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Abstract—The aim of this research is to investigate the effect of
interface state density on the performance of the CGS solar cell
structure. The simulations for this work were done by giving the
diode equations and varying interface state density of CdS/CGS .
The interface recombination leads to lower values of the open-
circuit voltage, short-circuit current density, and fill factor
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. INTRODUCTION

A solar cell is an electronic device which directly converts
sunlight into electricity. Light shining on the solar cell
produces both a current and a voltage to generate electric
power. Thin-film ZnO/CdS/CGS solar cells are especially
outstanding due to their low cost [1], radiation hardness [2],
long-term stability [3]. CGS is one of most promising
materials for thin film photovoltaic devices because of its
appropriate band gap and high absorption coefficient for solar
radiation.

ZnO/CdS/CuGaSe2 cells, have gained a great deal of interest
both in high voltage modules

(as single cells) and in tandem systems (as top cells) [4-7]
The interfaces occur between the different layers, generally
play an important role in this film solar cells devices, can
cause stresses, defects ,interface states, and surface
recombination centers. In this study, we will investigate the
effect of the interface states concentration on CGS efficiency.
A model is presented for p—n hetero-junction CdS/CulnGaSe2
solar cells in which interface recombination is the dominant
diode current transport mechanism.

Il.  MODEL

The band gap diagram of d p—n hetero-junction with interface
states is shown in figure (1).

The interface states N are assumed to be in the n-region close
to the interface.Vy;; Vg, are the diffusion voltage components
in the n- and p-region, respectively.W,andW, are the depletion
layer width values in the n- and p-region, respectively. The
recombination path way through the interface states is also
shown in figure 1
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Figure 1 p—n hetero-junction with interface states.
The ideality factor reflects the influence presence of interface

states it will be calculated as functions of absorber CIGS
doping N,

n=_% (1)

W a2

Where VVd diffusion voltage is related to energy band gap by

vﬂ = Eg: -
Where

8y — 8, — AE, ©)

Ny
N:i
M
8, =Ep—E, an E, —Ep = KTlan‘: for p type

tp = E. —Epand Ep —E. = KTIn for n type

The neutrality of the junction implies between window CdS
and absorber CIGS layers with interface state

N,W, = No+N, W, 3)
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Il. RESULTS

Under AML1.5 illumination the photovoltaic characteristics is
shown in following figures. We draw the these characteristics
for different values of Ng corresponding to various value of
ideality factor n.

The influence of Ng on the short-circuit current density
(Fig.2) is small. However, because of the strong increase of J,
(eg. 11) the open-circuit voltage decreases with increasing Ns

Where N, the donor concentration, N, the acceptor
concentration, W,the depletion layer width in the CdS
region,W, the depletion layer width in the absorber layer and
Ns is the interface states.

Solving the Poisson equation for this system the individual
built-in diffusion voltages Vd,and Vd, in the n-region and p-
region of the junction, respectively

Vy, = ﬁmiwf 4) 12,75 1
Titg
— q p ™ 12,70 4
Vaz = 35— Na Wi (%) -
<
E,, and £,. are dielectrics constants of CdS and CIGS éo 1285
respectively, €y is vacum dielectric constant. ;"
% 12,60 -
The factor n >2 in this case interface recombination becomes 8
the dominant diode current transportmechanism.and the diode £ 12554
parameters will be calculated as functions of Ns (n) [8]. S
Using the equations (4) and (5), W,and W,can be given by ©
12,50
W T T T T T T T T T T T T
W, = _\II‘EH Equ[.:fu'n = (6) 55 6,0 6,5 7.0 75 8,0 85
_ [EaEVa interface state density (cm?) x 10™
W, = N (7

Figure. 2. Open circuit current vs interface state density Ng
Where V4= VgtV

1,15

Using (3), (6) , (7) to find the following equation of Ng
| | 1,10
261 oM, Vg (A-1) 2 gLV
f\]:l”"id' ._|n|];|:'| g
R 1 n Al an ® S 105
S
The interface recombination of holes is the dominant diode 2 1004
current, the saturation and current-voltage for a diode can be g
given respectively [9] £ 095
c
[}
. —qV, <3
Jo = QVin Up?ﬂs?ﬂ:e:fp(u—ﬁ;') ) G 090+
i L 0,85
.i = jD{EnkT - 1:' (10) T T T T T T
55 6,0 6,5 7,0 7.5 8,0 8,5
Where Vi, is the thermal velocity, o, cross section of hole, interface state density N  (cm*)x10*
KBoltzmann constant, T is the absolute temperature.
The short-circuit current density Jsc and open-circuit voltage Figure. 3. Photocurrent vs interface state density Ns
Vo can be written as [9]
jse = —Fov e |:"]L“s=r1=u (11) Fig.4 shows the dependence of the fill factor on the interface
qu Ny Wy state density. It can be seen that the interface recombination
o leads to a decrease in the fill factor
Nk SC
V. _Tln(EH] (12)
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CONCLUSION

We have used a simple model to investigate the dependence
of interface state of CdS/CGS heterojunction. We have seen
that energy conversion efficiency increases with decreasing
interface state density. Because the diode ideality factor
exceeds 2 and interface recombination becomes the
dominant diode current transport mechanism. This can lead
to a decrease in the open-circuit voltage, the short-circuit
current density and the fill factor.
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