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Abstract

Broadband  quasi-phase  matched  optical
parametric generation with periodically poled
LiNbO,, based on a non-collinear configuration, is
reported. The broadest signal spectrum covers from
1.734 to 1.962 um when pumped with a Nd:YAG

laser.

Recently, considerable research has been
conducted to improve the performance of the
optical %@ parametric process. The retracing
behaviors of phase matching curve for an optical
parametric process had been studied with several
birefringence phase-matched nonlinear optical
collinear or non-collinear

crystals, either in

configuration [1]. These phenomena resulted to

ultra-broad spectral width of phase-matching
condition [2]. Although the quasi phase-matching
(QPM) method can increase the interaction length
without walk-off phenomena, based on the collinear
made in

configuration, reports have been

demonstrating the advantages of angle-tuned optical *

parametric oscillator (OPO) with periodically poled
LiNbO; (PPLN) [3] and KTP [4], based on non-
collinear interaction. In this paper, we report that
the non-collinear optical parahetric generation
(OPG) with PPLN can also lead to broadband signal
and idler outputs. A

In experiments, we used a single-longitudinal-
mode, Q-switched Nd:YAG laser (Coherent Infinity
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40-100) as the pumping

schematically shows the experimental setup. We

source. Figure 1
used a lens system to focus the pump beam to a
waist of 95 um inside the PPLN. The used PPLN
contained 8 different QPM periods. The length of
the PPLN was 1.9 cm. We placed the PPLN into an
oven, whose temperature could be varied up to 250
°C. The pumping pulse was 3.5 ns in duration and
had a top-hat spatial profile.

The phase-matched angles for signal and idler
waves can be obtained considering the non-

collinear interaction as shown in Fig. 1:

(Ki+Kg)cosy+Kscosa=K,,, m

(K,. +K, )siny =K, sinaq, )

where K, K, K; and K are the pump, signal, idler,
and the QPM grating wave-vectors, respectively.
The angles o and y stand for those of the signal and
idler directions with respect to the pump,
respectively. The appropriate energy conservation
law is @, = @, + @, Here, we assume that the idler
propagation is along the normal direction of the
QPM grating. The wavelength of the signal is
shorter than that of the idler. Fig. 2 shows the
theoretical phase-matching angle of the OPG based
on 29.9-um period PPLN with temperature varied
from 160 to 200 °C. Here, we can see the retracing
behavior of the phase-matching angle clearly, when

the signal wavelength is near the degenerate point.
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Experimentally, Fig. 3 shows the signal Pasiskevicius, J. Hellstrom, S. Wang, and F.

spectra of our OPG system with 29.9-um period Laurell, Opt. Comm. 365 (2000)
PPLN. The temperature was fixed at 160 °C. When

we rotated the PPLN crystal to increase the angle v, Q-switched
we could see that the signal spectrum varied from Nd:YAG laser
the A, = 1.594 um with 34, = 4 nm (the collinear

case) to the broadest spectrum of signal wavelength

<@
from 1.734 to 1962 pm (gray line). Further \\g}\ﬁm\%\.&:‘i P
increase of the angle o led to the reduction of signal ‘\W D »

spectrum to the range between 1.815 and 1.884 um

(dashed line). These results are consistent with the oven
theoretical predictions. In this configuration, the  Fig. 1 Experimental setup.

idler waves are propagated normal to the QPM

22 temperature
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grating, the corresponding signal waves diverge in

space under the broadband operation. Meanwhile,

we can observe efficient sum-frequency generation 204 — 10
— . — 180

from pump and those signals in proper directions. P

According to our calculations, the SFG is also due - 200
to the non-collinear configuration interaction with
the third-order QPM period.

In conclusion, based on non-collinear OPG

signal wavelength (micron)

with PPLN, we have experimentally demonstrated 15 f—r—p——— 7
. . . . 0.5 " 5 2.0 25
broadband signal generation due to the retracing ::gle between pl:;mp a,id signal (degree)

behavior of the phase-matching curve. The broadest

signal spectrum covered the wavelength rang from Fig. 2 Phase-matching angle.

1.734 through 1.962 um. The corresponding idler 0
wavelength varied from 2.325 to 2.754 pm. The =
bandwidth of signal and idler were 228 and 429 nm, 2 o8
respectively. % o
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