Contents

1 Introduction. ........... . ... . . .. . e
1.1 Needs in Tuneable Resonators . . ... ..................
1.2 Thin-Film Acoustic Wave Resonators. ... ..............

1.2.1 Vibrational Modes . .. .......................
1.2.2 Tuneable FBARs .. .........................
1.3 State-of-the-Art ... ....... ... .. . ...
References . .. ... ... .. . . . . . . ...

2 Dielectric, Mechanical, and Electromechanical Properties of

Ferroelectrics and Piezoelectrics . . .. ... ..................
2.1 Dielectric Response . .......... .. .. .. .. ...
2.1.1 General........ ... . ... ..
2.1.2 Nonlinear Dielectrics and Ferroelectrics .. ... ......
2.2 Elastic Properties . . .. ... .
2.3 Electromechanical Phenomena . ... ...................
2.3.1 Linear Piezoelectrics. . . ... ...................

2.3.2 Ferroelectrics. . .. ....... ...
2.3.3 Modification of Elastic and Piezoelectric Properties
of Ferroelectrics Under Bias Electric Field
and Higher Order Electromechanical Effects . . ... ...
2.4 Dissipation Effects . .. ....... .. ... . .
2.4.1 Dielectric Losses . .. ............ ...
2.4.2 Mechanical and Piezoelectric Losses .............
2.4.3 Mechanisms of Energy Dissipation. . . ............
References ... ... ... ... . .

3 Modelsof FBARs. .. ... ... ... . ... . ...
3.1  Electroacoustic Models . . . .......... ... ... ... ......
3.1.1 BasicEquations............... ... ... ... ....

3.1.2  Acoustic Wave Equation in Piezoelectrics. . .. ... ...

W O 00 O\ N = =

—_

17
17
17
21
30
31
32
34

37
39
40
42
45
53

55
55
55
56

xi


http://dx.doi.org/10.1007/978-1-4471-4944-6_1
http://dx.doi.org/10.1007/978-1-4471-4944-6_1
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_1#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_2
http://dx.doi.org/10.1007/978-1-4471-4944-6_2
http://dx.doi.org/10.1007/978-1-4471-4944-6_2
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec11
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec11
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_2#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_3
http://dx.doi.org/10.1007/978-1-4471-4944-6_3
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec3

Xii

Contents

3.1.3 1D Model of Thickness Excitation-Mode Resonator

with Perfect Electrodes (Unloaded Resonator) . ... ... 58
32 Lakin’sModel . . ....... .. ... . . 60
33 Mason’sModel .......... ... . .. .. .. 62
3.3.1 Piezoelectric Slab. . .. ....... ... ... ... .. ... 62
3.3.2 Non-piezoelectric Slab . ... ................... 66
3.33 Implementation . ............ ..., 66
3.4  Butterworth van Dyke Model: Other Models . . . ... ... .... 68
3.5 Modeling of Intrinsically Tuneable FBARs . .. ........... 71
3.6  Losses in FBARs Associated with Structural Imperfections. .. 72
3.6.1 Structure of the Ferroelectric Film
in Tuneable FBARs . ... ..... ... ... .. .. ..... 72
3.6.2 Losses Due to Scattering of Acoustic Waves
by Surface/Interface Roughness . . . ... ........... 74
3.6.3 The Effects of Nanocolumn Height Dispersion . . . . .. 75
3.6.4 Other Loss Mechanisms . ..................... 82
37 ConClusionsS . . .. ..ottt 85
References . ... ... . . . . . 88
Making Non-tuneable Piezoelectric FBARs Tuneable. . . . ... ... 91
4.1  Tuning via DC Field-Induced Change
in Sizes and Stiffness . .. ...... ... .. . o ... 91
4.1.1 Converse Piezoelectric Effect .................. 91
4.1.2 DC Bias-Dependent Stiffness .. ................ 92
4.2  Thermally Driven FBARs . . ... .. ... ... ... ... ... .... 94
4.3 FBARs Loaded by Tuneable Impedances . .............. 95
4.3.1 BVD Models of Unloaded Lossless Resonators . . . . . . 96
4.3.2 Varactors and Inductors Used
in Extrinsically Tuned FBARs. . .. .............. 96
433 Shunt Varactor. . .. ........ ... ... ... 98
434 ShuntInductor............. ... ..., 100
4.3.5 Series Varactor ... ...........c.. .. 102
43.6 SeriesInductor............. ... .. .. .. ... ... 105
4.3.7 Ferroelectric FBARs as Varactors
and Tuneable Inductors. . .. ................... 107
4.3.8 Impactofthe Losses. ........................ 109
4.4  Composite and Stacked Resonators. . .. ................ 112
45 ConCluSions. . .. ... v it e 115
References . .. ... . 116
FBARs Utilizing Induced Piezoelectric Effect. . . . . ... ... ..... 117
5.1  Field Control of Material Parameters of Ferroelectrics . . . . .. 117
5.2 Tuneability of Resonances of FBAR. . ... ... ... ... .... 119

5.2.1 General Relationships. . ...................... 119


http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec11
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec11
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_3#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_4
http://dx.doi.org/10.1007/978-1-4471-4944-6_4
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec17
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec17
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec17
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec18
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec18
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec19
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec19
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_4#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_5
http://dx.doi.org/10.1007/978-1-4471-4944-6_5
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec3

Contents

53

5.2.2 Relationship Between the Coupling Coefficient

and Tuneability of the Dielectric Permittivity . ... ...
5.2.3 Expected Trends in Tuneability of FBARs . ........
5.2.4 Tuning of FBAR in Ferroelectric Phase . ..........
5.2.5 Landau Theory of FBAR Tuning: Problems

and Applicability . . ......... .. .. ... . . ...
Frequency-Switchable FBARs ... ....................

References . .. ... ... . . .

6  Designs of Tuneable FBARs . . .. ........................

6.1 Basic Designs of FBARs. . .. ....... ... ... .. .. .....
6.2  Membrane-Based Tuneable FBARs .. .................
6.3  Solidly Mounted Tuneable FBARs . . . .................
6.3.1 FBARs Based on Metal/Dielectric Bragg Reflectors. . .
6.3.2 All-Dielectric Bragg Reflectors . . ...............
6.3.3 All-Metal Bragg Reflectors . . . .................
6.3.4 Optimization of Reflectors ....................
6.4  Electrodes . ... ... ...
6.4.1 Effects and Structure of the Electrodes. .. .........
6.4.2 Layout of the Electrodes. . .. ..................
6.5 Integration. ............. ... ...
6.6  Comparisons and Conclusions . ... ...................
References .. ... ... .. . .

7  Fabrication Processes and Measurements . ... ..............

7.1
7.2

7.3

7.4
7.5

7.6

Substrates . . .. ...
Deposition Processes of Ferroelectric Films. .. ...........
7.2.1 RF Magnetron Sputtering . .. ..................
7.2.2 Ton Beam Sputtering. . .. .......... ... ... .....
7.2.3 Chemical Deposition Methods . . ... .............
7.2.4 Pulsed Laser Deposition . .. ...................
7.25 Comparison. .. ... .......ii
Bragg Reflectors and Electrodes. . .. ..................
7.3.1 BraggReflectors .. ........ ... ... ... ... ... ..
732 Electrodes. .. ...... ... ...
7.3.3 Microstructure Analysis ... ...................
Stress Control . .. ... ...
Patterning Processes . . . . ... .. i
7.5.1 Etching the Ferroelectric Film ... ...............
7.5.2 Patterning of Conductive Layers . ...............
7.5.3 Micromachining. . .. ....... ... ... ... .. ...,
Test Structures and Low-Frequency Measurements. . .. ... ..
7.6.1 Test Structures. . .. .......c. vt
7.6.2 Low-Frequency Measurements. . ... .............

Xiii


http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_5#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_6
http://dx.doi.org/10.1007/978-1-4471-4944-6_6
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec12
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec18
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec18
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec19
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec19
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_6#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_7
http://dx.doi.org/10.1007/978-1-4471-4944-6_7
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec16
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec20
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec21
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec21
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec22
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec22
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec23
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec23
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec24
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec24

Xiv Contents

7.7  Microwave Measurements . . . . . ... ...vt e
7.7.1 DC Bias-Dependent Performance. . . .. ...........
7.7.2 Extraction of Parameters from Measurements . . . . . ..
7.7.3 Analysis of the Q-Factors . . . ..................
7.8  Temperature Dependences. . ... ........... ... .......
7.9  High-Overtone FBAR Spectroscopy . . .................
7.10 Nonlinearity and Power-Handling Capability . . ... ........
7.11 Phase Noise Measurement. . . .. .....................
712 Conclusions. . . ... .o
References ... ... ... .. .
8 Circuit Applications of Tuneable FBARs. . . . ............ ...
81 FBARBased VCOs ....... ... ... ...
8.1.1 Phase Noise of VCOs. . . ........ ... ... .......
8.1.2 FBAR Based VCO Topologies. . . ...............

8.1.3 Clocks, Frequency and Time References Based
on Tuneable FBAR .. ........ ... ... ... ... ...
8.2 Low Noise Amplifier . .. ........ ... ... ... ... ......
8.3  Switchable and Tuneable Filters. . . .. .................

8.3.1 FBAR Filter Topologies and Design/Synthesis

Methodology . . . ... ...
8.3.2 Resonators and Filters Based on Intrinsically Tuneable
FBARS . . ..
8.3.3 Filters Using Extrinsically Tuneable FBARs . . ... ...
8.4  SenSOrs . . ...
85 ConClusions. ... ... ...t
References ... ... ... ..
9 Conclusions and Challenges . . ..........................
9.1 Nanoresonators. . . . .. ... ..o v ittt
9.2  Promising Materials . ... ....... ... ... .. . .. ...
9.3 Challenges. . . .. ...ttt
9.3.1 Integration. ...............uiiiununennnn..
9.3.2  Q-Factor, Tuneability, and Coupling Coefficient . . . . .
References ... ... ... .. .

10 Erratum to: Tuneable Film Bulk Acoustic Wave Resonators . . .

212


http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec25
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec25
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec26
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec26
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec27
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec27
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec30
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec30
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec31
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec31
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec32
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec32
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec33
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec33
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec34
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec34
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec35
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Sec35
http://dx.doi.org/10.1007/978-1-4471-4944-6_7#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_8
http://dx.doi.org/10.1007/978-1-4471-4944-6_8
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec6
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec7
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec8
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec9
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec10
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec13
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec14
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Sec15
http://dx.doi.org/10.1007/978-1-4471-4944-6_8#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_9
http://dx.doi.org/10.1007/978-1-4471-4944-6_9
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec1
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec2
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec3
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec4
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Sec5
http://dx.doi.org/10.1007/978-1-4471-4944-6_9#Bib1
http://dx.doi.org/10.1007/978-1-4471-4944-6_10
http://dx.doi.org/10.1007/978-1-4471-4944-6_10

2 Springer
http://www.springer.com/978-1-4471-4943-9

Tuneable Film Bulk Acoustic Wawve Resonators
Gevorgian, S.; Tagantsev, A Vorobiev, ALK,
2013, XV, 243 p. 139 illus,, 36 illus. in color.,,
Hardcover

[SBM: 978-1-4471-4943-9



	Contents



