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Abstract  Given the problems of cumbersome steps and low effectiveness of the present double-sided microdevice
processing technique, a holographic double-sided photolithography based on the enhanced Gerchberg-Saxton (GS) algorithm
is proposed, which employs a single light source to achieve a double-sided pattern produced by single exposure on the upper
and lower surfaces of the glass substrate. This approach realizes double-sided pattern reproduction in the target space by
determining the combined holograms corresponding to various axial position patterns and loading them onto a spatial light
modulator (LCOS-SLLM) to regulate the incident light field. The holographic reconstruction of patterns A and B at distances
of 2 mm and 4. 06 mm from the focal plane, respectively, is calculated and simulated using the modified GS method. The
experimental device was set up to achieve the simultaneous exposure of the upper and lower surfaces of the 3-mm thick
transparent quartz glass substrate, and the problems of speckle, stray light, and crosstalk in the process of light field
generation were examined and solutions were proposed, and finally 60- pm linewidth double-layer pattern exposure was
realized, which confirm the feasibility of the proposed method for double-sided lithography. A single hologram and a single
light source are used in the technique described in this research to create numerous layers of arbitrary images in the target
volume during a single exposure, considerably simplifying the processes involved in producing double-sided pictures.

Key words computer-generated holography; micro and nano manufacturing; double-sided photolithography; light field

modulation; holographic algorithm
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Fig. 1 Schematic of the double-sided photolithography based on computer-generated holography algorithm
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Fig. 2 Schematic of the optical path of the improved GS algorithm
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Fig. 3 Flow chart of iterative optimization of improved GS algorithm
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Fig. 4 Reconstructed images of light field at different depths in the target volume calculated by simulation. (a) Letter B;

b) letter A
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Fig. 5 Simulated images of two-layer image plane in the presence of crosstalk. (a) Letter B; (b) letter A
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Fig. 7 TImage plane without eliminating speckle and stray light. (a) Image plane in the presence of speckle; (b) image plane in the

presence of stray light
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Fig. 9 Exposure results of photosensitive resin. (a) Exposure

result of the front surface of the substrate; (b) exposure

result of the posterior surface of the substrate
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Fig. 10 Results after exposure and development of photoresist. (a) High diffraction order exposure on the front surface of the substrate;

(b) zero order exposure on the posterior surface of the substrate

1609001-6



HEXE-MRIEX

5 4 1w

T —Bh R T O GS B R BOUZ 6 3t
A4 BT O L 2 S AR A7 TRV S TR I 2
XE S HOCHEAT VR, DU EESUZ 6 7R 5 B BL R Y
R R AT R 2R D vk . A IR T
X2 B A6, 40 M I i e 1 3 A it Ay ok 1) 2%
HOG HIUBE R PG ER e ) 30, AT AT R T i ' 7= A
M52 o JIT B i T LAl B sk 4 18 RIFE H AR XN
PEAT 27 1 R B RO . B 7E 3 mm 5 W 0 B A 3
B A9 WU THT S B — 22 B G IN T4 %6 o0 60 pm 19 %, 16
E T T 2 07 15 Bk MO SE B XURDC 2 B W AT . i T
XUTET P 2 oV EL A )l e, B0 R A A s 104 SO T %o
FE B4R 5 B AE WU SO 43 F Ui O 2 e AR
25 A e LA A R A 9 Ay, TR IS A R S ) A R T
Z )20 16 Y, Rk AT S B — 2B BG4 = 4
T,

2 % X #

[1] Mitchell 71, Park S J, Watson C A, et al. Laser direct
write of silicon nanowires[J]. Optical Engineering, 2011,
50(10): 104301.

[2] Zhang Y L, Chen Q D, Xia H, et al. Designable 3D
nanofabrication by femtosecond laser direct writing[J].
Nano Today, 2010, 5(5): 435-448.

[3] JiaY C, Wang S X, Chen F. Femtosecond laser direct
writing of flexibly configured waveguide geometries in
optical crystals: fabrication and application[J]. Opto-
Electronic Advances, 2020, 3(10): 190042.

[4] ZhangJ, Tan D Z, Cao K Q, et al. Large area patterning
of ultra-high thermal-stable structural colors in transparent
solids[J]. Chinese Optics Letters, 2022, 20(3): 030501.

[5] Chen F. 3D direct writing of bandgap tunable nanocrystals
in transparent material[J]. Advanced Photonics, 2022, 4
(1): 010502.

[6] Chen Y F. Nanofabrication by electron beam lithography
and its applications: a review[J]. Microelectronic

Engineering, 2015, 135: 57-72.

[7] Altissimo M. E-beam lithography for  micro-
nanofabrication[J]. Biomicrofluidics, 2010, 4(2): 026503.

[8] Joshi-Imre A, Bauerdick S. Direct-write ion beam
lithography[J]. Journal of Nanotechnology, 2014, 2014:
1-26.

[9] Park J S, Zhang S Y, She A L, et al. All-glass, large
metalens at visible wavelength using deep-ultraviolet
projection lithography[J]. Nano Letters, 2019, 19(12):
8673-8682.

[10] Kunwar P, Jannini A V S, Xiong Z, et al. High-
resolution 3D printing of stretchable hydrogel structures
using optical projection lithography[J]. ACS Applied
Materials &. Interfaces, 2020, 12(1): 1640-1649.

[11] Liu X, Li R, Yuan X, et al. Fast customization of

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

(21]

(22]

1609001-7

£ 6055 16 H/2023 £ 8 A/ B SXBEFZEHE

microneedle arrays by static optical projection lithography
[J]. ACS Applied Materials & Interfaces, 2021, 13(50):
60522-60530.

Huang L., Liu C X, Zhang H, et al. Technology of static
oblique lithography used to improve the fidelity of
lithography pattern based on DMD projection lithography
[J]. Optics & Laser Technology, 2023, 157: 108666.

Lin W, Chen D H, Chen S C. Emerging micro-additive
manufacturing technologies enabled by novel optical
methods[J]. Photonics Research, 2020, 8(12): 1827-
1842.

Geisler E, Lecompere M, Soppera O. 3D printing of optical
materials by processes based on photopolymerization:
materials, technologies, and recent advances[J]. Photonics
Research, 2022, 10(6): 1344-1360.

D, AR, WA, SR8 URE-2000S B 5840 8
XU ¥R BE 06 ZI AL i (7], e vl 7 R, 2005, 42(8):
388-391.

Ma P, Yang C L., Hu S, et al. Studies on URE-2000S-a
new single &. double-side UV depth-lithography system
[J]. Micronanoelectronic Technology, 2005, 42(8): 388-
391.

AW U X B R A (T A Tl R B
1994, 23(3): 26-28.

Gao Y Y. Double-sided quasi-exposure equipment[J].
Equipment for Electronic Products
1994, 23(3): 26-28.

Yang D, Liu L P, Gong Q H, et al. Rapid two-photon
polymerization of an arbitrary 3D microstructure with 3D
focal field engineering[J]. Macromolecular  Rapid
Communications, 2019, 40(8): 1900041.

Gerchberg R W. A practical
determination of phase from image and diffraction plane
pictures[J]. Optik, 1972, 35: 237-246.

Yang G Z, Dong BZ, GuB Y, et al. Gerchberg-Saxton

and Yang - Gu algorithms for phase retrieval in a

Manufacturing,

algorithm  for the

nonunitary transform system: a comparison[J]. Applied
Optics, 1994, 33(2): 209-218.

Kuzmenko A, lezhov P, Kim J T. Weighting iterative
Fourier transform algorithm for kinoform implemented
with phase-only SLM[C]/Digital Holography and Three-
Dimensional Imaging 2011, May 9-11, 2011, Tokyo,
Japan. Washington, D.C.: Optical Society of America,
2011: DTuC37.

Wu Y, Wang J, Chen C, et al. Adaptive weighted
Gerchberg-Saxton algorithm for generation of phase-only
hologram with artifacts suppression[J]. Optics Express,
2021, 29(2): 1412-1427.

Makey G, Yavuz O, Kesim D K, et al. Breaking
crosstalk limits to dynamic holography using orthogonality
of high-dimensional random vectors[J]. Nature Photonics,
2019, 13(4): 251-256.

Zhang J Z, Peéegard N, Zhong J S, et al. 3D computer
generated holography by nonconvex optimization[J].
Optica, 2017, 4(10): 1306-1313.



	1　引言
	2　光刻原理
	3　仿真计算
	3.1　基于改进GS算法的双层光场相位恢复

	3.1.1　初步计算
	3.1.2　迭代优化
	3.2　仿真复现双层光场

	4　实验验证
	4.1　系统搭建
	4.2　分辨率分析
	4.3　光场观察及优化
	4.4　曝光实验

	5　结论

