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Integration of Phononic Crystals for 
Surface Acoustic Wave Devices

INTRODUCTION
● The bottleneck stopping the advancement past 5G is the technology used in acoustic 

filters in the RF front end of devices
● As frequencies increase losses and device size increase, making them impractical 

for commercial application
● integration of phononic crystals with interdigital transducers can decrease losses 

and reduce device size

RESULTS
● PCM

○ Shown the ability to change the attenuation by 10.72dB
○ Over this range insertion loss changes by 1.58dB
○ Results show that this is an effective econfigurable phononic reflector

● Laser Ablations
○ Can change delta insertion loss from -15.25 dB to -20.49dB
○ Can change max attenuation from -30.35 dB to -42.35 dB
○ This proves effectiveness of a low cost, single step process 

for the creation of controllable acoustic stop bands on an industrial scale

NEXT STEPS
● More testing 1D PnCs with different ratios, dimensions, and thin 

film chemical composition to create a catalogue of their impacts
● Optimized IDTs with more finger pairs and larger aperture increases coupling 

of power into the system as the impedance mismatch decreases
● Testing amount of energy absorbed and reflected when interacting with 

the phononic structures
● Utilizing 2D PnCs more complicated effects can be realized such as waveguides, 

multiplexing, and more
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● Femtosecond laser ablates the surface 
of the LiNb03 to create trenches
○ Laser ablated patterns created by AdValue 

Photonics
● Phononic structure created by the difference 

in Young’s modulus of air in trenches and 
substrate
○ All of the trenches are 20µm wide with 

a 20µm gap between them
○ Tested with trenches having depths of 2µm, 

5µm, and 10µm
○ Number of Trenches tested of 2, 5, and 10 

for each of the depths
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PHONONIC CRYSTALS INTEGRATED WITH SURFACE ACOUSTIC WAVE DEVICES
ALLOWS FOR ADVANCEMENT PAST 5G

● Sputtering deposition of Ge2Sb2Te5 thin film 
on the Lithium Niobate substrate
○ Amorphous and crystalline phase has 

different stiffness allows PnCs to be created
● Patterned in house with a continuous wave 

laser
○ Any 2D pattern could be made with feature 

sizes down to 2µm
○ Infinitely reconfigurable as the PCM can be 

baked back to amorphous and repatterned
○ Tested with 5|5µm and 5|10µm superlattice 

of crystalline to amorphous

● IDTs are acoustic devices that consist of metal electrodes 
on piezoelectric substrate 
○ They convert between an electrical signal and a surface 

acoustic wave (SAW) and vice versa
● The tested devices

○ λ peaks from 16µm to 24µm, jump of 1µm 
as you move down the row 

○ Electrode stack of 10nm Ti / 50nm Au or 10nm Ti / 50nm Al
○ Chip scale production on 1cm x 1cm LiNb03 wafer, 

with 48 devices per chip

PHASE CHANGE MATERIAL (PCM)

INTERDIGITATED TRANSDUCERS (IDT)

LASER ABLATIONS

Chip scale PCM Chip scale laser ablation

S21 and ΔS21 of 2µm x 10 ablationsS21 and ΔS21 of 5µm|10µm PCM 
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