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Paoers published In t h i s book concern w i th o r i g i n a l 
experimental and t h e o r e t i c a l s tud i es o f phys ica l p r ope r t i e s o f 
oxygen octahedra f e r r o e l e c t r l c s per formed from 1988 to 1990 and 
mainly by the d i v i s i o n o f f e r r o e l e c t r i c physics o f the 
I n s t i t u t e o f S o l i d S t a t e Phys ics o f the Un i v e r s i t y o f L a t v i a . 

The phase t r a n s i t i o n dynamics and I t s c rossover f ea tures 
In BaTIO s i n g l e c r y s t a l s are analyzed In the quaslharmonic 
r i g i d Ion approx imat ion, the ca lcu la ted T l and 0 Ion 
displacements be ing r e l a t e d t o the exper imental data of X-ray 
d i f f r a c t i o n . By measurements o f mlc ros t ruc ture , d i e l e c t r i c , 
o p t i c a l , e l e c t r o o p t i c a l , thermal , e l a s t i c , and mechanical 
parameters and s tud i e s o f t r a n s f e r processes phase t r ans i t i ons 
nave been examined In a number o f more complex systems l i k e 
P b ^ r ^ T i C g and NaNb08 s o l i d s o l u t i o n s , SBN s i n g l e c r y s t a l s 

and transparent PLZT ce ramics . The most recent r e su l t s on 
e l e c t r i c f i e l d induced phase t r a n s i t i o n mlcromechantsm s tud ies 
In transparent f e r r o e l e c t r i c ceramics are a lso reported as w e l l 
as on domain s t ruc tu re and p o l a r i z a t i o n sw i t ch ing In pure and 
metal-doped PLZT ce ramics , and on e f f e c t s of I r r a d i a t i o n on 
PLZT o p t i c a l and d i e l e c t r i c p r o p e r t i e s . Some o f the papers 
r e f e r l o technology o f PLZT ce ramics , and problems o f the 
contro l o f s t o i c h i o m e t r i c changes and admixture concentra t ion . 

The present book I s assumed to be o f p ro fess iona l help to 
people dea l ing w i t h phys ica l and chemical p rope r t i e s o f 
f e r r o e l e c t r i c m a t e r i a l s and the s tud ies o f phase t r a n s i t i o n s , 
as w e l l as to graduate and s e n i o r students In s o l i d s t a t e 
phys ics . I t may be a l so he lp fu l t o s c i e n t i s t s o f the Un i v e r s i t y 
o f L a t v i a p a r t i c i p a t i n g In meet ings and business t r i p s In other 
c o u n t r i e s , as w e l l as the guest s c i e n t i s t s t o g e t acquainted 
w i t h the problems be ing s tud ied and r e s u l t s obtained in the 
I n s t i t u t e o f S o l i d S ta t e Phys i c s . 
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LATTICE DYNAMICS IN CUBIC BafiO, 

J . Z v i r g z d s , J.Gabrusenoks 
I n s t i t u t e of So l i d S ta t e Phys i cs . Un i ve rs i t y of L a t v i a 

8, Kengaraga S t . . 226063 R iga . La t v i a 

The r i g i d ion model in quaslharmonlc aproxlmation 
was used t o I n v e s t i g a t e the a l t e r a t i o n s o f cen t ra l force 
parameters between ions and l a t t i c e normal v i b r a t i o n coordina
t e s in the f e r r o e l e c t r i c phase t r ans i t i on reg ion in BaT10 t. 

Phoncn d ispers ion cu r ves , one-phonon d i f fuse X-ray s ca t t e r ing 
In t ens i t y and the e l l i p s o i d s of Ion thermal v i b r a t i o n wore 
ca l cu la t ed . The mean-square displacements of the T i and 0 ions, 
being phase t r ans i t i on s e n s i t i v e , show a c rossover f ea ture and 
are determined by these ions v i b r a t i o n amplitudes alon£ the 
axes T l - 0 in the s o f t mode. 

Spec i f i c f ea tures o f the r i g i d ion model 

The r i g i d Ion model s tudies of La t t i ce dynamics in barium 
t l t a n a t e have been repor ted In a number o f papers C i .21 . 
However the most I n t e r e s t i n g phenomenon - the change of 
dynamics o f th*3 cubic l a t t i c e near the f e r r o e l e c t r i c phase 
t r ans i t i on (PT) - has not been paid i t s due a t t en t i on . We have 
used the r i g i d ?on model to ca lcu la te the parameters o f l a t t i c e 
dynamics In cubic barium t l t a n a t e , mean - square displacements 
o f Ions, thermal capac i ty and X-ray d i f fuse s ca t t e r ing 
i n t e n s i t y . The l a t t e r prov ide suggest ions concerning the 
mechanism o f the PT. 

I n t e rac t i on po t en t i a l of the r i g i d ion model i s supposed 
to Include the Coulomb contr ibut ion and tne short-range 
Born-Mayer potential [3J. Sfte afcort range force ca l cu la t i ons as 
In [33 wore l im i t ed to the nearest neighbours on ly : Ba -O ( t ) , 
T l - -0 (2 ) , C - 0 ( 3 ) . The short -range In te rac t i on po t en t i a l In the 
model o f centra l In t e rac t i on i s determined by two parameters \ 
and 8.. * The long-r.uige Coulomb terms C tkk ' ) of the dynamic 
matrix D have been ca lcu la ted by the mot hod reported by Cowley 
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[43 . Since the matr ix e lements C ( k k ' ) and matr ix elements o f 
3hort range terms F ( k k ' ) conta in unknown parameters and 
e f f e c t i v e charges o f i o n s , the matr ix i s f i r s t w r i t t e n fo r the 
wave v e c t o r <5 = 0 . To s i m p l i f y f o l l o w i n g ca l cu la t i ons the 'clock 
d l agcna l l z a t l on o f the matr ix D has been per formed. The 48 
elements of symmetry group 0^ be ing taken in t o account to 
obta in un i ta ry matr ix U ( r ) a t the r - po in t o f r e c i p r o ca l space 
(<$ = 0 ) . The d l agona l i z ed matr ix D* I s obtained by 
t ransformat ion D' - U T ' ( r ) D U ( r ) . The method o f ca l cu la t i on has 
been r epor t ed e a r l i e r C5,6 ,7 ,8J. 

Force constants and e f f e c t i v e charges o f ions 

E l a s t i c parameters and e f f e c t i v e charges o f ions have been 
found from exper imenta l va lues o f e l a s t i c moduli [91 and 
ca lcu la ted w ( T ) MO] from IR r e f l e c t i o n by the method o f l e a s t 
squares . The charges be ing assumed as a r e s u l t o f mixed 
l on -cova i en t i n t e r a c t i o n . I o n i c con t r ibu t i on In the va lue o f 
the Ion charge I s expressed by the c o e f f i c i e n t p. Minimizat ion 
i s made s epe ra t e l y f o r t r ansve r se and long i tud ina l modes, the 
accuracy o f and Bv v a lues be ing w i t h i n ±0,1 N/m f o r a s e r i e s 
o f P v a l u e s . Parameters o f tne model a r e g i v e n In Table 1. 
Compared t o exper imenta l data the best r e s u l t s are obtained 
w i t h P c l o s e t o one . For f u r the r ca l cu la t i ons the va lue P 
0.95 has been chosen. The e r r o r o f mode f requenc ies has a smal l 
e f f e c t on the A i and Bv v a l u e s . At the same t ime the va lues o f 
e l a s t i c moduli a r e Important : the va lues o f c v j are determined 
w i t h i n the accuracy o f 10-15% and d i f f e r e n t s i n g l e c r y s t a l 
specimens p r o v i d e s t r ong l y d i f f e r e n t s e t s o f e l a s t i c modul i . 
Ne v e r the l e s s , the ca l cu l a t ed va lues o f f o r c e parameters and 
e f f e c t i v e charges a r e In good agreement w i t h the data obtained 
f o r s i m i l a r p e r o v s k l t e s by o the r authors (Table 1 ) . To e s t imate 
v a l i d i t y o f tne model the f r equenc ies o f Ion v i b r a t i o n s 
propagat ing a long the main d i r e c t i o n s o f the c r y s t a l l a t t i c e 
f o r d i f f e r e n t v a lues o f wave v e c t o r q In the f i r s t B r l l l ou ln 
zone were ca l cu la t ed and compared t o the data o f neutron 
s c a t t e r i n g L 113. A s a t i s f a c t o r y agreement I s obtained f o r a l l 
v i b r a t i o n modes < P l g . l ) . 
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T a b l e 1 
Force parameters* Â  f o r r i g i d Ion model In pe rovsk i t eg 

Pa- BaT10a | BaTl0 a /1/ | PbTl0 3 /1/ | SrTlO,/13/ 
r a -
me- Temperature in T-dJ. ,K 
t e r 

! 950 K | 3 j -103 | -470 | -10 | 190 | -15 

69 60 47 34 30 24,7 25.8 

51 68 67 
41 12 13 

194 194 267 347 353 360 364 

133 88 90 
197 221 134 

A, -19 -23 9.8 8.7 7.0 -2.27 -2.77 

8.2 11 .3 7,5 
9.4 

2.46 2.46 2.68 2.47 3.68 3.68 3.68 

K 1 .47 1 .47 1 .58 1 .69 1 .82 t .C9 1.09 

"^Porce parameters \ values are g i v en In N/m, Ionic 

charges - in e l e c t r on charge un i t s . 

wJHz 

P l g . l . Calc u lated 
d ispers ion curves o f 
BaTiOjj f o r r i g i d Ion 

model at ™=T_*3 X. 
P i l l e d c i r c l e s neutron 
data [2 3. 

The va lue of f o rce parameter A, (parameter o f the A -O 
bound in perovsis i te A B O , ) i s h igher in the case of 
displacements of the oxygen octaheilra ( e . g . , in BaTiO,) as 
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compared t o r o t a t i o n s ( e . g . , In S r T 1 0 9 ) . Parameter A4 I s the 
one descr ib ing the f o r c e p r e v e n t i n g r o t a t i o n o f the octahedron. 
The va lue o f A, suggests that ion B I s the most s t rong ly bonded 
t o the oxygen In a l l p e r o v s k i t e s . In SrTIO a and PbTi0 3 where 
these bonds are the s t ronges t among p e r o v s k i t e s displacement 
and r o t a t i on of the octahedra do not d i s t o r t them. Parameter Ag 
cha rac t e r i z i n g i n t e r a c t i o n between the oxygen ions i s smal l . 
I t s va lue being c l o s e t o z e r o suggests that the e f f e c t , o f 
I n t e rac t i on between the.oxygen Ions on the octahedron s t a b i l i t y 
I s weak, the Coulomb f o r c e s be ing r e p u l s i v e . Parameters B̂  
descr ibe the f o r c e app l i ed t o the Ion a t I t s displacements 
normal to the bond d i r e c t i o n and mainly are n e g a t i v e . The Ion 
i s ins tab l e w i t h r e spec t t o i t s displacements normal t o the 
bond. E f f e c t i v e charge va lues a r e c l o s e In a l l the three 
p e r o v s k i t e s g i v e n In Table 1. They are 0 .6-0.7 o f the f r e e ion 
charge . « 

We have obta ined the f o l l o w i n g symmetry of v i b r a t i o n 
modes. The h igh- f requency mode determined by the small va lues 
o f parameter A^ and mass o f the oxygen ions r e f e r s to 
counterphase v i b r a t i o n s o f t he oxygen s u b l a t t l c e s . The 
middle- f requency mode corresponds t o v i b r a t i o n s o f the 
octahedra Inc lud ing oxygen and tltanum w i t h r e spec t t o the Ba 
s u b l a t t l c e , the f o r c e parameter A^ desc r ib ing the oxygen-barium 
i n t e r a c t i o n be ing the most Important . The s o f t mode r e l a t e s t o 
the v i b r a t i o n o f the t i tan ium ion w i t h respect t o the oxygen 
octahedra . The l o w va lue o f t he v i b r a t i o n frequency o f the 
t i tanium I s p o s s i b l y due t o equ i l ib r ium between a l l the f o rces 
a t small d isp lacements through the t itanum-oxygen bond 
( charac t e r i z ed by parameter A , ) I s the most r i g i d . The symmetry 
o f the modes i s the same aa In the t e t ragona l phase Ci ] . 

According t o the r i g i d Ion approximation there are 
cons idered two bas i c reasons which may cause the change o f 
f o r c e parameters and e i g e n v e c t o r s upon approaching the T c . 
Usually only one o f them Is regarded - the decrease o f s o f t 
mode frequency, the e l a s t i c moduli c t J oe lng assumed not to 
dependent on temperature . However , the decrease of the e l a s t i c 
moduli va lues _ a t T->T* p r o v i d e at l e as t a comparable 
c on t r i bu t i on . 
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T a b l e 2 

Force parameters* B f o r r i g i d Ion model v e rsos temperature 
In cubic BaT10. 

T-T c .K B. B. 

1 -6.11 -52.3 5 . 1 3 

3 -4.45 -59.8 5.43 

10 -3.69 -59.6 4.71 
20 -2.70 -63.3 4.70 

50 -2.05 -64.1 4.31 
100 - i .63 -65.1 4.18 
200 -1 .33 -65.1 3.91 

400 -1 .21 -64.6 3.92 

600 -1 .59 -62.3 3.49 

800 -1 .77 -60.9 3.31 

* Porce parameters Bx va lues are g i v en jr. N/m. 

Porce parameter va lues at d i f f e r e n t temperature have been 
He-miined from thermal behaviour of frequency w ( T ) and 

by mlr.lmlr/ i* Ion according to the procedure used by 
iwt'!. Thermal behaviour of f o rce parameters \ i s show:. In 
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800 T-Tc,K 

P i g . 3 and 4 show the Ion amplitudes in d i f f e r e n t 
v i b r a t i o n modes as funct ion o f temperature. Dependence o f Ion 
amplitudes on temperature I s due t o : the change o f e i g envec to r 
moduli e ( k j q ) ( mode frequency w , e l a s t i c moduli c ) e the 
change of mode J frequency w ( j q ) and the change o f mode 
energy E. 

P i g . 4 . V ibrat ion 
amplitude o f ions in 
two high frequency modes 
versus temperature in 
BaT10a in Br l l l ou ln 
zone center . 

0 <O0 800 T-TC.K 

P i g . 2 . In Table 2 are g i v e n the va lues of f o r c e constants B t 

used In the model f o r d i f f e r e n t temperature. Approaching T c the 
oxygen-oxygen In t e rac t i on (k^) decreases . This I s cons is tent 
w i th the assumption that the oxygen I s the l eas t s t rong ly 
bounded Ion In the l a t t i c e . The low va lue o f B2 (about -60 N/m) 
suggest ing a comparat i ve ly f r e e displacement of the oxygen 
normal to the T l - 0 bond I s another argument to regard the 
symmetric p o s i t i o n o f the oxygen as a r e l a t i v e l y unstable one. 

.2 

- P i g . 3 . V ibra t i on ampl i tu
de o f Ions In the s o f t 
mode v ers us t emperat ure 
In BaT10a in B r l l l ou ln 
zone center . 
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AS the mode frequency decreases the am;,l!iude of ;,he 

r e l e van t Ion v i b r a t i o n grows which I s true f o r che s o f t mode as 

w e l l . However, as the s o f t mode becomes saturated at T^T.+IOO 

K, the change o f the amplitude U(^q) I s determined by the 

decrease o f e l a s t i c moduli and mode energy E(Jq) a lone. I t i s 

important that thermal behaviour of the so f t mode frequency and 

the e l a s t i c moduli do not change the s ign o f e i g envec to r s and, 

consequently, the form o f normal v i b r a t i o n coordinates at q ? 0 

when T->T^. Ne i ther the decrease of s o f t mode frequency nor the 

decrease o f e l a s t i c moduli have an e f f e c t on the amplitudes of 

high-frequency v i b r a t i o n modes. 

Thermal v i b r a t i o n e l l i p s o i d ana the so f t mode in BaTlC 3 

Hal f -axes o f thermal v i b r a t i o n e l l i p s o i d s (?V£; f o r the 

three bas ic d i r e c t i ons o f the c rys ta l l a t t i c e , ca lculated from 

e i genvec to rs and e i^enfrequencles of the r i g i d Ion model, are 

shown in P i g . 5 . Par from the PT v i b r a t i o n s of the Ba and Tl 

P i g . 5 . 211ipsold of 

thermal v l b r a t Ion 

versus temperature In 

BaT10 a. The thermal 

v i b r a t i o n s of Ba and Tl 
a re I s o t r o p i c . 

0 400 600 T-TC,K 

are I s o t r o p i c w h i l e v i b r a t i o n s o f the 0 Ion form ro ta t i ona l 

e l l i p s o i d f l a t t ened along the ax i s ( the 4-th order ax i s O-Tl of 

the l a t t i c e ) . Approaching the PT no change I s observed in the 

thermal behaviour of <u^ t > of the Ba Ions w h i l e the s lope o f 

<U|j> o f the T l and 0 ions becomes l e s s pronounced the thermal 

v i b r a t i o n o f the 0 be ing extended along the O-Ti a x i s . Diagonal 

terms o f the thermal v i b r a t i o n tensor <u^> of the T l and 0 

pass through a s tep o f maximum at the temperature o f 100 K 

above T c corresponding t o the so f t mode saturat ion temperature 



( the c r o s sove r temperature [ 1 0 ] ) . The amplitudes of Ions o f 
the s o f t mode v i b r a t i o n s are by an order l a r g e r than t h e i r mean 
square displacements near the PT. 

The PT has c o l l e c t i v e behav iour not only w i t h respect t o 
sepera te ions but as w e l l t o some r eg i on o f wave v e c t o r va lues 
in the B r l l l o u l n zone c e n t e r . L e t us eva lua te the size, of the 
r eg i on around r - p o l n t p r o v i d i n g e s s en t i a l cont r ibut ion t o 
thermal v i b r a t i o n s o f ions and, consequently, to the PT. 
Calculated va lues o f amplitude squares of . Ions of the 
t r ansve rse s o f t mode v i b r a t i o n s propagat ing alonge the three 
bas ic d i r e c t i o n s [ 0 0 1 ] , [ 1 1 0 ] , [111] o f the c r y s t a l l a t t i c e at 
temperature T^Tc-^20 K are shown in F i g . 6 . The s o f t mode has 
three branches - t w o t r ansv e r sa l and one l ong i tud ina l . Only the 

t r ansve r sa l modes con t r i bu t e t o the PT. Along [001] and [1113 
d i r e c t i o n s t r a n s v e r s a l v i b r a t i o n s are degenerate , In the [ l iOJ 
.Hrec t lon the branches have d i f f e r e n t frequency f o r the same 
va lue o f the wave v e c t o r - they are s p i l t . I t means that they 
are s p l i t in any o ther d i r e c t i o n except [0011 and [ 1 1 1 ] . In the 
l a t t e r case Important i s con t r i bu t i on from the branch po la r i z ed 
along [001] ( d i r e c t i o n o f spontaneous deformation o f the 
c r y s t a l ) . From F i g . 6 I t f o l l o w s that the most s i g n i f i c a n t 

O J 2 H Q 2 n m 2 

F i g . 6. ^ Calculated 
va lues o f amplitude 
squares o f ion", in the 
t ransverse so f t mode 
v l b r a t I o n s propagatlng 
along the three basic 
d i r e c t i o n s C001], 

[ 1 1 0 ] , [111] at T=T c+20 
K in BaT10 a. 
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cont r ibut ion in the TVE o f oxygen I s due to the s o f t mode 
v i b r a t i o n at the zone cen te r - I t s amplitude square exceed by 
10 t imes the mean-square displacements In the TVE. Regardless 
t o the d i r e c t i o n at T=T c+20 K p r e v a i l i n g i s the < i £ z > component 
- v i b r a t i o n of the 0 along I t s bend t o the T i . At high 
temperature dominate < u * X Y > - v i b r a t i o n o f the 0 In the plane 
perpendicular to the T i - 0 a x i s . 

The data show that apart from s o f t mode v i b r a t i o n s of lens 
in B r l l l o u l n zone cen te r , I . e . , v i b r a t i o n s o f i n f i n i t e 
wave length , a ra ther considerable neighbourhood o f the zone 
center contr ibutes t o the phase t r a n s i t i o n . So, up t o 80* of 
the TVE i s due t o the oxygen s o f t mode v i b r a t i o n s o f q values 
up t o 0.2 w h i l e only 50% - to those o f q^O.1. Amplitude square 
o f oxygen Ion v i b r a t i o n drops most r ap id l y as q grows In the 
d i r e c t i o n o f point R o f B r l l l ou ln zone. Amplitude square of 
the s o f t mode v i b r a t i o n o f the T l ion at the zone center I s 
about f i v e t imes I t s mean-square displacements In the TVE. 

These data show considerable contr ibut ion o f the s o f t mode 
Ion v i b r a t i o n s t o the TVE the so f t mode being the only one 
s t rong ly dependent on temperature. Though there i s only one 
s o f t mode i t i s the one respons ib le f o r mean-square 
displacements of ions dependent on temperature. 

F i r s t order X-ray d i f f use s ca t t e r ing 

Di f fuse s c a t t e r i n g bands were observed in cubic XNb03 and 
BaT103 by severa l authors E12J - The bands were ascr ibed to 
s t a t i c co re la t ed displacements o f ions along c e r t a i n axes. 
La ter on I t was supposed that the bands are due t o anlsotropy 
o f the mode d ispers ion sur faces C131. We have checked th i s 
assumption by ca l cu la t i ons f o r BaT10a the t o t a l dynamic matrix 
o f the r i g i d ion model be ing used. Di f fuse s ca t t e r ing 
i n t e n s i t i e s were ca l cu la ted in planes (001 ) , . ( -110) and (100) 
o f the r e c i p r o ca l l a t t i c e In the f i r s t B r l l l ou ln zone around 
three types of po ints o f the l a t t i c e : (001) , (110)' and (111). 
The ca l cu la t i ons were made w i t h the s t ep 0.005 o f the reduced 
wave v e c t o r q = 2n / a r q t : q 2 ; q a } up t o 0.05. The f o l l ow ing 
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po in t s o f the r e c i p r o c a l l a t t i c e have been used to find 
an isotropy o f d i f f u s e s c a t t e r i n g from the s c a t t e r i n g ind l ca t r i x 
and i t s change: ( 0 0 4 ) , ( 0 1 1 ) , (330>, ( 880 ) , (222), ( 666 ) . Three 
bas ic d i r e c t i o n s o f the l a t t i c e w e r e s e l e c t ed and such values 
o f ( hk l ) f o r which the e f f e c t s o f Debye-Waller f a c t o r on the 
s c a t t e r i n g i n t e n s i t y would be about the same. 

The shape o f s c a t t e r e d I n t e n s i t y maxima depends only on 
the r ec ip roca l l a t t i c e p o i n t , i . e . , - ( 001 ) , (110) or (111) . 
The most a n i s o t r o p i c ca l cu la t ed s c a t t e r i n g was found t o l ay In 
the plane (110 ) ( o r ( 0 1 0 ) , F l g . 7 ) . The sca t t e r ed in tens i t y 
maximum 

F l g . 7 . The contours of 
one-phonon X-ray 
s c a t t e r i n g i n t e n s i t y in 
the plane (110). The 
shape * o f contours 
changes v e r y l i t t l e 
w i th temperature. 

I s o r i en t ed in [ O i l ] d i r e c t i o n - I n t e n s i t y maximum i s Extended 
In t h i s d i r e c t i o n . This ex tens ion resembles the bands observed 
exper imenta l l y [123. t h e i r shapes being l i t t l e dependent on 
temperature . Approaching the PT temperature anisotropy of 
d i f f u s e s c a t t e r i n g somewhat increases - i n t e n s i t y maxima become 
more extended in the [1103 d i r e c t i o n ( F l g . 7 . curve 1 ) . I t seems 
t o be due t o the smal l change o f mode d i spe rs i on an iso t ropy . { 

Contrary t o the angular d i s t r i b u t i o n o f sca t te red 
i n t e n s i t y , i t s abso lute va lue s t r ong l y depends on temperature. 
As the sum o f index squared amounts t o above 120 the thermal 
, ahavlour o f the i n t e n s i t i e s become s i m i l a r t o that o f ion? 
d isplacements i n the s o f t mode. Th is I s most pronounced in the 
[0013 d i r e c t i o n ( the (0011) po int o f the r e c i p r o c a l l a t t i c e ) . 
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Conclusions 

t . l a t t i c e dynamics at the Br l l l ou ln zone center of barium 

t i t ana t e In the reg ion o f phase t r ans i t i on are w e l l described 

by the r i g i d i o a model In quasi-harmonic approximation. 

Parameter A., of i n t e rac t i on between the oxygen ions I s the only 

r i g i d ion model parameter having a r e l a t i v e l y c r i t i c a l thermal 

behaviour. I t may be assumed that t h i s in te rac t i on i s the gipst 

Important In the phase t r ans i t i on mechanism. 

2 . The so f t mode v i b r a t i o n amplitudes of the Ions are the 

l a r g es t and Increase strongly- approaching T c a t coo l ing , 

passing a maximum at the mode sa tura t i on . 

3 . Thermal v i b r a t i o n e l l i p s o i d of the oxygen Ion In cubic 

barium t i t a n a t e at the d istance o f 200 K from the phase 

t r a n s i t i o n point changes i t s shape from f la t tened t o extended 

along the T l - 0 axes (the d i r e c t i on o f spontaneous displacements 

at the phase t r a n s i t i o n ) . 

4. A contr ibut ion t o the phase t r ans i t i on I s prov ided by 

v i b r a t i o n s at wave v e c t o r s In a considerable ne ighborhood of 

the r -po in t o f the f i r s t Br l l l ou ln cone. However, the features 

o f thermal behaviour of muan square displacements o f Ions of 

BaT103 are due to the s o f t mode v i b r a t i o n amplitudes near the 
r - p o l n t . 

* 5 ) Anisotropy of the d i f fuse sca t t e r ing i s U t i l e 

pronounced and l i t t l e changed at T - > T ! " . Dispersion anisotropy 

o f the modes i s not su f f i c i en t to form pronounced bands of 

d i f f u s e s c a t t e r i n g . 
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The one -pa r t i c l e p o t e n t i a l s o f seperate Ions In Ba?K3a 

s ing l e c r y s t a l s has been i nves t i g a t ed by X-ray d i f f r a c t i o n in 
the r eg i on o f f e r r o e l e c t r i c phase t r a n s i t i o n . The p robab i l i t y 
f o r the 0 ion t o acquire energy higher than the po tent ia l 
ba r r i e r I s Increasing not i ceab ly near the mel t ing point and the 
f e r r o e l e c t r i c phase t r ans i t i on temperature. The reason o f th i s 
i s the thermal energy growth at nigh temperatures and the 
l ower ing o f po t en t i a l ba r r i e r o f • the 0 ion due to 
p r e t rans i t i ona l anharmonlc i n t e r a c t i ons . 

Introduct ion 

The In t e rp r e ta t i on o f Debye-Waller f ac to rs (DWP's) from 
weakly anharmonlc systems In terms of the parameters of an 
e f f e c t i v e one -pa r t l c l e po t en t i a l (OPP) has become an 
es tab l i shed technique CI , 2 1 . The e f f e c t i v e OPP may be v i ewed as 
represent ing the mean f i e l d seen by the atom in quest ion, 
r e su l t i ng from the Inf luence of a l l other atoms. The 
temperature dependence o f OPP's may be r e l a t ed to coopera t i ve 
e f f e c t s In the c rys ta l and microscopic mechanisms o f phase 
t rans i t i on ( P T ) . 

OPP f o r seperate ions in BaT103 has been inves t i ga t ed 
t h e o r e t i c a l l y [ 3 , 4 ] and exper imental ly [53 . The r e l i e f of ion 
po t en t i a l s i s supposed to be constant w i t h temperature (3-5 3. 
There fore these Inves t i ga t ions do not reve-i 1 pc 2$ 1 ble 
a l t e r a t i o n s of the OPP w i th temperature. 

In the present study we have Inves t i ga t ed the changes *;f 
OPP near the PT in BaTIO, by X-ray d i f f r a c t i o n . In the provl .xis 
paper [63 the s c a t t e r i n g from the oxygen was net taken into 
account. That has resul ted in e l e va t ed s e n s i t i v i t y o f the 
tUanium OPP neer T c . Present,!;/ the oxygen has been Included In 
ca l cu l a t i ons . S:.me data has been published prev ious ly [ 71 . 
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Theore t i ca l 

In the I s o t r op i c approximation OPP has the same form f o r 
l a t t i c e po in ts w i th symmetry m3m and 4/mn.m 121. 

V. (u)=V o+ou z/2+^u*. (1 ) 
Then f o r Bragg r e f l e c t i o n s (001) the Debye-Waller f a c t o r f o r 
each Ion 

T (Q)=exp(8n*<u 2 >l 2 /4a) . (2 ) 
where genera l (anharmonlc) mean-square displacements f o r each 
ion 

<u 2>=<u n
2> (1 -2Qk b iy/<* 2 ) (3 ) 

x and r are harmonic and anharmonft po t en t i a l (1 ) parameters. 
Harmonic mefli-square displacements <u£> can be expressed as 
k^TA . Near PT the anharmonlc l t y grows and general 
(anharmonlc) mean-square displacements (MSD) get add i t i ona l 
s ingular component < i £ > ( T ) and d e v i a t e upward from the < i £ > ( T ) 
s lope . The l a t t e r I s ex t rapo la ted from temperatures h igher than 
T=T C +100 K In to the PT r eg i on 

<u*> (T)=<u2> ( T ) - < L £ > ( T ) . ( 4 ) 
In C6J we suggested t o descr ibe the growing anharmonlclty and 
r e l a t ed changes In OPP near PT by add i t i ona l growth 
^ of. the anharmonlc parameter r: 

Ay =- a 3 [ 2 0 ( k b T ) Z ( < u V < l £ > ) ] . (5 ) 
Then genera l mean-square displacements near PT 

<u2 >=<u^> [ 1 -20k b T ( ± r + r ) V ] . (6) 
Expressing general MSD by OPP parameters we g e t 

<u2> (T)=k bT<1 -TC2^ o . -20k b T(y+Ay ) /a 2 ] > . ( ? ) 

Experimental o 

The sample 4x4x1 mm3 was prepared from a s i n g l e c rys ta l 
grown by the topseeded method from TIO^ r i ch TlO-BaO me l t . The 
normal o f the sample plane was p a r a l l e l to the cubic a - ax l s . 
The In t eg ra ted I n t e n s i t i e s o f Bragg r e f l e c t i o n s ( 0 , 0 , 1 ; 1 
v a r i e s from 1 t o 11) were measured by"DR0N-2" (* = 0,071 am) In 
the temperature range from T c up to T c +300 K. Before making 
ana lys i s , I ( 0 , 0 # 1 , T ) were correc ted f o r Lorentz , po l a r i z a t i on 
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F t . 1 . TBS co r rec t i on <*T = (VV1) 

versus sca t t e r ing angle at two empera-
tures In cubic BaT10 a: 1 - T = T c +90 K; 
2 - T=T c +3 K. 

0 20 40 60 ftdeg 
Coppens was Included In mi' *mlzat ion . Least-square re f inements 
by Powel method were employed t o minimize the d i f f e r ence 
between the observed and calculated I n t ens i t y . A f t e r 
re f inements we get general (anharmonlc) MSB <u 2 >(T) f o r 
seperate Ions ( F l g , 2 c <u 7 >(T) of the 0. and 0 n ions are 
supposed t o be q u a l ) . The accuracy of ' u 2 > ( T ) was determined 

F i g . 2 , Me a n - s q u a r e 
displacements . v ersus 
temperature In BaT10 8. 1 -
Ba. 2 - T l , 3 - 0, 4 -
approximation <u z >(T ) f o r 
th<" 0 ion [81 by polinom 
( 9 ) . 5 - the dev i a t i ons o f 
the experlmenta 1 curve 
< u V ( f ) f r o * Dolinom ( 9 ) 
near t c, 

by mea i o~ s t a t i s t i c mode l l ing . V get. the f o l l ow ing 
measurement, accuracy values o f <u2> f o r the Ba, T l , 0 Ions 1; 
1,5 and 5% a t \% accuracy f o r I n t ens i t y . 

Per fur ther use of experimental da^a o f S ( T ) ( F i g . 2 ) we 
have to f i t [23 them by the polinom In terms of T and 

&nc therm. ^ U fuse s ca t t e r ing (one phonon procedure o f 
Merlsalo and Kur l t tu , F i g . 1 ) . The e x t i n c t i on cor rec t i on by 
Becker ancL._ 



simultaneously determine the absolute term - s t a t i c component 
oJ MSD <u 2

t >. 
•The exper imenta l data o f <u 2 >(T ) f o r the Ba and T l Ions 

In 3aT10 3 a- In the case o f the Cs and Pb Ions In PbCsCl 9 [13 , 
are w e l l f i t t e d by the c u r v e , passing through the o r i g i n : T=0, 
<u2>=0 ( P l g . 2 ) . Consequently, <u 2

t> i s v e r y smal l f o r the Ba 
and T l i ons . MSD could be w e l l f t t ed by second order polinom 
w i th no abso lute term 

<u 2 >(T)=bT+cT 2 . ( 8 ) 
Experimental data o f <u 2 > (T ) f o r the oxygen ion ( P i g . 2 ) have an 
pronounced non- l inea r charac t e r and a cn i s lde rab l e s ingular 
component <u2 To g e t the growth f o r anharmonlc parameter 
we had t o determine s t a t i s t i c component <u 2

L> f o r <u2> and 
parameters « and r. We used f o r that purpose experimental data 
o f <u 2 > (T ) from [83 In temperature range from 400 up to 1100 
v. These data are o f a s t r ong l y nonl inear temperature 
dependence, howeve r , by use o f a th i rd order po.'lnom 

<U*>(T) = a+bT+cT 2+dT a (9 ) 
the exper imenta l data [83 have been f i t t e d v e ry w e l l . We 
obta ined the f o l l o w i n g v a l \ >s f o r polinom c o e f f i c i e n t s : a = 
(0.425*0,005 r 1 0 ~ 4 nm*> b = (0,274±0,002)-10~ 7 nm 2-T~\ c = 
(0 ,300±0.005)-10~ P nm 2 -T "\ d = (0.20±0,Q2)-10~ 1 9 im 2-T~ a . By 
usjTg these va lues we f i t our experimental data <u a >(T ) f o r the 
oxygen by polinom ( 9 ) i n the temperature range from T c up to 
T c +300 K. The f o l l o w i n g va lues were obtained a = ( 0 ,8±0J ) • 10"* 
nm2 and b = (0 .35±U,03) -10"* nm 2 -T~\ 

The p o t e n t i a l parameters were determined by means of 
comparison the polinom c o e f f i c i e n t s a t corresponding terms of T 
In ( 7 ) , ( 6 ) and ( 9 ) 

a=k b T/* , (10) 

r = d 2 ( 2 x g x -acAi^/ZO^. (1 i ) 
The obta ined parameters a re g i v e n In Table 1. A c c e d i n g to 
Table " , the t t g h e s t coupl ing in l a t t i c e has the Ba ion - the 
parameter o f e l a s t i c coup l ing <* i s around 6-Y-10" ' eV-:im z. 
D i f f e r en t authors had observed s i m i l a r va lues i'or « , 
anharmonlc parameter r in a l l papers are p o 3 i t i v - the v e l o c i t y 
o f <u2 ( T ) g rowth decreases w i t h r i s i n g temperature. 



T a b l e 1 
The DPP parameters f o r Ions In BaT10a 

I Ba ! T l | 0 

Paper ! a y I - Y Ay Y Ay 

/&/ 5.82 8.11 3.0 0.76 • • • 2.46 -2.7 
Present 7.14 4.7 0,32 . . . -2.17 
/4/ 4.85 4.08 14.3 88.7 4.2 11 .7 
73/ 6.68 6.63 2.17 3.9 1 .23 0.95 
/5/ 6.35 0.34 4.55 4.24 ... 1 .65 1 -2.49* 

6.24 2 1 8.65 2 

Values of « In 10~z eV'nnf 2 , r and. *r In 10"* eV-nrrf*. 1 .and 2 
paramet ers f o r the oxygen ion In d t r e e t Ions x f y . and z 
correspondingly . 

In the same t ime the parameter values « and Y f o r the T l 
Ion d i f f e r s no t i ceab ly from d i f f e r e n t sources 

Experimental data [83 f o r the oxygen Ion t e s t i f i e s , that 
w i th r i s i n g temperature <u z >(T ) are growing f a s t e r . However, in 
[1,23 authors ge t va lues Y >0, what con^ e d i c t s to that . The 
same cont rad ic t i on i s true a lso f o r the t i tanium Ion. 

Near the phase t r ans i t i on the character o f the T i and 0 
ions MSD temperature dependence changes. Txhe HSD <u 2 >(T) 
obta ins an add i t i ona l component In the temperature reg ion from 
T c +100 K down t o T c : <uz> d e v i a t e s up from the s lopes (8 ) and 
( 9 ) . Tha* d e v i a t i o n fo r the T l and 0 Ions reaches va lues 
(0,3±0,1 >• 10" 9 nm2 and (0 ,8±0 ,2 ) - i0~ a nmz a t T = 400 X, 
corresponding to va lues of anharmonlcity parameter &Y 
(0 ,3*0 ,1 ) • 10"* and ( -2,2±0,6)-10"* eV-nnT\ 

By use o f parameters y. Ay the OPP f o r .the Ba, Tl and 
0 ions were ca lcu la ted ( P i g . 3 ) . The OPP curves t e s t i f i e s , that 
the Ba and T i ions are r l g l d e r bonded in the l a t t i c e . The 
0 ion i s l e s j harder bounded In the l a t c i c e . The considerable 
va lue of anharmonlclty parameter (<* = 2,7-10* eV-nnf*) r e su l t s 
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' . P I S 

In format lo" i a r e l a t i v e l ow p o t e n t i a l b a r r i e r around the oxyger 
ion - only 0,14 eV h i g h . When temperature increases from ^00 up 
to 1500 K , the b a r r i e r high l owered by 0,01 eV ( P i g . 4 ) . " Tc 
es t imate the Importance o f b a r r i e r l o w e r i n g , we ca l cu la te th€ 
the 0 i o n ' s d i s t r i b u t i o n on energy l e v e l s i n OPP. We usee 
Dose-Einste in d i s t r i b u t i o n . The energy l e v e l s are i t f o l l ow ing 
va lues [93 : 

V.eV I \ 

-o.i jM 
3 KG 

,2 — 

1 

, ° — 1 1 
n* 1 L 

F l g . < : . The in f luence o f 2* m oxygen 
Ion OPP and energy l e v e l s I n cubic 
BaTiO.. Dashed area - the energy 
l e v e l decreas ing when T->T* . 1 - OPP 
f a r from T 
80 K, 4 -

7 - (T=T, 

c 
60 K, 

c -

2 - (T~T C )=100 K, 3 
40 K, 6 - 2 0 

0 0,2 u-1Q~\nm 

Ep = *vs/m(n+1/2)+3r (*Vmo)(n 2+n+1/2)/2 (12) 
and p r o b a b i l i t y t o f i n d the 0 Ion on corresponding l e v e l are 

P n = [ e x p ( - E n / ' k b T ) - n " 1 / 2 n . (13) 

I e x p ( - \ - / k b T ) - 1 3 _ 1 

where 
E 
n 

( chemical p o t e n t i a l f o r phonons I s z e r o ) . She calculatec 
va lues E and P a r e c o l l e c t e d In Table 2 . The of lect in*: 

o n f 

P i g . 3 . The Change s o f harmonic 
oxygen ion OPP and l ower ing (dashed 
a r e a ) energy l e v e l s b y r i s i n g 
temperature from 400 K up t o 1500 K 
In cubic BaT10 a . 1 *- Ba, 2 - T l , 4 -
0 : 3 and 5 - changes In 2 and 4. when 
near PT Increas ing anharmonlc i t y I s 
taken I n t o account, 6 - changes In 5 
when temperature I s r l s e d t o 1500 K 
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T a b l e 2 
Biergy l e v e l s and corresponding p r o b a b i l i t i e s f o r the 0 ion OPP 
In BaT10 a 

400 K 400 X 1500 X 
w i th PT accounted 

^ . e V 

0 0,0124 0,709 0,0122 0,6837 0,0119 0,485 
1 0,0368 0,1610" 0.0359 0,1598 0.0355 0,179 
2- 0,0604 0,0646 0,0581 0.0667 0.0581 0,083 
3 0,0831 0,0303 0.0788 0.0332 0,0797 0,055 
4 0,1050 0,0154 0,0979 0,0182 0,1005 0,040 
5 0,1260 0.0081 0,1155 0,0107 0,1204 0,030 
0 0,1461 0,0045 0 ,K »5 0,0066 0,1393 0,024 

7 0,1654 0,0025 0,1460 0,0043 0,1573 0,020 
8 0,1838 0,0015 0.1589 0,0029 0,1744 0,017 

9 0,2014 0,0009 0.1703 0.0021 0,1906 0,014 

10 0,2184 0,0006 0.1802 0,0016 0,2059 0,012, 

p r o b a b i l i t y o f the oxygen Ions w i th energy- h igher than the 

po t en t i a l b a r r i e r (at n>5 ) : 

V E t P n . ( U ) 

The d e t e c t ' 'g p r o b a b i l i t y of the 0 ions w i th energy higher than 
l e v e l n=15 i s sm LI. Value of P b I s g rowing f as t w i t h r i s i n g 
temperature (Table 2 ) . Por example - at T=400 X P b =0 ,11 . That 
means, that ba r r i e r i s r e l a t i v e l y h igh . At temperature 1500 X 
P b reaches va lue 0,132 and there i s some p o s s i b i l i t y t o f ind 
the 0 ion sh i f t ed from symmetrical p o s i t i o n . When T->T* the 
increase - f anharmonlc parameters (r = A. ) causes considerable 
decrease ^f po t en t i a l b a r r i e r high around the 0 ion and small 
l owe r i ng . o f energy l e v e l ( P i g . 4 ) . The p r obab i l i t y t o de tec t the 
0 Ions sh i f t ed from symmetrical p o s i t i ons growth f as t when 
T->T* and reaches P b =0,084 at T t . There i s an analogical 
s i tua t i on as at the high temperatures and near PT - the 
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p r o b a b i l i t y to f i n d the 0 ion s h i f t e d from the symmetric 
pos i t i ons of cubic l a t t i c e g rows - the d i so rde r ing of oxyger 
s u b l a t t l c e can occur. 

The p r o b a b i l i t y t o de t e c t the 0 Ions sh i f t ed frorii 
symmetr ical p o s i t i o n by some d is tance can be ca l cu la t ed , using 
p r o b a b i l i t y d ens i t y funct ion ( P L . ) . The PDF at T>0 I s equa: 

P ( u ) - exp [ - N O i V X T J / | / exp f -V fuJ/d^T ) ] duj.(15) 

In P i g . 5 p r o b a b i l i t y t o f i n d the 0 ion in range 0,001 nm i s 

P(U)AU 

0 0 4 
P i g . 5 . The oxygen i o n de t ec t ing 
p r o b a b i l i t y P ( u ) A u in r eg ion 
AU = 0.001 nm' ln BaT103 sh i f t ed at 
d i s tance u. 1 - f o r anharmonlc 
p o t e n t i a l . 2 - change P ( U ) A U woen 
anharmonlcity near PT I s Included, 3 
- ,'ianges in ( P ( U ) A U ) , when 
anharmonlcity near T c i s Included. 

p l o t t e d ve r sus d is tance from l a t t i c e s i t e ( the p r obab i l i t y l:= 
equal m u l t l p l l k a t I o n the PDF by range 0,001 nm). Near the P*? 
the d i s t r i b u t i o n P ( U ) A U broadened. The p r o b a b i l i t y to f ind the 
0 ion s h i f t e d more than 0,02 nm from l a t t i c e p r in t grow: 
( P i g . 5 , c . 3 ) . S i m i l a r changes o f PDF was observed in PbCsCl, 
[10] at T->T* from neutron data (AP changes s ign at r=0,035 nn 
and has maximum a t r=0,07 nm). 

Discussion 

The f o l l o w i n g approximat ions have been used In the paper. 
The OPP model a r e based on assumption that each atom :.xlsts I:, 
a sepera te p o t e n t i a l w e l l , e n t i r e l y unaf fected by the m e l o n : 
o f neighbours. In the v i c i n i t y o f a s t ruc tur t l PT i t i s to u 
expt'j'oed that the atomic motions w i l l be charac ter i sed bj 
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l n t e r p a r t i c l e corre a t l ons . However, we can s t i l l work w i th in 
the framework of the OPP formal ism, obta in ing atomic OPP's at 
each Ind i v idua l temperature, r ecogn i z ing , that the ;)ebye-Waller 
I s an exact one -pa r t i c l e ; " ope r t y of the system. The 
temperature dependence o f OPP's may then be r e l a t e d to the 
coope ra t i v e e f f e c t s In the c r y s t a l . 

I t was assumed the 0 Ion occupy the s i t e w i t h i s o t r op i c 
symmetry, in r e a U t y the 0 Ion occupy l a t t i c e s i t e w i th 4/mmm 
symmetry and corresponding OPP I s an i so t r op i c . Therefore 
ca lculated anharmonlc parameter r in ( 1 ) contains In some 
combination a lso t i e an iso t rop ic parameters r L . 

The essen t i a l f ea ture of determined OPP parameters are 
f o l l o w i n g , Far from PT OPP I s supposed t o be only quaslharmonlc 
dependent on temperature as In papers C3,4 a 53. The magnitude of 
<u 2 >(T) d e v i a t i o n s from s t r l g h t l i n e <u2> (T)=k f eT/ <* at high 
temperatures a l l ows us t o det^.-mlne anharmonlc parameter r. 
The d e v i a t i o n <u z >(T ) up from expexted curve (3 ) near PT .( c i 3 a 
r esu l t of appearance < u S ( T ) * 0 ) a l l ows us to determine the 
grov. :h o f anharmcnlclty In addi t ion t o that determined from 
curves <u z >(T ) at high temperatures f a r from T c . 

Summary 

In the frame o f mentioned approximations i t I s shown that 
the 0 Ion has the s o f t e s t OPP in BaT10 a. That conclusion Is 
cons is tent ' . l t h the th eo r e t i c a l C4] and the prev ious 
experimental workr [53 . We had shown, that the oxygen Ion OPP 
softened s i g n i f i c a n t when >T*. The analogy between 
f e r r o e l e c t r i c phase t r a n s i t i o n (T c =400 X) ana mel t ing (T=15G0 
X) have been shown: In both cases the de tec t ion p r o b a b i l i t y of 
the oxygen ion at energ i es h igher than po t en t i a l ba r r i e r 
reaches va lue 0 , 1 . Before mel t ing i t was caused by growing 
occupancy h,gher energy l e v e l s by the oxygen ions ( the OPP's 
b a r r i e r l owers v e r y l i t t l e ) . Near the PT the energy l e v e l 
occupancy changes v e ry l ' . t t l e , but the ba r r i e r high lowered 
s i g n i f i c a n t from 0.14 to 0,08 eV from temperature T=TC+10C K 
to T... That phenomenon have been observed only f o r the oxygen 
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i on , which thermal v i b r a t i o n s i s most anharmonlc. There fore v/f 

can conclude, that s h i f t some number o f the 0 Ions from high 

symmetr ical p o s i t i o n s i s the f i r s t s t ep in both me l t ing and 

f e r r o e l e c t r i c phase t r a n s i t i o n . 
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REEYAM'NAT^ON OP PHASE TRANSITIONS I N 

FERRCF l^CTRIC SOLID SOLUTION .Jfe^Sr,._JCTl O a 

• .Podlia, A.Cajevski* G . L i b e r t * 

Institute o f Solid State Physics, University Latvia 

B . Kenga-4 g a St . 225063 Riga, Latvia 

ABSTRACT. To .riarify ; "<e poiar properties anfi phase diagram 

of lead stror titsm ' I taoai - solid ^oUntton . dielectric, elastic and 

non - linear optical properties has been tes-eu and discussed. 

INTRODUCTION 

T l i r h a s been continued Interest covi:?rning the role o t 

structural disorder in the ferroelectric IFF.) phase transition (PT). 

Beh.-vlor o f the m.xed Fli paraelectrlc and Ffc - antiferroelectric 

systems like K Li TaO^ , PLZT and others / 1-3 / have 

' 1 -- x x 3 

?d to conflicting Interpretations which r a i ' e from a simple 

increase o f the Curie point T ^ with concentration x . to their being 

no phase transitions at al l . but merely a " dipole glass ' at low 

temperatures / 4 /. There has been a special question regarding the 

polar properties of ferroelectric mixed systems, where some 

additional disordering ta les place due to the well defined 

structural Pi of < te of the components e g strontium titanate, 

Earlier studies of the S r T i 0 3 based FE solid solutions /3-8/ have 

revealed some anomalies of physical properties im dilute (small con

centration of FE component) solutions. Despite the fairly- general 

character of the Pb Induced ferroelectric PT in Pb Sr. TIO., many 
x I - x 3 

qiir-.uons 1 ifc-i a r i s e n . i b o u t the interval of c o n c e n t r a t i o n w h e r e 

both t Im? I c r r o r l e o t r i c aad strmcturil PT occur. 

Wo have investigated lieiectricti. elastic and optical properties 

ot lead - strontium t^anatr reraonics in a wide region of temperatures. 
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Homogeneoas ceramic samples of (Pb,Sr)TiQj were synthesized by 

conventional two - s tage ceramic technology at the Ferroelectric 

Material Synthesis Division of the Institute of Solid State Physics 

' University of Latvia ). Special procedures to control parameters 

of PbO ambient during annealing and anatase/rutlle ( T i O z ) ratio 

of raw T l 0 2 have been applied. Polished ceram' - plates with planar Ag 

electrodes were used for th.** dielectric constant measurements. 

Bar shaped samples were used for the sound velocity (longitudinal) 

measurements by mechanical resonance method. Polished surfaces 

of the ceramics were utilized for the optical Investigations. 

Dielectrlcal measurements (dielectric constant) were made over the 

frequency range 10 2 - 10 7Hz with a SWM-1 and SWM-2 bridges in 

a wide range of temperature and external bias d c field. Dielectric 

hysteresis measurements wc e performed in quasistatlc regime (with 

bipolar symmetric triangular b !gh -vo l tage (per iod 100 s ) generator). 

Conventional fofu£)£si<Ahuu1 p i e co - resonance method was used to 

evaluate the round velocity in the ceramic bars. Initializing bias field 

up to 100 V/cm was applied along the bar. 

Additional DO neon tact spontaneous polarization vs temperature 

meas rements were made by optical second harmonic generation 

( SHG ) / 9 /in a reflection mode. Our experimental equipment for SHG 

nondestructive probe has been based on application of a C W pumped 

mode- locked and Q-switched Nd laser supplied with a gated photon 

counting system. In our case .when highly-absorbing ceramic samples 

have been tested, such an approach al lows the correct determination 

of the averaged spontaneous polarization and its dependence on tem 

perature. From the other point of view, SHG technique does not need 

electrodes to determine polarization and provides a possible method 

In the case of conductive samples. 

SAMPLE PREPARATION AND. EXPERIMENTAL METHODS 
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Dielectric constant versus temperature curves for ( P b . S r ) T iQ 3 

ceramic samples are corrpar^d in Fig.l. Very small amplitudes 

of measuring ac electric fielil • 0,1 - 2 V/cirJ have been used tu 

ivold suppression of the second peak of dielectric constant curve. 

All the dielectric constant measurements were made at cooling. 

On the other hand, the a c field frequency was limited to 

500 kHz , that means "undamped" conditions of the sample. 

Dielectric data presented in F i g ! Indicate, that for dilute solid 

solutions of Pb Sr T iO . (x<15 > two subsequent dielectric con x l- x 3 
stant peaks occurs.indlcatlng the presence of two ptwse transitions. 

First observation of such a phenomena In lead strooliam titanate 

has been reported earlier by V. rtln et al. / 6 /. MaxJ«o*un magnitude 

of dielectric nonllnearity parameter N = l/£ dt / dE m t m t A j C obtained 

from the measurements of the dc biased dielectric susceptibility 

i.as been observed for x - 6-8 % Pb. It should be stressed that these 

values of N are v^ry high t N ^- I.S cm/kV) which compares to nonll 

nearity of pure SrTl03 /JO/ single crystals at Tquid He temperatures. 

Similar properties have been observed for solid solutions cA 

Ba (Tl . Zr >CK and Ba (Tl Sn ) 0 0 / 11 /.where for y = 0.10-0, if, 1-y y 3 1-y y 3 

the same two - C peaks and extreme nonllnearity takes place. 

Dielectric constant versus temperature curves fragments for various 

frequencie and different bias field Intensities are shown In Fig.2 

and Fig.3 . Thes» fragments clearly demonstrates two pecuallaritles-

first suppression of the low temperature £ peak by an external 

field and second - frequency dispersion of rtshe dielectric constant 

maximum peaks. It should be pointed OB*., *j»«*t a similar suppression 

under £i(,gh pressure for the "high Osffeperatnre" f. peak has been 

utserver' pr* 1, ion sly / t> / . Sa-c* a -different Lehavlour of two £ peaks 

,Ls more proflouncp^ for fft> &f T40 

RESULTS AND b lSCUSS iON 
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Fift 2 Tempera ture de jvudenre o f the d i e l ec t r i c constant on coo l ing 

at var ious ex te rna l dc bias f ie ld strength tor \ - 0.07. 



V remarkable feature o f the lead-strontium titanate solid i.olutiona 

is r he strong dependence of sound velocity O P temperature , *> spec id I iy 

tor x fc> 0.07 t sec Fig. Foi these samples a typical two - s tep 

decrease of the sound velocity takes place, which indicates The presence 

ot two-subsequent structural PT. Such a drastic decrease ot the ^nund 

velocity values has not been observed for a similar solid s o l u t i o n o f 

il3j,Sr>TlO , where the two sub equent Pfc PT takes, plate 

SHG measurements, provided for the whoi lead .strontium titanate 

system, clearly -»how the presence ot FF PT when increusin g the 

x values . A char. uteris tic PT parameter d T̂ > / dx - 7 de g / in o I, % 

ha:- been obtained from the SHG vs temperature curves, Ah i »h leer ion 

po'iit o f the SHG temperature dependence serves for de term iuat io;-

ot the Ft: to para electric: phase transition, 

Such an approach seems to be valid for the PT diagram construction, 

r/hllt ?he use of rhe SHG data for the " l ow" temperature PT is under 

111 sc: ussion and further investigation. The ty pica! second hur inouic 

temperature dependences are shown in Figs. Sand h. These temperature 

, urves ,dlelec;trlc measurements and acoustic studies £\ve intormation 

aboilr the phase diagram o f the syste m .shown in Flg.7. 

It is necessary to point out ,that for the system under investigation 

iwo significant tendencies take pi ace - tirsi , the low icmperat .re 

.'•triit t lira I PT temperature I tor pure SrTiL>3 < 10b K respectively ) Is 

going down, and strand the ferroelectric PT T-hne ( "point") 

lowered as far d.s the "crossover" ot these two PT lines occurs. 

lasr phenomena seems to be in contradiction with the Glbss phase 

equlllbrium rule To solve tics disagreement with a t hermod v nam ica I 

principles a region ot undetermined symmetry I or nnxtfd phase ) 

has been proposed. It is interesting t o p ;nt out the early o\> se r. at io us 

f>f iiie double h vs Leo-s is loops in lead - st ro nl ium titanate system /n/, 

•:\u(t. is similar to rru situation taking place in PI /T and related 

materials. Obviously, the additional structure and ci.eiei. trie p o l a r l 7 a t ; on 

dynamics in :;iirfir.f • • ' a r e nc .d ' d t-> . larity th nature of lerro 

electricity in the trad stroutiuin titanate system 
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Fig.3. Temperature dependence of the dielectric constant on cooling 

at various frequecles for the samples with x = 0,0'/. 
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CO TEMPERATURE, 

Fig. 5. Temperature dependence of SH intensity of the ceramic 

P b o . o 7 S r o , 9 3 T i ° 3 sample. 

Pig o. Temperature dependence of SH Intensity of Cue ceramic; 

^ ' o - o ^ r o fio 1 ' ^ i r a r ' , p l { - Upper curve - heatiag . lower-cool ing, 
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Fig. 7. Phase diagram of the lead-strontium titanate dilute solid 

solution. Collected experimental points corresponds to : 

open circles - dielectric constant higfi temperature maxima, 

fullfi l l i J quadrates - low temperature dielectric constant 

maxima, fulifi l led circles - sound "elocity data and half -

fil led quadrats - SHG data. 

CONCLUSIONS 

Detailed analysis of polar properties ot the P b x S r 3 x T i O 3 system 

reveais two subsequent FE phase transitions tor small lead titanate 

•-oncentratlor . lead strontium titanate seems to be useful material 

for various applications due to nigh dielectric and optical nonlincjnty 

and possibility of the tine "temperature tuning" o t .such p r o p e r t i e s . 
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COEXISTENCE AND EVOLUTION OF THE POLAR PHASE 
IN NaNt>G3 SOLID SOLUTIONS 
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Yu.A-Serebryakov, V/T-Rallnnikov 

I n s t i t u t e of C m i s t r y . Kola S c i e n t i f i c Center 
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• i n s t i t u t e o f .-.olid S ta t e Phys i c ? ,Un i v e r s i t y of L a t v i a 
**Department o f ?hy3lcs, V- Ji ius Un i v e r s i t y 

Die, c t r i c , thermal and acoust ic s tud ies o f synthesized 
ferroelecLrlc L l^Na^ l^w.^ f l j , s o l i d so lu t i on ceramic 
samples are r epo r t ed . Tine obtained r e su l t s have been used t o 
f i x the temperature and character of phase t r ans i t i ons and make 
presumptions on s t ab l e and met as tab le po la r phase coex is tence . 
A slow r e l axa t i on o f the polar phaser has been observed at low 
temperatures, the r a t i o o f phase concentrat ion at a g i v en 
temperature be ing dependent on Ta content . 

In t roduct ion 

Amongst the p e r o v sk i t e ox ides sodium niobate i s 
d is t inguished by i t s complex and mul t ip l e p r o p e r t i e s . In pure 
?JaNbQa at the room temperature there may simultaneously 
e x i s t apart from the e l e c t r i c f i e ld - Induced phases twc 
orthcromblc phases P and Q [ j ] . Phase P i s an a n t i f e r r o e l e e t r l c 
(APE) one w h i l e the Q phase i s metastable i t s s t ructure being 
Ident i ca l t o that o f the " f o r c e d " f e r r o e l e c t r i c phase. 

To study the e v o l u t i o n of tnese phases and the change OF 

phase t r a n s i t i o n (PT) ' temperature caused by isovaleric 
subs t i tu t i on in A and B s i t e s ( o f an AB03 coumpound) we have 
used Ll yNa 1_ K0:-a ynD 1_ yO 3 (IOTN) s o l i d . so lu t i ons (SS) In the 
concentrat ion I n t e r v a l o f 0 ^ x ^ 0,16 and 0 ^ y ± 1. Even B 

small amount (about 0.G2 mole pa r t s ) of l i th ium Induces 
t rans i t ton o f NaNbO^to f e r r o e l e c t r i c i?E> s t a t e at 1 H 121 anc 
the phase p i c tu r e o f the SS 1b mads compl icated by the presence 
o f morphotropic r eg ions C3»4 ] . 

Present ly h e r ea f t e r are repor ted experimental data or. 
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The method 
The SS samples were prepared by convent iona l ceramics 

technology. Density of the mate r i a l was no l e s s than 95% of 
that ca lcu la ted f o r a s t ruc ture o f c l o ,e packed I ons . The r ea l 
and Imaginary par ts o f d i e l e c t r i c pe rmeab i l i t y and c ) 
were de t e rmine ! from the phase s h i f t o f current through the 
sample In c i r c u i t s e r i e s , the measurements be ing made by 
automated phase 1 t e c t l o n In the frequency .*ange from 10-Hz t o 
1 MHz. AC conduc t i v i t y was measured at 1 kHz by b r i d g e method 
w h i l e the dc c onduc t i v i t y - by terraohmrneter "E6-13A*\ The 
thermal expansion was measured by a mechanic quartz 

I . 

1 
I • 
» B 6 

- I 
J 4 1 I 

I -r-

B 6 I 
i- I 

J 4 

• J 

Shematic diagram o f the apparatus o f acoust ic P 1 g . 1 
measurements: 

1 - pulse g ene ra to r , 2 - synchron izer , 3 - wide-band 
a m p l i f i e r , 4 - o s c i l l o s c o p e , 5 - thermal s t a b i l i z e r , 6 - m ic ro -
v o l t m e t e r , 7 - sample chamber , T - e l e c t r i c - a c o u s t i c 
t rans former , B - sound delay l i n e , S - sample, T 
a c c u s t i c - e l e c t r i c t rans former . 

d l l a t ome t e r , an o p t i c a l attachment t o which p rov ided the 
acci: a cy wl'tfi in ±10"* cm C5J. Acoust ic measurements were made 
b y the pulse method two t r ansmi t t i ng wave t ransformers at 10 
MHz frequency b e i n g ustd ( P i g . i ) . 

thermal behaviour o f d i e l e c t r i c p e rmeab i l i t y ( O and thermal 
expansion ( * ) . c o n d u c t i v i t y (<*) and r e s i s t i v i t y . ( p ) , acoust ic 
p r ope r t i e s and the l o w - f r e ^ aency spec t ra of in the po lar 
phase o f p o l y c r y s t a l l l n e IM'N SS. 
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Results and discussion 

The l inear thermal expansion coeff icient CLTEC) « wa; 
obtained as function of temperature. In NaNbOa a sharp minimurr 
of the « (T) curve i s observed at -3 °C upon heating (P ig .2 ) . 
According to the well-Known phase sequence i t corresponds tc 
t r isltion from the FE N to the APE P phase. Reverse transition 
Is observed at -60 °C at cooling. The temperature of the P—»l 
transition i s dependent on production technology and ceramics 
history. In our cast i t has revealed I t se l f as a change of the 
<* (T) minimum from 800* 1 Cf* K"1 to 100 10"* K 1 , and a shi f t of 
the T „ as low as -190 °C . Gradual substitution of Na by LI 
decreases iie <* (T) anomaly, the N—*P transition being moved to 
higher temperature and i t s diffuseness considerably enhanced, 



3 7 

-80 >-

200 400 
T Or* 

r ~ s ^ • — . —ST 
3 

0 \ / 200- 1 
400 r°c 

0 

-40 

-60 

- 8 0 L 

P 1 g . 3. Thermal behav iour of I/TEC 1' SS L:^ ^Na^ M NbO. 

1 - t h e . f i r s t hea t ing beyond T » ; 2 - hent ing from 180-
3 - poo l ing fielow T R ; 4 - subsequent heat ing from -190 C; 
repeated heat ing beyond *PD o f a specimen a f t e r beirig cc 
down t o 20 C; H 

Since add i t i on of L I Induces t r a n s i t i o n o f NaNbO- c L o the ?Ii 
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s t a l e at T R , i t I s a t r a n s i t i o n between FE phases. 
A cons iderab le hys t e r e s i s o f the peaks (&T = 102 °C ) I s 

observed at the N— P in N a o # < > : 2 L i o > o e N b 0 3 . The J - . : 
t r ans i t i on minimum on the « ( T ) curve a t heat ing from T H was 
a lso observed In a sample never having been coo led below 0 C. 
I t s va lue I s about 5 t imes l e s s compared t o that observed in 
th same sample when he? • ec a f t e r be ing cooled down t o -180 °C 
( P i g . 3 , curves 1 ,2 At x d i n g below 0 °G a sharp minlmun 
(curve 3 ) was observed w h i l e at subsequent heaLing ( curve 4) 

the anomaly of a (T; observed near 64 °C was repeated exac t l y 
curve 2 . A f o l l o w i n g f i f t h heat ing beyond the T t t did not r e v e a l 
any anomaJ/es up t o near ly 360 °C . The PE N phase may be 
supposed t e x i s t In LNTN at 20 °C not only as a consequence o f 
N-*P t r ans i t i on h y s t e r e s i s , but a lso due to r e l axa t i on at T R , 
the thermodynamic equ i l ibr ium between the phases being 
e s s e n t i a l l y hindered In LNTN compounds w i t h a high tantalum 
content . E .g . , In SS w i t h y>0,5 compJate r e l axa t i on of the 
low-temperature phases takes hundreds of hours at T , , 

Thermal behaviour o f acoust ic p roper t i e s ( v e l o c i t y V and 
absorpt ion a' o f sound) ind i ca t e that the low-temperature 
pnases l ose s t a b i l i t y near 30-50 °C and e f f e c t s cha rac t e r i s t i c 
t o the f i r s t order PT are observed in the f i r s t cyc l e o f 
heat ing ( F i g . 4 ) . The measurements made a f t e r heat ing the 
samples beyound 50 ° " r e v e a l qu i t e c l e a r l y the low-temperature 
anomalies ( F i g . 5 ) . The l a t t e r disappear in SS being held f o r 
seme days at T H and are r es to red only upon heat ing beyond 50 °C 
A s im i l a r behaviour of *(T) has been observed In SS w i t h a high 
content o f tantalum. 

Anomali 3 of * ' ( T ) , * . , < T ) , ° ( T ) , p ( T ) are observed In 
LNTN SS in the I n t e r v a l -40-0 °C . The anomaly of p (as the 
e f f e c t o f p o s i t i v e thermal c o e f f i c i e n t of r e s i s t i v i t y - PTCR 
may reach 5-6 orders ( F i g . 6 ) and decreases as the frequency 
grows. The e f f e c t of PTCR seems to be caused by the increase of 
conduc t i v i t y o f the int r l a y e r s and th- change of po t en t i a l 
ba r r i e r s on g ra in boundaries [ 6 ] . AS the f i e l d is Licruasec 
the PTCR appears upon Meating at a l ower temperature, the 
anomaly o f p remal ling almost unchar :ed ( P i g . 6 ) . At c co l l n r 
under a high f i e l d int ens U y {- 10 3 V-cnrf1': the ancmaJles of c 
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P I g. 4. Thermal behaviour of sound v e l o c i t y and 
at tenuat ion In SS 
(20 - . -120—»20—»80—»2C ° C ) . 

v 10's,cm-s'1 

100 -50 0 m 50 

P I ~. r . Thermal behaviour of sound v e l o c i t y and 
I t t e n u a t : n In ss ^ U J * W K ^ m A 

( 2 0 - 8 0 < • - > -l20-->20 'C ) . 
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# t f , Q " W 

P 1 g . 6 . Thermal behaviour o f ac c onduc t i v i t y (1 and 2 

at f = 1u3 Hz, EL, - 45 V - c m " \ E;. a= 450 V -cnV and dc 

r e s i s t i v i t y (3 anc' V- E. ,=10 V - c m " 1 . E4 - 109 V-cm" 1 ) in S 

p r a c t i c a l l y do not show up s ince the domain r eo r i en ta t i on indii 

ced by a s t rong measuring f l e l u lowers po t en t i a l ba r r i e r s [ 7 ] . 

The h .omalous hys t e r e s i s of the ex . r eml t l es of * ( T ) 

curve , the I n t e r v a l between structure rearrangement (which l,3 

r e l a t ed to (T ) minima) and the e l ec t rophys l ca l propert ies 

( e . g . , PTCR e f f e c t , ( T ) and • ( T ) anomal i es ) , seems to t. 

caused by simultaneous ex i s t ence of s e v e ra l po lar phases (N, ! 

and Q) In LNTN SS ov r a w ide i n t e r , d o f tempeiature, the FI 

occurlng In the process o f measure: ,ent be ing dependent u i the 

s t a t e of c r y s t a l l a t M c e subject t o external ac t i on as w e l l &• 

on the sample hi t o r y . An essen t i a ' part o f evo lu t ion o f the 

metastabie. phase Q in anomalous behaviour of * i s suggested bj 
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the f a c t that I t s anomalous change I s decreased by 4-5 orders 
a f t e r a long (about a y ea r ) aging o f samples and I s res tored by 
heat ing beyond T c ( the Q phase In NaNb0a I s s t a b i l i z e d near T c 

[1 J). 

Dispersion of exper imenta l ly observed minimum values of 
° » ( T ) i s mainly caused by coex is tence of phases at T R and 
mlcrovolumes of phases N # P and Q being present In a sample. n 

Only one o f the phases (P or N ) , I . e . , only a part of the 
sample. I s Invo l ved In a pa r t i cu l a r PT. In the processes 
r e l a t ed to anomalies o f P and ° ( i n the reg ion of PTCR e f f e c t ) 
most probably c lus t e r s o f at l east two PE phases are Invo l ved . 
Thus, as the f i e l d appl ied t o measure conduct i v i t y I s Increased 
(from 45 t o 450 V-cm - 1 at 10 3 Hz) a second maximum appears on 
the conduc t i v i t y v s . temperature curve ( P i g . 6, curve 1,2) . Th? 
same i s observed w i t h ^ ' ( T ) . This seems to be r e l a t ed to-
d i f f e r e n t n o n - l i n e a r i t y of the c o e x i s t i n g polar phases. Two 
d is t inguished d ispers ion reg ions appear in d i e l e c t r i c spectra 
approaching the PTCR e f f e c t ( P l g . 7 ) . The f requencies of 
d i e l e c t r i c absorpt ion maxima d i f f e r by two- three o rde rs . Both 
of the d ispers ion reg ions are c l o s e l y s i m i l a r to the Coul-Coui 
type ( P i g . 8 ) and seem to be ^due to po l a r i z a t i on processes 
concerned w i t h domain and interphase boundaries. However, to 
exp la in the ve ry mechanism of these phenomena requ i res a 
fur ther I n v e s t i g a t i o n . 
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6' tan<T t ' tand 

L l _ _ j u i lJ 

10* 10* 10 3 40* 10 s  

F 1 g . 7. Dispers ion of the d i e l e c t r i c permeabi l i ty c 
tan 6 m SS L l o o a N a n . p 7 .Ta 0 . o a N b 0 . ^ 0 , . 
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P 1 g. 8. Coul-Coul _^ diagram In SS 
Lie. o ^ . ^ . o J t o o . p A a t - 2 ^ c -

Conclusion 
Studies of low-frequency d ie lect r ic spectra, thermal 

behaviour of conductivity, acoustic propert ies , the coef f ic ient 
of l inear thermal expansion have suggest coexistence of several 
polar phases In a wide Interval of temperature (-190-80 °C ) In 
LNTN SS, at least one of the phases being metastable. The state 
of a sample within the Interval Is essent ia l ly determined by 
i t s thermal history. A considerable relaxation of the 
low-temperature phases i s found to occur at T R , the rate of 
change of the phase r a t i o increasing with the increase " of 
concentration of tantalum. 
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MICROMECHAN ISM OF ELECTRIC FIELD INDUCED PHASE 
TRANSITION IN PLZT CERAMICS 

M.Knlte, A.Xapenieks, and A.Sternberg 

I n s t i t u t e o f So l i d S t a t e Phys i cs , U n i v e r s i t y ox L a t v i a 

8,Kengaraga S t . , 226063 R iga , L a t v i a 

An exper imental study of e l e c t r i c f i e l d cont ro l l ed 
b i re f r ingence"and l i g h t s c a t t e r i n g at wavelength 0.425-5.56 tw 
in hot-pressed PLZT a.5/65/35 I s r epo r t ed . The diameter of 
e l e c t r i c f i e l d Induced po lar microreg lons v s f i e l d In t ens i t y i s 
determined. 

• 
D i e l e c t r i c p o l a r i z a t i o n 

In coarse g ra ine ( 4 - 6 pm) hot-pressed o p t i c a l l y 

transparent PLZT 8.5/65/35 d i e l e c t r i c po l a r i z a t i on P vs 

temperature decreases r a p i d l y at 17 °C. At the temperature of 

21 °C a double d i e l e c t r i c h y s t e r e s i s loop ? ( £ ; , p o l a r i z a t i o n vs 

e l e c t r i c f i e l d E i s observed ( F i g . l ) . 

At the f i e l d i n t e n s i t y E > E W j = 6.8 kV/'cm a f e r r o e l e c t r i c 

phase i s Induced, a f o l l o w i n g decrease o f E r e v e r t s t o tlu 

non - f e r r o e l e c t r i c s t a t e at K< E l c 2 ± J .6 KV/cm. I t corresponds 

to the quas l - pa rae l e c t r l c - f e r r o e l e c t r i c phas£ t r ans i t i on [ 1 ] . 

B i r e f r ingence 

In order t o e l im ina t e the l i g h t s c a t t e r i n g anr 

depo la r i za t i on the measurements o f b i r e f r ingence *n (E ) wer* 

ca r r i ed out using a CO cw l a s e r (>- - 5.56 >-<ra). We observed the 

quadratic e l e c t r o o p t l c e f f e c t *n - E 2 only a t temperature hlghr 

than 60 °C ( F i g . 2 ) . At l o w e r temperature the &n(E) dep^endano 

changes. At room temperature we observed ^n-E*) at 4 < E '< i 
kV/em, We suppose that I t i s due t o the increase o f the amowr 

o f f i e ld - Induced f e r r o e l e c t r i c phase according to 
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P l g / I . PLZT 8.5/65/35 p o l a r i z a t i o n P v s e l e c t r i c f i e l d 
hys t e r es i s l oop . T = 21 °C . 1 - E m M < ^ c l ; 2 - ^ < l s > - E j e l . 

An = v . * i \ p + 0.5 n a rvE + 0.5 n a R(1 -v )E* , ( 1 ) 

where v - volume concentrat ion o f po la r phase, A n . p -
spontaneous b i r e f r i n g e n c e , r and R - e l e c t r o o p t l c c o e f f i c i e n t s , 
n - r e f r a c t i v e Index. Ar i^ i s ca l cu la ted from the va lue of 
spontaneous p o l a r i z a t i o n P - p , determined from P ( E ) hys t e r e s i s 
loop. The quadratic dependence = -0 .5 n*MP*p i s t y p i c a l 
f o r a l l the temperatures I n v e s t i g a t e d . In ( 1 ) the f i r s t 
a d d i t i v e cha rac t e r i z e s the spontaneous po l a r i z ed volume v s E. 
The second a d d i t i v e charac t e r i z es l i n e a r e l e c t r o o p t l c e f f e c t 
Ins ide the small s i n g l e domain mlc ro reg i ons . The t h i r d a d d i t i v e 
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corresponds to the quadrat ic e l e c t r o o p t l c e f f e c t , i t i s t yp i ca l 
in pa rae l e c t r l c phase. We ca l cu la ted the v ( E ) using A n ( E ) curve 
( F i g . 2 ) and the exper imenta l ly determined va lues f o r PLZ1 

.4 ,6 lQ(E)kV/cn 

H g , 2 . B i r e f r ingence An v s e l e c t r i c f i e l d £ at d i f f e 
rent temperature, x = 5,56 ^m. 1 - 25 °C, 2 - 40 °C, 3 - 6 0 °C, 
4 - 80 °C. 

8.5/65/35: r= 3 .75-10" 1 0 m/V at T = 21 °C> E = 10 kV/cm; R 
3 -10 _ l ° mVv 2 at T=80 °C , E = 8 kV/cm; M = 1.3S-10" 2 m4/C2 <: 
25 °C ; n = 2.28. A l l the parameters are determined at lasei 
wavelength * = 5.56 ^m. The ca lculated curve v (E ) I s shov,: 
in F i g . 3 , curve 3 . 
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Sca t t e r ing 

The va lues of the e x t i n c t i o n c o e f f i c i e n t ft determined by 

s c a t t e r i n g were measured vs the l i g h t wave length x a t d i f f e r e n t 

constant va lues of E < \ x ( F i g . 4 ) . The exper imental va lue of n 

was ca lcu la ted f r o m : „ — — 

e n " 3 

.91 

A 
IS 

5 

\ 
\ 

o 

E, kV/cn 

? i g . ° 3 . Dependence on the e l e c t r i c f i e l d E o f : 

1 - po la r i z ed mlcroreg lon d iameter a; 2,3 - po la r phase 
volume v determined from s c a t t e r i n g data (2 ) and b i r e f r i ngence 
( 3 ) ; \ - concentrat ion o f po l a r i z ed microreg ions N . 

I = I c e x p ( - ^ d ) , (2 ) 

where E0 I s the I n t ens i t y of t ransmit ted l i g h t at E = 0; I la 
the I n t ens i t y of t ransmit ted light, at E>0, and d i s the sample 
th ickness . 
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To expla in the s c a t t e r i n g behav ior we use -..he 
Usov-Shermergor r e l a t i onsh ip " ( 3 ) [ 2 , 3 ] f o r l i g h t s ca t t e r ing on 
d i e l e c t r i c spheres In homogeneous d i e l e c t r i c . We suppose the 
s ca t t e r i ng on po l a r i z ed micro r eg ions in a pa rae l e c t r l c matr ix . 
The e f f e c t i v e d i f f e r e n c e o f r e f r a c t i v e index in microreg lons 
and matr ix I s &n . The s c a t t e r i n g on another non -e l e c t r i c 

,8 1 , 0 ft, un 

P 1 g . 4. Spectra o f the e x t i n c t i o n c o e f f i c i e n t R< f o r PLZ'i 
8.b/65/35 at d i f f e r e n t va lues o f the e l e c t r i c f i e l d E. 

1 - £ = 4 kV/cm; 2 - 5 kV/crn; 3 - 6 kV/cm. Temperature 
23 °C. Opt ical aperture 4-10~a r ad . C i r c l e s - exper iment, so l id 
curve - ca l cu la t i on according to [ 3 ] . 



.eld cont ro l l ed non-homog9nelties ( pores , gra in boundaries) 
was compensated In the measurement. 

• p 16rf i x 
8n a L * 

- ) ] . ( 3 > 
x " ( l + 4 n 2

a
1 A 2 ) 8n Ja 

The l i n e a r s i z e of mlcroreglon3 a and the change o f volume 
concentrat ion o f f e r r o e l e c t r i c phase v v s E are shown In P i g . 3 . 
The amount of microreg ions per cm* N r i s ca lculated from a an1 
v . We have obtained both the increase o f mlcroreg lon dlarrmt.er 
and the concentrat ion o f f e r r o e l e c t r i c phase w i th E. The number 
of p o l a r i z ed microreg ions v s E shows the increase up t o E = 4.8 
kV/cm which I s f o l l owed by a drop as E>4.8 kV/cm. The 
concentrat ion o f po lar phase determined from s c a t t e r i n g '.lata 
( P i g . 3 . curve 2 ) and b i r e f r ingence measurement data (JMg.3, 
curve 3 ) are In good agreement. With the Increase o f thfi 
e l e c t r i c f i e l d in t ens i t y formation of new polar r eg i ons i s th* 
most Important up t o E = 4.8 kV/cm. At higher I n t e n s i t i e s E the 
Increase o f *he mlcroreg lon diameter I s more Important. 

1. Yokosulra M., Marutake M.// Jap.J .Phys . - 1986.- Vo l . 25 . -
P. 981 . 

2 . Usov A.A. * ShermergorG.I* . // Zh .Theo r . P l s . - \9T8. -
Vol .48. N6 . - P .U32 ( in Russ ian ) . 

3. Kntte M.. Kapenleks A. » SteiT.berg A . , and L l v l n s M. // 
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DIELECTRIC IN HOMOGENEITY OF THE SBN SINGLE CRYSTALS 

A. KAPENIEKS 
Institute of Solid State Physics. University of Latvia 

3, Keng^rdga St., 22606\* Riga, Latvia 

K. STUMPE 
hstltut ftir Experlmtutalphyzik Johannes Kepler University, AACW Linx. 

Austria *) 

The coriLact and bolk dielectric properties are derived from thickness 
dependent, complex impedance of strontium barium nlobate ( SBN' ) single 
crystals with Au-electrodes perpendicular and paralell to the ferroelectric 
axis. The particular dielectric properties of the surface layer are accounted 
for by electrical InhomogeneiUes within the contact region. The types of 
inhoinogeneities possible are evaioted aslng finite element method computer 
simulations 

INTRODUCTION 

it is known that contact effects ^dependence of dielectric constant f. and loss 
tan gent tan£ on sample thickness) are typical in relaxor ferroelectrlcs 
/ 1 , 2 , 3 /. The contact effects are present in tiie case of silver paint 
electrodes. They are also detectable employing high quality vacuum 
evaporated geld contacts. Here we shew that the main aspects of the 
dielectric behavior of the surface layer of relaxor ferroelectrlcs can be 
accounted for by electrical InhomogeneiUes 

In the recent letter it was reported thai the dielectric properties In 
ferroelectric SBN ;Sr / ^ a i / * N b 2 ° 6 ' s l l>gle crystai the inter facial 
electrode-crystal layer differs from the buJk / A /. Here we present how 
the surface layer can be accounted for by the electrical Inhomogeneitles 
within the contact region. 

EXPERIMENTAL PROCEDURE 

Samples of about 2 2 mm were rut from the SBN crystals *ith the 
polar c - axis normal and parallel to the planes of the rectangle. The 
tldckxicss of the samples varied between O.i and 3 mm. The two faces of 
the rectangles were electroded with evaporated gold. Then the sample 
were put in a sample cell . 

*) 
Fresent adress: Gablonzerstratte 44-, A 4SS0 KremsmUnster. Austria 
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Temperature was varied between - 180 °C and 400 °C with a beating rate 
of 1 °C per minute. The ambient medium in all of the dielectric 
measurements was air. 

The dielectric measurements have been performed at frequencies 
ranging from 10 kHz to 10 MHz (Hewlett Packard LCR met*r HP 4275A). 
The parallel circuit mode was ased. 

EXPERIMENTAL OBSERVATIONS 

In order to determine dlelectrical properties of the SBN bulk and 
bulk-electrode Interface, we have investigated dependence of the dielectric 
response on the thickness, for temperatures both below and above the 
maximum In the dielectric constant of the materia], which occurs at 
T ss 60 °C (K) kHz), m 

Figure 1 shows the dielectric constant e deduced from capacitance 
measurements and the geometry of the sample, and the loss tangent. It can 
be seen from the figure that both quantities are not material constants, but 
show a marked dependence on the sample thickness. This dependence Is 
more or less pronounced, depending on the electrode material, measuring 
frequency and temperature. The measured value of s Increases with the 
sample thickness In the whole temperature range investigated. 

15000 

« lQOOO -

oc 

5000 -

Fig !. Measured dielectric constant r and loss tangent tan a cf SPN 
as a function of samplr thickness at frequencies of 10 kHz I*) aod 1 MH? l-r) 
T - 2o V. I: i c axis. 
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To obtain farther information on the contact properties of electrodes 
we have separated bulk and surface (see Figure 2a) contributions from the 
thicker** dependence of the (complex) Impedance. If neither the bulk nor the 
ooutacl properties depend on the sample thickness h the measured impedance 
Z U expected to increase linearly with h. Thus, the bulk dielectric properties 
can be derived from 2(h) according to 

1 1 I 
£ B = - — • - - — M 

u* 0A UdReZQiJ/dbJ* • C MmZ / dhl* > i / x f t a n ^ + l ) 1 

dReZ(h)/ dh 
Un * , ( 2 ) 

dImZ(h)/dh 

while the behavior of the contact/surface layer can be evaluated from the 
extrapolation of Z(h) to zero thickness, i.e. h — 0, according to 

1 1 1 
C g / A * — • ( 3 ) 

tfA < [ReZ (0 ) l * + Mm Z < 0 ) ] V y * < U n a 5 s + \ ) x / t 

fce Z(0) 
tan 6 = , < 4) 

lm Z(0) 

where C g Is the surface layer capacitance, A is the electrode area. eQ IS the 
vacuum permittivity and u is the angular frequency. Re and Im denote the 
real and Imaginary part of Z. The method also works for deducing the bulk 
properties when employing "bad" electrodes Isllver paint). 

Figures 3,4,5,6,7.8 show the bulk and contact properties derived 
from eqs. (1) - (4) for various frequencies as a function of the sample 
temperature. The experimental data were taken during the heating cycle. 

It becomes evident from the Figures that dependences of bulk and 
surface properties are different. Both parallel and perpendicular to the 
ferroelectric c-axis the measured dielectric constant increases with 
Increasing sample thickness suggesting, in a superficial point of view, that a 
low permittivity surface (contact) layer masks the bulk dielectric properties 
On the other hand the temperature dependence of the surface capacitance 
qualitatively resembles the bulk behavior, which is in contradiction to the flat 
response expected. A reasonable explanation for the empirical dielectric 
response Is that the transport properties within the metal SBN Junction 
are determined by electrical luhomogeneltles macroscopic ally resulting in a 
deficiency of surface volume contributing to the response. 



Fig. 2 . Equivalent clrcnlts for SBN samples with electrodes. 
a! equivalent circuit, calculated from experimental results, b) circuit fur computer simulation 

ci explanation for elements lb), black Clemens are Ideal conductors. 
Rj , Cj values are determined from Fife. 4 and Fig. 6 ; R , C values are determined from Fig. 3 and 
Fig. 5; d) computer • simulated surface-bulk interface inhmiiogeneities E R c-axjs, e) computer-simulated 
surfac."-feulk interlace iln homogeneities, E i c-axls; ' ) another version of 1 in homogeneities. 
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Fig. 3. Balk dielectric constant c y and surface capacitanee/area C r of SDN 
single crystals with Au-evaporated electrodes at frequencies 
10 krh '. J, 100 kHi ( ) . 1 MHzi ), calculated from 
the thickness dependancc of the Impedance according to eqs. (1) ».•), JS a 
function of ten-perztum; electric fle'.d E I c-axis. 
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P*8 
SBN 
K) 

T E M P E R A T U R E ; ° C 

5 . Balk low tangent U n S y and surface loss tangent tanS g of 
tingle crystal a with Au-evaporated electrodes at freqaencles 

kHz i- 100 kHi M H z ( ), 
calculated from the thickness dependence of the impedance according to 
eqs. JO - (4), u i function of temperature; electric field B 1 c-axla. 

_ 0 . 0 2 -

0 . 0 1 -

"150 

T E M P E R A T U R E , ° C 

Tig. u . Bulk loss ungent Un& v of SBN single crystals with 
An evaporated electrodes at frequencies 10 kHz f ), 
100 kHz ( ) , 1 MHz ( 1, calculated from the thickness 
dependence of the Impedance according to eqs. (!) - (4). as a function 
of temperature; V. i c-axis. 
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An evaporated electrode! at frequencies 10 
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dependence of the Impedance according to eqi. II) 
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Pig. 8 Surface loss tangent tan &a of SBN single crystals' wit 
Au-evapo rated electrodes at frequencies 10 kHz ( — — 
100 kHz ( ) , 1 M Hz ( ). calculated from the thlcknes 
dependence of the Impedance according to eqs. 11) (4), as a tunctlr 
of temperature; electric field E i c-axla. 



CALCULATIONS 

In. order to validate the kinds of InhomogeneiUes possible the 
following model calculations have been performed employing some idealized 
assumptions on the electrical structure of the junction. We explain the 
experimental results Figs. 3,4,5,6.7,8 with the local distortion In the 
balk-electrode Interface. In order to do the calculations we simulate the 
sample with a cyllndric net of complex impedances (Fig- 2, b ). The values 
of R, e.g., tanS and C were taken eqnal to the experimentally determined E 
and tanS for bulk perpendicular and parallel to c-axis, correspondingly 
(Figs. 3,4,5.6 ). Different surface layers were proved to vary the values of R 
and C In the surface layer 

The values of macroscopic C and tanS of the simulated sample were 
calculated from the current In the sample and voltage on the electrodes. 

Potential at every point of the Intersection U p was calculated 
from the potential in four neighbouring .points of the Intersection Uj and 
the values of Cj and Rj to neighbour points: 

4 

V - r • ( 5 ) 

l -» R J 

With the 300 - 6000 cyclic calculations of U p for all the points of the 
Intersection we obtain the values of U p for all the simulated sample. From 
the values of U p we determine the current in the sample and calculate the 
C and R e.g. c and tanfc of the sample. Using the equivalent circuit( Fig. 2,a) 
we calculated the effective parameters of surface C f i and tan 5 . 

We tried to do the explanation without the occurrence of elements 
with turned direction of c-axls. The increase of the Imaginary as well as 
the real part of the impedance due to electrodes we Introduce In oar 
calculation with the presence of holes between the electrode and bulk 
1 Fig. 2,f ). With such an approximation it was possible to explain the 
experimental results of dielectric parameters measured with electrodes 
perpendicular but not parallel to the ferroelectric axis . 

The next step was the occurrence of conducting (metallic) elements 
In our calculation. In order to Increase the value of computer-simulated 
sample up to the experimental value we introduce the hole under the 
electrodes. The calculation of this configuration yielded qualitatively agreeable 
results for situation with electrodes perpendicular to c-axls. In the next step, 
we locally changed the elements i turned c axis by 90° ) at the conducting 
element (Figs. 2,d; 2 ,e ) . Results of calculation of this configuration are 
presented In Figs. 9.10. 
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bulk-electrode Interface. Equivalent circuit was a cylinder 20 element* 
high and 6 elements In perimeter; electric field F. 1 c axis 



- 59 -

The results of calculation from Fig. 3,d,e are presented in Fig. 4,a,b. 
The character of C^lT) and tan£ g(T) are similar to experimental and 
computer-simulated resoits. The differences are caused by the simple 
two-dimensional model applied . The simple " geometrical1' variation con 
change the maximum temperature of tanfia- As following from the mode! 
calculations the homogeneity of the electrical field is disturbed In regions 
exeeding the extension of the inhomogeneity by far 120 elements). 
Therefore an inhomogeneity within a thin surface layer (interface, junction) 
"eads to an " effective" surface !ayer of appreciable thickness. The results 
of computer-simulation show that simple changes in the bnlk-eiectrode 
interface can cause the effects in the dielectric response of SFN single 
crystals, similar to the experimentaJly determined. 

At the present stale of investigation, in order to evclute the 
dominating mechanism, the model calculations have been restricted to the 
assumption of some extreme kinds of Inhomogeneity. For further Improvement 
a broad distribution of properties, as typical for relaxor ferroelectrics, has 
to be taken into account. The best agreement with the experimental data Is 
obtained by presuming both Insulating and highly conducting ("metallic") 
regions. The results are compatible with an increase of the electrical 
inhomogeneity, Inherent in the material, within a thin surface layer. 
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DOMAIN STRUCTURE OP DOPED PLZT CERAMICS 
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8 , Kengaraga S t . , 226063 Riga, L a t v i a 

Results o f micros true tu r e s tud ies of Cr, Mr., P e , Co, Nl 
and Cu doped PLZT 8/65/35 ceramics a r e r epor t ed . Most o f them 
are explained by dopant-Induced domain s t ructure formation In 
PLZT.ceramics. 

In t roduc t i on 

A namber o f s tud i es o f PLZT 8/65/35, where ti notat ion 
r e f e r s to atomic % La/Zr/Ti , have been reported [1 -63 . I t has 
been Ind icated that s t ruc ture and domain s t ruc ture of the 
mater ia l depend on the thermal and e l e c t r i c a l h i s t o r y o f the 
m a i e r l a l . In thermal ly depo lar i zed s t a t e I t belongs t o the so 
ca l l ed undefined symmetry s t a t e U J , Some r e su l t s of X-ray 
d i f f r a c t i o n and mlcros t ruc ture measurements of PLZT 8/65/35 
ceramics doped by P e . Co and Eu have been reported [ 7 , 8 3 , 
however fu l l m lc t ros t ruc ture examinations have not be made 
be fo re . 

Experimental 

We have studied micros t rue ture o f hot-pressed PI^T 8/65/35 
ceramics doped by Cr, Mn, P e , Co, Nl and Cu w i th d i f f e r e n t 
concentrat ions up t o 3% of w e i g h t . The g r a in boundaries and 
domain s t ructure were r e v ea l ed by T04 chemical etching and 
r e p l i c a technique or by SEM w i t h Au coatod specimens. 
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Resul ts 

The domain s t ruc ture In thermal ly depo la r i zed PLZT 8/65/35 
is absent. I t I s Induced by apply ing e l e c t r i c f i e l d or 
un l ax l a l l s t r e s s . We no t i c ed forming o f domain s t ruc ture In 
doped PLZT 8/65/35 w i thout ex terna l f i e l d s . In the case o f 
small dopant concentrat ion the e f f e c t I s small and the r e I s no 
ambiguous In t e rp r e t a t i on o f I t , w h i l e as the dopant 
concentrat ion Increases , the mlcro format lons are anhanced and 
the domain s t ruc ture becomes e v i d e n t . 

Por PLZT 8/65/35 + Pe , Co and Nl the mlcros t ruc ture In 
etched pat terns suggest the presence o f domains In a i l o f the 
dopant concentrat ion range ( P i g . 1).When the concentrat ion of 
Pe, Co and Nl Inc reases , the domains grow but neve r c ross the 
gra in boundaries. Regular lame l la r s t ruc tures were observed in 
each.gra in In e l e c t r i c a l l y po l a r i z ed mater ia l ( P i g . 2 , a ) . 

Por PLZT 8/65/35 + c r changes in mlcros t ructure which we 
may r e l a t e to domain s t ruc tu r e , appear when dopant 
concentrat ion reahes 0,5 % o f we i gh t ( P l g . 2 , b ) . 

Por PLZT 8/65/35+Cu In the case o f smal l dopant 
cone ent ra t 1 on domaIns were not i ced In some g r a I n s , not 
throughout o f the whole sample at concentrat ion Increase up to 
\% o f w e i g h t , domain concentrat ion becomes r egu la r ( P l g . 2 , c ) . 

Por PLZT 8/65/35+Mn In the case of smal l dopant 
concentrat ion there la no unambiguous I n t e r p r e t a t i o n o f 
mlcros t ruc ture , but when dopant concentrat ion r i s e s up t o 3% o f 
w e i g h t , mlcros t ructure cons i s t s o f l a r ge g ra ins and wide g ra in 
boundaries without domain s t ruc ture ( P l g . 2 , d ) . 
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Conclusion 

Doping o f PLZT 6/65/35 ceramics by Cr, Mn, Fe . Co. Nl and 

Cu e s s e n t i a l l y changes m i c r os t ruc tu r e , but not In the same 

manner in a l l eases . Comparat ive ly l e s s concentrat ion o f F e . Co 

and Nl caused domain fo rmat ion in PLZT 8/65/35. With the growth 

of dopant concent ra t ion domain s t ruc ture appears In PLZT 

8/65/35 doped by Cr and Cu but d isappears in PLZT 8/65/35 doped 

by 3 w t .X Mn. Domain s t ruc tu re in doped ceramics g ra ins i s 

r e g u l a r , but domains do not c ross g r a in boundaries in the case 

o f thermal ly depoied m a t e r i a l . 
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POLARIZATION SWITCHING IN TRANSPARENT PLZT CERAMICS 
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The process o f p o l a r i z a t i o n s w i t c h i n g was observed in 
t ransmi t ted l lg fr t under p o l a r i z i n g microscope, the t ime of 
complete sw i t ch ing of the samples be ing measured as the t ime 
requ i red f o r t r a n s i t i o n o f the sample from one s i n g l e domain 
s t a t e t o the o ther o f a n t l p a r a l l e l d i r e c t i o n of P e . 

P o l a r i z a t i o n s w i t c h i n g in PLZT ceramics has been studied 
by Barkhausen method [1,23 p r o v i d i n g in format ion o f the 
discontinuous change on l y , by p o l a r i z a t i o n loops C33, 
p y r o e l e c t r l c response [ 4 3 , by the change o f l i g h t s c a t t e r i n g 
c o e f f i c i e n t and other i nd i r e c t methods. 

In the s t u d i o be ing repor ted the sw i t ch ing process in 
PliZT ceramics has been examined by the nematlc l i q u i d c r y s t a l 
(NIC) method [5,63 In unannealed samples o f PLZT 7/65/35, PLZT 
8/65/35 and PLZT 8/65/35:Ke. The process o f p o l a r i z a t i o n 
sw i t ch ing was observed in t ransmit ted l i g h t under p o l a r i z i n g 
microscope, the t ime o f complete s w i t c h i n g of the samples be ing 
measured as the t ime requ i red f o r t r a n s i t i o n of the sample ( i t s 
part seen in the microscope ) from one s i n g l e domain s t a t e t o 
the o ther o f a n t l p a r a l l e l d i r e c t i o n o f ? s . I t has t o be no t i ced 
that w i t h the NLC method the p o l a r i z a t i o n s w i t c h i n g o f a 
f e r r o e l e c t r i c occurs under cond i t i ons o f d i e l e c t r i c gap when 
the process I s e s s e n t i a l l y s lowed and the absolute va lues o f ^ 
are Increased as compared t o the process In the presence o f 
w e l l conducting ( e . g . , me ta l ) e l e c t r o d e s . However, as shewn In 
[7 3, the f ea tures o f the process are maintained, and such 

Introduct ion 
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c h a r a c t e r i s t i c s o f the mate r i a l as a c t i v a t i o n f lelu 
sw i t ch ing do not depend on the type o f e l e c t r odes . 

Resul ts 

1. I n the I n i t i a l . (non-po lar i zed ) s t a t e the PLZT sample:-, 
w i th a th in l a y e r o f NIX between i t s po l ished surface and a 
transparent e l e c t r ode (Sn0 2 f i r e d on g l ass p l a t e ) appears to be 
o r i en t ed , and the NLC-PLZT c e l l - transparent. A p i c ture o f 
inhoinogeneous e l e c t r i c p o t e n t i a l d i s t r i bu t i on I s seen on the 
PLZT sur face c o l l e c t i n g the f ea tures o f s in t e r ing technology 
and other " d e f e c t s " caused, e . g . , bp f iechanical treatment o f 
the sur face . 

2. As In s i n g l e c r y s t a l s (TGS, (^SH, §a?10 3 a . c . )C6 ,8 ] the 
sw i t ch ing of PLZT ceramics from one po l a r i z ed ( s ing l e domain) 
s t a t e t o the oppos i te occurs by forming domain nude- (w i th P s 

d i r ec t ed along £ ) at Places predetermined by l o c a l d i s t i n c t i o n s 
o f the sample, t h e i r g rowth and widening throughout the sample. 
Upon coa lesc ing o f s e v e r a l c l o s e r domains, sw i t ch ing " f r o n t s " 
(boundaries between the part sw i tched and that unswitched) of 
a r b i t r a r y shapes - c l o sed , extended, o f t en s t a r t i n g from the 
sample s i des - a r e formed. Since the boundaries are not f l a t 
they coalesce at separate p laces as the reg ions o f unswitched 
phase disappear. This l a s t stage of the sw i t ch ing process we 
shor t l y c a l l " e ras ing " C81. With the increase o f appl ied f i e l d 
the number of domain nuclea,- number Qt boundaries anc 
propagat ion v e l o c i t y of the l a t t e r grow, the complete swi tching 
t ime being shor t e r ( F i g . l . ) . 

- 3 . At the beginning o f the sw i t ch ing process a large 
number o f domain nuclea a r i s e , and a s trong s ca t t e r i ng o f l i gh t 
13 observed - the c e l l darkens, then .the swi tched regions 
become t ra i sp . i r ent , t h e i r growth and coa iesc ing makes 
transparent the whole c e l l as the sw i tch ing process ends (the 
c e l l returns to the i n i t i a l s t a t e of l i g h t transm i t tance^ . . In s 
number o f e a r l i e r s tud ies [3,91 an i n t e r r e l a t i o n between the 
l i g h t s ca t t e r ing and appearance o f po lar i zed reg ions or the l i 
sw i t ch ing by app l i ed f Lelcl in PLZT ceramics has been not i ced . 
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20 

P 1 g . 1. Un lpo la r l t y and h y s t e r e s i s of the t o t a l 

sw i t ch ing t ime . 
r i n PLZT cei-amics represented as funct ion o f the appl ied 

dc f i e l d E at increase ( 1 , 2 ) and decrease (1 • , 2 ' ) o f the 
i n t e n s i t y o f the oppos i t e f i e l d (1 and 1 2 and 2 ' ) . 

4. D i s in c l i na t i on l i n e s in the NLC laye r and remnants o f 
the sw i t ch ing boundary coalescence observed upon the end of the 
sw i t ch ing process suggest the presence o f d e f e c t s In PLZT. A 
h igh ly poss ib l e appearance of the l a t t e r in PLZT has been 
not i ced In [ 1 0 ] . S^me o f the d e f e c t s behave l i k e tw in 
boundaries where domains a r i s e under e l e c t r i c f i e l d widening 
and propagating in both d i r e c t i o n s ( s i m i l a r t o the loop domains 
in GASH c r y s t a l s [ 113 ) . D i f f e r en t pa r t s o f these domain 
boundaries move w i t h a d i f f e r e n t v e l o c i t y r e s u l t i n g ( a t E = 
const ) in branching, p a r t i t i o n i n g and coa lesc ing o f those 
moving towards each o the r . 

5. As a r u l e , t h e . d i s t r i b u t i o n o f the f i e l d - induced domain 
nuclea o v e r the sample i s random which suggest a random 
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F 1 g . 2 . The t o t a l sw i t ch ing t ime T ^ ' a s funct ion o f dc 
f i e l d i n t e n s i t y E f o r t w o par ts of an PLZT 8/65/35 sample. 

d i s t r i bu t i on o f point d e f e c t s or t h e i r c lus t e r s be ing the 
nucleat lon c en t e r s . The number, l o c a l i z a t i o n and a c t i v i t y 
(evaluated from the threshold f i e l d at s w i t c h i n g ) of the domain 
nucleat lon centers be ing d i f f e r e n t f o r d i f f e r e n t d i r ec t i ons o f 
the f i e l d ±E the sw i t ch ing character ist lcsOoecome unipo lar : r+ 
* t~ ( F l g . l ) . The un ipo l a r i t y determined by / r^-T~//r* I s high 
(0 .6 -0 ,7 ) f o r PLZT 7/65/35 and e s s e n t i a l l y l e ss ( 0 .1 -0 ,4 ) f o r 
PLZT 8/65/35. I t has a l so t o be not iced that the sw i tch ing t ime 
may d i f f e r t w i c e or more f o r d i f f e r e n t par ts o f a sample 
( P i g . 2 ) suggest ing the d i s t r i b u t i o n of de f e c t s being not 
homogeneous. The sw i t ch ing boundaries a r i s i n g in PLZT 8/65/35 
under appl ied f i e l d are made smal ler at doping (Mn, Pe , Eu, 
Co ) . In PLZT: Pe ceramics , bes ides a random d i s t r i bu t i on of 
domain nuclea, in some areas they are observed to be arranged 
in rows . 

6. Any s t a t e induced during the po l a r i z a t i on sw i t ch ing in 
a sample ^pon tak ing o f f the appl ied f le lt? I s more s tab le in 



the case o f PLZT 7/65/35 as compared t o PLZT 6/65/35 where a 

rather quick spontaneous decay o f the . f ie ld Induced s t a t e and 

return to the I n i t i a l one (the s t a t e be f o re the f i e l d was 

appl ied ) I s observed t o take p l a c e . The "decay" t ime I s 

d i f f e r e n t f o r oppos i te d i r e c t i o n s o f the appl ied f i e l d suggest

ing the I n i t i a l s t a t e o f the ceramics be ing a unipo lar one. 

7. A considerable d i f f e r enc e of sw i t ch ing t ime curve 

r (E) between d i r e c t ( i n c r eas ing ) and r e v e r s e ' ' ( dec reas ing ) 

change o f the appl ied f i e l d i s observed in PLZT ceramics 

( F l g . l * ) : the r e v e r s e va lues of ^ are l e s s , i . e . , the va lue 

and durat ion of the p r ev i ous f i e l d are Important . 

8. Dependence o f the sw i t ch ing t ime t m on the app l i ed dc 

f i e l d i n t e n s i t y I s descr ibed , as f o r a l o t of s i n g l e c r y s t a l s , 

by exponent ia l law ( P l g . 3 ) : i A e = ( l / T
B < D ) e x p ( - « / £ ) which 

c o r r e l a t e s w i th the t ime o f t r a n s i t i o n from o p t i c a l l y 

depo lar i zed t o OP-s ta te : t= t^ exp (*/E) C123. However , as seen 

from the In ( 1 / T
B ) v s (1/E) diagrams there are two va lues o f 

the a c t i v a t i o n f i e l d « observed w i t h i n the f i e l d i n t e r v a l 

examined (4-40 kV/cm). Mn and Pe dopands cause a s h i f t o f the 

i n ( l A a ) v s (1/E) diagram to smal ler T ^ , va lues and change the 

value o f a (determined from the s lope o f the l i n e a r i n t e r v a l ) . 

The va lues of a x* and <*x t f o r the I n t e r v a l s I and I I , 

r e s p e c t i v e l y , determined f o r the samples examined, a re g i v e n in 

the Tab le . The change o f the i n ( 1 A o ) v s (1/E) diagram and the 

* va lue upon doping show that Mn i s a more e f f i c i e n t dopand as 

compared to Pe. This agrees w i t h the change o f fundamental 

absorpt ion edge: the h igher i s the number of the dopand element 

the l e s s i s the s h i f t [133. 

9. The t o t a l sw i t ch ing t ime ^ i s a genera l c h a r a c t e r i s t i c 

o f the sw i t ch ing process . P a r t i c u l a r s tages con t r ibu te to I t : 

generat ion and toward-growth o f the domain nuclea - T J F s i de 

movement of the domain wa l l s and t h e i r coa lesc ing at separate 

areas - T i i B and "erasing** t ime - T x i i . For PLZT ceramics as in 

the case c f TGS s i n g l e c r y s t a l s C83 T
1 « T . w i t h i n the whole 

I n t e r v a l of f i e l d va lues . "Eras ing " t ime remains l e s s than the 

time o f s ide movement o f the domain w a l l s T i i B but the r e l a t i v e 

cont r ibut ion o f the f i r s t i s g rowing w i th the I n t e n s i t y o f the 

appl ied f i o i d ( F l g . 4 ) . 
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i 

1 g . 3 . The t o t a l s w i t c h i n g time representa t i on by in 
( 1 A B ) ( r B in seconds ) ) v s 1/E diagram f o r ceramics samples: 

" l - PLZT 8/65/35 (undoped); 2 - PLZT 8/65/35: 0,01 P e : 3 -
PLZT 8/65/35: 0,01 Hn; 4 - PLZT 8/65/35: 0.1 Hn; 5 -
PLZT 7/65/35 (undoped). 
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A c t i v a t i o n f i e l d , ( t rans i t i on f i e l d 
kV'cm between I and JI 

C o m p o u n d E , kV*cm 

PLZT 8/65/35, undoped 5.5-9.5 20-33 20 
PLZT 6/65/35 : 0.01 Pe 9 72 33 
PLZT 8/65/35 : 0.01 Mn 19 110 31 
PLZT 8/65/35 : 0,1 Mn 40 200 15 
PLZT-7/65/35, undoped - 70-82 

F i g . 4. To ta l t ime ( T X + T U > 6f nuc lea t ion , growth and 
s i d e propagation o f domains or " s w i t c h i n g f r o n t i e r s " ( curve 1) 

'and eras ing time T i h ( curve 2 ) as funct ions o f the dc f i e l d E 
in PLZT 8/65/35 (undoped) ce ramics . 

T a b l e 

The va lues o f the a c t i v a t i o n f i e l d f o r the undoped and 

doped samples 
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Discussion 

The s w i t c h i n g o f the PLZT ceramics has many features 
common w i t h the 180°- s w i t c h i n g of s i ng l e c r y s t a l s (TGS, BaT103 

a . c " . ) . I t Includes the same s tages and f o l l o w s the same l aw . 
The p o l y c r y s t a l l i n e s t ruc ture o f PLZT does not exh ib i t I t s e l f , 
at l e a s t at the s tage o f extending the swi tched areas p rov id ing 
the most cons iderab le con t r i bu t i on t o the t o ta l ' sw i t ch ing t ime . 
The s i z e o f c r y s t a l l i t e s I s poss ib l y Important at forming 
r eg i ons po l a r i z ed p a r a l l e l t o the app l i ed f i e l d . 

D i f f e r en t from s i n g l e c r y s t a l s In PLZT ceramics there I s 
no an lsot ropy o f the v e l o c i t y o f s i d e movement of the domain 
w a l l s which I s na tura l l y expected in po l y c r y s t a l s . Unusual f o r 
ceramics I s the s w i t c h i n g u n i p o l a r l t y in PLZT desp i t e the 
d i f f e r e n t o r i e n t a t i o n of c r y s t a l l i t e s w i th respect to the 
sample sur face t o which the f i e l d i s app l i ed . The 180°-
s w l t c h i n g i s l i k e l y t o be the only t o speak aboui in PLZT. 

Rea l l y , i f the i n i t i a l s t a t e o f PLZT ceramics i s a 
f e r r o e l e c t r i c macroscop ica l l y po l a r i z ed one, the' c r y s t a l l i t e s 
c ons i s t i ng o f domains w i t h d i f f e r e n t o r i en t a t i on o f Ps w i th 
respec t to the sample sur face (which i s poss ib l e In Pl̂ ZT at 
room t empera ture ) , then as the f i e l d i s app l i ed , i . e . , during 

the p o l a r i z a t i o n , the domain s t ruc ture I s destroyed, and the 

sample changes I t s s t a t e from o p t i c a l l y and e l e c t r i c a l l y 
I s o t r o p i c t o another one o f f i e l d - Induced an lso t ropy , the 
ceramic mate r i a l be ing turned s i m i l a r t o a s i n g l e domain 
un iax ia l c r y s t a l , the o p t i c a l and po lar ax i s o f which Is 

p a r a l l e l t o the app l i ed f i e l d . The f o l l o w i n g cycles of 
r e v e r s i n g the f i e l d (±E) w i l l r e su l t in 180° po l a r i z a t i on 
sw i t ch ing from one s i n g l e domain s t a t e t o another. The 

sw i t ch ing i s not r e l a t e d t o .the i n i t i a l s t a t i c domain structure 

(if i t has been) and in any f i e l d i n t e r v a l the change of 
p o l a r i z a t i o n i n e v i t a b l y proceeds the stage o f forming nuclea 

w l t t Ps p a r a l l e l t o the appl ied f i e l d . 
Assuming the e l e c t r o n i c s t a t e of the sample bein^ 

respons ib le f o r - domain nuc lea t lon [14,151, and the new 

p o l a r i z a t i o n under app l i ed f l e l u be ing induced by e x c i t i n g 

e l e c t r ons from the sur face s t a t e s the concentration of d o m a i n 
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nuciea a t a givey v a l u e o f E i s determined by the depth of the 
l e v e l s and number. o f e l e c t r ons on them. D i s t r i b u t i o n of 
e lec t rons In the sur f ace 3tates i s s t rong ly dependent on 
de f e c t s . PLZT i s known C16.173 t o have a high de f ec t 
concentrat ion, the l e a d vacanc i es be ing about 10 2 1 cm* 3 , the 
donor (La 3* I ons ) concent ra t i on - about 10 2 2 c m - 3 . Doping 
Introduces add i t i ona l l o c a l i z e d s t a t e s . The u n l p o l a r i t y o f PLZT 
sw i tch ing c h a r a c t e r i s t i c s thus lay be due t o the sur face s t a t e s 
being d i f f e r e n t w i th r e s p e c t t o oppo3 te d i r e c t i o n s o f the 
applied f i e l d and to t i l e b ipo la r c onduc t i v i t y be ing a lso 
d i f f e r e n t f o r ±13. The 5 a t t e r i s due t o a h igher m o b i l i t y of 
holes in PLZT [ 1 7 ] . A somewhat l e s s u n l p o l a r i t y o f PLZT 
3/65/35 samples L.£ compared" t o PLZT 7/65/35 nay be exp la ined by 
the d i f f e r e n c e o f T c . B e s i d e s , appearance o f p o l a r i z e d r eg i ons 
under appl ied f i e l d is 1 p o s s i b l y e a s i e r in the case o f 
macroscopical ly nonpolar ised matr ix (PLZT 8/65/35) as compared 
to r e o r i e n t a t i o n of ? s , (PL3T 7/65/35). 

The t o t a l sw i t ch ing t l p e , I . e . , the speed o f p o l a r i z a t i o n 
sw i t ch ing , i s determined by t i i e spetxi o f compensation o f the 
o l a r l z a t l o n charge ( e x t e rna l - from the e l e c t r o d e s , i n t e rna l -

from the bulk and sur face s t a t e s o f the f e r r o e l e c t r i c samp le ) . 
The g rowing con t r i bu t i on o f "erasing* 1 t ime w i t h the 

appl ied f i e l d ( P i g . 4 ) ( s i m i l a r t o what I s ODserved in TGS 
s ing l e c r y s t a l s [153) suggests that the charge s t o i e d by 
surface s t a t e s I s sma l l e r than r e q u i r e d f o r f as t compensation 
of cons iderab le bounded charge appear ing in a s t rong f i e l d 
because o f "momentaneous" nuc i ea t i on of a l a rge number of 
domains and fast growth o f i tho i r s i z e . There f o re the 
propagating domain w a l l ( .he " s w i t c h i n g f r o n t s " ) w i l l have a 
t a l l o f uncompensated charge the condensat ion of which w i l l be 

continued by c a r r i e r s from the e l e c t r o d e s and the bulk even 

after the p o l a r i z a t i o n sw i t ch ing i s f i n i s h e d ( the s i n g l e domain 

s t a t e being a c h i e v e d ) . Recause o f a ' s m a l l c o n d u c t i v i t y o f PLZT 
(-MO - 1 5 i/o-cm C163) the r e l axa t i on t ime o f charge c a r r i e r s I s 
rather large (-10* s a t room t e m p e r a t u r e ) . I f the app l i ed f ie ld 

Is re loved be fore f u l l compensation a* decay f the po la r i z ed 
s t a t e w i l l t a , r e p lace because of d e p o l a r i z i n g f i e l d and, the 

speed and degree of tne decay obviously depending on the 

intensity and endurar e. c f preceding f i e l d . 



- 74 - I 

The hys t e r e s i s o f \ CE) at increase or decrease o i th> 

appl ied f i e l d ( F i g . 1 ) may be explained i r/ i i s im i l a r way. The 

e f f e c t s , however l e s s pronounced, should toe observed, in the 

case o f w e l l conducting e l ec t rodes ^ s i n c e , according to 

ca l cu la t i ons [ 1 8 3 , the dens i ty of the acted charge o f f r e t 

c a r r i e r s i s small as compared to dens i/y o f >the bounded charge 

< - 1 ( : * cm"2 a t ? s 2 0 p C/ C z ) . f 

J 
Conclusion 

1 . The p o l a r i z a t i o n sw i t ch ing o f PLZT ceramics proceeds 

the same st g e s and f o l l o w s mm same laws as the 1 8 0 ° 

p o l a r i z a t i o n sw i t ch ing o f s i ng l e c r y s t a l s . The 180° sw i tch ing 

of PLZT compared t o s i n g l e c r y s t a l s i s d is t inguished by c 
rather high threshold f i e l d (so'.ie kV/cm) and absence oi 

anlsotropy o f the domain w a l l M d e v e l c c i t y . 

2 . Un lpo la r i t y of the Jfotal sw i t ch ing tlnu* ±* m for 

opposi te d i r e c t i o n s o f a p p l l e ^ dc f i e l d ±E has been observed. 

The u n i p o l a r i t y of swi tching / is assumed t o be r e l a t e d tc 

d i f f e r ence o f surface s t a t e s p f the sample w i th regard t o ihe 
sign o f E and t o the bipolar/conductance of PLZT ceramics . 

3 . The t o t a l s w i t c h i n g ! time I S shown to depend on Up

value and durat ion of t i e preceding f i e l d . A d i r ec t observat ion 

has conf irmed the decay o f ••olarizud s ta t e in PLZT ceramics 

a f t e r app l i ed f i e l d I s removed. The e f f e c t s are t e n t a t i v e l y 

explained by depo l a r i z ing f i e l d be ing l e f t uncompensated during 

the sw i t ch ing : the charge of c a r r i e r s in jec ted from the 

e l ec t rodes ar., the char/fee accumulated In .urface s t a t e s Is 

i n s u f f i c i e n t to achlevtf a fas t and complete compensation of the 

p o l a r i z a t i o n charge wiflile the r e l axa t i on of ma jor i ty carr ier? 

from the bulk In PLZ1?. - because of small conduc t i v i t y ( d l s p i t e H 

high concentration' ) , , i s s low and may take much longer t ime than 

the app l i ed f i e l d t akes . 

4. At doping by Mn, ? e , Eu. the " m s i t y of domain nuclea 

(w i th Ps\ |fi) appearing under appl ied f i e l d In PLZT 8/65/35 i s 

increased causing n Increase of ' he number o f swi tching 

" f r o n t i e r s " , f o r which reason the sw i t ch ing proceeds f a s t e r (T 
decreases ) and the a c t i v a t i o n f i e l d i s changed. 
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5. The s t u d y o f p o l a r i z a t i o n s w i t c h i n g i n PLZT by Means o f 

NLG may be used a s e x p r e s s - e x a m i n a t i o n of sample q u a l i t y - t o 

r e vea l . Inhomogene i ty o f s w l 1 c h i n g i n d i f f e r e n t p a r t s of t h e 

sample and the d i s t r i b u t i o n o f p o i n t as w e l l a s extended 

d e f e c t s In f h e s a m p l e . 
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8, Kengifraga S t . , 22 3063 Rl/.a, Latv ia 

Analysis oi Indentation diagrams has shown that properties 
of ferroelectr ic ceramics are characterized by microhardness H, 
fracture toughness K l c . Intr insic t e n s i o n s nd c r i t i c a l . s ize 
of cracks c* . No change of microhardness has been observed in 
PLZT 8/65/35 upon doping by Mn, Pe, Co, Cu, Eu. Mn, Pe. Co, Eu 
dopants cause an increase of parameter \ ^ C and cr va lues . A 
minimum i s observed on concentration curves \ : (x ) and c * ( x ) 
at x = 0.1 wt.X of Cu-doped PLZT 8/65/35 ceramics. 

Introduction 

Deformation and fracture of ceramics i s a rather 
complicated phenomenon and physical processes of Indentation of 
the material have not been cleared completely. Speaking c f tiuch 
a complicated compound as PLZT C1] in terms of p l as t i c i ty and 
resistance to deformation of so l ids , the contribution of 
dif ferent components to I t s resistance to deformation and 
fracture Is determined by ceramic character ist ics (grain s i z e , 
composition and structure of the interlayer e t c . ) as we l l as by 
a good number of characterist ics ot the c rys ta l l i t e s themselves 
concerning Ionic and valent bonding, defectness (vacancies, 
dislocations e tc . ) and heLerogeneity (compositional 
f luctuations, enciousures of di f ferent phase e t c . ) . Since these 
problems presently are far from having been solved even In pure 

1 PLZT, the more i t i s true for metal-doped I^T+Me ceramics and 
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any d iscuss ions o f the deformation mechanisms concenJtej the 
l a t t e r are t o be regarded as pre l iminary assumptions oni j 

To va ry the l i g h t absopt ion, d i e l e c t r i c and another 
p rope r t i e s o f PLZT ceramics d i f f e r e n t dopands are used to 
extend app l i ca t i on o f the mate r ia l In op toe l e c t ron i cs [ 2 , 3 1 . 
Technological process ing of PLZT+Me ceramics has been developed 
and 'ihe s t ruc tu r e , dlelecTri: and o p t i c a l p r ope r t i e s o f the 
obtained samples s tud l t . [ 2 , 3 1 . To continue the s tud ies 
mechanical p r ope r t i e s o f Mn-, P e - , Co- and Eu-doped PLZT 
ceramics are prese; Lly r epor t ed . Arart from u t i l i t a r i a n 
purposes the present s tud ies a l l ow t o understand the tension 
being f o n r x i a t doping and to make q u a n t i t a t i v e es t imates 
of I t . 

The method o f s t ructura l t e s t 

Mechanical p r ope r t i e s o f undoped and 0 .01 , 0.1 and 1 mol.% 
Me-doped (by Mn, Pe , Co, Eu) PLZT 8/65/35 ceramics were 
examined by the Indentat ion method on po l ished sur faces of 
non-polarized, unannealed samples. 

T es t ing was performed by a V l c k e r ' s lndentor on a "PMT-3" 
mlcrohardness meter In the load I n t e r v a l P = 0.1-2.0 N. At a 
g iven load va lue the average values (from a number o f at l eas t 
20 t e s t s ) o f the p i t diagonal d and the length of the r ad i a l 
crack c were measured. The in format ion i s presented as the lgP 
i l g d ) and l g P ( l g c ) diagrams ( P l g . 1 ) , where from the 
e l a s t i c - p l a s t i c deformation and f rac ture of the mater ia l may be 
examined to s e l e c t c r i t e r i a f o r mechanical s trength and s t r e s s 
est imates of .he ma t e r i a l . 

The study of Indentat ion diagrams. 
C r i t e r i a of mechanical strength 

1. Por a l l the samples examined • . l th ln the load in t e r va l 
P-d*. In th i s case the mlcrohardness H=1.854 P- d~ z does not 
depend on the load. 
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2 . The curve I g P ( I g c ) I s knownC4j t o have t l iree l i nea r 

I n t e r v a l s determined by 3 s tages \J crack development. The I 

and I I I r eg ions are charac te r i sed by P ~c z , " the. I I - b^ 

p ^ c 1 " 5 . l o r a l l the examine i samples w i t h i n the load I n t e r v a l 

mainly-the JI s tage - a d i s t i n c t growth of cracks has been 

observed which makes I t poss ib l e t o ca l cu la t e the I n t r i n s i c 

f r ac ture toughness ( r e s i s t ance t o c rack ing ) o f the mate r i a l 

K1(., independent on the load [5.C3 

K 1 = = 0.0726 P . - T 1 ' 3 . 

The H and K l c v a lues were ca lcu la ted at the load P - 0.2 N at 

which the I I staj.e o f the crack development i s observed in a l l 

the examined samples. 

3 . In some o f the samples w i t h i n the load i n t e r v a l the I I I 

s tage o f crack development was a lso observed . To r e v e a l 

t r a n s l T i e n t o the I I I s tage in a l l the samples the load need t o 

ce increased . Unfortunate ly , the small thickness of 

e l e c t r o o p t l c samples has not a l l owed f o r t h a t . Determinat ion of 

the i n f l e c t i o n po int between the I I and I I I r eg ions of the 

Indentat ion diagram I s important '.for the f o l l o w i n g reasons. 

Re la t ion between the e f f e c t i v e K[c and i n t r i n s i c K l c f r a c tu r e 

toughness lias been obtained [7J t o . b e 

K ; C = K 1 c + 2V57TT or 
and the averaged in te rna l s t r e s s i s determined ( f o r 

Pb 1_ 1 > 5 > ( La x T I 0 Q ce ramics ) from the s lope of exper imental 

K ' l c ( ^ c ) l i n e . With regard t o the l l n a r dependence o f 

&\C

{V~£- ) & t m s tage -of crack development (where 

P--c 2 ) , a s imple method to determine <* from f i x e d coord inate 

va lues P c and c 0 o f the po in t between the I I and I I I r e g i ons of 

the indentat ion diagram i s suggested: 

- = 0.0726 P 0 c 0
2 o r - = K l c c ; ° ' 5 . 

4. An Important c h a r a c t e r i s t i c of mechanical tens ion i s 

b the c r i t i c a l s i z e o f the crack c * , obtained as t h e n c rosspoint 

of the Indentat ion diagrams l g P ( I g d/2) and I g P ( l g c ) . kz 
shown e a r l i e r , e . g . [ 81 , the va lue o f c* i s c h a r a c t e r i s t i c to 

the sca le o f t i e r eg ion w' o r e in the tensions are l o c a l i z e d . 

http://to.be
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ct / c m 

P 1 g . 1. Indentat ion diagram (hal f diagonal of the 

Imprint d/2 and length o f the crack c nearby I t as funct ions o f 

the lndentor load P ) f o r PLZT 8/65/35 ( o ) and PLZT 8/65/35+Mn 

(X -0 .01%. 7-1 W T . St). 

Thus, r e s u l t s o f s t ructura l t e s t s o f PLZT 8/65/35+Me 

ceramics are represented by the va lues of mlcrohardness H and 

f rac ture toughness K l c determining r e s i s t ance o f the mater ia l 

t o e l a s t i c - p l a s t i c de format ion and b r i t t l e d es t ruc t i on , 

r e s p e c t i v e l y , as we l l as by the va lues of ^ and c* which 

charac te r i z e the value o f Internal s t r e s s and the s i z e of the 

reg ion o f t h e i r l o c a l i z a t i o n , r e s p e c t i v e l y . 
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Experimental r esu l t s 

Mlcronardness H 

Indentat ion measurements of the p i t diagonal a are 
presented In the term Ig P ( l g d/2 ) . In the case of PLZT 
8/65/35 + Mn I t i s shown ( P l g . 1 ) that I g P ( I g 0/2) I s a l i n e a r 
function and a l l the po ints reg r a l e s s to the concentrat ion of 
Mn as we l l as other dopants lay on the .?.arna l i n e . Herefrom the 
microhardness .value cf all- the extimined PLZT 8/65/35 y Mn 
mater ia l s occur': to be the same and equal to H - - 6 . U 0 . 1 GPa. 

Practure toughness K l c 

Results of experimental study of the damaged samples (area 
around the indentat ion mark - the length o f the most extended 
rad ia l c rack ) are presented as l g P ( l g c ) . The 3lnear 
i n t e r v a l s c f t h i s function in doped PLZT 8/65/35+Me samples 
. hlfr. to the l e f t as. the Me concentrat ion grows (except Cu at 
small concent ra t i ons ) and l i t t l e depend on the element used as 
dopant ( P l g . i ) . The f rac ture toughness K l c I s determined fo r 
each compound and the funct ion K ( x ) found ( P i g . 2 ) . 

In te rna l s t r e s s » 

In terna l s t r e s s ^ are determined from the coord inates of 
the In f l e c t i on point betw -.tni the II. and the I I I I n t e r v a l s of 
(he Indentat ion diagram l g P ( l g c ; . Experimental cond i t i ons 
havo a l lowed to detemi lne the values f o r sonie pa r t i cu l a r 
•-•oinpoinids: f o r ' pu r e PLZT ^ = 30 MPa: parameter • * Increases at 
doping by Pe - from 1 3 0 ( 0 . 0 1 wt.% Pe) t o 1 4 G ; 0 . 1 wt .& i \ : 

MPa; by Co - from 1 3 Y ( 0 . 0 1 wit .36 Co) to 1 6 0 ( 0 . 1 wt.ft Co) MPa; 
by Eu from \M ( 0 .01 wt .% Eu) t o 1 4 0 ( 0 . , Eu) MPa; but 

at do l ing b|/ £u <? at f i r s t Increases to 1 3 4 ir?a ( 0 . 0 1 wj..% CU ) 
then decreas* i to 1136 MPa ( 0 . 1 wt ,% Cu) . » 
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P 1 g . 2. Fracture tougimess K l c o f PLZT 8/65/35+Me 
ceramics as function of dopant concentrat ion (#-Mn t o -Fe , 
x~Co, AEU , v - c u ) . 

The c r i t i c a l s i ze of cracks c* 
The c r i t i c a l size of cracks c* i s determined as the 

coordinate of intersec t ion of 1 inear ex t rapo la t ions o f 
lg P ( l g d/2) and l g P ( l g c ) ( F l g . 1 ) . The concentrat ion curves 
c* (x ) (F ig .3 ) are charac t e r i z ed by monotonous growth In concen
t ra t i on Interval 0.01 < x < 3.0% f o r a U the dopants except Cu 
in the case of which c* itas a minimum at x O . 1 w-f Cu. 
The obtained results show some genera l f ea tu res : 
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P 1 g . 3 . The c r i t i c a l s i z e o f cracksc* In PLZT 8/65/35+Me 

ceramics as funct ion of dopant concentrat ion (•-Mn, o -Pe , x-Co, 

"'-Eu, a -Cu) . 

1. No change of e l a s t o - p l a s t l c p r o p e r t i e s charac te r i zed by 

mlcrohardness H has been observeu in PLZT 8/G5/35 upon doping 

by the elements Mn, P e , Co, Eu, Cu. 

2 . Introduct ion o f Mn, ? e , Co and Eu In PLZT cau.se an 

- increase of K l c , c (P l£>.2,3) and j v a lues , the cone en a at ion 

curves K, c (> ' 0 and c * ( \ ) a r e M o n o t o n o u s l y ascending w i t h x . 

3.The concentrat ion curves ~>i i < 1 Q ( x ) and c * c r * in P L 8 ? 

. 8/65/35fCu M.i'.'o a mirtim .rn at ;< P . ; wt.55 Cu. 

http://cau.se
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Discussion 

t . I n t e r n a l s t r ess In ceramics may be due to s t ruc tura l 
de fects o f d i f f e r e n t s c a l e . As shown e a r l i e r [ 61 . the va lues of 
c* and g r a in s i z e do not c o r r e l a t e In PLZT ( In contrast t o 
other types o f f e r r o e l e c t r i c c e r a m i c s ) . This agrees w i t h the 
cor lus lons In a number o f papers concerning the sma^l e f f e c t 
of g ra in boundaries on o tner phys ica l p rope r t i e s In PLZT 
[ 9 , 1 0 ] . Present I n v e s t i g a t i o n s show, that there has not been 
revea l ed any co r re l a Ion between the s trength and the s i z e of 
c r y s t a l l i t e s . Rea l l y , our s tud ies by m ins o f scanning e l e c t ron 
microscope (SEW) ( d e t a i l ed r e su l t s are repor ted in a separate 
paper ) , th f ractograms o f PLZT and PLZT+Me have shown, that Pe 
and Mn dopants reduce the g ra in s i z e from 3-8 ^m f o r pure PLZT 
to 1-3 ^m in the case o f 156 Pe and \% Mn, however , a f a r the r 
increase of Mn concentrat ion up to 3% we ight cause an increase 
of the g r a in s i z e to 10-20 ^m. At the ..ame t ime from F i g s . 2,3 
I t Is seen that the concentrat ion curves K l c ( x ) and c * ( x ) f o r 
Mn- and Pe-doped as w e l l as f o r the Eu- and Co-doped samples 
(where the change of g r a i n s i z e has not been observed ) ctre 
monotonously growing in a s i m i l a r way. 

2 . As shown e a r l i e r [83 , the increase o f K l c caused by the^ 
growth o f l a concentrat ion In PLZT X/65/35 ceramics may be a 
consequence o f the decrease o f unit c e l l volume V. The change 
of s t ructure parameters in PLZTtMe caused by acceptor admixture 
Is oppos i te t o that o f the donors. At doping by Mn, Pe . Co, 
being 3d-elements and Eu-ianthanola, i . e . , the d i f f e r enc e o f 
the e l e c t r on she l l s of the e lements. a3 w e l l as Mn, Pe . Co 
occupying B i t e wh i l e Eu, obv ious ly - the A s i t e i s l^ss 
Important than the unit c e l l volume V of PLZT being reduced by 
Mn, Pe and Co dopants w h i l e Increased by Eu. the change o f the 
r a t i o o f X-ray d l f f r a c t i o n maxima integrated i n t e n s i t i e s 
I 2 I O / I z l l caused by Eu a l s o be ing oppos i te to that o f other 
dopants /3/ . 

However, the present discussion r evea l s that mioroharrtness 
II i s not changed by doping, the growth of K4 ( x ) and c * ( x ) 
being s i m i l a r in PLZT at doping by Mn, Pe, Co and Eu. Thlr 
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means that m th i s ^ase behaviour of mechanical res is tance 
c h a r a c t e r i s t i c s I s not determined by the change of 
s t r u c t u r e - s e n s i t i v e cha rac t e r i s t i c s v and I 2 1 < / l 2 1 1 . 

3 . At the same t ime, the strength p roper t i e s to some 
extent are determined by wo other s t ruc tu re - s ens i t i v e 
c h a r a c t e r i s t i c s : the v;ldth o f the X-ray d i f f r a c t i o n maxima D 
and the Po l sson ' s c o e f f i c i e n t fr. As compared w i th PLZT+Mn,Pe.Co 
and Eu (at the same dopant concentrat ions ) smal ler values of 
K l c and c* have been observed In PLZT+Cu (x> 0.1 wt .%) which 
most l i k e l y I s due to the same reasons as the discrepant 
behaviour of * and D at doping by Cu. on one hand, and Mn, Pe, 
Co and Eu - on the other . Rea l l y , i f l lnew ld th D I s decreased 
and & increased by adding copper, then in the case of Mn-. Pe- , 
Co- and Eu-doped samples the change of the two parameters Is 
e i t h e r weak or o f opposite character [31 (* = 0,28; 0,32; 0„?7; 
0,25; 0,24; 0,26 corresponding 'y f o r pure PLZT 8/65/35 and PLZT 
8/65/35fCu. Mn, Pe . Co, Eu at x = 1 wt.% Me). The d e t a i l s of 
the mechanism of t h i s phenomenon are not c l ea r so f a r , however, 
the character of the change of D and * suggests that by 
introduct ion o f copper the s t ructure Is made more homogeneous. 
I t has t o be not iced that the value of the coe f f i c i en t 
accessary to ca l cu la t e K t. depends, to some Extent on the value 
of Po l sson ' s c o e f f i c i e n t , the l a t t e r having no e f f e c t on the 
corresponding f a c t o r In the fcrmula used to ca lcu la te H [113. 

Behaviour of R l c ( x ) and c*(x^ in PLZT+Cu seems to suggest 
a one-dlmenslonal superposi t ion of two opposi te contr ibut ions : 
1 ) a decrease o f K t r., c* and due to homogenlzatlon of the 
mater ia l at oncer: t r a t Ion of Cu 0.1 wt.% and 2) an increase of 
R i € and c* at larg;. concentrat ions of Cu, i . e . , strengthening 
of the samples due to s im i l a r mechanism as at doping by Mn, Fe, 
Co and Ku dopants. 

4. Prom what has been t o ld above one may presume that 
Introduct ion o f dopants in PLZT ceramics fa s t rong ly (fefeetfuJ 
mater ia l t I ) the de fec t concentrat ion Is Increased, c lus te rs 
and, rersUMy. extended de fec t? b e K g formed [121. All of th i s 
extends the reg ions of Joca l l sa t i u of tensions and explains 
appearance o f add i t iona l internal s t ress (as compared to pure 

the presence o f which as we l l as inhomogeneity c f g ra ins 



i s anowu by examining etched sur faces o : doped and undoped PLZT 
samples E 0* The va lues o f es t imated in the present study 
a l l ow t o make some e v a l u a t i o n o f the tens ion appearing upon 
doping PLZT: I f in the case o f undoped ceramics they are about 
80 MPa, then a t doping (up t o \% o f admixture ) they are 
Increased by 60-1003. Bes ides , i t seems poss ib l e t o es t imate 
the s i z e o f t he r e g i o n s o f d e f e c t c l u s t e r s in doped and undoped 
PLZT. The s t u d i e s o f r a d i a t i o n dan-age in TGS c r y s t a l s [13J have 
shown that the s i z e o f . r ad ia t i on d e f e c t s and the r eg i ons of 
l o c a l i z a t i o n o f tens ions ( cha rac t e r i z ed by the c r i t i c a l s i z e of 
cracks o ) In T(5o a r e c l o s e t o each o the r . Assuming t h i s t o be 
true in the present case , one "obta ins ( see ' P i g . 3 ) that in 
undoped ceramics the c l u s t e r s of d e f e c t s a r e of the s i z e o f 0.3 
tm w h i l e at doping (up t o 1£ admixture ) they Increase to 
0.7-1 . 5 . 

Thus, some conc lus ions and sugges t ions concerning the 
nature o f micrornechanlsms r e spons ib l e f o r mechanical r e s i s t ance 
o f PLZT and. PLZTfMe we have been ab l e t o obta in by comparing 
the c h a r a c t e r i s t i c s o f s t r eng th p r o p e r t i e s w i t h o ther 
s t ructure-oens111ve c h a r a c t e r i s t i c s obta ined by o ther methods, 
p a r t i c u l a r l y by SEW, u l t r a s o n i c . X-ray d i f f r a c t i o n . 

i n the present paper we do not make more speculat ions 
concerning the d e t a i l s r e spons ib l e f o r the observed phenomena 
as tbe s tud i e s o f s t ruc tu r e and poss ib l e microscop ic models of 
the r e l e v a n t changes o f PLZT+Me are be ing cont inued. Bes ides , 
more d e t a i l e d f a r t h e r s tud i e s o f the ru les r e v e a l e d at 
Indentat ion a r e needed. 
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Comprehensive s tud i e s o f r ad i a t i on e f f e c t s on the 
o p t i c a l and d i e l e c t r i c p r o p e r t i e s o f PLZT X/65/35 ceramics have 
been made. The samples have been exposed to gammas- lee t i v j and 
r e a c t o r neutron I r r a d i a t i o n . 

With regard t o tho o p t i c a l p r o p e r t i e s , a maximum in the 
absorpt ion d i f f e r e n c e w i t h r espec t t o the p r e - i r r a d i a t e d s t a t e , 
appears in samples o f PLZT **h 1/65/35 at wave length o f 380 nm, 
i r r e s p e c t i v e o f the type of r a d l 3 t l o n . 

With r ega rd t o the d i e l e c t r i c p r o p e r t i e s , the 
rad ia t i on- Induced e f f e c t s have been found to be s t rong l y 
dependent on the sample compos i t ion , e s p e c i a l l y t h e i r 
La -c^ntent . Those samples , which are charac te r i sed by a s l im 
h y s t e r e s i s l o op , show l i n e a r c o r r e l a t i o n s between the 380 
run-maximum or t r s o p t i c a l dens i ty d i f f e r e n c e , wh*ch i s 
presumably p r opo r t i ona l t o the de f ec t concentra t ion , and the 
c h a n g e c * p o l a r i s a t i o n in the neut ron- I r rad ia t ed s t a t e . 

I n t r o d u c t i o n 

Transparent f e r r o e l e c t r i c ceramics i 'TFC) are promising 

ma t e r i a l s f o r a number o f op toe l e c t r on i c dev i c es [ 1 ,2 J 

1 ncludlng e l e c t r c <pt l e a l modul a to rs f or va r i ous "unc t lonal 

purposes. Some o f these app l i ca t i ons may a l so Invo l ve r ad i a t i on 

env i ronments . In a d d i t i o n t o th is appl ied point of v i e w , 

s tud ies o f r a d i a t i o n damage processes In TPO seem to represent 

an i n t e r e s t i n g aspect o f ma te r i a l s s c i ence . Furthermor , T/CJn 

p a r t i c u l a r the we l l -known system of La-doped z i r c o n a t e - 1 1 tuaate 

(PLZT : : / Y / Z , X •• La, Y - Z r , l = T I ) has become a model 

ma te r i a l f o r s tud i e s <.>l d i f f u sed ph ; ise i r a n s l H o r n . 



- 89 -

Many basic p rope r t i e s of f e r r o e l e c t r i c mater ia l s and, in 
p a r t i c u l a r , t h e i r op t i ca l qua l i t y and e l e c t r oop t l ca l 
p r ope r t i e s , are cont ro l l ed by de fec ts such as oxyge > vacancies , 
r e d i s t r i b u t i o n s o f vacancies 1 3tween the A and the B s i t e s or 
add i t i ons o f t r a n s i t i o n metal ions [31 . Hence, studies of 
rad ia t ion" e f f e c t s represent an in t e r e s t ing p o s s i b i l i t y to 
change the de fec t s t ructure in a cont ro l l ed way and to 
introduce new de f e c t s in to the ma t e r i a l . Pre l iminary resu l ts of 
our s tudies on r ad i a t i on e f f e c t s in TPC have been reported 
p rev i ous l y [4 -6 ] and r e v i ewed recent l y [73. In the present 
paper we w i l l r epo r t on radiat ion-Induced property changes in a 
s e r i e s of PLZT X/65/35 ' ce ramics . Special emphasis w i l l be 
placed on f i r s t r e su l t s o f op t i ca l property changes upon 
r ea c t o r neutron I r r a d i a t i o n . 

Expe^ imental 

The experiments were made on ceramic specimens of PLZT 

X765/35 (X = 4.5 - 10.5 at.% L a ) . S tar t ing from chemical ly 

cop rec lp i t a t ed raw mate r i a l , the TPC were prepared by a 
J vo -s tage hot press ing technique. The l a t t i - 3 parameters and 

the phase composit ion of the samples were determined by X-ray 

d i f f r a c t i o n , the de tec t ion o f the sto lchlometry was made by 

neutron a c t i v a t i o n ana lys i s . 

The op t i ca l measurements were made on thin pol ished 

samples o f rectangular shape (10x10x0.2 mm a ) . In order to 

ach ieve an r l f o r m d i s t r i bu t i on o f de fec ts a l so in the case of 

e l e c t ron i r r a d i a t i n. Por the d i e l e c t r i c measurements, l a rge r 

samples (5x5xJ s h i 3 ) w i th f i r e d s i l v e r paste e l ec t rodes were 

used. 

The I r r a d i a t i o n was done at three d i f f e r e n t f a c i l i t i e s . 

The samples -were exposed t o gamma-xrradiat ion In the gamma-loop 

o f the Salr- .pl Is research r eac to r (average gamma-energy: 1.15 

HeV; dose r a t e : 1050 r / s ; doses up t o 6-4of rad; sample 

temperature during i r r ad i a t i on - 45-60 °C)s secondly, to 

e l e c t r o n - I r r a d i a t i o n at the l i nea r acce l e ra to r In Sa lasp l l s 

( e l ec t ron energy: - .1.5 MeV; f lux dens i ty : 10 1 2 e l e c t r . / c m ' . s ; 

f l u e n c y up to 4 - 1 0 1 7 e l e c t r . / c m 2 ) ; and, th i rd l y to neutron and 

gamma-irradiat ion In the TRIGA MARK I I r eac to r [83 in Vienna 

http://Salr-.pl
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( f l ux dens i t y a t a r e a c t o r :>ower o f 250 kW: 2 .1 -10 1 3 n/cmz> s 
( t o t a l ) , 1 6-10 1 2 n/cm 2 .s (E > 0.1 MeV); f luences up t o 1-10 1 B 

a ' c m 2 ; gamma-dose r a t e : ^ 2 .7*10* r / s ; sample temperature: s 60 

The spec t ra o f the o p t i c a l absorpt ion d i f f e r e n c e AD 
between the I r r a d i a t e d and a r e f e r e n c e sample were obtained by 
an automatic double -beam spec t rometer (Perkin-Elmer 
Lambda 9 ) o v e r a w i d e range o f wave leng ths (340-3200 nm) . .The 
h y s t e r e s i s loops we r e measured by quasx -s ta t i c Sawyer-Tower 
techniques using an u l t r a l ow- f r equency spec ia l -shape 
h i g h - v o l t a g e g ene ra t o r " C l l p o t a j s 2000 EPM ueveloped at the 
I n s t i t u t e of S o l i d S t a t e P h y s i c s , R i ga . Duration o f the whole 
moasurlra; c y c l e was s e t t o 60 s . Capacity and d i e l e c t r i c l osses 
o f the samples a t 1 kHz w e r e measured using a GR 1657 
D i g l b r i d g e . A l l the o p t i c a l and d i e l e c t r i c measurements were 
made at room tempera ture . The anneal ing exper iments were made 
In a thermostat us ing f i x e d p r e se t r a t e s o f temperature change 
and employing e s p e c i a l l y f a s t c o o l i n g r a t e s t o room temperature 
a f t e r each anneal ing c y c l e , l^ o rde r t o p r e s e r v e the p a r t i c u l a r 
de f e c t s t r u c t u r e s . 

3 Resu l ts and d i s cuss i on 

Opt i ca l p r o p e r t i e s 
V i s u £ i n s p e c t i o n o f a l l the I r r a d i a t e d PLZT samples 

showed a change o f c o l o r t o y e l l o w , suggest ing 
rad ia t i on - Induced absorpt ion in the UV part o f t h t spectrum. 
Th i s was indeed conf i rmed by the spectroscopy da ta . A t yp i ca l 
example (PLZT 9/65/35) , which i s c h a r a c t e r i s t i c f o r a l l the 
r e s u l t s obta ined on samples w i t h a La-content between and 11 
at %, i s shown in P i g . 1. The main f ea tures ;nay be summarized 
as f o l l o w s . 

A pronounced maximum In the absorpt ion d i f f e r e n c e ad as. a 
funct ion o f wave l eng th occurs at a wave length o f - -380 ur In a l l 
o f the i r r a d i a t e d samples. I . e . . i r r e s p e c t i v e o f the kind ) f 
r a d i a t i o n used (neutron, e l e c t r o n , and gamma- i r r ad i a t i on ) . 
Th is S'v3iTis t o i n d i c a t e , that on ly one type o f d e f e c t s , which 
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a) 3) c) 

P i g . 1. Opt ica l dens i ty d i f f e r ence versus wavelength o f PLZT 
9/65/35 ceramics : 

a ) neutron I r rad ia t ed 1 7 ( f luence 5-10 1 7 n/cm 2 ) ; b ) e l e c t ron 
i r r ad i a t i on ( f luence 4.2-10 e lec t r ./cm ) ; c ) gamma-Irradiat ion 
(dose: 6.36-10 r a d ) . 

The numbers r e f e r to the annealing temperatures (an annealing 
t ime of 8 mln war; employed tiirouen the exper iments ) . The upper curves 
show the s t a t e o f the i r rad ia t ed xani-le b e f - j r e anneal ing. 
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D i e l e c t r i c p r ope r t i e s 
A summary o f neutron i r r ad i a t i on e f f e c t s ' on the d i e l e c t r i c 

p rope r t i e s ( quas i - s t a t i c h y s t e r e s i s ) I s shown in P i g .2 fo r two 
f as t neutron f luences (J -10 1 7 and 1-I0 r a n/cm 2 ) . An e l e c t r i c 
f i e l d strength of 15 kV/cm was used f o r the samples PLZT 
4.5/65/35 and 10 kV/cm f o r the other mate r i a l s . 

can bo produced by Ml kinds o f r ad i a t i on , i s Invo l ved in the 
o p t i c a l proper ty changes o f the PLZT ceramics Inves t i ga t ed , 

These de f e c t s have a rather low a c t i v a t i o n energy, sine a 
they can be annealed out already at temperatures 1 etween 400 
and 500 °C. 

The most s i g n i f i c a n t changes o f the op t i ca l p roper t i es are 
observed a f t e r r e a c t o r neutron i r r ad i a t i on t o a f luence cf 
5-10 1 7 n/cr: z, E > 0.1 MeV, (AD * 0 . 8 ) , f o l l owed by e lectron 
i r r a d i a t i o n (4 .2 -10 1 7 e l e c t r . / cm 2 , E = 4.5 MeV), AD * 0 .2 , and 
f i n a l l y by gamma-Irradiat ion to a dose o f 6.36-10H rad 
(AD * 0 . 1 ) . However, s ince no damage ca lcu la t ions are a va i l ab l e 
ye t f o r t h i s compuund, a comparison between these d i f f e r en t 
types o f r ad i a t i on i s d i f f i c u l t . 

The e f f e c t o f annealing temperature seems n be d i f f e r en t 
f o r the d i f f e r e n t types of r ad i a t i on (F i g . 1 ) . Whereas the 
annealing processes presumably begin already at room 
temperature in trie neutron- I r rad ia ted samples ( r o t e the small 
d i f f e r ences between the upper curves in P i g . l a ) , , s i gn i f i c an t 
annealing e f f e c t s in the e l e c t r on - and gamma-Irradiated samples 
occur only at temperatures of * 110 and * 140 °C, r e s p e c t i v e l y . 

The l n l t ia l op t l ea l p roper t i es are restored at 
emperatures between 400 and 500 ° C in the -eases of neutron and 

e l e c t r on i r r a d i a t i o n , whereas the d i f f e r ences between the 
gamma-irradiated and the re f e rence samples f a l l below the 
experimental r e so lu t i on already at a temperature of * 300 V , 

Very s i m i l a r r e s u l t s , in pa r t i cu la r , the maxima around 380 
nm, have been obtained a l s o ' f o r PLZT 4.5-7/65/35 samples, 
however , d*' ending on the actual composit ion as w a l l as on the 
s t a t e of p o l a r i s a t i o n , some q u a l i t a t i v e and quant i t a t i v e 
d i f f e r ence s have been observed, which r equ i re addi t ional 
experimental examinat ion. 
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The p r e - I r r a d i a t i o n p r o p e r t i e s o f a l l the ma t e r i a l s are 
re; *esented v e r y c l o s e l y by the s o l i d l i n e s In column V o f P i g . 
2 'anneal d at 38Q °C f o l l o w i n g I r r a d i a t i o n to 5-10 1 7 n/cm 2 ) . 
The e f f e c t o f neutron I r r a d i a t i o n (column I , P i g . ,?) i s v e r y 
s i g n i f i c a n t In a l l the samples i n v e s t i g a t e d . The most 
pronounced change occurs In the shape of the h y s t e r e s i s loops 
in samples PLZT 4.5/65/35. Th is may be explained by the 
c l a s s i c a l mechanism C91 l e ad ing t o the appearance o f I n t r i n s i c 
rad ia t i on- Induced b i a s f i e l d s In f e r r o e l e c t r i c substances. 
Accord ing ly , the r ad i a t i on - induced d e f e t s are r espons ib l e f o r 
s t a b i l i z i n g the d i r e c t i o n o f spontaneous p o l a r i z a t i o n , which 
l eads t o an Increase In the c o e r c i v e f^e ld and prevents 
s w i t c h i n g p r o c e s s e s . Por samples PLZT 4.5/65/35, e g , no 
s w i t c h i n g can be ach i e ved by a 15 kV/cm f i e l d , unless 
anneal ing temperatures o f * 150 °C (5 -10 1 7 n/cm 2 ) or even 
* °70 °C (1-10*° n/cm 2 ) have been employed ( c f . row 1 In P i g . 2 ) . 
Iu a d d i t i o n , the d e f e c t s reduce the magnitude o f the 
spontaneous p o l a r i z a t i o n by sc reen ing the long-range 
I n t e r a c t i o n and, hence , the phase t r a n s i t i o n in the mat r i a l 
becomes more d i f f u s e d . Phis i s i l l u s t r a t e d n i c e l y by the las t 
graph in row 1 (column V ) , v.nere the complete ly annealed data 
( s o l i d l i n e , f i u e n c e : 5-10 1 7 n/cm 2 ) are compared t o 
Incomple te ly annealed r e s u l t s (clashed l i n e ) ob ta l rad a f t e r 
exposure t o a f luence o f t -10 4 " n/em 2 . 

Due t o the r ad i a t i on - induced b i a s f i e l d , the hys t e r e s i s 
loops become asymme r i c In "hard" f e r r o e l e c t r l c s such as ° PLZT 
4.5/65/35 ( row 1, column IV In P i g . 2 ) , w h i l e double loops 
appear In " s o f t " f e r r o e l e c t r l c s ( r ow 2 , P i g . 2 ) o r " p rope l l e r 
shaped" curves in s l i m - l o o p samples (row 3 , P i g . ) The b ias 
f i e l d s t rength inc reases w i t h decreas ing I a - concen t ra t l on and 
inc r eas ing neutron f l u ence . 

A f t e r each anneal ing s tage a more o r l e s s renounced 
t u l l d - u p o f the l oop s i z e has been observed under repeated 
f i e l d c y c l i n g c ond i t i ons ( c f . the arrows in P i g . 2 Ind i ca t ing 
the d i r e c t i o n o f l o o p f o r m a t i o n ) . Such a bu l l d i : ^ -up process 
can be related t o a rearrangement ar 1 r e l a x a ; on of 
rad ia t i on - induced d e f e c t s . The most e f f i c i e n t bui ld-up has been 
obse rved , when the sample i s brought in to a s t a t e , where the 
app l i ed f i e l d compensated the de fec t - Induced i n t r i n s i c f i e l d 
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P l g . 3 . Formation of hys te res i s loops In PLZT 4,5/65/35 

ceramics i r r ad la 4 2d by reactor neutrons ( f luence 5-10 1 7 n/cm 2) 

and annealed (150 °C f o r 2 min) at. r e p ".Led sw i tch ing ( the 

number o f cyc l es i s g i v e n at each curve ) under appl ied f i e l d . 

and the spontaneous po l a r i za t i on s tar ted to i n ve r s e U s 

d i r e c t i o n under the appl ied f i e l d . The value of the switched 

p o i a r i z a t i gro< -s and i s then s t ab i l i s ed a f t e r a cer ta in 

cumber of c yc l e s ( ? t g . 3 ) . This unique formation of the 

hys t e r e s i s loop has been observed in PLZT 4.5/65/35 a f t e r 

neutron i r r a d i a t i o n t o 5 M C 1 7 n/cm2 and a r i anneal Jng treatment 

at 150 °C f o r 2 minutes ( F i g . 2 . row 1, column I I I , and P l g . 3 ) . 

Regarding t h i s loop formation, an addi t ional In t e res t ing 

feature m 'ieen observed. As depic 3d In F ig . 3 , the 

hys t e r e s i s loop becomes p r a c t i c a l l y symmetric a f t e r a certa in 

number of c y c l e s . However, upon Increasing the temperature 4 o 

the next annealing s t a g e , the loop s ta r t s out asymmetrical ly 

again ( c f . row i , columns I I I and I V In P ig . 2 ) , a feature 
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hich can be expla in ' id by a r e d i s t r i b u t i o n ( d i f f u s i o n , d r i f t ) 
o f the ^adlat ion-induced d e f e c t s . 

Because o f a smal l rhombohedral d i s t o r t i o n of t h e i r 
c r y s t a l l a t i c e i n the p o l a r i z e d s t a t e , PLZT X/65/35 ceramics 
w i t h 7.5 * X < 9 are ex t r eme ly s e n s i t i v e t o a l l ex terna l 
e f f e c t s , such as e l e c t r i c f i e l d and mechanical pressure [ 1 0 ] , 
and show the l a r g e s t e lectroop^. lc c o e f f i c i e n t s . I r r a d i a t i o n 
leads t o a more d i f f used phase t r a n s i t i o n : the maximum of the 
« ( T ) - c u r v e broadens and both the p o l r M z a t i o n and the c o e r c i v e 
f i e l d are decreased . A change o f the ion charge and 
r ed i s t r i bu t i ons , o f vacanc i es In the A and 3 sub la t t i c e s may be 
considered a . be ing the r e spons ib l e i r r a d i a t i o n mechanisms [ ? ] . 
Th is s e n s i t i v i t y i s a l s o observed w i t h regard * o the 
rad ia t i on- Induced b ias f i e l d as shown by the hys t e r e s i s loops 
In row 2 , columns I and I I In P i g . 2 : - these near ly rectangular 
loops w i t h an obv ious narrowing in the c en t e r , which were 
observed in PLZT 8/65/35 f o l l o w i n g neutron I r r a d i a t i o n t o 
5-10 1 7 n/cm 2 , are v e r y s i m i l a r t o loops observed Ln irrc Jlated 
multldomain s i n g l e c r y s t a l s . Due t o the smal l va lues o f E c , the 
remanent p o l a r i z a t i o n goes p r a c t i c a l l y t o z e ro when the f i e l d 
i s removed. Th is process occurs w i t h i n a f ew seconds a f t e r the 
f i e l d removal and f o l l o w s a nea r l y exponential l a w . 

In PLZT X/65/35 compounds w i t h 9 * X s 11, I r r a d i a t i o n 
lends to a decrease o f the t o t a l p o l a r i z a t i o n and t c the 
appearance o f smal l remanent po l a r i s ed volumes. The annealing 
behav io r ( P i g . 2 , row 3 ) d i f f e r s from the r e s u l t s obtained on 
the ma t e r i a l s w i t h l o w e r l a - c o n t e n t and the loop shapes are 
near l y i d e n t i c a l f o r the t w o neutron f luences in e s t i g a t e d , at 
l e a s t a t anneal ing temperatures above 110 °C. 

A common f e a t u r e observed in a l l i r r a d i a t e d samples I s the 
decrease o f the d i e l e c t r i c p e rmeab i l i t y * at room temperature. 
D i e l e c t r i c permeal i l l t y has been measured a f t e r each annealing 
s t ep as w e l l as Immediate ly a f t e r hys t e r e s i s loop exper iments. 
In the l a t t e r c a s e , the ^ - va lues we r e a lways fot. id to be h igher 
I n i t i a l l y and t o decrease w i t h t ime f o , l o w i n g ro 5hly an 
exponent ia l l a w . Th is behav i o r I s t yp i ca l f o r s t ruc ture 
s t a b i l i z a t i o n and de f e c t r e l a x a t i o n processes . 
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Summary 

We have observed s i g n i f i c a n t changes In the op t i c a l and 
d i e l e c t r i c p rope r t i e s o f PLZT X/65/35 ceramics f o l l ow ing 
I r r a d i a t i o n w i th neutrons, e l e c t rons and gamma-rays. 

With regard t o the op t i c a l p r o p e r t i e s , we have found a 
c h a r a c t e r i s t i c maximum In the- absorpt ion d i f f e r e n c e AD (p r i o r 
t o and f o l l o w i n g i r r a d i a t i o n ) at a wavelength o f ~380 nm, 
I r r e s p e c t i v e of the type of r ad i a t i on employed. However , some 
d i f f e r e n c e s in the annealing behav io r have been observed 
depending on the type o f I r r a d i a t i o n . The rad ia t ion- Induced 
de f e c t s have a r a the r l ow a c t i v a t i o n energy, s ince they can be 
annealed out at temperatures between 400 and 500 °C (and even 
a t l owe r temperatures, * 300 °C, in the case of 
gamma- l r r a d l a t i o n ) . 

With r e ^ r d t o the d i e l e c t r i c p r o p e r t i e s , neutron 
i r r a d i a t i o n leads t o s i g n i f i c a n t e f f e c t s on the shape and s i z e 
o f the h y s t e r e s i s l o op , e spec i a l l y in mate r i a l s w i t h low 
La-content . In some cases , an i n t e r e s t i n g loop build-up has 
been observed under f i e l d c y c l i ng cond i t i ons . I n a l l cases , the 
d i e l e c t r i c pe rmeab i l i t y * at room temperature decreased upon 
I r r a d i a t i o n . 

In conclusion, we wish t o po int out an i n t e r e s t i n g 
c o r r e l a t i o n between the change o f op t i c a l and the d i e l e c t r i c 
p r ope r t i e s which seems t o p r e v a i l at l e a s t in ma t e r i a l s w i t h 
X > 9 a t . c % La , and l a t t i c e s t ructure approaching cubic 
symmetry. Since the spec t ra l d i s t r i bu t i on o f the op t i c a l 
absorpt ion d i f f e r enc e AD I S constant and the absolute values o f 
AD depend on f luence and annealing temperature, AD may be 
assumed t o be propor t i ona l to the de f ec t concentrat ion . P i g . 4 
shows that the r e l e v a n t change o f sample t o t a l p o l a r i z a t i o n , 
IAP| = F i r r - P u n i r r ' l s 1 1 1 f a c t l l n e a r l y co r r e l a t ed t o AD . The 
magnitude of the s l ope , however , becomes smal l e r w i t h 
increas ing La-content . This suggests that the Inf luence o f 
rad ia t ion- induced d e f e c t s on p o l a r i z a t i o n becomes smal ler w i th 
the Increase o f La-content . I t should be noted that the 
absolute va lues o f p o l a r i z a t i o n and of the e l e c t r o o p t i c a l 
c o e f f i c i e n t s a l so become smal ler in th i s s e r i e s o f mate r i a l s as 
the s t ructure approaches cubic symmetry. In the case o f 



- 98 -

? 1 g . 4 . Neutron-Induced (fluence 5 M 0 1 7 n/cm z) po lar iza
tion change |API versus radiation-Induced optical dens!ty 
difference aD at 380 nm In PLZT samples subjected to sequential 
annealing. 1 - PLZT 9/65/35; 2 - PLZT 9.75/65/35; 3 - PLZT 

10.5/65/35 ; 4 - PLZT 8/65/35. 

ceramics wi th X < 9 at.% La (non-cubic mate r i a l s ) , this corre
lat ion becomes l e s s obvious (curve 4 in P i g . 4 ) . This Is not 
unexpected, since the Interaction between the defects and the 
structure of macroscopic po lar izat ion I s more complicated, the 
optical propert ies of the ceramics depending on the state of 
polar izat ion I t s e l f . ~ 

In order to obtain more Information about the nature of th 
radiation-Induced defects as w e l l as the i r act ivation energies, 
further opt ica l , e lect roopt lca l and structural Investigations 
w i l l be needed. 

Acknowledgements 

The authors a re thankful to colleagues In the Laboratory 
of Chemical Synthesis of the Ferroelectr ic Physics Department 
a' the Inst i tute of Sol id State Physics for p r o v i d ing the 
samples, to Dr. L. Shebanov for the X-ray d i f f r a c t i o n 
measurements and to Dr. I . Popova for the neutron a c t i v a t i o n 
analys is . This work Is supported In part by Bundesinlnlsterlum 
fur Wlssenschaft und Forschung, Wien. 



- 99 -

REFERENCES 

1. Haertllng G.H.// Ferroeiectr lcs : - 1987. - Vol.75. -
P.25-58. 

2. Sternberg A. // Ferroeiectrlcs. - 1989. - Vol.91. -
P.53-67. 

3. Dlmza V . I , Sprogls A .A . f Kapenleks A.E. ,et a l . // 
Ferroeiectr lcs . - 198$. - Vol.90. - P.45-55. 

4. Sternberg A. , Shebanov L . f Rubulis A . , et a l .// 
Ferroeiectr lcs . - 1986. - Vol. 69. - P.95-104. 

5. Sternberg A . . Dlmza V . f Sprogls A., et a l . // Ferro
e i ec t r l c s . - 1988. - Vol.80. - P.949-954. 

6. Grlnvalds G.Z. . Dlmza V . I . , Dlndun 3 .5 . . et a l . // 
Autometrla. - 1988. - Vol.4. - P.50-58 (In Russian). 

7. Sternberg A. , Rubulis A. , Sbebanov L., et a l . // Ferro
e iect r l cs . - 1989. - Vol.90. - P.89-101 

8. Weber H.W., B^ck H. , Unfrled E . f and Greenwood L.R. // 
J.Nucl.Hater. - 1986.- VoA137. - P.236. 

9. Lines M.E-. Glass A.M. Principles and Applications of 
Ferroelectric and Related Mater ia ls . - Oxford, Clarendon Press, 
1977. - 736 p. 

10. Sternberg A.R. , Frltsberg V .J . , Borman K.J., et a l . // 
Electrooptic Ceramics.- Riga, 1977.- P.138-167 (in Russian). 

Received December 7 ( 1990. 



IDC 546.815-546.825 

FABRICATION OF PLZT CERAMICS FROM CHEMICALLY PURIFIED 
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Lead n i t r a t e and z i r c o n y l c h l o r i d e s a l t s , the bas ic source 
ma t e r i a l s used in PLZT powder synthes is by chemical 
c o p r e c i p i t a t l o n , have been p u r i f i e d by r e c r y s t a l l i z a t l o n and 
sed imentat ion . Concentrat ion o f i m p u r i t i e s was measured In the 
source ma te r i a l b e f o r e and a f t e r p u r i f i c a t i o n as w e l l as in the 
synthes ized PLZT powder . Amount o f many impur i t i e s (Zn, N l , Cr, 
Co, Cu) was decreased by an o rder w h i l e content o f Fe , S I , A l , 
Mg - by s e v e r a l t i m e s ; t h i s has Increased the l i g h t 
t ransmlt tance o f the end product by 5% and reduced sca t t e red 
l i g h t by 10$. 

In t r oduc t i on 

Successful a p p l i c a t i o n o f the lanthanum-doped lead 
t l t a n a t e - z l r c o n a t e (PLZT) t ransparent e l e c t r o o p t l c ceramics In 
o p t i c a l e l e c t r o n i c s r e q u i r e s Improved q u a l i t y ( op t i c a l 
t ransmlt tance and homogene i ty ) and a good r e p r o d u c i b i l i t y of 
p r o p e r t i e s . Th is can be ach ieved by exact s t o l en l ome t r y , of 
chemical homogeneity and high p u r i t y of the synthesized trtock. 
The study was mainly aimed a t Improvement o f the q u a l i t y o f 
PLZT ceramics by use o f chemica l l y p u r i f i e d l ead n i t r a t e 
( P b ( N 0 3 ) 2 ) and z i r c o n y l c h l o r i d e (ZrOCLp'Sh^O) - source mater ia l 
f o r s tock syn thes i s by chemical c o p r e c i p i t a t l o n . 

The s a l t s w e r e p u r i f i e d by r e c r y s t a l l i z a t l o n and 
sed imentat ion on r a t h e r commonly p r a c t i c e d in l a b o r a t o r i e s due 
t o s i m p l i c i t y and e f f e c t i v e n e s s . The method o f 
r e c r y s t a l l i z a t l o n I s based on the inc rease o f s o l u b i l i t y at 
hea t ing used t o ob ta in sa tura ted s o l u t i o n s . At coo l ing 
soj ' b l l l t y o f s a l t s decreases and c r y s t a l s o f p u r i f i e d 
substance separa te out o f the cooled so lu t i on which Is 
saturated w i t h r e s p e c t t o the bas i c substance w h i l e smal ler 
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amounts of admixtures remain so l v ed . This method i s used as-
w e l l t o obta in ex t ra pure chemicals as In production common 
substances. The e f f e c t of p u r i f i c a t i o n I s enhanced by repeated 
procedure. 

Another commonly used methcd c f pu r i f i c a t i on Is 
sedimentat ion o f admixture ( o r bas ic substance) by use of 
su i t ab l e chemical agent to form Insoluble compounds of the 
substance t o be f i l t e r e d from the so lu t i on . 

Analys is of Impur i t i es 

We used an EMAL-2 mass-spectrometer and automated data 
process ing ( Improved In the ISSP) f o r f as t Impuri t ies 
de t e c t i on . Samples o f the s i z e from 2x3 to 40x40 mm2 and 0.5 tc 
3 mm th ick were pressed from the powders subject to 
examinat ion. 

For more complete de tec t i on of Impur i t i e s kind and 
concentrat ion the Instrumental neutron a c t i v a t i o n analysis 
(INAA) reported In [1,23 was used. The method a l l ows to detect 
about 22 admixture elements In lead and titanium compounds, and 
18 - In zirconium and lanthanum compounds. 

r Experimental procedure. 

P u r i f i c a t i o n o f lead n i t r a t e P b ( N 0 3 ) 2 

. 

Severa l methods described in [3 ,4 ] were t r i e d to f ind the 
opt imal one. 

1. To obtain ex t ra pure lead n i t r a t e , n i t r i c ac id i s used 
t o sediment i t from concentrated so lu t i ons . With the purpose 
37.5 g of lead n i t r a t e are so lved In 95 ml wa t e r , by s t i r r i n g 
i n t e n s i v e l y during an hour 100 ml o f n i t r i c ac id o f 41.4$ 
concentrat ion (dens i ty 1.24) i s added t o the so lut ion . 
Sedimented c r y s t a l s are f i l t e r e d through Brenner 's funnel, 
repeated ly r insed by d i s t i l l e d wa t e r and dr ied at 60-70 °C. The 
process ing reduces copper, i ron and zinc admixture content by 
two orders (100 t i m e s ) . The process i s o f t en made l ess 
e f f i c i e n t because o f isomorphic admixture being encloused in 
the s o l i d phase. Th i s i s avoided I f (1 ) the r a d i i o f equivalent 
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T a b l e 1 
Impurity concentration in lead n i t r a t e (Pb (N0 a ) 2 by INAA 

Impurity 

C o n c e n t r a t 1 o n. wt 

Impurity unpurlfied pu r i f i ed Impurity unpurlfied HNQ, sedimentation recry s t a l izat I on 

Na (2,0±0.1 )-10~ 4 <6.0±0.1 )-10~ 4 (4.0±0,1 )-10~ 4 

Ba *9,7-10~ 4 *0 .8 -10" 4 s0,8-10"* 
Pe <1,5±0,1)-10~ 4* (1.0±0 > 1)-10" < 5 <1,5±0,1)-10"* 
Mn (0.37±0,03)-10~ 4 (0.25±0.03)-10" 4 (0,30±0.03)-10~ 4 

V *0.01-10~' *0,01-10~* ^0,01-10" 4 

Al (0,40±0.05)-10" 4 (p.10±0.05)-10~ 4 (0,15±0.05)-10" 4 

Se (0 .5±0 .05 ) - l0 " a (0,5±0,05)-10"* (0.6±0.05)M0~ 3 

Cr (1,6±0.1 ) -10" 3 (0.60±0.1 )-10~* (1 .0±0,1 )-10~" 
Au (1,4±0.1)-10~ 7 (1 .6±0,1) -10" 7 (1,4+0,1 )-10" 7 

Ni ^0,9-10"° 50.7-10"" 50,8-10"" 
Zn (2,8*0.1 ) - t0~ ' (2,6±0,1)-10~* (5,6±0,1 )-10~" 
Ag (0,7O±G.O5)- tO~* (0,50±0.05)-10~* (0,60±0,05)-10~ 3 

Br ^0,2-10"* 50,2-10"" ^0 ,2 -10~ " 
Co *0>2M0~" 50,5-10~ 7 SO, 15-10"'" 
Sb (4,5±0,1 r 10"" (4,0±0.V)-10~" (4,3±0,1 )-10"" 
La *0,6-10~* 50.4-10~" ^0,6-10"" 
5c '(0,8*0,1 ) '10~° (0,78*0.1 )-10"" (0,75±0,1 )"10~" 
Ta (3 ,0±0 a 2) -10" 7 <3.0±0.2)-10~ 7 ( 3 . 0 ± 0 , 2 ) - l 6 7 

Cu* 2-0-10" ' 1 ,0 -10" 5,0-10" 4 

* Bnisslon spectral analys is . 

ions d i f f e r more then 10-15*. as I t i s in the case of ?xf and 
C u 2 + (the ion r a d i i being 1.26 A and 0.8 A r e spect ive ly ) , (2) 
the formula or structure of the s a l t s are d i f f e rent , e . g . , 
P b ( N 0 3 ) 2 and Cu(N0g) 2*6H20, (3 ) admixture components are more 
so lvable compared to basic substance. 

I t i s possible to reduce iron and copper Impurity amount 
about ten times again by repeated sedimentation. 

2. E f f ic ient and simple enough i s recrysta l l i zat lon of 
lead n i t ra te from saturated solut ion. Dissolve 150 g lead 
n i t rate In 150 ml of d i s t i l l e d water by Intense s t i r r i n g and 



- • 1 0 3 -

impur i ty concentrat ion of z i r cony l ch lo r ide (ZrOCL/e^O) 
by INAA 

C o n c e n t r a t i o n , wt.% 
Impur i ty unpurl f i . d pur i f i ed 

Xa <4- 10" 3 $2* tO" 1 

Al —3* \ 0~3 55-10"' 

Mg (60-3 ) -10" a (80±3)MC" 3 

3a (7800*200) -10"* (7600*200)-10"* 

Rb <1Q-1C~* 510"* 

V 520* 10""* £2,5*1 CP* 
Hf (230^15)-10" 9 (2CO-M5) - 10" a 

Fe <2-10" 2 <6-10"* 

Sb 52-<C 5 52-10"* 

Sc fi ,7*0.1 if-tuf* (1.5*0,1 ) : 1 0 " 5 

Ta (•10^0.5)* 10" ? ( 8 * 0 , 5 ) ' 10" 3 

Co 57 MO" 5 58-10"" 

Eu 0,2*10"* 0 .2M0" 4 

Cu* 2 - n Y 3 2-10"* 

* Emission spec t ra l ana lys i s . 

heat ing , then f i l t e r the hot so lut ion ana l e t I t c r y s t a l l i z e 
w h i l e c oo l i ng . The c r y s t a l l i z e d substance i s separated in 
B^chner's fannel and d r i ed at 60-70°C. As seen from Table 1 
t h i s method i s an e a s i e r one, however pu r i f i c a t i on from 
admixtures I s l ess e f f i c i e n t as compared to sedimentation by 
n i t r i c a c i d . 

P u r i f i c a t i o n o f z i r cony l ch lo r ide (ZrOCl^'BII^O) 

Chemical grade z i r cony l ch l o r i de a lso contains undeslred 
impuri ty admixture, mainly F e 3 * , Cu 2 4", M g ^ , C r 3 + a . o . We t r i e d 
the methods descr ibed in [3 ,4 } and based on z i r cony l ch lo r ide 
r e c r y s t a l l l z a t i o n from hydrochlor ic ac id so lut ions to e l iminate 
impuri ty contents . The f o l l ow ing z i r cony l ch lo r ide pur i fy ing 
techniques were deve loped from the methods. 

1. 1000 g of z i r cony l ch l o r i de I s so lved in 1200 ml of 
d i s t i l l e d wa te r . 
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2 . To separate mechanical admixtures solution is f i l t e red 
in Brenner's fannel through double f i l t e r paper. 

3. Solution Is once more f i l t e r ed through Brenner's fannel 
and a mixture of act ivated charcoal and ZrC 2 powder. The 
f i l t r a t e must be c lear as water without any opalescence. 

4. The cleared solution i s poured into thermoreslstant 
g lass and an equal volume of 25% chemical grade hydrochloric 
acid added. Then i t i s heated up to 30 °C and s t i r r ed unti l the 
sediment i s completely d i s so lved ,a f te r which solution I s l e f t 
overnight to cool. J 

5. Sediment of z irconylchlor lde I s f i l t e r ed through 
Brenner's fannel and r insed by d i s t i l l e d water. 

6. To the s a l t , placed into a thermoreslstant g l a s s . Is 
added 25% hydrochloric a c i d , s t i r r ed and l e f t overnight. 

7. The chrystals are f i l t e r ed through Brenner's fannel. I f 
they are ye l lowish, they are r insed with 500-600 ml of extra 
pure hydrochloric acid. 

8. The obtained sa l t then i s d issolved In up to .500 ml of 
water , and the zirconylchlor lde concentration of the solution 
i s about 20%. 

The method i s labor-consuming and complicated however It 
i s good to clean away mlcroadmlxtures (see Table 2 ) . 

Results and discussion 

Copper, iron,zinc and other admixtures from lead nitrate 
are most e f f i c i en t l y removed by sedimentation in HN0 3 (see 
Table 1 ) . The concentration of these admixtures i s reduced 
about 100 times with respect to chemical grade lead n i t ra te . 
However, the method I s not convenient because of concentrated 
acid and hot solutions. Recrysta l l i zat lon can be regarded to be 
rather e f f i c i ent amount o f i ron, zinc and copper being reduced 
by 10 t imes. Ef f ic ient reducing of admixture concentration Ln 
practice often f a l l s not because o f chemical purifying process 
but accidental contamination during the technological course by 
water , chemical agents and Instruments. This I s , part icular ly , 
the case o f powders and ceramic; the synthesizing of which is a 
long technology. 



T a b l e 3 
Mass-spectrometr lc Impuri ty ana lys i s o f PLZT-10/65/35 ceramics 

Z S a m p l e 
Impur i ty , wt.% from unpurlf l ed from D O T I f led 

surce surce 

Pe 3- 1 0 " 3 i o ' 3 

SI 3- 1 0 " 2 i o " 2 

Al 3- 1 0 ' 2 1 0 " 2 

M« 3-•IO" 2 1 0 " 2 

Cr 1 0 - s 1 0 " 4 

Co 1 0 " ' IO"* 

Nl 10"" - i o - 4 

Zn t o " 2 1 0 " a 

Na 1 0 " ' 5- 1 0 - 1 

Cu 5-• 1 0 " 2 4 ' • 1 0 " 3 

Ca i o - 2 3' •10"* 

Admixture contents of p u r i f i e d and unpur l f led stock of 
PLZT are g i v en In Table 3 . I t I s seen that concentrat ion o f Pe , 
S I , A l , Mg and other admixtures I s reduced by s e v e r a l t imes , 
Zn, N l , Cr and Co - by 10 t imes w h i l e concentrat ion of Na and 
Ca has Increased a l i t t l e . These are admixtures o f high 
abundance: S i , A l , Na, Ca, K, Mg, Pe , T l , Mn, CI , P, N, S a . o . 
Mlcroadmlxtures o f t h i s kind I s d i f f i c u l t t o remove s ince they 
are e a s i l y brought from environment during the techno log ica l 
process - by w a t e r , chemical g l a s s , ware , instruments e t c . I t 
ha3 t o be not i ced that concentrat ion o f S i , A l , Mg, Ca, Na 
mlcroadmlxtures In synthesized stock and ceramics i s r e l a t i v e l y 
h igh. PLZT ceramics produced from pu r i f i e d stock i s of b e t t e r 
qua l i t y because of reduced contents of so ca l l ed c o l o r elements 

Pe , Cr, Co, N l , Zn. Transmlttance of the p u r i f i e d ceramics i s 
Increased by 556, the s ca t t e r i ng o f l i g h t be ing decreased by 
10*. 
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SIMULTANEOUS DETERMINATION OF LEAD, LANTHANUM, ZIRCONIUM 
AND TITANIUM BY 14 MeV NEUTRON ACT IY AT ION ANALYSIS 

I .Popova 
I n s t i t u t e of So l i d S ta te Phys ics , Un ive rs i t y of L a t v i a 

8 , Kengaraga S t . , 226063 Riga, La t v i a 

Instrumental neutron a c t i v a t i o n analys is (INAA) ha3 been 
used t o determine simultaneously four macrocomronents In PLZ? 
f e r r o e l e c t r i c m a t e r i a l s . Pb, Zr , T l have been detected by 
nucl ides z o 3 P b , * *Zr , 4 B Sc created by fast neutron (14 NeV) 
a c t i v a t i o n . The app l i ca t i on of para f f in to slow down and 
r e f l e c t neutrons a l l owed to determine simultaneously lanthanum 
by nucl ide * 4 ° L a . The accuracy of determinat ion of z irconium, 
t i tanium and lanthanum was ±0,1 wt .%, lead ± 0,7 wt .%. 

Introduct ion 

The content of four macroelements (Pb, La, Z r , T l ) in 
f e r ro -e l ec t r i c transparent mater ia l s can be determined by using 
nuclear IRT-type r eac t o r w i th flux dens i ty 1.6-10 1 7 n-m" ? ,. r ' " 1 

C1 ] . The accuracy o f detenn 1 in11 on was *0,tfT wt.% fc v 
lanthanum: ± 2,0 wt .% f o r lead; ± 1,8 wt.% for zirconium and 
t 0,1 wt.% f o r t i tan ium. But there was Influence o f lanthanum 
on t itanium determinat ion and t l » accuracy of determinat ion of 
three element 3 (Pb, Zr , T l ) was Insu f f i c i en t f o r our 
techno log ica l purposes. This method was used as a s e n s i t i v e one 
for La determinat ion (the d e v i a t i on 0,07 wt . i i corresponds to 
0,,'* at .% lanthanum). 

The aim of th i s work was I n v e s t i g a t i o n of using 14 MeV 
neutron generator f o r simultaneous determination o f Pb, La, Zr 
and T l . 

Experimental 
As so iuve of f as t neutrons w i t h energy 14 tfeV and thermal 

i i - j t r -ns neutr.n generator NG-2C0 was used (23. Density of 
f lux in the place of rad ia t i on was approximately 
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neutron f lux In the p l ace o f r a d i a t i o n was approximately 
1-1012 n -m~ 2 - s _ 1 . The par t o f thermal neutrons In f a s t neutron 
f lux was sma l l , t h e i r r e l a t i o n be ing 1,4-10"*. Product ion of 
r a d i o a c t i v e nuc l ides In Tab le 1 [33 was est imated by 14 MeV 
neutron I r r a d i a t i o n o f PLZT m a t e r i a l . The d e t e c t i on l i m i t s were 
ca lcu la ted from 3/~Hf [ 4 ] , where N f - exper imental counts of 
background. The ca l cu l a t i on o f gamma ray spect ra was done by 
COVELL's method. Samples w e r e prepared as powder ( t a b l e t s ) 
about 100 mg o r small ceramic p l a t e s w i t h d iameter 6 mm and 
thickness * 0 ,5 mm. Standards - pure metals ?b, Z r , T l and La 
In i d e n t i c a l shape as samples w i th mass 50, 20, 15 and 10 mg, 
r e s p e c t i v e l y . T h e s e samples and standards we r e each encased In 
po lyethy lene and arranged In the f o l l o w i n g order : Pb , sample, 
La, Z r , T l , sample, P b . Then a l l t h r e e packets were I r rad ia t ed 
w i th 14 MeV neutrons. 

As the s i z e and mass of samples were- smal l , the 
co r r e c t i ons f o r geometry o f rad iance [53 and measurements [63, 
and a l s o s e l f s h l e l d l n g [61 and s e l f - a b s o r p t i o n o f gamma-
rad l a t l on [6,73 had not been taken I n t o c ons ide ra t i on . 

I t was assumed tha t the part o f thermal neutrons In t o ta l 
neutron f lux had been Increased by using p a r a f f i n block around 
the t a r g e t o f g enera to r and the packets ( In order t o s low down 
and r e f l e c t n e u t r o n s ) . Then thermal t o f a s t neutrons r a t i o 
Increased appr . 6 t i m e s I . e . t o 0,8-10"* [ 81 . and the 

r eac t i on 1 3 5 > L a ( n , ^ ) i 4 ° L a may g o t oge the r w i t h fast 
neutron Induced r ea c t i ons In e lements Pb, Z r , T l . 

A f t e r I n v e s t i g a t i o n o f a w ide -spread v a r i e t y o f mate r ia l s 
the f o l l o w i n g parameters o f INAA method w e r e chosen: t ime of 
I r r a d i a t i o n on neutron gene ra to r w i t h pa ra f f i n - 6 h and 
coo l i ng t ime - 20 h. Then, the gamma ray spectra o f each, sample 
and standard were measured during 20 mln. The spect rometr ie 
system cons is ted o f a Ge d e t e c t o r w i t h an a c t i v e volume o f 20 
cm3 and 800-channel ana l y z e r LP 4840. The r e so lu t i on o f the 
spec trome t r i e system was 3 keV f o r 1,332 MeV gamma-l ine of 
0 0 C o . The gamma ray spectrum of PLZT specimen i r r ad i a t ed by 14 
MeV neutrons I s shown in P i g . 

Table 1 g l v e 3 the r ad i onuc l i d es produced by thermal and 
fas t neutron r e a c t i o n s w i t h major e lements of PLZT. excep* 
oxygen. Neighbouring, d i s tu rb ing r e a c t i o n s with respect to 
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P i g . The gamma ray spectrum o f one YI22 B&npl& i r rad ia ted 
by 14 MeV neutrons. 

T a b l e 1 
Nuclear data f o r e lements detected In PLZT mater ia l by i'NAA 

Element Nuclear Neutron 
roac- energy, 
t l on MeV 

Product 
nuclide 

T 
da$s 

Photo-
peak 
used, 
keV 

N a t . I s o -
top lc 
abundan
c e , * 

Coneen-
t ra t Ion 
found, 
wt.% 

Pb r.,2n 14 ' 0 , P b 2.17 279.1 80 4 • 1 0'* 

Zr n,2n 14 •°Zr 3,27 909,2 99 2 • 10~a 

Tl n,2n 14 4 ' S c 1.83 983,5 100 7-10" J 

La n,* therm, 
neutr . 

1 A O I a 1 ,68 487,0 48 2-10"* 

*° 4 Pb (n,2n) 2 0 a P b are not known under these experimental 
conditions [ 9 3 . 
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T a b l e 2 
Accuracy in measuring the concentra t ion o f e lements 

In PLZT 9.25/65/35 ma t e r i a l 

Element Pb La Zr T l 

Concentrat ion, wt .% 58,184 3,972 17,920 5,067 
Photopeak counts f o r 
1 g specimen 25000 4000 56000 4000 
Standard d e v i a t i o n ±300 ±140 ±260 ±90 

C o e f f i c i e n t o f 
v a r i a t i o n . * 1.2 3,5 0,5 2,2 
Quantity o f standard 
d e v i a t i o n , wt.% ±0,70 ±0,13 ±0,08 ±0,11 

Resul ts 

'Table 2 shows the r e s u l t s f o r PLZT 9,25/6-5/35 m a t e r i a l . 
They are g i v e n as counts obta ined In 20 min counting per gram 
o f each element A C o e f f i c i e n t of v a r i a t i o n f o r 3 p a r a l l e l 
de terminat ions I s 1,2 % f o r Pb : 3,5 % f o r La; 0,5 % f o r Z r ; 2,2 
% f o r T l . In wt.% appr. ± 0,1 % f o r Z r , T l , La and ± 0.7 % f o r 
Pb. 

The accuracy of de te rmin ing Zr i s improved by an order of 
magnitude, but f o r l ead - 2 t imes compared w i t h the experiment 
[13 . A f t e r 30 days o f c o o l i n g I r r a d i a t e d specimens can be used 
f o r fu r the r measurements as n o n r a d i o a c t i v e . 

The accuracy o f chemical ana l ys i s [101 o f PLZT 
mate r i a l s i s as f o l l o w s : PbO ± 0,23 w t .% ; l a . 0 , ± 0,07 wt .%; 
Zr0 2 ± 0,13 wt .%: TKX, ± 0 J 2 wt .%. Required quant i ty f o r 
ana lys i s i s 1 g , ana l y s i s t ime i s 6-7 r. per sample, the 
specimens being dest royed during the exper iment . 

Conclusion 

The method I s most su i t ed f o r simultaneous ana lys i s of -
major components in f e r r o e l e c t r i c PLZT m a t e r i a l s . 

The method can be recommended fo r rap id ar:d s u f f i c i e n t l y 
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accurate determinat ion of s t o i ch i ome t r i c changes and can be 
used to deve lop high qua l i t y transparent PLZT f e r r o e l e c t r i c 
ma t e r i a l s . 
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