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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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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.

= AR Wy (1000HS A g
] &% Aol EoEA A=
Zubele 29 AdS

ol o] AbebA =

oft

fu o
N
)
9
&
i
o

[e

)
il
e

O
o

=
o
g
=
)
do
:Oé

M

o
o
fru
I e
iy
il _11_,
rot
o |
=

U

N

ofl o
ox

tlo

(o

2 1
it o & fo

ofl

ot

[>

)

N

=
=
10 o
2 o

_~ i
Jp
o
)

ot
il

i
i
ol
o
3

o

iy

83| o Z3t7] 91314 PDMS 2=
hyperelastic material) & 7}4 3}

fr om = (1 (5 ok

b 18
a0 L
oX (&
2 oo
~ o

i) do [y = b
[6l [y ol of 40 3L

N
!
ox
—_>‘ﬂ,
e
E
ot
2
°
Ry

g
il
oot
&
2
2

7 dX g B dAFoE WA E] 100% ©]3),
FEHWPEo] 30% olste] A oA HE Jhe
st Aoy x] LEFFE o]§3 Mooney-Rivlin

W= c, (I, —=3)+c,(,—3) (1)

A7 I, L WEEAFIL, ¢, ot BA A5
°olM, Yu w°] Riud FdoA e Fusvt
[16]. PDMS ~®IZ 5 o] &3 A3 ¥4 Rds 149
5ol YeEfWATE ~®ze] AFRTL of#f wEgoew o
A A9 A o, ~Ex Yo 2ol Aalw W
e AlFrett gt e] ~"E ey xS A
1% HEFsa lo], FAelA Foy a3 99
Ae 2L & FHS A3 S 7w FHo
flonz 93 vgde] A WEgow WIS o
ozt Wy 9 olFdtE ~WlEZ FIE FHe
A gHo e HEFsA Hed, oldf ¥z
sHEAY 2 Wi HF gHo] FAHW, o=
83 Yo ¥z EAjsl= wdo] AMES <
ngtl, ~wlsx spEEe] Wygse Awlxo]l vAH
B4 W oofyg; ~¥lE AR pwe] wgE, aFe
o), F i P oEstE et o g

=7]7} 25%x25x7 mmgl ¥ E o] 23 W Ee (O
AHA 1 mm7bA 01 mm A= WH3EA| 7] H,

stationary study® 31& T3tk 7]#e 2de T
18 3l=d stvsE 18 5(h)olA] B &

7H BE

AE BHY v g4 Aol ¥e 7 disk
type &Fola, ymx sp= 29 50N = F
A= ik vhgE I HS 7Ed bowl typeolth. &
Aol A7]l= ZdolEs 002 mmoeZ uAda Fs
2.88 mmeoll A Al 12.66 mm7FA] WEAZH T 1Y 5
(s} ()5 BYl 29z Wy 9 83 a5 Hg=
el AEEE B 5 vt

¥ 62 bowl type &
dEs JHs o, WyE t
of HEsteo LAst= vt
o g4 Zol7l dAT wj, Zo] AAF
Z¢go] 01 AXE H (H2 9
Fo] ZolAS & & d&d, o=

] y L B« =
WoHe ol g% MR 29T Pun 93 Uy

Mo 4



A7 AR A 538 =7 A, A27A A|125 pp. 872-877, 2014 129: AAE T 875

.

Contac pressure (si)

.

Contact pressurs (ps)
.

5 05 10 11 a7
ement (um)

(b) width = 8.96 mm

zaxis displacement (um)

(a) width = 12.66 mm

- max. contact pressure
O~ min. contact pressure

Contact pressure (psi)

Contact pressure (psi)

il : V

ohnm A A AA A
00 01 02 03 04 05 08 07 08 09 10 14
2 axis displacerment (um)

(d) width = 2.88 mm

01 02 03 04 05 08 07 08 09 10 11
zaxis displacement (um)

(c) width = 5.68 mm

Fig. 6. Contact pressure on bottom surface of bowl type
trench as a function of width.
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Fig. 8. Optical microscope images of lattice pattern on
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