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Fabrication of Nanopatterns for Biochip by Nanoimprint Lithography
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A constant desire has been to fabricate nanopatterns for biochip and the Ultraviolet-nano imprint lithography (UV-NIL) is
promising technology especially compared with thermal type in view of cost effectiveness. By using this method, nano-scale
to micro-scale structures also called nanopore structures can be fabricated on large scale gold plate at normal conditions
such as room temperature or low pressure which is not possible in thermal type lithography. One of the most important
methods in fabricating biochips, immobilizing, was processed successfully by using this technology. That means immobilizing
proteins only on the nanopore structures based on gold, not on hardened resin by UV is now possible by utilizing this
method. So this selective nano-patterning process of protein can be useful method fabricating nanoscale protein chip.
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M E ARE = AAEAY &%, A|&HE Ak wep AA v}
o]z Zojg o] 3 (microarray chip)® <1 F (lab-on-a-chip,
AT daEA e FHeE WA FFHR g LOO Ee mo|AREFFO|H2AH  (microfluidics chip) 2=
who] & Azl Alokfu maEAA 2 AAAY Zo] Hot et 2 J2o|FJ G mlo]AZEFo|Y A FE3)
of A HIE Yo Aoy FET glon, 3 7= 3k, vpelAREFo|YAe HAH M FdH=
BAAGE FokoAf & F djojz To FEH FHA E 7o) 23Eus Aol AE7tee] T35 Asjolr. vlol
Aol E HEdY AU 4 v AR vlo)| A=z Az ol hFHAY @iEe A7 Hety
A kol @ o) AWE T 9o, E4. AT sARUEY ZZH (Probe)et 2= 7 F 2 F T o]4e] DNA
W ZE Eokx o] YV|&o] dgE Aoz AWHY L gl 22 AE 47 F23E FJd 24 didER
©]23 (biochip)e DNAL ©ids} 2o QJEA Fad & Hdsd 2 2R £4F + e weol3e=
B2RL wzA9 e =23 uung AAZEa % A B&SE AEREAY] mE)l DNAZ, a3 o] i3 ol
Fate BE AoA, AHEEEY &R we) gogrh W I W] AE, glyco chip & F F SIth DNAGE
getd 4 9oy, JEFoZ AAERY] 1638 /E5S olf|o] = o]Z DNAS FF, genomic DNA, cDNA, oligo
o) g3H FAALH A FANAY, GHART S DNA 5ol mah MlZstso]#]7]% stal AHg- A|&7F DNA
AESH ARZ AAY Aaed A 2 woiy wi T+ mRNAQIA| o] w2} genotyping chip¥} expression chip 2.
AERATNEEE Eole 4834 BIV|ed A4, ve = wrelds
A 5 M71E0] HAEE HEA] §&71&olth o]zl Aol 3] AxE A3 U= mH =279 JHIE 23
£ eV AdHE AFA U= HEY (patterning) 7]&
< g2 o} AT AR AREEO R 7t
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nj | 74x F8 7|EZFE A2 photolithographyw AT H

of dojN B FAE 7HAIL o] electron-beam
lithography, X-ray lithography, scanning probe lithography,
capillary force lithography (CFL), microcontact printing,
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electrically induced structure formation &¢ B2 77t %
3] E o $th(1-6). 3], nanoimprint lithography 7]% < EE}
A vgog UkI2ES HEF2E AxT ¢ U

Aoeg 7IdEHe 7|sEMN, Yx FZXE (nanostructure)©]
A1 AE®X (stamp)E 7|¥ (substrate) 9ol spin-coating
T dispensing® resist®] T 58 Yk FREZ HA}
= 7o)l o] AL 19959 ZU2H thsle] Steven
chou 43, 7, 8y7} HEZ AP om, Yy H7]9 Hd
(pattern)©]  FAEH AW EF poly(methylmethacrylate)
(PMMA) xﬂﬂsﬂ resist’} ¥ A= 7|F THES 1L

Ao g8 FE 3 B3 RIE (reactive ion etching) <
H| SHHA] o & (etching) A AA resist THAA =T

2 FEQ ZH = (tesidual layer)S A ASIe +4S 23
O & m8A 3l 48 ZARY SetrzE WY
T photolithography2t= 28] €4 oE TEA} TF 754
JA e g HEo] e 73 (mold)-Q REAF)| T B
dHo® oM 2EA T f3e HHS HEo e
o] .

Ye9Zzde  diaady 72 HA thermal

nanoimprint lithography$} ultraviolet (UV)-assisted nanoimprint
lithography 2 Y& G $1.21, Steven chou w7} A|<¢Hsh
7122 thermal nanoimprint lithographydl <43t} 3R 4k
thermal nanoimprint lithography= THE3 2ol 43I
HEEA outo] 2 AZe] QlojA E@WE 3 ths FE
o] oJH G, F=7} 2 resinE YEZIESI 7] YsiMe 2
o]l HQsr] w&Eo AZE st v FRES JE
Ald &A7F 3, ERYE 29Ze U5 ABAY
2stA FAL&I= @Ho] ¢ty wWHH,  UV-assisted
nanoimprint lithography< 1996%1 Haisma (9 )Oﬂ olstad
ZE ACHASH, PMMAY 28 7124 A-ZE A
3l thermal-type 71=3e @8] AHA FAINAY X9
o] A3lslr] Hste UVE AMgste Zo] 50N, %
& AYgEAol Ity tEst 34 9@ gL A
&

N
il

o

2 oA o9 2L AHE 7R UV-assisted
nanoimprint lithography 7|&2 AF&3t goldE vl|E] 53
sl YEHE O BN lift-off Ao HRJH bi-layers ¥
SE A @A R, AL EFEet S HAAEY
"‘@’HL oS 7‘1]743}04 lift-off 4ol A2 + UL

£ 39tk Quartz 2WEE ApE-3le] AFiel ZHE F7
©] 500 nm line, 600 nm pore, 1 Pm pore, 2.5 um poreZ &
AFEL gold HEE ARt YAEAV]ZE  (atomic  force
microscopy, AFM)¥ FALAZ}EV|7  (scanning electron
microscope, SEM)& AHE-3sto] st o9} e Wb
o2, g3t HEY AV XYY 2"En AFHE 4
Jotd i UksFE Y Ax7E bty ddEe
2 g 46 o8 FAvEe] dEHe Y=d=zd
E YiaddgE o]&dtd vk £F nolis AX

g 5 92 ez JYad.
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Expattern(TM)NIP-K28  (Chemoptics Inc., Korea)= UV-
curable resin®. ¥ AFE3}Y UL NIP-K28 resine  viscosity
modifier, anti-sticking agent, UV photo-initiator® perfluorinated
acrylate monomerE EF3I FHI EZZA UV ZAFO|
2500 mljem’d W AsHA Ak T=F =7} 10 cps T
o7 Yy g vlAHES JdZUYFE7] gal UV A
AZro] gow A4 FEtznbd A AAHo F3 ZhoF
& A Lottt AL 2=tk YTt (piranah) A
75 Y3 898 H=7] 98] H:SOs (Duksan chemical Co.
Lid, Korea)?} H,O, (Sigma-Aldrich MO, USA)E AME-313 -

HE M2 s3

UrdZdE #4195 7ed AHEStd gold 7d=
resindgo 2 HH3EE AYAAYE Fig 19 NHFE=E
238319 Fig 1-@°] B+ nks} 2ol HA 4 inch AE
o] Ae]& 7)3& Sputter (ALPS-C03, ¢3&2 2, Korea)E
AF23l Ti 10 nmmE 2231 I 9o goldE 30 nm¥
=A2 223 & Dicing Saw (DAD522, Disco, Japan)=
o] 435t 2% 71BE 2 cm x 2 cm AV|E ARG
AZE gold 719 HHE IFAHLE 317 st 70
vol% H,SO; (Duksan Chemical Co. Lid, Korea)2} 30 vol%
H,0, (Sigma-Aldrich MO, USA)S E%3to dehv A&
WHEIL, 70CANA SEZE gold 71 #HE Heht A Fof
DI water®} alcohol® o8 W A2t ARAIFAT It
A gold ¥HE IFAHoZ viHA 3, UV-curable
resin®] quartz 293 FE Alold] TF HAA Hol d=
dE & g3ty AL HAE AANYE & YA T
Resin £ ¥H21-& micropipette S AHE-3FA 0.5 k19 resine
gzhd A2 ¥ gold 71# 9l dropping 3T}

AEL AdxHE oo EH3Y vaccum steps 304
ol Agste] EARF 7]E} resino] AF HHOE Ao

9A 3g¥tt. NND ©Wano & Device)o|lA A|&Et
NANOSIS™ 6108 AL&3}4] tesino] Z=EZH gold 7]
quartz 2T E AMESlY HHE JAER o AgEz et
7139 holding A7HE 308 oS &4 resino| HHE
Abolo]l T 2AMEA FHJYL 15 bard UHE £ U=
UVE 18 10527 ZASHY resine] €A3] A3EHEE 3
At ol AHle vd3t A EEY AEE AAFEA

233t )% Aol ANT + AT EF AL o
A7) ol ol Yok Fig LoyE 299 AU 7]
Tl AARAZ] F teleas.mgﬁ} FAolth Resing A3 7
FAZ v AW ¢te fEe win Azt VHS
releasing 319001 releasing 3 ¥ YZHEZ FAALHE #HH

120C°ﬂ)\1 337} baking &} resin EI 7|AFHe] 4

dee 2152 A9

F1g 10 NAZHENE 0] 83 releasingd F 7
#o FAoZL AAT HEHS RAFET. o] v§ &
§ oles FUBE o|RojW MHaTezule o el
zo AAZ AYF 71% 9ol ZFH gold®] EHO] resin

el
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Figure 1. Schematic diagram of fabricating nanopore patterns on the
gold substrate.
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UV-assisted nanoimprint lithography 7]|&< ©]-&

ATt

fd)

(a) 500 nm line width pattern (b) 600 nm diameter dot pattern

(e}

(¢) 1 #m diameter dot pattern (d) 2.5 wm diameter dot pattern

Figure 2. AFM image of patierns on the quartz stamp.

Fig. 2= AMEE quarz 2FE S|E19] ARM o]n|A]o|H
Fig. 2-(a)x 500 nm&] A¥%L 7+ #Isiglo|lth. Fg.
2-b)E 600 nme AEL zte dot FE|e] #HEHo|W, Fig.
2-(0)% | ume AES Zb= dot FENS HE, Fg 2-(d)c
25 tme AES 2= dot FHY BES RHAFr AHZ
T dzds § Azl 7|13R9| releasings -&°|3tAl 8}
7] 98l "= EHol (heptadecafluoro-1,1,2,2-tetrahydrodecyl)
trichlorosilane®] monolayer=-< T8 3+e] quartz 2~¥H3E9] F
HAUAE  wFA  JZHE A AE resin
ChemopticsAtoll 4] A4FE Expattern(TM) NIP-K28 UV curable
resing AFEEIF L™, o] resin® AT} wol wiA e S ¢
g st7] 43, UV ’”‘P‘V}O] Fon, AAaEEpEn} o
Ao A A7tE ] FF FAFE AAT Y] Eoldite I
e %=

NIP-K28 UV curable resinS A}&3}a] &2 15 bar, UV

ZAAIZFE 18 10%, 2 Z9) 7]%339] holding A 7HE
08 Arg 283 Fo] 7Y3 HY HEE = F

=

AE Xlﬁﬂc}% o F=7F SAHE AYE 79 Hd 3"
D} Jﬂd A&s the @edstar 7)gake] A

7] 93] 120Coll A 3%t baking3} % T,

B ¥ A EHEM SEM o] w|#| o]

ri

2051A AAHS LS BAFE AxE
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AR L FodFol AAHA o} AEAS HA gong
PtE 5 nm %olE FA3le] SEM o|u| A& At AALR
Ao A7) EYL Fig. 29 ~WZo HEl ARM )7
A9l negative FEE AL HUAOH, 29T &7
HEHe JEZHdE F J|H A= pore FHE ZHe=t)

(a) (b)

500 nm line width pattern 600 nm diameter pore pattern

(e} (i}

1 #m diameter pore pattern

2.5 um diameter pore pattern
Figure 3. SEM images of imprinted patterns.
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resin §H2 FAZ FAE B £ HEFo|EZ SHYI
} BHATS T 5 flo] wHAe) 1A & o 2
g3t Aztg siHoE uwds Mdyoz sEY &
& Tk ATHE Ak Edznh $3¢ A9 s
gold Blo] A5AST wHol 25 B4 143 ¥ o
TQZE Bol3tA & 7 JUEEF qET. o|dF WAL=
AZH gold HHL Y A7 nwioleiA AZE 7hF
s ee wuAL AHYE & dE R 379
nanopore®] A|Zto]] &-8&8E 4 st} of& 3§ 7}A @A
o FRYA 1 oy R WAL nIHAL >

QA FA7F 7 gold AL THE Urol & A 7%
Aol oy FTHY dWdo] HEPHA F EES &
Zlgto g oz Bl g3 F&E FHAES YeEAE
7leZ &8% 4 9o

(4} (b}

500 nm line width pattern 600 nm diameter pore pattern

{€} (d}

1 um diameter pore pattern

2.5 um diameter pore pattern
Figure 4. SEM images of imprinted patterns after O, plasma etching.
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& Fotel YrQIdE /&L Aoz & o
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£ d7dAMe U=xUdZHE g2aaHgdE o] &5ty
500 nm line, 600 nm pore, 1 £m pore, 2.5 km pored] w}o]
A2 FFEIAN U FFo ol2e Tt A7)e} 2o
nanopore JE} HE-E A 235Gt Thermal imprint W) 3
g AL, AL d=Zd"e} sbeE AlgHE &~
zo #3E 5432 BY vAE BT deo S
AR 4 Y= UV-assisted imprint H2-& ARL3IET)
E-beam lithographyZ HE-& 723 quartzA Ao AHIE
ALt on Agixo] zjdo] FEWIte UV RAA UV
curable resin®] RA3E 4 UEE FYPTF I A" IO
#HZ (heptadecafluoro-1,1,2,2-tetrahydrodecyl) trichlorosilane
9} monolayer SO 2 v|2] FESle AdZHE F A=jxol
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