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Optical Tomography of Laser-Fabricated Waveguides

Methodology Results

Multi-photon 
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leading to the 
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changes

▪ Modification of the sample is highly-nonlinear multi-photon absorption.

▪ Structural change is sharply defined and highly localized.

▪ Duration of fs laser pulse is 
much shorter than the 
timescale of thermal 
effects.

▪ The fs laser can penetrate to the samples interior without damaging 
the surface.
▪ Complex 3D structures are created.
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We employ optical tomography to investigate the 3-D index profiles of 
femtosecond laser-fabricated waveguides. By immersing the waveguides 
in an index-matching fluid, we reconstruct their internal structure and 
analyze their 3-D index profiles using interferometer-based optical 
tomography [1]. To establish a benchmark, we first apply this method to a 
commercial fiber optic cable, providing a reference for evaluating the 
laser-written waveguides. In particular, we utilize the machine-learning 
technique for limited-angle tomography to visualize the 3-D index profiles 
inside glass. Our method has the potential of 3-D visualization of 
waveguides and structures for system-on-chip applications, where precise 
control in fabrication and component visualization are critical for efficient 
optical communication and processing.  
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Tomographic 
Interferometer Set-up

Using the inverse radon transform, we can get the index of refraction 

profile for a commercial fiber and waveguide: 

a) Single Mode Optical Fiber                    b) Laser-manufactured 

waveguide

Experimental setup for manufacturing of waveguides

▪ Laser parameters: Slit width: 0.67 mm.
▪Depth of  focus inside the
  sample   ̴ 100 μm.
▪ Transverse scanning speed: 20 μm/s.
▪ Pulse energies: 1 μJ 
▪2 waveguides stacked vertically ~7 μm 
apart

▪Glass sample: 500 um thick Corning 
Eagle Glass
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Configuration:
- The initial beam is split into two beams 

which undergo two different optical 
paths.

- Upon recombination, the beams 
experience superposition resulting in an 
interference pattern.

- The refractive index of the 
waveguide/fiber causes a shift in the 
interference pattern. 

- The samples were submerged in 
index-matching fluid. 

Interferogram of a commercial 
fiber optic cable:

Applications

System on Chip: It is possible to create low-energy loss 
optical pathways in semiconductor base materials. This 

can result in high-speed but low-power data transmission 
between different components on the chip. 

Using the machine learning-based limited-angle tomography, we 
can reconstruct the 3D refractive index profile of a waveguide:
c)
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Conclusion
- Fabricated optical waveguides in Corning Eagle Glass.
- Performed tomographic interferometry to find the 3-D index profiles 

of both a commercial fiber and a laser-manufactured waveguide.
- Performed machine learning-based limited-angle tomography to 

reconstruct the 3-D index profile of a manufactured  waveguide.

Index change in (a) was around 0.006. This is in good agreement 
with the given index change by the manufacturer, which was also 
0.006. The index change in (b) is around 0.0054.

Using machine learning tomography, we get an index change for 
(c) of 0.0047. The disparity between the measured index changes 
for the inverse radon transform and the limited angle method can 
be explained by the data that was taken. In the case of the 
waveguide, full rotation of the material is not possible or capturing 
images from every angle can potentially lead to disrupting the 
structure. This could lead to inaccurate analyses for IRT. When 
used along with machine learning, this can compensate for 
unknown data, and still produce accurate results. 
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