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Course Organization (1)

* Related courses @ NTU-IAM:
543 M6950 ¥ = 7 & + ##% (Introduction to Microfludics
in Lab-On-a-Chip) 3 credits

543M6830 . # ik £ iR $ i (Modern Measuring
Techniques of Thermal Fluid Mechanics) 3 credits

* Language: Chinese; lecture notes in English

* Lecture Notes on Web:
(http://bernoulli.iam.ntu.edu.tw/tw/index.htm)

* Grading Policy: Term project report 80% and final 20%,

Q&A 10%
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The Trend of Industry

=

trend of industry development depends on
the trend of human needs.

Providing Ubiquitous Total solution

Integration of functionality

Built in precision/inspection/automation

Reduce time to certification/mass

production/market/profit
(72— m¥)
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Preface (1)

Why interdisciplinary?
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Complexity of Target
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Preface (/)
[Charles Darwin]

It is not the strongest of the
species that survives, nor
the most intelligent that
survives.

It is the one that is the most
adaptable to change.
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Preface (1/l)
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Course Contents

O

. Induction to LOC & term project assignment (2/19)

& Specificity of enzyme catalytic mechanism & Antibody technology
(2/26,3/05)

& Micromixers, microreactors, Droplet-based biomicrofluidics and

Lab-on-a-chip (3/12, 3/19)

¢ Behavior Genetics: What we have learned from Drosophila.
(3/26,4/02)

& Mid-term report of Selected topic (4/09)

¢ Cantilever-sensor for biosensing & bead-based microfluidics
(4/16,4/23)

¢ Electro-Microfluidics (4/30,5/07)

¢ Stem cell and translational medicine (5/14,5/21)
¢ Bioenergetics & Plasma membrane (5/28,6/04)
¢ Final report of Selected topic (6/21)
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What are LOAC & u-fluidics?

ore are different names used in the literature: u-
fluidic, MEMS-fluidics, u-TAS, BioMEMS,
biochip, LOAC, nanofluidics, nanoflows... etc.

& u-fluidic is the study of flows, which are
circulating in artificial #-systems. (Patrick
Tabeling)

& u-TAS: Micro Total Analysis Systems

¢ LOAC (or LOC): combining different operations,

which are originally performed in laboratories, in
a single microdevice. (Berthier & Silberzan)
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What are Fluids?

is a substance tending to flow or conform to the outline of its container
(Merriam-Webster’s Collegiate Dictionary, Static aspect)

Fluids are the substance that could not resist deformation, move and deform
continuously under the application of a shear (tangential) stress, ho matter how small
the shear stress may be. (F. White, Dynamic aspect)

¢ Fluids include
» Liquid: a state of matter in which the molecules are relatively
free to change the positions w.r.t. each other but restricted by
cohesive forces so as to maintain a relatively fixed volume.
» Gas: a state of matter in which the molecules are practically
unrestricted of cohesive forces and has neither definite shape
nor volume.

* Some systems contain complex
phenomena, like a group of solid SR
that shows the ability to flow and www.chemistry.helsink.f

. . sand as a liquid
polymers resist deformation etc. Polymers as frozen d
liguid NTU- | A
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Biological Fluids

1. Cells & BI.-ood

2. Proteins
3. DNA NT U IA
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What is Microfluidics (LOAC)?

@ Micros the key and has at least one of the characters:
- small size (not the overall size but the length scale
that determine the flow behavior)
- small volumes (nL; nL; pL; fL (femto-);
aL (atto-))
- low energy consumption

- effects in the micro-domain...
e 1L=(10cm)d
elcc=(lcm)®=1mL=103L 1nL E
« 1 fL or 1aL is still far away from molecular level

wd T

ImL (1cc)

(Nguyen & Wereley)

Topics of Term projects
?

. grative Microfluidic Chip for DNA Recombination = *
DNAZE#H & k (2008, 2009, 2010, 2011 ,, 2011+, 2012, 2013 )

¢ POCTC for CKD (Point of Care Test Chip for Chronic Kidney
Disease)

%ﬂﬁ_ e fB 7 (2009, 2010, 2011+, 2012, 2013 )

* iy Automatic Sorting and Identification Chip
RUEE EhEREE AR A (2012, 2013,)

. High th_r_qu?h yut Stem Cell Incubation & Test Chip
FARSREEEERAGE &R R (2011, 2012, 2013 ,)

¢ Two-dimensional Electrophoresis Chip
= TR 7 EeAR A (2009, 2010, 2011, 20114 )

¢ C2MC (Cell Counter & Measurement Chip)
S EEs £E & R (2010, 20114, 2012 )

¢ Neuron Development & Test platform on Chip
MMM ERAE S & R (20114)
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Results of 2008 - 2012 Projects

¢ 1 US & 2 Taiwan Patent pending

+ “DNA EiREHh ?EEILI i [* V3, “ Proceedings of 2008 % PugRE:— FHE[§k
a4 (’"%_g“" + [ IPHRY PR L)

o D ESEHITERY EESTTDNA FiAD i ?EFE,& 575 20085 ST b EEE L
’FI'E]‘ f (f%%\mm GRS R () -

. Automatlc Total Processing of DNA Recombination Chip” 17th
Symposium on Recent Advanced in Cellular and Molecular Biology,
Taiwan, 2009

¢ 1 SCI-Journal paper has been published in "Electrophoresis” in 2011
(Impact Factor: 3.077)
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Self-made battery-powered
Micropump assemblyin 2007

published in
Electrophoresis
2011, Vol. 32,
p.423-430.

In preparation
for
Lab on a Chip
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P# Ekectrodes

d 1sc1p11nary & Inter-department & Inter-college cooperatlon
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Comparisons of in-lab and on-chip
DNA recombination process

In-lab On-chip
Time consuming 3=24 h <lh
Manual checkpoints Many ]
during operation
Gel cut MNecessary Unnecessary
Operator exposure ~ | min/sample 0
o UV
Gel extraction kit MNecessary Unnecessary
Mmnimum DNA sample  3-5ug 051 pg
needed
Parallel operation Possible with Possible with full
more manpower automation
Large DNA fragment Difficult Possible (success at
separation and least for DNA up U
selection to 4-5kb)
B il Edited By An-Bang Wang NTU-1AM
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