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In this project, we will try for the first time to use the AP-MOCVD
technology for developing the thin film solar cells of Cu,ZnSnS,.
Diethylzinc((C,Hs),Zn) are used as Zn sources. Then we used the e-gun
evaporator to evaporate the Cu and Sn. Hydrogen sulfide(H,S) are used
as S sources. The nitrogen(N2) or hydrogen(H2) is used as the carrier
gas. The films of Cu,ZnSnS,; which used as the absorber of solar cells
are deposited on the Mo/Glass substrates at 400~500°C ,then sulfurized
at 540°C in H,+5%H,S atmosphere for 30mins.

The chemical composition ratio of Cu,ZnSnS, films should be
controlled in this way Cu:Zn:Sn:S=2:1:1:4 by adjusting the gas
flow-ratio of (C,Hs),Zn: H,Se and the thickness of Cu and Sn. The
chemical composition can be determined by energy dispersion analysis
x-ray(EDAX).The optical band-gap of film also can be determined with
measurement of absorption coefficient and PL spectrum. The carrier
concentration and mobility of Cu,ZnSnS, films can be analysed by Hall

measurement.
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Abstract

For the first time, atmospheric pressure metal-organic
chemical vapor deposition is used to deposit Cu2ZnSnS4(CZTS)
thin films on silicon substrates. The film structure is analyzed
using the X-ray diffraction spectra of CZTS and the Raman
spectrum. Moreover, the surface morphology and the grain size
of CZTS arc characterized by scanning clectron microscope
(SEM) images. So that we can know the data of CZTS thin film.
and is success to build up at the first step.

Keywords: AP-MOCVD, CZTS. Sulfurization.

Introduction

Cuw2ZnSnS4 (CZTS) thin film is one of the most viable
materials for low-cost solar cells compared to the CIGS because
of the indium(In) is required for the latter. The content of indium
is only about 1x107 % in the earth's crust and has become in
shortage due to the wide use m industry. On the other hand. the
CZTS-based thin-film solar cells can be produced from the
materials which are abundant in earth. CZTS has a band-gap
energy of 1.45 €V and an absorption coefficient of over 10*
cmi'[1]. Fabrication of CZTS has been studied by several groups
by using different methods, such as sputtering [2] and a hybrid
solution-particle approach [3]. Todorov et al [3] used the hybrid
solution-particle approach for preparing Cu2ZnSn(S.Se)4 where
the precursor film was spin-cast from a hydrazine-based slurry
of Cu—Zn—Sn chalcogenide. They achieved a world record
efficiency of 9.7% for the cells fabricated. The advantages of
atmospheric pressure metal-organic chemical vapor deposition
(AP-MOCVD) technology are: high-speed. mass production
possible, and casy to control the parameter. We use the
AP-MOCVD system to study the fabrication of CZTS thin films
on Si substrates from an economic viewpoint since there are still
many experimental parameters left to be resolved before the
application of this material.

Experimental

First, the Zn$S thin film was deposited on the silicon substrate
by wusing the home-made AP-MOCVD system with a
water-cooled vertical reactor, the schematic of it is shown in Fig.
1. The thickness of ZnS thin film is about 3500 A recognized by
the SEM image. Then. we used an sputtering system to deposit a
copper film upon the ZnS thin film. and the thickness of copper
film is 1000 A. Finally. we used an electroplating method to
grow a tin film upon the copper film. and the thickness of tin
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film is 1500A and therefore the structure of Sn/Cu/ZnS/Si was
formed. The ideal ratio of SmCwZnS for obtaining
stoichiometric CZTS (Cu:Zn:Sn:$=2:1:1:4) film is reported to
be about 1.5:1:3.3 [4]. which has been followed by our
experiments.

Because the tin film will evaporate when the sulfurization is
conducted at high temperatures of about 500 °C, we therefore
sulfurized the film surface at a lower temperature of about 300
°C for 30 minutes to avoid the above-mentioned problem. Na2is
used as the carrier gas HaS. After the sulfurization process. the
structure SnS/Cu/ZnS/S1 was achieved.

A high-temperature sulfurization at about 575 °C was finally
performed for 30 minutes to make the separate stacking of Sn
and Cu films transform into the CZTS film and the structure
CZTS/S1 was completed.

Fig. 1. Schematic of AP-MOCVD system.
Results and discussion

Fig.2 shows the XRD spectra of the CZTS film. From left to
right. the XRD peaks of CZTS film was identified as
(112).(200).(211).(220).(312). respectively [1]. However. it is
hard to differentiate the XRD peaks corresponding to copper and
tin sulfides from those of the CZTS film [1]. So, we used the
Raman spectrum analysis to further examine the peaks of CZTS
and to specify correctly the XRD spectra of CZTS film.

| ntensity

za

Fig. 2. XRD spectra of a CZTS film.(*:CZTS.0:S1).
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Fig. 3. Raman spectrum of the CZTS film.
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As shown in Fig. 3, CZTS Raman peaks at 287, 338, and 368
cm-1 are observable. However., the Raman peaks related to
copper and tin sulfides are absent. Therefore, Raman
spectroscopy might reflect that copper and tin sulfides phases
were not formed in our CZTS film and all the XRD peaks
appearing in Fig, 2 can be considered to result from CZTS and
the film fabricated is CZTS without the phases of Cu2xS or
SnS.[5] It should be noted that the Raman signals of ZnS is quite
weak and difficult to be detect[1].

Fig. 4. SEM cross-sectional 1e'w of CZTS film.

Fig. 5. Top-view SEM image of CZTS film.

Figs. 4 and 5 show the cross-sectional and top-view SEM
images of CZTS film. As demonstrated in Fig. 4. the thickness
of CZTS film is about 1-2.4 pm. and from Fig. 5 the grain size
of about 5.7 - 6.6 pm can be recognized for CZTS film. It can be
seen that during the sulfurization the conversion of CuZnSn
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metal stack into the CZTS caused an expansion of volume [6].
Some issues are left to be solved, such as the grains with
different sizes merged together and therefore resulted in a film
with uneven surface. Also the merging of grains was in
complete, causing the presence of uncovered regions of film
where the substrate was observed. Possible reasons of these
problems have been analyzed. One possibility is suggested to
that the temperature of sulfurization was elevated too fast from
300°C to 575°C, the processing was completed in about 10
minutes, which might canse an uneven film surface. It's an
important future work to optimize the sulfurization conditions.
Conclusions

It's the first time, we succeed to use the AP-MOCVD
technology to deposit Cu2ZnSnS4 (CZTS) thin films on silicon
substrates. Then, the XRD peaks of CZTS film was identified as
(112).(200).(211).(220).(312). respectively. and CZTS Raman
peaks at 287, 338, and 368 em™ are observable. Finally, we used
the SEM to observe the grain size and the cross-sectional view
of CZTS. So. the CZTS thin film is success to build up at the
first step. It's the future work to optimize the sulfurization
conditions to complete the device of CZTS solar cells. and to
measure the efficiency of CZTS solar cells.
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