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Highly efficient generation of second and third harmonics
of a femtosecond Cr : forsterite laser in nonlinear optical crystals

V.M. Gordienko, S.S. Grechin, A.A. Ivanov, A.A. Podshivalov

Abstract. Highly efficient generation of the second (#,,=
69 %) and third (#3,= 26 %) harmonics of a femtosecond
Cr : forsterite laser radiation is achieved. It is shown that for
the pump intensity exceeding 50 GW cm > (#12,= 60 %), the
third-order nonlinearity begins to play a significant role,
resulting in a deterioration of the spectral parameters of the
generated harmonics.
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In this paper, we describe the results of investigation of
highly efficient generation of second and third harmonics of
a repetitively pulsed femtosecond Cr:forsterite laser
[Cr" : Mg,SiO, (Cr : F)] emitting 1-mJ, 110-fs pulses at
1.24 pm. The second and third harmonic generation effici-
encies achieved in experiments were 69 % and 26 %,
respectively. The study was performed for a wide range
of intensities, including the saturation regime caused by the
third-order nonlinearity.

A high conversion efficiency of Cr: F laser radiation
into the second and third harmonics is important because it
allows a significant enhancement of the contrast of femto-
second pulses. The second harmonic generation (SHG) of
femtosecond Cr : F laser radiation can be realised under
conditions close to those of group velocity matching of
interacting waves [1 —3] which makes it possible to obtain a
high efficiency of nonlinear optical conversion. As the pump
intensity is increased to achieve the maximum conversion
efficiency, the third-order nonlinearity effects xm become
significant [4]. These effects cause, first, a phase mismatch
between the generated waves, thereby reducing the con-
version efficiency and, second, they distort the spectrum of
the generated radiation. SHG of femtosecond Cr : F laser
radiation (t ~ 200 fs) with the maximum conversion effici-
ency #,, ~ 50 % was achieved in [5] using LBO crystals
under conditions when the effect of the third-order non-
linearity was insignificant.
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An optimal crystal for generation of harmonics of a
femtosecond Cr: F laser radiation can be selected by
analysing the dispersion and nonlinear properties of crystals
[3], supplemented by the data on cubic nonlinearity
}((3) ~ n,. Table 1 presents the effective nonlinearity coeffi-
cients dy, group lengths Ly (v =100 fs), and normalised
characteristic coefficients K for the most efficient crystals for
each type of interaction [3], which were used to select the
optimal crystal. From the data available in the literature on
the nonlinearity coefficient n,, we chose the values at
wavelengths closest to the wavelengths of the Cr : F laser
radiation and its harmonics.

Table 1. Parameters of the most efficient crystals for generation of
second and third harmonics of a Cr : F laser radiation.
Radiation | dge/n’] Lg/ ny /107"
harmonics Crysta pmz V2 mm cm® W!
LBO 0.23 106 1 2 (616 nm) [6]
CDA 0.04 9.3 0.13 -
second
DCDA 0.04 6.7 0.07 -
BBO 0.41 2.3 83 x 1072 5.2 (400 nm) [7]
hird LBO 0.24 1.0 93x 107 2(616 nm)
t
: KDP 0.5 19  68x107 2.8(1064 nm) 8]
KDP 0.05 19  68x107 8.4 (400nm)[9]

In the SHG experiments we used a 4-mm long LBO
crystal (¢ =0, 0 = 87°) with an AR coating on both faces.
Figure 1 shows the experimental dependence of the second
harmonic conversion efficiency on the pump intensity. The
maximum conversion efficiency of 69 % was achieved for a
pump intensity of 180 GW cm 2. However, the second
harmonic radiation spectrum was broadened displaying
the influence of the third-order nonlinearity effect when
the conversion efficiency exceeded 60 % (see inset in Fig. 1).
Figure 1 also shows the theoretical dependences of the
conversion efficiency on the pump intensity, calculated
by using the spectral model [10] with and without consid-
eration of the self-phase and cross-modulation. The
following values of coefficients were used in the calculations:
dyr=0.72pm V', #n,(1240 nm) = 10""* cm® W', and
n, (620 nm) = 2 x 107 cm? W' [6].

The obtained data indicate that for pump intensities
exceeding 50 GW cm ™2, the effects caused by the third-
order nonlinearity become significant and the spectral
parameters of the generated radiation begin to deteriorate.
Thus, 7,, = 60 % is the maximum SHG efficiency for the
Cr:F laser with preserved parameters of the generated
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Figure 1. Dependence of SHG efficiency #,,, on the pump intensity /,, at
the fundamental frequency, obtained ( /) without and (2) with conside-
ration of the self-phase and cross-modulation effects. The inset shows the

spectra of the second harmonic radiation pulse for various conversion 2

efficiencies.

radiation. The duration of the second-harmonic radiation
pulse measured by the cross-correlation technique is equal
to 80+ 5 fs, which corresponds to the calculated pulse
duration of 85 fs. This also confirms the fact that sec-

ond-harmonic conversion takes place in the regime close to gy 5.

group velocity matching.

For the third harmonic generation (THG), we used
I-mm long KDP (¢ =45°, § =45°) and LBO (¢ =0,
0 = 8°) crystals without AR coatings. Figure 2 shows the
dependences of the THG efficiency on the fundamental
radiation intensity. The ratio of intensities of the funda-
mental radiation and second-harmonic radiation incident
on the crystal varied from 1:1 to 1 : 2.

Theoretical calculations were made by using the tabu-

lated data for the KDP crystal (dys = 0.42 pm V! [11] and @@= 10.

ny =84 x 107" cm*> W' [9]) and the data for the LBO
crystal obtained from the analysis of the SHG experiments.
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Figure 2. Dependence of the THG efficiency 75, on the pump intensity
1, at the fundamental frequency upon radiation conversion in LBO
[squares, curve (/)] and KDP [circles, curve (2)] crystals. Circles and
squares are the experimental data; the curves are calculated using the
spectral model.

mE 3.

The theoretical results are found to be in good agreement
with the experimental data.

The maximum conversion efficiency for LBO and KDP
crystals was found to be 26 % and 24 % respectively [taking
into account the Fresnel reflection (~ 4 %) of radiation
from each crystal face]. In this case, the spectrum of the
generated radiation broadened, when the conversion
efficiency in the LBO crystal exceeded 20 %. Thus, the
THG efficiency 73, = 20 % is the maximum for the LBO
crystal under conditions of preserved parameters of the
generated radiation.
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