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Pseudolinearity in the inverse dielectric susceptibility of poled
Pb(Mg4,;3Nb,3) O;—PbTiO 5 crystals

D. Viehland® and J. F. Li
Department of Materials Science and Engineering, Virginia Tech., Blacksburg, Virginia 24061

(Received 27 February 2002; accepted for publication 13 April 2002

For poled oriented 0.67Pb(MgNb,5) O;—0.33PbTiQ single crystals, dielectric measurements
have revealed pseudolineéCurie—Weis$ behavior for temperatures below a phase transition;
however, significant deviations are observed in the paraelectric phase. The value of the Curie
constant(C) in the poled polydomain condition was found to be significantly larger than that in a
poled monodomain condition. It is believed that polarization heterogeneity exists within the poled
polydomain condition. ©2002 American Institute of Physic§DOI: 10.1063/1.1483111

In Pb(ZnsNb,,3) O;—PbTiOQ; (P-PT and PMN-PT Crystals of 0.67PMN-0.33PT were grown by the Bridg-
single crystals, an electromechanical coupling factor ofmann method® Various crystals were oriented along the
greater than 0.9 has been reported in the rhombohedral ferr¢g01), (110, and{111) directions. Typical specimen dimen-
electric (FE) phase near the morphotropic phase boundargions were X 2x2 mn?. Platinum electrodes were depos-
(MPB) for specimens poled alon@01)."~> Similar enhance- jted by sputtering. Crystals were poled at room temperature,
ments in the electromechanical properties were als@ith monodomain conditions achieved i111) oriented
reported when crystals were poled at finite angles with re-crystals. Dielectric characterization was carried out using a
spect to the(001), although the coupling factors of these temperature controlled HP4284ACR meter at 1 kHz.
finite miss-oriented crystals were lowr0.8).”" Previous investigations have shown that the stable phase

Investigations have demonstrated the presence of mongy 25 °C for 0.67PMN—0.33PT is FE The phase transition
clinic (FE,) and orthorhombic (F§ ferroglectric states in- sequence with increasing temperature is EEFE, to FE.
between the FEand tetragonal ferroelectric (E)Ephase§.‘7 _Inthe FE state, only th&111) orientation is fully poled and
The result opens an interesting possibility that intermediate, 5 monodomain condition(001) and(111) poled oriented
states may be responsible for the high electromechanical peé'rystals have been shown to be polydomidim the poled
formance. First principles calculations have indicated thanndition, along thé111), the dielectric constari€ is ~ 10%,

the trar:jsf%rmatloP tl.Jnderf (terllectrlcl flgldt_bet\éveter} fBiRd F% whereas along th€001) or (110 it is dramatically higher
proceeds by a rotation of the polarization betwe) an ~10* Also, It has been shown to be possible to trap a meta-

8’9 . - . . . _
(002).” Phenomenological studies have indicated that mterstable FE state at 25 °C by poling along tha10).1®

mediate FE, states are only stabilized in the presence of a ; 1 .
. . 10 Figures 1a)-1(c) showK™* as a function of tempera-
fourth order self-alloyingrandom field or rf term. .
. . ture for poled(111), (011, and (001 oriented 0.67PMN-
Kleeman has previously applied rf theory to PMN—-PT : ) 1
S . 0.33PT crystals, respectively. In these figur€s,* can be
relaxor ferroelectrics in the poled condition below the freez-seen to have a pseudolinear relationship Viiti the low
ing temperaturé?! rf theory has recently been applied to the "
g b y y PP temperature poled condition for 25 <75 °C. The pseudo-

case of poled MPB PMN-P#!® Recent dielectric LAt ,
linear behavior irK ™~ indicates that the FEstate may sim-

investigation$* of MPB PMN—PT piezocrystals have re- _
vealed the presence of a relaxor ferroelectric state in th8Y Pe the transformational pathway between; Fifd Fk

thermally depoled condition, and a normal FE transformatiorP@Ses. Symmetry distortions naturally occur between the
in the poled condition. Anisotropy and piezoelectricity are!©W @nd high temperature phases during FE transformations,

only metastably locked in under applied field. which are characterized by line&Curie—\Weis$ behavior.

This investigation reports on phase transitional charac- In the high temperature state, significant deviations from
teristics in 0.67Pb(MgsNbs,/s) O;—0.33PbTiQ single crys- linearity were observed, as shown in Fig. 2 fof0®21) ori-
tals. The results reveal that the inverse dielectric susceptibientation. Similar deviation was found f¢i10 and (111)
ity (K~1) obeys Curie—Weiss behavior in the temperatureorientations. The value &€ ! of PMN—PT relaxors deviates
region between the FEand FE phases, whereas significant strongly from linear behavior over a wide temperature inter-
deviations are observed for temperatures greater than that g#l for T>T.,*"~*similar to that shown in Fig. 2. In this
the dielectric maximunT .. The results indicate the impor- case, the values for the Curie const@nand temperatur@
tance of polarization heterogeneity within the anisotropicare strongly dependent on the temperature range motfeled.
poled condition. The value ofC has been reported to be5x 10° nearT,,

however with increasing temperature it decreases 16°.

dAuthor to whom correspondence should be addressed; electronic mail: Norma”y’_the h|gh temperature d'?lecmc S_usceptlbl!'ty
viehland@mse.vt.edu of ferroelectrics can be modeled using the internal field
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FIG. 1. The 1 kHZK ! as a function of temperature for 0.67PMN—-0.33PT
single crystals(a) (001) oriented crystal poled to a polydomain Féondi-
tion; (b) (112) oriented crystal poled to a monodomain,F&®ndition; and

(c) (110 oriented crystal poled to a polydomain Feondition.

model?? The values ofC and ¢ can be obtained as given in

Eq. (1)
C=Np?/3eok,
0= ~yC,

(1a
(1b)

D. Viehland and J. F. Li 639
6.0x10™ ' ; . : .
0!,
4.0x10*} /-
/
. / .
¥ /
2.0x10™} -
0.0

0 50 100 150 200 250 300
Temperature (C)

FIG. 2. The 1 kHzK ™! as a function of temperature for(@01) oriented
0.67PMN-0.33PT crystal.

wherep is the microscopic dipole\ is the density of dipole
moments,y is the Lorentz factor which reflects the strength
of coupling between dipoles; is dielectric permitivy of
free space, anf is the Boltzman constant. Knowing and

0, the degree of coupling between dipoles and the magnitude
of the dipole moments can be estimated. In the case of ori-
ented piezocrystals, the values ©fwere determined to be
3.5x 10° ((001) FE, polydomain, 5.5x 1¢° ((011) FE, poly-
domain, and 7x 10* ((111) FE, monodomaiin These results
demonstrate tha€ is significantly higher in a polydomain
condition relative to a monodomain one.

Figure 3 shows the inverse dielectric susceptibility for
the (011) oriented specimen in the FBpolydomain state,
alongside data for é€011) oriented specimen in a fully poled
FE, monodomain stat® Comparisons of these data will
confirm that C is significantly higher in the polydomain
(5.5 10°) versus the monodomain condition (X30°).

Equation (1) is of importance in understanding the
Curie—Weiss behavior in oriented piezocrystals. The fact that
C is significantly larger for the polydomain condition relative
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FIG. 3. (Color The 1 kHzK ™! as a function of temperature for(a10)
oriented 0.67PMN—0.33PT single crystal. Data are shown for both a poly-
domain FE state and a fully poled monodomain f&ate.
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