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Formation of lotus surface structure for high efficiency silicon solar cell
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Abstract The reduction of optical losses in mono-crystalline silicon solar cell by surface texturing is a critical step to
improve the overall cell efficiency. In this study, we have changed the sub-micrometer structure on the micrometer
pyramidal structure by 2-step texturing. The Ag particles were coated on the micrometer pyramid surface in AgNO,
solution, and then the etching with hydrogen fluoride and hydrogen peroxide created even smaller nano-pyramids in these
pyramids. As a result, we observed that the changes of size and thickness of nano structure on pyramidal surface were
determined by AgNO, concentration and etching time. Using 2-step texturing, the surface of wafers is etched to resemble
the rough surface of a lotus leaf. Lotus surface can reduce average reflectance from 10 % to below 3 %. This reflectance is
less than conventional textured wafer including anti-reflection coating.
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Fig. 1. SEM images of textured mono-crystalline silicon wafer.



Formation of lotus surface structure for high efficiency silicon solar cell 9

50
@
144 .- .
% g2 13, .
40 2 = 200 1316
-~ % 8 4
S W5,
' D
® 30+ = %, 4
¢ R
ﬁ 2 0 A 8
§ 20+ Sample
b3
X 404 * SampleA ,_ﬂ
| Sample B
= SampleC
0 AN AL A SN S St AR SN RN SRS S
200 300 400 500 600 700 800 800
Wavelength(nm)

Fig. 2. Reflectance spectra the samples (A, B, C) etched in a
NaOH/TPA solution. The inset shows Average reflectance in the
range 400~900 nm.
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Fig. 3. Mechanism of metal-assisted etching process.

Table 1
Conditions of 2-step texturing

A B C D E F

Coating time (sec) 20 30 40 20 20 20
Etching time (sec) 60 60 60 20 30 40

of dgpje 27] % EE

_'

e L s =z

3} 819lE

Al

= 10% °l3}¢] ‘?P\Fg»: 2717 } A5} &7l w

APIR|E} 378 (anti-reflection coating, ARC)E F3lA{vF
o] oF 3ol WS 9 Ut Al Hh

BoAgle dnbHl "laATY dlo]s Wl electroless
deposition: 3 Ag F& ¥ HF §d0= 278 3
A E= 2-step texturing 3-8°|Th. 2-step texturing-
metal assisted etching®] WHUE o8] A=A
(Fig. 3). 10% A0 ¥WAS 7iE 8239 4ol
Holl nano Ato}29] loms structure 755 [AANZL
W oHEls 2 Qi WRAE dezl HWS oA
nano 7% ShellA HEAle} Aol dojuA] itk 2
ola} ol UIR=ze] F4E5 FVHIYIZ FHNREES

axs 24 F AU

Electroless depos.ltloné B8 Ag o9 coating A7
3 HFS ©)&3t etching A7+ HFE Fo] Agdo] A
AT Table 1). HA coating A17H 20~40%%2

32 Fol 1o WE erching AEE EQlsiugl), Fig.

Fig. 4. SEM images of nano-textured wafers by 2-step textur-

ing: (ay<(b) coating 20 sec/etching 60 sec, (c)~(d) coating
30 sec/etching 60 sec, (e)~(f) coating 40 sec/etching 60 sec.



10 Hyun Chul Jung, Yeong Kyeun Paek, Hyo Han Kim, Jung Hyun Eum, Kyoon Choi, Hyung-Tae Kim and Hyo Sik Chang

(@ 5

4 Coating(20sec)
. Coat@ng(3OSec
404 Coating{40sec]
)
o 304
Q
g
-
|53 .
b 20
®
X 10-
0 r r v T T v
200 300 400 500 600 700 800 900
Wavelength(nm)
© s
o~ 4
)
3
c 31
o)
8 * A
24
% | 233 238 238
x
o 1
>
<
0 y T T
20 30 40

Coating time(sec)

50 . = Sample A
¥ + Sample B
i |
404 x’ Sample C
X L™,
S ¥
® 304 B
Q .
o A
8
QO 204 .
L .
Go o
& 1o

0 r Y ' v r y
200 300 400 500 600 700 800 900
Waveleghth(nm)

—~
[=N
S’

50

40

30

Conventional texturing + ARC
204 (Avg. reflectance : 3.18%)

AA

104 £

r

L W

0 ¥ v 1 L v L) i)

200 300 400 500 600 700 800 900
Wavelength(nm)

Reflectance(%)

Fig. 5. Reflectance of (a) nano-textured wafers by 2-step texturing (condition A~C), (b) textured wafers, (c) and average reflectance
of etched wafer by 2-step texturing, (d) anti-reflection coated wafer.
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Fig. 6. SEM images of nano-textured wafers by 2-step textur-
ing: (ay«(b) coating 20 sec/etching 20sec, (c}-(d) coating
20 sec/etching 30 sec, (e)~(f) coating 20 sec/etching 40 sec.
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Fig. 7. Reflectance of nano-textured wafers by 2-step texturing
(condition D~F). The inset shows average reflectance of nano-
textured wafers.
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