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1. NB

FH 209 Bt kst vl 771 AN 2B (Micro—electro—
mechanical—system; MEMS) 7]&8 x5} H-3# 0 2 5E]
28 7717 thekst $-gRofol| o] &% 1 Qlrk! o]F w4
g} 7] (microtechnology) & A48 4 2ok ool 7|sA&
olat 248 ¥4 7]719] Aol AFHow o]g¥ glrt?
3], 19909 Andreas Manz$} Michael Widmer: micro total

B
A
(s}

_‘?_
A=

=

8} Sk AR} SZ(DNA amplification), e} ¥

EX(DNA sequencing), 2 A& 4 S9] tjok

4 219] H(lab on a chip), Hlo] 23 (biochip), B4 H:Al] 3 (mi—
crofluidic chip) 52 B|AAAE (microsystem) < AR A|5.9]
A AR o4 BA, W 24 v)8-S 45 2L T U F
Aol gt} ek W A|52) &3 Ee, o]FT tEo] 24 A=
9] X ook W

Aokl QlotA] g 2 4L A 9

analysis system(u TAS) 73S AHQl o]F F&aiA @2 3t o' 53] o]ed 283} 9 Fol| 7Fs3 valA A8 Ays)s
SaSo] Bakdl 4o WS W ARS WSS 2w A Aol Ao] opulal TAE, S B4 AL FE 4 W oqelel §
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A], U—health 5°]t}. < NEXUS(The Network of Excel—
lence in Multifunctional Microsystem) A]73-4 A}g0] 2J&h4,
2000 30x9 gelA 20061 68%Y EelE T2
WA Zlow ofSekal glom o]F Hlole ok tigk 1959
g7t 2 Ao oSk

waba], 2 FEeA AR Q= vA AR AR 9
A= e st 3 7] o] e Qlvk 27]9) v
Al AAEEE AP 7S MO R ke H4) ofd (wet—etch—
ing) ¥ AFA 21Z+(photolithography) & B2 2] 2% &
(glass), A2 (silicon) @ 4% (quartz) & ©]-&3te] A= S
o aubr o AEE e fElE 0]83t ulA fA F& Al
Zrsh= 348 H7 2 (clean room facility) ©] L35, 1H]E F
A9 34 7ixke] 23 dele o] Stk 53], AuEs viEe
2 3k AT A71%9% vlo]lA2 H(capillary electrophoresis
microchip) 8] A= A7 258 W] Hldl mdks 2
Q=2 s Hed AelEe] Aewrt A7 Ak webA, digk
Oo% AR AlmE frE] 2 AGoeltk fEl B Ae 31 o]
olahe, -3k Fet 54 9 A7) AHF S50l & P
T e AR AvE Alzelvh pAIRL vlA] 3ol Al
vj3)] w9~ 7R TG (A7, EA TR, AR A7 oA,
AI7g) vlgo] wilg- BIMaL ool ARGE= o] AL AATIE
ARgato] B e T3 2 vkt BAlE dHskar Qo] i
AL 9 Agslel] EAlE AYaL glek olE S poly (methyl—
methacrylate) PMMA) = 0.2~2 cents/cm?e1d] B3k 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®2] 7}4t]
= gAsta gk’

718 EARE AT 7 e F2 Ui’ ARE ARk 9l
= 7o) 1A} B4 (polymer; plastic materials) ©|t}. tjEA 0.
2 AR 75 RS2 PMMA, poly (vinyl chloride) (PVC),
polycarbonate (PC), polystyrene (PS), polyurethane (PU) %
poly (dimethylsiloxane) (PDMS) 5] It} 1E2R= 7134, 3
g 574, 3749 g, tiF Ak vg d4 T w2 S AY
I Qo] g3t Anw B A7t FaE I ekt ow we g
Aol E7etal AE o83t nlA fA > A BHeR
QM3l| FgHe B AS3E frEste] fA2 s50] 488k X
$ EAlo] dhgehy wgh ciRe] A E2o] A W
g A 9 R = Ate) sto] H|Eo]A Fato] WAyst
A He] s AP 5= Yk olo)] B FolA
SEARE o] &gk wlAl A F AF BT AR wlA fA 3
7N 71l st ARHARL 7|e E8S AT Rt gt

1.1 Oldl & & (Microfluidic Chip)

L YEFsro] e 23513 (combinatorial chemistry),
SRk 2T, Al A, @A 24 S 2 o] AY
& FRkshE 71se] 87EE AlUIE RIEsIgich o)d dige] Ay
O nploe

\

B R

loorr 2 P o
d
EY

A H] BA] B ABE FHT 5 e BN L Y
93] oA o) AR ot 40 NS e ¥
=
=

Fi= 7o) AdiFe]

th o] 7l 38t AE W oJof Holel| o] 85
A4 7lgoltt. Fo A £ A4S ARY F
Ale], 31+, AlH 2 2% 24 Folrh

=, Al FAl (microfluidics) & vlola=Z ANd UlellA 4%
o] FAl BES tFE Rt 3EEERlEe] 44 S o
F w] 7P wo] ¢1-83F= Zlo] Reynolds number (Re) ©|t}.
22 Reynolds numberg %t f4 &5 laminar flowE <
njete ol fA 350 TRE olEths Aotk wEkA, T
of 2] &3he x| t)F (convection) & ¥4 #t(molecular
diffusion) ol 2JalAwt AojupA] Bk wabd, vjA] §A1E o}
F= e Alde 2718 A wteis A $8E T Ao o
Yt Jmst vA {4 248 7sS vl R dig WY A A
28BS sk Aol =S 72 dck ol Al A 28
@+ FHES AAS 984 hard materials U= soft
materialsel]l %2 A77F FRHE I glom WAEo] 23 gitt

2 IFo] st Al vl Ade 2R8- 24 9 AYEE) HE
& vA fA 2 a8 19 2ok J9elA] BRol vk gE
(nano—liter) el WAl FAIE Zdst FAlel o8] 7k A
slet b (EA WhE, F-3A) vk, Wl A 2R A A~
92)) & RFslAl S 5 glom Eale] BAE 5 grp

1.2 TITEXKPolymers)

TE2} EAL microsystem device5S A4 (injection

293t 7171¢]
gl

, AR, 0l

)

molding), hot embossing, casting, laser micromachining &
7 ZE FAHE ol&sto] A iR WA ¢ gl F2 AR
A= A7 EEld 44, 3t 544, 25 <t
a7 Bl ARsY 5 A BE S8 Wl

o] 83k 5= 9l AAF BAL 1 Qe 101
A v HEA (microfabrication) ol 7Fg d&] AMEEE a1
A=< polyamide (PA), poly (butylenes terephtalate) (PBT),
PC, polyethylene (PE), PMMA, poly (oxymethylene) (POM),
polypropylene (PP), poly (phenylenether) (PPE), PS, poly—

o
0y

sulfone (PSU), liquid crystal polymer (LCP), poly (ether—
etherketone) (PEEK), poly (etherimide) (PED), polylactide,
PDMS, cycloolefin copolymer (COC) 0] ARg=|31 glr} 1618720
# 17} 2= dA) viola =z B9l g ARgEs A =8/
slebd S AYsion, B 32 vlolaz E43 AlE A
Fol| AFEE= tEA ] IFAEE vl AT

OlM BHE] Vent flow channel =2 OJA S4 =&

oM SRl Az

OlM Al =&

J& 1. HYE oM |A & AR
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H 1. Basic Physical Properties of Molding Polymer Materials'®

. . . Glass Permanent Thermal Linear expansion Heat distortion tem—
Themoplastic materials Density .. .. perature measurement
for micromolding (X 10% kgm®)? temper? ture, 7, temperature of condugtlwn}; % coeffigle%t], % | method : Vicat Method B
(©) use(C) (Wm ™ K™ (107°K™) ©)
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 | 1o 1 106 82-98 0.186 70~90 80~110
(PMMA)
Polyethylene low density . .
(PE—LD) <0.92 -10 70 0.349 140 40
pOlyethy(ﬁg‘ig]i}; density | 954 - 90° 0.465 200 60~65
Polypropylene (PP) 0.896~0.915 0-10 100 0.22 100~200 90~100
Polystyrene (PS) 1.05 80~100 708 0.18 70 78~99

Data taken from 16. 216. "Product information leaflet for Zeonex. ‘For Lupolen 1800a of BASF. %For Lupolen 6031 of BASF. ®For polystyrd 159 K of BASF.

E 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)

Same as above Same as above Nylon
Nylind (Du Pont)
Polyamide 6,6 (PA 6,6) Celanese (Ticona)
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)

Cycloolefin copolymer (CCC)?

methylethylketone,
methanol, isopropanol

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

Zeonex (Nippon Zeon)

Cycopentadien—norbomen
copolymer Zeonex

Not resistant against:ether,

methylmethacrylate

aromatic and aliphatic hydrocarbons,

Not resistant agains:
concentrated HNO3

Polymethylmethacrylate PMMA) | Resistant against: water, Resistant against: up to20%, Plexiglas (Rohm)
mineral oils, fuel, fatty oils diluted acids, diluted alkalines, NH; | Lucryl (BASF), Perspex (ICI)
Polyethylene (PE) Resistant against: alcohols, Resistant against: NHj, diluted Lupolen (BASF)
benzene, toluene, xylene HNO3, H,SO,, HCL, KOH, NaOH
Polypropylene (PP) Resistant against: diluted solutions Resistant against: most diluted Hostalen (Hoechst)
of salts, lubricating oils, chlorinated adds and alkalines
hydrocarbons and alcohols
Polystyrene Resistnat against: alcohols, polar Resistant against: diluted and Polystyrol (BASF)

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

concentrated adds (except pnos)
and alkalines

Data for solvent add and alkaline resistance taken from 16 ; ®Product information leaflet for Zeonex.
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E 3. 0{ 7HX| 12XHEQ| OlojAE 22 4

Thermoplastic materials | Reproduction | Filling | Separation
Polyamide (PA) ++ + +
Polycarbonate (PC) + + -
Polyetheretherketone

++ - -

(PEEK)
Polyoxymethylene iy iy n

(POM)

Polymethymethacrylate n 0 B

(PMMA)
Polypropylene (PP) + 0 +
Polystyrene (PS) + + -

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

2. A=K O/ &=Ad & M= SH

IEA AFE ]88k UWFA 2l microfabrication process”}t
a8 20l Yeht Sick

T8 2949} o] plastic B4-S o438t nA7ky 3782 mas—
ter fabrication 374, electroplating< %3+ micromold #| %%
7, replication 37, bonding 3F 2 o]FolA it} 17
W oolf3t FHEN E 7FA] 53 fabrication &g thl
a8tz skt

2.1 Master Fabrication

j}$- tlokst o] master fabrication WR©] A& AlQkE 1 A}
FEoJX]31 QA|RE, o37|M = vlAl FA T (microfluidic struc—
ture) 8] Az 71T TAE ARNS SAHCE AolEkaat st

2.1.1 ojo|32M Al (Micromachining) Method

248 A5 olgsle] F4(sawing), D2 (cutting), UH
(milling) 5% 28 A& FHsh= vlo|azAd 7leE ol
gato] oF A um A% A7) F2E T 59E e
P& T HE mlolaEMAlY Tl AL o]elgt nlo]
AxAGE] 7HE & AR vk vkt ARE o] 88 T Qivks
otk AAlol= v mlA| 7k VERE AxEP17F 7R A
HRJIHA A7 % wlo|T2mAY 71 ofg3ste] - uiTd
o] £ TFE AT & vk a3 vlwA ek 24 2ok
Ad 729 Az TR od wA 3 7RIS o] IR HA]
g 7o) At 13} Ade] wAFEE, high aspect ratios
Zh= &, whe 2E oy mi g A2 RE T AlXsP 7t
ojHrk= Aol 7P & wrlolrh

2.1.2 Silicon Micromachining

AFEE O AHAEA F AL} 58 dAEEE 71
QoL kst Fej 9] surface micromachining 7140] 2 A9
o glo] A& 1 AAE 7HEste] ARgshe AlEEe] HEE o]
23 givk o] HE Fellx] 7P st W] AEEe] 4

o ileltt [100]-4&= sl s =4 54.759] 7}

T2 Sl Wo| §AE 3 AlthalE moke] AYS sk}
o] AAPHE 978 EE o] FA S YR, 3tHo] njiete] &
W E4o] ul$- $4510}2 2 RIE (reactive ion etching) ]t} ASE
(advanced silicon etch) 2} £ 714 o% Wi 207, 181
ZdAtdo] o] HEE o gith o E W o &Kol ut
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Master Fabrication

[
Q0

Electroplate Micromolds

Design ‘ Micromachining ‘ Seed layer
CAD Silicon micromachining - 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

‘ Injection molding ‘ With adhesives
Hot embossing With solvents
Plastics casting With heat/pressure

8! 2. Process flow for plastic microfabrication.

T

o
o[
B

m) | 2R 2 | M [Soft bake

5 | @ iﬁé - | Mask

Align

J
J

e Z
Substrate ‘

== um 2 [

rat

p

x| 7|7 GERed] wEA] o o] vl A=A A
ZEvh el A 1 A Y slEH B4ow Qlsle] W
S A sl A2 AR (stiction) 2] FA1ES AU ok

2.1.3 A2t ZF(Lithography)

27t S AFEE ol&sto] vARIgH ARlE A,
I8R5 substrateo]] AR 7]%S olor] drh URbAQl
27 37 sgEE 8 3ol HeRgith A7F FA oAM= A9
AUV) 9E o] g3t ARl 212} (photolithography) &7J0] YREA
O 7 Wol UTlA Slal Wo] AREE= oA W AAP (elec—
tron—beam) ©|t} X—rayE ©]&3F 217} ¥AE L MEMSH
nanofabrication®] @o] 58511 it

8! 30 =21318k vhe} o] UWkARl A)7F 34 A 9
ol oxideW nitride®} -2 vehs F2kslal 7444 (photoresist)
S T Ae)ds ARl @iddlel ddste] dske d
HE dErt o getEds o83 F4 oot Zekirht
25 o83t 144 o FHE ol gdte] TXRES A ¥

. S o] €3 ¥ high aspect ratios 74|
= TaEs AlZs] oJEe @o] Itk High aspect ratio®]
52} substrates ©]-8-3F LIGA 37

H

K

LIGAE &4Y9]Q] Llthographie Glvanoformung Abformung
ol A w& B2 X-ray lithography $} electroplatings 47
= o]tk kAl A9 AR 4 2H(UV photolitho—

graphy) 34< &3 €& T A= 7229 HAd A= A
pum g5¢l whd, X—rayE ©]43 LIGA 342 4= umelA &
mm T FEES AXT F Utk o3 F2 s 7
I oYAI7Y F8 X—rayE ol &¢ozH 9o AlRiglo] 7%
g 245 T8 4 Q7] wiEoltk LIGACIA ARgsh= 3
EA9 @724 X—ray°l W7kslof 311, electroplating®l A+

Polymer Science and Technology Vol. 17, No. 2, April 2006



3= Erfell oigk Wisleldo] erafiok abH, substrate$ke] A
Zkeo] golof st o]2jdt e7F7le] et &= PMMAYL
7HE dibA o= LIGA 3740l ARES|L St} Substrate 9ol +
AE ABAE Txse W2 s 2% F' (spin coating) =
WA o sz, PMMA 4ES AMsR W, eln
plasma polymerization coating ¥ ©] 2tk LIGA &4 A}
&3k rkad(mask) =82 oY 22 S48 REStolok
gtk AE2Rl A7 3ol ARGk et 9ol A% Btk
ol gato] EY3 mhATE X—rayE o83k LIGA F78l= 3
ot ke, I ol X—rayZF A5l 5771 HA o
w55 fefe ¢hds] FapeA] o] wiEolth tiil LIGA ¥
Ao X—rayE &5k F(gold)©] FH 4 silicon nitride
maskE AHEEITE olw) IR E = wuke] FAA= oF 10~20 pm
gLo)m electroplating 3785 &3l BT o]HF wiAAE
ol-g3to] THEA| Azl X—rayE =33 F NS o] &3t
et |t 3ol bl Yshs 25852 electroplating
FHE FHst] 9% BEE Ak dibdoz YAND S
7 o] ARSI 7] (Cw), = (Aw, YZE (NiFe), YRR
HI(NiW) 5% AF-E 31 Ut} Electroplating 278014 w43t A
& 7] e =S Z Rk Aol Fesith tnE
o= 8 4 LIGA ¥4+ §8ll UAZ 7] =58 559
SEM A& UeERfSIT

a8y X—rayE ©]€sl] Slsixle ARE 77 1S ol gsfok
317] wiEel A AR B 5 Ao GolakA 9] el
LIGA 3788 712202 S Adov AFEddE A% 5%
(mold) A&t HA o7 fo] o]gyo] girh. TIHel% =3k
o]# st X—rayZE o]&3l LIGA 342 substrate 9ol high
aspectratios 7= 5% TX=S AF Axs] 3 2=
Wol o] g¥ 1 Qlrk. ol gt n|&Al FAE WAz Sl
X-rayE ©]&3F LIGA 3HRTR= F4o] & Hox|7]:= apA|vt
3735 tlkIshEA vlgo] AFet LIGA 37, &% UV-LIGA
= poor man’s LIGAZ} 2l 3740 o851 k¥ o]
]2 negative photoresist =291 SU-83} 7]&2] Hiw=A| ¥
ol ARE-sh= 217t ArlE IOl = o] 8-3k= Zlo|th Negative
photoresist &1 SU-8 1 umellA] oF 500 um7k4] therst
TR FHo] 7Fsslth o] 71&E 0]831 aspect ratio”} 20:1

p

o

ok

ol tA

O2 4. LIGA 2FOZ NZ3H L2 TXE29 SEM ALY

Ho} & 72271 ARe] 7Fssith e o]2fsk UV— LIGA
349 7 & @S electroplating 5ol ARQ]A w33 <]
3 7luE SU-8& AAS |7} g4 drk= Zolt) o] EAlE
adstr] g8 & o sk &ulE o] &3k, 600 T o)
o] pgofA] Bl-e-= 0, 12 o, o]FF(release layer) =
AREERE W o] ARIE AL AN oA 7] SU-8E h35]
AAB7 = BolatA] et

A=7HA A5et master AMEFFS AFe)Molt X—rayE ©]
Hih= T oEZHN MEMS 37804 7 Udubg o & ARgsh= &
golt). 18U Aoy X—ray 9] #3lls (resolution) 2] A=
I3l vherlE] AAGS] FaE ARtels AFeHA ¢tk them
B ~ALE] FE2E ARS8 2 o AR A7 e—
beam lithography) 71| ASFEGILE? A 27t 7142
PMMAS} o] Azt ®ztst 1zl 248 resistE ©]-§dh=
d], positive type resist 222 PMMAZE, negative type resist
472 poly (chloromethylstyrene) & ARE8E® 7eub A
21 217F 3 2] W2 SlLte] masterE AlZsh=t] W AlRE
o] A-rk= Zolt}. olejst Axp 27t F749] s Bkl
98l imprinting 71| AlkE Tk

Imprinting 7152 AAME ©]8-ste] g /)8 masters A=
3k o] dA o] 7hset At HAAES o] gsto] g
O 7H BAlsks Wholth o] e BAFOR ol A,
gt 719 master® W2 O] YT ES HAE $ Q7] Wi
ojt}. d& 5l imprinting 3-32] /S LeRygich 8l 5o
A Bz kel o] AR Aot AEjE AbskE(SiOg) #
2o Aol A=) 21243} RIE (reactive ion etching) 3742
o] g3to] ARIEE A|xsit) o] ARIEE o] g3te] PMMAS) 2
2 HAAE EZo] FYH substrateo] A8 39S F3 wid
S ZARAIZ1AL anisotropic RIE 3742 48ste] A~ E e
dolle 1HEAIE Atk o] DAl F748S vEXIAY sub—
strate® o e doke 255 TAS lift off 3785 &3l
HZAR YeT2ES 94 @k o]8$ Y imprinting 7%
off Akg-HE HRAE EdRE E430] 7Fest Gk At
L 29 A3, dAst Fol kst A Eak =4o] Ab
9tk PMMAS 22 @7k itk Alg9] Aol sub—

| Eleciran gun Rl B il

oS |

[ -,

PRI

| —

Sy

=~ "

J&! 5. Lt Imprinting 289 2.
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substrate® IEAFS] 8] ol E(Ty oPdoR 7idste] ~
g FAS st oA T ol5te 258 "oyl & Awls
2Jeic) vz iA] o G Ak 9ol Ak
S0 I8 Jlslo] kd3E] AsHESS A7) T ABIZE Rash),

- imprinting 71&9] 31dEE 2 (mold) oy 13Ake] 543
of wlg} geAA hAlZ 10 nm ALY s TR E RS
Az = ik

2.2 Electroplating2 &%t Micromold XM=

Electroplating (5% electrodeposition) & thHE2] njA 7}
T 30 FEFHCE AMEEE T oEM, niaaE Yoy
NiCo, NiFe%} -2 F45E242 54 (replication) $FC.2H = 4
nlo]g 2 nE 9] F% ¥ (micromold) & 9& F U= 7 W
Holt}. Electroplatinge =231 14} 3H= F40] o]&3}%o] 9l
Follo]] =gd MES @ Aol [k dolFA =Y &

o] o] FAEHA BE ol EF0] H= otk 7P 4
a2, 729 3¢ copper sulfide—based solutions ©]-&3}
lectroplatmg~ 2B HE FEeA] Cu®t +2e —>Cue $F

gHeikgol Asle] Fel7k mRsA Bk oY) 100 mA/
o AFE

of

ri u o
M

T 2 fo J1-> rlr

[o

o [

A7FeHAl "
ulAl 21 FE Axsl] A8l AREE ARES oA ATE
ukel o] Ao, fel, 1A AR 5 FEA 2SS AL
E3HA drh olejgt A E4o xHl AV|=5-E ab] 3l
A= seed layerghil sh= w9 9R 4555 3ol —XW?‘
o2 dHel W77t FEES sith dnkH o R sk &
Azl H2EE ‘_’“}/\]7]7] 3l seed layer—t— M sl 7EL
=45 ddol| F&sjof gtk 8 62 =1 a5 72sS Ax
s17] §lgt ARk J electroplating %32 UrEM]‘iiﬂr.
Electroplating 374 217+ 3740278 A& ==, 18 6
of] YeRd ule} o] seed layer’} =3E¥ substrate ¢oll 73
AL FHe & wgata dste] dels st ol
24 O3 6(b)ek 2] electroplating®] Fli= %> 7H3A17} §1

=
+ Wo] ©r} o8 =3 (galvanic bath) ol ¥l A5

e)
B

ro

£ 7k
38! 6(c)$F 2ol seed layerell ¥sk= F40] A2t7] A&},
@ Seed layer
Substrate
Photoresist
(b)
[ ] [ ]
Substrate |
Photoresist
©)
I = ==
Substrate
(d)
| —
Substrate
8l 6. 52 35 FXE2 Y| AT LYHEQI electroplating 33. (a)
seed layer &, (b) Z&A 2E L DHE{d, (c) electroplating, (d) Z&

X2t seed layer M|74.
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o7]el] 23R8} seed layerE AAsHA =W I8 6(d)<t 2ol
k= P F2ES ¢A 9ok

Electroplating®] - -85k /‘}%ﬂ %

ot} LIGA 37L& Sk AeflA oju] A
wjEsto] W SA0] u¢- ¢%h ”:1
LIGA 3% ¥ electroplating= 533t xwo] Wl 53t =
& F8& A%& 4= vk Electroplating 3789 w2 T4
0] &) oF 10~100 pm/hrE w9 =2]th= Aot

2.3 Plastic Replication

Qkof|A] o]u] AFet vke}l o] EAk B4 7 & AL 4
sk FEe] 3ol AlxHW o]F o]&-ato] replication 3785
B3l i@ Ate] ThsetthE Aotk it 28 o] &8k vk
3t replication ¥Ho] /w1 AANE 7P dirH o7 ALgE
3L 8= 7NA8 (casting), 3H1E7d (hot embossing), 123l A}
A8 (injection molding) el W3] 2Nk} sick I8l 7
= AlI7HA replication @Rl thet Z=eE veRilaL 22t
3ol tial dgetaat st

2.3.1 IHAE(Casting)

A2E T ot viAl fA) P25 k= o]
FN~8 EZ=Z silicon—based elastomer, £3&] PDMS &E2lo]| W
o] AMgELh Hx9 A2y W 1990l Ekstromel 2J3)
BT 015 viA) e vy gj8 AeE 1F-E o
S5t A e dRtd o R st vA Ad 3 Al
Zof gol o] g5, AMEH AlEE Sylgard 184K A%
°] PDMS7} ©o] o]4-5=t] PDMSE 230 nm 3pge] Hej &
wajo] $-=3 Fa EAS Vb0 Ajag H”:Sg A
(precursor) Q47 AsAlE 3t §4S 75 floll etk
112 Japas

i

HHN\“

fl

&2 kol A A3t silicon surface micromachining,

7% & olgslo] Az, o)P4S FX8] s A
2% U1 feh As7t Tk Folis PDMS B2 4o
A A "olxitk, ol@A AxE vA FEES oy
Zepre HEY pCB7IHel” H2ato] vl A S FA
Prepolymer
‘ - -d“
Solvent 45ty StEl 4%
(b) Pressure Pressure
AAAAAAAl AAAAdAdal
=R YYYYTYYY
4— o3
— =Y — Rl ]
JYYTYYYIY JYYYYYVYY R —
Heat Heat He Am
(C) E\ H
oA aOgy Cavity 288 CavityOl| 2S5 HY ME
Ehall=R=] QR =0 xxIEl
T'__ _l_
DEX}
8l 7. 22XtE 0|88+ micro/nano fabrication 8d 7|&. (a) M
28 3F, )2 3, () AHEHE 33,
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gt} olejgh AE 378 ol8ste] 4 nme] HE7EA] o]
7Fssith O 8ol A FH o2 RE JAE WHoR Ax
ot 7282 SEM ARIS distA o s Yehdgich

2.3.2 il HAl(Hot Embossing)

A vA] A 2F Azl Qlo] AT Theel 7 dE
AREE| AL Q)% replication 0] SR o]tk g4
9 o] FE AR2elA o]FoA= b, SRS vlu A

FE 2L S uEA B 7, Bl 12 oA s
Tl FoF b olg] B0 sdEo] gk’ T Sln
2 WL mold master® HE e Zepada} 3 skl

ke
28] e & OB 7(b)old B nkel o] g3
= 7hetal, EekE el mold master?] sEo] A7)
W}Xl oF 53 WA 20 AEE] MRS fAgE - Wsta Eeks

_&E_. _,_a]o].oq &] ]ﬁ 04_‘:.1;]. gl—oﬂy_)q .TLZ—] }\] 7(1-0
*?L”é (cavity) ol EA3k= 71325 AABE] AalHe= a5 ZHol
T Aol desirt w3k sl 3 ol ZekaE HE
FES AAS] A8l Ax IHE sk dnkgog deln
Aol Aot 31 g2k 0.5~2 kN/cm”o|t}. 8 9¢l dHln
F4& o] &3dto] AT wAl AEe SEM ARIE tfxAoR
LER AT

2.3.3 AEEM&(Injection Molding)

AR S IRAE AEshs 7P dnbdola de] o] 8-y

=
1 gk B 39 shielth AENPS Wy 1A BEE
olgsle] A WE Pge| TEEL AZT 5 9 1P

& Ak wEbA o Y Zlas viAl Al 24
= Axap] flal vlolam AAUL] @ojel Ag3rhs Zle

o] =k ?jlol ot ™0 A Y T vlolaR é?ﬂ%‘«l
1l & A i AN R 9l Theelnk a8

o, 5 wejnleol AEE Gele] 2718 s AC mE ¥
A +

IRA FRES

& 8. AR ZFSE MZEE PDMS CE chipl injection ¥4

& 9. PMMA substrate0] U2 ZHo= AZEH O MY 722

DEXEI Js A 17 @ 2 & 2006 42

6(c)ell e vkl 2o A2HE mold masterE AFE7]ol 2t
st & A Felo] wEANE ANkl AEE gl wek 29 <t
o IRAE XA W7ste] Ak AES BAkeHA Fick
AFEA RS A SEE A A OIS TEsEtAl Sl
RS AL ik ey rlola® AAY L] wlAlgk 3
=317] Sk 338 Ul &2 dAd o] A
S BEY A& 23 KRY processing windowZ} vl
Foh vlolaZ 2~AYY FERES AEAI T A9 mold
cavity® IHARE 2 X8| A ARgshe Ak AL,
AEESE, 589 25 AEYY 7Y 3 e 7 st
of gitt. AlEstaat she 72Ee A717F AobFS cavityell
FHEE IR ofo] FolAAl Ha uwhEbA] xW o) F-3j]
(surface— to—volume ratio) 7} Z718HA =W o] wlAgt -
25 7HE 28 Uield 1At & 55 ¢ d5S 599
255 A9 1A &=/ SEok - gt oY
Al Bt IEAE TG F AEE AESP] 98 58S A
sk olgdk A= Y-S variothermoldt H-21 mlA] -
£ AFEAEE 3ol ARgSith ey o3t W AEE
2] MolE Azt (cycle time)& AA ato] IS A Hojr
Aok 523 Al Al 539 259 HE Al 53] % Aot
AW 55 1R FEEC| A Yk Y AlES AakE
7} 9ick Wb master fabrication 3782 E3 %54 5 Az
gk woll= AAstel] e At B4
& At of sttt AR 100l= AFEAd e PMMA 1Al
Ad T2 profilometer scan Y= ‘/}E}LH ek AEEdEE
EAF 29k master 7E7F AR AO)E Bl ol AR
’\] A0S ARl Gs7] wito|th ALY 7 Al =
= G A ARE o8 g AL M fA s
140}71 A8l F= AMEEE AEZE PMMA, PE, PS, PC, 71
g]aL COC7} ol AHE-E L glrt.
2.4 Bonding
=7 Aust 3855 o]83to] Alxgt opendl FENS] 7
Al A 25 o838t} wAl fA A Al SlsiAE of

e s rle
o

-{o o <N

.Silicon Master

Microns

.-
% == JAcrylic inection
! \\'--.---"'"rf Molded channel |

Nicxel
] . TSRO, | Electroform

Microns

a8 10. AFEEMEE 129l profilometer scan.?
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2] 712 ¥ 9] bonding 7]1%0] skt the] @ 7pA] Zet
2~ bonding 71<ol thal AoRetaat st
2.4.1 Lamination

Lamination 34 7199 24 222 o] g3dlo] T+ 71 IE&
el M= o AnE E-a HH H3Te] =274 bond—
ing& S Bt FAelth, el HAFo] THE PET AL

hde 24 g2 vlM T2k 949 AE I 292 9
Al 5 A 2F0] 5074 bondingo] ©]Fo] Lk aae)
717} w9 Zs W= HEAE Qs v AR RS
8! oAM= PET/PE laminate &4 Ea AxF wAl
go] @S Ve Qi

2.4.2 Heat and Pressure

Al B ket 3 S-S Tete] AdS sealing 3
Aol A ATAEe] 8] BuH A oF T NE 1]
Al Ago] shER] s S o5 7]&ofof stk uletbA
o] W A 3 WA g A2 Fdol] 288wk AR
S=s farstar gl

2.4.3 Laser Welding

AR HolAE o8, FFAcE A5 WAAA s
-14“1“— Aeixog 2o 4= 9t} o]a{ﬁ‘_} HhHo| njo]g 7 H AZE
Azxsh= 3N Aad oz St Je ofd 74 1)
Al Adell 289k A= BarEA] ok Qv

2.4.4 Ultrasonic Welding

o

of

ol-_]

22315 olgale] WHAZ AR AL ofn] ¥y 2
oreizl FAolth ol g ol g3t A9} v 2EukE
olgstel HR AT NRAS §HAA TRAZ A §HAZ
S gick et @A Al fAl 2R 2esE 0§
& 495 wasA gk g,

TE bonding 34l QoI BERHO T ALH= Zod A}
2 §744)%= bonding F4S 357 YsiME A5H 0w 2
< YAkl o3l TRl eHEA = dljof drhs ot
uf2}r] %74 ellA bonding 24 H4Z o]t

a
h !

Photoablated
Channel

Substrate

8 11. PET/PE foil2 2i0|L{|0|EE n|AMzHY %

I

&
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3. #M AN2| J|&

3.1 S/ 7™ J4Z& 2HH(Physical Surface Modification)
3.1.1 Flame Treatment

Flame& ©]83F %2} ¥4 AHd 7]%2 PE, PP, PET$}
2E 2 IR S AkAe) 22 E.L*é 715718 =945t
o] A2A (wettability), 52Hd (adhesion) 5= Z7HA71= &
A9 g 29 stk Flame H@E Eal] 254 1
A TS AFIAIA 5~10 nmo] 9 Sl M4 #s o
S 5 ok diEFe e W A 9 i WAUS
& opggl gt

) A dAYSS A jA A
23} Whgo] Gofl o8 AR FAle ¢ e P
1 0] Akael 97 glr)Zto] wWHSE ] peroxy BRIZS A4

}% 2 ERAO] ER=

3o} HFEZA 0% hydroperoxide FEHE o] FA #Hrt.
H H2 Hz HZ
N /C\T/ ~ _—)oz
CH, CH,
OH
Oe

e o/

o} [ v

E'VC\/ C\ SN
l o, CH,

71 Y% hydroperoxide”} #3EA] A2 AkA RES ALO]
E (alkoxy radical) 7} A7)3 1182} Al&o] E71HEA AE7| 9}
AZE 2 zE s ek o]9) sAlol thkeh 'hA-AkA
71%71(C—0, C=0, COOH) 5°] =gl¥t}

_C<2

C—CH
HC/C\ 2 ho ‘
o

HO

3249 flame treatment 3|9 742 @ 129} ZAth

Flame treatment ®H2 w9 #g3h, ARg3l7] 42 g7do]
9Jo}, flame &%, HZ A7t flame2] A (air to gas ratio), T
%] 7t~ %, flamed}t TwAF 2T AR 55wl PUskA
z7gsllor ab A gl AlRte] w9 e e 2ol gl
ohOM02 Ol 13, 1404 Bo] FQIE= Z1A|e HA uiE 9
HA flame¥} 22 xR ArF EATS & ATk
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burner

sample

fue

18! 12. Flame treatment ZFE (http://www.aerogen.co.uk).
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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.%

20 == - -
. & D-aiad
' o O

conc.(at.%)

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

12! 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 F=ZL} H}F(Corona Discharge Treatment)

t7)ZelA B E ZZUH4000~35000 Jm?)E o] g3te]
A BAS A THo R A7 Wolt) A oAt
IRAE A= 25 B Afele] 7 Ast AV1ds Aol f 2
Hie AAse] nEA 1A EEld] At FE5S sho]

st Jls A 17 A 2 3 2006 4€

Electrode
Corona discharge

A High-voltage/

-frequency

4
Y

Metal roll a polymer film

Dielectric coating

18! 15. Schematic diagram of corona discharge treatment.

] el et e 1 1
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it II'J Rt i
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12! 16. The reactions involved in the discharge—induced oxida—
tion of PDMS.

7, o], &stE X E 9 G FHE Adste] nHel 54
715 w8lete] A53A17]= W o|tH AR 15).57%

F2UE o] g3k thx A<l PDMS vlAl=lE 712 whde Hill—
borg 5ol &l 1679 2o 538 wAUES AXEIcES =
A FEU ] 2ste] et Al A s 345
A = AR eZo] WS AFS sl Ha sAl
AZAE Ago] 7Rsl7E dojut Ak I5E 345k Hrh
SEARE Y- 743t o[RS ZAVSH) W Zioll 7 (crack) ©)
ASHA HHA FHAo] YERA Ho] 27t (etching) E¥E X2
017_” %E]_.GS,E%S

3.1.3 Ez}AnKPlasma Treatment; Ablation and Transfor-
mation)

7 gAoR ARHE T e IA ANE HFe sl
Eohant XEE ol get w1 AR WS X FAo] wig- 1
stal BlwA 34 7hAo] A e AT IFE0] olgsta Y
W 9] sheltt ARl 17).577 ZekankE o) g3 ¥ A
e S o A2 A, 39 sjdo] WS (0.5~50
nm) oA FAAE TEAF AA Q] EA (bulk property) & W13}
AIZIA] Skt B4, sEHelA e Zukaut A717F - ol i

T AA EAE WA 5 Qi) A, ANEE o] vwE o
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:
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A, 3749 2B Fehavh

Hd
)
_>|1_',
o
i
offt
o,
Ekl

2l At A 8
o] 35 Fbel WAHE 3] UES Haske vk
So], Al A AE Al A 7Pt o® wol AREE
PDMS/glass == PDMS/PDMS®] - =9 X2l5 o 49 A
7] AT (o) & MW R EehavkE A A9 7
AEEEC] TR & F Jlom ol & HHe] AN B
How MAHNSS HOlFHE 4. Ata ZEAnlE o] g3t
2573 PDMS 32919 23} A2 vl gbasks astao]
7P & EAIE ARl Augtel] wheh g Ho R WA
= Zolt offd A2 A AFEEE ol8% 7] 9 e
AR 739 AlRto] Aol whet 3 Addo] wirlo] A B
glefl o] 88 A9 7] AFEEe] Wate] Eelee] Aol vl
T soAlE 2AIRE AU Qi webd, ofd FAE B
3T

{0

T

ko 2= Azl S g @A mytstA =H
14 olelli= vlwa oFgZQl ¥dS FA3tar A Q)
£ gde) 3Ee ZehantE B A5 doshA

% bulk PDMS W] #|&x}&
PDMSE©] EHOE ol tha] doshs] kyst Aygor 35
Hrtn A gtk o] o] A3t H<* thermal aging

e |

18! 17. Schematic diagram of plasma treatment.

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

(85 O)& &3td EopantE A2]¥ PDMS 3ol v <t
AHow AAE 544 AL 9 5 vk Bauw Yok
3.1.4 XI2IM ZAKUV Irradiation)
Z}2]1(180~250 nm) & 7HA 3L &R &
IEA mHo] B stEAY 2H
SEHAl Ho] W AT Al RS NEAA e F
Hp o] g ool bl o x| =
sk XE wpAaE F9 fHYE 2l
FHO] 3k o= UV excimer laser (KrF, 248 nm) & ©]&314
PMMA vlo|=2 de] e A7) wlolth(al 18).
A717e] 7kl oAz Ad W] A7) AHFA sEelA 7]
Lo A A W) 9] IRold AHde] EefAl Akes W)

Jo rlo Mz B

i
Ty
)
rd
=
S~
)
)
hur)
=
(o
(o3

I

A 7= A Qlo] UV excimer laserE o]-&3ke] olu] A% A
d U9 2HS JEAFICEN el wEE BT R
A oo qHY B PS ul, wEF wdof 3w W) Frtsk
= RS Elgon, FHAHoT wEE HwoM 7] AEH &
Fol F7HIA B3t 559 WEko] uilE FolA HRFoR
w9 49 ¢ band broadening &%= W= A& @9l
gtk o]& E&l mlolaz Ad oA AL =Es Sl 1
=

W) AFsES S7PIPIE B & S A/ e AE
£ sh= WRlelth o] W akh ZekankE AE|E Ao H]

o] ekgstthz Aol Stk 3719 W o® 454 PDMSY

A% 1309 Bk QHPROR A5 HES AT 5 UK
& 19). ol A9/ eFo] FrE Zolsk Ak BewhE A}

S5 AR} 27 T AeslEs 2He] uiek FA7F 8
A FA9 AEAES] PDMSE] o]Fo] wl “HABRE 454
o7 IV =y oz dejA o’
3.2 ey =M JHE YH(Chemical Surface Modification)
321 2% Z&HMetalization)

Chammel
Sidle View

N~

Lapser-Mudlified Region

Channel
Slde Yiew

—~

Mon-modified Channel

2Standard deviations are given in brackets.
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dovice PDMS surface| contact angle of ,uen>;1074 _." Sct et
treatment |PDMS surface Q[°]| [cm?/Vs]? FMuld Velodiy Fuid Velodiy
native 117 2.3 (0.04) - —-
UV (3 min) 115 2.6 (0.1)
PDMS/glass| UV (60 min) 25 na. Chanmel Chanmel
plasma (30 s) <10 3.1 (0.5) Top View Top View
plasma (60 s) <10 - (i) (b
PDOMS/PD |—ative = 1.7 (0.1) T8 18, Ao AW K| DE0| CfE 2= 0 485t H
MS UV (3 min) - 3.1 (0.3) 7| A profileQl (a) EH ()0 A EIX| 242 J2|7 (b) UV
plasma (30 s) - 3.4 (0.3) ofsif JWEE hot—imprinted 00|32 L. (b) UVO Slsi HEH ()

ol HHE HS ®oiELCL”
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AR Eel| 34 uteks FAsHs WS 3 71 S
sputtering 18|31 &84 W& B3 FH WY oE A o
o) WA 71 S22 e Aol A 58 F29
< 53 2% evaporationA|H FEA7]= W o]tk Sputte—
ring WL w9 W2 G (e. g Ar SmTorr) stellA E2fkAwt
S AAA A BHE Fekant o] o] FAse] YxpEE
Bl s o] o= ARt ditete] Fatehs wholth ™t b}
Aoz gehA Whe-g B9 7 T WS 84 2599

o2 Sl PHe Bal $5 wuke SHeks WHow uE

o) upg o & 2037 2k
4710 e TS A TEE FE 9 A% Nee
B ow okt A2 wial vhukn 4 S8 Eal) 5
B o Q= WRle] AR sigivh 1 et W 8
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¥ L
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18 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 (M) is the 14 pum
PDMS membrane with 120 min UV/ozone exposure.”

N\ ¢~ CuSO4H.C=0

(eq. plasma) snCl. REN PdCl. [sPd]

4 ??”????g

| polymer ’ —>‘ polymer ’ — | polymer ’ —> | polymer ’ —| polymer

surface sensitization activation/ metal
functionalization (e.g SnCly) nucleation reduction/
& etching (e.g. PdCl2) plating
T8 20. M3} B BHSE BB 24 S,
o (5
PTFE Film ) Air
- e _l"‘_'—'¥ e @ BT .
v —
~M L B BT Graft Silanization
b Mot Copolymerization ? é{'/lfby Chemisorption Eg i{f
B 66 Q8 g
~L 3 L 4 =
DeDOSHed
o G ,I u "Pd Motal Deposited

Electroless Metalliza—

o
% Thermal N
. Post—treatment ‘\_

Cu/PTFE As—

Safl: ., PICT; _ €uSily
Sofatien: Soleien Sofwtie

PTFE film
8 21. Schematic diagram illustrating the processes of graft
copolymerization, silanization, sensitization, and electroless metal
deposition on the PTFE film.”
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213} e

322 Ez|A0LE 0|85 12X} F&HPlasma Polymerization)

ZefAnt 132} S8 (plasma polymerization; plasma en—
hanced chemical vapor deposition) & Z&fAvkE o] 85 1H
A o] dFoR Fupavt HYE st @A £ 1
FAE 7o R FYste] el wAl wuks e WY
o]t} o] MBS CAP(competitive ablation polymeriza—
tion) 02 E¢& 71&E wEA "o &= E”ﬂoﬂf\i ablation
7} sAlel| AR FEtol & A k. o]
WL Al 1 pm 7419 T7}“E 1114: 7} EJ aFA} vheE
s 7 lom ViR o] g g uieks 9 Qe
Z 72>WO] ATAad 22). 7 01‘1}@‘_3 AREE kvt &
Eo A W A WAUSS Alsl #3 W AA Nk
3l AHETHE 5). webA, Zekant Sl dojuvbd
FEoA C-0-C, C=0, ¥ OH 7]s7]=°] AsHA dt.
¥ A9l W59l ethylether, methyl acetate, ethylacetate
21 2—propanolS AHESFH B 67 & A9E 9S8 4 Q)
th 718 2 ARE ol gste] TAPY FEHOE ARE 7hset

mlo

LJ Ruie) mlo oo [

\
-

=T
" I' au:lr.htlr-nal

i
! plasma o
Fﬂ |I i

r@actor

8! 22. The schematic diagram of polymer “Grafting to”.

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

[ A* ]
/
o T \
Elimination JE—a —_ ol o OR,
A 5 F
[ n, a
Oxidation
Hl\._l 1
Esters -::'F_u"-. __r"" —— A 4 OOp 4 BA
) ",
Reduction
A R
Esters i .r_.-c_ﬂ = O T b ogm
~d Ry it
Reduction
] o—H
4, &
Esters R - = R=L * A
.h{::; " h'\-'-'_nl
*.
'-.
Esters ._.-""E_'RI == R—0H + A + R
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H 6. Contact Angle Measurements Using Equeous Solution for
Plasma Polymerized Ethyl Ether,

posited on Three Different Substrates’’

Methyl and Ethyl Ecetate De—

Deposit Contact angle (°)
eposition
Reagents 510 dlel Substrate | H;0 | HyO:acetone (vol.) |[Hz0:2—propanol (vol.)
1:02 | 1:10 | 1:50 | 1:02 | 1:10 | 1:50
Si 68 | 59 | 68 | 72 | 37 62 | 72
Open - -
Acrylic | 72 | 62 | 78 | 82 | 35 69 | 79
chamber
Ethyl HMDS | 65 | tf tf tf 35 66 | 75
ether Si 47 | 52 | 62 | 66 | 37 63 | 66
Closed -
Acrylic | 43 | 42 | 53 | 58 24 46 48
chamber
HMDS | 63 | 64 | 74 | 89 | 48 7 | 75
Si 65 | 59 | 71 | 74 | 41 65 | 75
Open - -
Acrylic | 45 | 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 - A
Acrylic | 50 | 43 | 49 | 58 27 46 | 52
chamber
HMDS | 57 | 52 | 82 | 89 | 29 61 | 71
Si 63 57 66 70 39 58 68
Open -
Acrylic 71 72 76 80 47 70 75
chamber
Methyl HMDS 70 63 73 77 45 68 76
acetate Si 57 61 69 72 42 61 67
Closed -
Acrylic 48 66 70 71 42 58 64
chamber
HMDS - 55 72 75 42 67 73
tf: Thin film.

BAAEE wA fA
244 AlF] 5o

3.2.3 Polymer “Grafting to”

“Grafting to” 71 ¥ A NAA7| 1A} sk LEA}
= A3 7= o7 dF9 polymer brush &2 4
e Sl Wolnk ojuf Biet 25 AAsH= 7P st
k= AN 1A} sh= aEARETre] 7], ARk 3xk
el Pz, W uEA FAEo] v Fashh P wx
x¥el 716718 SsAA Bl A e HAE
sty ol A7t she 1Ak 7719k 4AE
A/ ZIcH I 23).

EHFJGOL “Grafting to” #H-2 vlAl F4 AHde] g3 o
o] H5o)4 F2 WAE 3] PEGE 174 vl Ajdel 2
1A

A

Hljo

ojge %l% Zoth

1% 10 oo Y 9 o

fob bt oH

A7 Zolth WA PDMS Mg Ak Eetirks A 2shed
= AR 5 A7) A9E PEG(disialne—PEG) £ 1k
Sste] WS PEGE MAAAA 258A]7]= oty 1
A PEG (3,400 g/mol) & =122 <& PDMS 3 712 “hy—
drophobic recovery”S WX|shaA] 35 o]Af oHYst TS &
Ak ¢ A "ok & thE W2 poly (L-lysine) —graft—
poly (ethylene glycol) (PLL—g—PEQ) & A4 ZAnl2 g
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18l 24. Comparison of radical surface graft polymerization and
controlled radical polymerization.
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