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Enhanced Piezoelectric Properties of Lead-free Piezoelectric Materials by Domain Engineering
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The domain size dependence of the piezoelectric properties was discussed, and the piezoelectric property was
strongly dependent on the domain size (domain wall density), i.e., the piezoelectric properties significantly increased

with decreasing domain size (increasing domain wall density).

To explain this phenomenon, the multidomain

crystals were regarded as the composite of (a) a distorted domain wall region and (b) a normal tetragonal domain

region.

ultrahigh piezoelectric constants over 80,000 pC/N were expected from the 90 deg. domain wall region.

Using a 2-phases model, the piezoelectric properties from the domain wall were estimated. As a result,

Therefore, it

is possible to obtain the lead-free piezoelectric materials with the values of ds; and ds; over 1,000 pC/N, when the

domain sizes can be decreased below 1000 nm.
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Fig. 1

external E-field in the engineered domain configuration.

Expansion model of 90 deg. Domain wall region by
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Fig. 2 Schematic domain configurations of BT crystals

poled at various conditions using 31 resonators.
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(a) charged (110) domain wall (b) neutral (110) domain wall

Fig. 3 Permissible 90 deg. domain configurations of BT
crystals with polar vectors along [100] and [010] directions.

Table 1
properties for [111] poled BT crystals using 31 resonators.

Domain size dependence of piezoelectric

BaTiO; single crystals ¢ T ( :#/i) ( g:afu ) I(EZ ;
(singl[e()-?i“gma:r)l) 129 7.4 -33.4 -
(singlglgma:;) . - -62.0

i
(domain size of 50 pm) ’ - - .
(domain sige of 0um) 2185 737 978 259
(domein sims of 200pm) 2117 830 027 260
(ggr:l];i‘r:lh:i;%egf: 5‘.3‘3.?)' 2,186 8.20 -112.5 28.2
Clomin St 5 m 2087 7.68 1347 357
(omain sheof 120um) 1921 820 137.6 36.8
(H;r:lléi‘r:\h;;geegf: 5‘31:1‘;;' 2,239 9.30 -140.5 328
{domein sive of s0um) .~ 2238 9.10 159.2 375
(domaim srseof 70 pm) 2762 930 762 369
(domein'siss of65ymy 2441 880 1801 M4
e sy 2762 958 2300 475

“soft” PZT ceramics © 1,700 164 710 204

Pbo s6a(Tio 4sZM0 s2)0.676NB0.024 O3

a): measured by Zgonik ef al.

b): calculated using the values
measured by Zgonik ef al.

c): measured by Jaffe et al.
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Fig. 4 Relationship between d3; and inverse of domain

sizes for [111] poled BT crystals.
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[111}

[110]

[112)

W, =60 um W, =15um Wp =6 pm
Fig. 5 Schematic domain configurations of BT crystals

poled at various conditions using 33 resonators.

neutral (011) domain wall

Fig. 6 Permissible 90 deg. domain configurations of BT
crystals with polar vectors along [010] and [001] directions.

Table 2  Domain size dependence of piezoelectric
properties for [111] poled BT crystals using 33 resonators.
BaTiO;single crystals  g337 (Ps'?gli) ('g:alaN ) %}3

(singlli::-%?m{i))n) - - 90 -
(singl[e-dcgmain) - - 224
(doma[?n1 l%&:il;t;g:: um) 1984 10.6 235 54.4
(doma[i1n1 l]i,z:zl;t;glum) 1,959 10.7 241 55.9
(dom2;1s];zr;e::g um) 2,008 8.8 256 64.7
(domgi:lgiznee::;a.’! pm) 2,853 6.8 274 66.1
(dOm[a1i:11s]’izr:::ftr1a4l pm) 1962 108 289 66.7
[111], neutral 2,679 109 331 5.2

(domain size of 6 pm)

a): calculated using the values measured by Zgonik et al.

YA X 60um, Fig. 5(b)iT¥) KA A %A X 15um,
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Fig. 7 Relationship between ds; and inverse of domain
sizes for [111] poled BT crystals.

d3 &L RAAL YA X (W) OFFE T2y LI
B%#mR7, Fig 7 10 2 b OBRINITTHRFERT
HDZERDLND, FITINLOBMEN 1 RFEX
THRED LFHEL THELNEREUTIORT,

dy3=(817000/ Wp)+224  (2)

RDIZBWT, 55 2 IV VTNV RAL UAEED
BT B D dy 2R L TWVWBDIZHL, 5 1HIIEA
TS RAAS VEEREDES%Z Inm LIRELTZE &
D RAL VBEREND DEBES dy 2 EHRTD, 2
DOELRTEFEZRTH, 1 HD 817,000pC/N L5
BFIIFEFECERTHY, 31 KB THE LI
LIFERCETH D, ZOEIEH< ETERED T 1
v D ORONETHY, ERXNTHDHZLICEE
LTIELW,

PLEOFERIE, = P=7—F - FAAL UEEICE
WT 90° R A A VEEMT OB ARG E R T
BREERFOZLER LT, DT v=T—
R+ RAAL ABEEIFHR LI RAS o P=T ) v
T DAYETITEIZQ)D R A A L EHREERIE 72 e
BEDT, D FAA VEERIEE bIRAE X T2 RAA
VIV T YV TEBEZ B ENTEB, £ T,
TV=T— R RAA UEEZLD FAS vy
=TV T %, DB RAL VBT V=T YL T e X
BT B, UEDZEnD, FAL VBT V=
TV TITBNTE, 90° AL VEENEBRMEICK
EHEL, FIZZDI AL VBEBERESTZ
L, Tiabb AL A R BIESLT B Lic

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

Vol.15, No.4 (2007)

HARAEMF455%
-10°
/Wn of 100 nm

-10%F
o~ 4
<
B Wy of 800 nm
0. -1000F
S’

»

T

-100 .

dy of -62 pC/N
-10 al. ‘1 L 2l Seeeeedoenaiendeaeld
0.01 0.1 1 10 100 1000
Wp (x10° nm)

Fig. 8 Domain size dependence of d5; for [111] poled BT
crystals.
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E 1 04 N
O
Q.
g
[ Wy of 1,000 nm
©
T 1000 «
dys of 224 pC/N
100 Ask, d. 13 sasl,
0.01 0.1 1 10 100 1000
Wp (x102 nm)

Fig. 9 Domain size dependence of d3; for [111] poled BT
crystals.
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SN B EEEE 1,0000C/N L IFIE—FT 5, DL
XIS R A A BEME D DR NRFER LN O D
BRI 2B Th 5 FIReMEZ e 5, BlZ, [
BB KN R CTHBIEINTEY, ThbDH
BI3ehR, EENREMDT, EERERICEENRE
BTHDHEEZTL,

6 8 —PZT I v I REBZ DHMEREER DOEN
EEMHOERIIAIEEN 7 -

FERPDE D L, WHETH D, TOMRED 1O
RAL Yy OV=T YT THDHI LTI ETHR
W, SEPRLIZT—FT, RAS oz V=TV 7

X AHEENRHDZ L2 THENET I LR
Y. EHIL, BHEETE, FAA o o=TI7
PIAMZ PZT BT 3 v 7 ADEBRKMEEZREEZD
FHEEBZ O ZERTERY, LML, BEERTH
HLULE, a A FOREREIC2EE LV ->TNS, =
2 NORMEERIT DI, (1) E9Iv 727 ek
R LA A NCHEROBRBTRELERDZ L,

QEMFEELTEEE I I v 7 AT RAf vy
=TV TEBEBRTHZED 2 HDOEL LOERN
X—7RA v b E7rD, 2006 FEDHRINTIEE > 7258

BRI AEEBHEFIIHRFIER - TRy, &
SNEEAM B ORI ZEEUBR LS L 25, Bk
THWREOBNERBHEY L, PZT T I v/ A%
2B EERE R OB EEM B OBRICEO L B T
EDIF720,

B

AWFFEDLH EIFIZ4720, ZRA2TH 1202
WU U LN T PN RZ O Park 3%, Shrout 2
%, Cross BUZIZREEIN - LET,
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