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High k of Ba(Sm,,Ta )0, Perovskite with the addition of cation

L.Abdul Khalam
Department of Physics, | gbal College, Peringammala, Thruvananthapuram-695563, K erala, (INDIA)

ABSTRACT

Double perovskite type Ba(Sm, ,Ta ,)O, ceramic was prepared in the con-
ventional ceramic route. Diel ectric propertieswere determined with the addi-
tion of dopantssuch asNb,O,, CuO, ZnO, MgO and TiO,. Addition of MgO
and ZnO increased the quality factor of the ceramic to agreat extent, while
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the t, could betuned to nearly zero value with the addition of CuO and TiO,.
Addition of TiO2 increased the dielectric constant of Ba(Sm,,,Ta, ,)O, ce-

ramic to ahigh k group.

INTRODUCTION

Microwave communicationindustry isexperienc-
ing aremarkable change after the devel opment of ce-
ramic materiasthat could be used asdielectric resona
torsand filtersto store and transfer microwave com-
munication signalg*2. Prominent DR materidsfamily
reported intheliterature are the complex perovskites
of 1:2 ordered type A(B,,B’,.)O, and 1.1 ordered
typeA(B,,B’,,,)O3-- ceramics!**Y. Dielectric prop-
ertiesof complex perovskites can betuned by suitable
subgtitutionsat A or B sites.*457 Among the 1:2 type
ordered ceramics Ba(Zn,,Ta,)O, and Ba(Mg, . Ta,
,)O, werefound to have high quality factor and low
temperature coefficient of resonant frequency®%. Ad-
dition of CuO, NaF, B,O, and PbO-B,O,-SiO,
glasses™¥ enhancetheliquid phasesintering. Inthis
report, the variation in the dielectric properties of
Ba(Sm,, Ta,,)O, ceramicwith theaddition of different
dopantswere studied.

EXPERIMENTAL

PerovskitetypeBa(Sm,,Ta ,)O, ceramicwaspre-
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pared inthe conventional ceramic route. High purity
BaCQ, (99.9%, Aldrich Chemicals), Ta,0, (99.9%,
Nuclear Fuel Complex), and rare earth oxides (99.9%,
Indian Rare Earths) wereweighed inthe stoi chiometric
ratio4:1:1 and bal milled using zirconiumballsindis-
tilled water mediumfor 24 hours. Thedurriesweredried
and calcined at 1375°C for 4 hours. The addition of
binder and powder compaction were carried. The ob-
tainedcompoundsweresinteredinair at 1575°C, for 4
hours. Addition of different dopantsin 0-5wt.% were
added to Ba(Sm,,,Ta ,)O, ceramic and sintered at
1625°C. Thebulk dengitiesof thesintered sampleswere
measured by Archimedes method. Well-polished
sampleswereused for al the measurements.

RESULTSAND DISCUSSION

Calcination and sintering temperaturesof Ba(Sm,,
,1a,,,)O, ceramicswere optimized as 1375°C/4h and
1575°C/4h for better dielectric properties. The cell
parameterswere calculated by indexing Ba(Sm,,Ta,,
,)O, astetragond structure. X-ray diffraction pattern
of Ba(Sm,,Ta ,)O, ceramicisshowninFigurel. The
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Figurel: Shows(1) pureBa(Sm,,Ta,,)O,and (2) TiO,added

Ba(Sm,,Ta,,)O, ceramic

Intensity (arbitrary Unit)
L
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dielectric responses of theBa(Sm, ,Ta ,)O, ceramic
samplewas measured intherange 4 to 6 GHz range
and areshownin TABLE 1. Different vaence dopants
suchasNb,O,, CuO, ZnO,MgO and TiO, in0-5wt%
were added separately to Ba(Sm, ,Ta, ,)O, ceramics.
Figure 2 showsthevariationsinthediel ectric proper-
tiesof Ba(Sm,,,Ta ,)O, ceramicswith the addition of
0-5wt.% of different valence dopantsat thesamesin-
teringtemperature (1575°C/4h). Theionicradii of B-
steelementsintheBa(Sm ,,Ta ,)O, ceramicarer, =
0.9581u, r,,=0.64 1 and the average ionic radius of Sm
and Tais0.799 1. Dopant addition changed the dielec-
tric propertiesof Ba(Sm,,,Ta,,)O, ceramic. Dielectric
propertiesof Ba(Sm,, Ta, ,)O, hasbeenimproved with
the dopantsindependent of their valency. Thusthedi-
valent dopants such asMgO, CuO, ZnO; tetravalent
dopantssuch asTiO,; and pentaval ent dopantssuch as
Nb,O, appreciably changed the Q-factor, ¢ and t, of
Ba(Sm,,,Ta ,)O, ceramics. The variation of ¢ with
thesedopantsisintherange 36.6—38.2. Further addi-
tion of TiO, increases the ¢ of Ba(Sm, ,Ta ,)O,
whereas Q-factor decreases. Figure 2a shows the
variaionof Q xfof Ba(Sm,,Ta ,)O, ceramicswith O-
5wt.% addition of dopants. TiO, addition steeply de-
creases the Q-factor of Ba(Sm,,,Ta ,)O, ceramics,
Quality factor of Ba(Sm,,Ta, ,)O, ceramics showed
an increase with asmall amount of Nb,O, and CuO
and then decreased with further additionsas shownin
Figure 2a. Theadditionsof MgO and ZnOin 0-5wt.%
showed atrend of increasein Q-factor of Ba(Sm,,Ta,
,)O, ceramicthoughtherel ativedensitiesof thesamples
were decreased to nearly 95% of the theoretical den-
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Figure2: Showsthevariation in (a) Q-factor and (b) 7, of
Ba(Sm,,Ta,,)O, ceramicwith theaddition of dopantsin dif-
ferent wt.%.

sity. Withtherisein sintering temperatureof Ba(Sm,,
,1a,,)0, ceramics by 25°C per each 1 wt.% addition
of MgO and ZnO, the Q-factor of the samples have
been increased gppreciably asshown. Additiona pesks
of Ba(Mg,,Ta,,)O, and Ba(Zn,,Ta,.)O, phases
were observed inthe XRD pattern of MgO and ZnO
added samples (Figure 3). Increasein Q-factor with
the addition of MgO and ZnO may be dueto thefor-
mation of Ba(Mg,,,Ta,.,)O, and Ba(Zn ,Ta,.)O,
phasesalongwithBa(Sm,,Ta ,)O,.

Thevariation of T, of Ba(Sm,,Ta ,)O, ceramics
with the addition of dopantsin 0-5wt.%isshownin
Figure2b. Ba(Sm,,Ta ,)O, ceramic showsashiftinz,
towardsthe +vevaluewith TiO, addition. The steep
variationsin thediel ectric propertieswith the addition
of TiO, may beduetotheTiO, secondary phaseinthe
Ba(Sm,,Ta )0, ceramic. Similar behaviourswith TiO,
additions were reported for Sr(B’,,Ta ,)O, and
Ca(B’, ,Nb, ,)O, ceramics. 1 wt.% addition of CuO
decreased the [t | of Ba(Sm, ,Ta, ,)O, ceramicto zero
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Figure3: Showsthe XRD peaksof cation added Ba(Sm,,,Ta,,
,)O, ceramic.

vaueand then againincreased to—ve value with further
additions. 0.5 wt.% addition of Nb,O_ lowered ther,
to -3 ppm/°C and remainsnearly steady valuewith fur-
ther additions. MgO and ZnO additionstoBa(Sm,, Ta,,
,)O, ceramic showed animprovementint, to-7 ppm/
°Cwith0.5wt.% additionand it remainsnearly acon-
stant with further additions. Theseinvestigationsindi-
catethat, theimprovement in thedielectric properties
of Ba(Sm,,,Ta ,)O, ceramicsismoredependent of the
dopant’s ionic size than their valency. The improvement
indielectric propertiesof Ba(Sm, ,Ta,,)O, ceramicwith
up to 1 wt.% CuO additionwasduetotheliquid phase
sintering. Moreaddition of CuO lowered thedielectric
propertiesof Ba(Sm, ,Ta, ,)O, ceramic dueto thelig-
uid phaseformation with CuO. Addition of moreTiO,
appreciably increased thee, valueand hence Ba(Sm,,
,1a,,)O, ceramic approachesthehigh k group.

A combined (1:1 combination) effect of these
dopantsin 0-6 wt.% werea so tried to study thevaria
tionsinthedielectric propertiesof Ba(Sm,,Ta ,)O,
ceramic. These ceramicsweresintered at 1600°C/4h.
Ba(Sm,,Ta )0, ceramic hasobtained amaximume,
of 37.5with the addition of 1 wt.% of Nb,O, + CuO
and then it was decreased with the further additions.
Similarly, MgO + CuO and ZnO + CuO combinations
showed slight increasein e with 1 wt.% addition as
showninFigure4a The Q-factorsof Ba(Sm,,,Ta,,)O,
with MgO + CuO (1:1 ratio) and ZnO + CuO (1:1
ratio) haveincreased linearly up to 1 wt.% addition and
then decreased with further additions. Nb,O, + CuO
asodightly increased the Q-factor of Ba(Sm,,,Ta, ,)O,

= Fyl] Peper

37.5 s ;
|Ba(9m Ta )03+dopantsI

12 112!
37.0 2 \
L‘-“ff*cu
36.5 T
% o] (@ 1S
36.0 \
35.5 \\'\M\
9+dy
35.0 i
| | |
| Ba[Smszam]CJ;dopams I

30000

Mg+u
T

i —

25000

(GHz)

= 20000

Q xf

15000

0

2 ]
4 ]

e
-8

Tf

Mg+Cu

=12 1 | -~_;_h_;::;}
] [ - |
-14 I| T T T 'i

0 1 2 3 4 5 6

Dopant in wt%

Figure4: Showsthevariationin (a) ¢ (b) Q-factor and (c) t,
of Ba(Sm,,Ta,,)O, ceramic with the addition of multiple
dopantsin different wt.%.

ceramicsup to 0.5 wt.% addition and then decreased
with further additionsasshownin Figure4b. Thede-
crease in Q-factors of CuO added samples may be
duetotheliquid phaseformationwiththemelted CuO.

Figure4c showsthevariation of . of Ba(Sm,,,Ta,
,)O, ceramicswiththe addition of dopantsintheratio
1:1. Additionsof 1 wt.% of ZnO + CuO andNb,O, +
CuO lowered the 7, of Ba(Sm,,,Ta ,)O, ceramic to
closeto zerovaue (-0.5 ppm/°C and -3.5 ppm/°C). 1
wt.% addition of MgO + CuO aso lowered the T, of
Ba(Sm,,,Ta ,)O, ceramicto -8.2 ppm/°C. Any addi-
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tion of TiO, to any combination of dopantsresultsde-
creasein Q-factor, increasein g valueand shiftsthet,
to positivesidedueto theunreacted TiO, phaseinthe
Ba(Sm,,Ta ,)O, ceramic.

Effect of dopant (rutile-TiO,) on Ba(Sm,,Ta, ,)O,
ceramics

Generally Babased double perovskites have—ve
7,9, The TiO, has high dielectric constant, large
positivet, and hassize(r,, = 0.645A) and charge (z,=
4" closeto theaverage of Sm** and Ta**. Hence small
wt% of TiO, was added to B-siteof Ba(Sm,,Ta, ,)O,
ceramicstotunee andt. Ba(Sm,,Ta )O, ceramics
hase =37.6,Q x f=13100 GHz and t, = -10.2 ppm/
°C while TiO, has e, H” 100, Q_x f H” 45000 GHz
and T, H” 400 ppm/°C. Ba(Sm,,Ta ,)O, + X wt.%
TiO, ceramicsfor x = 0to 10 weresintered at 1600-
1300°C for 4 hours. Thesintering temperaturesof the
compounds decreases by 25°C with each 1 wt.% ad-
dition of TiO,. XRD pattern of Ba(Sm,,Ta ,)O, ce-
ramicswith and without the addition of TiO, isshown
inFigure 1. Thetetragonal splittinginthereflection
peaks have disappeared and instead sharp peaks of
cubicstructureappeared withtheaddition of TiO,. With
the addition of 1 wt.% TiO,, thedifference between the
|attice parametersaand b hasfound decreased and the
tetragona structuretransformed to pseudo cubic. Den-
sity of the ceramic hasincreased with asmall amount
(upto 0.5 wt.%) of TiO, addition. Addition of more
wt.% of TiO, decreasesthe density of the ceramic but
increasesthee with TiO, content asshownin TABLE
1. Rutilehaslower density H” 4 g/cm?®. Addition of 0.5
wt.% TiO, has not affected the Q-factor (13000 GHz)
of Ba(Sm,,,Ta,,)O, ceramic. Improvementsineg and
7, withtheadditionof TiO,toLa,.(Mg, W, ,)O, was
reported by Bian et a.". More than 0.5 wt.% TiO,
additionto Ba(Sm,, Ta ,)O, ceramicsdecreased the
dengty and Q-factor whileincreased thee, va uestegply
(showsin Figure5). Thecontinuousincreaseing with
more addition of TiO, is due to the unreacted TiO2
contentinthe Ba(Sm, ,Ta, ,)O, ceramic. Thistype of
temperature stableand high k materialsopensawin-
dow to high k group. Thevariationsin thedielectric
propertiesof Ba(Sm,,Ta,,)O, ceramic with the addi-
tion of 0-10 wt.% of TiO, at 1600-1300°C/4 h are
showninTABLE 1.
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Figure5: Showsthevariation inthedielectric propertiesof
Ba(Sm,,Ta,,)O, ceramicwith theaddition of TiO, in differ-
ent wt.%

TABLE 1. Showsthedielectric propertiesof Ba(Sm,,,Ta, ,)O,
ceramicwith cation addition

R S | Y SR Y2 s
5 a(SmF;;'rI'Zyz) o 96.00 3760 13100  -1020
+05Wt%Nb,O; 0.64 954 3767 16000  -7.2
+05W%MgO 072 955 3660 24000  -7.7
+05wt% CuO 073 959 3681 17350 00
H05wW%Zn0 074 975 3720 16850  -8.4
+05Wt% TiO; 0645 965 3820 13000  -9.0
+1.0Wt% TiO, “ 952 4200 7600 5.3
+2.0Wt% TiOz 946 4380 6450 -1.8
+3.0Wt% TiO, 941 4510 5560 32
+5.0wt% TiO, 935 4780 4300 55
+7.0Wt% TiO, 930 4860 4100 10.2
+ 10.0 Wt%TiO> 910 5230 3200 25.7

CONCLUSIONS

The quality factor of Ba(Sm,,,Ta,,)O, ceramic
wasincreased with the addition of MgO, CuO, ZnO,
and Nb,O_ separately. But the diel ectric constant was
least affected by them. t, of the ceramic could be
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tuned to nearly zero value with a small amount of
CuO and TiO, and then 1, was shifted to positive
value with further addition of TiO,. The dielectric
properties of Ba(Sm,,Ta ,)O, ceramic was in-
creased with al:1 combination of Mg & Cu, ZnO &
CuO and Nb,O, & CuO up to 1 wt.% addition and
then the diel ectric propertieswere deteriorated with
further additions. This effect of increasein Dielec-
tric constant of the material with theaddition of TiO,
can add the material in to high k group.
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