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Lithography J|&& Trend0ll T3

=

k-

8t 7

I.M B
v A A, e 1459 device
2 kbehs AL BEE &3 31, ol AF3}

7] 98 lithography 71&°] 7 wrds] $ic).
lithography:= Fdele] “lithos(¥)”+“gra-
phy (2, 2179l = g Mgl Vs
& ouslgion UM 7|e= ARSETI) BHEA|
T4 7)€ o|§oE AMEHO] RimA) nA|3E
Axsta Qe 7ot BEA AzPGA
lithography 574+ photomask (F]4]3+ A
3]29] master copyE EF3IL U= A9
e 7] 3E patternS waferol] o)As=
Foz AMgEt) 7122491 lithography 73
F&AE e 20 device TAS & 718
waferoll pattern® At (AxA, Hd
ok gAl Wizl E )8 wA Ysln o Yol ek
Zo] 7+3A¢] photoresistE =23}, photo-
mask% E33 W 7g3AE M A Yo] =
\:])_:’_]_jq_ 37 E]X] OJ-O H \:3 0 "—[L'T—O}'ﬂ] E]

~‘3] vy FEo] @il A LA &
nega-typed?} W2 4A &3=+= posi-
type Z43AZ EREc @€ gk olF
o 97 T4 A7} EE o] FYPAY HIZ%
o2 zgate] Yshke F- ]E’l A AQl 2Hglo]
o] FOXEE 3l 8 FAHo] B T 7AHut
< Xﬂﬂ%_&’%{ hthographyj" o] grad gt
lithography 373 AM4-5& Fdo] met 2

T

L

A “optical”’® “non-optical’Z TEHU}.
“optical” WS 97 ZHo| A g-line (436nm),

(858)

AR GEA AT2 AN

i-line(365nm)°ll °]ol KrF(248nm)7} &l
71 gel AMEEI glem,) olrth e #gRl
ArF(193nm) 2 F:(157nm) 34| & o] &3k
A S A8 Folth. “non-optical” WHEL
ol 3" olgk Hals Atoz ) x-ray,
e-beam, ion-beam, EUV (Extreme Ultra-
Violet) $-& AH&3le] Y=g 7= A
o] FEAo)A|9t infrastructure’} ob2 A%H
2 2ga, F4 control @ At HLL 2
o2 olFx o] 8 Folt}, PA| device
integrationeld Q%3 U= 0.1pm CD
(Critical Dimension) 7} & F 2 optical
lithography 71&°] A& Folx, =3 We
ZE 4x & 5x 4 §F9 (reduction projec-
tion) & AMZ-3 step-and-scan(“scanner”)
o] large field size®} high NA ZHelA
step-and-repeat (“stepper”) W2lEc} {-2l3)
o] GA FFE o|FHUA AHEEHIT Y.
lithography &3 732 w3 @espA| gL,

device 87 & FFAZ[7] sl HAl FH|
AL ¢ mrtelm vl A4 BEXsiA o
Folx gtk IHEE YAy o 2 =
(resolution)E 7}Aok sk, A4 pattern9l
CDZ F0]Z toleranceollA] lineard}sl uni-
formatA] EAd3dlelol 13, 2 mask layere
olu] wafero] A5¥ patternoll tisl H&3tA
A4 (overlay accuracy)A|AHoF 3Py, o]gh
ARFE wEHo g wE £L2 AP F YE
okAb ZW9o] throughputE L73tzm Urh
throughput2 2322 chip A%} vj&3} A
o) Qo] OBt An) MAA Fad 318 =

3L
[¢)
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ojt}. #1E e-beam lithography 7i&°] )
Azo] 9lojA] optical lithography 7]1&XETh
s Esta bRl QoA oldx
ARAel1 Aoz HLEI option 7iE
Fpz vEe JE AL w2 throughput @
Folt}. 1 9J9) 87 FHACRE FUIslE chip
A7) i) f8] Zb wFox Holk sh
o4l full chip® =3% 4 = large field
size, yield loss 2 #HZ chipel tigh zv]&7}
AAHoz2 AIINE defect densityE AgH3}
£ 73 5ol dFE F Ut

o =FoXE A PN FEFE oF =
optical lithography el ¥4 Zx]e] gt
st d9S shar, nPA3ME deviced: YAt
3= missionS 34| lithography 374ol|A]
a8} sk F2 ] FE-EYE R
% 34 7)<, CD control, overlay accuracy,
throughput -ofl ti3t 7|& THE 1343 ¥ 5
3] £ 38h& AHE3 optical lithography 71
= 23 % ubd W) djs] dopr izt gt
a83, % AH8¥ NGL(Next Generation
Lithography) 71&ol i3t ke MHE 3

=1}
=

Fo| WA trendst Wl thst nAL slux}
it}

neg =

1. 54 =& X 7R

B9 w3 AXe B9, 294, 9 F8A,
mask/wafer stage & #EA T2 740
Ay 1.8z} B HA) system? T
o] glomz g Hio Feje thE Fiol
A 42 vjd & k.

349 (source) 22 FY A7]7} bmm HE
2 Zolr Aol HBUAYE VAT F Ue 1%
arc lamp (Hg-Xe) 7t g-line(436nm) 3 i-line
(365nm) stepperoll AFEETH =3 DUV 34
o8 Ag3h=s FSE QAR E&o] Wi, NA

(859)

34 234 N { qe%4d
Mask :T\j
%29 Lens ]
On-axis W Off-axis
Y Y
Wafer | |

TE 1D £9 g PA AFE =

7} AR Azt FA7F A7)7) wiEel laserE
AHESRE Aol dutHolr}. L IUEE
7] M dageldA dge] AdE (band-
width)©] 2k laser® AH-E "aXo] AF
3, A KrF(248nm), ArF(193nm), F.(157
nm) excimer lasers FYO 2 o] 3= A+
7} ¢85 2 8 Fo Ut

Z9AE $9E /33 2718 7FY uniform
3 Yo wm=d 83 fly's eye lens
(lenticular, integrator)} ¢2le] Zt==2 A}
3= 48 2 pipedS Avs B9 o7 e
HALE A uniform3lAl 3= light pipe?} #
o v 58 AR83ln U} condenser lens
fly’'s eye lenstt light pipe #& beam
uniformizerE £3t HE01Z FYE mask
2 Agde 9Es ska, Yol maskie of
DA A==l e} critical illumination
7 Koehler illumination®2 #dt}.

2 FAE £AE 2o 3dd o a9
Hro} dx3) 2HA vhEofof g}, Fabrt A9 gl
ong A7) lensy Aol gt 7)%)
st dElE a2 FEsld AR = 7
I3}, lens?] s EE NAd] ¥vH]#Eln NA
£ AA 3 55 e SN 3 4
52 Jehl7] wie] lens®] NAZF A k=
o 2 Jlgo] WiEH sttt

AEAE beam A2 9% FROEE w3
beam¥} FYF HEZE A on-axis®} off-

axis W2, AE Yol w dapFe] laseret

pi
T
1.

S

L
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broadband ¥4 o2 78 ¢ oM, wafer
AEA] A8 Fdel 93] wafer’t =3=A| &
ololsly o] QIF) YntHom Y P o
942 633nme] He-Ne laser, broadband:=
halogen lampZ AM&3slx 2t} high NA A
8|3}7} WA A& beam¥ =% beamS 1T
&t lens A4 2 system 749 ojygo=w A
8] off-axis AEAY] Wgoz sdxo] A1

=
2. LMA] lithography 38 118 ARt

1) 3= (Resolution) 2 4= &4
7% (RET)

gutxo=g optical lithographyolr %<4
w33} AXZ pattern AT AF Y=
(resolution) ¢} %23 A% (DOF)E & o#x
Rayleigh®] F2loll 2j3) olefie} 2o] Yehd 4
At
A

DOF= kZW

A

R=klm
7|4, RE =, Ac AHE Fe] 38 k1,
k2¥ R A, NATE stepper 5 scanner
Eo 33tAe} J)74 (Numerical Aperture)
o|t}, A= maskolA] #-dH Wol lensd=
2ol = JeXd oste AAFEUTH 2).
maskE B3 Y& A Fox XY wWgor
Aol aE APshe A A A4EE 7o
A= Aol v}, Fourier transform ©]&9]] 2
shH Ao adlz A&sk=E 03 S1EBE ANEE
Adelr] Balx, 92 A" 12 3P
lenst12 JAERA HAFHe] 710 g BHE

TRl

(a8 2> pattern 77| &3] W& 73 77
lens?] #d=e] #}o]

L ol ol

of

Mask

(860 )

AdsiA Aot webA, i EE 13 3ZH o]
lens W52 ABH He Ha F7)18 BallE
Ath¥ Rayleigh &4 2J&ha u]A)3 2z
< patternS 7] H8iHE IF AR S0l
2, NAKDE ZA 3k 3 2 k1S 24
k= Al 71A] #Hol Qi

M

+

(1) 3 A2 Sol= WU

HAES 8 s 7 HEe AF7HA]
g-line(436nm), i-line(365nm)°lA} excimer
laser?] KrF(248nm), ArF (193), F2(157nm)
TAZ AlsHo] skt 3¢ ¥ A lithography
o Aojxe= =33 e B4, B3 K, mask
2 resist AFE 5 Holl A o] A2 HHo]
"o}, gapgslel] wE 399 power dropl
#AA B8}, resist L mask AME FHAAN T
2 FE3% g 93 site] Hasitt §3,
B3} Age 7EAoR By FHEe 7Y
A, Bzd A sjd o] grEo] qlojof sict

\Zo}'

j und
RS

(2) NAE 34 3= 93

lens?] EAEE NAol vH|#3sl7] dFo] o
2L AL BRE 93 lens?] NAE =4 3
= digko g2 J)go| wAEe] g+, chip size
Z719} vlEo] field size T3 Ao} 517 W&
of 7itel olglge]l Ut lens®] Az W&
field size®] AIAIF 2 NAS AlFdl| #2) vl
828 high NA, wide field lens®] 713& 7]
sdgryez Zrsln vk dAde NA7ZE
0.8 ool s A= AE=Ex ey, DOF7}
NA9| Alge] wjdsly] dEo] o & NAE
7= lensE MAshs dl AS 27e] =3 gtk
T3, NAZ #ARe) we} 218 RA37)7) of
Hu Azto] 7th2AA7] WE] NAZF & =
4 e 93] 71 Fehe] dEwez
AR Y3 A Uig 84 2 S ATWE
WL 3 slgo] "asith

(3) kl& A 3= Uy

Wl AFTE el NAE =% 37t
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a R
-1 o 1

1 —b

e z49 3¢ Atgat £3(0AD9) 3
(IR 35> i 2R AR 2RA 3l Bk

AAREH 1AY== gl vbAd Rayleigh #
219) 4 44 k12 RET (Resolution Enhan-
cement Technology)&ts &2l sidx &
WS B3 low k1 34 g APt
o i EH o 2= OAL(Off-Axis Illumination)
9} mask technology?} A-&= 1 g}, duty
9l =WAlE ¢43] coherentd}r] ooz oF
ko] AL A Aded Al Hed], o] A
FEE oA Aok ded = ok e
3] k1§ E¢3te] 23 gloit} olo it Ao
2 AUl A X7 Bt & A
olth. Bl 1xlsge] ZFolglE B0 & oW &
T resist?] AEo] FEHHA $H& contrastol
M patterns BAE T+ YA Hell wet, HAH
ARJARRE] v)Fo] ¥ 0= lithography W
o] Wzt ALY 3).

maskolX HLEE Folv 7IEE2E HWEIL
¥ line/space TEAAE 4E AJHE pattern

Apololl ZHF} SPdoll ojste] o] FHA &

I""-'—-_‘-—]

E~field at mask 1 11

E-field at wafer

Intensity at wafer

Conventional
Mask

£}, alternating-type PSM(Phase Shift
Mask)2 14 pattern?t A2 A vz
g Foax sdd o] AR AEIEE e
& groEy sideEE wojv WoltKad 4).
half-tone PSM<& AWt maske] Cr ¥&&
shifter &3 (MoSiON, CrON, WSi, SiN &)
S 3t v (5-10%) ¢ ¥S FHA7|n ¢
€ Toshe o] 93t 18057t HEE 3
o intensityE 7SI Tt 2H AEE
A7) dgeltt. o] BPYLE alternating-
typeoll ¥]&te] 77} A& vhH AF FH o] v
WA pget] Wil 7P WA ALshE v)e
o7k 3djct HIZ EojdME Y TN
o IREE F o FF3] HEiM 20% A=
2538 7FA+= half-tone PSM WHE
£ A% Fof it

I BN HAE A BES AHEG
=, Bge] WS gl ol #Ed Fd
AFe] WAL 2 3tk 53] photone] o}
1 e-beam, X-ray=94] #H7F dAA =W
A ol F AE2E FolRo] ojHos Hy B &
2 HAE 2t 0] lithography #oF Al
A3 W37l Juk WA high NA Add) 2 w8
k1l 7&8& 913 34 e vz folskA 3|
A 7o) FFsste] thE 39 WA diy] ol
gt AT 2 sige] t¥siAl 8= ot

EE—-——J
nl ]
Ll

A~ La
Vs U, VAV

Alternating Half-tone
PSM PSM

<8 4> PSM9 electric field$} intensity

(861)
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2) CD Control

oA pattern ZAA] A 3] ohjz}
on-chip, in-wafer @ wafer-to-wafer 7+¢}
CDE Fi% tolerancejolr] controle g
2 3}, wkA] 4L controlo) -£o)d H&
T9| parameterg 21 Y FAH AL %
A BHAA A" = Qlofof . CDE fine
controldl’] ¥ =3 | F 5 Bk A}
43} “stepper”$} “scanner”’} ol2i3t {F
AFE 2 urgdsi) 7K He) ATt
b #H9] in-wafer 2 wafer-to-wafer?t
CD control& A& 47 chemicalg A7
k= Adnle) 9)&E3HA "ot 7Y 2839 chip
e} uniformity @A A4 HEA mask, *
34 ), substrate®] 37}A control W) ¢}
& AA= 2ok A, maskel* CD uni-
formity:= chiptl uniformitys} A9 #AES
ZYA =31 o]5 MEF (Mask Error Factor) &
FAgh. MEFE 4 dol=r7t $7H(kl1e] 7+
2) ) g2t A4 AR At mask A=
ZHo) A= CD uniformityE 0|1 PSM &
HolME 94 R FHE 148S 98 $L2 blank
mask A%, e-beam writing, Cr, quartz,
phase shifter etch, cleaning ¢ 34 7/J4&
Jgstar Yok, A, =% M E optic 2
Al quality R4 illumination uniformity
2 lens aberration®] FA3E 2dPsm 9o
B, £3] chip layout B4 IS 2=
7N lens aberration @5 thdt control7}
A& sz k. AHA, resistE: E3H3H
substrate A= KrF At} o] DUV ¢
o= uEE ZH=E resist 802 <l
FHE7F L resist® 38311 92, subs-
trate WHALZ 213} notching™ bridgeE A
3l CD uniformityE ¥°]7] ¥38ld anti-
reflective layerg 483l Art. chipdl CD
control chip uniformity=MEF X mask
uniformit?2 ¥A|HE MEFE 29|71 93
lithography ZWelA¢] 59 s
mask #AHH]¢] CD uniformity® £°]7] 93k

BH
At

- i
g zt3eu

-
T

(862)

mask Az} 58 A Wgko = z18E 1 Qi)

3) Overlay Accuracy

stepper T+ scanner? overlay:= T2
stage A&, key HEF distortion ¢FFA0)
oJ3le] AAH}. stage YL+ stage T-EHY]
=2 AXR} interferometer?] 230l 2]} O
IS We=tt laser A2 Fr)9 A7 &
22 o] DX A Hol ATE AR o
ot g4 Ha 59 stage= bnm o5k 3
T AE=E 7=, olF A=t 200mm
2 Heg AETE (.02ppm ©)Ate] Bgs)
ot o] spece 77t F7] 2% 0.05°C, £%
4%, 43 0.12torr A=2] kA W3lol o)A
o7t AARE 715% 874 2 FEe} vluw
& o stage AEE F3E AL F7 Wy
o o 9t} key AEL YHoRE gt
¥, & L scandtd ¥HA1E signals 243}
o] key pattern®] edgeE ZX|&H= WPES A}
St vt & o e fiAle] A
slol] o3led HkAlE A3e] F7)7F A7 A
A Eo] A o] LU AlEvt Felx]
© Bfde & FAR Bk ZAVF At &
3] CMP 5-& AMESIIS ZSolle F3A $A4
Halyl Y& 7M 3 waferdo|M= 74 B}
t 997 X 5 U= Gl A &
ot WEbA, Bd9 (broadband) S o83t
key A&o] Q3 HIL old wet vlwd 7t
@3t AE)9] TV camera FEj= 72 A

overlay error 382 stepperollA] fieldzt

tlo

(e
AeE 7o 4] ©]%F (x & y translation),
34 (rotation), & (x, y & 5% magni-
fication), x & y skew Z°] 1, fieldJ&
710 % E do= vi&3 31de] 9l 4 glr)
scanning systemol| A& fieldd] 3HEo4 Hj&
x &y, 34, skew?} & = AUtk overlay
HEE system && &wo] A1, s ke
e 92 kg Y 71AH M, 2%,
T 9 9 34 ZEolAM9] fine control 7i
2 ojojx|a Utk wafer &3 SHME= &)

Ea
=]
1213
=
&
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- .
=F ¥o s

171 9% wake] wabgst 9 high NA
e 9ls] &3 DOF A4 a2 ZHA
9] Hehals 913 CMPe} 22 FHo] dulsis]
2o} AE mark Wbl HoiHer £
3k B AHE system? baseline errorg 7
A= wgko 2 sdte] aE 1 Qi)

al

4) Throughput

ol pattern®] 12E4 device2] %A AAF
27 i E =28 throughputo] ¥E=A] g
3t} o]yl WA it AAE gRE FY
438}t 7]dke] optical lithography HH4o] ARE
Hx glth. wAlEE pattern B4 WA=
optical th¥] e-beam =¥ 0.7~2nm® X-ray
2] AHgo] Helsh}, 200mm waferE scanner
2 =334 optical® 1¥ Wje]e] Ajzte] 484
= ¥HH e-beam FEA] 108 o)i}e] A7k
8= 3} overlay 2N E opticaldl
2L stage 23S F3l wFo] 785
e-beam®| ¢ =FA] £8 A7 WHE stages
2320l A E1 o]E throughput¥#wt ofujz} 1
Agt AFEE @7 of#fE B 33 it o=
A3 optical 71&& B3 gt Hrajo] AAH
95 78l vk, optical 71& ZWHA
throughputs 7W43}7] 918 21420 o] A
%1 9)o™, hardware® 22+ high power
o] 3 7L, scan systemolME 1% scan
stage 7I'Zo] YT Yt} softwared o2

B

f
=]

=%
T

stage ©|&Alel FA3slE control ¥, AE
systemellA19] 23 #4 FA oS 585 3

throughput 71’48 $J3+ 7i2te] 3= a glrk

3. Lithography 7|2 1%

GofiA= AM<%¥ optical lithography 3%
T Y7 R FH 1y ARES AFE
A3, o7 E F2 post-ArF @ NGL (1A
i =% 7)ol oiEiA nzetnrt gtz
e kAl FA ARESlAL Qe optical 7]
&2 #3Fo] 248nm?l KrF excimer laserE
Fdoz 33 4x maskE AHEEHE 4 59

(863)

whalel vlgolth, H 3do] 193nme! ArF
excimer laserg J¢ o2 = 94 scanner
A7t ==l led], #A) ] SHoAM =
CaF.; & F5o07 <lslo] =3 |7} A
A 2 ARHZ, FH FHANME resist]
SEM shrinkage®} nitride etch?] etch WA
o] FF3atA F3ted 7= H53 margine] 5
8 FA-oz HzE 3 9o}, post-ArF litho
graphy 71&24& F2(157nm) 9} t}3sk NGL
71%5-EUV (13nm), EPL, IPL, PXL-¢] &
Alet vEEA] QANA AT A Fofl Ut o]
ol = multi-column e-beam direct writing,
AFME ©]&3 lithography, atomic inter-
ferences ©]€3% lithography 7|1& % t& o
2 7IEEE AFEHIT ot Fd Jel A
it 71EEA AYE 7FsA slE Ve TR
AME AQEE Aol elgdittn ddEn B
7leS kA AR A oy g

1) F2(157nm)
=3Ue 2 F; excimer laser (A=157nm)Z
AHE-8H= optical lithography 7|&2A @A)
AHE- FR1 KrF it 713 & zpol& gith 1
gy, 71€2] lens®} photoresist AL ALE-

& 4 §lo] CaF: lens 833 2L 7pde)
photoresist Ed& Algalot = EAHo|

Utk 28, 37 9] Aot =3 9bge]
& FTe] Wil B purged 3 Fojof &
o}k ArFS} Fp9l 71 2 BAde RET(OAL
PSM)& 4183 high NA KrF 71%°] half
pitch 110nm ©J3p7b4] 1 AME- @49& Fojstn
A0y 71 o] AME HuHE 0.5~1 AW
ol AHERE % k. 184y, 71€ optical
71e2] A Al dm M43 FHoE Qs
71#9] optical lithography 4] QAo A #
A o2 spdeta Qi

2) EUVL (13nm, Extreme UltraViolet
Lithography)
=% 3 13nmE AHESHE

E
N

59)
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lithography 7|&2A o] A= 5
lens A&o] glol 9 #E7} mask’t =F
AFE ©]83R= mirror type©lt}. mirrord

AHES Eol7] H3iA ARREE coating AAZE
£ Mo/Si multi-layers AH8-3}1, absorber
2E Audt e EFES ARSI wRTio R
AZF3PE KrF v 1/10 o)) sid® s
710E = Aot 0.8NAS AMS3l= KrF
o= 9] 0.3NA ol 33} AV} Evbsst
o] FNE A= 35-50nm FFEL R A
=494 laser-produced plasmaolr] wHA8&}
= soft x-ray} synchrotrong AHESPI=
st} 7|edo g 7 & EAle B deE #
2 WP} mask AF} 71E0)th. Mo/Si layer
ARESl AL 4 e O wkARgo] ¢
60% BEolx g oZ HEEHT Q= EUV
F9 #38to] 6 mirror® AMESEE source
power’} 433] A ¥%OW throughpute] g
XA Bt 183, =3¢ AHEHE Fez
maskE AARloF =l g EUV o] 7))
e R] gFo HAF ¥]-8o] YT #A mask Y]
o] R e oA AAE & A "t
a8x7 DRAM, MPU, ASIC & HE& de-
vice A%} TAEoZ NGL 7124 e 7MY 2
Ao HEHID gl 7ol

A =)

H

=

=

3) EPL (Electron-beam Projection
Lithography)

100keV®e] e-beame AME3}H 4x maskE
AHEEH= EPLS Lucent Technology 3¢
SCALPEL ®3 IBM E3{¢l PREVAIL
whzlo] A JfEEe] or) Had| HHE A
bl A7 doke olFE FH] dAEo]
SCALPEL ¥4 /s $3183, @A PRE-
VAIL #wto] Nikon® IBMe| 3% 7f&s}
I 9t} SCALPEL #4418 AW3iaid, 7]&9)
e-beam direct writing 2ot} cell projec-
tion W7 @] 7129 KrF lithography*|
g 4 mm fieldE 3§ WHol| =33 step-
and-scan W& AM83}, o9l aberration

(864 )

7H] control® e-beam 1x 7|22 1lmm
HE "o e 5 glerZ 1x 7]F 1~2mm
Ax9l square e-beam? deflector® ARE-3}
o} scanning3l®] effective e-beam2 44
mmEz HEE HHE ARSI EPL mask®
+ stencil-type? SiN membrane®] W scat-
terer layer=+] 7% scatterer-type mask
7} AHEEO stencil typed] 7%, doughnut
pattern® $1341= complementary mask”}
HI=A] B33l contact hole patterne 3l
¢ maskZE 7Fs3ltk. 18l3, e-beame
ArF, F,;, EUVHUE= 5AE resist AR80] 7}
53l contact hole pattern§& o2 Aui¥
o2 FFo] o] Btk 3 a9 1~2mm
9] 22 e-beam> scanning3te] large effec-
tive fieldg Yt=v W2lo|m2 i3t library
patternS-& 2§35} device® A= logic
device?] 7%, 71¥2] optical lithography 3
A& BE deviced W 712t maskE A
ol st} EPL2 ¥+ library2 TAIE
maskolA H33] X35t device: WE F
orvz A OZ mask costE Y F U
i throughput AL A2 §leEZ logic
devicedl= 3ol & 4 vt

4) TPL (Ion-beam Projection
Lithography)

T4 keVe He iong =302 ARRSC}.
large area ion beam& AHME-3le] 7]1E9] opti-
cal stepperxld T4 mm fieldg 3 =
BT 7 A3, 4x F9 opticsE AHESHE Si
membraneol =333lH= pattern®] aperture
7} 8A® 4x stencil maskE AHEEEE
doughnut patterng 7&3}7] $J3l4= com-
plementary mask& AH&3tedo} it} = lay-
outE EZ EZ3l9 A mask+B mask W4
£ AHEsjok gt} Si membrane® ion-beam
absorber2 ARE3le]E patterningdl= e
2A7F gloy Sio]l 4A HM¥E=Z carbon®E
€ deposition®te] absorber® ARSIt}
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5) PXL (Proximity X-ray Lithography) graphy 7]¥ trend: X&E7pA AW #sh
ol 1nmQl x-ray®E =BUOE A3 scanning stageg ©]&3}] ZHFHE 7|E9
4x Fgo] obd 1x A (proximity) H4& Al B8 59 lithography & A=

&3ttt wekAd, 4x maskE AHEEE V)&
KrF, ArFu} ©+& NGL 71Xt} mask A7
o] o] 7|&e] Yt LS oA i} e,
w3992 synchrotron source® Algsjof
3=l 2] synchrotronel] <92} the] w3
g ddste] A8%8 H9$- synchrotron
sourceZt H|-§ SHAN 2 FA7F HA= A
gk 27 AT NS F ool V&Y tE &
=2 A2 synchrotron source®l Az
Aol sk FAIFol vk 1R A
MEMS 5ol A5 LIGA 33 59 Folo
A& vertical thick PR profileo] @8 & 3}u
2 PXLol dAE 7]1¥ =3 7le=2 AHSHn
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