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Fig. 1 Comparison between various machining tools in
feature size and investment cost
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Fig. 2 Diagram showing the major components of a
typical E-beam machining system

A 2laads FAe giawy @
wet 72 %) (Gauss beam)¥ A, 7hE W F
A3 Fo gaaa Aol glg? s4¢
AL FAHAA A go] HAAF A
Adzg ZHade Aladadel v Spot
Ate RALR, NIEE probe AFHE IA

2~

£ e AAYel sy AFMNLEE A
gy FARoME ME 0.1 ym FF9 "
diaadysr aFHEd wet HAFY(electron
source)® LaBg 59 S @& wAHth Hxrt
EL Zi0/W 1 TIO/W & dAYos s 4
A HE AAFE, W oly TiC & o] 8¢ AA
AzpEe] ojfo] AlEEHIL Ut

Jhis] A2 Fig 3 3 Zo] 2 749
Z2) 7} (Square Aperture)ol] <js1A] F&E g 7}

o
e

[ eV
off

(

o @y g ANFEUgd F& Fgdte oo
A1 ed 2YALE W22 A 2 9y 2y
o A4Eted L HIAVE A HAE Aol
= ez o8 99 AFE 7MY A7l WA
o} o] WAle A giady IANE A4 sln
E3 9 Ao HHHEAE A FoEA A 2
oy zE QoMY AFHEA] AXH HFolR &
fo] WH g o= throughput & A3FA7e}, T
gaay di"oe] vM g, RHFLESE Shot
F& FUA7IA spot W] FAPGAR gol 1AW
=9 n&3te) ko] Tt gy
HAe Hyle] ulMste] W2 Shot ¢ Fiel
213t throughput & AH3HE dZste WHORA
A 2 9y zEAFo SNy HHES o
S8 stencil mask & ol J|EHYHE E5vlct
4 garagste ZisMdoel JdgHL o

i

ﬁgg) Elesnay G

Blaking Fhctisdy

1} Uit Lris
4 Seia G
Y Repiey Ueteomr
) repleg Lans

ot Sgeare ST

Fig. 3 Variable beam shaping type by two square

apertures
ol 9ol = 4 mm A7 Az WE L Ao
72 7" ZHE o2 AR wgste 9d A
Aol ohd thF AW G o83t LS =
ol AdTE AEHI grh



3. MY JtE 3% 2 melolg B aEe 4FE S0 HAH dREAY] £F

, F3 wFozAe #AL AE yhlesta olE

31 MAY JtE 3F AANTE H(TFA APE R & UH. o]

Hapel ok 7bg FAL Fig. 4 o vEbd  F o] &5W A A2 thgd go] ey

upel o] AbgstE A AEC] we) ozt g2y, FAozm TEE 4 N ol nARLFF A

Aol =" HA2ES FA4 AEI Y o] #tte A& ouisly HAFEE BY + U

Aol Hed(scission)o] HE2] EE A2 2R o aAGESFE A8 HEte Fxol AL £
(cross linking)o] ==X uwpel ¥zt T 2Zto g AE dHo 9l

TR dujHes BEd gL Aleg A R

A=123/V)"?

~~
—
~—

ol dwrHed f7]g ool e =t =
= olg faze] Aolx s wHEel gAH
ol vl2az dto] A o] o3 F2 T A71M 4 & I (am), V= MR A (V) =
T EFehEvh o] Fol A Y o 3L T 9ugn.

&

a Zlel Ux ¥AE ARSIIE &, o3 g2 MF Aoz Mool FerF A
A ol AA2ES FAd" Y FAL otz F9 ¥ AXY B AFY Fol AHe xd
tHE PDMS & ZE HEA REAR HALEA ol YAREHA HE Ado]l ARZ E448& £ F 9
U A= oR dalsiA 2®EZ 9ET o] o JhFEY Fole Aol F2 MAEE €= A
€ o8P Uk 94zdd, v A¥ T 4o o fedth AR WF Fold mEATE 2
2 Eozt Al gt st eE g 49X Zd =8a]
olE¢EE Fo% Fart

E-beam H&azlol F¥E F= AT A7 HEA4

< Chain Scission > < Cross-linking Reaction > L A7) @z dA=R9 Fzk 7iQl st Fak
Positive Negative = AT A7)l 9%k 4= 2H(Spherical Aberration),

A ol x] B o] o3 A} (Chromatic
aberration)7} 1t} 7|+ olH A7 €

p=}
Fig. 4 Schematic process for the device fabrication using of Zro] AFE AVHDY AP T HH ol <l
E-beam machining and post-processing AREHN U8 4082 EFHT].

32 MAY JpEel £o migbolg d, =062 @
Aapo] g 3L Fen AL o) a

of o8 WAEe] BAWSE ofrldle Holnz AZ1A 1 & HMAdA #F F £ A3, 0 &
A, AR, =E3AZL, AT (Aperture) 2], AT AWl Qatske FEwzor ATR 279 F
BAdol ol A% AV P Asee AEAES  JT Zolotel BA pof = EdwRdh 9 4
dorle d glo] Fa Wit grh o2 £ 6 & HY ASAYe] F5E, JYF Yolv &
AAE nEd B2 WA A A¢ dodEd &4E Fis ZHdA 48T ¢ 5 Yo =
A Holue Aake oiwzol ofs) ZaA o)l & AT A7 Aok A AW BHANE &
B ks Ed bEE A4 2RdURE Zta gsh) RS gl doma A A
olth, =B =ole BAde sfEe SEsE Yx = o] werAsi



% ALY A2sW A3 E

Fig. 5 Schematic geometry representing the diffraction-
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Fig. 6 Structure change by the E-beam radiation-induced
polymer chain scission and by-products
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Table 1 Properties of E-beam resist

Resolution| Sensitivity Develope
ev r
(nm) | (uC/em?) P
PMMA 10 100.0 MIBK:IPA
EBR-9 200 10.0 MIBK:IPA
MIAK:2-
PBS + 230 L0 pentanone 3:1
ZEP 10 30.0 xylene:p-dioxane
AZ5206 250 6.0 KLK PPD 401
COP 1000 MEK:ethanol 7:3
SAL-606| | 100 MF312:water
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Fig. 7 FE-SEM and AFM images of the fabricated
functional nano sensor
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Fig. 9 AFM images of 3D mold, EBL using 1, 1.5, 2, 2.5,
3, 3.5, and 4 kV accelerating voltage at 250
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Table 2 Comparison of different methods in E-beam lithography
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E-beam Projection Lithography
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System Concept

L S oy SAFE {tEErOCoRINS
prwc s«u $i0m {10k}

R /;i§>f

i
\\ ;\%;Q/\%:\{) /
\</A\

./’ Waier

« Maskless

ottt
Magnification 4:1 4:1 11 Direct
Throughput 25 ea. (127/hr) > 20 ea. (12”/hr) 40 ea. (127/hr)
Resolution 35 nm <100 nm 50 ~ 100 nm <100 nm
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