A ER-INC)

Chinese Optics B

Development of phase delay mirrors for femtosecond laser systems
NIU Hong-kun, ZHANG Jing, FU Xiu-hua, MA Guo-shui, JIN Hai-jun, YANG Fei

, , ) [J]. , 2024, 17(6): 1442-1449.
doi: 10.37188/C0.2024-0015
NIU Hong-kun, ZHANG Jing, FU Xiu-hua, MA Guo-shui, JIN Hai-jun, YANG Fei. Development of phase delay mirrors for
femtosecond laser systems[J]. Chinese Optics, 2024, 17(6): 1442-1449. doi: 10.37188/C0.2024-0015

View online: https://doi.org/10.37188/C0.2024-0015

Avrticles you may be interested in

Alignment method of plane reflecting mirror system for aerial remote sensor
. 2022, 15(3): 534 https://doi.org/10.37188/C0.2021-0187

Simulation on tunable graphene metasurface focusing mirror based on flexible substrate
. 2021, 14(4): 1019 https://doi.org/10.37188/C0.2020-0171

Design of reflector assembly and adhesive layer under airborne wide temperature conditions
. 2023, 16(3): 578 https://doi.org/10.37188/C0.2022-0194

Multi-channel optical switching based on scanning mirror instrumentation
. 2023, 16(1): 136 https://doi.org/10.37188/C0.2022-0020

Time-delay interferometry for space-based gravitational wave detection
. 2021, 14(2): 275 https://doi.org/10.37188/C0O.2020-0098

Double doughnut-shaped focal spots with controllable position in axial direction
. 2023, 16(2): 329 https://doi.org/10.37188/C0.2022-0036


http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2024-0015
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2021-0187
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0171
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0194
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0020
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0098
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0036

17 6 Vol.17 No.6
2024 11 Chinese Optics Nov. 2024

2097-1842 2024 06-1442-08

1,2 1* 12 3 3 4
1. , 130022
2. , 528437
3, () . 200444
4, , 130033

(group-delay dispersion GDD)
Nb,Os  SiO,
-800 fs?
900 1100 nm 99%

0436 A doi 10.37188/C0.2024-0015 CSTR 32171.14.C0.2024-0015

Development of phase delay mirrors for femtosecond laser systems

NIU Hong-kun*? ZHANG Jing'” FU Xiu-hua** MA Guo-shui® JIN Hai-jun® YANG Fei*
1. School of Opto-electronic Engineering, Changchun University of
Science and Technology, Changchun 130022, China
2. School of Opto-electronic Engineering, Zhongshan Institute of Changchun University of
Science and Technology, Zhongshan 528437, China
3. OPTORUN (Shanghai) Co., Ltd., Shanghai 200444, China
4. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, Changchun 130033, China
* Corresponding author E-mail: 465589960@qg.com

Abstract: Phase delay mirrors were designed and prepared to regulate femtosecond laser systems’ group-
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delay dispersion (GDD). This paper systematically investigates the principle of compensating group-delay

dispersion by phase-delay mirrors. Nb,Os and SiO, were used as the materials with high and low refractive

indices. The group-delay dispersion curves were smoothed out by pairing the phase-delay mirrors with their

complementary mirrors. The phase-delayed mirrors with phase modulation data of —800 GDD were prepared,

and the reflectivity reached more than 99% in the range of 900 nm-1100 nm. The bandwidth adjustment

problem of femtosecond laser systems is solved to meet the requirements of femtosecond lasers
Key words: group dispersion delay low oscillation reflector broadband modulation phase modulation
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Fig. 3 Structure of the phase-delayed reflector’s film sys-
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Fig.4 (a) Reflectance curve and (b) group delay disper-
sion curve of the designed phase-delayed reflector
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Fig. 6 (a) Reflectance curve and (b) group delay disper-
sion curve of the phase-delayed reflector combined
with the complementary mirror
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Tab. 2 Film material deposition parameters
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Fig. 7 (a) Reflectivity curve and (b) group delay disper-
sion curve of phase-delay reflector obtained by
measurement and calculation

SiO, Nb,Os
Nb,Os 8
Nb,Os
nd

Nb,Os



6 ) 1447
10
Nb,Os
9
1807 ) 11
P 150t 453 ps
()
21208 253 fs
g 90}
§ eo}
= Laser source HR
80+
G T S S T I S TS AR BS
O L ELLLELLES S
WO a0 o (O (O (A S 6O Grating?
Time/s
B Gratingl
() Nb,O; A O GT1 Roof mirror
2.30} HR
x
g GT2
£
0 2.28¢
% 10
% Fig. 10 Schematic diagram of femtosecond laser system
& 2.26}
0.04  ul%
— $y"E 003308
4 L L L L L L L L L L
110 115120 125 130 135 140 145 150 155 0.03L
Temperature/°C 5
©
8 Nb,Os (@) >
(b) Nb,Os ot
£
Fig. 8 Fitting results of refractive index of Nb,Os material 0.01
varying with temperature. (a) Substrate temperature el
varying with time; (b) refractive index of Nb,Os { o '
varying with temperature Time/ps
100.0r 1
Fig. 11 Measurement results of femtosecond laser system
)2@aee h
9.9 EKgh
g G-T
S 99.81
c
8
[S]
% 99.7+
K G-T
12
99.6+
G-T
99.5 ! ! !
800 1000 1200 8 @eb )
Wavelength/nm =9 A A
. '3 2cog
. 2@
Fig. 9 Measured reflectance curve for phase-delayed re- lo=— ¢ 10 0
flector 0
by (bg = bpsec o)
4.2

12



1448 17
G-T
-800fs? G-T
5
Nb,Os  SiO,
[ - - $y'E 00))2@=h |
L — $y"E U0J E'wh !
@ | | — %=rEwh !
ail t o - - ¥%=0)2@=h ‘
a !
o; [ !
8 !
s . |
gt 7
3
! 0
0: ,
it
. Nb205
it
9 10 ogO o O O 10 O O o0
90 g1° o> o2, o oYy ST &%) O P 970 1100 nm
Wavelength/nm
0
12 99.9% 970
2
Fig. 12 Calculated and measured group delay dispersion 1050 nm -800 fs
curves of phase-delayed reflector

[11 : : . 1. 2017 30 3
80-84.

LIU W J, REN SH T, PAN Y ZH, et al.. Design and experiment of double chirped mirrors based on transfer matrix
theory[J]. Physical Experiment of College, 2017, 30 3 : 80-84. (in Chinese).

[2] , , - [J1. 2018 45 10 1003001.
LIU J, WANG Y ZH, ZHAO R R, et al.. Low vibration and high dispersion mirror pair in femtosecond pulsed Ti:
sapphire laser[J]. Chinese Journal of Lasers, 2018, 45 10 : 1003001. (in Chinese).

[31 MELNIKAS S, GIMZEVSKIS U, KICAS S. Stress compensated back side coated chirped mirror with high negative
dispersion[J]. Optics & Laser Technology, 2020, 121: 105820.

[4] CHEN Y, HAHNER D, TRUBETSKOV M, et al.. Suppression of group delay dispersion oscillations of highly
dispersive mirrors by non-uniformity and post-deposition treatment[J]. Optics & Laser Technology, 2021, 142: 107192.

[5] CHEN Y, WANG Y ZH, LU Y SH, et al.. Design, production, and characterization of a pair of positive and negative
high dispersive mirrors for chirped pulse amplification systems[J]. Optics Express, 2023, 31 9 : 14521-14531.

[6] , , , 1. 2022 39 4 566-573.
YANG H, TENG H, LYU R CH, et al.. Study on femtosecond chirped-pulse amplification based on concentric
stretcher[J]. Chinese Journal of Quantum Electronics, 2022, 39 4 : 566-573. (in Chinese).

71 , : ;o 1. 2016 9 6 649-655.

CAIl X K, ZHANG L CH, SHI G, et al.. Low stress DUV optical coatings deposited by ion beam sputtering[J]. Chinese
Optics, 2016, 9 6 : 649-655. (in Chinese).

(el , : .o 1. 2011 4 3 299-304.

MEI Y SH, FU X H, YANG Y L, et al.. Design and preparation of optical films for fiber lasers[J]. Chinese Optics,
2011, 4 3 :299-304. (in Chinese).

[91 YUAN W J, LI CH SH, SHEN W D, et al.. Robust unbalanced Gires-Tournois mirror for group delay dispersion
measurement evaluation by white light interferometer[J]. Optics & Laser Technology, 2023, 157: 108654.

[10] JI X CH, DAIJL, ZHANG JL, et al.. Group delay dispersion monitoring for computational manufacturing of dispersive
mirrors[J]. Optics Express, 2023, 31 5 : 8177-8189.

[11] ZHANG Y H, WANG Y ZH, CHEN Y, et al.. Ultra-broad bandwidth low-dispersion mirror with smooth dispersion and

high laser damage resistance[J]. Optics Letters, 2023, 48 14 : 3761-3764.


https://doi.org/10.3788/CJL201845.1003001
https://doi.org/10.3788/CJL201845.1003001
https://doi.org/10.1364/OE.484287
https://doi.org/10.1364/OE.483887
https://doi.org/10.1364/OL.497578

6 v 1449

1984—
E-mail 465589960@qg.com



mailto:465589960@qq.com

	1 引　言
	2 膜系设计
	2.1 G-T相位补偿镜原理
	2.2 膜系优化设计

	3 薄膜的制备
	4 实验结果与分析
	4.1 误差分析与修正
	4.2 相位延迟的测量

	5 结　论
	参考文献

