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Progress of Mid-Infrared Continuous-Wave Optical Parametric
Oscillation Technique
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Abstract Mid-infrared continuous-wave optical parametric oscillator (CW-OPO) is the focus in the field of nonlinear
frequency conversion. It has important applications in optical communication, spectroscopy, remote sensing and
infrared countermeasure. We analyzed the main features of the nonlinear crystal which is used to produce mid-
infrared laser, and overviewed the experimental and theoretical researches of mid-infrared CW-OPO. We also
proposed some of its future research directions. Currently, mid-infrared CW-OPO can achieve the output power from
a hundred millwatts to ten watts in 3~ 5 pm with high stability, wide tunability. With the development of laser
technology and periodically poled crystals with further improved performance. the next step is expected to achieve
higher-power mid-infrared continuous-wave laser output in a larger tuning range.
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Table 1 Specifications of high-power mid-infrared CW-SRO

Pump power/

wavelength/ Output power . o . Nonlinear material,
Pump laser o Tuning range Configuration .
linewidth/ and wavelength period and length
threshold
. single-grating PPLN,
multimode i )
) 13 W/1064 nm/ R 1.45~1.62 pm (signaD) ; two-mirror 29.75 pm, 50 mm;
Nd: YAG . L 1.2 W @3.3 pm . X . X .
laser 2.2 GHz/4.5 W 3.11~3.98 pm (idle) linear cavity multiple-grating PPLN,
aser-”
28~30 pm, 25 mm
) ) four-mirror single-grating PPLN,
multimode 13.5 W/1064 nm/ § ) ) )
. o ) 1.6 W@1.57 ym 1. 45~1.60 pm (signal) ; linear cavity; 29.75 pm,50 mm;
Nd: YAG 2.2 GHz/6 W (linear) ; . . . . )
i . 3.55 W@3.3 ym 3.24~3.95 pym (idle) four-mirror multiple-grating PPLN,
Laser'®” 3.6 W (ring) ] ) ~
ring cavity 28~29.75 ym,25 mm
single-frequenc fan-out-grating PPLN,
& d . v 10 W/1064 nm/ 1.5~1.7 pm(signal) ; four-mirror & &
Nd: YAG , 1.5 W@3. 3 pm , o 29.3~30. 1 ym.
. 5 kHz/3 W 3.0~3.8 pm (idle) ring cavity
laser-'* 50 mm
single-frequency 11 W/1064 nm/ N . .
. ] 1.2 W@3. 9 pm; ) four-mirror fan-out-grating PPLN,
Nd: YAG 5 kHz/5 W@3. 9 pm; 3.7~4.7 ym (idle) . . _ _
120 mW@4. 7 pm ring cavity 25.9~28.7 pm,50 mm
laser"*! 7.5 W@4.7 pm

single-frequency
Yb: YAG

laser'?

18 W/1024~1036 nm/
5 MHz/8 W

3 W@2. 954 pm;
1.5 W@3. 8 pm;
90 mW@4. 16 pm

3.0~4.85 pm (idle)

four-mirror bow-tie

ring cavity

single-grating PPLN,
29.3 pm;
fan-out-grating PPLN,
28.5~29.9 pym
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. _ . . . multiple-grating PPLN,
single-frequency 1.541~1.6 pm (signal) ; four-mirror bow-tie

diode laser?*

8.05/1062 nm/4 W

1.1 W@3. 37 ym

3.154~3. 415 pm (idle)

ring cavity

28.5~31.0 pm,50 mm
(only used 30. 5um)

single-frequency

Ti: AL, O,

laser-*"!

6 W/775~860 nm/1.5 W

0.8 W

2.5~3.5 pm;
3.4~4.4 pm (ICUE)

four-mirror bow-tie

ring cavity

multiple-grating PPLN,
21.26~23.25 pm,50 mm

(only used 21. 75 pm)

TE A 28 1 D't 5 A AR e 46 9 50 U, Bl PR e R S R R AR AR e R AR EEE R — . RS
I A Y ' i A i D) AR I by T G B 80 i 0 OGO TR BT AN B ] A AR L R R AR R .
1o DA GET O AS FA R A BRI BB 8 JR AT B AR 93801 » T LA Dy JE 2R 6 2 F 5 s ) 4
itz I8 . SR HDGE OGSz 19 OPO AHXE T HA [ R B0 &% iz 19 OPO W] Sg L4, 454 55 5 % . bl
% UL JUAF 5 D R G AP OB A8 HOR (9 28 W7 A B T IR AR OB R S (1 624 4 S AR Wk 3 A o — AR %
A AT R YR SRR S TR R R . 3R 2 BEE T T OGO A AR g S5 B Hh 2041 1%
ZLPOC SRR G ww BB S O
F 2 OB WOLHAE K P LA CW-SRO TERES L
Table 2 Specifications of fiber-laser pumped mid-infrared CW-SRO

Pump laser

Pump power/
wavelength/
linewidth/
threshold

Output power

and wavelength

Tuning range

Configuration

Nonlinear material ,

period and length

Yb-doped

fiber laser?*”

8.3 W/1031~1100 nm/

3 GHz/3.5 W

1.9 W@3. 2um

1.515~1. 633 pm (signal) ;

3.057~3.574 pm,
3.0~3.7 pm (idle)

four-mirror
bow-tie

ring cavity

multiple-grating PPLN,
29.25~30.0 pm,40 mm

Yb-doped

fiber laser™®"’

6.6 W/1057~1100 nm/

30~100 GHz

1.13 W@3. 2 pm

1.583~1.597 pm (signal) ;

3.132~3.569 ym (idle)

four-mirror

ring cavity

single-grating PPLN,
29.75 pmAO mm

Yb-doped

fiber laser™"

50 W/l. 07 pm

10 W@2. 94 pm

four-mirror

bow-tie ring cavity

single-grating MgO:PPLN,
31.5 pm,50 mm

MOPA

fiber laser"®*

2.8 W/1083 nm/
50 kHz/780 mW

750 mW@2. 7 pm

2.65~3.2 um

four-mirror
bow-tie

ring cavity

fan-out-grating MgO:PPLN,
31.3~32.5 pm,80 mm

single-frequency

fiber laser™*

15 W/1064 nm/
100 kHz/5.8 W

5.1 W@1. 65 pm,
3.5 W@3.0 pm

four-mirror
bow-tie

ring cavity

fan-out-grating MgO:PPLN,
30. 8~31. 65 pm,50 mm

Yb-doped

fiber laser™*"

30 W/1064 nm/
150 GHz/12 W

16.8 W@1.5 pm,
6.2 W@3.6 ym

1.5~1.94 pm(signal) ;
2.36~3.6 pm (idle)

four-mirror
bow-tie

ring cavity

multiple-grating MgO: PPLN;
fan-out-grating MgO:PPLN,
29.1~32.5 pm, 50 mm

single-frequency,

MOPA,

fiber laser™*’

52.8 W/1064 nm/
7.8 W

7.2 W@3.4

four-mirror

ring cavity

single-grating PPLN,
30.5 pm, 40 mm

single-frequency

fiber laser*®”

30 W/1060 nm/
89 kHz/10 W

9.8 W@1627 nm;
7.7 W@3070 nm

2787~3147 nm

four-mirror
bow-tie

ring cavity

multiple-grating PPLN,

29.5~31.5 pm,50 mm

H 2002 4F,Gross 5 KA YO 1 CW L LF OB #3240 mm K ) PPLN ({4, 52 304 oA
1.9 WH £ 5 CW-SRO (& ) LA s AR FH %7 S 76 K Al B A 5 i 200 k6 Hh Th o A T KR g
TAE. 2005 4, Chen ZE5 SR F 50 W) Yb SG4F OGS illiE MgO: PPLN J& KL 78 2. 94 pm Ab4R75 T 10 W Y
HLr A EE . 2010 4F , Henderson 2654 Fi| R BESSFU1E 3. 6 pm AL1S 5] 6.2 W [ HR LT AME S e .
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