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Dielectric properties of lithium triborate single crystals
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From the impedance analysis, we report the dielectric constants of lithium triborate single crystals
for the three principal axes in the frequency range of 100 Hz—1 MHz and in the temperature range
of 303-773 K. The observed highly anisotropic behavior of dielectric dispersions is mainly related
to the anisotropy of the activation energy for'Lion hopping, which is constituted by the;®;
channel framework lain along tleaxis. © 1997 American Institute of Physics.
[S0003-695(97)01948-1

Lithium triborate[ LiB 305 (LBO)] is a nonlinear optical method at the authors’ laboratory. The perfection of the
crystal and has received considerable attention because of @igown LBO crystals was characterized by using synchrotron
interesting optical properties such as a relatively largex-ray topography, and the dislocation density was analyzed
second-order nonlinear optical coefficientd.4=1.4  to be less than 10/cn
pm/V),? high optical damage thresho(@5 GW/cm? 1.064 LBO crystals belong to the orthorhombic space group
um, 0.1 n3,® wide transparency rand®.16—3.5um),* very Pna2, and point group mm2 with cell parametes
small walk-off angle, and large acceptance angle for phase-8.4473 A, b=7.3788 A,c=5.1395 A, andZ=1! Thin
matching'+? plate samples were cut and polished perpendicular to the

The optical properti€s® and the applications to har- three principal axes. The thickness of the samples was less
monic and parametric generatidrsf LBO have been inves- than 0.2 mm and the area was about® mn? for all
tigated intensely. Other physical properties such as infraredamples. Difficulties with obtaining reproducible dielectric
reflectancé, Raman spectra,interband conductivity, and  data were encountered for heating and cooling runs, and this
elastic and piezoelectric propertfesere also studied. Al- was found to be associated with the inhomogeneous distri-
though dielectric constants are considered to be one of thgution of vacancies in LBO crystals, which provide hopping

fundamental quantities that represent the electrical propertiestes for Li* ions® The introduction of the annealing proce-
of a material, to the best of our knowledge, no literature has

yet reported the dielectric properties of LBO crystals. In this

letter, we report the complete measurements of the dielectric 40
constants in the frequency range of 100 Hz—1 MHz and in ° ——
the temperature range of 303-773 K. " o 3BK
The imaginary part of the dielectric constaitis related :'A=:ﬂ°:§:;;;3:.,. Lok
to the ionic conductivityo as % , W AA°’33°-aeomom,% . K
"__ :,/ atasas, ‘A“‘AA ° . °°o°°°°°°
€"=[o(w)—0(0)]/weg, D 2 nl “‘A..‘“ “‘A.,.«AA .'~.’. °°°°°°°
whereo(0) is the dc conductivityw is the frequency of the oo
applied electric field, andg is the dielectric permittivity of 6 F -
free space. Furthermore, the ionic conductivitis related to .
the diffusion coefficient through the Nernst—Einstein relation 10 . Bl e e
as 0=N(Ze)?D/kgT, whereN is the total number of the 0 | . .
charge carriersZe is the charge of the carrieiZ&E1 for . .
LBO), andD the diffusion coefficient of mobile ions. So, the 6 | .
conductivity has a simple form as '. o
o-T=A exp— AH/KgT), ) £
whereAH is the activation energy for ionic hopping aAds 8 “:a:,
the constant, which is a function of the total number of the wte ***tegesaseassasens,,,
. .. . . o o018 Mtaartannae 8L A 4 0000, eeq
charge carriers, ionic jump frequency, and the hopping dis- S e, ] s,
tance. . o : MlsssnnLibesesitttee
LBO crystals of 330X 25 mn? size and of high per- P 3 4 5 6
fection were grown by the top seeded solution growth
log [ Frequency (Hz) ]
dElectronic mail: csyoon@convex.kaist.ac.kr FIG. 1. The dispersion of the dielectric constant for ¢haxis.
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FIG. 2. The dispersion of the dielectric constant for thaxis.
FIG. 4. Temperature dependence of the ionic conductiidtyalong thea

axis and(b) along thec axis.
dure was, therefore, essential for reproducible data, and all
the samples used were annealed at 923 K7d before
evaporating the gold electrodes ofulm thickness and 4.5
X4.5 mnt area.
An impedance analyzefHewlett Packard, HP4192A

was used to measure the real and imaginary parts of the
dielectric constants, and the samples were placed in the elec-
trically shielded oven in which the temperature was con-
trolled to within =0.1 K by the Eurotherm 903P temperature
controller. Measurements were done in the frequency range
of 100 Hz — 1 MHz with 200 samplings, and at every 10 K

3ox10° = in the temperature range of 303—773 K. The rate of tempera-
B Lo ture increase for the samples was 0.3 K/min.
* 4 4K The dispersions of the dielectric constants for gheb,
20x105F = ° . Zii andc axes are shown in Figs. 1-3. As shown in Figs. 1 and
© * e ° 78K 2, the dielectric behavior for tHe axis is very similar to that
g Lswo? TR for the a axis, and the broad relaxation peaks appear below
LoxloSk 5 % ° 600 K for both axes. However, there appears no relaxation
ot g peak for thec axis (Fig. 3), and the real and imaginary parts
5.0x104fs, of the dielectric constants show a typical low-frequency dis-
§ persion behaviot. The dielectric constants at 1 MHz are
0.0 lﬂ!mgmna“ﬁ“ ead ﬂimign_nmaggmgggmcg%
11.06, 14.29, and 10.71 at 323 K, and 17.53, 22.36, and
1.0x106}* o 37.35 at 763 K for thea, b, andc axes, respectively.
. . The temperature dependence of ac conductivity was de-
8.0x105F * . rived from the relatior{1) and is depicted in Fig. 4 for the
— * o and c axes. The conductivity plot for thb axis is not in-
L 60x105F . cluded since it is very similar to that for the axis. It is
E ° °, clearly seen that the overall conductivities for thexis are
MOIOTE e several orders of magnitude larger than those foratfais.
| For example, af =500 Hz and at 373 K, the conductivity for
e e, e, the ¢ axis is 5.8<10°°> Q! m™%, while the conductivity
0.0 bommrazt 1521448540411 004040 ARG Gsacpascssscgoscocood for the a axis is 9.5¢10°% Q" 1m™L,
2 3 4 5 6 Figure 4a) shows that the conductivity versus tempera-
log [ Frequency (Hz) | ture curves forf =500 Hz, 1 kHz, and 10.7 kHz consist of
two parts of a different slope. The initial linear portion with
FIG. 3. The dispersion of the dielectric constant for ¢haxis. a steep gradient at high temperatures is due mainly to the
Appl. Phys. Lett., Vol. 71, No. 22, 1 December 1997 Kim, Yoon, and Gallagher 3213
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TABLE |. Activation energy for the different temperature ranges. the ¢ axis with the Li" ions inside so that the [iions can

Activation energy(eV) h(_)p to thg neighporing vacancy sites |n t_he channel dir_ection
_ Temperature with little interactions. So, ac conductivities along thexis
Regime range(K) 100 Hz 1 MHz show very little dispersive behavior even at low tempera-
I 300-363 0.23 -8 tures. However, for the directions perpendicular todlais,
I 363-503 0.55 0.42 the Li* ions find it difficult to hop to the neighboring sites
Il 503-643 0.31 0.25

across the framework, which results in small conductivity
values. Although hopping can succeed at high temperatures,
3 stimation is not available owing to insufficient data points. strong ion-lattice interactions cannot be avoided. As a
consequenct, there appears a strong dispersion in the ac

) ) ) conductivity along thea andb axes. Before the successive

Arrhenius-type lon cont_:luctlon process. On the c_Jther_ hanohopping of the Li ions takes place, a localized hopping can
the low-level portion with a very moderate gradient is as'happen. This induces the shifting of the Coulomb-cage po-

cribed to the localized hoppings of Liions. This localized tential by the lattice relaxatioH, and the non-Debye-type
hopping is responsible for the broad dielectric relaxationy .4 peaks in Figs. 1 and 2 appear due to this effect.

peaks in the dispersion curves of the imaginary part of the In conclusion, complete dielectric constant measure-

dielectric constants below 600 K in Figs. 1 and 2. The teM- 1 ents have been made on LBO crystals, and the dielectric

peratures at which the conducting mechanisms change frofiqhersion and ac conductivity were discussed in association
the Arrhenius type to the localized hopping type go higher a3y, the | i* jon hoppings and the ion—lattice interactions.
the frequency becomes larger, as indicated by the solid line This work was supported in part through the HAN

in Fig. 4(@), since the larger the frequency, the greater theproject and in part by the Korea Science and Engineering

thermal energy required for successive hoppings. The COfkq nqation through the Research Center for Dielectric and
dgctlwty plot as a function of temperature for Fheams in" Advanced Matter PhysiocRCDAMP).
Fig. 4(b) clearly demonstrates that the conduction process is
Arrhemus type. Four regimes of dlffer.ent ;Iopes are.|de.nt|-1C. Chen, Y. Wu, A. Jiang, B. Wu, G. You, R. Li, and S. Lin, J. Opt. Soc.
fied over the full temperature range with different activation am. B 6, 616(1989.
energies. Also, the different slope for the different frequencyiS. Zhao, C. Huang, and Z. Hongwu, J. Cryst. Gro@# 805 (1990.
curve implies the dispersion of the activation energy. In Y- Furukawa, M. Sato, and A. Markgraf, Proc. SPAE79 245 (1993.
L . G. Robertson, A. Henderson, and H. Dunn, Appl. Phys. L&@. 271
Table I, the activation energy derived from E@&) for the (1992.
different regimes is summarized. 5X. Xiong, G. Lan, and H. Wang, J. Raman Spectr@t.85 (1993.
It has been reported that Lion mobility is responsible  °S. F. Radaev, N. I. Sorokin, and V. I. Simonov, Sov. Phys. Solid St3te
Lo : 2024 (199).
for the ConductIVItééltl)’] LBO CryStalg’a.nd n O.ther bo.rate Y. Wang, Y. J. Jiang, Y. L. Liu, F. Y. Cai, and L. Z. Zeng, Appl. Phys.
crystals and glasses.” The observed highly anisotropic be- | e 67, 2462(1995,
haviors of dielectric constants and conductivities for ghe 8A. K. Jonscher, IEEE Electron. Insul. Ma8, 16; 6, 24; 6, 19 (1990.
(or b) andc axes are associated with the structural charac—g:l P. 3?;%0,5;55&3”8350”, H. L. Tuller, and D. R. Uhlmann, Solid State
ot : _ onics , .
teristics of a LBO crystal. An a_naly§|$>f the crystal struc 195, Furusawa, S. Tange, Y. Ishibashi, and K. Miwa, J. Phys. Soc5pn.
ture of LBO reveals thaﬁBO3] Frlangles and BO,] tetrahe- 2532(1990.
dra constitute a three-dimensional channel framework alongfk. Funke, Solid State Chen22, 111 (1993.
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