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ABSTRACT  

The Hydrogenated nanocrystalline cubic silicon carbide (nc-3C-Si:H) based solar cell with 

interesting efficiency, find her place promoted in photovoltaic applications. To improve the 

sunlight absorption and its electrical performances, the structure of the solar cell can be 

optimized, combining new materials to form multi-layers solar cells. In this context, the 

nc-3C-SiC:H, having a wide band gap, excellent optical, electrical and structural properties is 

used as wide bandgap absorber layer. In this work, we report a theoretical study of new 

optimized nc-3C-SiC:H/ i-a-Si:H/ a-Si:H/ µc-Si solar cell using the SCAPS one dimension 

program. We investigate the temperature and incident light intensity effect on the DC 

parameters of the solar cell. For the proposed structure, optimal power conversion efficiency 

(PCE) of 16.89% is registered under AM1.5G spectrum at room temperature.  
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1. INTRODUCTION 

The orientation towards new natural, durable, clean and renewable sources of energy has 

increased the demand on these sources and pushed the researchers and energy industrialists to 

improve the techniques of its exploitation. At the top of the pyramid of these sources, the solar 

energy is considered efficient and competitive to replace traditional sources. The solar cells 

are the devices capable to transform cleanly the light flux into electricity. The invention of the 

first solar cell (photocell) dating back to 1954 by Daryl Chapin and these colleagues Calvin 

Fuller and Gerald Pearson of the Bell laboratory. This photocell is based on silicon with a 

yield close to 6% [1]. Basing on this invention, the performance of solar cells keeps 

improving day to day. Nowadays, silicon solar cells technology remains the dominant type in 

the photovoltaic market above 90% [2].  The silicon technology brings together two main 

sectors: crystalline silicon (c-Si) and the thin-film (TF-Si) sector. In order to optimize the 

yield of this technology and minimize manufacturing costs, non-crystalline or amorphous 

hydrogenated silicon (a-Si: H) is incorporated to this technology either as an absorbent 

(photoactive) material [3] or as a passivation layer [4, 5].This technology is commonly called  

heterojunction with intrinsic thin layer (HIT).  In general case, the silicon heterojunction 

(SHJ) solar cells use a c-Si absorber while the other components have a thin-film structure [6]. 

An intrinsic a-Si:H provides excellent passivation of c-Si surface [7] and then improve carrier 

selectivity [8]. Numerous research projects have been launched and funded to improve the 

power conversion efficiency of HIT solar cell. Recent work proves that the yield of the a-Si:H 

based cells reaches 25.91% under AM1.5G [9]. Other cells competing with HIT are the III-V 

semiconductors based multi-junction solar cells. In 2016, F. Dimroth et al. registered a record 

efficiency of 46,1%, under 312 times concentrated AM1.5d spectrum, for  

GaInP/GaAs//GaInAsP/GaInAs solar cell [10]. Despite the very encouraging conversion 

efficiency of HIT technology, it remains largely limited due to thinner absorbing layer and 

light degradation issue like the optical absorption loss in the infrared wavelength range [11]. 

Another practical limitation arises when operating cells in severe conditions and hostile 

environments under high temperatures and strong electromagnetic radiation. To overcome this 

limitation and build a large photon collection (absorption range), a good solution is to use 

wide bandgap semiconductors like silicon carbide (SiC). This material, with its multitude 
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polytypes, has long been known for its potential properties and outstanding resistance to harsh 

environments, e.g., his thermal stability, good electron transport characteristics [12], radiation 

resistance, and dielectric strength.   

 

2. OVERVIEW ON THE SiC BASED SOLAR CELL   

Several theoretical and experimental works have underlined the excellent efficiency of the 

SiC based solar cell and many structures have been investigated [13, 14, 15, 16].  One of 

these structures is based on cubic-SiC polytype, commonly known 3C-SiC or 𝛽 –SiC. This 

last is a very attractive material for intermediate-band solar cells that having the lowest gap 

among all the polytypes (2.2~ 2.36eV) and a deep impurity given by the boron acceptor level 

at ~0.7 eV above the valence band [17]. M. Toure et al. studied a structure based on cubic 

silicon carbide. It’s a bilayer solar cell of 3C-SiC on a silicon substrate with optimal PCE of 

19.98% [15]. The properties of SiC/SixC1-x solar cell has been also investigated by controlling 

the silicon and carbon content (stoechiometric coefficient) of the SiC. Then his band gap can 

be controlled [18, 19, 20]. When the silicon and carbon content increase the band gap 

increases also.  In addition, for the amorphous SiC alloys, the C-H bonds are much more 

stable than the Si-H bonds which should have consequences for the thermal stability of the 

films with respect to hydrogen effusion [21]. The crystallography structure and electronic 

properties of μc-SiC:H for photovoltaic applications is also drew attention by many authors 

[22].  The use of SiC in solar cells, it's not a new thing, it has been studied for decades. The 

work of yoshihisa and Masataka Kondo, in 1981, underlined the use of the amorphous 

hydrogenated silicon carbide: a-SiC:H as a favorable window material for high efficiency a-Si 

pin solar cell [23].  Ming and these collaborators are experimentally studied the 

Low-Temperature Growth of a-SiC:H based solar cell to boost the conversion efficiency in an 

indoor lighting of 500 lx [24].  

The amorphous SiC can be transformed to nano-crystalline SiC thin films by HWCVD 

technique without hydrogen dilution [25]. For the hydrogenated nanocrystalline cubic silicon 

carbide (nc-3C-SiC:H) is widely used as n-type emitter or p-type absorber layers in 

heterojunction crystalline silicon solar for. Furthermore, using a-SiC:H makes the capturing of 

the short wavelength possible and hence increased the Voc [26].  More recently, solar cell 
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based on a-SiC: H have been studied. In this structure, the a-SiC:H has been incorporated in 

a-Si:H based p–i–n solar cells to improve his efficiency [27]. Proceeding from the importance 

of the silicon carbide, we propose in the in this work to study a heterojunction solar cell based 

on nc-3C-SiC: H, materials. The different layer properties, the solar cell design and its dc 

parameters will be discussed in the next section. 

 

3. DESIGN AND PARAMETERS OF THE PROPOSED SOLAR CELL   

The proposal nc-SiC:H based solar cell has designed as shown in figure 1. It’s a stack of five 

layers where a nanometer thick nc-3C-SiC: H is used as an active absorber material (window 

for incident light). The front contact (TCO) is based on thin conductive oxide Sn02: F to 

reduce the reflection losses.  We take note that the choice of TCO and its electrical and 

optical properties is not only important for electrical contact but only for efficient light 

trapping trough the device. Therefore, to increase the PCE of the solar cell and for better long 

wavelength response, a non-doped a-Si:H (intrinsic) is inserted as intermediate absorber layer. 

The goal of insertion of this intrinsic layer is to ensure an excellent separation of the carriers 

into free charges due to the electric field at the p-n junction. This layer is incorporated 

between the P-type nanocrystalline-3C-SiC: H and N-type a-Si:H layers. As we know, the 

SCR region extends on the weakly doped side, thus it extends on the intrinsic region and 

enables a maximum electron-hole pairs to be deeply generated within the device.  In addition, 

reducing the intrinsic layer thickness; provide an excellent improvement of the solar cell 

efficiency. The important physical parameters, associated for each layer, reported in literature 

are given in table1.   

Table 1. The important physical parameters of the layers 

Layers/parameters 
P-type 

nc-3C-SiC:H 

Undoped   

a-Si:H 

N-Type 

a-Si:H    

 

N-µc-Si 

Eg (eV) 2.2 1.8 1.8 1.2 

Electron Affinity 3.51 3.9 3.9 4.5 

𝜀  9.7 11.9 11.9 10 

CB effective density of states (1/cm3) 4.0E+20 1.0E+20 1.0E+20 1.0E+19 
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VB effective density of states (1/cm3) 4.0E+20 1.0E+20 1.0E+20 1.0E+19 

Electron thermal velocity (cm/s) 2.0E+7 1.0E+6 1.0E+6 1.0E+7 

Hole thermal velocity (cm/s) 1.5E+7 1.0E+6 1.0E+6 1.0E+7 

Electron mobility (cm²/Vs) 3.0E-1 20 20 50 

Hole mobility (cm²/Vs) 3.0E-3 5.0 5.0 50 

ND (cm-3) 1.0E+19 1.0E+10 1.0E+17 1.0E+18 

NA (cm-3) 10 1.0E+10 1.0E+6 10 

.   

 

Fig.1. The solar cell designs 

 

4. RESULTS AND DISCUSSION   

The impact of temperature and incident light intensity on the dc parameters of the solar cells 

has been studied using SCAPS-1D program. Under three different temperatures: 273K, 300K 

and 318K, the main dc parameters Vco, Jsc, FF and PCE, are extracted for incident light 

intensities ranging from 1 to 100% for two spectra AM1.5G (1000W/m2) and AM1.5D 

(1000W/m2). The curves below give the evolution of these parameters under the considered 

conditions. According to these curves, for low incident spectra, the Jsc curves are almost 

identical.  When intensity increases more electron-hole pairs are generated and Jsc about 

31.441 mA/cm2 is obtained for AM1.5G spectra and temperature of 318K. 
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On the other hand, the open circuit voltage is largely affected by the temperature variation and 

is more important for low temperature. Under AM1.5G spectra, the Vco increases from 

0.7259 to 0.8399 V. For the same considered temperature, its characteristics present a little 

difference about 2mV between the two spectra. In another side, the effect of light intensity 

remains more important on Vco, FF and PCE than for Jsc.  

The temperature increases promote also the thermal agitation which induces the fall of the 

PCE of the solar cell.  An optimal PCE equal to 16.89% is achieved under the standard 

sunlight AM 1.5G spectra and temperature equal to 273K. Compared to other studies on the 

a-SiC:H solar cell [14, 19, 28, 29, 30], the obtained dc parameter are judged encouraging. 

Also, optimizing the physical and structural properties of the solar cell like: the type of front 

   

    

Fig.2. The dc parameters evolution under different incident sunlight intensity and temperature: a) 

open circuit voltage Vco, b) short circuit current Jsc, c) fill factor FF and d) power conversion 

efficiency PCE. 
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and back TCO, the doping concentration, the defect density in a-3C-SiC:H, the layers 

thickness and others, the PCE can be improved. 

 

5. CONCLUSION  

Regarding the many recent works available in the literature, the SiC material attracts more 

attention for photovoltaic application.  In this paper we carried out a theoretical study of the 

dc parameters of a new optimized solar cell structure based on the amorphous 3C-SiC:H. This 

study has been performed using SCAPS-1D program. The dc parameters of the solar cell are 

investigated considering two variable factors: temperature and light intensity of two 

spectrums AM1.5G and AM1.5D. According to the obtained results, it has been demonstrated 

that an enhancement of the Vco and Jsc is registered under the light intensity increase. At the 

same time, the temperature effect remains noticeable. The optimal achieved PCE is equal to 

16.89%. The PCE of SiC based multilayer solar cells remains fundamentally linked to the 

quality of the SiC material and interface deposition.  For more understanding of SiC-based 

solar cells, the presented results herein could be a useful adding to the previous studies. 

Nevertheless, the optimization of all dc parameters of the studied solar cell is proposed in 

other future studies.  

 

6. REFERENCES 

[1] Chapin D M, Fuller C S, Pearson G L. J. Appl. Phys 25, 1954, 676, doi: 

10.1063/1.1721711 

[2] Andreani L C, Bozzola A, Kowalczewski P, Liscidini M, Redorici L. Adv. Phys. X, 4, 

2019, 1548305, doi: 10.1080/23746149.2018.1548305  

[3] Slaoui A, Collins R T. Photovoltaics: Advanced inorganic materials, Encyclopedia of 

materials: Science and Technology, 2, 2008, 1-11, 

[4] Ge J, Ling Z P, Wong J, Mueller T, Aberle A G. Ener. Proc., 15, 2012, 107–117, doi : 

10.1016/j.egypro.2012.02.013 

[5] Deligiannis D, Alivizatos S, Ingenito A, Zhang D, Sebille M V, et al. Ener. Proc., 55, 

2014, 197–202, doi : 10.1016/j.egypro.2014.08.117 



Y. Belhadji et al.            J Fundam Appl Sci. 2022, 14(1), 107-115              114 
 

[6] Hsu C H, Zhang X Y, Zhao M J, Lin H J et al. Crystals, 9, 2019, 402, doi 

:10.3390/cryst9080402 

[7] Ge J, Z. Ling P, Wong J, Stangl R, Aberle A G, Mueller T.  J. Appl. Phys.,113, 2013, 

234310, doi : 10.1063/1.4810900 

[8] Glunz S W, Bivour M, Messmer C, Feldmann F, Müller R, et al. Passivating and 

Carrier-selective Contacts - Basic Requirements and Implementation, 44th IEEE PVSC, 2017. 

[9] Sathya P, Natarajan R. Applied Solar Energy ,54, 2018, 77–84, doi: 

10.3103/S0003701X18020123 

[10] Dimroth F, Tibbits T N D, Niemeyer M, Predan F, Beutel P, et al. IEEE Journal of 

photovoltaics, 6, 2016, 343-349, doi: 10.1109/JPHOTOV.2015.2501729. 

[11] Takei R. Crystalline and Non-crystalline solids: Amorphous silicon photonics, Springer, 

2016, 106, doi: 10.5772/63374  

[12] Belhadji Y, Bouazza B, El-Ouchdi A A, ICEE-B, 2017, 1-4, doi: 

10.1109/ICEE-B.2017.8192009 

[13] Toure M, Berenguier B, Kobor D, Ottaviani L, Pasquinelli M. AJAST, 12, 2018 532-537, 

doi: 10.5897/AJEST2018.2565.  

[14] Miyajima S, Irikawa J, Yamada A, Konagai M. J. Appl. Phys.,109, 2011, 054507, doi: 

10.1063/1.3552888. 

[15] Toure M, Berenguier B, Ottaviani L, Pasquinelli M, Palais O et al.  MRS Online Proc 

Libr Arch. 2014, 1693, doi: 10.23647/Ca.md20193103. 

[16] Richards B S, Lambertz A, Corkish R P, Zorman C A, Mehregany M et al.  3C-SiC as a 

future photovoltaic material, in Proc. of 3rd World Conf. on photovoltaic energy conversion 

3C, 2003, 2738-2741 

[17] Sun J, Jokubavicius V, Gao L, Booker I, Jansson M et al. Solar driven energy conversion 

applications based on 3C-SiC, materials science forum, 858, 2016, 1028-1031 

[18] Glunz S W, Janz S, Hofmann M, Roth T, Willeke G.  in Proc. of IEE 4th WCPEC, 

2006, 1016–1019, doi: 10.1109/WCPEC.2006.279291 

[19] Janz S, Reber S, Glunz S W. Amorphous SiC: applications for silicon solar cells 21st 

European Photovoltaic Solar Energy Conference, 2006, 660-663; 



Y. Belhadji et al.            J Fundam Appl Sci. 2022, 14(1), 107-115              115 
 

[20] de Oliveira M L, Camargo S S, Freire F L. J. Appl. Phys. 71 (3), 1992,1531-1533, doi: 

10.1063/1.351224 

[21] Bullot J, Schmidt M P.  Phys. Stat. Sol B, 143, 1987, 345, doi: 

10.1002/pssb.2221430202 

[22] Heidt A, Chen T, Carius R, Finger F, Rau U.  J. of Phy.: Conference Series 326, 2011, 

012019, doi: 10.1088/1742-6596/326/1/012019 

[23] Tawada Y, Kondo M. Solar Energy Materials, 6, 1982, 299-315, doi: 

10.1016/0165-1633(82)90036-3 

[24] Ming H. K., Shen C H, P. C. Yu, W. H. Huang, Y. L. Chueh, J. M. Shieh, Sci Reports 7, 

2017, 12706, doi: 10.1038/s41598-017-10661-y 

[25] Tehrani F S. Transformation from amorphous to nano-crystalline SiC thin films prepared 

by HWCVD technique without hydrogen dilution Bull. Mater. Sci., 38(5), 2015, 1333–1338  

[26] Lai L H, Huang K F, Hsieh W S, Lai L W.  Cascade solar cell with amorphous silicon 

based solar cell, US20080135083, 2008 

[27] Azizi T, Torchani A, Ben Karoui M, Gharbi R, Fathallah M, Tresso E. in Proc. Int. Conf. 

Electr. Eng. Softw. Appl. (ICEESA), 2013, 1-5, doi: 10.1109/ICEESA.2013.6578366. 

[28] Irikawa J, Miyajima S, Watahiki T, Konagai M. APEX, 4, 2011, 092301, doi: 

10.1143/APEX.4.092301 

[29] Zerfaoui H, Dib D, Rahmani M, Benyelloul K, Mebarkia C. TMREES'16, AIP Conf. 

Proc., 1758, 2016, 030029, doi: 10.1063/1.4959425 

[30] Vygranenko Y, Fernandes M, Louro P, Vieira M, Sazonov A. Ener. Proc. 84, 2015, 

56–61, doi 10.1016/j.egypro.2015.12.295 

 
 
 
How to cite this article: 
Belhadji  Y. Light intensity and temperature effect on the dc parameters of optimized 
nc-3c-sic:h based solar cell. J. Fundam. Appl. Sci., 2022, 14(1), 107-115. 


