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Growth of High Quality Cdgs.ZngosTe Epilayers Used for
an Far-infrared Sensor and Radiation Detector
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Ir Abstract ﬁr

The high quality and a nearly stoichometric growth of Cd,,Zn,Te (y=0.04) epilayers have been successfully grown on
GaAs substrate by hot wall epitaxy (HWE) by optimizing the growth condition including the preheating treatment and
Cd reservoir temperature. The relationship between quality and thickness was examined and best value of FWHM from
X-ray rocking curve of 121 arcsec are obtained. Also, emission peaks related to the recombination of free excitons such
as the ground state and the first excited state were observed in the PL spectrum at 4.2K. The (A"X) emission related
to Cd vacancy and deep level emission was not measured. These results indicated that the grown CZT/GaAs epilayer was

high quality and purity
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1. Introduction

CdZnTe (CZT) is an important material for develop-
ment of far-infrared detector and radiation detector"?,
CZT substrate is applied for HgCdTe (MCT), HgCdTe
(MCZT) epitaxial growth, Particularly, lattice constant
of Cdi,Zn,Te (y=0.04) is close to that of Hg;«Cd,Te
(X=0.2), which has a band gap corresponding to about
10pm®, CZT is also promising materials for X-ray and
gamma-ray detector. CZT epilayer on GaAs has been

focused on an interest as a substrate for the epitaxial

growth of MCT and MCZT. However such a hetero-
epitaxy has a problem that a high density of defects are
introduced resulting from the large lattice mismatch
and the difference of their thermal expansion
coefficient. In order to grow a high-quality CZT epilayer
on GaAs substrate, much effort has been paid to solve
this problem.

The CZT epilayers have been grown by many epitaxial
growth methods such as molecular beam epitaxy(‘“,
metalorganic chemical vapor deposition®®, metalorganic
molecular beam epitaxy ? and hot wall epitaxy(s). Among
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these methods, HWE has its own advantage such as the
reaction and growth in near-thermal equilibrium,
simplicity, small loss of the source material and low cost
for maintenance.

Koo et al.® investigated growth condition of Cdi.yZn,Te
(y=0.045) epilayer on GaAs substrate using the same
HWE apparatus as the present study. However, they did
not examine optimum preheating temperature. Since
quality of epitaxial layers strongly depends on the
substrate condition’?, it is important to clarify the effect
of preheating condition on the grown film.

In this paper, in order to grow high quality Cdo.ssZno.o4
Te epilayers on GaAs substrates by HWE, the effects of
preheating temperature, Cd reservoir and other growth
parameters upon growth rate, composition (y) and cry-
stalline quality are examined, using PL spectra, electron
probe micro analysis (EPMA) and four crystal X-ray
rocking curves (FCRC). Under the determined optimum
growth condition, CZT epilayers with different thickness
are grown, and the relationship between quality and
thickness is examined and compared with the results of
CdTe" and CdogssZnoossTe™.

2. Experimental procedure

The CZT epilayers were grown by HWE using a Cd
reservoir. To provide Cd, Zn and Te; vapors for the
CZT epitaxial growth, a high purity CZT source with
y=0.2 was synthesized with the vertical Bridgman method
using starting materials of 6NS-Zn and 6NS-Cd, purified

(9), and

by vacuum distillation and overlap zone melting
6N-Te. The grown single crystal was cleaved to pieces
and loaded into the growth chamber.

The GaAs substrates were cleaned before chemical
etching by an ultarasonically cleaner with trichloroe-
thylene, acetone, and ethanol in sequence. The cleaned
GaAs substrate was chemically etched with (3HSO; :
H;0, : H;0) for 90 s and finally, the substrate was
rinsed with the deionzed water. After drying with N
gas, the substrate was put on the holder in the HWE

apparatus. Prior to the growth, the GaAs substrate was
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preheated to remove the oxide layer and remaining
impurity on the substrate surface. Preheating temperature
was examined in the range from 823K to 913K. During
the growth and preheating, the vacuum was maintained
at 1-2 x 10 Torr.

The grown epilayers were characterized by several
techniques''®. The thickness of epilayers was measured
by a surface profiler (ULVAC, DEKTAK’ST). Electron
probe microanalysis (EPMA) with the wave length
dispersive X-ray spectroscopic mode was employed to
determine the Zn composition (y). Crystalline quality
was estimated by four crystal rocking curves (FCRC).
Photoluminescence (PL) spectra were measured at 4.2K
using the SGH-532nm line of an Nd:YAG (12mW) as a
exciton light source. The 150W light from a halogen
lamp was used for the reflectance measurement.

3. Results and discussion

Since the preheating temperature has a great influence
upon film quality"”, the optimum preheating condition
must be optimized in order to prepare a high quality
CZT epilayer. At the beginning, the experiments were
performed by fixing the growth time of 3hours, referring
to the other factors reported previously for CZT/GaAs
epilayer ®.

The FWHM value of the grown films was measured
as a function of the preheating temperature from 823K
to 913K and results are shown in Fig. 1.

Koo et al® was adopted to 853K fixed with pre-
heating temperature, which is not examine optimum
preheating temperature. Source temperatures employed
are 743K, 753K and 763K. The FWHM value is smallest
at around 873K for all examined source temperatures.
This indicated that the preheating temperature of 873K
gives the best surface condition. For this reason, this
temperature will be adopted hereafter.

The source temperature has strong influence on the
quality and the composition of epilayers. Particularly,
the growth rate plays a very important role in deter-
mining epilayer quality. Furthermore, the Cd reservoir is
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Fig. 1 Pre-heating temperature dependence of the FWHM
with four crystal rocking curve

thought to change the composition in grown films.
Figure 2 shows the dependence of the growth rate and
the composition upon source temperature under the three
different reservoir temperatures.

The growth rate increases exponentially with increase
of source temperature. It is similar to the temperature
dependence of ZnTe and CdTe vapor pressure 4 0on
the other hand, the composition initially increases with
increasing of source temperature up to 763K and there-
after decreases in the case of Tres.=468,478K. Similar
results were also observed for CZT epilayer grown at
the previous results ®. In the case of Tres.=458K, the
result is different. When the source temperature increases,
the composition continuously increase up to 773K. This
difference may be due to the relative change of Zn and
Cd partial pressures supplied by the reservoir and source
material. However, this behavior cannot be explained
clearly.

Figure 3 shows source temperature dependence of
FWHM value measured on CZT film grown under three
different reservoir temperatures. As source temperature
increases up to 763K, the FWHM value decreases with
increasing the epilayer thickness. In spite of the largest
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Fig. 2 CZT source temperature depend of growth rate and
composition (y)

layer thickness, the FWHM value increase at 773K.
When the source temperature is fixed at 763K, the best
value was obtained for all the case. These samples
shows the similar concentration (y) which is desired in
the present work. It can be concluded that the optimum
source temperature is 763K.

Since the vapor pressures of Cd, Zn and Te are
different, the composition and the deviation from stoichi-
ometry depends on the reservoir temperature, although
the effect of the reservoir temperature on the composition
is not remarkable. The influence of the reservoir tem-
perature on the composition of epilayers grown at source
temperatures lower than 763K was examined more
precisely as shown in Fig. 4. The composition (y) of the
epilayer was varied between 0.02 and 0.07. Both the
composition and the layer thickness decrease as the
reservoir temperature (Cd vapor pressure) increase. These
results show that the composition can be effectively
controlled by the reservoir temperature during the
epitaxial growth in the present HWE apparatus, when
the source temperature is fixed.

In order to prepare optimum condition and high
quality Cd,.,Zn,Te epilayer with y=0.04, the dependence
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Fig. 3 Relationship between source temperature and
FWHM estimated from X-ray rocking curve

of preheating, substrate, source and the reservoir tem-
perature on the quality and the composition of grown
films was investigated. As a result, the optimum con-
dition for growth of Cdi.,Zn,Te (y=0.04) epilayer is
summarized in Table 1. The optimum substrate tem-
perature is the same as the previous work'®.

The Cdi,Zn,Te (y=0.04) epilayers of about 0.3 ~35u
m thickness were grown on (100) GaAs substrate under
the above-determined optimum growth condition for
studying the effect of epilayer thickness on crystalline
quality.

Figure 5 shows the dependence of FWHM on the
thickness of CZT epilayer, together with the results for
CdTe ¥ and CZT ®. The composition of CZT samples
in this present work is y=0.035~0.048. In all cases, the
FWHM values abruptly decrease with the increase in
thickness up to 6um. These results indicate that the
biaxial compressive stress in epilayer grown on GaAs
substrates is significantly relaxed with increasing thick-
ness. When the thickness of epilayer becomes larger
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Fig. 4 Reservoir temperature dependence of the
composition

than 6um, FWHM value gradually decreases to 121
arcsec.

In the case of CdTe, crystallinity is remarkably im-
proved by increasing the epilayer thickness to thicker
than 5pm. Although a 14.69% lattice mismatch and a -2
69 thermal expansion coefficients mismatch exist at
300K between CdTe and GaAs, the smallest FWHM
value of 90 arcsec is obtained at thickness excceding 10
am 12,

Despite of the smaller lattice mismatch (14.39%) of
CdyoeZngosTe/GaAs than CdTe/GaAs, the results show
that the FWHM of CZT epilayer is much larger than
that of CdTe/GaAs, especially, at thickness smaller than
4um. It should be noted that the FWHM value at the
thickness from 5 to 12um is extremely smaller than
these in the previous data and the smallest value of 121
arcsec in so far reported values is obtained in the present
work. This improvement should be due to the optimi-
zation of the preheating temperature.

Figure 6 shows typical PL spectra measured at 4.2K

Table 1 The optimum growth conditions of Cd;,Zn,Te (y=0.04) epilayer by HWE

Preheating Temperature Substrate Temperature

Source Temperature Reservoir Temperature

873K B 643K

763K 468K
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Fig. 5 The film thickness dependence of the FWHM ot
the FCRC. The inset is the FCRC of a good quality
Cd ZnTe epilayer

on CdiyZn,Te (y=0.043+5) with 20um thickness. The
grating of 300 grooves/mm provides a large range spec-
trum information (a). Figure 6 (a) can be divided into
three regions : (a) the excitonic emission region at
wavelength (A) lower than about 776nm (1.597eV). (b)
the free-to-bound and bound-to-bound emissions at
intermediate A, and (c) deep emission at A> 820nm
(1.512eV) associated with crystal imperfections and
deep impurity levels ", In the first region (see also Fig.
6(b)), the excitonic emission peaks such as free- exciton
(Ex) peak and bound exciton (BE) peaks could be
observed clearly. An extremely weak DAP emission is
found in the intermediate range. In the last region, any
emission regarding deep impurities and crystal imper-
fections is hardly observed. This PL. spectrum proves
high quality CZT epitaxial layer.

Fig. 6(b) is the detailed spectrum (the 1200 grooves/
mm provides accurate information) near band edge
region of Fig. 6(a). Emission lines in the PL spectrum

{a) FE

T T T T T

(b)

T T

Cdo 06211004 Te/GaAs 4.2K

3
3 4
®°x) n
‘g a-1
§
E N

DA Xz
S N i 1 1 ) 1 N 1
154156 158 16 162 ]
Photon energy (V) L
13 1.4 15 16

Photon energy (eV)

Fig. 6 Photoluminesence spectrum of CdZnTe epilayer(a),
The detail spectrum near the band edge(b)

were assigned by estimating these peak positions and
also measuring the reflection spectra shown in Fig. 6(b).
This spectrum is shifted about 0.02eV to higher energy
side than that of pure CdTe, because the energy gap of
the Cd.,Zn,Te (y=0.048) single crystal film is larger
than that of pure CdTe. The emission line due to the
recombination of free excitons at 770.2nm (1.610eV),
denoted by Xu is clearly observed"?. Also, the emis-
sion related to the first excited state of Ex has been
reported{14] in CdTe epilayer at 774nm (1.601eV). In
the present case, this emission appears at 765.8nm
(1.619eV) as the peak denoted by X2

On the other hand, the bound exciton peak was
identified and denoted to be (D°,X) at 772.0nm (1.606eV).
This assignment is based on the pure CdTe with (D%X)
at 763.5nm (1.623eV). Generally, the PL spectrum of
CdTe and CZT epitaxial layer show the (AO,X) emission,
which is related to the recombination of exctions bound
to Cd vacancy complexes as reported by Seto et al s,
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Such an emission can not be observed in the present
experiment , although the reason is not clear.

Especially, the broad peak around 885nm (1.4eV) is
not found. It is therefore concluded that present Cd,.,
Zn,Te (y=0.04) epitaxial layer are high purity.

4. Conclusion

A detailed study on growing CdogsZngesTe epilayers
on GaAs substrate was carried out. The optimum growth
condition for growing high-quality Cdo.ssZngesTe epilayers
has been determined. The growth of high quality and
nearly stoichometric CdogsZnoosTe epilayers has been
achieved using y=0.2 source and Cd reservoir. It was
found that the epilayer quality strongly depends on the
preheating and reservoir temperature.

Under the determined optimum growth condition, the
effect of CZT epilayer thickness on crystalline quality
was investigated. The FWHM value abruptly decreases
with increasing thickness from 0.3 to Sum. And the
FWHM value of 121 arcsec was obtained at 20um in the
film thickness.

The PL spectrum was measured at 4.2K for the high
quality film and the emission related to the recombi-
nation of free exctions, the ground state and also the
first excited state, were observed. (AO,X) emission with
related to Cd vacancy and deep level emission was not
detected. All the results indicate that the CZT/GaAs
epilayer grown in the present study are high quality and

purity.
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