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Effects of Ultrasonic Vibration and Wettability Enhancement on Surface
Roughness on Blaze Plane of Silicon Echelon Grating
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Abstract Surface roughness on blaze plane of silicon echelon grating can induce the scattering of incident light,
which means that the size of surface roughness is important to the application of echelon grating in spectrometer
industry. In order to reduce the scattering light of echelon grating, an important thing is to decrease the surface
roughness on blaze plane of echelon grating. In the silicon wet etching process, the pseudo-mask is formed by the
hydrogen bubbles generated during the etching process, which causes high surface roughness and poor surface
quality. Based upon the ultrasonic cavitation and wettability enhanced by isopropanol (IPA). ultrasonic vibration and
wettability enhancement are used to improve surface quality of echelon grating during silicon wet etching process.
The surface roughness is smaller than 15 nm when using ultrasonic vibration and it is smaller than 7 nm when using
wettability enhancement. Combining ultrasonic vibration and wettability enhancement, the surface roughness is
smaller than 2 nm when the range of IPA mass fraction, ultrasound frequency and power is 5% ~20% , 100 kHz and
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30~50 W, respectively. The surface roughness is equal to 1 nm when the range of mass fraction of IPA and

ultrasound power is 20% and 50 W and the ultrasound frequency is 100 kHz. The experimental results indicate that

the combination of ultrasonic vibration., wettability and optimizing of experimental parameters can fabricate the

echelon grating with lower surface roughness.

Key words gratings; wet etching; surface roughness; ultrasonic vibration; wettability enhancement

OCIS codes 050.1950; 050.2770; 230.1950

1 gl E

A7 S G CRRT Bk e A S — ol Jo 30 2 ol 45 A
B BAE R G REALER 1A% 0 oo, HL T BB R A
e vEge . Gl i % ge AR O ik 3 BEA P 21 R
EUVURMA R B TRz RN B A, O 7
TROULZE # I y J 303 LA T P 5 ke P 1 YA T 3R
IR HH R 1 45 1) S (5 45 A AT T i 22 3 7 B ik A R
VRS, 1975 4, Tsang 5550 1 R IE T 5 A
REEAE i 20 00y vk . el TR e mORLES B & 51k
NGB T L BT R AR DG M 5 e LR R %
A WO OCHHRE 2 T B MR Z —

FE2 SRl B R TR 0 20k T2 —
FRRE 7 358 FH K /N 25 T REURE B2 o 3k 7 325 1) J) PR
TE TV 002 B4 J2 R0 B 43 A AN ¥ 50, M LA SE B
Tl ¥ R 1 1 4 1) FORL B B2 24 50 4y A 45 H
M WFgT R AR R R 2 T g AR
7 I AT B v A (100) DL K (110D b ThT 1) 21 ot 3 5 K% )
Tl T S R L 53— i i S [ A
JE 1) Z20 P B T R R AR ik R T 1 i A L A eT
DAY /N 2 T AL RE Y ST (TPAD J& — Fh i
Y 20 OB S An A o A B KOH ¥ 8 v]
PASR T (100) &y T 14 2 187 J50 2t I BB 980 /0N ™ A 11 ]
e,

R SR T R R I AR 3 D R 2l A n ) S
FHLURE 2 G 2R B BF 7T 4 H T (100) A1 (110) & 1 17 H.
Xof 7 I A A AR FH A F 5 #0 2 AE SR — MR A N T
JREI o R FH A e Y 7% 220 ok S AR B TR D
BELLCLLD) T P S A DA R 1o s B (100) 1 (110)
fm A 458 BAR A W AT . A SC L (11D & AR o
FERT G AU 5 i i 0 125 220 ol T 25 A o At Ol
FE L2 3 A v 43 ) DA 75 35 R 3 v i Y 4 e ik
A TR 7 I 52 30 T T M G R 4 Ak = e T By
o6 S DR R T REL R 2 ) S S L O A A = RN T Tk
X A DA R T RS 1) 5% o A B A B A AL
2 THDRLBE B2 7 o0 b A B R DG A

2 S
S PR AR G AB O J 80 line/mm Yy H By

B A X3 — 1 Gl F A /N B i) . AR 46 %
W T8 5 L 2 o B R G A A 4 T 63, 4R, I
FERTHT R — 42 Z, N I I 534 nm Ak B2 35 31
AT SRR, B RE S T S EMIN A R R B
FITEE 1 R 1B o fg 28 43 o B (111 & T 5
(100) &b Tf7 (14 FH X 007 o AR 4 B8 B 11 AR X (100)
i 1T DA V) O £ 8. 66° % fik 64T VD1 Wl LSRR A A
XFCLLL) & T8 Af BE R 63, 4° 1Y R £ » S 2638 43 i U
5 A ] 22 ) R A

B 1 A G T R IR 6 R

Fig. 1 Relationship between silicon crystal planes

and blaze angle
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Fig. 2 Schematic experimental equipment in silicon

wet etching process
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Table 1 Measurement results of surface roughness on blazed plane of echellon grating with

ultrasonic vibration and without ultrasonic vibration

Ultrasound frequency /kHz

Surface roughness on R,/nm

Etching rate on (111) plane /(nm/s)

13.43
11.55
9.58
7.32
40. 28

0.030
0.038
0. 044
0.048
0.025
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Fig. 4 Schematic relationship between surface roughness

and ultrasound power
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