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New high permittivity and low loss ceramics
in the Bao-Ti02-Nb205 composition
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New dielectric ceramics with formula BaTi3Nb4,O„ and Ba6Til4Nbz039 have been prepared
and characterized . BaTi3Nba0 „ was densified to 92% of TD after firing at 1310 "C for 4 h.
However, Ba6Ti 1 4Nb2O39 fired under optimized conditions ( 1260 ` C for 4 h ) showed only 85%
TD together with secondary phase . The crystal system of both of the compositions is
orthorhombic . The BaTi 3Nb4O 17 has cr w 56, Q,, .- 2100 (at 4.402 GHz ), if - +86 p.p.m. K --
and Ba6Ti14Nb203a as u, 50 , Qt, - 650 (4 .359 GHz ) and it - + 165 p . p.m. K '. U 1998
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1. Introduction
Richtmvcr [I] showed that dielectric waveguides can
confine electromagnetic waves, when they are suitably
hens. A dielectric resonator (DR). because of its high
permittivity, confines electromagnetic energy through
multiple total internal reflections. Since DRs permit
miniaturization of microwave devices. they are widely
used for a number of applications in microwave co n-
munication particularly in microwave integrated cir-
cuits. As a result, the demand for temperature-stable
and high Q resonators is increasing. Tt is well estab-
lished [2] that a DR. should possess the following
properties for communication applications:

I) c, > 20 to permit miniaturization at microwave
frequencies.

2) Q, > 2000 for a better selectivity and noise reduc-
tion.

3) "fcmper.ature•coetliceint of resonant frequency.

t1 <t 20 p.p.m. K ` for stability.

The t 1 has to be nearly zero for stringent applica-
tions. However, for general applications. r1 is not
critical. Maya [3] showed that Ti02 (rutile) pos-
sessed very good c, (-100) and Q-factor (-10000
at 4 GK() valtles. However, its high r1
(-400 p.p.m. K ') precluded its use in circuits requir-
ing high stability. Following ruble, a number of cer-
amicssuch as (!r, Sn)"li()4, Ba2'I'iy02r,, B:t5Nb4OI5,
BafMg, ;1 a;,;)()3 have been investigated in attempts
to find new materials for practical applications
[4 12]. These materials have r., in the range 24 to 1.04
and are useful in different frequency bands. The fre-
quency of application of a DR is decided by the

combination of its dielectric properties. The higher the
c,, the lower the size of the device. The selection of
ceramics for applications below I (.Hz is mainly car-
ried out by considering miniaturization, and hence,
the e, of the DR puts limits on the available materials.
However, for applications above 13 G.H.z, it is the loss
factor that limits the number of materials available.
Hence, the search for new ceramics is still in progress.
It can be seen from the literature that the ceramics
used as dielectric resonators are either titanates or
niobates/tantalates. However, very little data are
available on the microwave dielectric properties of
materials in the BaO-Ti02 Nb20; system. This pa-
per presents the preparation, characterization and di-
electric properties of two ceramics in this system,
namely BaTi_;Nb4O, ? (T3N4) and 13a,;Ti,4Nb20;9
(TI4N2). The microwave dielectric properties are re-
ported for the first time.

2. Experimental
The materials were prepared by the conventional ce-
ramic preparation route. BaC.'0;3 (ST;) Fine (Ahemicals,
India 99.9%), "I102 (Automeric, U.S.A. Electronic
Grade) and Nh203 (SI) Fine Chemicals, India 99%)
were weighed accurately in stoichiomctric proportions
to obtain a total of 15 g. The powders were mixed
using distilled water in the mortar for about 30 min.
The mixtures were dried and calcined in air at 1250'C
for 4 h. The calcined powders were then thoroughly
ground for about 1 h. A 5% PVA solution was added
to the powder and the slurry was dried. The powders
were then pressed uniaxially in tungsten carbide (WC)
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die of I I nom diameter . Cylindrical compacts of ditl'er-
ent thickness were made under a pressure of 1.75 MI'a.
These compacts were sintered in air for 4 h, T3N4 at
1310 C and T14N2 at 1260 V. The densities of the
compacts were measured by the A rchimedes method.
The phase constitution and the crystal structure of the
compounds were obtained using X -ray d iffraction
(XRI.)) of powders using ('U K, radiation (Rigaku dif-
tractometer ). The sintered bodies were polished and
thermally etched . The surface microstructures were
obtained by recording the secondary electron images
of these specimen using a JEOI . 35-C scanning elec-
tron microscope (SEM).

"Thin discs of about I tnm thickness were used as
a capacitor to determine the e at low frequencies
(<10 MHz). Silver powder dispersed in amyl acetate
solution was applied to the surfaces of these discs
along with tiny copper wires which served as connect-
ing leads. This paste was dried by heating the spe-
cimen at about 1 (X) C for I h. The capacitance and
loss factor were determined in the ran:_e (00IIz to
10 4vlllz using an 1IP 4192 impedance analyser.

The e, of the DR was measured by the "post resona-
tor" method proposed by IIakki and Coleman (131

and modified by Courtney [1 4]. The unloaded quality
factor ( Q4) was measured by the stripline method
proposed by Khanna and Garault [ 15]. The Q value
thus obtained is very close to that of a DR used in
a practical circuit . The measurement of the F:, and Q„
were carried out automatically by an IIP 9000, 300
series instrumentation computer, which controlled the
TIP 8510 B netwo rk analyser with a synthesiser (HP
8341 B ) and reflection -transmission test unit ( H.P 8514
13). The DR was slowly heated in the range 25-80'C

and the coefficient of thermal variation of resonant
frequency ( t)) was obtained.

3. Results and discussion
The T3N4 and T14N2 compositions sintered into
dense ceramics without the use of any additive. They
showed a bulk density of 4.469gettt--' (92%) and

4.12 gem respectively. The XRD patterns
obtained using CuK, radiation are shown in Fig. la

and h. The patterns are in agreement with earlier
reports (,I('PDS 38-1482 and 38-1431). The crystal
structure of "T3N4 has been reported as orthorhombic

with space group Bimini (63). Fig. 2a shows the SI:M

photograph of'13N4. It shows a nionophase constitu-

tion with uniformly packed polygonal grains of 12 jim

size. The 1'14N2 has been reported as having ortho-

rhonibic crystal structure with space group Bm2lb

(36). The XRD pattern (see Fig. ib) shows additional

weak peaks due to the presence of a secondary phase.

The SEM photograph of Fig. 2h also shows two types
of grains. The low percentage density of TI4N2 may

be due to the presence of a secondary phase.
The dielectric properties (cr) in the 10' l0' I••I/

region measured using an impedance analyser are
shown in Fig. 3a and h as a function of frequency. "The
sleep rise in the dielectric constant of T14N2 in the

low frequency (< I klvlz) region may be due to the

presence of the secondary phase. Moreover, this ce-
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Figure I Powder XRD pattern of (a) t.3aTi..Nb4O1 , and ib)
Ba,,Nbity4' 9•

ramie also has a higher loss factor at 13 MHz com-
pared to T3N4, probably due to theanultiphase nature
of the ceramics.

The t:, calculated from the TFo 18 resonance are
56.44 (5.589 GHz) for T3N4 and 49.72 (5.157 GFlz) for
T14N2. The e, values are in good agreement with the
values obtained at 13 MHz.

The unloaded Q factor of T3N4 and T14N2
near 4 (111, for the TE,) , , mode are 2100 and 650.
respectively. The normalized Q factors are
(2100 x 4.402) x 10" and (650 x 4.359) x 10". respec-
tively. The obtained Q factors are greater than the
corresponding Q factors at 13 MHz in accordance
with classical dispersion theory [16]. The presence of
secondary phase in T14N2 also affects the Q-factors at
microwave frequencies.

Fig. 4a and b respectively show the variation of
TEO, , mode of T3N4 and T14N2 ceramic with tem-

perature. The t; is calculated using the equation

1 A f
J'AT

(1)

The temperature variation of the resonant fre-
quency of T3N4 ceramic is +86 p . p.m.K t which is
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Figure 4 variation ol'resonant fregttent.y of (it) Bal I'i,Nb, (7t, and

(b) B 6N6,,Ti„QkR with respect to temtscr:uure.

less than that of T14N2 (-i- 165 p.p.m.K t). Although
the e, and 0 of these ceramics are encouraging. their
relatively high t, precludes their use as dielectric res-
onators for practical applications. Howevver, through
appropriate substitution or the use of additives, it may
be possible to obtain a nearly temperature compen-
sated dielectric.
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4. Conclusion
New dielectric resonator ceramics, BaTi,Nha.Oj ; and
Ba,;Ti4Nb2O 3<1 have. been prepared, characterized

and the dielectric resonator properties in the micro-
wave frequency range have been measured in the C-

band. Both of these ceramics showed high ti, (56 and

50, respectively) in the microwave frequency region.
(-li»vever, due to the presence of a secondary

phase, the l3a6Ti t,rNb'Oa,a had a lower Q value
(650 at 4 GHz) and higher TT (165 p.p.rn. K --') com-

pared to 13 aTi3Nb4Ot - (f) 2100 at 4 Gl-tz and

i f ^. -4- 86 p.p.m. K .. 1).
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