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Ferroelectric random access memory (FeRAM) is expected to be the next generation memory. PbZr,Ti;_, O3
(PZT) is considered as a candidate because of its high remanent polarization (P.). We investigated the relation
between physical properties, crystal structure and ferroelectric performance of the sample before and after
various heat treatments. From the results, remanent polarization (P,) and coercive field (E.) increased with
increasing P, during heat treatment. The remanent polarization (P,) and coercive field (E.) decreased with
increasing Zr content x. Furthermore, the dielectric constants at room temperature increased with increasing Zr
content x. On the other hand, Curie Temperature (7¢) increased with decreasing Zr content x or increasing Po,
during heat treatment. From the structural analysis, the bond length of M(Zr,Ti)-O1 decreased with increasing
Py, during heat treatment or with decreasing Zr content x of pre-heated samples. Consequently, the ferroelectric
performance was affected by changing the defect of oxygen and the strain of the structure.
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Fig. 1. Powder X-ray diffraction patterns of PbZrj49Tio 003, (a) pre-

heat treatment, (b) 400°C, 10~2 Pa, 8 h annealed, (c) 400°C, Po,=2MPa,
24 h annealed.

Table 1. Composition of PbZr,Ti;_,O3 (x=0.40, 0.45, 0.53)

sample Pb Zr Ti
x=0.40  (pre-heat treatment) 0.984(5) 0.393(2) 0.623(3)

(400°C, 10-?Pa, 8h) 0.979(4) 0.395(2) 0.626(3)
(400°C, Po,/2MPa,24h)  0.971(2) 0.404(1) 0.625(2)
(pre-heat treatment) 0.992(6) 0.448(3) 0.560(3)
(400°C, 10?Pa, 8h) 0.987(3) 0.450(2) 0.563(4)
(400°C, Po,=2MPa, 24h) 0.976(3) 0.455(2) 0.569(2)
(pre-heat treatment) 1.036(2) 0.491(2) 0.471(2)
(400°C, 10?Pa, 8h) 1.026(3) 0.490(3) 0.484(2)
(400°C,Po,2MP3a,24h)  1.021(3) 0.493(2) 0.486(2)

x=0.45

x=0.53

Table 2. Lattice Parameter, a, ¢ of PbZr, Ti;_,0O3 (x=0.40, 0.45, 0.53)
before and after Heat Treatment by Neutron Diffraction Data at Room
Temperature

Sample a/nm ¢/ nm
¥=0.40 (400°C, 10?Pa, 8h) 0.399852(7)  0.41386(1)
(pre-heat treatment) 0.400345(7)  0.41444(2)
(400°C, Po,=2MPa, 8h) 0.400282(7)  0.41447(2)
x=0.45 (400°C, 10Pa, 8h) 0.40255(2) 0.41224(3)
(pre-heat treatment) 0.40260(2) 0.41241(3)
(400°C, Po,=2MPa, 8h)  0.40259(3) 0.41242(6)
¥=0.53 (400°C, 10*Pa, 8h) 0.40631(3) 0.41041(3)
(pre-heat treatment) 0.40622(2) 0.41022(5)
(400°C, Po,=2MPx3, 8h) 0.40756(1) 0.40940(3)
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Fig. 3. Relation between maximum applied field (E,), remanent polarization (P;) of PbZr,Ti;_,O, (x=0.40, 0.45, 0.53) at 20Hz
before and after heat treatment. (a) x=0.40, (b) x=0.45, (c¢) x=0.53.
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Fig. 5. Dielectric constant, &, at 1 MHz dependence of temperature for PbZr,Ti;_,O, (x=0.40, 0.45, 0.53) before and after heat

treatment. (a) x=0.40, (b) x=0.45, (c) x=0.53.
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Table 3. Relation between Curie Temperature (7;), Dielectiric Con-
stant, Dielectric Loss (tan ) for PbZr, Ti;_,O3 (x=0.40, 0.45, 0.53) before
and after Heat Treatment

High Po,: 400°C, Po,=2MPa, 24h

Pre-Heat: Pre-Heat Treatment

Vacuum: 400°C, 1072 Pa, 8h

pbZr Ti) O, Te(C) (at25°C) (at Tc)
x heat treatment £ tand(%o) £, tand(%o)
0.40 HighPo, 446.3 107.3 1.00 1719.6 4.84
Pre-heat 427.8 1054 092 1593.1 3.53
Vacuum 401.8 102.7 1.20 1174.6 6.67
7045 HighPo, 4404 3090 122 36202 1299
Pre-heat 394.8 3144 1.12 3523.9 6.67
Vacuum 390.2 350.1 0.86 4035.2 7.60
7053 HighPo, 4048 5747 204 45488  3.53
Pre-heat 3819 494.8 1.42 3881.6 5.69

Table 4. Final Result of the Rietveld Refinements for PbZr,Ti;_,O;
(x=0.45) of Pre-Heat Treatment in Space Group P4mm (tetragonal). Uss,
are Isotropic Thermal Parentheses are Estimated Standard Deviations of
the Last Significant Digit, and Those Without Deviations

Space Group=P4mm a=0.40260(2) nm, ¢=0.41241(2) nm R,=10.00%,
R,=6.82%, Rexp=5.84%, S=1.71

atom  site x v z 100 X U_(nm?) site occupancy
Pb la 0 0 0 1.8(1) 1

Zr b 12 12 0.574(3) 1.0 0.45

Ti ib  =x(Zr) =y(Zr) =2(Zr) =U,_“n) 0.55

o1 1 12 12 0.0842) 182 1

0(2) 2¢ 12 0 0.605(1) 1.9(2) 1
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Fig. 6. Rietveld refinement patterns for PbZr,Ti;_,O3 (x=0.45). Plus
marks show observed neutron intensities, and a solid line the represents
calculated intensities. The vertical marks below the patterns indicate the
positions of allowed Bragg refractions. The curve at the bottom is the
difference between the observed and calculated intensities in the same
scale.

Fig. 7. Crystal structure of PbZr,Ti;_,0,.
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Table 5. Relation between Bond Lengths and Bond Angle for

PbZr, Ti;_ O, (x=0.40, 0.45, 0.53) before and after Heat Treatment
High Po,: 400°C, Po,=2MPa, 24h
Pre-Heat: Pre-Heat Treatment
Vacuum: 400°C, 1072 Pa, 8h

Bond length(nm) HighPo, Pre-heat Vacuum
M@ZLTi)-O17  02004(18)  0.2010(17)  0.2015(18)
M(Z1,Ti)-01? 02141(18)  02134(17)  0.2124(18)
M(Zt,Ti)-02 0.20062(12)  0.20066(12)  0.2036(12)
Pb-O1 0.28576(5)  0.28575(6)  0.28546(7)
Pb-02 025675(5)  0.25660(22)  0.25597(5)
Bond angle(” ) HighPo, Pre-heat Vacuum
02-M-02 172.1(10) 172.0(10) 172.4(10)

(b) x=0.45 Bond Tength(nm) HighPo, Pre-heat
M(Zr,Ti)-01"  0.194(4) 0.2017(16)
M(Zx, Ti)-01? 0.216(4) 0.2107(16)
M(Zt,Ti)-02 0.203377(9)  0.20171(10)

Pb-O1 0.28831(19)  0.28680(8)
Pb-02 0.2674(10)  0.2590(3)
Bond angle(" ) HighPo, Pre-heat
02-M-02 179.780(6)  172.7(9)

(c) x=0.53 Bond length(nm) HighPo, Pre-heat
M(ZrT)-01>  0.1990(11)  0.2058(18)
M@ZrT-012  02135(11)  0.2045(18)
M(Z1,Ti)-02 0.20266(8)  0.20351(9)

Pb-O1 0.28788(8)  0.28866(12)
Pb-02 0.2583(3) 0.2605(5)
Bond angle(" ) HighPo, Pre-heat
02-M-02 170.6(5) 172.8(8)

Dx,y.z 2)x,y, z+]

Table 6. Total Calculated Spontaneous Ferroelectric Polarization for
PbZr, Ti;_, O3 before and after Heat Treatment

Sample Ps/uC-cm?
%=0.40 (400°C, Po,=2MPa, 24h) 32.35
(Pre-heat treatment) 32.18
(400°C, 10%Pa, 8h) 31.70
x=0.45 (400°C, Po,=2MPa, 24h) 33.65
(Pre-heat treatment) 2898
x=0.53 (400°C, Po,=2MPa, 24h) 32.84
(Pre-heat treatment) 25.80
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Fig. 8. Contribution of each ion to the total calculated spontaneous
ferroelectric polarization for PbZr, Ti;_,O3 before and after heat treatment.
(a) x=0.40, (b) x=0.45, (c) x=0.53.
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