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Integrated photonic circuits for enhancing and detection of nonlinear optical effects

INTRODUCTION
Light is composed of photons. For one wavelength of light, each 
photon carries a specific energy (E). In nonlinear crystals, photons 
with different energy can combine to generate a new photon totaling 
the energy.

 

 

                    

Light goes through the optical fiber and into the optic coupler,  where 
it circles around the waveguide and ring resonator. The ring resonator 
allows the photons to have a better chance to interact

The light then goes back out to a fiber at the other side of the photon 
circuit. A detector is located at the end of the optic fiber to measure 
the amount of electrons collected.
                                                          
   

                        

PROCESS

In order to create the “ring” and the waveguide, the microchip goes through a 
process called FABRICATION. Within fabrication, there are different processes:
● development
● e-beam lithography
● dry etching

CONCLUSIONS

Through this program, the past 6 weeks have been a great 
learning experience for me. It helped me get in insight of the 
possibilities in the physics department.

I was able to develop a lot of research skills and organization 
skills through this poster. I’m very grateful for my mentor and 
the people in the lab who through this whole process.

The two wavelengths the lab worked 
with: 1500 nm and 775 nm.

RESULTS

The dry etching process was successful and the coupler
measured around a  height of around 330 nanometers
and a width of 45 nanometers.

AIM

◆ We want the coupler to have a smaller tip than the fiber. If the coupler 
is smaller than the fiber, there is less room for the light to move 
around. 

 

Previously, we were able to get the height of the waveguide up to 600 
nm. Our aim was to get around 300 nm to produce at least, 80% 
efficiency.
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● An electron beam draws 
out a pattern using the 
electron beam mask (the 
black area).

● The developer washes 
the resist away

● The resist is patterned 
onto aluminum nitride 
by dry etching

● the rest of resist washes 
away by cleaning

Creating a hole

The process of 
photolithography 
and dry etching is 
shown here. One 
slight difference in 
this diagram and our 
project is that we 
only have one hole 
on the silicon dioxide 
(the blue layer). This 
hole allows the 
waveguide and the 
optical fiber to 
connect. 
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In order to allow the coupler and the optical fiber can touch each other, the 
microchip goes through another dry etching process. The hole is created in 
the silicon dioxide layer (the blue layer). The microchip goes through 2 
different processes of dry etching, both are used by gas.

(left) The SEM (Scanning Electron Microscope) produces images of a 
sample by scanning the surface with a focused beam of electrons. The 
electrons interact with atoms in the sample, producing signals that give 
information about the surface topography of the sample.

(right) I was able to take 
a look at the SEM and 

experiment with the controls. 
The SEM measures in 

nanometers which is one 
billionth of a meter 1×10m.

quantum information processing
using individual photons, including
absolutely secure communication
and ultrafast computing.

The coupler and the optical fiber 
are placed next to each other.

A 3-D diagram of what the coupler looks like.
It is measured in nanometers, so only microscopes
like the SEM are able to see the details.

However, to have photons merging together is 
extremely hard. What we are working on, is to 
increase the possibility of photon-photon interactions 
using integrated photonic
circuits on a microchip.

This will benefit 
 


