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Figure 1-1 (a) Layout of the channels in a glass chip. (b) Photograph of

channels of the glass chip.
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Figure 1-2 Large-scale integrated microfluidic chip.
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Figure 1-3 Microchannel-guided patterning of DNA barcode arrays. (a)
Schematic depiction of the procedure. (b) Integration of a DNA barcode-patterned
glass slide with PDMS microfluidic chip. (¢) Mask design of microchannels for
patterning of DNA barcode arrays. (d) Validation of successful patterning of DNA

molecules by specific hybridization.
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Figurel- 4 (a) Schematics of the microfluidic microarray assembly concept.

(b) Photograph of chip.
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Figure 1-5 Schematic diagram of microfluidic dispenser.
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Figure 1-6 Microcontact printing of DNA molecules. (a) Scheme of DNA
printing. (b) Fluorescence images of patterned FITC-labeled oligonucleotides on

a glass surface after printing. (¢) AFM images of the printed DNA molecules.
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FRXSMRE RN EERE-BHTREMEZFRENE MR, HAF1HE
MR ANIRBEMEL, AR & RUS SLRIET AR REL, XA LME
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Figure 1-7 Schematic illustration of a programmable microarray synthesizer

based on microfluidics.
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EA . RREREZ A ERMASHRNSEEROER T RELKR, [8
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Figure 1-8 Schematic showing a microfluidic chip based on cavitation

microstreaming. (a) Overview and (b) Side view.

(2)  EIFERBEE, HINHTLURES/, BB B FIE[50-53].
Snowski Z[53)RAMEFLE, WE 19 Fix, ERAENEELENERZE
ERIET 25 MEAR 40pm B Pt-SisNg BARFESY, FHIE B L% AR,
ErBEEHEHEFNENGERERREER. AU THEALA T HTHIRE
HEN—DC EMRE S, DNA 1 FIRE 10 B 58 AL K B 2 38 SO RLA AT LAIEAT
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F DNA [BRERGE KRB T &R RBE I, BNFE/LDe. FHE70
fEmBE G AT DNA 6%, AEERMBES), FEAFTHMENL. Az
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P AL, H R IE TR B R BUR

AAAAA.
B 1.9 7EREH AR RERE. 25 MAREA AT lom’,

FAEEERZN 80mm. EEERBAUMEER, WAk LEBETAE
BEENRENRRERIISER .

Figure 1-9 Schematic of an array of electrodes fabricated on Si. The 25
electrodes, made from Pt, are 80 mm in diameter and cover an area of 1 cm?. The
insulating layer consists of silicon nitride layer and over the Pt electrodes was a

gel permeation layer consisting of agarose gel loaded with streptavidin.
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(3)  WAHRHEES. ERHINBHIAIEARS IINERE. Ryu BHEH
MW AENRESSENERN ZRRGBES, N REZ RS
LTI R BT ARVE B [54] - Yuen ZBTERRT KN E W il E WA BT,
ISR T AU RERE , B AT R B R, SR 2R A2 N ) 4 48 & 20min
CHLEE 1-10) [55].
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Figure 1-10 (a) Design of microfluidic chip. (b) Comparison of hybridization
efficiency between hybridization with fluid circulation and hybridization without

fluid circulation.
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mAREY (RS5EEEE. VEER. REER., REEXR) WALBEN
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B L5 iRk IR A 4 2 R (<100pm) &I, BRRBERERT
YA T OSBRSS, WIBATHER, AN, Persa H[S7]HE
TREN TR NER, MIAAEBRERNERT, B0 TRARER
ATEKANTERMAS, ERAENELT, 2 TR BEERAIAER
MEEBMEE. Hu Z58| R T B EN R E KR R ATTHE
R, aT30@iE T AT R EEET L. Chung F[S91FIRRIEE
25 FEAR AL SR R NI AT KB DNA S FReE e M. Esimik
5% DNA S TFHRBIFFRSEE, BIKTH0E, FRETRMIERK
1.4kbp HIKEEMRAS FRT(E SR T 9 £, Wei ZE{60)FIFIF R IRLIREA T
FE RS AT, VRGBT AN — R E, AR AR
T XA B R E R B TR IR E B IR R 5 5CH E 8Dy 500s,
FE BRI A 1pl.

R, R SEKRIE IR AR B 4 T VR TE B S IR BT RSN KT
i B R A ST [60-65) BRI R [661 M TR A BN T N, ZFIE
BN S ERTERN FTHEREMTHRR. FIRRESAFEN
=0 e RIE NI IREN /7, IRGET —FETIEE. EMUER TR
FARESIMERIBNEE, TARE R —Sylg e LIRE R+ EHE
SR, SRTFERBOEAST. BTERBERE. 2THEWK,
LT SRR RIS, CD RGA RS T AR AF K RIE[67-72]
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Madou #F50/NE SRR B0 IV 9k IR Bh 713 AT = 40 1T (73, 74). EAA
CD Rt AT DNA X A EHEEER TR CD ARG ETE OLLIE
b, B SRR AT B OIS BRI, R SRR A T
PRI DNA £ X2 RE 1-11), 20 @{LEE 15min[75].

1-11  CDIUZERZ A A Bt R 2.
Figure 1-11 Design of CD-like microfluidic chip for DNA hybridization.

(2)  EBNEBIR S 3. AT TR IR B A B4R K RE ST, HWHR
&85 R A AR TE A ER AT BRI T LT S M PR A AR R B, T REEE — 2 1 s 4
TEREORELE, ERRET, RIERSEUBRAE. HARSHH
MFEEREKIEEEL (Reynolds number Re), TR IMAKMANE B8R S804,
YETI(N B 77)Z L, Re =pUL/, p RARTAETEE, U RRTIAKITHHE,
L RAFHEKE, L RRRENSIINE. EERRAP—RIANEEEH
# Re<<2000 AEWIRE, Re>4000 AimHAIRA, Re=2000-4000 ATk
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a5, T —ROEAEEERE, BENA 1010, RERSEEUERA
¥, SEZAKRSTEREY . U, BREMRENKFE N ERNR
RFENTT LB AR RS, (BRBARMEILER, B WEHIMIE
SRTYBERASNNE, A —SHBREAXES
EMRET, REERAHTESKENEERNE: HASHERE
Dl R B AR T AR R A BUR AT, B R LA A SR K
WIS HESAL, NTRNEREE, SIEEMNES. HARMES
82 5 30 R AT A R[76-79]. EB R Fr[80-83]. JRIEITITI[84-87) KT
A [88]UFF . FATIER MR G 22 2 5@ UR A 53 M B A S AR VR A BT T
& B B A E A, FEEREEM, RELRR— G . RMENF
TR IR A R E TR YR MBS . XMHEEMNHREESR BELEKY
BoEE, RARATEREANERE, —BATHAMRETHENR, WK
Ko (4N JENL. BN, U RETIESHIR. ATH - SEREER
B, ARA3DA BRI B B R T AR IR S TERS[89, 90]. BENEA
BIRAEREAORREE SKFREE—RITERS, REREETE,
BATECE, REESHMEE, 28mCAMAEE, Nehi"ZEE
Filk, e (EIR S AR/ . SudarsanZE[91 14 A AR 3D UL N E
Sy M T R LB S E R2DRT. ERANDBES, BTHRES,
B0 AR 2 AR EE AT BN ERE S A RRRR, B ETIE
B SR N P AR Y RIR, AR R E R TR
LR, RIS VIR A B R SR A OB P BRI B A M AT — BT
BT, BRER RSB R FEBIHRSNR, LURLEETTE. Stroock
10078 B = PR B R AR (PDMS) LI T R H A HA TR 4 R0EE
T B R M S B S R AR R O R E R AR E, SRR
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PEHNRAIS IR, ATRERAME. ZAZ WA TRIBENIREE AEEH
REEEORR I INRS . MRAME S22 IBHB RS MBI RE
F 8] FEL R B A T4 B 3 Ak 1 P A R — TR N 7S L ¥ D R e VAR 4 PR 7 RV
FEME A MEPRE . RS KPR AL R R SRR IR PUEIRE (2ms),
FEERIFIBFEERBHIR. RN RF R RE S 27 DL
PR R L. Bk TSR p iR & 8580 AT LLE B TR AC . (ERXT T
] AH 4258 R B VRIS AR & 25 L BUE A

Quakeff /NA[93] 1K IT T ETIRMIE & FWARERT S, KE2AEE
AT R 44 38 ZE PDMSE 7 5 TS FIE FIDNATIRE 71 5 T Al 7E 73> 2%
REZ AEHFEKRIEE, FEEFRNRIAFZROE, 7T F=EREIRE. 2
SRER (E12), B ESHALTHSATERTEINMESR,
T S BTG BT E . KimE[04)7] A 2 68 B¢ FUPDMSIBIE (5 04 F
54 FERRERES (WEL-13), BTRALRGERBEREESRES) TES
1 FiEhr 2R, XS FHA T ERID, ATUMEARTERMZH TA.
wwﬁﬁ$ﬁpﬂﬁﬁﬁﬁ@ﬁmL@M@Kw%mA?%&Eﬁ%ﬁ@%
B GEFIER) EEEANE-TEMsMm. Mt TEBE, EEREERIRA
FRLERBEFRTARNERREERSNETEGNSM, EIEMHES
AW AFRLBOBES, SAEREANNEOES T HMERESY
[E1RY, TI7E R A HEF B A ST FR N E T LR A8 E 247 EIF R . Golden
[MM%EMEEWMEﬁﬁmmm%ﬁ%f“ﬁ:?WET%%%
Voldman#5[97]7 F 7E (U8 P 149 A X RN 778 0 6D, 1 588 18 40 ML A9
ik, HTFRFHAZNBINRNERFS5BERMEBERX, EEBIE
BTS20 68 70/, AT E 3R A 8 T b R A 0 L U 3 388 P 3 el A X 33 4
MR, MEELLEMNRELERTMAK, ELAERE LEMNEDNI
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Figure 1-12 Fluorescence images of DNA microarray. (a) Dynamic. (b) Static.
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Figure 1-13 (a) Schematic representation of the molecular beacon and its
operating principle. Target hybridization leads to the separation of the fluorophore
and quencher and a consequent fluorescent signal. (b) Schematic representation of

an alligator-teeth-shaped PDMS microfluidic channel.
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1.3.2.3 WURIERH LB 23 S S8 A

BRI RS HRORET F LB RAE S MR R R A A % il % & o
FEFI A B RETOC B MBS ITRI .. 28T, FEE MM ER AR AR,
RN ATEEKRIES . AOFORRERNHEADENE T RREX
Rl o ARIEATIN G KR E, —BAT 53 A6 SAG I A0 BB A b A0 T 0 K2
(1) el RIGTPCAIMIRAR B 8T R EERKER R SR IN T, &
JRETE T 77 LB R AT 58, i ) R BN i, EZE 0T LU T 34 AR«
Affymatrix#]Genechipfa il £ 48 Azl 9 R BUE AT LUK 1.5pMe 55 —FARic &
MTIERRATE S5, HREH) FONALSEENRIE S, ZREEMK
RRLFRICHIfE3RDNA 5427 7DNAL &, I IXDNA-E - FDNA-RET =
BRIARERIEEI .. RALZE, FIRBLRITRESYKTR L, FRTESK
R WAT 3 B A ) R T 221072 M98 I Sk R AT LA PR B
ERNREE, B ShRRBERERRE/LENKNBRZES
A LAHERR R B EHERAR R 4 FHF . Brennan®5[99)% 1T T £/ T
HIFEIER S R TDNARI RGN . TRE TR E R LI S gk
BEBNIOEE, XREALIIMERBMRFSERKEEYE SHNEER
HEFRKEERR D, BBHSEVESHERTCNTH. SobiRics
RERRFCERE, HEA, ERNSFHEREEEZANRITCIERIEL
FERBHRAY. BFARSEARNHIRR T R IR ICRNE B R — &
BB AR ZIRIBMAETCRS, BRBRNAIRENE, KB —KH#
RB—FENET AMEMER R RTBUFE - NMRABEK TR, St
BRI IE TR

— REAZAGN R TARCHARN, AT ENEL THITIFIC, A
HUTHS: BIRTHRTALEAERE, BT MR ImEE, 55
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BRI BB S Wi R REF ;T LA SSRY SRS TR RO EAE R, AEVTAL
BRI, SRR IE R I BRI R & . T NENATY
EEW%%&Z%MWW%@%%Eimﬁiuﬁcﬁ%ﬁ?%@%ﬁ%%
A LA REH ERTHALNBS, ME-FBTIEHARELE
B R B LA B AR B R T ST E R AR AL B, FTLLB I T RSB S
A5 AL AT LA R BT ST RN U B, AT S A R H AR R
B, EF TR EENZBRERN T E, —R2EFHK SR EZRH,
HARART A NFERRESE, Hh—RA2R, HBRETHRTRE
B AT 5 SR AT RITE RN, NETSERBILE,
ﬁﬁ%%%ﬁﬁ%ﬂT%%%%ﬂ%ﬁﬁ%%?%mgome%mmﬁﬁ
TERTRTSAZRTIZ A ODNAKT (LE1-14), AREERN
108 RIUAR L ) 32 T 5 & 920fg/mm”

B 1-14 BETHENLEE— I SLEE, 2 MIEE.
Figure 1-14 A Young’s inteferometer showing multiplexed detection and a

single reference arm.
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TRIAENSISZBEETHA

RESFEAT R ASRER / WIEFE R 2 RT3 R A E X
FIGRAN T THEIERPEAR. RIRAEEA-SRAT LR, BES
BROEHE T ERAEE TR, BESRESSE FERNIRMESH,
TREREER, T, AASCEKERR, REABERANAEL
RE, oA AR ERICE B3 R AN SRR “HRA 7. REBTREN
THRIRAOMERN, RRRAE DBENENL. BEFRESETHRFEA
FEMTENREEE T HIRBEGEAREHE FDONAZ LKA . LeeZ[101]5E
T ERIRIE R T R AR E S S FHIRR AR MDNAFREF LE1-15.
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Figure 1-15 Schematic representation of the fabrication methodology used

for creating 1-D DNA line and 2-D DNA hybridization microarrays.
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Figure 1-16 (a) Schematic of a sensor device consisting of a silicon nanowire
(yellow) and a miéroﬂuidic channel (green), where the arrows indicate the

direction of sample flow. (b) The silicon nanowire surface with PNA receptor. (c)

PNA-DNA duplex formation.
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inserted from the backside of the cartridge. (b) Photograph of the integrated

device that consists of a plastic fluidic cartridge and a microarray chip.
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Figure 1-18 (a) Schematic of the plastic fluidic chip. Pumps 1-3 are
electrochemical pumps, and pump 4 is a thermopneumatic pump. (b) Photograph
of the integrated device that consists of a plastic fluidic chip, a printed circuit

board (PCB), and a Motorola eSensor microarray chip.
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Figure 2-1 Example of mixing of protein molecules and water in Y channel.
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Harvard Apparatus 7] .

2.3.2 PDMS BIERCE A #FHUHI1E

PDMS JBIEHUE & 2 F{E R IR ER B E R AN T EmA. Kl
wr: EREMBAEINCHRZTARSE SU-8 iR, AE1 PDMS RifkiEE
TR EREMAE. K SU-8 BIRFIERFAP LS SU-8 MAIBA. F:25 SU-8
MZIFEEPIRIGE, WOtz F—E5EmAEELEY, B _E6ER
FIhELEN, ZIE 22, MEEEKER 40mm, EEHN0Smm, HEN
50um. AREMEIEE N 30um, FEA 140um, [EIFEA 70um. PDMS B4
BIAE CEAE: SIEF 10: 1, ww) RMBEE. IHEZ 20min BERER
FEERIRIE, MEREGET SU-8 IR L, B THAET 80CEE 2h, WE
WLEHET PODMS E—HZBHREFNBERR SN, AAGMEEHREmRE
it EFT 5L
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The first coat Glass wafer
v Mask
The first expose
SU8-2025
The second coat
Mask
The second expose
Post Expase
Bake & develop
Tow levels .
SUB mold

E 2-2 W SUS M LrEE.

Figure.2-2 Schematic illustration of the fabrication process for the two-step

SU8 mold.
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Figure 2-3 Design of chaotic micromixer. The insets show one cycle of
staggered herringbone grooves and schematics of the transverse liquid flow at two

cross-sections in the channel.
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Figure 2-4 Performance of chaotic mixer. (a) Photograph of chéotic mixing in
the microchannel. (b) Plots D-® show mixing state at eight cross-sections in the

fluid microchannel.
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DNA 3B A DS 2 AT ERERIEN, GYmERRRERER
B EGUR[1-3]. FTE DNA 2T HARET AA DAMIEF IR #5E DNA
A-Fi@it Walson-Crick TREEExT B M 7% uAa i AU 22 20 Xk DNA 77F. DNA
QAR EEEREN, T MRIE DA MR TR R R S

DNA%iigﬂﬁmﬁ%ﬁﬁHﬁ%ﬁﬁ%aﬁﬁ%i%ﬁ%%%ﬁm
FE R LSBT AR, E— 24T (ARNBETRE. BE. &
128 BT 4050 . (BRIEMARE R, K4 4 M XUEES T R I H AR A XE
ﬁﬁﬁﬁim%%%m“foHﬁ%i%%%ﬁ%@ﬁﬁﬁ%ﬁ%ﬂ%&ﬁ
Y E, TIARID RS FUNE FEl . #ORRE, BRI
REZHEDTHRE, ﬁﬂ%&i%%i%%iﬁ% HFRZSTHT
Kol 3t BT LA R B B T AT, EARSSSHZ A, EREETEA
A5 DNA X FEHREUBSEINE, FOLEBMREDTH #
%Ewm~%%gamm

MR A UERRERED. SWREE. RRERERTRIERRN
W 5 o B BTRR R MR R . — SR /N A TE SRR B R R IR BRI SR IR TR
o 4 T4 SR AT 45 45 7 B E B8 F UAAR R [E A A0 SR AE 2 SE R JAIG, BEARTHAER
& R[4-7]. BRI B _ B PR 2 R R AR AN 5K (R i
DNA 8R4 F 325 H{L, 4R EF 1.4kbp 85 DNA B4 T HRZ(E SHEMT
0 f£[8]. TR RIS TS DNA £ M 7E B IRE U IE P IELIED
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[9-11]. BESHBIIBHILIE T DNA 2 FRTE S FHER. ZEERT
WRREIATX, AEBRMRESTYEL SEMYEE T RACHE. iM%
BETNE A B R G F R S, Eﬁ%xwmnﬂu
BRELRHE—ERE LNE T HIRR, BREXMAIENHFE &
&, BHANESIMBIA7iEZ R ARIBIE (<<100pum) F{RFE (<Ipl/mind.
XFERAEMRET, MEEFHRESIHREUERAE, S TEET
BERBHERATS, REBRBENREERTIIES T, ERERTH
BT oA RAERELRBI MR, X &R MR EM. Wk,
ERRAEEYERE, KBEEHENBERNLE. HXTRMAELRE)
ALFEM RS, BNAEET SRR ESH#—PEBRYRMER, A
BRI R AAREERATAENER. ARMET EFREMES
B £, BIERUEIER) EEESIEARXFR AT AN FRIMAE, (RAF i@+ Y
BOR R A TR, BT BRI R S T 5 R ST B R R R AR L,
MR R ESRE (LA 3-1). RITEETHIREHE S SR A
ENTRMEMBE G SN AT ERENRAELRE, BoFREMEESET
EXMRNER . EREIMBIREHREESHBNELHERNETERER T
BEBMAZAER, TEEREE, REMEESFREBR T &
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3-1 7EEFHBER A ARACRA TS F DNA 5B € HHRE IR
FRER. ELEARNERT, REMRSEs FRMRIRE, 5K
. R, EERMESENELT, BTRARSEMRMLARERED
FEBEN RS, FESHES TFENSSE R EMIFRI.

Figure 3-1 Ilustration of DNA targets hybridizing in laminar flow and chaotic
flow. Without the mixer, only a portion of DNA targets carried by the laminar
flow can be hybridized with immobilized probes. Chaotic flow generated by a
passive micromixer circulates the DNA targets and exposes more DNA targets to

regions immobilized with probes.

3.2.1 AT RANEE

B B TR B 2 B AR 2R TAUEBERZ (Acrylamide, AAM), NN’

_p BB B FR Y 7R 4 Bk % (N,N-Methylene-bis-acrylamide, BIS), [IF % — 7%

(Tetramethylethylenediamine, TEMED), 3-(FEAMGEBE)HE=FEAERE
42 (3-Methacryloxypropyltrimethoxysilane, MAPS) ¥ E Sigma-Aldrich.

THRELERETRFEALTFRP L. MBELR (Repel silane) T E
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Amersham Pharmacia-Biotech.

76 20 JBX ) - 5 4 ) 2% AR SRR ) AN BR: SU-8 &2 B 25 [E Microchem
nAEl. FAEE, AEROEWEILHEAERF . Sylgard 184 B — R EEE I
(Polydimethylsiloxane, PDMS) 5 3 & Dow Corning A& . SC-1B B 5 fH1
THEIERAUBEPRXERAF . EIHIEFRA ThermoOriel 68810 ARC %4k
BACRR, ZRABE 500 AT .. E8 FHIBVEW B 32 F Harrick 247 .

BIEIHR A AR FRRE VRS FHERT RETEDA
. WMEFIMT: SR FITC Frid 15884 F(FITC-5’ACCAG GATAC
AGCTT CCC 3') Ml 5> RimEEFRIEHIIRET (NH-5GGGAA GCTGT ATCCT
GGT 3"). {88 % B4 R4(XT71, Olympus)EEE CCD H4& I & 4T
A (Image-Pro 6.0), FA TR EREME. EHEMWEEE Harvard

Apparatus 2 ) .

322 KWHE

3.2.2.1 BABEEIREE B ASI{ER DNA RETEE
3.22.1.1 B ABEEREERL

BEREIA (25%x75mm) F5e ABRRFIERE T 1%, ZJS7E Piranha J (3R
BRER/INEIK=3/1, vIv) FEIHL 30 78k, HAEERAKEBAEKELE, KBx
BRAREK, REWRT, TRLARE. BREOERE AR T Hem s f5Em
EFERT (0.1%MAPS,  1%ZE, 80%L/KZE) ZRWEE 1h, ZFEK
KA ZEE. AEKER BRERT, EEBTUREHA . SAOREERL
BB AR BRGNS E X RGBS R /1. B—80 8
AR AR, KR BERERERA TR £, ZI8 T RN 10min,
ZEWIRRA LB, 4ii3KER, RERTFEA.
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322.1.2 BRGE RS EFE

B AR TR R U BT BB & 5% AAM-BIS (19: 1, wiw) , 40% H
W, 0.002% TWEEZ, 0.12% TEMED, H I FRE=851 K7, TEMED
REA R RIILERI[13]. SRR EIENREEERED T SR
20um B B F MR UL E M BIK A Wik, 2 5 BRI B RN
HWABETHL, SHEFANBREAZEARRES. BaNiTiEEREES
SRR TIABE . BERAE AMERNERENKTEE L, Mk
ﬁ%?ﬂ%:%?%%ﬂ?%%Hmmm,ﬂ%ﬁ¢§EE3Qo%E,
AR AT BB BRI A AR KR R, wx&¢m*mAm$m&mﬁw B3
mﬁ%%&{hm%ﬂummmnwm>Imﬁ%&%MWﬁﬁ%ﬁ%4m
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B 3-2 BREBRRERRENEERE
Figure 3-2 Schematic illustration of the fabrication process for

polyacrylamide gel pads.



