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We investigated the effect of Ho heat treatment on CdTe films grown on GaAs substrates by
using photoluminescence (PL) and reflectance spectra. We observed the changes in heavy- and
light-hole free exciton (FE) emissions and reflectance spectra with heat-treatment temperature.
The energy separation between heavy-hole and light-hole FE lines calculated using the bimetallic
strip model is in good agreement (4.08 meV) with that estimated from the peak energies of the
heavy- and light-hole FE lines (4.0 meV). By Lorentzian deconvolution of the heavy-hole and light-
hole FE lines, their widths decrease with increasing Ho heat treatment temperature. By fitting the
theoretical reflectance spectra to the measured reflectance spectra, the associated broadenings of
light-hole FEs decrease with increasing Hs heat treatment temperature. The observations suggested
that the crystallinity of CdTe films is improved by H> heat treatment.
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I. INTRODUCTION

CdTe has attracted considerable attention as an op-
toelectronic material for various applications such as
solar cells and gamma-ray detectors. Extensive efforts
have been devoted to growing high-quality and large-
area CdTe films that can be used as buffer layers in the
fabrication of HgCdTe for the application in infrared de-
tectors. CdTe is a favorable buffer layer for the growth of
HgCdTe owing to the close lattice match between them.
Currently, the wafer size of CdTe is limited to a small
area. Although there is a high lattice mismatch between
GaAs and CdTe, the crystal quality of epitaxial CdTe
grown on GaAs via several growth techniques is compa-
rable with that of the bulk CdTe [1-3]. CdTe epitaxi-
al films grown on GaAs substrates suffer from a biaxial
compressive stress due to a large-thermal expansion dif-
ference [4].

We reported that no aditional strain was induced in
CdTe films grown on GaAs after post-growth annealing
in a Hy atomosphere [5]. Moreover, the surface quality of
CdTe films after heat-treatment remained excellent be-
cause of the appearance of free exciton (FE) lines [5].
However, we did not report the effect of Hy heat treat-
ment on CdTe crystallinity in detail [5]. To characterize
CdTe film quality after post-growth annealing in a Hy
atomosphere, we analyzed the photoluminescence (PL)
and reflectance spectra of CdTe films grown on GaAs
substrates at 4.2 K.

II. SAMPLE PREPARATION AND
EXPERIMENTAL METHODS

(100) CdTe films were grown on (100) GaAs substrates
via low-pressure metal organic chemical vapor deposi-
tion (MOCVD). Dimethylcadmium (DMCd) was used

as a metal-organic Cd source, whereas dimethyltelluride
(DMTe) or diethyltelluride (DETe) was used as a metal-
organic Te source. The substrates were cleaned with a
solvent, etched in HySO4:H2042:H20(5:1:1), rinsed with
de-ionized H2O, and boiled in HCI solution. Immediately
prior to growth, the substrates were heated in the cham-
ber at 550°C under a Hs atomosphere. The detailed pro-
cedures have been described elsewhere [5].

The PL spectra were measured at 4.2 K under He—Cd
laser (441.6 nm, 50 mW) excitation, and they were ana-
lyzed using a single-grating monochromator(1 m; Jobin
Yvon). The signal was detected using a conventional lock-
in detection system. We obtained reflectance spectra at
4.2 K, with light from a halogen lamp normally incident
on the sample surface.

In the same MOCVD chamber, isochromal heat treat-
ment was carried out for 30 min in the temperature range
of 250 to 450°C under a Hy gas atmosphere.

III. RESULTS AND DISCUSSION

Figure 1 shows the both PL and reflectance spectra
of CdTe films grown on GaAs substrates at 4.2 K, ob-
tained before and after the Hy heat treatment. Heavy-
and light-hole free exciton (FE) lines can be observed at
the high-energy shoulder of the (D°, X) peak.

In order to distinguish FE transitions from the (D,
X) peak, we measured reflectance spectra in the band-
edge energy range. In the reflectance spectra shown in
Fig. 1 (upper trace), two distinct dips are observed, and
their energy positions are in good agreement with the two
peaks at the high-energy shoulder of the (D, X) line in
the PL spectra. There is a biaxial compressive strain in
the CdTe films, which splits the valence band into two
bands, i. e., heavy- and light-hole bands [4,5]. Thus, the
low- and the high-energy emission peaks are the heavy-
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and light-hole FE transitions, respectively. The FE line
is a direct indication of a high-quality crystal because
exciton binding results from the long-range Coulomb in-
teraction between an electron and a hole.
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Fig. 1. High resolution heavy-hole and light-hole free ex-
citon emission spectra (lower trace) and reflectance spectra
(upper trace) of a CdTe film grown on a GaAs substrate,
measured at 4.2 K. The broken lines denote the Lorentzian
deconvolved emission line shapes of band-edge emissions (low-
er trace) and calculated reflectance spectra of heavy- and
light-hole FE transitions (upper trace).

In order to estimate heavy-hole and light-hole FE peak
energies, we carried out a Lorentzian deconvolution of
the PL spectra. The peak energy positions of the heavy-
hole and light-hole FE lines before Hs heat-treatment are
1.5955 and 1.5995 €V, respectively. The energy separa-
tion between the heavy-hole and light-hole FEs is esti-
mated to be 4.0 meV. The energy separation between the
heavy- and light-hole FE lines in a CdTe film on a GaAs
substrate can be analytically calculated on the basis of
a bimetallic strip model [4].

The strain at the surface of the CdTe film is given
by [4]

e =Ts/Kcare, (1)

where

Ts = P/dcare — Kcatedcate/2R, (2)

1 6(agaas — acare)(T — To)(1 + m)? (3)
R W31 +m)2+ (1+nm)(m?+1/mn)]’

m = dgaas/dcdTe, (4)
n = Kgaas/Kcdte, (5)
P = 2(Kgaaslcaas + KcarelcaTe) /R R, (6)
Igans = dgans/12, (7)
Icare = dggre/12, (8)
h = dgaas + dcdre, (9)

KGaAs or CdTe — (Cll - 012)(011 + 2012)/011- (10)

In the equations stated above, agaas and acqre denote
the thermal expansion coefficients of GaAs and CdTe, re-
spectively, dgaas and dgogte denote the thicknesses of the
GaAs substrate and CdTe film, respectively, and C1; and
C12 are the elastic stiffness constants. We assume that
the thermal expansion coeflicients are not temperature
dependent. The energy separation between the heavy-
and light-hole FE lines is given by [5]

Ci1+ Crz2 .

Es i =2b y 11
plit Cll ( )

where b is the shear deformation potential. The physical
parameters used in the calculation are listed in Table 1.
Tp denotes room temperature (300 K), and T' denotes the
temperature at which the PL and reflectance spectra are
measured (4.2 K). Using the bimetallic strip model, the
energy separation between the heavy- and light-hole FE
lines is calculated to be 4.08 meV. The energy separation
calculated using the bimetallic strip model is larger than
that estimated from the peak energies of the heavy- and
light-hole FE lines. However, the difference is very small.

CdTe GaAs
Hydrostatic deformation potential a (eV) -3.3[7]
Shear deformation potential b (eV) —1.41[7]
Elastic stiffness constant C1; (GPa) 53.3 [8] | 119.0 [9]
Elastic stiffness constant C15 (GPa) 36.5 [8] | 53.8 (9]
Thermal expansion coefficient o (x1076 K=1) | 5.1 [§] 7.2 [10]
Thickness (pum) 34 500

Table 1. Physical parameters used in the calculation.
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As the Hy heat treatment temprature increases, there
is no change in the dip and peak positions. The widths of
the heavy-hole and light-hole FE lines decrease gradually
as the Hy heat treatment temprature increases.

We carried out Lorentzian decomvolution of the heavy-
hole and light-hole FE lines after Ho heat treatment in
order to estimate the change in their widths with Hy
heat treatment. The deconvolved heavy-hole and light-
hole FE lines at the Hs heat treatment temperature of
450°C are plotted as broken lines (lower trace) in Fig. 1.
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Fig. 2. Widths of heavy-hole (open circles) and light-hole
(open triangles) FE lines plotted against Hy heat treatment
temperature. Intensity ratios of light-hole FEs to heavy-hole
FEs (closed circles) plotted against Hy heat treatment tem-
perature. The solid lines are eye guides.

In Fig. 2, the widths of the heavy-hole and light-hole
FE lines are plotted against Hy heat treatment temper-
ature. The widths of the heavy-hole and light-hole FE
lines decrease with increasing Ho heat treatment tem-
perature. The decrease in the widths of the FE lines are
indicative of low level impurity scattering. This suggests
that the Hy heat treatment improves the CdTe film qual-
ity. We also estimate the intensity ratios of light-hole FEs
(ILH) to heavy—hole FEs (IHH)7 i.e., ILH/IHH ILH/IHH
is plotted against the Hy heat treatment temperature
in Fig. 2. The values of Iy and Iy are also estimated
via Lorentzian deconvolution. Ity /Iyy increases with in-
creasing Hy heat treatment temperature. The increase in
the emission intensity of the light-hole FE line suggests
that the crystallinity of the CdTe film is improved via
Hs heat treatment.

In order to clearly observe the effect of Ho heat treat-
ment on the reflectance spectra, we carried out a theo-
retical fitting of the reflectance spectra. Theoretical re-
flectance spectra were calculated using a double-layer
model [6]. The polarizabilities and broadenings of the
heavy- and light-hole FE transitions were obtained from
these spectra by using a fit function. The theoretical
reflectance spectrum was calculated by using the equa-
tion [6]

2
Anwy (12)

e(w) = en+ 2 w2 —qwly,,’
n

Wy, —

where ep is the background dielectric constant, w, =
(Ey — E,)/h is the corresponding circular frequency as-
sociated with the heavy-hole (n = hh) or light-hole
(n = 1h) FE transition, A,, is the polarizability, and T',, is
the associated broadening. In this calculation, we use ey
= 7.1 [11]. The theoretical reflectance spectra of light-
hole and heavy-hole FE transitions at the Hs heat treat-
ment temperature of 450°C are shown as broken lines
(upper trace) in Fig. 1.
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Fig. 3. Associated broadenings of the heavy-hole (open
circles) and light-hole FE (open triangles) transitins plotted
against Hz heat treatment temperature. Polarizability ratios
of light-hole FEs to heavy-hole FEs (closed circles) plotted
against Ho heat treatment temperature. The solid lines are
eye guides.

Figure 3 shows associated broadenings of the heavy-
hole (T'hy) and light-hole FE (T',) transitions plotted
against the Hy heat treatment temperature. I'j, decreases
with increasing Ho heat treatment temperature, where-
as I'yy remains virtually constant. The decrease in 'y
is a indication of improved CdTe crystallinity because
the damping parameter is attributed to the dislocation
density resulting from layer relaxation. [12] We also es-
timate the ratios of Ay, (light-hole FE) to Apy, (heavy-
hole FE), i.e., Alh/Ahh- Alh/Ahh is plotted against the H2
heat treatment temperature in Fig. 3; it increases with
increasing Hy heat treatment temperature. The increase
in the polarizabilities of light-hole FEs suggests that the
crystallinity of CdTe is improved by Hsy heat treatment.

IV. SUMMARY

We analyzed the PL and reflectance spectra of CdTe
films grown on GaAs substrates in order to chracterize
the effect of Hy heat treatment on these films.

By Lorentzian deconvolution of the heavy-hole and
light-hole FE lines, their widths decrease with increas-
ing Ho heat treatment temperature. The intensity of
the light-hole FE line increases with increasing Ho heat
treatment temperature. By fitting the theoretical re-
flectance spectra to the measured reflectance spectra,
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I'n decreases with increasing Ho heat treatment tem-
perature, whereas I'y, remains virtually constant. The
polarizabilities of light-hole FEs increase with increasing

Hs heat treatment temperature.
The results mentioned above suggest that the crys-
tallinity of CdTe films is improved by Hs heat treatment.
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BIIJINB TEPMOOBPOBKUW MOJIEKVYJ/IAPHNM BOJHEM HA KPUCTAJIITHHICTDb
TIJITBOK CdTe, BUPOIIIEHMNX HA CYBCTPATAX GaAs

Yikapa Ouomepa’, Macaaxi Vomina?
1 . . .
Buwa mexnivna wrona Tosadu, npepexmypa Aomopi, Hnowisn
2 Hayionanvnuti mexmonozivnut xoaedoic Iavinobe, npedexmypa Aomopi, Snowis

Busueno Brus TepMoo6pobKu MosiekyaspauM Bogaem Ho na miaisku CdTe, Bupomieni na cy6erparax GaAs,

3 BHKODHCTaHHSIM CHEKTpPIiB (boTosIoMiHecHeH il Ta BifOMBaHHsA. Byilo BUSBIIEHO 3aJI€XKHICTH CIIEKTPIB CIIEKTDIB

eMicii Ta BiIOMBaHHSI BasKKO- Ta JIEMKOAIPKOBUX BlibHNX excuToHiB (BE) Bix Temueparypun repmoo6pobku. Exepre-

TUYHA BiJICTAaHb MiXK JIiHisIMI Ba>KKO- Ta JerkofipkoBux BE, po3paxoBana B mexkax GimeranaiuHol cMyroBol Mojesti

(4.08 meV), mobpe y3roJpKy€eThCs 3 OIIHKOIO, OTPUMAHOIO 3 eHePreTUIHMX MiKiB Biamosinaux miniit (4.0 meV). Ye-

P€3 JIOPEHIIBCHKY JIEKOHBOJIIOILIO JIiHIll BaXKKO- Ta JIerkoAipkoBux BE 3HadeHHS IXHBOI IIUPUHU 3MEHIIYIOTHCS 3i

3POCTAHHSM TEMIIEPATYPH TEPMOOOPOOKHU. ¥Y3rO[KEeHHSI TEOPETUIHNX I BUMIPSIHUX CIIEKTPIB BiIOMBAHHS 3HUKYE

posuupenHs JiiHiit jgerkoaipkosux BE 3i 3pocrannsm remneparypu trepMoobpobku. CriocreperkeHHs M0Ka3yoTh,

o kpucraiaigaicTs wiiBok CdTe mominmyerbes TepMOOGPOOKOIO MOJIEKYIAPHUM BojgHeM Ho.
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