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Abstract:

The polycrystalline samples of Fe doped BaT{BTO) with compositional formula BaTjFeO; (x = 0, 0.01, 0.02, 0.03, 0.04
and 0.05) were prepared bglgel method The influence of the Fe content on the structural, electric properties of Ba&gO
investigated using Xay powder diffraction (XRD), Polarizatioiechniquesand FV measurementXRD analysis ndicates the
formation of doublephase tetragonal structure for sometbé prepared samplemd single phase for some oth&etragonal
phese is further confirmed by the-P characterizationRoom temperatureV measurement shows the high resistivity present in
it.in P-E measurementhé hysteresis looghows thepresence of dipole moment in it, whigh also confirmed by PUNDO
measurementalue of some sample.
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I. INTRODUCTION temperature;a calculated amount of tetra isopropyl
orthotitanate[Ti(C3sH;0),] was aded in it drop wise and
Pure Barium Titanate (BT) and fdopedBT are used for in stirred gently then calculated amountfadshly preparedron
electromechanical devices such astuators, thermistors, nitrate prepared separately in ethanels added to the above
photonic crystals and non volatile randaecess memory solution .the clear solution , was obtained after stirring for
devices transducers and capacitors because of thigh some time.Thenit was allowed to gel at room temperature.
ferroelectric propertie$li 3]. Recently,it has been reported Thenthe gel was dried to powder by heating it at temperature
that method of preparation does affect the ferroeleetnid of 9Cc. then the powder was calcined at tempeeabf 750
structural properties dfatio3.Vast study has been done on théc.Then he phase analysis of powder samples was carried out
properties of batio3 prepared by solid route method and hawing Bruker D8 Advance X ay di ffract omet e
does the different percentage of iraoping affect its radiationThen powder was pressed into palate by applying
properties. Alsat was reported by Kniepkamp ahédwingthat 100KN pressurgéo form the palate of 1.3mm diameter and an
grain ske affects thderroelectricproperties and hence its useaveragethickness of 1.5 mm . Ad thenits P-E measurements
as a memory devicavithin severalyears of discovery it was wereperformedAlso its JE measurement was carried .ofair
observed that polycrystalline Batio3 exhibits an enhancdmbth above measurement LOOP TRACER having following
dielectric response for the grain size nearp 1 ¢ Bulk specification were usefloltage : 100v tolOkv , frequency
BaTiO; has the classical ABO(B&®" as A and Ti" as B) range: 0.03hz to 100kh, minimum leakagecurrent :
perovskite structureThe ferroelectric properties of BTO canlpAmp ].
be efficiently controlled by doping with different elements. It
has been known that a high dielectric constant and gotilt RESULTS AND DISCUSSION
temperature stability ¢a be achieved through addition of Figure 1shows the XRD pattern of BalFeO; (x = 0.01,
dopants.Pure BaTiO; has cubic structure .on doping it with 0.02 0.03, 0.04 and 0.05Which represents all the peaks are
some impurity atom its cubic structure gets disturbed andgtesent inaccording to JCPDS Card No. -8428 .hence
becomes tetragonal and hence ferroelectric property gstgggesting cubistructure.But one small peak at 23.8 deg in
developed in itAlso in the paper M.H Fregnd D.A Payng5] some sample shows the presence of some amount of BaCO
it was reported that for sglel processed Batio3 polycrystal Hencesample prepared is not in singlbase.
the normal cubici tetragonal phase transformatialves not
simply shift down through room temperature , but does depend
on crystalline sizeln thiswork it has been observedatvery ] w
fine grain size can be obtained by the method of gssl ] ‘\ e
reported hez, than the solid route methaghd boh differsin —e A e

1%fe|
the ferroelectric behaviouralso ferroelectricity dependsn ]

sintering temperature 1 \

Il. EXPERIMENTAL TECHNIQ UES
In order to prepare the sample of various percentagee — .,

doped, calculated amount obarium hylroxide (Ba(OH). 2theta (deg)

8H,0) was dissolvedin mixture of ethanol and glacial acetic Figure.1. Xrd pattern for bati 1.fe.0; (x = 0.01, 0.02, 0.03,
acid(poth taken irl.1 volume ratio) bystirring and heating the .04 and 0.05)

solution at70°C for 1 hour After cooling tle solution at room

5%fe|
4%fe|

intensity(AU)
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The average crystallite size was calculated frBne h e r dig 4 Representshe variation of polarizatiopresent in the
formula and the obtained values are mentionedalle I. sample w.r.t the applied electric fieldneasured at different
From tablel it is found that the average particle sizevoltage, at room temperature. Graplearly indicates presence
decreases on increasing the doping percentage of B&Tiil®;  of ferroelectricity. from the figure4(al,a2,a3,a4,a5) it is found
as from same table it is found that FWHM increases othat \alue ofremnantpolarization Pr decreases with increase
increasing Fe percentage dopint is doserved that on of doping percentagethe value of remnant polarization
increasing the & percentage doping iBTO, the lattice decreases fromd.0754 ¢ C/ “cfon 1% Fe doped sample to
constant is found to decrease from 4.0122%0 4.00508A. 0 . 0 1 4 3?for 54 Fe doped samps 200v. andcoercive
FWHM was calculated for the pedalkving highest intensity at field(Vc) also decreasg$rom 1.53 KV/cm for 1% Fe to 1.41
31.4 deg and is found to increase with increasing doped KR¥/cm for 5%Fe sampleith increase of doping Similar
percentage. . ferroelectric behaviour is observed by other researdiet§).
TABLE 1 Lattice constant, particle size and X-ray
diffraction of BaTi;,Fe,03 (x = 0.01,0.02, 0.03, 0.04 and

u_us} 0.4+ : izjzggg al
A %:
Samples  a=b(A) ) FWHEM L (nm) e
ETFE1 401223 401803 038759 037151 %‘ 024
BTFE2? 401223 401793 0379135 037978 53 .’ >
ETFE3 401582 401644 041918 0.34352 § 00+ > 4
BTFE4 401223 401803 042660 033747 ‘g /
ETFES 400308 401322 0.43644 032006 §—o.2a
-0.4 {
In figure 2 the observation of peak at 45.15deg does not show t - 2 T T T 1
any splitting hence suggest cubic structubait. calculation of Field (kvicm)
lattice parameter shows some amount of tetragonality present
in it as a and ¢ are netjual as observed from table 1
018 = 294200
® 2%500 a2
1 N~ - B 0.104| 4 2%1000
’%T 0.05 4
4 5%fe )
o 4%fe| =
;;;;;; st S 3%fe 8 0.00 -
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£ e N o
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2heta (ceo Figure.2. 2 Sndo00 a3
Plots for 200 peak batj.fe,0; (x = 0.01, 0.02, 0.03, 0.04 and =2
0.05) § 0.1
The room temperaturei V measuremenfor all different five =
samples is shown ifigure 3 From fig it is clear that on g
increasing the percentage Fe dopiimg sample results in 5017
decreasef curve slope and henceciease in resistance of a * o2
samplewhich maybe due to ioreaseof band gap energyat ool o
5% Fe doping band gap eergy is found to be maum hence ' : : : : : :
. . . -4 -3 -2 -1 o 1 2 3 4
J(current density) to be minimum. Field (ev/em)
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Figure.3. J i e graph for bati,.,fe,0; (x = 0.01, 0.02, 0.03, Field (kv/cm)

0.04 and 0.05).
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Fig 6. Representthe ferroelectric curve of all 5 samples which
were sintered at 80%C.Sample having 5% Fe is found to have
minimum remnant polarization. Only 4%Fe doped sample
shows a significant rise inemnantpolarization. Also these
graphs donot containthe saturation P value which may be
present in the general ferroelectric hysteresis Itlop.reason
for this is that the sample in preparedlgmay be of loosy
nature having some free charge particles which may be
responsible for conductance acrdke two parallel face of
pallet .In order to observe the amount of polarization present
in the sample PUND(pulse up and downneasurement was
carried outat room temperaturtor two sample having 3%Fe
and 5% Fe wich is presented intablell. it alsoinfers the
same behavior as obtained from above Reasurement.

= 59%200
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Table.2. Variation in polarization due to doping
iggif; (‘)I')(/)Tcglofzer(r)ogéec(;[rg)a Zﬁztgrgg)s loops - ofbati, polarization| 5% at 5% at 3% at 3% at
XIex = V. ) . ) . l . .

In order to observe the effect of sintering temperatoine (uC/cm2) |1000v  1500v__ 1000v__ 1500v
polarization thesample having 3 and 5 percent Fe were
sinteredat differenttemperatureof 75C and 1100°C and
effect is observed in fig.Bom thefig .It is observed that on P : 0.81581 1.51361 1.04037 2.09726
increasing the sintering temperatuemnantpolarization Pr

. SN . Pr 0.96428 1.71150 1.23359 2.31336
increases Also coercive field iSound to increase . )
P 0.85891 -1.5761 -1.1171 -2.2475
20 3%fe(750¢) -
-Pr 1.02809 -1.7949 -1.3291 -2.4815

5%fe(750c)
5%fe(1100c)

(
39%fe(1100¢)

(

(

< > onm

g
o
L

Hence from all above discussion it is concludkdt solgel
method described above is effective in dopingaFevarious
desiredpercentagewith desired tetragonal structurélso the
above method of preparation gives rise to very small particle
size incomparisorto that obtained in solid route method of Fe
doping.But tetragonality of sample decreases with increase of
doped Fepercentageas value of polarization decreases with
increase Also XRD curve not shows the splitting of 200
002 peak which indicates cubic structuteyt this does not
3 6 4 2 0 2 4 & s mean that BTOFE has culstructure.
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Full width half maxima of the (111peak,is found to be less
Figure. 5. Typical ferroelectric hysteresis loops ofBtfe3 & than 0.45deg whichis less than the broadened 20002 peak
btfe5 samples at 758c and 110(c sintering temperature. which are separated )55 degAll of the produced samples
The above observedbehaviour may be attributed due to thehough the sample here contains tetragonal structure as
existence of the noferroelectric layers at the metal obtained from the calculation of table The same has been
ferroelectric interface andgrain boundaries which arelso discused by Frey and Payne that XRilbneis a not Suitable
stated by M.N. Kamalsanaand S Chandra 11]the lower technique to reveal the subtitle unit cell distortioSame
value of the polarization may be due the smaller grain size amdragonal structure is also confirmed diytainedpolarization,
lower packingdensity. In above fig 5 the value of coerciveas no polarization would be found if the sampleuldohave
field increases with increassf sinteringtemperaturewhich  beenin culic structure .also & values obtained infers that
may be also due to existence of fferroelectric layer at ferroelectric behavior decreases dncreasing Fe doped
crystatelectrode interface in the sample. percentage in aample JE curve suggest the decrease in band
gap energy with increase of doped Fe percentagancreased
leakage current due tthe formation of oxygen vacancies
during growth and existence of multiple Fe valences (Fe 3+
and Fe 4+ ) may have played a vital role in the decrease of
polarization .In general , the polarization and the piezoelectric
strength of ferroelectric is known ttecrease with the addition
of acceptor ions to the host lattice. the oxygen vacancies
created as a part of the charge compensdiire damping
effect on the motion of domain and hence affects spontaneous
polarization. Also as the internal electric dipofeferroelectric
material are coupled to the material lattice so due to doping
lattice changes and hence strength of dipole also changes.

Figure. 6. comparative ferroelectric hysteresis loops of Hence it can be concluded that there is coupling between the
batiy.«fe,0; (x = 0.01, 0.02, 0.03, 0.04 and 0.05)at 500v polarization and latticetrain.
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