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Preparation and Optical Characterization of Black Silicon Materials
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Abstract; The black silicon has been successfully produced by Au particle-assisted chemical etch-
ing. The microstructure, reflectance, surface morphology and photoluminescence properties of black
silicon have been investigated by atomic force microscope, spectrophotometer, infrared spectrometer
and photoluminescence spectrometer, respectively. The results show that the obtained black silicon
exhibits a mountain-like structure with the average reflectance of 3.31% . The mechanism of black
silicon produced by Au particle-assisted chemical etching is the combination of etching effect and
passivation effect. The photoluminescence spectrum can be separated into three peaks which results

from quantum confinement effect, siloxene, impurity and defect, respectively.

Key words: black silicon; microstructure; reflectivity; infrared spectroscopy; photoluminescence spectroscopy

e

1 5l

FRREVE S — R B RO BERE, JLF- AT LA 4
TR WAL Al 5% A 2 T Z1 A1 I B YO, AR R FHAE HL
Mt OCH RIS AN AL B S T2
MG, HRrh & BeER kAR F2A

Wi B H: 2012-07-19; 1&ITHHEA: 2012-10-08

FRBOEIK B RN S 2k 2 (RIE) ) Hi 4k
AT RN 4 SR A A kO A X
ek 4 Jm A AL 2 0 ik ik ) A R ek TR
B JF HBUAHHXT AR, 764 8 ARk Ak 22 i ph ik
gk AR 0 =2 4 4 BRI 55 4
J& , J6 Il v W E 4 HEF/K,Cr,0,/H,0 W™

BEE&WB: HEHARREHE S (61106060 ) ; H E Rl 2 B AR AH T8 8 K H (Y2YF028001 ) 5 B %% i 6 R #F 55 & J& it il

(2012AA052401 ) %5 Bh 55 H

PEZF R fRE (1964 - ), 55, IWRBE B, 2N BB R 3l b ) BT BT

E-mail: liubangwu@ ime. ac. cn, Tel: (010)82995758



1358 K ot

¥R

%33 %

HF/Na,S,0,/H,0 ¥ . HF/KMnO,/H,0 ¥
1 HF/H,0,/H,0 k4%,

AICH &R H HF/H,0,/H,0 1R
G WA R B T s VR B AR R WFSE T HF 194K
TR BT S RE R 25 0 FPERE (R 2 e

SCECSR P RE B o AR (100 £0.3) mm,
(100) Fhlal B N BU4 G rk R, R B R (520 +20)
pm, FHZE N 2 ~4 Q - em, JE T FE P BT 69
HF /KT 50 40% , H,0, (R4 K0h 30% |, 52
WK R LB FK, e EE R 4% 1% HF
VR T B R T AR AR 5 SRS SR T IR S 1
PAERE A RIS — )2 20 nm JE 1) 4 BURE 0
S5 4 EE AR A HF H,0, F1 H,0 FIIRS IR
AT S ) JE PR HE R B4 B4y
HM6.25% ,7.70% F1 9. 10% ; % & JH E K E B

FIHR T 71 B8 (5154 Veeco Dimension
D3100) X B AE 14 F 18 P A7 R AE . >R H AR
SYERIESNAT LT LT A0 SO T (RLSh Cary
500) X BB AE 1 RS R AEATIN &, R 20 Ak
(BS54 VEXTER 70V ) %F BB 1 21 486 1% i
A &, A BRI IE AL (BS 5 Jobin

Yvon Horiba FluoroMAX-3) X} B £ 1) S 2 & 6t
T TN

3 #R5itik

B IRk s B R IR S, B
RAMGKR G S LR >4 HF R FR 80N
6.25% I}, 78 ik 2% T Y Ll R 45 44 1 TR EE B Ry
30 ~50 nm, FLARTLE 500 nm Ao AT, W 5506 2 JA] ) 6]
#E 4 300 ~ 400 nm; 24 HF K500 7. 70%
i, SRR T Y LU AR 5 40 O R BE (B R 70 ~ 100
nm, FLA2TE 800 nm Z& 47, W 5 06 2 [] 1) [] ¢
400 ~600 nm Z[1]; 24 HF AARFLS 400 9. 10%
B, PR 2 1A 179 Ly bR 285 4 1R R BB 100 ~ 150
nm, HAATE 1 pm ZE47, W 504 2 [R1 9 [k 900 ~
1 000 nm,

M1 AT LIE RS HE PRE 50 38 T
i T LU AR 25 40 1) 285 B8 SR Tt/ 3k F2
B TAERT N HE AR 3500y 3 72 v, JR k2 1 —
T A3 AR 2 /1N LY AR 45 ) 3% 7 B S odn 4t ) 4% 1Y
53 W) 5 R LLBEAR A5 4 6 I A8 UK LRI 25 44
() —FR A3 , AT 75 30 S R Ly AR 235 40 11 78 30 ¥ 34
s 9 FL R s /I AR 5 R B JE ol PRI T AH
CIENITITES AT il O] e N SERTI 37N
GG 1Y) BB BTN

(b)

1 BEEAPRHY R T B (a) MDEEER 5 (b) HF MREU N 6.25% 5 (¢) HF MR 7.70% 5 (d)

HF AR08 9.10%

Fig.1 AFM of black silicon. (a) Polished silicon. (b) HF volume fraction of 6.25%. (c¢) HF volume fraction of 7.70% .

(d) HF volume fraction of 9.10% .
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Fig.2 Reflectivity of black silicon
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Fig.3 Infrared spectra of black silicon and polished silicon
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Fig.4 Infrared spectra of black silicon
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Fig.5 Photoluminescence spectra of black silicon. (a) PL
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spectrogram of black silicon under different HF vol-
ume fraction. (b) PL spectral peak spectrogram of

black silicon under HF volume fraction of 9. 10% .
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