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In this study, a compact, picosecond, mid-infrared 3.8 μm MgO:PPLN optical parametric oscillator 
(OPO) laser output with high peak power is realized using a master oscillator power amplifier (MOPA) 
1 μm solid-state laser seeded by a picosecond fiber laser as the pump source. The pump source was a 50 
MHz and 10 ps fiber seed source. After AOM pulse selection and two-stage solid-state amplification, a 
1,064 nm laser output with a repetition frequency of 1–2 MHz, pulse width of 9.5 ps, and a maximum 
average power of 20 W was achieved. Furthermore, a compact short cavity with a unsynchronized pump 
is adopted through the design of an OPO cavity structure. When the injection pump power was 15 W 
and the repetition frequency was 1 MHz, the average output power of idler light was 1.19 W, and the 
corresponding peak power was 119 kW. The optical conversion efficiency was 7.93%. When the repeti-
tion frequency was increased to 2 MHz, the average output power of idler light was 1.63 W, the corre-
sponding peak power was 81.5 kW, and the optical conversion efficiency was 10.87%. At the same time, 
the output wavelength was measured at 3,806 nm, and the beam quality was MX

2 = 3.21 and MY
2 = 3.34. 
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I. INTRODUCTION

Ultrashort pulse mid-infrared (3–5 μm) laser has many 
important applications, such as in spectroscopy, mate-
rial processing, and free-space communication [1–3]. The 
quasi-phase-matched optical parametric oscillator (OPO) is 
based on nonlinear optical frequency conversion technol-
ogy, and has the advantages of a wide tuning range, flex-
ible tuning mode, simple and compact structure, and high 
conversion efficiency. Further, it is an effective technical 
method employed to obtain high-efficiency mid-infrared 
laser output [4–8]. The high repetition frequency and high 
peak power of a mid-infrared laser source can effectively 
improve the signal-to-noise ratio, signal processing speed, 
and processing accuracy. Therefore, the pulse parameter 
index is an important technical index. At present, synchro-

nous pumping technology is mainly used to generate an 
ultrashort pulse OPO, which requires time synchronization 
between the pump light and parametric light. Therefore, for 
pulses with low repetition frequency and high peak power, 
the picosecond OPO system operates with a relatively 
long cavity length [9]. Fu et al. used an OP-GaAs OPO 
to achieve mid-infrared idler light output with an average 
power of 4 W (peak power of 0.42 kW) [10]. However, the 
overall cavity length was longer, and the cavity structure 
was more complex, which increased the instability of the 
laser system. For high-repetition frequency pulses with 
low peak power, they usually operate with a shorter cavity 
length [11]. Wu et al. used a pump light with a 1.5 GHz 
repetition frequency to realize the stable output of a PPLN 
OPO short-cavity synchronous pump [12]. In addition, the 
burst mode was used to reduce the repetition frequency, and 
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thus, the peak power could be improved. Finally, a 3.57 μm 
mid-infrared laser output was achieved with a 1.2 kW peak 
power. However, this technique uses the pulse train, which 
leads to the nonuniformity of the output mid-infrared pulse 
train owing to the change of three-wave coupling.

This paper reports a compact picosecond MgO:PPLN 
OPO mid-infrared laser system with high peak power. It 
is based on the solid-state amplification 1 μm laser pump 
seeded by a picosecond fiber laser. The 1 μm pump source 
used a 50 MHz picosecond fiber laser as the seed source. 
After the pulse selection of the acousto-optic modulator 
(AOM), two-stage solid-state laser amplification was con-
ducted through a master oscillator power amplifier (MOPA). 
The maximum output power was 20 W; the repetition fre-
quency was between 1–2 MHz, and the pulse width was 9.5 
ps. By performing a mode-matching study of pump light 
and signal light in the OPO cavity, a compact short-cavity 
structure was adopted, and it was not necessary to consider 
the synchronous matching of the pump light and signal 
light. A 3.8 μm mid-infrared picosecond short pulse laser 
output with a peak power of 119 kW was achieved.

II. EXPERIMENTAL SETUP

First, the PPLN OPO pump source was a solid-state laser 
MOPA system seeded by a picosecond fiber laser, as shown 
in Fig. 1. The output wavelength of the picosecond fiber 
laser seed source was 1,064 nm; the repetition frequency 
was 50 MHz; the pulse width was 10 ps, and the average 
output power was 20 mW. On this basis, an AOM pulse 
selection device (Gooch & Housego) was added to realize 
the adjustment of the seed light output pulse from 50 MHz 
to 1–2 MHz. The solid-state laser MOPA consisted of a pre-
amplifier stage and a main power amplifier stage. The first 
stage amplified the power of the picosecond laser (20 mW, 
1,064 nm) injected by the seed source to 5 W. The second 
stage achieved the main power amplification, and finally, it 
delivered the 1064 nm laser output with an average power 
of 20 W. At the same time, the APE pulse Link 150 auto-
correlator was used to measure the output pulse width, as 
shown in Fig. 2. Finally, a 9.5 ps ultrashort pulse laser out-
put was realized.

The MgO:PPLN OPO experimental setup is shown in 
Fig. 3. First, a half-wave plate was inserted to adjust the 
polarization direction of the pump light to meet the phase 
matching in the OPO three-wave coupling process. There-
after, an optical isolator (ISO) was added to ensure that 

the return light of the pump light cannot re-enter the pump 
source laser system to damage the pump source. The cavity 
structure of the OPO was a single resonant single resonant 
oscillator (SRO) structure that consisted of a plane mirror, 
a concave mirror, and an MgO:PPLN crystal. The input 
mirror M1 is high-transmission-coated at 1064 nm and has 
a high reflectivity between 3.7–4.2 μm. And the output 
coupler mirror M2 is coated with 1064 nm high reflec-
tion, 1.4–1.5 μm high reflectivity, and 3750–3850 nm high 
transmission. And the curvature radius of M2 mirror is 200 
mm. The MgO:PPLN crystal size was 2 mm × 4 mm × 50 
mm; the doping concentration was 5%, and the polarization 
period was 29.5 μm. Both ends of the crystal were coated 
with 1,064 nm and 3.8 μm thick anti-reflective coatings. 
Generally, the coupling ratio of pump light and signal light 
in OPO is between 1 and 1.2, based on which the OPO cav-
ity length and pump light coupling system were designed, as 
shown in Fig. 4. The diameter of the pump coupling spot was 
500 μm. When the OPO cavity length was 100 mm (L1 + 
Lc + L2 = 25 mm + 50 mm + 25 mm = 100 mm), the mode 
matching was the best. Therefore, a focus lens with a focal 
length of 300 mm should be added after the optical isolator. 

III. RESULTS AND DISCUSSION

First, the output power of MgO:PPLN OPO in the solid-

FIG. 1. Schematic diagram of solid-state MOPA 1,064 nm 
laser seeded by a picosecond fiber laser.

FIG. 3. Experimental device diagram of the 1,064 nm laser 
pump with picosecond MgO:PPLN OPO.

FIG. 2. Laser output pulse width of a 1,064 nm picosecond 
pump source.
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state laser MOPA pump seeded by a picosecond fiber laser 
was measured. Figure 5 shows the changes of the aver-
age power and peak power of the idler light output with 
the injection pump power at a different pump repetition 
frequency. From the figure, it can be seen that the curves 
basically demonstrate a linear growth trend, and the growth 
trend slows down when the injection power is greater than 
12 W. This is due to the obvious inverse conversion effect 
in the process of optical parametric oscillation with the 
increase of the injection power. Finally, when the average 
pump power was 15 W and the repetition frequency was 1 
MHz, the average output power of idler light was 1.19 W, 
the corresponding peak power is 119 kW, and the optical 
conversion efficiency was 7.93%. When the repetition fre-
quency was 2 MHz, the average output power of idler light 
was 1.63 W, the corresponding peak power was 81.5 kW, 
and the optical conversion efficiency was 10.87%.

In addition, the wavelength and beam quality of picosec-
ond MgO:PPLN OPO idler light output were measured, as 
shown in Fig. 6. As the Thorlabs spectrometer was used in 
the experiment, it can be seen from the figure that the out-
put center wavelength was 3,806 nm, and the pulse width 
was approximately 4 nm. At the same time, the laser spots 
size at different positions under the highest output power 
were measured by the 90/10 knife-edge method. The beam 
quality of the beam was fitted according to the Gaussian 
beam propagation equation, as shown in Fig. 7. Finally, the 
beam quality of MX

2 = 3.21 and MY
2 = 3.34 at the highest 

power was achieved.

IV. CONCLUSION

In this study, a compact picosecond mid-infrared 3.8 
μm MgO:PPLN OPO laser output with a high peak power 
was realized using an MOPA 1 μm solid-state laser seeded 
by a picosecond fiber laser as the pump source. The pump 
source was a 50 MHz and 10 ps fiber seed source. After 
AOM pulse selection and two-stage solid-state amplifica-
tion, a 1,064 nm laser output with a repetition frequency 
of 1–2 MHz, pulse width of 9.5 ps, and maximum average 
power of 20 W was achieved. Furthermore, a compact short 
cavity with a unsynchronized pump was adopted through 
the design of the OPO cavity structure. When the injection 
pump power was 15 W and the repetition frequency was 1 
MHz, the average output power of idler light was 1.19 W 
and the corresponding peak power was 119 kW. The optical 
conversion efficiency was 7.93%. Then, when the repeti-
tion frequency was increased to 2 MHz, the average output 
power of idler light was 1.63 W, the corresponding peak 
power was 81.5 kW, and the optical conversion efficiency 
was 10.87%. At the same time, the output wavelength was 
measured at 3,806 nm and the beam quality were MX

2 = 

FIG. 5. Average power and peak power of MgO:PPLN OPO idler light output.

(a) Average output power (b) Peak output power

FIG. 4. Pattern matching diagram of spot radius of signal light 
and pump light in the MgO:PPLN OPO cavity.
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3.21 and MY
2 = 3.34. Finally, the compact high peak power 

picosecond mid-infrared 3.8 μm laser output was realized, 
which laid the foundation for the application of an ultrafast 
picosecond mid-infrared laser.
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