
Temperature-Dependent Photoluminescence of ZnTe Films Grown on Si Substrates

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2003 Chinese Phys. Lett. 20 2049

(http://iopscience.iop.org/0256-307X/20/11/042)

Download details:

IP Address: 159.226.165.151

The article was downloaded on 11/09/2012 at 04:35

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0256-307X/20/11
http://iopscience.iop.org/0256-307X
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


CHIN.PHYS.LETT. Vol. 20, No. 11 (2003) 2049

Temperature-Dependent Photoluminescence of ZnTe Films Grown on Si

Substrates �

SHAN Chong-Xin(���), FAN Xi-Wu(��
), ZHANG Ji-Ying(��Æ), ZHANG Zhen-Zhong(���),

LU You-Ming(���), LIU Yi-Chun(��), SHEN De-Zhen(	��)

Key Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033

(Received 26 June 2003)

ZnTe �lms have been prepared on Si substrates by metal-organic chemical vapour deposition (MOCVD), and
the temperature-dependent photoluminescence (PL) properties were investigated. The near-band-edge (NBE)
emission of the ZnTe sample at 83K shows an asymmetry line shape, which can be decomposed into two Gaus-
sian lines labelled by FE and BE. Temperature-dependent PL intensity of the NBE peak shows two variation
regions, and an expression with two dissociation channels �ts well to the experimental data. The results of the
temperature-dependent full width at half maximum (FWHM) and peak energy were well understood under the
framework of the two-dissociation-channel model. That is, at low temperature, the emission from bound excitons
governs the NBE peak, while above 157K, the free exciton emission becomes dominant gradually. A simple
model with three energy levels was employed to describe the variation in emission intensity of BE and FE with
temperature.

PACS: 78. 55. Et, 78. 66. Hf, 81. 15.Gh

ZnTe is a wide band gap II-VI compound semi-
conductor with direct band-gap of 2.26 eV at room
temperature. This material has a very large electro-
optic coeÆcient, which is advantageous for applica-
tions to THz detectors, waveguide devices, modulators
and light emitting device (LED) operated in the pure-
green spectrum region.[1�3] However, just as ZnSe-
base semiconductor compounds, long lifetime ZnTe
LED has not been realized, although much attention
has been paid. One of the impediments lies in the dis-
satisfaction with temperature characteristics and the
rapid degradation process. Namely, the output de-
graded drastically at elevated operating temperature.
Therefore, the study of temperature evolution charac-
ters of semiconductors, so as to make out the dissoci-
ation channels of excitons, is urgently important.[4�6]

In particular, more attention should be paid to ZnTe
grown on Si substrates for its possible integration with
the mature Si-base microelectronic technology.[7] We
have prepared ZnTe �lms on Si substrates with ZnO as
a bu�er layer in the previous literature.[8] In this Let-
ter, we report temperature-dependent optical proper-
ties of the ZnTe �lm grown on silicon substrates, two
dissociation channels of exciton were made out.

The preparation of ZnTe �lms in this study is car-
ried out by two steps, a ZnO �lm with thickness of
800 nm was �rstly sputtered onto a Si (111) substrate
to obtain the ZnTe �lms with good structural and
luminescent properties.[9] The sputtering of the ZnO
layer was performed at 150ÆC in the gas mixture of
Ar (75%) and O2 (25%) by a reactive frequency sput-

tering equipment with a 99.99% zinc pellet as the Zn
source. After that, the ZnO layer was annealed at
900ÆC in oxygen ambient for one hour to obtain a
preferred orientation. A ZnTe layer with thickness
of 800 nm was then deposited onto the ZnO bu�ered
Si (111) substrate by low-pressure MOCVD at 420ÆC
with the growth pressure of 220Torr. Dimethylzinc
(DMZn) and diethyltelluride (DETe) were employed
as precursors of Zn and Te. The preparation process
can also be found elsewhere.[8] The structural prop-
erties of the ZnTe �lm were accessed by a D/max-rA
x-ray di�raction (XRD) spectrometer (Rigaku) with
a Cu K� line of 1.54�A. For photoluminescence (PL)
investigations, the 488-nm line of an Ar+ laser was se-
lected as the excitation source and the signals were
recorded by the charge-coupled device of a JY-630
micro-Raman spectrograph designed specially for wide
band gap semiconductors.

The structure property of the ZnTe �lm grown on
the ZnO bu�ered Si (111) substrate was examined by
XRD measurement. As shown in Fig. 1, three di�rac-
tion peaks were observed. The peak at 34.6Æ corre-
sponds to ZnO (002), while the peaks at 2� = 25:2Æ

and 49.8Æ correspond to the di�raction from (111) and
(311) ZnTe. The XRD measurement indicates that
the ZnTe �lm has a cubic structure with the (111)
preferred orientation.

Figure 2 shows the PL spectrum of the investi-
gated sample taken at 83K. There appear four peaks
including the NBE emission E and the deep level emis-
sions I1, I2, and I3. The enlarged plot of E is shown
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in the inset of this �gure. A prominent feature of
peak E is the asymmetry of the broad lineshape. One
can model peak E as a superposition of two Gaus-
sian lines marked by BE and FE, as shown by the
curves in the inset. The energy di�erence between BE
and FE is 18.5meV. FE is thought of as the emis-
sion from free excitons. Given the energy discrep-
ancy, BE may be the emission from exciton bound
to a neutral double acceptor, which may be group IV
impurity, most likely, carbon introduced by the or-
ganic metal precursors.[10;11] For the origin of I1, I2
and I3, according to their peak position, I1 is known
as the recombination of donor-acceptor pairs,[12] I2 is
the so-called Y band,[13] which is commonly observed
in ZnTe[14;15] and other II-VI semiconductors, such as
ZnSe[16] and CdTe.[17] The peak of I3, which is not
fully displayed in the �gure, is the emission from ex-
citons bound to oxygen in the interface of the ZnTe
and ZnO bu�er layers.[18] The detailed description of
I1, I2, and I3 is beyond the investigation scope of this
study. The temperature-dependent characteristics of
peak E are studied in the following.

Fig. 1. XRD pattern of the ZnTe �lm grown on a ZnO-
bu�ered Si (111) substrate.

Fig. 2. PL spectrum of ZnTe/ZnO/Si at 83K, the inset
shows the two-line �t to peak E.

Data presented in Fig. 3(a) are the enlarged
temperature-dependent PL spectra of peak E, and
the integrated intensity of the asymmetry peak ver-
sus temperature is shown in Fig. 3(b). The dashed
line in Fig. 3(a) denotes roughly the peak position of
FE. As shown in the �gure, there are clearly two
temperature-dependent regions, one is from 83 to
157K, and the other from 157 to 300K. Assuming
that there is a three-energy-level system with energies
of EA1 = E1 � E0 and EA2 = E2 � E0, one can state
the distribution of carriers among the ground E0, the
�rst excited state E1 and the second excited state E2

in the following form:[19]

N0(T ) +N1(T ) +N2(T ) = NG(T ); (1)

N1(T )=N0(T ) = (�1=�0) expf�(E1 � E0)=KBTg;
(2)

N2(T )=N0(T ) = (�2=�0) expf�(E2 � E0)=KBTg;
(3)

whereN0(T ), N1(T ) andN2(T ) are the number of car-
riers in the energy levels of E0, E1 and E2 at temper-
ature of T ; while �0, �1 and �2 are the degenerations
of the three energy levels, and NG(T ) is the total car-
rier population in this system. The following formula
can be derived based on the above three equations:

NG(T ) =N0(T )[1 + (�1=�0)e
�E1�E0)=KBT

+ (�2=�0)e
�(E2�E0)=KBT ]: (4)

Taking that NG(T ) is temperature-independent, that
is, NG(T ) = NG(0) = N0(0), we can rewrite Eq. (4)
as

N0(T ) =
NG(0)

1 +A1 exp
��EA1
KBT

�
+ A2 exp

��EA2
KBT

� ;

(5)
where A1 = �1=�0, A2 = �2=�0, EA1 = E1 � E0 and
EA2 = E2 � E0. It is supposed that the radiative
transition probability in the whole investigated tem-
perature range is unchanged, the expression between
emission intensity and temperature can be expressed
in the following form:

I(T ) =
I0

1 + A1 exp
��EA1
KBT

�
+A2 exp

��EA2
KBT

� : (6)

The solid curve in Fig. 3(b) is the theoretical �t to
the integrated PL intensity by Eq. (6). Two acti-
vation energies obtained are EA1 = 13:6meV and
EA2 = 19:3meV. Considering that the exciton bind-
ing energy in ZnTe is 13meV,[20] which is close to the
value of EA1, one can then deduce that EA1 corre-
sponds to the dissociation of free excitons. Since EA2
is almost equal to the energy di�erence of BE and FE,
which is about 18.5meV as mentioned above. There-
fore, it is concluded that in the low temperature range
from 83 to 157K, the emission from BE governs the
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peak E. With the increasing temperature, the BE will
delocalize to become free excitons, and the emission
from free excitons becomes dominant in the tempera-
ture range from 157 to 300K.

Fig. 3. (a) PL spectra of the investigated sample at dif-
ferent temperatures. (b) Integrated intensity and theo-
retical �t to the integrated intensity by I(T ) = I0[1 +
A1 exp(�EA1=KBT ) + A2 exp(�EA2=KBT )]

�1.

The dependence of FWHM of peak E on temper-
ature is shown in Fig. 4, in which the scattered rect-
angles are the experimental data, and the solid curve
is the theoretical simulation to the data. As illus-
trated by the experimental data, the line-width in-
creases with temperature. However, there is a kink
point at about 157K, which is taken to originate from
the impurity scattering, as detailed hereafter.

Fig. 4. Temperature-dependent FWHM of the ZnTe �lm.
The dots show the experimental data and the curve is the
�tting line to the experimental data by Eq. (7).

In general, the FWHM of an emission line is mainly
contributed to by a temperature-independent com-
ponent �inh and a temperature-dependent homoge-
neous component �h. The inhomogeneous part of �inh

mainly results from the nonuniformity in the epilayer,
while the homogeneous component comprises three
parts.[21] At low temperature, the scattering by lon-

gitudinal acoustic (LA) phonon dominates the broad-
ening of the emission. At a moderate temperature,
scattered by the longitudinal optical (LO) phonon be-
comes dominant due to increasing the phonon popula-
tion. As the temperature increases further, the broad-
ening due to impurity scattering has to be taken into
account because of the ionization of some impurities.
Based on the above depiction, the FWHM can be ex-
pressed as:[20;22;23]

� =�inh + �LAT +
�LO

exp(ELO=KBT )� 1

+
�imp

exp(Eimp=KBT )
; (7)

where �inh is the inhomogeneous broadening factor,
�LA, �LO and �imp are the measure weightings of the
LA and LO phonon and impurity scattering, respec-
tively. ELO is the energy of LO phonon and Eimp is
the ionization energy of exciton bound to impurity.
KB is the Boltzmann constant and T is the sample
temperature. Considering that the LO phonon energy
in ZnTe is 26.1meV,[24] by �tting the experimental us-
ing Eq. (7), as shown by the curve in Fig. 4, one can
obtain ELO = 25:7meV and Eimp = 17:4meV. The
good accordance of the simulation curve to the exper-
imental data indicates that the broadening caused by
phonon scattering dominates the width of peak E at
low temperature, while scattering by ionized impurity
governs the width at high temperature (> 157):

Fig. 5. Temperature dependence of the peak energy of
the ZnTe �lm. The dotted line shows the �t to the experi-
mental data from 83K to 157K and the solid line indicates
the �t to the data from 157K to 300K using the Varshni
equation.

The dependence of the emission peak energy of
peak E on temperature is displayed in Fig. 5, in which
solid squares denote the experimental data, the dot-
ted line shows a theoretical �t to the data from 83 to
157K, while the solid line indicates �t to data from
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157 to 300K using the Varshni equation:[25]

Eg(T ) = Eg(0)�
�T 2

T + �
; (8)

where Eg(0) is the peak energy at 0K; � and � are the
constants, and T is temperature. Since the emission
spectrum in our experiment shows two-temperature-
region characters, the temperature dependence peak
energy of peak E was simulated in two regions accord-
ingly. By �tting the data from 83K to 157K, one can
obtain Eg(0) = 2:363 eV. In the same way, the value of
Eg(0) obtained by �tting the data from 157 to 300K
is 2.379 eV, taking the exciton binding energy into ac-
count, this value is in little di�erence from 2.39 eV, the
reported band gap of ZnTe at 0K.[26] The energy dis-
crepancy between the two Eg(0) values obtained from
the di�erent temperature ranges is 15.1meV, which
is close to the energy di�erence between FE and BE
when the error is taken into account. The value of �
obtained by �tting the experimental data above 157K
is �1:7K. Moreover, the temperature coeÆcient of the
peak energy obtained from �tting the experimental
data above 157K is 4:4� 10�4 eV/K, which is almost
the same as the reported 4:5�10�4 eV/K for free exci-
tons emission in ZnTe.[22] This again con�rms that the
dissociation of exciton in our experiment has two chan-
nels. At low temperature, the bound exciton emission
governs peak E, and the bound exciton was delocal-
ized into free exciton as temperature increases. Con-
sequently, the emission from free exciton dominates
peak E at elevated temperature. It has to be admit-
ted that the transition from bound exciton dominant
emission to free exciton dominant one is a slow-going
process, this may explain the experimental error in
this study to some extent.

Fig. 6. Schematic model with two energy levels for the
asymmetry emission peak evolution with the increasing
temperature.

Based on the above analysis, The variation of BE
and FE can be expressed by a three-level model put
forward by Ko et al.,[27] as shown in Fig. 6. The recom-
bination of E2 to E0 and E1 to E0 in this model de-
notes schematically the free and bound exciton emis-
sion in our experiment. At low temperature, the car-
rier population in E1 prevails over that in E2, thus the
emission from bound excitons dominates the emission
spectrum. As temperature rises, the carriers in E1

can be excited onto E2, namely the bound excitons
are delocalized to become free excitons. Therefore,
the emission from bound excitons decreases and that
from free excitons becomes dominant.

In summary, temperature-dependent optical prop-
erties of ZnTe �lms grown on silicon substrates have
been investigated. The near-band-edge emission of the
investigated sample shows two components labelled
by BE and FE. Based on the energy di�erence of
these two components and the results of temperature-
dependent emission intensity, the two radiative centres
are attributed to free- and bound-exciton emissions,
respectively. The variations of the emission FWHM
and peak energy with temperature con�rm this as-
signment. A simple model with three energy levels
was employed to depict the relative variation in emis-
sion intensity of BE and FE with temperature.
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