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Discussion & Conclusions

convert electrical signals into surface vibrations, or vice versa. Results: PnC Lattice A
Band Gap — A frequency range a material blocks, preventing vibrations from csulls. n atlce Array

passing through and enabling wave filtering.

Key Findings:

freq (10)=199 MHzVolume: Von Mises stress,  The r/a ratio 1s the critical parameter for band gap engineering. Increasing r/a from 0.379 to 0.475
widens the band gap.

* Increasing IDT finger count (12—20) reduced 1nsertion loss and sharpened the resonance peak,
yielding a narrower bandwidth—critical for precise frequency filtering in wireless applications.

* The designed PnC lattice creates a band gap near the 195 MHz SAW device frequency, enabling
potential integration.

» Wider band gaps provide greater frequency 1solation for waveguide applications.

Future Work & Impact

Goals & Motivation

1. Integrate with SAW devices to create acoustic waveguides capable of
supporting "phi-bits"—classical analogues of quantum bits that encode
information in wave amplitude and phase

2. Design a PnC lattice with a band gap matched to SAW device operating

frequency (~195 MHz)
3. Demonstrate tunability of PnC band gaps through geometric parameter > Next Steps:
control (lattice constant a, hole radius 7) | » Explore advanced geometries (pillars, resonators, cross-shaped holes)
Figure 3. PnC lattice at 199 MHz showing Von Mises stress distribution. Wave * Full SAW—-PnC integrated device simulation to verify band gap filtering performance

* Thermal and electrical coupling simulations

» Experimental fabrication and validation

Broader Impact:

PnC-based acoustic devices could impact everyday technology in several ways. Smaller, more
energy-efficient RF filters would improve battery life and signal quality in smartphones and
wireless devices. Acoustic waveguides could enable new types of sensors for medical
diagnostics — detecting diseases through tiny changes in how sound interacts with biological
samples. The phi-bit computing concept offers a path toward information processing at room
temperature without extreme cooling, potentially making advanced computing more accessible
Analysis: and energy-efficient. Beyond electronics, engineered control of sound waves has applications
* Eigenfrequency study in noise reduction, ultrasonic i1maging, and next-generation hearing aid technology.

* Band structure computation |
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* Frequency response for SAW transmission

L . Figure 4. 3D visualization of PnC lattice array showing displacement field at
* Computation time: 5-50 minutes per study

Methods confinement demonstrates band gap effect for waveguide application.

Finite Element Simulation (COMSOL Multiphysics)

Preprocessing:

* Geometry creation (unit cell & lattice array)

e Material: Lithium Niobate (L1NbQOs) substrate
 Physics: Solid mechanics + Electrostatics

* Floquet-Bloch periodic boundary conditions
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