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REASEARCH ON MICRO-SIZED
ACOUSTIC BANDGAP (ABG) STRUCTURES

Goal:
Realize the 181 BAW bandsgap lechnology of frequencies commaonly used in acoustic imaging
antl RF communications,
= Tr{'l{.lurn-l;'!,' froems 1 MHE to 1 GHE
- Size (lattice constant) from 1 mm to 1 pm
— Hind assembled fo batch fabricated
~ Difficult experiment to rapid electrical characterization
— Low-loss ARG cavities, fillers and waveguides
Approach
= Develop a fundamental undestanding of pABG physics
— Finite difference time domain and plane-wave expansion modeling
= Microfabrication for r.1|l]|| consfruction and s .\iing i |I'l'[‘l|‘ll:b|1:|5if'.l”'!|'
mteresting frequencies
= Integrated piezoelectric couplers for acoustic crystal interrogation and characterization
— Elastic materials for low-loss devices (cavities, filters and wavegnides)

Origins of Wide Acoustic Bandgaps
» Ovarfap Bragyg and Mie resonances
’ = Maximize bandgap widih and depth
SR e @, by maximizing acoustic impedance, Z,
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Approach |

impact of Material Properties

= Maximize mass density, £ mismatch but moderate acoustic veélocity, V; mismatch 1o overlap
Bragg and Mie resonances and improve manufacturahility

» Greater flexibility than non-magnetic photonic crystals because velocity and impedance are
independent variahles
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Mot of the Mie and Bragg resonant frequencies used to open an acoustic bandgap va. the
acoustic crystal filling fraction, r/a, for (Leffh a Si0,/W acoustic crystal with moderate velocity
mizmalch anc (Right) 4 ﬁil..'rl.-'.lir acousstic-crystal with high velocity mismatch

Results-uABG Fabrication
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dlEForm part {1.5-pm wide rings) of
high-2 ungstan inclusions

M Completa W inclusions and form

AlM couplers for elecirical
characterization

i Suspend ABG from the substrate by
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UABG Future Work, Devices, anda Goals
# Record i) product acoustic resonators with

[orwy insertion loss
= Movel ARG coupled filters and time delays

* Waveguiding for acoustic imaging and processing,

# Thermal phonon control and manipulation 1 GHzZ ABG Cross Sackon
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= ARG e defect covity with designad
Exampies of ARG caviies and fllees using FOTD modaling

Profect Metrics and Achievements
Significance-Devices

= 1" microfabricated BAW crystal at 67 MHz

* 1" pABG based devices (waveguides)

= 1* GHz solid-solid acoustic crystal
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Publications and Presenlations

= 2 journal articles published

# 1 invited review article on microsacoustic crysial
technology (in press)
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1invited plenary lecture

Significance

* Solid-solid ABG approach developed from underlying physics and to achieve
lorv-fuass ARG based devices

* Advanced FDTD and PWE modeling and computing facilities

* Advanced MESA design, fabrication and characterization facilities
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