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25  lithographic dimension. The feature is formed by the process including patterning the feature on a photoresist
layer disposed over a substrate, developing the feature patterned on the photoresist layer, and changing at least a
portion of the photoresist layer, The feature is patterned in accordance with a radiation at a lithographic
wavelength and a pattern provided on a' mask or a reticle. A top portion of the feature patterned on the
photoresist layer is changed to have a different etch rate from a bottom portion of the feature patterned on the

30  photoresist layer. The process further includes trimming the feature patterned on the photoresist layer to a sub-
lithographic dimension, and transferring the trimmed feature patterned on the photoresist layer to the substrate.

The feature in the substrate has the sub-lithographic dimension.
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pat t2er n uhis Foreamsiile lithegtaghic systAl 10 2 PB0X2S SPIOTYOUSORY MBhi0Omantguredby ASMLE he

under | yi_r YRRS r . pis

perfornme ,Osglg sho%é#%%ﬁé&eéeyﬁgcoéﬁ%lﬁ R %%ﬁ%&%@gﬁ%&l} %ﬁgﬁgl\%g?éy}te% may be
r enoved Mepasivee Aydeerasd Selptignp bsiof Kesered wi thin a di fferent chamber and/or a
different environment with tools, such as a flood el ectron beam source (not
shown), for this el&gls aBuReaEIHa%RQAS Ul erSHARd a pHdtokdsie: ISEIG! PorddRANeCOSUr €

step) also referred . to.as an. el ectron beam cugl tep or a resist.curing
Ston wiPRp By Elo o ior 3 G Re SR 2, Waft i o onffe el ST

cr o8- sdlf) wdwrar 2 pirepfierolC vefep OWeiblA coifbe wadref ail I8, sualnes, 4 menay, & proeshsing uait, bR ne

T eat ur e indyB@lldefilete, Mhvdia¥ 5 cat Be a doRicHHIGME AR, itk AGsitcBE oAliin AGniB, OCESS.

Il n one enbodi nent ine feature 54 has an initial or nomnal |ateral

di mensi AR O ofbes rubstrarpapaterial. Sehgraterly casyinckide qnyor ke fayerhefgrateripl pRd/as fratnesn 10,
10 El ectstichas hneiitednretis, as i6fedREynspdid., ahddn fuftheninadedetien dach .8 hadisetseCct ron
source (hot tgahggm\ﬁﬁ annd i S..2 i%gi rfeqsrorrrg gio&elsieg:at ed beamthat is flood exposed
over thé BRETTERATEr S PPrRE R ENu88 % ca el ectron source is of the cold
cat hode type and generates el ectron beam 52 fromthe energetic inpact of
ions. An exanple of an extended area el ectron source suitable to generate
el ectron beam 52 is manufactured by Elqgtron Vi si on Corporation. 15 Wen
el ectron beam 52 of sufficient energy conmes into contact with nol ecul es
conprising the polynmer material of |ayer 16, such nol ecul es undergo a
chemi cal reaction, i.e., cross-linking, to the extent that the functional
groups of the polymer material associated therewith are conpletely
deconposed. The portion of line feature 54 that has become conpletely

o o g, o o oy o o - - N - ~\



t he point of conpl ete deconposition). Bottom portion 60 is disposed
directly below top portion 58. Top portion 58 has different electrical,
opti cal , vemd2/eRae3ri al properties relative to bottom porti 8ATAB01/4856] et e
deconposition of the functional groups of the polynmer material causes the
el ectrical and oplivenl4 cpr ppe insildiye la¥er. i opndpntive laysn abamierdayle orgither leyleradt |

I nCr eas §grefidf bel&Rl, [a¥pelf or 189RedO R dhd %ocﬁﬁentfiﬁg/@r Qe &ﬁaﬁﬁs‘é ohd 18 mére 1HQE &Si ty of
top portion 58 relatjve to bottom portion portion 58 has

gr eat er TP PERafEkcop dpck cermpristal ety Ofe?l%'f‘%'\ﬂé’rayeésr‘l;ﬁgé‘ﬁC B inowpnitantint o)

t han unesfEick RRink QR Gdr UEad &dedﬁam;@smdom R ah@ek Srhboblimie M ayag1454 aemrd(dr'dsles
3-4) folovmn ron beam osyur.e or ring ste

+gr on er PTG 8P PRPEE oEyr RAPRGOB TR PEE A O £ ek b o

f eat ur e pldepsingavbsioeciZror for piocessingadayerup@i sybste Hhilmpt hrezsherembadlmwahyerﬂ isan
convent 'arg - et:t%e B&ER (%hé) S%Qstrht@ lfén@layé 14 Qre ﬁ(th§s§rlb%ﬁﬁltdlﬁm@'lg fééhlgxyvarﬁ ar?ea&mort I on
‘of wafer durlng e resist trimming step IS The resist trinmm ng
step |sc?3?Péfee“r°allS‘P§i“’& spmigentietives ertisigive malprial \af er 13 is exposed to a plasm
etchant 62 to trimor reduce the dinensions of features patterned on | ayer
16. qu asma et chanbhdigesitlayeE 0Gah beuBrict aWardetylf yh(ﬁxfresg{ @&ﬂﬂalﬁlﬁdble(fdi @tlbgiphices,
suc

S G e
el ect r omedpéarmigtad fromy light gyprcof2. Md@rial? comfwrisigprphetosgsigflayer 19\EnOh@8 GR@@ others, a
PCT/ USO Maé&ﬁ.%aﬂﬁ&ﬁleg Lol ﬁ@f«ﬁr@ﬁda&%@ﬂ %t&gﬁﬁgyemy&@@ﬁaﬂf @&eﬁxm@ppl i ed

Materials of Santa O ara, ornia Lam Research Frenont)

Cal i f or ﬁm%llﬁeqwa@ﬁlt%orw@sawezte& qrsﬁmﬁﬂawl Rketwﬁ%isﬁ%eee@ﬁaﬂmeest lagerd 6 pay MeRsnt 62
et ches aAR700yRAGadt ﬁ&hﬁfa&ﬁﬁ&bﬁ%uﬁt&ﬂtﬁﬂlm&ﬁal oompdnytdmg)retsheayblom 1ﬁiaﬂasﬁdd¥ff6r

surf : ver ecau er ent

ot oot atimpldb Faton e e PN BuRPrs el Mgt S RSN (i o1, °5g

vs. bottom portion 60), the di nensional reductl on of all of the surfaces of
layer 16 will not Chenbeh® of lihegraphis systeowhcan he Fagrungor lovtrsessuse ehanstet forwselinct i on

of linefaa H&ﬁlo@‘é’(\hﬁl)lh%& Sﬁh?a@hainbé 50 @a‘h@&@a‘m Jn?gﬁﬁhkﬁﬁb tﬁjes J)ﬂa%sp%@@st HlEl?as54
Specifically, top portion trinms verti cal at a slower rate t

si des ofEBERHs ?fP‘”’t“i"?’% liggeranhic syt icampe H‘&R‘F VFI"#‘I%°"F°§%YP?§PE‘“%°§”§‘Y ""F"l“dg‘ﬁaped
f eat ur e lithdfrsphygltbbtiued elkdtiomagniticrddiatioBat by pmeiee ot veavéléngths hape of |ine feature 54
bef ore commencenent of the resist trimmng step. 10 Preferably, the

thighness of top PYLLLAD. BGrdviieSl ﬁ&g&@oﬁégﬁalctrmhom@§§h%9&d'eeérI1ey.s Abdmplf top

portion 58 will be consunmed or et si mul t aneous wt he conpl eti on
of a dedf-mstkcarptitinis, ard obisetive leps assepblyPtig P‘Eﬂ“’fﬁéf leysti§ dvight SHoBH. Is aFWé"“P‘ﬁl ckness
of top m@e&tmaﬁeﬁ&dhﬁendﬁdvﬁfgw&eﬁngyoﬂsbﬂmpemrﬁ abaﬁmodsptnh\ afteretient ignn beam
ifz Ierégtstl)u%%g%g d/g])egéré{rle /féerher?iﬁltét soeutrc%sn ceaéa%eof g‘mg%&mg reaﬁlah F'RQVII‘}/g%l ta@ n%l{lorthecur rent
associ abaviglet( VY, rsumei lé@etvro@n(\ﬁeamemﬂqanglets(t)e‘ﬁ) of ¢xtrprge lpwﬂedeeWt wugeont r ol
the penetration 15 depth of electron beam52 into |ayer 16, or in other
wordg, select the ARn6kddosma2b inbiOR 1R tﬂuﬁas}s,fé&amﬁers BRamPUPRiRSS hridBE étmopticme
ion 58 is a functjon of t eaceleratlng vol t [
09@? IDys d

t hi ckness of to

el et r ofoBRRHES Y Ttz arnddiredt # eHHERPTALAERN BiE ‘é%‘fﬁ"égfg‘e&g‘éié"mﬁ S

wher e Rs patgmiohimagepredided bh musk deptide 18y onwi photomsst layi 16.5Stiged | supprets @afert 13 agl can

vol t age is the density 20 of the target materi al
(e.g., Imggeer T%?éélah%#%yem ﬁ{?ﬁe erosion or etch rate of the cured portion of
| ayer 16 is determ ned by the dose of electron beam 52. Wen | ayer 16 has
been cured with eMaskrasiiclsdsinabman moskipns eendisent Masle ssticlt iaslydes o0

pPC qoE, rhidfcdt sﬁi%trﬁtaTZE(e(gf gradaer @u:mdadmsﬁamrm ﬁeftteﬂnenﬂeyer AGe. éechgmuunt@phrmm on

58) wusin i

appr oxi r?gfi%l ‘\%ﬂ?ﬁ% P"’Y‘ﬁ%?ﬁpﬁ%g' Ui eaSPmate&mlﬁtfar‘ge% 8“ roli SPEPBACBFS Sy er
16 (e.g d;:vxcbetbtoopmjpmdtqntwrphﬂ&esﬁmayer/1!6 pédﬂelynmvblvomak @trcthletlypmc@lah yiteatiigpiiess t he
use of r &t n oxide etch typically
|nclude§m§ﬁ%&5%§m%%ufI&?%féggba§g m%?@ﬁbﬁﬁﬁﬁfé?fﬁés such as CaFB/ Ar/02.
The reduction in etgch rate saturates for dose greater than aP roxi mately
2000 uC/cm . |n FlHEzeslithogephic sysem L ip PAERIRT MR8 magh orpiiRde oS B%%‘E‘Ef’r‘é‘su st
cured Wphdlorssiat leyati 56. ddBLie gitterhdd@h@brestst lyen1diedaveldgea bit/AbTéf3 Cuch b pittedn @iasdfertetd
FIG 6 is provided over a silicon substrate. Each of plot |lines 100) 102,
104, and 106 shows the 30 etch rate as @ function of the dose of the

el ectron beam Plot Iine 100 represents the etch rate of the PAR700
phot or esi st when exposed to a HBr/ 02 etch chem stry. Plot |ine 102
represents the etch rate of the PAR700 photoresi st when exposed to a

HBr/ C12/ HeQZ etch chem stry. Plot line 104 represents the etch rate of the
PAR?OO phot or e5| st when exposed to a HBrl He02 etch chem stry Plot |line 106
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PAR700 phot oresi st when exposed to a CAFg/ Ar/ 02 etch chem stry. In one
enbodi nent, the etch chem stry paraneters are as follows: 1. HBr/02 etch
chem st ryw@pt/ag0239 ne 100): 15 nT, source/bias of 100/ 20 WeCa$or/+#spD of
HBr/ Qz =15/25 sccm 2. HBr/ O z/HeQOz etch chemistry (plot line 102): 20 nT,
sour ce/ lontaany of thomderlye aygrs, awell as, kayér d4. oft cleqpy IBRR LD step I50RDLd & shawarin 3.

HBr / He Oz, 6 hy gﬁa&rbé»&naéfst&altﬁh& wLﬂsﬂ@ mlpﬁ’e)rem(ﬁgd ﬁHE chﬁx%é'i Q@Jnﬁ?@s&oﬁgd w490 W and
rati o of HBr/ HeQz sccm ch chem stry (plot

line 10 é)ffereﬁehﬂﬁ#rer aidﬂs@ d\F&ﬂreatrfawroaw%W@? togly iﬂij? aera/ﬂezd decfeﬂ bepm pRyreo (nSisBRf):| n

FI G 4, fa dfideRston &t dxpdiak step.ew of a portion of wafer 13 upon conpletion of
t he resist trimmng step (FIG 3) is shown. Line feature 54 now corrprises
“bottom portion 60_t been orti.on 58.
absegt havi ng beé“ntp"’c'3 er?%? e rf’engiuéeﬁ E %fefrgl‘istﬁ'rﬁsa‘e téoﬁltbe%?gm?ﬁs *t%ea 1SttJre 54
after t laering btegs waferdl 8 éstflobdiexpesed wntfmmbtcttoatoemaﬁﬂ I!uﬁ‘i@r?sa orpss-8ettienalliey Oﬁepqrilcmaplf

‘thi Ckne%feﬁl@ anE fr aﬁ&ﬁemalhﬁé feét&re 'jﬂf)atctérﬁéd oQ[ayé?@ﬂsrbﬂ&wn]iﬁdér%ﬁr%rth%'curﬁllk HI%EEE& qp 56 i's
150 nm then tri rmed | at eral di nensi on 64 can approac nm or_ | ess and

verti calP"asbedinrat Lnedfeptipgy pf Hgpan ipjtigl ﬁ@loma‘ﬁ‘d@erﬂidmfew Yobtprroximalely L3 ormal |y,
for 193 1g8nd litkdgegiepkisad.| y patterned features without el ectron beam
curing, features having a nomnal lateral dinmension of about 150 nm cannot
be trimed to | ess, than a t-hout the features disin ng
durlllblg Subsequent ]g—:‘,brt(r)o(r:\é)gasme 1s%rg'ti' rﬁbl%‘enuyt\édf om 2 Hextel,,n %deareaee tronsourc% ol:sﬁ?v%‘ nd

i nsuf f i & aemifor Golkirtesioras thatds floof exppedevierthagtite avy@r 131 @pe exrendeé@m ¢leptyen sofyge is

nodi fyi Rgpd éibia chifidte /96 SAGEneRies lel@éﬁ%ﬁ belﬁ 5% Rors th Vel B aﬁsﬁ b6k, Afshnifle dr ckness
| oss durlgrg?fl e resist trimmng s the resultant features patterned on

| ayer 16 2@ HiPeiipR Squpee Aiiable el G518 B AR DY R MOGEO a1 ovabl ¢
W t h comembiticanal resi st trinmm ng processes but with nore resist thickness
remai ning. Alternatively, the resultant features patterned on layer 16 can

comii se a resist v&d@*n& 65 BeatisT bt ﬁﬁg'érﬁe&e& %&ne‘s‘%vc%ﬂz%ét%ﬁ{nblg u@%%hlg%{&?' e, DUt

with narrower | atera I "ensi ons. epgl‘ eat er ness esl st
remai ni MEYPe Eeietal pidayend, syelpibelprvles Wersfm}g fpaqtion. irfreiosp-ltingr te e gtant thatyr vi ve

IS: :J g sequ Q{étfunﬁt[cﬁzﬁ gfsslgs)f {h® pdd@ndr Biadkrlith s&kdcﬁte@ bR esoRPle@ly dad@pdsdd. e ﬂo&m bS. In

feature atterne | ayer
14 by aP BT HOPL P pecog SR eY Ko ot “EP Ry 110 et § o L
per m t s ¥loe2)sHepertiof ofllingifeatire 54 hateleSirbn banint5h istunabler te denetentt dr horahnd) i.ed bwesi on)
Lo Syrvi ¥eo§ébbr§§£ﬁ§%£ffehb& QQ f}%‘ivﬂér RERGRERGDs in Dbt p’%ﬁmﬁ‘@o &l HJ@&rQsQ-hﬁ&&HQ to

pattern ature 68 Into 14. Feature 68 Is aped simlar to line
f eat ur e Hs2cigcomRistelesompesition). AoHumRIri 64 is disposd qlrectwﬂ%@a PiriteBal  di mensi on
64. Feature 68 may be) but is not limted to, a conducting line, a
transi stor gate, aup pditdan 58 thastiffetenectriedl, ©ptichNank iagristprop@tics rataimene hitiomnal
phot or e/ Sonuent I .
Bonvent Ry & cEhAk eoRRKEIN: 18Rk Bl Bl SEh byl SARERARE 0Bl ma.
ci rcui t opticgprapertigsof ©8 pmﬁm 5r$go lmdg’-fweni, @amsersyhesialﬁnx ?fttmﬁlawﬁ enddpaiqees Fhens
Wit QUL 1686 Bf thispdaionBtelatldto BEHoRHBMRbA 600 Chfed & §$rflém58|h%éitéf été]ﬁesﬁﬁﬁ&@d’rﬂ WO
02/ 080239 ,PCT. |J 01/: 18509 transfer to gnder ll}ﬁl n&fégxerg tl\/breov

] Ceih § i ST

nor e agjﬂ%@?l‘ & FRET TSI OF fiFf TR it gcuied Botigmpp

t ri mm ndFIGs.3e) folefing the deesdn hearh exposuefor paing @apr{FIGNR)eggrediey amcsmthflaetaytnmourm@tur
due to 'f%ﬁ:%%ﬁﬁ lgfe?{ht(e e%éatugyﬁ&gg&ﬁr lt\ﬂ%l}t Qd }eéhﬁnﬁ&léﬁ 1&&6£|| er&gynﬁf the
devel ope otoresi's fhe el ectron beam Select e ave speC| fic
beam ch®fsitteri stics in accor dance wi th desirable nodification to the
surface of photoresist |ayer 16, feature di nensions may approxi mately be
redwoed by hal f fn@m}t h@&&sapieﬁiéhﬂeiélwﬂﬂpﬂﬁ&kofwafef €1 duEihg@rhelBsist trimniirgg s@p BO

cont enpl at ed.t h the. su

I I
o esi st tS IWélkﬁheesreésm t(r)1 18 é)re{eﬁ fbly a ég}élsmate%'?Jn{;‘q‘%my,'t_:I ﬁ@afmg 1S ezr()posedtto a (ﬁasr(l)lw Lich t%b ca

SI'S ot her
t r eat merie gim oFyducetha mpkmonis ef\featured eatmyd c@éayetﬂﬁogle@ate@h@znﬂm FoRPIisg Iaeane(wa/)

I ght afgigh, RAkRhiRRL, Ts&wage@z,w/og%}/@ly@pqﬁo&%b&%éaf GafBSi3RGn b GikroRd Wi th a
wavel ength at which the naterial npri si negeﬁFa yer 16 is opague. |n another

exanpl e Pchgfwenww(%e dé&we@hwbewhmfoathe Aherp pirine ﬁﬂa%f - 2. of N,
Hz, Ar, or various fluorine, chlorine or brom ne containing gas m Xt ures.

I n stiII anot her exanple, layer 16 may be chemcally treated before it is
exposed to a devel opi ng solution, or layer 16 may be exposed to | ow energy
inmplantation of N2, B, P, As, etc. It ig& understood that while the
preferred enbodi nent and specific exanples are given) they are



for the purpose of illustration only and are not limted to the precise

details described herein. Various 15 nodifications may be nade in the

detai |l s W@ bd/e80239e scope and range of the equival ence of PO®USDEH4&SE W t hout

departing fromwhat is clained. WO 02/ 080239 CLAI M5 WHAT IS CLAIMED | S:

PCT/ USOktanfig8 619h Hsteras, svollas tfose manpfagteref by Applitl ilateriglsef Sapya€larar Gréifpraganord.am

phot or egkglieH d%l’fl%{r\or(tl@lforn}ahﬁamq{ll%@é!p§>hdé ¥R eirhfe2di sposed over a

substrate (12) and the feature (94) including a top portion (58) and

| ateral surfaces, the nethod conprising the steps of: nodifying the top

portion (58) of tﬁ@smaé"écﬂ‘ﬂ‘n‘@z%@ﬂs)a“ﬁéﬂofeéﬁ%@ﬁs erhlaxeﬁ@ Brding %%sogﬁndwéwfface%) to

form a medivbd, BdakOntipat lsdrtmas ofadyek 1Tsmav€mﬁagnttetia1efafee@11bwleg nﬁéelactraaaemmegst@n Ithe
rt| ca

phot i st |ayer to a

oS o ool s Yo po o Bf t A e et of e S b Bl
vert i calbe the same.r St sbowrsin FIG. 3, tigwverticdl kedwetionivé linefeagrad4 if kesshan gt &atechliedicgontofi Bne
‘nodi fied, PQJL; . el ol N o f o igged in
t hat thge {‘/l;eégfll %{51% h%ﬂf tcg)tpo-gl}?lgrsm%g%urclc |%n '(‘)’)g?r;t %’g{gg L(;l&r ﬁ%%ergggéﬁ gﬁ beam
(52) andprgorgdy mpking ling feptaR A3 ST ghapedeatyip dibe datigd kinsip 6 1 fepresenisyy shpre ofline

funct i ofea@fe 52 b&rbis ESithen@e Bf BERE @malingR@p.vol t age of the el ectron beam (52).
3. The nmethod of claim1l, further characterized in that the tri mmred feature

54). has a sub 15 I|th aphjc | era
((:I r )Cll(.)ll t fabricat | e}bglgté En lqleF'ls o? OP 8 J.longh és 83 ecI;e(a sucilgna? sabstan}xéa% aﬁ (r)}ttcg%or?if)? er ned
phot or es8 will be acylsnme(i mﬁ:)tchect ahey paultaeqomewdth}ﬂhomnpi%@n s‘ta dhm@mt(um@f latenbthmmnﬁ of at
| east ORGfERLYE &. ¢ 4&uch{;gd4f on B&gonts@% AR fiRh BEEe mgfag&ﬁﬁ{)tﬁ bt éle@ﬁ‘cﬁlrbe&il-@) to

forma top portion ottom portion 20 he at |east one

f eat ur e inslayer 16 By vag wnﬂgbﬁcceseywakﬁgﬁ g carrens pf Ew beapp &2 aqt(ar thaeocksing om
portion gﬁs@g)laf&a&ﬂpﬂﬂ%u% a&%litﬂfﬁlﬂltﬂféhﬁﬁtﬂﬁb Bsamfcuidghi®p, iahpdsaulé ﬁlbbrllﬁlilﬁd [ﬁndl:rﬁlﬂ;h t he
top etch rate is di t m.t ttom rat e; etching the

pat t reécf’“b(?);olfa‘ccgrro B 2qamy5 IméfJ & Eﬁi%r)m o ng%seéec%chc tﬂm%neTs Oftof’ PEh 5$ea‘°f Ure (54) to
have a <Sphvexinatiprothe gyidiness df &ipepitibn & meﬁq@hmpf (b6 A)celemighgayolingé 6f] ¢f eteptemtbeavéﬂtamt al

t hi ckne%grglﬁomb@;nade@xppggeaggn integrity. 5. The process of claim1 or 4,
further characterized 'in that the nodifying step includes cross 25 I|nk| ng
the top portion (58) to the extent that functional groups of the material
conprising the top portion (58) ar, de‘b@@@sed 6. The process of claim]
or 4, further characterized in that the nmodifying step includes flood
exposi ng the photoresi st layer (16) to an electron beam (52). 7. The
process 4 furt charac ze chi \

phot or es?'s e?enftraggn J%gt{u frorgé S“ISt eaccelecalarég \?)ﬁ&ée%; neljﬁ rgtk%{g%mf%gghgg%%g'

| at &Pal |o§/menang¢t|ungnelrﬁ@g bwtl@mn;s@m?u on (60).

The erosion or etch rate of the cured portion of layer 16 is determined by the dose of electron
beam 52. When layer 16 has been cured with eleciron beam 52 having a dose of approximately 1000 pC/cm2,
the etch rate of the cured portion of layer 16 (e.g., top portion 58) using a polysilicon etch or oxide etch plasma
chemistry is approximately 35-50% slower than the uncured or untreated portion of layer 16 (e.g., bottom portion

25 60). A polysilicon etch typically includes the use of a HBr/Cly/O, or HBr/O, etch chemistries. An oxide etch

typically includes the use of fluorine-based etch chemistries, such as C4Fg/Ar/0,.

The reduction in etch rate saturates for dose greater than approximately 2000 pC/cm®. In FIG.
6, there is shown etch rates for PAR700 photoresist cured with various doses of the electron beam. The PAR700
photoresist in FIG. 6 is provided over a silicon substrate. Each of plot lines 100, 102, 104, and 106 shows the
30  etchrate as a function of the dose of the electron beam. Plot line 100 represents the etch rate of the PAR700
photoresist when exposed to a HB1/0O, etch chemistry. Plot line 102 represents the etch rate of the PAR700
photoresist when exposed to a HBr/Cl,/HeQ, etch chemistry. Plot line 104 represents the etch rate of the
PART700 photoresist when exposed to a HBr/HeO, etch chemistry. Plot line 106 represents the eich rate of the



10 WO 02/ 080239 PCT/ USOL/ =48509 The process of claim4, further
conprising selecting paraneters associated with an el ectron beam (52) to
confi gur av@ab2/éseaz9et one of the top etch rate and a thi ckn®€T/UsH1/48509 t op
portion (58). 9. An integrated circuit having a feature (54) of

sub- | i t Pegrehotoreght wemskmred (GOT,Fo/ (@, cfch diemisty. (1B d)e efmbedimalt, By egh grmistss s
char act ?Eﬂaﬁ&&sﬁé’as @f%% .erning the feature (54) on a photoresist layer (16)
di sposed over a substrate (12)) the feature (54) patterned in accordance
with a radiation at a |ithographic wavel ength and a pattern prow ded on a
mask or a retl E!O(el@)"?el‘a%f\ygﬂl‘éfﬂﬁ‘%’g?(’} Hé“‘fTe“a‘E‘Eﬁ’EéaSPfS]ZPP/ZBXY PR P on t he
phot or esi st Iy =(14/69sccthangi ng at | east a portion of the photoresist
‘layer ( 16), further characterized in that a top 10 portion (58) of the

featyre (54) p s ) o have a
différent et h%&aéﬁ )ﬁgg e%h cgel%sﬁgp%t%n | o%o fﬁ 8‘536%1%5 of %10%/1;% @P%ﬁgﬂl{) 54)
‘pat t er ned on of HB/PhBt@rclsp/8¥ 13 mgmr ( 16); trimmng the feature (54)
patterned on the photoresist |ayer (16) to a sub-Ilithographic dinension

(64); and tr %ﬂﬁs@ﬁé&z@&h Eﬁ%@us&% bR 1082EMAE sbupdlbiaP 20650 ardRatib BE
phot or esi st e substrate 15 (14), further characterized in

that the feat}lﬁ;@{e?éﬁﬁ %99/19'1%% O%fBstrate (14) has the sub-1ithograplic
di mension. 10. The process of claim 16, further characterized in that the
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25  thickness of resist remaining increases the probability that such trimmed features will survive subsequent

processes to be faithfully patterned onto underlying layers.

Tn FIG. 5, the trimmed line feature 54 shown in FIG. 4 is patterned onto layer 14 by an etching
step. Sufficient vertical thickness 66 of line feature 54 permits the shape of line feature 54 (with the reduced
lateral dimension) to survive subsequent lithographic processes, such as an etching step, to pattern feature 68 into

. 30  Ilayer 14. Feature 68 is shaped similar to line feature 54 and has a lateral dimension similar to trimmed lateral

dimension 64, Feature 68 may be, but is not limited to, a conducting line, a transistor gate, an insulating line, etc.

In this manner, conventional photoresist materials, conventional photoresist thicknesses, and/or
conventional resist irimming processes may be utilized to form integrated circuit (IC) features having

significantly sub-lithographic dimensions without concerns of pattern deformation or destruction during pattern
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departing from what is claimed.
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2. The method of claim 1, further characterized in that the vertical trim rate is a function of a dose
of the electron beam (52) and a vertical thickness of the modified top portion (58) is a function of a current or an

accelerating voltage of the electron beam (52).

3. The method of claim 1, further characterized in that the trimmed feature (54) has a sub-
15 lithographic lateral dimension (64).

4. An integrated circuit fabrication process, the process comprising:
developing a patterned photoresist layer (16), the patterned photoresist layer (16) including at

least one feature (54);

modifying the patterned photoresist layer (16) to form a top portion (58) and a bottom portion
20 (60) of the at least one feature (54), the top portion (58) having a top etch rate and the bottom portion (60) having

a bottom etch rate, further characterized in that the top etch rate is different from the bottom etch rate; and

etching the patterned photoresist layer (16) to change the at least one feature (54) to have a

sub-lithographic lateral dimension (64) and a sufficient vertical thickness to maintain pattern integrity.

S. The process of claim 1 or 4, further characterized in that the modifying step includes cross-

25  linking the top portion (58) to the extent that functional groups of the material comprising the top portion (58) are

decomposed.
6. The process of claim 1 or 4, further characterized in that the modifying step includes flood
. exposing the photoresist layer (16) to an electron beam (52).
1. The process of claim 4 further characterized in that etching the patterned photoresist layer (16)

30 includes consuming the top portion (58) and laterally etching the bottom portion (60).
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dimension (64); and

transferring the trimmed feature (54) patterned on the photoresist layer (16) to the substrate
15 (14), further characterized in that the feature (68) in the substrate (14) has the sub-lithographic dimension.

10. The process of claim 16, further characterized in that the changing step includes curing the

photoresist layer (16) with an electron beam (52) to form the top portion (58).
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