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1.2 Top—down A0 2|8t LETiE M= B

Top—down ®2l 0% tE¥E= egjele] =)z
2 gokdt dejo) Waow AP glon, olE
3 AL 2ol AN F Yuge) ddehs
ulA AR Eo] A= vk #l42eks (litho—
graphy) &= ©°]¢} Z& Yirsj8|l Alxo| o] 7P
AWta o2 ALREE WY S shuely, O F X
E g A&ae}by (photo lithography) & 7|¥ 2o g2
82} FEo| photon energyE maskE o]-&3)o]
Agdor wE:AZl & 1 a9 38 dAs W
SAIA FAARI image A438taL, HEHORE olF
slakAd Aglel| g3l Aed oz A|AsIe] dA, =
< oAl HElE Atk ol Hd AREEe
photon® 2 #}2]A (ultraviolet, deep ultraviolet),
X-ray “s°| AH&-€t.

Photon th4le] electron®ly ion¥} 22 A=
olg3le] B &L Fstxor mHS HEIAY
v A AR QU kA RS XE g
Z2ek9) 9} o] AeAH o7 w%9 imageo] 93
H&lo] 7ls3h, 53] o] A9 electron®lH ion
< focusdto] Alm EW-E FAF (scanning) 3= W
Holl galix e S Azttt o] F electrons

22 (source) & AFE3F= e—beam lithography+

Hi gtk o] WHE FHEo ATARE E3l 10
nm?| HES FAtn

state—of—art oA
nm “J%E2] o] Hjw A

ojgte] Yi-sHe A
7HA] BE Al 7R o] o 9
REHE olgsto]l Hlwa wWE ATk HEE
A Z8k 4= = interferometric lithography, 5
Fresnel zone plate arrayS ©]-8€3}l°] mask $1°]
ARA o7 S Y= zone array HE A
Tt} Nanostencilglba E#&= 7o &Aoo
2 b Q= membranes o]83do], F&ol HiE
A S == whHo] EE Q)

Atomic force microscope (AFM), scanning tunnel—
ling microscope (STM) ¥} 72 scanning probe”}
Ui dfl|lg Alzshs dx de] o]&5e], dx) =
oA e] HElY, o] ofd HHAXNE FH,
a8 tipd] £, g4 WEs o 4714, &
714, & gst4 gi'de] AdE i) shARE &
Mg Alzke] mllg- Ark= o] Qltt. o] 2 scan—
ning probe®l 23k #HH2 thilzl S MElx o7 )
B1g 2= 9l nanografting® ¥ 7] &84S ink

g8 o2 wElsh= dip pen litho—

A% olgsiol

HT 5o v A719 HHS vhEs g o) E graphyf 7 2& $8€ 7|2 ddsta vk A=
E 1. clerst el wee) S43) R B
Pl Resolution SourceA & Nature of L&Al AR A4 ZEd
(nm) Patterns
UV photo 250 248 nm KrF excimer laser 2D Diffraction Easy replication )
lithography Depth of focus
Electron beam 10~30 Focused elelctron beam 2D Electro static interaction Writhing pattern
lithography Serial writing 2
Small field writing
X-ray 25 Soft X—ray with A 2D Difraction Easy relication 3
lithography Near 1 nm Depth of focus
Interferometic >100 Halographic 2D Difraction Nomask
lithoraphy Interactions between Depth of focus Easy replication 4
Two or more lasers Limited patterns
Zone plate array >100 Fresnel zone plates 2D Zone plate fabrication Nomask 5
lithography X-ray beam
Nanostencil <100~750 Perforated ultra thin 2D Fabrication of mask Nophotoresist 6
SiN membrane Relatively low resolution
Nanografting 5~50 Modified AFM tip 2D Serial patterning High resolution
Limited writhing speed | Arbitrary geometries 7
Chemical patterns
Dip—pen 5~50 Modified AFM tip 2D Serial patterning High resolution
lithography Limited writhing speed | Arbitrary geometries 8
Chemical patterns
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