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FRONT COVER
Kamesh Mullapudi prepares a flexible 
polyimide substrate for glucose sensor 
processing and fabrication.

 

BACK COVER
In 2012, OSU Engineers Without Borders worked 
with community members in Lela, Kenya, to 
build a well and rainwater catchment system 
that now supplies easily accessible drinking 
water for residents.



Anti-reflective coating and printed solar cells
In addition to working on the display transistors, Chang 
is deeply involved in seeking solar energy solutions 
using additive manufacturing. He is director of the 
Oregon Process Innovation Center for Sustainable 
Solar Cell Manufacturing and founder of an Oregon 
State spin-off called CSD Nano. CSD Nano developed 
and patented the next generation of nanotech anti-
reflective coatings for the solar industry. 

The anti-reflective coating is made using 
nanoparticle inks that mimic the structure and 
antireflection properties of moth eyes. CSD Nano is in 
the market research phase, working with solar farms 
to determine the feasibility for commercializing the 
technology. A fair amount of international interest in 
this technology is evident.

Chang is also using additive manufacturing to print 
chalcopyrite (composed of copper, indium, gallium, 
and selenium) solar cells. The material is much 
more efficient than silicon, which is now used to 
manufacture solar panels.

“Most of the solar cells are manufactured using 
a vacuum process to make the film that captures 
sunlight, but the process is slower and the cost is 
higher,” said Chang. 

  Although commercialization is on the horizon, the 
team is not quite ready yet. “We’re at about eight 
percent efficiency for the ink, so we need to improve 
the efficiency before we consider commercialization. 
We’re looking for 12 to 15 percent efficiency,” said 
Chang. Silicon-based solar cells operate at about 
18 percent efficiency, but that difference could be 
balanced out by the lower cost of the chalcopyrite-
based version. 

Biosensors for continuous glucose monitoring
John Conley, professor in the School of Electrical 
Engineering and Computer Science and co-director of 
the Materials Synthesis and Characterization facility 
at Oregon State, has been working closely with Pacific 
Diabetes Technologies to build the biosensors for what 
will eventually become an artificial pancreas. The 
research team is working on the second generation of 
the device, which is more robust and reliable than the 
first generation.

“We’ve helped them improve the adhesion of 
the biosensors to the substrates,” said Conley. The 
technology is undergoing animal testing at Oregon 
Health and Sciences University in Portland and on 
campus in Corvallis. “Basically, the idea is to combine 
continuous glucose monitoring with controlled 
injection of hormones, and their ultimate goal is to 
make an artificial pancreas, but they’re doing it one 
step at a time.”  

At this 
prototyping 
phase, the 
devices are 
built using 
subtractive 
manufacturing, but 
Conley, Herman, and 
their team recently published 
a paper that describes how additive 
manufacturing could reduce costs when 
moving into mass production. “The challenge 
will be to redevelop an already robust working 
sensor, developed with the subtractive manufacturing, 
to get it to work with additive manufacturing — 
basically reworking the process to make sure the 
layers adhere properly to each other,” said Conley. 

He describes the vision, which involves roll-to-roll 
printing: “Imagine a newspaper printing process, but 
instead you would run the film of our flexible substrate 
through a big printer. It would print the sensors as the 
film zooms through.”

The challenges in moving to additive manufacturing 
will be finding the right materials and chemistry. 
“There’s a lot of chemistry involved in the ink 
formulation, and that’s where the chemical engineers 
and the chemists get involved,” said Conley. “The 
chemistry has to be such that it flows well — doesn’t 
clog up or corrode the printer. It has to adhere well and 
make a dense film.”

Conley observes that materials research for additive 
manufacturing is still in the early stages. Many 
materials must be stored or handled under tightly 
controlled temperatures and humidity conditions. 
“You want to be able to do this at room temperature in 
normal atmospheric conditions, as opposed to needing 
either a vacuum system or very high temperatures to 
deposit high-quality films, said Conley. “Right now, 
there are only a few materials that can be printed 
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print the electronics, one to print something else,” 
she said. “So the possibilities are limited only by 
one’s imagination, if we can get the technology to be 
successful. We could print a robot that already has the 
electronics and the program to do what it’s supposed 
to do. It walks off the platform and does its thing.”

Applying technology to sustainability challenges
Haapala’s goal as a researcher is to take a broad, 
system-level view of engineering problems by 
analyzing each particular challenge from an 
environmental, economic, and social sustainability 
perspective. Until recently, he was specifically focused 
on conventional manufacturing methods, but that is 
now changing. 

“Over the past year, I’ve started to focus more 
on how the methods I’m exploring for conventional 
manufacturing can be applied to better understand the 
sustainability performance of additively manufactured 
products,” he said. “It’s really become a hot topic over 
the last five to 10 years.”

The research on additive manufacturing in the 
College of Engineering is aligned with Oregon State 
University’s strategic goal of actively promoting and 
supporting researchers whose work advances the 
science of sustainable ecosystems, improves human 
health, and promotes economic growth and social 
progress. This innovative technological solution could 
provide vastly improved functionality while drastically 

reducing the use of natural resources and 
lowering manufacturing costs. Early results 

are promising, and the opportunities 
for more research seem 

endless at this point 
in time.

under room temperature conditions and still give the 
same quality as vacuum deposited films, so there’s a 
lot of opportunity for materials researchers.”

Magnetic particles for computer memory and imaging
Pallavi Dhagat, associate professor in the School 
of Electrical Engineering and Computer Science, is 
investigating the potential for customizing additive 
manufacturing technologies to print magnetic 
materials composed of magnetic nanoparticles. These 
materials might be used in the future to 3-D print 
electronic components, nonvolatile memory elements, 
and even fully functional motors. Dhagat co-founded 
the Applied Magnetics laboratory at Oregon State — 
the only lab of its kind in Oregon. 

The lab has been inkjet printing magnetic materials 
for about a year and is already breaking new ground. 
“We’ve shown some preliminary results indicating 
that there is something to be gained with the inkjet 
printing,” said Dhagat. “The biggest advantage is that 
as you’re dropping the ink containing the magnetic 
nanoparticles, you can apply a magnetic field to orient 
the nanoparticles, and you can do so drop by drop by 
drop, which means you can do it in any shape. This is 
something you cannot do with any other technology.”

 Dhagat envisions the day when three-dimensional 
devices will be built layer by layer using additive 

manufacturing. “You can have several 
jets: one for optical material, one for 

magnetic material, one to 
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