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Cu(In,Ga)Se2 thin films were prepared using co-sputtering and proximity selenization.
This new method supplies Se by closely attaching opposite a metal precursor. CuInSe2

thin film was produced at 280◦C, and consisted of small structures. As the temperature
was increased, more Ga was substituted in place of In, while the X-ray peak of the
CuInSe2 shifted to the right. A thin film with a Cu:In:Ga:Se ratio of 1:0.7:0.3:2 was
obtained at 480◦C, which is comparatively lower than the temperature needed when
using Se vapor. This grew into crystals with a diameter of 3–5 µm.

Keywords CIGS; photovoltaic; thin film solar cell; selenization; metal precursor;
sputtering

Introduction

Solar cells based on the Cu(In,Ga)Se2 (CIGS) compound semiconductor have recorded the
highest conversion efficiency among thin film solar cells technologies. Many processes to
synthesize high quality CIGS absorber have been suggested including vacuum methods such
as the co-evaporation method and sputtering/selenization and non-vacuum methods such
as the nano-powder method, electro-deposition and solution method [1–4]. So far, vacuum
methods are known to have higher perfection for mass production technology. Especially,
the 2-step process consisted of the precursor deposition and subsequent thermal processing
under the selenium atmosphere, has been known for its advantage in producing large area
modules. The selenization process normally uses H2Se gas due to very high reactivity,
however, its severe toxicity and corrosiveness requires additional safety facilities. While
the use of Se vapor evaporated from elemental Se source is relatively free from the safety
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issue, it suffers from the difficulty of uniform supply and low reactivity. In this paper, a new
Se supply method named “proximity selenization” is proposed as an alternative to existing
methodologies. In proximity selenization, Se-covered glass is laid tightly against a metal
precursor. This method is designed to provide uniform Se flux over a large area.

Experimental

Fabrication of Cu(In,Ga)Se2 Absorber

The Cu-In-Ga metal precursor were prepared on Mo coated glass at room temperature by
rf-dc magnetron co-sputtering system equipped with a tilted sputter gun. The pure In and
CuGa (Ga, 24wt%) dual targets of 3 inch diameter and 3 mm thickness were used. The base
pressure was 1 × 10 − 6 torr, and working pressure was maintained at 1 mtorr. The substrate
was rotated at 10 rpm for better uniformity of film thickness. The Se film were prepared on
glass at room temperature by evaporator. The Cu-In-Ga metal precursor and the selenium
were laid face-side together and selenized using a two-zone furnace. The precursor was
annealed at temperatures varying between 280 and 580◦C. Once the target temperature was
reached, it was maintained for 60 minutes. After annealing, the thin film was placed in a
KCN solution consisting of 0.5 g KCN and 50 g D.I. water and etched over a period of one
minute.

Measurements

The thickness of Cu-In-Ga metal precursor and Se film was measured from the a-step,
and the crystalline properties were characterized by X-ray diffractometer (PANalytical,
Cu-Ka = 1.54178 A). The surface and cross sectional morphology of each film was analysed
at acceleration voltage of 5 kV by scanning electron measurement (Hitachi, s-4800). The
composition of metal precursor were calculated from inductively coupled plasma atomic
emission spectroscopy(ICP-AES, ICPS-8100, SHIMADZU).

Results and Discussion

Figure 1 shows the pre- and post-etching SEM images of the CIGS thin film selenized at
280◦C. KCN solutions are typically known to be effective in removing secondary phases
[5]. Upon completing selenization, a thick film of indiscernible shape was observed on
the surface, while small grains were found distributed across the bottom layer. After KCN
etching, the thick amorphous film on the upper layer could no longer be seen, but the small
grains below as well as the relatively larger grains, which had been observed as protrusions
in the upper layer prior to KCN etching, were left unremoved.

From the XRD curve of the thin film selenized at 280◦C, it could be seen that the
CuSe peak, which had been detected strongly at 31.3◦ before KCN etching, was almost
completely eliminated after etching (Fig. 2). Prior to KCN etching, a broad X-ray curve
was obtained between 20◦ and 35◦; this is a situation that occurs when amorphous selenium
is deposited [6,7]. However, KCN etching only affects the surface, leaving the secondary
phases inside the thin film unremoved. This means that the peaks of the secondary phases
can still be detected. The peaks at 26.6◦, 44.3◦, and 52.4◦ showed no changes in intensity
even after KCN etching; these peaks are generally known to be (112), (220), and (312)
crystal peaks of CuInSe2. Because the selenium was attached closely to the metal precursor
in thin film form, more of it was diffused into the precursor or involved in the reaction than
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Figure 1. SEM morphology of the selenized thin film before and after KCN treatment.

was lost externally. As can be seen in the phase diagram of In2Se3-Cu2Se, it is sufficiently
possible to acquire the CuInSe2 phase at 280◦C [8].

Figure 3 shows the surface and cross section SEM images of thin films selenized at
various temperatures. All of the thick, amorphous selenium that was present at 280◦C took
part in the reaction and grew into large structures. Large plate crystals of hexagonal shape
existed on the surface; these are CuSe crystals, which take a hexagonal structure. Small
grains that did not take part in the reaction were distributed between the CuInSe2 and
Mo, which were slightly detached due to insufficient junction with the lower layer. At a
temperature of 480◦C and higher, the Cu(In,Ga)Se2 grew into crystals with a diameter of
3–5 µm. No additional changes in crystal size were observed, and there were no gaps at the
interface due to good junction with the lower layer. MoSe2 was produced at 380◦C, which

Figure 2. XRD curve of the selenized thin film before and after KCN treatment.
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Figure 3. surface and cross section SEM morphology as a variety annealed temperature.

is lower than the generally reported temperature, and grew to a thickness of up to 1.5 µm
when the temperature was 480◦C or higher [9].

Figure 4 shows the X-ray curves of thin films selenized at various temperatures. As
could be seen in the 380◦C image in Fig. 3, peak of hexagonal CuSe was detected at 31◦. At
temperatures of 480◦C or higher, the CuSe peak could no longer be seen. At all temperatures,

Figure 4. XRD curve as a variety annealed temperature.
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Figure 5. SEM morphology of selenized thin film using Se vapor.

the Cu(In,Ga)Se2 phase had a preferred orientation toward (112). In the case of the thin
film selenized at 380◦C, the Cu(In,Ga)Se2 peak appeared more to the left than in the case of
high temperature selenized thin film. The higher the temperature of selenization, the more
active intermixing becomes. This leads to an increase in the amount of In substituted by
Ga. Because Ga has a smaller atom, the interface distance becomes smaller, which in turn
enlarges the angle of x-ray diffraction. Due to this situation, the X-ray peak moved toward
the right, and ultimately achieved a chalcopyrite crystal structure with a composition of
Cu1In0.7Ga0.3Se2 [10]. At 380◦C, FWHM (Full Width at Half Maximum) was 0.2598◦; at
480◦C and 580◦C, it was 0.1948◦, showing improved crystallinity. When the temperature
was 480◦C or higher, no additional improvement in crystallinity occurred. The Mo peak
seen at 40.5◦ disappeared as the temperature exceeded 480◦C, and, as can be seen at 31.6◦

and 55.9◦, all reaction progressed toward MoSe2.
Figure 5 shows the SEM images of the thin film selenized at 480◦C using selenium

vapor. Unlike the 480◦C SEM image in Fig. 3, hexagonal CuSe secondary phases are present
on the surface, which shows a considerable roughness as well. Compared to supplying Se
from immediately above, this method did not allow for an efficient supply of Se and thus
did not lead to the production of MoSe2, but large pores appeared in the interface with Mo.

Conclusions

In this study, selenium was deposited on a separate glass, and joined closely with a Cu-In-
Ga metal precursor for selenization. A CuIn0.7Ga0.3Se2 phase with good crystal growth was
obtained at 480◦C, which is lower than the generally reported selenization temperature.
In this case the crystals measured 3–5 µm in diameter. The Cu(In,Ga)Se2 had a preferred
orientation toward (112), but Se flux became excessively high compared to the method
using Se vapor, which led to a thickening of the MoSe2 layer. This problem is expected
to be easily resolvable by shortening the selenization time and optimizing the Se thin
film thickness. Continued research is needed to devise new low-temperature selenization
methods using safe Se sources.
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