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Figure 1. Dry etching chamber system for texturing
using plasma.
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Figure 2. Fabricated process sequence of the c—Si solar
cell used for plasma surface isotropic texturing.

U=FTIYAX] 19(2), 2010

BAK X2| SYoIM MEtARZ0] 2Heh A7

ARgalgich, AlelEel Az Hhee oF 2,000 A /minolx
s o] FASEE 591%19) YolulE T A2kl 1,400
PAE 4 5E oIk HoIAE P 991 14 42

F(Jso), *‘d"lz}(fﬂl factor) & i@f& Hea &, HAA
o] woko 747k oA -7HA1EA B3] (ultraviolet—
visible spectroscopy), $I&E|FRAAA|(solar simulator),

scanning electron microscopy (SEM)2.2 ZA3}%tt,

II. Alsizdnt 2 nak
RIE g2 Ao glAad ey HofRe FA7lA RF
Ae, RF b, 7RA9H, 7429 v, RF A=32 A4)
g A=A 22 7k izl osf #e-Eh
Table 12 Cl, £3F 7kA 2404 RF Ago] 27} 7149
e 2, RF A3 A A= 7149 e whet &
™ ST A7 U= (etch uniformity) Q] 7% LE}
Wi it Table 2= SFs &3+ 7k~ FAo4 RF A,
7FAQFE, SFe E7EAHIE] ofgt W WA A7)
wYE0] S-S Hepdch
Table 13} 20]4] Holi= AXH RF A, 2g7tA9] of
g, A= 719 71 4e Ak U WhAke A4 E

Table 1. Reflectance and uniformity with the process
parameter at the Cl, gas mixture, — and — — of
the experimental values represents decrease
slightly and strongly and + and + + of the
experimental values indicates increase slightly
and strongly, respectively.

Parameter Reflectance Uniformity
Increase RF power - -
Decrease gas pressure - - - -
Decrease the gap + - =

Table 2. Reflectance and uniformity with the process
parameter at the SFs gas base mixture,

Parameter Reflectance | Uniformity
Increase RF power - - -
Decrease gas pressure + -
Decrease the ratio of gas flow + + +
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Figure 3. The surface texturing shape and height of
wafers as a function of gas chemistry and the
reflectance of 3%, 5%, and 15%, respectively.
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Figure 4. Reflectance of the weighted average using
Cl> gas mixture in multi—crystalline wafers.
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Figure 5. Reflectance of the weighted average with SFg

gas mixture at the multi—crystalline wafers,
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Table 3. Typically weighted average reflectance, Voc,
Jsc, Fill Factor (FF) and Efficiency by the pro—
cess parameter without mask structure at the
wet chemical and gas mixtures of Clo and SFe.

R Voc Jsc FF Eff
@) | mV) | (mA/em?) | (%) (%)
Wet Chemical - 607.4 32.3 78.2 | 15.2

Cly gas mixture 10 603.8 32.1 78.1 15.1

Cly gas mixture 15 606.5 32.3 78.2 | 15.2

SFs gas mixture 15 608.0 32.1 78.7 | 15.4

FF7} 71} =& AL Hojsett, 714 A17H9] shehih-g-2
Clo2} SFs9] S37kAe] wheba] dapxict,

AE|E AZto| A= Whg kel FeEfishe Sio, Hhdfo]
Ao wpAaa oS sho] thag A2 Hen|egy
B Bl AAmeko &2 ThgRttt, St EA(SFs, Cly, Or )
7F EetxntR sfjefd uf et o]0 ' Fu4, 3kehA
AZFS B3| ZkzF Ale|E3) Sio S Ao s Azke 4
7} Sich. EgH Table 32 Sol Hlo]# 2] WiAREo] A&
= A FEFE A Gethe AS o 5 Sk ol
A| Fig. 33} Table 3of g3t 244 4le]
H gAY O] Hfo] whet iAo Heta

Uth= A2 & 4= e, of|2jeh mofket w2t
ARSE HFS A W "AF o] H AR Y] WA
| Erh= e ¢ 4 Ak

3719 EA7IAE o]8-sto] 29| SFe@} Ol 37}
A5 THE 34 2HolA ALY aas 9 47 dslth
o] oA Fulgof whE HAHT JaFs gotEr] ¢
3], 2 MHz9} 13,56 MHz 2] RF Su}4=8 Al23}¢] RIE €]
2A e SfESITE
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= & ok A9 7k F0lA RIE 540l
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Figure 6. The surface texturing shape of texturing of
wafers using 13.56 MHz (a) and 2 MHz (b)
RF frequency.
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Figure 7. Reflectance of center and edge of the weighted
average using 13.56 MHz RF frequency in the
multi—crystalline wafer,
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Figure 8. Reflectance of center and edge of the weighted
average with 2 MHz RF frequency in the multi—
crystalline wafer,

Table 4. Voc, Jsc, FF and efficiency by wet chemical
and RIE texturing process using 2 MHz and
13.56 MHz RF frequency.

RF frequency | Voc (mV) | Jsc (mA/cm?) |FF (%) | Eff (%)

2 MHz 607 31.7 77.3 14.87

13.56 MHz 619 33.37 779 | 16,1
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Conventional surface texturing in crystalline silicon solar cell have been use wet texturing
by Alkali or Acid solution. But conventional wet texturing has the serious issue of wafer
breakage by large consumption of wafer in wet solution and can not obtain the reflectance
below 10% in multi crystalline silicon. Therefore it is focusing on RIE texturing, one method
of dry etching. We developed large scale plasma RIE (Reactive Ion Etching) equipment
which can accommodate 144 wafers (125 mm) in tray in order to provide surface texturing
on the silicon wafer surface. Reflectance was controllable from 3% to 20% in crystalline
silicon depending on the texture shape and height. We have achieved excellent reflectance
below 4% on the weighted average (300~1,100 nm) in multi crystalline silicon using plasma
texturing with gas mixture ratio such as SFg, Clo, and O,. The texture shape and height
on the silicon wafer surface have an effect on gas chemistry, etching time, RF frequency,
and so on. Excellent conversion efficiency of 16.1% is obtained in multi crystalline silicon
by RIE process. In order to know the influence of RF frequency with 2 MHz and 13.56
MHz, texturing shape and conversion efficiency are compared and discussed mutually using
RIE technology.

Keywords : RIE (reactive ion etching), RF frequency, Texturing, High efficiency, Reflectance

* [E-mail] gckwon@kw.ac.kr

120 Journal of the Korean Vacuum Society 19(2), 2010



