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Abstract: A textured front surface is required in high efficiency silicon solar cells to reduce reflectance and to

improve light trapping. Wet etching with alkaline solution is usually applied for mono crystalline silicon solar cells.

However, alkali texturing method is not appropriate for multi-crystalline silicon wafers due to grain boundary of

random crystallographic orientation. Accordingly, acid texturing method is generally used for multi-crystalline silicon

wafers to reduce the surface reflectance. To reduce reflectivity of multi-crystalline silicon wafers, double texturing

method with combination of acid and reactive ion etching is an attractive technical solution. In this paper, we have

studied to optimize RIE condition by different RF power condition (100, 150, 200, 250, 300 W).
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Fig. 1.

surface using reactive ion.

The etching mechanism in multicrystalline silicon

ool x|gt, CH:COOHS Z7tst7|& sic}. 7t goiso]
steb weAlat HlAUSS AW EE, HNOsS Sidt A
&3t WA SiO, 4tetEg el SiO,= HFO o5
AZte]o] H,09F HySiFeS A3/dAIZIt. ofof tigh etst
r-3Al2 ohaak ot (3]
3Si + 4HNO3s — 35i0, + 4NO + 2H,0 (1)
3Sj02 + |8HF — 3H251F5 + 5]‘[20 (2)

3Si + 4HNO; + 18HF — 3H;SiFs + 4NO + 8H;0
(3)

& HNOsoF HFY| &g #ishizioz
WoAZE £E9F B AAg] Wste & 4 Utk s
£ WigtA717] YsiMe H,02 o]83to] HNOs9

L
LS 3|AMA]7]1, CH;COOHE o]&sto HNOsY &
s dAAA A o T2 & & dd
ghd, Al AZMe ¥hed S714 AVIAer 7
sie 7IAE ol&sto] EAE AEAoR AAsh:s W
Holth. ol ¢lsl As/JEolA ¥h8-7] Qtofl SFe7tA
of 0712% FYAZ & Belxoig WAATE,
ole] sg wIgAL of2fel 2t [4
Si + 4F — SiFy (4)
Si+ 20 — SiO; (5)
Si0; + 4F — SiFy + O; (6)

Sie 07FA%} ¥hEslo] SiO, 5 FAdstal, FA
SiO,= passivation 98 sto] 2202 o]0

texturing®] ZAsE Al
power ®isto] w2 BH LR Pt
st AQA A& HYHAS Axst] 1
Shlrdss

2. M8 wy

>

B AGIAE £ AZte K8 B2
ofA9] RF (radio frequency) power B3t Al
SFtE. ARSE 7132 borono] =E p-type tf
lolH=ZA, 1~3 Q-cm@] H]A|g, 200 ime] £, 15.6
X 15.6 cm?®0] 37]2 71Xtk WA 7|5 gHE xXs}
5171 s HF(50%), HNO3(65%), CH3COOH(99%) 2]
DI (deionized) waterE 8:21:10:8 (vol)Q] H]|&=
.37 ARE 402 FOF FEHol AZE
AT o HE 7]EC R 4.6 mAT

o2
wo 1%

2
o o 1N

Table 1. Fixed and varied conditions of dry etching.
. . Varied condition
Fixed condition
W)
. 100
= Gas ratio
SFs:0,=30:10 (sccm)
RF power 150
= Process pressure
(W) 250 (mTorr)
200
= Process time
900 (sec)
250
= Substrate temperature
20 (C
) 300




AN AA AN 78 3] = A,

| Acid texturing (HF:HNO;:CH,COOH:DI)

S — RF power (W)
10% HF Cleanii
| Gl 100
==
I’ 150
RIE texturing
200
=<
pa
250
r Doping
= il

Anti-reflection coating
=5

— NN

Screen printing and firing
~ >

Cscsmam?cs@

I Cell testing

Fig. 2. The experimental procedure of c-Si solar cell with RIE

texturing.
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Fig. 3. The surface reflectance measurements with a change of
the RF powers during RIE texturing.

Fig. 4. SEM image of RIE-textured silicon wafer with variable
RF powers. (a) 100 W, (b) 150 W, (c) 200 W, (d) 250 W,
and (e) 300 W.
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Fig. 5. Lifetime and reflectance measurements of RIE-textured
silicon wafer with a change of the RF powers after firing.

Table 2. The electrical characteristics of c-Si solar cell with a

change of the RF power during RIE texturing.

RF

Ve L. FF pFF R, Ra Ex

power . .

W) mV) | A) | ) | b)) | mQ) | () | ()
100 617 8.04 | 79.5 | 81.5 | 0.006 | 244 | 16.2
150 613 822 | 79.2 | 81.1 | 0.006 | 17.4 | 16.4
200 612 8.06 | 79.2 | 81.0 | 0.006 | 13.0 | 16.0
250 607 7.74 | 78.7 | 80.9 | 0.007 | 8.20 | 15.2
300 604 7.54 | 79.1 | 80.3 | 0.007 | 11.3 | 14.8
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Fig. 6. The electrical characteristics of crystalline silicon solar

cell with a change of the RF powers in RIE texturing.
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Fig. 7. The I-V curves of RIE-textured c-Si solar cells
fabricated with a change of the RF power.
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Fig. 8. The EQE of crystalline silicon solar cell with a change
of the RF powers in RIE texturing.
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