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Fig. 1 MEMS in biomedical application (from"").
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Table. 1 Benefits of Miniaturization (from [213),

Properties Benefits

Explanation

Heat Transfer Higher cooling and heating rates

Mass Transfer
channel
Separation efficiency Improved separation speed

Reagent Consumption ~ Reduced reagent consumption

More rapid diffusion across the

Heat transfer rate is proportional to d? where d is the
channel diameter. This allows higher driving voltages
as heat is dissipated more efficiently.

Effective diffusion time is proportional to d

Mixing is often performed by diffusion alone

Higher voltage gradient can be applied. Faster
separation gives less diffusional band broadening
Require less material

Flow Generally laminar Reynolds numbers in microchannels are small, 1-200

Material Transport Less external pumping and Electro-osmotic control of fluid motion allows
valving required valveless systems

Portability Improved Smaller system, no external device required

Parallelization Readily achieved Single chip with multi channels

Disposability Improved Single-use chips readily produced with low costs

2. Miniaturization
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3. DNA Chip Microarray
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Fig. 2 Ilustration of the hybridization reaction: Unknown
sample DNA is hybridized to its matched
sequence DNA probes which are immobilized on
solid substrate.

3.2 Affymetrix GeneChip
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Fig. 3(a) Light directed oligonucleotide synthesis. A
solid support is derivatized with covalent
linker molecule terminated with a photolabile
protecting group. Light is directed through a
mask to deprotect and activate selected sites,
and protected nucleotide couple to the
activated sites. The process is repeated,
activating different sets of sites and coupling
different bases allowing arbitrary DNA probes

to be constructed at each site.
Schematic representation of lamp, mask,
and array(from™).

Fig. 3(b)

Fig. 4 Affymetrix Gene-Chips(from®).
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3.3 Micromachined Fluid Processor of the

Affymetrix GeneChip
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713E ol &3ty AA PEE olFsL, EFdE
wRieold|, ol #AME ohg el AAF] &
HH7|2 &1, oA7|HE  Affymetrix  AFY
Anderson 5°] GeneChip o] AM&3 i< =&
o] &g Wie] Uizt AFHRALE
Hybridization chamber ¢] @ X (Fig. 5)¢} fluid
processor & L¥H(Fig. 6)°] K<l wvRet 3ol
Anderson 5 HEo E3g V[AZHA WHE A}
£33 HAo] oYz}, Aol TS AL 4Y
& Aoz FAE 2EAY o] & F
g7t dlo]E  Z2}2E(Polycarbonates plastics)S
injection molding Y22 TWESI 2™, Z} chamber
9] & 2549 93 vent7b Ao 7NAE &
T A °“i“% St —)‘\‘°ﬂ HE2A gdozx, FA
o #x F AAdh =23 A8 e A
chamber ~% Adste] dAe & F
= &

Valve

Reaction Chamber
Fig. 5 Cross section diagram of the Affymetrix GeneChip
reaction chamber having diaphragm valves and
porous hydrophobic vents for sensorless fluid
positioning. The lower wall of the reaction
chamber is 40 to 250um thick for thermal
addressing(from'®).
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Fig. 6 Top view of integrated cartridge system (8.5 x 40 x
70mm) of Affymetrix fluid processing constructed
using micromaching of flexible plastics. Elements

a) oligonucleotide  array

hybridization b)

hybridization chamber, c) diaphragm valves, d)

include an and

chamber, an  auxiliary
reagent chambers, e) hydrophobic vents, f) a
linking chamber, g) an extraction outlet, and h)
fluidic ports. Reaction chambers are 1.5 mm wide
by 13mm long by 500 um deep with 10 pL
volume (from!®).
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Fig. 7 (A) Overview of the microfabricated silicon chip
with an array of electrodes. Chip dimension was

lem squire. Squares along the perimeter are

exposed platinum contact electrodes for
connection to power supply(from'®).

Fig. 7 (B) Electrode array region of the chip. The central
IX1 mm test site array region conmsists of 4
large(160 pm diameter) corner electrodes and 25
central 80 pm Pt electrodes(from'®!).

Fig. 7 (C) Cross section of an electrode test site(from'®).
4. Lab-on-a-chip

4.1 Lab-on-a-chip
71&e] AM&E il Q= DNA microarray chip <
DNA 9] 23 w32 22 3 9ol dojuhx]ut,

FH2 EHS dadE A

TE, ©9 =
A % DNA 9 Y AxE £437) A% 27t
g #olAq =AY 59 H*—i%il% g8 = ?ﬂv}

ojo] W, MEMS 7|
23 wks, 2, AR 5
oA BT FIPSES
olt}, o]E€ A MEMS 7|

]"4'«] ’S
©] Lab-on-a-chip
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] board ® ¥ Fluid circuit board, T to}7} o]

€ oA 319 mini-chemical factory 2 SO
Z X, high throughput & W3} & 5% gju}

Mini-C hemicaTPlant

Fluid Circuit Board

Chip

Fig. 8 Microreactors (left) can easily be combined to
form small assemblies (middle) and even mini-
chemical factories (right) (from!'").
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Silicon microchamber |4 PCR& & o
chamber EW9) E|/3}8ta Addo] PCRY A&
o2 o 2 4ge 713 4 vk 53], microscale o A

Wil hsstng, ghE 11}% gGEAd F = gz g AHe vlgo] AR XA 4
& Bl ohig), —’E?— electrophoresis & ©|-& % ol AP og v% Fosdtl EHel Primer,
A A BA Ak 2EE F4 AE AT T 2 5471 FF8d 248 oo W4
PCR ¢} &&o] Holxmz, FwHe 338 42 ©
ste] the AF7F 523tk Cheng 5 100nm
§ Deneruration (95°9 AlZ 7}AE thermal oxide & YHE @, 237t

‘ 7 AR ATt Rusta o B 7)
Z29} PCR tube & % A& polypropylene = =
f d3 EUE Fo ARE FYgoe

l Annealing {55°C)

stmg, e 248 84 HA AEE 9
Alek ghe Horg ‘_TL microchannel o 4] &
£x7 o= B4 N35te] DA ZRYe 2

Inlet for DNA and running solution

Hm |

Fig. 9 A schematic diagram of the PCR N ¥
Wells initially containing
TL}-O(}‘-‘G]- Z29] MicroPCR NES &l o B A7 dried PCR reagents

Bzt glovizsl obA microfluidics & 831
AFe BATAo] BF A|2®s F chip & B Fig. 11 A Schemetic of a microchamber PCR system.

57 @3 9tk Northrup 5  micromachined In this case, the wells can initially contain
reaction chamber 8} microheater & A&38+e] + 30°C primers, deoxynucleotides and polymerase. The
/s St - 4T/ 9 £52 2% W3l £7)2 403 w system is then flooded with DNA and amplified.
Hilo] DNA ZEZ& 10158 <o & F Qe Having different primers in each of the well
microfabricated chip %, ©] chip & DNA % Z=Z AR allows for different area of the DNA to be
2 AAztos B & 9= Ja BA ;q./_(]'e 12 ampliﬁed(fromm).
s bt 2719 DNA BA N29g AR
o} 213 Sanders 52 microPCR ¢ 2t chamber ©| ¥+&
o] BQ3 primer & FTHEAL 59 ¥HEES T

Wo] Y& & PCRE 3= system & A3

;“‘"“ssw. " — (Fig. 11). Chamber vt} Z7] T primer & LA
Paha 7124 DNA Y 47 & BEL FEAYL +
N T g Belth
feaction chamber ittzon
N 0.5 mm " waler o] 9}oj &, Fig. 12 o] YEbd kel 7o), Kopp &
1
& Continuous flow PCR & A3 Ed, AFol
Aluminum coriact pads  Polysfiicon hester  Silicon pitride membrane #E B9 z+r] thE 379 2% T498 32
Fig. 10 Silicon microwell for PCR reaction(from!'?). @A melting, extension, annealing #73& wHE3sIA

30
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Fig. 12 A schematic of the continuous flow PCR on chip.
The sample is hydrostatically pumped through a
single channel etched into a glass chip. The
melting, annealing and extension steps are

defined by the three temperature zones
(from!®}),
4.3 Electrophoresis chips
W71 9EHE AA7HA DNA EX9 9] 7)uto)
Holgtom, 2o AFF niel o] channel

size 7F Ztolol] w ol px9] FH g Eol,
7]&2] slab gel technology Al capillary gel
electrophoresis, Z#] 1., microfabricated chip & ©]-&
gk electrophoresis 3o 2 WA o] g}
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Fig. 13 Ilustration of the microchip with a simple cross
channel geometry.
Electrophoresis  chip <  Glass Y} silicon
lithography <} etching %9 7124
microfabrication ¥WH2 2 &3 microchannel o,
q%E AoA
electrophoretic separation 5-&
& HEx g o
durg o2 Fig. 139 (DA @9

electroosmotic pumping Y+

o1g3te] WEL o
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separation channel ©]31, (3)olA (4 AL
injection channel ©] T} 7—]’ channel 8] Zdl&= BWES
Y& reservoir 71 912, channel & polyacrylamide gel
I 2L gFde2 H94 Ak 3 @) AF
of A& do] WES AREY Yo oF
A7, gl S (O Hell Hold BE
°of £2ALE OJFHES 3l Wr|YEos ¥
2l¢ & Ane Y oZ Fig 149 dZ 29
Bhet ol confocal HF @AW & Abgste] B4
Fig=d
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Fig. 14 Schematic of single-point detection system used
in microchip electrophoresis (from!'”").
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t}. o]gA WEolRN EAALE FW3lL, 05 - 50 w =, neck BF2 F o)A oxygen bubble & 3/3A|T
um ZolE 7FA Fig. 15 (a ¥ CMO. Z 1 g8goz2 &AE injection Al F U

"7~9‘ [o)

circuit 919l polyimide/p-xylene 2 A&
w AR o], Fig.15 (b)) p-xylene EA#E]
BAEH.

Fig. 15 (a) Top view of polyimide/p-xylene channels
constructed on top of a CMOS circuit.

Fig. 15 (b) Cross section of a p-xylene polymer channel
(from"?).
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Fig. 16 (a) Example stop valve/injector implemented
using plastics on silicon. The sharp lateral
constriction forms a pressure barrier that stops
the glow (b) The injector is activated by the
formation of an oxygen bubble that overcomes
the barrier re-establishing flow (from"*!).
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& Fig. 179 £39] d& 22 RAAH,
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& o
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Mixing Structure

Entry Port
- Metecing Capillaries

Capillary Barrier
- Narrow Capiliary

o Mixing Chamber

Fig. 17 Example of a mixing device fabricated in CD
format (from??®).

4.4 DNA Sensors
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Hybridization S-S o, 3/@ o] & F&5L
Z3g g2 FEo] o] complex B o|FA H
A, o]E MUgEgH o7 HEste Aold. oA
A71 A ZE J= DNA sensor & o] &3, 71&¢
a7ke] Add AR7E F2YA o Lab-on-a-
chip 9] Adol] Fao3 I8 3o},

ole &, P Mg O E ojw FAAE A
&84 g EAEE Wi #IdE A7t &
2] Fe FAd, 292 BM dF20)AME Fig
184  YEMA  AZ  Zo]  microfabricated
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e I 1% o
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Fig. 18 Scanning electron micrograph of a section of a
microfabricated silicon cantilever array (eight
cantilevers, each 1 pm thick, 500 pm long, and
100 um wide, with a pitch of 250 um, spring
constant 0.02 N/m; Micro and Nanomechanics
group, IBM Zurich Research Laboratory,
Switzerland) (from"").
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