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Fabrication of High Performance Anti—-Reflection Silicon Surface by
Picosecond Laser Scanning Irradiation with Chemical Corrosion
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Institute of Laser Engineering, Beijing University of Technology, Beijing 100124, China

Abstract Based on the “cold processing” property of picosecond laser, the investigation on the hybrid technique
using picosecond laser irradiation followed by short-time chemical corrosion (NaOH solution, mass fraction: 4%,
lass than 3 min, water bath: 80 C) to fabricate high performance silicon antireflection textures is carried out. Over
a broad wavelength range of 400~1000 nm, the average reflectance of the two fabricated novel surface textures,
which are the micro—nano hierarchical structure texture and the dome—cone array texture, both reduce to below
10%. Even the average reflection of the former reduces to below 5%. The fabrication can be carried out with high
controllability and without using the etch mask and vacuum circumstance. The mechanism of different regulation
matching of the laser process parameters and chemical corrosion parameters acting on the formation of the novel
antireflection textures is studied. The antireflection mechanism of the textures is also analyzed. Results provide
an important guide for laser fabrication of high performance silicon antireflection textures for the application in
solar cells and other semiconductor devices in a low-cost and controllable way.
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Fig.1 Schematic of the picosecond laser processing system and the experimental process

3 R 51HE
3.1 W-MWMEHWTILIETRE MG

ST LU T, U OGS 9 WL % 100 kHZ 45135 380 % Sk 800 mm/s 5 KR HE 8O 471 4 B A2 45 0
8 MEBE R ST (d=40 pum) 1 J5 0], 97 25 3% 2 SOG4 B 42 R (] BE n=20.30.40 pm 19 R 51 %5 HE EH L, b 58
B — 4% 2R B A B m B OGS0 TR B RS BT — A AR 1R BE R o 9 F3 40 B AR R fh s TR . %
W d T 35 45 50 IS SR HE AR AR R IR . SE0 R B, Y B A A B m 7E 55~90 W Z AT, KN [ 45 4
] #E n=20.30.40 wm B &R AT 4R A5 Ak 3R 10 E 09 GIOK L4304, &1 2 i s o X LG & 30, 20 wm 51415 18] 8508 B2 1Y L
RAUIE AR B 43 A 2 L A7 B 0 9 L ) B S48 405 5 T M R BE O 30 pum B, T RASRASALAR ALURHR HL A 2
FVU) 1 AR L 23 A 5 4k 8 185 D4 4 18] B 3] 40 o B, bR 00 B 0 K, R SIOK AL 1 HE 5 HE 2Z 18] B A B 2 17
T DI, A OGTE e 23 & AR R A, AN R 3R T IR S AR A BRI . DR S R BE I 30 wm Ry B RD O R
R 25 SROK AL A DAL A TR . 76 S B v e B, MO0 BE B AR — B, 7R 4R 2 B B K b R RO B H & R
T (30 wm F IR BE I, %5 W 6T 3 9 W M1 % Ky 100 kHZ 474 3 %6 K 800 mm/s 49 35 K 85 1k), A 43 iy
B8 57 ) e FL G 3, PR 7R R IE DA AN S 8O A8 B B0 T, 48 15 S0 28 D) 3R 5 AT LA B 4] Hb 4 1= ik o

g72f £ 72t -
Z f = [ \ NN \WAY! \ "«‘u/\‘ NNN \ A NaM A AN ‘q' ‘“I,
2oV W VI ANV b
Baal U Y Baall ’ Eall Ve
- ! | 1 ] | i
0 61 128 196 256 0 64 128 196 256 0 61 128 196 256

Width /pm Width /um Width /um

&2 AN A T o R RO RS R HUESR K . (a) =20 pm; (b) n=30 wm; (c) n=40 wm
Fig.2 SEM and LSCM images of the sample surfaces processed with different laser scanning intervals n.

(a) n=20 pm; (b) n=30 pm; (¢) n=40 pm
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Fig.3 SEM images of the sample surfaces prepared with different laser scanning times m when n=30 pum.
(a) m=20; (b) m=60; (c) m=85; (d) m=140
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Fig.4 Surface morphology of the micro~holes processed with laser scanning interval of 30 wm and scanning times of 85.
(a) SEM image; (b) LSCM image
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Fig.5 SEM images of the holes with micro—nano hierarchical structure. (a) Top view; (b) structure details of the hole;
(c) cross section view of the hole
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Fig.7 SEM images of the holes fabricated with different chemical corrosion times. (a) 3 min; (b) 6 min; (¢) 9 min
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