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Abstract: In this study the function of solar cells with the structure of Culn1-xGaxSe2is examined. CIGS solar cell consists of layers of ZnO
(Layer TCO), Cd_S (buffer layer), CIGS (absorbent layer), and Layer MO (substrate), which Cd_S and CIGS layers form a PN Junction. Later
using SILVACO software CIGS solar cell is simulated. Then, CIGS solar cell is simulated using SILVACO software, Firstly the thickness of the
adsorbent layer is changed. Later thickness of the absorbent layer becomes fixed and the thickness of the Cd_S and ZnO layers are changed
respectively and its effect on cell function is discussed and examined. Important parameters of a solar cell that will be discussed here, include open
circuit voltage (VOC), short circuit current (ISC), maximum power (Pmax), filling factor (FF) and efficiency (). After conducted simulations, it

was that increasing or decreasing the thickness layers has impact on solar cells function.
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1. Introduction

One of the main goals of today’s PV research and
development is making the cells thinner by using less
semiconductor material in order to lower production time and
reduce the cost due to increased indium prices and composited

elements expenses.

The thickness of a solar cell is a very important Parameter,
and choosing the optimal thickness is often a function of many
conflicting factors. The standard thickness of the CIGS absorb-
er layer in CIGS thin-film solar cells is presently 1.5-2um.
If this thickness could be reduced with no, or only minor, loss
in performance, it would lead to even more effective PV cells
and in boosting efficiencies to new record levels. Making thin-
ner absorber layer has been associated with recombination
losses due to smaller grains and larger grain boundaries. It has
been also associated with high probability of back contact re-
combination due to  carrier generation close to the back con-
tact and increased tunneling recombination close to the inter-

face [1].

The question of how thin the absorber thickness should be
arises. Using more material unduly increases the cost of the
cell, while on the other hand, with too little, part of the im-
portant properties of these materials are lost, since, for exam-
ple, less light is absorbed.
1.2 CIGS Solar Cells Structure

CIGS Solar cell (Copper-Indium-Gallium-Selenium) is a
semiconductor I-111\VI2 with a direct band gap and high ab-
sorption coefficient.
The preceding is an alloy between CIS and CGS which is de-
scribed by the chemical formula Culn,,Ga,Se,, Where X is the
ratio between Ga/(Ga+In). By changing X, the  concentration
of Gallium and Indium will change and as  a result would
alter the band gap. The value of band gaps change from 1.04ev
for x= 0 for the CIS to 1.68ev for x=1, for the CGS, maximized
for a Ga  content with a value roughly 0.3, resulted in ab-
sorber energy band gap values of roughly 1.1-1.2 eV [2].
In these cells, the lowest conduction band has been put
Against the maximum capacity of the tape and has the Highest

efficiency compared to other solar cells CIGS Solar cells as
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shown in Figure 1 is composed of the following  layers [3].
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Figure 1: CIGS structure

Layer 1) Impure Aluminium with zinc oxide (ZnO: Al) whose
duty it is to guide the photons received.
Layer 2) Layers of zinc oxide (ZnO: i) as layer TCO
(Transparent Conductive Oxide) used. TCO layers have a large
band gap to ensure maximum absorption of sunlight. It should
be a transparent layer that can absorb maximum photons [4].
Layer 3) layers n-Cd_S (Sulphide Cadmium) that is n type
semiconductor and acts as a buffer layer between CIGS and
TCO layers .These layers will result in better performance of
the solar cells. [5].
Layer 4) of the CIGS absorber layer is the core and active layer
of the solar cell and a P-type multi crystal semicon-
ductor .1t has a direct band gap and its absorption coefficient is
about105cm™. This layer along with the buffer layer form a p-n
junction [6].
Layer 5) to be able to form an ohmic contact between a metal
and semiconductor, the metal should have a higher work func-
tion than that of the semiconductor. Mo is usually used as a
back contact in chalcopyrite devices since it is highly anticor-
rosive and creates a contact with the absorber due to the MoSe2
interlayer formed during its deposition. The back-contract
thickness is determined by the resistance requirements of each
solar cell [7].
The properties of the Mo layer and the selection of the glass
substrate are of critical importance to the quality of the cell
because of the role of Na, which diffuses from the glass sub-
strate to the growing layer of the absorber through the Mo layer.
This trend has been found to improve crystallographic proper-
ties and Doping in CIGS thin-films. By depositing various
compounds prior to the deposition of the absorber, the diffusion
of Na is controlled and homogeneous, allowing the use of other
types of substrates as a back contact without any significant
change in the cell’s performance, given that a sufficient amount
of Na is provided.

common soda-lime glass. The introduction of Na from the glass
soda-lime substrate during the growth of the absorber contrib-

the diffu-
understood, its

utes to the quality of the absorber. Although
sion mechanism function of Na is not fully
presence in the growth of the absorber is necessary for high
efficiency devices. The general specifications that the sub-
strate should meet are mechanical stability and ther-
mal-expansion coefficient congruence with the next deposited
layer. The deposition of the absorber requires a substrate
temperature of at least 350 C, while the elements with the
highest efficiencies have been deposited at the maximum tem-
perature of 550 C, which the glass substrate can withstand
without becoming particularly soft. Because the glass composi-
tion usually contains various acids, which provide the neces-
sary defects to be diffused into subsequent layers during pro-
cessing, a process that allows a controlled Na flow it is often
preferred. Because of various other defects that the glass sub-
strate may have, experiments with other types of substrates
have been done; however, the cost and the wide variation in
thermal-expansion coefficients are prohibitive factors for their
wide use [8].

A ZnO layer, with a band gap of 3.3 eV, is typically used as the
n-type semiconductor, the transparent window layer that facili-
tates solar radiation’s passing through the cell.

The absorption of solar radiation and creation of electron Hole
pairs take place in the p-type semiconductor, namely the chal-
copyrite characterized as the absorber. High

Absorption coefficients allow the use of thin layers of a few
microns thickness with high impurities concentration and in-
trinsic defects. On the other hand, during the hetero junction
formation, the generated interlayers have also high defects
percentage, and the carriers’ recombination in the interlayer is
very likely [9].

The ZnO/CIGS hetero junction is not considered propitious for
carriers shift, because ions created during the ZnO  prepara-
tion reinforce the electron-hole Pairs recombination in the in-
terlayer and can damage the surface of the absorber. For this
reason, a very thin Cd_S layer with a band gap of 2.4 eV is
used between the ZnO and the absorber layer, and it is usually
prepared with the chemical-bath deposition method. Using a
buffer layer, we achieve a better band gap adjustment between
the window and absorber layer [10].

2. Simulation

Physical parameters used in the simulations Tablel have

been identified. Are given in Tablel physical parameters
Layer 6) the substrate used in these arrangements is usually a  ;sed in the Simulation.
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Table 1: Physical Parameters Used In the Simulation [10]

Zno c_ds CIGS
er 9 10 13.6
% (eV) 4 3.75 3.89
1t (cm?Vs) 100 100 100
1 (cm?/Vs) 25 25 25
Na (1/cm®) 0 0 2e+16
Np (1/cm®) le+18 le+18 0
Nc(l/cm®) | 2.2e+18 2.2e+18 2.2e+18
Ny (1/cm®) 1.8e+19 1.8e+19 1.8e+19
Eq (eV) 3.3 2.4 1.15
Thickness (nm) 100 Variable 1700

3.  Results and discussion

The basic model structure of simulated CIGS solar cells is
shown in Figure 2.
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Figure 2: Simulated CIGS Structure
3.1. Changing the thickness of absorbent layer

Simulation is performed for CIGS solar cell will absorbent
layer of 500nm, 1000nm and 1750nm respectively. The effi-

ciencies of these solar cells were determined by their 1-V Curve
and are shown in figure 3.
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Figure 3: 1-V Curves for changing the thickness absorbent layer

Figure 4 and a Figure 5 respectively show curves efficiencies
and power.
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Figure 4: Efficiency curves for changing the  thick-

ness absorbent layer
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Figure 5:  Power curves for changing the thickness

absorbent layer
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effi-
ciencies, power, lsc and Voc Will be improved as the absorbent

As it can be seen from the results obtained. That

layer increases. As the thickness of absorbent layer increases
the possibility of electrons by photons also increases but these
values are not proportional the increase in thickness of absor-
bent layer. As the thickness of the absorbent layers the re-
combination rate also increases and this causes less photons to
reach the end areas of the absorbent areas compared to the
higher areas .In fact, most of photons are absorbed by top of
absorbent areas .It is

also improves solar cell function.

concluded increase in absorbent layer

3.2.  Changing the thickness of ZnO layer

thick-
respective-
determined by

Simulation is performed for CIGS solar cell will the
ness of ZnO layer of 200nm, 75nm and 40nm
ly. The efficiencies of these solar cells were
their I-V curve and are shown in figure 6.
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Figure 6: V-1 curves for changing the thickness ZnO layer

Figure7 and a Figure8 respectively show curves efficiencies
and Power.
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Figure 7: Efficiency curves for changing the thickness ZnO
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Figure 8: Power curves for changing the thickness ZnO layer

As shown in the charts of power and voltage-current, when
ZnO layer is selected not too large or not too small, it would
have high power, open circuit voltage (Vco), and short
circuit current (Isc). As is seen in the efficiency curve, In-
crease or decrease excessive ZnO layer cause Efficiency is
coming down because If this layer be too thick Less photons
Go to cell absorbent layer And cause The efficiency be low,
also If The thickness of this layer Too thin Because of reflec-
tion Less photons Entered the cells and thus cell efficiency

decrease.

3.3.  Changing the thickness of Cd_S layer

Simulation is performed for CIGS solar cell will Cd_S layer of
200nm (CIGS1), 100nm (CIGS2) and 10nm (CIGS3) respec-
tively. The efficiencies of these solar cells were determined by
their I-V Curve and are shown in figure 9.
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Figure 9: V-I curves for changing the thickness Cd_S layer

layer Figure 10 and a Figure 11 respectively show curves effi-
ciencies and power.
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Figure 10: Efficiency curves for changing the thickness Cd_S
layer
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Figure 11: Power curves for changing the thickness Cd S

layer

As it can be seen from the results obtained. That efficiencies,
power, Isc and Voc will be decreased as the thickness of Cd_S

Table 2: Results thickness changed the absorbent layer.

CIGS1 | CIGS2 | CIGS3

absorbent Layers Thickness (nm) 500 1000 1750
VOC (V) 0.662 | 0.645 | 0.664

ISC (mA/cm?) 31.7 | 335 | 359

Pmax (mW/cm?) 15.6 17.6 19.6

FF(%) 745 | 814 | 822

Efficiency (%) 21.7 255 28.7

Table 3: Results  thickness changed the ZnO layer.
CIGS1 | CIGS2 | CIGS3
ZnO Thickness (nm) 200 75 40

Voc (V) 0.653 | 0.655 0.66

Isc (mA/cm?) 32.8 36.2 30.5

Pmax (W/cm?) 17.6 19.6 16.2

FF(%) 82.1 | 826 82.2

Efficiency (%) 244 29.08 27.84

Table 4: Results thickness changed the Cd_S layer.

layer decreases. But if the thickness of Cd_S layer very de- CIGS1 | CIGS2 | CIGS3
creases that  efficiencies, power, ISC and VOC will be im- Cd_S Thickness (nm) 200 100 10
proved so that more of the initial state. In this case, it can be

argued that more photons to the absorbent layer cells, the layer VOC (V) 0.663 | 0.662 | 0.664
thickness Cd_S def:reases which mcrea-sed the .eff|C|enc3./ of ISC (mA/cm?) 416 404 431
the cell. However it should be noted that if too thin, the thick-

ness of this layer is difficult to eat stages of its construction. Pmax (mW/cm?) 22.77 22 23.42
The result of Efficiencies concerning the change in  thick- FF(%) 8255 | 8225 | 81.83
ness layers is given in table 2 and 4 respectively. Efficiency (%) 28 235 28
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3. Conclusion

In this paper, by comparing three solar cells of CIGS that
were equal in all aspects, except for ZnO layer, we found that
too much increase and too much decrease in the thickness of
this layer cause decrease in efficiency, open circuit voltage,
short circuit current, and cell power. As a result, by accurately
selection of ZnO layer thickness, we can improve the efficien-
cy and power of the CIGS solar cell. It was concluded that effi-
ciencies, power, Isc and Voc will be decreased as the thickness
of Cd_S layer decreases. But if the thickness of Cd_S layer
very decreases that  efficiencies, power, ISC and V¢ will be
improved so that more of the initial state. Should never be for-
gotten that the thickness of Cd_S layer decreased creates prob-
lems in the construction process. It was concluded that cell
function improves by increasing the absorbent layer of thick-
ness. However increase in the thickness of the absorbent layer
is not proportional to the improvement of the cells. Also this
thickness can be increased to a certain amount since after this
thickness. We can hardly notice any significant improve-
ment in cell current be considered thin film solar cell any long-
er. It was clear that extreme increase or decrease in thickness of
absorbent layer can effect solar cell parameters also which can
improve cell function whilst at the same time can alter some
other parameters which are not desirable.
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