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Abstract: Solar cells at present furnish the most important long duration power supply for satellites and space 

vehicles. Solar cells have also been successfully employed in small scale terrestrial application. As worldwide 

energy demand increase, conventional energy resources, such as fossil fuels will be exhausted in the not too 

distant future. Therefore, we must developed and use alternative energy resource, especially our only long term 

natural resource the sun. The solar cell is considered a major candidate for obtaining energy form the sun, since 

it can be convert sunlight directly into electricity with high conversion efficiency can provide nearly permanent 

power at low operating cost and is virtually free of pollution. In this paper metallisation with screen printing 

technology is discussed and used for simulation of solar cell. 
Keywords: Silvaco TCAD tool, Screen printed silicon solar. 

 
 

I. INTRODUCTION 

The solar cell was first developed by Chapin, Fuller and Pearson in 1954 using a diffused silicon p-n junction 

[1]. To date, solar cells have been made in many other semiconductor, using various device configuration and 

employing single crystal, poly crystal and amorphous thin – film structure. In this paper the effects of material 

parameters on the performance of silicon solar cells are discussed briefly and then fabrication steps of n
+
-p-p+ 

screen printed silicon solar cell are explained. In industrial process the metallisation by photolithography is very 

costly and difficult to achieve. So for large scale fabrication of solar cells the metallisation is done by screen 

printing which is easier and economical process. 

2. Theory Silicon solar cell 

When a semiconductor is illuminated with a light the photons with energy (hv) greater than the band gap energy 

Eg of the semiconductor are absorbed in the semiconductor and lead to creation of electron-hole pair [2]. These 

photo generated electrons and holes can be separated if there exists a built in electric filed region. The separation 

of charge carriers in turn leads to development of a voltage across the junction. This voltage is known as the 

photo voltage and the effect is known as the photovoltaic effect [3]. A photovoltaic cell commonly known as 

solar cell can deliver power to a load if its terminals are connected to the load. 

2. 1 Performance Parameters 

The short circuit current (Isc), the open circuit voltage (Voc), Fill Factor (FF) and the conversion efficiency (n) 

are the four parameter which describe the performance of a solar cell [4]. 

 (a)  Short circuit current (Isc) 

The current due to this flow of excited carriers is called photocurrent, as exposed in equation 1.  

Iph = [Iscr + Ki (Tk-Tref)]* λ /1000    …………. (1) 

 Where 

Iph   = Light generated current at the normal condition  

Iscr   = Short-circuit current   

Ki   = Temperature coefficient (0.0017ampere/Kelvin)                            

TK  = Actual temperature in Kelvin 

Tref = Reference temperature in Kelvin 

  λ    = Irradiance on the device surface w/m
2 
with normal irradiation (1000 w/ m

2
) 

(b) Open circuit voltage (Voc) 

Open circuit voltage is the maximum voltage to develop in a solar cell for a given Isc. Thus V=VOC if I= 0. For 

an ideal solar cell Voc is given by  

Voc = (KT/q) In (Isc + Io)/Io……………… (2) 

Equation (2) shows that VOC is high if Isc is large and Io is small. 

(c) Fill factor (FF)  

Fill Factor is defined as the ratio of the product Vm Im to the product Voc and Isc are the value of voltage and 

current across the load for the maximum power output condition, mathematically 

F.F = Vm Im/ Voc Isc………………… (3) 

(d) Conversion efficiency (n) 
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Conversion efficiency or simply efficiency of a solar cell (n) is expressed as 

n (%) = Voc Isc F.F.100 / Pin……………….. (4) 

Where Pin is the intensity of the incident light. Equation (4) shows that for to be maximum Voc, Isc and F.F., all 

of them should be high as possible. 

 

3. FABRICATION STEPS 

The different steps involved in n
+ 

- p – p
+
 silicon solar cell processing are discussed below briefly. 

3.1Cleaning:  

 In semiconductor technology we work at ppm-ppb level of impurities therefore a high emphasis is given to the 

cleanliness. The common problem associated with unclean silicon wafer is the creation of the devices. So we 

have to remove the dirt, grease etc. from the wafers by cleaning them before device processing. We follow RCA 

cleaning [5]. 

3.2 Chemical polishing of the surface:  

Single crystal silicon wafers are sometimes subjected to lapping. Lapping introduces damages. These damages 

are confined to a couple of microns from the surface. Therefore we polish the wafers to remove these damages  

3.3 Selection of donor impurities:  

Potential elements that may be used as donor impurities in silicon are: (i) Phosphorous P (ii) Antimony Sb and 

(iii) Arsenic As. Phosphorus P: It has a diffusion coefficient of the same order of magnitude as boron, but about 

ten times more than antimony or arsenic. Therefore, As and Sb being slow diffusers must be employed where 

the diffusion is not to be carried out rapidly. 

3.4 Metal contacts  

In order that a solar cell will be able to deliver the electrical power to the load, the cell is required to have 

metallic contacts on both the front and back surface. Also it is of primary importance that the front surface on 

which the light is incident should not be shadowed by the contact over it [6]. In case of p-n junction solar cells 

the contacts usually consist of a few micron thick layers of Ti-Ag, Ti-Pd-Ag or Al, Ag metals which are not 

transparent to the radiations incident on the cell. Because of this region the front contact on the cell has usually a 

grid pattern which leaves about 90% front surface area uncovered. The grid pattern, however, forces the current 

to flow laterally (between the two adjacent grids) in the front region. Because the front region is very shallow 

this result in a significant increase in the series resistance (Rs) of the cell. 

3.5 Sintering  

Here Sintering is required to remove the porosity between the metal contact and the semiconductor surface to 

get a very good ohmic contact. 

3.6 Edge cutting   

To prevent any possibility of shorting of front and back contacts the edges of the cell are cut by a diamond 

scriber. 

  4. Simulation of   n
+
 - p - p

+
 silicon solar cell 

In this work, for making physical structure then the various essential terms are considered such as type of 

materials, different orientation, background doping and substrate concentration which can be [3] specified by 

resistivity or by the concentration in atom. Boron and phosphorous are most commonly used dopants for p and n 

type silicon [7]. For making the physical structure and current vs voltage characteristics of solar cell using 

SILVACO TCAD tool software is used [8-9]. The structure obtained is shown in Fig1.1 and the V-I curves are 

shown in Fig 1.2.  

 

 
Fig 1.1 Silicon solar cell 
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Fig 1.2 Cathode voltage vs cathode current 

 

5. Results and Discussion 

The cell parameters for two structures are summarized in table-1. The results so obtained shows that the 

efficiency of the order of 11% can be obtained by optimising the dopping concentration and other parameters 

such as grid structure and metallization on front contacts. Lesser value of current density is due to large junction 

depth. This efficiency can be increased by anti reflecting coating. Series resistance is small, this show that the  

front contact design has been appropriate. Shunt resistance is large which shown that there is very little losse 

due to leakage. Open circuit voltage is slightly less as the diffusion parameter are not optimised. 

Table:1  

 

Sr.No Cell Parameter Cell (1) Reading Cell (2) Reading 

1 Thickness 450 480 

2 Shape Rectangular Rectangular 

3 VOC (mv) 578 570 

4 JSC (mA/cm
2
) 25.4 23.5 

5 C.F .767 .694 

6 Area (CM
2
) 2.7 6.5 

7 Rs (Ὠ) 1.152 .644 

8 Rsh (Ὠ) 5926.4 134.1 

9 n (%) 11.3 9.3 

10 Ln (um) 177 118 

 

 

6. Conclusion 

Single crystalline silicon solar cells are simulated using Silvaco TCAD tool software. These cell shows an 

efficiency of 11% without any anti-reflecting (AR) coating. It uses high diffusion temperature and thereby loss 

of photo generated carriers at the front surface due to the high donor concentration at front surface. A proper AR 

coating can improve the efficiency to more than 14%. So there is still possibility of getting higher efficiency for 

these solar cells by optimising diffusion parameters and applying a suitable AR coating on the front surface. 
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