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In this study the effect of the rear side illumination on the CdS/CIGS thin film solar cell has been stu-
died. The simulation program SCAPS-1D was used in this study. This program was developed for
the simulation properties of the CdS/CdTe and CdS/CIGS thin film solar cells. At the rear side
illumination the efficiency of the cell decreased as the thickness of the CIGS absorber layer increased.
This was because the light is absorbed far from the junction and near the high recombination back
contact region. So that the generated electron-hole pairs are recombined before they reach the junction
to separate. The losses in the generated electron-hole pairs increase as the thickness of the CIGS ab-
sorber layer increase and this is clearly shown in the variation of the quantum efficiency with the ab-
sorber thickness at the rear side illumination
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B npoMy mocmimpkenHi Oyiro BHBYSHO BILUTUB OCBITICHOCTI THIIBHOT CTOPOHHU Ha TOHKOIDTIBKOBI COHSTYHI
enemeHTr Ha ocHOBI CdS/CIGS. ¥V mocmimxkeHHi 3acTocoByBanacs Mozaemtoroda nporpama SCAPS-1D.
s mporpama Oyita po3poOieHa sl MOJCIIOBaHHS BIACTUBOCTEH COHSYHUX €JIEMEHTIB Ha OCHOBI
CdS/CdTe i CdS/CIGS. Ilpu ocBitinenocti TunbHOI cToporu KK/ eneMeHTy 3HNKY€EThCS, OCKUTEKH
30imbIIyeThest TOBIMHA abcopOyrouoro mapy CIGS. Lle BinOyBaeThCs B pe3ynbTari TOTo, IO CBITIO
MOTIIMHAETHCS TAJTIEKO BiJl TEpexoy, Oiist 001acTi KOHTAKTY JI0 TUIHHOI MOBEpXHi. BHACTIIOK 1IHOTO,
YTBOPEHI €JIEeKTPOHHO-IIPKOBI Mapy PEeKOMOIHYIOTBCS JI0 TOTO, SIK JOCSATHYThH IEPEXOAY UL PO3-
NijeHHs. BTpartu yTBOpEeHHX eNeKTPOHHO-TIPKOBUX Tap 301IBIIYIOThCS 31 301BIICHASIM TOBITHHH
abcopOyrouoro mrapy CIGS, 1o 9iTKo Moka3aHo B 3MiHI KBAHTOBOTO BHXOJY 3 TOBIIMHOIO abcop-
OyI04oTO mapy MpHU OCBITIECHOCTI THIBHOI CTOPOHH.

Kuarouosi cioBa: CIGS, TOHKOIITIBKOBi, COHSYHI €IEMEHTH, TOBIIIMHA, aOCOpOyIounii map.

B JaHHOM HCCJIICAOBAaHHUH 6I)IJ'IO N3YyUYCHO BJIUAHUC OCBCHICHHOCTHU THIJIBHOM CTOPOHBI Ha TOHKO-
MJICHOYHBIC COHEYHbIE AieMeHThl Ha ocHoBe CAS/CIGS. B uccienoBanuu npuMeHsIIach MOJICTH-
pyromas nporpamma SCAPS-1D. Dta nporpamMma Obu1a pa3paboTaHa Jisi MOJISTMPOBAHKS CBOWCTB
coJHe4HbIX deMeHToB Ha ocHoBe CdS/CdTe u CdS/CIGS. Ilpu ocBeneHHOCTH THUTHOW CTOPOHBI
KII/] anmeMenTa CHWKAeTCs, TaK KaK yBEJIMUUBACTCS ToJuHaA abcopOupytromero ciost CIGS. Oto
MPOMCXOIUT B PE3yJBTATE TOTO, YTO CBET MOIVIOMIAETCS BIAJH OT MEPEX0/1a, BO3JIE 00JacTH KOHTAKTa
K TBUTBHOH MOBEPXHOCTH. BcenencrBue 3Toro, 00pa3oBaHHbIC IIEKTPOHHO-IBIPOUHBIE Maphl PEKOM-
OMHHPYIOTCSI 10 TOTO, KaK IOCTUTHYT Nepexoa s pazaencHus. [lorepr o0pa3oBaHHBIX AIEKTPOHHO-
JBIPOYHBIX TIAp YBEIMYHBAIOTCS C YBEIHMUSHHEM TONIIHHEI abcopoupyromero cios CIGS, 4ro ueTko
MOKa3aHO B ©3MEHEHNWH KBAHTOBOTO BBIXOJIA C TOJIIIUHOM a0COPOUPYIOIIETO CIIOS TPU OCBELICHHOCTH
TBUJIBHOW CTOPOHBI.

KuroueBsie cioBa: CIGS, TOHKOIIJICHOUHBIEC, COJIHEUHBIE 3JIEMEHTHI, TONIIUHA, a0COpOUpyroIIas
CIIOSL.

INTRODUCTION

Copper Indium Gallium Selenide Cu(In,Ga)Se,
(CIGS) is an interesting material for solar cell
applications. CIGS is an alloy between Copper
Indium Selenide CulnSe, (CIS) and Copper Gal-
lium Selenide CuGaSe, (CGS) and is described
by the chemical formula Culn -yGaySe, where
(y) is the ratio Ga/(Ga + In).The typical structure
of the CIGS solar cell is shown in fig. 1 [1].

CIGS has a direct band gap which is a very
desirable in photovoltaic materials. More op-
timistically, the absorption coefficient () of
CIGS is high around 105 cm™ for a band gap of
1.4 eV. A polycrystalline CIGS semiconductor
has a tunable band gap that varies with the gal-
lium (Ga) content substituted in the CIGS mate-
rial. The band gap of CIS is around 1.04 eV, whe-
reas by adding Ga into the ternary system of CIS,
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Fig. 1. Structure of the CIGS solar cell.

the band gap energy of the CIGS quaternary sys-
tem can be varied over a range of 1.04 to 1.68 eV.
This property can be used to engineer the band
gap of the CIGS when it is used as absorber layer
in the solar cell and to make a cell with a graded
band gap [2].

CIGS based solar cells have shown record ef-
ficiency ([L20%) for thin film devices in testing.
This places CIGS solar cells at the forefront of
the thin film solar cell industry [3]. A wide variety
of techniques has been used to fabricate CIGS.
These include Evaporation, Solemnization, Ele-
ctro deposition, Sputtering, Vapor Transport,
Spray Pyrolysis, Electrophoretic Deposition, Li-
quid Phase Epitaxial, Flash Evaporation, Laser-
Induced Synthesis and Molecular Beam Epita-
xial [4]. One of the methods that have been used
in increasing the efficiency of the thin film solar
cells is the illumination of the cell from both sides
simultaneously. In this study we will shows the
effect of the rear side illumination on the per-
formance of the CdS/CIGS thin film solar cell.

DEVICE SIMULATION

Simulation of the structure (front contact/ZnO/
CdS/CIGS/back contact) thin film solar cell was
carried out using the simulation program
SCAPS-1D. This program was developed at the
University of Gent for the simulation of the
photonic devices. For the front side illumination
the back contact was the Molybdenum. In the
rear side illumination the Molybdenum was
replaced with a transparent conducting oxide
(TCO), such as Indium Tin Oxide (ITO). ITO
has 85% transparency at 550 nm incident wave-
length [5].

RESULT AND DISCUSION
— The optical generation in the CdS/CIGS thin
film solar cell.
Generation due to monochromatic light
source describe by the following equation

6(y)= g lem(-ay). (1)

The spectrum of the light used in the simu-
lation results is the standard one-sun illumination
also called AM1.5. The total generation is the
sum of wavelengths generation.

Fig. 2 illustrates the total generation due to
AML.5. The generation by short and long wave-
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Fig. 2. Total generation due to one-sun illumination in the
baseline cell.

lengths light in the CdS/CIGS cell is illustrated
in fig. 3a and fig. 3b respectively. Short wave-
lengths light (A <400 nm) are strongly absorbed
and hence there is no significant deep generation
and most of generation processes will occur in
the CdS buffer layer and ZnO widow layer. Long
wavelengths light (A = 600 nm) which have
smaller absorption coefficient () shows
absorption and generation rate rather deep in the
cell and most of the absorption will occur in the
CIGS absorber layer.

— B. The output parameters.

The dependence of the output parameters
(Voc, Jsc, FF%, n% and QE(A)) of the CdS/CIGS
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Fig. 3. Generation due to (a) short wavelengths (A <400

nm) and (b) long wavelengths (A = 600 nm) in the CdS/
CIGS solar cell.
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cell on the absorber layer thickness for both front
and rear side illumination is shown in fig. 4. For
front side illumination both the open circuit
voltage (Voc) and the short circuit current density
(Jsc) of the cell was increased when the thickness
of the absorber layer increased from 200 nm to
3000 nm. Voc remains high unless the absorber
layer thickness is less than 500 nm. When the
thickness of the CIGS increased this will allow
the longer wavelengths of the illumination to be
absorbed (as shown in fig. 3b) which in turn
contribute in the electron-holes pair generation.
Thus Voc and Jsc increased as the absorber layer
thickness increased. This will result in increasing
in the fill factor (FF%) and the efficiency (n%)
of the cell. If the absorber layer thickness
reduced, the high recombination back contact
region will be very close from the depletion
region. Thus the electrons will be captured easily
by the back contact for the recombination
process. Therefore, fewer electrons will
contribute in the generation process. The result
was reduction in the output parameters for thin
absorber. For the rear side illumination it is
required most of the light to be absorbed in the
bulk part of the CIGS absorber layer. For the rear
side illumination and thick absorber the absorbed
light generate carriers in the bulk part of the
absorber and often far from the electric field of
the junction and near the high recombination
back contact region so that and at the same
absorber thickness Voc and Jsc for the rear side
illumination will be less than what found in the
front side illumination as shown in fig. 4.

Also at the rear side illumination Voc increa-
sed as the thickness of the absorber layer increa-
sed from 200 nm to 600 nm because the photons
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Fig. 4. The dependence of the output parameters of on
the absorber layer thickness for front and back side illu-
mination.

3000

will be absorbed near the junction, and the ge-
nerated electron-hole pairs will have strong pro-
bability to be separated. For absorber thickness
above 600 nm the photons absorbed far from the
electric field so that Voc decreased when the ab-
sorber thickness increased to 3000 nm. Jsc decre-
ased when the absorber layer thickness increased
for rear side illumination because the photons
will be absorbed near the high recombination
back contact region and far from the space charge
region. The reduction in Voc and Jsc will causes
a reduction in FF% and N%. As shown in fig. 4.
For front side illumination the longer wave-
lengths photons will be absorbed deeper within
the CIGS layer (as shown in fig. 3b). So that the
effect of the CIGS absorber layer thickness on
the quantum efficiency (QE(A)) has been oc-
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curred in the region extended from A = 520 nm
to A = 1200 nm as shown in fig. 5. For thick
absorber layer the generation process has been
occurred far from the back contact region so that
the quantum efficiency will increase when the
absorber layer thickness increase.
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Fig. 5. Variation of the quantum efficiency of the baseline
cell with the thickness of the absorber layer.

Fig. 6 shows QE(A) of the cell for the rear
side illumination (red) as compared with QE(A)
for the front side illumination for 500 nm absor-
ber thickness. In this figure the losses in the ab-
sorbed photons due to the absorption far from
the electric field and near the high recombination
back contact region for the rear side illumination
is evident. The losses are high for the photons
which have large absorption coefficient (small
wavelengths).

The dependence of the quantum efficiency for
the rear side illumination on the CIGS absorber
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Fig. 6. Quantum efficiency at front and rear side illumi-
nation for 500 nm CIGS absorber thickness.

thickness is shown in fig. 7. The thickness was
0.25 pm, 0.5 pm and 1pum. The photons which
have a large absorption coefficient (low wave-
length) have a high generation probability in a
thiabsorber (below 0.5 nm) because it will gene-
rate electron-hole pairs near the electric field. The
quantum efficiency at low wavelength is high
for the rear side illumination as compared with
front side illumination because the high-energy
photons will be absorbed by CdS buffer layer at
front side illumination. The effect of the rear-si-
de illumination on the Light/Dark J-V curves and
the quantum efficiency (QE(A)) of the CdS/CIGS
thin film solar cell has been studied practically
by T. Nakada et. al. [5]. He took the effect of the
CIGS absorber layer thickness and the concen-
tration of Gallium (Ga) at the rear-side illumina-
tion on the output parameters and the quantum
efficiency into consideration. A good agreement
between these practical results and the found si-
mulation results.
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Fig. 7. The dependence of the quantum efficiency on the
absorber thickness for the rear-side illumination as com-
pared with the front side illumination.

CONCLUSION

At the front side illumination the light needed to
pass through the window and buffer layer and
this will results in a losses in the number of the
photons in the absorber layer. When the thickness
of the CIGS absorber layer increased the effi-
ciency of the cell increased due to the high pro-
bability of absorption for the long wavelength
photons. While at the rear side illumination the
incident light will absorbed in the bulk part of
the absorber layer but near the high recombina-
tion back contact region.
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So that when the thickness of the CIGS ab-

sorber layer increase the electron-hole pairs will
generate far from the electric field of the junction
and near the high recombination back contact
region. Therefore the generated electron-hole
pairs will recombine by the back contact before
they separated by the electric field of the junction.
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