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Abstract We propose a character size optimization technique to enhance the throughput of maskless lithography as well
as photomask manufacture. The number of electron beam shots to draw the patterns of circuits is a dominant factor in the
manufacture time and the cost for devices. Our technique is capable of drastically reducing them by optimizing the size of
characters, which are the patterns to project and are placed on CP masks. Experimental results show that our technique reduced
72.0% of EB shots in the best case, comparing with the ad hoc character'sizing. ‘
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3[2),[4]. EHAEETC— LERENTHSAERRE—L
7 (VSB: variable shaped beam) [3] DEF Y — LEHESEEORH
EEEH D TEY. B 1 OEEDOX SIS, VSBETIRRE/S
F—YREAERO=AT, BLUERICHREN, ZhTh
RHETS. CORTE, “B” LV3XFE 4 DOERIC IR
xTh3. XoT, “E” B2HET37EHICIE 4@D “EB 3y e
RREL 5. EHK%E VSB HEEE TRRBO=ABB X
CERRMEEE NS, BEHEIE Y, HERED
HWEgEHRZLVED RS,

VSB (Variable Shaped Beam) CP (Character Projection)

1 EB shots with VSB and CP methods.

+vyS54 4270V 14 Y3 %ECP: character projection) &
VSB & b bIERMICE L THSENEVRELETHS. CP

e BT, B2 OERIGRT &S 1S, CPYAY LICAR

TNTVBEF Y ST P RENZ R/ Z— Y 2 —N Kl
FEEL, FREORKBEHET S [2),[4]. 7+ AR
FU—LERVTHEEINS LV EKTIE, CP IR
CREBFC—LEHOBELT, 7+ hYAZBECEVTE
HAWBC LA TERHEHMTHS [11]

\/ | ——————— EB source

¢ 1st shaping
aperture

Character selecting
deflector

e CP aperture

Character

<— Reduction lens

l— <«— Objective deflector

<—— \Nafer

E2 CPHiEZEEOBE.

CP Ele B\ TIE, EBFIBVTHEECAVGNSREN
B—UhErSH AL UTERENS. BE, WVN—XRE
EBWTEASRR LS “IV BFvyTY 2DEBEELITD.

An enlarged character

An array of characters
on a CP aperture mask

3 CPYRY.

1 OBc BV TIE, VSB ETRERICRT &5 “E” DXF
ORERITS I=hIic 4AEDEB ¥ ay FHRETHS. Thic
#L, CPETRERDTRT &SI “E” Z{HET 57l EB
2 aw kE 1 BEG TRV, CPEICENTE, BII/nVAD
ERTHEF v 7 XMEBREZ—REDL S HHD
T EB ¥av b | EICHEAEETHY, CPHIZEBYay b
¥, FhbbuEREEEET 3 L TENEFETSHS. CPE
OREIL CP YAV LIcERTE3F v 5 7 2 BRI TH
D, BLIATSVICEENBZLTOLILVECP YR LIcK
ﬁ?%ébﬂ?m&wﬁ?ﬁé.#&575@@3Eﬁ?&5
Ic CP R A Y LIcEFIRIicERB N, ZORITWENLHIRZ
2135, flz, HEOCPIAIERAV, 2TORNVZCP
25 FicEB UL LTS, CPRAVOYIDBRHETE
ROEREPET 5. FETRE, LA VYOREICAVS CPY
2BiE—DTHB EREL, CPIAY Licixw\iilid VSB i&
ko THETBC LT 5. CPEDMOTAIL, BEFE—
AOtiE%#?i4V?%ET%Ctﬁﬁbwkbm,#v
SEADKEEN—ETHBLVSIHATHB. L,
OKEE, Biet)VOEEtUc ko TRES. TOFEKT,
Fr SR LLLVOERNERENEEXS. FrIvEEeL
DEFMEEEDBIbIc, FETIR, FYSIEADREIEE
e L, ERPHET 3 HICET S EB ¥ 3y MEE/M
F2FERERTS. EB Y av MIOR/MEIc KD, HERHE
HEMEEND., BRT3F+ 55 20KEEORELFEIZ
&, CPHESBOHEREAZEVALL, FINARCEREE
NEEEBNBEHHTIE0THS.

ERBIERO XS ICHBREND. 2. Hi T3, CP YA LR
TEEETVESEERL, EREHETS/HDEB ¥ay
FMEEE/MET ABEESEE TV EEATS. 38T, Fv
SHADKEXREHEIC LY ay MERBE/MET ZEEERET
FLERBRRD. 2. HRE 3. FOZTNENTRENZBHEET
WEE v ST ZOREENERTH D, ERTHEMLVS
ETRES. 4. HTR, BEFEEVOHORNYFI—IH
BICEAL, $vS 7 XDOKEELEB Yay MUCDWVWTE
BHICHET 3. ERICLD, BERFHEIRLHRISZEE,
EIEDERE L HRT 72.0%D EB & av MARHIRTES T &
AT, 5. HTRARIEE LD L LLICRHREDRNS.
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2. BIVDFEIR

FTHEM L U TEBEGHEEIC DOV TN, BEEHE
OB, BEEREROREHNROS & THREOBME
BorRME(BEWIREXIL) TETLTHB([10]. HBIATLE
BEREETIVRLTOLSIcEEh 3.

minimize (maximize): Ax

1
Bx < C,suchthatx 20 M

subject to:
TCTT, AxidR/MEY 5 ERIBEE, A XEMNZ ML, Bl
HATH, CIIEHODFINY bb, ZULT, x REEEHONY
bVTH%. HBBEORE S OBBGHERBZIZT Y —0 ILP
VIV, HBVEEAILP VURTRITEATES (1]

FEITIE, ERSEEHET S EB v ay MERE/NCT S
redic, CP YRV biclE < Bl VER %R 5 BEIEHHE
MEOEXLEITS. FBEEERER P LBMFS (A
I3 assignment 2E 7). 8 P, RLUTOLSIciiRB e
TE3.

o cHEOYIN, ZNOLOBEER -, r., THhHDCP
#EICEB EB Y3y M Scp,, -+ Ser.s TNHD VSB Bl &
% EB ¥ 3y Ml Svsp,, - -, Svsper B, Now BOF¥ 5%
ABEWTES CPRRIDEZ DN L ¥, RRSEEHE
TRDICETBEB Vay M S, BB/McEBZ &3 it
IVOBBEREERER K.
FHEFEREEZERET 5 LT, cEBEOEVSHAVEIT
VWBREBREEZX LS. i EERP Ty BETHEL, CPE
M VSBEDWThOTHEEI NS, “ViD1AVAZ VA%
VSB ¥ & U CP EETHIEIT 3 bICET S EB 3y ME
ENEN Sysp, BLU Sep, LT3, TTT, BIVi(lsiso)
DFDIT 0-1 B x; ZEAL, ZOMIC & DFAT BMEFE
BRILLES. B ZUTOKS ICEHT 5.

e 1 (Vi CPETHEEINSIES),
"1 o (Vi VSBHETHEENBIES).

ERZHET27-DICETSEREB Y ay M S, UTo &
STRENS.

Sa(x)=EB shots with CP + EB shots with VSB

C 4
= Z Scprixi + Z Svsgri(1 = x;)
i1 s

c c
= Z(S cp; = S'vsB)rixi + Z Svss,ri )
=

i=1
CTT xW@x(1Sigsc) DRV MVTHS. ERcBWVT,
BLRIEBETELVEDHI, F—HOIAHR (1) iKhiFie
EHBEE LTEX BN B.
YVDORETIEL ST, CABEETEF+ S50 2 MIRE
%. CPRYAVDEMC L >THFv X7 ZBTHDEL B, 7
hXic, UTOMKHELS.

< .
Z €i%i = Netar : 3)

i=1
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TCT, Now i ECP YRR LTHERATERF Y57 XDBAE
BLY, g @ENViBCP IR LTHETRF Y57 45%
Y. EVIiBCPIRIETCHEETSFvS5 7281, 20
AVARAR Y R—DIIHEET 57 DIcHET 3 EB ¥ av MK
EFELWIEDIT, ¢ id Scp, EF L.

#HX (1), Q BLKU Q) »5, FHHEHERIEDI=DDETIV
BUTO XS icefibEhs.

Objective: Minimize Sy, = Yii(Sce, = Svss)rixi, subject to
Yie1 €iXi S Nenar, i.€., every cell adopts one drawing method, that
is the CP or the VSB in conformity with the restriction of the area
of the CP mask. The minimal number of EB shots is given by
Sa + X Svssrie

FHEAEA LSO RECHETS b, NP BEET
H5. LhLiahb, EBOLILVSATSUEHNTERES
T BLEZDLE, MEA VARV ADKEZIIPERLD
L%, AYEEFEETFILVTOEROBIERFTHVWONS
TV ATV MRIRELY. TTT, BIVOBENSEL
TY, YENLEER (REBLUEE) PELNE, BRist
WFTV2 7 VERBTHENS B LICEET NIV,
L, LS4 T7SVICEEN3 L OBEORIREETSH Y,
LIV OEBOEEN R ED THBHIFAE, EROI 8 Tk
L5, —h, K@) ERTLSiC, FHROIVOL 1T
5. TOXS REEEEMNRITASICILP VIV ZAWTE
WHETHZRZ T LN TES.

FROEFNVERECHZMRBIBLELIEBEDELS AT
SVEBILFEE LTRRED, EEBRDOIHORES A
TOVMBEFELLTLAVACLATES. Thbb, &
RT3 EVESEZRANICT BbiciE, BV i OSBEK r
ALise) ZHURBOEERBELTDLDOLTEIHENSS.
REFHER, BELIVESHPERTHN, RATHH, I
DOBRER r; (1 Sis ) BEX T, BRICEhSERD
BTLENTES. CPRHELSATSYRERICTAMRAIC
FTHEMIRDZDODERIC K> THREEZ NS,

e EB Y 3y MIDHIRKIZ X% X M.

o HHCPIRAILY FEHTCHHETS/-HDIX M.

felX, H2HUFERADCP AV ZHFKELTE, CPTRY
DOHRRBICETSZL2TOIAMIT+ PRV EHRTS IR
KWL T LEMETHB. Thid, YRY Lo 2—V i
TET—2BRNTNDOY A 2E2 L CLEENEERTH
b, CPRRIZWET B1-0DTF—2BIZN - ATV ¥ b
BICHBIT 2DIc L, 74+ PRI EHET 3 -HICET 3
T—2BIEEN A VARV ABUCHBIT 212 THB. Zh
WA, CPRAVEMFETZIAAMIT+ P A7 ORI
APEDET oL RMTHS. HH CP YAy MR EIC R
LickLTh, JXFDBENLE CPERYAILATHS
LEAB. )

3. CPEOI-S»OHEmEDT B

CP YRy LICERT B ENVE—EDOREEDF ¥ S5 & Ric



B3 &S IHlEhB. ThETOWMEK T, CP L TOMMEIM
M, Thbb, CPRRAILEDFYSI/ZOKRETIREALN
350DTHD, EREL LTHRONTERZ[2][5]~[9] Thid,
CP MEREOHIE, 5\ i3 CP HiEEBOMREA DEBICE
SEEDTHB. AHTIE, CPHEEBONERNEZREDS
3% EB ¥ av MIER/IMLT 378, CPIRY LDF+ >
Y RAOKEERBELT BRE Ps (“S” 1 size BKRT) BFH
T5., AEEHFEEPs RUTOK S ICHBRET LA TES.

o cHEOYN, FNOoDOBRBER r,---,r., THOHD1
A VARV A% CP ETCHIET 5/0HICETSEB Yav M
S cp,(lehars Werar)y TNHD 1 £ VARV A% VSB ETHIET 5
FeICET B EB ¥ 3v M Svsp,, -, Svsp,, CP YA DHED
By LHOEE we, BT, BET 33+ 57 ZMOEHEE
GHEXDNIL ¥, ARERETHOICETSEB Y3y b
BEBMETBEESICF+ ST ZORBEDEE liars Werarr B

KU, BRIVORBESE, bbb, CPED VSBENERE

#&.

L% CPETHETS/HICETSEB vay MR
FYTIRDREELELAY EORENREZ—VICKET 5.
X (2) LEKIC, ERERHET BDICET S EB Vay MK
Ss(X, Lepars Wetar) BILTD K S I2EA BN S,

Ss=CPETDEB ¥ av M+ VSBEETDEB Y avy MK

[4

4
S cp; (chars Wehar) 7i%Xi + Z Svsg;ri(l —x;)
P

= Z ls Py (ehars Wenar) = S vss,} rix; + Z Svsg;ti- (O]
e =
BELVDOAEELFYSIRDREIIEBELT, WV EERT
BI-CRBELENEF+ 57 2BMREETNS. CPIRY
DREXIERTHBEDIC, CPIRAT LICERTESFy
S5 & ABEHTHDEET 5. Thxic, UTOmHWSE,
hs.

[

Zci (ehars Wenar) * %i £ Nenar (Jears Wetar, lcp, wep, G) 5)

i=1
TCTT Cillchar Wenar) i3IV i % CP I AV ICHEBT BTcHICE
T35+ I Y ABETRL, THRYUZELVD I A VAZ VA%
HiETH=DICET S EB ¥ ay ¥4 S cp; (chars Wehar) LELV.
e, Netar(lchars Wehars Icps Weps G) BFv S/t & [63; ()]
EBENZENTN Iy BEE wepey THBEED, CP YAV LI
BMTEBF+ 57 2DBEAEERT.

K @) BLU () BIREEEZEH, FMEEBEGHERNE
LUTHL 55, SIS B 0ENS 3. RAZFIIEEH
Bieeedic, 2 HTR LR EMECH LETOMTHE
75 o BE o ZRIEL, BT EEBRU. L B
O wopr DIHIZERETSH D, FRBRVREOLDTHS. &
LA, TOXSHREA VARV ARTIELEE LTHRE
WNERLOTHS. HEEREEIL7 VT Y X LEemiHeL
Tz & D% Algorithm 1 IZ7RY.

Algorithm 1: Character size optimization algorithm

Procedure CharacterSizeOptimization
Input r;: the reference count for Cell i (15 i < n).
Input Scp,(/, w): the number of EB shots with the CPforCelli(1Sisn)

when the length and width of characters are / and w respectively.
Input Svsg,: the number of EB shots with VSB for Cell i (15 i £ n).

Input c;(/, w): the number of characters for Cell i (1 < i £ n) when the length
and width of characters are / and w respectively. This is equivalent to
Scr;(l,w).

Input Nehar(7, w): the number of total characters on a CP when the length

and width of characters are / and w respectively.
Output x: each cell’s projection method.

Output /op and wop: optimal character length and width respectively.
Output x;: optimal drawing method for Cell i (12i S n).
Output Spip: the minimal EB shots to draw the entire chip.
Variable Simp: the EB shots of a temporal solution.
begin
forall possible cell lengths do // the length notated by w
forall possible cell widths do // the width notated by w
Determine Scp;, ¢; and Nehqr from / and w.
Given Scp, SvsB, and Nehar, solve the problem instance Pa,
and let Simp the the number of EB shots derived by solving the
problem.
if Smin > Stmp then // a better solution is found

’apt =1

Wopt 1= W;
Smin = Sunp;
endif
endfor

endfor
return X, lopt, Wopt and Spin;
end

4, E B

FelxFvSraavrrya YETOHETR BLT,
BV OHEEEESIC L, EREHETSHICET S EB
vay MIEB/METB YT O T RARK L. FHERCE
WT, BAOKEEELY Y TH% ILOG #0 CPLEX 9.0 &
A, BL1EER1IRT 4 DDRYFI—JREIBEZAVT,
HEmRICY T 5 EB ¥ ay MIERELR. AvnictilSAa
TS icEENB VORI 300~400 EETH Y, REEK
DR, 100 BUTORANTYEYFENiz. CPIAVIC
BIVERBTICLEEIBLE, BENICIALTH2HY
HERE (RiEk & UEiE) ARZ2VERRZ ATV
FELTRAETRENDS. 4 DDV F— 7 EROEER
BETo &R, b -+ 7Y s ML 100~200 BERET
Holz. BRUYFI—YEBOBIT BBV Y AE AR
£ 1ICFRT. TTTERIN VO, BEEEERE PA BX
U Ps DREZIZLVDA VAR AR TIREL, BIVDFT
Ty M EEEZONBETHS. LIVDAVAZVR
B3 ILP EFIVIC B 3 LV OBRBEM r, BRETZEDTH
h, ZBHOE, 3V, HHWROBEHEBESESLDOTIEE
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£1 AyFI—/EBROHA.

S| ER ERg2 @EE3 [EER4
FHENEEI - F T2 PR 19 55 74 %
(R, EinEELR)
FREhIIL - AT 27 M 18 164 211 132
(Riz, BEiEEXH)
tIVS A TS URDOEIVE 310 310 395 395
(Riz, EEZRE)
#E3 VATREATH 3,875 3,943 2311 35683
Mirror-X »hH Hb b By
Miiror-Y b  BHbH Hb AL
Mirror-XY Hh By b &L
RIRER TOEHDOE 118 164 211 132
Fy70Y« J—F [um] 035 035 025 025

W, Lith-> T, BEFEMEORE I CPEEZE5A580DT
iy, BERHERIE PA lcBWVWT, vDA TV ML
EHOBIIHMTH B0, VIVDA TV 2o MUIIERD
BlickEr5X, BHEGENEOKRESICHEBEEX500DT
5.

ERTIRE L CP HEEBOARER 2 IIRY. FMEEE
BIcBWVTI, CPYARAY EOEE/NAZ—2dY 2 — LTI
15 kKhEnB. ARISRENZTRTOMERIY 2 —NET
315 %%, CPRAVLTODF+S I/ ZDKEEN 500 2
ravAOES, CP YAV 4l ADF v 5 7 Z2RikAIHE
ThB. BriZ, REOEMCELETFE—LORRKOKE
TR —NEDETI0 T /0VALRELT.

#2 CP HimE&EDOME.

| x#& m)
CP YRV DHEE LA 650
BT 5%y 57 2MOERE 5
Fr 57 2ORKE 50

RICRT=DDOT—AEHEL, ThEThDy—AlBF
BRY LY aVEREHET SO EB vay MERE L.
F—Z1 T, F¥YST7EOKEELLTS I/0VARRE
Lizc. TOMEIXER2] TAVWSNTWBEDTHH, CP il
ZEROAMCI->TEALNBLDTHS. ¥—RX 2Tk, &
FU—LOKEEOHMICED, K10 /0VADFYS
Y2 BHETEB LRE L. COFRIKOT CRELHETHM
EHRLE. 7—A3 Tk, BFE—LOKE TITHIRIGEW
Vo O T TRERHETRAZ R

#3 HETZ3 DDA,

HOEX BMOBX %

=21 [50[um] 5.0 um] i:égggffﬁgeaﬁi
r—z2 | &% &= ﬁﬁgﬁ;ﬁi@ﬁ;ﬂf *
e e Ry
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FRIC K-> TELNIZEB vVay MIER4ICRT. T—Z 1
L —R2EHEILT, BAT72.0%0 EB ¥ 3y FEEIEE
hiz. r—21 BLU2 DVFNLERARRLZEFLE—LOK
EXEHWEDTHS. ¥—RA 1 BXU 2 HELZAITHE
HRrRELTAHIELNTHS. T—RA 1 BLU 2 ORI K
H, CPHiE®%BEOEFL—LOKEIREBEAENRET
EZTENEELL, ThICK W EBEGHAENEET 538Kk
FINA AT LIc CP HEBD AN —Ty FOEENAIEEE %
3. BARTT LK, FEOAEZTOBFE—LERVTHHE
HTE2LRELEBEIEZ, T5ICEB Yay MIEHIET S
TUNTES. ¥—RA1 L3 RHELEE, BRET 75.9%0
EB ¥av MIMHIKEN, r—A2 &3 RUBLIEES, B
ET39.5%M EB ¥ 3y MEHHIEE N, F—X2 L3 DH
Blckh, BFE—LOKEIZREZSTHEENE T ORE
tehof EERN BB bIS. TDOF—RIE CP HiEIEEH
RENEFC—LHEMBETS LTOEH L LS.

#4 3DODY—RicHIIBEB av ML

|Ess1 mes2 EEE3 ERE4
= 1| 52117 41469 26913 164316
r—22|23785 21,122 7710 46,050
sr—23|14379 15120 7,710 39,546

HE RO BE LDz bic A= EREEE CPU A Intel
Pentium 4 2.4GHz TH b, FZ2{EM 1GB TH5 PC Y—/\Th
3. 3 DD —ACHBERRERELT 2 DI ELUIEHEE
%S ICRY. METHORE Lo ARRE2HEST
THRT Ul BOERELICERH, VDALY AE Y ABIGEE
BEMcHER5X 300 TI3 AV, HEHNcEEEEX5E
DIFENVDFT Iy M THB. wIVOYENZREEZER
LThE ATV MM EREDTHD, BBE(LICE
FTHHERMIIEVWLDERS. SBOTFI/ uY/—Fotk
BEEATE, BHCAVLNB IV - ATV MRV -
A VAR ARIT LABICIEINT 5 6 DT AW,

#5 MEmEVeRELT 3 ICEUHERMN 5]

| mBs 1 ERE2 EEE3 EES4
F—Z1| 000 000 000 000
r—2z2| 1186 1429 6055 5628
y—23|2705 3281 9604 8612

4,56 X TN THRA TIHETERIC S 2 E8 1,2,3 ORE
ICETSEB ¥ay MIERTHOTHS. ThHORICB
T, EB Vay MIOB/NEHFEET 3. BRZREYT 55
B & D HEmEE/NE T3 L2 EB ¥ ay MEAE
MIBceHgErs. ki, BARRERT ZHETRELOHE
EEEEKREL TS L, EB Yay MUEEELSMHEMLT
WL, B/NEDEBTIE EB & 3y MDBESREWZBIT,
RR LU HEmEOREE EB ¥ ay MEEIET 5 L TH
BHRVHZLEXS. ERICEKY, BEFHII CP HiliE
BOHERNZALY S ETHECRNET 70—FTHBT
LAEL M S T



10000
80000 , Character tength fnm)

120000

]
Character width [nm] 140000

4 [EES 1 ZHET 57-HICET S EB Yay ML
EB shots

160000
140000
120000
100000
80000
60000
40000
20000

Character width {rm)

5 [ERg2 RMETHHICET S EB Yav L

EB shots

[
120000, 40000

Character width [nm]

6 [Es3 2HET5/-HICET S EB ~av M.

5. BbYIc

AT, CPEICHIF 3 HEERHERIC & 5 REFREO
Ml U, BEEENERME, \VFI—JEBOMH
ERPHETERERE L. SHERERTE, BRTIES
BFU—LOAEEEHAVTEAX 72.0%0 EB & 3v EURH|
WUT. EBMICED, BRAOREFELS EB a3y MUzH
e pidicERTHD ebbolk. ERERICEKD, CPHE
EEEOHF%kIc CP HEEBOEHEIHEENEZRETE
3%5ic, CPREREEHRETILENHZT LD,

BELUHETRSEEE, VI MY o THET To—F
K& o T& D DRVIEREZEFRL, CPHEREOMEE
HEALTZLOTHS. MERENOELICKY, FEEkTS
A AR E N HESBRABIHEIEE L, BRLTES
KT, ADBMEEIHT B LATES. PROYELKT S
A AELMHRTES T LI, FET A ADH5DZ5
HAOGHAETIEL U, BEERHMLEMET200THS. &
fz, CPEWRT 4 FRAVHAROIEHGLARETSH D, CPED
FEERA OBIBIS IR IC R BEEROMERZNHT S &

IKHBRNS.

3]
(21

3]

4

[5]

(61

n

[8]
[9]

[10]

[11]
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