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Abstract

Optical measurements have been used to study the biaxial tensile strain in heteroeptaxial ZnTe epi-
layers on the (100) GaAs substrate by hot wall epitaxy (HWE) with Zn reservoir. It is effect on the
low-temperature photoluminescence spectrum of the material. Optimum growth condition has been
determined by a four-crystal rocking curve (FCRC) and a low temperature photoluminescence mea-
surement (PL). It was found that Zn partial pressure from Zn reservoir has a strong influence on the
quality of grown films.

Under the determined optimum growth condition, ZnTe epitaxial films with thickness of 0.7224.84m
were grown for studying the effect of the thickness on crystalline quality. The PL and FCRC results
indicated that the quality of ZnTe films becomes higher rapidly with increase of thickness up to 6m.
The best value of the FWHM of the four crystal rocking curve, 66 arcsec, was obtained on the film with
124m in thickness. The PL spectrum shows the splitted strong free exciton emissions and very weak
deep band emissions. These results show the high quality of films.
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1. Introduction application, high quality epitaxial layers should be

grown. That is, if is introduces to application in

Due to its wide, direct band gap of 2.26eV at detail, ZnTe has been identified as a very impor-
room temperature, Zinc telluride is an attracted tant sensing material for photonic applications
interest for potential applications to optical devie- such as laser generation, modulation, nuclear ra-

es in the green spectral region”. For a practical diation sensing detection and devices which make
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use of novel optical nonlinearities?. Recently,
various research works have been carried out to
grow high quality ZnTe epilayers on GaAs sub-
strates by means of molecular beam epitaxy®,
metal-organic chemical vapor deposition®, atomic
layer epitaxy® and hot wall epitaxy®. Among
these epitaxial growth methods, hot wall epitaxy
(HWE) has its own advantage”. For instance, all
the steps, such as vaporization of source materi-
als, transportation and growth, occur under the
near-thermal equilibrium conditions, which allow
us to grow high quality films. Actually, it has been
found that the temperature of reservoir has
strong influence on growth rate and film quality
of CdTe epitaxial films®. Until now, in order to
grow high quality ZnTe epilayers by HWE, the ef-
fect of substrate temperature, source temperature
and preheating temperature has been examined? ,
however, unfortunately the epitaxy has been per-
formed without reservoir.

On the other hand, ZnTe/GaAs heterostructure
has some problems'” such as the out-diffusion of
Ga and As from substrate, large lattice mismatch
(8%) and different thermal expansion coefficie-
nts between the substrate and the grown film.
Therefore, it has been very difficult to grow ZnTe
films with a low defect density on GaAs substrate.
Although the growth of thick ZnTe films can relax
the strain caused by the lattice misfit at the epi/
substrate interface, the large difference in ther-
mal expansion coefficients will induce a large
tensile strain even in the thick ZnTe layer during
cooling after the growth.

The purpose of this study is evaluates an opti-
mum condition using photoluminescence for
growing a high quality ZnTe epitaxial layer on

(100) GaAs substrate. In particular, I used a rese-

rvoir to improve the quality of ZnTe epitaxial
layer. Furthermore, I examined the dependence of

the epilayer thickness on crystallinity.

II. Experimental procedure

ZnTe epilayers were grown on semi-insulating
(100) GaAs substrates, in HWE apparatus with a
Zn reservoir'” . In order to grow high quality ZnTe
epitaxial layer, high purity source and reservoir
materials were used in our experiment. The ZnTe
poly-crystal, at first, synthesized in a quartz am-
poule, using 6N-up Zn purified by vacuum distil-
lation and overlap zone melting, and 6N-up Te
provided by Osaka Asahi Metal Co. ZnTe poly-
crystals were further purified by sublimation
method and subjected to a source for growing
bulk single crystals by prior method. The ZnTe
single crystals were cleaved to pieces, and put
them into HWE source chamber. »

Since the HWE growth depends on many fac-
tors such as the substrate temperature, the source
temperature, the wall temperature and the rese-
rvoir temperature, their effects were clarified and
the most suitable condition was determined.

The substrates were treated by ultrasonic
cleaning with trichloroethylene, acetone, metha-
nol and deionized water. Before starting growth,
the substrates were heat-treated at 863K for 20
min under a vacuum of 2X107* Pa to remove the
surface oxide layer. The vacuum was maintained
below 2X 10* Pa during the growth with a turbo
molecular pump. The detail of growth condition,
such as substrate temperature (T.s.), source tem-
perature (T.), wall temperature (Twa..), and
reservoir temperature (T..), will be described

later. As the wall temperature (Twan.), Tsou + 10K
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is adopted”.

The thickness and surface roughness of the
ZnTe epilayers were measured by a surface profi-
ler (DEKTAK?). The surface morphology was ob-
served with the SEM. The SEM observations have
shown that all the surface of the present ZnTe
epilayers have a smooth, mirror-like surface. To
confirm the crystal orientation, X-ray diffraction
was performed. Only the (400} peaks from GaAs
substrate and ZnTe epilayer could be observed,
which shows that the epilayers grow in the same
(100) direction as the GaAs substrate orientation.

I also examined the crystallinity of the film by
photoluminescence (PL) and four-crystal rocking
curve (FCRC). PL was measured at 4.2K using ~
390nm second harmonic wave of Ti . sapphire
laser (10mW) as a exciting light source. [ used two
different gratings - 300 and 1200 grooves/nm
which provide for wide range spectrum informa-
tion and precise information about interesting
peaks, respectively. The light from a halogen lamp

was used for the reflectance measurement.

III. Results and discussion

In the paper'? announced previously, growth
parameter in which ZnTe was grown on GaAs
(100) substrates using HWE equipment estimated
the optimal condition in search of the optimum
conditions using XRD. And I regard the optimum
growth conditions of a ZnTe/GaAs thin film as
the impurities relation of a thin film being author-
ized and carrying out comparison evaluation with
a XRD result shortly using PL. At the beginning, [
adopted the substrate temperature (T =623K)
and source temperature (T...=743K) reported
for HWE of ZnTe/GaAs?.

In the paper'? previously, 463K is found to be
optimum reservoir temperature with the change
of the full-width at half-maximum (FWHM) with
the reservoir temperature, which are measured on
ZnTe epilayers with thickness of about 1.7/m.
When the reservoir temperature is about 463K,
FWHM shows a minimum value, and when it devi-
ates from this temperature, FWHM value increas-
es. This shows that more defects are introduced
into the epilayers, as growth is carried out under a
non-stoichiometric condition, and also that the
reservoir plays an important role in the case of
HWE.

The quality of ZnTe epilayers grown on GaAs
substrate by HWE was evaluated by photolumine-
scence (PL}. PL measurement, which is the rep~
resentative technique of the optical measurement,
provides basic physical parameters such as band
gap, impurity level, defect and crystallinity. PL is
the optical radiation, when the specimen is excit-
ed with light, and one of the most important basic
research tools for studying II-VI compounds
about impurity levels,'® defects'® and so on.

For the further optimization, effects of substra-
te temperature and reservoir temperature were re
-examined using other conditions optimized in
the previous steps. Then, PL spectrum was ob-
served and seen, consulting the paper contributed
previously, fixing T =623K and T =463K, and
also changing Source Temperature . Firstly, PL
spectra at low temperature were also measured.
Fig. 1 shows the PL spectra of ZnTe films grown
for 3h under the different source temperature.
The spectrum of ZnTe film grown under the con-
dition of T...=803K shows the strongest band
edge emission and the weakest deep emissions.

This result agrees with four-crystal XRD result in
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Fig. 1 Dependence of PL spectra on source temper—
ature

the previous paper'?.

On the other hand, FWHM value depends on
the substrate temperature, FWHM value decrease
remarkably up to 723K, and then increase with
substrate temperature. Consequently, it is found
that 723K is the most suitable substrate tempera-
ture, which is higher than that adopted for the
XRD result shown in the previous paper'?.

PL spectra shown in Fig. 2 also confirm this re-
sult. The ZnTe film grown at 723K shows the
sharpest FE emission line and no deep emission,
showing the highest quality with ZnTe epitaxial
film. Therefore, T... =723K is the most suitable
growth temperature. This result agrees with the
four-crystal XRD result shown in the previous
paper'?.

PL was observed and seen, while substrate

723K and source temperature 803K are fixed and
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Fig. 2 Dependence of PL spectra on substrate te-
mperatuer

reservoir temperature carried out temperature
change in the Fig. 3. Fig. 3 shows PL spectra of
ZnTe epilayers grown at 723K with the different
reservoir temperature of 443K483K. The speci-
men grown under the optimum reservoir temper-
ature (463K) shows the sharpest and strongest
FE emission. On the other hand, deep emission
becomes more remarkable when reservoir tempe-
rature is lower or higher than 463K. This indicates
that the ZnTe epitaxial film grown under T..=
463K is the highest quality. Therefore, T . =463K
was reconfirmed to be the most suitable tempera-
ture. This result indicates that the reservoir tem-
perature is very important to support stoichio-
metric condition during the epitaxial growth. The
optimized growth condition of ZnTe epilayer was
summarized in the Table 1.

Effect of epilayer thickness on the crystallinity
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Fig. 3 PL spectra of ZnTe epilayers grown under
the different reservior temperature

was investigated using the optimum growth con-
dition. Fig. 4 shows the dependence of FWHM on
the ZnTe epilayer thickness. The FWHM value
shows a strong dependence on ZnTe epilayer
thickness. For the films thinner than 64m, the
FWHM decreases very steeply as the thickness in-
creases. For the film thicker than 64m, it becomes
an almost constant value. At the thickness of 124
m, the smallest value of 66 arcsec, which is the
best value so far reported on ZnTe epilayers, was
obtained.

PL spectrum measured on a 12/an thick epila-
ver using the grating of 300 grooves/nm is shown
in Fig. 5(a). The excitonic emission peaks such as
free-exciton (FE) and bound exciton (BE) peaks
could be resolved clearly and intensity of the FE
peak is extremely larger than that of the BE

peaks. The other emissions, such as the donor-ac-

curves (FCRC) measured on the best of a
good quality ZnTe epilayer

ceptor pair emission around 2.3eV' and Y-band
emission are hardly observed in this specimen.

In the case of ZnTe/GaAs, the oxygen-bound-
emission (OBE) band around (650nm)} whose zero
-phnon line locates at 1.986eV has been generally
observed in so far reported PL spectra'®. Qur
sample does not show such an emission line.
These results indicate that the ZnTe epilayer
grown in the present paper is of high quality.

Detailed spectrum in the band edge region of
Fig. 5(a) was measured using 1200 grooves/nm
grating and shown in Fig. 5(b). Emission lines in
the PL spectrum was assigned by estimating their
peak positions and also measuring the refraction
spectra shown in the figure. The high resolution
measurement makes the FE peak split clearly into
2 peaks. Furthermore, measured reflection spec-

tra shows that the double peaks are related to free
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Fig. 5 Photoluminesence spectrum of ZnTe epila-
yer(a), and the detailed spectrum near the
band edge and reflection spectrum (b)

exctions recombination. It is reported that the
doublet peaks at 2.3787eV and 2.3768eV attribute
to the recombination of ground state free excitons
related to heavy hole (X1S,hh) and light hole
(X1S,Ih), respectively. The energy difference be-
tween X1S,hh and X18S 1h is about 5meV, which is
known due to the residual strain in ZnTe film
grown on GaAs substrate'”. For this reason, the
doublet peaks seen in Fig. 5 (b) can be assigned
as X1S, hh and X18,lh respectively. In addition,
the X2S,hh and X2S,lh peaks® related to the first
excited-state of X1S,hh and X1S,lh can be ob-
served in Fig. 5(b). Their peak energies approxi-
mately correspond with other reported values®'”.
On the other hand, the IAl at 2.3678 eV, IB1 at
2.3615 eV and IC1 at 2.3588 eV due to the radia-
tive recombination of excitons bound to neutral

acceptors have been reported on ZnTe epilayer'®.

Especially, the 1Al peak, related to As atom dif-
fused into from the substrate'?, can not be ob-
served in the present experiment. This indicates
that As atoms do not diffuse into the epilayer
under the present experimental condition. The
IB1 emission might regard to an unknown impur-
ity from the source material®. The IC1 emission at
2.3579 eV is observed and has broader structure
than IB1 emission. Kudlek et al'® reported that
IC1 attributes to the extended defects at the ZnTe
/GaAs hetero-interface cause by the lattice mis-
match. In the case of our sample, the intensity of
11C emission decreases with increase in epilayer
thickness and becomes the weakest at 12zm,
showing a good agreement with XRD results. For
this reason, I1C emission should be related to ex-

tended defects of epilayer.

V. Conclusions

ZnTe epilayers of high quality have been grown
on GaAs substrates by hot wall epitaxy. In order
to prepare high quality ZnTe epilayers, we have
determined the most suitable growth condition.
As the most suitable growth condition, source,
substrate, and reservoir temperatures of 803K,
723K and 463K, respectively, are obtained. It was
found that the epilayer quality strongly depends
on the reservoir temperature.

The dependence of the crystallinity on the film
thickness, indicated that the density of extended
defects in ZnTe films decrease rapidly with the
increase of thickness within 64m. High-quality
ZnTe epitaxial films on GaAs can be obtained at
the thickness of 12um. The best value of the
FWHM assessed from the four crystal rocking

curve, 66 arcsec, was obtained.
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The PL spectrum shows that the FE emissions
of X1S,hh, X18,1h, are very sharp and strong, and
the emission related to their excited states X2S,1h
and X2S,hh emissions can be also detected. PL
spectrum and FWHM value showed that the quali-
ty of the ZnTe epilayers is extremely high.
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