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Abstract

The temperature dependences of dielectric properties for [0 0 1] PMN-0.32PT single crystal and PMN-0.32PT ceramics under different dc
electric field E) have been investigated. A new monoclinic phase can be induced by electric fiel with5-4.0 kV/cm, while heating, in
[001] PMN-0.32PT single crystal. The phase transition process of single crystal is from rhombohedral to monoclinic, then from monoclinic
to tetragonal, finally from tetragonal to cubic. With increasing electric field, all of the phase transition temperatures increased in the single
crystal. Comparing with single crystal, no new phase is induced by electric field and temperature field in PMN-0.32PT ceramics. Similar to
single crystal, the phase transition temperatures of PMN—0.32PT ceramics increased with increasing electric field. The difference of dielectric
response under dc electric field between two materials is discussed. The formation of new monoclinic phase results from polarization rotation
from [11 1] to [0 0 1] direction under electric field in single crystal.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction polarization rotation via a monoclinic phase has been shown
for PZN-8%PT([3]. Recently, monoclinic phase has been
The existence of a morphotropic phase boundary (MPB) discovered in PMN-35%PT single crystals by means of
is an important feature of the solid solution between typi- high-resolution synchrotron X-ray diffraction. It appears at
cal relaxor ferroelectrics and normal ferroelectrics PTiO room temperature in a single crystal previously poled under
(PT). Pb(Mg,3Nb2/3)O3 (PMN) is a typical relaxor ferro-  an electric field of 43 kV/cm applied along the pseudocubic
electrics. For (1- x)PMN—xPT system, the morphotropic  [00 1] direction, in the region of the phase diagram around
phase boundary exist at = 0.30-0.35[1]. Much atten- the MPB between the rhombohedral and tetragonal phase
tion is focused on this system because of excellent dielec-[4]. As increasing electric field, the phase transition pro-
tric and piezoelectric properties, especially PMN—PT single cess for PZN-8%PT and PMN-35%PT undergoes: rhom-
crystal with excellent electrostrictive propertigy. MPB bohedral ferroelectric FE phase monoclinic ferroelectric
is a boundary separating rhombohedral phase, in which theFE phase— tetragonal FE phase> cubic paraelectric PE
electric polarization is along [1 1 1] direction, and tetrago- phase.
nal phases, in which the electric polarization is along [001] It will be complex that the dielectric response of relaxor
direction. For PMN-PT with MPB composition, as temper- under combination of temperature and electric field. Besides,
ature increases, the phase transition process is: rhombohethe dielectric response characterization depends on the man-
dral ferroelectric FE phase- tetragonal FE phase- cubic ner applying of temperature and electric field. By cooling the
paraelectric PE phase. In addition, the ferroelectrics phasePMN monocrystal in an electric field higher than the critical
transition can be induced by external dc electric. Upon ap- field E; = 1.7 kV/cm or the PMN ceramics in a field higher
plication of an electric field along [00&hic, evidence of  than Ec = 4.0kV/cm a long-range ferroelectric phase is
formed[5]. Colla et al.[6] investigated dielectric properties
Tam:+86_29_8266879 " of [00 1] (PMN)1—x)(PT), single crystals for various elec-
E-mail address zhrli@mail.xjtu.edu.cn (Z. Li). trical and thermal histories. Application of dc bias fox
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0.33 resulted in an induced transformation to a long-range 3. Results and discussions

ferroelectric state. For [110] and [21 1] PMN-32%PT sin-

gle crystal, with a prior field-cooled process from the cubic  Fig. 1 shows the temperature dependence of dielectric
state, a field-induced state, perhaps of orthorhombic sym-constant and dissipation factor without dc electric field for
metry, is observed and coexists with the rhombohedral sym-[001] PMN-0.32PT single crystal. Two phase transition
metry in the low temperature regi¢i]. Yao et al. reported  peaks are present. Low temperature peak is arourieC80
micro—macro-domain switching under dc bias and heating which corresponding to phase transition from rhombohedral
for PLZT (8/65/36) ceramicE8]. By cooling 9/65/35 PLZT to tetragonal phase. A high temperature peak around@40
ceramics in the dc bias field abokg a relaxor to ferroelec-  is corresponding to phase transition from tetragonal to cubic
tric phase transition was induced, while by cooling below phase. The relaxor characterization of phase transition was
Ec: the system undergoes the transition from the ergodic to discussed previousL0]. As decreasing temperature, para-

the nonergodic relaxor state at a freezing temperafgirat electric phase is transformed into weak relaxdf at Tinax,
which the divergence of the longest relaxation time effec- then to normal ferroelectrics by a first-order transformation.
tively breaks ergodicity9]. The temperature dependence of dielectric constant and dissi-

As above briefly reviewed, dielectric responses of relaxor pation factor undef = 2.0 kV/cm for [00 1] PMN-0.32PT
ferroelectric are affected by the manner of applying electric single crystal is shown ifrig. 2 The interesting abnormal
field and temperature field. At the same time, the dielectric dielectric peaks appear in rhombohedral phase region. Cor-
response also depends on the thermal and electric historyresponding to the curve of fgversusT, there is a sharp
of samples. In this report, the dielectric response of [00 1] peak at around 70C. Comparing dielectric properties un-
PMN-0.32PT single crystal and ceramics under dc electric der E = 0 kV/cm with those under dc field = 2.0 kV/cm,
field while heating (FH) were investigated. The difference the frequency diffusion of dielectric constant is weaken un-
behavior for two materials under electric field and tempera- der E = 2kV/cm. Application of an electric field results
ture field is discussed.

60000 ————————1—7——1—— 11— 0.10
2. Experimental procedure
50000 | loos
Reagent grade PbO, MgO, Mbs, TiO, powders were
. . . 40000 F
used as raw materials. The single crystal of the composition 006
PMN-0.32PT was grown using an accelerated crucible ro- 30000 | 5
tation technique (ACRT) and Bridgman methfi®]. The w 0_04"'
single crystal was oriented along pseudocubic [0 0 1] direc- 20000
tions by means of XRD. The sample of size of 5n¥n loo2
5mm x 0.8 mm was used for dielectric measurements. 10000 f )
The Columbite precursor method was used to prepare
PMN-0.32PT ceramics. The mixture of MgO and 49 0 %0 20 60 20 '1(')0'1'20'1;0'1'60'150'20%00
powders calcined at 100Q for 6 h to form MgNBOg. Then T(°C)

MgNb,Og was mixed with PbO and Tigpowder. The mix-
ture was ball milled and then calcined at 8&Dfor 4 h. The Fig. 1. Temperature dependence of dielectric constant and dissipation
resultant powders were pressed using PVA binder into pe”etsfactor without dc electric field for [001] PMN-0.32PT single crystal.

of 15mm in diameter and 2—3 mm in thickness. The sam-
ples were then fired at 120C for 2h in a sealed alumina

crucible. To compensate the PbO loss from pellets during 50000 T e 044
sintering, a PbO-rich atmosphere was maintained by placing 40000 E=20kviem e 012
an equimolar mixture of PbO and Zg@nside the crucible. TookHz 1010
Dielectric measurements were conducted on an automated 300001 loos
system, where a computer controlled a Delt temperature box, ) e
a HP4284A LCR meter and high voltage generator. Dielec- 20000 1006
tric properties were measured at 0.1, 1, 10 and 100 kHz, in looa
the temperature range of room temperature to°ZD®ith a 10000 -
heating rate of 3C/min. As sample history has a strong in- 1002
fluence on the dielectric response, the sample was annealed obi e v o v v v oL l000
at 300°C for 2h before dielectric measurement. For the 0 20 40 60 80 100120 140 160 180 200

0
field-heated (FH), the dielectric properties were measured QS
under dc field while heating. The applied electric field was Frig. 2. Temperature dependence of dielectric constant and dissipation
along the [0 0 1] direction for single crystals. factor underE = 2kVicm (FH).
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Fig. 3. Temperature dependence of dielectric constant under different dc Fig. 5. The temperature dependence of dielectric constant under different
field for [001] PMN—0.32PT single crystalf(= 1 kHz, FH). dc field for PMN-0.32PT ceramicsf (= 1kHz, FH).

in transformation the weak relaxor to a long-range ordering onal phase. The characterization of relaxor ferroelectrics is
(LRO). But the frequency diffusion of dielectric constant Presented. The temperature dependence of dielectric con-
exists abovéTmax in Fig. 2 It indicates that superparaelec- Stant under different dc field for PMN-0.32PT ceramics
tric state or polar microregions exist. Due to these polar mi- (/' = 1kHz, FH) is shown inFig. 5. Increasing dc elec-
croregions with a different response to frequency, frequency ¢ field, the Tmay increase and the maximum dielectric
dispersion of dielectric properties is exhibitédg. 3 shows constant decreases.'Bu't the apnormal dlelectrlc peak does
the temperature dependence of dielectric constant under dif-"0t @ppear. Comparingig. 1 with Fig. 4, the difference
ferent dc field for [00 1] PMN—0.32PT single crystgl & betweenTmax 100 kHz aNd Tmax, 0.1 kHz: ATmaxTmax 100 kHz
1kHz, FH). The abnormal dielectric peaks appear in rhom- — Tmax0.1kHz) IS 0.4 and 2.9C for single crystal and ce-
bohedral phase region under applying dc field in the range "@Mics, respectively. The relaxor extent of PMN-0.32PT
of E = 1.5-3.0KkV/cm. WhenE = 4.0 kV/cm, the abnor-  C€ramics is stronger than that of single crystal, and
mal dielectric peaks are not evident and degenerate into alh® maximum dielectric constant of PMN-0.32PT ce-
turning point. WhenE = 5.0-8.0 kV/cm, the abnormal di-  1@mics is less than that of PMN-0.32PT single crystal.
electric peaks disappear. With further increasing dc bias, the "€ difference between PMN-0.32PT ceramics and sin-
phase transition temperatures shift to high temperature, atd'€ crystal is due to ceramics with grain boundary and
the same time, dielectric constants decrease obviously. pores that result in relaxation and decreasing of dielectric

Fig. 4 shows the temperature dependence of dielectric constant. _ _

constant and dissipation factor without dc electric field Comparing dielectric response of [001] PMN-0.32PT

for PMN—0.32PT ceramics. High temperature peak around Single crystal and ceramics under dc electric field tsge. 3

140°C is corresponding to phase transition from tetragonal @"d 9, the similar change is that the maximum dielectric

to cubic phase. There is a shoulder around@0corre- ~ constant decreases afghax increases with increasing dc

sponding to phase transition from rhombohedral to tetrag- electric field, and the obvious difference is that the abnormal
dielectric peak induced by dc electric field appear in rhom-
bohedral phase region for [0 0 1] PMN-0.32PT single crystal
and no abnormal dielectric peak appears for PMN—-0.32PT

woool T T T 0.10 ceramics. S . _
When dc electric field is applied, the effects of the align-
14000 - E0 kV/em 10.08 ment of polar domains make more thermal energy needed to
12000 | disrupt the alignment resulting in samples with high phase
10000 - 4 0.06 transition temperature. Additionally, antipolarization elec-
w <3 tric field in samples is induced under dc bias. The lattice
8000 {0.04 polarizability lower and dielectric constant decrease.
6000 - In PMN-PT or PZN-PT system, spontaneous polariza-
4000 - t=1kHz 10.02 tion is along [111] direction. If dc bias is applied along
[00 1], polarization rotation takes place from rhombohedral
0000 7 0.00 to tetragonal phases via monoclinic phd8e4]. So, it is
20 40 60 80 100 120 140 160 180 200 220 supposed that the abnormal dielectric peaks may correspond
T(C) to the phase transition from rhombohedral to monoclinic

Fig. 4. Temperature dependence of dielectric constant and dissipation phases under dc bias. Wh_en dc bias is I_OW Or_even tends
factor without dc electric field for PMN—0.32PT ceramics. to zero, there does not exist abnormal dielectric peaks. It
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40000 4. Conclusions
35000} —*—OkVvicm FH 4

—*—0.5kV/em j The temperature dependences of dielectric properties for
30000 T oK i ] [001] PMN—0.32PT single crystal and ceramics under dif-
25000 —+—28kviem ; 1 ferent dc electric field (FH) have been compared. The sim-
20000 —e—4.0kvicm 1 ilar change is that the maximum dielectric constant de-

w —— S.0kviem creases antinay increases with increasing dc electric field,

1s000r ] and the obvious difference is that the abnormal dielectric
10000 - ) peak induced by dc electric fieldZ(= 1.5-4.0 kV/cm) ap-
5000 | 1 pear in rhombohedral phase region for [0 0 1] PMN-0.32PT

e single crystal and no abnormal dielectric peak appears for
20 40 60 80 100 120 140 160 180 200 PMN-0.32PT ceramics. The abnormal dielectric peak corre-
T(°C) sponds to the phase transition from rhombohedral to mono-

clinic phase, resulting from polarization rotation from [1 1 1]

Fig. 6. Temperature dependence of dielectric constant under different dc to [00 1] direction under electric field.

field for [111] PMN-0.32PT single crystalf(= 1 kHz, FH).
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