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Fig. 1. (color online) Schematic diagram of the polar-

ization LiNbOj3 with z-direction electric field.
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Fig. 2. (color online) The electric field tuning curve of

polarization LiNbOgs with different duty cycle.
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Fig. 4. (color online) Fourier transform and polariza-

tion structure of the designed MgO:QPLN crystal.
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Fig. 5. (color online) The electric field tuning curve of
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Fig. 7. (color online) Schematic diagram of the experimental setup.
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Abstract

The quasi-phase matching optical parametric oscillator tuning methods, i.e. grating period tuning, temperature
tuning, pumping wavelength tuning, and angle tuning are more simple and convenient than the traditional mechanical
tuning which requires inserting the frequency selective element into the cavity. However, itneed to be improved for
wavelength tuning in quick response and high-accuracy control. In this paper, the tunability of multiple optical parametric
oscillator (MOPO) based on MgO:QPLN has been studied under an applied electric field. Based on the linear electro-optic
effect of LiNbOgs, we theoretically analyze the feasibility of achieving parametric light wavelengths tuning by applying
electric field of particular direction on the z-direction of LiNbOs. We study the relationships between the ability of electric
field tuning and the polarization structure parameters, and analyze the feasibility of MgO:QPLN with high positive and
negative superlattice domain ratio for electric field tuning. The relationship of output wavelength and loading voltage
is achieved by simulation. Simulation results show that the tuning rates of 1.57 pm signal light and 3.84 um idler light
are about 0.27 and 0.93 nm/kV, respectively. By reasonably controlling the temperature of MgO:QPLN crystal, tuning
sections of the parametric light electric field could be linked orderly, and the output wavelength of parametric lights
could be turned continuously in a wide range, which greatly expands the spectral bandwidth of the electric field tuning.
In the experiment, a high-repetition-rate acousto-optic Q-switched Nd:YVOy4 laser at 1064 nm is applied as the pumping
source. The laser works at 200 kHz with a pulse width of 9.756 ns and its maximumouput power is 22.8 W on average.
When the temperature of MgO:QPLN is stable at 20°C, the average output power of 1.57 pm signal light and 3.84 ym
idler light are 1.7 and 0.72 W, respectively, and the corresponding pulse width of the two parametric lights is 9.132
and 8.463 ns. By loading proper electric field on MgO:QPLN (on-load voltage: —3000 V—+3000 V), we achieve the
electric tuning of the parametric light at 3.84 um range, and the bandwidth of spectral tuning is about 6 nm with the
tuning rate approaching 1 nm/kV. Combining the temperature tuning with the electric field tuning, we further achieved
high-precision continuous tuning of the parametric light in a wide spectrum range. All the final experimental results
agree basically with the theoretical analysis one. In addition, results show that the electric field tuning performs better
than the temperature tuning in accuracy control and quick response. For MgO:QPLN-MOPO, its irregular domain

configuration could work adequately by introducing the electric tuning.

Keywords: quasi-phase matching, multiple optical parametric oscillator, MgO:QPLN, electric field

tuning
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