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For most people, their understanding of microtechnology and nanotechnology have come mostly from 
television commercials using these terms as catchy buzzwords or phrases to market products, such as 
“…featuring microbead technology…” or “…now with nanoparticles!” While it definitely sells products, 
what exactly is nanotechnology?

“Nanotechnology is the science, technology and engineering study of substances at the nanoscale—
in which one nanometer is equivalent to one-billionth of a meter,” said Electrical Engineering Professor 
Aaron Ohta of the University of Hawai‘i at Mānoa (UH Mānoa) College of Engineering. “It involves the 
ability to see and control individual atoms and molecules in the range of one to 100 nanometers.”  

Even with Ohta’s description, it still may be difficult to imagine the minute scale involved is this 
research, so here a few examples:

•	 A strand of human DNA = 2.5 nanometers in diameter

•	 A strand of human hair = 80,000 – 100,000 nanometers in diameter

•	 An inch = 25,400,000 nanometers 

In addition to working in such a minute scale, one of the most exciting and challenging aspects 
of nanotechnology research is the role that quantum mechanics has on it. In quantum mechanics the 
rules differ from classical physics — meaning substances as the nanoscale can sometimes react errati-
cally. Melting points can change, substances that act as insulators could become semiconductors and 
electrons can pass through as solid wall.  

As a result, scientists are experimenting with substances at the nanoscale to learn more about their 
properties and how to take advantage of them. Ohta and his electrical engineering colleagues at the 
UH Mānoa College of Engineering are exploring new types of micro- and nanotechnology that can be 
used to improve the quality of life in the state and across the world.

Microrobotics 
In the 1966 science fiction movie Fantastic Voyage, a medical team aboard a miniaturized submarine 
was injected into a patient to seek out and destroy a deadly blood clot.  While it appeared on the silver 
screen a bit before this time, it seems Aaron Ohta could have written the movie’s script. 

That’s because one research area he leads uses lasers to control microscopic bubbles in a tiny 
amount of liquid. In this system, these bubbles can act like tiny robots and are able to move around 
microscopic objects, such as living cells. Ohta’s research, sponsored by the National Institutes of Health, 
provides a useful tool for biomedical research. It can also potentially lead to the creation of tissues and 
organs in the lab, assembled by these micro-sized bubble robots. 

“This can help fundamental research on cell behavior, which could lead to improved disease 
diagnoses and therapies, said Ohta. “The capabilities of this micro-robot system could also be used to 
help improve the expensive, time-consuming process of discovering and testing new drugs.”

Liquid metals 
Professor Wayne Shiroma and Ohta are conducting collaborative micro- and nanotechnology research 
on liquid metals to create advanced reconfigurable electronic circuits, which can change their physical 
shape to adapt to a specific application. These reconfigurable circuits are being used to enable advanced 
communication systems that promise faster, more reliable and more secure wireless communications. 
This is important for many applications, including increased deployment of broadband Internet access, 
especially to remote or rural areas. Adaptability is another important feature, as it can adjust to conges-
tion during peak usage times, and more importantly — help a system damaged by natural disasters or 
cyberattacks to remain usable. 

Small Wonders… 
Huge Possibilities
Nanotechnology Research in  

Electrical Engineering 
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Liquid metals can be used to make the reconfigurable circuits needed to realize these adaptable 
communication systems. Instead of toxic mercury, the liquid metal that most people are familiar with, 
they are using a more environmentally friendly liquid metal alloy, developed as a non-toxic replacement 
for mercury in thermometers. 

“The liquid metal can be used in the circuit equivalent to the “liquid-metal” Terminator from 
the movie Terminator 2, which could change its shape for different situations.” said Shiroma. “No 
killer robots will be created, but these adaptable circuits could allow future wireless electronics to 
communicate faster and more efficiently.” 

Nanofluidic Membranes for Drug Delivery 
In today’s modern warfare, guided munitions — better known as “smart weapons,” have been developed 
to improve accuracy and lessen the impact of civilian collateral damage.  Similarly, in the fight against 
disease and illness, researchers are looking for ways to deliver drug therapies “on target” to only the 
affected areas of the body, while maintaining the necessary dosage level and limiting unnecessary 
exposure of the drug to the rest of the body.    

Associate Professor Jeffrey Weldon is working to create an ultra-low power, electrically controlled 
smart drug delivery device that could be used for a wide variety of drug-delivery applications using 
nanoporous materials. 

At the nanometer size scale, fluid flow behaves differently than conventional fluidic channels. The 
drug molecules interact much more closely with the nanofluidic channel walls, opening the possibility 
to control the flow by modifying the channel wall. Chemical modification has been proposed as a means 
of controlling flow, but this offers no external control.  

“In our work, we have designed unique nanochannels that enable control the electric potential in 
the channel,” said Weldon. “This effect, combined with the fact that vast majority of drug molecules 
are charged, allows for regulation of the fluidic flow with an external voltage.”

To do so, Weldon and his team fabricated a customized nanofluidic membrane that comprises of 
large number of nanofluidic channels acting in parallel. The use of a membrane structure allows for high 
overall flow with external electrical control, well suited for smart drug-delivery applications.

In the near future, a nanoparticle could encapsulate or otherwise help to deliver medication directly 
to cancer cells and minimize the risk of damage to healthy tissue — an application that has potential 
to change the way doctors treat cancer and dramatically reduce the toxic effects of chemotherapy.

Left: Dr. Wayne Shiroma 

reconfigures a sample of liquid 

metal, as Dr. Aaron Ohta assists. 

Right: Dr. Jeffrey Weldon views 

his research on nanofluidic 

membranes using the FEI Helios 

660 FIB-SEM in the Advanced 

Electron Microscopy Center at UH  

www.soest.hawaii.edu/AEMC/
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The Hawai‘i Innovation Initiative, one of four priorities set forth in the University of Hawai‘i Strategic 
Directions, 2015-2021, is a collaborative effort between University of Hawai‘i and the Hawai‘i business 
community to build a thriving innovation, research, education and training enterprise-based on UH 
research, to help grow a third major economic sector to create high-quality, living wage-jobs in the state.

Despite making strides in creating the necessary infrastructure at UH and conducting successful 
educational outreach efforts to constituents in the Hawai‘i business and innovation community, 
the initiative remained hampered by existing state statues that limited UH’s ability to participate in 
technology transfer and commercialization activities. 

As a direct result of efforts led by UH and the Hawaii Business Roundtable (HBR) to familiarize 
and educate the Hawai‘i State Legislature on the subject, these restrictions were finally lifted on 
June 19, 2017— as Hawai‘i Governor David Ige signed into law two legislative measures to facilitate 
the transformation of discoveries and inventions generated by UH research into commercially viable 
enterprises to help broaden workforce opportunities and diversify the state’s economy. 

“These new laws bring the University of Hawai‘i a step closer to realizing its full potential to 
contribute to the state and the public,” said UH Vice President for Research and Innovation Vassilis 
L. Syrmos. “Additionally, it allows us to keep pace with peer research institutions and to maintain our 
competitiveness in attracting research sponsors and research talent.” 

The first measure, Act 38 (now HRS 304A-121), exempts technology transfer activities conducted 
by the University of Hawai‘i from the scope of certain sections of the State Ethics Code, and confers the 
regulatory and oversight responsibilities for such technology transfer activities to UH. Previously, the 
State Ethics Commission determined whether public-private technology transfer arrangements were 
permissible or prohibited under general ethic principles. 

The second measure, Act 39 (now HRS 304A-1959), provides broad statutory authority to the 
University of Hawai‘i to engage in activities to support UH-based startup companies. These activities 
include participating financially directly or indirectly in start-ups, providing strategic marketing and 
networking resources, and offering hands on instruction and mentoring to the new entrepreneurs. 
Under its provisions, UH is also given more express authority for certain programs that are currently 
underway, such as the XLR8UH accelerator, and is patterned after a similar law for the State of Hawai‘i 
Department of Business, Economic Development and Tourism. 

“The Hawai‘i business community believes that the commercialization of intellectual property 
created by basic and applied research conducted at UH yields great promise in job creation and 
economic growth in the islands,” said HBR Executive Director Gary Kai.  “Hawai‘i is now one step closer 
to developing a successful innovation ecosystem based on UH research — a path similar to what UC San 
Diego research did to dynamically transform their economy.” 

UH Innovation Efforts  
Receive a Boost
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Imagine a human heart or skull being examined in a virtual 
3D environment in a doctor’s office or hospital room. While one 
might expect to see Dr. Leonard McCoy carrying out this analysis 
in the sickbay aboard the U.S.S. Enterprise in Star Trek, this aug-
mented or virtual reality (AR/VR) technology is actually available 
today from Radial3D, Inc., a University of Hawai‘i-based spinoff 
company. The company, with deep roots at the John A. Burns 
School of Medicine (JABSOM), is building a website for doctors 
to diagnose diseases using magnetic resonance imaging (MRI) or  
computed tomography (CT) scans in a 3D mixed AR/VR environ-
ment to give doctors, patients and researchers a new and exciting 
way to view medical images in “eye popping” detail and clarity on 
a computer or mobile device.    

Radial3D was initiated by Dr. Scott Lozanoff in JABSOM’s 
Department of Anatomy, Biochemistry & Physiology.  Existing 3D 
medical imaging software is not very user-friendly and Lozanoff and 
his team set out to create an agile web-based system for disease 
diagnosis and treatment, as well as patient education, using medical 
images and AR/VR visualization.  

“Our vision is to engender a paradigm shift in radiology through 
the use of a web-based, collaborative, zero-footprint VR/AR 
visualization system with relevant tools for remote consultation 
through personal electronic devices,” said Lozanoff.  “The mission 
of Radial3D is to use this new technology to increase the accuracy 
and speed of disease diagnosis.”  

The Radial3D team comprises of a talented group of young and 
aggressive entrepreneurs with expertise in anatomy, radiology, 
computer programming and graphics, hardware configurations and 
business development — powered by funding and business mentor-
ship from the University of Hawai‘i’s accelerator program, XLR8UH, 
and the Pacific Asian Center for Entrepreneurship at the Shidler 
College of Business.

  The team leader is CEO Jesse Thompson, JABSOM’s technical 
director of anatomical imaging, who is tasked with implement-
ing AR/VR learning in medical education as a means to improve 
student engagement, increase conceptualization of complex 
anatomical spatial relationships, and to decrease formal classroom 
time requirements.  Evan Young, who serves as the CFO, is a serial 
entrepreneur who recently returned from Silicon Valley to join 
Radial3D after pitching for another VR startup. Co-founder McKay 

Davis was a computer programmer and graphics developer of 
Seg3D — initiated at the NIH Center for Integrative Biomedical 
Computing at the University of Utah. Rounding out the members 
of the Radial3D team are JABSOM’s Dr. Ahmed Abdelkarim and 
Michele Tom, as well as newest member of the team — Leland 
Lopez, a local front-end developer, who is responsible for creat-
ing many of the web service components.  

“These personal connections were facilitated through local 
technology and outreach organizations like the High Technology 
Development Corporation and HICapacity — that serve as a primary 
entrepreneurial networking facilitators in Hawai‘i,” added Lozanoff.

Radial3D is building support for common web devices including 
mobile phones, laptops and tablets and recently launched a closed-
beta pilot program in collaboration with several medical and dental 
schools such as the University of Heidelberg, Case Western Reserve 
University and Bern University. Medical students at the University of 
Hawai‘i and medical professionals can apply for closed-beta testing 
by enrolling in Radial3D’s program at www.radial3d.com.  

“Given the current and anticipated physician shortage in Hawai‘i, 
as well as other under-served areas, Radial3D is well positioned to 
improve patient health care by enhancing diagnostic approaches 
and consultations at a distance, thereby facilitating patient access 
to medical expertise in remote regions throughout the world,” said 
Jerris Hedges, dean of JABSOM. 

As further testament to the confidence experts in both the 
medical and innovation arenas have in Radial3D, the company 
recently secured funding from Quake Capital, a Los Angeles-based 
venture capital firm that will be providing office space, mentorship 
and further startup support. Team members Young, Davis and Lopez 
will be temporarily relocating to Los Angeles to participate in the 
12-week program that will put them in touch with Quake’s extensive 
network of investors and potential acquirers in the city’s sprawling 
tech hub.

“We are extremely pleased with our team’s well-rounded effort 
in the prototyping, business and technical aspects that put us on 
the radar with Quake Capital,” said Young. “This is the next step 
in our journey and as we continue our work to make Radial3D a 
successful venture — we are proud to be representing JABSOM and 
the University of Hawai‘i at Mānoa.” 

Star Trek Technology  
Becomes a Medical  
Reality at UH 

Innovation
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Left: Dr. Scott Lozanoff 

talks about the use of 

virtual reality technology 

in medicine.  

Credit: JABSOM

“Our vision is to engender  

a paradigm shift in radiology 

through the use of a  

web-based, collaborative, 

zero-footprint VR/AR 

visualization system with 

relevant tools for remote 

consultation through 

personal electronic  

devices,” said Lozanoff.  

“The mission of Radial3D is 

to use this new technology 

to increase the accuracy and 

speed of disease diagnosis.”  
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International Expert Leads  
New UH Innovation/ 
Commercialization  
Office into the Future

Innovation

Buoyed by the University of Hawai‘i’s recent success with law-
makers to set aside restrictive statues that will now allow current 
and future innovation and commercialization efforts under the 
Hawai‘i Innovation Initiative to move forward, C. David Ai’s arrival to 
UH this March could not have come at better time. That’s because 
Ai, director of the Office of Innovation and Commercialization, as 
well as chief innovation officer of the University of Hawai‘i System, 
can truly set his sights on the management of intellectual property 
(IP) and UH-developed technology assets through his oversight of 
three inter-related entities under the aegis of the UH Office of the 
Vice President for Research and Innovation. 

Ai heads the Office of Technology Transfer (formerly known 
as Office of Technology Transfer and Economic Development 
or OTTED), that develops, implements and manages UH’s IP and 
technology licensing functions, including the active solicitation of 
invention disclosures from researchers. Ai also leads UH Ventures, 
a new entity that is responsible for intellectual property and tech-
nology licensing, education and the development of commercial 
partnerships to help drive and stimulate opportunities for economic 
growth. He will also work closely with the Strategic Grants Develop-
ment Office, a newly created office to assist and mentor UH faculty, 

students and post-docs, alumni to navigate the complex develop-
ment and application process associated with private research 
funding, including large multi-investigator grants.

“I am thrilled to join the University of Hawai‘i System, and to help 
drive the innovation agenda with all the colleagues on 10 campuses 
and in research institutes under one umbrella,” Ai said. “Hawai‘i has 
a long and proud history of diversity, which is the most important 
ingredient of innovation — to observe the world from a unique angle. 
I look forward to this unique and exciting challenge.”

Ai came to the University of Hawai‘i from the City University of 
Hong Kong, where he served as director of knowledge transfer, 
leading the university’s IP commercialization operations for the 
past three and a half years — concurrently leading an intense push 
into China’s vast business and industrial world, while developing the 
innovation and entrepreneurship ecosystem on campus.

From 2008 to 2014, Ai served as senior IP licensing associate and 
licensed patent attorney for the Office of Technology Licensing at 
Stanford University, where he shaped the university’s China strategy 
and spearheaded their technology transfer efforts into the country. 
While at Stanford, Ai also negotiated and drafted IP licenses, man-
aged patent prosecution, marketed more than 300 inventions and 
served as liaison to the Stanford Linear Accelerator Center. 

Additionally, he has more than 20 years of experience in various 
management and administrative positions within large corporations 
and venture companies such as vice president at NYSE-listed Varian 
Medical Systems and CEO at several startups, as well as chief advisor 
at Hitachi Corporate VC in the Silicon Valley.

Ai received his bachelor of science degree in psychology from 
National Taiwan University, master of science degree in computer 
science from Indiana University, master of business administration 
degree from Stanford University, and juris doctor degree from Santa 
Clara University. He is also a licensed patent attorney in California.

“We are very pleased and fortunate to have a person with his 
impressive credentials, knowledge and experience to lead the 
University of Hawai‘i’s tech transfer and commercialization efforts 
into the future,” said UH Vice President for Research and Innovation 
Vassilis L. Syrmos. “In our push to become a leader of technology 
commercialization in the Asia-Pacific region, his stewardship of the 
Office of Innovation and Commercialization will be absolutely vital 
to that effort and to the success of the Hawai‘i Innovation Initiative.”

“Hawai‘i has a long and 

proud history of diversity, 

which is the most 

important ingredient of 

innovation — to observe 

the world from a unique 

angle. I look forward to 

this unique and exciting 

challenge.”
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