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Nano Technology for Bio Industries
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Nano-Electro-Mechanical-Systems (NEMS) technology enables us to develop miniature sensors
and actuators, which can be used to sense and to exploit natural phenomena in a wide range of
disciplines. In this presentation, we will discuss the technology and the research trend of applying
NEMS to control flows for sample preparation in bio-signature detection system. We will illustrate
how to facilitate transports of fluids and embedded particles with length scales varying in several
orders of magnitude. The underlying physics of controlling fluid flows over a vast change of length
scale are very different. In the regime where continuum assumption still holds, the extremely high
viscous dissipation makes the electrokinetic forces a much more effective actuation than the
pressure. Further reduction in length, the molecular forces becomes dominating and continuum
assumption breaks down.

With MEMS based optical or electrochemical sensors, we can identify bio-molecules in a rapid,
sensitive and specific manner. Controlling the surface molecular properties becoming the key
performance issue. Micro bio-signature sensors in couple with the micro/nano fluidics based sample

preparation system enable us to realize the instrument for point-of-care diagnoses.
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Educating the Future Scientists and Engineers with Interdisciplinary Training

WE

FREERHARABAARSFRE P TE, BSHAESNARTEBETHSA  ELEERRERT
FHIFTEN. BEARABESNAZTORENZE, BRHIBENERBEE , TEL , BEGI
RAERDBYTR —RERKNMBEREBHE Y, MER—EENREY  BERNMHEXRMNEE
o

BEAEERBEENA  BERXSF. DNANEHECKERBRREELENIR. 92
REERSEEENEN , BRENIRLTIERERFEEURRRKRIWNE, RV EREBE
EZYE, LB, EYUARBBRANIR  BEEENELEGNERAE,
BEEFNESNREHIBENAFTEELNE ? EAZSEREHIELNENEE , BBERYWELE
e mE2, P TRERN LY EEHEN, EHEMREMNENRES , RYTE®E) , m
DTREESEFEE, RTHTHEEB NS  BEFRRAEETSRAKMKRKRTHE , RELEEM
MYIE, L2, EYUREBBNIIK,

RENSERECHEEAETENTFENIEEE , REARBS =+ FREERENESHRE , B
BEREFNEFELCHIETRIENRE, EEESLAFEREBEH RN THEE RS
MEESD , BESIREREREEFEEENIBRERNREIIR,

Discipline is an artificial division of natural knowledge domain. Discipline boundaries should not be
held in a very rigid manner as at present. The current disciplines were defined more than fifty years
ago. Different voices always suggest that interdisciplinary knowledge is not as fundamental as fluid
mechanics, solid mechanics, etc. In fact, interdisciplinary training and fundamental knowledge are
not at the two ends of a long straight line. They are at two points on a circle. The key point is the
definition of fundamental knowledge.

With the success of the human genome project, handling nanoscale molecules, DNA and protein
has become the main stream in the health care industry. Informatics is the technology of handling
massless information. Traditional training does not handle massless and nano-scale matters. We
need to provide students with much more in-depth training in physics, chemistry, biology and
mathematics. The fundamental knowledge of these areas is the needed education for students.
How should classical disciplines, e.g. fluid dynamics, conform to the changes? On the first page of
most fluid dynamics book, the assumption of continuum is taken. In other words, the molecular
effects are represented by physical constants. While interesting length scale keeps decreasing in
developing micro machines or biotechnologies, molecular effects become important or even
dominating. In addition to the classical continuum mechanics, students deserve to know more
about nano/micro scale effects. Resorting to deep training in physics, chemistry, mathematics and

biology is the solution.



The current students graduating today will have a forty year career in front from them.  No one
can predict what will be the challenges a few decades from now. Even bio-tech and informatics
will most likely not be the leading challenge anymore. Equipping students to be able to face the
challenges in a fast changing world, interdisciplinary training will provide the breadth and the

fundamental scientific training that will provide the skills to adapt to these changes.





