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The influence of a ZnTe buffer layer on the structural quality of CdTe epilayers grown on
~100!GaAs substrates by metalorganic vapor phase epitaxy has been investigated by both x-ray
diffraction and ion channeling Rutherford backscattering spectrometry measurements. Single-crystal
~100! oriented CdTe epilayers of good structural quality have been obtained after inserting a ZnTe
buffer layer of a thickness ranging between 300 and 500 nm. The influence of the buffer layer
thickness on the crystalline quality and the morphology of the CdTe epilayer has been related to the
defect distribution and the surface roughness of the ZnTe buffer layer. The crystalline quality and the
surface strain have been thus studied as a function of the CdTe thickness on samples having optimal
ZnTe layer thickness. The initial compressive mismatch between CdTe and ZnTe,f525.8%,
appears to be almost fully relaxed for a CdTe thickness around 200 nm. A residual compressive
in-plane strain~about20.02%!, independent of the CdTe epilayer thickness, has been found above
300 nm which can be ascribed to thermal strain and indicates a complete relaxation of the lattice
misfit at the growth temperature. ©1996 American Vacuum Society.
I. INTRODUCTION

Cadmium telluride is a direct gap~Eg51.5 eV! semicon-
ductor material of considerable technological interest. B
cause of its high average atomic number, it is one of the m
promising candidates for nuclear detectors and high e
ciency solar cell fabrication.1–3 Moreover, as CdTe and
HgCdTe are both II–VI compounds with the same crystallin
structure, very close lattice matching and chemical comp
ibility, CdTe is considered the ideal substrate for the grow
of high quality epitaxial HgCdTe based structures for infra
red detector applications. However, bulk CdTe single cryst
of sufficiently good crystalline quality and large dimension
are costly and difficult to grow. Hence, the growth of hig
quality and low cost CdTe/GaAs and CdTe/Si hybrid su
strates is desirable as an alternative to bulk CdTe substra
for the HgCdTe epitaxy.

Despite the high lattice mismatches between CdTe a
GaAs or Si, that equals to 14.6% for~100!CdTe//~100!GaAs
and 19.3% for~100!CdTe//~100!Si, the growth of fairly high
quality CdTe epilayers on GaAs and Si by both molecul
beam epitaxy~MBE! and metalorganic vapor phase epitax
~MOVPE! has been demonstrated.4–7 As a matter of fact, it
has been found that the growth of CdTe epilayers on~100!-
oriented GaAs substrates can proceed according to two
ferent epitaxial relationships, namely~100!CdTe//~100! sub-
1739 J. Vac. Sci. Technol. B 14(3), May/Jun 1996 0734-211X/96
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strate or ~111!CdTe//~100! substrate, although this double
epitaxy can not be entirely attributed to the reduction in the
lattice mismatch occurring when~111! oriented CdTe is
grown on ~100!GaAs. In fact, several studies have shown
that both surface reconstruction and stoichiometry of the
GaAs substrate strongly influence the initial stages of the
CdTe growth and, therefore, the subsequent orientation of the
epilayer. ~100! or ~111! oriented CdTe films were obtained
reproducibly depending on the degree of Te coverage of the
GaAs substrate surface.8–10 Moreover, it has been reported
that the CdTe orientation also depends on the substrate an-
nealing temperature which can change the~100!GaAs sur-
face reconstruction.11 Recently, a thin GaxTey intralayer has
also been observed at the CdTe/GaAs interface due to Ga
diffusion from the substrate that seems to facilitate the~111!
growth.12

Worth noting are the differences in the type and distribu-
tion of defects were revealed by transmission electron mi-
croscopy~TEM! observations in~111! and ~100! oriented
CdTe.10 In contrast to~100!CdTe/GaAs, where misfit dislo-
cations were mainly observed, a distribution of rotational
twins, gradually accommodating the residual strain at the
interface, are generated in~111! oriented epilayers.

In order to intentionally nucleate the CdTe layer along the
~100! direction as well as to reduce the large CdTe/GaAs
mismatch the insertion of a ZnTe buffer layer has been some-
1739/14(3)/1739/6/$10.00 ©1996 American Vacuum Society
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1740 Leo et al. : Influence of a ZnTe buffer layer 1740
times reported in literature.12,13However, to our knowledge
no detailed study of the CdTe structural quality grown on
ZnTe buffer layer has yet been published in the literature

In this article, we report on the structural characterizat
of CdTe epilayers grown by MOVPE on~100!GaAs sub-
strates. In order to improve the structural quality of the
films, a ZnTe buffer layer has been inserted and the struct
quality of the overgrown CdTe has been studied as a func
of the buffer thickness by both x-ray diffraction~XRD! and
Rutherford backscattering spectrometry~RBS!-channeling
technique. From the analysis of the present data, we are
to correlate the CdTe epilayer crystalline quality to the stru
tural and morphological properties of the ZnTe buffer lay
This allows us to determine the best ZnTe buffer thickne
for the growth of high quality~100!CdTe epilayers. Finally,
structural quality and surface strain of samples grown
optimized ZnTe buffer layers have also been studied a
function of the CdTe thickness.

II. EXPERIMENT

CdTe epilayers were grown on~100!GaAs substrates by
atmospheric pressure MOVPE in a horizontal chamber re
tor of the vent-run type. For most samples, a ZnTe buf
layer was grown on GaAs before depositing CdTe. To t
purpose, electronic grade dimethyl–cadmium~Me2Cd!, di-
isopropyltelluride@( i -Pr)2Te# and dimethyl–zinc~Me2Zn!,
supplied by Epichem Ltd., were used as Cd, Te, and
precursors, respectively.

GaAs substrates cut from liquid encopsulated Czochm
ski ~LEC!-grown semi-insulating~resistivity .107 V cm!
~100! 60.25° oriented 2 in. wafers, were supplied by Nipp
Mining Ltd. Before being loaded into the reactor, the su
strates were degreased in isopropanol vapor and then et
for 8 min at 40 °C in a H2SO4:H2O2:H2O ~4:1:2! solution,
rinsed in 18.2 MV deionized water and finally dried unde
pure N2 flow. In order to get an oxide-free surface, anin situ
thermal treatment was routinely performed on the GaAs s
strates at 460 °C for 20 min under 1.0 SLM total H2 flow
immediately before the growth. For all samples the grow
temperature was kept fixed at 350 °C, whereas the m
flows of Me2Cd, (i -Pr)2Te and Me2Zn through the reactor
chamber were fixed at about 55mmol/min, determining a
precursors concentration of about 1.231028 mol/cm3 in the
vapor phase for a total H2 dilution flow of about 4.5 SLM.
These conditions gave us growth rates of about 2.1mm/h for
ZnTe and 2.5mm/h for CdTe. Furthermore, in order to hav
sharp CdTe/ZnTe interfaces a 60 s growth interruption ti
was adopted between the growth of ZnTe and CdTe. Sev
CdTe epilayers were grown for the present study, their thi
nesses ranging from 200 to 1100 nm while the ZnTe buf
layer thickness ranged from 0 to 1300 nm.

A quantitative evaluation of the CdTe surface roughne
was obtained by using a Tencor Instruments Model 2
a-step surface profiler, having a maximum vertical resoluti
of 0.5 nm and a lateral resolution of about 40 nm. Several
mm surface scans~sampling rate of 25 point/mm! were per-
J. Vac. Sci. Technol. B, Vol. 14, No. 3, May/Jun 1996
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formed for each sample, allowing us to calculate the value of
the surface average roughnessRa, i.e., the arithmetic average
of the absolute surface height deviations from the mean sur-
face height along the scan line.14 As for the CdTe/ZnTe in-
terface roughness, we used the data measured by the same
technique on the ZnTe surface in a former study.15

In order to measure the epilayer thickness and to roughly
estimate their crystalline quality, RBS measurements in both
random and@100# aligned geometry~ion channeling! were
performed at the Laboratori Nazionali di Legnaro~Italy! on
both CdTe/GaAs and CdTe/ZnTe/GaAs heterostructures by
using 4He1 beams of 2 or 3.5 MeV energy, following the
thickness of the structure. A measure of the lattice tetragonal
distortion was also performed by ion-channeling recording
the angular yield curves for a surface region for several lat-
tice directions inclined to the surface normal. To this pur-
pose, a goniometer sample holder with an overall precision
of 0.01° was used for the ion channeling measurements.16

The CdTe/GaAs and CdTe/ZnTe/GaAs epitaxial relation-
ships were assessed by x-ray diffraction~SA-XRD! measure-
ments routinely performed by means of a single-crystal dif-
fractometer~Philips PW 1880!. A Cu-target x-ray tube as
x-ray source and a proportional counter as detector were
used. A flat graphite monochromator placed before the detec-
tor was used in order to reduce theKb diffraction peak.
Finally, the crystalline quality of selected epilayers was in-
vestigated by using a high resolution x-ray diffractometer
~Philips MRD! composed of a four-reflection Ge~220! mono-
chromator~DA-XRD!. The source was a CuKa radiation
emitting x-ray tube and the detector a proportional counter.

III. RESULTS
@100# aligned RBS spectra of CdTe/GaAs heterostructures

having epilayer thicknesses of 486 and 952 nm are reported
in Fig. 1 together with the random spectrum of the thickest
sample. The epilayer thicknesses were determined by com-
puter simulation of the random spectra with a possible sys-
tematic error lower than 10% due to uncertainties in the stop-
ping powers of the target material.17 The @100#-aligned

FIG. 1. 2.0 MeV@100# aligned4He1 RBS spectra of CdTe/GaAs epilayers:
~1! 952 nm; ~2! 486 nm. The random spectrum recorded for the 952 nm
thick CdTe epilayer is also reported for comparison~3!.
e or copyright; see http://avspublications.org/jvstb/about/rights_and_permissions
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1741 Leo et al. : Influence of a ZnTe buffer layer 1741
spectra show a very high dechanneling rate due to defect
increasing the penetration depth from the surface down to
interface. Also, the channeling surface yield normalized
the random yield,xmin , that gives an estimate of the crysta
line quality of the sample, turned out to be;50% indepen-
dently of the CdTe thickness. Due to the limit in the ma
resolution between Te and Cd signals, thexmin values have
been evaluated just behind the Cd surface peak, hence a
130 nm below the epilayer surface for 2.0 MeV4He1 beam.
As a consequence of this all thexmin values reported in this
work are overestimated. Neverthelessxmin values around
50% are one order of magnitude larger than the theoret
value expected for a perfect CdTe crystal18 pointing out the
poor crystalline coherency of the CdTe epilayers grown
rectly on GaAs.

In order to assess the crystalline quality of the CdTe e
ilayers and to exclude any chance of pseudoepitaxy, X
measurements have been performed on several CdTe/G
heterostructures. A typicalu–2u angular scan is reported in
Fig. 2 for the 486 nm thick CdTe epilayer. Only the~100!-
related CdTe reflections in addition to the GaAs substr
peaks can be observed in the XRD rocking curve show
that the unique~100!CdTe//~100!GaAs epitaxial relationship
holds for these samples. The inset of Fig. 2 shows the dou
axis XRD ~DA-XRD! spectrum recorded in vicinity of the
CdTe and GaAs~400! reflections for the same sample. It ap
pears that the CdTe reflection peak is much broader t
expected for an ideal CdTe epilayer of the same thickness
full width at half-maximum~FWHM! value being 1574 arc-
sec. This fact can be related to the occurrence of a h
defect density in the epilayer due to plastic relaxation of t
CdTe/GaAs high lattice misfit. Moreover~400! symmetric
reflections, recorded at four different azimuthal angles, ha
shown FWHM values as large as 1940 arcsec and a cer
asymmetry in the CdTe peak shape when the sample is
tated by 90°.

In the attempt to improve the CdTe structural quality,

FIG. 2. SA-XRD rocking curve of a CdTe/GaAs sample, the CdTe thickne
being 486 nm. The DA-XRD rocking curve in the vicinity of the~400!
reflections for the same sample is shown in the inset for one of the f
azimuthal angles measured.
JVST B - Microelectronics and Nanometer Structures
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ZnTe buffer layer has been inserted. XRD measurements of
the CdTe/ZnTe/GaAs heterostructures indicate that fully
~100!-oriented CdTe epilayers are still obtained~Fig. 3! but
their crystallographic quality is now strongly improved. In
fact, the DA-XRD spectrum of a 435 nm thick CdTe epilayer
grown on a 240 nm thick ZnTe buffer layer, shows a FWHM
of 1088 arcsec for the~400! reflection~inset of Fig. 3!. Still,
different FWHM values and asymmetry in the~400!CdTe
peak shape have been observed also for these samples, inde
pendently of the buffer layer thickness, when the sample is
rotated of 90°.

RBS-channeling measurements have been systematically
performed on CdTe/ZnTe/GaAs heterostructures as a func-
tion of both the ZnTe buffer layer and the CdTe thicknesses.
Typical 4He1 RBS spectra of a CdTe/ZnTe/GaAs hetero-
structure in both random and@100# channeling condition are
reported in Fig. 4 together with the random computer simu-
lation. The CdTe thickness turns out to be 435 nm hence very
close to the one of the CdTe/GaAs sample shown above.

The channeling spectrum shows a strong increase in the
dechanneling rate by increasing the beam penetration depth
indicating the occurrence of a high defect density in a region
about 400 nm thick close to the CdTe/ZnTe interface, as
already observed for the CdTe/GaAs heterostructure. How-
ever, in agreement with XRD results, the surface crystalline
quality of the buffered heterostructure appears to be strongly
improved, itsxmin value being about 17%. Thexmin values of
a 435 nm thick CdTe epilayer as a function of the ZnTe
buffer layer thickness are reported in Fig. 5. It appears that
the xmin value monothonically decreases from 50% for no
buffer down to a minimum value of about 12% by increasing
the ZnTe thickness up to 300–500 nm, pointing out an im-
portant improvement in the crystalline quality of the CdTe
epilayers. Moreover, as a striking feature, the strongest de-
crease in thexmin value is observed for ZnTe buffer layer
thickness up to 10 nm and then only a fairly smooth decrease

ss

our

FIG. 3. SA-XRD rocking curve of a CdTe/ZnTe/GaAs sample, the CdTe
thickness being 435 nm and the ZnTe buffer layer 218 nm thick. The DA-
XRD rocking curve recorded in the vicinity of the~400! reflections for the
same sample is shown in the inset for one of the four azimuthal angles
measured.
e or copyright; see http://avspublications.org/jvstb/about/rights_and_permissions
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1742 Leo et al. : Influence of a ZnTe buffer layer 1742
in the CdTexmin is observed up to about 400 nm. Finally
further increase of the buffer layer thickness above 500 n
causes a slight increase ofxmin, that reaches the value of 16%
for a 1330 nm thick ZnTe buffer layer, as can be observed
the inset of the figure. Thus, the optimal buffer layer thick
ness has been determined to vary between 300 and 500

Computer simulations of the random spectra have be
performed in order to obtain a measure of the epilayer thic
ness and to estimate the sharpness of the interface. The s
lations show that a fairly good agreement with the corr
sponding experimental spectra can be achieved only
introducing an interfacial linearly graded composition profi
between CdTe and ZnTe over a thicknessDt whose average
value is 7466 nm independently of the buffer layer thick
ness. As a matter of fact the RBS technique cannot dist
guish between surface and interface roughness and inter
interdiffusion, hence the surface roughness,Ra , of the ZnTe
buffer was systematically measured by surface profilomet

FIG. 4. 2.0 MeV4He1 RBS spectra of a 435 nm thick CdTe epilayers grow
on ~100!GaAs after inserting a 218 nm thick ZnTe buffer layer:~1! @100#
aligned; ~2! random geometry. The solid line superposed to the rando
spectrum is the corresponding RBS simulation.

FIG. 5. Values of the@100#-channeling surface yield normalized to the ran
dom yield,xmin , as a function of the ZnTe buffer layer thickness for 435 nm
thick CdTe epilayers.
J. Vac. Sci. Technol. B, Vol. 14, No. 3, May/Jun 1996
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The results are reported in Fig. 6 as a function of the ZnTe
thickness. In the same figure, theRa values of a 435 nm thick
CdTe film grown on top of different thickness ZnTe buffer
layers are also reported for comparison. The ZnTe roughnes
is almost constant at a value of 1.660.5 nm up to a thickness
of about 300 nm and above 500 nm shows a dramatic in
crease. The CdTe roughness is likely higher than that of th
ZnTe buffer and mimic the ZnTe behavior. In fact, it is nearly
constant at a value of 2.860.5 nm for ZnTe thicknesses be-
low 300 nm and then sharply increases. These data, togeth
with the RBSDt data, allow us to conclude that Cd and Zn
interdiffusion takes place at the interface, its extension bein
of the order of 50 nm.

~100!CdTe epilayers with different thicknesses have been
grown on 30767.5 nm thick ZnTe buffer layers. The normal-
ized channeling yield,xmin , as a function of the CdTe epil-
ayer thickness is reported in Fig. 7. A sharp decrease in th

n

m

-

FIG. 6. Average surface roughness valuesRa of ZnTe epilayers~filled circle!
and of a 435 nm overgrown CdTe layer~open circle!, as a function of the
ZnTe thickness.

FIG. 7. Values of the@100#-aligned RBS minimum yieldxmin as a function of
the CdTe epilayer thickness, the ZnTe buffer layer thickness being 307 nm
In the inset the CdTe surface roughness is also reported as a function of th
epilayer thickness. The dashed line indicates the surface average roughne
value of the ZnTe buffer layer.
or copyright; see http://avspublications.org/jvstb/about/rights_and_permissions
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1743 Leo et al. : Influence of a ZnTe buffer layer 1743
xmin value from 25% down to an average value of 12%
observed by increasing the CdTe thickness from 200 to 5
nm, pointing out a fairly good improvement in the CdT
epilayer crystalline quality when its thickness is larger th
500 nm. The surface average roughness,Ra , of the CdTe
epilayers is reported in the inset of Fig. 6 as a function
their thickness.

Finally, surface strain measurements as a function of
CdTe thickness have been performed by ion channeling
CdTe/ZnTe/GaAs samples having optimal buffer layer thic
ness around 300 nm. For such ZnTe thickness, the lat
mismatch between the ZnTe buffer layer and the GaAs s
strate is totally relaxed, as reported in a previous pape19

Values of the tetragonal distortion,eT5a' /ai11, wherea'

andai are the CdTe lattice parameters normal and paralle
the CdTe/ZnTe interface, respectively, have been obtained
measuring the angular deviations of lattice directions
clined to the surface normal with respect to the correspo
ing directions in the unstrained lattice.16 By assuming a te-
tragonal distortion approximation for the CdTe unit cell, th
in-plane strain values,ei , have been obtained by the relation
ship: e i52eT /(11a), where a52C12/C11 is 1.37 for
CdTe. In Table Iei and eT values are reported for differen
CdTe epilayer thickness. The table shows that the ini
compressive strain induced by the lattice mismatch betw
CdTe and ZnTe (f525.8%) isalmost totally relaxed for a
CdTe thickness of 217 nm. A further slight relaxation tak
place by increasing the CdTe thickness up to 311 nm. In fa
ei increases from20.09% at 217 nm up to20.02% at 311
nm whereas no further increase is observed up to 1060 n

IV. DISCUSSION

In the previous section the structural quality of CdTe e
ilayers has been evaluated for ZnTe buffer layer thicknes
varying from 0 to 1330 nm. It is evident from both ion
channeling and DA-XRD measurements that the insertion
the ZnTe buffer layer causes a noteworthy improvement
the structural quality of the CdTe epilayers. Single-crys
CdTe epilayers of fairly good crystalline quality~xmin512%!
have been obtained for ZnTe buffer layer thicknesses in
range from 300 to 500 nm.

The CdTe crystalline quality evolution as a function of th
ZnTe buffer layer thickness can be related to previous R
and TEM results about the ZnTe/GaAs heterostructures.19,20

In fact, RBS-channeling damage profile pointed out the h
lattice deformation, induced by the high density of mis
dislocation generated at the interface and extended def

TABLE I. Tetragonal distortion and parallel strain values determined by io
channeling measurements for several CdTe/ZnTe/GaAs samples ha
around 300 nm thick ZnTe buffer layer.

Sample hCdTe ~nm! eT ~%! ei ~%!

ZCT12 217 10.2160.06 20.0960.02
ZCT21 311 10.0660.02 20.0260.01
ZCT11 421 10.0660.03 20.0260.01
ZCT15 1059 10.0660.03 20.0260.01
JVST B - Microelectronics and Nanometer Structures
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which occur in the first 60 nm, from the interface. In addi-
tion, beyond this region further defects occurs into the epil-
ayers, with a slowly decreasing density by increasing the
distance from the interface. These results were also con-
firmed by TEM observations showing, in addition to 60°
misfit dislocations along the interface, an inhomogeneous
distribution of defects extending into the ZnTe epilayer. The
density of these defects was found to vary within the epilayer
thickness in agreement with the observed residual strain
gradient.20

Taking into account this defect distribution for the ZnTe
buffer layer, it is possible to explain the two regions evi-
denced by thexmin curve of the CdTe as a function of the
ZnTe thickness. In fact, for ZnTe ranging from 0 to 10 nm
the CdTe crystalline quality sharply increases as a conse
quence of both the reduction in the CdTe/GaAs lattice misfit
induced by the ZnTe buffer layer insertion and of the rapid
decrease of the defect density in the ZnTe buffer. Above 10
nm the slower increase in the CdTe structural quality can be
accounted for by the slow decrease in the buffer density of
threading dislocations which propagate into the overgrown
CdTe epilayer deteriorating its surface crystalline quality.
The fairly good structural quality of CdTe films grown on
ZnTe buffers with thicknesses ranging from 300 to 500 nm
~xmin512%! are thus explained by the stabilization of the
buffer surface crystalline quality for ZnTe thickness above
300 nm.19 Finally, the slight worsening of the CdTe quality
observed when increasing the ZnTe thickness above 500 nm
can be related to the rapid increase of the ZnTe surface
roughness that favors the generation of defects threading to
the surface. In fact, a strong dependence between the struc
tural quality of epilayers and the morphology and surface
roughness of the substrate has been recently reported.21

As a consequence of these results the most favorable
ZnTe buffer layer thickness has been determined to be 300
nm. The ion-channeling measurements shown in the previous
section have pointed out that the surface crystalline quality
of a CdTe epilayer, grown on ZnTe buffers of optimal thick-
ness, is relatively high for CdTe thicknesses above 400 nm
~xmin around 12%!. Even though thisxmin value is overesti-
mated as a consequence of the limited RBS mass resolutio
for Cd and Te~see Sec. III!, it is nearly twice the theoretical
value for a perfect crystal. Thus, the crystalline quality of the
CdTe epilayers is not perfect, nevertheless it is much better
than that of a CdTe epilayer directly grown on the GaAs
substrate.

Concerning the surface morphology, it appears to be quite
good for layer thicknesses lower than 600 nm, as the surface
roughness is of the order of 2.8 nm. At present, we do not
have any explanation for the rapid increase of the surface
roughness at higher thicknesses. However, we observe tha
this behavior is quite similar to that of ZnTe which is unex-
plained as well.

Furthermore, no direct correlation appears between the
surface roughness and the surface crystalline quality of the
CdTe epilayers grown on a ZnTe buffer layer of optimized
thickness. In fact, in contrast to the constant trend ofRa ,
both thexmin and XRD—FWHM values show a worsening
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of the CdTe structural quality for epilayers thinner than 40
nm. This behavior can be ascribed to the occurrence of e
tended defects generated as a consequence of the plastic
laxation of the initial lattice misfit between CdTe and ZnTe
As it can be inferred by the high dechanneling rate observ
in this region in the aligned RBS spectra, these defec
should extend in an almost 400 nm thick region close to th
CdTe/ZnTe interface. This interpretation is in good agree
ment with high resolution~HR!-TEM observation of both
CdTe/GaAs and CdTe/ZnTe/GaAs heterostructures10,13,22

showing that the relaxation of these large lattice mismatch
takes place only partially through a network of 60° misfi
dislocations at the interface. In fact, in addition to this ne
work, threading dislocations and, in some cases, also sta
ing faults were observed in the epilayers.13,22 The different
FWHM values of the~400! reflection shown by the DA-
XRD measurements, at different azimuthal angle in bo
CdTe/GaAs and CdTe/ZnTe/GaAs samples suggest that
fects with different density are generated along the two o
thogonal@011# and @0–11# directions. Hence, a certain an-
isotropy in the strain relaxation is expected in both CdTe
GaAs and CdTe/ZnTe heterostructures. As a consequence
the defect concentration gradient, a strain gradient is al
expected to occur in the layer.

The surface residual strain measured as a function of t
CdTe thickness on samples having optimized ZnTe buffe
show that the high lattice misfit between CdTe and ZnTe i
almost totally relaxed for a 200 nm thick CdTe epilaye
while a small and constant residual compressive stra
ei5~20.0260.01!%, was measured for CdTe epilayers
thicker than 300 nm. This residual strain can be attributed
a small, not-relaxed, thermal strain induced in the relaxe
CdTe/ZnTe/GaAs heterostructure during the cooling dow
from the growth temperature to room temperature. On th
basis of the currently available ZnTe and CdTe linear expa
sion coefficient data,23–26 the thermal strain has been calcu
lated to be20.008% with a relative error of about 10%, in
perfect agreement with our measurements within the expe
mental error.

V. CONCLUSIONS

We have reported the structural characterization of CdT
epilayers grown by MOVPE technique on~100!GaAs. The
effect of the insertion of a ZnTe buffer layer on the CdT
quality has been studied as a function of the ZnTe thickne
DA-XRD and ion-channeling measurements show that hig
crystalline quality CdTe epilayers can be obtained by grow
ing on buffer layers with a thickness ranging between 30
and 500 nm. This result is in good agreement with the ZnT
defect distribution determined in a former TEM study of th
ZnTe/GaAs heterostructure, whereas the worsening of t
CdTe structural quality by increasing the buffer layer thick
ness above 600 nm can be fully ascribed to the rapid increa
in the ZnTe surface roughness.

Systematic ion-channeling measurements of the surfa
J. Vac. Sci. Technol. B, Vol. 14, No. 3, May/Jun 1996
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structural quality and the built-in lattice strain have been
performed as a function of the CdTe thickness for samples
grown on 300 nm thick ZnTe buffer layers. The relaxation of
the initial CdTe/ZnTe high lattice misfit seems to occur
through the generation of extended defects extending in the
epilayer for about 400 nm from the interface. Thus high
quality CdTe epilayers can be obtained for thicknesses abov
400 nm. The lattice misfit appears to be already fully relaxed
in a 300 nm thick CdTe film and the small residual strain
revealed at the sample surface can be ascribed to the therm
strain induced in the CdTe/ZnTe/GaAs heterostructure during
the cooling down from the growth temperature.
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