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Multiple-crystal x-ray topographic characterization of periodically
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A periodically domain-inverted KTiOPPcrystal has been characterized for the first time by
multiple-crystal multiple-reflection x-ray topography. The striation contrast within the domain-
inverted regions has been revealed in high strain-sensitivity reflection topographs. The origin of
formation of the striation contrast and the mechanism of domain inversion in KTjGIRO
discussed in terms of the structural characteristics of KTiQR® 1995 American Institute of
Physics.

Potassium titanyl phosphate KTIOR@KTP), has re- been extensively used for the characterization of bulk crys-
ceived intense interest for some time as a nonlinear opticdbls or thin films of semiconductors and related materials
material for novel applications because of several uniqudecause of its high strain sensitivity. To our knowledge, this
properties, such as a high effective nonlinear optical coeffitechniqgue has not been applied to inspecting periodic
cient, a wide acceptance angle for type Il noncritical phasedomain-inversion as yet. In the present letter, we report for
matching, thermal stability, and high laser damagethe first time multiple-crystal x-ray topographic characteriza-
threshold:= A considerable body of work on the physical tion of a periodically domain-inverted KTP crystal. The ex-
properties and structures of crystals of the KTP family hagperimental results give a clear demonstration of the great
been carried out including studies of the ferroelectric phas@otential of multiple-crystal topography in characterization
transition and the related formation of domains in KTPof periodically domain-inverted nonlinear optical crystals.
crystals?>~*! Nevertheless, it is noted that naturally occurring Several blocks of domain-inverted regions of period 20
domains and domain walls have never been directly obum in optical grade hydrothermally grown KTP were pro-
served in KTP primarily because they are 180° domains. duced by scanning an electron beam on (881) (or-c)

KTP is presently widely used for frequency doubling facel* The sample was then etched using a domain-selective
1.06 um radiation from Nd:YAG lasers to generate greenetch at 220 °C that preferentially attacks 1) surface.
light. However, extension of the applicability of KTP via Figure 1 shows an optical transmission micrograph of the
reversing the domain polarization or domain inversion techperiodically domain-inverted structure in one of the grating
niques will be valuable for other optical applications. Usingblocks in the etched001) face of KTP. The period of the
domain-inversion techniques, it is possible to phase-matcomain inversion was revealed to be 2@n with domain
an arbitrary wavelength by selecting the appropriate periogvalls parallel to thg100) lattice plane. A Philips high reso-
of modulation*?*® Recently, a periodically poled domain lution multiple-crystal multiple-reflection x-ray diffracto-
structure in a(001) section of KTP_has been fabricated by meter”® which combines the advantages of a two-crystal
electron beam scanning on tf601) face'® Furthermore, four-reflection Ge 220 monochromator and Ge 220 analyzer,
techniques to fabricate periodic domain inversion inwas then used for characterization of the periodically
LiNbOz"* 8 and LiTaQ,™ as well as in KTR*?? have  domain-inverted KTP sample. The x-ray diffraction topo-
been developed rapidly. However, it seems that periodicallgraphs were taken using GUa, radiation with 40 k\&X 30
poled domain structures have not been well understood thugsA, and recorded on 2%m liford L4 nuclear emulsion
far. Since it is necessary to develop reliable and reproduciblplates. _
periodic-poling techniques for high-quality optical devices, = 004 and 008symmetric reflections with a three-crystal,
the establishment of a structural and microstructural undeffive-reflection geometry were used for high strain-sensitivity
standing of periodic domain inversion is of considerable im-x-ray diffraction topography. The rocking curve widths of
portance and interest. 004 and 008reflections from the sample are 45 and 30 sec-

Multiple-crystal x-ray diffraction topograpRy* has  onds of arc, respectively, larger than the angular and spectral
divergence of the incident beam produced by the monochro-
30n leave from National Laboratory of Solid State Microstructures, NanjingMator. The defect images occur from deviation from the dif-

University, China. Current electronic mail: phrtg@csv.Warwick.ac.uk  fraction condition due to either a change of orientatébar
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sponds to a OO&liffraction topograph of the untreated or
domain-uninverted region which is characterized by a rela-
tively smooth distribution of intensity. However, sets of ver-
tical striations in domain-inverted blocks were observed in
the 004and 008reflections[Figs. 2b) and Zc)]. The left-
hand side of each of these two topographs corresponds to the
untreated zone and the right-hand side is the domain-inverted
region. The striation features revealed in the GOw 008
reflection topographs appear essentially the same, but the
sensitivity in Fig. Zc) is higher than that in Fig. (®). The
enhancement of striation contrast at the border of the
domain-inverted region in Fig.(B) is attributed to the image
condensation and the local surface effect due to low Bragg
angle incidence compared with the O@8lection topograph.
The steep slopes of the rocking curve flanks for the 804

008 reflections are 1410° and 2.3x10° (cps/deg, respec-
tively. This means that it is possible to detect low lattice
strains of 10 or small rotations of 10° second of arc in the
FIG. 1. Optical micrograph of periodically domain-inverted structure on theX-f2y topographs. The striation contrast disappeared when
(001) face of a KTIOPQ crystal. The dark lines correspond to domain walls. X-ray topographs were taken at tails of the rocking curves,
suggesting that lattice distortions are very low. The typical

of lattice spacingd, or of both simultaneously. This can be rocking curve widths of the 008:flection obtained fromw

A

simply written as follow&* and /26 scans using the triple-axis mdden the domain-
inverted regions are 17 and 13 seconds of arc, respectively.
Al =K(ﬁtan 08+5(9)’ (1) Such di_fference in the rock_ing curve widths was not ob-
d served in the untreated regions while we perfornaednd

where 65 is the Bragg angleK is the slope of the rocking wl20 scans. Therefore, the distortions generated within the

curve flanksAd/d the local relative change in spacing of the domain-inverted regions should come principally from the
diffracting planes, an@é the component of the local lattice 1attice tilt 56 rather than the lattice dilatioAd/d.

rotation with respect to the goniometer axis. The/d and Careful inspection of the images shows that the spacings
56 effects can be separated via two-dimensional diffractiorPf the striations revealed in the x-ray topographs are much
maps2® larger than the period of the domain inversion, and that the

A clear demonstration of the contrast difference betweerstriation distributions in different grating blocks are not iden-

the domain-inverted grating block and the untreated arefC@l- This suggests that the topographic striations are not
(without electron-beam writingis shown in Fig. 2, taken at identical with the contrast resulting from either the domains

the steep part of the rocking curve flanks. Figufa) 2orre-  OF domain walls. Then, what is the original of the formation
of the striation contrast in the topographs in the domain-

inverted regions?

It is noted that the KTP sample is strained when sub-
jected to electron bombardment because of the converse pi-
ezoelectric effect. The piezoelectric tensdy,, for point

groupmne is
0 0 0 0 dyz; O
0 0 0 dy,3 0 O0]. 2

d311 d322 d333 0 0 0

In the domain-inversion experiment, the applied electric field
(E3) is along the001] direction. So, the components of the
induced strain are

. S11=d311Es,
(b} . (c) 0.2mm S,,=d3,.E3, 3
S33=d333E3.

FIG. 2. Three-crystal five-reflection topographs of a periodically domain-This means that the electric field produced by the electron
inverted KTIOPQ crystal. Magnificationx 65; (a) The untreated region, 008 beam bombardment causes three mutually perpendicular
reflection; (b) showing the striation contrast within the domain-inverted .. . . .
zone (right-handsidg 004 reflection; (c) showing the striation contrast components of the strain in the irradiated regions, together

within the domain-inverted regiofright-handsidg 008 reflection. with the domain inversion. In principle, the strained and

@,
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to assume that the electric field primarily drives the K ions
towards the negative electrode @01) face, for example,
moving K; and K, ions into K; and K; sites to form the
domain-inverted structure, i.e., the other of the twin compo-
nents. These movements of the K ions then provide second-
ary impetus for the TigPO, formula units to make the small
adjustments necessary so that inversion of the whole struc-
ture occurs within a region injected with electrons.

In conclusion, we have applied multiple-crystal
multiple-reflection high resolution x-ray topography for the
first time to the characterization of domain-inverted grating
in KTP fabricated by electron beam writing. Striation con-
trast has been revealed in high strain-sensitivity x-ray topo-
graphs, and is considered to be relevant to the domain inver-
FIG. 3.[010] view of the twinned domains in KTiOPQelated by a 010]  sion process. A possible mechanism of the domain inversion
e e L lond e300 compestey i KTP which involves a fD10) twinning operation is pro-
pseudo-twofold axis. Shaded elements are the, Ti@ahedra and Paet-  POSed, from which the usual invisibility of strain contrast of
rahedra. Solid circles are the K ions and open circles represent the hole sitdhe domain walls themselves can be understood.

In the discussion, we consider twin element 1 as the or@gihal orientatiqn of One of the author$Z.W.H.) would like to thank S. J.

the structure and twin element 2 to represent the domain-inverted regions. X i :
Teat for experimental assistance, and to acknowledge the fi-
nancial support of SERC under Grant No. GR/T 02414.
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