
 

 

  
Abstract— The most important aim of Photovoltaic (PV) 

manufacturers is to reduce the price of solar cells and increase their 
efficiencies above the Shockley Queisser limit. Back in the day, thin 
film technologies like CdTe, CIGS, etc. looked promising and started 
gaining meaningful market share. In this work, a numerical study of 
thin film CIGS based PV cells with Solar Cell Capacitance Simulator 
software (SCAPS) is reported. The influence of thickness and doping 
concentration on PV parameters (Jsc, η, Voc and FF) under standard 
illumination is investigated. The analysis of the outputs of the 
SCAPS model provides a better understanding of thin film PV solar 
cells. The incorporation of certain impurities into CIGS solar cells 
can enhance spectral response, short circuit current density and 
conversion efficiency only under some conditions. 
Keywords— Solar cell, CIGS, SCAPS, thickness, doping 
concentration, electrical parameters. 

 

I. INTRODUCTION 
 great deal of development is occurring in the research 
and industrialization of photovoltaic devices, which is a 

representative clean form of energy production.  
Solar cells are described as being photovoltaic irrespective of 
whether the source is sunlight or an artificial light. The 
operation of a PV cell is based generally on the following 
three steps: 1. The absorption of light, generating electron-hole 
(exciton) pairs. 2. The separation of excitons into free charge 
carriers (electrons and holes). 3. The transportation of 
separated charge carriers to their respective anode and cathode 
of the solar cell, and extraction of those carriers to an external 
circuit [1].  
In an effort to reduce the fabrication costs of the present 
technology based on Si, and to increase material utilization, 
thin film materials as CIGS materials have been the subject of 
intensive research.  
Copper indium gallium (di) selenide Cu(In,Ga)Se2 (CIGS) is a 
I-III-VI semiconductor material composed of copper, indium, 
gallium, and selenium. The material is important for terrestrial 
applications because of their high efficiency, long-term stable 
performance and potential for low-cost production. Thin film 
solar-cells with polycrystalline Cu(In,Ga)Se2 (CIGS ) absorber 
layers provide a good alternative to wafer based crystalline 
silicon solar cells, which currently constitute the major share 
of photovoltaics installed and used worldwide. The CIGS 
based solar cells exhibit excellent outdoor stability, radiation  
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hardness and highest efficiencies (>19%) [2-3] 
The CIGS has a direct bandgap with a high optical absorption 
coefficient which using absorber of only a few microns thick 
[4].  
 In this paper, we report on a quantitative numerical study, 
using Solar Cell Capacitance Simulator in one dimension 
(SCAPS-1D), of the effects of thinning the CIGS layer. We 
initiate the work with the study of effect of thickness the 
absorber layer, followed by effect of concentration doping of 
CIGS absorber layer.  

II. DEVICE PARAMETERS 
 
The main parameters that are used to characterize the 
performance of solar cells are the peak power, the short-circuit 
current density, the open-circuit voltage, and the Fill Factor. 
The conversion efficiency is determined from these 
parameters.   

 
Figure 1. Solar cell 

A.  Short-Circuit Current Density; JSC 
The short-circuit current density is the maximum photo-

generated current delivered by a solar cell when the terminals 
of the solar cell are in contact with each other (i.e. short-
circuited). 

                                 (1)  
Thus, with the electronic charge q and KB Boltzmann’s 

constant, V is the voltage across the junction, T is the absolute 
temperature, J0 is the dark saturation current density and m is 
the ideality factor with values between 1 and 2[5]. 

B. Open-circuit voltage; VOC 
The open –circuit voltage, is the voltage at which no current 

flows through the external circuit when the terminals of the 
solar cell are not connected to each other. It is the maximum 
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voltage that a solar cell can deliver. It depends on the 
photogenerated current density, . For the simple p-n junction, 
It is given by [6]: 

                      (2) 
 

C. Fill factor; FF 
 The fill factor is the ratio between the maximum power 

generated by a solar cell and the product of VOC and JSC. FF 
describes the ‘squareness’ of the J-V curve. VOC and JSC  are 
the maximum point voltage and current density generated by a 
solar cell 

                               (3) 
 

D. Power Conversion Efficiency 
The power conversion efficiency is calculated as the ratio 

between the generated maximum power and the incident 
power. This is given by: 

                                    (4) 
The irradiance value, of 1000 W/m2 of AM1.5 spectrum has 

become a standard for measuring the conversion efficiency of 
solar cells. Where the irradiance power,Pinc , is the standard 
incident power as function of solar cell area. It has a value of 
of spectrum [5].  

 

III. NUMERICAL MODELING AND DEVICE SIMULATION 
 
SCAPS-1D Based Numerical Simulation is a crucial and 

efficient way to investigate the physical mechanism in a solar 
cell device without actually making the device. It can save 
both time and money in device development. Much simulation 
software has been developed and applied in the research of 
solar cell devices such as AMPS-1D, SCAPS-1D, PC1D, 
AFORS-HET and so on. SCAPS-1D is a one-dimensional 
simulation software developed by the University of Gent, 
Belgium. It has been applied to the study of different types of 
solar cells such as CZTS, CdTe, CIGS, etc. [7-8]. It was used 
in this work to explore the real device (CIGS) solar cell with 
material parameters modified for better performance. The 
software allows for the inclusion of deep bulk level and 
interface defect recombination (nonradiative recombination). 
Some of the recombination losses prevalent in the device 
under consideration are radiative recombination (ie. direct 
band-to-band recombination) and interface recombination 
which is accounted for by the Shockley-Read-Hall 
recombination (propagated by defects or traps). The flow chart 
below shows step-by-step stages in running a simulation with 
SCAPS [9]. 

There are five defect types and distributions available in the 

software and a variety of properties related with solar cells, 
such as energy bands, concentrations, currents, I-V 
characteristics, C-V, C-f, and QE can be determined by 
SCAPS. SCAPS can also provide flexible calculation and 
record functions including single shot, batch calculation, curve 
fitting, data and diagram recording. [10- 11]. 

The simulation procedure is given in figure. 2. 

 
Figure 2. Simulation procedure 

 
 
The various physical parameters used in the simulation are 

summarized in Table 1 
 

 
 Table 1. Physical parameters 

 
The structure has been adopted for CIGS based solar cell 

with layer configuration of glass substrate /CIGS absorber/CdS 
buffer/ZnO:i layer as shown in figure 3. 
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Figure 3. CIGS structure [16] 
 
CIGS solar cell is composed of impure aluminum with zinc 

oxide (ZnO: Al) whose duty is to guide the photons received 
[12].  

The layer of ZnO: i as TCO (Transparent Conductive 
Oxide) has a large band gap to ensure maximum absorption of 
sunlight. It should be a transparent layer that can absorb 
maximum photons [13]. 

CdS (sulfide cadmium) layer is n type semiconductor acts as 
a buffer layer between CIGS and TCO layers [14].  

CIGS absorber layer is the core and active layer of the solar 
cell [15]. 

The role of Mo layer is to gather the carriers from the 
absorption layer and to present them to a foreign carrier (not 
used here). 

The solar cell substrate is made in glass or plastic. This 
material is highly resistant against corrosion and its price is 
reasonable.  

 
Figure 4. Structure of CIGS given by SCAPS-1 D software 

without Mo layer 

IV. RESULTS AND DISCUSSION 
 

A. Effect of the absorber thickness on the device 
parameters 
 The plots below show the thickness variation from (0.2-1,2) 

μm of the absorber against the performance parameters of the 
device. Fig. 5 shows a decrease in Jsc, Voc, PCE (η) with 
thickness with an optimum thickness of 0.2 μm. 

Thin film of CIGS reduces the device cost, as Indium and 
Gallium are the costly materials. We do not consider a buffer 

layer that is the reason of our results. In fact, the increase of 
when the photons of higher energy incident on the front panel 
of the device then they easily penetrates the absorber layer and 
recombination of electron hole takes place at the back contact 
due to this there is decrease in current density on decreasing 
thickness of absorber layer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. The simulated electrical performance parameters as 
a function of thickness: (a) fill factor, (b) conversion efficiency  
 

B. Effect of doping concentration of the absorber on the 
simulated device 
 We performed device simulations for this system at 

different values of NA. The resulting FF and conversion 
Efficiency characteristics are shown in Figure 6. From these 
results, we observe that there is a increase in device 
performance (η) as doping concentration increases. Increased 
doping concentration, increases recombination and reduces the 
lifetime of carrier according, see Ref [16]. 

Voc is independent of absorber thickness but depend on the 
space charge region width. Therefore Voc increases on 
increasing hole density because diffusion length decreases. 
The short circuit current is decreased this is because the 
collection of charge carriers reduces at the junction. This 
saturation shows that for high doping density the space charge 
region width should be reduced [16]. The maximum values of 
VOC and JSC were 0.6124V and 33.713 Am/cm2. 
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Figure 6. Effect of concentration doping on (a) FF and (b) 

conversion efficiency 
 

V. CONCLUSION 
The planar configuration proposed in this work was to 

enable the simulation with SCAPS. Solar cells with CIGS 
structure. A highly conversion efficiency (~19 %) has been 
obtained. We need in future to consider other layers in order to 
reduce the thickness and the doping concentration. 
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