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bDepartamento de F́ısica Aplicada, Centro de Investigación y de Estudios Avanzados del IPN, Mérida, Yuc., Ḿexico.
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This work presents results related with optical, morphological and compositional properties of polycrystalline p-type CuIn1−xGaxSe2 (CIGS)
thin films. The films were grown by a chemical reaction of the precursor species which are sequentially evaporated in two and three stage
processes on a soda-lime glass substrate, and later will be used as an absorber layer in solar cells. The samples were characterized optically,
morphologically, and compositionally through transmittance, Atomic Force Microscopy (AFM), and X-ray Photoelectron Spectroscopy
(XPS) measurements. The results showed that, in general, the deposited samples grow with absorption coefficients and optical gaps that are
adequate for absorber layers in solar cells. In general, the films deposited in a two stage process present a mixture of the Cu(In,Ga)Se2 phase
in the bulk with the secondary In2Se3 and Cu2Se phases at the surface, while the films grown in a three stage process mainly present the
Cu(In,Ga)Se2 phase.

Keywords:Optical and morphological properties; thin films; semiconductor; solar cells.

En este trabajo se presentan resultados relacionados con el efecto de las condiciones de deposición sobre las propiedadesópticas y mor-
fológicas de pelı́culas delgadas de CuIn1−xGaxSe2 (CIGS) crecidas en substratos de vidrio tipo soda-lime por reacción qúımica de especies
precursoras, las cuales son evaporadas secuencialmente en procesos de dos y tres etapas. Las pelı́culas depositadas son usadas como capa
absorbente en celdas solares. Las propiedadesópticas y morfoĺogicas fueron determinadas a través de medidas de transmitancia espectral y
microscopia de fuerza atómica (AFM). Adicionalmente, las muestras de CIGS fueron caracterizadas a través de medidas X-ray Photoelec-
tron Spectroscopy (XPS) para determinar si fases diferentes a CuInGaSe2 se presentan en la superficie. Los resultados muestran que las
peĺıculas depositadas de CuIn1−xGaxSe2 crecen con un coeficiente de absorción y un gap adecuado para usarlo como capa absorbente en
celdas solares. Se encontró que el tamãno de grano de las muestras está entre 150 y 650 nm y rugosidades entre 13 y 45 nm. En general, las
muestras depositadas en procesos de dos etapas presentan mezcla de fases de Cu(In,Ga)Se2 en el volumen con fases secundarias de In2Se3
y Cu2Se en la superficie, mientras que pelı́culas crecidas en procesos de tres etapas presentan solamente la fase Cu(In,Ga)Se2.

Descriptores:Propiedadeśopticas y morfoĺogicas; peĺıculas delgadas; semiconductor; celdas solares.

PACS: 78.66.Li; 79.60.Dp; 68.37.Ps; 89.30.Cc

1. Introduction

Several semiconductor materials have been investigated
for the fabrication of thin film solar cells. Today,
CuIn1−xGaxSe2 (CIGS) is the most investigated one
for the absorber layer in thin film photovoltaic de-
vices [1,2]. The highest thin film solar cell efficiency
(19.2%) achieved thus far was obtained from a cell with
structure Mo/CIGS/CdS/ZnO [3]. Here, the CIGS is the ab-
sorber layer and is deposited by co-evaporation of Cu, In,
Ga and Se; CdS is used as a buffer layer, and the ZnO layer
as transparent conductor oxide TCO. The main challenge to-
ward the future is to improve the interfacial properties of this
material with the buffer layer, since it is well known that the
CIGS can present a surface composition different from the
bulk one [4], which leads to defects in the chalcopyrite lat-
tice that affect the solar cell performance.

In this work, the effect of deposition conditions on the
surface chemical composition of the CIGS film is studied, as
well as the effect of the deposition parameters on the optical
and morphological properties of CIGS thin films deposited
by two and three stage processes.

2. Experimental

The CIGS films were grown by selenization of the precur-
sors, which are evaporated sequentially using the deposition
system outlined in Fig. 1. The evaporation chamber is con-
nected to a vacuum system which allows working at pressures
of about 10−6 Torr; it includes three boats (used to evapo-
rate Se, In+Ga and Cu, respectively) and a thickness monitor
(Maxtec TM-400) with a quartz crystal as sensor, which was
used for measuring the flux of the evaporated elements. The
substrate temperature is controlled with a programmable PID
controller (Eurotherm 900C).

The deposition of the films was accomplished in two or
three stages: In thefirst stagea (In,Ga)xSey layer is grown
containing∼90% of the total In and Ga needed to grow the
overall CIGS film. During this stage, the Se flux is kept
around 16Å/s, and the flux of In+Ga at a value of about 3
Å/s. The substrate temperature is kept at 300◦C. In thesec-
ond stage, the substrate temperature is raised to 600oC, and
Cu is evaporated in a Se environment. During this stage, the
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Se flux is kept at 16̊A/s, and the flux of Cu at about 2̊A/s.
In thethird stage, the remaining 10% of In and Ga are evapo-
rated in a Se environment to get the Cu-poor CIGS film. Ta-
ble I lists the deposition parameters and the variation ranges
we used to get good deposition conditions.

The transmittance measurements were carried out with a
VIS - IR Oriel spectrophotometer and the XPS measurements
were performed using a Perkin-Elmer PHI 560 ESCA/SAM
system. The spectrometer was calibrated using the Cu 2p3/2

(932.4 eV) and Cu 3p3/2 (74.9 eV) lines. Binding energy
calibration was based on C 1s at 284.6 eV. The morphologi-
cal characterization was performed using a PSI AFM micro-
scope.

TABLE I. Deposition parameters used to deposit CIGS thin films
through a three stage process. The variation ranges used to get
good deposition conditions are also listed.

deposition parameters first stage second stage third stage

flux of (Ga + In) (Å/s) 2.5-3.5 - 1.0-1.5

flux of Cu (Å/s) - 2 -

flux of Se (Å/s) 15-20 15-20 15

evaporated mass of 0.30-0.40 - 0.15

(In + Ga) (gr)

evaporated mass of - 0.2 -

Cu (gr)

FIGURE 1. Diagram of the system used to deposit CuIn1−xGaxSe2
thin films.

FIGURE 2. Typical curves of a) spectral transmittance and b)α vs.
λ and (αhν)2 vs. hν, of CuIn0.52Ga0.48Se2 thin films grown in
two and three stages.

3. Results and discussion

Initially, a parameter study was carried out varying them as
indicated in Table I. Using transmittance and XRD (x-ray
diffraction) measurements as a diagnostic method, the con-
ditions to prepare CuIn1−xGaxSe2 thin films with suitable
properties for photovoltaic applications were obtained [5].
Fig. 2 shows typical transmission spectra of CIGS films de-
posited in two and three stages. Curves of absorption coeffi-
cientα vs. λ and (αhν)2 vs. hν are also depicted in Fig. 2.

The results of Fig. 2 show that the transmittance of the
CIGS films is lower than 70%, indicating that, in addition
to the absorption associated to fundamental transitions, other
absorption mechanisms contribute to the total absorption in
the CIGS films. It seems that absorption via states within
the energy band gap associated to native defects (vacancies
and anti-site defects) also contribute to the absorption. On
the other hand, it was found that the films deposited in two
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stages present transmittances lower than those deposited in
three stages, probably as a consequence of passivation of na-
tive defects which occurred during the third stage.

The results of Fig. 2b also show that the absorption co-
efficient of the CIGS films is of the order of 104 cm−1(at λ
values corresponding to the fundamental absorption), and its

FIGURE 3. a) Typical XPS spectrum of a CIGS thin film and b) high resolution scan of the Cu 2p1/2, Cu 2p3/2, In 3d3/2, In 3d5/2, Ga
2p3/2and Se 3d XPS peaks.
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FIGURE 4. Typical AFM images of CIGS thin films deposited a)
in two stages and b) in three stages.

energy band gap Eg varies between 1.25 eV and 1.26 eV, indi-
cating that these types of compounds are suitable for absorber
layers in solar cells. It is also observed that the Eg value of the
samples deposited in two stages is slightly smaller than those
of the samples deposited in three stages, probably due to the
effect of the secondary phases formed in the two stage films.
XPS measurements were carried out on the CIGS surface
in an attempt to identify the presence of secondary phases.
Figure 3a) shows a typical XPS spectrum of deposited CIGS
films and the main peaks have been identified. Fig. 3b shows
a high-resolution scan of the peaks associated to Cu, In, Ga
and Se, respectively. The XPS spectrum of Fig. 3a was com-
pared with those corresponding to copper selenide and in-
dium selenide, and it was found that the peak of the In 3d5/2

(presented at a binding energy of 444.6 eV) fits well with
that corresponding to the In2Se3, and that the peak of the Cu

2p3/2 (presented at a binding energy of 931.8 eV) fits well
with that corresponding to the Cu2Se [6], indicating a possi-
ble presence of Cu2Se and In2Se3 at the CIGS surface. These
results are in agreement with those obtained through low an-
gle XRD measurements carried out in a previous work [5].

The CIGS films were characterized through AFM mea-
surements in order to determine if the deposition conditions
affect the morphology, and hence, the film transmittance.
Figure 4 compares typical AFM images of CIGS films de-
posited in two and three stages, respectively. From these re-
sults, it is clear that the deposition method significantly af-
fects the films’ morphology. The CIGS films grown in three
stages generally present grain sizes greater than those grown
in two stages. On the other hand, it was found that the rough-
ness of the samples grown in two stages is greater than that
of the films grown in three stages. This could be one of the
reasons why the samples grown in two stages present lower
transmittances than the samples grown in three stages.

4. Conclusions

CuIn1−xGaxSe2 thin films with adequate optical properties
to be used as absorber layer in solar cells were grown through
two and three stage processes. However, evidence was found
indicating that the films deposited in two stages present su-
perficial secondary phases of Cu2Se and In2Se3, which neg-
atively affect the performance of the devices. It was also
found, on the other hand, that preparing the CIGS films
through a three stage process significantly improves their
chemical composition.

Characterization carried out with an AFM microscope
has revealed that the morphology of the CIGS films is sig-
nificantly affected by the deposition method. In general,
the films grown in three stages present better morphological
properties to perform as absorber layers in solar cells than the
films prepared in two stages.
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