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Abstract

Dielectric ceramics based on solid solution phases of;[RRE,]TiNbOs, where RE_, = Nd, Pr, Sm and RE= Dy, Gd and Y,
were prepared by the conventional solid-state ceramic route for valueSbé ceramic samples are characterized by X-ray diffraction
and microwave methods. Ceramics based on RE (Pr, Nd and Sm) belonging to aeschynite group shows positivesvaheethbse
based on RE (Gd, Dy and Y) belonging to euxenite group show negative vatye Tfie solid solution phases between the aeschynite
and the euxenite group shows intermediate dielectric constant;aradues. The results indicate the possibility of tailoring the dielectric
properties by varying the composition of the solid solution phases. The range of solid solubility of euxenite in aeschenite and aescheni
in euxenite are different for different rare earth ions. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction crystallize with orthorhombic aeschynite crystal structure
with four formula units per unit cell and space group Pnma.
With the recent advances in microwave telecommuni- Compounds with atomic number of the rare earth ion in the
cation and satellite broadcasting, a variety of microwave range of 64—71 have euxenite structure. The euxenite struc-
devices have been developed using dielectric resonatorgure is also orthorhombic but of a different symmetry with
as the frequency determining components. Dielectric reso-space group Pcan. The members of aeschynite group are
nators (DRs) provide significant advantages in terms of known [10-12] to have positives with high ¢ and that of
compactness, light weight, temperature stability and rela- euxenite group have negativg with relatively low e (see
tively low cost in the production of high frequency devices. Table 1). Hence by preparing the solid solution phases be-
The important characteristics required for a DR are high tween positive and negatiwg materials it may be possible
dielectric constant for miniaturization, high quality factor to tailor microwave dielectric properties. This paper discuss
for selectivity and low temperature variation of resonant the synthesis characterization and microwave dielectric
frequency for stability. Several DR materials have been in- properties of solid solution phases in [RERE,]TiNbOe.
vestigated [1-9] for microwave applications. Still the search
for new materials having these properties is in progress.
Recently RETINb@ (RE: rare earth ion) is reported as a 2. Experimental
useful ceramic material for dielectric resonator applications
[10-12]. Single crystals of these groups of materials are re- The [RE_,RE.]TiNbOg, where RE_, = Nd, Pr, Sm
cently reported as useful for miniature solid state and diode and RE. = Dy, Gd and Y, were prepared by the conventional
pumped lasers [13,14] because of their interesting optical solid-state ceramic route. The oxides of the rare earths, ti-
properties. In 1963, Komkov [15] synthesized RETINDO  tanium and niobium were weighed in the appropriate molar
compounds by hydrothermal synthesis from equivalent ratio and thoroughly mixed in an agate mortar using ace-
mixtures of RRO3, TiO2 and NBOs. tone as mixing medium. The powder was dried and calcined
The RETINbGQ compounds with atomic number of the at 1260C for 4h in air. The calcined powder was again
rare earth ion in the range of 57-63 are known [13-15] to ground well and 5% polyvinyl alcohol was added as binder
and the mixture was again ground before being pressed to
"+ Corresponding author. cylinders of 10mm diameter and 7-8 mm length at about
E-mail addressmts@csrrltrd.ren.nic.in (M.T. Sebastian). 150 MPa pressure. The pellets were sintered at 1360<C400
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Table 1
Properties of RETiINb@ ceramics (after Ref. [7-9])
RE, ionic radius (A) Density (g cnv) &r ¢ (ppm per°C) 0 x F (GHz) Cell volume (R)
Pr (1.153) 5.67 53 56 12300 4421
Nd (1.135) 5.48 52 46 4480 437.3
Sm (1.104) 5.36 44 50 7640 436.7
Gd (1.078) 5.75 20 —-52 9060 420.3
Dy (1.048) 6.01 21 —42 19100 415.7
Y (1.032) 4.60 19 —45 8820 413.2
Table 3

for 4h in air on platinum plates. The sintered pellets were
polished and used for making physical property measure- —
ments. The bulk densities of the pellets were measured us* & Q x F (GHz) 7 (ppm per°C)  Sintering

Microwave dielectric properties of Sm, Y, TiNbOg

ing Archimedes method. Powdered samples were used for. temperature ()
X-ray powder diffraction analysis using Caadiation. 1044 7640 50 1360

08 30 11000 17 1400

07 22 13300 -2 1400

06 21 11500 —4 1400
3. Microwave characterization 05 21 15500 -21 1420

02 20 13800 —29 1420

00 19 8800 —45 1400

The microwave characterization of the samples was done
using a network analyzer (HP 8510 C). The dielectric con-
stant was measured by Hakki and Coleman method [16]
with the dielectric placed in between two conducting plates. Taple 4 ) ) . )

The Q factor was measured by the microstripline method of Microwave dielectric properties of Nd. Dy, TiNbOs
Khanna and Garault [17]. The coefficient of thermal varia- x € Q x F (GHz) 7 (ppm per°C)  Sintering

tion of resonant frequency () was measured by noting the temperature*C)
temperature variation of resonant frequency ofEnode (1) . ié gggg i?) 133’28
280 :

over the range of temperature 25280 07 43 17000 20 1380

05 31 28000 ~13 1385

03 24 13000 ~20 1385
4. Results and discussion 0.1 22 28500 -32 1385

0 21 19000 42 1380

Table 2 shows the microwave dielectric properties of
Pr_,Gd, TiNbOg samples. The substitution of Gd at the Pr
site decreases the dielectric constant andrthealue as a  ceramics. The YTiNb@ forms solid solution phases in
function ofx. The solid solution phases have the symmetry SmTiNbQ; for x > 0.8 with the structure and symmetry of
and structure of the aeschynite group for> 0.2. The  the aeschynite group. Far < 0.8, it forms solid solution

GdTiNbGs dissolves in PrTiNb@ up to 80 mol% to form  phases with the structure and symmetry of the euxenite

Pri_Gd, TiNbOs. For x < 0.2, the structure changes to group and have negative. The dielectric constants of the

that of the euxenite group. The values of solid solution  phases in the euxenite group are relatively low as compared

phases forx < 0.2 have negative values. Further work is to those in the aeschynite group. In Ng]DyxT|NbOG’

needed to know the exact valuexoat which the aeschenite  the solid solution phases have the aeschynite structure up

to euxenite transition occurs and to obtain a zermaterial. to x > 0.7 with a high dielectric constant and positive
Table 3 shows the dielectric properties of SmY , TiNbOs (Table 4). Forx < 0.5, they are euxenite with negative.

Table 2
The microwave dielectric properties of1PxGd, TiNbOg 5. Conclusions

X e 0 x F (GHz) 7¢ (ppm per°C) Sintering

temperature“C) Solid solution phases of [RE,RE,]JTiNbOg, where
10 53 12400 56 1370 RE;_, = Nd, Pr, Sm and RE= Dy, Gd, Y, respectively,
0.8 49 9500 54 1400 were synthesized for different valuesdsy the conventional
05 46 9500 41 1400 solid-state ceramics route and were characterized by mi-
8'i ‘z‘é gggg 127 lé‘égo crowave methods. The dielectric properties vary linearly as
00 20 9000 52 1385 a function ofx until a phase transition (aeschenite—euxenite)

occurs. Again the dielectric properties vary linearly as a
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function ofx in the new phase. The range of solid solubility  [2] J.K. Plourde, D.F. Linn, H.M. O’Bryan Jr., J. Thomson Jr., J. Am.
of aeschynite in euxenite and euxenite in aeschynite depend  Ceram. Soc. 58 (1975) 418.
on the rare earth ions. The of the materials are improved  [3] G- Wolfram, E. Gobel, Mater. Res. Bull. 16 (1981) 1455.

. . . . [4] K. Wakino, K. Minai, H. Tamura, J. Am. Ceram. Soc. 67 (1984) 278.
by the solid solution formation. Further work is in progress [5] H. Tamura, T. Konsike, Y. Takabe, K. Wakino, J. Am. Ceram. Soc.

to understand the mechanism of phase transition, dielectric = g9 (1984) c59.
properties of the ceramics near the transition point, to find [6] Y. Kawashima, M. Nishida, Y. Ueda, H. Ouchi, J. Am. Ceram. Soc.
the exact values of at which the transition occur and to 66 (1983) 421.

know whether it is possible to get zetp materials [7] H. Sreemoolandhan, M.T. Sebastian, P. Mohanan, Mater. Res. Bull.
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