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Description

Figure: 1. Experimental set-up.

Optical parametric generation (OPG) of subnanosecond pulses is a challenge due to the following restrictions: 1)
the laser induced damage threshold is close to the generation threshold; 2) the synchronous pump configuration
cannot be applied in the case of low repetition rate of the order of 1 kHz. Here we present the results of the
numerical simulations of the optical parametric generator (OPG) and optical parametric amplification (OPA) in
periodically poled MgO dopped lithium niobate (PPMgO:LN) crystal pumped by the subnanosecond laser pulses.
The simulation parameters are based on the performed experiments with a 2 cm long crystal that will be presented
elsewhere. The experiment scheme is shown in Fig. 1. The duration of a Gaussian pump pulse was around 500
ps which coressponds to the subnanosecond range.

OPG

(a) T = 200 ◦C. (b) E3 = 40 µ J. (c) E3 = 40 µ J. (d) E3 = 40 µ J.

Figure: 2. (a): Conversion efficiency versus pump pulse energy. (b): output signal spectra. (c): spectrum maximum versus temperature. (d): spectrum width versus temperature.

First, signal spectra for MgO dopped PPLN for 8 different grating periods were calculated from phase-matching condition using temperature-dependent
Sellmeier equation [1]. Then following the formalism developed in [2], OPG output signal spectrum and output power were calculated. For this calculations
quantum mechanical description was used. Output signal spectrum was calculated using weighting function which is dependent on angles [2]. The
Gaussian shapes were assumed for both pulse and beam profiles. Pump beam radius was 80 µm, pump pulse duration - 520 ps, crystal lenght - 2cm
and pump wavelenght - 1064 nm.
Results of theoretical simulations are presented in Fig. 2. In Fig. 2a we can see that the conversion efficiency is larger at increasing grating period. The
signal spectra for 8 grating periods at diferent temperatures when pump energy is E3 = 40µJ are shown in Fig. 2b. Here we can see that the signal
spectra shift to the longer wavelengths when the grating period increases. Signal spectrum maximum and spectral width dependence on temperature at
different grating periods Λ at pump energy E3 = 40µJ are presented in Figs. 2c and 2d respectively. Dashed lines in Fig. 2c show signal wavelengths
calculated from phase-matching conditions. It is obvious that spectrum maximum wavelenght and spectral width increase with inreasing temperature.

OPA

(a) T = 40 ◦C. (b) T = 40 ◦C, E3 = 40 µJ. (c) T = 40 ◦C, E3 = 40 µJ.

Figure: 3. (a): Conversion efficiency versus pump pulse energy. (b): Diode output spectrum
(red line) and OPG specrtum (gray line). (c): Diode output pulse profile.

We can improve the efficiency of the optical parametric down-conversion
processes by using coherent light source as a seed. Here, we simulate
the optical parametric amplification by the classical three-wave equations in
the time domain. These equations were simulated using split-step Fourier
transform method [3]:

dS1

dz
= (k1 − k10)S1 + σ1FT [A∗

2A3] exp(i∆kz), (1)

dS2

dz
= (k2 − k20)S2 + σ2FT [A∗

1A3] exp(i∆kz), (2)

dS3

dz
= (k1 − k10)S3 + σ3FT [A1A2] exp(−i∆kz). (3)

Here, Sj(Ω, z) are the Fourier transforms of the fields Aj(t , z), indices j =
1,2,3 stand for the signal, idler and pump waves, respectively. The signal
beam radius was 160 µm and seed wavelength was 1550 nm. The simula-

tions results for the fourth grating (Λ = 30.5µm) at temperature T = 40 ◦C are presented in Fig. 3. In Fig. 3a we can see that the conversion efficiency
reaches maximum value at around 35% and further decreases with increase of the pump energy. Fig. 3b shows the output signal spectra of OPA (red
line) and OPG (gray line). Here we can see that this temperature is optimal for OPA at the given seed wavelength, since OPG signal spectrum maximum
is approximately at the laser diode wavelength. The temporal profile of the output signal pulse can be seen in Fig. 3c. It is subnanosecond and shorter
than pump pulse.
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