
PHYSICAL REVIEW B 15 DECEMBER 1999-IIVOLUME 60, NUMBER 24
Percolation problem in atomic transport in Hg12xCdxTe
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Using high-resolution x-ray diffraction for precise measurements of structural modifications in boron-
implanted Hg12xCdxTe layers, we found a percolation problem in the long-range diffusion of Cd interstitials
through the Cd, Hg sublattice. The percolation thresholdxc50.265 is in agreement with the calculated one,
xth50.278, for dumbbell interstitials diffusion in the fcc lattice@J. Bocquet, Phys. Rev. B50, 16 386~1994!#.
These findings were supported by high-resolution scanning electron microscopy images, taken under magni-
fication 3400 000, in which very different post-implantation surface recovery~due to a flux of interstitials
from an interior to the crystal surface! was observed below and abovex5xc . Measurements of x-ray-
diffraction profiles in samples, implanted and annealed at 150–350 °C, allowed us to determine an energy
barrier,DE50.31 eV, between Cd-Cd and Cd-Hg dumbbell configurations.@S0163-1829~99!10547-2#
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I. INTRODUCTION

Recently, Cahenet al.1,2 pointed out a percolation prob
lem in the Ag-doped semiconductor Hg12xCdxTe with x
'0.8 ~Cd-rich region of the composition scale!. They found
drastic changes in the Ag diffusion coefficient and dop
properties, as a function of Cd-content,x. Abovex'0.8 ~i.e.,
when the Hg content is less than 12x'0.2!, the Ag doping
results in the material beingn-type, and the room-
temperature Ag-diffusion coefficient being low,D
,10215cm2/sec. Just belowx'0.8, the diffusion coefficient
rises up toD.1028 cm2/sec, and this is accompanied b
material transformation top-type. These findings are ex
plained in terms of Ag percolation via Hg sites. Taking a
count of percolation phenomena leads indeed to comple
different rates of atomic transport below and above a pe
lation threshold,xth . The latter equals theoretically 12xth
50.19 for atomic jumps via fcc sites~see, e.g., Ref. 3!.

In this paper we introduce more convention
Hg12xCdxTe structures withx'0.2– 0.3~Hg-rich region of
the compositional scale! into a percolation domain. Thes
semiconductor alloys are widely used in infrared detec
technology,4–6 e.g., for detection of photons having a wav
length in a range of 8–14 or 3–5mm ~atmospheric transpar
ency windows!.

A common way to form n-p junctions in
Hg12xCdxTe-based photovoltaic devices is boro
implantation.7–10 Contrary to IV-group or III–V-group semi-
conductors, the conductivity of the B-implante
Hg12xCdxTe is not directly determined by the B doping b
rather by the implantation damage. The latter results in
n-type conductivity and is used to fabricate then1 layer on
the initially p-type Hg12xCdxTe for detector
functioning.11–14 So, the study of defect formation and su
sequent diffusion processes in implanted Hg12xCdxTe is of
great importance to electrical properties.
PRB 600163-1829/99/60~24!/16715~7!/$15.00
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However, there is a lot of controversy between differe
groups concerning an identification of electrically acti
types of defects, as well as regarding the role of boron a
vation in the creation ofn-p junction.4,8,10,11,15–19For ex-
ample, several groups8,11,17–19reported that then-type con-
ductivity is caused by lattice damage induced by
implantation into thep-type Hg12xCdxTe, but expressed
contradictory opinions of boron activation. Some authors8,19

did not succeed in boron activation, in contrast with oth
groups11,17,18 that claimed partial or full success. Transmi
sion electron microscopy studies10,16 diverge in their conclu-
sions regarding what type of point defects, interstitials
vacancies, prevails in the damaged layer. A similar con
versy exists among x-ray results. In Ref. 20, an additio
peak in the x-ray-diffraction profiles has been found after
implantation, which could be attributed to the lattice swelli
due to excess of interstitials in the damaged layer. On
contrary, Ref. 21 is concentrated on the vacancy-related
tures in the x-ray-diffraction profiles. A deeper look at a
mentioned results indicates that the controversy mentio
could be driven by small differences in Cd content,x, of
implanted samples.

This paper focuses on the structural modifications indu
by boron implantation in Hg12xCdxTe layers with different
Cd content,x. The creation of point defects and their dynam
ics were investigated by high-resolution x-ray diffractio
~HRXRD! and high-resolution scanning electron microsco
~HRSEM!.

II. EXPERIMENT

A. Sample preparation

Four different sets of samples were used in the pres
study, viz., samples grown by liquid phase epitaxy~LPE!, by
metalorganic chemical vapor deposition~MOCVD!, by
molecular-beam epitaxy~MBE!, and by the Bridgman bulk
16 715 ©1999 The American Physical Society
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16 716 PRB 60N. MAINZER AND E. ZOLOTOYABKO
growth method. The LPE layers of Hg12xCdxTe ~20 mm
thick, 0.19,x,0.67! were grown on~111!B CdZnTe sub-
strates. The annealed, undoped layers of this kind reve
p-type conductivity due to Hg vacancies. The MOCVD la
ers of Hg12xCdxTe ~15 mm thick, 0.22,x,0.37! were
grown on~211!B CdTe substrates and covered with the 9
110-nm-thick CdTe capping layer. The MBE samples w
also grown on ~211!B-oriented CdZnTe substrates. Th
thicknesses of the Hg12xCdxTe and the CdTe cap layers
composing CdTe/Hg12xCdxTe (0.24,x,0.35) heterostruc-
tures, were 10mm and 80 nm, respectively. The Bridgma
grown sample was a 600-mm-thick ~111!-oriented CdTe slice
~i.e., with x51!.

The electrical characteristics of the samples were m
sured by the van der Pauw–Hall method at 77 K in a m
netic field of 0.1 T, and the Cd content was measured
Fourier-transform infrared transmission~FTIR!, which, as
was shown in Ref. 22, provides rather accurate data with
absolute precision ofdx<0.01.

All samples were implanted with B1 ions at room tem-
perature with a dose of 131015 ions/cm2 and an energy of
250 keV. The penetration depth of B1 ions into Hg12xCdxTe
is Rp'500 nm and the straggling parameter is around 1
nm. Part of the implanted samples were subjected to h
treatments in a forming gas environment for 1 h attempera-
tures 150–350 °C. Structural modifications in implanted a
annealed samples were examined by HRXRD and sur
quality was examined by HRSEM.

B. Experimental techniques

HRXRD measurements were carried out with a BedeD3

x-ray diffractometer combined with an 18 kW Rigaku rota
ing anode generator. A highly monochromatized CuKa1

line
was chosen from the primary x-ray beam by means of
channel-cut ~220! Si crystals, which produced a 0.
310 mm2 spot on the sample surface. The~333! or ~422!
diffraction profiles, depending of the substrate orientati
were taken using a triple-axis mode of measurement. In
mode the diffracted beam, before entering the detec
passes through the~220!Si channel-cut crystal analyze
which provided high resolution of the detecting system a
correspondingly, the high precision to the implantatio
induced modifications of the lattice parameter,Da/a. The
setup allowed us to perform the relative lattice parame
measurements with an accuracy ofDa/a'1025.

HRSEM images~plain views! of the samples were take
by means of LEO Gemini 982 FEG-SEM working at ele
tron beam energies between 1 and 4 keV and magnificat
up to 3400 000 with an aperture of 2–3 mm.

III. EXPERIMENTAL RESULTS AND DISCUSSION

Nowadays, HRXRD is a well-established technique
the measurements of lattice parameters with de
resolution,23 which indeed is very suitable for implantatio
problems. By comparing the experimental HRXRD profi
measured in close vicinity to the Bragg angle,QB , to the
simulated one~using dynamical diffraction theory!, one can
derive modifications of lattice parameters as a function
crystal depth~see, e.g., Ref. 24!. If the x-ray penetration
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length, Lx , is larger than the ion stopping length,Rp , and
the implantation damage is rather high~this is exactly our
case!, diffraction signals from the damaged layer and unda
aged region~crystal bulk! are well separated in an angula
scale~see Fig. 1!. The separation,DQ, is proportional to the
changes,Dd/d, of the interplanar spacing in the damag
layer, (d1Dd), relative to that of the crystal bulk,d:

DQ52tanQB

Dd

d
. ~1!

So, using Eq.~1!, it is possible to obtain valuable structur
information on the damaged layers even without dynam
diffraction simulations. In some cases, post-implantat
point defects of different type~for instance, vacancy and
interstitials! are spatially separated due to the difference
migration rates, and the damaged layer is composed of
layers which are enriched by defects of a certain type.
Hg12xCdxTe structure, the interstitial atoms cause latti
swelling (Dd/d.0), while vacancies cause lattice contra
tion (Dd/d,0).25 Correspondingly, coherent scatterin
originating in crystalline layers with an average lattice p
rameter being larger or smaller than that of the bulk crys
will produce additional diffraction features located@accord-
ing to Eq. ~1!# to the left side of the bulk peak~for the
interstitials-rich layer! and to the right side of the bulk pea
~for the vacancy-rich layer!. These features are clearly see
in the typical HRXRD profile taken from an as-implante
~250 keV B1 ions, dosage 131015 ions/cm2! LPE-grown
Hg12xCdxTe sample (x50.25) and shown in Fig. 1. The
interstitials-induced feature appears as a rather sharp diff
tion peak because the interstitials-rich sublayer is w
confined around the depthRp , where most of the lattice
defects are created. In fact, according to dynamic diffract
fittings of HRXRD profiles measured in implanted crysta
~see, e.g., Refs. 24 and 26!, a sharp jump in (Dd/d) appears
~independently of the implanted ion and the matrix types! at
the end of the ion trajectories~at a depthRp!, where ion
velocities are close to zero and they cause maximum d
age. It is reasonable to assume that the change of la
parameter in the sublayer, confined at a depthRp , is propor-
tional to the interstitials concentration,C. Thus, the measure
ment of the angular separation,DQ, between interstitials-

FIG. 1. Typical HRXRD profile~1! taken from an as-implanted
Hg12xCdxTe layer. HRXRD profile~2! taken from a virgin layer
~before implantation! is shown for comparison.
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PRB 60 16 717PERCOLATION PROBLEM IN ATOMIC TRANSPORT IN . . .
induced and bulk peaks, according to Eq.~1!, can be directly
used as a measure of theC value.

This approach was used throughout the research in o
to follow interstitials creation and post-implantation migr
tion of point defects in differently grown and treate
Hg12xCdxTe layers. Selected HRXRD profiles, taken fro
the LPE-grown samples with different Cd content,x, are
shown in Fig. 2. It is seen that theDQ value, in fact, strongly
depends onx. The angular separation decreases ifx is chang-
ing from x50.24 to 0.25. In the sample withx50.47, the
interstitials peak is completely missing. A very similar b
havior was observed in the MOCVD and MBE samples. T
measuredDd/d values for all samples involved in this re
search are plotted in Fig. 3 versus Cd content,x. The func-
tion Dd/d(x) @and related interstitials concentration,C(x)#
exhibits remarkable steplike shape with a very sharp d
confined within 0.25,x,0.28. Interstitials concentration
C(x)5k(Dd/d)(x), inside an implanted layer@which is pro-
portional to the measured swelling of the lattice parame
(Dd/d)(x)#, can be fitted well by a function

C~x!5
A

11exp@~x2xc!/«#
,

~2!

A5C~0!F11expS 2
xc

« D G ,

FIG. 2. HRXRD profiles taken from the LPE-grown layers wi
x50.24, 0.25, and 0.47, subjected to B implantation.

FIG. 3. Measured (Dd/d) values in implanted Hg12xCdxTe lay-
ers grown by different techniques: squares LPE; circles, MOCV
triangles, MBE, as a function of Cd content,x. Diamond symbol
relates to CdTe. Solid line represents fitting of experimental data
Eq. ~2!.
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wherexc is the critical concentration, which defines the st
position in thex scale, and« is the fitting parameter, defining
the step width. If«!1 ~and this is the case!, C(0)'A. The
best fit of the experimental data, shown in Fig. 3, by functi
~2! occurs atxc50.265 and«50.004. Steplike behavior o
C(x) unambiguously points out a percolation problem27 in
the migration of point defects created by implantation.

In fact, TRIM ~transport of ions in matter! simulations of
lattice damage induced by B implantation in Hg12xCdxTe
layers with differentx values showed that the amounts
displaced atoms of a certain type, Hg, Cd, or Te, are prop
tional to atomic concentrations inside the layer. An expe
mental study28 of the implantation damage in Hg12xCdxTe
by channeling Rutherford backscattering spectroscopy
demonstrated only a gradual damage buildup, as a func
of x. So, there is no reason for sharp changes in theC(x)
dependence at the stage of defect production. It means
understanding of experimental findings, shown in Fig.
should take into account post-implantation defect transp
At this stage a percolation problem could be of great imp
tance, since the diffusion coefficient is very sensitive to
compositional changes in close vicinity to the percolati
threshold,xc .

Before discussing an atomic model for percolation in t
Hg12xCdxTe layers, let us correlate defect concentratio
C(x), remaining frozen within the implanted layer, with a
x-dependent diffusion coefficient,D(x).

We consider, in the first approximation, that most of t
lattice defects with concentrationC(L,t50) are produced a
time momentt50 at a depthL. This nonequilibrium state
tends to disappear with time, and atomic migration as wel
defect recombination are the driving forces for smearing
concentration peculiarity. Let us assume that theC(L,t)
function obeys the diffusion equation:

dC~L,t !

dt
52D~x!

]2C~L,t !

]z2 . ~3!

However, in our case it is not so easy to find an exact a
lytic solution because of the important role of defect reco
bination processes.26 SettingC50 at the crystal surface~in-
finite sink!, the right-side term in Eq.~3! can be roughly
estimated asC(L,t)/L2, which yields

dC~L,t !

dt
52D~x!

C~L,t !

L2 . ~4!

This approximation can be used near the maximum of
Gaussian-like defect distribution, where exp(2z2/2s2)'1
2z2/2s2, and ifs'L. Equation~4! can be easily integrated
providing

C~L,t !5C~L,0!expS 2
D~x!t

L2 D . ~5!

Equation ~5! describes general exponential relaxation o
system being not far from equilibrium conditions.29 It yields
an important relationship between diffusion coefficient a
defect concentration measurable by HRXRD:

D~x!5
L2

t0
ln

C~L,0!

C~L,t0!
5

L2

t0
ln

C~0!

C~x!
. ~6!

;

y
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16 718 PRB 60N. MAINZER AND E. ZOLOTOYABKO
In Eq. ~6! the C(L,t0) value is the defect concentration, r
maining in the sample after a diffusion periodt0 . Thus,
C(L,t0)[C(x), and is measured by HRXRD. As th
C(L,0) value we can take the concentration of interstitials
samples with Cd content well below the percolation thre
old, i.e., when all of the interstitials appearing during impla
tation remain to be frozen, i.e.,C(x50)[C(0). Now, the
diffusion coefficientD(x) can be derived from experimenta
data by using the fitting function~2!. A result of this proce-
dure is plotted in Fig. 4, indicating that theD(x) behavior
greatly differs above and below the percolation thresholdxc

In fact, according to Eq.~2!, C(x)'C(0) at x2xc!«,
which after substituting into Eq.~6! yields D(x)'0. So, at
x,xc , the defect movements are confined inside small i
lated clusters and there is no long-range defect diffusion
the sample surface@see Fig. 5~a!#. Increasing thex value
causes small clusters to merge, and atx5xc a large enough
cluster appears, which provides a completed path for lo
range defect diffusion to the surface@Fig. 5~b!#. Further in-
crease ofx.xc results in an expansion of a large cluster@at
the expense of the remaining isolated clusters, see Fig. 5~c!#,
leading to the proportional growth of the diffusion coef
cient, shown in Fig. 4.

The latter result can be obtained analytically using E
~2! and ~6!. At x2xc@«, Eq. ~2! transforms toC(x)
5A exp@2(x2xc)/«#, which together with Eq.~6! yields

D~x!>
L2

t0

~x2xc!

«
. ~7!

Equation~7! provides a linear growth of the diffusion coe
ficient, D(x), up to a maximum atx51. Note that theD(x)

FIG. 4. Concentration-dependent diffusion coefficient,D(x),
for Cd interstitials in Hg12xCdxTe, indicating a percolation prob
lem atx,xc .

FIG. 5. Schematic illustration of different percolation regime
depending on the Cd content:~a! x,xc ; ~b! x5xc ; ~c! x.xc .
n
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function, calculated using Eqs.~2! and~6!, is very similar to
the conductance function appearing in the general perc
tion problem.27

It is worthwhile to mention that modification of the pe
colation properties of crystals under a high implantation d
was previously reported, e.g., for diamond.30 However, in
that case the dosage was enough for partial amorphizatio
material, so the topology of amorphous regions influenc
electrical conductivity of implanted samples. In our situatio
an implantation dose is much smaller, and the damaged l
remains a nearly perfect crystal, which is confirmed by d
namical diffraction simulations of measured HRXRD pr
files. One can conclude that the damage is mostly relate
nonequilibrium point defects, and a percolation proble
arises in defect migration during post-implantation lattice
covery.

The microscopic mechanism of point-defect percolat
through the fcc structures has been analyzed in detail
Bocquet.3 In many fcc structures the interstitial positions a
too small to accommodate atoms constituting the lattice.
self-interstitials, if they arise, will push the neighboring ato
out of its right position, thus creating a dumbbell-like defe
which already consists of two shifted atoms@see Fig. 6~a!#.
During migration the second atom pushes the third o
forming a dumbbell-like defect in the next unit cell, whil
the first atom returns to the right position. In Ref. 3, migr
tion of dumbbell interstitials is considered for binary allo
~A,B!. If only one type of dumbbell interstitial~say B-B!
survives, i.e., has minimum formation energy,EBB,EAA
,EAB ~variant I! or EBB,EAA5EAB ~variant II!, the calcu-
lated percolation threshold to the migration of theB-B
dumbbells isxth50.278. The same result,xth50.278, is valid
for both species in the case of two surviving defects,A-A
andB-B @EBB5EAA,EAB ~variant III!#. In this case a long-
range migration forA-A (B-B) defects takes place inA ~B!
clusters, independently. IfEAB5EBB,EAA ~variant IV! or
EAB,EAA5EBB ~variant V!, the percolation threshold is
close to zero.

,

FIG. 6. Schematic presentation of dumbbell interstitials:~a! in
real space;~b! energy configuration.
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PRB 60 16 719PERCOLATION PROBLEM IN ATOMIC TRANSPORT IN . . .
This model can be applied to the Hg12xCdxTe ternary
alloys, because mixing between fcc sublattices~Te and
Hg,Cd! during defect migration at room temperature is ne
ligible. Migration of a certain type of atoms preferably tak
place within one sublattice, because the jump to the ato
position belonging to the second sublattice leads to an a
site creation, which increases the system’s energy. Perc
tion problems, in principle, can arise in the~Cd,Hg! sublat-
tice, but not in the Te sublattice, containing only one type
atom.

Proximity of the experimentally found percolation thres
old, xc50.265, to one of the theoretically predicted thres
olds, viz.,xth50.278, allowed us to reject variants IV and
of dumbbell configurations. Variants I and II also must
omitted because they do not permit diffusion ofA atoms. It
implies that a large amount of immovableA-type interstitials
will remain in the samples independently of thex value,
which contradicts the experimental data. Thus, we have
conclude that the variant III is realized in implante
Hg12xCdxTe layers, i.e., the energies of Cd-Cd and Hg-
dumbbells formation are approximately equal and less t
the energy of the Cd-Hg dumbbell, as is schematically ill
trated in Fig. 6~b!. According to energy configuration, onl
implantation-induced Hg interstitials~besides the Te intersti
tials! migrate to the sample surface atx,xc , while the Cd
species join the company atx.xc .

Two additional experiments were performed in order
support these ideas. The first one is direct imaging of
sample surface in the nm scale using HRSEM. Images, ta
under magnification of3400 000 from the LPE-grown
samples with differentx ~see Fig. 7!, showed remarkable
surface modifications after boron implantation, as compa
to the virgin samples. In virgin samples, independently of
x value, the contrast variations in a form of light and da
spots in a 10-nm scale were observed@see Fig. 7~a!# and
attributed to clusters of point defects.31 After implantation,
the surface of the sample withx,xc , looks much smoothe
@see Fig. 7~b!# due to partial recovery of defected regions

FIG. 7. HRSEM images, demonstrating the ‘‘percolation
fect’’ in surface recovery in the LPE-grown Hg12xCdxTe layers:~a!
virgin sample,x50.24; ~b! implanted sample,x50.24,xc ; ~c!
implanted sample,x50.32.xc ; ~d! implanted sample,x50.47
.xc .
-
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ti-
la-

f

-
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n
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e
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d
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a flux of Te and Hg interstitials from the layer interior to th
surface. For samples withx.xc , an implantation procedure
leads to complete ‘‘healing’’ of the surface, as is shown
Figs. 7~c! and 7~d!, due to additional flux of the Cd intersti
tials. Recently, surface recovery in metals after ion impla
tation has been considered theoretically in terms
dumbbell-interstitials diffusion.32 Post-implantation defec
migration to the sample surface is also taken into accoun
explain observed modifications of sheet resistance in c
rolled Fe.33

The second experiment was carried out with a goal
observe possible changes in ‘‘frozen’’ interstitial concent
tion belowxc in samples subjected to heat treatments at
evated temperatures. Heating serves to overcome a ba
DE, between formation energies of the Cd-Cd and Cd-
dumbbells@see Fig. 6~b!#, and then to stimulate additiona
defect migration belowxc . In order to initiate the interstitials
transformation, the implanted LPE samples withx50.20
were subjected to the isochronous annealings for 1 h at 150–
350 °C. Several HRXRD profiles, taken from implanted a
annealed samples, are shown in Fig. 8. Samples subject
the heat treatments had a rather thin Hg12xCdxTe layer, and
hence a third peak~at ' 2500 arc sec!, originating in the
CdTe substrate, appears in the profile besides the previo
mentioned bulk peak~at 0 angle! and interstitials peak~at '
2100–200 arc sec!. Certainly, the dynamics of the interst
tials peak~which is clearly visible on curve 1 in Fig. 8! is of
interest here. In fact, an expected movement of the inte
tials peak toward the bulk peak with increasing temperat
is evident which indicates an annealing of the remaining
terstitials until complete disappearance at 350 °C.

Measured angular positions of the interstitials peak,DQ
;C, were again used to follow lattice recovery under he
treatments. It was found that the reduction of the interstiti
concentration,C, with increasing temperature,T, is well de-
scribed in the framework of the Debye relaxation model:

C~T,t !2C~`!5@C~0!2C~`!#e2t/t ~8!

with relaxation time

t5t0 exp~DE/kT! ~9!

FIG. 8. HRXRD profiles taken from implanted and anneal
LPE-grown Hg12xCdxTe layers, demonstrating gradual disappe
ance of the interstitials peak: as-implanted sample; 2, 3, 4, sam
implanted and annealed at 150, 200, and 250 °C, respectively.
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16 720 PRB 60N. MAINZER AND E. ZOLOTOYABKO
exponentially dependent on the energy barrier,DE. In Eq.
~8!, C(0) andC(`) stand for the initial (t50) and final (t
5`) concentrations, respectively. IfC(`)50, Eq.~8! trans-
forms toS(T,t)5S(0)e2t/r , which is analogous to Eq.~5!,
and together with Eq.~9! yields

lnF lnS S~0!

S~T,t ! D G5 lnS t

t0
D2DE/kT. ~10!

Experimental data plotted in format ~10!
„ln@ln„S(0)/S(T,t)…# versus 1/T… exhibited Arrhenius-like
behavior ~see Fig. 9!, i.e., could be approximated by
straight line, yielding a barrier value ofDE50.31
60.04 eV.

IV. SUMMARY AND CONCLUSIONS

HRXRD measurements were used to study structu
modifications in B-implanted Hg12xCdxTe layers with dif-
ferent Cd contents,x. Due to confinement of most of th
damage within a very thin layer, buried at the ion stopp

FIG. 9. Arrhenius-like behavior of the interstitials concentratio
as a function of annealing temperatureT.
ls

.

, J

s.
al

g

length, we were able to resolve an additional diffraction pe
shifted to the left side in the angular scale from the bu
diffraction peak, the latter originating in the undamag
crystal region. Angular position of the additional peak ind
cated lattice swelling in the damaged area, which was att
uted to an excess of interstitials there. Precise measurem
of the angular shift mentioned, which is proportional to t
interstitials concentrationC, were used in order to follow
changes inC values under experimental conditions. It w
found that interstitials concentration in as-implanted samp
exhibits a steplike dependence, as a function ofx, with a
drastic fall toC50 over a very narrow region, centered
xc50.265. This behavior indicates a percolation problem~at
x,xc! in the Cd transport, involved into the lattice recover
The obtained threshold value,xc50.265, was close to the
theoretical thresholdxth50.278, calculated for dumbbell in
terstitial defect migration through the fcc lattice.

Due to the percolation problem in the long-range atom
migration~from the bulk to the sample surface! we observed
rather different post-implantation surface recovery
samples havingx.xc andx,xc . Supplying additional ther-
mal energy~heat treatments at 150–350 °C!, we were able to
overcome an energy barrier,DE, between the Cd-Cd dumb
bells and the Cd-Hg dumbbells, and to stimulate migration
locked defects atx,xc . Thermal activation of Cd-Hg dumb
bells leads to the Arrhenius-like kinetics in lattice recove
with DE50.31 eV.
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