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PS10.07.13 Er3+-DOPED KTiOP04 WAVEGUIDE BY ION 
EXCHANGE. P.Q Huang and P.A. Thomas, Department of Phys­
ics, University of Warwick, Coventry CV4 7AL, U.K 

Optical waveguides ofEr3+-doped KTiOP04 were fmmed, for the 
first time, using an ion exchange process. Scanning electron microscopy 
and secondaJ)' ion mass spectroscopy have been used to study the depth 
distribution of the Er3+ ions and the morphology of the erbium doped 
C!)'Stc'll. The diffusion concentr·ation was found to change two orders of 
magnitude in a depth of8fUll. There was no obvious diffusion ofEr3+ ion 
into KTiOP04 in the temperatl!re range of 400-600°C. The erbium con­
centration ru1d depth were improved after annealing at 800°C for a few 
minutes to fom homs in Cl)'Stals. Strong characteristic Er3+ intra-4f shell 
emission 1500-l600nm 4Iun- 4II5/2 was observed at 295K. Fluores­
cence showed a 2~6nm lifetime and was site-dependent. The polariza­
tion dependence of the emission spectra at 1508nm suggested that the 
KTP C!)'Stc'll structme was preserved in the doped layer. The experimen­
tal results obtained so far have sho\vn a promising outlook for the devel­
opment of a waveguide laser and an aJDplifier based on Er3+-doped KTP. 

PS10.07.14 STRUCTURE AND PROPERTIES OF 
Nao.11Ko.s3TiOP04 SINGLE CRYSTAL, SYNTHESIZED BY 
FLUX iVIETHOD D.Y.Lee, N.I.Sorokina, I.A.Verin, V.I.Simonov, 
Inst.of C!)'stallogrs.phy RAS, Leninskii pr.59, Moscow, 117333, 
Russia, V.I.Voronkova, V.K.Yanovsky, Moscow State U.,Dept. of 
Physics, Leninskiye Gory, Moscow, 117234, Russia. 

Structure ofNao. 17Ko.s3 TiOP04• which belongs to the C!)'Stal type 
ofKTiOP04 characterized by nonlinear optical properties and superionic 
conductivity, was ru1alyzed by single crystal X-ray diffraction method 
ru1d the structure-property correlation of this crystal was investigated. A 
single C!)'Sl.c'll, used for experiment. was prepared by spontru1eous crys­
tc'lllization from flux. The temperature dependence of relative dielectric 
constant E33 ru1d electric conductivity of C!)'Stc'lls S33 were measmed at 
a frequency of 1MHz by meru1s of the TESLABM341E bridge. A full X­
ray str1.1ctural study was perfom1ed on CAD-4F ENRAF-NONIUS 
autodiffractometer, using MoK radiation. The structure was refined, us­
ing Prometheus prograJD. A special attention was given to cation sites, 
occupied by K+ and Na+ in the channels in finn Ti06 fi:aJDework. At 
these sites rulharmonic thermal motion was established and thermal pa­
raJDeters were calculated up to 4th order tensor. In the difference Fomier 
map an additional peak of about 1 e/A3 was found ru·ound the (K. Na)2 
site and through the analysis of this peak the structm·e was better refined. 
It was repm1ed that in the C!)'stals ofNaxKI-x TiOP04 type the reducing 
of nonlineru· optical properties took placed with the replacement of K by 
Na, although the structl!re was almost the srune. The reason of this phe­
nomenon is, however, not clear enough. That is why an accmate strl.Ictm­
al study of this crystc'll is so important in establishing the strl.Jctl!re-proper­
ty conelation aJld comparing with those of KTiOP04 aJld NaTiOP04. 

PS10.07.15 POLYl.\IIORPHISM Ai~l) CO-CRYSTALS:A CASE 
STUDY OF AiVDNO-NITROPYRIDINES. By M.Nieuwenhuyzen 
aJ1d C.B.Aakeroy. 

The crystal structures offom compollllds from a fru11ily of commonly 
used building blocks fornon-linear optical materials, anlino-nitr-opYJ.iclines, 
have been detennined, 2-anlino-5-nitropyriclinel l,the solvated compound 
2-an1ino-5nitropyricline monohydrate! 2, a new polymorph of 2-arnino-
3-nitr·opYJ.iclinel 3, and the co-crystal 2-arnino3-nitropyndine with 2-
aJDino-5-nitr·opYJ.imicline2 4. These compounds are all stabilised by a 
combination ofhydrogen bonds (including C-H .... X interactions) and 
ring-ring interactions. The balaJlce between these intermolecular forces aJld 
the way they influence the packing of these materials is exanlined, aJld the 
problems associated with polYJ.Dorphism in this system is addressed. 
References: 
I) C.B.Aakeroy. M.Nieuwenhuyzen. A structural study of 2-amino-5nitropyridine and 2-
amino-5-mtropyridine; Molecular building blocks for non-linear optical materials., submitted 
to J. A1at. chem .. 
2) C.B.Aakeroy, M.Nieuwenhuyzen. Manuscript n preparation. 

PS10.07.16 CRYSTAL STRUCTURE OF VACANCY OR­
DERED ZnGa2Se4. 0. Nittono, T. Hanada, andY. Nakamura, 
Department Metallurgical Engineering, Tokyo Institute of Tech­
nology, Oh-Okayama, Meguro-ku Tokyo 152, Japan 

ZnGa2Se4 is a representative ofii-ill-VI compound semiconduc­
tors ru1d the basic structure is chalcopyrite. In the ZnGa2Se4 compound, 
Se sublattice is perfect fcc but the cation sublattice is temar)': Zn, Ga ru1d 
str1.rcture vacancy. The str1.1ctme of ZnGa2Se4 is reported to be either 
defect stannite or defect chalcopyrite whose space group is I 2m or I 
respectively. In each str1.1ctme, metal atoms aJ1d the stmctme vacru1cy are 
aJTar1ged in order. They ar·e different in tl1e configuration of metal atoms 
aJ1d structure vacar1cy even though tl1e projected strl.ICllu·es on tl1e f1mda­
mental planes ar·e identical. In the present work, convergent electron beaJD 
diffraction (CBED) me applied to determine tl1e space group ofZnGa2Se4, 
ru1d tl1en cr)'sl'll stll.lctme is refined by X-ray Rietveld metl1od. 

The specimens ofZnGa2Se4 me syntl1esized by melting of Ga2Se3 
(3N) aJld ZnSe (51\l) at 1673K. aJld tl1en annealed at 1273K for 60 days. 
Sharp reflection spots ar·e observed in tl1e selected ar·ea electron berun 
diffraction (SAED) pattems, which indicates the good cr)'stallinity oftl1e 
specimens. TEM observation shows tl1at domains grow up well ar1d tl1e 
size is as lmge as 5J..Lm. A CBED whole pattern tal-:en along tl1e [001] 
direction cleru·ly exhibits 4RmmR symmetr)', so that it is found tl1at 
ZnGa2Se4 belongs to tl1e space group I m2. Based on tl1e result, X-ray 
Rietveld refinement (F. Izumi, 1993) has been done aJ1d tl1at converged 
at a=5.5093A. b=l0.9450A. Rwr=18.49%, RF5.60%, S=L7065. 

F. Izumi, 'The Rietveld Method," ed. by R. A Young, Oxford University Press, 
Oxford (1993). Chap. 13 

PS10.07.17 NEW-TYPE INTERFERENCE PATTERN 
GENERATED BY INTERNAL STRESS AROUND A 
MICROPIPE IN THE 6H-SiC SINGLE CRYSTAL. By H. 
Ohsaton. T. Katon, M. Razeghi2). T. Okudall, nDepar·tment of 
Materials Science ru1d Engineering, Nagoya Institute ofTeclmology, 
Nagoya 466, Japall, 2JCenter for Quru1tum Devices, Nor1hwestern 
University, IL 60208-3118, USA 

SiC has been expected for substr·ate forGaN single crystal tllin film 
wllich is available for blue laser diode, but tl1e Cl)'stalline quality of SiC 
substrates is low grade affected by intemal stTess ar·ound micropipes. 
Usually, sapphire ( a.-Ah03) is tl1e most commonly used for substr·ates, as 
it gives tl1e best crys&'llline quality. Moreover GaN grown on sapphire 
has been used for blue LED aJ1d emission of blue laser has just succeeded. 
But tl1ere me many defects on tl1e interface wllich cause shm1lifetime 
because of lar·ge atomic distance mismatch (ADM) between GaN aJld 
sapphire. On tl1e otl1er haJld, good quality GaN epilayer has not grown on 
tl1e SiC substrates in spite of small ADM. SiC single crystals made by 
modified Lely's metl1od wllich could grow lmge single cr)'stals have 
many micropipes along c-axis. Butterflytype str·ain configmations around 
nlicropipes have been observed 
by the orthoscope under optical 
polruizing microscope in spite 
of adjusting c-axis direction to 
the optical axis of the 
microscope using universal 
stage. The butterfly-type pattem 
has been settled as a new-type 
interference pattem. A forth 
working upon tl1e micropipe to 
one direction has been 
appreciated from the 
interference pattern with 
vibration directions (Fig.l ). The 
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vibration directions of tl1e fast aJld slow wave ar·e corresponding to the 
direction of composition ru1d tension, respectively. Clarification of the 
growth mechrulism of nlicropipes accomparlied intemal stress is available 
for growth of good quality GaN. 


