
Introduction  

Design and fabrication of a microfluidic system for compact portable flow 
cytometry  

In order to better understand the effects of global warming on 
marine life, a common practice is to use a flow cytometer to 
measure the size and light responses of microscopic organisms in 
the water.  
Our goal in this project was to develop a compact, cheap and 
portable device that could be used for on site analysis of 
microorganisms in the ocean, and interface with a simple laptop 
requiring little other equipment . To do this we developed a 
microfluidic system that could be cheaply manufactured, and easily 
produced.  
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Flow cytometry uses a light source aimed at a sample stream of a 
fluid. The excitation light is filtered to a specific wavelength, and 
excites the particles. On the output side of the channel, another 
filter of a different wavelength filters out all the light that isn’t 
emitted by the particle. The emitted light is then picked up by a 
photo multiplying device and recorded for analysis.   
From the frequency and number of emitted photons you can 
determine the number of particles per fluid volume. Additionally 
by seeing which spectrums the particles absorb and emit the best, 
you can determine some properties of the test materials.  

The chip was designed with the main principle being a cheap and 
compact design. For this reason a design similar to that by Kettlitz 
et al. was used, with a polydimethylsiloxane (PDMS) microchannel. 
A white LED was used in place of a laser for excitation light, with a 
filter of 532nm to reduce ambient light and narrow the wavelength 
to the excitation frequency. The light emitted by the sample was 
passed through a 575nm filter and collected by an avalanche photo 
diode (ADP). The signal passed through several electronic noise 
filter circuits, and was analyzed.  
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A fabrication method was employed using shrinking thermoplastic 
or “Shrinky Dink” as had been demonstrated by Grimes et al. A 
scale model of the microchannel was constructed in Solid Works, 
and the image was printed onto the thermoplastic at 1200dpi. The 
image was baked at 163°C for 5 minutes on a petri dish until 
shrunk. The shrunk mold was put in to bake for a second time for 7 
minutes to smooth out the ink. The resulting mold was used as a 
negative for the PDMS lab chip.  
A sheathing technique was used that employed vortex zones to 
wrap a sample flow in a sheath using only single height geometry 
which simplified the fabrication process allowing for only one pass 
of the printer which kept the geometry precise. 

It was found that the Shrinky Dink fabrication technique was unable to 
produce a channel of the required depth. Instead of having a main 
channel of the target depth of 50 microns, only 20 microns was reached.  
It was found the the wider elements had a greater print height, however 
we were unable to scale up the geometry to achieve the necessary 
depth while maintaining the small elements.  
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Above are images of the printed microchannel mold elements at different 
phases in the process. To the left we have the channel after only the initial bake 
to shrink the plastic, and to the right we have the same channel after it has gone 
through a second baking cycle to smooth out the ink features. The top row is a 
close up of the focusing element, and the bottom shows the main channel 
where the analysis takes place.   

To the left: a picture of the finished PDMS microchannel fabricated and 
sealed. Shown is the focusing element, the part of the microchannel 
requiring the most precision.  
To the right: the image of the complete microchannel that was printed 
onto the Shrinky Dink. The waste comes out the left circle, the sheath fluid 
goes in the middle and the sample goes in the right.  
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