Back to Main Indep

1C Perovskite-type oxides as end members

No.

1C-a63 Pb(ZLTi;)Os (x =0.5...0.6, lead zirconate-titanate) (PZT)
For general properties of PbEiPbZrQ, see No. 1C-a62.

la Large piezoelectric coupling in Pb(Zr, Ti)€ramics was discovered in 1954 by Jaffe &4Jaf

al. The name PZT is a trade mark of Vernitron, Cleveland, Ohio, USA.

3 Unit cell parameters and crystal structure: Table 1C-a63-001.
4  Thermal expansion: Fig. 1C-a63-001.
5a Dielectric properties: Fig. 1C-a63-002...Fig. 1C-a63-008; see also 83Muk,
83Taw,
84Lev,
848Sri,
85Abd
¢ Spontaneous polarization: Table 1C-a63-002; Fig. 1C-a63-009.
d Pyroelectricity: Table 1C-a63-003; Fig. 1C-a63-010, Fig. 1C-a63-011.
7  Electromechanical properties: Tables 1C-a63-004...1C-a63-008;
Figs. 1C-a63-012...1C-a63-017; see also 82Did,
83Wull
Effect of electric field bias: Fig. 1C-a63-018, Fig. 1C-a63-019; see also 74Bar
Effect of external stress: Fig. 1C-a63-020, Fig. 1C-a63-021; see also 60Ger,
. . . . 61Kru
High power level vibration: Fig. 1C-a63-022.
Effect of FeO; addition: see 69Wes
8 Elastic property: see Fig. 1C-a63-017 and also 83Taw
Ultrasonic velocity: see Table 1C-a63-008.
Surface acoustic wave: see 76Saf
11 Electrical resistivity: Fig. 1C-a63-023, Fig. 1C-a63-024.
15a Observation of domains: see 81Goo,
85Luc,
89Luc
16 Thin film:
MOCVD: 900ka
Laser ablation (pulsed laser deposition): 90Sae,
900ts
Sputtering: 90Blo
lon-beam sputtering: 92Kru
Hydrothermal deposition: 91Shi
Metallo-organic decomposition: 91Spi
Sol-gel method: 91Toh
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Back to Main Indep 1C Perovskite-type oxides as end members 2

Table 1C-a63-001. Pb(ZpTig 405 (ceramics). Structural parameters [81Ami]. Unit cell parameters and
fractional coordinates of atoms are refined by Rietveld profile fitting method for neutron diffraction data.
Coordinates are defined as Pb (1/4, 4/4 +s, 1/4 +s), Zr / Ti {t,t,t) and O € e+ d, 1/4—- 2d, e + d)

based on the hexagonal cell. Angle ofdiltis given by ta = 43e,

T [K] 9 295

Phase Faut Font

Space group  R3¢-CG? R3m-C>
Unit cell parameters

an [A] 5.7597(5) 5.7550(4)
cn [A] 14.2510(12) 14.2138(11)
Positional parameters

s 0.0343(3) 0.0310(4)
t 0.0114(5) 0.0108(7)
d -0.0028(1) -0.0023(1)
e 0.0105(2) -

w[°] 4.2(1) -
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1C Perovskite-type oxides as end members

Table 1C-a63-002.
1 psi = 6.89810° Pa.

Pb(zr,Ti)G. Physical

properties  of

hot-pressed

ceramics [70Hae].

Zr[Ti Hot-press conditions Grain  Virgin P E. Ko
ratio T t p size K
[°C] [h]  [psi] [um] (=1 kHz) [@0°Cm? [ACVMT]

53/47 850 64 4500 1.2 1120 38.6 13.6 0.512
53/47 1300 1 3000 5.5 750 46.5 8.3 0.660
65/35 800 16 4000 0.8 965 34.0 13.1 0.370
65/35 850 2 4000 1.0 910 25.5 12.9 0.200
65/35 850 16 4000 1.5 905 35.7 13.1 0.380
65/35 850 64 4000 1.8 850 39.5 12.6 0.410
65/35 1100 16 1500 2.1 657 43.0 12.6 0.442
65/35 1300 1 3000 5.0 476 42.0 8.7 0.420
80/20 850 16 5000 1.2 692 37.0 15.3 0.272
80/20 875 16 4500 1.5 632 38.5 12.9 0.285
80/20 900 16 4500 2.0 648 39.5 12.4 0.286
80/20 1200 3 1500 7.0 462 41.7 11.8 0.288
92/8 800 16 4500 15 563 30.7 18.6 0.162
92/8 800 16 10000 1.8 532 34.4 15.0 0.157
92/8 1200 3 1500 12.0 300 38.9 13.2 0.180
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Table 1C-a63-003. Pb(Ti-Zr,)Os (ceramics doped with 2 wt % Zn(M#Bi,3)Os). Pyroelectric and
dielectric properties [79Che].

X 030 042 046 050 0.52 054 056 059 0.70
p[10°CK™m™3] 20 26 29 31 37 42 44 38 38

K 290 490 660 880 1070 940 600 450 310
pi/k [A0°CK™m™? 0.07 0.05 0.04 0.04 0.03 0.04 0.07 008 0.12

G [°C] 430 380 360 350 340 330 320 310 290
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Table 1C-a63-004. Ph(Zr,Ti)G (ceramics modified with additive of 1 wt % p). Electromechanical
properties [59Kul].

Base composition p, Before poling 24 h after poling
K tand  « tand  kp frlD ds1 Qmech
[10*  at [%] at  at [%] at [-1072
kgm?® 1kHz 1kHz 1kHz 1kHz [Hz m] CNY
Pb(ZihsoTiosgOs  7.38 879 15 1041 1.2 0.42 1696 82 81
Pb(Z1.51Ti0.4905 7.31 975 1.6 1188 1.3 0.45 1642 97 73
Pb(Z152T10.49 03 7.39 985 15 1200 14 0.45 1640 97 76
Pb(Z1553T10.47)O3 7.43 1092 1.8 1371 14 0.53 1547 130 61
Pb(Z15.54T10.46 O3 7.44 1051 1.8 1296 1.7 0.54 1549 128 62
Pb(Z1.55T10.45 03 7.40 955 24 973 2.0 0.56 1524 117 55
Pb(ZhseTioadOs  7.38 818 2.8 745 25 053 1601 93 56
Pb(Z1557Ti0.4903 7.41 750 3.0 684 2.5 0.50 1636 82 60

Pb(Z158Ti0.49 03 7.41 713 3.0 630 2.8 0.49 1676 75 62
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Table 1C-a63-005. Pb(Zr,Ti)& (ceramics). Electromechanical constants at RT [60Ber].
f=1kHz fork.
ZTi gy Ko Kys Ksa K KS) Ko, K5(obs) k3 (calc)
ratio
48/52  0.170 0.289 0.408 0.435 663 551 666 540 537
50/50 0.230 0.397 0.504 0.546 855 631 846 585 585
52/48 0.313 0.529 0.694 0.670 1180 612 730 399 389
54/46 0.280 0.470 0.701 0.626 990 504 450 253 268
56/44  0.267 0.450 0.657 0.619 840 477 423 246 258
58/42 0.254 0.428 0.646 0.607 751 437 397 243 246
60/40 0.238 0.400 0.625 0.585 672 410 376 240 245
E D E D E D E D E D
Si1 Si1 S33 S33 Sa Sa Se6 S, 51 Si3 Si3
[ I].O_lz mZN—l]
48/52 10.8 105 109 883 283 236 283-3.35 -3.66 -3.21 -2.40
50/50 12.4 11.7 133 9.35 32.8 24.5 32.9-4.06 -4.72 -4.22 -2.60
52/48 13.8 124 17.1 9.35 48.2 25.0 38.4-4.07 -5.38 -5.80 -2.56
54/46 11.6 10.7 14.8 9.0 45.0 22.9 299 -3.33 -4.24 -497 -2.68
56/44 11.0 10.2 140 865 398 226 284-3.22 -4.01 -4.63 -2.57
58/42 10.5 9.85 12.8 8.10 37.7 21.9 27.1-3.07 -3.75 -4.12 -2.33
60/40 10.4 9.75 1205 792 369 225 26.7-296 -3.55 -3.72 -2.17
Densityp a1 Os3 Ois O350z Oan da3 dis O33—0s;
[A0°kg m¥] [A03m*C™Y [M0*CNT
48/52 7.59 -7.3 18.7 28.4 26.0 43.0 110 166 153
50/50 7.55 -9.35 231 33.2 324 70.0 173 251 243
52/48 7.55 -14.5 34.5 47.2 49.0 93.5 223 494 316
54/46 7.62 -15.1 38.1 50.3 53.2 60.2 152 440 212
56/44 7.59 -14.5 37.8 48.0 52.3 54.3 142 357 196
58/42 7.64 -13.9 36.7 48.8 50.6 48.9 129 325 178
60/40 7.60 -13.3 35.2 49.3 48.5 44.2 117 293 161
Soit Qmech Qe P o, s, /sy —sp,/sp -0 -so [0
D_oD (=1/tard) E E\-172 D Dy-112
S11 2513 (%3 S11 (533 S11
[0 [A02 [@O™
m’N7 Cm? Nm7?
48/52 24.1 1170 380 17 14.0 0.310 0.349 0.296 0.250
50/50 26.2 950 370 27 13.5 0.328 0.404 0.329 0.249
52/48 26.9 860 360 36 134 0.295 0.434 0.376 0.238
54/46  25.1 680 300 42.5 14.8 0.288  0.396 0.380 0.273
56/44  24.0 490 190 48 15.3 0.293 0.394 0.373 0.274
58/42 22.6 500 200 43 15.8 0.292 0.381 0.355 0.261
60/40 22.0 600 210 33 15.6 0.285 0.365 0.332 0.247
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Table 1C-a63-006. Pb(Zps4Ti04¢ O3 (ceramics). Effect of (A) penta- or (B) tri-valent additives on
electromechanical constants [59Kul].

Addition Pa Before poling 24 h after poling &
K tand K tand ko fr@ ds1 Qmech
[0 at [%]at at [%)] at [ao*?
[Wt%)] kgm?®] 1kHz1kHz 1kHz 1kHz [Hzm] CN7] [°C]
None 7.41 707 0.3 537 04 049 1641 71 390
None 7.29 706 0.4 513 05 050 1687 69 387

A 0.1 NhOs 7.26 598 0.3 508 04 0.38 1643 54
0.5NBbOs 6.96 732 2.1 790 2.0 0.46 1443 94
0.8 NbOs 7.36 965 1.6 1166 15 048 1606 105
1.0NROs 7.36 1064 1.8 1308 1.6 053 1563 126 61
1.0NBOs 7.60 1055 2.2 1242 2.2 054 1538 125 361
1.2Nb0Os 7.34 1011 2.0 1167 1.7 048 1614 104 70
1.4NBOs 7.37 1057 2.2 1218 19 050 1584 113 69
1.7NB0Os 7.39 1058 2.0 1218 1.8 0.47 1594 105

2.0 NBOs 7.37 1074 2.1 1202 2.0 050 1550 115 344
0.5 NQOS} 7.39 1169 2.1 1377 2.0 0.57 1491 146 48 369
0.5 La0s

1.0Ta0s 7.31 989 1.5 1187 1.5 0.49 1563 111 61

1.0Tg0s 7.22 918 2.0 1122 2.1 0.50 1525 114 368
20Tg0s 7.49 1062 2.2 1230 2.1 050 1547 115

20Tg0s 7.40 1077 1.8 1275 1.8 048 1581 111 364

25Ta0s 7.23 959 2.7 1112 24 036 1518 82 28
50Ta0s 6.75 995 2.5 1052 2.6 0.33 1508 76

B 1.0 Y,04 7.26 796 0.9 841 1.0 0.34 1547 66 374
1.0La0; 7.46 1187 1.9 1483 2.0 053 1510 138
1.0La0; 7.47 1139 2.2 1387 2.1 0.52 1522 130 339
1.0 NdO; 7.43 1111 1.6 1395 1.8 049 1512 123
1.0NdO; 7.37 1101 1.9 1354 1.8 048 1511 119 348

1.0 didymia 7.41 1122 2.2 1341 2.2 0.50 1499 125
20La0; 7.49 1296 2.6 1545 2.3 051 1545 132
10La0; 7.20 1375 2.1 1792 1.7 0.51 1528 147
1.0NdO; 7.35 1362 2.2 1776 19 049 1558 136
0.1La0; 6.75 790 0.4 870 0.6 042 1505 88
0.2La0; 6.45 686 0.7 735 0.9 037 1419 78
0.4L80; 6.44 942 1.4 1100 15 0.42 1407 109
0.8La0; 7.19 1288 1.8 1682 1.8 0.49 1516 139
1.0La0; 7.50 1255 2.4 1532 2.4 050 1550 128
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Table 1C-a63-007. PZT (commercial modified ceramics). Electromechanical constants at RT [71Ber].
The designations for materials are trademarks of Vernitron Piezoelectric DifisidrkHz fork .

Material &  p,[010° K3T3 Qe Kss3 KlT1 Kls1 Kp Ka1 ka3 kis Kat
[°C] kg m?|

PZT-2 370 7.6 450 200 260 990 504 -0.47 -0.28 0.63 0.70 0.51
PZT-4 328 7.5 1300 250 635 1475 730 -0.58 -0.33 0.70 0.71 0.51
PZT-5A 365 7.75 1700 50 830 1730 916 -0.60 -0.34 0.705 0.685 0.49
PZT-5H 193 7.5 3400 50 1470 3130 1700-0.65 -0.39 0.75 0.675 0.505
PZT-6A 335 7.45 1050 50 730 -0.42 -0.25 0.54 0.39
PZT-6B =350 7.55 460 110 386 475 407 -0.25 -0.145 0.375 0.377 0.30
PZT-7A =350 7.6 425 60 235 840 460 -0.51 -0.30 0.66 0.67 0.50
PzZzT-8 300 7.6 1000 250 580 1290 900 -0.51 -0.30 0.64 0.55 0.48

| o D E E E D D D
Material vy ") vR") s;  s§  Qmeen S s S S S

[ms™] [A02m’N™ [M02m?N™

PZT-2 4410 2400 116 1438 680 450 299 10.7 9.0 229
PZT-4 4600 2630 123 155 500 39.0 327 109 790 193

PZT-5A 4350 2260 16.4 18.8 75 475 443 144 946 252
PZT-5H 4560 2375 16.5 20.7 65 435 426 141 899 237
PZT-6A 4570 10.7 13.0 450 278 101 9.2

PZT-6B 4820 2340 9.0 9.35 1300 28.2 240 88 805 242
PZT-7A 4800 2490 10.7 13.9 600 395 27.8 97 785 2138
PZT-8 4580 2420 115 135 1000 319 298 104 8.0 22.6

Material clEl (:3'53 c'fl 03?3 N;) Na( ) O3 Os1 dis
[10°Nm™ [Hz m] [0 CNY
PzT-2 135 11.3 136 14.8 1680 2090 152 -60 440
PZT-4 139 115 145 159 1650 2000 289 -123 496
PZT-5A 12.1 11.1 126 147 1400 1890 374 -171 584
PZT-5H 12.6 11.7 13.0 157 1420 2000 593 -274 741
PZT-6A 13.1 155 1770 2140 189 -80
PZT-6B 16.8 163 169 17.7 1920 2225 71 -27 130
PZT-7A 148 131 157 175 1750 2100 150 -60 362
PzT-8 137 123 140 16.1 1700 2070 225 -97 330

(continued)

Landolt-Bérnstein
New Series I11/36A1



Back to Main Indep 1C Perovskite-type oxides as end members 9

Table 1C-a63-007 (continued)

Material Qa3 Os1 Ois €33 €31 e;s Change in Change in Change in Change in
N; per timek, per time Ke,Te,per timeN,, =60 to

[A03*m?CY [Cm™ decade [%)] decade [%)] decade [%] + 85 °C [%]
PZT-2 38.2 -15.1 50.1 90 -19 9.8 +0.6 -1.8 -2.8 1.5
PZT-4 251 -10.7 38.0 151 -52 12.7 +15 -2.3 -5.8 4.8
PZT-5A 249 -114 38.0 158 -54 123 +0.2 -0.2 -1.0 2.6
PZT-5H 19.7 -9.1 26.8 23.3 -6.5 17.0 +0.25 -0.35 -1.5 9.0
PZT-6A 20.4 -8.6 12.5 <0.1 -0.2 -0.6 <0.2
PzT-6B 174 -66 310 7.1 -09 46 <0.1 -0.2 -0.6 <0.2
PZT-7TA 39.8 -159 488 95 -21 9.2 -0.08 0.0 +2.0 2.9
PZT-8 254 -109 29.0 132 -40 104 +1.0 -2.0 -5.0 ~2.0

) Ny is the frequency constant for extensional vibration of a bar with long axis perpendicular to the polar
axis, and\z is the frequency constant for thickness longitudinal vibration of a plate with thickness
parallel to the polar axis.

™) vy andvg are the longitudinal and shear sound velocities parallel and normal to the polar axis,
respectively.
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Table 1C-a63-008. PZT-4, PZT-5 and PZT-7 (sintered and hot-pressed ceramics).
electromechanical properties [86Pat): longitudinal velocity of sound propagated along polarization

direction in polarized specimen,: longitudinal sound velocity in unpolarized specimen.

hot-pressed hot-pressed

hot-pressed

p[A0° kg M7
tand [[107
K

K
ka1

ds1 [0 ?CNY
O [0 MPCTY]
v [m s
v [ms?

Qm

7.97
0.6
450

0.38

0.23

—-40
-10.0
4940
4640
1180
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Fig. 1C-a63-002 Pb(TiZry)Oz (ceramics). K vs. X
[60Ber].f = 1 kHz.
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Fig. 1C-a63-003 Pb(TiZry)Osz (ceramics).Kky; VS. X
[81Kal].
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Fig. 1C-a63-004 Pb(Zg_,Tiy)O3 (ceramics)k vs. T [88Pis]. Parametep.
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Fig. 1C-a63-007 Ph.y(Zros3Tip.49O034x (CEramics).k vs. x
[91Kin]. Parameter: sintering temperature. Influence of
excess or deficiency of PbO content.
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Fig. 1C-a63-009 Pb(TiZr,)O; (ceramics).k , pi, a1, P
vs. X [79Che]. Additive: 2 wt % Zn(MpsBiys3)Os.
pi: pyroelectric coefficient.
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Fig. 1C-a63-010 PZT-5A (ceramics)p vs. T [69Lan]. p:
pyroelectric coefficient. Heavy lines indicate areas of dense
data points.
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vs. T [94Sha]. Parameter: g;: pyroelectric coefficient.
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Fig. 1C-a63-014 PZT-4, PZT-5A, and PZT-8 (ceramics).
KBT,S, Ko, N1, QmecnVS. T [71Ber]. Nyi: frequency constant for
transverse-effect extensional vibration of a lharl kHz for
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Kis.
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Fig. 1C-a63-015 PZT-6A, PZT-6B, and PZT-7A (ceram-
ics). KSTS, Ko» N1, Qmecnvs. T [71Ber]. See the caption of Fig.
1C-a63-014.
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Fig. 1C-a63-016 Pb(ZpssTig49Os (ceramics).k, vs. X,
[82Tak]. Parameter: doped elemeni,: xwt % of doped
impurity. k.: coupling factor of radial mode.
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Fig. 1C-a63-017 Pb(Ti-,Zry)Os (ceramics).k,, E vs. x
[85Abd]. Parameter: additives (Sr and/or Af. Young's
modulus.
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Fig. 1C-a63-019 PZT (ceramics)k, vs. E [86Pat]. E:
poling electric field applied at 12C.
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Fig. 1C-a63-020 PZT-4 (ceramics)K§3, tand, day, dsp, daz vs. Ty, T3 [67Kru, 68Kru].Ty: lateral stressTs: parallel
stress. The stress is repeatedly applied and the results for 4th cycle arexsitdwnl kHz.
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Fig. 1C-a63-021 PZT-8 (ceramics).KJs, ds3 vs. T3
[67Kru]. See the caption of Fig. 1C-a63-020.
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Fig. 1C-a63-022 Pb(Zps5,Ti0.4903 (ceramic bar doped with
2.1 atm % Fe). Variation of physical constants under high
vibration level [93Tak].uy: effective amplitude of vibration
velocity; Akls, AN, Aks, AQ.: change of dielectric
constant, frequency constant, coupling coefficient,
mechanicalQ factor from the respective initial values at
infinitesimal level;AT: temperature rise.
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Fig. 1C-a63-023 Pb(Zp55Tig4903 (ceramics doped with

Nb). pvs. ¥ T [81Dih]. Parameter: void content.
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Fig. 1C-a63-024 Pb(ZpsaTip49Os (ceramics).p vs. X
[83Wul2]. Parameter: doped impurity. x: mol % of impurity.
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