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a  b  s  t  r  a  c  t

Parasitic  oscillation  of optical  parametric  generator  (OPG)  seriously  affects  transform  efficiency,  stability
and beam  quality  of  mid-infrared  laser.  And  because  of the  cross-section  of  the  light  spot  and  nonlinear
effect,  it is  difficult  to eliminate  parasitic  oscillation.  This  paper  focuses  on the analysis  of  the  causes  of
eywords:
id-infrared laser

parasitic  oscillation  and its  influence  on  the  output  power.  Optical  parametric  oscillator  (OPO)  and  optical
parametric amplifier  (OPA)  in the  parasitic  oscillation  are  inconsistent.  Through  the  study  on parasitic
oscillation  in  the optical  parametric  process,  it can  effectively  improve  conversion  efficiency,  and  improve
device  performance.
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. Introduction

Relative to other tunable lasers (such as titanium sapphire laser,
r+ laser, free electron laser, the overtone CO laser), tunable OPG
as a great competition force in the tuning range, efficiency, volume
nd weight. It has a wide range of applications in the classic areas,
nd a lot of applications in the field of quantum optics. OPG is widely
sed in optoelectronic countermeasures, laser ranging, laser radar,
pectral measurements, and environmental testing.

Many developed countries attach great importance to OPG
evices and applications technology. Currently, low-power OPG
echnology has matured, and high-power optical parametric trans-
ormation technology has also developed rapidly. Especially in the
ast few years, with the development of high-quality periodically
oled crystal (such as PPLN [1–5], PPKTP [6], PPRTA [7], PPMgLT [8],
PMgLN [9,10]), tunable optical parametric technology has demon-
trated its vitality and has become a major research focus of the
aser field.

But the stability of OPG also seriously limits its scope of appli-
ation, and improving its stability is of great significance. Parasitic
scillations, the resonant cavity structure, the thermal effect of the
onlinear crystal are important factors, which affect the power sta-

ility and the beam quality. This paper focuses on the causes of
arasitic oscillation, and we also compared the difference between
PO and OPA in the parasitic oscillation.
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2. Experiment setup

OPO and OPA experimental setup is shown in Fig. 1. The
pump source is an acousto-optic Q-switched Nd:YVO4 laser
with wavelength 1.064 �m.  In order to effectively alleviate
the heat of the laser crystal, laser gain medium is 0.5 at%
doped YVO4/Nd:YVO4/YVO4 (2 mm:6  mm:2  mm)  bonded crystal.
5% MgO-doped PPLN crystal is using as nonlinear crystal. It had an
interaction length of 50 mm and a thickness of 1 mm.  The crystal
was of multi-grating form with 7 domain polling periods ran-
ging from 28.5 to 31.5 �m with a constant step of 0.5 �m.  The
domain duty factor was  50%. The crystal faces were broadband AR
coated at 1.4–1.6 �m (R < 2%), 3.2–4.2 �m (R < 5%) and 1.064 �m
(R < 1.5%).

The resonator of the OPO system was consisted of two plane-
concave mirrors (M1, M2)  with 200 mm a radius-of-curvature,
which were separated by about 70 mm.  The input (M1) mirror had a
HR coating at the signal radiation, a HR coating at the idler radiation,
and a high transmission (HT) coating at the pump light; the output
mirror (M2) had a HR coating at the signal wavelength (R = 5% at
1.4–1.6 �m),  a HT coating at the idler wavelength, and a HR coat-
ing at the pump light. We could deduce that the OPO system was
singly resonant optical parametric oscillator (SRO). To optimize use
of the PPMgLN crystal, the pump and signal beams must be mode
matched.

3. Results and discussion
The pump light at 1.064 �m is linearly polarized light (Fig. 2),
and the angle  ̨ is less than 5◦ between its polarization direc-
tion and the crystal optical axis (z-axis). According to the

ll rights reserved.
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Fig. 1. Experimental setup of the PPMgLN OPG system (a: optical parametric oscil-
lator; b: optical parametric amplifier).
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Fig. 2. The polarization of pump light in the PPMgLN crystal.

haracteristic of PPMgLN crystal birefringence, the pump light
olarization direction can be divided into two parts (z-axis and y-
xis). The pump light directed along the crystal z-axis results in
ignal and idler light because of the first-order QPM process. It is

he most important conversion process of PPMgLN crystal, and this
s also the key factor to produce parasitic oscillation.
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ig. 3. The output power of the PPMgLN optical parametric generator system (a:
ptical parametric oscillator; b: optical parametric amplifier).
Fig. 4. Parasitic oscillation in mid-infrared OPG  system.

If the poled period of PPMgLN crystal is 30 �m, and the wave-
length of pump light is 1.064 �m,  the idler light at 3.61 �m and
the signal light at 1.51 �m can be obtained, which is named first-
order quasi-phase-matching process. Fig. 4 showed the idler power
and signal power versus the pump power. For OPO and OPA, upon
increasing the pump power, the idler power and signal power
would increase further. However, in the OPO system, the signal
light power significantly is less than the idler, and in the OPA sys-
tem the power of the signal light is greater than the power of the
idler.

Usually in a periodically poled nonlinear crystal, in addition to
the existence of quasi-phase matching (QPM) optical parametric
transformation process; there is also birefringence phase match-
ing (BPM) nonlinear effects [10]. Along with signal and idler light,
there will be a strong visible light appeared, which consists of green,
red and weak violet light. They are nonlinear effects based on BPM,
and this is the parasitic oscillation. Parasitic oscillation affects the
transformation efficiency, the stability, and beam quality of the
parametric light. With spot distribution and nonlinear effects, par-
asitic oscillation phenomenon is difficult to eliminate. For example,
when the poled period of PPMgLN crystal is 30 �m,  we observe and
measure the wavelength of visible light generated by the parasitic
oscillation, as shown in Fig. 4.

The signal light of the OPO system, due to the characteristics
of its single resonance structure (see Fig. 1a), repeatedly transmits
through the nonlinear crystal, and each time the signal light (wave-
length 1.51 �m)  will cause nonlinear effects. As shown in Fig. 4b:
(1) the frequency doubled process of the signal light can produce
726.3 nm red light; (2) the sum frequency of the signal light and
pump light (wavelength 1.064 �m)  can produce 614.2 nm red light;
(3) the sum frequency of second harmonic signal light and pump
light can produce the violet wavelength 434.1 nm.  These non-linear
conversion processes will be a serious impact on output power
of the signal light. Therefore, in terms of OPO, even single pho-
ton energy of the signal light is greater than the single photon
energy of idler light; the output power of the signal light has to
be less than idler optical power (the size ratio of 0.7, as shown in

Fig. 3a).

However, in the OPA system, the signal light and pump light
are only a single-pass the PPMgLN crystal (signal light do not oscil-
late as shown in Fig. 1b), and the nonlinear effects are relatively

Table 1
Wavelength of the visible with their related conversion process and phase matching
type.

Wavelength (nm) Conversion process Phase matching

726.3 SHG ωe
s + ωe

s = 2ωe
s Second-order QPM

614.2  SFM ωo
p + ωe

s = ωe
SFM BPM type II

532 SHG ωo
p + ωe

p = 2ωe
p BPM type II

434.1 SFM 2ωe
s + ωe

p = ωe
SFM’ Eighth-order QPM

SHG, second-harmonic generation; SFM, sum-frequency mixing.
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inor. So the output power of the signal light is greater than the
utput power of the idler light, and the ratio (1.65) is close to
ts single-photon energy ratio (2.3). Therefore, due to the exist-
nce of resonance, the parasitic oscillation could seriously affect
he output power, especially the output power of the signal light
Table 1).

. Conclusion

Parasitic oscillation affects the transformation efficiency, the
tability and beam quality of the parametric light of the OPG system.

ith spot distribution and nonlinear effects, parasitic oscillation
henomenon is difficult to eliminate. For the optical parametric
scillator, due to the oscillation of the signal light, parasitic oscil-
ation is more serious, and seriously affected the output power of
he signal light; for the optical parametric amplifier, signal light
ingle-pass the PPMgLN crystal, the impact of parasitic oscillation
s less.
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