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Dielectric properties of RbTIOAsSO 4 single crystals

Yusin Yang and Choon Sup Yoon?®
Department of Physics, KAIST, Daeduck Science Town, Taejon 305-701, Korea

(Received 13 January 1999; accepted for publication 25 June) 1999

Using the impedance analysis, we obtain the dielectric constants of RbTiDASTA) single
crystals for the three principle crystallographic axes in the frequency range of 1 kHz—6 MHz and in
the temperature range of 303—-1123 K. The conductivity of RTA along the poteads is five
orders-of-magnitude smaller than that of KTIOP@TP) in the temperature range of 500-970 K.
The conductivities of RTA along the three principle axes have the same order of magnitude,
10°Q " tm ™t at 720 K, which is contrasted with the high anisotropy shown in KTP. 1999
American Institute of Physic§S0003-695(99)01334-(

New nonlinear optical materials capable of generatinghe surface of the solution. The starting materials for the
mid-infrared(IR) radiation have attracted much attention for synthesis of RTA and a flux, RRAs;0,q were; AsOs
scientific, commercial, and defense applications. Rubidiun{99.9+% purity), TiO, (99.9+% purity), and RBCO; (99%
titanyl arsenate(RbTIOAsQ,, RTA) has been developed purity). The weight ratio of RTA and the flux in the solution
recently and possesses excellent nonlinear optical Dfogeftle\ﬁ/as 3:10. The temperature inside the three-zone furnace was
such as wide transparency in the IR regi@35-5.3um) controlled to within+0.1 K. The initial and final temperature
and the large second-order nonlinear optical coefficientgere 1133 and 1073 K, respectively, and the temperature

_ _ _ 3 . 1 1
(d33=15.8,d3,=3.8, andd3;=2.3pm/V).” Itis a member of  |\yering rate varied from 0.5 K/day to 2.4 K/day depending
isomorphic crystal family of MTIOXQ, _where_M = {K, Rb, on the stage of the growth. RTA crystals of X181
or Cs and X={P or As. In common with KTIOPQ (KTP), 54 mn? size and of excellent quality were grown for the
RTA is a positive-biaxial crystal belonging to the orthorhom- period of 25 days. Thin plate samples were cut and polished
bic Pna2;,—mm2 class with cell parameteid=13.264,b : o .

b .. perpendicular to the three principle axes. The thickness of
=6.682, c=10.769A, andZ=8* RTA crystals exhibit
the sample was less than 0.5 mm and the area was about 7

ferroelectric phase below 1018 K and the polar axis is par-
allel to thec axis. X 7 mn? for all samples. Both faces of the samples of 6

The optical propertie%? frequency doubling,and para- X6 m.m2 in area were cgated with Ag paste electrodes. How-
metric oscillation&” of RTA have been investigated. Other gvgr, in order to investigate the .electrode effect on conduc-
physical properties such as piezoelectric and acoustillVity: We prepared a separateaxis sample with a Pt elec-
propertie were also studied. Although dielectric constantstrode of 1 um thickness evaporated on both faces. An
are considered to be one of the fundamental quantities thdiPedance analyzeiHewlett Packard 4192Awas used to
represent the electrical properties of a material, no literaturgeasure the real and imaginary parts of the dielectric con-
has yet reported the dielectric properties of RTA crystals. Irstants, and the samples were placed in an electrically
this letter, we report the complete measurements of the dishielded oven in which the temperature was controlled to
electric constants in the frequency range of 1 kHz—6 MHzwithin =0.1 K by the Eurotherm 903P temperature control-
and in the temperature range of 303—1123 K, which includeger. In order to examine the frequency dependence of the
the ferroelectric-paraelectric phase transition temperature. alternating currentac conductivity and to investigate a pos-

The imaginary part of the dielectric constaitis related  sible dielectric relaxation, we measured the dielectric con-
to the ionic conductivityo(w) stants in the frequency range of 1 kHz—6 MHz with 100

"_ _ samplings, and at every 10 K in the temperature range of

¢'=lo(w)~o(0)] we, @) 303-1123 K. The heating rate of the sample was about 1

where ¢(0) is the direct current conductivityy is the fre-  K/min.

quency of the applied field, ane} is the dielectric permit- The dispersions of the dielectric constants for &heb,

tivity of free space. For the bound carrier model, the conducandc axes are shown in Figs. 1-3. As shown in Figs. 1 and

tivity is represented by the Arrhenius relation 2, the dielectric behavior for theaxis is very similar to that
o= o ex — E/kgT), 2 for thea axis. There appears no relaxation peak for the three

principle axes. Selective values of the RTA dielectric con-

where E is the activation energy and, is the constant, stants at the frequencies of 1 kHz and 1 MHz, and at the
which is a function of the total number of the charge carriersgemperatures of 303 and 720 K are listed in Table .
ionic jump frequency, and the hopping distance. The temperature dependence of the ac conductivity was

Single crystals of RTA were grown by the high tempera-gerived from the relatiori2) and is depicted in Fig. 4 for the
ture solution growth method with placing th€01] seed at 5 and ¢ axes. The conductivity plot for the axis is not
included since it is very similar to that for theeaxis. The
dElectronic mail: csyoon@convex.kaist.ac.kr Arrhenius plot for thec axis looks very close to that for the
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FIG. 1. The dispersion of the dielectric constant for axis.
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FIG. 3. The dispersion of the dielectric constant for thexis.

a axis apart from the peak at 1018 K due to the phase trarvation energies at=1 kHz are 0.96, 0.8, and 1.1 eV for the
sition. Since the dielectric polarization due to the ferroelec-a, b, andc axes, respectively. The ac conductivities of RTA

tric phase transition is established only along ¢thaxis, no
dielectric peak is expected along theandb axes. The acti-
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FIG. 2. The dispersion of the dielectric constant for thaxis.

at f=1kHz are 2108 3.0x10% and 3.7
x10°8Q " tmtat 303 K, and 2.510 °, 3.5x10 °, and
1.3x10°°Q " tm™! at 720 K for thea, b, andc axes, re-
spectively. These are very contrasted with those of KTP,
where the conductivity along the axis is four orders-of-
magnitude larger than that along theandb axes® Consid-
ering that RTA is isostructural with KTP, it is interesting to
note the nearly isotropic behavior of the ac conductivity in
RTA. The conductivity data along theaxis using both Ag
and Pt electrodes showed almost the same values in the tem-
perature range of room temperature to 900 K and the differ-
ence between the two data is not greater than 80% even
above 900 K.

In Table Il, the conductivity of KTP isomorphs at 1 kHz
along the polac axis is summarized. The replacement of K
ions in KTP by RB ions leads to reducing the conductivity
by three orders-of-magnitude in RTP (RbTiOpG° And
the replacement of phosphorus atoms in RTP by arsenic at-
oms reduces the ac conductivity by two orders-of-magnitude
further in RTA. Consequently the conductivity of RTA be-
comes about five orders-of-magnitude smaller than that of
KTP. In order to investigate the effect of impurities on con-

TABLE |. Dielectric constants of RTA at 303 and 720 K.

303 K 720 K
Dielectric constant 1 kHz 1 MHz 1 kHz 1 MHz
€ 17.9 17.6 43.6 20.8
€p 22.6 23.7 42.6 29.9
€ 40.8 39.4 119.1 88.6
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-2 TABLE Ill. Impurity concentration in the RTA dielectric samples.

Impurity Mg Al Fe Cu Zr Cr Ni

(ppm) 388 136 56 280 480 17 <05

of these trivalent impurities. The tetravalent ion impurity,
Zr*" is more likely to replace Ti" rather than A%", when
taking into account the electronic structure and ionic radius
of Zr**, Ti*", and AS" ions. Thus, it is not probable that
Zr** impurities contribute to the decrease in the concentra-
tion of the ionic vacancy. It therefore seems that the impuri-
ties of the RTA crystals might not give any significant effect
on the reduction of the conductivity.

The observed low conductivity in RTA could be ex-
2 plained by analyzing the crystal structure of KTP isomorphs.
o The structure of KTP consists of a three-dimensional net-
work of corner-shaped TiQoctahedra and PQtetrahedra
with open channels running parallel to tbaxis!>**K* (or

In(o)]| o'm" ]

-4
6

8 Rb") ions then fit into the corners of the rectangular-shaped
E ol 200000000000000000 od channels in a spiral fashion with the pP@trahedra placed
2 1k o IMHz Soe . above and below them. The'K(or Rb") ions thus have to
> : 13&1‘21 20,0 eea, hop to the neighboring vacancy sites in a zig-zag manner
= ar e along the channels, since the oxygen atoms of fe@ahedra
ST HJ block the straight hopping motions of *K(or Rb") ions.
sl Therefore, the heavier the mass of the ions {Rand the
N Y ST R E— 50 larger the volume of the tetrahedra (AgQthe more diffi-

cult for the ions to hop, which results in much smaller con-

-1
10007T [K] ductivity in RTA as compared with that of KTP and RTP.
(b) In summary, complete dielectric constant measurements
FIG. 4. Temperature dependence of the conducti@tylong thea axis and have been _done on RTA Crysfta!s’ a”P' the ac conductivity of
(b) along thec axis. RTA was discussed in association with the crystal structure.

Much smaller value of the electrical conductivity and wider
ductivity, the impurity concentrations in the RTA dielectric ransparency range in RTA crystals than KTP will help to

samples were analyzed using an inductively coupled masmfgcilitate deviqe applicatiogs, such as periodically poled op-
emission spectrophotometétCPS-100011l, Shimadzand ~ tical parametric oscillators!

the result is summarized in Table Ill. Since ionic hoppings to This work was supported in part by the Korea Science
the neighboring vacancy sites are responsible for the condugy,y engineering Foundation through the Research Center for

tivity in KTP isomorphs" the concentration of the Rova-  nyglectric and Advanced Matter PhysiRCDAMP) and in
cancy is of prime importance for the conductivity in RTA part through the HAN project.
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