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ABSTRACT: Solar energy based on the solar cell is the most promising source among renewable energy sources. Thephotocurrent (Iph), open circuit voltage (Voc), maximum voltage (Vm), form factor (FF) and efficiency (η) of the solar cell arethe most important parameters that can define the quality of this cell. In this work, we study the impact of the junctiondepth Xj and the surface recombination velocity Sn on these parameters in both external and internal cases of the solarcell in Arsenic gallium (GaAs) technology using the MATLAB software as a tool. Results show that in order to obtain high-performance of GaAs-solar cells must be the surface recombination velocity value is low, and the junction depth insubmicron scale. Numerical results gave higher values of efficiencies 19.21 % and 30.1 % in external and internal casesrespectively, and best electrical parameters of the GaAs-solar cell when the junction depth and the surface recombinationvelocity are equal to 0.2 μm and 102 cm/s respectively.
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1. INTRODUCTIONSolar energy, which is available in most of the areasover the world, is the most promising supply ofrenewable energy sources [1]. This energy is virtuallylimitless which make it become an ideal energy source intheory. Photovoltaic (PV) is obtained by direct conversionof sunlight into electricity [2-4], by means of PV cells. Thiselectricity has a potential interest in recent years inscientific and economic terms. This interest is due to thegrowing demand for energy in most industrial sectors,but also to environmental obligations. Photovoltaic cellsare at the heart of the electricity production chain [5]. Inthe last years, The Gallium Arsenide (GaAs) is among themost important materials that have proven their worth inthe manufacture of solar cells, because the efficiency of
GaAs-solar cells has reached 29.1% under concentratedsun light [6]. This is what makes these cells are highlyefficient devices.Competition over optimizing and increasing theefficiency of solar cells, leads researchers to findnumerical methods to determine the parameters ofthese cells as types of efficiency [7]. The efficiency isconsidered as the most important parameter of the solarcell in addition to the rest of the electrical parameters, sothat this parameter defines the quality of the cell.In this work, we studied the different electricalparameters of the solar cell in GaAs technology,

according to the impact of two important technologicalparameters. To realize our study, we presented thestructure of this cell, then on the basis of the differentmathematical equations of the electrical parameters (thephotocurrent (Iph), open circuit voltage (Voc), maximumvoltage (Vm), form factor (FF) and efficiency (η)) of the
GaAs-solar cell. We have calculated the impact ofjunction depth and the surface recombination on theseparameters in both internal and external cases. We havealso studied in the ranges of the junction depth Xj andthe surface recombination velocity Sn ranging from Xj =0.2 μm to 1 μm and ranging from Sn = 102 cm/s to 108cm/s respectively. In this study, we used MATLABsoftware as a calculation tool.
2. STRUCTURE OF GAAS-SOLAR CELLFigures 1 and 2 show the structure of the GaAs-solarcell proposed in this study, according to the differentviews and this cell in the case of lighting respectively. Theohmic contact of the forehead is in the form of lines andfingers so that the electron is rapidly collected and for alarge part of the incident wave penetrated into the solid.The surface of the end of the base is completely coveredby an ohmic contact. Table 1 shows the differentimportant dimensions of the structure of the GaAs-solarcell proposed.
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.
Figure 1 Structure of the solar cell in, a) Perspective, b) View from above, c) View of section

Figure 2 Solar cell under illumination [8]
Table 1 Dimensions of the solar cell

Dimensions Presentation Values  (μm)
ln Electron diffusion length in the P region 1.8
lp Hole diffusion length in region 3.0
H Total cell width 300
Xj Junction depth 0.5
W Width of the space charge area 0.09

3. NUMERICAL METHODIn the 1-D structure of the solar cell, the expressionsfor the electron and hole currents densities in the casesof n/p types base doping respectively and monochromatic illumination in light of absorptioncoefficient α are given by:
= = (1 − )− 1 + − ℎ + ℎ. ℎ + ℎ − (1)
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= − = ( ) − (2)
where q the elementary charge, Dn/Dp the electron/hole diffusion coefficient , F the incident monochromatic photon fluxdensity, R is the reflection coefficient, α is the absorption coefficient, Sn/Sp is the front surface recombination velocity and
ln/lp is the electron/ hole diffusion length.= (1 − )(1 − ) (3)The spectral response (SR) is defined as the ratio of the photocurrent density Jt of the solar cell to the incident photon flux[9] and expressed as follows in internal and external cases:= (1 − ) (4)

= (5)
Photocurrent density expression of the solar cell is given by equation (6):( ) = ( ). ( ) (6)In the illuminated solar cell, the total current as a function of the different currents is given by [10-11]:= − − (7)For a solar cell, the I-V characteristic is described by the Shockley equation as follows [11].= − − 1 − − (8)
where, Iph is the photocurrent, Is is the saturation current of the diode, V is the voltage on the terminals of the cell, n is theideality factor, KB is the Boltzmann constant and T is the absolute temperature, Rs is the series resistance and Rsh is the shuntresistance.

= ( )∞ ( ). (9)
where Aa is the active area of the cell (in this work Aa =1 cm2).The short-circuit current Isc of the solar cell is obtained by ( = ( = 0)) and assuming that Rs is negligibly small; thus,= (10)The saturation current of the P-N junction of the solar cell is given by the following expression [8-12]:= + (11)
where S is the surface of the P-N junction, pN0 and nP0 are the concentration of the minority carriers (holes and electrons) atthe equilibrium in the N and P regions respectively.



Int. J. Adv. Sci. Eng. Vol.5 No.3 1064-1071 (2019) 1067 E-ISSN: 2349 5359; P-ISSN: 2454-9967

Abdelkader Baghdad Bey et al.,

International Journal of Advanced Science and Engineering www.mahendrapublications.com

The Open-Circuit Voltage is the voltage at which no current flows through the external circuit. It is the maximum voltagethat a solar cell can deliver [13]. VOC depends on the short circuit current and the saturation current. Assuming that the netcurrent is zero, this voltage can be calculated from equation (12):
= + 1 (12)

where A0 is the coefficient of ideality (in this work A0=1).The solar cell form factor is a function of the maximum voltage, the short circuit current, the saturation current and itsexpression is given by equation (13):

= ⎣⎢⎢
⎢⎡1 − − 1+ 1 ⎦⎥⎥

⎥⎤ (13)
The incident solar power Pin can be determined by the following formula:

= ( ).∞ (14)
where At is the total area of the cell (in this work At =1 cm2).The important parameter defining the photovoltaic effect in the solar cell is the efficiency of power conversion; thisparameter may be presented as the efficiency of conversion of light energy into electrical energy. This parameter is given bythe equation: = (15)
4. RESULTS AND DISCUSSION

4.1 Impact of junction depth XjTo study the impact of the junction depth Xj on thedifferent parameters of the GaAs solar cell, we vary thisdepth from 0.2 μm to 1 μm at the surface recombinationvelocity Sn = 108 cm/s. From numerical calculations, weobtained the results which are represented in thefollowing figures:The results obtained show that when the junctiondepth is increased, the photocurrent (Iph) and the opencircuit voltage (VOC) are decreased in both internal andexternal cases as shown in Figures 3-a) and 3-b)respectively. However, the open circuit voltage (VOC) is

not affected by the variation of junction depth in therange between 0.4 μm and 0.8 μm. In addition, both thephotocurrent (Iph) and the open circuit voltage (VOC) havethe highest value in the internal case compared to theexternal case. The maximum voltage (Vm) is not affectedby the variation in the junction depth in the ranges from0.4 μm to 1 μm and from 0.6 μm to 1 μm for the internaland external cases respectively as shown in the Fig. 3-c).As for the form factor (FF), it is not systematicallyaffected as a function of the junction depth in the internalcase.
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Figure 3 Impact of junction depth on parameters, a) Photocurrent, b) Open circuit voltage,
c) Maximum voltage, d) Form factor.
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Figure 4 Solar cell efficiencies as a function of the junction depth XJ
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Fig. 4 shows the evolution of the external ηext andinternal ηin efficiencies as a function of the junction depth
Xj at the surface recombination velocity Sn = 108 cm/s.The different types of efficiency are inverselyproportional to the variation of the junction depth Xj.From this numerical simulation, our results of theevolution of the efficiencies as a function of the junctiondepth Xj are very similar to the results that are present inthe literature [1,14,15]. In addition, the internalefficiency is greater than the external efficiency for thedifferent values of the junction depth Xj.The numerical results of our work show that the externaland internal efficiencies are characterized by bettervalues in the case of the junction depth Xj = 0.2 μm, for

this we used this value to study the influence of thesurface recombination velocity on the differentparameters of GaAs solar cell. From these results, thefront of the a solar cell must be thin enough to allow allcreated carriers to be collected so we must make a deepjunction with Xj low value.
4.2 Impact of surface recombination velocity SnTo study the impact of the surface recombinationvelocity Sn on the different parameters of the GaAs solarcell, we varied the surface recombination velocity from102 cm /s to 108 cm /s at the junction depth which is Xj =0.2 μm. The numerical results obtained are representedin the following figures:

1 2 3 4

14

16

18

20

22

24

26

28

30

1 2 3 4

0,940

0,942

0,944

0,946

0,948

0,950

0,952

0,954

0,956

0,958

0,960

1 2 3 4
0,50

0,75

1,00

1,25

1,50

1 2 3 4

0,860

0,862

0,864

0,866

0,868

0,870

d)
c)

b)

I p
h
   

(m
A

)

Sn   (cm/s)

 For External
 For Internal

1,00E+81,00E+61,00E+41,00E+2

V
O

C
   

(V
)

 For External
 For Internal

Sn   (cm/s)
1,00E+81,00E+61,00E+41,00E+2

V
m
   

  (
V

)

 For External
 For Internal

Sn   (cm/s)
1,00E+81,00E+61,00E+41,00E+2

a)

F
F

 For External
 For Internal

Sn   (cm/s)
1,00E+81,00E+61,00E+41,00E+2

Figure 5 Impact of surface recombination on parameters, a) Photocurrent, b) Open circuit voltage,
c) Maximum voltage, d) Form factor.
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From the graphs that are shown in Fig. 5, we can seethat when the surface recombination velocity isincreased, the photocurrent (Iph) and the open circuitvoltage (VOC) are decreased [12] in both internal andexternal cases, and form factor (FF) was decreased inexternal case. As for the maximum voltage (Vm) has notaffected by the variation of the surface recombinationvelocity in both internal and external cases, as well as forform factor (FF) in internal case. In addition, the differentelectrical parameters of GaAs-solar cell in the internalcase are characterized by large values compared to theexternal case, except for the form factor.Fig. 6 shows the evolution of the external ηext andinternal ηin efficiencies as a function of the surfacerecombination velocity Sn. This figure shows that bothtypes of efficiency decrease when the value of the surface

recombination velocity Sn increases; this is very similarto the results presented in the literature [15-18]. Inaddition, the internal efficiency value has small relativeto the external efficiency value in the variation range ofthe surface recombination velocity.The numerical results show that the different efficienciesare characterized by better values in the case of surfacerecombination velocity Sn = 102 cm/s. The ohmic contactof the front has well placed to reduce the rate ofrecombination on the surface, which gives us a goodphotocurrent for this value of the surface recombinationvelocity Sn.The technological parameters must be chosen carefully,to find better values of electrical parameters of the GaAs-solar cell, in which the junction depth Xj = 0.2 μm and thesurface recombination velocity Sn = 102 cm/s.
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Figure 6 Solar cell efficiencies as a function of surface recombination velocity Sn

5. CONCLUSIONThe impact of junction depth and the surfacerecombination velocity on electrical parameters of GaAs-solar cell are investigated in both internal and externalcases using the MATLAB. The parameters of interest arephotocurrent (Iph), open circuit voltage (Voc), maximumvoltage (Vm), form factor (FF) and efficiency (η). Theresults obtained show that the different electricalparameters of the GaAs-solar cell are influenced by thevariation of the junction depth and the surfacerecombination velocity in the two studied cases exceptsome parameters has been presented in this work, andthe different efficiencies are decreased according to thetechnological parameters thus indicated previously. Thisstudy has enabled us to propose the values of thetechnological parameters accurately to obtain a very highperformance of GaAs-solar cells and has given us verysatisfactory results in solar cell technology.
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