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1. M3

T 20 F9F tiekst u|AE7) 7] AR (Micro—electro—
mechanical—system; MEMS) 7€ 253} FE0Z5E 2
28 7171747 tjekgt 3-8Rofol] o] 1 glrk! o)A )4
8t 7}& (microtechnology) <= A% W oJef Bolell w7)54S
gt 2AH B4 71719 Aol AIHow o]gH T Ukl
3], 1990 Andreas Manz$% Michael Widmer+: micro total
analysis system(u TAS) 7/E-& AR o|F F&alA B2 1}
sAlEo] Bkt slst vhg W AVES w8 2% 3 Hollx]
ks B2+ EO] F3E] 3 gleh!™®
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8, A2 5E(DNA amplification), e it

F42 Y 24 (DNA sequencing), ¥ AlIE 4 59 toF
vb_"°i:°ﬂ 43k AlElEol o) muEm kb0 29, A
34 92 F(lab on a chip), ¥le]. 23 (biochip), "IAl A 3 (mi—
crofluidic chip) ¢ "JHA2AE (microsystem) < AMH:- A9
2z A5 o A, W A n8s dA3 2 7 U= F
Aol qiek. gt W Alge £, £y, ol$d pEe] ¥4 A%
9] Fx1L 2ok 9 Ao} i Ao wlle- & AHE 72 9l
o B8], ol 48 §i ! Foff 7hs et viAA AR ABske)
Aol u|gt TAME, 3 81 FAAL FLE A @ oY &
Z 74t Soll nhg FeaA 889 Aotk gimAQl o
25§37, Rz, AT vlele K, dsAd
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=), U-health o]t} 2 NEXUS(The Network of Excel—
lence in Multifunctional Microsystem) A4 #pFo 2|3H4,
2000 30%9 gjolA 20063 68x%9 gElz FA A
B Ao of&sla 9low olF nlo|L Fol= ik 194
g7t g Ao oS

by, A2 FEH THE D Qe Al AlARe] S 9
A we st T4 71 side] 27T Qiok 2719] )
Al A2EEE AelE 7S vEo R sk F4 ol (wet—etch—
ing) 3 AFA 21z} (photolithography) & vlgo g A B5F {2
(glass), A2 Z (silicon) U 4194 (quartz) & ©]-&3te] AZE S
P kg o g A& i f2lE o]4% nld fA AL A
sk AL A (clean room facility)©] @750, 1H]E F
A 9 T3 73] o8 Al die] Sk 53, AulEs vige
2 3= 2SR A719% vlola3 2 H(capillary electrophoresis
microchip) 8] A5 A7 558 s sl uddE
22 A H=d AeEe AEwrt FA7F "ok weba, oik
o7 A" AEE el L Mdolrt f B A9 B 7ido]
o3, ¢35t F& B4 © A7) AHF EF0] F IHEE )
9 £33 RS AU AFolt) AR mA] F4o] Al
vjg] ul$ 729w T NN, 7EA 29, AR A7, oA,
AlA) ulgo] wilg- ML ool ARMEE fo] T, AA71E
ARg3le] 3o B A vkt 2AIRE hhEka Qo] ol
At 2 gl BARE AL ik A S poly (methyl—
methacrylate) PMMA) = 0.2~2 cents/cm?21 ] B]3}0] boro—
float glass (Corining Pyrex glass)= 2~20 cents/cm?, boro—
silicate glass(Schott B270)+= 5~15 cents/cm?, photostruc—
turable glass (Schott Foturan) & 20~40 cents/cm?¢] 7+At)
2 48t YUek'°

A719) BARE dTE ¢ e T2 Uk AEE e A
£ 7o) mEA} &2 (polymer; plastic materials) ©|t}, tHEA o
2 A 73 7RSS PMMA, poly (vinyl chioride) (PVC),
polycarbonate (PC), polystyrene (PS), polyurethane(PU) %
poly (dimethylsiloxane) (PDMS) S°] ot 18xk= 7154, 3
g B4, 3799 gol, o Ak ulE 2 T B e AW
31 glo] AHgE g B AT $YE T Ak ol g2 B
Aol B35l BRALE o] &3 viM 44 AL a7 FHoR
Q& =gl W2 AgdS fisle] fA9] EFe] dE3A &
3 FAldo] sl et oife] A o] A BHR
A5A] A W i =abs Al 2)dle] H|Eo)d Falo] HAlE}
of oAl £ e AF5E A 5= QR olof] & FAelly
E IRAE o183 A 54 A AR TR AR v)H /A4
o] ¥ 7hd 7)ol @3t ARHAR] Ve 58-S AT E A} g

1.1 B|M| &Ml &l(Microfluidic Chip)

= AEFore] W z33l8H (combinatorial chemistry),
oJekE AgEly, Falal B4, i) 24 T3 22 o A¥
< Bl 7180) Q7 EE AUE BRIt o)F g A3
& HIEA] egaite] AJEE T V|eo] Aide® JQe g 3
A = A B AES 3+ e B 2 A 7P
AA3] Q7P o)A M2 ToE 2% ARE UEF ¥E
A F E uA Adelre] fAE o 7o FoiFo]
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t}. o] 7)1 38l AE B ook Folol| o] gEE A%} 7179
a2l 7)&olt), £ UAl FA 24AES ARe] F4, A% olF,
Ao, &35}, e, MA 2 25 24 Fo|th

= o)Al -4 (microfluidics) ¥ vtelZE Ag el F4%
9] fA 3EE thgE gFoln) gEFertee] i 52
F3 u 713 %ol Q431 Z1¢] Reynolds number (Re) ©|th.
ZL& Reynolds numberE zte #3 382 laminar flows 2
ol o) Al BF0] FR/E olErhe Aotk WA, TR
M) 3L B2 thF-(convection) & -2+ Eit(molecular
diffusion) o] 2JaiAlEt YoluiA] Ak wepbx, vlA] 415 o}
2= 7)EL A9 718 A B Ao FHE T= Rol of
Yt gt oA A4 24 7eS vl eR ok Y A A
2EE FHE3 Rl FHEE T3 Uk ol vAl A 2
@9 FAHEY AL AAME hard materialsET= soft
materialsl] B2 A7t FAE L glon wAEY 23 gtk

B Fo] st tEAQl o A3 28 w4 9 AslE g
S8 A F4 F2 a8 17 2ok 27k BRo] vk 2E
(nano-liter) ol w4 FAE 225 FAlol 2] 7R A
3k hS-(EA WS, FE-A vhE, ol s 2 B3 A
)L thekstA $AE 4 9o FAle BAE 5 gk

1.2 J12KKPolymers)

TEA} 23S microsystem deviceES AFEA Y (injection

molding), hot embossing, casting, laser micromachining &
3 2 FAE olgalel WA U AN 5 Uk B AR
olc}, E3 mEAEE 2Hzte] A A, #st B, 25 &
A4, % Uisked 9 AR A9 BE S8 9
o] g8 4 Y= AW 24 A1 Y}, 11870

A v A ZA (microfabrication) o] 713 & AMLEe=
AL polyamide (PA), poly (butylenes terephtalate) (PBT),
PC, polyethylene (PE), PMMA, poly (oxymethylene) (POM),
polypropylene (PP), poly (phenylenether) (PPE), PS, poly—
sulfone (PSU), liquid crystal polymer(LCP), poly (ether—
etherketone) (PEEK), poly (etherimide) (PED), polylactide,
PDMS, cycloolefin copolymer (COC) Eo0] AMgE]1 gick. 1618720
B 13 2= @A) vlo]a2 Bl g AMEHE YRAES &9/
3ery e ArlEigion, & 32 vl|aE EQIH A= A
ol AMEHE gEH TEAES v 4tk

OlMl B+371 Vent flow channel 2% Ol |4 =X

OlAl A AIZ

I8 1. S OlM SR E AR

olMl A =
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B 1. Basic Physical Properties of Molding Polymer Materials'®

. . Heat distortion tem—
. . . Glass Permanent Thermal Linear expansion
Themoplastic materials Density temperature, 7; | temperature of | conductivity, A coefficient, a perature measurement
3 . 3 3 > 4g ’ ¥ oA
a 1 oo : hod B
for micromolding (X 10" kgm”) ©) use(C) W™ K (105K method V(li:é:l)t Method
Polyamide 6(PA 6) 1.13 60 80-100 0.29 80 180
Polyamide 66 (PA 66) 1.14 70 80~120 0.23 80 200
Polycarbonate (PC) 1.2 150 115~130 0.21 65 148~150
Polyoxymethylene (POM) 1.41~1.42 -60 90~110 0.23~0.31 90~110 154~160
Cycloolefin 1.01° 138" Not available | Not available 60 123
copolymer (COC)
Data for the cycopentadien— Measurement method:
norbomen copolymer Zeonex ASTM D648
Polymethylmethacrylate
18~1. - 0.186 70~90 80~110
©® ) 1.18~1.19 106 82-98
Polyethylene low density
<0. - .34 140 40
(PE-LD) <0.92 10 70 0.349
Polyethylene high density
<0.954 - 0 0.465 200 60~65
(PE-HD) ~ o
Polypropylene (PP) 0.896~0.915 0-10 100 0.22 100~200 90~100
Polystyrene (PS) 1.05 80~100 70¢ 0.18 70 78~99

Data taken from 16. °16. *Product information leaflet for Zeonex. ‘For Lupolen 1800a of BASF. “For Lupolen 6031 of BASF. ‘For polystyrd 159 K of BASF.

B 2. Basic Chemical Properties of Molding Polymer Materials'®

Thermoplastic materials
for micromolding

Solvent resistance

Add and alkaline resistance

Trade name

Polyamide 6 (PA 6)

Resistant against: ethanol,
benzene, aromatic and aliphatic
hydrocarbons, mineral oils, fats,
ether, ester, ketones

Not resistant against: diluted and
concentreated mineral acids,
formic acid

Perion
Durrethan (Bayer)
Ultramid (BASF)

Polyamide 6,6 (PA 6,6)

Same as above

Same as above

Nylon
Nylind (Du Pont)
Celanese (Ticona)

Cycloolefin copolymer (CCC)*

methylethylketone,
methanol, isopropanol

Ultramid (BASF)
Makrodon (Bayer)
Resistant against: water, benzene, Resistant against:
Polycarbonate (PC) minerals oils conditionally resistant diluted mineral acids
against: alcohols, ether, ester
Resistant against: fuels, Not resistant against: Hostaform (Hoechst)
Polyoxymethylene (POM) mineral oils,vusual solvents anorganic acids, acetic acid,
oxidating solvents
Resistant against: acetone, Resistnt against: diluted and Topas(Ticona)

concentrated mineral acids and
alkalines, 30% H,0, 40%
formaldehyde, detergents in water

Zeonex (Nippon Zeon)

Cycopentadien—norbomen
copolymer Zeonex

Not resistant against:ether,
aromatic and aliphatic hydrocarbons,
methylmethacrylate

Not resistant agains:
concentrated HNO3

Polymethylmethacrylate (PMMA)

Resistant against: water,
mineral oils, fuel, fatty oils

Resistant against: up to20%,
diluted acids, diluted alkalines, NH;

Plexiglas (Rohm)
Lucryl (BASF), Perspex(ICI)

of salts, lubricating oils, chlorinated
hydrocarbons and alcohols

Polyethylene (PE) Resistant against: alcohols, Resistant against: NHs, diluted Lupolen (BASF)
benzene, toluene, xylene HNO;, HpSO,, HCL, KOH, NaOH
Polypropylene (PP) Resistant against: diluted solutions Resistant against: most diluted Hostalen (Hoechst)

adds and alkalines

Polystyrene

Resistnat against: alcohols, polar
solvents Not or hardly resistant
against: ether, benzene, toluene,
chlorinated hydrocarbons,
acetone, ethereal oils

Resistant against: diluted and
concentrated adds (except mnos)
and alkalines

Polystyrol (BASF)

Data for solvent add and alkaline resistance taken from 16 ; “Product information leaflet for Zeonex.
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B 3. 0{3 JiX LEXiEQ nlojag 24 54

Thermoplastic materials | Reproduction | Filling | Separation
Polyamide (PA) ++ + +
Polycarbonate (PC) + + -
Polyetheretherketone i _ _
(PEEK) .
Polyoz};x(r)l;}/lt)lwlene i e n
Polymethymethacrylate
(PMMA) " 0 ~
Polypropylene (PP) + 0 +
Polystyrene (PS) + + -

++ very good, + good, O average, — bad. data taken from reference.'®

2. 22X OM 7A & HE SE

252 A8E 0]-43F AukAQl microfabrication process7}t
38 29 YERY it

T8 2948} 2o] plastic EAE o83 A7 379& mas—
ter fabrication &4, electroplating2 %3+ micromold A &&
A, replication 4, bonding T2 R o|Fo|x it} 18
H o] g TSN 2 7FA F2 fabrication 7ol o3
2SR St

2.1 Master Fabrication

- Tkt He)S) master fabrication W) Alds ARk AL
250Xz QAL o719 ulA]l FAl PR (microfluidic struc—
ture) &} AZ 713 BED ARE FAALE WEEAr T

2.1.1 OO 2HA'I(Micromachining) Method

248 g o]l F4(sawing), B2} (cutting), U™
(miling) 57 22 AP Tk nfo]ARHAY 7]eE o]
£33t o 4 A pym AE 719 72E THE @8 g F
RE T A2 oA RMAIY e FHEHJ o]2]gt wlo]
AzHARGS] 7 & AHL ol tokst AEE 0)88 F dvhe
otk Aol OE ulA 7he Z1eRE AXS i ridEs &
eRlElA AE7RAE mlolAaZHAlY 71eE o83l milg- W7
o] £L& F¥E AxE = vk a3 v|wA] 7hast Aad Bk
Ad F28) AZE oE o™ A T ZIERTSE vlo| AR H A
 71zo] Agslt) a8 AEe] walE, high aspect ratios
Zhe 2, o 22 7o w22 FEE 55 AXPI7E
i Alo] 7MY & ddolth

2.1.2 Silicon Micromachining

A Fe I AHRA & ARs ¢ QAEEE JH T
o)1 thekst el surface micromachining 7]&0] 2 AR
o] lo} AFE 11 AAE 78l AMShE AlEEe] 213E o
231 e} o] WAE FollX 71 7hdst whe] e &4
ol wgolrt. [100]—Ael&E& F4o1dsH =9 54.759] 2
5 7HE Hol ¥AE L Atk E 1oke] AdS e o
o) AAEE 58 B o]B3E ViERhe, EHoe) miEsl B
™ EAo] % $451t}2"® RIE (reactive ion etching) o1t} ASE
(advanced silicon etch) &+ Z+2 732] <% W& A, 212z
ZAAbdo] £Fjo] HEE oY) oA e BHE o &L u}

[+)
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Idea Master Fabrication Electroplate Micromolds
Design ‘ Micromachining ‘ Seed layer
CAD Silicon micromagchining - CVD/PVD metal
Lithography Electro plating
+ Deep UV - Over Si, glass,
» X—-ray (LIGA) - Over thick resists
E-beam machining E~beam machining

Plastics Replication Bonding
) | |njecion moiding B | ity achesives
Hot embossing With solvents
Plastics casting With heat/pressure

I8! 2. Process flow for plastic microfabrication.

g2
Substrate ‘

12
2
Ol
2

m) | Z2H2Y | W [Soft bake

| e e[ ee |y o]

oH

8 3. AElAZHPhotolithography) 3F S&E.

2 AZ717 SRR wEA R EE BHo) wig- AEA A
ZEh ey AREE 1 A BHe 38k B0 el B
& 1A il FAAA A2 (stiction) 2] EAIEES AUL k.

2.1.3 A2t 3F(Lithography)

A7y AL AFEE o]L31o gARIS RS A8E, fd,
FEA 59 substrated] AABHE 7]&E olop] il dHbE Q)
27} 37 sEEE I8 3o vehilch 4zF 34 M &9
AUV) 2 o) g3 AR A7z (photolithography) &7g0] UHHY
22 gol &uA U Bl AREEE TAAT HA (elec—
tron—beam) °J} X—ray& o] &3 47} TAL T MEMSH
nanofabrication®l] Bo| $-8% 1 gt}

8 3¢ =23} nie}l o] AukAQl 217 342 A E 9
o oxidett nitride9} 22 ¥lEke FAs1a 734 (photoresist)
EAE FHsl A0S Al @] dsle] Asks
g deth o)F SEEAS o83 F4) oot Fepivht
o2& o] &3t A4 o FHE ot FRES s ©
th olgst 21z} FE o]&3 342 high aspect ratiod 714
= J2ES AFs) o5& ©de] Utk High aspect ratio] 7+
ZEE AFIY] YaM= 124 substrateE 18-k LIGA 373
o] &85 ick

LIGAE =Y9o}Ql Llthographie Glvanoformung Abformung
oA wh& B2 A X-—ray lithography$} electroplatingS 4z
= Zolu} 303 ubAQl A9 Akl A1ZHUV photolitho—
graphy) 34& B3l €& F Y= 725 9 7= F4
um AEQ B, X-rayE ©]&% LIGA 332 5 umolM &
mm FA FZEZ AZY F Uk oA FHE e 7K
3 iRt w& X-rayE o§Fo =M o] Akgtgle] T/
7 228 B398 ¢ Q7] wgoloh LIGACIA AMEshe 23
E49 @721 X—ray°l w7dslol 310, electroplating®l At
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k= gulfell gk Wslaldo] =sflok 319, substrate 9+9] 3
Z+go] Folof it} o)ejst 2770 Heet EA2E= PMMAY}
7P¢ ARt o g LIGA 378l AR Qlet Substrate $iof +
A BFAE TXsl= Yoz E= AW FE (spin coating) &
WAooz sysAL, PMMA HEE AMsHE Wy, 131
plasma polymerization coating ¥o] Qlch LIGA 373 A}
83k kA (mask) BHE2E U8 22 54 wEslojof
ok AFARA A7 A AME fElE Yo 38 vk
olgslo] MENIE miATE X—rayE o|€% LIGA 23 &
kA b2l 1 ol X-ray7} 2ESIN E) HA) @O
o g felo] ¢Hd] FHEA] o) wizolth oidl LIGA ¥
oM e X-rayg &3 F(gold)ol 8 H silicon nitride
maskE AR oW ZRE F wuke] £ oF 10~20 um
AZolH electroplating 332 & ZE3c) olgd npAAE
ol g3l TFA A5 X—rayE =33 T @A AL 0] 83l
Gy @4 30 Tubd ke F45EAE electroplating
e At F& ESE A ity oE YAND &
7178 Bo] AR 8] (Cw), B(Aw, UAZH(NiFe), UARA
H(NiW) 5% ARE-E| 2 3t} Electroplating &7olA 723 A
5 47 daxe =FAE F ashe Zlo) Faslth gE3
o 18 49 LIGA 53¢ 73 YAz 7] =33 7259
SEM A& Hehfigich

a2 X—rayE o831 Yl AR 71471E o) 8sllok
at7) sl 7HARQ) g 5 AT e) §olskA @7) wEell
LIGA ¥3& 718702 gdndoi} AEAHFE 93 3
(mold) M|z B2 o2 to] o]&=o] gt Iox Bsln
o]#]8t X—rayE |43 LIGA 732 substrate ¢l high
aspectratio® 7Hle 24 F2ES Y AZS) % 422
ol o] &Hx it ojeidt v &AL EAE HAsr] S
X-rayE ©|8%t LIGA #3¥ch= F40] & Hoix)7])= sp«qt
o] 38& tidlateA ulge] AR LIGA 33, 49 UV-LIGA
%= poor man’s LIGAZ} Bl 3740 o] €51 QIth*2% o]
742 negative photoresist &% SU-83} 7]&9] vie ) &
o ARgshe 217 ulE Tz o] g8k o)t Negative
photoresist E21 SU-82 1 umol|A] <€k 500 ym7HA] thekst
FAZ FHo] 7Fsslth o] 7|48 o]4310 aspect ratioZ} 20:1

38 4. LIGA 222 H X8 L&l TXE9 SEM ALY

DEXAE Il A 17 E 2 320069 4¥

Bop & F2E7 AlFe] 7hssict 12y ojyd UV- LIGA
T4 71 2 d-L electroplating Fof] AYA =) 9
3 7hE SU-8& AlASE |7 4A drhs Aot o] ZAIE
szl Y8l F o S ulE o]&hAL, 600 T o)
o] B2oM 9= W, A2 oA, o]8Z(release layer)&
ARgsE W] Fol Al QAIRE oFF7kR] SU-88 $hH3)
A= golakA) ok

AB7HA] AFE master AZFHL Aoy X-rayE o]
fah= 3 o2ZM MEMS F4004 71} dutz o2 AMgsh= ¢
Aolct et zFeldolt X—ray ) E&ll5 (resolution) 9 A=
Q] vixulE AAIYS] F2E Al Fglelx] gtk Yy
H 2A1de) 725 AFE 93 £2 Wioz WA A2 (e-
beam lithography) 7140] A=A A= 217} 7142
PMMAS$} Zo] Hxjel 1Zkst uEal 2L resist? o238k
4], positive type resist 222 PMMAE, negative type resist
542 poly (chloromethylstyrene) & AR 72} A
2 217F A o] L 31} master® AFehed] 22 A7t
o] Adu= Folrt. ol Az Azt FH2] ¢S Heksp)
8l imprinting 7]&€°] A=}

Imprinting 71&< AZPN-E o] 238 8 )9 masterE A=
3t o] @A Ho] 7hedt IEAL HRAAEE o] f3lo] Axge
o g4 BAlshs Wolth o] 7l&L AR ol Ayt
g M) masterE TS o VYT FEE EAE 5 7] gE
ot} a8 50l imprinting 3749 MHEE Jehiigich. 28 5o
A B kel Zo] AR Ao} HulE AME (Si0y) 3
ZE Azl MAP 2743} RIE (reactive ion etching) 3
o] g8t ARIEE A|Zgt o] ARIEE 0)g3l] PMMAS 32
< YALE o] FHH substrateo] A8 AL E3) H€
< HAMFIL anisotropic RIE 38 3ste] As3g o
HolSlE ZAIE AATL o] bAoA 3L vXIAY sub—
strate® °IF i dohs 4% THBN lift off 34E Bl
HFAQ VT8-S 9A @k o]3d U imprinting T4
o AHEE= HRAAE BHEE B9Y0] 75 AUl 1EAt
A9 B3}, 943 ol shed 4R nEAl Edo) A}
€9t PMMASH 22 g7ty miAt A8 A9olE sub—

Electron gun Rigid stamp (mold)

PMMA R s I e N s
n——— ’ T

— | — -
Siticon
gk

PMMA —p[

a

Metal
A 1 1

»
[ T = silicon

A8l 5. Lt Imprinting 239 /s,
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substrate® T¥ALY] {u] o] &5
FE FHskn th) 7, olFkE 2EE Wolmy & uls

(T ogoz 7lasiel &

Wy 3
& Relvth SRk o A3 el 29ols As)
A B A 7Ptel 98] Hee A7 F A9 Eewc

L imprinting 712 S4EE 8 (mold) oyt 1Rt B4
o w2} gelx)Agt A2 10 nm A=) TS 7= 122

Azg o+ St

2.2 ElectroplatingE &€t Micromold ®|Z=

Electroplating (5= electrodeposition) & t)5-22] u|A| 7}
& 3N FFHLE AMEEE 3P EHN, kAT E YHont
NiCo, NiFe$} & 4822 B (replication) &O.2H 4 4
oA 2ulele] 24 F8(micromold) & €& + = 75
Holt}, Electroplating E33t1A}F hs F40] o] 23150 3§l
fdlof| T3 MEE P AdHlelA] HIE Hojg A =Y 2
o]&o] %‘r_ﬂ“"‘i ME Tdo| Tgo] Hi= ot 7 4
A=, 728 H-$ copper sulﬁde—based solutions ©]&-3}
o] electroplatingS AAIEHA =@ TwelA Cu® +2e >Cue St
Z& FRkgo] AR )7t =g EA frt ojdf 100 mA/
em®e] AFEZ A7leHA @k

o)Al 2 FE Az Al AAEEE ASES 94 AEE
ukel Zo] Ao, f, A AR T FEA ED=E At
L3 vk olgigt REA EA9) ﬁ“%ﬂ ANEFE 37] 93l
AE seed layerzhal she ¢ 9k 452 T SEAIR
S 2A B 7|7t FIEE ) AWHFoE Tk w5
A5 e} Faeg FA717] H3l seed layers 7Fsshd 22
227 H®do| Zago} it} 28 62 =7 FETERES AX
3l7] 98 YutAQl electroplating 2748 YERAQIC)

Electroplating 2382 42t 3o z2%e AzE=d, 28 6
of) Lebdl ule} 2] seed layer7} EX ¥ substrate 9o 7+4
A TR F wPsta Al AR Pt ojgA e
ZX 8 6(b)s} 2°) electroplatinge] H& T89S Z3A7}F 9
£ do] dr} o]F EFU(galvanic bath) ol ¥i AF-= 713hd

Mo Jp i

l‘

38 6(c)2k 2ol seed layerd ik F&o] &gl Alzkgict

(a)

)]

Substrate

Substrate

Photoresist

Photoresist

© ' i

k oo I ! | I =
Substrate
(@
| e— | — | smmssnsmns |
| Substrate ]
8 6. S8 3% 7XRES Y7| s YEHEQ! electroplating S, (a)
seed layer St (b) ZH2H 2Y ¥ B, (c) electroplating, (d) &%

|2} seed layer KA.
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o}71f 7H3A s} seed layerE AASA = 28 6(d)st 2ol
o= Feo FRES A I

Electroplating®] =-¢- f-8atAl AM&=l= 34 LIGA 33
ojth. LIGA 3782 < AollA o] gt ule} o] o] uj¢-
iEstel BH EAo] wig o5 AL A Qlek whebA
LIGA 37 % electroplating2 35Pa ®do| w9 931 &
& F8& AxE 4 Qi) Electroplating 339 &8 =34
B4 A&7 oF 10~100 pm/hr 2 o =gjuhkes Aol

2.3 Plastic Replication

ghollx] o]u] AFel ukel o] A B2 s E FEe A
e FE9] F3o] AzHW o|F o]&3} replication F8E
Fall diEgate] Fhssithe Aolok 1Al B3-S ol 8% v
?l replication ¥+o] 7id= 51 QAW 71 U¥tA o ALEEH

I %= 2" (casting), 3117 (hot embossing), 183 A}
% 338 (injection molding) #yel thall Aslskz) o O3 7
< AI7HA replication Wl thgk AH=E eI 242t
el s dHstaat st

2.3.1 FHA&(Casting)

ANxE TGN Qoire vl Al 725 FEsHd o]
M~® E4Z silicon—based elastomer, 53] PDMS &4o] T
o] ALg-dc). Hxo FA® WL 1990K3°] Ekstromell &3l
BFQIk® o] vl AES wET] 98 AP nFE o
%0}035} 7“/\51 l:ﬂ—kﬂ o] ?:_]H]-x% o Z Bl u],q] XH"" Tz A
Zof Wol o]&Ha, AHEHE AEe Sylgard 1842k A58
2] PDMS7t o] o] &=+ PDMSE 230 nm 3738 el &

walo] 93 Fak EAS Yepdnh O slay e A7A)
(precursor) 4% B3RS E3SH SAE T Sl Btk +
2 opollA] A% silicon surface micromachining,*™*? 27}
374 5% olgslo] Axaly, o|FAL T8 e EEA

E FYIE it At 2 Folls PDMS B4 530
A A BojAr), o]gA Az uA FREL fyso
Zeprg HES pCBY|Bol Rateto] w4 f4 HES B4

(a) Prepolymer
-~ dﬁm
=

Solvent

(b) Pressure

Pressure
YYITTTY \iddddddi
-« T__-:Lg yYvYYYYY
‘Eﬁ 11 Plastc FYYYYYYYYY R
f-v-y-v-yvy-77 _7‘:_|AO_ x-"E
Heat Heat
(c)
> > | 3:,':’
A\ N y = At R
Z2s 2y Cavity &8¢ Cavityo 25 88 M&E
azxpzg  S0E
AEX
8l 7. 12X}E 0|28t micro/nano fabrication 33 ZI&. (a) 7l
28 3, O)FYEY 37, (o) AE4E 3.
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gt} oletdt A8 4L ol83te] = nmel HEZRA] o)
7Vesith O8 8o AgE FYPorRE MAy wHos Ax
g TZE2 SEM ARE tlEd o2 Jelglch

2.3.2 SRl EAI(Hot Embossing)

A A FA 22} Azl Qo AdTFE el 7 g
AMEE T 9l replication F0] A FAJo|rh 670 s
2 o] 2 A2 o]RoA) & whd, SRl viuF
¥ T, & 1A B4 T, 5} & 25oA AAlshe
TH Bos thE oy 2E0] spdEo] gkt ggln
A

7R ok 5& YA 208 FES AR A § Wsin ek
2 AEE e8] HF AFS ook ednY T A ZF2
T (cavity) ol ERish= 71EE AAS] Yades 3-8 do
F Zlo] "asgh} 3t Fdu F4 Aol ZeiiAg HEY
Te& AA| H3 Az FHE Fasht dEoF gqn
Aol o 3 o+ 0.5~2kN/cm?o|th. I8 9o grallr Al
F4E olgste] A uM Mg SEM AME tlgHo®
el

2.3.3 AlEM&Injection Molding)

AR E IEARE APk 7P datgelxn de o]&H

T e ¥ FY sholth ARRAES 7t 1R BAS
ol g3lo] A BE Fe] FREL AXT + & 7ol

o, g GjulelelA AlEjeE g 718 2k A9 BE 3

M AZE o vk webA ol ¥ Jleg ulAl fAl 2t
123171 #all wlolAz AAdY ol Hgsive AL 1
2R o] ot AR Y THL vlolAR AA Y

A T2EE G o A 5 Qe J1ErleolntY O

Mo

-] Mo o
i

2

J8 8. /28 FX 2 N ZESH PDMS CE chipQ injection g4

8 9. PMMA substratedl| Sil24 ZEHSZ Mxst oM g 7x.2

DEXBEY Tim Al 17 E 2 & 2006 4¢€

6(c)oll e vhel Zho] AZE mold masterE A7)0l A&
5 2 Pee] nEAE AiER AEFAg w23 ¢
o EAE S BTt date AlES s gk
AREAEES A $55 TA A RS JhseA @
F= RS 7 Stk ey vlelazE AAIYS viHg 12
& AFEE] Asiie 339 vifel & Jd So] wAsHA
He 5 B9 AEAE 2ARY processing window?}
9 Frh vlojaE A FRES AFEAEE A$ mold
cavity® TRAE Z ] YsiM AHgshe niAte] Hx,
ARERSE, S99 25 AEEYE 59 38 218 B 2
oF gtk ARESlA} sk F2EL] A7|7F FoldSE cavityoll
FREE 2EAY o] FoAA Hy wed B o Fuju)
(surface— to—volume ratio) 7} Z718HA4] 5§ o] n]Asl
ZE e 29 uRdd 2Eabt & B2 5 UEE T
2EE A2 TEAY] §82T7kA] Sylok & Yuditt o]
A st} 2RAE % F AFS FAEI JH FHE ¥
gtk o]#3 dHe) S variothermolgt H29 njA] £z
B9 ALY FAC ARET ey olgs e AT
8] AolZ AZH(cycle time) & ZAA 3lo] BAHEE IA Hoj=
A} B3 AR Al 239 &9 HE A FHY % Zolst
AW F9F 1R F5E0| A Ak ol AES A
7} it} WA master fabrication 334 3 F8& A%
& moll= dstel] M 3R B F£H5EE 1BE] F
e Aol sttt OR 100 AFEAHE3 PMMA 1A
Ad F29) profilometer scan Z2¥E VeRIgIch AEAAER
IFA 729 master TE7F MR AOJE BolE ofi= AlE
A ABFEE HA A W] diEelth AFESY vk Al B
E WA IRA; AEE o8 = AT ulA FA AR
Az Y8 2 AMeEe AEE+= PMMA, PE, PS, PC, 1
21 COC7} %ol AR5 3 Qi

2.4 Bonding

AF7H] QEE FHES o83k AEF opend HE|Q) 7|
Al A F2E o83l vlAl fAl 2AE AR A o

Silicon Master

és*&@sagagagza/wzé

10 \\\ /-/
20 1Y i
4 A

PP SR )
- /Acry\lc inection

Microns
-2

H -

el T L

b .
% )A{Nlcxe\
| WSO Electroform

Microns

I8 10. AAEMEE HE 9 profilometer scan.®

Molded channel
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2] 71 # 9] bonding 71&0] sttt thyel ¥
2 bonding 71&el el &7)8stnA o}

2.4.1 Lamination

Lamination 332 7199 24 £¢
P AME T ARE EF3HA =H 5o
ingS 3 H 3ol Uz HAFo] ¥99 PET T5&
7tde 25 Eold ulM 72t 249 257 84§98 &
A F8 H&So0] FomA bonding®] ©]Fe] Ik Hyg
A717F wie- ZAE we JZAVE AdS e A9E 2t
38 119)4= PET/PE laminate &738-& S Azd niAl A
g9 s vepia Qv

2.4.2 Heat and Pressure

IEAe] dg vh ¥ 4EE vl Ads seahng e &
o] 9B A7AE s RuHATE® olzist T M= 1]
Al Ago] =R EF AT FAE 71&ojof gt} wEhA
of WS HA 3 AA A g A2 Fol| LT wjul A
#=% Axstm ok

2.4.3 Laser Welding

AR HOlAE o), FFAoR de IAA ks #
Avks Mg o £Y 4 Stk ol2{d o] nlo]aE FZE
Azdhs 3PN Aoz FAHJTY e o}27A] vl
Al Ade] 285 A9e HuEA 93 ok

2.4.4 Ultrasonic Welding

259 ol&3l TEAE HAAIE 4L ol %jal =
g2zl FAoltt. oA E ol &g F--9) vixtriA|
ol g3l FHACE 1FAE §EAIA 1EAE
T Aok 2ey A7 vAl A AlARA &

3 Ate RusA ¢x ok

E.E bonding ¥l AN FFHLE HGEE TR AL
A 371X+ bonding 378& Tt/ AdAe IrFes &
£ Al o8 F2E) LPHA FES ok srhs Holok
wabq 3 AelA bonding 2l B5Aolt},

3 71X 2}

i

olgst F 7HA F

42t20] 0w bond-

Nﬂl

o[)l«

Lamination

Photoablated
Channel

Substrate

38 11. PET/PE foil2 2Ha|H[0|EE njMzd 8
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3. #H X2 J|s

3.1 2218 =M JHE W (Physical Surface Modification)
3.1.1 Flame Treatment

Flameg ©]-&3%F w4 %9 A8 71<< PE, PP, PETS®}
2L A IRAE] BEE AL T 24 V1EVE 2YE
o} A& (wettability), 523 (adhesion) 55 Z7H7= &
A2 Y 9 s Flame ﬂ\“/]_ T A 1E
2L FAE ARIAA 5~10 nmo gk Fol e e o
< 7 Utk dgFEAL S SHd 74]""—4 A4 fAUE
& ofefo} gt

Gt e o 20 HO._ .0
A 2 A H A

o e dAUESES AR A v eE g0l g
43k ko] def Qs Az FAlel €4 sdzS g%
7 03 Abael @7 @ht)zdo] Wkl peroxy TS A

3t #F2 02 hydroperoxide HElE o]FA i}
H, H, H, 22
/C\TH/C\ — s IS 0 -
CH, CH,
OH
Qe

/! o
H T '(‘:'z —_— HZ/I——EZ

! CH, CH,

I Y% hydroperoxide?} ®3|EHA A2 Ak HES- Alo]
E (alkoxy radical) 7} A7)z mE-2} ARgo] E7)1HA AE7)9)
A2 g FA4skA At olgk FAlol vkt ' —-4ka

71%571(C-0, C=0, COOH) £°| £¢J¥t}
—CH, _CQz

— c~——CH
He i E CR————Y 7
s \ LA

HO

OI
C
yd \CH +

, H,C—CH,

H,C

tE Al flame treatment AX]8] +AS 8! 129 2o}

Flame treatment W& - A, ARgslr] 42 3]
o} flame 2%, & A7k flame?] &4 (air to gas ratio), 5
4 7k &5, flame?t A 297 AR 5L o9 AUsHA
8ok 3 HAshs Algte] vl 2] AuElE ©gol 8l
ohO102 38l 13, 14904 B50] FUsE 1A HA ve 2
A flame?} 122 TH7e] Art EAFE & 4 Sl
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burner

sample

fue

8 12. Flame treatment ZHE (hitp://www.aerogen.co.uk).

@ O-ioisl 20
$0-ah
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®
«
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3
c
3]
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o-—.-—.—-—-m 0
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air/propane ratio

18 13. XPS results of the determination of the total ‘as received’
oxygen concentration(O—total) and the adhesive oxygen con—
centration(O—adh), on the surface of flame treated black HI—PP
as a function of the gas composition.62

20 L]
. ¢ 0-1olal
:
'
9
©
~ 5]
g
c
Q
3]
1
0

0 5 10 15 20 25 30
flame distance(cm)

218! 14. The total “as received’(O—total) concentration and the ad—

hesive oxygen(O—adh) concentration on the surface of flame
treated black HI—PP (determined by XPS) as a function of the flame
distance(see text). The dashed line represents the O, concen—
tration scaled to the level of O—total, to illustrate the differences in
concentration of both species as a function of the flame distance.®

3.1.2 FZL} YF(Corona Discharge Treatment)

71 Fell A HEE Z2UH4000~35000 JmH) & o] 8-8}o]
2574 BUg 3194 BHoZE /A )E el Ad divdt

s & & Apole| =1 48 A7V3E Ho fE
He AzAbge] 1A ZHH £93Q A% FE5 8

=
:
P
R
A
_E
ol
By

DERXAEN 7l A 17 B 2 & 20069 42

Electrode
Corona discharge
\\A -
i : High-voltage/
AR -frequency
Metal roll /‘ polymer film
/
Dielectric coating

218l 15. Schematic diagram of corona discharge treatment.

CH ‘¢,
: v 2
2O Simoen — e wOmpiOnn +HE wOSSOw +CHy "
iy iy A

Cily i‘\l) B
T O e = CHC 1‘-—1&—(71 Iy ™
CHg ! @
e "‘(lv (I%
O A = [N i CH 3y
Clly Cy ¢ ta ¢
oy | HOOHY CHLO on
~O—pime d" (=~ e WO=S—( H O ——— OO ()
CHy : CHy CHy CHy
o cond V) (L{f
. . Sondensation S L. N
2««)—7.—(»- _—— w(,»—?;(»r?.—(w &
iy Clly Ctiy
S {
QOH o U_?'_(‘ .lk( ) {
. o) L CHy
OO —-lo’ Oy T it e L0016

CH;y CH; ClH CHy  CHy

8l 16. The reactions involved in the discharge—induced oxida—
tion of PDMS.

Z, o], @4gte XE 9 84 FAE st Be 34
718 E98t] A5EA7]E gl ad 15).°7%

FA2UE o] &3t tEA <l PDMS mAxlE 714 WL Hill-
borg o] I8 163} & 538 WAUSL At =
A F2Y v 9sle] At x| A Bls 3493
A = AdE ool WerlEd de sl H FAl
AZA Aol ZleEsivl dolvt dels 1858 8AHA Fok
BRI WF- 75 A E A 5 Zde] ¢4 (crack) ©]
LA A FHAo] vehdA Eo] 2ZH(etching) E9E B
o)A gr}.0%

3.1.3 EzkA0KPlasma Treatment; Ablation and Transfor-
mation)

7 AR 0 g AREE Y Qe wEAl A WS sl
Zekant HelE o]4sk W s W A F4o] Wl 7HH
sl vlz A T4 7ol M W2 AT 1EEC] olgsky Qe
w20 et Al 17).57 ZekantE o) 83 BH AR
He] AHE vhed Aok A, B9 si-e] 1HF(0.5~50
nm) oA A Fo] 182} A1) BA (bulk property) < W3}
AFNA ¢kt A, BEM Y Ekan 77t vl ol w
23 FA BAE NAE = ok A, AdE Tdo] vlwF F
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dat kAot YA, doll 1IAd uEat BT HA Ado]
7Fsdtct oA, 3AH FEREE EEtart BY e E B8 B
AE WA 4 Uk oANA, Eetant X2lE B 2d 1A
w2 2187 %1 Aolt}, wpx]ute & vy A A AR} A =&
o_)]]o E_ 1 ] H]-/%]E]i—_ ::17] B]— _- 55]/'\§}.'61- 2= Oh;}.
53], nA TrZﬂ A AF A 7P tEFo R Yol AMEHE
PDMS/glass <2 PDMS/PDMSE] 7% &9 A& 3 3¢ A
7] AFEF (ueo) = HludEH FefavlE AHld 4% A7)
”Eﬁaol 17} e & %10‘11 ol& ’\—r*é EHo] X9 &
A FepAantE o) 84t
/\—H“ PDMS mu —’Fi} 7}@3 u-¢- 7hAStH FaA ot
7W & EAlE Alzle) Aute] e} A5 Edo g wAEd
£ ot} o]d @ AV AFIZEE ol A7) 3% e
AZE 739 Ate] Agel u=f 3 o] vio] A4 B 2
gof| o] &8 A9 A7) MFEEFo] Wl a5 AFXAo]
§ oAl -‘:ﬂl = AU Stk mepA, ojd ZAIE W
Oto2E AFsig B8-S Fadd gHM 1asty) =59
144 oldjell= vy g 4el 2is Fx3ickn 434 ok
B AL F§EL ZepAntE TUE I3 d9E
o2 g3ty EHo] B3] bulk PDMS W] AEA
PDMSEC] B g} thr] G987 g3} Hgoz 3
gty geiA it o] ol&e 2ASe 2 thermal aging

s Diffusion .

k [ pump :
Rotary pump / LR

8| 17. Schematic diagram of plasma treatment.

B 4. Contact Angles of PDMS surfaces and ., of PDMS Micro—
channels before and after Oxidative Treatment™

device PDMS surface| contact angle of ﬂeo>§10_4
treatment |PDMS surface Q[°]| [cm?/Vs]®
native 117 2.3 (0.04)
UV (3 min) 115 2.6 (0.1)

PDMS/glass| UV (60 min) 25 n.a.
plasma (30 s) <10 3.1 (0.5)

plasma(60 s) <10 -
native - 1.7 (0.1)
PDMS/PD ™04 (3 mim) = 3.1 (0.3)

MS

plasma (30 s) - 3.4 (0.3)

“ Standard deviations are given in brackets.
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(85 T)& &8k EtavtE Azld PDMS ®®o| vlu3 <t
Aoz AAY AFA BHS 9L ¢ vk B Yk

3.1.4 Xi2IM ZAKUV Irradiation)

2k (180~250 nm)& 7FAa TEA THE FAEH H
| IEA FHo| 85 EAY B Yol BoNE L¥9ES
A Hol BE AT Al TaE AL = e F
2 P9 3 ofojtt”® Wl ouixE B ZAIA Bt WS
Tra%}nﬂ 25 v~AE 33 dEYE 9 5 qloh tiEE
H o] 3 o= UV excimer laser (KrF, 248 nm) & o]-&38}4]
PMMA wola2 Ade] g /A7) wielo(g 18).7

A7) 7HiR mlolaz Ad 9] 7] AR EFelN 7]
9] Ad FEMEW) Y FHolv Ade EEAl A W}
Al71E A glo]l UV excimer laser& ©]8310] oln] A4 )
9 W9 B8E AN EN A xEqE EHY EF
B2 BHF H RS o, =FF B ¥ M} Frksk
g BRI, SRE02 wi H TN ) AEH &
o] ZIHYI K3t 552 wgo] v 7 °ﬂ*1 B A
2% XHe 7% band broadening AIE WFEE= RS
th ol& F3 vlol3E A veliA zpelal i%Q 3l
= 1A A 5 Sl Ao

A7) AFEEE TVMIIE thE o W 2peA/E AT
£ st ol o] WPHE Abh ZetAnkE Aeg 9ol v
gt T (crack) o] glom Atst wiglo] £79) /A B9
o] ql-%]—s].]:}._}_: ;g-x%o] oh;]. AL7]_,] th oz A /\ a PDMS¢!
7% 1304 BRE FgA R A HEE 421 ¢ A
Bl 19). ol A/ 20 FHEE gol7t Ath EAnE A
23t A9t A FAEo] Ae3lEE ¥He) v S48
A FAY AiAgEe] PDMSS] olFo] wlg =g E2 Ay
o7 FEE A= Qo 43 g

3.2 Z5HE BM JHE wH(Chemical Surface Modification)

3.2.1 2% S%HMetalization)

]o

ﬁ

N

¥ b g rlr

=)

[o3
] e

Channel
Side View

o

Laser-Modified Region

Channel
Side View

—~ "

Non-modified Channel

— [ % wocemocedye |
Fluid Velocity Fluid Velocity
e —_
Channel Channel
Top View Top View
@ (b)

8 18. x| @Y ‘?\' o R&0| fst 2AEQ T0 ASst= H
71 82 profe (@) Bel(200l U8 si7 82 2210 (o) vl
olsf A hot—impnnted a3z Ay, (o) UVOl S8 EH(HH)
o] WS 2 2HECL™
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TEA el F% viakg Fatehs e A 718 T3
sputtering 783 384 W35 Fok F& WHoE A ¢
Aot 1A 713 S e Xy %
& B3l F48 evaporationA|#H ZE&A)7]1= wo|th Sputte—
ring WL wj¢ X otE (e, g Ar SmTorr) dtelA] ZapAant
£ BAAA 2EA WS Zekhm) o] o] TAS] AR
B whiglo] o Axr} Adtetel FHske o)t n}
Aoto 2 ke whe-g F9F 24 53 e 884 2599
sleky e WS 38 25 9uhd SEehs WEeE X
el vk e a8l 205 2ot

A9 WS oS BN A gEtEe £33 9 A uke-g
BEH oz 3ot 2 18R wutn) 34 F3g FAl| &
g3 = Sl Wo] ANEVIS sk 1 kst e O3

i

Contact Angles

3

Angias (deg)
8

1 10 100 1000 10000

Time Aftor Traatment (hours)
8 19. Contact angles vs. time (logarithmic scale). Traces: (@)
14 ym PDMS membrane treated with UV/ozone for 60 min; (@)
bulk PDMS treated with RF oxygen plasma for 1 min; (a) bulk
PDMS treated with UV/ozone for 30 min; and (W) is the 14 um
PDMS membrane with 120 min UV/ozone exposure.”

{ CuSO/H:.C=0

N
£ (e.g. plasma) SnCl: . [Sn} . ?’dCl; _lS“/Pq_]

i A N A

| polymcra Lb{ polymcrﬁ ——2—-> I pnlymerﬁ —-3—> {polymer‘j —4->| polymer

metal film

surface sensitization activation/ metal
functionalization (e.g SnCly) nucleation reduction/
& etching (e.g. PdCl:) plating

38l 20. M3} B HEE S8 245 5

PTFE Film vee e Air
B e s G

“Grait Silanization
Copolymerization (z { by Chemisorption

Deposited

Deposited
—
Thermal : N

Post—treatment

. Pd Metat

Electroless Metalliza—
e

SedE: _, PG CuSO,
Sofutien  Selution Solution

o
PFE fiim  CY/FTFE

8! 21. Schematic diagram illustrating the processes of graft
copolymerization, silanization, sensitization, and electroless metal
deposition on the PTFE film.™

DEXAE 7l A 17 @ 2 & 20069 4€

213 2t}

3.2.2 E2IA0LE 0|8¢%H 1EX} S&HPlasma Polymerization)

ZelAnt 7821 £33 (plasma polymerization; plasma en—
hanced chemical vapor deposition) & Z2}Ar}E ol g3
A el dFos ekant NS UM U 52 3
ERE 7o FU3te] mel] matak ehukg ek Y
o]tk o] upHe CAP(competitive ablation polymeriza—
tion) 02 w89t 712E up2A ")k & FWoA] ablation
o} Aol B FHo] A2 FAHLZ HES-E A B o]
WS Ao 1 opm 78] FAE AYE Ztad 2R s
e 4 glom JidE FHo] wle Fds kg g e
2 A4o] JITHR 22). 71 UnbE o ® AREEE kol F
e B 254 1Y A dAUES As) Bd 9 AA 6k
< 53 APEH@E 5). "k, EEkavt FEo] dojuid B
W FEA C-0-C, C=0, € OH 715718°] HdstA "t
thE Q) 229 ethylether, methyl acetate, ethylacetate
8} 2—propanolS A5 B 63 T2 ZAAE 4& F
o} A7|el e AAE o83l LAY FEHOR A IS

additional
¥ .
gas inlet

I8l 22. The schematic diagram of polymer “Grafting to”.

X 5. Reaction Mechanisms of Oxygen Containing Groups During
Plasma Polymerization’’

N
R R
o \/ yd \
Elimination C—0 — Cmmh 4 ORy
/20N V4
o] Ry
Oxidation
R\ A
Esters //C‘—O\ S === R+ CO, +RA
3
Reduction
R
IAH" \c /; A .
Esters - oo, O 4 A $ R
~ !
d N, o
Reduction
R O—H
\
Esters A C~——0 mmm=i R—C + A
~¢ R, 0—Ry
R
\
Esters /Cd-R‘ s, R—OH 4 A + R,
AH* \
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H 6. Contact Angle Measurements Using Equeous Solution for
Plasma Polymerized Ethyl Ether, Methyl and Ethyl Ecetate De—
posited on Three Different Substrates’”

.~ Contact angle ()

Reagents De;(()j‘lzop Substrate | H;0 | HyO:acetone (vol.) |H;0:2—propanol (vol.)
1:02 | 110 1:50 } 1:02 | 1:10 | 1:50
Si 68 | 59 | 68 | 72 37 62 | 72
Oben i | 72| 62 | 78 | 82| % | 69 | 79

chamber Cryic
Ethyl HMDS | 65 tf tf tf 35 66 75
ether . Si 47 | 52 | 62 | 66 37 63 66
Uosed 1= i 43 | 42 | 53 | 58 | 24 | 46 | 48

chamber cryie
HMDS [ 63 | 64 | 74 | 89 48 5 75
Si 65 | 59 | 71 | 74 41 65 75

Open -
Acrylic | 46| 59 | 74 | 74 38 66 77

chamber

Ethyl HMDS | 72 | 73 | 75 | 91 44 71 86
acetate Si 49 | 51 | 61 | 66 | 37 59 | 66
Closed 1= ie [ 50 | 43 | 49 | 58 | 27 | 46 | 52

chamber Cryie
HMDS | 57 | 52 | 82 | 89 29 61 71
Si 63 57 66 70 39 58 68
Open Acryli 71 72 76 80 47 70 (6

chamber v
Methyl HMDS 70 63 73 7 45 68 76
acetate Si 57 61 69 72 42 61 67
Cosed i | 48 | 66 | 0 | 71 | 42 | s | &

chamber Ve
HMDS - 55 72 75 42 67 73

tf: Thin film.

AAEE vl A A el TR 5= 9lor o] niglor
=4 AR FF o] &8 F US Aol

3.2.3 Polymer “Grafting to”

“Grafting to” 71 ¥R BN 7§AA 7|17} shs 1A}
£ A3A71E WHeE 4FY polymer brush ©&he T4
& Qle otk oy vl 325 ARsh= Mg 28 ¢

oL

o
o

AR AEAZN I She TRASE AT, DAl 338 F3
Mg T2, % 3R BAYo) B FRIAETP WA g
R 715718 BYBAA BRe] 2T + ol BAS =9
Bk 1eln AP sk TR 715719 9AS B

AFAZITHE 23).
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3.2.4 Polymer “Grafting from”

“Grafting from” W2 = A radical surface graft po—
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8 23. Schematic showing the PEG—ylation of PDMS surface
in This Work. (a) The molecular structure of PLL—g—PEG. (b)
Oxygen—plasma treatment of a PDMS surface. (¢c) Generation
of PLL—g—PEG adlayer on top of oxidized PDMS surface driven by
the electrostatic interaction between PLL backbone and negatively
charged surface.”
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radical surface graft polymerization
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controlled radical polymerization ATRP

2! 24. Comparison of radical surface graft polymerization and
controlled radical polymerization.

18 25. The schematic diagram of polymer “Grafting from®.
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=O(CH,CH,0),CH;  PEG monomethoxylacrylate (PEG)

18 26. Reaction scheme for UV graft polymerization on a PDMS
surface. Step | illustrates the formation of radicals on the PDMS
surface by UV light. Step Il displays the initiation step in the po-
lymerization reaction. R is the monomer side group.
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8 27. Schematic Diagram of the Chemical Modification Procedure
Used to Modify PMMA and PC Polymer Surfaces. First, the surface
is oxidized by exposure to UV/Qs; second, the activated surface is
reacted with 3—methacryloxypropyltrimethoxysilane, forming pendant
methacrylate groups that can act as polymerization anchor points
for acrylamide monomers during the UV graft polymerization.
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76, 78), poly (vinyl pyrrolidone) (PVP), epoxy poly (dime—
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3.2.6 CiE4}E Z&} 4iH(“L ayer-by-Layer” Deposition)
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T8 28. EOF comparison of uncoated (A), PB—coated (O), and
PB/DS—coated( - ) PDMS/glass chips. Applied voltage, 1200 V;
buffer, 10 mM phosphate buffer; pH, 3.0—10.0; channel length,
4.2 cm. Error bars are within symbols unless shown.®
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8 29. Schematic diagram of LBL deposition.
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x_—.

Deposition

Gy cHy poly{p:
functionalized poly
(p-xylylenes) 1 2 3 4 5 6 7
CIGFS
X= —NH, OYCFa OY(:?F“ oj/o oYcaHs —cl —H

8! 30. Functionalized poly(p—xylylenes) prepared via chemical
vapor deposition polymerization.
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