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Abstract In order to increase the exposure contrast of the holographic grating exposure system, and depress the
exposure interference fringe drifts caused by the environmental changes, a method of interference fringe locking by
grating-shifting is proposed. The beam splitter grating is used to split the beam from laser source and adjust the
phase of the interference fringe. The phase changes of the interference fringe are measured indirectly by Moire
fringe. The best detection locations of the two photoelectric detectors are given. The parameters design method of
the beam splitter grating is presented by combining the function of splitting beam and regulating phase. The
controller is designed aiming at the characteristic of the grating exposure. The phase-regulating performances of the
beam splitter grating and the piezomirror are contrasted theoretically. The experiment results illustrate that the low-
frequency drifts of the interference fringe are depressed at a sample frequency of 500 Hz. The value of the phase
locking is below 0.13 rad (36), namely the fringe drift is below £0.021 period. The exposure interference fringe
can be timely and effectively locked by this method, and the exposure contrast is improved. The tilt of the beam
splitter grating has little effect on fringe’s period. Besides, the phase regulating performance is only relevant to the
parameters of the beam splitter grating, which is convenient to the design of the optical layout.
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Fig. 1 Principle of grating-shifting exposure interference fringe locking
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Fig. 2 Frequency response of the FIR low-pass filter
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Fig. 3 Optical path photo of the experimental system
, 12 bit PCI 1714UL A/D .A/D
+5V, A/D :10 V/2"%=0.0024 V, s
) . 3
. oV, 3V,
+d;/20(s) ) 0.0014 rad, XP-620. 12K
) 0~12 pm, (USB) o
D/A 16 bit, +10 V, 0oV ,
12 pm, A X (12 pm/2"%) /(1 mm/600)=0. 0028 rad,
, 0. 0028 rad,
(PSD, <50 Hz) 4 o 4 , 3 )
3V, 5 min , ) ,
Uairo (a) Ugg 3 (b) Ui

4
Fig. 4 Differential voltage Uy of PD without fringe locking. (a ) Time domain change of Uy ; (b ) PSD of Uy
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Fig. 5 Change of differential voltage Uy when the fringe locking starts
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Fig. 6 Differential voltage Uy of PD when fringe locking is on. (a ) Time domain change of Ugy; (b) PSD of Uy

dy=M/sin B, »

(8

Qm »

(6)

(9

®m

@,

Qm

C 1 )
L,
drlcos a
m 8
Er— (8
a;, = 0, n=1 ,
4xlsin B, (9
e
’ Qm

o

0509001-6



o

7 s dim s
= sin@+si/;<@—23> — d[1+5cot -+ o(8) ], (10)
di=x/(2sin §) s .
) .+1
Be =arcsin(d%*sinozg>o 1D
o 0 8 Be Be e »
DB s 8 o 1) , AP, :
A =— W% —— Cofﬁgo 12)
7 8
Fig. 7 Angle change of reflected light Fig. 8 Angle change of diffracted light
when the piezomirror tilts when the beam splitter grating tilts
1) ) , T 1
(1+1/cos 3006 . ,—1 (1+1/cos 8,06 ,
dig »
di = sin[ﬁ— (14 1/cos B, )SJi sin[0+ (14 1/cos B, )97 - d{l +% (14 1/cos %0 —5—0(64)}
13
1o a3 o, ) 1) ) dcot @
, 9 ) o ) ,
o , Be o )
B, 10°~50° ,
o s o sl

0509001-7



[1]
(2]

[3]

[4]

[5]

(6]

(7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

0.13 rad(3¢), +0.021 .

’ b

Hutley M C. Diffraction gratings[M |. New York: Academic Press, 1990: 95-100.
Qian Guolin, Li Chaoming, Yin Qingyan , et al. Study of characteristic of fringe locking system used to holographic
exposure[ ] ]. Laser Technology, 2008, 32(6): 648-650.

, , y Jl , 2008, 32(6): 648-650.

Song Ying. Effect of phase changes of interference fringes on exposure of plane holographic gratings[J ]. Laser
Technology, 2016, 40(3);: 339-343.

J , 2016, 40(3): 339-343.
Yang Qimin, Zhang Wenbi, Zhong Liyun, et al. The influence of external vibration for making hologram and the
locking of interference fringe[J ]. Laser Journal, 1999, 20(3): 36-38.

, , . [J] , 1999, 20(3): 36-38.
Young P P, Priambodo P S, Maldonado T A , et al. Simple interferometric fringe stabilization by charge-coupled-device-
based feedback control[]J ]. Applied Optics, 2006, 45(19);: 4563-4566.

Sio L. D, Veltri A, Tedesco A ,etal. Characterization of an active control system for holographic setup stabilization[] .
Applied Optics, 2008, 47(10);: 1363-1367.

Ott D B, Divliansky I B, SeGall M A, et al. Stabilization system for holographic recording of volume Bragg gratings
using a corner cube retroreflector[] ]. Applied Optics, 2014, 53(6): 1039-1046.

Schattenburg M L, Chen C G, Heilmann R K, et al. Progress toward a general grating patterning technology using
phase-locked scanning beams[C |. SPIE, 2002, 4485 378-384.

Heilmann R K, Konkola P T, Chen C G, et al. Digital heterodyne interference fringe control system[] ]. J Vac Sci
Technol B, 2001, 19(6): 2342-2346.

Han Jian, Bayanheshig, Li Wenhao , et al. Method of adjusting the groove density spatial frequency multiplication of
plane holographic grating[ ] ]. Acta Optica Sinica, 2011, 31(10): 1005003.

. , . [JJ , 2011, 31(10):
1005003.

Gao Jinlei, Zong Mingcheng. Development of symmetrical double-grating interferometric displacement measuring system
[J]. Chinese J Lasers, 2016, 43(9): 0904003.

. . [Jl ., 2016, 43(9): 0904003.

Zhang Shu, Li Yu, Lu Guangfeng. Research of laser doppler vibrometer based on dual-frequency ring laser[ ] ]. Acta
Optica Sinica, 2016, 36(3): 0312003.

. . : (1] » 2016, 36(3): 0312003.
WuCC, Hsu C C, Lee J Y. et al. Optical heterodyne laser encoder with sub-nanometer resolution[]J ]. Meas Sci
Technol, 2008, 19(4): 045305.

Song Ying, Bayanheshig, Qi Xiangdong, et al. Design of frequency-shift interference fringe locking system in
holographic grating exposure[J ]. Optics and Precision Engineering, 2014, 22(2): 318-324.

, , . [J] , 2014, 22(2):
318-324.

Han Jian. The research on the lithography system and the grating mask profile evolution and controlling in the
fabrication of the holographic grating[ D]. Beijing: University of Chinese Academy of Sciences, 2012 55-57.
D7. . , 2012: 55-57.

0509001-8



