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This research designed and simulated CIGS/CIGS back-to-back 
solar cells using Silvaco-Atlas software. We considered CIGS 
absorbing layer thickness and sub-cells as critical parameters to 
optimize the performance of the CIGS/CIGS tandem solar cell. The 
research comparatively examined the effect of different electrode 
metals, such as molybdenum, aluminum, titanium, and silver, on 
the efficiency. The electrical parameters of the best CIGS/CIGS 
tandem solar cell configuration were a short-circuit current 
density (Jsc) of 15.65 mA/cm², an open-circuit voltage (Voc) of 1.86 
V, a fill factor (FF) of 86.04%, and a conversion efficiency (η) of 
27.12%. The optimal CIGS absorbing layer thickness of the top and 
bottom cells corresponding to the maximum conversion efficiency 
obtained were 0.17 and 6.3 μm, respectively. In contrast, the 
optimal thickness of the Cds layer was 0.04 µm. Silver had the best 
performance in connecting layers between several metals. The 
results can be used to develop low-cost and high-efficiency solar 
cells. 

1. Introduction

Solar energy is a renewable energy that has the potential to produce energy for future

generations. Every hour, Earth receives about four times as much solar energy as humans 

consume in a year. Therefore, if it can be converted into usable energy, such as electrical 

energy, we will no longer need to worry about the lack of energy in the world. In this 

regard, efforts in investigating and manufacturing solar cell devices have been growing in 

recent years [1]. Despite all the merits of thin-film cells compared to silicon cells, they 

suffer from the drawback of the amount of crystal defects, which increases electron-hole 

recombination in these cells. In thin-film solar cells, by calculating the appropriate 

thickness for the active layer versus the absorption coefficient, a process can be created 

to absorb all the wavelengths of light that shine on the cell. In the same vein, the 

propagation length of the electron-hole production created in the absorbent layer must 

be greater than the thickness of the absorbent layer in order to obtain a sufficient amount 

of electron-holes. Accordingly, choosing the suitable material with the proper thickness 

for thin-layer cells is very important. Amorphous silicon (a-Si), CIGS, and CdTe perform 
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best among various materials investigated in this field. These materials are used as 

absorbent layers in all thin-film cells due to their direct energy gap, high absorption 

coefficient, and compatibility of electrons with layers with higher energy gaps, such as CdS 

[2]. CIGS is one of the best candidates for making solar cells due to its unique properties, 

such as direct and controllable band gap energy, high radiation endurance, and the ability 

to deposit on flexible surfaces, such as metal foils [3]. The CIGS compound material has 

exceptional advantages, such as a high optical absorption coefficient (105 cm-1) [4], a 

modifiable band gap from 1.02 eV for CuInSe2 (CIS) up to 1.68 eV for CuGaSe2 (CGS) [5], 

long-term stability, and high theoretical efficiency. High-efficiency CIGS-based devices can 

be made using many different manufacturing techniques [4]. The highest absorption 

coefficient in the CIGS layer is obtained when there is no gallium in the structure; that is, 

the layer acts as a CIS. Due to the high absorption coefficient of this layer, which is around 

99%, the incoming photons are absorbed into this layer, and this absorption process 

occurs up to a depth of about one micron. This is why a thickness of one to two microns 

suffices when making a solar cell from this layer [6]. This becomes important if we need 

about three hundred microns of silicon to make a solar cell with silicon. The important 

thing is that although CuInSe2 has a high absorption power, it has a small band gap energy. 

This problem can be solved by adding gallium. Some gallium atoms will replace indium, 

and the composition will be CuInxGa1-xSe2, which will achieve the highest efficiency by 

optimizing the amount of gallium to indium in this structure [7]. In today's world, the 

importance of solar cells has increased, so the goal is to make solar cells with higher 

efficiency and lower cost. Thin-film solar cells have a lower manufacturing cost than 

silicon solar cells, but their efficiency is lower. Therefore, this work aimed to optimize the 

performance of the double junction tandem solar cells based on CIGS/CIGS and extract the 

optimal electrical parameters of the structure studied. In this context, a numerical 

simulation of CIGS/CIGS tandem solar cell as a function of the CIGS absorbing layer 

thickness and its band gap of the sub-cells was performed using a two-dimensional device 

simulator Silvaco-Atlas in order to get the best structure simulated configuration, which 

corresponds the higher values of Voc for top and bottom cells and the good current 

matching between them. 

 

2. Structure and simulation method 

The CIGS/CIGS tandem solar cell structure considered in this study, which is 

schematically presented in Figure 1, consists of a double junction solar cell based on a 

CIGS connected optically and electrically with a ZnO layer as a transparent conducting 

oxide layer. The doping concentrations and thicknesses for different layers composing the 

structure simulated here are displayed in Figure 1. The detailed design of the CIGS top cell 

consists of a n-type ZnO transparent contact layer, a n-type CdS buffer layer, and a p-type 

CIGS absorbing layer. On the other hand, the bottom cell structure consists of a layer set 

composed of an n-ZnO window layer to ensure the electrical and optical connection 

between the two sub-cells, an n-CdS buffer layer, a p-CIGS absorbing layer, and finally, a 
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silver layer on a glass substrate usually used as the back contact. We used the TCAD Atlas 

simulator in Silvaco to simulate the solar cell. Atlas is a physically based two- and three-

dimensional device simulator, which allows for solving Poisson's equation numerically 

coupled with the continuity equations for both electrons and holes under steady-state 

conditions. Physical models, such as Shockley-Reid-Hall (SRH) mechanisms, Auger and 

Langevin mechanisms of recombination, have been applied. In order to obtain the photon 

production rates along with the continuity equations, the solar spectra (AM1.5G) were 

imported into Atlas using the BEAM statement [8]. The change of current density versus 

voltage (J-V) under light was obtained, from which the main PV parameters were 

extracted, and Jsc, Voc, fill factor (FF), and PCE were calculated. Then, the effect of the 

electrode metal and the thickness of the CIGS layers in the upper and lower cells were 

investigated and the most optimal state of the structure was obtained.  

 

3. Simulation Results and Discussion 

The CIGS/CIGS tandem solar cell structure obtained by Silvaco-Atlas is shown in Figure 
2. The current density-voltage characteristics (J-V) of the CIGS/CIGS tandem cell are 
plotted in Figure 3 for the input base parameters given in Table 1.  

 

 
Figure1. The schematic structure of the CIGS/CIGS tandem solar cell. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure3. The J-V characteristics of the 
CIGS/CIGS tandem cell before optimization. 

 

 

Figure 2. The Silvaco-Atlas structures  
file of the CIGS/CIGS tandem solar cell. 
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Table 1. Material parameters used in the simulation. 

Layer properties ZnO Cds CIGS 

𝐸𝑔 (𝑒𝑉) 3.3 2.4 1.13 
𝜀𝑟 9 10 13.9 

𝜒𝑒 (𝑒𝑉) 4.1 4.5 4.8 
𝜇𝑛(𝑐𝑚2⁄𝑉𝑠) 100 100 100 
𝜇𝑝(𝑐𝑚2⁄𝑉𝑠) 25 25 25 

𝑁𝑐 (𝑐𝑚−3) 2.2×1018 2.2×1018 2.2×1018 
𝑁𝑣 (𝑐𝑚−3) 1.8×1019 1.8×1019 1.8×1019 

Gaussian Defect States 

𝑁𝐷𝐺, 𝑁𝑉𝐺(𝑐𝑚-3) D: 1017 A: 1018 D: 1014 
𝐸𝐴 , 𝐸𝐷 (𝑒𝑉) Mid gap Mid gap Mid gap 

𝑊𝐺 (𝑒𝑉) 0.1 0.1 0.1 
𝜎𝑒 (cm2) 10-12 10-17 5×10-13 
𝜎ℎ (cm2) 10-15 10-12 10-15 

Surface recombination velocity for electrons (holes) (cm.s-1) 

At CdS/CIGS interface 105 105 105 
At CdS/CIGS interface 105 105 105 

at front contact 105 105 105 
at back contact 105 105 105 

 

By matching the values of the short-circuit current density of the CIGS top cell and those 
of the bottom cell, we can determine the optimal CIGS absorbing layer thickness for the 
CIGS top cell, which corresponds to the good current matching between the sub-cells and 
leads to the maximum efficiency of the CIGS tandem cell. We varied the CIGS absorbing 
layer thickness of the CIGS top from 0.17 μm to 0.26 μm, and the thickness of the CIGS 
bottom cell from 5 μm to 6.3 μm. When the CIGS top cell is thicker, it absorbs more light, 
leaving less light to the CIGS bottom cell. Therefore, the CIGS bottom cell exhibits poor 
performance. For CIGS, the bottom cell's thicker layer means more light absorbance. 
Figure 4 indicates that Jsc increases by decreasing top CIGS and increasing bottom CIGS 
layer thickness. Figure 4(c) also illustrates that a thicker CdS buffer layer will allow more 
current to pass between the two cells. Using Silvaco software, we investigated the effect 
of the electrode and compared different materials, such as molybdenum, aluminum, 
titanium, and silver, on solar cell efficiency. As shown in Figure 5, silver metal performs 
best among the metals used in the solar cell structure under discussion. After that, 
aluminum, molybdenum, and finally, titanium are more suitable. According to the 
investigations in the previous sections, the optimal thickness for different layers was 
calculated, and the suitable metal for the electrodes was considered. Finally, electrical 
parameters Jsc, Voc, FF, and η were calculated and compared with previous research. 
According to Table 2, we improved the structure. 
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Figure 4. J-V characteristics of CIGS (a) top CIGS layer thickness, (b) bottom CIGS layer 
thickness, and (c) buffer layer thickness. 

 

 

 
Figure 5. The J-V characteristics for different electrode metals. 

 

 

Table 2. Electrical parameters of CIGS/CIGS tandem cell. 

η% FF% VOC Jsc  

25.11 85.09 1.80 16.35 Simulation [9] 

27.03 82.54 1.77 16.89 Simulation [10] 

6.11 65.6 1.13 8.24 Manufacture [11] 

27.12 86.04 1.86 15.65 Our Simulation 
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4. Conclusions 

CIGS/CIGS tandem cells with different thicknesses of CIGS absorber layers and 

different CdS for top and bottom cells were numerically simulated using Silvaco-Atlas to 

find the best CIGS/CIGS tandem solar cell configuration and select the optimal CIGS device 

parameters. After optimization, the conversion efficiency improved from 27.03% to 

27.12% for a CIGS/CIGS tandem cell. The Voc value was equal to 1.86 V. It is equal to the 

sum of the separate voltages of the upper and lower cells. By matching the short-circuit 

current density values between the sub-cells (Jsc=Jsct=Jscb), we determined an excellent 

current match of 15.65 mA/cm2 provided by the CIGS/CIGS tandem cell, increasing the 

performance of the simulated structure.  

 We considered the thickness of the CIGS absorber layer and Cds layer to improve the 

performance of the CGIS/CIGS tandem cell. It was found that the thickness of the optimal 

CIGS absorbing layer was 0.17 µm for the upper cell and 6.3 µm for the lower cell, and the 

thickness of the Cds layer was 0.04 µm. The most suitable metal for connecting was the 

silver electrode. 

  

References 

[1] A. W. Ho-Baillie, J. Zheng, et al., "Recent Progress and Future Prospects of Perovskite Tandem 
Solar Cells," Applied Physics Reviews, vol. 8, no. 4, 041307, 2021. 

[2] N. Mufti, T. Amrillah, et al., "Review of CIGS-Based Solar Cells Manufacturing by Structural 
Engineering," Solar Energy, vol. 207, pp. 1146-1157, 2020. 

[3] J. Ramanujam, D. M. Bishop, et al., "Flexible CIGS, CdTe and a-Si: H Based Thin Film Solar Cells: 
A Review," Progress in Materials Science, vol. 110, 100619, 2020. 

[4] A. Romeo, M. Terheggen, et al., "Development of Thin Film Cu (In, Ga) Se2 and CdTe Solar Cells," 
Progress in Photovoltaics: Research and Applications, vol. 12, pp. 93–111, 2004. 

[5] T. Dullweber, G. Hanna, et al., "Study of the Effect of Gallium Grading in Cu (In, Ga) Se2," Thin 
Solid Films, vol. 361, pp. 478-481, 2000. 

[6] B. Barman, and P. K. Kalita, "Influence of Back Surface Field Layer on Enhancing the Efficiency 
of CIGS Solar Cell," Solar Energy, vol. 216, pp. 329-337, 2021. 

[7] Y. Zhao, S. Yuan, et al., "High Efficiency CIGS Solar Cells by Bulk Defect Passivation Through Ag 
Substituting Strategy," ACS Applied Materials & Interfaces, vol. 12, no. 11, pp. 12717-12726, 
2020. 

[8] A. Sarkar "Device Simulation Using Silvaco ATLAS Tool." Technology Computer Aided Design. 
CRC Press, pp. 203-252, 2013. 

[9] M. Elbar, S. Tobbeche, and A. Merazga, "Effect of Top-Cell CGS Thickness on the Performance 
of CGS/CIGS Tandem Solar Cell," Solar Energy, vol. 122, pp. 104–112, 2015. 

[10] B. Bouanani, A. Joti, F. S.B. Bouiadjra, and A. Kadid, "Band Gap and Thickness Optimization for 
Improvement of CIGS/CIGS Tandem Solar Cells Using Silvaco Software," Optik, vol. 204, 
164217, 2020. 

[11] S. Y. Chae, S. J. Park, et al., "Highly Stable Tandem Solar Cell Monolithically Integrating Dye-
Sensitized and CIGS Solar Cells," Scientific Reports, vol. 6, no. 1, p. 30868, 2016. 

 
 
 
 

 
 
 

https://doi.org/10.1063/5.0061483
https://doi.org/10.1063/5.0061483
https://doi.org/10.1016/j.solener.2020.07.065
https://doi.org/10.1016/j.solener.2020.07.065
https://doi.org/10.1016/j.pmatsci.2019.100619
https://doi.org/10.1016/j.pmatsci.2019.100619
https://doi.org/10.1002/pip.527
https://doi.org/10.1002/pip.527
https://doi.org/10.1016/S0040-6090(99)00845-7
https://doi.org/10.1016/S0040-6090(99)00845-7
https://doi.org/10.1016/j.solener.2021.01.032
https://doi.org/10.1016/j.solener.2021.01.032
https://doi.org/10.1021/acsami.9b21354
https://doi.org/10.1021/acsami.9b21354
https://doi.org/10.1021/acsami.9b21354
https://doi.org/10.1201/9781315216454
https://doi.org/10.1201/9781315216454
https://doi.org/10.1016/j.solener.2015.08.029
https://doi.org/10.1016/j.solener.2015.08.029
https://doi.org/10.1016/j.ijleo.2020.164217
https://doi.org/10.1016/j.ijleo.2020.164217
https://doi.org/10.1016/j.ijleo.2020.164217
https://doi.org/10.1038/srep30868
https://doi.org/10.1038/srep30868


Optimization of CIGS/CIGS Tandem Solar Cells…  54 
 

 Journal of Green Energy Research and Innovation 1(1) (2024) 48-54 
 

Declaration of Competing Interest 
The authors declare that they have no known competing financial interests or personal 
relationships that could have appeared to influence the work reported in this paper. The ethical 
issues, including plagiarism, informed consent, misconduct, data fabrication and/or falsification, 
double publication and/or submission, redundancy, have been completely observed by the 
authors. 

Credit Authorship Contribution Statement 

Bahareh Boroomandnasab: Conceptualization, Formal analysis, Project administration, 

Supervision, Validation, Roles/Writing - original draft. Mohammad Hossein Zolfaghari: 

Conceptualization, Investigation, Methodology, Resources, Visualization, Writing - review & 
editing. 
 
 

Bibliography 

 Bahareh Boroomandnasab was born in 1988, in Dezful, Iran. She received 

her Bachelor's, Master's, and Ph.D. degrees in Electronics Systems 

Engineering from Shahid Chamran University of Ahvaz, Ahvaz, Iran in 2011, 

2013, and 2019, respectively. She is currently an Assistant Professor in 

Institute for Higher Education, ACECR, Khouzestan, IRAN. Her research 

interests include semiconductor device design, simulation and fabrication. 

 

 

 Mohammad Hossein Zolfaghari He is currently an Instrument and Control 

Engineer at Well Services of Iran (WSI) company. He has four years of 

experience in the maintenance, troubleshooting, and repairing of electronic 

devices, with a proven ability to work efficiently both as a team player and 

independently due to working as a team member and individually. 

Furthermore, his interpersonal skills have been developed during his work 

as a lecturer of robotics and embedded programming; he has one article at 

prestigious conferences in the field of simulation of semiconductor devices. 
 
 
 
 
 

 
 


	1. Introduction
	2. Structure and simulation method
	3. Simulation Results and Discussion
	4. Conclusions
	Credit Authorship Contribution Statement


