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The dielectric properties of (Pb(MgNb,,3) O3)q A PbTiO;) 33 Single crystals in the temperature
range from room temperature to 250 °C have been studied. A very sharp change of dielectric
permittivity due to the spontaneous relaxor—ferroelectric phase transition was observed. The most
interesting result is that the dielectric permittivity in ferroelectric phase is strongly dependent on the
cooling rate across the relaxor—ferroelectric phase transition. We assume that the cooling rate can
influence the grain size of ferroelectric subdomains in ferroelectric phase and can therefore influence
the dielectric properties. @002 American Institute of Physic§DOI: 10.1063/1.1527701

The relaxor ferroelectric materials have a very compli-ing cycle, and the transition temperature drops ta 28 and
cated phase diagrati® The most amazing phenomenon is 136 °C, respectively. Thus, the two phase transitions are first-
the relaxor to ferroelectri¢R-F) phase transitiod;°which  order.
may happen spontaneously or under high enough bias volt- The most interesting result is that the cooling rate at the
age. However, the tweed-like ferroelectric subdomains cafR-F phase transition temperatufg.( has a large influence
be observed in the (Pb(MgNb,s3)03)0edPbTiOs) 035 ON the dielectric permittivity in the consequent ferroelectric
crystal! and (Pl od.ago7)(Zroeslins)Os crystat'? in  phase, while the cooling rate in the temperature range several
ferroelectric phase, which indicates the ferroelectric phase diegrees lower or higher thaf ¢ has no influence. As shown
the relaxor is somewhat different from that of normal ferro-in Figs. 2a) and 2b), the sample was cooled with different
electrics. In this letter, the dielectric properties of rates acrosSge, and the dielectric permittivity was mea-
(Pb(MgyaND,9) O3) 06 PbTiOs) 035 (PMNT67/33 single sured in the next heating cycle with the same heating rate of

crystal, especially during the spontaneous RF phasé-2 “C/min. All of the curves have little frequency dispersion
transition>!! have been carefully studied. below Tg.g, which indicates the sample is in ferroelectric

phase in this temperature range for different cooling rates.

then cut to thin pieces alon@01) plane and carefully pol- The samp_le had the lowest dielectric permittivity in the

ished. Samples 2:52.5x 0.08 mn? were coated with Ag on [€/TO€lectric phase when was quenched from 200°C to RT,

bottom and top. The dielectric properties were measured ué'i-nd the kink of th_e_ dielectric perm|tt|V|ty°due_to the struc-

ing HP4194A impedance analyzer in a vacuum chamber "]iural phase transition happened at 55°C disappears. The

the temperature range from100 to 300 °C, measured by a

thermal couple attached to the bottom electrode. 4x10* N T ¥ T ¥ T " T
The dielectric permittivity of PMNT67/33 alon¢001)

was measured. The cooling rate was 3.0 °C/min and the heat-

ing rate was 1.2 °C/min. As shown in Fig. 1, a kink of di- 3x10°

electric permittivity appears in the temperature region 55

+10°C during the heating cycle, which corresponds to the _ .

phase transition from rhombohedral to tetragonal structure. w™ 2x10

Small frequency dispersion of the dielectric permittivity be-

low Tre=147 °C (heating cycl¢ indicates the sample is in

The crystals were grown by Bridgmen methddnd

ferroelectric phase in this temperature range. The dielectric 1x10*

permittivity shows apparent frequency dispersion above

Tr.r. Therefore a spontaneous R-F phase transition happens 0 , , , , , )
at Tgrr and the structural change from tetragonal to cubic 0 50 100 150 200
phase happened at the same temperatiiiee two phase T(OC)

transitions show apparent thermal hysteresis during the cool-

FIG. 1. The dielectric permittivity £;) of PMNT67/33 single crystal mea-

sured with four frequencies during coolirigate: 3.0 °C/min and heating
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FIG. 3. The dielectric permittivity of PMNT67/33 single crystal of FC-ZH
* ® process and of ZC-ZH process with very slow cooling r&€6 °C/mir)
6.0x10° L o% measured during heating process. The measurement frequency is 10 kHz.
w” quenched sample faster cooling rate, which contradicts our experimental re-
4.0x10° [ sults.

Since the ferroelectric subdomains nucleate and grow
during the phase transition, we assume the average size of
domains depends on the cooling rate across the phase tran-
sition, and thus the effect of cooling rate on dielectric prop-
erties may be attributed to the size effect of subdomains,
similar to the grain size effect of ferroelectric cerantit®

Cooling Rate ("C/min) The bigger the subdomains, the higher the dielectric permit-
FIG. 2. (a) The dielectric permittivity ¢;) of PMNT67/33 single crystal tIVIty', _On the other hand, the disappearance of the phase
measured in heating cycles with a same heating (R2°C/min after a  transition from tetragonal to rombohedral at550 °C for
cooling cycle from 200°C to RT with different cooling rateurve  the quenched sample is exactly like the grain size effect of

1:0.06 °C/min, curve 2: 3.0 °C/min, and curve 3: quengh&tie measure- ferroelectric ceramics with very small grain si]fe.

ment frequency is 10 kHzb) The cooling rate dependence of dielectric . . . . .
permittivity (¢;) of PMNT67/33 single crystal measured in heating process The dielectric properties of the sample during the field

at different temperaturegcurves from up to down for temperatures: 115, cooling—zero field heating=C-ZH) process have been mea-
88, 46, and 32 °C The measurement frequency is 10 kHz. The cooling ratesured as well. The sample biased with the electric field 2.5

of the quenched sample was roughly estimated to be 1000 K/min. kV/cm was cooled from 250 °C to RT under the cooling rate
3.0°C/min, and then was heated back without bias electric

slower the cooling rate, the higher the dielectric permittivity field to 250 °C at 1.2 °C/min. The dielectric properties were

can be attained beloWg.r. If the temperature of the sample measured during the heating process. As shown in Fig. 3,
was stabilized afTgr for 500 min and then cooled at below 45°C, the dielectric permittivity of the FC-ZH process

0.12°C/min, the dielectric permittivity of the sample in @most has the same value as that of the sample of the zero
ferroelectric phase was higher than that of the sample waleld cooling—zero field heatingZC-ZH) process cooled un-
directly cooled at 0.12 °C/min from relaxor phase to ferro-der very slow raté¢0.06 °C/min, while it is much lower than
electric phase. Thus, the time spent during the phase tranghat of ZC-ZH process from 45 to 147 °C. Above the R-F
tion was the real factor that influenced the dielectric properphase transition, the two curves converged again. Below
ties in the consequent ferroelectric phase. The dielectrid5 °C, the PMNT67/33 crystal is in rhombohedral phase.
permittivity in ferroelectric phase under different cooling The dielectric constants aloreg b, andc axes have the same
rates was found to be very stable with time, even at a temvalue. Thus, the polarized and unpolarized samples should
perature just belowW g.r. have the same dielectric permittivity alo@01) if the size

The effect of cooling rate cannot be explained by theeffect of subdomains was excluded. The sample of FC-ZH
spin-glass model. According to the spin-glass md@&éf 1  process has big ferroelectric subdomains below 147 °C for
the ferroelectric phase was induced by the long-range corrdigh remnant polarization can be observed. Thus, the sample
lation of nanodomains. The correlated nanodomains need @&f ZC-ZH process with the cooling rate 0.06 °C/min has the
certain period of time to align along a same direction, whichmaximum dielectric permittivity below 45°C and slower
depends on the their average relaxation time. The faster theooling rate cannot increase the dielectric constant any more.
cooling process, the shorter the ferroelectric correlationThese results can also be considered as evidence of the size
length, and thus the weaker the R-F phase transition. Thugffect of ferroelectric subdomains discussed before, since a
the sharp drop of dielectric permittivity induced by R-F size effect always happens below a critical iz& Above
phase transition should be smaller for a faster cooling rate. lthe critical size, the dielectric permittivity is a constant value.
other words, the dielectric permittivity in ferroelectric phase The sample cooled at 0.06 °C/min must have subdomains
near the transition temperatuiigs. would be higher for a bigger than the critical size.
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