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Engineering of effective quadratic and
cubic nonlinearities in two-period QPN
gratings

O. Bang, C.B, Claysen,* Lluis 'Lorner,**
Departmeni of Mathermuticel Modelling,
Technical Univ. of Denmark, Bldy. 305, 2800
Kongens Lyngby, Dewnmark; L-mail:
ob@immnr.diu.dk,

Quasi-phasc-matching (QPM) by electric-
field poling in ferro-clectric materials, such as
LiNDLO,, is promising due to the possibilities of
engineering the photolithographic mask, and
thus the QPM grating, without also generatiog
a lincar grating, A proper desigi of the longi-
tudinal grating struclure allows {or distortion
frec temporal pulse compression,! soliton
shaping,? broad-baad phase matching,* multi-
wavelength  second-harmonic generation
(SHG),* and an enhanced cascaded phase
shift.” "L'ransverse patternitg can be used for
beam-tailoring, broad-band SHG” and soli-
ton skeering,®

At lowest order the cffect of QPM is to
climinale the phase mismatch and average the
quadratic (or ") noulinearity, resuliiug inan
effective ¥ nonlincarity experienced by the
slowly-varying (on the scale of the coherence
length) averageed field, which is reduced by a
factor of 7/2, At the next order QPM induces
cubic nonlinear self- and cross-phase modula-
tion terms in the equations for the averaged
field.” This induced nonlinearily is a resuli of
non-phase-aiched coupling between the av-
crage field and higher order modes™ and of a
lundamentally different nature than the in-
trinsic material Kerr nonlinearity. So far it was
shown how the induced ¥ nonlincarity af-
fects the amplitude and phase modulalion of
cw waves,’" while still supporting solitons.”
However, in conventional materials with
single period QPM the cubic corrections were
small. Here we show analytically and verify
numericaily how the average 7 and ¥ non-
linearitics can be engincered by modulating
the QPPM grating, such as, e, to make their
effects equally strong,

We consider a linearly polarized clectric
field ¥ = o[k (Dexplik,z - iwf) + 1,(2)
explikyz - 2ot) 4 ]l 2, propagating in a loss-
less QPM x*2 medium under conditions for type
[ SHG, Then the dynamical equalions talke the
form

ic”/l + Gz)x e ™ =0,
dz

b,
i

1 G2 xihe™ == 0, (n
dz

where x; = wdyg/ (meh, B (2) s the slowly vary-
ing eovelope of the fundamental wave (FW)
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CluAl4  Lig 1. Leftr Modulated QPM grat-
ing function G(z) (lefl, dotted) with the corre-
sponding local domain length 1 2) (right, solid)
for 1, = 10L, — 40 pm and £, = 1.2, Cenler:
Amplitude spectrum ol G(z) for g, = 1.2 and
L, = 205, — 100 pn. Right: Block straciure
around k 7k, wilh indication of (he order 1 of
the effective mismatch @,

with frequency o, refraclive index ny, and
wavevector &y, and I,(2) is the second har-
monic (S with relvactive index n, and
wavevector k, (f = 1,2). The x™ coelficient
doe = XM/ 2 0% given in MKS units, and Ak -
2k, -k, is the waveveelor mismaich, The
modulation of the x'* susceptibility is de-
scribed by the periodic grating funclion G(2)
with unit amplitude and Fourier series G(z) =
2, g, explinf(2)], where g, are the coeflicients
of the unperturbed squave grating. We take
Jz) = np 2 o1 gy sin(h,z) and consider weakly
modulated QPM gratings with 1,/¢,
where T, = 2m/\, is the modulation period
and Ly = wwfhg is the unperturbed domain
length, This corresponds to a two-period
square grating with a periodic slowly varying
local domain length given by L, (2) — ar/[x,
e,K, cos(K,2)|, as lustrated in Vig. 1 (lefl).

Following the approach of’ we obtain the
average fields on the shortest scale of £,<& Ly,
with a modalated effective 2
that depends on z. Assuming that the modula-
tion length is still much shorter than the erystal
length, 1, <2 I, the spectrum of ((2) has the
block structure shown in lig, | (center), which
allows us 1o do a second independent averag-
ing on the [ ,-scale. "Thus we obtain the final
equations for the average fields, which imcludes
the induced cubic nonlinear terms:

2 Ly

nonlinearily

dw i , .

4 1 wtve st . ("/Jm|WI - 'Ylm‘V|')‘v1’: 0,

ez
dv e ) .
it et = 2y Wi =0, ()
iz

where 3, By — ik, = Ak — x — mig, =i,
is the effective mismalch for matching to the
mith pealk next to the k, peak, as illustrated in
the cloge-wy in Yig, | (right}. The nonlinearity
cocflicients are given by

M ™ ,\’,[2],,,(!53)/'17],
Yim - XIX;[(W}‘ o S)/Kn - /l.ﬁ‘m(ez)/;c,|/71'),

(%)
where S, = 8., =2, Ju-t-m2fn, with
Sy band S, = 2[(e,)] (e,)/e,.

Using the uveraged ligs, (23, which were
recently dertved and studicd analytically in
Ref. 2, we focus on LINDO, and study the
competition between the effective 2 and ™
nonlincaritics, We show how the induced av-
erage nonlinearity can dominate the in-
trinsic material one, thereby decreasing the in-
tensity at which the y and x® effects halance
and compete o a few GW/eni®. The analytical
model is contirmed numerically and the impli-
cations [or the bandwidth ol SELG s studied.

The authors ucknowledge support (rom the
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Generation of <4 cm™?* transform-
limited pulses in IR by difference
frequency mixing of stretched pulses
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In our previous paper we have presented the
theoretical background and experimental veri-
fication of narrow-bandwidth pulse genera-
tion via difference frequency mixing.! "the
tanability of generated narrow-bandwidth
pulses was restricted to rather narrow wave-
length range in the proximity of 1 pun, whichis
not of great practical interest.

In the present contribution, we report on
generation  of narrow-bandwidth pulses
withina 3-5 pmwavelength region that can be
applicd to highly selective time-resolved vibra-
tional spectroscopy.

As a pump source we used a picosccond
Ti:Sapphire laser system delivering 800-nm-
wavelength pulses with duration of 1.8 ps und
energy of 1.5 m]. A part of the laser output was
frequency doubled and used to pump an opti-
cal parametric gencrator-amplifier (OPO/A),
which produced ~ 1.3-ps pulses in 470-2600-
mn-wavelength range. The idler wave of the
OPO/A was used as a seed for subsequent dif-
ference frequency (DF) mixing/parametric
amplification pumped by 800-nm pulses.

In the fivst series of experiments we gener-
ated the ditference trequency in a conventional
way. Laser and secd pulses were mixed in a
7-mm-thick KTA crystal without stretching.
The DI pulses that were produced had a band-
width of 12.3 em ™" (Tig. 1).

We measured duration of amplified secd
pulse to be 1.2 ps (Vig. 2). Computer simula-
tion of the process has shown that both DV
pulse and amplified secd have similar duration
when group velocity mismalch is as small as in
our case. With this assumption we estimate the
time-bandwidth producet of the IR pulses to be
~0.43, which is very close to the time-
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CTuAl5 Fig. 1. Spectrum profiles of conven-
tional (squares) and narrow-bandwidth (circles)
difference frequency pulses.

Normelized autocorrelation

Af (ps)

CTuAl5 Tig.2.  Autocorrelation traces ofam-
plitied idler pulses in conventional (squares) and
narrow-bandwidth (cireles) difference frequency
mixing.

bandwidth product of wansform-limited
Gaussian pulses. We measured the IR pulse
energy of 70 pf at 3 pmand 25 pfat 5 o, with
pump pulse caergy of 1.2 mJ.

1n the second set of experiments, pump and
seed pulses were stretched in two separate grai-
ing stretchers to ~8-ps duration. The stretcher
for the pump pulses was lixed whereas that for
the seed had adjustable grating incidence
angle, stretcher length and automatic delay
compensation, "T'he pulses were mixed ina 15-
mm-thick KTA crystal. The bandwidth of gen-
crated DY pulse was a function of the seed
stretcher length and had a minimuan at the
point where the chirp of pump and seed was
calculated 1o be equal.’ 'The narrowest DU
bandwidlh of 3 am’ ' was observed at 3 m.
The pulses at longer wavelengths had a band-
width of ~4 cm™" (Vig. 1), Duration of the
amplified seed pulse was measured (o be 1.0 ps
(Vig. 2). Again, according to computer simula-
tion the amplified sced and IR pulses have
ucarly the same duration. With this assump-
tion we again cstimate the tine-bandwicdth
product of the IR pulses to be 0.4-0.5. With
the pump energy at the DEG stage of 550 pJ the
energy of generated IR pulse ranged from 3 p
at > i to 35 uf al 3 .

In conclusion, we have generated
transform-limited pulses of <4-cm™ ' band-
widtly, tunable in the range of 3-5 o lur-
ther extension of the tuning range requires
pump wavelengths longer than 800 nm since
existing IR transpavent crystals exhibit one-
and/or two-photon absorption, which re-
sults not only in cnergy loss but also in heavy
thermal lensing,

*Princeton Univ., USA

I, G, Veitas and R, Dauiclius, “Generation of
narrow-bandwidth Lunable picosecond
pulses by difference-[requency mixing of
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Lab,, 1-90 Konakado Gotenba-shi, Shizuoka-
Ken, 412-0038 fopurs E-mail:

dekikic@miail ushio.co.jp

The third-harmonic light sources of NdiYAG/
Y LI lasers have begun to be utilized for drilling
via holes in print circuit boards according to
the progress of high-densily fabrication. Fast
rise-lime in burst mode operation and high
pulse energy stability are required for the light
source in Lhis industrial use, Because of simple
construction and less optical component re-
quirement, type 1 SITG-type 2 THG(LBO)
scheme has often been used for the third-
harmonic generation. Elowever it has unstable
rise-time property in high average power op-
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CTuAfo TFig. L. The fundamental and TG
output waveforms (or type 2 ITIG LBO. Crystal
temperalure is 44, 50, and 51°C, respectively.



