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Investigation of infl uence of Õå' i rradiat ion on composition of crystal Cui nSet surface

layers by Rutherford backscattering and channeling was conducted. In the paper we
represent concentration changes of Se, In and Cu atoms in the sur face layers of crystal

CuIn Set .

1. I n t r od u ct i on

Ternary semiconductor compounds based on CuInSe2 (CI S) are of great interest
for the production of solar cells and î ë åã optoelectronic devices [ 1-3] . The

eff iciency achieved to date for the CI S based solar cel ls has been reported to be
ø excess of 20% [4] . One of the most important properties of these cells is à
resistance to radiation [ 1] . The classical approach to the consideration of the
radiation hardness property involves mostly study of the fl uence dependence of
the accumulation of radiation damages [5] and less the infl uence of irradiation on
composition of materials. Therefore the purpose of this research is to investigate

the infl uence of X e irradiation on surface composition of CuinSeq.

2. Exper imental

The sample used for the study was p-type conducting CIS single crystal . It was

cut from the middle part of the ingot grown by the vertical Bridgman technique,
mechanical ly polished and etched [5] . The orientation of the crystal surface was
found to be w ithin 5' Rom the ( 112) plane. The prepared surface was irradiated
at room temperature with 40 keV Õå' to fl uences (Ô) : 10~~, Çx 10~~, 10~~, Çx 10~~,

10" and Çx 10" cm ~. Di ff erent fl uences were implanted into diff erent stripes of

3 mm width. One stripe was lef t undamaged for reference. The þ ï current
density was - 1.9 pA/cmÐ.

Rutherford Üàñ1ñÿñàéåï ï ô ñÜàø ~å1ø ä (RBS/Ñ) measurements were carried
out w ith the incident 2 M eV Í å' þ ï beam normal to the surface and with à
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scatter ing angle 168' . The detector energy resolution was 25 keV . The RBS

aligned spectra were taken along the <221> axial channel straight after the
implantation. The calculated depth resolution ~ as 31 nm. The depth, where the
analysis has been carried out, became - 65 nm. Concentration of Cu, In and Se

atoms was found by iteration method [6] .

3. R esu l t and d i scu ssi on

RB S al i gned and random spect ra f or fl uences in the range of 1 x 10 '~-3x 10" cm '

along w i th one f rom v irg in ar ea ar e show n in Fig . 1.
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Figure 1. Eff ect î Å40 keV Õå' irradiation on RB S al igned spectra &î ø Cul nSez crystal .

For fl uences larger than 1õ10'~ cm ~ three distinguishable peaks related to

defects in the indium, selenium and copper sublattices appeared in the aligned
spectra. The area under spikes goes up by rise of the fl uence. This is connected
with the rise of amount î Û åÃåñ1ÿ in elements sublattices.

Òî study the composition of radiated samples we used backscattering yields
of helium ions f rom Cu, Se and In atoms in the aligned spectra on the depth of
samples directly after the damage peaks. Óâø ä the known procedure [6] step by
iteration step we have analyzed the composition of multicomponent target
radiated with Õå' ions.

It was determined, Fig. 2, that the rise of the fl uence results ø an increase of
In and Se concentration from 15 à~.% and 39 à~.% if ô = 1~10i4cm ~ to
- 19 at.% and - 45 at.% if Ô = I x10" cm ~. Then we can observe insignificant

concentration decrease of selenium (- 18 at.%). The rise of the xenon fl uence
results in à concentration decrease of copper from - 46 at.% if Ô = 1õ10'~ cm ~ to
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- 36 at.% if Ô = 1X1015cm.2. So, the ri se of the fl uence results ø mcreasing

concentration of such elements as indium, selenium, but it results in
concentration decrease of copper (Table 1).~
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Figure 2. Dependence of the concentration of Cu, In, Se on radiation fl uence.
Ful l signs represent concentration of elements ø virgin crystal (al igned spectrum).

There is à concentration diff erence of elements in virgin crystal and crystal
which has received the minimal fl ux of the implanted Õå' . Cu concentration is
rising &om - 41 at.% to - 46 at.%, In concentration is decreasing &om - 16 at.%
to - 15 at.%, Se concentration is decreasing from - 43 at.% to - 39 at.%. The rise

of the irradiation fl uence results ø à significant increase of Se concentration
&om - 39 to - 50 at.%.

Table 1. Dependence of é å elemental composition of
near-surface layer of the crystal CuInSe2 on the fl uence of Õå' .
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Concentration of Cu is decreasing considerably from - 46 to - 32 at.% if the

irradiation fl uence is rising. We eventual ly observe copper depletion in the
irradiation region. The mass of Ñî atoms is a ss then mass of In and Se atoms.
Therefore because of signi ficant sputtering taking place in the case of xenon

irradiation we can consider that preference sputtering of Cu atoms takes place.

4. Conclusion

Presented study al lows conclusion that concentration of components in the near
surface layer of CIS is aff ected by radiation f luence of Õå' ions. When the

fl uence is I x 10' copper concentration is rising, indium concentration and

selenium concentrati ons are decreasing. A s the resul t of the ri se of irradiation
fl uence (Çx 10'~ — Çõ10" ) we observe copper de-enrichment. I t can be ascribed to

signif icant sputtering taking place in the case of xenon irradiation of CIS crystals.
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