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bstract

he Li2Mg1−xZnxTi3O8 (x = 0–1) and Li2A1−xCaxTi3O8 (A = Mg, Zn and x = 0–0.2) ceramics are synthesized by solid-state ceramic route and
he microwave dielectric properties are investigated. The Li2MgTi3O8 ceramic shows εr = 27.2, Qu × f = 42,000 GHz, and τf = (+)3.2 ppm/◦C
nd Li2ZnTi3O8 has εr = 25.6, Qu × f = 72,000 GHz, and τf = (−)11.2 ppm/◦C respectively when sintered at 1075 ◦C/4 h. The Li2Mg0.9Zn0.1Ti3O8

ielectric ceramic composition shows the best dielectric properties with ε = 27, Q × f = 62,000 GHz, and τ = (+)1.1 ppm/◦C. The effect of Ca
r u f

ubstitution on the structure, microstructure and microwave dielectric properties of Li2A1−xCaxTi3O8 (A = Mg, Zn and x = 0–0.2) has also been
nvestigated. The materials reported in this paper are excellent in terms of dielectric properties and cost of production compared to commercially
vailable high Q dielectric resonators.

2010 Elsevier Ltd. All rights reserved.
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. Introduction

In pace with the advances in microwave telecommunica-
ion and satellite broadcasting, a variety of microwave devices
ave been developed using dielectric resonators and the res-
nators have become indispensable components in microwave
ommunication systems.1–4 The microwave dielectric materi-
ls are advantageous in terms of compactness, light weight,
emperature stability and low cost in the production of high
requency devices.5,6 The current trend and the state of the
rt of microwave dielectric materials for telecommunication
pplications are discussed in a recent book “Dielectric mate-
ials for wireless communications”.4 The complex perovskites
uch as Ba(Zn1/3Ta2/3)O3 (BZT) and Ba(Mg1/3Ta2/3)O3 (BMT)
how the highest quality factor (Q × f > 150,000) with low τf.7–9

owever, they are made up of expensive chemicals such as tan-
alates or niobates. The (Zr1−xSnx)TiO4, Ba2Ti9O20, BaTi4O9

re some low cost materials which show useful microwave
ielectric properties.10–12 However, high sintering temperature
ogether with a long annealing time is necessary for obtaining

∗ Corresponding author. Tel.: +91 471 2515294; fax: +91 471 2491712.
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xcellent microwave dielectric properties. Hence, these high
dielectric ceramics are not cost effective either in terms of

ts cost of raw materials or its high processing temperature.
variety of microwave devices have been developed using

ielectric resonators as the frequency determining components.
owever, due to the constraints of size, frequency of opera-

ion, frequency stability and selectivity, only those materials
ith high relative permittivity (εr), low dielectric loss and nearly

ero temperature coefficient of resonant frequency (τf) can meet
he requirements for DR applications.1,3,4,13,14 Another con-
traint in making light weight electronic modules is the high
ensity (≈5 g/cm3) of dielectric ceramics and the cost of pro-
uction. These requirements put constraints on the number of
aterials available for DR applications. The reported dielectric
aterials in the literature so far have failed either atleast one

f its important properties such as cost of the raw materials,
intering temperature, permittivity, quality factor, temperature
oefficient of resonant frequency, or bulk density. Achieving all
hese requirements in one material is a formidable task and opti-

al balance of these properties is one of the major challenges in

he electronic industry. Recently West et al. reported the crystal
tructure of ternary spinal such as Li2MgTi3O8 and Li2ZnTi3O8
eramics.15,16 However, their electrical properties have not been
eported so far.

dx.doi.org/10.1016/j.jeurceramsoc.2010.05.010
mailto:mailadils@yahoo.com
dx.doi.org/10.1016/j.jeurceramsoc.2010.05.010
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and a = 8.372(2) Å for Li2ZnTi3O8 which is consistent with
corresponding reported JCPDS files. The Li2Mg1−xZnxTi3O8
ceramic has a cubic symmetry and the lattice parameter is
calculated by plotting ‘a’ versus sin2(θ).21 A straight line
586 S. George, M.T. Sebastian / Journal of the E

This paper discusses the synthesis, characterization and
icrowave dielectric properties of novel low loss dielectric
aterials (Li2Mg1−xZnxTi3O8 (x = 0–1) and Li2A1−xCaxTi3O8

A = Mg, Zn and x = 0–0.2)) having spinel structure which sat-
sfies all the above mentioned requirements and can address the
rowing demand of microelectronic industry.

. Experimental

The Li2Mg1−xZnxTi3O8 (x = 0–1) and Li2A1−xCaxTi3O8
A = Mg, Zn and x = 0–0.2) ceramic samples were prepared by
he conventional solid-state ceramic route. High purity Li2CO3,
nO, (MgCO3)4 Mg(OH)2 5H2O, CaCO3 and TiO2 (99.9+%,
ldrich Chemical Company, Inc., Milwaukee, WI, USA) were
sed as the starting materials. Stoichiometric amounts of the
owder samples were mixed and ball milled using zirconia
alls in ethanol medium for 24 h. The resultant slurry was
hen dried and calcined at 900 ◦C/4 h. The calcined pow-
ers were ground to form fine powders and polyvinyl alcohol
PVA) (molecular weight 72,000, BDH Lab Suppliers, Eng-
and) solution was then added to the powder, mixed, dried
nd ground well and pressed into cylindrical disks of about
4 mm diameter and 7 mm thickness, by applying a pressure
f about 100 MPa. These compacts were muffled by powder
f the same composition and sintered at different temperatures
n the range 1000–1125 ◦C/4 h. The sintering temperature was
ptimized for the best density and dielectric properties. The
rystal structure and phase purity of the powdered samples
ere studied by X- ray diffraction technique using Ni-filtered
u-K� radiation using Rigaku Dmax-I, Japan, diffractometer.
he microstructures of the sintered samples were studied using
canning electron microscope (JEOL-JSM 5600 LV, Tokyo,
apan). The sintered density of the specimen was measured
y the Archimedes method. The microwave dielectric prop-
rties were measured in the frequency range 4–6 GHz by a
ector Network Analyzer (8753 ET, Agilent Technologies).
he dielectric constant and unloaded quality factor of the sam-
les were measured by Hakki and Coleman and cavity methods
espectively.4,17,18

. Results and discussion

.1. Phase analysis and the microwave dielectric
roperties of Li2Mg1−xZnxTi3O8 ceramics

Fig. 1 shows the variation of the relative density of
i2MgTi3O8 (LMT) and Li2ZnTi3O8 (LZT) ceramics calcined
t 900 ◦C/4 h as a function of sintering temperature. As the sin-
ering temperature increased to 1075 ◦C/4 h, the relative density
ncreased to a maximum value and further increase in sintering
emperature decreased the density. The improvement in densifi-
ation could be due to the elimination of pores in the ceramics.

maximum densification of 95.5% and 95% is observed for

MT and LZT ceramics respectively at a sintering temperature
f 1075 ◦C/4 h. It is reported that lithium is volatile and escapes
t high sintering temperatures.19,20 The decreased densification
t higher sintering temperature could be due to the trapped poros-

F
0

ig. 1. Variation of relative density of (a) Li2MgTi3O8 and (b) Li2ZnTi3O8

eramics as a function of sintering temperature.

ty by the evaporation of lithium and also due to the abnormal
rain growth.

Fig. 2 shows the X-ray diffraction pattern of
i2Mg1−xZnxTi3O8 (x = 0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, and
) ceramics sintered at its optimized sintering temperature of
075 ◦C/4 h. All the peaks are indexed based on JCPDS file
umber 48-0263 for Li2MgTi3O8 and 86-1512 for Li2ZnTi3O8
ith cubic crystal symmetry. The strongest peak is observed

t 2θ = 18.2995 (d = 4.8442) for Li2MgTi3O8 and 2θ = 35.526
d = 2.52488) for Li2ZnTi3O8 respectively. As x increases
n Li2Mg1−xZnxTi3O8 ceramics, a sudden shift of strongest
ntensity peak from 2θ = 18.2995 to 35.526 is observed. This
hift is observed near x = 0.1. As x increases, the cell parameter
nd the cell volume of Li2Mg1−xZnxTi3O8 decrease as shown in
ig. 3. The lattice parameter is a = 8.381(4) Å for Li2MgTi3O8
ig. 2. X-ray diffraction patterns of Li2Mg1−xZnxTi3O8 (x = 0, 0.1, 0.2, 0.3, 0.4,
.6, 0.8, and 1) ceramics sintered at 1075 ◦C/4 h.
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Fig. 3. The variation of lattice parameter and the cell volume of
Li2Mg1−xZnxTi3O8 (x = 0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, and 1) ceramics sintered
at 1075 ◦C/4 h as a function of x. Inset shows the extrapolation of the lattice
parameter.
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Fig. 4. SEM images of thermally etched Li2Mg1−xZnxTi3O8 ceramics (a) x = 0, (b)
x = 0.6.
an Ceramic Society 30 (2010) 2585–2592 2587

s formed and extrapolation of this line to sin2(θ) = 1 gives
he value of lattice parameter ‘a’. Inset of Fig. 3 shows the
xtrapolation of the lattice parameter ‘a’ for the composition
i2Mg0.9Zn0.1Ti3O8 ceramics.

Fig. 4 shows the SEM images of thermally etched (25 ◦C
elow the optimized sintering temperature) (a) Li2MgTi3O8 and
b) Li2ZnTi3O8 ceramics sintered at 1075 ◦C/4 h. The grains
re closely packed and a small amount of porosity can be
bserved. The majority of the grains are having an average size of
0–40 �m. However, smaller grains are also observed for both
he compositions. Fig. 4 also shows the SEM micrograph of
he thermally etched Li2Mg1−xZnxTi3O8 (c) x = 0.2, (d) x = 0.4
e) x = 0.6 and (f) x = 0.8. All the SEM images except Fig. 4(c)
x = 0.2) show similar microstructure and Fig. 4(c) shows a

orous microstructure. Two types of grains having different con-
rast are observed in Fig. 4(e). Fig. 4(g) is the magnified image
f Fig. 4(e) which confirms the phase purity.

x = 1, (c) x = 0.2, (d) x = 0.4, (e) x = 0.6, (f) x = 0.8, and (g) magnified image of
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ig. 5. The variation of (a) relative permittivity, (b) quality factor and (c) temper-
ture coefficient of resonant frequency Li2MgTi3O8 and Li2ZnTi3O8 ceramics
s a function of sintering temperature.

Fig. 5 shows the variation of (a) relative permittivity
b) quality factor and (c) temperature coefficient of reso-
ant frequency of Li2MgTi3O8 (LMT) and Li2ZnTi3O8 (LZT)
eramics as a function of sintering temperature. It can be
bserved that the variation of microwave dielectric proper-
ies of LMT and LZT ceramics with sintering temperature
s similar to that of densification. The best dielectric proper-
ies are observed for the best densification. As the sintering
emperature increases to 1075 ◦C/4 h, the relative permittivity
nd quality factor reached maximum values and the tem-
erature coefficient of resonant frequency is found to be

inimum. However, subsequent increase in sintering tem-

erature degrades the microwave dielectric properties. The
mprovements in microwave dielectric properties are attributed
o the densification. On the other hand, the dielectric proper-

r
f

t

ig. 6. The variation of densification and the relative permittivity of
i2Mg1−xZnxTi3O8 ceramic as a function of x.

ies are degraded due to the poor densification by the escape of
olatile element such as lithium at elevated temperatures.19,20

he Li2MgTi3O8 ceramics sintered at 1075 ◦C/4 h has εr = 27.2
nd Qu × f = 42,000 GHz and τf = (+)3.2 ppm/◦C at 5 GHz. The
i2ZnTi3O8 ceramics sintered at 1075 ◦C/4 h shows εr = 25.6
nd Qu × f = 72,000 GHz and τf = (−)11.2 ppm/◦C at 5 GHz. It
as been observed that the Li2MgTi3O8 and Li2ZnTi3O8 ceram-
cs show excellent microwave dielectric properties and hence the
i2Mg1−xZnxTi3O8 solid solutions have been prepared with a
iew of tailoring the dielectric properties.

Fig. 6 shows the densification and the relative permittivity of
i2Mg1−xZnxTi3O8 ceramic as a function of x. The densification
f Li2Mg1−xZnxTi3O8 ceramics is expected to be in between the
ensities of the end compositions. However, a sharp decrease
n densification (90% of theoretical density) is observed in the
icinity of x = 0.2. This composition is very difficult to sinter
nd increasing the sintering temperature further decreased the
ensity of the samples. The SEM picture (see Fig. 4(c); x = 0.2)
ndicates poor densification of this composition. Fig. 6 shows the
ariation of relative permittivity of Li2Mg1−xZnxTi3O8 ceram-
cs as a function of x. When x increased from 0 to 1, the
elative permittivity of Li2Mg1−xZnxTi3O8 ceramics decreased
rom 27.2 to 25.6. All the compositions of Li2Mg1−xZnxTi3O8
eramics show a densification of about 93–95.5%. The porosity
orrected permittivity of Li2Mg1−xZnxTi3O8 ceramics is calcu-
ated using the equation4,22:

r = ε′
r

(
1 − 3P

(
ε′

r − 1
)

2ε′
r + 1

)

here εr
′ is the permittivity of the material corrected for poros-

ty, εr is the experimentally obtained permittivity and P is the
ractional porosity.

The porosity corrected relative permittivity of
i2Mg1−xZnxTi3O8 ceramics shows a decrease with an

ncrease in x. As x increased from 0 to 1, the porosity corrected

elative permittivity of Li2Mg1−xZnxTi3O8 ceramics decreased
rom 29.5 to 27.8.

Fig. 7 shows the variation of quality factor and
he temperature coefficient of resonant frequency (τf) of
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on JCPDS file number 86-1512 for Ca substituted Li ZnTi O
ig. 7. The variation of quality factor and the temperature coefficient of resonant
requency of Li2Mg1−xZnxTi3O8 ceramics sintered at 1075 ◦C/4 h as a function
f x.

i2Mg1−xZnxTi3O8 ceramics sintered at 1075 ◦C/4 h as a func-
ion of x. The quality factor of Li2MgTi3O8 and Li2ZnTi3O8
eramics are 42,000 and 72,000 GHz respectively. Hence the
uality factor of Li2Mg1−xZnxTi3O8 ceramics sintered at
075 ◦C/4 h is expected to be in between the quality factors of
he end compositions. As x increases from 0 to 0.1, the quality
actor of Li2Mg1−xZnxTi3O8 ceramics increases from 42,000
o 62,000 GHz. However, subsequent increase in x (x = 0.2), the
i2Mg1−xZnxTi3O8 ceramics show poor resonance (Qu × f of
bout 10,000 GHz). The extrinsic factors such as poor densifi-
ation and the associated trapped porosity may be the reason for
he low quality factor for x = 0.2. However, from Fig. 7 it can
e observed that further increase in x value increases the quality
actor of Li2Mg1−xZnxTi3O8 ceramics. The variation of temper-
ture coefficient of resonant frequency of Li2Mg1−xZnxTi3O8
eramics sintered at 1075 ◦C/4 h as a function of x is also
hown in Fig. 7. It is noted that, as x increases from 0 to 1,
he τf of Li2Mg1−xZnxTi3O8 ceramics varies from (+)3.1 to
−)11.2 ppm/◦C.

The well-known microwave dielectric materials with high
uality factor in general need high sintering temperature
ogether with long soaking time.4 However, the Li2MgTi3O8
nd Li2ZnTi3O8 dielectric ceramics in the present investiga-
ion show excellent dielectric properties at a relatively low
intering temperature of 1075 ◦C/4 h. The microwave dielectric
osses in bulk ceramics fall into two categories, intrinsic and
xtrinsic.23,24 In a recent study on clean grain boundaries in
gO crystals, Alford et al.25 concluded that at room tempera-

ure grain boundaries have a limited influence on MW dielectric
oss. However, in sintered alumina, dielectric loss is found to
epend strongly on pore size, pore volume, and grain size.22

he interplay of parameters such as porosity, liquid phase and
ation ordering makes it difficult for researchers to make defini-
ive remark on the relationship between grain size and dielectric
oss in the polycrystalline microwave dielectric ceramics. Report
hows that impurities even in minor amount will cause an

ncrease in the dielectric loss of ceramics.26 The sintering pro-
ess sweeps impurities to the grain boundaries and hence the
mpurities and grain boundaries are inextricably linked.25 For

c
p
L

ig. 8. X-ray diffraction patterns of Li2Mg1−xCaxTi3O8 (x = 0, 0.05, 0.10, 0.15,
nd 0.20) ceramics sintered at 1075 ◦C/4 h.

mall grains, there is a possibility of accumulation of impurities
t the grain boundaries which is less for larger grains and this
arkedly affects the quality factor. Hence, it is reasonable to

ssume that if grain boundaries are a source of dielectric loss,
hen reducing their number might be expected to reduce the
ielectric loss.22 It is generally accepted that ceramics having
arger grains shows relatively better microwave dielectric prop-
rties in addition to the inherent properties. From the SEM image
t is worth to note that both the ceramics are having the grain
ize of about 30–40 �m. The large grain size of the Li2MgTi3O8
nd Li2ZnTi3O8 ceramics could be reason for the high quality
actor when sintered at 1075 ◦C/4 h.

.2. Effect of Ca substitution on the microwave dielectric
roperties of Li2(A1−xCax)Ti3O8 ceramics (A = Mg, Zn)

It has been reported that substitution always alters the
ielectric properties depending on the chemical reactivity, solid
olubility and the formation of the second phase of substituting
lement with the parent composition.27 In the previous section
e have seen that zinc acts as good substitutant for magnesium in

he composition Li2(Mg1−xZnx)Ti3O8 and improved the quality
actor. The ionic radii of zinc (0.74 Å) and magnesium (0.72 Å)
re comparable. Calcium has a slightly higher ionic radii (1.0 Å)
s compared to zinc and magnesium (CN = 6). The present sec-
ion discusses the effect of substitution of elements having higher
onic radius (calcium) on the microwave dielectric properties of
i2(A1−xCax)Ti3O8 ceramics (A = Mg, Zn and x = 0, 0.05, 0.1,
.15, and 0.20) ceramics.

Figs. 8 and 9 show the X-ray diffraction pattern of
i2(A1−xCax)Ti3O8 ceramics (A = Mg, Zn and x = 0, 0.05, 0.1,
.15, and 0.20) ceramics sintered at 1075 ◦C/4 h. All the peaks in
ig. 8 are indexed based on JCPDS file number 48-0263 for Ca
ubstituted Li2MgTi3O8 ceramics and Fig. 9 is indexed based
2 3 8
eramics with cubic crystal symmetry. A small amount of second
hase (CaTiO3) has been observed for the calcium substituted
i2(A1−xCax)Ti3O8 ceramics (A = Mg, Zn and x = 0, 0.05, 0.1,
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ig. 9. X-ray diffraction patterns of Li2Zn1−xCaxTi3O8 (x = 0, 0.05, 0.10, 0.15,
nd 0.20) ceramics sintered at 1075 ◦C/4 h.

.15, and 0.20) ceramics. The intensity of second phase is found
o increase with increase in the calcium substitution. The for-

ation of the second phase could be due to the difficulty in
ully substituting the relatively large calcium ions as compared
o that of magnesium and zinc. The second phase observed is
aTiO3 and is indexed based on the JCPDS file 42-0423. In

he case of Ca substitution for Mg, second phase is formed for
= 0.05 and the CaTiO3 content increases with increase in x
alue. The intensity of XRD peaks corresponding to CaTiO3
ncrease with Ca substitution. In the case of Zn, the CaTiO3

RD peaks start appearing at x = 0.1 and the intensity of XRD
eaks corresponding to CaTiO3 increase with increase in x.

Fig. 10 shows the microstructure of Li2(A1−xCax)Ti3O8
A = Mg, Zn) ceramics for different Ca content. The grains have

o
i
L

ig. 10. SEM images of Li2(A1−xCax)Ti3O8 (a) A = Mg and x = 0.10, (b) A = Mg and
t 1075 ◦C/4 h.
an Ceramic Society 30 (2010) 2585–2592

n average size of about 30–40 �m. By comparing Figs. 4 and 10,
t can be observed that the substitution of calcium does not
hange much the grain morphology or grain size. However,
mall amount of second phase (CaTiO3) which is randomly
istributed on the grains and grain boundaries is observed.
he mixture phase observed in the microstructure support the
econdary phase detected in the X-ray diffraction patterns of
i2(A1−xCax)Ti3O8 (A = Mg, Zn) ceramics. The CaTiO3 second
hase is marked in the inset of Fig. 10(b).

Fig. 11(a) shows the variation of density of
i2(A1−xCax)Ti3O8 (A = Mg, Zn) ceramics as a function
f x. It is clear from the SEM images that increase in the
a substitution increases porosity. Hence it is expected to
ecrease the density of the Li2(Mg1−xCax)Ti3O8 ceramics with
a substitution. A slight decrease in density is observed for

he Ca substitution (up to x = 0.05) for Li2(Mg1−xCax)Ti3O8
eramics. However, further increase in Ca substitution
ncreases the density slightly. The second phase (CaTiO3)
as slightly higher density (4.036 g/cm3) compared to that of
MT and LZT ceramics.4,28,29 The increase in the density
f Li2(Mg1−xCax)Ti3O8 with an increase in Ca substitution
ould be due to the increased amount of CaTiO3 second phase.
he slight decrease in density of Li2(Zn1−xCax)Ti3O8 with an

ncrease in Ca substitution could be due to the formation of
ores and which seems to be more for Li2(Zn1−xCax)Ti3O8
ompared to Li2(Mg1−xCax)Ti3O8 (see Fig. 10). As the
a substitution increases from 0 to 0.20, the density of
i2(Mg1−xCax)Ti3O8 increases from 3.31 to 3.41 g/cm3 and

hat of Li2(Zn1−xCax)Ti3O8 varies from 3.77 to 3.74 g/cm3.
ig. 11(b) shows the variation of relative permittivity of

2 1−x x 3 8

f calcium substitution. The relative permittivity is found to
ncrease with an increase in the calcium substitution for both the
i2(Mg1−xCax)Ti3O8 and Li2(Zn1−xCax)Ti3O8 ceramics. The

x = 0.20, (c) A = Zn and x = 0.10, and (d) A = Zn and x = 0.20 ceramics sintered
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ig. 11. Variation of (a) density, (b) relative permittivity, (c) quality factor, and
n) ceramics as a function of x.

aTiO3 has a permittivity of about 1744,28,29 which is much
igher than that of Li2MgTi3O8 and Li2ZnTi3O8 ceramics. The
igher permittivity of the second phase could be the reason
or the increase in the permittivity of Li2(A1−xCax)Ti3O8
A = Mg, Zn) ceramics with calcium content. As x increases
rom 0 to 0.2, the relative permittivity of Li2(Mg1−xCax)Ti3O8
nd Li2(Zn1−xCax)Ti3O8 ceramics increases from 27.2 to
2.7 and 25.6 to 30.9 respectively. The variation of quality
actor of Li2(A1−xCax)Ti3O8 (A = Mg, Zn) ceramics as a
unction of calcium content is shown in Fig. 11(c). The quality
actor of both Li2(Mg1−xCax)Ti3O8 and Li2(Zn1−xCax)Ti3O8
eramics is found to decrease with increase in the calcium
ubstitution. The CaTiO3 has a low quality factor of about
600 GHz4,28,29 compared to Li2MgTi3O8 and Li2ZnTi3O8
eramics. Hence the CaTiO3 phase having lower quality
actor could be the reason for the decrease in the qual-
ty factor of Li2(A1−xCax)Ti3O8 (A = Mg, Zn) ceramics.
ig. 11(d) depicts the variation of the temperature coefficient
f resonant frequency of Li2(A1−xCax)Ti3O8 (A = Mg, Zn)
eramics as a function of calcium substitution. The τf of
i2(Mg1−xCax)Ti3O8 increases from (+)3.1 to (+)51 ppm/◦C
here as the τf of Li2(Zn1−xCax)Ti3O8 shifts from −11.21

o +38 ppm/◦C. It is well known that the CaTiO3 has a high
ositive τf of about (+800 ppm/◦C) and it is commonly used
o tune the temperature coefficient of resonant frequency of
icrowave dielectric ceramics which are having a negative
f
30,31 The high positive τf of the CaTiO3 second phase could

e the reason for the increase in the τf of Li2(A1−xCax)Ti3O8
A = Mg, Zn) ceramics with calcium content.

A

f

emperature coefficient of resonant frequency of Li2(A1−xCax)Ti3O8 (A = Mg,

. Conclusions

The Li2Mg1−xZnxTi3O8 (x = 0–1) and Li2A1−xCaxTi3O8
A = Mg, Zn and x = 0–0.2) ceramic samples are prepared by
he conventional solid-state ceramic route and the phase purity,

icrostructure and microwave dielectric properties are inves-
igated. The Li2MgTi3O8 and Li2ZnTi3O8 ceramics shows
r = 27.2, Qu × f = 42,000 GHz, and τf = (+)3.2 and εr = 25.6,
u × f = 72,000 GHz, and τf = (−)11.2 ppm/◦C respectively
hen sintered at 1075 ◦C/4 h. Among all the compositions of
i2Mg1−xZnxTi3O8 ceramics, the Li2Mg0.9Zn0.1Ti3O8 dielec-

ric ceramic composition shows the best dielectric properties
uch as εr = 27, Qu × f = 62,000 GHz, and τf = (+)1.1 ppm/◦C
hen sintered at 1075 ◦C/4 h. The effect of Ca substitu-

ion on the structure and microwave dielectric properties
f Li2A1−xCaxTi3O8 (A = Mg, Zn and x = 0–0.2) has been
nvestigated and it is found that formation of second phase
egrades the microwave dielectric properties slightly. The
i2(Mg1−xZnx)Ti3O8 ceramics developed in the present inves-

igation has excellent microwave dielectric properties compared
o commercially available dielectric resonators. The low sinter-
ng temperature with inexpensive raw materials makes the new
omposition very attractive.
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