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Abstract The structural phase transformations of 0.7Pb(Mg;sNb,3)03-0.3PbTiO; (PMN-0.3PT) were studied using high
resolution x-ray diffraction (HRXRD) as a function of temperature and electric field. A phase transformational sequence of cubic
(C) - tetragonal (T) — rhombohedral (R) phase was observed in zero-field-cooled conditions; and a C — T — monoclinic
(M¢) > monoclinic (M,) phase was observed in the field-cooled conditions. The transformation of T to M, phase was realized
through an intermediate M¢ phase. The results also represent conclusive and direct evidence of a M to M4 phase transformation
in field-cooled conditions. Beginning from the zero-field-cooled condition, a R - M, — Mc — T phase transformational
sequence was found with an increasing electric field at a fixed temperature. Upon removal of the field, the M phase was stable
at room temperature. With increasing the field, the transformation temperature from T to M¢ and from Mc to M, phase
decreased, and the phase stability ranges of both T and Mc phases increased. Upon removal of the field, the phase
transformation from R to M, phase was irreversible, but from M, to Mc was reversible, which means that M, is the dominant
phase under the electric field. In the M phase region, the results confirmed that lattice parameters and tilt angles were weakly

temperature dependent over the range of investigated temperatures.
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Fig. 1. Phase diagram of the PMN-PT solid solution system. The
data points come from published results by Noheda et al.”
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Fig. 2. Sketch of the mirror plane, polarization axis, unit cell,
domain configuration in the reciprocal (hOl) plane for monoclinic
phases, (a) top: mirror plane and polarization axis of M, phase;
center: unit cell of M, phase; bottom: domain configuration in
reciprocal space, illustrating the two a domains of M,; and (b) top:
mirror plane and polarization axis of M¢ phase; center: unit cell of
Mc phase; bottom: domain configuration in reciprocal space,
illustrating the two a domains (unshaded) and one » domain
(shaded) of Mc phase. C, R, T, O and M refer to cubic, rhombohe-
dral, tetragonal, orthorhombic and monoclinic regions, respectively.
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Fig. 3. The dependence of the lattice parameters (top panel) and tilt
angle (90°-a) (bottom panel) on temperature under zero-field-
cooled condition.

25 OEAS AR S8 Al 700 KoM EAE
gk & WztebAA] XRDE 57951t Fig. 39 &% ®
of M2 AFHolel AxpEr 2 RS AAFE(90%a)
o] W3ls YehAT} Fig. 39 CHOoRFE TR
Fol= (200) 3]A 9] R RIS 405 Kol
A AZEAT (200) 31H 2] ©]F Gaussian HFEFE
o] %} ar AAVETE T (220) 3E F=9
29t (200) B]A DA EE] AEEHEH THoA R
Jozo] AHolE Folslon 385 KE-ZolA #zx
ATk RS AxPEret AAEE (220) 3145 (220)
9} (22002 ZFolM FIRL M BEEA] eigkon
Noheda 597 &7 A3t} A8tk
7ol A7 defollA] Addole] WskE ZAbe] ¢
3 1kV/ieme] A4S A7letal WzstaA ddelg &
2519t} Fig. 49 375K, 350K, 2 300 Kol (200)2}
(220) M2 XRD mesh scan 235 YERYIT} 375 KA

=

T94YS & 5 Aok 350K 45, (200) 3|4 HH 3

Mol szt #FEJEE ol 2 /19 (200) T} 1
70l (020) B|=olet. WhA (220)31 M= 2709] peak

2 FEES o] AHZRE ol MAYS & T 3
th 300K A5, (200) 342 2 /ME FEHAIL (220)3]

E=1kV/cm, cooling

0.015
(a) T
ok 375K |
(] ®
-0.015
_ 0.015[ ) M
= f 350K
S 0 £ L0
S @
-0.015
0.015[ ¢ . M,
. 300K
-0.015 L .
1.985 2.00 2.015 1985 2.00 2.015
(H, 0, 0) (H, H, 0)

Fig. 4. Mesh scans around the (200) and (220) reciprocal lattice
positions at different temperatures in field-cooled condition.
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Fig. 5. Temperature dependence of the lattice parameters (top
panel), and monoclinic tilt angle ($-90°) (bottom panel) observed
in field-cooled condition. For the M, phase, the lattice parameters
ama/n2, bual/A2, and cya are plotted; whereas, for the Mc phase
the lattice parameters amc, buc, and cyc are plotted.
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Fig. 6. (200) mesh scan at 350 K with increasing field.
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