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TECHNICAL FIELD

The present invention relates generally to integrated circuit (IC) fabrication. More particularly,
the present invention relates to fabrication of transistors having uniform gate widths, reduced gate widths, and

preserved minimum extension of the gates onto the field isolation region.

20 BACKGROUND ART

The semiconductor or integrated circuit (IC) industry aims to manufacture ICs with higher and
higher densities of devices on a smaller chip area to achieve greater functionality and to reduce manufacturing
costs, This desire for large scale integration requires continued shrinking of circuit dimensions and device
features. The ability to reduce the size of structures, such as, gate lengths and widths in field-effect transistors or

25 the width of conductive lines, is driven by the performance of lithographic tools (e.g., wavelength of the
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WO 02/ 078095 PCT/ US02/ 05640 exposure sources), resolution enhance HU ;
techni ques (e.g., phase shifting masks, off-axis illum nation, etg'.a?, 'i\%@
phot or esived offpiseysi al s (col lectively referred to as |ithogpapiseoseso

techni ques). However, currently avail able |ithographic techniques |ack the
resoluti%nto‘}gri Thus, various
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transferred to the underlying |ayer(s) of the sem conductor wafer. e

resi st smdllTQidevite pamee SThus) varlouZiR8-lithogrihR Sd¥hnigeddie 416 emBIoTR o shikk oflRGick ed

anount of the patterned photoresist naterial. As an exanple, a feature

Bat t er n&dusdingngiws 3fter lthegraphib artidg. (Pre twh esn-lithograpliietechaiqud iy presia krlmmisggodoess e d
for wafer patterning using a 248 nm wavel ength of |ight |ithography

pr ocess hetapaupes pe“frims’ featyeey patterned; o phatasesisdpyer of@ semiehaductsf wafenbefaimsich &atytes pl asma
trimed tg a_di nmensi on of a}p roxjmately 100 nmor less. In contrast, it is
di f i cuf® TPBETEER e PRsg e et rmisenduriqryeicr, The Jesiptsimuping ppessyilipes a

cycl ool I - d phot oresi s terjal typically . emloyed in
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Present photoresist material use 93 'm |1 t hogr aphy I'ts poor

bri M ngaylengiestligie Sithography bRtdsd@n i@} haty M BenS b6 thdYr@PbABB am MHABEply@fat | cal
resist erosion rate (Rv), low horizontal trimrate (Rh), a high rate of

er osi ontrigfmetl he dgmedsiorodf apriroxdmatelyROP nmbhlesn. attenpting to trimresist to the
smal | gate dinmensions required for nodern VLS| transistors, it is quite
comon for the vefxcoptst ibis difficylh for features patterradion an astyic. cripgerilete 196 excloglaghingf t he

resi st ttern fore the desjred in-plane dinensions have been_ reached,
resul ti ﬁcgy“i’eﬁ'[’%“lr@&‘8ﬁs‘ﬁf“aﬁ?§&Yaﬁﬂyﬁﬁ‘ﬁlﬂ%"ﬁ “ﬁ’rﬂéﬂﬁ’??*@’tpb‘f“s@“éf‘%% 197 ry xevelengdb o bi ti ng
an unacg : i 1 ahl I es| . pi cal resist

mat er i a{;&g{sogﬁh%ér? mfglgr %%q?t:ét ‘%‘%&3@%&%&%&%’?&“&%&%‘?’&%Perr*’r?%#n'g properties,
suffering from apRug: fMbbGLS matrit a4 FoP 1933 1Bhogshy Skiitfie h&oR trinkdidg Prdpati&s 1 N
the horizontal and vertical directions. It s not uncommon for features

pat t er ngdferdny fib3anvny phapoblems, Righ tatcelrésiat Gosion rddRO) R wdoiiZhtaRGm sadRB) a high
consuned in the course of the resist trinmng process, thereby preventing
subsequeistof grpsiraes theends efdinesdBeinihen attigmptiipto teiny cesiptitethe smadligatp dimensiogartuired for
patterned using 193 nm|ithography and a typical comercially available
phot or eE‘P‘Ef“‘ﬂe??

FOSISEPTS LR YitE Gampaniferithe yprtics FrRYRETHEnte conmirgly ¢opsua gortiong ofihg
before i tr 1 racess and .the final critical dinensions (CDs)
of appr%ggﬁ%@elb?mf&eéfggﬂ ﬁ?ngéf’llﬂgee@mflﬁlémﬁ]é‘éﬁ bg’ff“ r'fﬂ“ﬁ?ﬁésﬁ “%)V'g?:'&gg&r {"’f"ﬁ‘fst her
b1 T MM NGan¥yRHbH ghhed Of Bhubsbbehiibhtif gl Whdcceb @bl AR 448 ViR b It fiang! ONg the length of

t he gates, unacceptable consunption of the m ninum extension of the gates
onto the field isaltyidaesist Mgerded it 19%nm IREASRkREbits\hodradfifingfeperted, t he |ine

pul | back) and/or excessive thinning of the gate pattern over topography
st eps syyfferingifram, gueeng ethers, uncontrollable and different trim rates in the horizontal and vertical directions. It
is not uncommon for features patterned on 193 nm photoresist materials to become deformed and/or consumed
in the course of the resist trimming process, thereby preventing subsequent processes from commencing.
5 For example, transistor gates patterned using 193 nm lithography and a typical commercially
available photoresist material can have critical dimensions (CDs) of 130-110 nm before the resist trimming
process and the final critical dimensions (CDs) of approximately 70-80 nm after the resist trimming process.
Any further trimming would typically result in non-uniform widths along the length of the gates, unacceptable

consumption of the minimum extension of the gates onto the field isolation regions, (i.e. unacceptably large end

) of the line pull back) and/or excessive thinning of the gate pattern over topography steps such that pattern
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-2 2 1 JUN 2005 transfer to the underlying |ayer(s) of the wafer is not
possi bl e. Such poor trimmng results can affect the operating cond“ijwfﬂ%
and/ or performance of the transistors to the extent that the resist
trimm ng process will becone unusable w thout violating design rules for

gi ven technol ogy scaling requirenents. Thus, there is a need for a process
f or enhandé®ntr tp e undeyiingtiayen(s) ofivigelwafer & yot gossibla Guehipodi trnmting réRitsschn affect b abi | i ty
during etch to enable the successful transfer of transistor gates patterned
on phot or Q&TAiPe Gepditiops agg/er performanceofithe transfsigrs totbaexiars ¢t thoypsisatripmg @oeesofill
fabricati%&Otrans%st.r gat es havinggsnaller critical dinmensions, uniform

wi dt hs al ongmT T @ YR, Voiiee Gk Edaralieperndleersiitgrewingicdh of t he gates

onto the field isol 3ﬁdsQ£&J i?géegpt%r;[ pan(:st foir gnh?n(?:i%g %gle%tg&n&&%gyr@%ti o lesist

phot ol i t hography and resist trinmng process. _ _
| NVENTS ONstdfitGuridd chiRS @26 the dubVERAL thaQler BF tmﬂis%?gaté [ofol el dﬁgh&&csgt Jla'tel;iﬁg. aspect

an integrated circuit fabrication process, e process conprising a step

of patt er Mhangs AfuitiieRitsd i Orocesd bEfatRRith Lidsistst pRtesHAMRMARE Gticd @MEisionst (MRoRr OCESS
charaterized by steps of: curing the transistor gate pattern with an

el ectron Walthyplongtits lemgth, Argl/ck reseored widinymtc@ensiai df@HeFatardao tie 818 fs61htloh RgiodsRn
trimred transistor gate pattern to a |ayer disposed below the trinmmed
pattern {S@FiBle fithconyeatipsil phasplithgeraphy andhesisgtiimminppodessansi st or gate incl udes a
width and a |l ength, and a variation of the width along the Iength of the
transistor gate is reduced due to the curing step. The present invention

provi ﬁTS’ DRSEHSHRE OFCr &Mﬁfﬁoﬁspect an integrated circuit, conprising
an isolation region and a transistor surrounded by the isolation region the

integrated circuit characterized by: the transistor including a gate, a
critical dinension of the gate being | ess than approximately 60 nm and

the gate being def i nRgeh itinden POAE: GLAineS iR - or esi st
layer. -3 2 1 JUN DR prebis #fhafen BRGI H:BU £ HstflE: o RBHICE R oDk

process, the process comprising a step of patterning a transistor gate pattern on a photoresist layer, the process
charaterized by steps of;
15 curing the transistor gate pattern with an electron beam;

trimming the cured gate pattern and

transferring the trimmed transistor gate pattern to a layer disposed below the trimmed pattern
to form a transistor gate, wherein the transistor gate includes a width and a length, and a variation of the width
along the length of the transistor gate is reduced due to the curing step.
20 The present invention provides, according to a further aspect an integrated circuit,
comprising an isolation region and a transistor surrounded by the isolation region the integrated circuit
characterized by:
the transistor including a gate, a critical dimension of the gate being less than approximately

60 nm, and the gate being defined by an E-beam eradiated gate feature on a photoresist layer.



BRI EF DESCRI PTI ON OF THE DRAW NGS The exenpl ary enbodi nents wil | éﬁqﬁ
nore fully understood fromthe follow ng detailed description, tak % 2005

conj unct iwo oxw1sbes he acconpanying draw ngs, wherein like p@f@r‘sm@mnuneral S
denote |ike elenents, in which: FIG 1 is a flow diagramshow ng a process

for enh " i d etch stability of transistor gates
patterne o]1 a Eﬁu?orem %%#AM cordance with an exenplary
enbodinment; FIG 2 is a top view of a portion of a wafer including
transistors sho ey att devel oped on_._a .phot qr esi st
layer; FIG 3 i smgn%rx %"tl 'ﬁf CERAT 9‘?1% W"Fg'ﬁr@ﬁ“uoyllu&ﬁﬁgﬁ(’?ﬁ%m@? %11%\111%%@8%; er
illustr o Vi .| ine
aa"of Chavubpuinf °°5J§?°P§*%‘é‘g‘tﬁ#@%%a%ﬂ?%z*%9‘”ke‘?%?@ﬂs:%%f%é"w%?Jéﬂ%%?d%%%%kmf er
i |1 ustr ale@éhts| ia whickp. 2, showing a gate etch process; FIG 6 is a
cross-sectional view taken along line 6-6 of the wafer illustrated in FIG
5, and FIG 7 i SF&. tisafowslgincialng\ipeiess Pkebandin9thg el Figmdbility aifd etche waf er
illustrated in FIG 5. MODES FOR CARRYI NG OQUT THE | NVENTION I n one

enbodi niphilithef tssistop gates patternedhoreamhptonssist per snchocoriancg evithi sn gxeoplas emtfodimemnhanci ng
the etch trlrrmablllty and stability of transistor gates patterned on a
phot or esi st | ayer {ﬁl?}sr‘i‘dc’l’a‘PFW ¢ie agyHen ke welbrripdlnding fransiptorss shpyvipg atrapdviorisae

provi de nbadi ment of the present invention will be
describ ?ﬁtemgfv fé?egg%ﬁ%mf%‘s@ayef '| ow di agr am shown | n FIG 1. The f1ow di agram

i ncludes a devel Oﬁ@Q:s%%FOQs—s%&lonaﬁlOlexg aﬁ&ta'l‘ogg'ang%a.i waﬁ;', 111}11strated m?ﬁ?? radiation

exposure step 12, a resist trinmmng 16. In
BIG 2, a top pl apm41éla%wspa‘ec@nm@w%&Egﬁnewo@&e%ﬁfeﬁn&%wﬁh% bransi stor
fabrication is shown. In FIGs. 3- 4, cross-sectional views of wafer 20
illustrated i n FlBG. 2is attapkviaw the kvhﬁﬁﬂus@at&i iaAG. 24 -showing a8 ewh pryRésy, are
shown. In FIGS. 3-4, wafer 20 includes a base |ayer or substrate 21, a
first transistor BE. 6 i a croaceiignal vigw tekentalong B 6-Geofi the watot iMustrated in EI. Giwgd 30
(FIG 3). First apd second transistors 22, 32 are forned on substrate 21.
First and second FiCahiR&togysctspal vigy takenaloag ety of e Myfer Bestratea IS &m each

th dt t 22, 32

cim 1 ar¥ @%@ﬁk%@%ﬂ?ﬁ@ﬁ&ﬂ“%%%S%?Qr ZBaQZ'nSiﬁEfude mre  than
o120 or o Ak Fs S ERHE PRSP TREOR S V2L
21 can Qﬁmﬁblﬁﬂlaﬁﬁ sﬁgllﬁ@toli’ ﬁ'&rﬁlstopéate?ﬂfttg 'oﬂhgli%wéﬁtlﬁ &ai‘+1l1é sﬁmqgle md'cﬁlaﬁ{l(ﬁt)or

(SA) substrate, a galliumarseni
sem - C ofatkitation\iEproVRied r Arfdxempisty eﬂbﬂﬂﬁﬁ%ﬁ th®preseht in¥etio{/ine d&&lil%d WMS%E& afe 21
wi |l hereinafter be discussed as an SO substrate. -4 6 0O

flow diagram shown in FIG. 1. The flow diagram includes a developing step 10, an electron beam curing or E-

~

beam radiation exposure step 12, a resist trimming step 14, and an etching step 16.

J In FIG. 2, a top planar view of a portion of a wafer 20 undergoing transistor fabrication is
shown. In FIGs. 3-4, cross-sectional views of wafer 20 illustrated in FIG. 2, taken at lines 3-3 and 4-4,
respectively, are shown. In FIGS. 3-4, wafer 20 includes a base layer or substrate 21, a first transistor 22, a
second transistor 32, and isolation regions 30 (FIG. 3). First and second transistors 22, 32 are formed on
substrate 21. First and second transistors 22, 32 are electrically isolated from each other by isolation regions 30.

5 First and second transistors 22, 32 are similar to each other. Although not shown, wafer 20 can include more
than two transistors on substrate 21.

Substrate 21 can comprise a single crystal material such as a single crystal silicon wafer.
Alternatively, substrate 21 can be a bulk substrate, an epitaxial layer, a silicon-on-insulator (SOI) substrate, a
gallium arsenide (GaAs) material, or other semi-conductive material. For purposes of illustration only, substrate

). 21 will hereinafter be discussed as an SOI substrate.
4-
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sel ective regions of substrate 21 (i.e., the top silicon |ayer on whaf diN 2005
are et chegloarnersass i nsul ator (e.g., an oxide insulator) i Sp&f/@/dREs
deposited. The insulator can be used to form isolation or field regions
30. The oxide i nsukal.oh i38s. B ' L OX| .as.silicon. di oxi
tetra-ethyl-ortho- sg%ol |B(1:at es'?$€%§§‘%vg%gﬁ°§ﬁ| f%?n%%%?gﬁtg%lsoﬁfldfogcllay?rr?n %V?t?ri’ngn
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shal l ow trench isolation (STI) structures. Al'so substrate I ncludes a

first aoblatios of fxfH regiond 40.0fhebokidsihsulator i b SEdM 0x2ié st @s AicSPHOIE, BFd iy Eorti8di ON

34 of second transistor 32. The di stance between adjacent isolation

r egi ons sil@te (BEOS) rolyrsilicon dataBsulaBd in silizon diexidk@Oothef infubdtora AltRritioay, isblaii fegloagy

having a 100 nm design rule dinmension. A polysilicon |ayer 40 is provided

Sver fi P&tanndrallowdisph isglation/STD siryrtonas Alsp sulBnatadidndlled afirstoctive regign s is0. A
coating (BARC) layer 42 is provided over polysilicon

bottom gnt.it-(réflictivg . _ over po
| ayer 40" EREARELEH™ 19E° o Yobeeraud transisior 32 Thedistancehpbveenadiseeatisaiasinpr i se
pol y-si Ll rph ili.c tal .0 stack .of these materials

typi cal +°§‘%ﬁ8381 a%‘é,ﬁ%gr‘l’ G, & canpellfD ‘Pﬂg’f?%{%a teghpologycharing %fOO P design pilegimensiop. j ¢
or stack of di el egt i [ t e _lasu r -between the
pol y-silicon and ttﬁetysuétzjgg%ar%e{'t4 gi.sf’%ia‘gdrs“x?‘?‘ésg%“d|sg°§’é°9‘%ﬁ R écfrllls %fé‘& %l_crhr??eelamﬁy a

di f f usi @BioksBONAGELIINEBINE QR (UK 1AV itoviRI oveP BN TSGR 1@}:1% e 1 C
silicon nitride (SiN), non- stoichiometric silicon nitride SixN (e.g.,

8i | i conthe pltyrasist Polgllicomlayee 4Xeai Pompsikd foly@ilicen yidrpHouskBic, ¥ieMMNr a Stick 0N@esOf @
stack including these material and possibly over-layers or under-I|ayers of
oxi de, WrETRIsayPicAlyiariag s thicknsssdmthe sangeref 209@m or lessgd disfectric Gnstack of dBRririv mAWRGELs| ayer
42 can be fornmed bg a PECVD or LPCVD process or_a sequence of these

pr ocessEEetTL sptp moukaies betw e thepalysilicon aad the subgate Polysiliceipyer 4Q cagbe fgrmed by a
phot or egi I i vid ver ,ARC | ayer 42. The photaqresist |ayer is
expos edéi%f?)sgog ﬁgga?‘gewc;,aﬂt) l%rgcregns’ ?\g F?aé%rc‘iﬁ c?“rcg'ﬁ‘é’?g% ft?)‘é“‘%"l“f?gf‘ %{HW‘%%@@S % waf er

20, i N AGERYnHRRGBoMintuiteBidAE b Sl RGN itefa€ i

phot ol i t hogr aphi cc s;r/lstleemu@qla(ngdévgl S%ﬁlhg&g{hg% X%B{@?E%%gﬁtdﬁ]%@ﬁﬁﬁgéggﬁesi st
bayer i sack includiby tiese el Aid6ksbly ol dybre or vATERAYerOSHIRIS with a tidicdss fly in the
photoresist feature 26 for first transistor 22 and a second gate

phot or esigstof J0amta§08m3 BRE dayersid conbel farmartyia PEOVD 32LPCMIEpridaBtops Riefide of Ba¢er from
which first and second gate patterns or features 26, 36 are defined can
conpr i sSBEOSSEIERthe ABE coiiste efastarkafl diffsreatfilms. s suitable for |ithographic

applications. The terial conprjsjn t he photoresist | ayer can incl ude,
among ot hers, a nBEPIECHREYT 155}2""8?‘{ %V%Wlayﬁp"szeﬁg"r RipipEesistdayeripgxpesed 19 gatand a

sol vent patterR i edeS trAsiGhI ST i@ IRlakf b itive or negative tone
or gani clzabasegje phot (s)lr _esig?gggb tg mtageglb(gﬂ agcg’%p%&cfgftﬁagpatuﬁrélpgﬁlﬁ%dtogra&f F ayer
oy be, retittand SpHdetithbdriphic 8fbtetnd In @Iy ¥efi S mb F&@ﬂedpﬂk%fgﬁgt lay&'ls suitably
alicyclic-based polynmer, a phenolic-based pol ynmer ‘or polystyrene-based
pol ymerdevelaped toXefip,| among diersphiirt@hite phctdresistayatire ToERyr fEQ BFRsisHE22 BONWERME pad | Y
avai l abl e acryl ate or pol ystyrene-base photoresist material. The

phot or eRbpigresist fagture 36 for paceriddyapsistoy 32.

The photoresist layer from which first and second gate patterns or features 26, 36 are defined

can comprise a variety of photoresist materials suitable for lithographic applications. The material comprising

5 the photoresist layer can include, among others, a matrix material or resin, a sensitizer or inhibitor, and a solvent,
and is a chemically amplified, positive or negative tone, organic-based photoresist. The material comprising the
Photoresist layer may be, but is not limited to, an acrylate-based polymer, an alicyclic-based polymer, a
phenolic-based polymer or polystyrene-based polymer. For example, the photoresist layer may comprise
commercially available acrylate or polystyrene-base photoresist material. The photoresist layer is preferably

p] spin coated over ARC layer 42. The photoresist layer is prévided at a thickness of less than 1,0 KIm,
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spin coated over ARC | ayer 42. The photoresist layer is provided at a
t hi ckness of less than 1.0 (¢)m -5 2 1 JUN 2005 5 D5 i WO 02/07804949 JUN 2005

-PCT/ US02/30B5%447s00y st feature 26 is defined to be di sposedpﬁi(ﬁ]rsoil(?ﬁ‘wcentral
portion of first active region 24 with a certain anount of leng

t endi into isqlati [ 0..Simlarly, nd featy 36 is.
Gef i ned Lo be . di LEREAEADER-PRL et oyB e A g Bt el om 2 3 on 34
ith i 1 endi i ot i | i qi 0. First
1 2 S oA O LD OS0! S SELFLARTFELER, 20 F11
line dulReRic9% khe c&%ﬁ%gﬁoﬁ &%cUx(d?act’l?’\@ réhgrtbn LY G d GRdin %gougt:colf ﬁi%tltsf[c}:@eP&iﬁ ng O _an d

t he di scussion of width 50 and | engt ext ensi on eature 26 is
al so appblatalbdgioni 3. Frg ealeR6 8isdWadtB50 ank @ len @K SRS 52\WIE N blkEor BB QO esi st

| ayer is an ES-cap, acetal or other styrene based polynmer exposed using
248 nm diengrsionh Pedond febtire 36 ia playticalve fikbtfeahide 26aamd e disgupsion of WRSO ndli&@thnm and

| engt h extension 52 can be approximately 100 nm When the phot oresi st

| ayer i $xteRpiom¥raf fiest featse2%isialsotnpplisntdesto sacondyfgstyessdd. usi ng 193 nm | i t hogr aphy,
wi dth 50 can be aggrr oximately 110-130 nm and | ength extension 52 can be
appr oxi mat el y 120 Fyfframplen wheg|tephotpresisylayer isap BSreqpagets) r other pyvenedased pjynien e
resi st e . that, i1s used. Length ext ion 52 can be set a conpi nation
of the %:’%E’?%%Pstmgﬁlta%/% we %P%@‘%%VBWH%H%:“ rl’." REBHRBIACR B‘ﬁﬁ%ﬁﬁ?’lgfhxfétﬁ@% Shi ch
forces t ' rdin ign.rules, 2. e
amount S SCasaNel ot dh e S B il Bt PR B

br ansi shif lithRiph WIRKSEan 691 r&dmitél? 1150130 hid aftf lerdgA@xtBiRh 92 B gg%gr%ximgt@ﬂ/ 120
exanpl e, the "as drawn" va?ues of length extension 52 for 0 nm and 100
am techmol ogi es can be 210 nmand 160 tim respectively. Cenerally, length
extensi on 52 shoul d have approximately 80 nmrenai ni ng after etching.
Accordi ngly, duri fereraily. leagh axengion 2 ierns sabby thresiss tygé theisiseln &ehgthargmsionShan an
80 ant end-cap durj.ng trim  However over-sizing extension 52 can interfere
with t h& " if ° b&"%f"h%g threiehitdayoytiyles saysened by a feopamic sRTRRGtiyenessarhich{praeh

desi iLh these restricti it is desirable to reduce th
rat o°at PhR R I oo Uk R L 2 DR Rong o it R Bt SRR can

pe_achi guek dilelhfoqdianlAg LS (BRRGASE ol bR AREE. ARLALL, dd\Es filhOuS

di mensi ons and materials given for the disc structures, 1nc I ng BARC
| ayer Adluepetligngth kxtersion SBHET30 A andBrd0 nk @Qhdeid baRbe210 R aAlEIF6 hih REHectitiy2
limting fashion. As discussed above, various design paraneters and
process criteria Genralalengh tmsionE2rspduld havechppreximateln 80 mndmaming iftefétchidgd be
changed wi t hout departing fromthe scope of the invention. For exanple,
the protEeyinglyluriggdithograpfiyiextension §%is dinfepsionpiarset ithap 300w endeapdptingtiml  or a

speci fi ate stack configuratiqn o terial.
P Bt over-sizing extension % carii interere w{th e Imn{mum spacing between line ends. That minimum is

) set by the design rules. Thus, with these restrictions, it is desirable to reduce the rate at which the end-cap is
consumed during the etch process, which can be achieved with the advantageous process disclosed herein.

The various dimensions and materials given for the discussed structures, including BARC
layer 42, polysilicon layer 40, and region 30 are not described in a limiting fashion. As discussed above, various
design parameters and process criteria can cause the exemplary dimensions and materials to be changed without

5 departing from the scope of the invention, For example, the process does not require a specific ARC dimension
- or material or a specific gate stack configuration or material,

After developing step 10, but before first and second features 26, 36 are transferred onto any of
the underlying layer(s) (layers 40 and 42 are etched), wafer 20 containing a pattern (resist features 26, 36) is
exposed to a precisely controlled flood electron beam exposure (B-beam radiation step 12). The flood electron

) beam impinges and penetrates the exposed first and second features 26, 36 and chemically modifies or
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After devel oping step 10, but before first and second features 26, ana
transferred onto any of the underlying |ayer(s) (layers 40 and 42 le UN" 2005
et ched), gé containing a pattern (resist features 2 exposed
to a pr ecr se y control | ed flood el ectron beam exposure (EpgT/gjgézr/dég“ ation

step 123{ g o‘%l ood el ectron beaminpinges and penetrates the exposed
first ang® T Zadpatignesuch sgposegstrugties tq,f tél}ileic‘%c‘\%ﬁﬂfsrl‘ég st a“‘BSCQf’l‘d femep005

5050 1 US02/ 05 E-b di at h
oxposed 2F RPETRER St ler ERctate f vl AP AR Rb s S PTRB AR Socond

featur € $ninirdin exdsiord dﬁtoﬁﬂahbﬂééla{s 30 B¢ ATl lfﬁtgt%x? echfl fegtﬁlleyiﬁe 5& &g LRk 1o ?amYlFa[et I cal

or erosion etch rate, and an erosion rat I num ext ension on

i sol atr@mdbﬁwlamg%ﬁﬂr@tfan@@md%néeki§§6ﬁ?ééls§§xﬁx%€st£ Qtures 26, 36 are
affected to facilitate and control etching of Tirst and second features

26, 36 in resist The¢BEirobesih Bprededably bific@lraif bif Rfnd2@ 83 diserdd Ry @Rlspbwayi t t ed
froman extended area el ectron source (not shown) and is a uniform

col | i maeedds benifonnt dallimated bepih datiis Boquiesmeedovas wafaedOe An 2Ximplaif eveamubdarefeleaton
extended area electron source suitable to generate the electron beamis
manuf ac Fee rifglle rgenerate g elgpteon beargis mpryfegied by B¢ctr@nWisiph €gporatioted Sah Biead. 2. The
electro :%eam fl ood exposure conditions or paraneters (e.g., dose,

accel era g vol tage, and beam current) are sel ected to prow de optl rrum

desirable etch tr h st r | st
and second featur ggg@ég&&né%x? ﬁ&%e R A A |°rrrlrsﬁ’r rmg{leés €f4 °Sel’ﬁ%°°l§‘ia%'l§tvf’]&‘fe beam
@XPOosur gndfsedieaifedtyiet sBikdtéiNo pr@ﬂﬁ@dphﬁlgﬂ desfrbid o¥oefl &Mﬁﬂ@qg& 9, s&&h{y%ﬁarﬁ)éﬂ%cp f

photoresi st material, subsequent processing steps rnvolvin eam

er adi at exfirg h(dtsﬁbﬁﬂ’eaﬁﬁws 2883 /f6rresOGimmeig s@MBS, a6 Adoirsd ek e:@fbsuﬁeflﬁbem%ﬁﬁ&ﬁ' st
material. An exenplary electron- beamcure recipe delivers a total -el ectron
dose ( ec‘gldltwl@ Q@OaZdenyiding on temepe of photoresist shiega, siitaequentpraceesig@tepstinvolying MBIEL ages
from 50 to 2000V dependi n/g on the resist and application. The photoresi st
nat er i aPeae’dr?srare%rm@rerlﬁtr agg/orgesired shagsigristies:of the photopesist mpripls Ag exaBlaryrelectron-

phot or e ased olyner whi ch typically
exhi bi tgéaglc I reﬁlge Flaife ati & o°t8lf%lev‘écfntdrg‘°t?a¥ %BQ‘I‘SﬁF‘?)dﬁ?"&P QL pteps having3essisfstingon
gates, $& Hﬁ%?ﬂ%‘z@dov% t [esent without the use of an

E- beam raé%%atlon The |%H‘ﬁ§gs°nﬂ%réesgs%gl§a Ia atl?| on doses are required to obtain
adequat e e- beam i MRBYEGEresidt BB Sridl LBl Mt ahd \BcoRPhe PR 26! 4% 104 SR mtpﬁotorss?s@' i ze
the desirable trimetch enhancenents. The acrylate and alicyclic-based

r esi st smhteriab(elgi, ghadystysendybared folyeher) edlick typissly bibibict Aiggtef hlicCdf @ErGal to hbibBntalirdsisi S
expected to require a H GHER dose at a given energy to achieve the sane
resul t $9gsumphiopgatessorsubsiantial process latitude is present without the use of an E-beam radiation. The higher

—a5
=

e-beam radiation doses are required to obtain adequate e-beam induced cross linking of the polymer in order to
] realize the desirable trim etch enhancements. The acrylate and alicyclic-based resists have higher e-beam
induced cross-linking efficiency. Thus, it is expected to require a HIGHER dose at a given energy to achieve the
same result in a 248 nm resist.
E-beam radiation step 12 imparts a chemical change, i.e., cross-linking and decomposition, to
the functional groups and additives in the regions of the photoresist material which are bombarded by the
5 electron beam. Such regions of the photoresist material will accordingly have increased etch resistance (i.e.,
reduced etch rate), bulk modulus, bulk toughness, and interfacial toughness of the substrate-resist polymer bond
(i-e., the bond between the photoresist layer and ARC layer 42). The cross-linked or e-beam eradiated regions
can be the top portion, the top and side portions, or the entire feature of each of first and second features 26, 36.
An exemplary electron-beam cure recipe delivers a total electron dose (e.g., 2000uC/cm?2) in one or more steps

b) having accelerating voltages from 50 to 2000V depending on the resist and application.
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E-beamradi ation step 12 inparts a chem cal change, i.e., cross-li nﬁspg r?Eh‘ﬂ
deconposition, to the functional groups and additives in the regio Y 3
t he phot Q’{[@ﬁ%{@fso terial which are bonbarded by the el echEp Smmc? Such

or t

regi ons e photoresist material will accordingly have Irncreased etch
resi stance (i.e., _ reduced ,etéh rate), bul k npdul us, bhul k t pughness, and
interfaci al t oughfieatepiito yhigh frshaad second feptures 26 364sBeuldhe e-bpmgradigfed (28- e bond
bet ween resi st | aver .and ARC.l.ayer 42). The 0oss-Jlinked or, 6 e-beam
or e ot SR B Rp A e RS bpgth el PR
the ent bﬁo%rés@ﬁﬁa‘t&i@l) @perﬁ@&b algctngfoﬁlérﬁtthe% t%oe\(v\lﬁ&(iihef]ﬁl?egtﬁ rex%ﬁ%at@@ﬁrst%t@i eco'rolﬁ~|

exenpl ary el ectron-beam cure recipe delivers a total electron dose (e.g.,

2000uC eeaties 26)30u iR med R iEnkih 75 14NN Igbam CRBAES R biddGati¥PidpRARPE-HdRM 50 to
2000V depending on the resist and application. -7 21 JUN 20055 05050

WO 02/ 0%804a&l rBYioh(s) S0ist BrhiGdddndiafuresdccIbtaretrélated b B elkdtion beamTidob@pa3e con@itibrid) €S
26, 36 should be a-beameradiated (e.g., the e- beam eradi ated dept h,

E- beam plogeshingtzestes), engioo wéfer) tempratired Ghe degreo 6f ddeopositios bt thefinetibnat grap$ oftiet i onal
groups of the photoresist material) depends on, anong others, the extent
to whi cRIolRistodsEiali relataditodhedeialplepteon desa Aleatropsamipnit praas el &s e dBes e tri nmred

intrimmng. S 4. The E-beam eradi ated or penetrati on depth and E-beam
er adi at &fﬁ‘g%&aﬁ tﬁeﬁz%‘;ld“&‘rst?f P2 Exdean g docine SHapiness ef%%? oo BRI ¢ o ¢ he

el ectroghea fLrQ@Qa?%SBPSWe conditions, processing gas(es), and/or wafer
t enper at ure. o egree of deconposition of the functional groups of the
phot or esi st mat er iglr BiRah fldRliGiGteh 92, Waer 300h@hgotd st £ithitARE 18| REGY R RET
unit area as well as to the doses and energies of the Individual steps in
t he E- bardfersblyiaplasmaetching s Weer20 BeLposeies fashiB ytcHag: tatrictad edaoe e @indhsions of
substrate tenperature as well. After E-beamradiation step 12, wafer 20
under gofeatuncepatterpedion therphatagesist leysr, $uth asTfiistand segond featored 26, 36.SThp plednerembdnycaa pl asma
etching step. Wafer 20 is_exposed to a plasma etchant to trimor reduce the

di mensi BATPriEsa varelyQf plasan efich chemistriey such ag, 92 HB5/Op G2l NofHle{Qpyax N/Ogy /e porigly of £ j 1 st
d f eat 26. 36. The pl tch ' var i f
s St SR Rp Ry, ol AR BRARA By K00HES RN FHRB ST 63 Bp RS

gari et ypQfarch ' I i € i

M Ll OARACBIE il SO SR} id3e LIRS ATBUGAGIMRBR By
Cal i f or &trcan EfployH B! AricKeRiktry for B R¢ism [ 10/ 2 LiR&iRy B BB ARE et dnEX@qIhR LY
trimgate stack etch can enploy HBr/ 02/ Ar chem stry for the resist trim

CF4/ Ar  gépe pingloying ohear ntokesof HIRE, HeOZ, ICF3,andiCIa fa& @ pelp eiiconktch.St eps enpl oyi ng one

or nore of HBr, He02, CF3, and CI2 for the poly silicon etch.
The plasma etchant etches all exposed surfaces between first and second features 26, 36,

including the top and side surfaces, to form first and second trimmed gate features 28, 38, respectively (shown in
0 dotted lines in FIGs. 2-4). Because different regions or portions of each of first and second features 26, 36 have
different etch rates relative to each other following E-beam radiation step 12 (e.g., vertical etch rate vs.
horizontal etch rate), the dimensional reduction of all of the surfaces of first and second features 26, 36 is not the
same.
Moreover, each of first and second trimmed features 28, 38 has uniformity in width along its
5 length, has maintained a minimum extension onto isolation regions 30 (i.e., does not suffer from an end cap pull
back problem), and sufficient thickness or vertical height remains for subsequent transfer of the pattern of
features 28, 38 onto the underlying layer(s) of wafer 20.
For acrylate based photoresist material, width 50 of approximately 110-130 nm can be
trimmed to a width 60 of approximately 20-60 nm. An extended length 62 (also referred to as an end cap) of

0 first trimmed feature 28 onto isolation regions 30 can be on the order of a few tens of a nanometer, The variation
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The plasma etchant etches all exposed surfaces between first and sefpgﬂ
features 26, 36, including the top and side surfaces, to formfirs b 2005
second t RygyBehsasst € features 28, 38, respectively (shovvn 8ﬁ ?)Zt,(% g | ines
in FIGs. 2-4). Because different regions or portions of eac I'rst and

ol 1 ow gt BETons s o SR tripeafompe e gon bt B, Gehd ks FEe 81 2ot
etch ra d@x)hcal@ﬁst%ﬁﬁ%ééa&peaﬁ a[tc?@ﬁgbgbeodn'sc&gmrﬁ}é Lmqurl ta[t]p%caso% I)rasgc%?d tr1 mfned fos &re and

second eat ures each Second
trimedsd eatures 28, 38 has uniformty in W|dth aI ong its Iength, has

mai ntai ned a m ni num extension onto isolation regions 30 (i.e., does not
suffer from aRer@em@aend] afer D0 Gldei@bed BoiRRD siep 261 AsSHEvi i FRILS-1, bélﬁshﬁ&ﬁﬁyepr
vertical height remains for subsequent transfer of the pattern of features
28, 38 ¢0nd ARG¢aytridareleycheddn dcegrdanéeSyithditst sidfs@ondBmmédeanae 28/ B deflnas A1t gate

phot oresi st material, wdth 50 of approximtely 110-130 nm can be trinmed
to a w & ¢ fipotranfister 33 awde Smméta}e 720f ®6pnd transisor Bxbpendealy.| engt h 62 (al so
referred to as an_end ca first trimed feature 28 onto isolation

regi ons 30 can be Psferably “Efla’ét’e‘FWB‘fga&‘sf%ﬂ/’fE‘%’ﬁsat‘wldt&sWﬁ‘ﬁﬁ%‘ét"‘d‘hﬁ‘?el’%ﬁt@at|on
-8 211 [ Q78095 PCT] USP2/ 05640 .i.n dt h .60 al on the
l ength 0 “‘?% dg’s rnu‘“r‘ft%%i“SPVQ? u’f%%‘s%”& o] eJo a& S§°°f‘%éartf L “?‘f?’r‘.\%séé‘t!‘t}%‘“f”f“’r“

feat ur e763(§1td 1§)latlbrp1%PBﬂs%al Eatcﬁ) ffnhﬁt Fmte tén@?&??sdnf 7% LsLLrl d;ﬁélpabteho ex%pcggﬁn%\lh

di scussion is simTarly app ica or secon T e ure

or i MM nep, StheRidlrhlon} kb Bhgtit G ehtRQLHIQARSse6nk BarddF0,574 B alBriatibiPorIONMA 11k, sl C5.

5-7, polysilicon layer -40 and ARC | ayer 42 are etched i n accordance with
first aomoséoanae farmedfmeh ghetadetist thatAhs nad 8-bbdmn dldiated &hidh hds b gite @idiheariatibh dddngf i 1 St
transi stor 22 and a second gate 74 of second transistor 32, respectively.

Pr ef er alyi lgagthfof ppproximattlySewro iejong ambelinky, thy el gatewigttveriasibrs hawqpmfmaﬁrlutﬂver a0

wi dt h 65) First gate 70 includes a m ninumextension 72 onto_ isolation

r egi ons %g%tﬁ’anggb@ Sﬁ’aa)ggte@m*?ll i eriggaean fe FrFthr rdtred st ehrolagh pormiss ont o

I sol ati on regions num ext ensions 2..76

conparabl e to ext gﬁ% "er mt"ﬁswr%gavmq’ﬁm()waa‘? vt'?{léscf“eﬁdzf’ﬁls each of

Birst apgises %}Qau%&osts Zer cox?sﬂmﬂ%ﬁ ofthe Hulnfibd o gt@nsﬂ)fn of &3 a{eQﬂ@ s 1B ksoRFon

opposed to a gate forned from photoresist t Was not eam er adi at ed

whi ch hgiom(i.glpreducsd rath bf ei@tdp @il B¥0k dliRg)@e rebibt TinrBRGHrbee RS, sRRBEQM fiRbSbY S NM
In one enbodi nent, the |ocal gate width variation is between 4 to 6 rum

over a td@sistors gatbepxbud@tpbr upiBarsd e nurtreedf@efadnilve/trankifters 34 décreatel OBrbénautadintion

further reduced as technol ogy pernmits.
the gate feature patterned on the wafer with an electron beam after development but before the resist trimming

process imparts desirable etch characteristics to such patterned features and even to photoresist materials that

0 have inherently poor trim properties. Accordingly, after the B-beam eradiated gate features have been trimmed,
the trimmed gate features enjoy several advantages, including higher uniformity in the gate widths or critical
dimensions between gates, higher uniformity in the gate width or critical dimension along the length of a given
gate, a narrower gate width, a reduction in consumption of the minimum extension of a given gate onto the field
isolation region, and improved control and predictability during the trimming process, than is otherwise possible.

5 It is understood that although the detailed drawings, specific examples, and described the
exemplary embodiments of the present invention, they are for purposes of illustration only. The exemplary
embodiments of the present invention are not limited to the precise details and descriptions described herein.
For example, although particular materials or chemistries are described, other materials or chemistries can be
utilized. Various modifications may be made in the details disclosed without departing from the spirit of the

J invention as defined in the following claims.



In this manner, transistors having narrow and uniformgate w dths can MZUBE
consistently fabrl cated. Because there is |ess consunption of the mni
extension of each gate onto the field isolation region (i.e., reduced rate
of end-cap pull back during the resist trimm ng process), an increased
nunber of transistors can be provided per unit area and the nunber of
defective transistors is decreased. ECbAIMSr adi ation the gate feature
patterned WiyATR A Rie4d.n an el ectron beam after devel opment but before

t he resi st tr| nm ng process inparts desrrable etch characteristics to such

Door 111 m propert eoht KEURRAR R BE bRt et B sl it 88 SR ur os
have been ttangistargat pattery@6, t36)|ormeld>togartstea)’fneth¢ proes cencezedigsepsall: advant ages,
i ncl Udlsng hi gher uni élﬁﬁﬁ%é Nanélﬂortgmgpaga'h @6‘@6%‘« Bls«m ggctrgr{ ﬂesrh cal di mensi ons

bet ween gates, higher uniformty or critical dinension
al ong the | ength of almgvf\sélﬁcur@%tfaémt%tgﬁararteWP 3@atf’é wi dth, a reduction in
consunption of the mansfsmmmnﬁmaitﬂmﬁ ga’ﬂe[gltéﬁﬁtﬂaﬁ?&@tootm&spbsla&?befd“ﬂllled

i sol ation tpuggeao atter{l E)dformnp{ra nsi tor t%nwgvlltegeéxgtgf gT"P 1£tor| %Iag: “2 Plﬂ?.f ‘?‘ggg{ﬂ%p @Fél?gnd a

trimm ng proce s’
al t hough { Vaatiofeaf se idth athna thi h@h of thedreisisiocgamyiardubed dye t@helcudeseapi bed t he
exenpligry errbodi rrents of the present inventi on, they are for purposes of

illustration o ?‘5 HE‘J?H%/ i ments of the present jnvention are
not limted to he pt EEE" Yt fg‘"ﬁ'?’fcf ﬂ%cé”é‘t"fib‘t‘f‘aéﬁﬁpﬁ’éqﬁftst Ipétis frmpasefi of 2 For
exarrpl e, dhotbrening matpriat typicallly ased fitaeledsedng 0H248 mhditoghphly €193 aimn dithdgapby.iabeekirent her
mat eri al s yiavielBeheET) Sdosidly Pe  Utilized. Various nodifications may be
made in the details discl osed wi t hout departing fromthe spirit of the
invention as defined in the followng clains. -9 21 JUN 2005 CLAIM5 5 10
VWHAT 11§ CLAI MVEDB. | $he frocefirnf iclaﬁlegl’fﬂtlﬁdclﬁ:iadftﬁuéd inft@btht prdidrE3R3t Pyed GBS Mmprisk&f a

process Cq:msrjesﬂt teﬁal%:&'qg Qf {)[}?(Qfl)t ﬁJcEHf gl9§1n 99& %(ﬁ[ho%epthe a 'Estc%rirnrr]ler lzlisy' 36)

on a photoresrst ayer rocess c aracteri zed' uring
transi st orVgjalle pattern (26 36) with an electron beam tri nmng the cured
transi stor gate pattern (26, 36); and transferrlng the trimed transistor
gate pattern tqg a

forma transi s? or h y&essmﬁ%mq f 'hei[)r‘a'r?s&}ras? egzeijﬁ'aglaethlehﬁﬁl g*g‘? g St%wd‘{“h'sé{hd a
Iengtﬁ aﬁ'éffﬁ'ge(?fa?nf%tma@rv@tﬁotﬂhe wi dth along the length of the transistor
gate is reduced due to the curing step. 2. The process of claim1, further
characterized in at t he_phot oy esj st c¥l is conprised of a photoresist
material typicall 3% LREES PhY iR 'i’é’agtf“rg'ﬁ‘e gpctosized %ﬁrtrttemwrsaeawwdefg@orwﬁ

i t hogr aphie, tragsistor ggate p8ven to theteleatindeat hdvinghit dofeShive rhrigt bDgpppimytely 1150-800000h e
process of c?l al m 2, further characterized in that the photoresist |ayer is
conpraged o]

6.  The process of claim 1, 2, or 3, further characterized in that the curing step includes exposing

the transistor gate pattern to the electron beam having an accelerating voltage in the range of approximately
0.5-20 Kv.

30 7. The process of claim 1, 2, or 3, further characterized in that the curing step includes changing
at least one of a vertical etch rate, a horizontal etch rate, and a minimum extension erosion rate associated

with the transistor gate pattern.

8. An integrated circuit, comprising an isolation region and a transistor (22, 32), surrounded

35 by the isolation region (30), the integrated circuit characterized by:
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photoresi st material of a type typically used for 193 nm and 248 n 1 JUN 7005
|l ithography and is commercially available. 4. The process of claiml1, Uﬁ

or 3, further characterized in that the final gate transistor width is in
20 the range of approximately 20-60 nm 25 5. The process of claim1l1, 2, ‘or
3, further characterized in that the curing step includes exposing the

transi stor gat eth@@én&ﬁ&r'?nctu@m%:ggatee!i @rﬁfczglgﬂlcps%ﬁr& Jﬂ@ﬁd&ﬂgm?leg%ﬁ aﬂprxfnﬂElyrGQQQe of
appr oxi mat e%é'&loo process” of aim1l

further cHAY Beeas (G &Y being detingd b%ﬂ‘i@ ‘%‘Eiﬂ‘ fr?f’gateétgef)feftw&mmv@%wre%pw ng the

transi stor gate pattern to the el ectron beam havi ng an accel er at| ng vol tage
in the range ofgapprgxi

or 3, further char ac?t%e%r{'(gérgédycmlﬁi‘lé c%{nhg further charactetrlze% up l;ﬁxcltﬁc elécax(rzxﬁraz‘iﬂlarie néa}e

| east Sne fepturepnyhephqteresist lasteein forraddy alspqumﬂlbzwmsuretch rate, and a mini rrum
extension erosion rate associated wth the transistor gate pattern. 8 An

integrated ci rcwt ,g n’FI’I sw(g tJ Igu Qn reg| on and a transjstor

32), surrounded ' 35 DY PRSI PSPPI &g nfurthshpharapterized 1y thay o ApifRamity ?f(f'ﬁﬁt
char act er iczitiqd! disgensionla®n@ 4 leddtNof 20 @8e & h @ G menveriastmorsegnieatl udi ng a gate, a
critical dinension of the gate being | ess than approximately 60 nm and
the gate (70, 74) being defined by an E-beam eradi ated gate feature on a
photoresist layer. 9. The integrated circuit of claim8, further
characterized in that the E-beam eradiated gate $ feature on the
photoresi st layer is formed by an el ectron beam exposure. 10. The
integrated circuit of claim8 or 9, further characterized in that a
uniformty of the critical dinmension along a length of the gate is 4 to 6
nm over a 3nmm segnent.
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