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SHEPTUA KYJIOHOBCKOI'O B3BAUMOJIEMCTBUS B MIIT
CTPYKTYPE C TOHKHUM OKCHUJHBIM CJIOEM

B wumBepcuonHom kanane MJII cTpyKTypbl OOCYXIEHBI CBOICTBAa IOTEHIHANA
KyJIOHOBCKOTO B3aMMOJICHCTBHS C Y4ETOM KOHEYHOCTH TOJIIIMHBI AUIIIEKTPHUECKOTO CIIOS
U IURIEKTPUIECKOW HEOJHOPOIHOCTH Cpelibl. B yacTHOCTH, MOIy4eH SIBHBIN BH[ 3aBHUCH-
MOCTH KyJIOHOBCKOT'O TIOTEHIIMaNa B3aMMOJEHCTBHS OT TOJIIMHBI OKCHIHOTO cios. [loka-
3aHO, YTO KYJIOHOBCKOE B3amMoJieiicTBre mpossisiercs 6onee addextnsro B MII cTpyk-
Type Ha 6aze InSb/SiO:.

Kniouegvie cnoga: VHBEPCUOHHBIN KaHall, MOTEHIMAT B3aHMMOJCHCTBHS, BBICOKHUH
(HM3KHi) - k TUANEeKTpUYeCcKHi KOHTPACT.
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CHARACTERIZING THE LATTICE PARAMETERS IN IRON-DOPED
LITHIUM NIOBATE CRYSTALS WITH DIFFERENT STOICHIOMETRY

Lattice parameters a and ¢ have been investigated for iron-doped lithium nioabate
crystals with different stoichiometry by using powder X-ray diffraction. The results were
compared with the ones obtained for pure lithium niobate crystals.
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1. Introduction

Lithium niobate crystal is one of the important synthetic crystals which is an
attractive material for digital holographic memory storage due to its good
photorefractive properties [1]. For the first time, light induced refractive index
variation, the so-called photorefractive effect was investigated in 1966 by Ashkin
et al. [2] utilized by Chen et al. [3] for the storage of volume phase holograms. The
improvement of the photorefractive performance of lithium niobate is controlled by
doping with transition metal ions, non photorefractive ions and by crystal
composition as photorefractivity depends on the crystal structure and the content of
intrinsic defects [4]. Among them, Fe-doped LN crystal is the most suitable
material for data storage as it provides high capacity, rapidly transfer rate, good
sensitivity and long data retention time.

The first investigation of the lithium niobate crystal structure was performed
by Abrahams et al. [5]. Later studies of the lattice structure by X-ray and neutron
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diffraction of single crystals or powder emphasized a decrease in the lattice
parameters a and c¢ with the increase of stoichiometry [6-9]. Recently, the
dependence of the lattice parameters on the introduction of dopant ions [10, 11]
was also shown.

A systematic study, including the influences of intrinsic defects and the
introduction of Fe iron was not performed, thus the main intention of our
investigation by means of X-ray powder diffraction reveals the dependence of the
lattice parameters on these two factors.

2. The details of the experiment

Sample preparation: Iron-doped lithium niobate crystals had been grown by
the Czochralski technique from melts with different compositions: Cpi=48.2;
CLi=48.45; Cri=50; Cpi=54.5 with a fixed dopant concentration (0.06 wt %) were
expressed as S1, S2, S3, S4 respectively. The Li content in the crystal was
determined by Raman backscattering spectroscopy [12]. The measurements have
been performed in the Y(ZZ)Y backscattering configuration for all samples by
using the LabRAM HR Evolution spectrometer in order to obtain the A;TO modes.

For X-ray diffraction analysis the powder samples from the above mentioned
crystals have been used. The lattice parameter measurements have been performed
with the help of Philips MRD (Material Research Diffractometer) diffractometer by
utilizing Cu Ka radiation with wavelength 1=0.1540598 nm and operating in the
reflection configuration with Bragg—Brentano geometry.

A diffraction pattern plotting the intensities and the positions of the
diffracted peaks of radiation against the angular 26 position of the detector
produces a diffractogram which typically contains many distinct peaks, each
corresponding to a different interplanar spacing. In a diffraction pattern, the peak
positions determine the interatomic distances. This is shown in Fig.1.
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Fig. 1. a, b, ¢, -The XRD spectrum of 20 (Intensity) for S1, S2, S3, S4 samples respectively,
d- The result of the comparison of the XRD spectra for the S4 sample and the reference for
the pure LN crystal

3. Results

In order to analyze the X-ray spectrum to obtain the lattice parameters a and
¢ the peak positions were observed, comparing the experimental diffractograms
with the calculated spectrum from the ICDD "Inorganic Crystal Structure
Database" with the help of Maud (Materials Analysis Using Diffraction) computer
program resulting in the automatic determination of the lattice parameters together
with the instrumental parameters. In order to analyze the X-ray spectrum to obtain
lattice parameters, the peak positions were observed, comparing the experimental
diffractograms with the calculated spectrum from the ICDD "Inorganic Crystal
Structure Database" with the help of Maud (Materials Analysis Using Diffraction)
computer program resulting in the automatic determination of the lattice
parameters together with the instrumental parameters. The diffractograms of the
lithium niobate samples S1, S2, S3 are given in Fig. la-1c. The comparison of the

experimental spectrum of the S4 sample with the computed one for the pure LN
crystal from the ICDD is shown in Fig. 1d.
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The obtained values of the lattice parameters for all samples under study are
shown in Fig. 2 (depending on the composition of lithium niobate in the melt)
compared with the ones known from literature [6-9] and Table.

48 50 52 54 56 58 60

5.158 — 13.870
5.157 1 % % 1 13.868
5.156 - 1
| 1 13.866
—~ 5.155 ﬁ ] =
(=] 4
113864 &
g 51544 T 1 A ] <
® 5453 ] % 13862 ©
1 4
Q 4 Q
£ 5152 % 4 13.860 ‘g
£ | ]
[+
g 51514 ] 4 13.858 %
© i [ 3 I o
o 5150 L] Ji@ T | @
g, . % L RPN
£ 5149 ] £
© 1]
1 413854 3
= 5148 é * ]
5.147 » - 13.852
5.146 — 13.850
48 50 52 54 56 58 60
C

Fig. 2. The dependence of lattice parameters on the lithium niobate composition in the

melt. Lattice parameter a: Ml-our results, A-Lerner et al. [6], »- Abrahams and Marsh [7],
o-Malovichko et al. [8], *-Iyi et al. [9]. Lattice parameter c: [Four results, A- [6], >- [7],

Cr [8], % [9]
Table
Lattice parameters a and c for the S1, S2, S3, S4 samples
Sample CL in the melt, | Latt. par. a, A Latt. par. c, A
S1 48.2 5,1501+£2% 10 | 13,8649+7x10*
S2 48.45 5,1506+£2%10* | 13,8673+7x10*
S3 50 5,1497+2x 10 | 13,8620+7x10*
S4 54.5 5,1482+2%x 10 | 13,8599+8x 10

4. Discussion and conclusions

The variation of the lattice constants has a similar behavior compared to the
results obtained for undoped LN crystals [6-9]. This change demonstrates the
dependence on the difference of the intrinsic defect concentration as it decreases
with the increase of lithium content. Both lattice constants decrease with the
increase of crystal stoichiometry, underlining the smaller concentration of intrinsic
non-stoichiometric defects in the crystals with the compositions varying from
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congruent to near stoichiometry. In addition, a slight decrease in the lattice
parameters is noticed in Fe:LN crystals compared to the pure LN crystals with the
same composition. One can assume that the main part of Fe ions occupies Li sites
[13] which were captured by Nb°* cations. In any case, this change is negligible
compared to the change caused by the change in the intrinsic defects in the crystal
due to the small amount of iron ions. Thus, the decrease of both lattice parameters
a and c is caused by the decrease of intrinsic defects due to the change in the initial
composition of the melt.

Acknowledgements: The author would like to thank professors Marco Bazzan
and Edvard Kokanyan for the help in experiments and discussion.
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u.J4d. t1UuLh6L3UL

truureh bALLEMNY L6GPMr4UD SUMPEM FULUANNMBUUPR
LhfehNhUh LhNRUSP A3NRTEILENP SULSh MULUUESIMEMh
PLNRUGHPL

NGungbUujwu dwnwquwjputph nhpwyghwih Yppwndwdp nwnuwuhpyb) Bu Gp-
Ywreh hnuttipny \Gghpywsd wwpptin pununpnuzjwdp |hphnwh Uhnpwn pniptinh guitgh
wwpwdbinptipp: Unwgywd wpryniupubipp hwdbdwwnyb) U wujwuwlwu dwpnip |hphnwh
Uhnpwwnh pjnipbinubph nbwpnud unwgywsé hwdwudwu wwpwdbnpbph htw:

Unwtgpuyhti punbip. nbungbujwu dwnwaqwjRubnph nhdnpwlyghw, |hphnwh uhnpwwn,
gwugh wwpwdbwnpbip:

A.B. JAHMEJISIH

XAPAKTEPUCTHUKA TAPAMETPOB PEHIETKHN KPUCTAJLJIOB
HUOBATA JINTHUS PA3JIMYHON CTEXUOMETPHUMU,
JJETHPOBAHHbBIX HOHAMM KEJIE3A

HccenenoBaHbl mapaMeTpsl PEIIETKH KPHCTAUIOB HI0A0ATa JINTHS Pa3IMIHON CTEXHO-
METpHH, JErMPOBAaHHBIX HMOHAMH JKejie3a, C HCIIOJIb30BAHUEM IIOPOIIKOBOH AnUppaKIiu
PEHTI€HOBCKUX JIydel. Pe3ynbTaTel CpaBHEHBI C aHAJIOTHYHBIMH, TTOJYYEHHBIMH JJIs1 HOMU-
HaJIbHO YHCTBIX KPUCTAIIOB HUOOATA JIUTHUSI.

Kniouegwvie cnoea: peHTTeHOBCKAs TU(PPAKLHSL, HIOOAT JINTHS, TApaMeTPhl PEIIETKH.
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