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Abstract: Efficiency of crystalline Si solar cell can be maximized as minimizing optical loss through
antireflection texturing with inverted pyramids. Even if cost-competitive, soft lithography can be employed
instead of photolithography for the purpose, some limitations still remain to apply the soft lithography
directly to as-received solar grade wafer with a bunch of micro trenches on surface. Therefore, it is
needed to develop a low-cost, effective planarization process and evaluate its output to be applicable to
patterning process with PDMS stamp. In this study new surface planarization process is proposed and the

change of micro scale trenches on the surface as a function of etching time is observed. Also, the effect
of trenches on pattern quality by soft lithography is investigated using FEM structural analysis. In
conclusion it is clear that the geometry and shape of trenches would be basic considerations for soft

lithography application to low quality wafer,
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Ql 8.4121d, o]l& s MEAY f2Zgoe &
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Hgoz ¥E|AY F£F9 AL dAde J4E
4 otk AR AZEALHES FAY ) E
4 3HoE FEE wol F& IT, BT 59 94
A gag dF7F FaAEo gton [2-10], HE 4F
A Si HgHAe B LAY E o] YR AT
g w7k gl (11

olg]dk MEE AL HEAHQA A= ET3
i, At #okdl F&37] fEAe F o SEsof

FiEol EAsk=d, 1 F ﬁh—}?F Bl gFAA] Az
TG0 AMREE AAA Sio7|H2 F5AHQ BE¥.
ol YF AN AZEHLYE H}i HEE 5+ s
£ Aoy, dntyoz HYAAE AH4A S 7|89
718 A" o8] WA= AP ¥ FEHELS
7HA AR FAEE olE AAE 7] flE AFHA A
%%7)9 SDR (saw damage removal)o|g}= 340
2 ol#ig ¥WEAS A AN SDR §42
AAYeEs Bd 2 83 @A ¥ov, £2ZE
glagoR 10 m ool =g 47| ¢
& N s BAET] olfrh WmAdA AL
%ﬁ}-‘f: CMP (chemical-mechanical planarization) 2
L FRAH ¥ 23 & Yk F7] FELE HUE

ﬁ?ﬂ B F oy HYARA] RES d7tE e
o, 244 Si BFAA Az T i7te] CMP ¥
A4S HEde A EFeE

B Ade A7y a8 2R Si jgdA A4S
Azshze glol, AZEAYE o8 w4 HH
PAo] 7158 32 713 FH FRE 98] oA
Zho] wlE ®W HEetsl AES pEIAoH, 5’3‘:}-&}
R F dojuti= 71w dde] vA 83 P4 H
7] W37} ulA ¥ Q4 FAH wAE FTE 4
ARALE o] &31e] &4 A

2. 4 2H

#9 Hes F4 (planarization) 7]F£°] SDR
FAL NEoz &% 2-4A Si 71# (Nexolon, P
type, 6 inch, t=20020 m)E 85C= 7}¥ ¥ NaOH
gl (sodium hydroxide, 5 mol%, Samchun
chemical)d] ¥ %2 oFo= Hersl FAHS W3
shsd k. Al zkell ﬂ’rc Hetsl AwE vy g8 #4
o 2 A|ZFS 1, 5, 10, 20, 40, 605 W3k Z o},

B eksl7h %Iﬁﬂ-‘d Ao EURZREE HAHoR &
¢15}7] SEM (JEOL JSM-6390, Japan)< ©|-&3}%1

a, AgH B4e 93 duig
Laboratory Ltd., Surfcorder ET3000, Japan)<
shaich

Az do] P E 2WEE A =37 flsiA EH
o] MA¥ WEAE AglE 7]¥ (4 inch, wafer biz)
o 7ZHdAl Z¥v] (AZ-2620, Microchem)& A3 51E
Ho o)lgd] =FESGEI, 100T 9 hot plateol] 4] 58
1 AT olF A Ee] ¢y EEwAAE
o] &3te] UV w=H3lla, dFFAEL 13hstad A=
AEE 71z A AL olgte HMER
silicone elastomer kit (SYLGARD” 184, Dow
chemical)®¢] A, B part3 5: 1 H& 2 &jtste] 1 F
Aol #F 71EE AAsE §54 JUE PDMS
£4-& #H gk AeA AEF A" EFSo
PDMSE& Hol# % 80Ce £&x7} fA=He 224
ok 1A A% Yol PDMS A3E ¢8d ¥ =
¢} PDMSE ®elstsda, A3d 272 dAdssich
olz1o] HEe = MHA (16-Mercaptohexadecanoic acid,
Sigma-Aldrich)i= 141 #oll PDMS ~8isZo] 13 7F 2
3 F Ny 7h2= Bo] dAxshal, A29EeE Apa] A%
3 3% ZRAE FARse e A E AP
[12,13].
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a9 18 o Ao nE Hekk wskE gd4He
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2 SEM ojulx|Sojc}. 1& o g AHe A$ ®H
of @2 8% (trench)ol EAsA g, o AAre] &
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2 & 9ld.
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Fig. 1. SEM images of planarized, solar-grade silicon surfaces as a function of etching time. Note that silicon surface

seems to be gradually planarized by chemical wet etchant.
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Fig. 2. Surface roughness(Rz) of silicon surface etched
with NaOH chemical for 1, 5, 10, 20, 40, 60 min.
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Fig. 3. Surface profile of planarized silicon etched for 1,
10, 20, 40, 60 min.
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Fig. 4. Optical microscope images of trenches with (a)
flat and (b) round bottom. As etching time, the shape of
trench is changed from flat bottom to round bottom.
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Fig. 5. Model of PDMS stamp patterning on silicon
surfaces: (a) geometry of model, (b) surface with disk type
trench, (c) surface with bowl type trench, (d) and (e) von
Mises stress in stamp and contact pressure on substrate
with disk and bowl type trench respectively.
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Fig. 6. Contact pressure on bottom surface of bowl type
trench as a function of width.
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Fig. 7. Contact pressure on bottom surface of disk tvpe
trench as a function of width,

°f &AM 47l #d P4o] olge
EF HaFEHAHo] 08t AAE Hel 29 6(a),
(b), (c)oll <Eafshi=dl o AL 23] Ye] BF
2= was YEge v, a3 yie
FolA dedae] ¢RYS ovAch bowl type
Ao A$ 2% W9 7)o Auze wuw oA
o Welol H&a7] Algstul, ofzhe] FAHQA 2%
Holw o pE L;q oA HZo] SEEHE AL Ho
o, A »HH A4 TAA okt zdm wejgo
A @ Ael Jbss AH 7we] o)
5l 7"44'— i“?"’ﬂ uj- felakeh 19 6(dAE Ha

of v g},

=
BE

— |

: A%E % 575

5 pm

Fig. 8. Optical microscope images of lattice pattern on
silicon surface with (a) flat bottom and (b) round bottom
trench.
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4. 2 B
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