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ARTICLE INFO ABSTRACT
Article history: Surface texturing plays a critical role in phottaiz cell performance, affecting both
Received 12 February 2016 reflectance and light trapping. Polycrystallinel€elre typically textured using a laser
Accepted 18 March 2016 technique, after applied this technique the surfac&hotovoltaic cells would become
Available online 20 April 2016 good absorber to the incident light. The resultsaioled for two dimension laser
textured area 1 cm?2 cnf and 3 crfi shows that the Fill Factor(FF) and hence the
Keywords: efficiency were increased. FF of the Si-solar edthout texturing was found to be
Surface texturing, Fill factor, 0.638 and 0.742, 0.752 and 0.768 for the thre@tedtareas respectively.

polycrystalline, Photovoltaic

INTRODUCTION

Nowadays the production of Silicon solar cells @#sdegistered efficiency is a bout of 24% [General
aspect of several high-efficiency for solar celhcepts required some form of its local processihat is lab-
scale cells has been enabled by photolithographgtoithography, commonly considered incompatibiéhw
the very high throughput demanded by the solaricdlistry. Laser has the capabilities to be usdddnstrial
scale local processing due to its an excellentiapaisolution and translational control, which yades similar
local processing capabilities that, has simplercgsses, and may as such open for industrial soakd |
processing and high solar cell efficiencies in itdal production. Indeed, local laser processmgaking its
way into industrial production lines today. Laseoqessing only be successfully understood if tleegss does
not have a negative impact on the quality of thirsoell materials. So as to develop low damagerlas
processes, essential insight into the physicalracteon between the laser and the solar cell naseiis
definitely crucial. Using pulsed laser sources, l#ser-material interaction will depend on laselspuduration,
laser wavelength and material properties. Essamtidérstanding of these dependencies will give tstaeding
of the laser parameters required for successfel lpsocesses. A useful means of understanding lgxabtt
lasers do within solar manufacturing is to catexgithe different laser / material interactions [Pisential
knowledge about laser-material interaction couldieful in the field of silicon photovoltaic [3].

Photovoltaic (abbreviated PV) is the most direatywo convert solar radiation into electricity aadased
on the photovoltaic effect, which was first obsehy Henri Becquerel in 1839 [3]. Photovoltaic (Ri&vices
can effectively convert sunlight into clean elemdtipower and could provide a virtually unlimitesh@unt of
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energy to our world. Crystalline Si (c-Si) solatlgsvith thicknesses between 150-30@ have dominated the
market for decades and very high efficiency (~2%%ne sun) cells of this material have been redlj2¢

A single crystalline substrate can be texturedebghing along the faces of the crystal planes dued t
resulting shape of is pyramids like and this is tluerystalline structure of silicon.This type @turing is
known as "random pyramid" texture, and is commausgd in industry for single crystalline wafers [5].

A type of surface texturing known as inverted pyichtexturing, in this type the pyramids are etcdedn
into the silicon surface rather than etched pointupwards from the surface. For multicrystallinefeva
photolithographic technique and mechanically séudpthe front surface using dicing saws or lasersut the
surface into an appropriate shape are commonly teséahiques [6].

Main objective of this paper is the use of surfepéuring by means of laser processing and ingastin of
the influence of laser texturization on the operzl properties of the photovoltaic cell in orderehhance the
fill factor which leads to efficiency developmerittbe silicon solar cell.

MATERIALS AND METHODS

The materials used in this work are given in Figtich also shows the setup arrangement.

Variable Power
Supply (AC)

)
Solar Cell

Fig. 1: Experimental Setup for recording IV of solar celith & without surface texturing).

Materials:

The materials used to complete thiswork are: 130 W CO, pulsed laser:

CGO, Laser belongs to gas lasers, and the technolageestill showing development in GGasers, nowadays
CO, lasers are available in both modes of operatioth w&ith different powers. The GO10.6um Model
FLC9060 with 130 W out power was used in this waik

Samples:
Solar cells used in this work were assembled BgrS®oba, Sudan [8].

Method:
The method used to record the IV curve of thersmddl and calculating the FF was done accordinth¢o

following sequences:

e The materials were connected as shown in Fig. (1).

e The distance from the lamp to the solar cell wasefally measured and controlled during all
measurements.

» The Variac supply was set at 180 V ac to powetuhgsten lamp which acts as a source of light.

» Solar cell without laser irradiation was used fyrsinder illuminations a distance of 10 cm.

» Current-voltage relation was recorded by varyirgrtieostat, the current is changed and the comeapp
voltage was recorded.

* The obtained results under this illumination wedeulated and plotted.

e Solar cells fill factors were calculated accordiad9,10]:

FF =o'
Y

SC "~ oc

1)
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Where }, is the maximum current, Vis the maximum voltagegJis the short current and theMs the
open circuit voltage.
The efficiencies were estimated from these values.
» Solar cells were irradiated with G@ser with fixed power 30 Watts and fixed lasearsting speed of 400
mm/s.
» The area of irradiations ( surface texturing dogpeiitting number of grooves in centimeters ) weaged
from 1 cnf, 2 cnfand 3 crf, with 0.1 microns distance of separations andptieeedures above were repeated
with each solar cell of with the different arearofdiation.

RESULTS AND DISCUSSION

The results of Current-Voltage of the solar cselipported from National Energy Research Center (B)ER
- Soba Solar, Sudan (NERC Sudan, 2015), beforeafted laser surface texturing with the manufactyrin
features such as dimensions (8* 10°cand max voltage output of (0.5V). The resultshe solar cell after
laser surface texturing were carried out with thiléterent areas starting by (1 &n(2 cnf) and (3 crf), for
each of this textured areas of solar cells the hdracteristics according to setup shown in figure Was
measured and the Fill Factor parameter in eachwasecalculated according to equation (1) whiclegigood
indication of the solar cell efficiency. Then eathirent voltage relation was plotted using Origind?am V.6.

Results of 1V and FF before Laser Texturing:

After setup was arranged as shown in figure {1,V characteristics were recorded and tabulatedhle
(1), using Origin Program V.6 the results was gldtin fig. (2.a).

Table 1: IV results of the solar cell before laser textgrin

Current (mA) Voltage (mV)
0.28 0.233
0.25 0.396
0.23 0.438
0.20 0.463
0.19 0.469
0.17 0.48
0.15 0.488
0.14 0.491
0.13 0.493
0.12 0.497
0.11 0.498
0.09 0.502
0.08 0.504
0.07 0.506
0.06 0.508
0.05 0.510
0.04 0.512
0.03 0.514
0.02 0.515
0.01 0.516
0.00 0.517

Current vs voltage before surface texturing of Si-solar cell
Y-axis represents current, 1 cm= 0.05 mA

0.30 - X-axis represents voltage, 1 cm= 0.05 mV
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Fig. 2.a:1V curve of Si solar cell without laser surfacettaing.

A large rectangle inside the IV curve of the salall was drawn manually as shown in figure (2la)\e
and the parameters wereobtained from figure (2em¢wsed to calculate FF:
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|V, 020 *0465
FF = —max_max — =0.638=63.8%
1V, 052028

Results of 1V after Laser Texturing:

The solar cells were textured using Q130 W power, the power was tuned to 30 Watvinid broken
of the solar cells using the device software treedpof scanning of the laser pulses was set tord0® and the
area of textured surface were set for three diffieselar cells to 1cfn2 cnf and 3 cnf.

The results in this section were subdivided iht@¢ parts:

A- IV Results of 1 cm? surface textured area:

Since each solar cells are identical in theirfesg we expected that the characteristics areidéstical,
and then carefully carried out the surface textuiim Khartoum Private company that use a 130 Wa@s
pulsed laser used for decoration process.Usingl¢hé&e software the speed of scanning was setQon#@/s
and the power set to 30 Watts, and three solas cedlre textured each with different area.After acef
texturing again the solar cell were used to redbadr IV characteristics.The results of IV charaistics of 1
cnt textured surface of the Si solar cell was plotisihg origin program V.6, then a large rectangkide the
IV curve of the solar cell was drawn manually ahd solar cell parameters were determined and thed to
calculate the fill factor parameter of the givefasaell according to eq. (1). This is illustrated-igure (2.b).

Current vs Voltage for 1 cm® surface textured area Si-Solar cell
Y-axis represent Current, 1cm= 0.05mA

0.30 o X-axis represent Voltage, 1cm= 0.05mV
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Fig. 2.b: IV characteristics of 1 cfrsurface textured Si solar cell.

The parameters obtained from figure (2.b) were:

ls= 0.27 MmA, b= 0.52 mV, ha= 0.24 mA, and ¥,,,=0.435 mV.
And thus according to this values using equatigril{e fill factor is:
_ Vo 0435%024

FF = = =0.742=74.2%
1 V,,  052*%0.27

It should be mentioned here that the maximum aeclhile value of the fill factor for Si solar cella$ about
0.85% [9].

B-1V Results of 2 cm? surface textured area:

For this new textured area, the experiment wasated and the solar cell was carefully handleatdter to
avoid damage of the textured surface and withousiog dirty in the solar cell which may resultseimors and
/or decrease in the current and/or voltages valtlesn the same procedure of measuring IV chaiatiter were
repeated with the same distance and other lab@atoonditions (Such as illumination condition) ttlexist
during that when carrying out the IV characterst the solar cell before laser surface texturing

The results of IV characteristics after laser acef texturing was plotted in figure (2.c) usinggori
Program V.6 and a large possible rectangle indidd¥ characteristics was manually drawn and therésted
parameters were identified, and then the fill fastas calculated using equation (1).

From this relation the solar cell parameters wietend and used to calculate the Fill factor asidt id
previous section for either Fill Factor for the aokell without surface texturing and with (1dnsurface
textured area. And those values give a FF:

e = loaVuw 02457045
1.V,  028%052

=0.752=75.2%
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Comparing this with the previous two values of Ete of the solar cell without surface textured avith

(1cnf) area of the textured surface, it is clear that il factor increases rapidly with increasing teetured
surface area.

Current vs Voltage for 2 cm” surface textured area of Si-solar cell
- Y-axis represent current, 1 cm =0.05 mA
0.30 X-axis represent voltage, 1 cm =0.05 mV
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Fig. 2.c: IV characteristics of 2 cfrsurface textured Si solar cell.

C-1V Results of 3 cm? surface textured area:

For this new textured area, the experiment wpsated and the solar cell was carefully handleatdier to
avoid damage of the textured surface and withousiog dirty in the solar cell which may resultseimors and
/or decrease in the current and/or voltages valtlesn the same procedure of measuring IV chaiatiter were
repeated with the same distance and other lab@atoonditions (Such as illumination condition) ttlexist
during that when carrying out the IV characterstof the solar cell before laser surface texturidgnd the
obtained results was plotted in figure (2.d)

Again a large possible rectangle inside the IVrab&ristics the interested parameters were idedtdnd
obtained, then the fill factor was calculated ustagation (1).

Current vs Voltage fot 3 cm” surface textured area of Si-solar cell
Y-axis represent current, 1 cm =0.05 mA

0.30 X-axis represent voltage, 1 cm =0.05 mV
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Fig. 2.d: IV characteristics of 3 cfrsurface textured Si solar cell.

From this relation the solar cell parameters wietend and used to calculate the Fill factor asidt id
previous section for either Fill Factor for theaotell with and without surface texturing.

Thisgivesa FF:

Y 0255 * 0445
FF = —max _max - =0.768=76.8%
I V,, 0.28*0.52¢
Comparing this with the previous two values of Eifeof the solar cell with surface textured of (famd 2
cnf) areas, it was clear that the Fill factor increasidly with increasing the textured surface area

Conclusions:
The following conclusions can be written:

* In this work the enhancement of the solar cellcedficy was studied via laser surface texturing,tffios

study different solar cells (with the same featusash as materials from which they made, dimensiowl
output characteristics) were used.
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» The voltage-current characteristics of the soldlis @ specified distance from tungsten lamp waslistl
before laser surface texturing and from this cherétics the Fill factor parameter of the solail eeas
calculated for the solar cell.

* CO, 130 watts pulsed laser was used ( with 30 Wattgeep@and 400 mm/s speed of scanning) to texture the
solar cells and then studied their characteristftar surface texturing, using different solar séliree different
areas were textured and the IV characteristics werdied, Fill Factors were obtained and comparihd that
obtained before laser surface texturing.

» The results of IV characteristics curve of the salalls without irradiation and with irradiationsas/
compared.

» The effect of increasing area of irradiations olasoell parameters was studied and compared.

* In conclusion it was found that solar cell effiadgnincreased as the textured area increased tlicl@ar
from the obtained fill factors of the three solali€ with the three different textured areas.
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