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Nano Domain Structures of Relaxor Ferroelectric Single Crystals
Investigated by Contact Resonance Piezoresponse Force Microscopy
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The concept of a smart structure is about providing engineered "things" (automobiles, buildings and so on) with
intelligence. Intelligence implies an adaptive response that is conditioned to acknowledge a number of input stimuli,
that is to say self-diagnosis and even self-restoration. For this smart structure, various sensing devices are essential. |
have investigated ferroelectric materials, because they can transduce mechanical, electrical and thermal energy from
one to the other and are key materials for sensing devices. Among many kinds of ferroelectric materials, "relaxor"
type ferroelectrics have excellent properties. In this study, I focus on clarifying the mechanism of giant
electromechanical coupling factor of the "relaxor" ferroelectric materials, which is important for ultrasonic sensing
applications. For this purpose, I will study on nanoscale properties of the "relaxor" ferroelectrics using
contact-resonance piezoelectric force microscope that I have proposed. This technique can image nanoscale
ferroelectricity with high sensitivity. I will also improve this technique to be widely used for material science.

1. HARE® AT & 5 (1-x)Pb(Mg;3Nb,3)03-xPbTiO;  Hiifd f
WERERY 5L, KRXEFBREAL, & (PMN-xPT) OFFERE N A A & O FH B BEMR

%%%WFAMﬁEEkﬁF%@%%Tﬁl% EEMCT L AL LI, BEFEEYD 7
N Ch B, SAEIAY 774 Lix 7Y DOFBARICOVTERT L Z &, COBR
ISV ] j—@;}g%j@;ﬁﬁ%r&@]@ﬁy(xfb (j% PR ORI Om S BT 5 ETHLEETH D,
BREEEIEIEIC BT A —2r DT n— ) & RS, FREEEA OB S SR EUE, AR
L %%ﬁﬁ($%$@m&ﬁwﬁ¢ﬁﬁ%> HOIZ IR RIS, SERADIC "R DA IR L,
B L T DR RH BN TH B, 1958 FITH DEROVEE LT TAT A LFEAENRKENE
RESNTEOR, Z0U T 79 ¥BEMELLE> & EMmBDHIMBTHS.
% < OWFFEE N B, HERIIMRE 2D T& 7, HARIIZIE, PMN-xPT O PT fAZEE x 2 Z5{b S
AHTHE, —0OVU T FEBOREIL, T/ YA VRND, ZI0ZENE LT & & ORRREE &
A D53 fRmEE (Polar Nanosized Region: PNR) |2 & BB, FA AREORIRIC OV TIRAE LT,
BLEZLNTNDR, Z0 KN EEEER Beiff, PMN-33%PT (2365 C, BV O RE IR
HOPEET & ORMRIZ ST, E PRI & 5% FENRFE R 31 B BBRICKE < BT 5
XNTWD, KT, BLHREE L PNR 2574y L3 &4 (F. Yan ef al: Appl. Phys. Lett., 81
WREYs (R A1 LHEE) OMBICET 2781, (2002) 4580.), ZDIRIZ FAA AAGIEDY A X
Wulie AL HEEZ BT D BN Z LV L BEBELTND ZENTRENTVEN, EHEN
b Yo TiEen, (ZHERR STV RN T2,

7 D TR, RENREREERY 5 7 F72, KBFETIE R A A VBIERIETH Akt



R & s & B P 8 ( Contact-Resonance
Piezoresponse Force Microscope: CR-PFM) D g E %
HAy& L7292 61T -7, CR-PFM 357 [H] /8
WEE~N—R L LT FIET, ?ESEF'J@E%EE%@
IR LD BEE R R AL VBIERRETH D, L

nL, BFHiLdBIc ]\f%/’f%Luﬁ’*@fﬁ*&bl(m
ALTLEIRNDBH Y, ZDOAHetE et L7z,

2. HERLZA
2.1. PMN-xPT s®#l D /ESL

WL LT, 7Y vV UEIc kRIS R
72 PT [EA RO B 78 5 ZFH D PMN-xPT B
FHE L, £, 1 kHz CHIE L7=%E
RN L 72 DIRE T H3, 128°C, 146°C, 153°C
THV, ZhbdELF TIE PMN-27%PT,
PMN-32%PT, PMN-34%PT & #3729 5, PMN-PT
Ts % O FH AL FH 55 5+ (Morphotoropic Phase
Boundary: MPB)i% 32%flit & 5Tk,
MPB % CHEMEHERMN R E LS RDZ N
HHILTWD, & HREEHUE 2 (100) i TEI Y
L, JE& 04 mm OB E LTz, 7o, Z
S OESEREEHT JFE S % 7 0(#R)72 6 TS
(FRHE L0 ZHRAEN 2720 e,

B LA R HE AR 1 mm O
BRI EE fjm HEIE LT 50 um OA&F-HRs
= BB LTz, Zhbix, A28y ZIEICTHR
L7 PYTa Wiffia 7+ N V7T 7 412k R
B—r = TTBHZ LG, 72, HEE
[filZ1X CR-PFM BlZRr okt Em & L CIR U<
Pt/Ta {2 2 IR LT,

22. FEEOREEREKREHN

BBHZR LT, U FOFIRZ#EV RS Z &I

K UFEEBRE N AL UHBIEORFREERE RTINS R
N7z (1) RS SEVLELRE T, (GEE 240°0)
F T 60°C/h (2 THE, (2) IR T,12 T 1 BRI ARFF

(3) T 7 B2 F T 572 2 BRiEE (6°C /h, 30°C /h,

60°C /h, 243K 1000°C /h)) (2 THED, (4) =i,
225 T CR-PEM (2 &L V) R A A UHEEEIER, (5)

S5 240°C £ T60°C/hIZTHIL LR HFEE
FHE,

Fig. 12430075 7B 4 (& 8 410 kHz,
FIINFEIE 1 V) ORRIREERGEEZ R, 5
T, PTEAE xICL Y, FEROGIREERK
f&iﬁ&é*@%mbtommiDPTl@
%ﬁVbﬁw\PMNzw%Fr(ﬁg1@p—Ci,éﬁ%

RIZBIREEICIRZ E A EERIEE L) o T2, —
ji PMN-34%PT (Fig. 1(c)) TI%, Yan 5(Z
éﬁ%wﬁw,ﬁﬁﬁmf®$%$#hmﬁﬁ
O LR E LI Lz, PMN-32%PT (Fig.
1(b)) & BRI AR AT 2 7R L7273, PMN-34%PT

40000 T

30000 === 60°C/h (a) |

......... quenching

—_
(]
o
o
o
T

Dielectric constant
\V]
o
o
o
(e}
T

0 50 100 150 200 250
Temperature (°C)

40000 e
30000f =60y )
SRR quenching

—_
o
o
(]
o
T

Dielectric constant
[N}
(e}
o
o
(e}
T

0 50 100 150 200 250
Temperature (°C)

5 30000 e

g ::So%‘}h (c)
8 20000 e quenching 1
L i

= L

5 10000

9 [

) L

= o....1....1....1....1....
= 0 50 100 150 200 250

Temperature (°C)

Fig. 1. Dielectric constant of (001) plate PMN-xPT
single crystals ((a) x=0.27, (b) x=0.32 and (c) x=0.34)
measured after 240°C thermal treatment at different
cooling rates. The dielectric constants were measured

during heating cycles at the same heating rate of
60°C/h.

U 6000 T llll"l T TT l”"l T ll”"l
S C ]
S - 4
2 5000 - ]
s [ FEee—— ]
iz [ AN ]
S 4000 Noon S
O - e
O C ]
= [ W]
5 3000 pyn-27%pT .
= [ - -@- - PMN-32%PT N
2 [ o= PMN-34%PT W -
Q 2000 i 11 lllllll 11 lllllll 11 lllllll ]
1 10 100 1000

Cooling rate (°C/h)

Fig. 2 Cooling-rate dependence of dielectric
constant of PMN-xPT single crystals measured at
40°C during heating process.
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Fig. 3 Dielectric constant of PMN-32%PT single
crystal measured after thermal treatments with various
annealing temperature T,: (a) 220°C, (b) 140°C, (c)
135°C and (d) 130°C.
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Fig. 4 A topographlc (a) and CR-PFM (b) (d) images
of PMN-34%PT single crystal: as-polishded (b) and
after 240°C thermal treatments at cooling rate of 30°
C/h (c) or ~1000°C/h (quenching) (d).

Fig. 5 A topographic (a) and CR PFM (b)-(d) images
of PMN-27%PT single crystal: as-polishded (b) and
after 240°C thermal treatments at cooling rate of 30°
C/h (c) or =1000°C/h (quenching) (d).
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Fig. 6 Dependence of the contact-resonance
frequency on imaging force when in contact with the
+c domain surface of a PbTiO; single crystal.
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