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Abstract: Problem statement: Unmatched combination of emitter and base contsistance will
influence the total performance of the solar cé&b. optimize this combination, single crystalline
silicon solar cell was analyzed using quasi-oneetisional transport of electrons and holes in
crystalline semiconductor, PC1Bpproach: Effects of the resistance of the emitter and basgact
have been investigated with a view to find the bestistive combinations. A range of contact
resistance of emitter and base were applied to Psoffivare for evaluatiorResults: The short circuit
current Isc, the open circuit voltage Voc, the maxin power Pm and the fill factor are the observed
parameters due to the variations of the resistandde emitter and base contact. As the two vagiabl
factors that take into the account, while evalugatine factor, the other was set to constant vatie.
found that as the contact resistance goes higher, Malues of the parameters deceased.
Conclusion/Recommendations. From the evaluation, the lowest emitter resistahaewill give highest
value of parameter in the selected ranged igXwhile for the base contact will be 15dnThe overall
investigation on single crystalline silicon sol&lldase and emitter contact were done, gives paten
parametric suggestion that may assist in the fativic of high efficiency single crystalline silic@olar
cells. A different range of resistance variatios smggested for future related investigation.

Key words: Base contact, emitter contact, crystalline silicphysic-mathematical PC1D, crystalline
silicon solar cells, energy conversion solar cElll Factor (FF), open circuit voltage,
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INTRODUCTION factors that required increasing the efficiency af
solar cell is by optimising its emitter and basataots.
There are many aspects to be look on in order tdhe silicon solar cell contacts nowadays are confynon
produce a high efficiency energy conversion sokdl, ¢ realized by screen printing method. In industrial
mostly the single crystalline silicon solar cellbe energy  production the most commonly applied techniquetfier
conversion efficiency of a solar cell can be sigaiftly  front side metallization of silicon solar cells $&reen
increased with the improvement of material propsréind  printing, a reliable and well-understood procesth Wwigh
the design of structures of the cells (Kadiral., 2010).  throughput rates (Eratdt al., 2010). Solder pastes were
Solar cell in the market nowadays comes with variou printed on both surface of the cell before it wasealed.
type, sizes and efficiencies. Various photovoltgitions Metal semi conductor contact resistance dependsnbey
provide to date include high conversion efficierveigh the metal involved, on the fabrication process efattic
low manufacturing cost. Solar manufacturing indestr contact (Yang and Pla, 2009). Metal pastes thaallysu
are in the midst of an argument over which matedal used for the contacts is aluminium for the backamirand
dominate the future for harvesting sunlight. Howeve silver for the front contact.
the matching of p-n junction depth and texturingsinu These contacts give resistance that affect the
to be optimize first to improve solar cell efficn efficiency of the solar cell. Optimising it mosituring
(Jahanshalet al., 2009). Solar panels based on siliconfiring is a must in order to reduce the contacistesce.
currently account for more than 90% of the producti A contact resistance could also be included byragidi
with some limitations (Amin, 2011). One of the thin resistive layer, which would also model théeefs
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of the current crowing at the contact (Denhoff and RESULTS
Drolet, 2009). The effect of contact resistance ban ) ) )
evaluated using physic-mathematical approach. Emitter contact: When evaluating the emitter contact,

Physically based simulation is different from the base contact value was kept constant at Q.(Bifom
analytical modeling. This type of simulation praedd the large scale evaluation, it is found that emittsistant
efficient approximation and interpolation but doest ~ at 1x10° Q give the highest value of all the parameters
provide insight, or predictive capabilities, or apsulation @S Shown in Fig. 2. However all the parameters avilly
of the theoretical knowledge (Abdulla al., 2009). In  Start to show an obvious change from the resistance

this study, the physics-mathematical software used ~ 1x10° Q. Figure 3 show the effect of the increasing
PC1D. resistance fromx107° -1x102 Q.

MATERIALSAND METHODS %3

In this study, the one dimensional numerical agigly
software, PC1D simulator has been employed to mode
and analyze two parameters which are the emitte
resistance and base resistance. The Fig. 1 beldheis
model of solar cell in this study. The design patamlike
open circuit Voltage (Voc), short circuit currerisd),
maximum power (Pmax) and Fill Factor (FF) have been
investigated by taking variation value of thesexpwaters.

The investigations were done towards the two
type of resistance, one type at a time. As the temit g : ;
resistance was evaluated, the base resistanceeftas | <1 0 01 02 03 0¢ 05 05 07
constant. Two scales were taken to account; thgelar e Voltage (V)
scale is to determine the resistance with the bes&_ i . .
result, while the small scale was to study the atftd ig. 2: Best IV in emitter contact
the resistance towards the parameters. As the base
contact was kept constant at 0.0 5mitter contact
was evaluated in large scale from1D® -1x102 Q
with 10 steps. It is then evaluated in small range,
1x1073 - 1x1072 Q, with 10 steps too.

Similar method applied to base resistance as the
emitter resistance was kept atl0® Q. Large scale base
resistance value implicated were from 0.0001&;1&hile
the small scale was from 0.015-@1&ith 10 steps each.
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parameters were decreasing. This is a nature in
electronics that the fill factor varies resistante.this
range, with emitter contact at 1x10, the short circuit
current (Isc) is 3.182A, maximum power (Pmax) is
1.353W, the open circuit voltage is (Voc) 0.592\dan
the Fill Factor (FF) is 0.7183.

The open circuit voltage, Voc was remained
constant through all the evaluation since Voc diesn
varies with resistance.

Base contact: Within that range, 10 steps were taken
into evaluation. As the resistance was increasatlg,
parameters were decreasing. Just like in emittetact
testing, the fill factor varies resistance. In th&nge,
with base contact at 0.013, the short circuit current
(Isc) is 3.183A, maximum power (Pmax) is 1.362W,
the open circuit voltage is (Voc) 0.592V and thd Fi
Factor (FF) is 0.7228.

Like in emitter contact, the open circuit voltage,
Voc was remained constant through all the evalnatio
since Voc doesn’t varies with resistance.

In this study, the effects of emitter contact afgb
base contact towards the major parameters in &i sells
using the physic-mathematical PC1D have been aedlua

Base contact (<1072 ohm)

The lowest emitter contact resistance that givemheni
o8 value in the result would be 1x2@. Meanwhile for base
06l T r—e—r—r——0——"¢ contact resistance, the lowest contact resistdrategives
higher value is 0.0001%

i From the graph generated, it is shown that all
parameter, mostly that related to the fill factoe saries
with the resistance, in our case is the contaisteese.
However, the open circuit voltage doesn't variethwlie
0.6000 resistance but it varies with surface concentradiath also
04000 surface recombination velocity. Since those pararseire
not in our evaluation (also are kept constant faudg,
the value of Voc is remaining constant too.
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CONCLUSION

Fig. 5: Effect of base contact resistance

In this study, we have evaluated the effect of
Base contact: When evaluating the base contact, theemitter contact and also base contact towards #jerm
emitter contact value was kept constant a10® Q. parameters in Si solar cells using the physic-
From the large scale evaluation, it is found thaseb mathematical PC1D. The lowest emitter contact
resistant at 0.00012 give the highest value of all the resistance that gives higher value in the resulildvbe
parameters as show in Fig. 4. However all the patars  1x10° Q. Meanwhile for base contact resistance, the
will only start to show an obvious change from thelowest contact resistance that gives higher vakie i
resistance at 0.013. Figure 5 below shows the effect of 0.0001%2. From the graph generated, it is shown that
the increasing resistance from 0.015-Q15 all parameter, mostly that related to the fill tacare
varies with the resistance, in our case is the amint
resistance. However, the open circuit voltage dbesn
vary with the resistance but it varies with surface
Emitter contact: Within that range, 10 steps were takenconcentration and also surface recombination vigloci
into evaluation. As the resistance was increasély, Since those parameters are not in our evaluatiso (a
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are kept constant by default), the value of Voc isDenhoff, M.\W. and N. Drolet, 2009. The effect otth
remaining constant too. The simulation results front contact sheet resistance on solar cell
corroborate the established fact that resistanee gn performance. Solar Energy Mater. Solar Cells, 93:
important impact of designing solar cells. The otsp 1499-1506. DOI: 10.1016/j.solmat.2009.03.028
from this study are hopefully to help future purpes Erath, D., A. Filipovic, M. Retzlaff, A.K. Goetz drF.
Clementet al., 2010. Advanced screen printing
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