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Research progress of 2-5 pm mid-IR femtosecond

optical parametric oscillator (Invited)

Tian Wenlong', Han Kang', Zhu Jiangfeng'', Wei Zhiyi**

(1. School of Physics and Optoelectronic Engineering, Xidian University, Xi'an 710071, China;
2. Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Since the first use of Kerr lens mode-locked Ti: sapphire laser pumped RTA optical parametric
oscillator to achieve mid-infrared femtosecond laser in 1994, with the continuous emergence of high-power near-
infrared pump sources and various high-quality nonlinear crystals, the mid-infrared femtosecond optical
parametric oscillator had made considerable progress in terms of average power, pulse width, and tuning range in
the past two decades, providing diverse application tools for basic scientific research, biomedicine, and national
defense security. Mid-infrared femtosecond optical parametric oscillators were divided into two types in this
paper: wavelength tunable output type and broadband-spectrum output type. The research progress of these two
types of 2-5 pm mid-infrared femtosecond optical parametric oscillators at home and abroad were reviewed
respectively. Finally, the further development trend was discussed. In view of the outlook, high-power, high-beam
quality mid-infrared femtosecond optical parametric oscillators and high-energy mid-infrared femtosecond optical
parametric oscillators are two important development directions.
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nonlinear crystal
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Fig.1 Schematic diagram of optical parameter down conversion.
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Tab.1 Summary of the optical properties of widely used mid-infrared nonlinear crystals

Nonlinear crystal Transmittance range/um FOM’/pm*- V2 LIDT"/GW-cm Ref.
PPLN 0.32-5 52.4 0.039 (20 ns@1.56 um) [16]
PPLT 0.28-5.5 21 0.14 (30 ns@1.06 um) [16]
KTA 0.35-5.3 49.1 1.2 (8 ns@1.064 um) [16]

OP-GaAs 0.9-18 246.5 5 J/em? (5 ns, 1.064 um) [17]
OP-GaP 0.4-13 158.6 [17]
7GP 0.74-12 196 0.03 (30 ns@1.064 pm) [16]
GaSe 0.62-20 106.8 0.03 (10 ns@1.064 um) [16]
AgGaSe, 0.76-18 82.3 0.013 (30 ns@1.064 pum) [16]

"FOM 4% MR 46 %76 A AR 4t 2 B B K 4> 76 1 064 nm— 1400 nm+4 433 nmzk 1 550 nm—2 400 nm+4 376 nm K TR,

“LIDT: $8#0G7 T A R ARSI .

202103504



s Gk A2

% 84

www.irla.cn

% 50 A

AEH RAAALVE FCH 98 o X TR L AR 7 DL e Iy =X,
fm PR A AR A7 D B 2 I T A 2K (6) 3R

AL

cLIGVM)|

B 1 1
B vicos(a + ) B \75
K a M B4 ARG INBDLS R HDLR I A,
DL T A 51 A G S AR A, fE vicos(atp)=
v [RIFE AT LA B GVM G AR 67 DE e 7 58 14 FR 1, 3145
T R AL IC BCHE D8, PRt 3R L2 A0 467 DT e 2 4R A5 58
5 OPO 3% 1 5 — P AT T 58 o

2 Hg5ER OPO TARIHRE

©
GVM

2.1 KA R TF OPO

WA R BRI B = A ORI A A, A
ik & & HF i 58 th 2050 B OPO. 18] 2 it/ 2y B
1 iR R 217 20 R OPO SEER G I, I I N KRR
BRSEAHOG SR, L SR ST S AR 4 A
PPLN, ik s 015 Z e il =0, Rt 5 S
JeZ G IA—A/NRHEL L A, —  E i R AT S5 15
ST, Ty — 7 A R AR 15 SO SRR
RER 7 AR 3 — B0, B Ah, X F R4 = a R
OPO, H T (M A7, 38 A3 I8 15 & (B8 3l M3 19 fiL
) SR SR AR L AR A, T LASEE I K
ZEHIE

Pump

Crystal

[ 2 BB 24 €Y OPO SERLHE

Fig.2 Experimental setup of typical mid-infrared femtosecond OPO
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Fig.4 Experimental setup and results of high-power mid-infrared

femtosecond OPO pumped by a Yb thin-disk femtosecond laser™®
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Fig.7 Summary of the tunable mid-infrared femtosecond OPO (dashed line represents its tuning range) and broadband OPO (solid line represents its

output spectral coverage)
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