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1-dimensional case (1)

(MEMS; dT (thermal
Micro-electro-mechanical  systems) conductivity)k dx
(micromachining) (conductive heat flux) Q" cong
(microchannel) (micro-valve) (heat transfer coefficient)h
(micro-pump) [1,2] Q" conv(convective heat flux)
(Bio-MEMYS) (CE; Q” com= h-AT; h=Nu-k/L )
capillary electrophoresis) (electro-osmotic) AT Nu (Nusselt number)
DNA k L h  Q conv
(PCR; DNA
) " "
(
[34] )
(cooling) (heat (thermal diffusion)
exchange) (thermal penetration depth) Xgis
t
Xa ~V(D-t); D (diffusion
coefficient) 3
Fourier's law
Q" cond = - k-OxT; Oy T =dT/dx for
nlm
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(MEMS)

Nano-electro-mechanical systems)

()

(microsensor)

(on-site measurement)

(photo-lithography)

(patterning) [5,6]
(NEMS;
(compatibility)
1993 UCLA  Cdtech
(7]
2 mm 21

(piezoresistive)

(hydraulic diameter)

UCLA Catech [7]

()

(silicon-based micromachining)

1980

(bulk-micromachining)
micromachining)

( KOH

(anisotropically)

(surface

TMAH

u2m
2003 6



A
2z Tz 2227
A A-A Section
B Detail
zoku X550 S@um BBBEBE
( )
(sacrificia layer;
(yield)
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(structural layer)
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Substrate Substrate




(PDMS  poly-di-methyl- siloxane)
(high elongation)

(low stress nitride) (good sealing) 1990

(polysilicon) (8] CMOS G. M. Whitesides

(IC foundry) ” (soft matter) (stamping)
[9] (molding) (embossing)
(entry barrier) [10]
(SAM;

self-assembly monolayer)

(elastomer) (silicone) SU-8 (high aspect ratio)

PDMS mold

PDMS mold _I—I_ PDMS mold
- Lousl sl | g

Substrate ':> Substrate ':>

Substrate

SU-8 SuU-8 PDMS
PDMS « ) PDMS
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(photo-resist)

200 C (
)
LPCVD (600 ©) (800 Q)
(silicon-based)
200 C
(parylene) (gelatin)

()
(Poly-para-xylylene

parylene) 20
parylene N parylene C
parylene D ( ) parylene

(monomer)

(deposition)
(di-para-xylylene; dimer)
(para-xylylene)

(monomer) parylene[11]

parylene

( )

parylene

), S, )

Parylene N Parylene C Parylene D
Parylene [11]
() [12-14]
(collagen)
m 5m
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6,000 (protease)

(thermo-reversible)

(bubble pump) (membrane
40°C-50°C pump) (diffuser pump)
25°C (‘rotary pump)
(piezoelectric material)
(crosslink) (EHD pump) (electro-osmotic
pump) (electrophoretic pump)
(electro-wetting pump)
(potassium
dichromate) (moving parts)[15,16]
(photo-sensitizer) " ()
(network) (Caltech, USA) (Dr.
o o Yu-Chong Tai)
(Micromachining Group) parylene
KenWalsh
parylene
200 C (
) parylene
(17]
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UV light

YYVYVYVVYYYVYYYY |
Silicon wafter |
(a) Deposition (d) Obstructer layer
UV light
YYVYYVYVYVYVY | Oz plasma
Yvy Yvy ¢L++*+++*++*++$*+¢L
Y Al —————= A
] — R
| |
(b) Photolithograph (e) Etching
Photoresist
— | =L 1L |
(C) Deposition () finish
Parylene

Parylene [17]
parylene

(capillary meniscus) [18] (hydrophilic)
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(

)

(filling flow)

(surface energy)

(dynamic contact angle)

[19]

Lippman

YsL

YsL = VSLmax - 8r"go'(V'szc)Z/Z6 (4)

&r€o
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UCLA

() (EHD; Electro- hydrodynamic)

EHD

EHD (
10°~10"S/em )
(conductivity) (permittivity)

(relaxation time)

(AC traveling wave)
EHD

80

20
6.08

[19]
(laminar flow)
eE%d?
~ ©)
12,40
Ahn[20]
(comb electrode)

(ITO; Indium-Tin-Oxide)

B Ty

ITO
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) 15
40
87 nl/min
( 3-10

EHD

100

ITO

)

ITO

26

SU-8
DC
EHD

EHD
EHD
[21]
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