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DEFECTS IN Cu(lnGa)Se2/CdS HETEROSTRUCTURE FILMS
INDUCED BY HYDROGEN ION IMPLANTATION
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The influence of H* ion implantation on the photoluminescence (PL) properties of Cu(tnGa)Se2/CdS heterostructures has been
studied. This treatment was found to increase the PL intensity of donor-acceptor (DAP) band at 1.13 eV because of the passi-
vation by hydrogen atoms of the non-radiative recombination centers on the boundary of Cu(lnGa)Se2 and CdS layers. Two
broad bands peaks at 0.96 eV and at 0.82 eV in PL spectra of ion-implanted Cu(lnGa)Se2 films have been found. The tentative
model to explain the origin of the broad PL bands has been discussed.

I. Introduction
The effects of hydrogen passivation of electrically

active atoms and defects in semiconductors are well
known [1]. Atomic hydrogen reacts with surface
states, reconstructs the incompleted or dangling
bonds and improves electrical characteristics in bulk
and thin film polycrystalline semiconductor materials.
Until now the limited number of investigations con-
cerns implantation of ternary compounds with hydro-
gen ions are exist [2,3]. PL spectroscopy has pro-
vided an excellent probe of hydrogen-related com-
plexes in different semiconductors and helped to
establish microscopic models for passivation mecha-
nisms [1,4]. In this study we report the observation of
PL bands due to the recombination centers in
Cu(lnGa)Se2/CdS heterostructures after H+ ion im-
plantation.

II. Experimental
The Cu(lnGa)Se2 (CIGS) thin films were deposited

by co-evaporation method upon heated MO-sputter
coated soda-lime glass substrates. The elemental
composition determined by EDX analysis were found
to be: Cu - 24.16, In - 19.14, Ga - 7.00,
Se- 49.70, at.%. A CdS layer about 60 nm or 30 nm
thickness are deposited on the CIGS thin films by a
chemical bath deposition process. The samples with
dimensions of 0.8x2.0 cm were implanted with dose
31O's cm"2 of hydrogen ions with different energies
from 2 to 6 keV in 4 mm wide stripes at temperatures
in range from 25°C to 150°C. The ion current density
was about 3 nA/cm2. An unimplanted reference stripe
was retained for comparison purposes. The PL
spectra were obtained with samples immersed in
liquid He at 4.2 K or liquid N2 at 78 K and excited of
488 nm Ar-ion laser light. The luminescence was
dispersed by a 60 cm monochromator having 600
grooves/mm grating blazed at 1.3 urn and detected
liquid-nitrogen cooled Ge p-i-n diode [5].

ill. Results and discussion
Figure 1 shows the PL spectra for CIGS/CdS het-

erostructures with 30 nm thickness CdS layer at dif-
ferent energy of implanted hydrogen ions. The 4.2K
PL spectrum from the virgin area had one dominant
band peaks at 1.13 eV, fig. 1a. The excitation inten-
sity dependence of the peak energy suggested that it
is associated with donor-acceptor pair (DAP) recom-

bination. It was found that the band peaks at 1.13 eV
has the asymmetric tail in the low energy side and
the full width at half maximum (FWHM) about of
70 meV at 4.2 K. The 1.13 eV peak shifts exponen-
tially towards higher photon energies with increasing
excitation intensity. Observed shift is characteristic
for DAP recombination.
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Rg.1. PL spectra taken at 4.2K from as-grown CIGS/CdS
films and implanted with a dose 31015 cm"2 and different
energy of H* ions; a - as-grown, b-b' - 2 keV, c - 3 keV
d - 4 keV, e - 5 keV.

Based on stoichiometric composition of CIGS films
and other published works in this field [6, 7] the do-
nors may be tentatively identified as lnCu antisite de-
fects and the acceptors as the copper vacancy com-
plex (Vcu) with the energy levels of 40 and 100 meV
respectively. The experiments show that the DAP
peak intensity to be significantly increased (about
2 times) after 2 keV H+ ion implantation with dose
-3-1015 cm"2, fig. 1b. In addition two broad bands at
0.96 eV and 0.82 eV in low energy spectral region
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from DAP peak are appeared after H+ ion implanta-
tion, fig. 1. It was found that energy position of broad
bands 0.96 eV and 0.82 eV are varied for different
samples and may be to determine with precision of
±0.02 eV. This effect on our opinion is connected
with the non-homogeneous distribution of different
intrinsic defects, residual impurities and internal
stress in CIGS films. The subsequent increase of H+

ion energy led to a significant increase in the broad
bands intensities and a decrease in that of DAP
peak, fig. 1. Fig. 2 shows the variation in intensities
of DAP and broad ion-induced peaks at 0.96 eV and
0.82 eV in dependence on energy of hydrogen ions.
The bands at 0.96 eV and 0.82 eV were found to
increase in intensity about 3 times.
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Fig.2. Intensities of 0.82 eV (a), 0.96 eV (b) and DAP (c)
bands as a function of H* ions energy.

Similar results were observed also in the PL spec-
tra of CIGS/CdS heterostructures with thickness of
CdS layer about 60 nm implanted with H+ ions of
different energies from 3 to 6 keV and dose ~ 3-1015

cm"2. We also found the appearance of two broad
peaks at 0.96 eV and 0. 82 eV in the long wave-
length region spectra from DAP band. Their intensi-
ties also grow with increasing of hydrogen ions en-
ergy. We also studied the influence of so called "hot
implantation" on the PL properties of CIGS/CdS het-
erostructures. For these purposes heterostructures
with CdS layer with 30 nm thickness were implanted
by 2.5 keV H+ ions with dose about ~ 3-1015 cm"2 at
different temperatures 50, 100 and 150 °C. It has
been found from these experiments that H+ ion im-
plantation at 150 °C reduced the DAP band intensity
on 20 % to compare with that of for room tempera-
ture of H+ ion implantation. The two implantation in-
duced broad bands are also attended in PL spectra.
Based on the results of our PL measurements we
are able to propose simple model for explanation the
influence of H+ ion implantation.

Hydrogen implantation apparently resulted in im-
proved physical properties of CIGS layers and near-
surface boundary between CdS and CIGS films. It

means that at room and high (<150 °C) temperatures
hydrogen atoms passivate non-radiative recombina-
tion centers which suppress the DAP recombination
processes. Consequently the DAP PL intensity in-
creases. The dose about ~ 3-1015 cm"2 and low en-
ergy about of 2 keV of H+ ions are more optimal con-
ditions for passivation of defects in CIGS/CdS heter-
ostructures. The decrease of of the DAP band inten-
sity with increasing of H+ ion energy from 2 to 5 keV
for CdS 60 nm layer and from 3 to 6 keV for CdS
30 nm layer are due to the formation ion-induced
defects which act as non-radiative recombination
centers. The appearance of two broad bands with
maximums at 0.96 eV and 0.82 eV in PL spectra of
C!GS/CdS heterostructures may be issued by differ-
ent reasons. It is very important to note that broad
unresolved band has been found in PL spectra of
Cu(lnGa)Se2 films which were implanted with 100 eV
(-T ion and doses from 3.5-1014 to MO16 cm"2 [3].
Such hydrogen ion implantation is expected non to
create displacement defects.

The appearance of broad band peaks at
0.96 eV and 0.82 eV in the PL spectra after our re-
cent control implantation of CIGS films by D+ and He+

ions were also confirmed. Taking into account these
additional experimental facts it is reasonably to sug-
gest that the chemical specie (H+, D+, He+) play only
minor role in the formation of recombination centers
responsible for the 0.96 eV and 0.82 eV PL bands.
For the explanation of the origin of the broad bands
we can used the model which was suggested for
defects introduced by deuterium plasmas in silicon
[8]. In accordance with this model the appearance of
the broad PL bands may be attributed to electron-
hole recombination in strain-induced potential wells
surrounding microscopic hydrogen defects. It was
suggested that this strain in heavily damaged regions
to cause a bending of conduction and valence elec-
tronic energy states that a band gap narrowing oc-
curs. This strain induced "intrinsic quantum well"
(IQW) can accumulate electrons and holes on local
energy states and they recombine giving broad
bands in PL spectra. In accordance with this model
we suggested that there are exist two different lattice
place for hydrogen atoms localization in CIGS near-
surface layers which have different strain. In particu-
lar, the more damage in local region of lattice will
give more strain and may be responsible for the
lower photon energy PL band at 0.82 eV. The 0.96
eV band arise from electron-hole recombination in
less damage region from strain induced IQW, con-
taining incorporated hydrogen atoms. The chemical
species is not so important for these strain induced
IQW.

V. Conclusions

The PL properties of Cu(lnGa)Se2/CdS heter-
ostructure films were stadied as a function of dose
and energy H+ ions implanted at temperatures in
range of 25°C to 150°C. The observed increase in
the DAP band intensity is ascribed to passivation of
non-radiative recombination centes by hydrogen at-
oms. The two broad bands at 0.96 eV and 0.82 eV
are ascribed to electron-hole recombination in local
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potential wells caused by the strain from hydrogen
induced defects.
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