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For the [111] oriented barium titanate single crystals, the patteming electrode was used to induce 
the finer engineered domain configurations with domain size below 5 j.tm. The poling treatment was 
performed at 134.0 OC under electric fields below 6 kV/cm to inhibit the of the patteming electrode 
with photoresist. As the results, the gradient domain sizes from 3 j.tm (high voltage to 8-9 j.tm (ground 
side) were induced into the 31 resonator along thickness direction. For this the d31 was measured 
at -243.2 pC/N using a resonance-antiresonance method. this study was revealed that the patteming 
electrode was very powerful tool to induce much finer domain sizes 5 Jlm. this value of 
-243.2 pC/N was almost 70% of the expected d31 of -337.7 pC/N for the resonator with domain size of3 J.tm. 
It was considered that this difference was originated :from lower applied electric field below 6 kV/cm in this 
study than that over 10 kV/cm for the study using the whole plane electrode. 
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1. INTRODUCTION 
From the viewpoint of environmental problem, 

environmental friendly materials are currently required. 
However, practical piezoelectric materials such as PZT 
ceramics with high piezoelectric properties1l are always 
including lead. Therefore, lead-free piezoelectric 
materials with higher piezoelectric properties than PZT 
ceramics must be required. 2-4) BaTi03 is one of the 
typical lead-free piezoelectric materials, but its 
piezoelectric properties were much lower than those ofPZT 
ceramics. Thus, if the piezoelectric properties of BaTi03 

are drastically improved, becomes to one of the 
promising lead-free piezoelectric materials which can 
partially replace PZT ceramics. To achieve much higher 
piezoelectric constants, it is known that the introduction of 
the engineered domain configuration into ferroelectric 
single crystals is very usefut5

•
7l 

The engineered domain configuration is one of the 
domain engineering technique using the crystallographic 
anisotropy and can be induced by electric field applied 
along crystallographically special directions different from 
the polar direction. The direction of electric field which 
introduces the engineered domain configuration is 
dependent on the crystal structure. BaTi03 is tetragonal 
structure at room temperature and has 6 equivalent 
spontaneous polar directions along <lOO> directions. The 
engineered domain configuration of BaTi03 crystals 
consisted of three kinds of polarizations and are obtained 
by electric field applied along [111] direction as shown in 
Fig. 1. &) Recently, in single crystals with 
engineered domain configuration, it was reported that the 
piezoelectric constants significantly increased with 
increasing domain wall densities, decreasing domain 
sizes.9

"
10l However, in this poling treatment, the whole 

plane electrode was used, and the minimum domain size 
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Fig. 1 Schematic engineered domain configuration of tetragonal 
BaTi03 crystal. 

was limited to greater than 5 Jlm. Therefore, it is 
important to establish a new poling method to induce much 
smaller domain sizes below 5 ~-tm into the BaTi03 single 
crystals. Urenski et al. reported that for the KTiOP04 

single crystals, the periodic domain structure was 
successfully induced using the patterning electrodes.Ul 

using the patterning electrode, it can be possible to 
induce much smaller domain sizes below 5 t.tm into the 

single crystals. 
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EXPERIMENTAL 

After this process, 
<mitt,,.,,,; on both surfaces with L2x4.0 

were 
electrode was 

The fine 
the 

2 Schematic desirable finer engineered domain 

Fig. 3 Domain 
neutral domain walls cornpcosed 
[010] and [001] directions. 

and 90" 

Fig. 4 Phase transition 
electric field for [ 111] 

as functions of temperatnre and 
BaTi01 crystals. 

RESULT AND DISCUSSION 

used for 
The 

2 

isc•trovic state was confirmed. 
down to 134.0 and 
direction at 134.0 "C. 
in this was 

line of 3 flill width per 6 
~ler:tr<)ii~ detlosited on both the 
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Fig. 
electrode 

poling 

To induce the domain "'"'u"'"""'"'" into 
electric field-induced 

Fig. 7 Domain dependence of the d31 for the [Ill] poled 
BaTiOJ single crystals. 

Domain structures of the 31 resonator near (a) the 
(high side) and (b) the bottom surface 

side). 

3 !Jm, the en~~nt~en:CI 
size of3 Jlm was CnC>P~<mfioi IU 

This revealed that for the 
the 

for this 31 resonator with 3 11m domain width, 
were measured using 

resonance-antiresonance tec:nntiQUe. As mentioned before, 
is that the can be measured 

for the 31 resonator of the en~ctne:ere:d 
with domain width of 3 11m. 

as shown in 7, and 
the can be estimated at 486.4 

this measured value 70 % of the exrlected 
-337.7 of this lower 

structures 
resonator. 
electrode 
that near the 
at 8-9 !Jffi. The 

thickness 

Fig. 8 shows domain 
and bottom electrodes of the 31 

size near the top patteming 
was estimated at 3 J.lffi while 

electrode was estimated 
domain sizes from 3 to 8-9 !J.m 

1 J were first 
when the whole 

the treatment, the 
minimum domain size was limited to 5 !J.m, but there was 

5H~"~"' domain size.9
-
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) This difference be 
from different electric fields. When the 

hOJTIOJgen:emls domain size of 5.5 flill the whole 
ele<ctrcJde, the electric field was 10.1 kV/cm. This 
electric field was almost twice value than that of 5.6 
kV!cm used in this Urenski et al. that for 
the introduction of the domain structure 
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similar to the the much higher electric 
field than the coercive electric field was required.ll) 
Tht:retore, if the high electric field over 10.1 kV/cm is 

to the 31 resonator the electrode 
3 fim it is that the hmno1~enem1s 

domain size of 3 ~-tm can be induced into the resonator. At 
present, the electrode without 

for this purpose, and 
challenge to induce much finer hoJrno:genteOJlS 
into the to 
higher 

4. CONCLUSIONS 
In this study, the electrode was used to 

induce the finer engineered domain configurations with 
domain size of 3 ~Jffi. The treatment was 
performed at 134.0 "C under electric fields below 6 kV/cm 
to inhibit the burning of the electrode with 
photoresist. As the results, the domain sizes from 
3 to 8-9 Jlm were induced into the 31 resonator. Up to 
date, when the whole plane electrode was used, the 
minimum domain size was limited to 5 Jlm. However, 
using patterning electrode, the smaller domain size than 5 
Jlm was successfully induced into the resonator. The d31 
was measured at -243.2 pC!N, and this value was almost 
70% of the expected d31 of -337.7 for the resonator 
with domain size of 3 J.im. This difference was originated 
from lower applied electric field below 6 kV/cm. This 
problem can be solved by of the patteming 
electrode without In the future, the developed 
patteming electrode with much finer than 3 J.im will 
be prepared, and much higher d31 be challenged. 
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