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The dielectric properties of (2x)Pb(Mg13Nb,3) O3— (X)PbTiO; (PMN—PT) crystals have been
investigated over a temperature range of 4 to 450 K at various frequencies. At low temperatures, an
unusual frequency dependent plateau region in the absorption was observed between 75 and 175 K.
At both higher and lower temperatures, the absorption was frequency independent. Analysis of the
relaxation time constant revealed power-law divergence, typical of fractal behavior in disordered
magnetic systems. The results demonstrate the importance of structural irregularities on the
dielectric loss mechanism in poled oriented PMN—PT crystals.2002 American Institute of
Physics. [DOI: 10.1063/1.1482791

(00D-oriented  (1-x)Ph(Mgy/5Nby5) O3— (X)PbTiO;  cused on domain-wall contributions, and ignored the possi-
(PMN-PT) and  (1—x)Ph(Zn;,;sNby3) O5;— (X) PbTiO; bility of significant contributions from excitation of irregu-
(PZN-PT) single crystals are currently under investigationlarities within domains. In this letter, we will present
due to high electromechanical properties in the poledevidence that a significant portion of the dielectric loss is due
condition!? Investigations have focused on compositionsto structural irregularity, in PMN—PT.
close to the morphotropic phase bounda@wPB). Dielectric Large PMN-PT single crystals of MPB composition
investigations of poled and thermally annealed conditiond68/32 were synthesized by using a conventional flux
have shown significant differencésAnnealed specimens method and a suitable ratio of the PMN-PT: PbO flux.
have relaxor ferroelectric characteristics with a single diffus00D)-oriented seed crystals were used to initiate crystal
peak, whereas poled specimens have sharper ferroelect@0Wth. The large single crystal was diced into slices ori-
transformations and two anomalies. ented along002) direction, with dimensions of 2X62.5x1

Relaxor ferroelectrics have glasslike features, similar tgnn?. The samples were electroded by gold sputtering. Di-

dipolar and spin glassé$.A Vogel—Fulcher-type freezing of electric measurements were performed from 120 Hz to 100

polarization fluctuations was observed by analysis of dieleckHz using a Keithley 3330 LCZ Meter. Great attention was

tric relaxation. Long-range order does not appear on coolin@a':j ;0 ;he accur_?cy of th? dielectric loss W?'?h can be af-d
in the absence of an applied electric fiéid.However in the ~'ccrcd DY capacitance value, measurement frequency an

field-cooled condition, long-range polar order is locked in atvoltage level, and cable lengths. A four-terminal pair con-

temperatures below that of polarization freezifig)(* Com- figuration with twisted coaxial cables extending all the way

- - . to the sample was used. The current and voltage contacts
positions close to the MPB exhibit sharp ferroelectric phase .

) . . . were geometrically arranged such that the effect of contact
transformations in the field-cooled conditidtHowever, re-

. o o resistance was minimized.
ciprocal pha;g space mapping Investigations hgve dgmon- Figures 1a)—1(c) show the dielectric response as a func-
st_rat_ed significant _rr_msalufy. Structural nonuniformity tion of the temperature for @01-oriented PMN—PT crystal
within a polgd condition on the nanometer .sca.Ie can bg, e as-grown condition. Data shown in each figure for the
cal_Jseq by mlcrqhet_erogenelty. Rec_e_nt investigations of pagy frequencies were 13217, 16, 10* and 16 Hz. Figure
larization dynamics in MPB compositions of PMN—PT have 1(3) shows the real component taken over the temperature
shown that switching occurs by heterogeneous nucléation ifange of 125 to 450 K. This data is identical to that previ-
the vicinity of random-fields around microheterogen&fly.  ously reported for this composition in the poled condiffon,
Clearly, microheterogeneity is important in oriented demonstrating that the as-grown condition has a significant
PMN-PT and PZN-PT crystals. Structural irregularities eX-degree of poling. Figure (b) shows the real component
ist within the poled condition. Previous investigations of losstaken over the temperature range of 4 to 300 K. Some di-
mechanisms in ferroelectric crystalline solutions have fo-lectric relaxation is evident in Fig.(d) due to the smaller
scale of they axis. However, on cooling, the response be-

dAuthor to whom correspondence should be addressed; electronic mai:aMme n_OHdiSperSive below50 K. Figure 1c) shows the
sup103@psu.edu dielectric loss factor taken over the temperature range of 4 to
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. ) i __type behavior is observed only in the temperature range of
FIG. 1. Complex dielectric response as a function of temperature at variou

measurement frequencies for{@21)-oriented PMN—PT crystal in the as- e dielectric plgteag. ) .
grown condition(a) the real component taken over the temperature range of The results in Fig. 2 can be explained using the fractal
125 to 450 K,(b) the real component taken over the temperature range of &|luster model commonly used in disordered magnetic

to 300 K, and(c) the dielectric loss factor taken over the temperature rangesystemsl_o,llln this model, the cluster Si@ is related to the
of 4 to 300 K. L. .

characteristic correlation lengthand to the clusters fractal

dimensionality D by the relationships,¢°.*2 Dynamic
300 K. A strong peak in tadwas observed near 75 K, which scaling then relates the critical relaxation timéo the £ as
was frequency dependent. With increasing frequency, the~¢*. Since ¢ diverges with temperature ag~[T/T
maximum in tanS was shifted to higher temperatures. At —To]", a power-law divergence for the relaxation time is
lower temperatures, tatwas frequency independent, similar obtained, as given in Eql);
to that observed in the real component. At higher tempera- T \@
tures, frequency dispersion persisted until near the tempera- 7= TO(T—T ) ,
ture of the maximum in the dielectric constant. 0

The imaginary component of the dielectric constantwhere the exponert is called the dynamical exponerit,

(K"), known as the dielectric absorption, was calculateds the freezing temperature determined by the maximum in
from the product of the dielectric constant and the loss factorthe absorption. The characteristic relaxation tifie related
Figure 2 showsK” as a function of temperature between 4to s, by the relationshipr= 7,s;, wherex=z/D. The value
and 300 K. At low temperatures, an unusual frequency deef the dynamical coefficiertv lies between 4 and 12.
pendent plateau region in the absorption was observed be- Svedlindhet al® suggested that the average relaxation
tween 75 and 175 K. At both higher and lower temperaturestime can be obtained from the inflection points of dielectric
the absorption was frequency independent and strongly tenabsorption as a function of temperature. This simple result is
perature dependent. Accordingly, non-Krammers—Kroningvalid for the limit of low field and allows a straightforward
determination of the critical exponents. Continentino and
Malozemoft* extended this analysis and showed that for the

@

120 ' case wherew is large that the inflection point of’ corre-
sponds to the conditiom7=1. Accordingly, the relaxation

¥ 8ol time at any temperaturer(T) can be approximated as
5 (Yo, Tpha, WhereT ., is the temperature of the maximum
< of K” in the plateau region or the maximum in the peak of
& 40 tané.
x Figure 3 shows a plot of the pairs (/T ). The data

in Fig. 3 were analyzed using E@l), where the fitting is

0 100 200 300 shown as a solid line. The fit parameters are shown in the

inset of Fig. 3. A good fitting with the divergent power-law
Temperature (K) equation can be seen, which have reasonable values of the
FIG. 2. Imaginary component of the dielectric respofizethe dielectric ConStant&O’_To’ andzv. The value ozv was~11 and that
ahsorntiom as a function of temperature for @01)-oriented PMN-PT of the freezmg temperature was45 K. These results are
single crystal in the as-grown condition. consistent with the models of disordered magnetic
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