Contents

1 Piezoelectricity and Piezoelectric Properties . ................. 1

1.1 Pyroelectricity . . . . ... oot 1

1.2 Piezoelectricity Discovery. .. .. ... ... 2

1.3 Ferroelectricity Discovery . . ... ........ ... 3

1.4 Piezoelectric Properties. . ... ....... .. .. ... .. .. . ... 4

References . . ... .. . 9

2 Piezoelectric Ceramic Materials . . . ....... ... ... ... ... ..... 11

21 PZT CeramiCs. . . ... ..ottt 13

2.2 Other Ceramic Compositions. . . ... .................... 18
2.3 Example of Crystallographic Symmetry for Mechanically

Textured Ceramics. . . . .. .ot vv ettt 20

References . . . .. ... 26

3 Piezoelectric Ceramic Resonators (Resonance Frequency

and Equivalent Electrical Circuit) . ... .. ... ... ... ... ....... 29
3.1 Introduction . .......... ... ... 29
3.1.1 Basic Assumptions and Approximations . ........... 29
3.1.2  Solution of Free Vibrations. .. .................. 30
3.1.3  Electromechanical Coupling Factor . .............. 32
3.14  Electrical Equivalent Circuit . . ... ............... 35
3.2 Length Extensional Mode (Side Electrodes) . .............. 39
3.2.1  Solution of Free Vibrations. . ................... 39
3.2.2  Parameters of Electrical Equivalent Circuit . . .. ...... 41
3.3  Length Extensional Mode (End Electrodes). . .. ............ 47
3.3.1  Solution of Free Vibrations. . . .................. 47
3.3.2  Parameters of Electrical Equivalent Circuit . . .. ...... 50
3.4  Thickness Shear Mode (Side Electrodes) . ................ 53
3.4.1  Solution of Free Vibrations. . .. ................. 53
3.4.2  Parameters of Electrical Equivalent Circuit . . ........ 55

xi



xii

4

Contents

3.5 Thickness Shear Mode (End Electrodes). . ................ 58
3.5.1 Solution of Free Vibrations. . ................... 58
3.5.2  Parameters of Electrical Equivalent Circuit . . ........ 59
3.6 Thickness Extensional Mode. .. ....................... 61
3.6.1 Solution of Free Vibrations. . . .................. 61
3.6.2  Parameters of Electrical Equivalent Circuit . . ........ 63
3.7 Radial Mode of Circular Plate. . . . ..................... 66
3.7.1  Solution of Free Vibrations. . ................... 66
3.7.2  Parameters of Electrical Equivalent Circuit . . .. ...... 68
3.7.3  Solution Using Planar Material Constants . . .. ....... 70
3.8 Radial Mode of Circular Rod . ........................ 73
3.8.1 Solution of Free Vibrations. .. .................. 73
3.8.2  Parameters of Electrical Equivalent Circuit . . ... ... .. 75
3.9 Contour Extensional Mode of Square Plate. . . . ............ 80
3.9.1 Solution of Free Vibrations. . ................... 80
3.9.2  Parameters of Electrical Equivalent Circuit . . .. ...... 81
3.10 Width Extensional Mode . ........................... 84
3.10.1 Solution of Free Vibrations. .. .................. 84
3.10.2 Parameters of Electrical Equivalent Circuit . . ... ... .. 86
3.11 Width Extensional Mode (Side Electrodes) . . . ............. 88
3.11.1 Solution of Free Vibrations. . . .................. 88
3.11.2 Parameters of Electrical Equivalent Circuit . . ........ 89
3.12 Thickness Extensional Mode (Side Electrodes) . ............ 92
3.12.1 Solution of Free Vibrations. . . .................. 92
3.12.2 Parameters of Electrical Equivalent Circuit . . ........ 93
3.13 Width Extensional Mode (End Electrodes) . ............... 96
3.13.1 Solution of Free Vibrations. .. .................. 96
3.13.2 Parameters of Electrical Equivalent Circuit . .. ....... 98
3.14 Radial Axisymmetric Vibrations of Rings and Tubes . . . ... ... 100
3.14.1 Radial Mode of Thin Rings. . . .. ................ 101
3.14.2 Radial Mode of Axially Polarized Ring . ........... 105
3.14.3 Radial Mode of Radially Polarized Ring. ... ........ 110
3.15 Miscellaneous Vibration Modes. . . . .................... 113
3.16 Approximative Theories for the Solution of Piezoelectric
Resonator Vibrations . .. ............... ... 114
References . . ... ... 117
Applications of Piezoelectric Resonators . . . .................. 119
4.1 Introduction . ........... . ... 119
4.2 Impedance Spectrum Characteristics. . .. ................. 120

4.3  Electromechanical Coupling Factor .. ................... 124



Contents

5

4.4  Material Property Measurement for Piezoelectric Ceramics . . . . .

44.1

442

443

4.4.4

445
4.4.6

4.4.7

Thickness Poled Bar with Electrodes on Major Faces
(kzp-mode) . ... .
Longitudinally Poled Bar with Electrodes

at the Ends (ks3-mode) . .. .....................
Longitudinally Poled Bar or Plate with Electrodes

on Major Faces (kjs-mode) . .. ..................
Thickness Poled Disc — Thickness Extensional

Mode (k;-mode). . . ... ... .. .. ...
Thickness Poled Disc — Radial Mode (k,-mode) . . . ..
Combination of Coefficients Measured at Different
Vibration Modes . . .. ......... ... .. ... .. .....
Poisson’s Ratio Measurement . .. ................

4.5 Measurement Accuracy of the Electromechanical Tensors
for Piezoelectric Ceramics. . . .. ......... ... .. ........

4.5.1
452
453
454
4.5.5

Bar, ks;-mode . . . ...
Bar, ksz-mode . . . ... ...
Disc, k,-mode . . .. ... ...
Disc, k;.mode . . ... ..
Plate or Bar, kjs-mode . . .. ......... .. ... . ... ..

4.6  Temperature Stability of Resonance Frequency for Ceramic
Resonators . . ........ .. .. ...

References . .

Piezoelectric Transformers. . ... ..........................
5.1  Piezoelectric Transformer Design. . ... ..................
5.2 Piezoelectric Transformer Modeling . . . ..................

5.2.1
522

523

524
525

5.2.6
5.2.7
5.2.8

References . .

Bar Rosen type Transformer (k3; — k33 Mode). . . ... ..
Bar 2-Segment or 3-Segment Electrode Transformer

(k31 — k31 Mode) ............................
Bar 2-Segment Electrode Transformer with

Longitudinal Poling (k33 — k33 Mode). . . ...........
Disc Ring-Dot Transformer (k, — k, Mode). . ... ... ..
Disc Ring-Dot Transformer Made from Two Different
Materials (k, —k, Mode) . .....................
Disc Rosen type Transformer (k, — k33 Mode). . . ... ..
Ring Rosen type Transformer (k, — k33 Mode) .. ... ..
Double Ring Electrode Ring Transformer

(ky —k,Mode) ............... ... ... . ... ..

148



Xiv Contents

Appendix A — Material Tensors. . . . .......... ... ... ... ...... 207
Appendix B — Solution in Cartesian Coordinates . . .............. 231
Appendix C — Solution in Cylindrical Coordinates . . . ............ 235

Appendix D — Piezoelectric Resonators. . . ... .................. 243



2 Springer
http://www.springer.com/978-3-319-42480-4

Piezoelectric Ceramic Resonators

Erhart, J.; Pllpan, P.; Pustka, M,

2017, X, 251 p. 111 illus,, 43 illus, in color.,
Hardcover

ISBEMN: 978-3-319-42480-4



	Contents



