (
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Figure Ge250-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B) , and Frenkel pairs (C) for 250 keV germanium normally incident

on a silicon target.
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Figure Ge250-3 Two-dimensioral distribution of 250 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fim and the scale factor

is 1000.

MASK

n I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I n

Figure Ge250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV germanium im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 fim and the scale factor is 0.1.
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Figure Ge275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV germanium
normally incident on a silicon target.
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Figure Ge275-2 One-dimensional probability distributions for implanted germanium (A), primary sili- ^

con displacements (B), and Frenkel pairs (C) for 275 keV germanium normally incident

on a silicon target.
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Figure Ge275-3 Two-dimensional distribution of 275 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fj,m and the scale factor

is 1000.

Figure Ge275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV germanium im-

planted pELst a mask edge. The length increment (distance between tick marks) is

0.02 fim and the scale factor is 0.1.
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Figure Ge300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV germanium
normally incident on a silicon target.
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Figure Ge300-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 300 keV germanium normally incident

on a silicon target.
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Figure Ge300-3 Two-dimensional distribution of 300 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fim and the scale factor

is 1000.

Figure Ge300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV germanium im-

planted pELst a mask edge. The length increment (distance between tick marks) is

0.02 fim and the scale factor is 0.1.
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Figure Ge325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV germanium
normally incident on a silicon target. I
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Figure Ge325-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 325 keV germanium normally incident

on a silicon target.
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Figure Ge325-3 Two-dimensional distribution of 325 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fxm and the scale factor

is 1000.
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1

Figure Ge325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV germanium im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 //m and the scale factor is 0.1.
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Figure Ge350-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage(B), and phonon excitation (C) for 350 keV germanium
normally incident on a silicon target.
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Figure Ge350-2 One-dimensional probability distributions for implanted germanium (A), primary sili- ^

con displacements (B) , and Frenkel pairs (C) for 350 keV germanium normally incident

on a silicon target.
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Figure Ge350-3 Two-dimensional distribution of 350 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fim and the scale factor

is 1000.
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Figure Ge350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV germanium im-

planted pcLst a mask edge. The length increment (distance between tick marks) is

0.02 fj,m and the scale factor is 0.1.
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Figure Ge375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV germanium
normally incident on a silicon target.
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Figure Ge375-2 One-dimensional probability distributions for implanted germanium (A), primary sili-
^

con displacements (B), and Frenkel pairs (C) for 375 keV germanium normally incident

on a silicon target.
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Figure Ge375-3 Two-dimensional distribution of 375 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fxm and the scale factor

is 1000.

MASK

J I I I I I M I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

^ Figure Ge375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV germanium im-

^ planted pzist a ma^k edge. The length increment (distance between tick marks) is

0.02 /zm and the scale factor is 0.1.
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Figure Ge400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV germanium
normally incident on a silicon target.
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Figure Ge400-2 One-dimensional probability distributions for implanted germanium (A), primary sili-

con displacements (B), and Frenkel pairs (C) for 400 keV germanium normally incident

on a silicon target.
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Figure Ge400-3 Two-dimensional distribution of 400 keV germanium implanted past a mask edge.

The length increment (distance between tick marks) is 0.02 fxm and the scale factor

is 1000.
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Figure Ge400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV germanium im-

planted past a mask edge. The length increment (distance between tick marks) is

0.02 fj,m and the scale factor is 0.1.
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Figure As25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV arsenic normally

incident on a silicon target.
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Figure As25-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV arsenic normally incident on a

silicon target.
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Figure As25-3 Two-dimensional distribution of 25 keV arsenic implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 //m and the scale factor is

1000.
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Figure As25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim
and the scale factor is 1.
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Figure As50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV arsenic normally

incident on a silicon target.
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Figure As50-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV arsenic normally incident on a

silicon target.
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Figure As50-3 Two-dimensional distribution of 50 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fxm and the scale factor is

1000.
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Figure As50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 1.
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Figure As75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV arsenic normally

incident on a silicon target. ^|
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Figure As75-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV arsenic normally incident on a

silicon target.
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Figure As75-3 Two-dimensional distribution of 75 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure As75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 1.
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Figure As 100-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV arsenic normally
incident on a silicon target.
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Figure A8100-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV arsenic normally incident on a

silicon target.
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Figure As 100-3 Two-dimensional distribution of 100 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 /zm and the scale factor is

1000.

446



MASK

I I I I 1 I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I"

-112 112 112 112 112—

VIZ 112 112 112 112-

-84 84 84 84 84

-56 56 56 56 56 -

-28 28 28 28 •

III I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

Figure As 100-4 Two-dimensional distribution of Frenkel pairs created by 100 keV arsenic implanted

past a mELsk edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.
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Figure Asl25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV arsenic normally

incident on a silicon taxget. ^
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Figure Asl25-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV arsenic normally incident on a

silicon target.
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Figure Asl25-3 Two-dimensional distribution of 125 keV arsenic implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 //m and the scale factor is

1000.
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Figure Asl25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Asl50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV arsenic normall]^ L
incident on a silicon target. S I
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Figure Asl50-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV arsenic normally incident on a

silicon target,
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Figure Asl50-3 Two-dimensional distribution of 150 keV arsenic implanted past a mask edge. The

length increment (distzoice between tick marks) is 0.01 fxm and the scale factor is

1000.

Figure Asl50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV arsenic implanted

psist a mask edge. The length increment (distance between tick marks) is 0.01 ^m
and the scale factor is 0.1.
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Figure As 175-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV arsenic normally^

incident on a silicon target.
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Figure Asl75-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV arsenic normally incident on a

silicon target.
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Figure Asl75-3 Two-dimensional distribution of 175 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.

Figure Asl75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV arsenic implanted

past a ma^k edge. The length increment (distance between tick marks) is 0.01 ixm

and the scale factor is 0.1.
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Figure As200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV arsenic normally

incident on a silicon target. 01
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Figure As200-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV arsenic normally incident on a

silicon target.
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Figure As200-3 Two-dimensional distribution of 200 keV arsenic implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fj,m and the scale factor is

1000.
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Figure As200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV arsenic implanted

past a meisk edge. The length increment (distance between tick marks) is 0.01 fim
and the scale factor is 0.1, __
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Figure As225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV arsenic normally ,

incident on a silicon target. 0 H
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Figure As225-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV arsenic normally incident on a

silicon target.

456



MASK

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I M I I I I I I I I I I I I I I I I I I I I

J_L Ill I I I I I I I I I I I I I I I I I I I I I M I

Figure As225-3 Two-dimensional distribution of 225 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fxm and the scale factor is

1000.
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Figure As225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 /xm

and the scale factor is 0.1.
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Figure As250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV arsenic normally

incident on a silicon target.
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Figure As250-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV arsenic normally incident on a

silicon target.
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Figure As250-3 Two-dimensional distribution of 250 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 ^m and the scale factor is

1000.
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Figure As250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 /zm
and the scale factor is 0.1.
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Figure As275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV arsenic normally

incident on a silicon target. ^
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Figure As275-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV arsenic normally incident on a

silicon target.
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Figure As275-3 Two-dimensional distribution of 275 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 ^m and the scale factor is 0.1.
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Figure As275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 1000.
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Figure As300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV arsenic normally

incident on a silicon target.
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Figure As300-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV arsenic normally incident on a

silicon target.
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Figure As300-3 Two-dimensional distribution of 300 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure As300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV arsenic implanted

paist a mask edge. The length increment (distance between tick marks) is 0.01 /zm

and the scale factor is 0.1.
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Figure As325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV arsenic normally
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Figure As325-2 One-dimensional probability distributions for implanted arsenic (A), primary silicoir

displacements (B), and Frenkel pairs (C) for 325 keV arsenic normally incident on a

silicon target.
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Figure As325-3 Two-dimensional distribution of 325 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 /xm and the scale factor is

1000.
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Figure As325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 1000.
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Figure As350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV arsenic normally

incident on a silicon target.
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Figure As350-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV arsenic normally incident on a

silicon target.
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Figure As350-3 Two-dimensional distribution of 350 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fxia and the scale factor is

1000.
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Figure As350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 /im

and the scale factor is 0.1.
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Figure As375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV arsenic normally

incident on a silicon target. 1
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Figure As375-2 One-dimensional probability distributions for implanted arsenic (A), primary silicoi

displacements (B), and Frenkel pairs (C) for 375 keV arsenic normally incident on a

silicon target.
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Figure As375-3 Two-dimensional distribution of 375 keV arsenic implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /xm and the scale factor is

1000.
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Figure As375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure As400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV arsenic normally

incident on a silicon target.
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Figure As400-2 One-dimensional probability distributions for implanted arsenic (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 400 keV arsenic normally incident on a

silicon target.
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Figure As400-3 Two-dimensional distribution of 400 keV arsenic implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 ^m and tlie scale factor is

1000.

478



MASK

I M I I I I I M M M I I I I I I I I I

TTT^TO^jrinv
I I I l iijr i l

' I Jji^-irii-i..L....i..iT^,'ffl-.v.rr:TTr^

329 320 320 320 320 320 320 329-

-240- -240- -240-

160^ 160 160 160-

-80- -80- -80-

"I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I r

Figure As400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV arsenic implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 ^m
and the scale factor is 0.1.
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Figure In25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV indium normally ^
incident on a silicon target.
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Figure In25-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV indium normally incident on a

silicon target.
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Figure In25-3 Two-dimensional distribution of 25 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.005 fim and the scale factor is

1000.
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Figure In25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 fj,m

and the scale factor is 1.
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Figure In50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV indium normally

incident on a silicon target.
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Figure In50-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV indium normally incident on a

silicon target.
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Figure InSO-S Two-dimensional distribution of 50 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.005 fim and the scale factor is

1000.

Figure In50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 ^m
and the scale factor is 1.
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Figure In75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV indium normally
incident on a silicon target.
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Figure In75-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV indium normally incident on a

silicon target.
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Figure In75-3 Two-dimensional distribution of 75 keV indium implanted past a mask edge. The

length increment (distance between tick marks) is 0.005 fim and the scale factor is

1000.
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Figure In75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 /zm

and the scale factor is 1.
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Figure InlOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV indium normally

incident on a silicon target.
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Figure InlOO-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV indium normally incident on a

silicon target.
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Figure InlOO-3 Two-dimensional distribution of 100 keV indium implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure InlOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Iiil25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV indium normally

incident on a silicon target.
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Figure Inl25-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV indium normally incident on a

silicon target.
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Figure Inl25-3 Two-dimensional distribution of 125 keV indium implanted past a mask edge. The

length increment (distance between tick marks) is 0,01 fim and the scale factor is

1000.
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Figure Inl25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fj,m

and the scale factor is 0.1.
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Figure Inl50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV indium normally
incident on a silicon target.
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Figure Inl50-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV indium normally incident on a

silicon target.
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Figure Inl50-3 Two-dimensional distribution of 150 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fxm and the scale factor is

1000.
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Figure Inl50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV indium implanted

past a mzLsk edge. The length increment (distance between tick marks) is 0.01 /xm

and the scale factor is 0.1.
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Figure Inl75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), ajid phonon excitation (C) for 175 keV indium normally
incident on a silicon target.
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Figure Inl75-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV indium normally incident on a

silicon target.
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Figure Inl75-3 Two-dimensional distribution of 175 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Inl75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Iii200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV indium normally
incident on a silicon target.
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Figure In200-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV indium normally incident on a

silicon target.
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Figure In200-3 Two-dimensional distribution of 200 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 iim and the scale factor is

1000.
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Figure In200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV indium implanted

p£ist a mask edge. The length increment (distance between tick marks) is 0.01 iim

and the scale factor is 0.1.
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Figure In225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV indium normally

incident on a silicon target.
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Figure In225-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV indium normally incident on a
silicon target.
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Figure In225-3 Two-dimensional distribution of 225 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure In225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV indium implanted

past a ma^k edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure In250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A)
,
displacement damage(B) , and phonon excitation (C) for 250 keV indium normally

incident on a silicon target.
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Figure In250-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV indium normally incident on a

silicon target.
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Figure In250-3 Two-dimensional distribution of 250 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /im and the scale factor is

1000. I
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Figure In250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure In275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV indium normally
incident on a silicon target.
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Figure In275-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV indium normally incident on a

silicon target.
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Figure In275-3 Two-dimensional distribution of 275 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 //m and the scale factor is

1000.
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Figure In275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.
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Figure In300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV indium normall,

incident on a silicon target.
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Figure In300-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV indium normally incident on a

silicon target.
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Figure In300-3 Two-dimensional distribution of 300 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 //m and the scale factor is

1000.
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Figure In300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 //m

and the scale factor is 0.1.
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Figure In325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV indium normally

incident on a silicon target.
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Figure In325-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV indium normally incident on a

silicon target.
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Figure In325-3 Two-dimensional distribution of 325 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fxm and the scale factor is

1000.
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Figure In325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV indium implanted

past a mzLsk edge. The length increment (distance between tick marks) is 0.01 jim

ajid the scale factor is 0.1.
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Figure In350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV indium normallvj

incident on a silicon target. f
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Figure In350-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV indium normally incident on a

silicon target.
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Figure In350-3 Two-dimensional distribution of 350 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.015 fim and the scale factor is

1000.
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^ Figure In350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV indium implanted

pzLst a mask edge. The length increment (distance between tick marks) is 0.015 /zm

and the scale factor is 0.1.
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Figure In375-1 One-dimensional probability distributions for energy loss due to electronic excitatior

(A), displacement damage(B), and phonon excitation (C) for 375 keV indium normalb

incident on a silicon target. \
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Figure In375-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV indium normally incident on a

silicon target.
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Figure In375-3 Two-dimensional distribution of 375 keV indium implanted past a mask edge. The
length increment (distance between tick marks) is 0.015 ^m and the scale factor is

1000.

MASK

U I I I I I I I I I M I I I I I I I I I M I I I I I I

80 80 80 80 80

"I I I II II I II I I II I 1 1 I II I I I I I II I II I I I I I II II II r

Figure In375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.015 fxm

and the scale factor is 0.1.
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Figure In400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV indium normally
incident on a silicon target.
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Figure In400-2 One-dimensional probability distributions for implanted indium (A), primary silicon

displacements (B), and Frenkel pairs (C) for 400 keV indium normally incident on a

silicon target.
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Figure In400-3 Two-dimensional distribution of 400 keV indium implanted past a mask edge. The

length increment (distance between tick marks) is 0.015 fim and the scale factor is

1000.
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^ Figure In400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV indium implanted

past a mask edge. The length increment (distance between tick marks) is 0.015 /xm

and the scale factor is 0.1.
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Figure Sn25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV tin normally

incident on a silicon target.
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Figure Sn25-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 25 keV tin normally incident on a silicon

target.
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Figure Sn25-3 Two-dimensional distribution of 25 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 fim and the scale factor is 1000.
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Figure Sn25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV tin implanted past a

mask edge. The length increment (distance between tick marks) is 0.005 iim and the

scale factor is 1.
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Figure Sn50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV tin normally

incident on a silicon target.
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Figure Sn50-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 50 keV tin normally incident on a silicon

target.
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Figure Sn50-3 Two-dimensional distribution of 50 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 /zm and the scale factor is 1000.
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Figure Sn50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV tin implanted past a

mask edge. The length increment (distance between tick marks) is 0.005 fxm and the

scale factor is 1.

523



10'

10"

10=

10'

10'

10°

y 10=

10'

10' r

10^

"I—I—I—I—I—

r

75 REV TIN

"I

—

'—

r

T—'—I—I—I
1—I—I

1—I—I

J—1—I 1—I—I I I I I I I I I I I I I I I I L.

0 .01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11 .12

DEPTH (MICR0N5)

1

Figure Sn75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV tin normally
incident on a silicon target.
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Figure Sn75-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 75 keV tin normally incident on a silicon

target.
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Figure Sn75-3 Two-dimensional distribution of 75 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 iim and the scale factor is 1000.

Figure Sn75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV tin implanted past a

mask edge. The length increment (distance between tick marks) is 0.005 fj,m and the

scale factor is 1.
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Figure SnlOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV tin normally

incident on a silicon target.
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Figure SnlOO-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 100 keV tin normally incident on a silicon

target.
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Figure SnlOO-3 Two-dimensional distribution of 100 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 /xm and the scale factor is 1000.
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Figure SnlOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 /xm and the

scale factor is 0.1.
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Figiire Snl25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 125 keV tin normally

incident on a silicon target.
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Figure Snl25-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 125 keV tin normally incident on a silicon

target.
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Figure Snl25-3 Two-dimensional distribution of 125 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fxm and the scale factor is 1000.
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Figure Snl25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Snl50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV tin normally

incident on a silicon target. m
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Figure Snl50-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis

placements (B), and Frenkel pairs (C) for 150 keV tin normally incident on a silicon

target.
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Figure Snl50-3 Two-dimensional distribution of 150 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fim and the scale factor is 1000.
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Figure Snl50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

^ scale factor is 0.1.
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Figure Snl75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV tin normalbf

incident on a silicon target.
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Figure Snl75-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 175 keV tin normally incident on a silicon

target.
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Figure Snl75-3 Two-dimensional distribution of 175 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fj,m. and the scale factor is 1000.
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Figure Snl75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Sn200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV tin normally

incident on a silicon target. f
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Figure Sn200-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 200 keV tin normally incident on a silicon

target.
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Figure Sn200-3 Two-dimensional distribution of 200 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 ^m and the scale factor is 1000.
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Figure Sn200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Sn225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV tin normally

incident on a silicon target. ^
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Figure Sn225-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 225 keV tin normally incident on a silicon

target.
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Figure Sn225-3 Two-dimensional distribution of 225 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fxm and the scale factor is 1000.
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Figure Sn225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Sn250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV tin normally

incident on a silicon target.
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Figure Sn250-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis

placements (B), and Frenkel pairs (C) for 250 keV tin normally incident on a silicon

target.
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Figure Sn250-3 Two-dimensional distribution of 250 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 /um and the scale factor is 1000.

J 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 11jU I I I I IjlJ 1 1 1 1 Ijiu W 1 1 1 li^i 1 1
1-

ik

1m *^ ^^'^ -^^^ —
Y\;;^0 80 80 80 80

-|
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r

Figure Sn250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 //m and the

scale factor is 0.1.
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Figure Sn275-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage(B), and phonon excitation (C) for 275 keV tin normally^
incident on a silicon target. f
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Figure Sn275-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 275 keV tin normally incident on a silicon

target.
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Figure Sn275-3 Two-dimensional distribution of 275 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 ^m and the scale factor is 1000.
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Figure Sn275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Sn300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), ajid phonon excitation (C) for 300 keV tin normally

incident on a silicon target.
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Figure Sn300-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 300 keV tin normally incident on a silicon

target.
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Figure Sn300-3 Two-dimensional distribution of 300 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fim and the scale factor is 1000.
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Figure Sn300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Sn325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV tin normallj^

f' incident on a silicon target.
'

3Z5 KEV TIN

id' h I

I
I

I

I

I

I

I

I

I

I

I

I

I
I

I
I

I
'

I
' I

I

I ' I
I

I

I

I

I

I

I

:

10' r

10^
.02 .01 .06 .06 .10 .12 .H .16 .18 .20 .22 .21 .26 .28 .30 .32 .34

DEPTH [M1CR0N5)

Figure Sn325-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 325 keV tin normally incident on a silicon

target.
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Figure Sn325-3 Two-dimensional distribution of 325 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fxm and the scale factor is 1000.
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Figure Sn325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 /xm and the

scale factor is 0.1.
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Figure Sn350-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage(B), and phonon excitation (C) for 350 keV tin normally
incident on a silicon target.
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Figure Sn350-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 350 keV tin normally incident on a silicon

target.
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Figure Sn350-3 Two-dimensional distribution of 350 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.015 ^m and the scale factor is 1000.

Figure Sn350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV tin implanted past
|

a mask edge. The length increment (distance between tick marks) is 0.015 fim and

the scale factor is 0.1.
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Figure Sn375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement dajnage(B), and phonon excitation (C) for 375 keV tin normally

incident on a silicon target.
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Figure Sn375-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 375 keV tin normally incident on a silicon

target.
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Figure Sn375-3 Two-dimensional distribution of 375 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.015 fj,m and the scale factor is 1000.
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Figure Sn375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.015 fxm and

the scale factor is 0.1.
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Figure Sn400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV tin normally
incident on a silicon target.
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Figure Sn400-2 One-dimensional probability distributions for implanted tin (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 400 keV tin normally incident on a silicon

target.
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Figure Sn400-3 Two-dimensional distribution of 400 keV tin implanted past a mask edge. The length

increment (distance between tick marks) is 0.015 /Am and the scale factor is 1000.
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Figure Sn400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV tin implanted past

a mask edge. The length increment (distance between tick marks) is 0.015 fxm and

the scale factor is 0.1.
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Figure Sb25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV antimony nor-

mally incident on a silicon target.
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Figure Sb25-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 25 keV antimony normally incident on a

silicon target.
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Figure Sb25-3 Two-dimensional distribution of 25 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.005 fim and the scale factor is

1000.
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Figure Sb25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 fj,m

and the scale factor is 1.

559



10'

10"

10"

10'

S 10'

10^

10^

10'

10^

—

r

50 «EV RNTIM0NY
1—I—I—I—I—I

—

\

—
I—I—1^—

r

.01 .02 .03 .04 .05 .06 .07 .08 .09

DEPTH (MICR0NS)

Figure Sb50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV antimony nor-

mally incident on a silicon target.
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Figure Sb50-2 One-dimensional probability distributions for implanted antimony (A)
,
primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV antimony normally incident on a

silicon target.
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Figure Sb50-3 Two-dimensional distribution of 50 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.005 ixm and the scale factor is

1000.
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Figure Sb50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 fj,m

and the scale factor is 1.

562



75 REV HNTIM0NT

0 .01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11

DEPTH (MICR0N5)

Figure Sb75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV antimony nor-

mally incident on a silicon target.
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Figure Sb75-2 One-dimensional probability distributions for implanted antimony (A)
,
primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV antimony normally incident on a

silicon tajget.
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Figure Sb75-3 Two-dimensional distribution of 75 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.005 /zm and the scale factor is

1000.
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Figure Sb75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 fim

and the scale factor is 1.
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Figure Sb 100-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV antimony nor-

mally incident on a silicon target.

Figure SblOO-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV antimony normally incident on

a silicon target.
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Figure SblOO-3 Two-dimensional distribution of 100 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure SblOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV antimony implanted

past a mzLsk edge. The length increment (distance between tick marks) is 0.01

and the scale factor is 0.1.
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Figure Sb125-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV antimony nor

mally incident on a silicon target.
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Figure Sbl25-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV antimony normally incident on

a silicon target.
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Figure Sbl25-3 Two-dimensional distribution of 125 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Sbl25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.

570



150 KEV RNTIMBNT

DEPTH (MICR0N5)

Figure Sbl50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 150 keV antimony nor-

mally incident on a silicon target.
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Figure Sbl50-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV antimony normally incident on

a silicon target.
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Figure Sbl50-3 Two-dimensional distribution of 150 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /im and the scale factor is

1000.
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Figure Sb 150-4 Two-dimensional distribution of Frenkel pairs created by 150 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 /im

and the scale factor is 0.1.
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Figure Sbl75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV antimony nor-

mally incident on a silicon target.
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Figure Sbl75-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV antimony normally incident on
a silicon target.

573



i

NASK

J I I I I I I I I I I I I I I I I 1 I I I I I I I I ! I M M M I I M M M M I I I I I I I I I I I I I I M M I I I I I I

n I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I n

Figure Sbl75-3 Two-dimensional distribution of 175 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fim and the scale factor is '

1000.
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Figure Sbl75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.
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Figure Sb200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 200 keV antimony nor-

mally incident on a silicon target.
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Figure Sb200-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV antimony normally incident on

a silicon target.
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Figure Sb200-3 Two-dimensional distribution of 200 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /zm and the scale factor is

1000.
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Figure Sb200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV antimony implanted (

past a mask edge. The length increment (distance between tick marks) is 0.01 fim
and the scale factor is 0.1.
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Figure Sb225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV antimony nor-

mally incident on a silicon target.
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Figure Sb225-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV antimony normally incident on

a silicon target.
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Figure Sb225-3 Two-dimensional distribution of 225 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Sb225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.
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Figure Sb250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV antimony nor-

mally incident on a silicon target.
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Figure Sb250-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV antimony normally incident on

a silicon target.
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Figure Sb250-3 Two-dimensional distribution of 250 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /xm and the scale factor is

1000.
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Figure Sb250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 {im

and the scale factor is 0.1.
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Figure Sb275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV antimony nor-

mally incident on a silicon target.
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Figure Sb275-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B) , and Frenkel pairs (C) for 275 keV antimony normally incident on

a silicon target.
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Figure Sb275-3 Two-dimensional distribution of 275 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 jum and the scale factor is

1000.
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Figure Sb275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1. _
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Figure Sb300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV antimony nor-

mally incident on a silicon target.
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Figure Sb300-2 One-dimensional probability distributions for implanted antimony (A)
,
primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV antimony normally incident on

a silicon target.
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Figure Sb300-3 Two-dimensional distribution of 300 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 iim and the scale factor i^

1000.
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Figure Sb300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0,01 iim

and the scale factor is 0.1. 584
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Figure Sb325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV antimony nor-

mally incident on a silicon target.
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Figure Sb325-2 One-dimensional probability distributions for implanted antimony (A)
,
primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV antimony normally incident on
a silicon target.
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Figure Sb325-3 Two-dimensional distribution of 325 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Sb325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.
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Figure Sb350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage (B), and phonon excitation (C) for 350 keV antimony nor-

mally incident on a silicon target. i
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Figure Sb350-2 One-dimensional probability distributions for implanted antimony (A)
,
primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV antimony normally incident on
a silicon target.
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Figure Sb350-3 Two-dimensional distribution of 350 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Sb350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV antimony implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Sb375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV antimony nor-

mally incident on a silicon target.
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Figure Sb375-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV antimony normally incident on

a silicon target.
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Figure Sb375-3 Two-dimensional distribution of 375 keV antimony implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 ^m and the scale factor is

1000.
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Figure Sb375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV antimony implanted

peist a mask edge. The length increment (distance between tick marks) is 0.01 ixm

and the scale factor is 0.1.
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Figure Sb400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV antimony nor-

mally incident on a silicon target. (
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Figure Sb400-2 One-dimensional probability distributions for implanted antimony (A), primary silicon

displacements (B), and Frenkel pairs (C) for 400 keV antimony normally incident on

a silicon target.
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Figure Sb400-3 Two-dimensional distribution of 400 keV antimony implanted past a mask edge. The
length increment (distance between tick marks) is 0.015 fim and the scale factor is

1000.
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^Figure Sb400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV antimony implanted

past a msisk edge. The length increment (distance between tick marks) is 0.015 fj,m

and the scale factor is 0.1.
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Figure Pt25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV platinum nor-

mally incident on a silicon target.
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Figure Pt25-2 One-dimensional probability distributions for implanted platinum (A), primary silicoJ

displacements (B), and Frenkel pairs (C) for 25 keV platinum normally incident on a

silicon target.
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;ure Pt25-3 Two-dimensional distribution of 25 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.005 fim and the scale factor is

1000.
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Figure Pt25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 fim

and the scale factor is 1.

598



10"
50 REV PLRTINUM

\Q* I I I I I 1 I I I J I I I I
I

0 .01 .02 .03 .04 .05 .06 .07 .08

DEPTH (MICR0N5)

Figure Pt50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV platinum nor-

mally incident on a silicon target.
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Figure Pt50-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 50 keV platinum normally incident on a

silicon target.
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Figure Pt50-3 Two-dimensional distribution of 50 keV platinum implanted past a mask edge. The
length increment (distance between tick marks) is 0.005 fxm and the scale factor is

1000.
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Figure Pt50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 /im

and the scale factor is 1.

601



75 REV TLRTINUM

; DEPTH (MICR0N5) ;i

Figure Pt75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV platinum nor-

mally incident on a silicon target.
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Figure Pt75-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 75 keV platinum normally incident on a

silicon target.
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Figure Pt75-3 Two-dimensional distribution of 75 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.005 fim and the scale factor is

1000.
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Figure Pt75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.005 //m

) and the scale factor is 1.
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Figure PtlOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV platinum nor-

mally incident on a silicon target. 1

10"

10°

10'

io«

10^ .

10'

IDD KEV TLRTINUM
-)—r—T I—I—I

1—I—I
1—I—I

1—I—I—1—I—I

1—r [-

1q2 I—1—1—1—I 1—I—I I I I I 1 I I 1 I I I I 1—I—1—

L

0 .01 .02 .03 .04 .05 .05 .07 .08 .09 .10 .11 . 12

DEPTH (MICR0N5)

Figure PtlOO-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 100 keV platinum normally incident on
a silicon target.
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Figure Pt 100-3 Two-dimensional distribution of 100 keV platinum implanted past a mask edge. The
length increment (distance between tick marks) is 0.005 fim and the scale factor is

1000.
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Figure PtlOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV platinum implanted

pELst a mask edge. The length increment (distance between tick marks) is 0.005 fim

and the scale factor is 1.
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Figure Ptl25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV platinum nor-

mally incident on a silicon target. (
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Figure Ptl25-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 125 keV platinum normally incident on

a silicon target.
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Figure Ptl25-3 Two-dimensional distribution of 125 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fxm and the scale factor is

1000.
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Figure Ptl25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Ptl50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement dajiiage(B), and phonon excitation (C) for 150 keV platinum nor-

mally incident on a silicon target.
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Figure Ptl50-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 150 keV platinum normally incident on

a silicon target.
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Figure Ptl50-3 Two-dimensional distribution of 150 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 //m and the scale factor is

1000.
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Figure Ptl50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV platinum implanted

pzLst a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Ptl75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV platinum nor-

mally incident on a silicon target. {
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Figure Ptl75-2 One-dimensional probability distributions for implanted platinum (A)
,
primary silicon

displacements (B), and Frenkel pairs (C) for 175 keV platinum normally incident on
a silicon target.
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Figure Ptl75-3 Two-dimensional distribution of 175 keV platinum implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 ^i^m and the scale factor is

1000.
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Figure Ptl75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV platinum implanted

pELst a mask edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.
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Figure Pt200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV platinum nor-

mally incident on a silicon target.
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Figure Pt200-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 200 keV platinum normally incident on

a silicon target.
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Figure Pt200-3 Two-dimensional distribution of 200 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 //m and the scale factor is

1000.
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Figure Pt200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Pt225-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage(B), and phonon excitation (C) for 225 keV platinum nor-
mally incident on a silicon target.
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Figure Pt225-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 225 keV platinum normally incident on
a silicon target.
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Figure Pt225-3 Two-dimensional distribution of 225 keV platinum implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /im and the scale factor is

1000.
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Figure Pt225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 /zm

and the scale factor is 0.1.
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Figure Pt250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV platinum nor-

mally incident on a silicon target.
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Figure Pt250-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 250 keV platinum normally incident on
a silicon target.
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Figure Pt250-3 Two-dimensional distribution of 250 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Pt250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Pt275-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 275 keV platinum nor-

mally incident on a silicon target.
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Figure Pt275-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 275 keV platinum normally incident on

a silicon target.
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Figure Pt275-3 Two-dimensional distribution of 275 keV platinum implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /im and the scale factor is

1000.
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Figure Pt275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV platinum implanted

pELst a mjLsk edge. The length increment (distance between tick marks) is 0.01 fxm

and the scale factor is 0.1.
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Figure Pt300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV platinum nor-

mally incident on a silicon target.
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Figure Pt300-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 300 keV platinum normally incident on

a silicon target.
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Figure Pt300-3 Two-dimensional distribution of 300 keV platinum implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Pt300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV platinum implanted

peist a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Pt325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV platinum nor-

mally incident on a silicon target.
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Figure Pt325-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 325 keV platinum normally incident on

a silicon target.
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Figure Pt325-3 Two-dimensional distribution of 325 keV platinum implanted past a mask edge. The
length increment (distance between tick marks) is 0.01 /xm and the scale factor is

1000.
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Figure Pt325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 /zm

and the scale factor is 0.1.
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Figure Pt350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV platinum nor-

mally incident on a silicon target. (
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Figure Pt350-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 350 keV platinum normally incident on

a silicon target.
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Figure Pt350-3 Two-dimensional distribution of 350 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

I

1000.
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Figure Pt350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 fim

and the scale factor is 0.1.
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Figure Pt375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV platinum nor-

mally incident on a silicon target.
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Figure Pt375-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 375 keV platinum normally incident on

a silicon target.
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Figure Pt375-3 Two-dimensional distribution of 375 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Pt375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01

and the scale factor is 0.1. ^
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Figure Pt400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV platinum nor
mally incident on a silicon target.
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Figure Pt400-2 One-dimensional probability distributions for implanted platinum (A), primary silicon

displacements (B), and Frenkel pairs (C) for 400 keV platinum normally incident on

a silicon target.
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Figure Pt400-3 Two-dimensional distribution of 400 keV platinum implanted past a mask edge. The

length increment (distance between tick marks) is 0.01 fim and the scale factor is

1000.
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Figure Pt400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV platinum implanted

past a mask edge. The length increment (distance between tick marks) is 0.01 ^m
and the scale factor is 0.1.
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Figure Au25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 25 keV gold normallj^

incident on a silicon target.
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Figure Au25-3 Two-dimensional distribution of 25 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 /im and the scale factor is 1000.
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Figure Au25-4 Two-dimensional distribution of Frenkel pairs created by 25 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.005 ixm and

the scale factor is 1.
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Figure Au50-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 50 keV gold normally

incident on a silicon target.
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Figure Au50-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 50 keV gold normally incident on a silicon

target.
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Figure Au50-3 Two-dimensional distribution of 50 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 fxm and the scale factor is 1000.
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Figure Au50-4 Two-dimensional distribution of Frenkel pairs created by 50 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.005 fxm and

the scale factor is 1.
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Figure Au75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 75 keV gold normally

incident on a silicon target. ^
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Figure Au75-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 75 keV gold normally incident on a silicon

target.
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Figure Au75-3 Two-dimensional distribution of 75 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 fxm and the scale factor is 1000.
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Figure Au75-4 Two-dimensional distribution of Frenkel pairs created by 75 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.005 fim and

the scale factor is 1.
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Figure AulOO-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 100 keV gold normallj^

incident on a silicon target. I
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Figure AulOO-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 100 keV gold normally incident on a silicon

target.
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Figure AulOO-3 Two-dimensional distribution of 100 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 fim and the scale factor is 1000.

Figure AulOO-4 Two-dimensional distribution of Frenkel pairs created by 100 keV gold implanted past

\ a mask edge. The length increment (distance between tick marks) is 0.005 /xm and

the scale factor is 0.1.
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Figure Aul25-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 125 keV gold normally

incident on a silicon target.
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Figure Aul25-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis

placements (B), and Frenkel pairs (C) for 125 keV gold normally incident on a silicon

target.
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Figure Aul25-3 Two-dimensional distribution of 125 keV gold implanted past a mask edge. The length

) increment (distance between tick marks) is 0.005 fxm and the scale factor is 1000.

MASK

Figure Aul25-4 Two-dimensional distribution of Frenkel pairs created by 125 keV gold implanted past

a msisk edge. The length increment (distance between tick marks) is 0.005 ^m and

the scale factor is 0.1.
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Figure Aul50-1 One-dimensional probability distributions for energy loss due to electronic excitation

Figure Aul50-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 150 keV gold normally incident on a silicon

target.
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Figure Aul50-3 Two-dimensional distribution of 150 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 fim and the scale factor is 1000.

MASK

Figure Aul50-4 Two-dimensional distribution of Frenkel pairs created by 150 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.005 jum and

the scale factor is 0.1. 545
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Figure Aul75-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 175 keV gold normally

incident on a silicon target.
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Figure Aul75-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 175 keV gold normally incident on a silicon

target.
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Figure Aul75-3 Two-dimensional distribution of 175 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 fj,m and the scale factor is 1000.
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Figure Aul75-4 Two-dimensional distribution of Frenkel pairs created by 175 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.005 fim and

the scale factor is 0.1, eAT
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Figure Au200-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 200 keV gold normally

,, incident on a silicon target.
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Figure Au200-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 200 keV gold normally incident on a silicon

target.
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Figure Au200-3 Two-dimensional distribution of 200 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.005 fj,m and the scale factor is 1000.
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Figure Au200-4 Two-dimensional distribution of Frenkel pairs created by 200 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.005 fim and

the scale factor is 0.1.

i

650



ZZ5 nZV C0LD
lO" 1 I

I
I 1

1
1

,
1

1 1 1 1 1
1

, 1
1

1 1
1

1 3

IQ* ! I I I I
I i

I I I 1 I I I I I I I 1 1 1

0 .02 .04 .05 .08 .10 .12 .H .16 .18 .20 .22

DEPTH (M1CR0NS)

Figure Au225-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 225 keV gold normally
incident on a silicon target.
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Figure Au225-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Fienkel pairs (C) for 225 keV gold normally incident on a silicon

target.
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Figure Au225-3 Two-dimensional distribution of 225 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fxm and the scale factor is 1000.
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Figure Au225-4 Two-dimensional distribution of Frenkel pairs created by 225 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Au250-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 250 keV gold normally

incident on a silicon target.
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Figure Au250-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 250 keV gold normally incident on a silicon

target.
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Figure Au250-3 Two-dimensional distribution of 250 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fj,m and the scale factor is 1000.
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Figure Au250-4 Two-dimensional distribution of Frenkel pairs created by 250 keV gold implanted past M
a mask edge. The length increment (distance between tick marks) is 0.01 fim and themask edge

scale factor is 0.1

654



Z75 REV D0LD

10^ I I I I I I I I

0 .02 .0^ .06 .08 .10 .12 .11 .16 . 18 .20 .22 .21

DEPTH (M1CR0N5)

Figure Au275-1 One-dimensional probability distributions for energy loss due to electronic excitation
(A), displacement damage(B), and phonon excitation (C) for 275 keV gold normally
incident on a silicon target.
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Figure Au275-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 275 keV gold normally incident on a silicon

target.
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Figure Au275-3 Two-dimensional distribution of 275 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 iim and the scale factor is 1000.
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Figure Au275-4 Two-dimensional distribution of Frenkel pairs created by 275 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the^
scale factor is 0.1. ^
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Figure Au300-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 300 keV gold normally

incident on a silicon target.
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Figure Au300-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 300 keV gold normally incident on a silicon

target.
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Figure Au300-3 Two-dimensional distribution of 300 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 /xm and the scale factor is 1000.
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Figure Au300-4 Two-dimensional distribution of Frenkel pairs created by 300 keV gold implanted past
^

a mask edge. The length increment (distance between tick marks) is 0.01 /xm and the

scale factor is 0.1.
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Figure Au325-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 325 keV gold normally
incident on a silicon target.
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Figure Au325-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B) , and Fi enkel pairs (C) for 325 keV gold normally incident on a silicon

target.
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Figure Au325-3 Two-dimensional distribution of 325 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fim and the scale factor is 1000.

MASK

TT I I I I I I I I I I I

' M I I I I I I I I I I I

I I I I I I I I I I I I I I I I M M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

1"

Figure Au325-4 Two-dimensional distribution of Frenkel pairs created by 325 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fiin and the

scale factor is 0.1.
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Figure Au350-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 350 keV gold normally
incident on a silicon target.
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Figure Au350-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 350 keV gold normally incident on a silicon

target.

661



Figure Au350-3 Two-dimensional distribution of 350 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 /zm and the scale factor is 1000.
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Figure Au350-4 Two-dimensional distribution of Frenkel pairs created by 350 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1.
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Figure Au375-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 375 keV gold normally

incident on a silicon target.
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Figure Au375-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

plELcements (B), and Frenkel pairs (C) for 375 keV gold normally incident on a silicon

target.
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Figure Au375-3 Two-dimensional distribution of 375 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fxm and the scale factor is 1000.
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Figure Au375-4 Two-dimensional distribution of Frenkel pairs created by 375 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 /im and the

scale factor is 0.1.
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Figure Au400-1 One-dimensional probability distributions for energy loss due to electronic excitation

(A), displacement damage(B), and phonon excitation (C) for 400 keV gold normally

incident on a silicon target.
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Figure Au400-2 One-dimensional probability distributions for implanted gold (A), primary silicon dis-

placements (B), and Frenkel pairs (C) for 400 keV gold normally incident on a silicon

target.
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Figure Au400-3 Two-dimensional distribution of 400 keV gold implanted past a mask edge. The length

increment (distance between tick marks) is 0.01 fim and the scale factor is 1000. ^
|

MASK

Figure Au400-4 Two-dimensional distribution of Frenkel pairs created by 400 keV gold implanted past

a mask edge. The length increment (distance between tick marks) is 0.01 fim and the

scale factor is 0.1. 666
t! U.S. GOVERNMENT PRINTING OFFICE: 1987— 181-0 7 6' & 0 1 h 2



NBS.n4A (REV. 2-8C)

U.S. DEPT. OF COMM.

BIBLIOGRAPHIC DATA
SHEET (See instructions)

1. PUBLICATION OR
REPORT NO.

NBS/SP-400/79

2. Performing Organ. Report No. 3. Publication Date

September 1987

4. TITLE AND SUBTITLE

Semiconductor Measurement Technology: Results of the Monte Carlo Calculation of

One- and Two-Dimensional Distributions of Particles and Damage: Ion Implanted
Dopants in Silicon

5. AUTHOR(S)

John Albers

6. PERFORMING ORGANIZATION (If joint or other than NBS, see instructions)

NATIONAL BUREAU OF STANDARDS
U.S. DEPARTMENT OF COMMERCE
GATTHERSBURG, MD 20899

7. Contract/Grant No.

ARPA Order No, 4895

i= Typa of r

B'inal

-rt 6r Perio'i Covered

9. SPONSORING ORGANIZATION NAME AND COMPLETE ADDRESS (Street. City, State. ZIP)

Defense Advanced Research Projects Agency
1400 Wilson Boulevard
Arlington, VA 22209

10. SUPPLEMENTARY NOTES

Library of Congress Catalog Card Number: 87-619864

I I

Document describes a computer program; SF-185, PIPS Software Summary, is attached.

11. ABSTRACT (A 200-word or less factual summary of most significant information. If document includes a significant
bibliography or literature survey, mention it here)

The TRansport of Ions in Matter (TRIM) Monte Carlo code was used to calculate the

two-dimensional distributions of particles, primary damage, and electronic and
nuclear energy loss for implantation of a line beam source into silicon targets.
Approximate two-dimensional distributions of the Frenkel pairs (vacancy-interstitial)
created by the primary displacement damage of the target atoms were calculated by
means of the Kinchin-Pease equation. These particle, damage, and energy loss dis-
tributions allowed for the calculation of the one-dimensional distributions of these
quantities for implantation into unmasked targets. A superposition technique was
used to construct the two-dimensional particle and approximate Frenkel pairs dis-
tributions for implantation past a mask edge. The energetic ions used in the cal-
culations were in two groups: those used as intentional dopants in silicon device
fabrication and those which either limited lifetime or acted as gettering sites.
The particle distributions were parameterized by means of standard polynomial
fitting techniques.

12. KEY WORDS (Six to twelve entries; alphabetical order; capitalize only proper names; and separate key words by semicolons)

displacement damage; electronic energy loss; Frenkel pairs; interstitials ; ion

implantation; Monte Carlo calculation; nuclear energy loss; silicon device

fabrication; two-dimensional distributions; vacanci es
13. AVAILABILITY

[Xl Unlimited

I I
For Official Distribution, Do Not Release to NTIS

fy~| Order From Superintendent of Documents, U.S. Government Printing Office, Washington, D.C.

20402.

Q Order From National Technical Information Service (NTIS), Springfield, VA. 22161

14. NO. OF
PRINTED PAGES

671

?.5. Price

667 USCOMM-DC 6043-P80



I

i



Technical Publications

Periodical

Journal of Research—The Journal of Research of the National Bureau of Standards reports NBS research

ana development in those disciplines of the physical and engineering sciences in which the Bureau is active.

These include physics, chemistry, engineering, mathematics, and computer sciences. Papers cover a broad

range of subjeas, with major emphasis on measurement methodology and the basic technology underlying

standardization. Also included from time to time are survey articles on topics closely related to the Bureau's

technical and scientific programs. Issued six times a year.

Nonperiodicals

Monographs—Major contributions to the technical literature on various subjects related to the Bureau's scien-

tific and technical activities.

Handbooks—Recommended codes of engineering and industrial practice (including safety codes) developed in

cooperation with interested industries, professional organizations, and regulatory bodies.

Special Publications—Include proceedings of conferences sponsored by NBS, NBS annual reports, and other

special publications appropriate to this grouping such as wall charts, pocket cards, and bibliographies.

.Applied Mathematics Series—Mathematical tables, manuals, and studies of special interest to physicists,

engineers, chemists, biologists, mathematicians, computer programmers, and others engaged in scientific and
technical work.

National Standard Reference Data Series—Provides quantitative data on the physical and chemical properties

of materials, compiled from the world's literature and critically evaluated. Developed under a worldwide pro-

gram coordinated by NBS under the authority of the National Standard Data Act (Public Law 90-3%).

NOTE: The Journal of Physical and Chemical Reference Data (JPCRD) is published quarterly for NBS by
the American Chemical Society (ACS) and the American Institute of Physics (AIP). Subscriptions, reprints,

and supplements are available from ACS, 1155 Sixteenth St., NW, Washington, DC 20056.

Building Science Series—Disseminates technical information developed at the Bureau on building materials,

components, systems, and whole structures. The series presents research results, test methods, and perfor-

mance criteria related to the structural and environmental functions and the durability and safety

characteristics of building elements and systems.

Technical Notes—Studies or repxjrts which are complete in themselves but restrictive in their treatment of a

subject. Analogous to monographs but not so comprehensive in scope or definitive in treatment of the subject

area. Often serve as a vehicle for final reports of work performed at NBS under the sponsorship of other

government agencies.

V oluntar> Product Standards—Developed under procedures published by the Department of Commerce in

Part 10, Title 15, of the Code of Federal Regulations. The standards establish nationally recognized re-

quirements for products, and provide all concerned interests with a basis for common understanding of the

characteristics of the products. NBS administers this program as a supplement to the activities of the private

sector standardizing organizations.

Consumer Information Series—Practical information, based on NBS research and experience, covering areas

of interest to the consumer. Easily understandable language and illustrations provide useful background

knowledge for shopping in today's technological marketplace.

Order the above NBS publications from: Superintendent of Documents, Government Printing Office,

Washington, DC 20402.

Order the following NBS publications—FIPS and NBSIR 's—from the National Technical Information Ser-

vice, Springfield, VA 22161.

Federal Information Processing Standards Public-ations (FIPS PUB)—Publications in this series collectively

constitute the Federal Information Processing Standards Register. The Register serves as the official source of

information in the Federal Government regarding standards issued by NBS pursuant to the Federal Property

and Administrative Services Act of 1949 as amended. Public Law 89-306 (79 Stat. 1127), and as implemented

by Executive Order 1 1717 (38 FR 12315, dated May 11, 1973) and Part 6 of Title 15 CFR (Code of Federal

Regulations).

NBS Interagency Reports (NBSIR)—A special series of interim or final reports on work performed by NBS
for outside sponsors (both government and non-government). In general, initial distribution is handled by the

sponsor; public distribution is by the National Technical Information Service, Springfield, VA 22161, in paper

copy or microfiche form.



U.S. Department of Commerce
National Bureau of Standards

Gaithersburg, MD 20899

Official Business

Penalty for Private Use $300


