PZT Materials

Complete Properties

Property Symbol  Units Hard Material Type
K1000 NCE81* K1100 K1300 NCE40* NCE41* K1450
Dielectric Constant (1 kHz) K3 1000 1030 1100 1300 1250 1350 1450
Fl'ek';;;r'c Loss Factor tanse <0.004 0.0017 <0.004 <0.005 0.0025 0.004 <0.012
Dielectric Loss Factor (at
0.4kV/mm) tande 0.006 0.011 0.02
Dielectric Constant =
(2 kHa) K™ 1250
Clamped Dielectric K5 445 550 600
Constant
Density o kg/m? 7550 7750 7550 7550 7700 7930 7550
Curie Point T °C 325 300 325 325 318 318 320
Mechanical Quality Factor Qm 1000 1300 550 500 700 1400 350
Ko 0.56 0.56 0.57 0.58 0.58 0.57 0.57
k33 0.64 0.69 0.66 0.7 0.68 0.68
Coupling Coefficients ka1 0.33 0.31 0.33 0.32 0.35 0.33 0.32
ke 0.52 0.47 0.52 0.51 0.48 0.5
ks 0.58 0.65
-12
Piezoelectric Charge dat CO“'/(':):) 10 -110 98 -120 -125 133 -130 -130
d3s m/V x 1012 230 255 250 300 304 310 350
Displacement Coefficient
dis 500
Piezoelectric Voltage g 14 108 123 109 12 -10.9 -10.1
Coefficient
g3 V-m/Nx 102 26 28 25.7 26.1 27.5 25.9 30.4
Voltage Coefficient
815 45.2
N, 2270 2300 2180 2200 2170 2280 2080
Ner 2067 2130 2024 2100 2070 2000
Frequency Constants Nia Hz-m 2361 2310 2375
Nss 1550 1520 1500
Na: 1630 1620 1570
Ny 1065 1050 1040 1000
Poisson’s Ratio Y 0.32 0.32 0.34
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C(S

PZT Materials

Complete Properties

Property Symbol  Units Hard Material Type
K1000 NCES1* K1100 K1300 NCE40* NCE41* K1450
SEip 12 11.1 12.1 11.1 12.4 125 125
SEa 14.6 15 14.7 16 14.6 16
Elastic Constants Short .
Circuit SEry U 3.9 43 ] 3.8 34 4.1
SEis 5.2 5.4 5.3 45 5.4 5.7
SEss 345 50.4 34.5 39.5
Sfes 31.8 30.8 30.2 29.8 315 33.2
Py 10.5 10 10.7 10 10.9 11.1 11.2
E'Ifz'lct Constants Open 33 x 102m/N 9.5 7.9 8.2 8.2 7.8 8.6
SPss 23.1 29.1 23.1 20.8
Elastic Constants Short Yo - 2 8.3 9.0 8.3 9 8.1 8.0 8
Circuit YEs3 o 6.8 6.7 6.8 6.3 6.8 6.3
e e ey Yoy x 101°N/m? 9.5 10 9.3 10 9.2 9.0 8.9
Circuit Y03 10.5 12.7 12.3 12.2 12.7 116

* For requests for wafer forms thinner than 0.40 mm, please contact us on piezosales@ctscorp.com.

Data represent typical material values. Actual production values may vary £10% for dielectric properties and +5% for electromechanical and physical

properties.
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PZT Materials

Complete Properties

Property Symbol Units Soft Material Type

3195STD 3195HD NCE51* 3222HD NCE56* 3203STD 3221HD 3203HD 3241HD NCE55* 3257HD 3265HD

(Dl'i':Sr'c Constant r 1800 1900 1900 2650 2900 3250 3450 3800 4100 5000 5700 6500
(Dl'i's;”c Loss Facton tand <0.02 <002 0015 <002 0014 <002 <002 <002 <0.02 0022 <003 <003
Dielectric Constant
e KTy 1500 1600 2948 2800 3550 3200 3420 5900 5400
SRl lelEEes S 875 900 800 775 1000 1200 1300 2050 2100
Constant
Density o kg/m? 7700 7950 7850 7900 7650 7700 7870 7870 7880 7920 8220 8220
Curie Point T. oC 350 350 360 270 242 225 242 225 223 160 155  »135
Mechanical Quality 80 80 80 80 75 50 50 50 50 70 75 75
Factor
Coercive Field
kv . . .
(Measured <1 Ha) Ec Jem 149 12 106 8.8 8 9
Remanent P, uCoul/cm? | 39.2 39 372 385 39 385
Polarization
ks 063 068 065 072 0.64 069 074  0.75 0.65 0.7 0.66
Kss 0.7 072 074 074 0.74 0.7 078 078 077 0.72 076  0.73
Coupling Coefficients ka1 0.35 0.4 039 045 0.38 041 046 043 044 037 0.41 0.4
ke 049 049 0.5 0.53 0.5 056 054 055  0.55 0.5 0.5 0.49
Kas 056 061 0.77 072 078 078 075 065  0.68
L e gy COUNXT g6 100 208 -270 250 270 -300  -320  -325  -320  -360  -370
Charge 1012 (or)
I T dis m/Vx10%2| 350 390 443 485 580 530 600 650 640 694 730 750
Coefficient
dis 360 460 850 790 1000 1000 880 850 900
Piezoelectric
Y - gu 11 113 124 115 97 94 98 95 89 72 71 64
g VM/NXI10%| 949 232 26.3 21.3 226 18.4 19.7 19 17.6 15.7 14.5 13
Voltage Coefficient
gis 271 324 32.6 319 318 353 291 163 188
N 2020 1925 1910 1950 1920 1830 1970 1940 2020
Nir 2025 2110 2000 2050 2020 1870 2020 2000 2000 1990 2090 2095
Frequency Constants  Ni Hz:m 2250 2360 2350 2220 2340 2350 2340 2350 2340
N33 1590 1550
Na1 1420 1440 1420 1400 1430 1440
Poisson’s Ratio u 032 034 0.31 031 031 032 032
S 156 151 17 1538 178 16.7 16 166 156 17 147 145
S 186 186 213 188 239 197 198 21 192 21 181 18
Elastic Constants S 53 48 48 5 52 56 42 42 47 6 47 47
o x 102m2/N
Short Circuit SEi3 6.8 76 89 77 9.9 76 72 82 77 75 73 72
SEss 37 40 49.0 47 48.9 48.5 54 524 459 36.2 381 414
SFes 416 398 434 46.1 46
Py, 137 127 144 126 15.2 139 126 135 125 147 122 122
Flastic Constants SPy; x102mYN | 9.4 9 96 85 10.8 10 78 8.2 7.8 101 76 8.4
Open Circuit
SPss 254 251 229 191 22.9 234 211 205 201 16.4 22 223
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Ccs PZT Materials
Complete Properties

Property  Symbol  Units Soft Material Type

3195STD 3195HD NCE51* 3222HD NCES6*  3203STD 3221HD 3203HD 3241HD NCES5*  3257HD 3265HD

Elastic Constants YEip o 6.4 6.6 59 6.4 5.6 59 6.2 6 6.4 5.9 6.8 6.9
Short Circuit YE3s 5.4 5.4 4.7 5.3 4.2 5.1 5.1 4.8 5.2 4.8 5.5 5.6
Elastic Constants You x 1010N/m? 3 I 0 I o0 2 e 0 : - = =
Open Circuit YP33 10.6 11.1 104 11.7 9.2 10 12.8 13.2 12.8 9.9 13.2 11.9
Thermal Expansion
(Perpendicular a ppm/°C 3 3.5
to poling)

- J/kg-°C 440 420
Specific Heat G J/mol-eC 145 138

W/cm-eC 1.9-2.3 19-2.3

Thermal Conductivity V\///C:-QK 12 1.2
Thermal Conductivity W/m-2K 1.45 1.45

with Au Electrodes

* For requests for wafer forms thinner than 0.40 mm, please contact us on piezosales@ctscorp.com.

Data represent typical material values. Actual production values may vary +10% for dielectric properties and +5% for electromechanical and physical
properties.
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Single Crystal Piezoelectric Materials

Property Symbol Units Material Type
PMN-28% PT Type A PMN-32% PT Type B PIN24%-PMN-PT PIN33%-PMN-PT
Density r kg/m? 8100 8100 8122 8141
Phase Transition Trt °C 90-100 80-90 100-115 115-135
Curie Temperature Tc °C 120-130 130-140 140-170 160-200
Coercive Field Ec kV/em 25 25 45-6 55-7
dys 135 192 122 147
d,, pC/N -568 -760 -646 -651
dy; 1190 1620 1285 1338
e, 8.69 8.69 8.52 948
e, C/m? -13.12 -15.99 -9.11 -4.81
Piezoelectric Constants & 2Lz a2 1700 o3
95 9.53 13.39 7.98 9.97
9y x103Vm/N -11.67 -12.29 -15.36 -16.23
9y, 2445 26.15 30.55 33.36
hys 6.69 9.59 5.97 7.10
hy, x108V/m -16.55 -25.81 -11.86 -6.00
h,, 2741 3134 22.92 24.10
e, 1467 1368 1611 1509
€, 895 700 868 905
e, e 1600 1620 1728 1666
e 5500 7000 4753 4532
Dielectric Constants
e, 6.82 7.31 6.21 6.63
[ 1117 14.29 11.52 11.05
x10*/(g,)
R, 6.25 6.17 5.79 6.00
BT, 1.82 143 2.10 221
Kys 28% 39% 26% 31%
_ _ Ky, 43% 44% 46% 47%
Electromechanical Coupling Constants
Ky 90% 93% 89% 89%
k, 60% 62% 50% 54%
CE, 11.58 11.21 1243 11.57
ct, 10.23 10.16 10.90 10.03
Ct, 9.31 9.04 11.02 10.15
CE,, 10.71 9.68 1245 11.32
CE,, 6.44 6.05 6.98 6.45
Ches 6.01 5.51 6.21 544
Elastic Stiffness Constants 10%° N/m?
cP, 1375 15.34 13.51 11.86
CcP, 1240 14.29 11.98 10.32
CP, 571 4.03 8.93 8.99
(oo 16.66 15.77 16.49 15.97
ce,, 7.02 7.16 749 7.12
CP 6.01 5.51 6.21 544
S 45.86 58.85 45.76 4718
St -28.11 -36.58 -19.60 -17.75
S -1543 -20.80 -23.16 -26.39
St 36.15 49.18 49.04 56.15
SE. 15.53 16.53 14.33 15.50
Sfee 16.64 18.15 16.10 18.38
Elastic Compliance Constants 10-2m?/N
SPL 39.23 49.53 35.84 36.62
sP, -34.73 -45.90 -29.52 -28.32
SP -154 -0.93 -343 -4.67
SP 7.06 6.82 9.78 11.52
S0, 14.24 13.96 13.35 14.04
sP 16.64 18.15 16.10 18.38

All properties listed are for <001> poling.
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