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Structural and luminescent properties of ZnTe film grown on silicon
by metalorganic chemical vapor deposition

C. X. Shan,® X. W. Fan, J. Y. Zhang, Z. Z. Zhang, X. H. Wang,” J. G. Ma, Y. M. Lu,

Y. C. Liu, D. Z. Shen, X. G. Kong, and G. Z. Zhong

Key Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, No. 140 Ren Min Street, Changchun 130022, People's Republic of China

(Received 29 January 2002; accepted 22 July 2002

Reported here are the structural and luminescent properties of ZnTe films grown on Si substrates by
metalorganic chemical vapor depositictdOCVD). ZnO intermediate layers annealed at different
temperature are employed to buffer the thermal and chemical difference between the ZnTe epilayers
and silicon substrates. With increasing the annealing temperature of ZnO buffer layer, the
crystallization of ZnTe assessed by x-ray diffraction is improved. Temperature dependent
photoluminescencéPL) of the ZnTe epilayer is processed to evaluate the optical properties of our
samples. The PL spectra are characterized by an asymmetry line shape Ebeled it can be
dissolved into two Gaussian lines with energy discrepancy of about 18.5 meV. The origins of these
two Gaussian lines are thought to be free and bound excitons emission, respectively. The
dependence of luminescence on temperature indicates that the emission from bound excitons
dominates the spectrum below 157 K. While above 157 K, the bound excitons are detrapped to
become free excitons, and free excitons emission becomes dominant. Also, the broadening of the
emission line resulting from the ionized impurity scattering cannot be neglected above 157 K.
Temperature dependence of the full width at half maximum and peak energy of the spectra can be
comprehended well under the framework of the two-dissociation-process theory, which, in turn,
further strengthens the validity of the origin of the spectra2@?2 American Vacuum Society.
[DOI: 10.1116/1.1507344

[. INTRODUCTION layer between the epilayer and Si substrate can be one prom-
ising way to overcome the abovementioned inconveniences.
In the past few years, considerable attention has been paid |n this article, the structural and luminescent properties of
to the growth of 1I-VI group semiconductors. This attention znTe film on Si(111) substrates, employing ZnO as a buffer
stems both from the fundamental interest in these comtayer are studied. The thermal expansion coefficients of
pounds and from their potential practical applications wherznTe, ZnO, and silicon are 8310 %, 5.5x10°% and
incorporated within electronic and optoelectronic devicds. 2.44x10°% K1, respectively. One can see that the thermal
As an important material in modern semiconductor technolexpansion coefficient of ZnO is almost the mean value be-
ogy, silicon has served electronics well. It has such advantween those of ZnTe and silicon. Therefore, the ZnO layer
tages as high thermal and electrical conductivity, high crystatan lessen the thermal stress between ZnTe epilayer and Si
and surface quality and also a mature technology for prepasubstrate. Second, the surface of the Si wafer may be covered
ing cheap, large-area, dislocation-free wafers. Those strony a thin SiQ film,® which has better wetting properties with
points make this material advantageous in numerous applthe ZnO layer. Third, ZnO is a proven buffer layeThe
cations in microelectronics. The possibilities of integratingabovementioned facts provide a solid ground for the growth
the optoelectronics based on semiconductors with Si-bagef ZnTe film on ZnO buffered silicon substrate.
microelectronics motivate enormous interest and effort to
study the growth of II-VI group semiconductors on Si sub-||. EXPERIMENTAL PROCEDURE
strates. However, the large difference in thermal and chemi- .
cal properties between most semiconductor materials and The pre_paratlon of the samples was performed by a mag-
silicon inhibits heteroepitaxial of II-VI group semiconduc- netror_1 driven sputte_n_ng and Iow—pres_sure metalorgamc
tors on silicor*> Furthermore, the poor wetting of the polar chemical vapor depositiotMOCVD) technique. Prior to the

compounds on nonpolar silicon substrates impedes the direg{OWth’ the Si(111) wafers were cleaned according to the

: . . method depicted in previous literatut&he growth proce-
nucleation and consequently results in poor quality and mor-

. : : . dure progressed in two steps: first sputter ZnO layer with
phology of the epilayer. Adding a zinc oxid@nO) buffer thickn?assgof about 0.gm at 1F5)O°C in tf?e gas mixtureyof Ar
(75%) and Q (25%) by a radio frequency magnetron driven
dAuthor to whom correspondence should be addressed; electronic maibputtering equipment. After that, the ZnO layer was annealed

shen@public.cc.jl.cn . - : .
YAlso at National Key Laboratory of High Power Semiconductor Laser, In oXygen ambient for 1 h. A ZnTe Iayer with the thickness

Changchun Institute of Optics and Fine Mechanics, No. 7 WeiXing RoadOf 800 nm was then deposited Ont_o the ZnO coated 8I)
Changchun 130022, People’s Republic of China. substrate by MOCVD at 420 °C with the growth pressure of
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TasLE |. The growth conditions of ZnTe films.

Sample A Sample B Sample C Sample D Sample E
Structure ZnTe/ZnOJSi ZnTe/ZnOISi ZnTe/ZnOISi ZnTe/ZnOI/Si ZnTe/ZnOJSi
Annealing No annealing 600 700 800 900
temperature
of ZnO (°C)

220 mmHg. Dimethylzinc(DMZn) and diethyltelluride  znTe film calculated from the XRD patterns igznre
(DETe) were employed as sources of Zn and Te. A series 0f=6.092 A, which is closely consistent with the value of
samples with different annealing duration of ZnO layer wereg.101 A reported in the literatureWith increasing the an-
prepared by the abovementioned procedure. Table | showsealing temperature, the full width at half maximum
the detailed growth conditions of our samples. The structuralF\WHM) of ZnTe (111) decreases. At the same time, the sum
properties of the samples were accessed bp/max-rA intensity ratio ofl zye(111)@nd | zyre(220) to that of the whole
x-ray diffraction(XRD) spectromete(Rigaku with a CuKe  znTe diffraction peaks, which reflects the crystallization of
line of 1.54 A. The luminescent properties were characterznTe layer somewhat, increases from 0.957 to 0.995 as the
ized by photoluminescend®L) spectra. The 488 nm line of annealing temperature of ZnO layer goes up from 600 to
an Ar" laser was used as the excitation source and the si®00°C, as shown in Table Il. Given that the sum ratio of
nals were recorded by the charge-coupled de{@@D) of 8 | ;,1(119)and | zy7e(222) t0 that of the whole ZnTe diffraction
JY-630 micro-Raman spectrograph designed specially fopeaks of the ZnTe deposited directly onto($11) substrate
wide band gap semiconductors. is only 0.777. One can conclude that the crystallization of
ZnTe layers is greatly enhanced because of the ZnO buffer
layer. Moreover, by increasing the annealing temperature of
. ) the ZnO buffer layer, the crystallization of ZnTe films is
A. Structural properties of ZnTe film improved further.

Figure 1 shows the x-ray diffraction patterns of the five
samples mentioned in Table |I. For comparison, the dif“frac-B Lumi N . ¢ 7nTe il
tion pattern of the ZnTe film grown on the bare @ill) - Luminescent properties of znTe film
substrate is shown in the inset. As displayed in the figure, The PL spectrum of sample E at 83 K was shown in Fig.
although all five samples show polyorientation, they are alR. Three distinct peaks appear in the spectrum and are la-
preferred ZnTe(111) oriented. The lattice constant of the beledE, |, andl,, respectively. The enlargdelwas shown

[ll. RESULTS AND DISCUSSION

ZnTe(111)
ZnTe(111)
ZnTe {200)
ZnTe(222)
ZnTe (400)

" | ZNTe (220)
al = ZnTe(311)

Zn0O(002)

70

ol
=)

E_|

f
N
o
wl
=
&
S

-
3. D Fic. 1. X-ray diffraction patterns of
g —~ ZnTe/ZnOI/Si structures under differ-
ent annealing temperature of ZnO

é“ buffer layer in pure oxygen for 1 h.
75} C L (A) No annealing;(B) 600°C; (C)
c — 700°C; (D) 800 °C; (E) 900 °C. The
_S,) Z inset shows the XRD pattern of ZnTe
c hat film grown directly onto silicon sub-
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TasLE |l. Statistical results of the five samples mentioned in Table I.

Sample A Sample B Sample C Sample D Sample E 35000
FWHM of 0.429 0.413 0.322 0.287 0.286 1
ZnTe (111 30000
(deg i
la19+ 222 0.957 0.972 0.972 0.974 0.995

Itotal — 25000

=

2
>, 20000

=

2]

o

Q

in the inset of the figure. The emission line can be decom-
posed into two Gaussian lines marked FE and BE, respece
tively. The ionization energy of the persistent donor in ZnTe ~
is about 18.3 meV° which is consistent with the 18.5 meV

of the energy difference between FE and BE. We attribute FE
and BE to emissions from free excitons and excitons bounc
to neutral donors, respectively. The temperature dependenc
photoluminescence detailed hereafter verified the assignmer
further. As forl andl,, they vanish rapidly as temperature
rises, which is similar to the characters of impurity-related
transitions! Therefore, they may be the unidentified
impurity-related transitions, and the real origins need to be
further investigated.

15000 \ 83K
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10000 | 138K
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5000 N\ 199K
280K =

0

20 22 242 4 6 8 10 12
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1888
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1. Temperature dependence of emission intensity

Fic. 3. Left-hand side: The side PL spectra of sample E at different tem-

perature. Right-hand side: Arrehenius plot of the integrated intensity of peak
E vs inverse temperature. The curve is the fit to the scattered experimental
data using the following expressiont(T)=1y1+A; exp(—E;/KgT)

Figure 3 illustrates the dependence of the PL spectra andA, exp(-E,/KgT)]™%

the integrated intensity of peak E on inverse temperature. As
shown in the figure, two distinct temperature regions appear,
one is in the range from 83 to 157 K, and the other from 15
to 300 K. The solid curve is the theoretically fit to the inte-

7Wherelo, A, andA, are constants] is the sample tem-

grated PL intensityl() using the following equatiof®~**

lo

I(T)= 1
O Ao 25| Ao 52 v
1 KgT 2 KgT

35000 - /BE
FE
30000 -
S5 250004 T
L
2>
= 20000 -
[y
Q
£ 15000-
10000 -
T T T T T
20 24 22 23 24 25
Photon energy (eV)

perature Ky is Boltzmann constang,; andE, are the acti-
vation energies. By plotting(T) vs 1000/T, two activation
energies are derived;=13.6 andE,=19.3 meV. Noting
that the activation energy obtained in this way is usually
considered as the total binding energy, which includes the
confinement energy and the exciton binding enérgyhe
grain size of our sample is in the micron scale. Comparing
the exciton binding energy, the confinement energy is negli-
gible. Since the binding energy of the free exciton in ZnTe is
12 meV which is close to the value d&;, one can deduce
that E; corresponds to the dissociation of free excitons.
SinceE, is almost equal to the ionized energy of persistent
donor in ZnTe, it can be judged to be the activation energy of
the donor. These results, in turn, verify thats the combi-
nation emission of the free excitons and bound excitons. In
the low temperature range, 83—157 K, the emission from BE
governs the emission of E. With increasing temperature, the
BE will detrap to become free excitons, and the emission
from free excitons becomes dominant in temperature range
from 157 to 300 K.

2. Temperature dependence of FWHM

The dependence of FWHM of peak E on temperature is
shown in Fig. 4, in which, the scattered rectangles are the

Fic. 2. Typical photoluminescence spectrum of sample E at 83 K. The inse€XPerimental data, and the curves indicate the simulation to

displays the enlarged lineshape of peak E.

J. Vac. Sci. Technol. A, Vol. 20, No. 6, Nov /Dec 2002

the data. As illustrated by the experimental data, the line-
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Fic. 4. Temperature depen'dence of the linewigfkVHM) .Of peak E, The' . FiGc. 5. Temperature dependence of the peak energy of peak E. The dotted
rectangle§ show the exp_erlmental data and the curve is obtained by f'mnﬂwe shows the fit to the experimental data from 83 to 157 K and the solid
the experimental data using E@). line indicates the fit to the data from 157 to 300 K using Varshni equation.

3. Temperature dependence of peak energy

width increases with temperature. However, there is a kink The dependence of the peak energy of peak E on tempera-
point at about 157 K, which is taken to originate from theture is displayed in Fig. 5. The solid circles denote experi-

impurity scattering, as detailed hereafter. mental data and the solid line indicates a theoretical fit to the
In general, the FWHM of an emission line is mainly con- empirical data using the Varshni equatfon:
tributed to by an inhomogeneous componeht,) and a 2
aT
temperature-dependent homogeneous comporgpt (The E((T)=E4(0)— =—— (3
. ) . . [¢] 9 T+ :8 !
inhomogeneous part df;,, mainly results from the nonuni

formity in the epilayer, while the homogeneous ComponenWhereEg(O) is the peak energy at 0 k&, andg are constants
comprise three part§.At low temperature, the scattering by and T is the temperature. Since the emission spectra in our
longitudinal acousti¢LA) phonon dominates the broadening experiment exhibit distinct two-temperature-region character,
of the emission. At moderate temperatures, scattering by th@e simulate the data in Fig. 5 in two regions accordingly. By
longitudinal optical(LO) phonon becomes dominant due to fitting the experimental data from 83 to 157 K, we get
the increase of the phonon population. As the temperaturgg(o)zz_geg eV. In the same way the value Bf(0) ob-
increases further> 157 K in our experiment the broaden-  tained by fitting the data from 157 to 300 K is 2.379 eV,
ing due to impurity scattering must be taken into accouniyhich is in little difference with the reported band gap of
because of the ionization of some impurities. Based on thgnTe at 0 K considering the exciton binding enef§yhe
above depiction, the FWHM can be expressed as foliow? energy discrepancy between the I\EQ(O)S is 15.1 meV,
which is, taking into account the error, close to the energy
difference of free excitons and bound excitons. Moreover,
temperature coefficient of the peak energy obtained from fit-
ting above 157 K is 4410 “ eV/K, which is almost same

to the reported 4810 % eV/K in znTel’ This, again,
agrees with the results discussed above.

l_‘LO T l_‘imp
eXp(ELo/KgT)—1 = exp(Eimp/KpT)’
2

F:Finh+ FLAT+

where I, is the inhomogeneous broadening factby, ,
I'o, and Ty, are the measure weightings of the LA, LO
phonon and ipmpurity scattering, respectivety is the en- IV. CONCLUSIONS

ergy of LO phonon and;, is the ionization energy of im- In conclusion, ZnTe films are prepared on silicon sub-
purity. Kg is the Boltzmann constant anfl is the sample strate with a ZnO buffer layer by MOCVD. The structural
temperature. Given that the LO phonon energy in ZnTe iproperties of the ZnTe layer evaluated by x-ray diffraction
26.1 meV? by fitting the experimental data in Fig. 4, as indicate that with increasing the annealing temperature, the
shown by the curve in the figure, one can g€to  crystallization of the ZnTe film is improved. The optical
=25.7 meV andg;,,,=17.4 meV. The accordance Bf,to  properties have been investigated by temperature-dependent
the LO phonon energy anffl,,, to the ionization energy of PL measurement. The PL spectrum is characterized by an
the persistent donor in ZnTe strengthen the identification ohsymmetry line shape labelddl in the temperature range
the origin of peak E further. from 83 to 300 K, and it can be decomposed into two Gauss-
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