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Application of High-frequency ultrasound  

● Precision-targeted therapy 

● Medical imaging

● Health care (Teeth cleaning)

● Underwater distance measurement (Sonar)

Background



Traditional detector

Piezoelectric sensor

• Limited detectable acoustic 

frequency range (Narrow 

bandwidth)
• Poor sensitivity

• Expensive

Introduction

Our Project

Optical sensor (Photonic crystal)

• Broad bandwidth 

• High sensitivity

• Cost Less
• Smaller size

VS



Principle

Reflected Narrow 

Band of Wavelengths

Collimated 

Broadband Light

Light source

Photonic crystal (PC) sensor

Spectrometer

• Sub-wavelength dielectric grating

• Reflects light at resonant wavelength



Principle 

• Acoustic wave can result 
in a shift of resonant wavelength 

• Shift can be estimated by 
measuring the reflection from

the PC substrate using a laser 
and a photo detector



Optical Setup

Top view



Photonic Crystal Sensor Fabrication



Photonic Crystal Sensor structure 

3-D view of photonic crystal

The formula for resonant wavelength:



Before Etching Resonant Wavelength



Changing Resonant Wavelength by Acoustic Wave



Wavelength at 845 nm, 843nm.  

After Etching Resonant Wavelength



Test Plan 
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Results

1. We measure the 

waveform of the 
transducer (40KHz) 
that we use to test the 
Ultrasonic Detector. 
BULE

2. We test the detector 
with laser in TM Mode. 
GREEN

3. We test the detector 
with laser in  in TE 
Mode as a reference. 
RED
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Our goal
• To generate the ultrasound with up to 

20MHz frequency Optical setup

To accomplish the goal

• High-energy Pulse laser system:

Generate a 5ns laser pulse with energy of 25mJ

at 1064nm

• Plasmonic substrate

• Detector (Photodiode and Oscilloscope)

Extra Challenge - Ultrasound Generation 



Plasmonic structure Plasmonic Sensor Function

1.Light absorption

2.Convertion: Light energy to
thermal energy

3.Transport thermal energy to
PDMS layer

4. Resulting thermal expansion
of PDMS layer

5. Launch acoustic wave

Extra Challenge - Ultrasound Generation



Thank you!

Questions?



Storyline



Method of ultrasound generation

To generate a acoustic pulse :

• Enough thermal energy :
35% light absorption

• Resonance of plasmonic substrate
pulse

• Incident angle adjustment

Light absorption in air Resonance change by
changing the angle

Extra Challenge - Ultrasound Generation



Characterization of Laser beam

● The laser beam has been already polarized.

● Calibrate laser source to 45 degree

● Have the TM light transmit through polarizer


