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Channel waveguides of Rbexchanged single-crystal KTiORQvere studied by micro-Raman
spectroscopy. Rbexchange causes a disruption of the long-range translatioryaita) symmetry

of the lattice and a tilting of the TiQoctahedra. The ability to nondestructively map the chemical
and physical structure related to the optical properties of channel waveguides is
demonstrated. €1995 American Institute of Physics.

Partial ion exchange of the alkali cation in single-crystaldral torsional and stretching modes, respectively. The bands
transition metal oxides that have a high nonlinear susceptin the 900—-1200 cm' region are due to the PQetrahedra.
bility is a convenient way of fabricating waveguides for sec-The greatest amount of Rbexchange is expected to occur
ond harmonic generatiodn® Understanding how ion ex- near theZ face of the crystal and diminish with increasing
change and subsequent thermal treatments affect thgepth. Consequently, the most significant changes inYthe
chemical and physical structure, which are related to the reface Raman spectra should be observed neaf taee. In-
fractive index and optical nonlinearity, reveals the most fa-deed, the most significantly altered spectrum of R/KTP in
vorable conditions for the fabrication of ion exchangeFfig. 1 is that obtained at a depth of Qufn. Specifically, the
waveguides. Recent studies have demonstrated the utility @aman scattering strength is significantly attenuated, band
micro-Raman spectroscopy and optical microscopy for theyositions are shifted, bandwidths are moderately increased,
structural characterization of proton-exchanged LiNbO and relative band strengths are significantly altered. Attenu-
waveguided®Here we report on the structural characteriza-ation of Raman scattering strength and increased bandwidth
tion of Rb" exchanged KTIOPQ(R/KTP) waveguides. are attributed to the disruption of long-range translational

An Al mask was deposited on tizface of a flux-grown (¢rysta) symmetry by partial Rb exchange. The band shifts
KTP crystal. Channel waveguides were then fabricated byng changes in relative band strengths do not correspond to a
carrying out a partial ion exchange of'kn pure RONQ at  jinear progression between the limits of KTP and

350 °C for 20 min. TheY faces were subsequently polished RbTIOPQ, (RTP) as shown in Fig. 2. For example, the 699
to remove exchanged material ge_nerated by migration alongnd 750 cm? bands from the waveguide are at higher fre-
the Y axis and produce an optically smooth surface. Aquencies than the corresponding ones from either KTP or
Z-polarized, 1.6 mW, 488.0 nm laser beam was focUSEll  prp o the 739/786 cif relative band strengths of KTP
pm d|§mete) W'.th an O!Ympus MS Plan 1000.95 NA) and RTP are reversed in R/KTP. In particular, the position of
objective at various positions on théface of the device. the »; band of RIKTP(699 cmY) is unexpected b iti

) . T 1 pected because it is
Back scattered light was collected with the same objectlveat a higher energy than either of the corresponding bands in
guided into an Instruments SA S3000 spectrometer, and d?{TP (696 cm 1) and RTRB91 i 3). Note from Table | that
tected with a Hamamatsu R943-02 photomultiplier tube. No '
polarization analyzer was used. The Porto notation for the
experimental arrangement described aboveY{X,X2)Y,
where the first and second symbols outside the parenthesis
correspond to the excitation and scattering propagation direc-
tions, respectively. The first and second symbols within the

parenthesis denote the excitation and scattering polarizations, %”’; 10,000

respectively. =
Micro-Raman spectra of a R/KTP waveguide obtained at %

0.4, 1.1, and 1.8um from theZ face and a spectrum of KTP g 5000}

from the center of the device are shown in Fig. 1. In general

the Raman band structure is predominantly due to the vibra-

tional motions of the TiQoctahedra and the R@etrahedrd. 0
More specifically, the regions from approximately 200—400

cm ! and 600-850 cm' are associated with TiQoctahe-

Raman Shift (cm™)

FIG. 1. Micro-Raman spectra of théface of an R/KTP channel waveguide
obtained at the indicated distances from thface.
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FIG. 2. Micro-Raman spectra of theface of (A) RbTIOPQ,, (B) RIKTP £\ 3 Micro-Raman spectra of thface of an R/KTP channel waveguide
channel waveguide obtained at 04m from the Z face, and (C) device. The R/KTP and KTP spectra were obtaingehsfrom the corner of
KTiOPG,. the crystal and from an unexchanged region between the R/KTP channel

waveguides, respectively.

the v, band of RTP is lower in energy than that of KTP for ) o i
all crystal faces. of the relatively larger ionic radius of Rb(rg,=1.49 A,

The greatest amount of Rb exchange is expected to odx=1.33 A), causes a reorientation or_tilting of the octa_-
cur at the corner of the crystal. Consequently, the most sig?€dra to accommodate the larger cation, thereby causing

nificant changes in the Raman spectra should be observéectral _changes_, similar_to those (_)f a directional dispersion.
there. Micro-Raman spectra of the R/KZPface were ob- The information obtained by micro-Raman spectroscopy
tained approximately &m from the corner wittX-polarized ~ €an be pract_lcally app_lled to the characterization .of R/IKTP
excitation. The KTP and R/KTR-polarized spectra are plot- device chemlcall bondlng_ and.crystgl structure wh|ch are re-
ted on the same scale in Fig. 3 for comparison. Most of thdated to the optical nonlinearity. Micro-Raman studies can

R/KTP bands are attenuated relative to their KTP counter@/SO reveal optimal fabrication conditions for the more effi-
parts although not all to the same degree; eflgrg cient design of R/KTP devices. In particular, the Raman po-

>Al,5,. The interesting and significant exceptions are afarizability tensor, and therefore the strengths of the Raman
327 cml where Al=0. and at 204. 216. 270. 637. and Pands, can be related to the nonlinear susceptibility of a
700 et where | gyre>krp. To account for these spec- crystal® Raman bands of certain symmetries can be corre-

tral changes, we consider the directional dispersion preseffited to specific nonlinear coefficients through crystal sym-
in the KTP and RTP spectra. metry. Consequently, R/IKTP waveguide degthr latera)

The directional dispersion can be attributed to two com-Profiles of Raman band strength relative to KTP can yield
ponents, the classical directional dispersion of phonons angP'reésponding optical nonlinearity profiles. Also, the nonlin-
selective probing of the two distinct octahedra. One can en€ar Susceptibility tensor is determined by the crystal symme-
vision a Raman experiment in which the laser beam is origi{Ty- Disruption of the long-range translatioratysta) sym-
nally incident upon one of the crystallographic faces. As theelry and tilting of the Ti@ octahedra caused by ion
crystal is rotated about a crystallographic axis orthogonal t&Xchange can therefore alter the values of specific tensor

that of the incident beam, some relative intensities and bangléments. Micro-Ramatband shifts and/or strengthgwo-
frequencies will change. For example, if the laser beam i§imensional2D) profiles of R/KTP waveguides can be gen-

originally incident upon theY face, as in Fig. 2, will erated to_map the degre.e anq direction of disrupted symme-
necessarily shift to a higher energy as the crystal is rotately @nd TiQ; octahedral tilt which depend on the extent and
off the Y axis. The spectral changes that occur in conjunctiorsPatial distribution of Rb exchange. Our micro-Raman
with Rb* exchange coincide with those for a directional dis- Studies show that 2D Rbexchange profiles of waveguide
persion where the strength and frequency of Raman band8P @nd endfaces can be mapped. Vibrational modes associ-
vary with the phonon-mode propagation direction. Thereforef'ﬂedlw'th the alkali cation appear in the region below 200

we propose a mechanism by which Rbxchange, because cm -, and the spectral differences between KTP and RTP in
this region are as great as those observed in the region asso-

ciated with the TiQ octahedral torsional and stretching
TABLE |. Band energy ofv; as a function of crystal orientation and inci- modes. Therefore, the alkali cation Raman bands can also be
dent polarization. used to monitoin situ the migration of cations, induced by
device operation, over time and correlate changes to the per-

Orientation RTPv,(cm™}) KPT v;(cm™?) Av (cm™) )
_ formance of the device.
X(Y,YZ)X 696 701 +5 We thank Dr. John D. Bierlein of Du Pont for use of the
X(Z,Z2Y)X 694 698 +4 RbTi ;
~ iOPQ, single crystal.
Y(X,X2)Y 691 696 +5 bTIOPQ single crysta
Y(Z,ZX)Y 691 695 +4
Z(X,XY)Z 696 703 +7 1J. L. Jackel, C. E. Rice, and J. J. Vaselka, Appl. Phys. 4&1t607(1982.
Z(Y,YX)Z 697 703 +6 2]. D. Bierlein, A. Ferretti, L. H. Brixner, and W. Y. Hsu, Appl. Phys. Lett.
50, 1216(1987.
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