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Technology of the 21st Century

Genomics
Technology Fusion e

Microfluidics / Microelectronics / Optics / Biology / Chemistry
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Why DNA Chip?
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MEMS in biomedical application
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Benefits of Miniaturization

Properties : Benefits

Heat Transfer Higher cooling and heating rates

Separation efficiency Improved separation speed

Reagent Consumption Reduced reagent consumption

Flow Generally laminar

Material Transport Less external pumping and valving required

Portability Improved
Parallelization Readily achieved
Disposability Improved
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Technology Tread (DNA £41J|2| & XN 88}

Conventional Sequencing DNA Array Lab on a Chip

DNA Pocket Lab (Michgan0j &, David Burke)
“Labon achip"@ B2 DNAJI&S 2'T5t0 MBGI0 0184 J(PZ Jts6HH ot 212010
OF 151 OHl SIRLL A AR S20|D Y IIFBIOZ L AIFO BHE A

Future Manufacturing and Products in BioMEMS

(John West, Marketing Director for Microfluidics, Microcosm Technologies)
» Seamless Microsystem

- BIOMEMS : Beyond Batch Fabrication

« Living Chip Technology
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Spotting

Micro pumps.

DNA
sample

e L um Spotem2 Spot/Slide
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[’ V N 400 625 5000
\ 300 1024 8200
Slide Glass 200 2500 20,000
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1. Non-Contact Printing ==> Inkjet
2. Contact Printing ==> Pin 213
Genetic Microsystems (GMS)(Takara) SpotZ2 M@ H Ol XEX &
Cartesian Technologies ==> [} 2 Sample2t 2] I HIwI} 2t
Beecher Instruments
Genomc Solutions
BioRobeotics
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Microarray
TopSpot technique developed by HSG-IMIT is the first

spotting procedure for serial manufacturing of

biochips(~1000 different analyzing substances on a chip)

. Microvalves

Microdosing

; Nanojet dispenser(SnL)
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Q Plastic CD (Centrifugal Device) on a CD (Compact Disc)
& Centrifugal device on a compact disc-like
& Optical detection using conventional CD player
& Polycarbonate (PC)

Analysis optics m@;ﬁm:
/\ Auidics manifold

>
Qs |
A ed

Informatics CDoptics
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PDMS (PolyDiMethylSiloxane)
Silicone rubber (Sylgard, Dow Corning)

Biomedical grade silicones are popularly used in breast
implants and the medical world to carry gases and solutions.

PC (PolyCarbonate)
For optical devices such as compact disks and eye lenses
PMMA (PolyMethylMethAcrylate) '
Well known from the generation of micro-optical devices
Favorite polymer for the fabrication of microfluidic structures
Implantable grade PMMA is used in intraocular lenses and
orthopaedic cement
Polymers / Plastics

MEMS (Micro-Electro-Mechanical Systems) does not always
.mean silicon, it could be polymers / plastics
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Sample Delivery
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(Multi Channel)

Sample Devery + Micro Pump & Vavle

(Micro Reactor?)
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The Schemetic flow of PCR reaction
T T gt

Denaturation l 94 °C

TTTTTTITTI e er et

PO e i
Annealing |  50~60 °C
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Extension | 72°C
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Critical factors
- Designing primer and its concentration

- Annealing time and temperature

Some other factors
- Extension time and temperature
- KCI concentration

- Cycles number
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Cooling ? |

Adiabatic

Condenser

Amaaa

BEvaporator

SN NS o

Wil Condensate How MaporCor  Wkk

Micro Heat Pipe ?
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Market.
1. 912} $400M & T 9 AJBt0f AfZx5/ 7 2Uct
Small Size2| Kit 8 7F & 2A{ A[Et0] S5 E0/E
2. CE(Capillary Electrophoresis) 7} A x| 5= I8 F 1/4
High Voltage =il £ & &

Band Brodening 2! X
Post PCR Jts

&t Z3}: LabChip

Muli Be c tophoresis
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HP Bioanalyzer “Labchip”

« Hewlett Packard : ‘99 Sep. Labchip Zt0H Al =
- Caliper Lab. chip technology. &J12 S& S 0128 DNA 24
“ The future of your lab is on a chip “
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Microchip Electrophoresis System
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DESIGANING CORNER COMPENSATION FOR
ELECTROPHORESIS IN COMPACT GEOMETRIES

Joshua I. Molho, etc. Stanford University
Read A. Brennen ,etc. Agilent Laboratories

Figme 3. Diagrams © tie 12§t show comer designs
examined osing two dimensions! field
solutions, The skew normalized by e
channel width is shown  helow  esth
the

skew: 31 skew: 2.4 skew .35

Figure 4: Simulution of an optimized comer design.  The skew is reduced by almost an order of magnitude ag
compared (o the skew seen in the constant radius turn.
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Mixer

64-way splitter

Non-Mixer
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QCM(Quartz Crystal Microbalance)
MALDI-TOF 2 & 24 J|
SPR(Surface Plasmon Resonance)
Fluorescence

Electrochemical

lIon Sensor
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of Techm Translating Biomolecular Recognition into Nanomechanics
Science, 288, 316-318, 2000 (IBM Zurich research lab.)

A
|TEquilibrated in buffer I
- 50 .
mer : difference set to zero é ! k“ l m
g o
% ) \_[ W\ "
l 1. 16mer injectionl e e e e T
: 10 nm Time (min)
: purge 20 min later with 3ml 20
HB B

[ IIL. 12mer injection

: 16 nm

Ditferential signal (nm)
8 3

: why positive & negative?

-30
: surface stress 5SmN/m 6 14-'0 me (m(:) o e
(actuation force 300pN)
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NEMS? (Nano Sequencing)

~120 mvV.
Membrar{e_ . ;

http://mcb.harvard.edu/branton/nanopore.html
MEMS Lab
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Core Competencies

 Microfludics & MEMS
*Surface Modification Processes
*Polymer Chemistry
*Manufacturing in Plastics
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DNA chip : Multidisciplinary Project.

Micro Fluidics : Micro Heat Transfer
Understanding Molecular interaction on the chip surfaces is a crucial factor.
Biomolecules (DNA, Proteins, Cells etc.) on Surfaces
: Structure & Dynamics of Polymers depending on surface & solution condition
(surface materials, surface chemistry, solution condittion(pH, {1], T, concentration, etc.)
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