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Abstract

Crystalline silicon solar cell remains the major player in the photovoltaic marketplace with 80 % of the market,
despite the development of various thin film technologies. Silicon’s excellent efficiency, stability, material abundance
and low toxicity have helped to maintain its position of dominance. However, the cost of silicon materials remains
a major barrier to reducing the cost of silicon photovoltaics. Using the crystalline silicon wafer with thinner thickness
is the promising way for cost and material reduction in the solar cell production. However, the thinner the silicon wafer
is, the worse bow phenomenon is induced. The bow phenomenon is observed when two or more layers of materials
with different temperature expansion coefficiencies are in contact, in this case silicon and aluminum. In this paper, the
solar cells were fabricated with different thicknesses of Al layer in order to reduce the bow phenomenon. With less
amount of paste applications, we observed that the bow could be reduced by up to 40% of the largest value with 120
micron thickness of the wafer even though the conversion efficiency decrease by 0.5 % occurred. Since the bowed
wafers lead to unacceptable yield losses during the module construction, the reduction of bow is indispensable on thin
crystalline silicon solar cell. In this work, we have studied on the counterbalance between the bow and conversion
efficiency and also suggest the formation of enough back surface field (BSF) with thinner Al layer application.
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SEM : Scanning electron microscope

PECVD : Plasma enhanced chemical vapor
deposition

BSF . back surface field
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Figure 1. Schematic stress—strain diagram of the AISi
rear contact on cooling down after firing[3]
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Tablel. Crystalline silicon solar cell fabrication procedure
with various aluminum layer thickness
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Figure 2. BOW measurement of the silicon solar cell
with various Al thicknesses on rear side
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Figure 3. BOW measurement in process of time after
fabricating the silicon solar cells with 20, 25,
30 and 35 um rear Al thickness
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Table 2. llluminated electrical characteristics of the silicon
solar cell depending on the rear Al thicknesses

Jsc(mA/er) | Voc(V) FF(%) Eff(%)

Rear side
thickness

ave” | best | ave” | best | ave” | best | ave” | best

35¢m 35.1835.32|0.620|0.621| 78.0 | 785 | 17.0 | 17.1

30zm 34.88|35.07|0.619|0.619| 77.6 | 78.3 | 16.7 | 16.9
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25um, 30mm, 35mm $A&u BSFE 9 T+
2y 2y 2.3um, 4.3um, 4.3um, 5.9m= =4 5
s T &FvE o FAN ga
ABSF) FAE 723
Ak o= 2 28 F3
[45]. L& 4o A hEF
A T AE &
zZ

©

il

Z

o ‘b‘ =
ra,

4 =y
%0
£ 30

O it 1O

o2
[

pus

N
N
SR D)

6°)
oy
wn
R
ol
1o
-
=,
i
d
B
>

£ d
Oﬂ —10(1
0%

S

D T A e < L
AURE

M oS >
ol Y
N

ol g
o o
2

o -
B>

i g

N

N

fo

i)

o =
N

oot ol
o
—r
)
fo

o M
e,
o
!
2y

> off

of ™
)
o
=)
i)

>4
%0
=
S
e
i
i)

rr
=
Ky

Journal of the Korean Solar Energy Society Vol. 32, No. 3, 2012 197



(=] e deldAes =2

M= dFuF T FAN FAEATTFE Vo
o] ZHastnt. AT dFwlE Fof FA I}
20ime}t 25moll M= 22 A ds zhgkoh
o= ¥ 4(0)lA & F Qo] wdgh
BSFZ9] @Ado] o] FojAA] gFo} gk A

o8 Hth

Figure 4. Cross—sectional SEM image according to the
aluminum  thickness of (a) 20um, (b) 25um, (c)
30um, (d) 35um.
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