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Overview

1 Surface Acoustic Wave (SAW) devices

— Wireless filters, resonators, sensors, etc.

1 Confinement of acoustic energy near the surface
of a piezoelectric substrate

1 SAW sensors

— Wireless remote operations

— High temperature operations

— Hazardous environment operations

— High frequency, high precision and sensitivity



Overview

1 SAW generation and signal measurement

— One-port or two-port SAW devices
— Interdigitated transducer (IDT): transmitting IDT and receiving IDT

Active area

Transmitting IDT Receiving IDT

Piezoelectric Substrate




Constitutive and Wave Equations
T=c.S5S—e-E D=eS+¢-E

T, S, E and D are vectors of stress, strain, electric field and displacement;

C, € and € are matrices of the elastic modulus (stiffness), piezoelectric stress
constant and dielectric permittivity of the substrate material.

V- [eVD]+V [cV.u]-pli=0
V- [eV.ul=V-[e(VD)]

P Is density, u and U are particle displacement and acceleration, and @ is
electric potential.

Wave field near the surface: U = S exp(—awz /V,)exp[io(t —Xx/V,)]
Surface stresses: T =C-S—e-E=c-V.u+e-VO

Surface electric displacements: D =€-V.U—-&-VO®



Anisotropy and Crystal Rotation

1 Plezoelectric materials are anisotropic

1 Different orientation (or cut) of a piezoelectric substrate leads to different
material properties, hence different wave characteristics
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1 Euler angles

1 Acrystal cut is defined by a set of Euler angles (,0,v)
1 ¢ defines the rotation about Z, 6 about X" and y about Z’ 7

XYZ — crystal axes




Rotation and Transformation

1 Transformation of material property matrices

1 The material matrices: [c] IS 6x6, [e] IS 3x6 and [g] Is 3x3

1 How to perform matrix transformation for 6x6, 3x6 and 3x3
matrices with only a 3x3 rotation matrix?




Crystal Rotation: The Hard Way
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Crystal Matrix Rotation Calculator

1 Avallable at:

Original Piezoelectric Stress Constant [e] Matrix (C/m?)

~Zephra

Welcome

Results

Transformed Elastic Modulus (Stiffness) [C] Matrix (N/m?)




Material Properties in Crystal Axes

1 Trigonal 32 and 3m crystals
32 crystal: Langasite (La;Ga3SiO,,)
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Modeling Consideration

1 Two-port delay-line SAW sensor

1 Reciprocal and symmetric design: = {Voutput}
1 S11=S22, S12=S21 IL=20xlog,, =
{ input}

1 Insertion loss (IL): 20log|S12|

1 SAW travel velocity V, = Af,, 4 is wavelength
(1=20 um) and f, is resonant frequency VS =A fo

F — FourierTransform

Active area

Transmitting IDT Receiving IDT

Source

Piezoelectric Substrate




Electric-Excited Acoustic Waves

Applied potential within 1 ns Induced acoustic displacement and waves




2.0E-03
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V, = Af, = 20(um) x[120 —125](MHz) = 2400 — 2500(m / s)



ood and Bad Crystal Cuts
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Crystal Cuts and SAW Behavior
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V, = A f, = 20(um) x[120~125](MHz) = 2400 — 2500(m / s)



Crystal Cuts and SAW Behavior

—(0,137,27.6)
—(0,137,62.5)
—(0,137,117.5)
—(0,137,152.5)
(0,167,45)
—(0,167,135)
—(0,12.8,0)

Langasite: La;Ga,;Si0,,

~~
[+1]
©
N
0
0
(®)
- |
c
Ig
d
|
)]
0
c
-]

125 150
Frequency (MHz)

V, = A f, = 20(um) x[130—133](MHz) = 2600 — 2660(m / s)



Crystal Cuts and SAW Behavior
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Crystal Cuts and SAW Behavior
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Lithium Niobate: LiNbO,
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Summary

Crystal cut angles and wave propagation direction affect
SAW velocity and insertion loss significantly

Selection of an appropriate crystal cut is crucial to
deriving desired performances for SAW devices

Computer simulation provides a quick and cost-effective
way to identify optimal crystal cuts for the development
of high-performance SAW devices
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