Parameters Table of Piezoelectric Ceramic

Material Units PZT-4 PZT-8A PZT-8B PZT-5A PZT-5H PZT-5X
Model No. KPC606H2 KPC803W KPC606HS KPCF6 KPC303S5A1 KPC303S18A
Designation Hard PZT Hard PZT Hard PZT Soft PZT Soft PZT Soft PZT
Curie Temperature Tc C 300 320 305 300 200 175
Mechanical Properties
Density g/cm’ 7.69 7.70 7.69 7.71 7.80 7.72
Poisson’s ratio - 0.377 0.374 0.373 0.388 0.364 0.371
Young modulus YEi X 10'"N/m? 8.5 9.0 9.1 6.2 6.6 6.7
YE33 X 10" N/m? 6.6 7.7 7.1 5.3 4.2 4.3
Electrical Properties
Dielectric Constant e Ty - 1280 937 850 2500 4015 5352
Dielectric Loss tand - 0.40 0.85 0.45 1.60 2.05 1.32
Piezoelectric Properties
Coupling Factors Ky - 0.69 0.56 0.58 0.83 0.81 0.77
Kss - 0.77 0.72 0.71 0.93 0.81 0.82
Ksi = 0.38 0.31 0.32 0.45 0.45 0.44
Piezoelectric charge Constants ds3 pC/N 322 237 233 600 751 854
dsi pC/N -140 -95 -93 271 -336 -367
Piezoelectric Voltage constants 233 X103 Vm/N 28.4 28.5 30.9 28.1 20.4 18.4
231 X103Vm/N -12.4 -11.4 -12.4 -12.4 -9.1 -7.8
Frequency Constants Nt Hz/m 2010 2092 2090 2100 2200 2210
Ny Hz/m 2181 2342 2311 1923 1942 1968
N3y Hz/m 1560 1711 1670 1421 1457 1472
Mechancial Quality Factor Qm - 1512 1450 1820 62 46 59

Typical Values measured at 20°C £1°C are provided for design information only. Standard tolerances are approximately £20% of these values.

Material properties are measured according to standard IEEE and DOD definitions and measuring techniques.




Typical Values of Piezoeletric Ceramics

Customer No. PZTSH PZTSA PZT4
Audiowell No. AW4 AWS AWI16
Property Symbol Unit AW4 AWS AW16
Coupling Factor Kp 0.64 0.67 0.64
Charge Constant ds; x10"12C/N 550 500 360
Voltage Constant 233 x10-3VM/N 18.0 26.0 25.0
Relative Permittivity — [€T33 3290 2100 1700
Dielectric Loss tgd % 0.30 2.00 0.50
Frequency Constant p i 2050 - —=
Nt Hz.m 2000 2150 2080
Mechanical Qm Qm 60 65 500
Density P *10°Kg/m’ 7.7 7.7 7.7
Curie Temperature Tc C >300 >300 >300




DPZ Series Property Chart

Catagory LQ HQ MQ2 HQ3 HQ-SL4 LQ-S2 LQ-S1
Group Standard Low Cost LTS High Dielectric Constant

No| romerd °C 1,200 1,200 1,200 1,200 950 1,250 1,250
1 e, = 1,350 1,250 1,150 1,150 1,400 3,250 4,200
2 Kp % 68 63 60 60 60 69 72
3 K31 % 41 36 36 36 34 40 42
4 K33 % 75 73 73 73 70 76 75
5 S11E 10"° m?/N 11 10 11 10 12 17 17
6 S33E 107"° m?/IN 17 15 15 15 15 22 20
7 -d31 10" m/V 150 110 120 110 130 260 340
8 d33 10"? m/V 340 270 290 270 300 570 660
9 -g31 10° Vm/N 12 12 12 12 10 10 9
10 933 10° Vm/IN 28 28 28 28 23 21 17
11 o - 0.33 0.31 0.31 0.31 0.32 0.34 0.33
12 Qm - 70 1,800 1,400 1,800 1,800 70 70
13 tand % 2.0 0.5 0.4 0.5 0.5 1.9 2.0
14 Tc °C 320 320 320 320 300 220 210
15 0 alem?® 7.9 7.9 7.9 7.9 7.9 76 7.9
Application

Autuator O O O

Piezoelectric Transformer O O O O

Ultrasonic @) O O O




Material Specification Sheet

BiT | PT | BT | Lead Metaniobate Hard PZT Soft PZT
Dielectric Properties DL-10| DL-20| DL-21| DL-31 | DL-32 | DL-33 | DL-40|DL-41|DL-42| DL-43|DL-43HD| DL-44 | DL-45 |DL-45HD| DL-46 | DL-47| DL-48 [ DL-50 [DL-50HD| DL-51 | DL-52 |DL-52HD| DL-53 [DL-53HD| DL-54HD [DL-60HD| DL-61HD

Relative Dielectric Constant(Free) €33 (1KHz) 128 | 205 | 1150 | 300 | 750 | 175 | 350 | 520 | 750 | 1050 | 1250 | 1200 | 1350 | 1550 | 1450 | 1650 | 2650 | 1800 [ 1950 | 2250 | 2750 | 3230 | 3350 [ 3850 | 4600 | 5500 | 6600

Relative Dielectric Constant(Clamp) €35 (1KHz) 121 | 155 | 875 | 265 | 585 | 140 | 210 | 300 | 430 | 550 | 615 | 630 | 680 | 740 | 675 | 870 | 1550 | 850 | 890 | 980 | 1150 | 1265 | 1360 [ 1390 | 1710 | 1900 | 2520

Relative Dielectric Constant(Free) in Shear Mode |e4," (1KHz) 140 | 240 | 1250 | 320 | 620 | 265 | 480 | 750 | 1050 | 1280 | 1510 | 1460 | 1470 | 1670 | 1530 | 1700 | 2530 | 1680 [ 1780 | 2330 | 2840 | 3360 | 3170 [ 3550 | 3680 | 4600 | 6020

Relative Dielectric Constant(Clamp) in Shear Mode  |g4,° (1KHz2) 138 | 215 | 960 | 305 | 550 | 245 | 290 | 390 | 590 | 770 | 852 | 780 | 750 | 875 | 735 | 960 | 1430 [ 900 | 950 | 1155|1370 | 1470 | 1435 | 1550 | 1660 | 2010 | 2810

Dielectric Loss Factor tgd (low field) 0.01 | 0.012| 0.01 | 0.015 | 0.015 | 0.02 |0.003|0.003|0.004|0.004| 0.004 [ 0.005| 0.008 | 0.005 |0.008 |0.005|0.005|0.015| 0.015 |0.017| 0.02 | 002 | 0.02 [ 0.02 002 | 0025 | 0025

Physical Properties

Density p (glem®) 71| 76 | 56| 61 5.7 46 | 77| 77| 77| 76 7.9 76 | 76 7.8 76 | 78| 77 | 77 7.9 77| 77 7.9 7.6 7.9 7.9 8.2 8.2

Curie Temperature T.(°C) 650 | 380 | 120 | 480 | 320 | 280 | 330 | 320 | 340 | 320 | 325 | 330 | 325 | 310 | 330 | 285 | 215 | 360 | 365 | 290 | 260 | 270 | 225 | 230 205 170 150

Sound Velocity V (m/s) 3850 | 4245 | 4665 | 2880 | 2910 | 5610 | 3600 | 3570 | 3420 | 3370 | 3360 | 3140 | 3180 [ 3150 | 2960 | 3360 | 3460 | 2840 | 2860 | 2890 | 2940 | 2965 | 2830 | 2890 | 2890 | 2790 | 2770

Acoustic Impedance Z, (Mrayl) 27 | 32 | 26 18 17 26 28 | 27 | 26 | 26 27 24 | 24 24 22 | 26 | 26 | 22 23 22 | 23 23 21 23 23 23 23

Piezoelectric Properties

K, 0.05| 005 | 029 | 008 | 029 | 0.09 | 045|051 | 051|056 | 058 | 056 | 058 | 06 | 061 |056| 051|062 | 063 | 064]|066| 068 | 068 | 071 0.7 0.72 0.7
K3 0.23 | 052|047 | 036 | 045 | 048 | 0.65| 067 | 065|067 | 069 | 067 | 0.68 | 068 | 074|069 064 | 07 | 071 | 073|071 | 074 | 072 | 074 0.74 0.74 0.73
Kq 0.22| 051|041 | 035 | 038 | 043 | 049 | 048 | 048 | 048 | 051 | 048 | 049 | 051 | 051 | 048 | 046 | 048 | 049 | 051|051 | 052 | 049 [ 052 0.52 0.53 0.5
K3 0.03| 003 | 018 | 005 | 018 | 0.06 | 027 | 03 | 03 | 033 | 034 [ 033|034 | 035 |035[033| 03 [ 036 | 037 [038]039]| 04 04 | 042 0.41 0.43 0.42
Kis 0.09| 032|048 | 023 | 034 | 0.26 | 0.63 | 069|066 | 063 | 066 | 068 | 07 | 069 | 0.72|0.66| 066 | 068 | 068 | 071|072 075 | 074 | 075 0.74 0.75 0.73
N, (Hz-m) 2480 | 2750 | 3110 | 1880 | 1910 | 3620 | 2450 | 2450 | 2350 | 2320 | 2310 | 2160 | 2200 [ 2180 | 2080 | 2310 | 2380 | 1970 | 1970 | 1980 | 2010 | 2040 | 1950 | 1980 | 1990 | 1900 | 1880
N33 (Hz-m) 2010 | 2200 | 2310 | 1380 | 1380 | 1730 | 1720 | 1680 | 1530 | 1710 | 1730 | 1580 | 1710 | 1680 | 1480 | 1730| 1820 | 1520 | 1560 | 1410 | 1460 | 1490 | 1430 | 1460 | 1460 | 1370 | 1350
N, (Hz-m) 2050 | 2210 | 2810 | 1490 | 1610 | 2840 | 2120 | 2150 | 2150 | 2090 | 2110 | 2130 | 2050 [ 2060 | 2000 | 2130 | 2160 | 2010 | 2030 | 2000 | 2030 | 2100 | 1980 | 1910 | 2010 | 2040 | 1990
N5 (Hz-m) 1270 | 1420 | 1620 | 940 | 960 | 1750 | 1120 [ 1150 [ 1120 | 1380 | 1410 | 1290 | 1250 | 1200 | 1230|1250 | 1650 | 1100 | 1050 | 950 | 1020 | 1040 | 1020 | 1080 | 1070 980 930
N (Hz-m) 1450 1070 | 1050 | 1080 | 1120 | 1130 | 1060 | 1050 | 1030 | 1020|1080 | 1330 | 910 | 900 | 880 | 930 | 950 | 910 | 940 950 950 910
N3; (Hz-m) 1940 | 2180 | 2280 | 1295 | 1410 | 2450 | 1750 | 1750 | 1620 | 1550 | 1580 | 1590 | 1620 | 1620 | 1375|1650 | 1640 | 1350 | 1320 | 1430 | 1380 | 1430 | 1330 | 1260 | 1310 | 1400 | 1320
dy3 (10™2CIN) 21 | 72 | 140 | 90 185 62 | 145 | 170 | 220 | 245 | 285 | 290 | 310 | 360 | 430 | 320 | 365 | 400 | 430 | 460 | 520 | 580 | 610 | 680 730 750 810
dy; (10°'2CIN) 32| -37| 51| -114| 667 | 59 | 48 | -65 | -81 | -105 | -120 | -125 | -131 | -150 | -153 | -135| -150 | -180 | -191 | -210 | -235 | -255 | -275 | -300 -320 -365 -400
dqs (10™2CIN) 8 | 65 [ 235| 48 165 65 | 270 | 310 | 290 | 390 | 430 | 450 | 485 | 520 | 520 | 460 | 475 | 590 | 590 | 685 | 680 | 830 | 760 | 810 805 830 850
d,, (10"%CIN) 146 | 646 | 38 | 672 | 51.6 | 502 | 49 | 40 | 58 | 35 45 40 | 48 60 124 | 50 | 65 | 40 48 40 | 50 70 60 80 90 20 10
33 (10°VmIN) 185| 40 | 137 339 | 279 | 40 47 | 37 | 331 26 26 273 | 26 26 | 335|219 156 | 25 25 | 231| 21 | 203 | 206 | 199 17.9 15.4 139
g1 (10°Vm/N) 28| 2 | -5 | -43 | -101| 38 | -15 | -14 |-122| -11 A1 | -118| 11 -1 |-119| 92| -64 |-11.3| -11.1 |-105| -96 | -89 | -93 | -88 7.9 75 6.8
g15 (10°VmIN) 6.4 | 306|212 169 | 301 | 27.7 | 63 | 465|312 34 32 348 | 37 35 | 384|306 21.2 | 40 37 | 332 27 | 279 27 25.8 24.7 204 15.9
gn (10°VmIN) 129 36 | 37 | 253 | 7.7 | 324 | 17| 9 | 87| 4 4 3.7 4 4 97 | 35| 28 | 24 2.8 21 | 18 2.5 2 2.3 2.1 0.4 0.3
&3 (C/m?) 01|-33|-07| 09| -05 | -25|-01|-17|-07|-42| 46 | -31| 42| -49 |-05|-49| 53| 48| -55 | 59| -82| -84 | 93| -12 <116 | -138 | -158
e33(C/m?) 28 | 85 [ 157 | 43 6.8 7.1 9 |109|123| 14 | 151 | 143 | 149 | 141 | 162 |185| 226 | 157 | 164 | 182 | 17.4| 209 | 17.7 | 182 214 24 253
e45(C/m?) 13 | 34 | 108]| 31 38 25 | 62 |102| 139|117 | 133 | 135 | 131 | 135 | 135|143| 204 | 118 [ 124 | 151 | 19 199 | 198 | 219 217 274 331
hy (10° Vim) 02 |-283[-09| -4 11 | 226 | 21| 65| -17| -89 | -89 | 49 | -6.9 -7 02| 58| -4 | 62| 59 | 65|-73| 66 | -68| -88 6.8 74 6.3
hs3 (10° Vim) 264 | 711 195| 188 | 13 | 622 | 525|436 | 316|279 | 266 | 243 | 236 | 188 | 28 |246| 168 | 195 | 196 | 206 | 144 | 166 | 131 | 124 121 11.2 10.1
hys (10° Vim) 102 | 174 | 127 | 115 | 7.8 | 111 | 239|293 | 265| 167 | 179 | 191 | 196 | 175 | 207 | 168| 163 | 148 | 144 | 149 | 157 | 157 | 159 16 15.1 155 133

Mechanical Quality Factor in Planar Mode Qm 550 1500 | 1300 | 1200 [ 2000 | 1000 | 800 | 500 | 1000 | 350 | 1800 | 1500 [ 85 90 80 | 80 85 75 65 60 70 65

Mechanical Quality Factor in Thickness Mode ~ |Qm (varies with f) | 3500 | 650 | 350 | 14 15 650 | 420 | 350 | 350 | 300 | 300 | 250 | 250 | 350 | 150 | 650 [ 800 | 30 35 30 | 30 30 25 20 20 15 10

Elastic Properties

S53" (102 m?IN) 74 | 106 | 87 | 235 | 255 | 108 | 16 | 14 [173| 143 | 154 | 176 | 174 | 204 | 263|147 | 138 | 205 | 212 | 199 | 22 | 215 | 242 | 248 239 211 211
S11E(10"m?N) 95 | 73| 82| 197 [ 207 | 69 | 10 |102]111|115| 112 | 133 | 129 | 131 | 15 |114| 109 | 161 | 154 | 155| 15 144 | 164 | 151 15.1 15.6 15.7
S12° (102 m?IN) 19| -15 | 21| 43 | -48 | -14 | -29|-31| 34| 35| 35 | 41| 41| -42 | -51|-35|-34 | 52| -48 | -47|-45| -45 | 51| -45 -4.7 45 -4.4
Si5° (10"m?IN) 12| -27| -3 | 59 | 84 | 28 | 53|-48| 62| -5 55 | 69| 64| 76 |-93|-53| 48| 82| -84 |-79| 87| -85 | 95| -94 9.2 8.8 8.7
Sss- (10"2m?/N) 64 | 194 | 217 | 154 | 429 | 266 | 432|304 | 208|338 | 318 | 339 | 369 | 384 |385|323| 231 | 506 | 478 | 451 | 355| 412 | 376 | 37.1 36.3 30.1 25.4
See- (10°2m?IN) 228 | 176 | 206 | 48 51 | 166 | 258|266 29 | 30 | 294 | 348 | 34 | 346 | 402 |298| 286 | 426 | 404 | 404 | 39 | 378 | 43 | 392 39.6 40.2 40.2
Ss3° (107°m?IN) 7 | 77| 68| 24 | 203 | 83 | 92| 77| 10| 79 8.1 97 | 93 11 [119| 77 | 81 [105| 105 | 93 [109| 97 | 116 112 10.8 95 9.8
S41° (10"?m?N) 95 | 73 | 79 | 196 | 20 69 | 93| 93 |101]102| 99 | 118|114 | 115 |132[102]| 99 | 14 133 [ 133|127 | 121 | 138 | 124 125 127 129
S12° (107°m?N) 19| -15 | 24| 43 | 55 | 14 | 36| 4 |-44|-48| 48 | 55| 56| 58 | -69|-47|-44| 73| 69 | 69| -68| 68 | -7.7| -72 7.2 7.4 7.2
S45° (10"?m?IN) 11| -26|-23| 55 | 65 | 26 | 31| -24|-35| 22| 24 | 35| -3 37 | -42|-24| 25| 37| 37 | -31| 37| -33 | 39| -34 35 32 32
Sss” (107°m?/N) 6.3 | 174 [ 167 | 146 | 379 | 248 | 26 | 159 | 117|204 | 179 | 182 | 188 | 201 | 185|182 | 13 | 27.2 | 257 | 224 | 171 18 17 16.2 16.4 132 11.9
See” (10"?m?IN) 228 | 176 | 206 | 478 | 51 | 166 | 258 | 266 | 29 | 30 | 294 | 346 | 34 | 346 | 402 (298| 286 | 426 | 404 | 404 | 39 | 378 | 43 | 392 39.4 40.2 40.2
C33"(10"°N/m?) 142 | 124 | 174 | 53 6 126 | 124 [ 133|137 | 124 | 133 | 138 | 124 | 135 |113|132| 131 | 122 | 127 | 12 | 132 | 145 | 121 | 123 13.1 14 13
C115(10"°N/m?) 113 | 17 [ 172 61 68 | 184 | 178|169 |188| 144 | 166 | 161 | 152 | 183 | 175|156| 155 | 139 | 152 | 135| 164 | 184 | 153 | 169 17.6 15.8 14.6
€15 (10"°N/im?) 25| 56 | 75| 19 2.9 63 | 101| 93 |119| 7.8 98 | 103 ] 93 | 126 |126| 89| 85 | 92 | 1202 | 86 | 112 | 131 | 107 | 118 125 10.8 9.6
C13" (10"°N/m?) 22 | 58 | 85 2 3.2 64 | 92| 9 | 11| 78 95 | 103 | 9 115 | 106 | 88 | 84 | 9.2 10 88 | 109 | 124 | 102 | 109 11.6 111 10
Css™ (10"°N/m?) 156 | 52 | 46 | 65 2.3 38 | 23| 33| 48| 3 3.1 3 2.7 2.6 26 | 31| 43 2 2.1 22 | 28 2.4 2.6 2.7 2.7 33 3.9
Ces” (10"°N/m?) 44 | 57 | 48| 21 2 6 39 | 37 | 34| 33 3.4 29 | 29 2.9 25 | 34| 35 | 23 2.5 25 | 2.6 2.6 2.3 2.5 2.5 2.5 2.5
C33° (10°N/m?) 149 | 186 [ 205 | 6.1 69 | 171 [171| 18 | 175|164 | 171 | 172 | 161 | 161 | 159|178 172 | 156 | 161 | 159 | 16 179 | 151 | 148 162 17.7 16.1
C11° (10"°N/m?) 113 | 18 [ 175]| 6.1 68 | 189 | 17.7| 169|188 | 153 | 17 16.1 | 159 | 185 | 175|158 | 161 | 146 | 156 | 14 | 173 | 19 16.7 | 185 19 18.4 16.3
C;,° (10"°N/m?) 25| 67 | 78 2 2.9 69 | 10 [ 94 |119| 86 | 1202 | 103 | 10 | 127 |125| 91| 91 | 99 | 1207 | 91 | 122 | 137 | 121 | 134 139 134 114
C15° (10"°N/m?) 22| 83 | 86| 22 3.1 81 | 93 | 82 |108]| 67 8.1 96 | 83 | 105 |106| 7.8 | 7.8 | 86 9.3 7.7 | 10 111 | 97 9.7 10.7 10.7 9
Css” (10°N/m?) 159| 58 | 6 6.8 2.6 4 38 | 63 [ 85| 49 5.6 55 | 53 5 54 | 85| 7.7 | 37 39 45 | 58 5.6 5.9 6.2 6.1 76 8.4
Ces” (10"°N/m?) 44 | 57 | 48| 21 2 6 39 | 37 | 34| 33 3.4 29 | 29 2.9 25 | 34| 35| 23 2.5 25 | 25 2.6 2.3 2.6 2.5 2.5 2.5
Y™ (10"°N/m?) 135| 94 [ 115| 43 3.9 93 | 62| 71|58 7 6.5 57 | 57 4.9 38 | 68| 7.2 | 49 47 5 | 45 4.6 4.1 4 4.2 4.7 47
Y14 (10'°N/m?) 105| 138 [ 122| 5 48 | 145 | 10 | 98| 9 | 87 8.9 75 | 17 7.6 67 | 87| 92 | 62 6.5 65 | 6.6 6.9 6.1 6.6 6.6 6.4 6.3
Y35° (10°N/m?) 143 | 13 [ 147 49 49 | 121 | 109 | 13 | 10 | 126 | 123 | 103 | 108 | 91 | 84 | 13 | 123 | 95 95 |107] 92 | 103 | 86 8.9 9.2 10.5 10.2
Y14 (10"°N/m?) 105 | 137 | 126 | 51 5 145 [ 108 107 99 | 98 | 101 | 85 | 88 8.7 76 | 98 | 101 | 7.1 7.5 75 | 7.9 8.3 7.2 8.1 8 7.9 7.7

Poisson's Ratio o 02| 02 [026| 022 | 023 | 02 | 029031031031 031 | 031 |032]| 032 |034{031|031]|032]| 031 | 03| 03| 031 |031]| 03 0.31 0.29 0.28

Time Stability
€' (% Per Decade)| -0.5 | -08 | -15 | -1 17 1 | 26| -29|-28|-31| 34 | 31| 32| -25 | -26|-28| -25|-08| -13 | -16 | -19 | -19 2 2.2 24 238 2.8
K, (% Per Decade) 18 1|12 -a1f 12| 13 | 11| 15| 11 1|13 -12|-01| -04 [-05[-05]| 06 |-06| -05 0.5 0.6 0.6
K;(% Per Decade) | -0.2 | -0.3 0.2 0.3 0.4
N, (% Per Decade) 0.4 06 | 07 | 06 | 06 0.8 06 | 07 06 | 05 ] 06| 07 | 01 0.2 04 | 04 0.4 0.5 0.4 0.4 05 05
N; (% Per Decade) 01| 02 0.3 0.3 0.3
Temperature Stability
Relative Dielectric Constant(-20 to 125°C) E”T (/°c) 1 1.8 1.6 1.8 2.2 4 5 6 7 7 6 5 7 7 8 5 45 8
Relative Dielectric Constant(-20 to 85°C) €' (/°C) 3.1 9 9 10 12 14 18 21 25

Note: Electric Data Tested At Room Temperature 24 Hours After Poled.
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