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INTRODUCTION 
The evaluation of ferroelectric domain size in relaxor 

PFM 

scope observations 
evaluated was in the range from nano to micron. 
Fu.rthern:wre, it is difficult to estimate the 
between the size of nano or micro 

over 86~ the 
domain strictures in the [3-5]. On the process to 
obtain giant we measured responses of 
impedance the fundamental vibration and their 
overtones on k31 mode at various fields. 

In this study, we report that the liTIJJeu.am;e 

analysis on vibration modes of is a 
useful tool to evaluate the domain size and the 
distribution. 

2. EXPERIMENTAL POCEDURE 
(lOO) PZNT91/09 with 

dimensions of to cut 
from crystal-bulk grown a solution Bridgman method 
[6]. Gold electrodes for the DC poling and 
electrical measurement were fabricated on the 
planes by conventional Poling was conducted 
at 40°C for 10 min while the poling field 
from 0 to 1400 V/mm. After each poling, the dielectric 
and were measured at room 
temperature using an LCR 
impedance/ gain-phase 
meter (Academia Sinica: 
·"""'"'"n"" responses of Jm]pedan<:e 

fundamental vibration and their and 
between 30~90 kHz fundamental vibration) were 
measured. 

31 

mode. 

3. RESULTS AND DISCUSSION 
3.1 of dielectric and ferro-

toward E and domain 
structures in the thickness were almost same among two 

on the other the 
were different 

4000 
(a) ...Oc.c.:•_ - / 4100 

.7 
""' ...~,, .. V - .··L ~,,,. ___ 
3500 

: (b) [,,., .. ··~~ 
70 ~ 

?" .......... 

00 r ~ -·· j_ 
. .. 

"' L ~ "' 3300 ... ; 1 30 

._..Al 
"' 

""' 
10 

'""'o "" 800 1000 ' 
0 

0 200 400 000 BOO 11100 1200 1400 1000 

E(V!mm) 
ECVfmml 

Fig. 1 Poling field 
in the process to obtain and not to obtain 

over 80~ in PZNT91/09 smgie··C!V'SmJ 
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Fr',""'"'"''" responses to 500 kHz 
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show the ;.;.~.nna~~" responses of 
obtain giant k31 at various 
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Fig. 2 responses k.Hz) of impedance 
in the process to obtain at various poling fields 
(E); No. · fundamental vibration and Nos. 3, 5, 9, 11, 
13: , 9th, ll1h, 13th overtones on k31 mode. 

The number in the 
vibration 1) and 

indicates the fundamental 
odd number overtones 

the 
2 

1 and overtones consisted of response at 
E=1200 kV/mm The responses near 300kHz 

turtdalillellltal vibration, which 
Co!Tes.poJads to the width mm) direction. The 
fundamental vibration also became single response at 
E=1200 Vlmm Those mean that the 

plate 
vibration mode 

at 1200 V/mm possesses single 
the width (4.0w as well as the 

length 
From the E to realize the response of the 

overtones, we can estimate the homogeneity of the 
domain size distribution. The frequency constant of 
mode (fc31 ) is defined as x L, where fr and L are 
the resonant and the length of vibration body. 
As the size of vibration body corresponds to the 
domain we can the domain lmmoge11ei1ty 

the E to obtain response. For example, the 
frequencies of the fundamental vibration, ' sth 91h and 
11th overtones with are equivalent to the 
ho1illoget1ei1:y of domain size the such as 13, 

L 1 and l.O mm, because the fc31 of 
is 520 For the 

between the in 
the are shown in the 
hoJmoger1ei1:y of the domain size was estimated by the 
imJJedanc:eresponse on the vibration modes. 

0.37mm 

(a) overtone 
on mode 

PZNT91109 

3 Schematic to describe relationships 
between 3rd overtone and domain size at (a) 
E"'400 V/mm in and (b) E=600~800 V/mm in 
Figs. 2(b) and domain increases in size and® 
and @ domains decreases in size with increasing E. 

Figures 4 (a)~(f) show the frequency responses of 
impedance in the process not to obtain k31 at 
various poling fields. The number in the figure indicates 
the frequencies ofthe vibration modes (k31 fundamental 
and their overtones) to be estimated by the data in 
2 (a) ~(f). The ovetiones of k31 mode split into many 

with other as a result, k31 

became around 60%. It was thought that multi-domain 
was generated in the single-crystal plate. 
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Fig. 4 Frequency responses (Q.-500 kHz) of impedance 
in the process not to obtain giant k31 at various poling 
fields (E); No. 1: estimated fundamental vibration and 
Nos. 3, 5, 7, 9: 3rd, 5th, 7th, 9th overtones on k31 mode. 

3.3 Frequency responses on k31 fundamental vibration 
Figures 5 (a)~(t) show the frequency responses of the 

k31 fundamental vibration in the process to obtain giant 
k31 at various poling fields. Since the impedance 

responses and the phases near anti-resonant frequency 
were split, the single-crystal plates became multi
domain during E of 400 to 1000 V/mm (Figs 5(a)~(d)). 
Otherwise, there were no spurious vibration in the 
fundamental k31 responses atE$;;; 1200 V/mm (Figs. 5(e) 
and (t)). Therefore, single domain was achieved in the 
plates. 
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Fig. 5 Frequency responses (30~90 kHz) of impedance 
and phase of fundamental vibration on k31 mode in the 
process to obtain giant k31 at various poling fields (E). 
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On the other hand, there were many spurious 
vibrations in the process not to obtain giant k31 shown in 
Figs. 6 (a}-{f). These results fitted in well with the ones 
of the impedance response analysis on vibration modes 
in the frequency range of0~500 kHz. 
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Fig. 6 Frequency responses (40~90 kHz) of impedance 
and phase of fundamental vibration on k31 mode in the 
process not to obtain giant k31 at various poling fields 
(E). 

~ 

ell 
<1) 

""' '-" 
<1) 

"' 
~ 

4. CONCLUSIONS 
New method to evaluate ferroelectric domain size was 

proposed. The method was developed through the 
measurement on frequency responses of impedance 
regarding relaxor single-crystal plates with giant k31 . It 
was found that the impedance response analysis on 
fundamental vibration and their overtones was a useful 
tool to evaluate the domain size and the distribution. 
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