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Lattice-mismatched CdTe epilayers on GaAs~100! substrates with and without ZnTe buffer layers
were grown by the simple method of double-well temperature gradient vapor-transport deposition.
X-ray diffraction measurements were performed to investigate the structural properties of the
epitaxial layers. Photoluminescence and transmission electron microscopy measurements showed
that the crystallinity of the CdTe epilayers grown on the GaAs substrates was remarkably improved
using the ZnTe buffer. The strain of the CdTe layer was determined from photoreflectance
measurements. These results indicated that the CdTe epitaxial films grown on GaAs substrates with
the ZnTe buffer can be used for applications as buffer layers for the growth of HgxCd12xTe and
CdxZn12xTe. © 1995 American Institute of Physics.
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Recently, with rapid advancements in epitaxial grow
techniques, the fabrication of new types of strained hete
structures has attracted much attention for both scientific
technological reasons.1–3 Potential applications of II-VI
compound semiconductors in optoelectronic devices h
driven an extensive and successful effort to grow CdTe e
ayers on various substrates.4–8 However, since there are in
herent problems due to possible cross-doping effects re
ing from interdiffusion8 or due to strain effects as
consequence of the lattice mismatch,9 relatively little work
has been performed on II-VI/III-V mixed heterostructure
Among these mixed heterostructures, even though Cd
GaAs heterostructures have inherent difficulties due to
large lattice mismatch~D a/a>14.6% at 25 °C!, the CdTe
epitaxial layer grown on GaAs is particularly interesting b
cause of its important advantages for optoelectronic dev
such as solar cells and gamma-ray detectors.10 Although
some works concerning CdTe/GaAs heterostructures h
been reported,10–12 to the best of our knowledge, all of th
CdTe epitaxial layers were grown directly on the Ga
substrate.10–12

This letter presents data for CdTe thin films grown
GaAs substrates with and without ZnTe buffer layers by
simple technique of double-well temperature-gradient vap
transport deposition~DWTGVTD!. X-ray diffraction ~XRD!
measurements were carried out to demonstrate the heter
taxy of the CdTe films. Photoluminescence~PL! and trans-
mission electron microscopy~TEM! measurements were pe
formed to characterize the CdTe film’s quality. Th
magnitude of the strain in the CdTe epilayers was determi
from the photoreflectance measurements.

Polycrystalline stoichiometric CdTe and ZnTe with pu
ties of 99.9999% grown by the Bridgman method were u
as source materials and were precleaned by repeated s
2388 Appl. Phys. Lett. 67 (16), 16 October 1995 0003-695
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mation. Cr-doped semi-insulating GaAs was degreased
warm trichloroethylene~TCE!, rinsed in de-ionized water
thoroughly, etched in a HF solution, and rinsed in TC
again. As soon as the chemical cleaning process was
ished, the wafers were mounted onto a molybdenum susc
tor. Before CdTe and ZnTe growth, the GaAs substrates w
thermally cleaned at 600 °C for 10 minin situ in a growth
chamber at a pressure of 1028 Torr. The depositions were
done at substrate temperatures of 290 and 310 °C for
CdTe and the ZnTe layers, respectively, and at a system pr
sure of 531027 Torr. Source temperatures for athe CdTe an
ZnTe were 470 and 540 °C, respectively, and the grow
rates were 0.36 and 1.2mm/h, respectively. A detailed sche-
matic diagram of the single-well TGVTD was reporte
previously,6 and the DWTGVTD system is a modified ver-
sion of the one based on the TGVTD with two effusion cell

The PL measurements were carried out using a 75
monochromator equipped with an RCA 31034 photomul
plier tube. The excitation source was the 4880 Å line of a
Ar-ion laser. The PR measurements were performed usin
75 cm monochromator equipped with a 250 W Xe lamp as
probe source and the 4880 Å line of an Ar-ion laser as
modulation source. The samples were mounted on a c
finger in a cryostat and kept either at room temperature or
K throughout the experiment. The TEM observations we
performed in a JEOL 200CX transmission electron micr
scope operating at 400 kV. The samples for TEM measu
ments were prepared by cutting and polishing to an appro
mately 30mm thickness using a diamond paper, and the
argon-ion milling at liquid-nitrogen temperature to electro
transparency.

The CdTe films as grown by DWTGVTD had mirrorlike
surfaces without any indication of pinholes, which was co
firmed by Normarski optical microscopy and scanning ele
1/95/67(16)/2388/3/$6.00 © 1995 American Institute of Physics
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tron microscopy. The x-ray diffraction pattern for the CdT
epilayer on a GaAs~100! substrate shows the~400! Ka1

diffraction peaks corresponding to the CdTe~100! epilayer
on the GaAs~100! substrate~see Fig. 1!. The diffraction
pattern for the CdTe epilayer on a GaAs~100! substrate with
a ZnTe buffer shows the~400! Ka1 diffraction peaks corre-
sponding to the CdTe~100! epilayer, the ZnTe~100! buffer,
and the GaAs~100! substrate Although the growth of th
CdTe films was performed in the thickness range betw
0.5 and 10mm, only the physical properties of the CdT
films with a 1mm thickness are described for convenienc
These results indicate that a CdTe~100! epilayer with and
without a ZnTe buffer layer can be grown on a GaAs~100!
substrate using the simple DWTGVTD technique. The latt
constants of the CdTe films with and without the ZnTe buf
layer as determined from their XRD peaks were 6.4861 a
6.4961 Å, respectively. Even though the lattice constant
the CdTe film grown on the ZnTe buffer layer is a little larg
than the bulk value of CdTe~100! due to the tensile effect,12

it is much smaller than the value of the CdTe epilayer
rectly grown on the GaAs substrate.

FIG. 1. X-ray diffraction curves of the CdTe/GaAs and the CdTe/ZnT
GaAs heterostructures.

FIG. 2. Photoluminescence spectra of the CdTe/GaAs and the CdTe/Z
GaAs heterostructures.
Appl. Phys. Lett., Vol. 67, No. 16, 16 October 1995
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The results of the PL measurements for the CdTe/GaA
and CdTe/ZnTe/GaAs heterostructures are shown in Fig.
The peaks at 1.591 eV for the CdTe/GaAs and 1.596 eV f
the CeTe/ZnTe/GaAs are considered to be from excito
bound to neutral donors caused by impurities.13 The peaks at
1.561 eV for the CdTe/GaAs and at 1.556 eV for the CdTe
ZnTe/GaAs are attributed to donor-acceptor pair transition
and the peaks at 1.539 eV for the CdTe/GaAs and at 1.5
eV for the CdTe/ZnTe/GaAs are related to longitudinal opt
cal ~LO! phonon replicas.14 While the 1.514 eV peak for the
CdTe/ZnTe/GaAs heterostructure is also considered to be
LO phonon replica, the corresponding replica does not a
pear for the CdTe/GaAs heterostructure. Furthermore, t
peak intensity of the defect-related emission in the rang
between 1.40 to 1.50 eV for the CdTe/ZnTe/GaAs heter
structure is much smaller than that for the CdTe/GaAs he
erostructure.

The selected-area electron-diffraction patterns from
TEM of the CdTe/GaAs and the CdTe/ZnTe/GaAs hetero
structures are shown in Fig. 3. Figure 3 shows misfit dislo

e/

nTe/

FIG. 3. Selected-area electron-diffraction patterns from transmission ele
tron microscopy of the CdTe/GaAs and the CdTe/ZnTe/GaAs heterostru
tures, (hkl)C , (hkl)Z , and (hkl)G corresponding to the CdTe, ZnTe, and
GaAs indices, respectively. These images are plane-view transmission e
tron diffraction patterns.
2389Kim, Park, and Lee
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cations in both heterostructures due to the lattice mismat
Figure 3~a! shows that the diffraction spots occur in pair
with the inside spot and the smaller outside spot correspo
ing to the CdTe and the GaAs, respectively. Figure 3~b!
shows similar diffraction spots occurring in pairs, corre
sponding to the CdTe and ZnTe. The diffraction patterns
dicate that an epitaxial orientation relationship was form
between the CdTe and the GaAs in the CdTe/GaAs hete
structure and between the CdTe and the ZnTe in the Cd
ZnTe/GaAs heterostructures. All of the CdTe~hkl! are par-
allel to the GaAs~hkl! and the ZnTe (hkl). However, the
distance between the CdTe (hkl) and the ZnTe~hkl) is
much smaller than that between the CdTe~hkl) and the
GaAs (hkl) resulting from the different lattice constant
among CdTe, ZnTe, and GaAs. Furthermore, there are sli
lines between the (hkl) indices in the CdTe/GaAs hetero
structures due to the dislocations or the stacking faults. Hig
resolution TEM images of cross-sectional samples of t
CdTe/GaAs and the CdTe/ZnTe/GaAs structures show t
both the CdTe/GaAs and the CdTe/ZnTe heterointerfaces
hibit sawtoothed structures. While the CdTe epilayer grow
directly on the GaAs substrate has dislocations and stack
faults, the CdTe epilayer grown on the GaAs substrate w
the ZnTe buffer layer has no stacking faults.

PR measurements were performed to determine
strain in the CdTe epilayers. The results of the PR spectra
shown in Fig. 4. The strain~e! of the CdTe epilayer can be
determined using the following equation:15,16

e52
C11~Ehh2Elh!

2b~C1112C12!
, ~1!

FIG. 4. Photoreflectance spectra of the CdTe/GaAs and the CdTe/Zn
GaAs heterostructures.
2390 Appl. Phys. Lett., Vol. 67, No. 16, 16 October 1995
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whereCi j is the stiffness coefficient,b is the shear deforma-
tion potential, andEhh andElh are the energies corresponding
to the heavy-hole and light-hole bands. Using Eq.~1!,
the strains of the CdTe epilayers determined for the CdT
GaAs and the CdTe/ZnTe/GaAs heterostructures we
25.3231024 and 21.5831023,15,16 respectively. Thus,
the strain induced in the CdTe epilayer can be reduced us
the ZnTe buffer layer. Furthermore, the value of the strain
the CdTe epilayer obtained from the CdTe/ZnTe/GaAs he
erostructures is much smaller than that from the CdTe/Ga
heterostructure grown by molecular beam epitaxy;10 this re-
sult is also confirmed by the results of the XRD measur
ments.

In summary, the results of XRD, PL, and TEM measure
ments showed that high-quality CdTe epilayers can be gro
on GaAs substrates with ZnTe buffer layers. XRD and TE
measurements clearly confirm the lattice mismatch amo
the CdTe, ZnTe, and GaAs. These results indicate that
ZnTe buffer layer on GaAs~100! improves the crystallinity
of the CdTe epilayer. The strain of the CdTe epilayers dete
mined for the CdTe/ZnTe/GaAs heterostructure was as sm
as 25.3231024. Although some details of the electrica
properties remain to be clarified, these results indicate th
the CdTe epitaxial films grown on a ZnTe buffer layer b
DWTGVTD have high quality. Furthermore, such high
quality films hold promise for applications as buffer layer
for the growth of HgxCd12xTe and CdxZn12xTe.

This work was supported by the Faculty Research Gra
of the Yonsei University in 1995.
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