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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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I.  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/CuInGaSe2 

solar cells in which interface recombination is the dominant 

diode current transport mechanism.  
. 

II. MODEL 

The band gap diagram of  d p–n hetero-junction with interface 

states is shown in figure (1). 

The interface states Ns are assumed to be in the n-region close 

to the interface.Vd1; Vd2 are the diffusion voltage components 

in the n- and p-region, respectively.W1andW2 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 N2. 

 

                                                           (1) 

Where Vd   diffusion voltage is related to energy band gap by  

 

                                               (2) 

Where  

 

 and     for n type  

an     for p type   

 

The neutrality of the junction implies between window CdS 

and absorber CIGS layers with interface state  

 

                                                        (3) 
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Where N1 the donor concentration, N2 the acceptor 

concentration, W1the depletion layer width in the CdS 

region,W2  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 Vd1and Vd2 in the n-region and p-

region of the junction, respectively 

 

                                                       (4) 

 

                                                              (5) 

 

and are dielectrics constants of CdS and CIGS 

respectively,  is vacum dielectric constant. 

 

The factor n >2  in this case interface recombination becomes 

the dominant diode current transportmechanism.and the diode 

parameters will be calculated as functions of NS (n) [8]. 

Using the equations  (4)  and  (5),  W1and W2can be given by  

 

                                           (6) 

                                                   (7) 

 

Where   Vd  =  Vd1+Vd2 

 

Using (3), (6) , (7)  to find  the  following   equation of  NS  

 

                       (8) 

 

The interface recombination of holes is the dominant diode 

current, the saturation and current–voltage for a diode can be 

given respectively [9] 

 

                                             (9) 

 

                                                          (10) 

 

Where Vth is the thermal velocity, σp cross section of hole, 

KBoltzmann constant, T is the absolute temperature. 

The short-circuit current density Jsc  and open-circuit voltage 

Voc  can be written as [9] 

 

                                                          (11) 

 

                                                         (12) 

 

 

III. RESULTS 

Under AM1.5 illumination the photovoltaic characteristics is 

shown in following figures. We draw the these characteristics 

for different values of NS corresponding to various value of   

ideality factor n. 

The influence of NS  on the short-circuit current density 

(Fig.2) is small. However, because of the strong increase of J0 

(eq. 11) the open-circuit voltage decreases with increasing NS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
          Figure. 2. Open circuit current vs interface state density NS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure. 3. Photocurrent  vs interface state density NS 

 

 
Fig.4 shows the dependence of the fill factor on the interface 

state density. It can be seen that the interface recombination 

leads to a decrease in the fill factor 
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Fig.5 shows  the variation of the efficiency as a  function  of 

interface state density Note that the efficiency decreases with 

increasing NS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 
. 

REFERENCES 

 

[1] Dimmler, B, Schock, H.W. “Scalability and pilot operation in solar 

cells of CuInSe2 and their alloys”. Prog.Photovolt.Res.Appl.6, 

193–199 (1998). 
[2] Jasenek, A. Rau, U. “Defect generation in Cu(In,Ga)Se2 

heterojunctionsolarcells by high energy electron and proton 

irradiation”.  J.Appl.Phys. 90, 650–658(2001). 
[3] Guillemoles,  J. F. “Stability of Cu(In,Ga)Se2 solar cells a 

thermodynamic approach” .Thin Solid Films 361–362, 338–345 

(2000). 
[4] V. Nadenau, U.Rau, A.Jasenek, H.W.Schock, “Electronic 

properties of CuGaSe 2 -based heterojunction solar cells. Part I. 

Transport analysis” J.Appl.Phys.87 (1) (2000) 584. 
[5] A.Jasenek, U.Rau, V.Nadenau, H.W.Schock, “Electronic 

properties of CuGaSe 2 -based heterojunction solar cells. Part II. 

Defect spectroscopy” J.Appl.Phys.87 (1) (2000) 594. 
[6] J.H. Sch. on, M.Klenk, O.Schenker, E.Bucher, “Photovoltaic 

properties of CuGaSe 2 homodiodes” Appl.Phys.Lett.77 (22) 

(2000) 3657. 

[7] V. Nadenau, D.Hariskos, H.W.Schock, M.Krejci, F.-J.Haug, 

A.N.Tiwari, H.Zogg, G.Kostorz, “ Microstructural study of the 

CdS/CuGaSe2 interfacial region in CuGaSe2 thin film solar cells ”  

J.Appl.Phys.85 (1) (1999) 534. 
[8] M. Saad, A.Kassis “Effect of interface recombination on solar cell 

parameters”  journal of Solar Energy Materials & Solar Cells 79  

(2003)  507–517. 
[9] A. Rothwarf, “CuInSe2/Cd(Zn)S  Solar  cell  modelling  and  

analysis” Solar cells 16  (1986)  567–590. 

 

5,5 6,0 6,5 7,0 7,5 8,0 8,5

60

65

70

75

80

85

F
il
l 
fa

c
to

r 
F

F
 (

%
)

Densité des états d'interface N 
ir 
(cm

-2
)

5,5 6,0 6,5 7,0 7,5 8,0 8,5

8

9

10

11

12

13

14

E
ff
ic

ie
n

c
y
 (

%
)

interface state density N
iS 

(cm
-2 

) x10
11

Figure. 5.  Efficiency vs interface state density NS 

 

Figure. 4. Fill factor vs. interface state density NS 
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