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Auger electron spectroscopy~AES! and secondary ion mass spectroscopy~SIMS! measurements
were carried out to characterize the composition of ZnTe films, and transmission electron
microscopy ~TEM! measurements were performed to investigate the lattice mismatch and the
microstructural properties of the ZnTe/GaAs heterostructures. The AES and SIMS results showed
that the ZnTe/GaAs heterointerfaces had relatively sharp interfaces. The TEM images and the
selected-area electron-diffraction patterns showed a large lattice mismatch between the ZnTe
epitaxial layer and the GaAs substrate, 60° and 90° dislocations together with stacking faults, near
the ZnTe/GaAs heterointerface. The ZnTe epitaxial film grown on the GaAs substrate receives a
compressive strain of20.61%, and possible atomic arrangements of the 60° and the 90°
dislocations are presented on the basis of the high-resolution TEM results. ©2001 American
Institute of Physics.@DOI: 10.1063/1.1349866#
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The heteroepitaxial growth of II–VI/III–V strained he
erostructures has attracted much attention from both sc
tific and technological points of view.1–6 However, since
there are inherent problems due to possible cross-doping
fects due to interdiffusion in the interfacial region7–9 or to
strain effects as a consequence of the lattice mismatch
tween the II–VI quantum structures and the III–
substrates,10 relatively few studies have been devoted to t
growth and the physical properties of II–VI/III–V mixe
structures. Among the many kinds of II–VI/III–V hetero
structures, the growth of ZnTe epilayers on various s
strates has driven an extensive and successful effort du
their potential applications in the areas of optoelectron
and communications.11–15 However, since ZnTe/GaAs he
erostructures have inherent problems due to the large la
mismatch (Da/a57.6% at 25 °C!, studies of the microstruc
tural properties near the ZnTe/GaAs heterostructures
very important for achieving high-quality optoelectronic d
vices.

This letter presents the atomic arrangements of Zn
thin films grown on GaAs substrates by using a temperat
gradient vapor-transport deposition~TGVTD! method. Au-
ger electron spectroscopy~AES! and secondary ion mas
spectroscopy~SIMS! measurements were carried out in ord
to characterize the composition of the grown films. Tra
mission electron microscopy~TEM! and selected-are
electron-diffraction measurements were performed to inv
tigate the microstructural properties of the ZnTe/GaAs h
erointerfaces. Possible atomic arrangements of the 60°
the 90° dislocations near the ZnTe/GaAs heterointerfaces
presented on the basis of the high-resolution TEM result

The results of the AES measurements showed that
1400003-6951/2001/78(10)/1409/3/$18.00
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film consisted of zinc, tellurium, and carbon at the surface
the ZnTe and of zinc and tellurium at a 1500 Å depth,
shown in Fig. 1. The existence of the carbon impurities co
be due to contamination from air pollution of the ZnTe su
face between growth and AES measurements. Figur
shows that the interfaces between the ZnTe and the G
were relatively abrupt and that the ZnTe film had a unifo
composition throughout the layer. The thickness of Zn
was approximately 1mm, and that value was in good agre
ment with the one determined from ellipsometry. The SIM
measurements employed a very low primary ion density
around 1 nA cm22 and a low primary ion energy of 1 keV
and the bombarding area was approximately 10 mm2. The
SIMS profile of the ZnTe/GaAs heterostructure showed t
the ZnTe/GaAs heterointerface was relatively sharp,
shown in Fig. 2, which was confirmed by the AES profile

FIG. 1. Auger depth profile of the ZnTe/GaAs heterostructure.
9 © 2001 American Institute of Physics
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A selected-area electron-diffraction pattern from t
ZnTe/GaAs heterointerface region is shown in Fig. 3. T
electron-diffraction spots occur in pairs due to the large
tice mismatch between the ZnTe film and the GaAs s
strate, with the inside spots and the smaller outside s
corresponding to the ZnTe and the GaAs, respectively.
diffraction pattern indicates that an epitaxial orientation re
tionship between the ZnTe and the GaAs was formed
that the ZnTe/GaAs structure was a lattice-mismatched
erostructure.

A high-resolution TEM image of a cross-section
sample of the ZnTe/GaAs heterostructure is presented in
4. Figure 4 directly shows the lattice structures on both si
of the heteroepitaxial interface, as well as 60° and 90° d
locations, together with stacking faults, near the ZnTe/Ga
heterostructure. The number of 60° dislocations is more t
the number of 90° dislocations, both of which originate fro
the lattice mismatch between the ZnTe epitaxial layer a
the GaAs substrate. Since the activation energy of a 60°
location inserted into a$111% plane is lower than that of a 90

FIG. 2. Secondary ion mass spectroscopy profile of the ZnTe/GaAs he
structure.

FIG. 3. An electron-diffraction pattern from transmission electron micr
copy of the ZnTe/GaAs heterostructure; (hkl)Z and (hkl)G correspond to
the ZnTe and the GaAs indices, respectively.
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dislocation inserted in two$111% planes, the 60° dislocation
is created easily in comparison with the 90° dislocation.16,17

However, since the magnitude of the strain release of the
dislocation is almost half that of the 90° dislocation due
the existence of the perpendicular component of the Burg
vector for the$001% interface, the 90° misfit dislocations ar
more efficient in relaxing the strain than the 60° dislocatio
The calculated number of 90° dislocations, taking into a
count the strain-release effect, was approximately one
58.3 Å.

When a ZnTe epilayer is grown on a GaAs substrate,
magnitude of the relaxation of the ZnTe epilayer can be
timated from the number of dislocations.18 The lattice mis-
match~f ! between the ZnTe layer and the GaAs substrate
a growth temperature of 320 °C is27.48%, and the value o
the biaxial compressive strain (e i) is equal tof.19 When mis-
fit dislocations are created, the elastic strain decreases,
the elastic strain relaxation~d! existing in the ZnTe film
grown on the GaAs substrate is 6.87%.20 Since the actual

FIG. 5. Atomic arrangements of the 60° dislocation near the ZnTe/G
heterointerface for~a! a real crystal and~b! an ideal crystal.

ro-

-

FIG. 4. A high-resolution transmission electron microscopy image o
ZnTe/GaAs heterostructure.
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total strain (e t) is equal to the sum ofe i andd, the value of
thee t existing in the ZnTe epilayer is20.61%. The negative
sign indicates that the ZnTe film receives a compress
strain. Since the value ofe t totally vanishes, when the ZnT
epilayer grown on the GaAs substrate is fully relaxed,
value of d becomes2e i . Since the spacing between mis
dislocations is defined by2beff /f,

18 when the effective com-
ponent of the Burgers vector of the dislocation (2beff) re-
leases the strain, the theoretical average distance betw
misfit dislocations for a fully relaxed strain is about 54
The average distance between misfit dislocations, determ
from high-resolution TEM images, was approximately 58
Å, which was slightly larger than the theoretical value. T
small difference between the experimental and the theo
cal values originates from the existence of a compres
strain in the ZnTe epilayer.

The projections of the atomic arrangements of the
and the 90° dislocations are presented in Figs. 5 and 6 on
basis of high-resolution TEM results. Since the sense ve
points into the page, the directions of all the Burgers circu
are clockwise, according to the right-hand and the finis
start conventions, as shown in Figs. 5 and 6.21–23 In the pro-
jection plane of the atomic arrangement of the 60° dislo
tions, an extra half plane and a Burgers vector exist
different planes, as shown in Fig. 5. The extra half plane
located at a (11̄1) plane, and the Burgers vector~b!, which
is a/2@011̄# or a/2@ 1̄01̄#, lies in a (1̄11) plane. The
projected-edge (be) and the screw (bs) components corre
sponding to the Burgers vectora/2@011̄# in the projection
plane area/4@ 1̄12̄# and a/4@110#, respectively, and thebe

and the bs related to the Burgers vectora/2@ 1̄01̄# are
a/4@ 1̄12̄# anda/4@ 1̄1̄0#, respectively. The component of th
be is inclined at 54.44° to the interface, and only one ex
half plane exists. In the projection plane of the atomic
rangement of the 90° dislocation, two extra half planes ex

FIG. 6. Atomic arrangements of the 90° dislocation near the ZnTe/G
heterointerface for~a! a real crystal and~b! an ideal crystal.
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and the Burgers vector is parallel to the interface, as sho
in Fig. 6. This Burgers vector lying in the~001! plane is
a/2@ 1̄10#. The two extra half planes of the atomic arrang
ment of the 90° dislocations are (111̄) and (1̄11), and they
have a symmetric arrangement around the core in a 90°
location.

In summary, AES and SIMS measurements showed
the ZnTe/GaAs heterostructures had relatively sharp het
interfaces. TEM and selected-area electron-diffraction m
surements showed that 60° and 90° dislocations existe
the ZnTe/GaAs heterointerfaces. Possible atomic arran
ments of the 60° and the 90° dislocations near the Zn
GaAs heterointerface were proposed.
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