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In the work, the results of investigations of the electriondoctiono of the PZT ceram-
ics with the two following compositions: BR4Sry.06(Zro.5Tio.5)O3 + 0.25% wt. CsOs
(hard material) and (RyBao.1)(Zro.53Tio.a7)Os + 1.67% wt. NBOs (soft material), are
presented. The “soft” ceramics are characterized by higbtrt values £%;/0 > 1300
(in room temperature}fs; = 120 - 10~*2 C/N) and electromechanical coupling coefficient
(kp > 0.5). Due to good parameters it is used in electromechanicaddrarers of low fre-
quency. The “hard” PZT ceramics, which are used in resogatitters and ultrasound trans-
ducers are characterized by the following parametelgico > 900 (in room temperature),
ds1 = 65-107"2 C/N and electromechanical coupling coefficiépt> 0.35. The temperature
dependences of the electric conductioior all samples before and aftegrirradiation with
dose of 20 kGy were performed. The activation endigywas calculated on the basis of the
Ino = f(1/T) dependences.
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1. Introduction

The band theory of a solid body provides a classification criterion assfates-
trical properties for all materials are concerned. According to this yheden a con-
duction band overlaps with a basic band we deal with a conductor, whemexngy
break between the bands is of an order of several electron volts aiah&test non-
conductor. Materials with the energy break of order of a fraction of thetmn volt
show semi-conductor properties. In dielectrics (majority of ceramicsghass) elec-
trons are bounded strongly with atoms and only their excitation e.g. theoptadal or
by an action of a strong magnetic field they can be moved to the conductinhaal
conduction can be induced.

Electric conduction of the PZT type ceramics shows a complex electrochinac-
ter. The electron component contributes mainly to conduction, butmeesand distri-
bution of ion vacancies (structures with defects) create conditions fdlaiveof elec-
trons [1]. In case of polycrystalline and multi-phase ceramic materiattrigleroperties
can be changed, among other things, by modifying a chemical compoditithe ce-
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ramic of the Pb(ZTi,_,)Os type, having a structure of the AB(erovskite type, it
takes place by both changing Zr/Ti content and using different adreixtiarthe basic
chemical composition. Traditional admixtures added to PZT can be diwide isova-
lence ones substituted for A ions and heterovalence ones placed in B pe$&jd].
Isovalence doping does not lead to the formation of cation and anionsiasaln case
of isovalence modifiers general effects of doping cannot be gixplicély. Heterova-
lence admixtures however can be divided into two groups. In the fisstttee PZT type
ceramic becomes ferroelectrically soft (SF — soft ferroelectricegreas in the second
case — ferroelectrically hard (HF — hard ferroelectrics). Soft admestuesult in a de-
crease in electric conductivity of PZT of p type, because they are asofielectrons,
which lower the concentration of positive holes. Atoms, among other tharigsich el-
ements as: NI, T&+, W6+, S+ are included into such admixtures. Hard admixtures
lead to an increase in a value of electric conduction of PZT of p type, dueiteceease
in the concentration of positive holes. The most often used hard adesxéune: F&",
A3t Ccrt, Co*t, and MrEt.

Investigation results of electric conduction for the PZT type ceramic with tivo d
ferent chemical compositions, in which a soft admixture of the®§oniobium oxide
and hard one of the @03 chromium oxide were used, are presented in the work.

2. Material and experimental procedures

Temperature examinations of dependences ofteé&ctric conduction for the ob-
tained ceramic specimens in the temperature range 6200 K, at the constant heat-
ing rate being 3 K/min, were made in the work.

The “soft” ceramics of the PZT type has the following chemical composition
(Phy.oBa.1)(Zro.53Tip.47)O3+1.67% wt. NBO5 and it has NB" ions in positions B and
Ba?™ ions occupying positions A in the perovskite structure. The material witholke f
lowing chemical composition: B4 Sry.06(Zro.5Tig.5)Os + 0.25% wt. CsO3 with Cr3+
ions in positions B and 3t ions in positions A, is a “hard” ceramics of the PZT type.

The ceramics were obtained from adequately prepared ceramic powflhigh
homogeneity by the conventional ceramic sintering method (CCS). Gebdocks ob-
tained in such a way were heated at the temperature of 1250 K for 2 tingpes in a
shape of rectangular prism plates with dimensitsx 10 x 0.9) mm? were formed
from the blocks obtained. Then, the specimens were ground and mbksitesilver
paste electrodes were coated on their surfaces.

The “soft” ceramics are used in electromechanical transducers ofrémyuency.
The “hard” PZT ceramics are used in resonators, filters and ultrdgoamsducers [4].

As it has been mentioned earlier, depending on a type of the materialdamig-a
tures in it electric conduction can have electron-ion or mixed charatteanlchange
additionally under the influence of external factors, such as irradiatibich causes
a change in a mechanism of scattering of carriers under an influerecet@nge in a
type of dissipation centers. In case of the ferroelctric ceramics sattesng centers
can include: admixtures, thermal lattice vibrations, dislocations, poirctefdomain
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boundaries. A role of such centers because of a phase changepkddaat Curie tem-
perature is different in the ferroelectric and paraelectric phase.der@o investigate
those phenomena, some of the ceramic specimens were irradiated withathiation.
The radiation source was the €acobalt isotope. The specimens after the irradiation
were placed in the radiation chamber and by changing the exposure tirdedés of
energy absorbed by the specimens of the value of 20 kGy were obf{ained

3. Results and discussion

Temperature changes in theelectric conduction for the specimens of the “soft”
and “hard” ceramics are presented in Figs. 1 and 2. They result tihenchange in
the concentration of charge carriers or their mobility. If the concentratiaarriers is
constant, an increase in their mobility is the reason for an increase in ciiordwith
the temperature. A value of electric conduction at room temperature iseonottier
line of the conduction value for dielectrics and semi-conductors, and theet@ture
dependence of electric conduction has a form typical for semi-caokuid ]:

o= aoefE“/kBT, (1)

whereo, — electric conduction fol” — oo, I, — activation energy of a charge carrier,
kp — Boltzman’s constanf]’ — absolute temperature.
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Fig. 1. Dependences = f(T') obtained for the examined “soft” ceramics.

Analyzing the obtained = f(7) dependences for both ceramics certain charac-
teristic changes in conduction can be noticed for the specimens in questtbe:low
temperature range to the phase change point (Curie temperdfgrea-value of elec-
tric conduction for both ceramics is low and it is: abaot® Q~'m~! in case of the
“soft” ceramics and abouit0~7 Q~'m~! in case of the “hard” ceramics, respectively.
Such a low value of the electric conduction is connected, among other thitigghe
changes taking place in the material: dissipation of energy on the domapoaridie-
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fects formed in the technological process of the material productionld&tér values

of electric conduction are for both ceramics irradiated with 20 kGy dosleeof radi-
ation: in case of the “soft” ceramics abolit 1 Q~'m~1!, and for the “hard” ceramics
about10~® Q~'m~!. It is connected with the formation of additional dissipation cen-
ters as a result of the irradiation (point defects). In the paraelectreepladove ) for

all determinedr = f(7") dependences a rapid growth of conduction, connected mainly
with disappearance of the domain structure, what results in disappeasboenters of
dissipation of energy, is observed. Thealues, depending on the samples, are: for the
specimens before the irradiation: the "soft” ceramics — aBout10~7 Q~'m~!, the
“hard” — abouts x 10~% Q~'m~"; for the specimens after the irradiation: the “soft” ce-
ramics —about0~7 Q~'m~!, the “hard” ceramics —abou®~* Q~'m™!, respectively.
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Fig. 2. Dependences = f(T') obtained for the examined “hard” ceramics.

A characteristic parameter connected with the conduction of the PZT tyiegiais,
giving at the same time the information about the forbidden band width, iadtiea-
tion energy of the, conduction process. In order to determine it for the PZT ceramic
components in question theo = f(1/7") dependences were made. The results for the
“soft” ceramics are presented in Figs. 3 and 4 for the “hard” cerarAdichange in in-
clination of the rectilinear parts of those dependences near the phasge¢iia), and
also for the ferroelectric and paraelectric phase, was observese Thanges are a char-
acteristic feature of materials showing ferroelectric properties, andatgegonnected,
among other things, with the rebuilding of the crystalline structure at thetiangom
the low temperature to high temperature phase. Values of the activaticgyedeter-
mined on the basis of an analysis of the inclination angles of particular dtisigh in
the phases: ferroelectric and paraelectric are presented in Table 1.

It is clearly visible that in case of the ferroelectric “soft” ceramics both & fer-
roelectric phase (0.21 eV and 0.38 eV) and paraelectric phase€V.@3d 0.21 eV)
activation energies determined for the specimens both before andtadtaradiation
show great differences among themselves. For a hard ceramiongpecthose differ-
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Fig. 3. The temperature dependences oflihe = f(1/7) for examined “soft” samples of the PZT
ceramics.
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Fig. 4. The temperature dependences oflthe = f(1/7) for examined “hard” samples of the PZT
ceramics.

Table 1. Values of activation energ¥,, determined for the examined ceramics on the basis of the mea-
surements of the electric conduction.

“Soft” ceramics “Hard” ceramics
Dose [Gy] | g r 2 [V E. [eV] E, [eV] E, [eV]
erroelectric phasg paraelectric phase ferroelectric phasg paraelectric phase
0 0.21 +£0.01 0.03 £0.01 0.14 +£0.01 0.05 £+ 0.01
20 0.38 £0.01 0.21 £0.01 0.19 £0.01 0.12 £ 0.01

ences are small (0.14 eV and 0.19 eV for the ferroelectric phas8.a6ckV and 0.12
eV for the paraelectric phase).

It proves that irradiation had a little influence on a change of centers sipdison
of energy in case of the “hard” ceramics in comparison with the “softaicecs. An
increase in activation energy of thié, conduction process, what is followed by an
increase in the width of the forbidden band, both in the ferroelectric arak|zectric for
both ceramics subjected to tests after the irradiation is another effecvelisk proves
the fact that under an influence of theadiation additional centers absorbing a greater
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amount of energy (e.g. point defects) and hindering the transitioleofrens from the
basic band to the conduction band appeared in the structure.

Analyzing values of theZ, activation energy in the paraelectric phase in compar-
ison with the ferroelectric phase for both “soft” and “hard” ceramiccapens a phe-
nomenon of its clear decrease can be observed. Therefore, in rhelquric phase
thermally activated electric charge carriers are to cover a short déstditice forbidden
band width to be in the conduction band. This change correlates closely withémges
observed on the = f(7") dependences described earlier, on which a sharp increase in
electric conduction above the phase change tempergitureis clearly visible.

4. Conclusions

The results obtained in this work show that measurements of tekectric con-
duction in the temperature function for the polycrystalline ceramics of thE tiyge
contribute a lot to know specific properties of those materials. In the mmasats
of the electric conduction, set of measurement devices to investigatimmperature
changes of electric current in the constant voltage 1 V was used. Tagsuneenents of
electric current was made with exactitutlE'? A. The exactitude of activation energy
(0.01 eV) is the result of the calculations in the analytical software obtained

It has been also shown that influencing the structure of those materiabgdmyal
factors such as the radiation can lead to visible changes in values of the parameters
determined. So low value of the electric conduction is connected with chamigieh
take place in material structure such as: dissipation of energy on thardbmandaries
and point defects which occur during technological process and-aitexdiation. The
rapid increase of the electric conduction which is mainly connected with gsapnce
of domain structure (the centers of dissipation of energy) is observedraelectric
phase (abové@() for all obtained dependencies= f(7'). The observed decrease in
the values of the electric conduction in case of the specimens subjected to irradiation
is advantageous from the point of view of practical applications. In chske PZT
ceramics electric materials with the optimum electric and mechanical prapariid
with the lowest conduction at the low temperature ferroelectric phas®aght
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