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The present invention relates generally td electron beamlit hogr aphy

systens and, nore particularly, to a nethod of conpensating for proximty

ef fectss. DosER6 IRICRTION PR W%‘fﬁ%ﬂ COMPENSATION QE?:) |
techn aue of < L FAEARORED. s

irradiating a substrate coated with an el ectron-beam sensitive nateri al
(resist). The 1. Field of thednyentiosam i s shaped in a preci se nanner to define
t he requirgd featur of t m con evi.ce i, the resist. A

pattern representin %%seflg&vﬁ?t&n rgfa??srggned ﬂ°0“ré8‘#¥°8o‘?$aﬁlcllq8?gfa%‘% ce is then

devel oped in tdi@ieri%ind! morel gaetiduliHy) BPdnethiol @8 taraPensating for pR&MRILH efectslt | | i ze
substrates of a variety of types including sem conductor wafers; 15 and

gl ass or netal2. en an el ectron beam penetrates a
material, such as the, el ect.ron-peam sensitive resist, not all of the
el ectrons in the beg‘rﬂ‘%l@ﬁ ﬂ?e?ﬁ"g?ﬁmé‘r"@?‘&fegl?ﬁ?ﬁbé‘ﬁ@g}ap y, an elegfronbeamy o o
and come L0 I &8 bsddyolddfinebile/iBtfres SPARrboddieof UEAEL B Selllifyefoal t of ed

by collisions with atons at the surface of the substrate, causing such

el ectrons 100 Zfradiating dsibstrateadated viith dreelbctroatbieamesdpsitive matehial (resisteJhet and,
t her eby, exposing a | arger . region of the resist layer than had
originally beeqieq%wémw shaped itapieeise managr to definesghe sequired fontures of the
collisions wt (0} | r 0 r.an i nce

the el ectrons %gﬁé@@h%@%éeg@% 1@%%S%F§T§ar ce x%gﬁes? e%()t?%%%ﬁ%%s osf?\}é;r al
mcrons. For  semicdndact evitdlis @en develepdt inthe fekise Eldt@dibehrh Nithegraptiyos ur e
energy of 40 keV (kilo 25 electron volts), traveling through alayer of.

el ectron beam tsehmaques utilizegibstratesofes varigty of types in¢luding semiconduntor wafass, of t he
el ectrons \\g/ﬂi chdi act tgﬁ fi | i con surface and are backscattered will
have | ong rand® PEPCH P&Sces, back through the resist,

approxi mating 5 PMwhen an electron beak g&kﬁ@@§aﬁ{a€erﬁl,%ﬁglg§‘§ﬂh€‘éfe%§oﬁjawr d

scattered) into the electron beam 3 sensitive resist in regions adjacent
to pattern ar esensities tekist, nbt albofthe klestranssin it beaandeposit their energy completely

-

in the resist and come to rest in the substrate. Some of the electrons are scattered
by collisions with atoms at the surface of the substrate, causing such electrons to
20  be deflected back (backscattered) through the resist and, thereby, exposing a larger
region of the resist layer than had originally been intended. The scattering of
ks electrons due to collisions with substrate atoms is termed long range scatter, since
the electrons can be backscattered distances on the order of several microns. For
) exatilple, in an incident electron beam with an exposure energy of 40 keV (kilo
25 electron volts), traveling through a layer of electron beam sensitive resist covering
a silicon surface, some of the electrons which impact the silicon surface and are
backscattered will have long range scattef distances, back through the resist,
approximating 5 pm.
Electrons are also deflected (forward scattered) into the electron beam

30 sensitive resist in regions adjacent to pattern areas, either from collisions between



2 ; el ectrons and atons in the resist material or because the

exposure tool could not control the,trajectory of all of the
el ectrons in the beam In particular, pro%lems with the ability of
t he exposure tool to focus the e-beamas well as el ectron- el ectron

interactions bl tn%aed%ﬁﬁ%a{e@5&%?@&15%&@5@4&3&5@%0 Pilutd g of the

5 boundari es of e pattern areas SO get expose he scattering of

el ectrons due dontrol the trajeotdry efmlhefwefehctrem mtthealb@ms Impartionlas pedtilens ng whi ch
results fromthe exposure t ool - are_conbined into gne effect terned

short range sc¥iththea éﬁmpfﬂ}emes%m torfocus the edheam g5 eedl agelecpsd | er t han
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exarrpl e, in an'Tncl n exposure ener

keV (kilo el eciduffariedlof $he pdtted&bistlsd got exisized Irmxsemeeﬁngelfele&m d@eadsn
sensitive resist covering a silicon substrate, some electrons wl|

have short rarepllisienstwigh resist atomgiand/anscatiering whish sesults from the expasure tool
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be referred to as i nci dose", but al So a dose of irradi ation
due to both Icmggmmde d?wckmphgmanmmderﬂebbtrmnbeaﬁmmhm@npbguxe areeggsoﬁ)f a

tt th t |
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integrated)  distances bathe ordersdfsi08med.or chi ps, using e-beam |ithography, the
proximty effect causes deformati ons of the devel oped pattern
features and is a rEuss WhembESeaturspf 3 patieam fo,be exposedip die qleaiianrbean) zes are

b T t ffect
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and unexposed areas of el ectron beamsensitive resist and reduces
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pattern with isolated exposure regions. This phenomena is referred to as the
20 “proximity effect”. In the manufacturing of VLSI (very large scale integrated)
> circuit masks and/or chips, using e-beam lithography, the proximity effect causes
deformations of the developed pattern features and is a major problem, particularly
. wheh feature sizes are submicron.
Traditionally, corrections for proximity effects have been divided into two
25  distinct adjustments which are discussed below. A first adjustment is related to the
contrast between exposed and unexposed areas of electron beam sensitive resist
and reduces proximity effects attributable to long range scatter. The term contrast
as used in this disclosure compares the thickness of a layer of electron beam

sensitive resist as deposited to the thickness of this same layer after a pattern has

30 been exposed and developed in it. A pattern with an exposed and developed resist



3 v t hi ckness that approxi mates the as deposited resist thickness,

pessesses high contrast. The second,adjustnent changes the w dt hs of
the features to be exposed in the el3ect ron beam sensitive resist,
t hereby, correcting for proximty effects attributable to short range

scatter. 5  thickness thaﬁ%ﬁx%ﬁgﬁdégsﬁlg %gdfﬂg%%cgﬁgi?ﬁgghgﬁg%dsﬁﬁ&% and the

| ong range scatter of chniques such as,

for exanple, dameastoThd secand adjustment chamgdsakiswidilisoflihe featurébeta beedpdsedi Ng
dose nodificatjon proxinmity effect correction . techniques_is to reduce
the incident dgdbe elgstrandpany segsitivgresish dkarchy. porsctiag feraroximtyceffects  range

scatter) eXpOS“E%u&%l%tlaash?ﬁg |e|s¥atte?| | intentionally exposed objects
same total ex

receive the 1l _ sure‘dose. Dose nodification nethods will be
further explai ned Pattern Rlatufe édiftrabtHak Géérighprbvadsindahd ma%eas-ggermbeﬁterwt h
reference to FIG 1, there is depicted a pattern design 5 containing

several feat uredectoms redycesbtheoygbdechniques sushias.dor exsmple, dose modificatiove resi st

t sh d ' bst t sh .. Each of .
oot angul ar o rigDees 318 fede M8 hidlind ARk srlfiaion it sHBG shrgptiome. gaps
15 15 | ocat ededfqR8 s B3educk MR MERledtosy Vit TeAAuRe iHaB eV bici@atlel ﬂoﬁé’e

depicted in FIG 1 I S exposed in positive tone resist material; the

e- beam onl y i rmangh statier) txposererseghandeally, all inteantionallycexposeg dbjectsdrecejepthel 5
bet ween each of the features, 10 Ther ter, en th regist,layer is
devel oped. o1 GamedahBaHAUE ot DASE Medaicatps EGYRRs ik b BuhepFeaed
corr espondi ng Jih adofi ik iftStrhlive hmple. With referlicd BHIBEN heRSCaRigE ' © 19
, 11Tus S an

is shown in FI rating a cross- sectional” view o

undevel oped r espatterd desin 5 cdmaindnigGbversl feata@e 10ftotbb@xpesed i electron beaml 0
pictured in FIG 1, has been introduced with an incident dose of exposure

energy. The i ri€psitive regiss@otshown) depgsited en a|substrats(npshermy Bachof the on t he

bap. spaci ngs ApaabdterYhach SRR KO iRl B A B NIEAH HE BACATE 1Y 30
from FIG 15 cqbéfedstdeer Sach feature 10 Wheh a%@tt%rh'suéﬁ ith88né Begidted i2FIGMI | €

the gaps 15 correspond to peaks 25. The soli hori zontal |ine
represents t hdsexpased ingpasitive tone fesist materialy theie-beamedndy inrastintesothase regions

sensitive resist, for, exanple ifive tqgn l ectro mresist. The

oF oo i ng dose cottesposging o Tie s 13 betwesh shdl o the BShrenia GHCH=RAS, Fhin

conpletely ex bl Aechd b Sci41 - Af ' :

t hi ckness. Angl"g %r&elgydg?g ?ﬁg&gg?’t ern %1 ﬁg%ﬁ?ﬁtf\{/egg&gﬁﬁ ooflerd Bidst ?égl&{s
corresponding to the features 10.

20 An incident dose profile 19 is shown in FIG. 2, illustrating a cross-
sectional view of an undeveloped resist layer into which an image of the features
10 pictured in FIG. 1, has been introduced with an incident dose of éxposure

. ener:gy. The incident dose energy for the electron beam is plotted on the vertical

axis, while pattern position including feature geometry and gap spacings are

25  depicted along the horizontal axis. Each feature 10 from FIG. 1 corresponds to a
trench 30 illustrated in FIG. 2, while the gaps 15 correspond to peaks 25. The solid
horizontal line represents the clearing dose 20 for a particular electron beam
sensitive resist, for exainple, positive tone electron beam resist. The clearing dose
20 is the dose of electron beam energy required to completely expose a pattern in a

30 resist layer of a particular thickness. Any area of the pattern that receives an -



4 *° I nci dent dose higher than the clearing dose 20, such as the peaks

25 correspondi ng to gaps 15, are conpletely cleared of the resist
upon devel opnent, while those areas™of the pattern that receive an
i nci dent dose bel ow the clearing dose 20, such as the trenches 30

di . f 1 AR i d of th esi . Thus,
St h T ot or encdhfigéabt fignednatng cicAhg 5w 2 Richias Y bl 36 Foriéopandins T
sensitive o gafiPislard ElhsplitelyleskiPofBl tisPustn devElopheht whilB @ and

devel oped (not shown), has rai sed rectangul ar features correspondi ng
to the trenchesed®fdrdpatienathatrecsive an incidentotose bglowdheglearing dase 20a8twh25. The

dose prof i o P9 BeEHebEm U PHaPaRO e et 10cHT e erlspid Stae fobsh or
dose profile I97% i) *st
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t he wi dt’h of trenc ere 1t urc eari ng dose
l'i ne. resist inforwltioln theqmatteinfiIFIGi Ulérdxpdsedanti devélopedl(Bot shoGm),has
illustrates the total dose profile 35 for the features 10 of FIG 1,

Ishowi g ! he adeised reéfaassla* @amcgyespondi;lgitﬁﬁhedmyeb@ 30-and oleng areagievel oped
range scatter FREPUHE BHERAR B theTibBkhn ot me AR BetolS

| ayer of resi StencBesi80r e doge profileVI®] toréedporkiothe ¥dbick Of tdth dedélbpedy position
i ncluding feature geonetry an ap spacing are again depicted along the

hori zont al10  resistfgatare 10. dhe width 96 sachxizvelopedinesist feature YY) ¢arresponsdsito thg dose

of FIG 2. The_ trenches .. .a 44 he .t ot al, dose profile 35
correspond to‘?”ﬂ (Prﬁ%qnﬁpéé,\%ersft1%3%1:ci'€e8&%itﬂ?eecl%mgtq%e ﬁ%%lks 45 correspond
to the gaps 15. Long coAtrske tomgideRt dosé BRIAS 19, FI6! 9§llustrates tHA6ta0864eNd dose

| evel 37 in high pattern density regions, such as high pattern

density regi orpr@ile 38ifghthp f¢ateren 18 ofiEIQ. |1, slaxyving theaactuapexposume emergiyons wher e
.the areas . that ~are exposeq to .the electro eam energy.are | ocated on
both sides of latrwﬂEﬁdlntothe@ﬁlanq@eddme FFSIsh, A ugHAE PIOKImYY SB%Ssed (e, o, |
feature 10¢l 0 t | Y

Qs %‘Bqtagﬁ tlgg&% tta.ﬁﬁ’e Qaher. Fhe total @)g/e quﬁgﬂfrg Ené?éﬁ fhifdahidd it

density regions, suc pattern densit pattern

f eat ure contr ahé layer efaesisids plosted of tisevptical exis, wititecthy pattein pdsitibn onal dose of
radi ation due to the scattering of electrons. Such reduced pattern feature
contrast, in¢lydigg feature geometry And gan-spacing ate agaipciepistedalong thehog

sensitive materia j f. . w39 3 ] e 39
shows that th S Qeéagé 8 (51 ?%x%@%dé%@@ig ﬂgeocslgg@gfeho? é(;ogﬂé:{aé[' t2 é?%%é‘{cgl(%??%ns in
2. gh pattern dagadlof thedtadddse prafileIs dokrespon@o the features 10 of FIG. 1, while

20 ~ the peaks 45 correspond to the gaps 15. Long range scatter creates a large

ks background dose level 37 in high pattern density regions, such as high pattern
density region 38. High pattern density regions are pattern regions where the areas
. that are exposed to the electron beam energy are located on both sides of a much

smaller pattern area that is not exposed (e. g., feature 10 located between two gaps

25  15). Thus, for high pattern density regions, such as high pattern density region 38,
pattern feature contrast is reduced, since such areas receive an additional dose of
radiation due to the scattering of electrons.- Such reduced pattern feature contrast,
is depicted for an undeveloped layer of electron beam sensitive material, by
difference 39 shown on FIG. 3. Difference 39 shows that the increased exposure

30  dose due to scattered electrons in high pattern density regions, has shifted the



anount of exposure energy received at trench 43, to be nuch nearer to the

val ue of the clearing dose 20, than.for a |ow pattern density region,
such as | ow pattern density region 212. Long range scatter has a
negligible effect on the pattern feature contrast in |ow pattern

densi Yt €91 Ot of Sebiud tnéte) REERAA SP A Ay e mbhiEfcirer Ty e MuATOUT

of exposure ener he resist [ayer

bottom of the thé¢ cleatvgsdabé 20 thyn Sdrlagbwpatte:lnaieﬁsnty mgidﬁﬁsmhaanomgamﬁe 20. For
a devel orfged | ayer of electron beam sensitive material (not shown),
pattern feat urdgnsity regw@dtzt Lag rangescatter hava pegligihle pffection thepattem ferivee s

bet ween UNeXpPoss f éf{(ﬂcg?gégens% regu;nes%sssthow'g rdxﬁ$ erefices m%t"i} agﬂ 42[ \ghhelsé

original dep03|.

modi ficatign Rﬁ@&hﬂhﬂﬂbf @i‘céc%ﬁie éiﬁfgyeiﬁﬁbdlfbe&'i:ﬁé 'tﬂeefes':igb layer has shihted het he dose
nodi fication proximt ect correction nethod has been per f or ned

for the feat urbetio trenches#4 only Blighthnelosar ¢elthercldadiog dosto(k Fof a
exposure ener i.ntroduce n he undevel oped re | ayer otted on
the Vor Hereipbidiags: ogﬁir i b BESRYGRH A B B, eorh Sede

geonetry and I I'S.
Cl earing doseg%gtr?ég@?%ent I ca l?%&tlﬂ ﬂacg{?l?% &H&eﬁbﬁdﬁ%’sé&%@?&étﬁg The
trenches 60 ofresistdgyenasicémpartd tnthpir oxiginal depefsﬂ:&bttucknessemt i on profile

50 correspond to the ra| sed features 10 of FIG 1, while the peaks 55
correspond® o the gdfis4 ilipstrates a,doss modidication prewimifineifeck prrFesiion piaifle 58,

I ntroduced wheréa‘ﬁlr ?ilflﬁe %ﬁlﬂ%ﬁﬁ&ﬁp&ﬁﬁny%ﬁ:ﬁo ‘aogm % Qr?se level for

the resist |ayer ensity reg |on surroundlng

trench 60. Th@aeﬁ'@hﬁ&fﬁri&d’e&ﬂ@s@ﬁm&ﬁﬂG 1. Thefribﬁlfﬁﬂlﬂﬂdﬁitﬂbﬁp@ﬁ layer of
el ectron beam sensitive naterial, as depicted di fference 57, is

| arger than dieKpesushenergointraduged intg thejmiewgloaedj@énsblas@ is plottad on the
exposure dose _attrjbutable to _backs atte rons_introduced into the
oot ot RSPl 35, A P B R i o RS R et

nodi ficatign RrdIdpitéd aldhg ﬁﬁtho?ﬁbﬁtﬁpzbhé) T16R{n3 Ydsé tcb iﬁaéxﬁfcﬁﬂto'tﬂe cleanngEI G 4

ot

enpl oys an iterative scheme utilizing an equation, such for exanpl e,

equation (1), dospofd&léntdi hhe uetmhes]@mﬁdbsogm;hﬁcatmamapnmitysffamqommmel ating

t he i nci de d backs at er ed ; .

6 pro 11e%ﬂ correspon to the rgﬁfrf gé ral)% 4g[fa‘[lgr },]wliulqjht: peglqgé(s r-r'l)
(1) correspond to the gaps 15. The modified incident dose energy level 56, introduced

across the peaks 55, reduces the background dose level for the resist layer in the
20  high pattern density region 62 surrounding trench 60. The pattern feature contrast
for an undeveloped layer of electron beam sensitive material, as depicted by
difference 57, is larger than difference 39 in FIG. 3, due to a decrease in the
- expo;sure dose attributable to backscattered electrons introduced into the resist
layer of feature 10, at trench 60.
25 The dose modification proximity effect correction method illustrated in
FIG. 4 employs an iterative scheme utilizing an equation, such as, for example,
equation (1), representing a phenomenological transport equation, relating the

incident and backscattered doses as:



whér'e Dr(r) represents the resultant (total) exposure dose received at

position r, including scatter; Di(r).represents the incident exposure
dose at position r; and the 5 i ntegral represents the sum of doses
received at position r from adjacent positions r due to

backscattering. (See, "Effici = el [ proyy mty gffect
correction", J. Vac. Sci. Tec?ﬁ@?l.ﬂérﬁlfgi){gag@ﬁwc 195’3, aut ﬁo? ed by T. R
Groves and incorporated herein by reference). Dose nodification nethods

sol ve equation (1) by first designating a desired _r%ful tant dose D,
greater than twierd D (r)iepres¢nisjthg sesultprir(tatal} exposurg doproreasivest MRFR@Fot al dose

illustrated in FEl 3 n en ' s Qe s '
required to pr‘B@H@é‘gt‘sﬁ%%Eggikrg ﬁ%ﬁ’%sﬁntfé‘geﬁig?@%‘{“r%é%& 4% ag@ﬁ%%(se{gé?\l}@he

i terations sar emfégfafl AprEdntd Thd dunbbf do¥By RCEI9ed arpdsitidatifiom adjacenspasitiensdose,
at which all of the pattern features are then uniformy exposed

X[ (e.
g., nodified ihdiekeriacksostteringy(SeestEMiniencytefalestranrhsam proximiyatiects of FI G
4). 15 Basically, th boye descrj he 0 di fisgation oxigity effect
correction com%@%di&ué&-dm gcﬁggbi}%éf s]edgﬁnalﬁﬁ‘ﬁﬁgbﬁﬁgrn density
regi ons by ex ' ; ' | | hdl§it t H@Siewe dose,
t hus, w deni nggﬁh’gg%dslgc%lggﬁtémﬁgtb y\z%t%&g )gi\%grgg%lﬁgﬁ?ﬁumnggposed areas of

the layer of elquatisof])bedirstiesighitinge desired resuliamt doserld], grestecthay thehe dermands
on resist contrast. Reducing the demands gn reii st 20 coﬁéggt gltﬁ evi at es
ot her pr obl0ensclearingsiose bt lossthan the upeprresteddotabdose dllystrateddn and then

the surface of a s %g regﬁgﬁ#ﬁtﬁgeﬁreg%g{@rhmé%@n?& Sgg\fggmog@_ttern

features intr ot

nges I ' NCl e energy as well as
to chang@gckdiivieiRrdlivns BRi REformed gntil D; kOnverges antl iddneifidey singlerdose,, and
t he concentration and tenperature for the devel opnment sol ution)

associ at ed wi tdt which albotthe patiern festuregarethen wnifoembyorxpgesdn sensitive resi st

mat eri al . . wever,. as, f ure dimensi ' ity
effect corr ectqeoﬁ's“m}fteﬁ mcident dgsg k‘i‘“ﬁ%r"?ﬁ%‘ﬁ%ﬁa"?@% r%é%tl&%gg \_X’ggir)lé'e posed
and unexpoed Bi&dahy e Abb/@iscried dose molifR&ié:dproRizsify 6Bt tbiractiones| st
such as dose nodificCation nmethods, are not sufficient for critical

di mensi on contmethod feducesthk backgemmidaivse brhigh pattesh density gegipms by exposing
7 linewidth differences of a feature desid redthe(éorrggr ed to the
devel oped the resist }5ige B lOV LRSI EXBPSUH A0Se S PRGNS e P 8, jevel oped

feature, the ShétREerPdiL exposed and unexposed areas of the layer of electron beam sensitive

resist, and reducing the demands on resist contrast. Reducing the demands on resist

20  contrast alleviates other problems associated with the formation of resist features
on the surface of a substrate, such as deformations in the developed pattern
features introduced by small changes to the incident dose energy as well as to
. chaf;ges in the parémeters (e.g., the time of the development, and the concentration
and temperature for the development solution) associated with the development of
25 the electron beam sensitive resist material.
However, as feature dimensions shrink proximity effect corrections which
only improve the contrast between exposed and unexposed areas of a layer of
electron beam sensitive resist, such as dose modification methods, are not

sufficient for critical dimension control. Critical dimension control refers to the



the' resist wall is deternined by the scattering characteristics in the

resist and the bl ur of the incident el ectron beam (short range
scatter). The scattering effects 5 attfibutable to el ectron-resist
i nteractions and el ectron beam blur are greater at the top .of a

resi st feature, ' ' f in these
areas, and pro%e%{aggldelifg%éﬁe??f g%%&gra%)? g%é{s ﬂor@ﬁ’aggdvfé tlﬁéea 5033%9 h w der

di mensi ons linevAtith! diflehsiBsSof the iheXeatuhee For afiievERped fRaturd, e $10pEof

materi al s) such as, for exanple, an undevel oped submicron feature

repr esent ed byths h@lq@ sallds deternyined bhﬂleﬁeattmng ¢hameteristics dn therresist@nd S

When the short sca C e smal | o.th m ni mum
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hear the as atmbu%fé ﬁ@&u@h&@ﬁallﬁeﬁcum%a%lmaﬁ béﬁabufr%xéﬂgreaasa RS
shrink, the short range scatter effects cannot be neglected. FIG 5A

illustrates thkep@ipméeaﬂmsﬁhps,miqrtamgﬁh&&dla‘tmn dase aﬁt}m\teslsrpndleselbm cron
feature conpar ee different re |l eye The

i nci dent dose @'ﬁ%’f @W{PWP?}B%E’&PSW@ lg"é’%kl t hgye Bﬁfa@g 'g‘ﬁ”‘der X‘““”B@S
sensitive resi 2k Yidn e dth
S depi c%e ong eﬂﬂ%“r Qg%)¥§§§1g§ﬂg n@}?:ﬁ&rhdgﬁ‘ F‘gcgln%saﬁ)r le?%fé ggal n

represents t heurideséldped submicroh dahirs gepiiesented Oy tife praks 2,174 apd 26 dMistfatede of
dose profile 70 is illustrated in FIG 20 5B, where the incident dose of

el ectron b@am‘@rﬁiﬁg? has beeni ntroduced into a | ayer of eI ectron beam

sensitive materi al t.h and
the pattern devel ope e"%}?%l? 8&‘“8%% g%%&g‘? a@ﬁ: rs%ed%é%? nmﬁlﬁumSA
corresponds t ofeRRfdsizd Sfike §&ter§4herﬁélﬂoi8tﬁe f&&ﬁ@&éﬂ%&o ddrhtbhﬁea&ﬂfé &t |ayer
of FIG : 5B. The valleys on each side of peaks 7 74, and 76

correspond t o designeddimensivps. Homever,iaa featutre dithensignd shrink, tmmrtdpm area 82,
84, and 86 corre s to th he re ective peak 7 4, and
e by fur ot g oot adiess saaal e Bealedied, FIG, SA ififbialeS W Sipnitee B eieeqreélg o;
th th

an the cjsearg,p ﬁﬁ’&%l%ged SubRBR NG flns &h@%ﬁﬁ%ﬂﬁ’& Jx Le'ﬁi b?c?lgr B es for

poi nt bel ow t hi s evel S resi st renalni reon.
peaks 72, expdsure tevalse Theoincident dose knergy inttoduesddnto thata_yer sbdédtrn, so as
t he i nci dent dose or the 30 é&ack ground |l evel is_ yaried, the pojnt at

whi ch the cl edi@mgeastixe resiskisplotied anibe yertical axis, while the featups; ¥ changes,
creating open anpl e,
t he open area %@E@%aégnc%glr%ggggﬂlﬁ%xg ?’ﬁeﬁ@ﬁ%@%hﬁ%%%ﬁrﬁ elétsstth bae ground

clearing dose 20. A pattern representative of dose profile 70 is 111ustrated in FIG.

20 5B, where the incident dose of electron beam energy has beenintroduced into a
layer of electron beam sensitive material 81 located on the surface of a substrate 80
and the pattern developed. The top of each peak 72, 74, and 76 in FIG. 5A
. corr;esponds to open areas 82, 84, and 86 respectively, in the resist layer of FIG.
' 5B. The valleys on -each side of peaks 72, 74, and 76 correspond to the resist
25 material 81. The width of each open area 82,' 84, and 86 corresponds to the width
of the respedtive peak 72, 74, and 76 bifurcated by the clearing dose 20. Any point
that receives more than the clearing dose 20 is completely cleared of resist and any
point below this level has resist remaining thereon. The wall profiles for peaks 72,
74,76 are not vertical, due to short range scatter, so as the incident dose or the

30  background level is varied, the point at which the clearing dose intersects the wall



dose, peak 72, has dinensions larger than the open area 86 that corresponds

to the peak with the smaller background dose, peak 76. Thus, open-:
areas 82 and 86 are 5 w der and narro , respectively, than their as
desi gned di mensi ons. However, peak 74, which depicts the clearing dose

. 20 as intersecti t he background dos I l..at 1. - oi nt of
the dose prof p{oéﬁgel?agg?%greé % PR aé?aé§28§f4’\m8§§%th ‘gar%ﬁnﬁevﬁgélh%'n%@grg
equi val ent t0(3%(4]%1@,%9??&9&@982’ﬂiab'@orresg?nds to the peak Riththé thrgest baktgroahe used

to correct pr ty eftfects attributable to short 10 range scatter.
Bi asi ng ner el dosegperkt 72, hasdiernsianglargeo thagitbe dpen)area 6 thiatieamespsinds kothe

shapes to be exposed .in orde o correct for di cted di Si devi ati ons
expected in t Reakjuira thssmplles mdldiﬁe’@ : ,u?’f’pﬁnir.eﬁsw&%?n
feature affer . TR h BSdsQsighe D@ RnBiohs. Hawiveg adj ust s
(makes | ar%eryl?%émg\nﬁél?#& ’ b%#mmﬂ?gﬁht hé pat iﬂgl?\ fleaturesi S ex gsed I n

order to conpeegal4 which dépictsltherieariog dage 20 asdntetsectingithe backgroundsiose t r ange
scattering of electrons. A ngj opbl em encount er ed m%ri_pcorrecti ng

maj or _pr

for short randgvebaidhe balfwavrpomtaéﬁml%%ewﬂﬂﬁﬁ@é@?&OP?fh?fea B shape of
t he short range_exposure ptof ] f exanpl e, dose profile 70,
must be known %Pogglwqqgmga?é g?owgﬁggfsa‘@edtv%guef eature dinensions. It is
particularly Widdinemetholioareliséd 1o dolest protiatitynifieoss, atisibumbletth shakposur e
profile is dependent upon 20 resist properties, exposure tool prtﬁpert i es
and exposuoe cangeiscattenBiasing mesely adjysts (makes largergn smallendhe wigihe ok thent . 1 n

addi tion, biasjng changes the ttern density,. whi,ch . bIe ts the dose
O o B S R B 05 il S bion dylele

uti1izing dos g, iRl h Gl ddyeiped fhnisd. Wor BRINICISS a O in panérd Redrare aepCodur o5
may have to be repeated several times.” Accordingly, proximty effect
correction 25develgprharthas hdimarsionsofiBepumpbiasing adjasts (makesdarger) theswidgh

sought . Sum’rart%%of the I nvention i nvention

) The .pr.esent
is directed t@twhichithepatiorm fature i rXpesedda ordsy to °°mPe"ﬁ?t8>€‘?fr¥ﬁ? §“‘é“1"F‘é’8t s
ttribut t ' :
Scattor off ccreuio g3 the SEHPRIB0 oottty SEIARBE A WRAor oY 100 o

a encountered when correcting for short range scatter with biasingtechniques, isithdtsed
pattern feature, as a function of the dose height._ The dcise hei%&tl used
herei n ref er s theshape ofitheshes rnge expesutrarefilss sichias, fopexamplgsloge ﬁz‘,i at

L0 O 1T Nt ot e kRO bscRE s B o5 U Bl ERRGE0O' By o1 2

difficult to obtain this information, since the exposure profile is dependent upon

20  resist properties, exposure tool properties and exposure conditions, such as, for
> example, the beam current. In addition, biasing changes the pattern density, which
impacts the dose modification result, so that for proximity effect corrections
: utili;zing dose modification and biasing methods, both correction procedures may

have to be repeated several times. Accordingly, proximity effect correction

25  methods that are simple and accurate are still being sought.
Summary of the Invention

The present invention is directed to 2 method which compensates for

proximity effects attributable to both short range and long range scatter. Short

range scatter effects are reduced by designating the clearing dose for an edge of a



exanpl e, dose height is the difference between the-dose at the bottom and
the dose 5 at the top of a line on a dgse profile that corresponds to a
pattern feature edge. Since the dos@ hei ght is the difference between.
the two doses at the edge of a pattern feature, it follows that the

| f the t d dt t ' he . . d ight i t
than the ol cariad ABGER SR AR otdhe S el Jheaoss astpias ussd o' °F) 21
the clearing dQsé&in rEfRfs t8 1R WERrenkd biha 16{eSHr61eqn HR: dRE @ﬁe"‘rgﬁ%t ansldferet FI G

4, 10 the dose height is the difference in the dose enefgy between point
58 and poi nt 5gbints separatéde verticalglistincsrondhe edge oflagattenndeatoreelaenea f uncti on

-of the d hei ght i . ..ad { b th int at which th

o e 905 1o A Sore g AR B B 0% M S

th idth of t ' Lkl cal
T e e

di mensi on contr spec signed pattern 15
feat ure wi dt hsSince the dose height is therdifférengcbeswedntthe tvad dees at the edgesfuced by
adjusting the incident exposure dose individually at the edge of each

rai sed patt er npatiee fepture, it follown that the largen ofthe two dosgapgeditp determineghe As such,

“depending on t Ly tern, | res i.n an r.oundi ng
t he edges of ﬁ%ﬁ?‘?@tﬁsﬁ'ﬂ&%& ertﬁé Fleeﬁiﬁﬁé gc,)s%taﬂgrﬂ}ens&agfgﬁsftgﬁagg &ﬁééesdﬁ)féas 20
used to introdugethRitldafmgdoss. Fohexanailé, svith fefénée o points 58 dndy89onFIGEUECE I ON
beam sensitive resist, is potentially different at each edge of the

pattern felt urthe dosecheight is thgdifferennerin thefdose endrgye betwiren eopt S8asd goineS9.evel

at each edge a,pattern ature based on_.patferp .density is

advant ageous gﬁ&%ﬁ@"ﬁ%@k@é@ﬁﬁ@?ﬂ%@*ﬁé&@%@ of the ‘I°sﬁ£?:‘5§td_§ed. in high
pattern densi tyivantgsous BBchuss f g:tﬁﬁft‘iﬁﬁrﬁﬂh'ﬂ'ib IO g0 frflerSRRStht ¥dged of 22" e?i

e
| nproving resist contrast for b types of pattern areas.

one exanpl e ofpattem feetubodeterinindscthewixdth of therdeeelbperiresiststmoture, maad tled dose
profile is obtajphed for the pattern features to be introduced into a | ayer

of electron Ccrticadimensian spatrel ds maintained with resperd o\ he 2s designedingienon of t he
cl earing dl?se fe F{“et‘t}ﬁfhs el ectron beam sensitive resist and the dose

hei ght at t™he ‘edges of each raised 30 pattern feature. Thereafter, the

i nci dent dose of expafprafigestatienefftcRdrd Rdud¥dbyHdpsting the incident exposure

10 an imge of a pattern into a |layer of electron beam sensitive

material is adjoseinddvidually atithe efgiof nachimaiged pattern featureigs aifimetionef thach edge
of the patter npa.ftt(ea:farlxt &'ern(sait)"'i. SAsasufc ,n etpler?cﬁng on theoc{engig'eofd p%ﬁgm ez'ttgr% in an area

surrounding the edges of a particular pattern feature, the incident exposure dose

20 used to introduce an image of the pattern feature into a layer of electron beam
* sensitive resist, is potentially different at each edge of the pattern feature. The
adjustment of the incident exposure dose level at each edge of a pattern feature
: base:d on pattern density is advantageous because background dose levels are
decreased in high pattern density areas, and are increased in low pattern density
25  areas, improving resist contrast for both types of pattern areas.

In one example of the method of the present invention, an uncorrected dose
profile is obtained for the pattern features to be introduced into a layer of electron
beam sensitive material, including a determination of the clearing dose for the
electron beam sensitive resist and the dose height at the edges of eac.h raised

30 pattern feature. Thereafter, the incident dose of exposure energy used to introduce



The ‘i nci dent dose of - exposure energy is adjusted at each edge of the
pattern 5 feature by successively iterq I ng a phenonenol ogi cal transport

equation such as, for exanple, equation (2) relating the incident
dose, the long range scatter dose, and the short range scatter dose
as:

. . =k D) : adiblsbd ') Pb( r
-r ) (2 160 1mage %aegaéte& l(“ﬁ a lraggrr%fse(laer??gﬁt %mlé%%gﬁenr?giatg oési(%ag ?‘H‘r;}’tté{ie
el ectron beampgeRsighatityy theslearing dose forach 8t dftipdtieen featee secfumdticlose
profile; Di(r) represents the incident exposure dose at position r;
the integral mofgresdsaheighhe sum of the doses received at position r '
from adj acent positjions.r ue to backscatteri i i catter
15 spreading fun dﬂc‘?l"é’ﬁgg?e CEROWY® %,rgyaﬁéaﬁl%ﬁg{a g%#ﬂfag%%%g ggﬁs t he
correctionsfor { rhéioldpical tramipefileq@atton shibk ag,onst ant
k is an exis)reggainérr?bgfﬁ?%gﬁbaﬁtefaiﬁ?g?tpihgﬁé of tdi?éc dosepﬁeieght at which the
cl eari ng dose foi exaniphd, equationg2) fetating ske incident doe¢, dhe longgangespatter Heses hor t
range scattering correction constant k with a val ue wi thin the range
0 <k <1, ef faagmsérpptramgeoiﬁsﬁqrﬁ@sepﬁ nt where the clearing dose line 20
I ntersects the dose height, to be varied. Since, for pattern feature w dth
control, it is preferable for the clearing dose line to intersect the
dose height at the nidway pg('r)mkD;(t)Hiaizémiai)tmianué(iof k €)0.5.
The nethod of the present invention adjusts the incident dose of exposure
energy thrtl@ugh the selection of a value for constant k, which determ nes

the point 25 whe t he cl i i ' 0. :hei ght on a
dose' pr of i 1.6, WHere DRpSpreSeai ok gafiB2 Bots 05 s Era bhaln htRiLiRERin
Thereafter, thRpdifdd 6 thd@idrebted dose profRUD](Hdepreseptsatie ivideneexpobwet ed
clearing dose is determ ned from equation (25 wher e successive

i terations ar eloseatpmsition rutheiintegial represents the sumcofithe Joses recpived at positign 1,5t ed

i nci dent dose for introducj.n e J of the. patter ure edge into

the omp@gpe&posﬁg@s%&&tg%%%&\%l% ei"%@{s Nt exposur e

dose is then ryg He%ﬂfn? &on re%rese?x?éal'byf Siabit SonB@aEk Riprdsbiits @R dopfebtibeirur € and
fern

al so for each patt eature to be witten with the el ectron beam
t ool . the short range scattering of electrons. The constant k is an expression of the

fraction of the dose height at which the clearing dose line intersects the dose
height. As such, the short range scattering correction constant k with a value
within the range 0 <k < 1, effectively allows the point where the clearing dose line
20 intersects the dose height, to be varied. Since, for pattern feature width control, it is
preferable for the clearing &ose line to intersect the dose height at the midway
point, it is advantageous if k = 0.5.
*  The method of the present invention adjusts the incident dose of exposure
energy through the selection of a value for constant k, which determines the point
25  where the clearing dose line intersects the dose height on a dose profile,
representing the edge of the pattern feature. Thereafter, the incident dose D;
required to produce the selected clearing dose is determined from equation (2)
where successive iterations are performed until D; converges identifying the

adjusted incident dose for introducing the image of the pattern feature edge_into the



The met hod of the present invention optionally includes a calibration step
5 for obtaining the uncorrected exposurg dose profile which details a
conposite representation of |ong range and short range scatter effects
for a test pattern exposed and devel oped in a | ayer of electron beam
sensitive resisdic e ﬁﬁ:'e%sh{f%jlﬁﬁng the inSU&R ekpiistkidisse isthePrtpeat@fon | mage
of a test pattern |nt8 a [ayer” of electron beam sensitive material,
and, fol | owi ngatihfeathes edgeofiin patterr feetureand gisa foeeach pagtemficaturg todbe t he
resist feature parangters to o%t ain the clearing dose and the dose height.

Resi st f eettanavita theralectos bgamfonl for particul ar el ectron beam resi st
systens determ ned | | pe.at i of B tored
in a central pr ocesnrsqer{rgletgﬁﬂi {;f‘%ﬁb&%&%&&l&%bﬁ@(}eﬁiﬁ g?ag%s%ga}lﬁ%a{)ﬁgteﬁnci dent

dose ener gy OffoSstitaiamisané iicotfecietd @Rpgbaitd duse profile which details a cbirgpopisd t er n
features of the present nethod are osationally artitigned into a 15
plurality of gepreseatasion of langaangesndishertirgnge seatter gieds fr adsyi &US™ energy for

i nt r oduci i f h subsh i nt .of el ect
sonsitive . explf and eV fitat d AR Bt bk forhraR Ehsife HSE THRLGAON
desi gnating t @'E‘ep%aa&éﬁauﬁ&&%g an mégebf_s@&t&ﬁgaeggé a bdehofsleafoatRamas a

function of the dose height. o r | ects and features of the
present i nventsensitivé mhtetriel; and; folipaing the dxyelopment efithe test pasierm gnegsuring ed

TE1s Do b8 ureresishsarurn Bwaeler iagtait e Srasine dgee apdhe SBRIHEERAIS" "o
solely for PUrAsRSaPlmdrbds iStiifid: fhrtdfithr BRLGiPheAnIREISIsiofY deferinlied! I m L S
or I C rerer

of the ‘I'nvention, ence should be 'nade to the appended
cl ai ns. dRiring ftheDedibeadtiohistep avé optiomally steredgn2<entral processing gt (GPUY an
Il lustrative exanple of a design containing several feat

t b
exposed in el dadused fos adivsting theiincident dpserenergy of subsequent y%enzp%ttgrqshe dgse
file f th - ' ' .. . 1
O 1o il Bl AR AY e B s

FIG 3 illustrates exposure ener

el ectron 3@ béhapés. Theteafierithe incldent dust of espostirefenéigy for
12 IG 4 illustrates a prior _art dose nodificati,on

proximty eff dotrodusingan image of each sybsirape inte alayenef ¢lectron heamaensifive 1.

FIG 5A illustrates short .range scatter, eff f QL. L GlLQE ure
conparing t hr S851i1f F@Pﬁtﬁé for. _ P‘fﬁ?rﬂft e@%%%ﬁﬁa%telso&ffé%l%ﬁtﬁ‘m Eeiing Gc¥e
for each edge of each subshape, as a function of the dose height.

Other objects and features of the present invention will become apparent
20 from the following detailed description considered in conjunction with the
- accompanying drawings. It is to be understood, however, that the drawings are
designed solely for purposes of illustration and not as a definition of the limits of
_ the fnvention, for which reference should be made to the appended claims.
Brief Description of the Drawi
25 FIG.1isan illﬁstrative example of a design containing several features to

be exposed in electron beam sensitive resist;

FIG. 2 is the dose profile for the cross-section of the features shown in FIG.

FIG. 3 illustrates the total exposure energy that is introduced into electron

30 beam sensitive resist for the features of FIG. 1;



5 FIG 5B represents the pattern of FIG 5A which-has been exposed

and devel oped in a |l ayer of elect ro% beam sensitive resist;

FIG 6 is a block diagram of an el ectron beam | ithography system and

FIG 7 illustrates the disclosed dose nodification proximty effect
~correction profile gy 4tiﬁsstia€e§tag;rﬁ%aafdofé Siodificaridh proklRlif) difils LitRkctibR! | On

FIG 6 shows an illustrative application of the present “i nvention erein a

correction metprofileffor thp featiures 0f/Fi€F.flects is perforned utilizing an el ectron
beam I-ithogral%% system such as, for exanple, electron beam

| i t hography system 5Aillustratgs shext range seatter pifeqtnfpr 3 suhmicpen £aMWMY0 i ncl udes
conputer assis ' ' ' .ocessor data converter
104, post_prOcctgggagﬁﬁégg?e%%%%ﬁ%&g%ﬁe&@%ﬂe@%fﬁ%n nodul e 108, and

el ectron bgam'wr it iFIG. 5BQkpréseats the phitte?@ 6GPBIGFA Wwhichthas been expbicd dad

di scussed in conjunction wth the follow ng explanation of the disclosed
correction netdevelopest ingy laysrrafielecwen beans sengitvewresist; beam | i t hogr aphy system

ol ect ron beam 20 iCk Biths SgBAERs 8L EHERR Rt by shebEfidec gn
(CAD) unit, prepr OCF-IG'?'Qrillustrates@%ﬁs&%ﬂ%?%@?g%iﬁ%ﬂxﬁﬁﬁﬁ%ﬁec@”dOE;C’X' mty

correction nodul e are incorporated
enbodi nent of cotrectiongwefile fonthededtimenofiBiGhdd for proximity effects

i ncl udes the ep,, 0 engrating a geonetrical pattern containing features

to be 25 1°demngﬁlﬂ’% er of electron beam sensitive resist, _

utilizing a conput §GAg$hGwEsh i11ustratﬂ%%b9ﬂca@i€ﬁ?¥ﬂ{é;Brései'ED v rﬁﬁgﬂkﬁ&émﬁss' st ed
software W t a

desi gn (CAD) equi pnent, 1 ncorporating rdwar e usef ul

for the desi grofrectivaihethod ferairoxiiityi effeets ¢Cperformbé atilizing an kletiobenphy
systens are well known, an exanple of which includes AutoCad. Comput er

assi sted desi dithegzaphy system, such 35, %y Fxrasplponlection beamdithegraphyysiestidr 30
data convert eigdrin Bk InSBbH stetn FRY thbibel oripher 4SRGEL Gt (RS © "

dat a

gener at ed 1py tun@ 1020 bréprocesstt dat@catlverted 104y poyt-protessdanes, prukisiig each

subshape has _a specified size. For exanple, a line pattern generated
‘with the conpepgectiongnedulel 108, and elestrpn heanrrmiting toal 113 Suchcomponemipags ons  of
1.0 pmx 0.5 artiti.onable. in

of 07T pmx o'V et i ESuigofity s llgang PARRSE of i S ™! O

correction method for proximity effects. Electron beam lithography system 100

optionally couples a central processing unit (CPU) (not shown) to electron beam
20  writing tool 112, where the computer assisted design (CAD) unit, preprocessor
data converter, post-processor, and proximity correction module are incorporated
in the CPU.
*  One embodiment of the present correction method for proximity effects
includes the step of generating a geometrical pattern containing features to be
25 developed in a layer of electron beam sensitive resist, utilizing a computer assisted
design (CAD) unit 102. Computer assisted design (CAD) equipment, incorporating
software with hardware useful for the design of pattern features in electron beam
lithography systems are well known, an example of which includes AutoCad.
Computer assisted design (CAD) unit 102 provides pattern data to preprocessor

30 data converter 104, which optionally partitions the geometrical pattern data



5 " address size (dianeter)- for the el ectron beam of an el ectron beam

writing tool. For t he exanpl e descrkped above, the dinensions of each
subshape are identical. However, subshapes need not have uniform
geonetri es and the di mensions of i ndi vi dual subshapes are vari abl e.

Geonetrical pa i | |1 -ovi.ded Leprocessor data
converter 104 é%?f)a@egcﬂ@a%ei rﬁ%?‘%‘ggrgg(a r%‘frgfé é’xfﬁ‘?"s\‘kﬁ%erse‘”llé{g e%‘ é%‘bgﬁﬁ?f’ nd
(not shown) i sa gsesifitddideOF Sexafipld, Bdihe Pattdin Beredtbd Mth RROSRESItEhssiBled, OF
CAD equi pnent . Partitioned or unpartitioned pattern data is

provi ded to podasigm(EAd)sunit HPdhaving dimensionsmfd gl wwes b pnistpartisiomabletinto 104,
whi ch functiong, t ther with. proxim correction nodule 108 to
et er i ne. t he. ThibaEAReS it AisRrRionao & 1inm £ Qdhice: Hhichas P Rl he
geonetri cals Pajddpds siz8 WidfmBeer) 10F Me@ldciBR bedth oLAEELERIN REAI '%vﬁﬁg%gfo%‘f%r
resist. First, post-processor 106 uses the pattern data provi y

pr e- processor the examplatdasaribed ebdve; the@imensienslof back sabsHape nrel idertival. pr operti es

of the electron beam | i t hography system The post-processor 106
cal i bration rrelflﬂ‘da"qrﬂbmsmﬁﬁve um%m(ggpmgmgynqmdgggnsgﬁnsgﬁeci fic

pattern shapes..i -ﬁ]ail r Lty . i aiih the
e-beamwiti nng {(y(l) i‘g’@@ﬁé Q%eo\f‘a}r@'\émfehgg?‘ﬂée‘tﬁggj) g &%Br%{rétqs épu?r%ag@ p%w&é&
pattern, neasuplprgprotessoraiatasdontertsr104 shroGgipdi inteifade (ob sligvidoiigste theposur e
dose profile which includes both | ong and short range scatter effects

and whi ch 10s remote edrfnpishopm) isassuragditehiederminated insacentra} proeessingmmit, o3, as
previ ously di s(gg_f)sed. Th% el ectron beam sensitive resist features to
be determ ned Tl |er%u%eél ‘cal i bration 25 process include the clearing dose
and the dose hei ghtpaiitiGedbrepftifbndBsatteRPdatL£1s Provided tolpRS{proBesséPiogonal |y,
resist feature paranmeters useful for particul ar "el ectron beam resi st
syst ens, det erfromeuepiorassny data converter 104t wihinh finetions tegatherwith proximity

post - processor . 10Q ¢t e ysed for suhgequently wjtten patterns.

14 correcson mpdue 108 o B&EGng tetirident dheretid GurRdt 8 ot o
necessary fsor ; PHogeBl %péﬁtﬁ ' I [ =Te] ik NCi dent
exposur e dosge ltlanr?g(regy eghltﬁg’e € tg&fe%{tﬁfo uceaqg%&?fngfgeu%?bﬁs%ﬁvgrn

f eat ures i nt o msikaRirst,goseprocessarildisases the pattaradaiatprovddedlsy pie;prodessarby
correcting for_effects attributable to |ong range and short 5 range

scattering. Colataeqnverier ¥igtogakibrate sheyreleyvapipr eyRfrthe elgefron Beam t er | do not
" to b . . ’ o . e
nrec O Pl b gt SRRNE Phepadk BrdCEREE IO uBfBimdthod BhRBL G GBRAE" | O1°

both types of (writing) the set of specific pattern shapes into a layer of electron beam sensitive

20 resist with the e-beam writing tool 112, and following the development of the
ER pattern, measuring the resist features to obtain an uncorrected exposure dose
profile which includes both long and short range scatter effects and which is
. similar to, for example, the dose profile of FIG. 3, as previously discussed. The
electron beam sensitive resist features to be determined during the calibration
25  process include the clearing dose and the dose height at each edge of each pattern
feature. Optionally, resist feature parameters useful for particular electron beam
resist systems, determined during this calibration step are stored in post-processor

106 to be used for subsequently written patterns.



scattering effects in a straightforward manner. Furthernore, the details of
the short range scatter exposure profile, which are, for exanple,
depicted in FIG 5, are not 10 necessary. The di scl osed dose
nodi fication proximty effect correction method adjusts t he incident

 dose of exposure el Gl SlootlanALlibioBRSH BALAGL OBIE nBlesRf fxedge of

the pattern feature eratirng a phenoneno cal transport

equation profihiforetiortmadilt 208,26 ddjubtahie (néjdenbtpoburg dbieeeriergy dent
exposure dose, the long 15 range scatter dose, and the short range scatter
dose as: needed to introduce an image of the pattern featyrqsripto laygr(f plectrpn ggam pj ()

Po( r - r) (2) .. .. Where r)_repr nEs.athe ¢ ' t he
el ectron beam s§é"ﬁ§ﬁ feyist: F@g?qytco%cﬁn%ﬁg 5&%@‘53‘ bélﬁ?eql#eoelﬁﬁ% ga?‘ Igggﬁcgaﬁ Dose
profile deter %ﬁ%&k ' RS ForHole RBE inge and shér@ldnBe adatter) dotrop; Di ()
representstst he 1 C|cg%gnr%&g>c<:%§§%re doose at %osigteiagns.r; thg .. integral
represents t hehaveo bé perfoemdd semmratelypAs ilescrihed belewaif gertain conditiensare nt

positions r due to backscattering,. .inc¢luding.the hackscatter spreading
function maigigined dhis P9ssifle Igb?‘%ﬁh‘&e @l?rfé‘ipé CW‘?‘%WE%’;E??[‘% g%pﬁ%géor rection

for the short cht@‘gﬁrg%%ectsqﬁ Qtsfrﬁg: t‘f&vﬁ&d flafifdr” Pitthermore, the details of tH&hSAON 1
ant I'S an expression of the

range scatteri'ng correction const
fraction of thangosetdexgbsurs\brfite, Whichcdre ot exqmiids eepicted in FlGr $eact sott he
dose hei ght representing the edge of a pattern feature. Constant k
has a val U@ winegéssamyhe r ange 0 <k <1, thus, effectively allow ng

the point where the.cl gani ' . . . . st
(e poi nt wher et here) Gghb8 A8 Bl Sop rgxipley ofpt sprction metod adfuts
scattering corgegddidit dose of €RpSsuR ¥nerdy, fof lprtitiined paftém datacht tachedgeiof he
preci se shape of the short range scatter energy distribution, when k =

0.5, since t hithe patterhéeapae by sutnsssivaly demating A pbenomenologicah ransppe $qpations ¢
feature has di nepsi gns equi val ent to t as, designed val Far exanpl e,
the exposure &@E%%&?’Ta&p&’fﬁ QPHKQ}WE‘%BE e igFid n‘ceﬁpﬁ%ﬁ#g?sr?’ S i s
described mt hapgt LGAL] d6s8%nd the short range scatter dose as:

[=3

DM =kDM+[ D pp -/ D @

where D (r) represents the clearing dose for the electron beam sensitive resist
20  obtained from the uncorrected dose profile determined during the post-processor
calibration step; Dj(r) represents the incident exposure dose at position r; the
integral represents the sum of the doses at position r received from adjacent -
, posﬁions ¢ due to backscattering, including the backscatter spreading function
represented by p,; and constant k represents the correction for the short range
25  scattering of electrons.
The short range scattering correction bonstanf k is an expression of the
fraction of the dose height where the clearing dose line intersects the dose height
representing the edge of a pattern feature. Constant k has a value within the range

| 0 <k < 1, thus, effectively allowing the point where the clearing dose line



D(X) =P(x') [err](x-x) dx' (3) 10 where P(x) is the short range

scatter distribution function and [err] is the step function. Since
the step function [err](x-x") equals 1 at~the edge of a pattern feature,
equation (3) sinplifies to D( x)

=[P(x) d . . ' : :
di stribution AOREEFARS s hefeiiin B e T R 3fee S3fbrind GRERARETT L
radial |y symmelohiantaR, dlinigaiesiHeqited ) know the preRiselshape of the\btitrahgy schttérs t he

short range scatter i ng wi dth. Thus, equations (4) and (5) are used to
det er mi ne D( x)energy distribgtion, fwhep &i=nf.5 sinastthishis the printiwhgrecthe addth ofge to short
range scajter egual zero., Wen x.= 0, equal]o 4) redyces t X) =
0. 5. :D_hy_si cal Le velopedresist éa%%}g&s ‘ﬁﬂﬁ?SI?W§q§Wgr°PE *oatﬁaés é%séﬁqegrv F‘ﬁi‘@ EP P(ec% s
are el i mnat ed gb th eheAbENRY d0QI AR D(x), for thE BAEGTRALN atflds feaklirels | € for
the edge of a patlpel’n fegture. Asrj?alres(ﬁ?’t?rthe cl eari nga dose shoul d

I nt er sect eachieschibedahatherpatically ms,f eat ure hal fway through the dose

profile, in order to correct for short range scatter, which is also the
poi nt at which k 16

= 0.5 and where the widths of the dev%&yg@wﬁ&,&_ﬂw ures h@;\je di nensi ons

10  where P(x/ ) is the short range scatter distribution function and CD(x-x’ ) is the step
function. Since the step function CD(x-x/) equals 1 at the edge of a pattern feature,

| equation (3) simplifies to

D(x) =/ P() d¥ . @
15
A typical short range scatter distribution function is mathematically represented as
Gaussian and radially symmetric as in equation (5),
-(fof)
20 PE)=(1/0f)e , )

where o is the short range scattering width. Thus, equations (4) and (5) are used to
: detei'mine D(x), at x = 0, the point at which proximity effects due to short range
scatter equal zero. When x = 0, equation (4) reduces to D(x) = 0.5. Physically, this
25  means that the short range scattering effects are eliminated at the halfway point of
the exposure dose profile for the edge of a pattern feature. As a result, the clearing
dose should intersect each edge of a pattern feature halfway through the dose

profile, in order to correct for short range scatter, which is also the point at which k



equi val ent to the as desi gned val ue. : The di scl osed dose

nodi fication nethod determ nes the adjusted incident dose, Di, needed
to expose a particular edge of the pattern feature, by designating a 5
val ue for constant k and then soI vi ng equation (2) utilizi ng the cl earing

dose deter | tored in

' post - processor eret&%gv%}g? ?E %r&%at&“sﬁ&erﬁ%e porrlsrstt at which
the clearing Qqﬁﬁal@h“oth@tl@d@ Edvalue the dose hei ght on a dose profile and
determ nes the w dth of the subsequently devel oped pattern feature.

Successi ve iterati dite ChscéOSpédOwrm@tﬂﬁmtmm@hO‘téﬁmlg@s‘h&@dluﬁﬂ@lftctﬁ?ﬁt ifies

th dent d t f Thi
of “ad] ust i ng (R8S hciesen DoBOw A Brigia st ohBR el didirert) SlieRfBEg,
the patt Qfaﬂleffﬁﬁédﬂsﬁncﬁ%ﬁ%eﬁéoﬁnﬁ’éj&ﬂﬁngﬁ (B%ﬂizﬁ%&h@él@aﬂ@adddée to be

witten with the t’ron beamwTting tool After
the adj usted idetermiémed dampgshcrcmhﬂmenstep, (u'aupltlomibestmd énpost-peacesson106.5

module 0w vaine of phaichi S Heitat PORBIE Hrrhe Rt R ool
L2 B ot ron A nefe ol dpddiona Wbl S8l bt smaﬁfenay i mage of

the pattern features ectron beam sensitive resist.
Thus, instead develd tfegn featuind. Sutcesieaiterationssdra gerformed uatiDpgineeigesi dent
exposure dose as illustrated in FIG 4, which is reé) ?ent atjve of 20

prior art Mfet Hodidentifies thedneident dosestor sxpasing thatiedee o be i3 BESESe to
bot h | sh t dent
exposur o dose feBaEE Bindaek ol b rolonk i e?‘gti‘%g of B g dose

i ntersects theafeiefestind 4 fBﬁﬂtE%HQesfdff%hoH% tiafn feature tocbefwiritedn with te t he dose
hei ght, as shown in FIG 7. G 7 illustrates an adjusted

dose profile Z@tronfpears writingtogklldsed dose 25 nodi fication proximty
FI G 1. The- ad] ust oueribs BURSHGEMEDH EROyEr deredateeh gy of eREiRaT 10
undevel opegd reﬁétﬁfe Had¥8én ?eetﬂhﬁé& S6cHhtd ﬁ%oiﬁ%ﬂéd fifproRifkify comRBtidhmoRdtet er n

posi tion I ncluding feature geonetry and gap spacing are depi cted

al ong the hor i108nindIsubseiysently providd toeelectmndieem »ﬁitﬁlgjbohl;ﬁlrﬁiwu’oubs@npr ofile
200 correspond to the rai sed featur 10 30 (% eaks.
204 cor r espondviiting el bla?p@eﬁﬂel‘rlﬁ@ § 80 jmage o

17 of electron beam sensitive resist. Thus, instead of exposing a pattern feature using

Al e
the pattem features izt aqay T

a single incident exposure dose as illustrated in FIG. 4, which is representative of
20  prior art methods, the disclosed method corrects effects attributable to both long
range and short range scatter by varying the incident exposure dose across each
| pattern feature so that the clearing dose intersects the edge of the pattern feature as
. a fufiction of the dose height, as shown in FIG. 7.
FIG. 7 illustrates an adjusted dose profile 200, where the disclosed dose
25  modification proximity effect correction method has been performed for the
features 10 of FIG. 1. The adjusted incident dose energy introduced into the
undeveloped resist latyer is plotted on the vertical axis, and the pattern position
including feature geometry and gap spacing are depicted along the horizontal axis. -
The trenches 216 of adjusted dose profile 200 correspond to the raised features 10
30 of FIG. 1, while the peaks 204 correspond to the gaps 15. The solid line



i ntersecting each trench 216 is the cleari ng dose 202. Differences 206,

208, and 210 represent the dose heigpts for the edges of each trench
216. The adjusted i nci dent exposure dose 212 is varied across each
peak 204, while the clearing dose 202 line bifurcates each edge of

~each pattern f %%r%cﬁggga t{'#l@ﬁ&!@ E)L’ tgé cl%%gnggfsg Zpé Difpféngg% %Oed, Qoé,%dexarrpl €

depicted in Fl nstan . curation o .
corrected inci gE0epftaent the ddsehieights forthk REgdsfieacH tréiRh 226 Biedlj@idédve of the
cl earing _dose 202 bei ng positioned exactly haIf-maY al ong each edge
of each f eat urincidgnt exposure ¢ ri8 weriaghacriss Laghepeak 204,00hilenbe clearing ddse,

T

correction gret Raegh1RShE eRdinple Aepicleth FIG. 7, c¥stdnt g?@&%&&&ﬁ&fgnﬁﬁ%ﬁ of an

unpartitioned pattern feature, the above describ method is al so

appl i cabl e t o gmrectediincideht dase By nesultstin thefFsolid fliat representative ofithe cleagnpeen
partitioned into urality of_ subshapes, the disclosed dqgse nodjfication
met hod aéqssipggmgno PRehexag Ealgwa&ﬁﬂegm% yacﬁxf%etmﬂbdge of a
subshape by 15 | ' ' i '

di scussed. mclgpfeﬁéﬁgﬁ%gﬁ%ed&ﬁﬁ’ Pﬁg’lagglr# b’e‘?‘%%é u@}aé?o(?%@g&?%l?vozg%ﬁs edge of

each subshape deigneddimésiotrwidtador édeh of the featd@sa0j S conpiled in proximty
correction nodule 108 and subsequently provided to el ectron beam

witing to¥ 112, f ¥hiledecedisclpsed paordimityefiept cormgetionmethed has beendgseribed m

sensitive resi - I I ur n S{ 00 hat
while the pr es‘z’m’ l-?%E\e/cetrtl: F%crtll eﬁiges O%QEQP%&&%%Q%EW ge:agn?ﬁhggﬁcgi{eec% %'qug an

il lustrative empmddléo appilidable & pAIHENERPafteriBl4ta. For patiefn 84t @iz Rhs bent hose
of ordinary skill in the art. For exanple, while the disclosed

enbodi ment  cal partitiensd intoa plizality ofpubishapes, thel disclosgd dogsrmodifieatiinogetbad
transport .equati.on.to . relgte the incident .and scattered doses, other
equations i ncoefdé‘t‘#sa h’b‘“‘%‘? dgieacﬁieép%s&reamrgynactieagh?&jgaggéguﬁsgﬁp% _

| mpl enent efs  successively iterating eqthtdr2) as previously discusséd. OfdetREadjféte# Or r €Cti Ng
proximty effects in an e-beamlit hogra%hy system the nmethod

conpri si ng t heinsidemtsexpbsure dose for each edge of each subshape has been determined, the

data is compiled in proximity correction module 108 and subsequently provided to
electron beam writing tool 112, for later introduction into a layer of electron beam
sensitive resist.
20 It should, of course, be understood that while the present invention has
been described in reference to an illustrative embodiment, other arrangements may
be apparent to those of ordinary skill in the art. For exaﬁmple, while the disclosed
. embodiment calculates the clearing dose utilizing a phenomenological transport
equation to relate the incident and scattered doses, other equations incorporating

25  scattered and incident doses can be implemented.



appl'ying an el ectron beam sensitive resist materi al DZQ% QHEEHbHI\SEBEEN
i.ntroducing an imageof & pattern into thleg el ectron A Ee resj st
e oduee

5 material, vvherelnth ' radi ati on used ta Tnirodue e—the

i mage of the pat jﬂl‘!ﬂh Fﬂi““‘g ﬂml st material is adjusted by

obt ai ning an esof * the pattern, determning a dose
hei ght t hat corresponds to each edge of a feature in sai d pattern,

deterni ning a cl earl. Metlimisﬁ:rtorre@melpr@ﬂmme@feefdgéén ebeamdithagganye as a
function of said d0§16 hﬁhg‘i] and t{gﬁntedet rmning an incident dose of
radiation 10 SYB&@etcdp FRmpsE 3 858 and _ devel opi ng the
| mage of said Pl ! GioBlying an electron beam RnsiberdiRt HRGeh! o48kMulstraner ei n sai d
- exposure dose profi IS %It)t al ned froma calibration process

conprising the steqdatroducirgan image oﬁpphmmgltamheelmmam@ammm@sxst ve
resist material onto a substrat

test pattefn imsterialhwheregcie &Flfﬁééﬁ?%eéﬁéﬁ‘?w ‘%Sﬁé F‘gg‘%h“ the 1magegoeftﬁ)
devel oping the h%ﬁgﬁ&g?&%& “I(?gs &aifd ﬁféaclyyaﬁb‘i!almngta{l exposure @(ﬁ%‘?ﬁ@ﬁl@ opg the

dose hei ght arfly or-sal d-test

el ectron beamtﬁ@ﬁ&térh \Rter@ifig a dosetidight that corresponds to eaclBedg'Ehﬁ'arfedthmdnof
claim1,wherein said exposure dose profile is defin y. the Gaussi an

equation, [er rs]ald pastern, deterrmmm elegring dasg fonrach ﬂfﬁaﬂd P%E?@ ef g’@afﬁtlé‘ie asa

O o 0 S 5 B o G o0 =
Incident dgse Qfed @ﬁﬂna&xé €Raring dose; and

developing the image of said pattern.

2. The method of claim 1, wherein said exposure dose profile is obtained
from a calibration process comprising the steps of:
15 applying an electron beam sensitive resist material onto a substrate;
introducing an image of a test pattern into the electron beam sensitive resist
material;
developing the image of said test pattern; and _
determining the dose height and the clearing dose for said test pattern in the

20 electron beam sensitive resist material.

¥ 3. The method of claim 1, wherein said dose profile is defined by the
Gaussian equation,
-(’fof)
25 P(x)=(1/0¢)e.

4. The method of claim 3, wherein the incident dose of radiation is

determined from, Dr) = kDy(r) + | &%’ D; () py (£ -7 |).
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| 111111 111111 1 fod of
claim3, wherein WHII ﬁ Hﬂlm of ra pation is TH& SHE{E‘hgésfm Dr(r)
= kDi (r) +[ d[err , ere Dr(r |sthFa° LACERr i n ose
for the electron beamsenS|t|ve reS|st material, Br{T) 1S the incident .
dose of radiation r odyc B ecryr' Di(r) pb
( r-r ) is the sum 0?{" H’(?H}?gsoﬁ i’ |%ngl§lg%'é&l€eg;3§%?6p%gﬁ %l !)n r from
adj acent positions r due to backscatterl ng, pb is the backscatter
spreading function, and k is the correction for the short rage scatter of
the radiation. 6. The method of claim 4, wherelthle =Y¥.-hod of claim 4, wherein k is

within the range 0 < k < 1. 6. The rrethod of claimd4,
wherein k = 0.5. ' 7. The nethod of claim1l1, wherein the
cl earing dgse i s th)eTﬁ@h’:éﬁxo‘&rbftchﬁmqo%ei%'ix?ﬁie'c&ahﬂéﬁoée‘]&ﬂ{e&%@ﬁesoridhe dose

hei ght at the hal fway pol nt . The nethod of claima1,

wher ei n each fd@eépﬂoﬁldmadnwrsteﬂthmdmseélemhmﬁhchglf\MdypmMShapes and t he
i nci dent dose of radiation is adj usted_for each edge of said subshape.

8. The method of claim 1, wherein each feature is.divided into a plurality of

subshapes and the incident dose of radiation is adjusted for each edge of said

10  subshape.
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