A6 K 12
2019 4F 12 H

ol B
CHINESE JOURNAL OF LASERS

Vol. 46, No. 12
December, 2019

BT e mm b 2 SO 2 ekl L

REM', EAT, AANY, TER', BEY, IRET, EAS RTE’
AT KRN AR S IRHOC R R AR E . KR 130022,
BB KA B — KA . H A KA 130103

ME BT T T S ER N 2 B 2D G & L2055 5T GaAs ) FH 42 506 20 AW S & 4
B R ICP) T35 20 i B AR il % th JE1 012 860 nm IYOGHIEIEIIE o H T 42 U S0 A 190 < s A A A58 41 DA DI Al 220 e 1% L
FEGIABZI 0 T2, 3F M lift-off BoR W& Ni R, X e T ROEZE \SiO, Ni ZFlb 8HF 24 1CP 3k %1 1l
RS XTSI 20 ok TR 8 R TR AR L 5 R SR WYL N AR LA R A BT 2 R . R B 1A R R K50 nm
JE B Ni AR BEHERE T LS BRI 98 L2008 4.9 BS54 iZ 45 H B9 R 9 300 nm, ) PR D 1454 nm . B BE
L 0 RE TR 350 2 B B4 R S0 A 3 S 1

KGR el £EOLH; MR, ks

hE45ES TN305.7 XHEFRIRAD A doi: 10.3788/CJL201946.1203001

Fabrication of Holographic Lithography Micro-Nano Gratings Using Metal Mask

Gong Chunyang', Fan Jie'", Zou Yonggang', Wang Haizhu', Zhao Xin',
Ma Xiaohui', Cui Chao®, Song Zinan”
'State Key Laboratory of High Power Semiconductor Laser, Changchun University of Science and Technology ,
Changchun, Jilin 130022, China;
*The First Military Representative Office of the Army in Changchun, Changchun, Jilin 130103, China

Abstract The fabrication process of holographic lithography micro-nano gratings using metal masks is designed and
optimized. First, an 860 nm periodic grating is prepared using holographic lithography and inductively coupled

plasma (ICP) dry etching on the GaAs substrate. The hard metal mask grown by magnetron sputtering is

method. It has been shown that when photoresist, SiO,, and Ni are used as masks for ICP dry etching, they
determine the etching depth and morphology of the grating. Results show that the Ni mask has strong etch
resistance. Scanning electron microscopy demonstrates that Ni with a thickness of 50 nm can be used as a hard mask
to create a grating with an aspect ratio of about 4.9. The grating has a groove width and etching depth of 300 nm
and 1454 nm, respectively, with steep sidewall morphology and good periodicity and uniformity.
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1: 325 nm He-Cd laser
2: sampling mirror

3: power detector

4: exposure switch

5: beam splitter
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} He-Cd laser ‘

6,7: mirror

8: beam expander
9: collimating lens
10: substrate stage
11: CCD detector
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Fig. 1 Light path diagram of holographic lithography system

PL GaAs (100) i T A 2 48 I 4 L 0k L e+
JEHEATIEZ) e po & T LA A 2 o, 5
AR R OIS S 2 TR 860 nm 1
JEMHESC T . 32 42 56 20 HAR W L R A5 i BR A
N T ARAFIE S B4 (4 B D6 SE A I L R T 95 JH B 21

LA AT R | AR 77 9 RZJ-304 D6 20 iz, Jf 18
T i AT 32 B IR W 6 )2 VR A5 Rl 7E 250 nm 22
fio ik 60 s REWBIE N 9 s BRI, TEF R
R T HADCHEEIE B OE 2R o 3 5 4 D T
B R B 50 nm & H) Ni =, SR )5 5 B 5 1E

1203001-2



H |

i b

A TN 1 A A v R AT R A B RS ' %) i B
FE A9 NI B fsi, LURE R R T AY NI AR S el 20 ik

4 455 2 S AR B HE AT TCP 3 20 ok, ICP 1 1) ol
TR T 2250k 1 iR,

substrate cleaning

holographic
lithography

sputtering
deposn:ed Ni

0 GaAs substrate
i H ‘__
2 Ni hard mask

ICP etching

lift-off

P2 BLNI AR h BE SRS A LA 4 B 20 i T 23

Fig. 2 Micro-nano grating holographic exposure etching process for Ni as hard mask
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Table 1 Process parameters of ICP dry etching
for GaAs grating

Parameter Value

ICP power /W 400
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Pressure P /Pa 0.2
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Ar flux /(mLemin ') 5
Temperature T /°C 30
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Fig. 3 SEM surface maps of different material masks. (a) Photoresist; (b) SiO,; (c¢) Ni
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Fig. 4 Relationship between etched grating depth and ICP

etching time by using photoresist, SiO,, and Ni as masks
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Fig. 5 SEM cross-sectional images of ICP etched grating with different material masks. (a) Photoresist; (b) SiO,; (c) Ni
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