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CHAPTER-TV

PYROELECTRIC MEASUREMENTS

£

4.1 INTRODUCTION

The pyroelectricity is defined as the change in electrical
spontaneous polarization (PS) of the material when it undergoes a variation
in its temper.ture. As ferroelectrics have a very large temperature
dependent PS, they are strongly pyroelectric materials. The pyroelectric
effect shown by polar materials has been known since ancient times. The
primary pyroelectcicity in ferroelectric ceramics (can* arise from two
factors: (i) the primiry effect of aligned domains and (ii) switching of

of domains by 180°

The ferroelectric 'Qrilstal while heating shows
pyroelectric effect creating electrical charges on the faces oi" the
crystal. As it is well known that grystallographically. out of thiriy two,
ten crystal classes are noncentrosymmetric and are - called pyroelectric
crystals. These pyroelectric materials show change in the direction of‘ the
spontaneous polarization, when electric field is appliéd to them and hence
they are called ferroelectric materials. So all ferroelectrics show
phenomenon of pyroelectricity. e pyroelectric effect is first defined by
Caly (1946). The pyroelectric current measurement technique can be regaurded
as complenentary to hysturesis loop measurements and applied to a study

of the Curie point trangition in the ferroelectric materials.Chynoweth

(1956) devised a dynamic method for pyrcglectric measurements and deduced
an eguation,
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where, 1 the pyroelectric current, A electroded area, Ps spontaneous

polarization, t time, T temperature, %};—- the rate of heating and -g—,%—s-

-~

the pyroelectric coefficient. The eguation reveals us that at a given
temperature the pyroelectric curcent is proportional to the polarization

of the material.

Ackermann (1915) suggested the static method for pyroelectric
measrurements amnd it «was used only at discrete temperature poinis.
Chynoweth (1956) used his dynamic method for the study of pyroélectricity

3
crystal was observed by Sawada et al (1961). A method for measuring ihe

in BaTiO,. The temperatire idependence of pyroelectric -current for NaNOz

pyroelectric coefficients of a polar material over a wide range of
temperature was described by Lang and Steckel (1965). Lang et al (1969)
studied the pyroelectric effect in BaTiO3 in c:eramic form. Byer and Roundy
(1972) introduced a direct method for measuring pyroelectric coeffibients
and application to nanoseccond response time detectg;‘(S? x'Bal-x ) szoe.

Midorikawa et al (1980} were studied dielectric and pyroelectric
properties of PbB(Vo4)2 crystals in the lowest temperature phase-Dielectric
permittivity and pyroclectric coefficients of mixed crystals of TGS and
TGFB were reported by Mathur et al (1981). Chaves et al (1982) measured
pyroelectric current in the crystal of Sbsexsl-xI by measuring the
poteniial difference across a short-circuiting resistance while heézting
th= sample with uniform rate and studied the variation of pyroelectric
coefficienis .ith temperature. Khan et al (1983) reported dielectric and

pyroelectric properties of ferroelectric NaVO3 in ceramic form. Mansing

and Sreenivas (1983) were studied similar properties of TGS polysterene
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composite. The pyroelectric propsrties of the ferroelectric single crystal

1_}()0. 2 (S-I:yEal—y)O. 8 szoﬁ vyere reported by Yuhan et al

(1984). ‘e pyroelectric poperties of (Na-Bi) titanate ceramic were

series (kx-—Na

reported by Hagiyev et al ('1984), Reddy et al (1986) studied
pyroelectricity in polymer films for infra-red detection by using direct
method. The similar properties of poled samples of lead-barium titanate
and lead-strontium titanate investigated by Jamadar et al (1987). The
effect of rare earth ions (La‘%,Nd:”,Gd3+ and Sm3+) doping on férroelectric
properties of (Sr‘-—Ba)NbZO6 ceramics modified with Na® and K" was observed
by Umakantham et al (1987). The pyroelex:trii: properties for ferroelsctric
NaVOE.Kvas, LiVO3 and their solid solutions were studied by Patil et al
(1988). Rec=ntly, the pyroelectric properties of KVD3 doped. with Gd203 and
doped with 117.y203 have studied by ' Kashid ‘et ‘al and Patil et al (1989)

respectively.

ey - .

Aim of this topic is to study pyroelectricity in KVO3 doped wit

different coacentrations(0.025 to 3 mol%) of Er203.

4.2 EXPERIMENTAL DETAILS

The experimental arrangement for pyroelectric measurements of these
samples consists of a digital d.c. microvoltmeter WN-15, a picoammeter
adaptor for WV-15, an elecirically heated furnace and a digital
millivoltmeter as shown in Fig. 4.1, The sintered pellets of the samples
of 1 cm diameter and about 1 mm thickness were used for experimental
purpose. The two sides of these pellets were coated with thin layer of
conducting silver paste to achieve good slectrical contact. The psllet of

the samples was slowly heatzl inside the furnace and the pyroelectric
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current was measured with a digital d.c. microvoltmeter (WV-15) at various
temperatures. The rate of heating was calculated by measuring the
corresponding time and plotting temperature vs time(Fig.4.2) and that was

observed to be Z.SOc/min. By knowing this rate of heating and the

pyc-oelectric current the pyroelectric coefficients were calculated.

4.3 MEASUREMENT OF PYRO-PARAMETERS OF UNDOPED KV(J3 AND DOPED KVO,, WITH
[ J

§£2.0.3

The sample of undoped l(VO3 was slowly heated inside the furnace and
pyroelectric current was recorded at diffei‘ent temperatures. During the
heating the time was also noted to determine the rate of heating. The slope
of the graph of temperature vs time(Fig. 4.2) was found to be 2.500/min
giving the rate of heating. The tarperaturé dépandent pyroelectric current
and rate of neating of the sample were used to calculate the pyroelectric
3 The different samples of K‘VC}3 'doped with Er203
(varying from 0.025 to 3 mol%) were used further to measure there

coefficient of undoped KVO

pyroelectric current w.r.t.temperature. The pyroelectric coefficients for
these samples waere calculat2d by using equation 4.1. The variation of

pyroelectric current w.r.t. temperature for different samples of KVO, doped

3

with Er,0, is shown jp Fig. 4.3, whoreas dependence of pyroelectric

3
coefficient on temperature for various samples is shown in Fig. 4.4.

4.4  RESULTS AND DISCUSSION

The temperature dependence of pyroelectric current and coefficient
is shown in Fig. 4.3 and Fig. 4.4 respectively. These figures reveals us

that these samples show peak values of pyroelectric current and coefficient



[

TEMPERATURE,T (C)

360
340
320
300
280
260

240

220

200

32

] ] i ] J )

10 20 30 40 50 60
TIME , t (min)

Fig.42 PLOT OF TEMPERATURE VS TIME FOR

UNDOPED KVO3.




ERES (x10 SAMP)

PYROELECTRIC CURRENT IN AMP

1500

o—o0 KVO3
1400F
A—A +0-05
O-——-0 +O"1
é A—A +05
a—as 410
1200;-
o—0 +3-0
1000+
800r
600+
400~

e +0.025 Mol °h

200} | "/

A /3
o e 4

93

Mol ° Ero03
Mol ®e Er903

Mol % Ery 03 / A
Mol % Erp03 A

Erp,03
Mol % EroQ3 /‘\
|

180 200 220

Fig.4-3 TEMPERATURE DEPEN

240 260

T,C
DENCE OF THE PYROELECTRIC

280 300 320 340 360

CURRENT OF UNDOPED AND DOPED KVO3 WITH EroQ3,



BN ALV SR o R UREE W W Y BTSSR B W OV SN GE R T N SR

300F

270

240

210

180

94 ¢\

o——0 KVO3 \a
o——e +0.025 Mol % Erg03 \
A—A4A +0.05 Mol % Er03 ®
o—o + 01 Mol % Erp203.

A—A+05 Mol Erp03

a—us + 1.0 Mol®% Erp03 -

o—o+ 30 Mol% EFZ‘OB

7,C

TEMPERATURE DEPENDENCE OF PYROELECTRIC
COEFFICIENT OF UNDOPED AND DOPED KVO3 WITH Ers03.

o
A,
o&
\
, oo, e é k! i 1 ! J ‘
200 220 240 260 280 300 320 340 360



99

at their Curie temperatures. It is also observed that Curie ienperature

of WO3 sample changes-as the dopant concentration (ErZOS) in KVD3 varies

trom 0.025 to 3 mol%. As Er203 content in K\/O3 increases, Curie teaperature

1

of K‘;/;)3 decreases. The Curie temperature of undoped KVC)3 is abserved to

be 322.500 vhich is in good agreement with that confirmed by Kashid et al

“in their DTA studies of undoped KVO,.The peak values of pyroelectric

3
parameters of different samples of KVO3 doped with Erzo3 alongwith their

densities and Curis tenperatures are summarised in Table No. 4.1 )

TABLE NO.4.1

PEAK VALUES OF PYROELECTRIC PARAMETERS OF UNDOFPED AND 12_1:203 18308

L

Er,(), content Density T, 1 pyro o
(mole) g/cc 0, (10°A) . (10 ¢/an ¢
0.000 2.50 32.5 758.06 192.89
0.025 2.61 317.5 1387.00 352.93
0.050 2.58 307.5 1283.50 236.81
0.100 2.51 297.5 941,50 206.47
0.500 2.47 285.0 713.40 177.90
1.000 @ 272.5 630.00 157.10

3.000 2.40 260.0 601.02 136.60
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Te Table 4.1 reveals us that peak values of pyrovelectric perareters are higher for
doping concentrations 0».1025, 0.05 and 0.1 of Er203 in KVD3 and they are
smaller for doping concentrations 0.5, 1 and 3 mol% of Er203 in KVO3 as
compared to parameters of undoped ‘KVOa .This re;sult might be due to their
respective change in densities as given in Table 4.1. The maximum values
‘of parameters are observed for KVO3 sample doped with 0.025 mol% of ErZO3
and it is due to a rat}ner greater solid state interaction that takes place
in the material. This might be due to the high value of density with the
adlition of 0.025 mol % Er203 in KVOS. Thus 9.025 mol %  doping may
represent the maximum solubility of Br203 in KVOB. Similarly Table 4.1
shows that Curie tenperéture of KV03 decreases from 322.5°c to 26000 dus
to doping of Er'zo3 { 0.025 to 3 mol% ) in KVOS. As a result of this
pyroelectric masuremehts of KVD3 samples- doped with Er203 the following

conclusions could be drawn.

1. The pyroelaciric current and coefficieni for different samples of KVO3

doped with Er are temperature dependent.

2%
The every sample of K\/O3 doped with Erzo3 shows peak values of

| o)

pyroelectric current and coefficient.

3. e variation of pyroelectric parameters is related with {hg variation
of the density of the sample.

4. The peak' value of pyroelectric paramneters represents ferroelectric
Curie temperature of the sample.

5. The Curiz temperatures determined by pyroelectric measurements of
different samples are in good agreement with thoss obtained by

hysteresis loop method-
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As councentration of Er203 increases in KVO3 its Curie temperature

decreases.

The Curie temperature of umioped KVD3 is in good agreemont with that

reported by earlier authors.



Byer R.L. and Roundy C.B.
Cady W.G.
Chynoweth A.g.

Jamadar V.M. ,Patil T.A.
and Chavan S.H.

Kashid A.P,,Patil V.V:
Chavan S.H.

Khan A.Ghare D. and

Narayanan P.

Lang S.B, Rice L.H. and
Shaw S.A.

Lang S.B. and Steckel F.
Mansingh A. and Sreenivas K.

Mathur S.C., Batra A.Y.
Singh H.

Patlh . N.B., Patil R.T.
and Chavan S.H.

Patil T.A.,Jamadar V.M.
Chavan S.H.

Sawada S. Nomura S.and
Asao Y.

98

REFERENCES

{1972), Ferroelectrics. 3, 333.
(1946), Piezoelectricity {New York)
(1956), J.Appl.Phys. 27, 28.

(1987),Bull.Mat. Sci. 9, 249.

(1989), Bull. Mat. Sci. Vol-12, 57-62
(1983), Bull. Mat. Sci. 5, 133.
(1969), J.App.Phys. 40, 4335.

(1965), Rev. Sci. Instr. 36, 929.
(1983), Ferroelectrics Lett. Sec. 1, 67.

(1981), Ferroelectrics, 39, 1197.
(1989), Ind. J. Pure and Appl. Phys.

( In Press).

(1988), Ind. Ind. J.Phys. A 62, 341.

(1961), J.Phys. Soc.Kpn, 16, 2486.



