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Abstract/Introduction
Testing integrated sub-micrometer light guiding structures typically involves precisely nanopositioning tapered lens fibers 
to couple light into nanotapered waveguides [1]. This is done through optimization using piezoelectric stages and optical 
microscopes. While this method works well in a research environment, this time consuming and expensive process remains 
slow and impractical for packaging and makes it difficult to test waveguiding chips with multiple devices. More importantly, 
it makes it impractical for industry. This project proposes a solution by defining and etching trenches into the substrate in 
front of waveguides, in which inexpensive cleaved optical fibers are easily aligned and fixed in place with UV curable index 
matching epoxy. Cleaved fibers have a mode field diameter of about 8 µm, greatly reducing misalignment errors with sub-
micrometer waveguides. This method involves etching trenches into silicon dioxide (SiO2) and Si so that cleaved fibers can 
be easily aligned with the waveguides. The final phase of testing will measure the optical efficiency of light coupling into the 
chip’s devices. This process is easily reproducible and offers a solution for mass production of integrated optical circuits. 

After photolithography, our wafer was subjected to a 20 second 
descum in the Glenn 1000 oxygen asher, and underwent 3 µm of 
oxide etching in the Oxford 100 using the CHF3/O2 recipe for 35 
minutes. This etch had to be characterized in order to determine 
how the trench profiles matched the desired dimension, as shown 
in Figure 1. Throughout fabrication, the depth of our trenches 
and etch rates were monitored using the F50 Filmetrics optical 
film measurement tool and the Tencor P10 profilometer. 

Next we characterized the silicon etch with the Unaxis 770. This 
required 120 loops to remove the 59.5 µm of Si, as shown in 
Figure 2. 

Figure. 1: Oxide etch down to silicon substrate.

Experimental Procedure
The first phase of this project involved designing 125 µm wide 
trench patterns to match the diameter of single mode SMF-28 
optical fibers. A mask was created using the GCA/Mann 3600F 
optical pattern generator and used to characterize and define 
fabrication protocols on test Si wafers with a 3 µm thick layer of 
thermally grown SiO2. By analyzing etch rates and selectivities of 
the Oxford 100 and Unaxis 770 etchers to SPR 220 photoresist, 
we decided to spin SPR 220-3.0 to a thickness of 3.3 µm. 
Characterization of the exposure dose for this thickness on the 
EV 620 contact aligner was best for 3 seconds using a 90 second 
MIF 300 development. Figure 2: Deep etch into silicon substrate.
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The last steps were a hot resist strip and a 10 minute descum 
in the Glenn 1000. The wafer was then cleaved into individual 
chips, and a chip was mounted on a 3 axis rotation stage. Cleaved 
optical fibers were positioned using a 3 axis linear stage. Using 
this simple set up with an optical microscope we aligned and 
dropped fibers into the trenches. Finally, we glued them into 
place using UV curable index matching epoxy.

After mounting several fibers, we took scanning electron 
microscopy (SEM) images to characterize the position of 
the fibers (see Figure 3), and corrected our computer-aided 
design (CAD) to account for improper trench dimensions. We 
determined that 127 µm wide trenches with sacrificial trenches 
(epoxy drains) in between active sites were appropriate. 

Our final step was to test these protocols on an SOI chip with 
waveguides, ring and disk resonators. After patterning the 
waveguides by e-beam lithography on an SOI sample, the 
devices were etched using the PT 770 and cladded with 2.8 µm of 
SiO2 (GSI PECVD tool). We then spun 3.8 µm of resist onto our 
chip to account for the removal of the additional SiO2 cladding, 
exposed our trench pattern using the ABM mask aligner for 9 
seconds (used to expose small samples), and carried out the rest 
of the etch protocols as described above. We determined that the 
etch rates on both the Oxford 100 and the Unaxis 770 were much 
slower for small samples, but that the selectivities remained 
unchanged. 

Results and Conclusions
The positioning of fibers into our functionalized chip was good, 
and the epoxy drains worked well; but this step was still sensitive 
to the epoxy drop size and placement. Also, trench and waveguide 
alignment was not accurate due to deterioration of alignment 
marks during e-beam lithography, forcing us to align the mask 
by eye (this problem can be easily resolved by adjusting the 
exposure doses of the alignment marks). After fixing fibers onto 

both ends of the chip, we used a broadband amplified spontaneous 
emission light source and an Optical Spectrum Analyzer to test 
the devices. The best output graph is shown in Figure 4. This 
plot illustrates the resonant frequencies from the associated 8 µm 
ring resonator. This plot is also evidence that dropping optical 
fibers into pre-aligned trenches can be used to achieve good 
transmission, showing that this method is applicable for testing 
devices. 

Future Work
Continued work should be put into perfecting the epoxy step 
to prevent defunctionalizing adjacent waveguides, or the need 
to space them far apart. Alternatively, further research into the 
use of multi-fiber systems such as ribbon fiber could prove 
beneficial. The ability to pre-space waveguides, drop, and epoxy 
many fibers simultaneously would greatly add to the efficiency 
of the drop-fiber method. 
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Figure 3: Dropped fiber held in place by epoxy.

Figure 4: Power output graph from coupling tests.




