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The Influence of Cycle Sputtering Deposition
on the Properties of Cu2ZnSnS4 Thin Films
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Three kinds of precursor thin films with stacking orders of Cu/Sn/ZnS, Cu/Sn/ZnS/Cu/Sn/ZnS and
Cu/Sn/ZnS/Cu/Sn/ZnS/Cu/Sn/ZnS were prepared by magnetron sputtering and annealed with sulfur powder.
The microstructure, morphology and optical properties of thin films were investigated by X-ray diffraction, the
Raman scattering, scanning electron microscopy and UV-visible spectrophotometer. The increase of cycle number
decreases the sulfurizing temperature of the formation of Cu2ZnSnS4 phase. Chemical composition can be con-
trolled by cycle sputtering deposition. After sulfurizing at 500 ◦C, the particle size and the band gap increase with
increasing cycle number.
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1. Introduction

Cu2ZnSnS4 (CZTS) is one of the most interesting ma-
terials for an absorption layer of thin-film solar cells.
In recent years, lots of investigations have been involved
in CZTS owing to their excellent properties. The con-
stituent elements of CZTS are abundance and nontoxic.
The absorption coefficient is over 104 cm−1 and the
suitable optical band-gap is about 1.5 eV. The mor-
phology, composition and property of the thin films are
largely dependent on the deposition sequence of metal
layers. The fabrications and properties of CZTS thin
film with special sequence have been studied extensively.
Araki et al. studied the effect of six kinds of precur-
sors with different stacking sequences on the properties
of CZTS thin films by the sequential electron beam evap-
oration method [1]. Seung Wook Shin et al. fabri-
cated three kinds of CZTS thin films with three stack-
ing orders of ZnS/Cu/SnS2/glass, Cu/SnS2/ZnS/glass
and SnS2/ZnS/Cu glass by the sequential sputtering
method [2]. Zhang et al. fabricated the CZTS thin
films with S/Sn/S/Cu/S/Zn/S/Cu-layers by electrode-
positing [3]. Hyesun Yoo et al. fabricated several Cu–
Zn–Sn stacked films and converted them to CZTS films
by sulfurization process [4]. In our previous study [5],
six kinds of thin film were prepared with different stack-
ing sequences using Cu, Sn and ZnS targets by mag-
netron sputtering and the stacking sequence Cu/Sn/ZnS
after sulfurizing has the best properties. Therefore,
we choose the stacking sequence Cu/Sn/ZnS as the
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basic research object. The Cu/Sn/ZnS/Cu/Sn/ZnS
and Cu/Sn/ZnS/Cu/Sn/ZnS/Cu/Sn/ZnS precursor thin
films were also prepared by magnetron sputtering and
sulfurized into CZTS in this paper. The influence of cy-
cle number on the properties of three kinds of thin films
was studied.

2. Experimental
Three kinds of stacked metallic films were deposited on

soda lime glass substrates by sputtering. The sputtering
conditions are shown in Table I. Three kinds of precursor
thin films were annealed with sulfur powder for 2 h, re-
spectively, in a tubular furnace with two zones [6], where
one zone was for laying the precursor thin film and the
other was for laying S source. Both the sample temper-
ature and S source temperature are 500 ◦C.

TABLE I

The sputtering conditions of three kinds of precursor
thin films. In multiple structures same layers have equal
thicknesses.

Sample No. Target Thickness of each layer [nm]
Sample 1 Cu 120

Cu/Sn/ZnS Sn 110
/glass ZnS 210

Sample 2 Cu 60
2×(Cu/Sn/ZnS) Sn 55

/glass ZnS 105
Sample 3 Cu 40

3×(Cu/Sn/ZnS) Sn 36.6
/glass ZnS 70

The microstructures of CZTS films were analyzed
by X-ray diffraction (XRD, D/max 2500/PC, Cu Kα,
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λ = 1.5406 Å) and the Raman spectroscopy. The Ra-
man spectroscopy measurement was carried out with a
Invia Raman spectrometer with excitation wavelength
of 514 nm. The morphology of CZTS films were inves-
tigated by scanning electron microscopy (SEM, S-570).
The composition of CZTS films was determined by en-
ergy dispersive spectroscopy (EDS, Genesis). The optical
properties were analyzed by UV-visible spectrophotome-
ter (UV-VIS, UV-5800PC).

3. Results and discussion

Figure 1 shows the XRD patterns of three kinds of pre-
cursors in Sample 1 (Cu/Sn/ZnS) and the thin films af-
ter sulfurizing at 330, 400, 450, and 500 ◦C. The Cu6Sn5
phases are all observed in the three precursor thin films,
which is due to that Cu atoms diffuse into the Sn film.
After sulfurizing at 330 ◦C, ZnS, SnS, and CuS are ob-
served. After sulfurizing at 400 ◦C, CuS are still ob-
served in Sample 2 (Cu/Sn/ZnS/Cu/Sn/ZnS) and Sam-
ple 3 (Cu/Sn/ZnS/Cu/Sn/ZnS/Cu/Sn/ZnS). After an-
nealing at 500 ◦C, only the CZTS diffraction peaks (112),
(200), (220) and (312) are observed in three kinds of
thin films. The thin films are all preferential oriented
to (112) plane.

Fig. 1. XRD patterns of the precursors and the
thin films after sulfurizing at different temperatures:
(a) Sample 1, (b) Sample 2, (c) Sample 3; (top) pre-
cursor, (middle left) 330 ◦C, (middle right) 400 ◦C, (bot-
tom left) 450 ◦C, (bottom right) 500 ◦C.

The Raman spectra of three kinds of the thin films
after sulfurizing at different temperatures are shown
in Fig. 2. After sulfurizing at 330 ◦C, only CuS is ob-
served in Sample 1. CZTS is also observed except CuS

Fig. 2. Raman spectra of three kinds of the thin films
after sulfurizing at different temperatures: (a) Sample 1,
(b) Sample 2, (c) Sample 3.

in Sample 2 and Sample 3. With increasing cycle num-
ber, the intensity of CuS decreases and the intensity of
CZTS increases. The increase of cycle number decreases
the sulfurizing temperature of the formation of CZTS
phase. The Raman spectra of three kinds of thin films
after sulfurizing at high temperature are similar.

TABLE II

Atomic ratios of three kinds of thin
films after sulfurizing at 500 ◦C.

Cu/
(Zn+Sn)

Zn/Sn S/metal

Sample 1 0.92 1.22 1.00
Sample 2 0.83 1.61 1.03
Sample 3 0.68 2.03 1.04

Table II shows the atomic ratios of three kinds of
thin films after sulfurizing at 500 ◦C. The content of
Cu/(Zn+Sn) decreases and Zn/Sn increases with increas-
ing cycle number. The content of Zn in the thin film in-
creases obviously. It seemed probably that the adhesion
between ZnS and glass substrate is less than that between
ZnS and Cu layer. The control of chemical composition
is one of the key factor in improving the efficiencies [7].
From Table II, chemical composition can be controlled
by cycle sputtering deposition in some way.

The SEM surface images of the three precursor thin
films were shown in Fig. 3a1–c1 and the SEM surface
images of the thin films after sulfurizing at 500 ◦C were
shown in Fig. 3a2–c2. The three kinds of the precur-
sor thin films present uniform grain morphology and the
particle size decreases with increasing cycle number. Af-
ter sulfurizing at 500 ◦C, the three kinds of thin films
exhibit compact and uniform grain characteristics. Dif-
ferent from the precursor thin films, the particle size of
the thin films increases with increasing cycle number of
thin film.
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Fig. 3. SEM surface images of three kinds of the pre-
cursor thin films (a1–c1) and the thin films after sulfu-
rizing at 500 ◦C: (a2–c2): (a) Sample 1, (b) Sample 2,
(c) Sample 3.

Fig. 4. Cross-section SEM images of three kinds of
thin films after sulfurizing at 500 ◦C: (a) Sample 1,
(b) Sample 2, (c) Sample 3.

The cross-section SEM images of three kinds of thin
films after sulfurizing at 500 ◦C are shown in Fig. 4a–c.
The cross-sections of the thin films are all compact.
There is little difference in the thickness of three kinds
of thin films. The adhesion between the thin films and
glass substrate improves with increasing cycle number of
thin film, which can reduce the series resistance of the
battery.

Figure 5 shows the transmittance spectra of three kinds
of thin films after sulfurizing at 500 ◦C. The transmit-
tance rate decreases in the visible light region with in-
creasing cycle number of thin film. That is to say, the
increase of cycle number enhances the absorption.

Figure 6 shows the plots of (αhν)2 versus the pho-
ton energy of three kinds of thin films after sulfurizing
at 500 ◦C (α is the absorption coefficient and hν is pho-
ton energy). The band gap of the film is estimated by
extrapolating the straight line of the (αhν)2 to the inter-
cept of the hν axis. The band gaps of three kinds of thin
films annealed at 500 ◦C are estimated to be 1.55, 1.58

Fig. 5. Transmittance spectra of three kinds of thin
films after sulfurizing at 500 ◦C: (a) Sample 1, (b) Sam-
ple 2, (c) Sample 3.

Fig. 6. The plots of (αhν)2 versus the photon energy
of three kinds of thin films after sulfurizing at 500 ◦C:
(a) Sample 1, (b) Sample 2, (c) Sample 3.

and 1.61 eV. The increase of cycle number increases the
band gap of thin film, which is related to the decrease of
Cu/(Zn+Sn) [7].

4. Conclusions

Three kinds of precursor thin films with stack-
ing orders of Cu/Sn/ZnS, Cu/Sn/ZnS/Cu/Sn/ZnS and
Cu/Sn/ZnS/Cu/Sn/ZnS/Cu/Sn/ZnS were prepared by
magnetron sputtering. The influence of cycle number on
the properties of three kinds of thin films was studied.
After sulfurizing at 500 ◦C, only the CZTS phase are ob-
served in three kinds of thin films. The thin films are all
preferential oriented to (112) plane. The increase of cy-
cle number decreases the sulfurizing temperature of the
formation of CZTS phase. The content of Cu/(Zn+Sn)
decreases and Zn/Sn increases obviously with increasing
cycle number. The particle size of the thin films after sul-
furizing at 500 ◦C increases with increasing cycle number,
which is different from that of the precursor thin films.
The adhesion between the thin films and glass substrate
improves with increasing cycle number. The increase of
cycle number increases the band gap of thin film.
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