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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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by an el eghdBciiEaiBve Be RsitdEo20P de patterned photoresist material. As an example, a feature

patterned on a polystyrene-based photoresist material typically employed for wafer patterning using a 248 nm

10 wavelength of light lithography process can initially have a dimension on the order of 150 nm and be plasma
trimmed to a dimension of approximately 100 nm or less.

In contrast, it is difficult for features patterned on an acrylic, cycloacrilate and cycloolephine
polymer-based photoresist material typically employed in lithography processes using 193 nm wavelength of
light to realize a similar amount of dimensional reduction from a resist trimming process.

15 Present photoresist material used for 193 nm lithography exhibits poor trimming properties,
suffering from, among other problems, high vertical resist erosion rate (Rv), low horizontal trim rate (Rh), a high
rate of erosion of the ends of lines (Re). When attempting to trim resist to the small gate dimensions required fof
modern VLSI transistors, it is quite common for the vertical erosion rate to completely consume portions of the
resist pattern before the desired in-plane dimensions have been reached, resulting in damaged or discontinuous

20 transistor gates or gates exhibiting an unacceptably high and variable series resistance.

A typical resist material used in 193 nm lithography exhibits poor trimming properties,
suffering from, among others, 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.

25 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

30 of the line pull back) and/or excessive thinning of the gate pattern over topography steps such that pattern
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FI ELD The present invention relates generally to integrated circuit (I1C)
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reg i on. BACKGROUNDs#R{other embodiment of the invention relates to an integrated circuit. The integrated
circuit includes an isolation region and a transistor surrounded by the isolation region. The transistor includes a
gate. A critical dimension of the gate is less than approximately 60 nm. The gate is defined by an E-beam
eradiated gate feaAture‘ on a photoresist layer and trimming the E-beam radiation eradiated gate pattern of the

25 photoresist layer, while preserving the gate to isolation line extension to ensure enhanced transistor performance.
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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

30 21 will hereinafter be discussed as an SOI substrate.
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can comprise a variety of photoresist materials suitable for lithographic applications. The material comprising

25 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

30 spin coated over ARC layer 42. The photoresist layer is provided at a thickness of less than 1.0 Km.
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first trapghsdQhsA8nm favalSEE ARG L.at s 30

(FIG 3). %Fr st %nd secongﬁt E%Tn%h?g{%iggggea%%mmg‘?gIioggﬁgdéén%ﬁexrcgg’lﬁglr ate 21.

Fi rst and codcwpdxitachri§l gt Giher tRPhotod:Fst Hyeeis &l agrgibte-baged btlowpresis eb@tdednefiplom each

ot h%r by | ?lha“t?n 5ﬂ<1-:-%| ons 30.. Fir ('g and gecond transistors 22, 32 are

sinilar t 8" 8RB AET 0 °R°F WBGHR Nt SRR el drsion? cake PHEFHES Hore  t han

two transmstors on substrate 21. Substrate 21 can conprise a single crystal

material such as a single crystal silicon wafer. Alternatively, substrate

21 can be a bulk s&%’?ta¥yak@the’&??8i@ﬁﬂtsa9éﬁea‘?y tﬂﬁ&?éﬁpe@tisilsm é@ﬁthmtpnﬁiion%l at or

(SA) subgtk I m. ar.

seni - condgatlcltb%tg)yrr%fn grgal% nIOfH 5P o ?u %gs vem?%st%lll as °Fm actcf”al1 ﬁ““ve"?“ “qmgf & rate 21

wi | | her eibeafy@rrilbe sthing ms@do ®5gnanbs SQhe sdshisireatcs. requbdamﬂmDEQr &QQB WO

02/ 078095 PCT/ US02/ 05640 As shown in FIGs. 3-4, selective regions of

subgtr at e *FfVeEEVE s @ PEEres I clRareapEe Bt Riggtse Forzgymele.dieéas éeefied and an

i nsul at or th@s cglengtlﬁzgtelﬁgd ﬁ‘?or &3‘8%&@16&% técl%ol%e?%bc@i()n%eag(gﬁbm g:sp ;Ebe%' i nsul at or

can be used to form isolation or field regions oxi de I'nsul ator can

be a field oxide s@elhrala/slelsihlext@m 5@$hmkdIﬂ‘@apptoamﬁtay@miﬂydmamgdﬁ&-etclﬁdgl icate

(TECS), pgl d5|1I qienc fsul atizd . n silicon dioxide or other insulator.
el & BGH6h BARCIRER A SO P SR AN €81 at i on (STI)

Al ternati Ve Y,
St ruct ur eSowehdr 5@r- sﬁzﬁ@&&eﬁsﬁﬁ@ ogr;l-mtbrﬁfelvklﬁjﬁpsnnﬁmgdx Hrttng BEIelMBe &I midduf i1 st
transi stor 22 and a second active region 34 of second transistor 32. The

di $Pance FEVWEdisnindbntvih det etticims, it is deyrablnt 188 thargie g aivinbeiem-cfiG. 3., can
be 160 n I nol o havi a 100 nm desi e di mensi on. A
pol ysi | i (r:%o];llgfﬂ%y ulof %%)Q&go%%b%c &l g%ﬁhéervedf“iqgtsh advan%ge""%%"cﬁsﬁd‘%@fed b & egi ons 24,

34 and isol ation regkbdesimionsAndidttidpvaitirite tiehda cdubie, f@ahi Burd BARC) | ayer
42 is provided over pol ﬁSI licon | ayer 40, underneath the photoresist.

Pol ysi | | cB¥" f2a8plilicaryaserh aasiop $ses npidrsgribesiin 4 Limising fa&&ﬁb rAs Hieryssedghord, vagiers et al  or
a stack Ogeséri\b@%rﬁete@ﬁﬂo‘c@! SttediVeR ¢ %EJ tll%xegﬁl\c{r%' & gengions MG Da enaIS §o bb than Q%lt{x ange of 200

nmor |ess ielectric or sta ectric materrals Serves as the
gat® i nsufeattop friyehave@eiof tha @veptidh.yFoSdxnipl Ot pabek dbdd 6ot S4Us 1 Hhatie ARCGharsdnl | con

| ayer 40 can be forned b di ffusion furnace LPCVD process. ARC | ayer 42
can conpr "8 B PRI FETS \Flafkc,°°“§rg‘1“‘l“&‘b’ﬁmﬁ‘i“flr| de (SiN), non-

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 (E-beam radiation step 12). The flood electron

30 beam impinges and penetrates the exposed first and second features 26, 36 and chemically modifies or
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stoichionetric silicon nitride SixN (e.g., silicon-rich nitride V\/(ZGJgECXﬁg?,
silicon oxynitride Si xOyN, or one of a stack including these material an
possi bly over-layers or under-layers of oxide, with a thickness typically
in the range of 10nmto 80nm ARC | ayer 42 can be fornmed by a PECVD or
LPCVD process or a sequence of these processes when the ARC consists of a
stack of diVP&YEMISfilns. A photoresist layer is provi 8EHUEEIS4ARC | ayer
42. The photoresist layer is exposed to a gate pattern for each transistor
bei ng f abrieesiresd-team sodigti@such erposidntrugrece diam Beeihichahcigistsed! firstapy spppndiadied on a
mask or refigl hot ol i t hographi c_system .|l n devel opi ng.step 10, the
patter nede%hzg'tlgf)%ggasr’%h rgﬁngafor%?eggfaﬁ’ﬁﬁfﬂfd° &V e SPEY aflganaré?ﬁﬁaée, "4 hong ot hers,
a first gatieimphéteBior GitSiolafiod Bbibifs 80 i@ Bactl @@ Firstfahd s&cbnd @B 3b B affdoted AR SECON
gate photoresist feature 36 for second transi stor 32. The photoresi st
layer fr oA hisnetriepipg o firstapidecand &gipres 296 i rpeitimminaserdf- f eat ures 26, 36 are
d_ef qued Cfan COITp!’ I'ﬁl@gl&txé{l%ga}n%t efegt)]y BQ&P ggmea%lex%[ndegggaee etl: %‘rln s%urseglogs gx!ne for
| i t hographi c applications. Thée material conprising the p‘ﬁ r_for e% st | ayer
can i ncl uded is animg caditnlaed i8sm Bat TAGH bxgostiBlee fif@ 0. Gl exa@Bd dll an cterS@NAGA dldeZRl  OF
inhibitor, and a solvent, and is a chemcally anplified, positive or
negative t*8F& M GFRETCRrHS SEaPHEIGrRYcErd by Fifgropifien Gompratopestiaehg t he
phot or esi stdayer nay be, but is not limted to, an acryl ate-based pol yner,
an alicyclic-based polyner, a phenolic-based polyner or polystyrene-based
pol ymer. For exanplT eldcing bpindbad ex@ssius tondi@yer panmytero@gpibiceclergoaoragei al | y
avai |l abl e a r‘_}/I ate or polystyrene-base photoresjist material. The

° Ei P oo

h
S PP B BRARHS e Syl tareripe

photor esi §t° 1Ay e
phot or esi sb firht @a&dconk ﬁ:atﬁEsQEiBGjﬁldesﬁluiﬁniﬁgme&iﬁn@]ﬁ%le(ﬁim de%pogtwl)eah %M, -5 2 9 DEC
2003 WO 02/ 078095 PCT/ US02/ 05640 First feature 26 is defined t-o be

di sposed @@witions pra vasisiarepdifle opibrrtipl ofiphairfesifitmptertal, eybsequentorqeesgjieoiaps 2olvigettie B cert ai n
amount of Lenat. nding into isol.ati regi ons 30. Simlarly, second
feature 36 a?{s} %‘g?di%ﬁ%o SItgLoan oerdesﬁlgéhﬁ%cseé‘s csé’\gtgerph?t %‘Stcmétﬁ?a?ét}“ B iiast %?%X"é‘f second
active regeoruddcipwidéiNerss t@e sléc@dnlosa FRLUA0uOEmT) ﬁlagatohm@(stcwd\iidg&cé-ldﬁiiﬁk i sol ation
regions 30. First feature 26 has a wdth 50 and a | ength extension 52
(e.§., an "ERE B PRV deedpnwtsroipd agietnd feature 36 is identical to
first feature 26, q{ﬂgph&é}gsxsma§ga§‘§)§xbxgﬁf %ﬁt al}ysg&lgfeégts?a96 ils ? ﬂg%%photlg_r)ésf_is?nsr on 52

of first feature 26 is also applica to secon eature exanpl e,
when t he phistiableesipslystieay/i@sed polymar wiE®B1ypiaqly exbibie b Bikheiaitio 6t vir@dal tShoyifoa@sias ed

pol ymer  ex uQnsted Si ng t24t1,§ rim vvasyfel ength |ithography, w dth 50 can be

appr oxi mat ey’ 158 hm AR BRI BEEPRET oPghe uegten fbeapsatiatioe; Fabigey 100 nm
Wien the phehedRsh 8dseskhdlired SobAl 1@GaY b-BbE mBRIEHss Eﬁﬂ%@ﬂ@%&lﬁ&r fxReged using
193 nm i thography, width 50 can be approxinmately 110-130 nm and | ength
ext®nsi on "B fatisipde thp prhsrbiarventcet- \Thd 2@l md alGeheagd feysts hhve higierty-bext ensi on 52 s
not set b esi. St .type.that. is ed.. L extension 52 can be set by
a conbi naﬁd%cgﬁg%sqlﬁfﬁ% ef:ﬁflgl%t'ji us1%§/°5’ffftéé§%f%’§e ag{c?)v &G B fRreL 0 BT e
conpetiti velaess inahidndstr ces these |ayout rules to shrink according to
design rules, 2. The amount of end-cap required to remain after etch to

achi eve a given tr JWETStoGHon Fen 1P oA eeicahshenegio- prrrerlivking g fecefrositiom tphot o
prOCess. . R fun @IS wallfives ey ye RSSOl BN AL DXL ESLON 52 Tor 130

run and 100 nmtechnol ogi es can rrm resp °i vel y.
Gereer al | y eledrenberrh S@k tegiors biaa plpRresifl Buidridl wilb@rdagPha@XicrRbakcy re8hndd e, €MAI Ni NQ

after etchi n%. ccor di ngl y. during |ithography extension 52 is dinmensioned
b N

| arger th gﬁuc F?nqugmﬂ _u&\ lﬂ]&ﬂl}gi“ﬁﬁ’ afdrixiltﬁflacml 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

30 having accelerating voltages from 50 to 2000V depending on the resist and application.
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However over-sizing extension 52 can interfere with the m ni num spagiJrg 7003
between line ends. That mninumis set by the design rules. Thus, with
these restrictions, it is desirable to reduce the rate at which the end-cap
is consunmed during the etch process, which can be achieved with the

advant ageous process di scl osed herein. The various di nensions and

material s dYQ/gzﬁ”’f"‘(’)sr the di scussed structures, includi nBCHBRR95640ayer 42,

pol ysilicon |layer 40, and region 30 are not described in a limting

fashi on. As di scusSEFEHEVER Rih gered fegrss P P sprldantieat Gadidrie-priscess

C!’ Iteria gan e&(_ﬁ&t{eﬁ fe ﬁn,@oe%&ﬁgle@l%éfongj e H'e%'e_ Ji]§cc%gs1ugmfﬁx£ fugtjti&\altgg plg gftl%hanged

W t hout departing from t he scope of the invention. For exarrpre, the process
does not mregpukis eataialb@eodsion eméRGhet theerisit © WhictOlie Eredne¥adiakd i andisesp&Ci f i ¢ gat e
stack configuration or material. After devel oping step 10, but before first
and seconaea‘?résa%?ﬁ? BEHged iEmghgsiep i‘”aﬁ%ﬁfEébF?”éeaad’G‘Ff{)°6P°&W§P°b epth 23 ED¥fRder | yi ng
layer(s) GChdaye Ee@iorgs@of@flganél;écoﬁcf@amﬁg S0k rela R B 12 on SO ARG e BopBiRL, €7 N
(resist features 26, 36) is exposed to a precisely controlled flood

el ectron beamnesefos udier afe: tremnrie.athe dekoridsdepitidbidf the fivgonfllzdadofaéleect r on beam
i npi nges ng penetrat es t htge (Sﬁ%%sed first and second features 26, 36 and
cheni cal | VR0dT {88 g7 &t EonI190 TR HPE0YS 2Peh V%27 05640

t ransf or Menefgred Abhdidh s Qiihe Sk %RRASBiI s8dudnblC tridfe@Ry §.Q dégnﬁﬁgetont he etch
characteristics of first and second features 26, 36. In particular, a

hor i zont aFubiete Epjerusesctsllr at e, a vertical or erosion etch rate, and an

erqsion rate of a i pi mum .ext ensi on tq isolation regjons 30 of each of
fi’?gt and second fég%rg'rbeél?rafgéong%ﬁ%rwéf G%P F%‘E’:rfoésdesf“otr TR l“a EESE Cont rol

et chi ng ofs plefetaiay a pitirch eGRGORE WAALUS Rfosed B,a piddha btbhadt @ HinSdr rebilcd theHiRgsiocsd 8P 14. The
el ectron beamis preferably emtted froman extended area el ectron source
(not showfresRFEmgdgn He REpHP ST MF et fetredecd Farer?aei Be plisprrhespbsed over

waf er 20. cd%ﬁ)dsgg(m o@plgfna%c%}sﬁ&g@g a@,{)z?ﬁBr Z,szfor 2 e/(i,oolflf\lg . 2§l\'fla!r1te a(Qf"l eto .
generate the el ectron beamis manufacéfured by Eléctron Vi'sion Cor poration
of San Di egdnrd ctolBad endifgrent sach asTtives n@hwdetuediy Apgiad WadrigOd S@% 0B UTakfor6ig ddiahi ONS or
parameters € Fps dots .. accelerating voltage, and beam curr ent{‘1 are

sel'éct ed t07Pr Ovi-gE" O%Pﬁ"ﬁﬁ’rﬁ‘aﬁges}’fﬂfz%? BOVEe bR FbiAR PEYPSHE et el st abi 1 i ty
char act er khlchaGaplbydml/Ds/at chidiidly BRGIRL: whf eEML R mRE, fordR ARC Lic! 881 Suedod deMM NY
step 14. The el ectron beam exposure E-beamradiation conditions can vary
dependi ngsthemplrEngopqpemest of o Hes2e 3. ond Giafortbeipal) silicanelybequent processi ng st eps
involving the E- beam eradi ated phot oresi s and/ or desjred_characteristics
of the photoresi st @hr?g?tasénra ?t%a'%a%ﬁsag? ??f)r{s‘érrac SEe“'lh’vee*’d’t o Se%’é‘g “ERTR% eci pe
delivers Acliddk ét toedn@ade 6@Aces] @ 3@m {iSt.a@l second @I G FRohred 28, 30 ABpeQifvely BMoGn iST EPS

havi ng accel erating voltages from 50 to 2000V depending on the resist and
appli cat i &1 93 FRGr'd rRseapss fiffsrent regiqnegr pastiomsf addiofiigst frid segend &piefes2080MY f eat ur es
26, 36 1 Suftredfbfln A-AMOL OLER B0 TR Blch Bleaiefi B 12 B ROLYSLLENE- Dased

pol ymer) which typically exhibits a higher ra vertical to horizontal
resi st clorsuspth ), thealinessions Bdustish sftaf6Tite e fagy 0@ S sdcarki ifchikebe@s, i36is pdt @& ent
wi t hout the use of an E-beamradiation. The higher e-beamradiation doses
are requi ¥8d to obtain adequate e-beam induced cross |inking of the polymer
in order to realizRoddg, b o b Qoohd dilh G H-SRNRNC EMBNSH vl GoAGL V! at e and
alicyclic-based resists have hi gher e-beam i nduced cross-I1nking
ef % ci enclynethympintaingd ajminiramyyaietsiethn Golrteugime30d.cHicsHERfthose aatnd BapgilvVen ener gy
to achievg the sa r.eswt in a 248 nmresist.

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

30 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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E-beam radi ation step 12 inparts a chenical change, i.e., cross-IiZdkDrtgpnd
deconposition, to the functional groups and additives in the regions of

t he photoresist material which are bonbarded by the el ectron beam Such
regions of the photoresist material will accordingly have increased etch
resi stance ‘g .e., reduced etch rate), bulk nodul us, bul k toughness, and

i nterfaci alV8Ugtfiess of the substrate-resist polymer BEHES020%4%e. ., the bond
bet ween the photoresist |ayer and ARC | ayer 42). The cross-linked or e-beam
er adi at ed &g Osns hedgrethel Tistigmmped fratpe #topndm less el nmp Secepd dimsiedfeatyr 8 tsi ons or

the entir qde{h@a@%o%sﬁm%ed?e%p Zé)afnd ij aguo%g dis lﬁ ion sesgrgl gafp abl ilz)rs cox%(érimme((i5 b ature
exenpl ary el ectron-beam cure recl pe del1vers o(f efectron aose

2000uC/ cnBy. in one or nore steps having accel erating vol t ages from 50 to
2000V depending on the resist and application. -7 2 9 DEC 2003 WD 02/ 078095
PCT/ US02/ 056403 THEmax{@ht "' 2Wifeses Prig slerdfidsbees hd st ibE%oDege 36 shoul d
be Q,- beam4§£n§'gk@fa}%g42('«n%'etgwd mraclgcgdagce Q@rﬁﬁ@t £nbi @9}'11%; ﬁxgedqeggxte 98 BEF &%ﬁ%q‘ﬁg{ ?I at ed
region(s), and degree of deconposition of t unctional groups o

phot or esi §@of:ﬁattemsistaﬂ2)2ardemd&tedmfsmm;n@slmBﬂere@gacutehe extent to which the
E-beam eradi ated fir and second features 26 are trinmed in trinmng

step 14. The E- bear?fegfagﬂlf”éiaédcf“(??d gﬁ&*ﬁ%ﬂ%‘a’ﬁg&wﬂ%ﬁwwﬁo EIBELKiEF4di at ed

r eg' On( S) 7@1t1chfd&sra§1§nmﬂl&¢xt§ﬁ§rp7@ gntJ 1%@1&'}£§nsg@and %@m&a{a@ 74 iﬁJlLﬂ;Sggunmmteh&ﬁ&ll ectron
beam fl ood exposure conditions, processing gas(es), and/or wafer

t enper at uﬂ@ontOqulemdegPreéO @ﬁchdf@e@nqy@sqertsumu 2, @tfhaiahengﬁh emcetrabla mwakendgiddugls of t he

phot or esi i e to the ectron dose el ectrons per
um%0 ar ea%%ﬂea lﬁalonéth lsen ILeactl oseséa“dﬁeaond%aﬁ%? 4§‘? SR s iar Viieal steps in

t he E- beawppbadih aﬁate(i’dilmd’d%ﬁx gsatoﬁ@sqm mgsa@temaﬂ&edlmy,mma@ gHlependanciny
Substrate tengerature as well. After E-beamradiation step 12, wafer 20
under goes ¥ length haprrexjopisly A go- slﬂ@lpef&bﬁdﬂnerir fhpriadalegte widib prrigtipn is patwepr4g§ @mamry a plasma
etching s to trimor reduce the
di nensi onéﬁrg at\{%&@as%&) P?eafetr%épg%eclamnwf’Reoén%ﬁn%‘(’)cre&ea&e%f’&?g 78S such as, first
and second featur emﬂﬁmanaaﬁ trandifi@s wxﬁsﬁnwaﬁ@hﬁﬁtgaeamms &DWnklﬁ@ﬂ}a variety of

pl asma etch chem stries, such as, @2, HBr/ 2, 2/ 2, N2/He/ 2, or N2/ 2. A
varPety ofPricads Rerapeibestitle e RRieH 9 e ipimum tiepsion &f ook sriconininipiddeliped by

Appl i ed Magsld @lreaucefrat&a@.td@a Pk durfelnd ,fesgmmng fggcesbaamuﬁmmn%a opf Freemont,
California, may be utilized to provide the plasm ‘etchant. An exenplary

tri m gat etapsigdcan tev@hdeéemunewpﬁla@ythel-ﬂBnUeOZyiekpuvammostxsrdycra‘am Etthan rad@génst trim

CF4/ Ar chei st the ARC et ch f st |
or or ¢ o et £ Vi B e e TSt v R IRG pl B

et chant Eblﬁdaﬁﬁnp&{s ldes%]@&&ﬂ:ﬂaraﬁtbﬁsﬁo@%@&h ﬂ@&ﬂe@ﬁﬁmfs bddSten @Bﬁi}t(ﬁ%@& Rt gat ures 26,
36, including the top and side surfaces, to formfirst and second tri med

gatzé f eat fiveigherngly popgtrimpiageiet trogrding)y, Q@Wemrad@m%&amsmesbepmm@s 2-4).
Because djf{; 1.Qns ch.of and second features
26, 36 have 18%%@%%{3%%&92 Qgri}lg(%%e&sagers oA ng f?tr Rt ! ﬁ%te wmg'ocir O ng E- beam
r adi at i ondistngighs AeBvefrpatep, highet@fifotnGigiln ttet;m;crtla&r mnvaﬁdlméﬂﬁcrnlazﬁgnﬁea&lgﬂectfa Rvenate), the
di mrensi onal reduction of all of the surfaces of first and second features
26, 36 i TG UE e MR 2 rodsHicn f\pansumpliog @Fhecppiniyny cxtensigmed 2 giese exifcPnip fhp ke d
features gﬁaﬁorﬁ%xoﬁ@%l ﬂbJePJoﬁHofa}{d ﬂre!alcéll\ﬂﬂg}ttj\]m% hgg%nunggroces %Qagls chemhlsaes s | ntained a
m ni nrum ext ension onto isolation regions 5 does not ?fer from an
endscap pul | back pﬂ@@b@ﬁ@imatamugsmédetawmlnﬂlshpeﬁkd‘b@ﬁ@le@ﬁndﬂe@c&1bddﬁﬁ| hei ght

remai ns for bse uent transfer of the pattern of features 28, 38 onto the
under | yI n d(eqlpz‘aiy )meIBSr of%&]fr@?nt 12ﬁnnon they are for purposes of illustration only. The exemp]ary

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

30 invention as defined in the following claims.



For acrylate based photoresist material, width 50 of approxi matel yZ315L 780
nmcan be trimed to a wwdth 60 of approxi mtely 20-60 nm An extended

|l ength 62 (also referred to as an end cap) of first trinmed feature 28 onto
i solation regions 30 can be on the order of a few tens of a nanoneter. The
variation -8 2 9 DEC 2003 WO 02/ 078095 PCT/ US02/ 05640 in w dth 60 al ong
the length P8t tri med feature 28 can be | ess t haRCHUHMSSecond
trimred feature 38 is identical to first trimmed feature 28 and the above
di scussion is simlarly applicable fdA®8cond trinred feature 38. After
trimmng s Tils4C A\ﬁ%ﬂs,zo under goes etching step 16. As shown in FIGs.
5-7, polysilicon'Tayer 40 and ARC | ayer 42 are etched in accordance with
first and second trimed feature 28, 38 to define a first gate 70 of first
transistor 22 and aAsieemird cigatfrichdonPloceSaB@Reksd chadiSiheSis®y of BRemifg@Spect i vel y.
Preferably, first and second gates 70, 74 have gate w dths conparable to

wi dth 60. FPYOEsalBiEm CoGOnErpleresst ayerrieRTora FREREBHY 875 2 ont o i sol ati on
regipns 30 and secofd, Gat&idé glidlet-HIRS cAl L P EXt ension 76 onto

i solation regions 30. Each of mninmum extensions 72, 76 has a length
conpar abl e t o ext endeding @aytehiraGRior ghia eattenh @6, A6)abddng t he | ength of each of
first and second gates 70, 74 has a variation of less than 1 nm

as
opposed to a gate fGPREHEHT BRPHHBESFEL] Rt alprerfBs 2 Epossd bHEal er adi at ed
whi ch has p%ot&@stsﬁathcdtgrhl a‘ﬁ@tfsi'st@rtg!lté?ahe@:ln%gansiltc;r§th n@:ﬂt@rs Dm@tﬁ arﬁQQﬁg@?,qn@?-t el y 5 am
I n one enbodi nent, the | ocal gate width variation is between 4 to 6 nm over
a | 3 nm gateatipnefig ¥idtf Song el of tRrtrarfsietpragist iy refubid Jueyethei cering - can be furt her
reduced as technology permts. In this manner, transistors having narrow
and gini for m gabe W it g ahe. GARLALEIL Yyd BDHLGALATw BssAYAG L here 1
| ess consunption of the m ninum extension of each gate onto the field
i sol ati on phetegisontefdl tygcally ysedu adeabt snabfe480in lidnskpya 3 plithoglaghe kinddkitenig t he
resist tri rrm{)]% ,@r(gﬁgss AN i ncreased nunber of transistors can be
provi ded pBPVURIE GPOL AR he nunber of defective transistors is
decreased. E-beamradiation the gate feature patterned on the wafer with
an el ectron beamtad fr@éss e et b GRAR Blaralddited DR OFDhdidARist 198 isSémplided W1 NG Pr ocess
inmparts desirable etch characteristics to such patterned features and even
t o phot or ST CESTTREE 714 e YAty vdiElo? HHvad BhET jhaseesy and isicepmsicser t i es.
Accqy di ngl Mot th&ock: oFmB S0 QLA LRt &8 A oGt %Ee%insﬁs}?%? uﬂgﬁﬁe trimmed,
the trimed gate features enjoy several advantageS, 1nc ucﬁ ng hi gher
uni f or m t yangeof trpexigadhe?0vip diths or critical di nensions between gates, higher
uniformty in the gate width or critical dinmension along the length of a
given gate a,nats eRluBahe W Il SalLAUeh Lo . COOSUIRLL 0D, Of the
m ni mum ext ension of a gl ven gat'e Onto The Tield " resP et e asiSn, and
i nproved ookt BAh P hmedictd adinhivinya @i thGankd v approdifadiyNgo- POV RSS2 than is
ot herwi se possible. It is understood that although the detailed draw ngs,
specific exarrpgesrh and %scrli be fut heh exenpl ary enbodi nents of the present
i nvention, they are T8t plFpoes B PITorery LK “ung S7P e caedtriicar v
enmbadi Mentusns®br ghiblRudal 18 HEMotrdn BB Mvin® L 261t o1tdd iNint 8e biQph BBy €540SE details
and descriptions described herein. For exanple, although particul ar
material s ™ chem stries are described, other materials or- chem stries can
be wutilized. Various nodifications may be nade in the details disclosed
wi t hout depart§ ngyf iof y ' . [ i.n the
L nout depar 6 Nhelpfs0D ogh%mE 2Rl %gmm cnbelBrized MUGRE LORE A5 inHRES G Gnglad

least one of a vertical etch rate, a horizontal etch rate, and a minimum extension erosion rate associated with the

transistor gate pattern.

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

the isolation region (30), the integrated circuit characterized by:
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WD 02/ 078095 PCT/ US02/ 05640 CLAIMS WHAT IS CLAIMED I'S: 1. An intedratiédill
circuit fabrication process, the process conprising a step of patterning a
transi stor gate pattern (26, 36) on a photoresist |ayer, the process
characterized by steps of: curing the transistor gate pattern (26, 36) with
an el ectron bear’g trimmng the cured transistor gate patter n%gﬂ%, 36); and
transferri nYCOHE®YPi nmed transistor gate pattern to a PSYEF2Q¥M 42)

di sposed bel ow the photoresist |ayer to forma transistor gate, wherein
the transistor gate™ REFTIRLILE ARYE FiphymasiyehGt e boips s on PRAPiagfely6h of t he
wi dth al ong, i ge LA ke doha ra@@@anﬁzrgaﬁateg%ke catusS of SHlMEEL 1JYe to the curing
step. 2. The process of c%alm , further characterized in'that the
photoresi st layer is conprised of a photoresist nmaterial typically used
for at |east orfe T8fintgRpEd pifshil of ¢l4ire &) fusprnsharactegBd intha theEtbengreafibissl satalrtiraennt r ene

ul travi ol i i 3. The process of claim2, further
character ?gcepg&t(?%&th%%%&%ﬁ%itb%%g%%?%\sé?nsefmofuéeyer is conprised of a photoresist
material of a type typically used for 193 nmand 248 nmlithography and is
commier ci al | y avaiThailybzeted tiruityf dare$or Dfurtet darmtedzed iR that @ nnifGmitf of i digeal
characterized.| glothgt ol ?ﬁ fi nglt 6%ate t3ransi stor wdth is in the range of
appr oxi mat €1y 2680 “Hn > 4° 2 TRE BB s B %i m 1, 2, or 3, further
characterized in that the curing step includes exposing the transistor
gate pattern to the el ectron beam having a dose in the range of

approxi mately 100- 100000 pC/cnR. 5. The process of claim1, 2, or 3,
further characterized in that the curing step includes exposing the

transi stor gate pattern to the el ectron beam having an accel erating vol t age
in the range of approximately 0.5-20 Kv. 6. The process of claim1, 2, or
3, further characterized in that the curing step includes changing at

| east one of a vertical etch rate, a horizontal etch rate, and a m ni num
extension erosion rate associated with the transistor gate pattern. 7. An
integrated circuit, conprising an isolation region and a transistor (22,
32), surrounded by the isolation region (30), the integrated circuit
characterized by: -10 2 9 DEC 2003 WD 02/ 078095 PCT/ US02/ 05640 t he
transistor including a gate, a critical dinmension 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. 8 The integrated circuit of
claim8, further characterized in that the E-beam eradi ated gate feature on
t he photoresist layer is forned by an el ectron beam exposure. 9. The
integrated circuit of clainms 8 or 9, further characterized in that a
uniformty of the critical dinension along a length of the gate is 4 to 6
nm over a 3 nm segnent.
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