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Abstract In this paper, the composite micro-nano structure surface of Al, O,-Si with a low ratio of depth to width
and full duty ratio was prepared on the monocrystalline silicon substrate by using the self-assembly mask etch
technology as well as the conformal growth feature of atomic layer deposition technology. The results of spectral
reflectance tests show that when the bottom attains the full duty ratio and the ratio of depth to width is close to 1:
1, the average reflectance of the composite micro-nano structure surface in the frequency band of 3=5 pm is less than
3.5% at an incident angle of 8°. The results of nano-indentation tests demonstrate that the elastic recovery rate of
the composite micro-nano structure surface of Al,0,-Si is 10.14% higher than that of single silicon substrates,
which proves that the deposited alumina film can improve the mechanical properties of the anti-reflection micro-nano
structure.

Key words thin films; composite micro-nano structure surface; atomic layer deposition of aluminum oxide; mid-
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Table 1 Process parameters for preparation of Al, O, based on ALD technology
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Fig. 2 SEM images. (a) SEM image of PS microsphere mask; (b) side view of moth eye structure on silicon wafer

after ICP etching; (c) top view of Al, O,-Si structure; (d) side view of Al, O,-Si structure
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Fig. 3 Results of spectral reflectance tests. (a) Actually measured reflectance of structure surface with different

Al, O, film thickness; (b) average reflectance for different Al, O, film thickness

MG A 2 (1 SEM BG4S R 5 E 3 i
AR MR 45 L R A Lumerical FDTD #4317 5
B, 75 1) 6 HR 25480 19 B S 5 3 A A5 4800 0 S 50 0
HE 4 Frs., PFESECh . AGH R 8° b
H3~5 pm, AL O, ¥R 185 nm, Kl 4 1 S
FRFEAE AL O, W1 Si kR 2544 ,C 183 Al O, -
Si B AN . AR 4 TEDUR I A 45 R, AT
LIE ST ERAER L. a8 R 50
— SR A L AT — o AR B A RGO LB % DA i 1
IR G AW /N o 4 ~5 e P B9 RS S0/
KT B RN 11,306 300N 600, HL—454Y
10 S 56 45 TR ARE 400 25 SR 1 R o R 22 R AR N, R
3~5 pm G N R ER 2N T 0. 0355 T
XEFWINT AL O, fR97)2 052 & a1, 525

14
—e—measured-S-8° o
12} —s—simulated-S-8° Pt
<10l —*—measured-C-8°
i —a—simulated-C-8%4"
= _o*
28 ',»"'
é 6r .’J,q.'?
e
& 4l e a g
W M
2 i ) =
0

3000 3500 4000 4500 5000
Wavelength /nm

4 SRR 5 A R AR 8 AR B DI RN
[E=NE RO
Fig. 4 Comparison of test and simulation reflectance of single

structure and composite structure at 8° incidence angle
MEPLAS B (0 2 5 R AE 3.8 pm ZHTA — I L 5
fE3~5 pm JEE AN, R RMFHIRZENT

1031001-4



MR

0.23%  H Bk — B4 19 JEL A AT REJE: - 220 f AR B A
H ) P LA s ik B 1 748 A AN L AR 25 R 5 TR 33

1 fole 45 ¥ 2 T AN G
Bl 5 3278 THE 8° A ST A1 I 5 — 40 45 4 2 T
H5E G WM S R AE P RIS i 3% B 0 525
(a)

14 —=— average
—— P
—— S

12

Reflectivity /%
—
(=)

3000 3500 4000 4500 5000
Wavelength /nm

E42% F10H/2022 £ 5 B/RFZER
o MWEITATLUE W il T A G AR/, I 4 22
SRR, g — 25 7 P i .S e IR AR

MBI B 55 R AR 22 0. 1%, A NS ALE P I
3R VS i 4R R 25 R 19 SF 35 2 B R AUA 22 0. 00400,
P 25 5 B

() 4.0
—=— average
3.5} —e—P
8 | —a&—S
.:‘E 3.0
E 25}
S
g 2.0t
1.5}

1.0% - - - ;
%OOO 3500 4000 4500 5000
Wavelength /nm

5 8T AGFI A — A G5 K R TS K B AN S R T (AL O, JBJE N 185 nm) TE
P 4R A0S i B (9 S5 R . (0 B —554; (b B A a4 i

Fig. 5 Reflectance of single micro-nano structure surface and composite micro-nano structure surface (Al, O, thickness of

185 nm) for P-polarization and S-polarization at incidence angle for 8°.
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