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The stability of solar cells with
CulnSe,(CIS) -based absorber layers under
high-energy electron- and proton-radiation
combined with the radiation hardness of bare
CIS and CulnGaSe; (CIGS) make these
materials very attractive for use in spacecraft
power generators. To retain and enhance
these advantageous properties as ClS-based
technology is developed requires an
understanding of the origin of these
phenomena. CIS-based technology has taken
a lead in terms of performance amongst thin-
film technologies for mass production of solar
cells, with a conversion efficiency close to 20%
achieved [1]. A number of studies of the
physical properties of ZnO/CdS/CIGS hetero-
structures suggest that the main obstacle to
further progress towards the theoretical
maximum of 30% is unwanted defects
generated during the growth process of the
CIGS absorber layer due to deviations from
the ideal stoichiometry. The high performance
and stability of CIGS-based solar cells make
them likely candidates not only for terrestrial
applications but also for outer space, on near-
earth orbits [3]. Such an application requires
studies of their radiation hardness and in
particular of effects of irradiation by high-
energy electrons [4, 5]. This issue is closely
linked to improving the general understanding
of defect physics in CIS and CIGS. In addition
establishing the nature of radiation defects can
facilitate understanding of the nature of the
growth defects.

CIGS thin films were deposited on Mo
coated soda-lime glass substrates by the co-
evaporation technique and then coated with
50 nm of CdS using a standard chemical bath
deposition process. The studied hetero-
structures consist of ~50nm CdS buffer-layer,

~ 1.5 ym CIGS absorber grown upon a 0.8 um
thick molybdenum back contact deposited on a
2 mm soda-lime glass substrate. Chemical
composition and the depth profile were
determined . by energy dispersive X-Ray
analysis (EDX) and Auger electron
spectroscopy (AES). CIGS films with the same
chemical composition were also deposited on
soda-lime glass substrates as reference
samples for comparison. The crystalline
structure and the phases in the films were
investigated by X-Ray diffraction (XRD) with
CuKy (A=1.5414 A) radiation. The surface
morphology of the films was analyzed by
scanning electron microscopy (SEM).

The CIGS films were irradiated with 5 MeV
electrons (doses from 10" to 510" cm™) at a
rate of 10> cm™s™ and at a temperature below
50 °C. The ftransmittance (T) and reflectance
(R) of the reference CIGS films on glass
substrates were measured at 300 and 4.2 K
over the spectral range 200 — 3000 nm using a
Cary 500 UV-Vis-NIR spectrophotometer.
Photoluminescence (PL) measurements were
carried out at 4.2 K using a 200 mW Ar ion
laser (Aexc. ~ 488 nm) as the excitation source,
The PL was detected by an InGaAs p-i-n
detector (Hamamatsu, Japan) in conjunction
with a 0.6 m single-grating monochromator
with  a 600 grooves/mm  grating. The
photoluminescence excitation (PLE) spectra
were measured using a 400W halogen
tungsten lamp combined with a grating
monochromator (600 grooves/mm, focal length
of 0.3 m) as an excitation source. The samples
were immersed into liquid helium during the
optical measurements.

Table 1 contains the average
concentrations of Cu, In, Ga and Se measured
by EDX and AES methods in the CIGS

Table 1. Elemental composition of CIGS thin films deposited upon Mo/glass and glass substrates.

Sample Method of Substrate Cu In Ga Se Ga/Ga+In
notation analysis type at, % at, % at, % at, % at, %

4 AES Mo/glass 25.1 18.6 6.8 49.5 0.268

4 EDX Mo/glass 24 1 18.8 1.2 49.9 0.277

2 AES glass 23.0 19.9 7l 50.0 0.263

2 EDX glass 23.0 19.6 7.4 50.0 0.274
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films deposited on Mo coated glass (Mo/glass
substrates) (sample4) or CIGS layers
deposited on bare glass substrate (sample 2).
Each elemental composition measured by
EDX is an average of the concentrations
measured at five different points of each film.
For AES the averaging uses the atomic
concentrations measured after different ion-
beam sputtering times. The results of these
measurements as well as relative percentages
of Ga are shown in Table 1.

Fig.1 shows an example of the depth
profiles of the elemental compositions of Cu,
In, Ga and Se through the CIGS layer for
sample 4 measured by AES. It can be seen
that Se and Cu are uniformly distributed with
depth down to the Mo layer.
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Fig.1. AES depth profiles of Cu, In, Ga and Se
in CIGS film.

The concentrations of In and Ga are less
uniform. The content of Ga is gradually
increasing towards the Mo layer, whereas the
In concentration is decreasing. Very similar
trends have been found in the Cu, In, Ga and
Se depth profiles in the CIGS film of sample 2
deposited upon bare glass substrate.

Fig. 2. SEM micrographs of CdS/ CIGS/ Mo/
glass hetero-structure.

Fig.2 shows SEM images of the surface °

morphology and a cross-section of the
CdS/CIGS layer of sample 4. The crystalline
grain sizes are seen to reach 0.3 —1.2 um,
which Is comparable with the thickness of the
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CIGS layer whereas the CdS layer is thin and
dense. The images demonstrate large, well-
faceted grains of CIGS with small porosity at
the grain boundaries. Comparative analysis of
the morphology of the CdS/CIGS/Mo/glass
(sample 4) and CIGS/Glass (sample 2)
interface layers demonstrates a good
uniformity of the structure as well as good
adhesion of the layers for both samples.

The crystalline structure of the samples has
been studied by XRD. The results of these
measurements manifest that the CIGS layers
formed on both Mo/glass and bare glass
substrates have a good single-phase
chalcopyrite structure. As an example, Fig. 3
shows a XRD pattern of a CdS/CIGS hetero-
structure fabricated upon Mo coated glass
substrate (sample 4). The major diffraction
reflections — (112), (204)/(220) and (116)/(312)
are associated with the chalcopyrite CIS
phase. The degree of preferred orientation for
sample 4 estimated from the intensity ratio
|112f|2[|4r22{} iIs about 3.1 EUQQES“HQ that a
significant degree of the (112) preferential
orientation has been achieved for sample 4.
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Fig. 3: XRD diffraction pattern of CdS/ CIGS/
Mo/ glass hetero-structure.

The optical characteristics of sample 2 on
glass substrate have been determined from
transmission (T) and reflection (R) spectra at
4.2 K and 300 K. The transmission spectra are
shown in Fig.4(a). It can be seen that
sample 2 has a high transparency reaching
~70% in the near-infrared region, with
intensive interference fringes. A relatively
sharp edge of the intrinsic absorption can be

seen in Fig.4(b). These experimental data - -

confirm a high quality of CIGS films on glass
substrate. Reflectance was measured in the
photon energy region 0.8 -1.3 eV and was
about 0.18 for sample 2. The absorption






