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Effects of deposition parameters on Cd, . Zn,  Te
films prepared by RF magnetron sputtering
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Abstract:Cd,_Zn, Te films were deposited by RF magnetron sputtering from Cd, o5 Zn, o, Te crystals target at different sub-
strate temperatures, RF powers and working pressures. After deposition, the samples were annealed in high purity air at
473 K. The films were characterized using step profilometer, UV-VIS-NIR spectrophotometer, XRD and SEM. Depending
on the deposition parameters and annealing, the values of the band gap of the CZT films varied between 1.45 and 2. 02 eV.
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Introduction

The Cd,_, Zn,Te (CZT) is known as a direct

wide-band gap semiconductor. Its band gap can be tai-
lored between 1.45 eV (CdTe) and 2.26 eV (ZnTe)
by adjusting the film composition. CZT is one of the
important semiconductor materials used in the top cell
of tandem solar cells, electro-optical modulators, pho-
toconductors, light emitting diodes, X-ray and gamma
[14]

ray detectors, etc.

In recent years, research and applications of CZT
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alloy films grown by RF magnetron sputtering in thin-
film solar cells have attracted more and more attention
from some researchers. RF magnetron sputtering is one
of the best options for commercialization, having the
advantages of simple and low cost instrumentation,
good reproducibility, high efficiency of material utiliza-
tion and high growth rate.

In order to get CZT films with desirable proper-
ties, different RF magnetron sputtering technologies
have been applied. CZT films were prepared using in-

terdiffusion of sputtered layers of CdTe and ZnTe'*).
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CZT films were also tried by co-sputtering from a ZnTe-
Cd target'®’. Multilayered CdTe/Zn structures were
deposited by a multilayer method'”). In this work,
CZT films were grown by RF magnetron sputtering on
glass substrates, using Cd, ¢ Zn, o, Te crystal target
with 50 mm diameter. The characteristics of the as-
grown films have been investigated by step profilome-

ter, UV-VIS-NIR spectrophotometer, XRD and SEM.
1 Experimental

CZT films were fabricated by RF magnetron sput-
tering on glass substrates. The sputtering target was cut
from Cd, ¢4Zn, o, Te ingot with diameter of 50 mm. The
sputtering chamber was evacuated to a pressure less
than 3.0 x 10® Pa. Argon (99.999% ) was admitted
under control ( gas flow 28. 7sccm) through a needle
valve. The RF powers used in the growth process were
20 W, 36 W and 50 W at the working pressure
2.4 Pa. The working pressures used in the growth
process were 2. 0 Pa, 2.4 Pa and 3.8 Pa at the RF
power of 36 W. A deposition time of 30 min was used.
CZT films were deposited at different substrate temper-
atures: 473 K, 573 K and 673 K at working pressure
of 2.4 Pa and RF power of 36 W. A deposition time of
60min was used in the growth process. A series of CZT
films were prepared by changing the process parameters
(see Table 1). CZT films deposited at different sub-
strate temperatures were annealed in high purity air for

40 min at 473 K.

Tablel The preparation conditions of CZT thin films
F1 CLT BERHH&FEG
#  2# 3% 44 S# o6 T# 8#
Power/W 20 36 36 36 50 36 36 36
Pressure/Pa 24 20 2.4 38 24 24 24 24
Substrate temperature/K 298 298 298 298 298 473 573 673
Sputtering time/min 30 30 30 30 30 60 60 60
Film thickness/nm 397 1405 751 461 1008 1515 1450 1755

2 Results and discussion

Figures 1 ~ 3 show the transmission spectra for
CZT films grown at various deposition parameters. Fig-
ure 4 shows the transmission spectra of heat-treated
CZT samples deposited at various substrate tempera-

tures. The spectra have consistent features, including

coherent district, absorption edge and full absorption
area. The difference of all samples lies in absorption
edge position. According to semiconductor theory, ab-

sorption edge position corresponds to band gap.
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Fig.1 Transmission spectra of CZT films deposited under
different working pressures
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Fig.2 Transmission spectra of CZT films deposited with
different RF powers
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Fig.3 Transmission spectra of CZT films deposited at dif-
ferent substrate temperatures
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The transmission data are used to calculate ab-

sorption coefficient of the CZT films at different wave-
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Fig.4 Transmission spectra of heat-treated CZT films de-
posited at different substrate temperatures
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lengths. The absorption coefficient « is given by the re-

lation!® .

I = Iexp( - ad) , (1)
where I is the intensity of transmitted light, I; is the in-
tensity of incident light and d is the thickness of CZT
films.

As the transmittance is defined as 1/1,, we obtain
from Eq. (1). In the high absorption region (o= 10"
em '), the photon energy dependence of the absorp-
tion coefficient can be described by the quadratic rela-
[9]

(ahw)? =A(w-E,) , (2)

where v is the frequency of the incident beam, A is a

tion

constant and E, is the optical gap. So if we plot
(ahw)? vs ho then the intercept of the straight line on
the hv axis gives us the value of band gap E,. Plots of
(ahw)? vs hv for CZT films are shown in Figs. 5 ~ 8,
respectively. In order to determine the band gaps of all
samples, plots in Figs. 5 ~8 were fitted. Table 2 is the
fitting results of CZT thin films.

The direct band gap of the CZT film increases
with the increase of RF power and decreases with the
increase of working pressure.

Due to the difference of Ar plasma on the energy
transfer efficiency of Cd, Zn and Te atoms, in the
sputtering process, the quantitative relationship is''" ;

U )

(M, +M,) ’
where M, is the quality of the incident ion(Ar* ), M,
is the quality of the target atom. Energy transfer coeffi-

cient of Ar* on each atom can be computed according-

hvleV

Fig.5 (ahv)? vs hv plots of CZT thin films depos-
ited under different working pressures
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Fig.6 (ahv)? vs hv plots of CZTthin films deposi-
ted with different RF powers
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Fig.7 (ahv)? vs hv plots of CZT thin films deposited
at different substrate temperatures
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ly:’yAr—Zn =O' 94 ”yAr—Cd = O' 78 ”yAr—Te = 0' 73' SO Zn
atom shows sputtering advantage in the sputtered films.
As RF power increases, the average energy of the

sputtered particles is also enhanced . When the working
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Fig.8 (ohv)” vs hv plots of heat — treated CZT thin
films deposited at different substrate temperatures
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Table 2 The fitting results of CZT thin films
&2 CLT BERAIMAEER
E/eV

AE/eV
Annealed (473 K)
1# 1.79
24 2.02
3# 1.93
4# 1.85
S5# 2.02
6# 1.85 1.55 0.30
T# 1.65 1.59 0.06
84# 1.51 1.45 0.06

pressure is constant, the probability of collision of the
sputtered particles with Ar* is unchanged. Therefore,
the Zn content in the deposited films increases with in-
creasing RF power. In addition, with increasing RF
power, deposition rate increases, the thickness of the
film in the same time is thickened.

In the vacuum chamber, the Ar* density becomes
larger with increasing working pressure. It leads to in-
crease probability of collision of the sputtered particles
with Ar*. The concentration fo Zn atom compared to
Cd and Te atoms in the Cd, ¢sZn, o, Te target is very
little. When RF power is certain, the final number of
Zn atoms deposited on the substrate decreases with in-
creasing working pressure. In addition, the deposition
rate decreases with the working pressure increased, the
thickness of the film in the same time becomes thinner.

In Fig. 9, the typical diffraction patterns for the
as-deposited CZT films at different substrate tempera-
tures are presented. It can be observed that the deposi-

ted films are polycrystalline with preferential (111) o-

rientation. With increasing deposition temperature, the
(111) peak becomes increasingly sharp. It indicates
that crystalline quality of CZT film is improved with in-

creasing substrate temperature.
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Fig.9 XRD patterns of CZT films with different substrate
temperatures

B9 ARZEA BT H &8 CZT WEiK XRD &

Figure 10 shows SEM micrographs of CZT films
grown at 473 K.573 K and 673 K. It shows that the
non uniform spherical grains are distributed across the
smooth glass substrate. The grain size progressively be-
comes bigger as the deposition temperature is in-

creased.

(©

Fig. 10 SEM analysis of CZT thin films deposited in a
vacuum 1 10-3Pa at different temperatures: (a) 498 K,
(b) 573 K, (c) 673K
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The increased grain size may be resulted partly

from kinetic factors during sputtering growth. The de-
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posited films are polycrystalline with preferential
(111) orientation, it indicates that the growth of CZT
film at low temperature is kinetically limited. In the
case of kinetically limited growth, it may be expected
that grains with a faster growing orientation may grow at

() This will result in a gradual

the expense of others
increase in grain size. An additional factor is that re-
crystallisation and grain growth may take place dynami-
cally during growth, especially at high growth tempera-
ture.

Because the sticking coefficient of Zn atom is less
than Cd and Te atoms, when sputtering power and
working pressure are constant, with the increasing of
substrate temperature, adhesion of Zn atom on the sub-
strate becomes poor. So the band gap of the CZT film
decreases with the increase of substrate tempera-
ture! ",

It may be observed that the effect of heat treat-
ment on the transmission spectrum of respective sample
is different. The heat treatment determines the film
transmittance, first increases (up to an substrate tem-
perature of about 573 K) then decreases (Fig.4). The
improvement of film crystallinity during heat treatment
and the formation of the ZnO compound, transparent in
the visible region, determine the increasing of transmit-
tance for these samples. In the case of sample 8#, dur-
ing heat treatment, the precipitation of the remaining
tellurium excess induces a reduction of film transmit-
tance, due to the strong optical absorption of tellurium
in this wavelength range.

The obtained values of band gaps of CZT samples
annealed are listed in Table 2. The heat treatment af-
fects the band gaps of CZT films in a different manner,
depending on the substrate temperatures. For CZT film
deposited at 473 K, the value of band gap decreases
from about 1. 85 eV to 1.55 €V after heat treatment. In
the case of CZT films deposited at higher substrate tem-
perature , the variation of band gap as a consequence of
the heat treatment is much lower. Annealing has grea-
ter impact on CZT films deposited at substrate tempera-

ture below the annealing temperature.
3 Conclusions

CZT thin films were obtained by RF magnetron

sputtering on glass deposition from the Cd, o Zn, o, Te
crystals target at different process parameters. The de-
posited films are polycrystalline with preferential
(111) orientation. The band gap of the deposited films
increases as RF power increases. The band gap of the
deposited films decreases with increasing working pres-
sure or deposition temperature. Heat treatment has an
important influence on CZT films deposited at substrate
temperature below the annealing temperature. By ad-
justing the heat treatment and preparation conditions,
the band gap of respective CZT films can be tuned from
1.45 t02.02 €V.
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