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Effect of dc bias on the Curie—Weiss exponent in
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Permittivity versus temperature characteristics and Curie—Weiss exp@\affd) v in the universal
Curie-Weiss Iaw[e‘1=s;]1[1+(T—TC)7/(252)](1s v<2)] as a function of dc bias field were
obtained for(001), (011), and(111) oriented 0.76P@Mg;,3Nb,3)O5—0.24PbTiQ single crystals.
Results indicated that is a function of dc bias field and three different oriented crystals show slight
different y values but the similar dc field dependence.2@05 American Institute of Physics
[DOI: 10.1063/1.1897063

Relaxor ferroelectric(RF) Ph(Mg;,5Nby3) O3—PbTiO; roelectrics, nanometer sized domains play a critical role in
(PMN-PT) single crystals near the morphotropic phaseresulting in observed dielectric anomaly. The existence of
boundary(MPB) have attracted considerable attention due tonanometer sized region, or so called Kanzig re@idras
their outstanding dielectric, piezoelectric, and electro-opticsmeared the boundary between the FE-PE phases over a
properties:? Recently, their microstructure and phase transi-wide temperature range. It is possible to use the universal
tion behavior as a function of direct currefutc) bias field  Curie-Weiss law to analyze the permittivity and associated
(Ego) have been intensively investigated by x-ray diffractionchange in domain structure over a wide temperature range
(XRD), neutron scattering, optical microscop®M), trans-  aboveT .y
mission electron microscopTEM), and scanning force mi- In this work, the permittivity as a function of tempera-
croscopy(SFM).>~> The structural characterizations visualize ture and dc bias field was measured and fitted using the uni-
the correlation between the microstructure and the macroversal Curie-Weiss lafEq. (1)], the y values were obtained
scopic properties of the relaxor ferroelectric crystals under @nd discussed in terms of the permittivity—temperature char-
dc bias field. Investigations have also demonstrated that th&cteristics. The fitting was carried out using the nonlinear
external dc bias field can strongly affect the permittivity by curve fitting method in the Microcal OrigifVersion 6.0,
influencing the electric domain, phase transition, and theviicrocal Software, Ing. During the fitting, theT,,,, was
peak temperature of maximum permittivity,,,> CItis cru-  fixed, the other three parametetes,, 5, andy) were altered
cial to understand the effect of dc bias field on permittivity if to get optimized values. Then the Curie—Weiss exponent
the materials are used as tunable dielectrics for radio frecan be obtained.
quency and microwave devices. The 0.76PMN-0.24PT single crystal was grown using a

For ferroelectriq FE) materials, either normal or relaxor modified Bridgman method. After the growth, the crystal
ferroelectrics, the universal Curie-Weiss law can be writtefas cut into small pieces with a size of<&% X 1 mn? and
ad® three orientations alon@01), (011), and(111), respectively.

-1_ -1 _ y — Before electrical measurement, silver paste was coated on

et = emll+ (T = Tima M(25°)J(A=y=2), @) both surfaces of the crystals and annealed at 650 °C for
where, g is permittivity, e, is maximum permittivity, T is 15 min to form an Ohmic contact. The electrical measure-
temperatureT ., the peak temperature of maximum permit- ment was carried out using a multifrequency inductance-
tivity, & is a distribution parameter of the degree of the di-capacitance-resistan@eCR) Meter(Model SR720, Stanford
electric relaxation over a temperature regignthe Curie— Research Systemsat 1 kHz, temperature ranging from
Weiss exponentCWE). Usually, for normal ferroelectrics, 20 to 250 °C, with a heating rate °C/min, and dc bias
y=1; while for relaxor ferroelectricsy=22 Any other y field ranging from 0 to 300 kV/m. Before measurement, the
value between 1 and 2 is an indication of relative amount otrystal was thermally depoled at 240 °C.
RF and FE presented in a ferroelectric. Althougls mainly The permittivity as a function of temperature afg are
associated with the paraelectric pha&E) above Ty, it sketched in Figs. 1-3, fof001), (011), and(111) oriented
contains the information of ferroelectric performance of ma-PMN-PT crystals, respectively. Fd001) oriented crystal
terials. In addition, it should be noticed that for relaxor fer- (see Fig. 1, when increasing th&g, to 100 kV/m, T4 ap-

pears, at which the domains change from micro-sized to

3Electronic mail: apsglu@cityu.edu.hk nano-sized one¥.When further increasing thEye, T, and
PElectronic mail: apzkx@cityu.edu.hk Tmax Shifts toward high temperatures. At,,, there is a
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FIG. 3. Permittivity as a function of temperature and dc bias field Tad)

oriented 0.76PMN-0.24PT crystal at 1 kHz. Iné&tis the y as a function
of dc bias field. Insetb) is the imaginary part of permittivityTy and T4

are indicated with arrows.

FIG. 1. Permittivity as a function of temperature and dc bias field 61)

oriented 0.76PMN-0.24PT crystal at 1 kHz. Ingatis the y as a function
of dc bias field. Insetb) is the imaginary part of permittivityTy, T;, and
Tmax are indicated with arrows.

transformation from RF to PE phase. At 150 kV/m, a smallerystal(see Fig. 2 The y versusEg. is plotted in the inseta)
peak near 83 °C appears, it is associated with the transitiogs Fig. 2. When increasing tHe,. to 100 kV/m, T, moves to
from rhombohedral to tetragonal phasdhe transition tem- g °C, indicating the temperature at which field-induced
perature is specified af. This peak becomes sharper, and 4o main changes from micro-size to nano-size shifts toward

shifts_ towgrd low temperatu_re_s_wit,r/\ f_urther increa_slﬂg_ high temperature. The does not significantly change with
The imaginary part of permittivitye"”, inset(b) of Fig. 1] 0 £ \yhen E < 150 kV/m. When further increasing the

demonstates o peake, one Weak peak is mierc e %, 10 above 150 KVIT, approached., and more e
g€, 9p ore nanometer sized domains align along Eye Then

g%;ssl;[horll_:’ which shifts toward high temperature with in- peak permittivitye,, decreases, and thedecreases as well
Theg ‘gs a function o, is shown in the insefa). The because the randomness of the orientation of nanometer
Y de . sized domains decreases. Amgl,, shifts toward high tem-

ignifi < o .
v does not significantly change wheBg=100 kV/m, eratures because tiig, stabilizes the ferroelectric phaSe.

which means that the weak external dc bias field does n he i . ; L b) of Fig. 2
significantly change the randomly oriented nanometer size e imaginary part of permittivitye”, inset (b) o 9. d
emonstrates the same features as thos@0rd) oriented

domains. When further increasing tiig. to 150 kV/m, a

micron sized tetragonal phase starts to appear, and micrdrystal- _ _

sized domains align along tHg,. together with the nanom- For the (111) oriented crystal(see Fig. 3 when Eqc

eter sized domaing, then the y decreases monotonously =90 KV/m, a peak appears at 44 °C. The origin of this peak

with further increasingEg, due to increased domain size. IS still under investigation. It is found that thiy appears at
For (011) oriented crystal, similar t¢001) oriented one, 83 °C and shifts toward high temperatures with increasing

aTy (~84 °C) also appeared wheny, was applied to the Eac It is interesting to note that differing frot001) and

(011 oriented crystals, a peak neBy shifts close to thd .«
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The y as a function oE,. is shown in the inseta) of Fig. 3.

It has been verified that 150 kV/m is the coercive electric
field of 0.76PMN-0.24PT poled along tR&11) direction at

80 °CM When further increasing th&,. to over the coercive
field, Tax Shifts toward high temperature, more domains
align along the field, and the thus decreases. The imaginary
part of permittivity[&”, inset(b) of Fig. 3] demonstrates the
same features as those in #@®1) oriented crystal. The dif-
ference is that the micro-sized to nano-sized domain change
instead of RF-PE transition, is very sharp, consistent with the
sharp peaks of real parfs’) nearTy.

The y values slightly differ for three oriented PMN-PT
crystals. All of them decrease with increasiBg. whenEg,
>150 kV/m. For{001), (011), and(111) oriented crystalsy
values change from 1.81 to 1.29, 1.96 to 1.61, and 2.05 to
1.68, respectively, whek,. increases from 0 to 300 kV/m.

FIG. 2. Permittivity as a function of temperature and dc bias field@ad)

oriented 0.76PMN-0.24PT crystal at 1 kHz. In¢atis the y as a function
of dc bias field. Insetb) is the imaginary part of permittivityTy and T,

are indicated with arrows.

Three different oriented crystals show slight differental-
ues but the similar dc field dependence. The origin of this
difference is to be answered.
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