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Room-temperature and low-pressure nanoimprint lithography technology
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Ho| n2A THF T UZE L I(lift-ofMETHS
%3 PMMA ¢ PMMA #o S2E Ti 9 Au &
A Ag ) Chou FE ©] FHE A48 10 nm
A5 93 4 4 wdE Fdsh=u AP

NIL 71€2 =ZA 7FE4 (thermal-type) NIL =
219 A (ultraviolet, UV) NIL & YE 7} =4,
oA AFE Chou 7 /st NIL & 71E
A.NIL o &avhar & 4 9t} o] 7FEANIL 7]
S& g 7leA HALEE ALY 5 3oy,
E}%i}x—}‘ﬁol g3 vhEA dulo]x Az
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2.1 EE-O{A|AE|E glAa8 T (Mold-
Assisted Lithography, MAL)
FAME AFE uieh Zo] MAL 2 1996
Haisma 5 o 9J3lo AlgrHAA o0 29 7]% °J
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Fig. 1 Schematic of mold-assisted lithography.
Transparent stamp prepared with a release layer
and substrate with a primer and a UV curable resin
(a). The resin fills on stamp grooves under vacuum
contact and is then cured by UV exposure (c).
After release, the residual layer remains between
the patterns (d). The residual layer is removed by
anisotropic etching (d).
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QA9 &§ A IHfused silica) 2WEZE A Z
stn AawAgs Attt aga Ea}q‘ﬂ
(primenZ& FAI}R FAS FAE 714 S
T3 F A 2PELE F2WA 300-400 nm

o) zpedg zALEtY FASIFAE A7)
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RIE(Reactive Ton Etching)3dd<& A YxTRE]
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Z (silicon) =X &§ A7t 7IHE Ag3t
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AIZEE 25 s ZA0A AFE 3 £ ATl
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Ao BEgdgolsleh 4 in. HolHE AIEUS A
500 nm °©]49 #FAF B Y X (non-uniformity)E
B3, o]& #Ad7] 9%t 3 om A7) 2°
ZTE AIRPYS F$E 50 m B FL EEdx
g Bgdn Wi e, Fe A28EE ALE
sl WiEHog AIYEEF FYsle FH F &
g qll-2] 7 E(step-and-repeat)”} HHA FHANA £
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Ak,
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Fig. 2 Demonstration of photocurable nanoimprint
lithography with application for single-molecule
contacts. Silicon oxide mold (a). Imprinted resist
(b). Au contacts after evaporation of metal and
lift-off of the resist (c).
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Fig. 3 Schematic of step-and-flash lithography.
Transparent stamp prepared with a release layer
and substrate with a planarization layer (a). UV
curable resin droplets are dispensed on the
substrate (b). The droplets are pressed with the
stamp (c). The resin is then exposed to UV light
(d). The stamp is separated from the polymer
layer (). The stamp is moved to a second
position over the substrate (f). The subsequent
stepping procedure is repeated until all the
required fields are imprinted (g). Pattern transfer
using anisotropic etching to remove residual
layer (h).
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Chou XFE F2 7FE4 NIL 742l F¥3}
o Qus} FHT E°| photocurable nanoimprint
lithography (P-NIL)Z AIt&}Sich. © o] PNIL & &
AL 100 cp XJE«] FAZ A& 100 nom FAZ
2393 & molecular-beam epitaxy (MBE)Z A
23 GaAs ¢ Si0, AEAY 2¥iZe} 4 JAE
ALg3te]  YJEIEE FYHon HEFoZ
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(Molecular Imprint Inc.)& Al-23ld YETUEZ ZA
B}E BoFa It} IMPRIOI00 & 8 2] ¢o]
o g SFIL FA} TFHE A3 AFFYo)
7153 #vlolt}, Fig. 4(a)E IMPRIOI00 & =
YE" 9dF& HAFT 9o Fig 4b)v 9=¥
EH sub-50 nm AE FZEo|t}, A IMPRIO100
2 Fdo] HE HAYFHQY F4F FAE 60 - 70
mm o] gYEE 8 A Aol HAH wisf 250
nm (36)3 T o]t}
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Fig. 4 Imprint results obtained by SFIL process. 1 in. x 1
in. imprinted field (a). SEM cross-section image of
50 nm lines (b).

(@)

23EPS §8 UV-LI-QZ@E g|Aaefn

(UV-nanoimprint lithography using an

elementwise patterned stamp (EPS))
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4 in. o]l g UV-NIL & F3317] 93
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4 Cross-section AA
Fig. 5 The geometry of the EPS.
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AXEE AA3A Ao o] GANAE 71E9
XEvxA3 AZYYY T4 FHFN Y=
ZEE AAE 9He AF8E dtevirIE
AHER A ZAG HFAHY IFE AARYC] F
7He o}

B 2"E e 4" £ J@e 4E
HOYA A}¢] EHQ-5009-2C-ZEP7000 &2 =X ¢ 3
23 dA2E9 FAE 24z} 100 nm 9 400 nm
ot} [Fig. 6(a)] 719 MW FA & A% o ¢
2232 93] HITACHI HL8OOM 50 keV vector
scan ©]% AU Z AFE3IH I, dose F& 25 pClem’

248Gtk [Fig. 6(b)] #HEE FAHT Fd
FAIRCHILD spin spray & ©]-43ld HALEE &
Afa, e JolyE e HAXE AA9}
AF A o3 A" FAS Ys] UNAXIS
VLR-700 ICP & A&ttt & HA2E A7
Al AREE JtAE 0, o) HA FHE 30 scem,
A WFEE 10 mTorr E FAEATH 2§ A
A= CYOyHe 7F2E E§38te A1&3ilon,
AAFFL 62 scem ©)3, FY IFEE 6 mTorr

E-beam resist layer
Cr layer

Quartz plate (a)

(b)
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@
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Fig. 6 Schematic of EPS fabrication process. Quartz
mask with e-beam resist layer and Cr layer (a).
The e-beam resist is patterned (b). Cr layer is
etched (c). The remaining resist is stripped away
(d). Quartz plate is etched (e). The remaining Cr is
stripped away (f). Channels of EPS is finally
fabricated (g).
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Z #AY [Fig. 6(c)] & HdS A% F
o] SUCCEED wet brench & AM£3le #A2EE
2E¥ (strip)dtL, [Fig. 6(d)] T4 AAE A% o
UNAXIS VLR-700 ICP & AH&321, 200 nm ]
g 2= 4 dde A0 A" A A
FAZAL SF/O/He 7t2E EF3te AHE3H9
i, AAFEL 50 scom, YA TEE 5 mTor &
AY3ect. [Fig. 6)] IEF & AAs}R
THMR-IP3000 BRI AEE A8 I Etec core2564
laser tool & HEE AT g oA Aoz
1 m F7A9 AdE A3 [Fig 6(f-g)]
AAY 2|zl N FA 9 Mz 7HHE
100 nm - 1 pm ojRey, AF AzZE 2L
SEM X237} 380nm-1 p m 2 el 400 nm
o]l FEloME 2% oldt A4 QX2 AHAF
o] B3ahe dde] FA4 HASE AT

-

Fig. 7 CD SEM and AFM images of (a) 50 nm grooves
and (b) 100 nm grooves with an interval of 100

nm, formed on an element of the EPS.

I ol AAFAE A3sle 3ol
Atk AAX AZEo] 100 nm & A5 380
nm 2 ZQHEH Aoz FAHYE, o= oY

L2

WY eatst 287 £3%9 R Yl olstel
AP Aoz BUHATY.

oleigt FAHES slA3 A 10 x 10 mm’ 9
UslasE Rt AU ARY dt 2B F
A7 & 100 nm FAS AFEF o) oWl #AA
E+ 100 nm 22 300 nm 579 ZEP520 ®9hg
AH83lo 1 Elionix ELS-7000 100 KeV e-beam system
o2 oyl AYE FAsgc. 2gx AFH F
A% 9] o 3L CP6000-U system o2 F33%ct.
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Fig. 72 EPS o] AFHo2 14 50 nm X7
100 nm 7+74& Z= si¥le] CD SEM 3 AFM 2.2
A% 24948 B33 Qe 27 ARG ¥
w3t 2% oo X FUEE BT

EPS AZ& vld Fole W HEAYXE
g g Aol g olv JETIJEF
73t a8A grgte] AT ZRE Go]3A
2dE F JEE st 985 A vk dEF
PAE st AHE3 Al %2 Trichloro(1H, 1H,
2H, 2H-perfluorootyl)silane (97%, Aldrich)o]th. Z7]
FA7|He HEZL 27° GEd AgE wEAR]
T 5E AH59S 9 10002 FUHERA 12 ¢
FoE 105 2 A9 dAIUAYG. oA
silanization ¥F-&& 5 B4 10 & Alele] A wt
So] StAHE Aoz JdHG. ol HaAA
TAele B3t FAAEl7E 25 (hydrophilic) Z&
Bloll Al A4 (hydrophobic) FEIE W FA|
FHAUA 7 FaE, dEZ-Y Ao HAZE
7} ~®E gde HatsEe AL HAEA "ok

2 AT o o

232 YEgE 23 o g3

Step I: Multi-dispensing Step 11: Pressing the EPS
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: 4 P4 the EPS
P

z“'/ Producing a vacuum (air out)

Step IV: Separating the E

Step IH: UV exposure

pv
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il

Imprinted element

Fig. 8 Schematic of the UV-NIL process using an EPS.

AZTHE A dolr HestFE FA37] 4
3 2AZEE  ARC  (Anti-reflective  coating)§
DUV30J (Brewer Science)E AH&3lcl, o] uheted
©3 ddy 4 JZIEE LEALGH o]
¥ gaze AAFE FrHAE 48 A o
d, $2 60 nm T WS 2¥UIAYOE

Aetd  AHgERAT JEZUESR FA}EAE

12

tripropylene glycol diacrylate (TPGDA)7} F4 £
PAKOl & AH&Fond HEE 7¢p 2 SAHHAY.

ol A AFE B FAHEL ol 9 D
o 2§ EXHAY A¥e fasdsA o
=t EPS & AM#3lE= UVNIL FAANA = Fig. 8
o9} Zo] AHEL EPS 9 ZF @9l 8 4] dA
HAstA gt FE&uA o] P o &F
A4 QAL Holx EPS ¥HL IFA FWHE
ol Aol u|sted Ao HZFzbo] wly A
g ey g2y dide] ZAEdEiy oA
Ago] oste] tiadYggd AHo) x7] YA
zaAY o)F3e AL AT F U 1 9
Aro e godg wMEHoF gAYt <
XY ESHE SFIL Wyl H]3td], ghie) A9 A
Fd9e dagdidsor st £ 7IHAA delsel
daddd A, A3 A rtsAdL dS
¥oldotn & 4+ gl

Musashi A}2] shot-mini-model & EPS el tjx
Hygon, 2+ AHe B 134 AT 13 x 13
mm® B¢ 8 i F 33 719 Ao AHLE A
AP o 10 x 10 mm* FHLaE 5709 95
o Y2 .

EPS & A2 JTAEE 93l EVGroup A}
9] EVG620-NIL & A&3t). o] AX & 7]&9
EVG620 AE A X (aligneE YTHELOZ BE
AZEH FA2 A A 2F¢E 930 mbar o]t}
71&9] JEAX o] v]3te EVG620-NIL o EX2
a2 Al 2o} gojne] AY HEE WA
3} 93 AFo) A (spacer) 7} dlelx Hol R
g0y gtk Holoh tjA#AJ A EPS £ 180° =
EVG620-NI < ZF&3tn HeslZo] 299 o]
HE & 99 &8 ¥ F 900 mbar ALY A

rr

AFZEA717 4D A EPS ¢ dlelwr}
7rgdcth X171 F83) HA7]) At AN

AL #2138 v& uv § A Y AHA vz
EPS & £33 "t

Fig. 9 YEUEHSOm A 70mm AL B
o F3 9ot YdEZUE AFPd AlgH xR
UV ZALEE (exposure dose). & 14.4 mW/em? , ZA}
A7} (exposure time)< 60 s, AF LS 800 mbar, 7}
StAIZHL 40 s o]t} SEM 2.8 A% JZYER
Y7289 Fole 76 nm, EHFY FrE 63
nm, FE L 76 nm Fth. FA AHE Fig. 7 A
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Fig. 9 SEM images of the imprinted lines with (a) a
width of 70 nm and (b-c) a width of 50 nm, and
(d) the cross section of 70 nm lines.

AT 40l 50 nm TRE A vwd
o, 433 AEsA 2WE] 50 nm FRE] ¥
A2Ed HAF HASE AT + dAoh

Fig. 10(@< EPS &2 ¥y d4¥-E ol=2H
(Focused Ion Beam, FIB)7}83 @& HAFT

Atk oleW g A AR F99 FEE

E49E Ae WA d5e] WIe WA =
B8 ¥ o2yl 7hEE +4AT Fig10@) o

(®)
Fig. 10 SEM images of (a) cross-section of grooves of
the EPS and (b) the patterns imprinted using

(a)

the stamp.
A UEhd ukel el 380 nm AE F2EY
£ oX] E-A (etch-trenching) E o] s +

o 4% Zde] Fo] EAEe Re B
t}. Fig. 10(b)= YEZHESH UYrTREEL B

PN
a
2 nej
1 e, ot FA} 29z gATEE

2 N N oy

13

A 90-100 nm a: 60-70 nm

8:60-70 nm b: 50-60 nm

C: 50-60 nm ¢ 40-50 nm

®

Fig. 11 The effect of element size on residual layer
thickness uniformity. The distributions of
residual layer thicknesses of (a) a 13 x 13 mm?
imprinted element and (b) a 10 x 10 mm?

(@

TFZE Zo] g3 UAZTYEH ¢7 FRE Fo|
@ g vunto 2 Auzwo] &7 TzE
FA 7t SHEA FAHS AZIES HAEA
#glske Aol golstA] ekt

Fig. 11 & 13 x 13 mm> 9 849} 10 x 10 mm®
T84S AMEEY JETREG Fo AR F
A B¥E RYFA It 13 x 13 mm® §9 849
AE T718YS WAL FAHGF9] FAE #BA:
Al717]1 Aste] 33 M9 AAE ALES Ao wha}
o 10 x 10 mm’ 9249 AL= @ 579 A
Auke A3} Fig. 11 o) YERd vle} 7o) 13
x 13 mm? 9 AS$E @9lere 924g wat 50
nm ©]3}e) HE3}A e AZe) EAF AL
22,10 x 10 mm* & 3% JAF-ENE 50 - 60
nm J5E9] 433 FAAF FA EEXE YEIRATL
ol @8 ie A7} FolALE FAF FA
X Mol B Roldg Bo F= Aot}

oiHA dojue ~®Te AW HES 99
M dolul e va WHPo] wi=A] 8 FH) 313
t}. Fig. 12 £ o|21§ vli HPo] YEIE 7
e FEE HHR7] A8t 10 x 10 mm? 9 &)
249 3 me ALE 7= EPS E AMLE T 9o
¥ F79 WH3tE FAA YZIEE Y 2
£ BoFa Qo Fig 11(b)9} 22 2HE HAF
£ 500 m T ol oA o]Fojz JZTIE
FTAEAY LT 2P3NA, 100 me 300 gm
7 deolse] uis) dTHEE F£IPF
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ig. 12 The effect of wafer thickness on residual layer
thickness uniformity. The distributions of
residual layer thicknesses of elements imprinted

on wafers with a thickness of (a) 100 pm and (b)
300 pm.

a8y, 500 me] A5 2 100 met 300
m FAY flelHol e F7Y Wy g &9
849 BEF4Y3 Fde] I3 B9 A3 gk
100 ms} 300 m T do)HAAE Fig. 12
At gol gde] 7MsiAE &3, HAAXEN ©
Adea AFMHo= HA7] A dolH HEW
Yo olste] EPS 9 Hols] Alo]l THAel Fx=
2ol GEARgre] A ZriPr] WEoZ o
"o alm ol3d HFE FAS FeolAFE
o AsHA veEibgE RE 3 & 5 ATk

olgg Ay FAHZ FA9 A= ¢ 7igt
z4d0] wet A9 ol FAZ EA & 4 3
&5 HFE A & ¢ Ut &, o5
Zh7F U oy T4 EyEd oty ToE
A BEY 49%E 9 YT FAL A$E
EPS 9 ¢olHo AW HEE f5td & 71¢g ol
2a37) wioelrl.

3. e

NIL 7)&°] 2003 WYX= ITRS o A g4
A3 71& Fol U2 F7hd A&, NIL©] 10nm
AZL goldA TEE & JoWAE EUV
23 g MY iagssd vEe F
2 Aud 4285 HEE Frjyeoz =9
7] " etk @A U9 thee tiEgd A
71BSo] APHoE NIL 7]&E AFstn ¢
o 2d ARE 22 3AEL 553 NIL 33

lo 4 4> b my i

14

4 & st gejsta glok AE7HA A
vEl UV-NIL AR EE @ AEg o} EVGroup A
EVG620-NIL, Chou T47} 4|3} Nanonex AH<]
model 2000, 3000, 28]x Ade] Suss Microtec
7], Sreenivasan W57} gt SFIL TS F|
3¢ MI AM9] IMPRIO 50, 100 o] Sith EF,
2003 el el E NIL EI3AR] NND AR
Mgslel SRgoz Fug ARse] wujsin
At

UV-NIL  7]E& Y=g  Metal-
Semiconductor Field-Effect Transistors (MESFETs), il
U 7R, LY E Compact Disk (CD), W

H Metal-Semiconductor-Metal photodetectors (MSM
PDs)9} light emitter, 3.5 Single-electron transistor
memory, RF 27, nto] A4 Fo A8d FAoz
ZIdE R gen A Here dd A7 &2
3 AgHa vk

AF7AA Add NIL 34 2 Fu]So] P4t
o A&7 AMAME FEEH Lk & A7 7]
AL EABY, MEFL ¥ A= FES
o] FolAtH ZAIY o ¥ YxAZITHLEZ
ZyA 889 5 g Ao g€

~ A
BT

=7
B oAFE 21 A7l ZEEATANE AYEY v
lezd a7l ey AFuxY
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