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Abstract; Gratings with many types of groove profiles such as rectangles and triangles can be
fabricated by wet etching silicon, during which a key step is to accurately align the grating line of the
mask with the (111) orientation of silicon. Sidewall roughness can be visibly reduced by high-
precision alignment, which is necessary for the fabrication of large grating structures. A fanned
alignment pattern was designed and fabricated, which was then etched to accurately determine the
(111) orientation of silicon. After determining the (111) orientation, a grating with a height of

48.3 pm, period of 5 pm, and area of 15 mm X 15 mm was fabricated successfully by ultraviolet
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lithography and wet etching. The aspect ratio of the grating was approximately 20, and the roughness

of the lines’ sidewalls was 0. 404 nm. A rectangular grating with a large aspect ratio and a triangular-

grooved grating were fabricated successfully with holographic lithography and wet etching. The

rectangular grating was 4. 8 pm tall with a period of 333 nm and an area of 50 mm>X 60 mm. Its aspect

ratio was approximately 100 with a sidewall roughness of 0. 267 nm. The period of the V-groove

grating was 2.5 pm, and its sidewall roughness was 0. 406 nm.
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Fig. 1 Fabrication process of silicon grating by wet etching
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Fig. 2 Pattern of pre-etching mask
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Fig. 3 Sketch of streak after pre-etching

4 S 720 0l JS 55 40~ 47 MR ARS8 JR
A AT LR WA AR ARt T 5 (L1 D T A
AT B A B v N — B BT 4 Ca) AR



4 e K% TR

% 26 &

40~43 £, B 1) g ik v B A2 i R E /N AL B
ZIE B WA /N B 4 (b) 44 ~47 AR AL AR HH
B 55 44~ A5 2R T IR ) Al S BE R T
46 .47 B m g TEBE A W E R T A M. 5B
A0~47 2, B 1) B ik B8 BE N 22 /N T AL B PR
MR A L B0 22 50 R AT 30, 6 IR 2 ok ) A
AT 455 (11D ST I f1 s AR BI/INFE I 2528
K PRI il ok B B2 T 0 A 5 I A 2 AR (5 44 R
45 80 AR N R SO 2RI X EL

/
A0pAINa 2043

()55 40~43 2k - 2 5% W3 0 B8 1) 48l Dl 538 B 22 i1 /N T A 3
25 HE Ok /)N
(a) The 40th—43th streaks: the width of transverse

drilling on the left is smaller than that of the right,

and the gap gets smaller and smaller

AAflac]ARAT

(b)5F 44~45 & 2R AT IL I 1] il 0o 98 B AE s 46 T4 30
B 46~47 2% A% T IR 1) Bl b 98 BE AT OR T A,
ZEPEROR B

(b) The 44th—45th streaks: the width of transverse

drilling on the both sides are equal, The 46th—47th

streaks: the width of transverse drilling on the right
side is larger than that of the right, and the gap gets
bigger and bigger

B4 T 5 T 40~47 BRA S
Fig. 4 The 40th—47th streaks after pre-eching

4 FBLARL®

4.1 BEABRERE

T 2 b i DG M T S bR g (111D b TET 1Y
T3 1] FFAE G20 3 7 v Al AT 2 % 5 B E 1Y i 1)
FAT . BB—FATRYIRZE & FR bR EIR 2 Rk
FE MOEHE ST MEL 5 (111 fh i 22 18] /Y e £ 5 RS 1 5
AR 2 0 RO TAT R 2 R O 2 HE
S AR B 2% 0 5 3 S 1 ) o 2k 22 TE) 1 S £
Y

TE i ) bR RE 1 R L PR 2 ol ] 5 R A A
— AR 2 2% VR A ) B ok wE B D AR AR T 5 B it
LR 1 T AR A 4% T A ok R B B S N AH AL Al 5
JioR, AR B 2B AR 558 C e A B 1Y
Vo2 R D R SEBR (111) & - 17 26
TE R MG &80k A RS D e fa /My 44,
PRS00 ) Al R B 2 S /DN 5 TR I 5 Ry O Ml X
2. A5 D ZIEMIMZE 0~0.025%, 1w 2 1
T BL AN EL 4 (D) TR FAE AR (35 44,45 4O Pl
Bl ik B 22 SO BH I 0 2R B0, B R AR 44 B5R
45 RAE MR LN T HELR bR 2 iR 2 o |k,
0. 025°,

P 5 i i I i 5 20l A% S0 56 R R T A

Fig. 5 Relationship between real (111) and pre-etching streak

ERHN I 20 X A B AR AR R TR BT A %
S FAY e - AR AR N HE TR AR AR 1 5 R %
SO TR o 2 5 O 2% B0 AT 9 AR R A A,
6 Fr7n o R AR T 1 XL S A 2R B0y
{3 B DU ik J R AT VR R N AT IR R



51 TERRIEE 25« (111 i ) B o 7 vk B HCAE vk 221 o e ' Al v 19 10 1

SURFEBMR AT T UM 2R 4% 9 301 B 22 1451
A IE K 100 mm, 58 3 pm, A0 48 56 2 (6] FR
30 pm, XPAELR K I K T H 98 B SC 86 b X AE
il 6 o R AE AR Y K S SR B =2 ) TE A K A%
SUG UL SE VAT . WUEL S K A LU R
9 0~0.009 5%, 7% A4 0. 009 5° B F4TiR2E .
MR 2% 5 (111) df 1 2 [8] 5L 0 XF i iR 2% 0=
JE+&E==20.027°,

— el Xt 2k

= TR (X IR AR 2L

6 Dl i 2k 5 R I 2% SOy X iR

Fig. 6 Aligment between aligment line and rectangular stripe

4.2 RZEZI A

T kA B T PR B R O 2 R A R R
RAEE 1 s 09 T 20 e, 4% T R A6 2 o 72 h
FEHEBOCME BB R a2 B T3 5580 5 6 v ifE
SN B X L T3 3k S S 220 el ) A R A R A
B B JF T 50 V0 SR A B W A E] 80 °C
AT 20 ke, 0 A 2 2 1 45 ) AT e G A 1
ZI kA S5 S2BE, HE R (110D i 5 (11 1) b T )
Ji b TR LY BB A% el BB [ B e TR (A 2 2%
BERR R I/ o TR BE T, (110D ff T 5 (111D
THT %) JE ok % L B T ok YR VAR BE Y T e
KU T BE R, i b el S L e R R 1 AR Ak R AR
23 PR B A AR [ i AN )

7 JE i AT SR AN SOk 2 e (1100 B R
% T8 ] B B R A R S, Sl i )RS 2915 mm X
15 mm, JiHH 5 pm, ZRZTEE N 2. 5 pm. KR
JER 48,3 pm, I 7 %5 ' A0 BE ) R B
AT L FE 400 nm X 400 nm X I P, LK E R,
A2 0. 404 nm, WA 7(D PR,

(O FHMCR TR EZI MO S (b R R

(a) Grating

Co) ) BE
(c)Grating sidewall

sample by wet etching

(b) Cross section

Projected surface arca
Surface area difference

0.161 um?
0.031 4%

<

Ra

Roughness rmax

0.334 nm
0.002 13 um

Cd) {0 B HH s
(d)Roughness of sidewall
B 7 U T Gl

Fig. 7 Rectangular grating with deep groove
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