CN 51'-1546/04 1SSN 1003- 501X (Eﬂﬁﬂ#ﬁ)h ISSN 2094-4019 (R#Hf)

ORI TR F AR
wi, W8, Tikfh, WO, KKK, TH, FR, AR, KFH, R2, BEE, KHR, WEK, RE

S| A&

B, WE, TiEF, F BB IMALFIFRM]. LR T, 2023, 50(3): 220073.

Dong B, Zhang J, Wang D W, et al. Femtosecond laser micromachining optical devices[J]. Opto-Electron Eng,
2023, 50(3): 220073.

https://doi.org/10.12086/0ee.2023.220073
145 B 8B: 2022-05-05; &2 H Hi: 2022-06-25; A HH5: 2022-07-07

EES e

Advances in femtosecond laser direct writing of fiber Bragg gratings in multicore fibers: technology, sensor and
laser applications

Alexey Wolf, Alexander Dostovalov, Kirill Bronnikov, Mikhail Skvortsov, Stefan Wabnitz, Sergey Babin

Opto-Electronic Advances 2022, 5(4): 210055 doi: 10.29026/0ea.2022.210055

HAEEHEERERMBMMEHN SRR RtR

JfT, B, W, I, #12

StE T 2022, 49(1): 210330 doi: 10.12086/0e€.2022.210330

CRBOLH E R R TR TR

BT, KARA, BHEE

KT 2022, 49(2): 210388 doi: 10.12086/0ee.2022.210388
ZEMERSFH RIS AR R

MREtl, R, BOCHE, HRAE, KET, P LW, A
St I 2022, (): doi: 10.12086/0ee.2023.220041

B2 ig i e s [

OEE & 2

Opto-Electronic Engineering

http://cn.oejournal.org/oee % OE_Journal Website


https://www.oejournal.org/oee/
https://www.oejournal.org/oee/
https://doi.org/10.12086/oee.2023.220073
https://www.oejournal.org/article/doi/10.29026/oea.2022.210055
https://www.oejournal.org/article/doi/10.29026/oea.2022.210055
https://doi.org/10.29026/oea.2022.210055
https://cn.oejournal.org/article/doi/10.12086/oee.2022.210330
https://doi.org/10.12086/oee.2022.210330
https://cn.oejournal.org/article/doi/10.12086/oee.2022.210388
https://doi.org/10.12086/oee.2022.210388
https://cn.oejournal.org/article/doi/10.12086/oee.2023.220041
https://doi.org/10.12086/oee.2023.220041
https://cn.oejournal.org/article/doi/10.12086/oee.2023.220073?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2023.220073?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2023.220073?viewType=relative-article
http://cn.oejournal.org/oee

ngto-;lec‘t:‘)ni;fngineering ReVieW
= + AN T E R 2023 F, 55 50 %5, 55 3
DOI: 10.12086/0e€.2023.220073

: /E[ SN2 O
KERECE I TR F S
W, K M, IRE, KT, REA, 4.1 i

z ', F B, RA, kFHmL, BB
BmE, Auer, xmEmT, 2"

VR E B R AR KRS AR SR INES R, T E B BB
FIFAT R G A SRS, R RO R AR

NS, ERAE 2300265 ‘ “E
P E R AR KB E R, R ARG B, ‘NN&
LA AR 230001

THE: AFRAEEAE NN, ERAARFERTER S F QLRE, K TERMM AT BT R LA LK
A, R RARGEERESFRE AR L. RmB AT SHEMM M T FBRES T R (focused ion
beam, FIB) Zl4k. ¥ Fih k2 F ¥ A4, A2 FiEH, WA —FrAEER. SAE. SI0FIREL A
e LT B fEfkdie Ty &2 B4Rk, AL B AR T KA THALF BT T RAAAEANE, RETET
REAMAMI SRR EHM Tk, BEEZRTEATRAELNG S AR M I TR, LB 8L THFR A Y M
IHER. . RRFUABET dikF @R AR R, RE, AXAEIET KA Tk 5 SRR AR
BAT 8 e G PRV B AR R R T R

FHER: kAL SMHE; M, AFBRAF

FESZS: TB383.1; TN249 XEktREE: A

WM, wkIE, EikfR, & REEOUINTEGOCESE V] R TR, 2023, 50(3): 220073
Dong B, Zhang J, Wang D W, et al. Femtosecond laser micromachining optical devices[J]. Opto-Electron Eng, 2023, 50(3):
220073

Femtosecond laser micromachining optical
devices

Dong Bin', Zhang ]uanz, Wang Dawei’, Zhang Yiyuanl, Zhang Leran', Li Rui', Xin Chen',
Liu Shunli', Zhang Zihang', Wu Hao', Jiang Shaojun’, Zhu Suwan', Liu Bingrui'", Wu Dong"*

'CAS Key Laboratory of Mechanical Behavior and Design of Materials, Key Laboratory of Precision Scientific
Instrumentation of Anhui Higher Education Institutes, Department of Precision Machinery and Precision
Instrumentation, University of Science and Technology of China, Hefei, Anhui 230026, China;

2Department of Clinical Laboratory, the First Affiliated Hospital of USTC, Division of Life Sciences and Medicine,
University of Science and Technology of China, Hefei, Anhui 230001, China

isHEA: 2022-05-05; &EIHEA: 2022-06-25; FHHEA: 2022-07-07

BEEWE: R A RFEIES I H (61927814, 52122511, 91963127, 52075516, U20A20290, 52175396); 22444 T A FH 41
(201903a05020005)

“RIE1EL: X%, brliu@ustc.edu.cn; %4, dongwu@ustc.edu.cn,

WA BT B ©2023 H B} B 't AL AR5 T

2200731


mailto:brliu@ustc.edu.cn
mailto:dongwu@ustc.edu.cn
https://doi.org/10.12086/oee.2023.220073

M, S B TR, 2023, 50(3): 220073

https://doi.org/10.12086/0ee.2023.220073

Abstract: Miniaturization, integration, and flexible deformation are the future development trends of optical devices.

Meanwhile, optical systems based on integrated micro-optical devices stand out for their low power consumption,

fast response, and high information storage capacity. However, current high-precision micro/nano processing

methods, such as FIB (Focused lon Beam) and semiconductor lithography, are far too complex and in lack of

flexibility. Femtosecond laser, as a non-contact, high-precision, high-intensity tool for "cold" processing, is

particularly favored in micro/nano processing. This review first elucidated the background and mechanism of

femtosecond laser micromachining used in optical device. After that, we discussed a number of methods employed

to improve the resolution of femtosecond micromachining. Then we listed various advanced processing means

based on femtosecond laser and systematically summarized recent representative research developments of

femtosecond laser micromachining used in microlens, gratings, optical waveguides, and photonic crystals. Finally,

we concluded the challenges and the directions for further development of femtosecond laser machining in the field

of micro-optical devices.

Keywords: femtosecond laser; high-precision; micro/nano structure; optical device
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(c) Fabrication of microtubes using C-shaped Bessel beam generated by spatial light modulator®. Figure reproduced with permission from: (a)
ref. [65] © Wiley; (b) ref. [66] and (c) ref. [68] © American Chemical Society.
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Femtosecond laser micromachining
optical devices

Dong Bin', Zhang ]uanz, Wang Dawei’, Zhang Yiyuanl, Zhang Leran', Li Rui', Xin Chen',
Liu Shunli', Zhang Zihang', Wu Hao', Jiang Shaojun’, Zhu Suwan', Liu Bingrui'", Wu Dong""

A=790+5 nm

(a) Femtosecond laser fabricating microlenses; (b) Femtosecond laser fabricating optical waveguides;
(c) Femtosecond laser fabricating micro-waveguide; (d) Femtosecond laser fabricating photonic crystals

Overview: Currently, the development of semiconductor technology based on electrons has reached its physical limit,
and the further reduced size of semiconductor devices will bring about the problems such as excessive power
consumption. To solve the above-mentioned problems, information technology based on photons stands out for its fast
response time, high storage capacity, strong parallel processing capability, and low power consumption. However,
traditional optical devices are generally large in size, so the optical system composed of such devices is quite bulky and in
lack of flexibility, which greatly increases the difficulty of optical system integration. The development of micro-optics
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theory makes the integration of optical devices possible. Optical devices on multiple scales have shown the performance
no less than that of traditional optical devices, which not only substantially promotes the miniaturization of optical
system but also puts forward higher requirements for the micromachining precision.

Laser, as a non-contact, high-energy, non-polluting, and automatic processing tool, holds various applications in
material processing, wide-bandwidth communication, optical devices, data storage and other important industrial fields,
and has been widely concerned by industry insider. Compared with traditional long-pulse or continuous laser
processing technology, femtosecond laser exhibits various advantages such as ultrashort pulse width, ultrahigh peak
power, and ultralow thermal effect, thus making itself a more advanced micro/nano processing tool.

Because of the threshold effect of two-photon polymerization (TPP) and the Gaussian distribution of femtosecond
laser after being focused by the objective lens, TPP can theoretically achieve three-dimensional resolution beyond the
diffraction limit if the light intensity at the center of the focus is just slightly greater than that of the two-photon
ionization threshold. Based on the above-mentioned theory, femtosecond laser can actually fabricate arbitrary
micro/nano 3D structures in the circumstances of point-by-point scanning. Other than TPP, the interaction between
electrons and ion subsystems during the ultrashort-pulse laser processing of metal or semiconductor is mostly analyzed
by the Double-Temperature Equation (DTE). Based on the DTE, femtosecond laser has been employed to drill holes or
achieve arbitrary patterning on metal surface. When ultrashort-pulse laser interacts with dielectric materials, precise
reduction of material can be achieved through "avalanche ionization" triggered by multi-photon ionization or tunneling
ionization. Based on the above-mentioned theory, femtosecond laser can actually process any material in practice.

Therefore, in this review, the principle and advantages of femtosecond laser as well as its application in the
micro/nano processing of optical device are discussed in detail. This review is divided into five sections. The first section
introduces the mechanism and processing properties of femtosecond laser. The second section discusses a variety of
methods to improve the resolution of femtosecond laser micromachining. The third section focuses on the femtosecond
laser processing technology, and the fourth section describes the femtosecond laser's application in the processing of
optical devices, including microlens, optical waveguide, grating, and photonic crystals. Finally, this review makes a
summary and discusses the prospect of femtosecond laser micromachining used in optical devices.

Dong B, Zhang J, Wang D W, et al. Femtosecond laser micromachining optical devices[J]. Opto-Electron Eng, 2023,
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