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The strain-induced periodical domain inversion in KTIQR®TP) has been demonstratéusitu

by means of the nonlinear light diffraction. The temperature of 730 °C was found to be the starting
point of the opposite sign domains growth under the heating fKTP substratgrate 70 °C/g

with the periodical Si@mask. The depth of the fabricated domain-reversed structure of thens.5
period was measured to be 4ufn. © 1996 American Institute of Physics.
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Compact blue and green coherent light sources are re- The techniques used for domain inversion in LINDO
quired for many applications such as optical data storagd,iTaO;, and KTP can be separated into two principal groups.
laser printing, medicine, and other. One of the ways to realThe first one is based on diffusibor ion exchangé;some
ize these light sources is the using of the second-harmonielements and the refractive index of the crystals are simulta-
generationNSHG) of GaAlAs laser diodes. In particular, the neously changed in these cases. The second group includes
quasiphase-matché®PM) SHG in optical waveguides pro- the straif® and electric-field-induced methofsand also
duced in the such nonlinear crystals as LiINbOiTaOz, and  electron-beam writintf when the refractive index of the
KTiIOPO, (KTP) is an attractive solution of effective light crystal is practically not changed during the process. The
frequency conversioh.® domain grating fabricated by the second group of the meth-

QPM is based on periodical modulation of the second-ods can be easily revealed by nonlinear light diffraction.
order nonlinear polarization along the optical waveguide. In this case, the modulated wave of nonlinear polariza-
The periodA of the modulation for a fixed pump wavelength tion, arising in a nonlinear crystal with periodically inverted
\, is determined by the pump} and SHn?_ effective re- domains, and hence with modulated nonlinear coefficient,
fractive indexes and is equal to leads to the modulation of the SH wave complex amplitude.
The intensity of the SH wave generated in the crystal regions
of lengthsL,, L, having equal/opposite signs of the nonlin-
ear coefficient can be easily calculatéd’he corresponding
SH diffraction pattern can be observed in the far or near
The efficiency of the QPM SHG is mainly determined by thefield. The examination of the appropriate intensity distribu-
modulation index of the nonlinear susceptibility, and the petion makes it possible to characterize the domain structure.

A=\,/2(n3,—n%).

riodically modulated ferroelectric polarizatiofreversed- We have studied the far- and near-field SH distributions
domain structureallows to reach the most effective nonlin- for the pump beam directed from the bulk to the domain-
ear interaction. inverted layer, and the incidence plane for the pump wave

Recently, the generation of as much as 400%™ > peing parallel to the domain walksee Fig. L The input
normalized efficiency of blue light has been demonstrated i@ng|e and beam position are chosen in such a manner that the
QPM KTP waveguide$® The key parameter of the nonlin- propagation in the bulk and in the inverted-domain area oc-
ear conversion efficiency is the spatial overlap of the wavegyrs without reflectiodFig. 1(b)].
guide modes for pump and SH waves and the periodical The calculated depth dependence of the SH at the output

domain depth distributiof.It requires the use of special end face for a uniform plane pump waves given by the
methods of precise domain control in the fabricated opticakquation

waveguides.
Some techniques including the selective chemical etch- 3 1 AkL
ing, electrostatic toning,and optical observations by using IZ‘““E 2 COS( COSa)
nonlinear Talbot effeétare currently applied to characterize
the periodical domain structures in the different crystals. The 5 cos( AkL ) {Ak( L Zd—ZZ)

cosa Sina

@

last-named method makes it possible to stualysitu the 2 cosa co 2
process of the domain inversion.

In this communication we report, for the first time, on for propagation through the bulk and inverted segment, and
the application of the nonlinear Talbot diffraction to the in- AKL
vestigationin situ of the periodically inverted ferroelectric |2woc5in2( )
domains formation in a KTP crystal. 2 cosa

2

for the bulk and noninverted region, whete is crystal
3E|ectronic mail: shcher@fo.gpi.ac.ru length, Ak=2k,,—k,,, k=2m/\, andd is the inverted do-
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FIG. 1. Schematic of inverted domain grating illumination for the domain (b)

revealing:(a) SiO, grating; (b) beam position for near-field observation.

main depth. Thus, the maximum and minimum intensities in (c)
the distribution observed fat>L . sin «, whereL .= w/AK,
are proportional to

? (d)

2AkL
1icos< ) , 3

2 COSa

but for the nonmvert?d region SH intensity is depth Indepen_FIG. 3. Far-field SH diffraction patterns at different stages of the strain-
dent[Eq. (2)]. Choosing the angle so thatAKL/Cosa# 7N  jnduced domain grating fabricatiote) KTP substrate temperature vs time;
(n=0,1,..), the space modulation of the SH intensity in the (b) SH image before substrate heatirigi domain inversion start tempera-
depth direction can be observed. Moreover, the maximunfyre T=730 °C;(d) T=250 °C at substrate cooling stage.
SH intensity in place of the inverted domain has to exceed of
this one in the noninverted region. So, the output intensity of
the SH wave will be modulated while the pump wave will was polarized alon@ crystal axes. The pump beam was
remain a plane wave. focused into the substrate through the input end face by a 15

The experiments were carried out on the flux-growncm focus lens, the incidence angle being equal 20° to
KTP substrates with the conductivity o0 ' Q tcm™™.  ensure total internal reflection for the waves with the fre-
The polished plates werexBx 1 mnt in size alongX, Y, Z quenciesw and 2v. Far-field SH distribution was observed
crystallographic axes, respectively. The input and outputhrough the screen 5 cm away from the output end face. The
crystal end face$XZ plane$ were also polished. The peri- pattern on the screen was imaged with a TV camera and
odical SiQ, mask of 100 A thickness with a peridd=5.5 recorded by a VCR.
pum (1.7 um SiO, stripe width was fabricated by photo-
lithography on the-Z crystal surface.

The scheme of the experimental setup is shown in Fig. 2.
A Q-switched mode-locked Nd:YAG laser was used as a
pump source. Average pump powéx=1.064 um) was (a)
equal to 1 W, pulse duration to 800 ps, and duration of the
pulse train to 400 ns at repetition rate of 6.3 kHz. Radiation

(b)

f——
Air ’5.5 pm,
FIG. 2. Experimental arrangement of periodically inverted domain revealing ~——
during the fabrication procesé&l) Nd:YAG laser;(2) polarizer;(3) mirror; Inverted domains
(4) lens;(5) IR-cut filter; (6) screenj(7) TV camera;(8) monitor; (9) VCR;
(10) H,—O, burner;(11) thermocoupler{12) XY plotter; (13) KTP crystal FIG. 4. Near-field SH images for the inverted domain struct(aebefore
with SiO, mask at Pt plate. inversion;(b) fabricated grating.
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The KTP substrate was placed on the polished Pt plat&vas shown that an examination of the nonphase-matched
0.3 mm thick, which was heated by,HO, burner up to SHG enables one to control the parameters of periodically
840 °C[Fig. 3@] to induce a strain in KTP because of the inverted domain structures during the fabrication.
different thermal-expansion coefficients of the periodical  The authors would like to thank Dr. J. D. Bierlein for the
SiO, mask and crystal. useful discussions and Dr. V. P. Gapontsev for the help. This

The far-field SH(e+e—e interaction distributions at work was supported in part by E. I. Du Pont de Nemours &
different stages of the process are presented in Figg—3 Co.

3(d). We did not observe the pump wave diffraction. This

testifies that there was no visible refractive index change in

the structure fabricated. As can be s¢Eig. 3(c)] the inver-
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