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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



However, currently available |ithographic techniques |ack the resolution to
print sufficiently small |1C device features. Thus, various

non- | i t howonapkiswz echni ques are al so enpl oyed to shrink orcCraborescso f eat ur e
di mensions after lithographic printing. One such non-lithographic technique
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a photoresist |layer of a sem conductor wafer before such features are
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resist trimmng process utilizes a plasnma etch to renpve the desired
amount of the patﬂﬁwﬁedcphmﬂnm@@bkmmmauﬁmMammwﬁﬁmamwewdmpManmanmﬁakmbe
patterned on pol ystyrene-based photoresist material typically enployed
for waf émalb&qee?erﬁm%uﬁ%gvaeouzm Tnhperpohisiesheieen e Rlsofmpidygshie sk sragoeephy
process can nitially have a dipension on the order of 150 nm and be plasm
t}i mred T8 “B“f“ﬂﬁlﬁ§f%ﬁ“h8¥fapfi‘tfﬁf‘6%gn§{‘eesluiﬁ di] thﬁ%‘ﬁPB‘f t‘1°‘§‘é°é‘e s Iaﬁ“'s’é%ff‘%?% Procﬁsi is
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simlar amount of dinmensional reduction froma resist trimmng process. 15
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trimm ng properties, suffering from anong other problens, high vertica
resi st erisgicdm amtyetyleRased poviprésot mztaiat tapicatly emmloyed for (R patteaingivgihg 2 248w of
erosion of the ends of lines (Re). Wen attenpting to trimresist to the
Yl | gdteelapfenighgiiosrelyur et caflevtlaﬂmef\ fimeasmp op &‘&?Fé?fs’f bP0gm apq bejpksyi t e
conmon for t he %ertlca{ er asi o conpl etely consune portions of the
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resist PATPEY R fReSIa0 @”ﬂ@§%¥g@ "hHX gt%ane di mensi ons have been reached,
resulting in darm‘qg gonﬂgsbﬂysscﬁfﬁa{lltlf&q Hives ﬁgte{t)x @cglsah %&rﬁ{c (gaBa%ﬁmQ %I@o%etphme

exhi bi ti ng an unaccepta e series resistance ypl ca

resi st melREdtaded slstnatdPial tfyialy 5@@@5@9 hio@aphy ﬁb&e&esﬂ@ﬁ% 193k Wiy A&hgth of
properties, suffering from anong others, uncontrollab and different

trin1raﬂ@mmdMMthemmmmam@mtﬁhmﬂmﬂmMeamumaﬁmdameammmmSgmhm%.|s not uncommon
for features patterned on 193 nm photoresist materials to becone deforned
tnd/ or consuned ifesehehotorngistgeategfil updd dorrl @ins lithagraphpndxhifitspeerdamming proeertishy
preventi ng subsequent processes from commenci ng. 25 For exanpl e, tranS|stor
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130- 110 nm bef or SS an Cri
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process. Any further trimmng would typically resul F i N non-uni formw dt hs
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extension of the gates onto the field isolation regions, (i.e. unacceptably
¥%ar ge etrdnsBOr gifes pihgatel ¢xhibitipg dnl uniraepkaply diretl Ao varisbleeserts xeeistaé. nni ng of t he gate
pattern over topograph steps such that pattern -2 o )
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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WD 02/ 078095 PCT/ US02/ 05640 transfer to the underlying |layer(s) of the
wafer is not possible. Such poor trinmng results can affect the operating
condi t i orwOand78vps per f or mance of the transistors to the ePCeniSor/ommiot he
resist trimmng process will becone unusable w thout violating design
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a process for enhancing the resist trimmbility during etch and resist 5

st abi | i togerstup tdagitiets aftl/dr pernadatesof tha @aBisos @siid dtlent than s fesift t@hmibg gbRbsSAIDr gat es
patterned on photoresist materials. There 1is a further need for a process
of f abr ibeme pgpsdbleanibous violatingalpsem ridespmeyes iwetindlegy seating le@akmetisnensi ons, uni f orm
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pattern on a photoresis ayer, In ransi stor gate pattern
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transi stor gate pattern, and transferring the trinmed transistor gate

pat t er n vitb cénvérdiyal phdioBhosety e ke tilhminp otess. esi st | ayer to forma

transi stor gate. The transistor gate includes a wdth and a |length. A
variation of the width along the length of the transistor gate is 15

r educed SELOSURILOE (FHIAINEENBIOMNnot her enbodi ment of the invention rel ates
to a nethod of formng a transistor having a gate wdth of less than 70
nm The method includes E-beamradiation of a gate pattern of a photoresist
fayer, and tri nmiQgembpsinEntnd dhanaentien Hleedio guinespet depihfalication arophotlde esi st

| ayer. The net hqu further includes etchi ng a EOl é’nSi | icon |ayer di SaFOSEd
bel ow t REHHBEIBIEERIGPIPE A FErisPIay PUEF P ARY R HSEh AP dr 4% EPERABP n t o
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nm Sti ano r enbodi nmen e 1nvention relates 1o an Int

Circui t the MBmédHaRAMA L8 pattbrh foGUykr difpGlaiStsy B hhbislidtay@ b HR01 GRsiANGad The
transi stor surrounded by the isolation region. The transistor includes a

gat e. A uefisistor g8 indhideengitith Andoflerigthe Agadision & tHe@8&h 41613 the dppth oXtheMBingdtyt gb®isnm
The gate is defined by an E-beam eradiated gate feature on a photoresi st
layer amgdiuged deertd g curhgsigs- beam radi ati on eradi ated gate pattern of the 25

phot oresi st |ayer, while preserving the gate to isolation line extension to
(S

ensure enhanced t rAASTSEBrdimeat 9t deiyartian relategtogmetiod of famars 2 penpisOSLng & E%0
BRI EF D%%EB&?TI

ess than nm-.rli“l?e met] o\(/ivinc udes E-beam radiation of a gate pattern of a photoresist layer, and
trimming the E-beam eradiated gate pattern of the photoresist layer. The method further includes etching a
polysilicon layer disposed below the photoresist layer in accordance with the trimmed gate pattern to form a gate
20 of the transistor. The gate width is preferably less than 70 nm.
Still another 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 feature.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.



The exenpl ary enbodi nents will becone nore fully understood fromthe
follow ng detailed description, taken in conjunction with the acconpanying
dr awi ngs,wateenedons | i ke ref erence nuneral s denote |ike el @ecgniss2/oiem whi ch:
5 FIG 1is a flow diagramshowi ng a process for enhancing the etch

tri mebiggrigy sYsCRPatoONORITHE bEAWINGS®NSi stor gates patterned on a
photoresist layer in accordance with an exenplary enbodinment; FIG 2is a
top view of a portion of a wafer including transistors, showi ng a
transistor gate pa&téehpadeyslirred wmeam{am;eqmﬁ,%ﬁ&stdoa%ﬁl,thel%du@vmgdétéle@
cross-sectional view taken along line 3-3 of the wafer illustrated in FIG
2; 10 Rkdiptidn,itkendin Cdnfa8&ios @il the ftadmpdhy@y diaakizs) watreil Jkd rkfa@ncd néneddls dehoge N@af er
illustrated in FIG 2; FIG 5 is atop viewof the wafer illustrated in

FI G 2, ckshow, mgvhighgat e etch process; FIG 6 is a cross-sectional vi ew t aken
al ong I|ne 6-6 of the wafer illustrated in FIG 5; and FIG _7 is

05r 0ss-secti onal viF&lisAday dasERGhTiReR Procsss BF ehpsingdiesich Fnrqnt&@tlfaa%%eachu n FIG
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trimmbility and s§@Bid | &yvigf o &)@1@&%(%taWafe%ﬂ%%g%ﬁsﬁsﬁ);sn&gwﬂgvﬁa (E}S’Jg%&ﬁes' st

| ayer during an integrated circ rication s pr

exenpl arpytteﬁlrﬂéwﬂirpmtapggtmgmla esent invention will be described with
respect to a ow di agram s own in FIG 1. The flow di agram incl udes a

devel opi ng step 1FIG.ans edr@cbactinalbeamakeidlong tindd-3 &-thepedmiliuaelicaniFiG 2exposur e
step 12, a resist trimmng step 14, and an etching step 16. 20 In FIG 2, a
top pl anar vi ew offlG 4@mqf¢saﬁﬁcmﬂalai%¢kefralm lipereteefdlesi widpr thugiatsil HFp. 2;
fabrication is shown. cross-sectional views of wafer 20

illustrated in FI &S élsattawqw %ftthelwaﬁégluﬁfa%d QAP 4. hoving RBESEPPYESY, are
shown. In FIGS. 3- waer20|cus 21.. a
first transistor f ) 6lsacsrcés'?:(s)eﬁtéfm? rvgﬁ’g%s %?ngg 6é°§hewsag gu%%rgﬁarg:%‘?gh%nﬂ%

(FIG 3). First angs$8condstd@Raivalien A 11§e27 AbQne TR AR mFHHSt rate 21
First and second transistors 22, 32 are eFectrl cally isolated from each

ot her bmoggls@tochmm@o@(TTﬁﬁlﬁVEmlgnd second transistors 22, 32 are
simlar to each other. Although not shown, wafer 20 can include nore than

tsv0 transi st ors oM Gldbsbddahedt o the pbEaShveaio, ad hdvaRbe6B FREdsSRr @hdkingiheeted ySt al
material such as a single crystal silicon wafer. Alternatively, substrate
21 can témmaebbitsl ded ey ofataesiston pates patteaxd @l a phetgresist lager diring eomiegmted arsut Eor
(SA) substrate, a galliumarsenide (GaAs) material, or other

sem - corﬁ%meafw%mﬁ’é@eér ﬁarzxemp'a%y epbediersed ﬂwreﬁqn'l ipreeptiogpilbbe dsteribed withssrertde @ 30

21 will ﬂgvev I&Sér?l?f ];hto% 1nt%<‘:I‘GdlI e e&i ag?'a?n 1g'c des a deve"[loplsntg rstg'p ﬁ) an electron beam curing or E-

beam radiation exposure step 12, a resist trimming step 14, and an etching step 16.
20 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.
25 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

30 21 will hereinafter be discussed as an SOI substrate.
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-4 WD 02/ 078095 PCT/ US02/ 05640 As shown in FIGs. 3-4, selective regions of
substrate 21 (i.e., the top silicon layer on wafer 20) are etched and an

i nsul at orwQe2078098Nn oxi de i nsulator) is grown or depositeadCTNse2/0Fdul at or
can be used to form isolation or field regions 30. The oxi de insulator can
be a field oxide sakGRovasn BiGsi3cOE1ediveXdefas ofb@htate 2 WY, lire @ptshiRon 18el dnGRt£20)
(TECS), poly-silicon encapsulated in silicon dioxide or other insulator.

Al t er natareeehad, and sGhsalkiooR.gr, @gixtia ;sBat3Pis g@mn bedesdtddl i ihsuRtdE ban bs@bdabifa@in ( STI )
structures. Also substrate 21 includes a first active region 24 of first
transi stitgrtigoor eld regionsesi@o AP aige iﬂvéatqfégl h9 ﬁ figd oxifle sydo piticon diamids, Gtroeth@2rthoThe

di stance_between adj acent isalatiaon ions 30, as showmn in FIG 3., can

be 160 RHFFDYESS) BFII’I tigon fr@ea%%‘fddwhméﬁoﬁ@e %&Otﬂeronsalﬁ%éé'iﬁ@ﬁl%ll@laa?%aﬁ@ison A

I I I f t t 24,
% Lna Foorae B dat SulS R ot B P2t rRBEr DBk P RS [ ayer
42 is p rtﬂI(insQ)?gZ a4 G Eech a¥t§/I3 I:égﬁf? 8y (If@éé@:{d U%anstdﬂ @éj Sl gi@tIauII:e RéI\QeeI‘l Qﬁ CQII? gBthIoﬁs I st.

Pol ysilicon layer 40 can conprise poly-silicon, anmorphous silicon, netal or

a stack rfiont paansBLiEFIGRE Scah Vep160ﬂInIfdfa?@iéhlm&hxﬁ)ngIﬂhﬁIﬁ§6$@) frRachieruk aRERIGE 200
nmor less. A dielectric or stack of electric materials serves as the

gat e insul at or betAwénilitddaypciOys Bovided over findind deepns udiise egibe 24,Bd haddsolatieon

| ayer 40 can be formed by a diffusion furnace LPCVD process. ARC | ayer 42
can conpraicse3l tAdIOGiWP étﬁlerﬁﬂq%veg‘i)altmg:@%ﬁb layer ffais proyifgd ovey pplysilisolaxeh G prsierngath
silicon nI%rId Sl X , silicon-rich nitride where x>1), silicon

Skyni t rifed §?f>%~°a/ I\I’Olyé‘rh %ﬁﬂé@ o cap cpmprise BRIy siliGon, IaH‘HIPhﬁ‘S Elh‘é’g éner‘ﬁét’fé‘rSIa%I‘I of 4143

pOS si bl ¥na%¥1§£ ty}())?@ﬁi Bavm a th1 deesg in It aéa(q’%efs ofaI)O r(ljni(llﬁr €8s, XIII 1ele 1c or p (ﬁé Bi?é% %gs

in the Trange nm-to ayer can or ITE

LPCVD ISR 8P OkatcAn HRAHEAREn ﬂ?lé pdiy§R8n arl HRGRRSES p\e@ﬁﬂcoh ﬂ?er/zIBQn%Qf&ﬁIeﬁt@ aOf a
stack of different films. A photoresist layer is provided over ARC layer

42. The dphebofi@sde3PCYBYpekesh. SARKXIBRS &lkah SonprigatoRhiopatit §Hddn hi@lde AOdnr ansi st or
being fabricated in wafer 20, in accordance with a pattern provided on a
mask or se@hipmeticilzonrididaSiph Gte kilitdraigh aiyide whas silpniliconpxiéd SKEyNgpr steapha 10,

t he patterned photoresist |ayer is suitabl devel oped to define, anong

ot her s, Sacl?lml@tng&ﬁfeén%e&aaﬁl peisiitdy oveilayersros ulgr-lxses of pxidey withyaghighness typically el a

second gat hot eS| fea e 3 d istor 32. The
o or e S or B0 IR S e A of el e DRI gi@@%&%f e Sigpereatiiices 26,
36 are %ﬁ)fcés&@@hen(fﬁerk@é’m{lgtsso?a ?cac\lé%“hﬁéré/nt ﬁlImsphOt oresist materials suitable

for |ithographic applications. The material conprising 25 the phot or esi st

| ayer can include,a @ﬂﬁfb&st@z{yaﬁé’fﬁow@d BRE ARK 1HBULT TIRIphQbredi€RidRis eBpoft@ RS daleZ €T
or inhibitor, and a solvent, and is a chemcally anplified, positive or

negatlvemwmﬁaemmmg&mkmbhasmﬂm@@Mﬁwmesmsnmm&mmuﬂaﬂﬁnnahuﬁmmpdbﬁamgkbMe
photoresist |ayer may be, but is not limted to, an acryl ate-based polynmer,
2h ali Cyfélp]ie énd@ﬁ@@lltm]‘ay%q«ystera In developing step 10, the patterned photoresist layer is suitably

developed to define, among others, a first gate photoresist feature 26 for first transistor 22 and a second gate
photoresist feature 36 for second transistor 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
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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phenol i c- based pol ynmer or pol ystyrene-based pol yner. For exanple, the

phot oresi st | ayer may conprise commercially avail able acrylate or

pol yst yr ewo-bazmophot oresi st nmaterial. The photoresi st | aper/use2/poad er abl y
30 spin coated over ARC | ayer 42. The photoresist layer is provided at a

t hi ckness of | ess Hihiatwde B iddedif®y to beAisPRIEAEBO RBiabh MFRLALSE4Don Tl Wit
feature 26 is defined to be di sposed over the central portion of first
active nregiamramadh: wilédathaxtemlink aitnis@dinREionf30] Singirdy, @xdne RaiuRG6 isatfhed ®6GE at | on
regions 30. Simlarly, second feature 36 is defined to be disposed over

t he centdispdsedyuyertthesantafpogive ofveconticiiveaegiadit orth 84erigin tthovat  dengthpytendinpint  of

| ength extending into isolation regions 30. First feature 26 has a width
50 and &°lEdgesirneid deifestrerd hpse wjdth Sand @ frgeth extqnpien 12 (rg- 3 el 9fddinon) . Second

f eat 36 i.s.i i.cal to first f 6, dth [ i f wdth 50
rRie ORI N TR E N VR R T R
fleat ur & Bfic Of o SXARRLE o6 WORD b G PLLALASLSL,d aver [ an ES-cap, acetal or

ot her styrene based pol yner posed usi ng nm wavel engt h |ithography,

wi dth 50 can be appf &&hﬁ@,%&rﬁ&he]pi&o@mt G id B RYIcAp, RXEER S1hQRtyrR e babed Polfer
approximately 100 nm en the photoresist layer is an acryl ate-based

phot or esk®bted @@ dmuavelgetl BBogthy) Midth J0ageaphiyximamtldl 30 nhGnL Rt ension 52
approxi mately 110-130 nm and | ength extension 52 can be approxi mately 120
nm Generneelagproxireatedst W0 et Sther thaphRrepisy layertis apatrylpyy-bashphoemhisitexposed asingh@B i s
used. Lenqth extension 52 can be set by a conbination of the circuit
[Qyout PEIIECEERYetAEd0 iy be aprogiagisly i & 1 Vamsat lergth satsasdan Sqmtnds ppeiesly 2fese

| ayout r%jes to shrink according to design rules, 2. The anmount of end-cap
require& to remain after etch to 15 achieve a given transistor performance,

and 3. the margi n (%Ler&ll@?ler@tﬁ%&t@nsgﬁ ggﬁﬁ&f?)tg? fhe F&& Brat il &@d "L%§gtlg€!x‘:t:’em€)'n 52V al ues

of length extension 52 °for 130 nm and nm t echnol ogi es can be 210 nm and
160 nMm csesRE6T h d@lbihation GRSl Hyoul 1BBGERerfY bRNS i e0dhomid cShiktivaneSaW ich forces
approximately 80 nmremaining after etching. Accordingly, during

| i t hogr dpkplayexirdesse ghnintbcardgngdp d@igs rutas,Sd Theamgent oftehdrnp aayuid0 tavem@maltecagh tdur i ng
trim However over-sizing extension 52 can interfere with the m ninum
Ypaci ng B HReien|tpistoppryrmareeand pr th At ¢fdhe phajo pragessh o chande P (S dialies .
Thus, with these restrictions, it _is desirable to_reduc he rate at which
e nd-YEHs O GO SHE B i LU OO T e 60 Y TG, A0 Pt bed wi ¢ h
t he advant ageous I i ol L i nd

e advant ageous. REAGAToAISkARAS: DERERR okl Sl AROR 08,00

pol ysi | iAcedik R Bring Btho Adply &xdiis2 3QiAdnSiond@ lar 08 2h BES brd-cfp dukihd &ikinO

fashi on. As discussed above, various design paraneters and process

criteri &ogever GatisangteRiensex STiah aiteyfed iwie it6 niidBurapdcinFtetuetElins efda That wihianged

Xg thout 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

25 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 (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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25 departing fromthe scope of the invention. For exanple, the process does
not require a specific ARC dinension or material or a specific gate stack
conf i gur awpDer/oTso9sat eri al . After devel oping step 10, but Ipefrarse2/béionst and
second features 26, 36 are transferred onto any of the underlying |ayer(s)
(layers 1hQsr@ROIESehmih®aibh &RCSDosc\RhHiresAD arfeOitherthdR iehcRridtiad It @Fstanf E@Sd%tatures
features 26, 36) is exposed to a precisely controlled flood el ectron beam
exposur e6(36- hganculac iatitoanl & treéPetdidite, a Vhrecal dreadioedtecis, am aa@robigamicionPi nges
and penetrates the exposed first and second features 26, 36 and chemically
nmodi f i esnigimum.egenon OR¢ BHB8OY BLPG RIS G564 secomlfefurs A6 3Eab effarted mdicdititon
such exposed structures to affect the etch characteristics of first and
second fa@%4tqfrd stchivet firggand paqond features g &6 in regishigmmpngsterl4 or trimetch rate, a
vertical or erosi etch rate, and an erqsion rate of a m ninum extension
onto isolation r egli[LSﬁlgw%geﬁP 8o} ﬂg’é* er‘?‘ﬁteldg‘f)méﬁﬁf“eélgeéltfﬁa elegr iﬂ‘“@g&ﬁt@,ﬁo are
af f ect e,dan& R atnﬁﬁﬁ-rL %Otﬂﬁltla?e.d bgalﬂfj[?a(f %%é@éxg&%gﬁﬁ&r%fe?&& fAnrege;emé)?e%q ax?&fégt{%g alfe %{%}:\‘}Bne S

26, 36 inresist trimmng step e electron mis prefera _

em tted sbi@Rigble OdeRRUEH: AlBoh RhR GlnfaQtacRRULE BlebtA HistH @Wbrati AREsInDido Ui f orm
collimated beamthat is flood exposed over wafer 20. An exanple of an

ext endedCaéifomé. el ectron source suitable to generate the electron beamis
manuf actured by El ectron Vision Corporation of San Diego, California. The
el ect ron beam f| odde elrqiios brae flogdratpasive padiGens popragmeters ess.,(desegacselechtisgyoltage,

accel erating voltage, 10 and beamcurrent) are selected to _provide optinmm
Hosi r abl3Bd ke gurtept) Fpgelseted foyproyide orsimup degrait qiibtympabilitnang el wabilipechatagieristics s t

and secaqnd featur 26 or .resist tripmn tep 14. The_el ectyron beam
eposur st BE T B 2% bkt iRl ST VP g Sob Bt img e B e of
pPhot or eshsfioRBh@hdPlepenSPSEAUG M of PEREERSh MG S LB RS e h PRLMh N\ Geot 61 Fire REAM

er adi at ed puﬁ)ot ores}?(llse{)fn 1a%d/ or IB(;I!Eeos?lgoed char act er%gzqteitrcaso os%fl %1%8 1p 0t ogrteegiést

mat er i albeanf\Fad2XA BRIt @Esyst, BAIRS HEQQ chRRBRLIRYERhePBGrRS: ARbriaY EArSex@ndlR} @écurdl-€ct ron
dose (e.g., 2000uC/ cnR) in one or nore steps having accel erating 15

vol t ageSednr om r&@petdeliva® @ BVAl eeyrendlist@.g0PO0DITEc 2@ Bilosd oraack sepyHavigsdctaamatind he
photoresist material conprising first and second features 26, 36 is a 248
fim phot orkagesdtom S 0P afepgnding on thgrepigs pydspplicetive- based pol ymer) whi ch
typically exhibits a higher ratio of vertical tao horizgontal resist
consunption rat es:srh%ho ’§‘tma‘iﬁetuialamebrfS6‘§g“§%a“F%Ff‘i’“fi§&%‘reF &0 i BEEH ™FICIEEE t he

mpt i on s B dss: R e
o obt al W Bcauarear Bl phf DSl AT M A P AT RSl B G

20 1 eal icagRuhiiRn ARS is§ @Bdutidl pldRsElabiliaeSINARE SR tBe usd BGn BHEM AlifioRNThe higher
alicyclic-based resists have hi gher e-beaminduced cross-1inking

ef fi ci ereyam rhltieton dosts drSre@ikpEio bigin hd2qua@Gbkdneinducdd c-ERk G sBthafolyetfn vt tener gy

to achieve the

20 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

25 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

30 having accelerating voltages from 50 to 2000V depending on the resist and application.
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same result in a 248 nmresist. E-beamradiation step 12 inparts a chem cal
change, i.e., cross-linking and deconposition, to the functional groups
and addi twoeg/07809% he regi ons of the photoresist material WRITASOA0F40
bonmbarded by the 25 el ectron beam Such regions of the photoresist material
wi Il accordingly hayexdnPeraRs 8t B Ghont @ainkh 86)8€shbild Bs o-beath SHMAEH . 81 Bhe-r at €) ,
bul k nmodul us, bul k toughness, and interfacial toughness of the

subst r atbeant @giiagti dgpe, Brvesm daiakd rdgion@), andtdbgeclnd Bdoiekivand tHe hecipho tonaif it

| ayer and ARC | ayer 42). The cross-linked or e-beam eradiated regions can
be the trbporpdst miterial) derderdsoopmarebtisisdae qEnttp whish thok-beameradiatel fisst shdsecande of
each of first and second features 26, 36. An exenplary el ectron-beam cure
reci pe deueys SO ae trgmer indfimping sipp Ho Jee F-heag: eradipigd o penedafy denth BHE-beA™ nor e

fbel st adnalEPPRe G g S T gou: Bt Bdsshobari SRECEREERe s ni oh
(7St A Sa60n0.S S8R, 2o SHOUL A e REAMEE ATHALEH bEndorod N ©

beam er at ed” dept eradi ated region egree o
deconpogbibeiik Afterfali6 reldad hORAI el NS REtrdnSier i ieth QF @il 8 o RRLRE hdl )
depends on, anong others, the extent to which the E-beam eradiated first
and secendgiesfott intiegua? Geps IGhAE-Beatnlradmiigxckedipe sbdqubd®n ThgreSia@ pe dldbpenddnes do- beam
eradi ated or penetration depth and E-beam 5 eradi ated regi on(s) of first
and seconutdicamperatze BEell36 are related to the el ectron beam fl ood exposure
conditions, processin gas%zre;is), and/ or wafer tenperature. The degree of
#econposi tion of tHE¥ g“ﬁ’&‘tfﬁ g steprlguipréer & underaces ISR HRIas €4 lialrapipigs stpasl4

{he dosdtreia bParBuEioy Retr Ak Gritke e S bl e Bl Gt

reci pe SEANEBERmed AeEHnbB¥Ysid By, SQ&FA%%%%%%?&& fea%dé&%,%.t Phd fRIREL ALY LS as

well. 10 After E-beamradiation step 12, wafer under goes resist trimmng
step 14.coprisé@iangly 6 2Rmd deh dhémiFi&] RERR O, BBH,AS08,, S/EH0N 6 $IBPA Wiblyet 20 is
exposed to a plasma etchant to trimor reduce the dinmensions of features
pat t er netdndnl etchipg ghipmerteschst thogyenyfacsugliby dgpliel Magtialeri §ageClondafilemtaugrdam26,
36. The plasma etchant can conprise a variety of galasma etch chem stries,
Such as Reggrch ¢fBreepont, Gatifpynizp mayNge@hlizpg togrogige the plasyp efgant. AneamRlEy Tigsate s8%ndar d
et chi ng equi pnent ch as those manufactured by | i ed terials of Santa
Q ara. R PPOPRPRE A fee R R O CEY SN Tt AR et s
utilize i t cha rimgate stack etch
Clteéls%lg@{o?%%%g [p} %ﬁg ?A I—thﬁ!;%e(?, @1;}5 :{]}h CIAQI: tﬁ@&%mhﬁ&y €

can enplo or t e resist trim 4/ Ar chemistry for
the ARC etch, and 1@e SigHARRER dfhes BileGIRSdSITALRBEREN GRCardkecHRA Eards 26186, He (2,
CF3, and C (err) for the poly silicon etch. The plasma etchant etches all
exposed istdihathe &p bel sie euifabdsSts formfidt Me eoomd tiraaddghte Sad®s 28388, respectively (shown in

20 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 trimumed features 28, 38 has uniformity in width along its

25 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

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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including the top and side surfaces, to formfirst and second trinmed gate
features 28, 38, respectively (shown in 20 dotted lines in FIGs. 2-4).
Because dwbfoeqezsops regi ons or portions of each of first anaCIasonaseheat ures
26, 36 have different etch rates relative to each other follow ng E-beam
radi at i gNwiath@ alde theBlerth of MBI tilnmdd feRkrE 1R da@bSe than NAKT Fe0bHd RhimRlaGhAnFIRe) . t he
di mensi onal reduction of all of the surfaces of first and second features
26, 36 iidntivalto filk@rimSadeaturd/bs B0 e bhovedelissiof iskintilady applitatdeicndachnd frinfiiFe ature
features 28, 38 has uniformty in width along its 25 |ength, has

mai nt ai A#&d a m ni num extensi on onto isolation regions 30 (i.e., does not
suffer froman end cap pull back problem, and sufficient thickness or
vertical hei gHer tﬁ@ﬁﬁ%ﬁ@ f”oWaf%ﬁﬂQélé‘&EEé?ftethﬂfl&%@fléf Apfhoyhia F}ﬁﬁ? épalydlicon R¥at ur es

Shot or eoD it AR e dipn | Tbe s ARt nf oo ol b3 TRE 5% e
to aw gbgftﬁg trg)lIsm%p Ca%?t&nﬁ'ﬁ%&é%p%fgegorﬁ@ansmr ?2(}: ?ﬂegggrgl I ength 62 .(al SO

referred to as an en irst trimed atue28 onto isolation

regions 30 can be pffersthe il £@Lcib g?eesfﬁWztth%%ath}wd@m RAPRARE Bwidt B Frdtchidt | on
-8 WD 02/ 078095 PCT/ USO2/ 05640 in width 60 along the length of first

t ri med 70 @aldss € mZBmeaextdadond BSSto isdoRfibnegitid 305a¢ @achd fgfite TARdude cahidiidmIBrerson
identical to first trimed feature 28 and the above discussion is simlarly
appl i calybenté selatve egivns 10 Emtretiniheaim exensicB872, Afltaey levath svmpaigpleit eytendefl lengihf er 20
under goes etching step 16. As shown in FIGs. 5-7, polysilicon layer 5 40
¥hd ARCOP-alhervidipa %Prgéheé?né‘f‘?é?ﬁeaﬂwfé‘&*&@ﬁ EAPRIEi TOn74es SYariafion oles Blﬁlal Petmed
feature 28, 38 t 70 of ransi st o

second garirain i b Rt PRyl Pide Pad i S bR LML GO Rl ana
second gaf.Gay Z&%Zxﬁnﬂéﬁnﬂaﬂl%n&éﬁ%&ﬁm@ Qﬁm&ﬁlagg %&ﬂ%ﬂi&&hﬂb@t@menﬁ'té &hm %¥§ 70

i ncl udes a m extension /2 onto Isolation regi ons second gate

74 incl @dlﬁl%a@ 160EtR (3 BbMaE X E@OSIOBis valfti ARhDbe S Ababdubdd af t@gﬂn&ags/ p&Quts.Each of
m ni nrum extensions 72, 76 has a |l ength conparable to extended | ength 10 62.

The wi dt h al ong t Hethisengich tedsiseadhvigfnafiw sitl ugifotin seceidds gabesnsd@ntly4 has a
variation of less than 1 nm as opposed to a gate forned fromdphotore5| st
that wadebriesedeBireuspribete dsdpsaecatimphoncH thh séninurgexteasiqr A pash gaiy onég hedielaitolfign i ts
| engt h of  approxi mat el nm | n one enbodi ment, the |ocal te WI th

vari ati o9& ebéeti%g‘g‘f‘?te ¥‘f‘6‘ -°gp RifthPesti diring theéesﬁ'rﬁlﬂﬁtné PTOé‘?ﬁﬁtaﬁ“tcﬁaaSg

Pref er all v b Qi 8 v?a%& gt G B dMLEDS br dRAUE Rk %&Q&%P%Ybea&ﬂa&%&oﬁ- In

t hi s manner, tran S or avli ng narr ow an Unl ormgate w S can

consi st %tghty featare AR &t tﬂ@lwafg%ﬁuﬁsaec&meﬁn hifer h&a&n&m%a 1Yok trinfiEng
m ni nrum ext ensi on of each gate onto the field isolation

process imparts desirable etch characteristics to such patterned features and even to photoresist materials that
20 have inherently poor trim properties. Accordingly, after the E-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.
25 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

30 invention as defined in the following claims.



region (i.e., reduced rate of end-cap pull back during the resist trimmng
process), an increased nunber of transistors can be provided per unit area
and t he rwolew789ps def ective transistors is decreased. E-beemusaziozssé on the
gate feature patterned on the wafer with an el ectron beam after devel opnent
but before the resist trinmng procegsamviparts desirable etch
characteristics to such patterned features and even to photoresi st

mat er i al WrpiAhat EAmigpasd nherently poor trimproperties. Accordingly, after
the E-beam eradi ated gate features have been trimred, the trimed gate
features enjoy several advantages, including higher uniformty in the gate
wi dt hs or crit.i cal An thiepiias tiRtisfabrhive @dcega the frocdid @herisingnistpofiphiteyhingra t he gate
width or critical dinension along the length of a given gate, a narrower
gat e W dtrdnsister gpte palemni(2Pn36) nn crinstesp tdyonthofroqessehamdcisiized by gss efisi on of a gi ven
gate onto the field isolation region, and inproved control and
pPedictabi ity durFUHEE PRETEFPIEAR AGE 0¥ Sith prelsrondesiiher wi se possi bl e. 25

It is understood tQat.aléhough t.he det%glggsgﬁamﬁngs, speci fic exanpl es,
and described the ERERSTAFYY BHB T STERIE 0> tHe™br esent i nvention, they are

for purposes of il &éﬁ&%&i@% &1?1?1#19{@&(3 %an%iég&fgﬁtgéﬁﬁé}ﬁ't@{ Vyer QTR ALIBAE Skf md he

present invention are n reci se details and descriptions
descri begohREifider to o0 a BIHER date, vHeleA MéGRAnRAE breCidI@Es S0k bhdH 1§hg@] and a

chem stries are described, other materials or chem stries can be wutilized.
Vari ous vagtioh bixad wioth alongie lopthrd de trhmistohgtedetdicddSindiosielcatgdtemi t hout
departing fromthe spirit of the 30 invention as defined in the foll ow ng
clains. -9 WO 02/078095 PCT/US02/05640 CLAIMS WHAT IS CLAIMED | S: 1. An
i"At egrat ed ci?cui t THearicese afdlagn L fyrerelgacteriprd ipfha) e sRoteesitplpyesis Aypasesobd of
pat t er ni a.  transistor gate pattern 6, .36 n hot or esi st | ayer, the
process @%ﬁ?ﬁ%ﬁ@}e{@&@ww “g‘idé?félplﬁal“ ge Eft?%ﬁrﬁhgﬁéap&’éﬁas’?%]fth?gra@%% @dﬁétf%@r n (26,
36) wit . el g trimm ng the cured transistor gate pattern (26,
36) ; anlc}ll rg’%gl?gﬁ{]a?}ﬁ%g@%?pm'i nmred transi stor gate pattern to a |ayer (40,
42) di sposed bel ow the photoresist layer to forma transistor gate,
wherein the tsanstsb&ks @ahif 2 Ak BRSctdiWd &t B Who@reki® NGérls coRpebedor avari at i on
of the wwdth along the length of the transistor gate is reduced due to the
curing sgheforesid@akrial bhetyprigt@bgusaf focloa himardd, 248 umn tithegrapph addcommerzielly | n t hat
the photoresist layer is conprised of a photoresist material typically
U8ed f oravaitable &hgarocossel @fim 243 oxdnfurther phoggetaniziad/in throBe finel gafettiaesiptoapyigih is inme
extrene ultraviolet |light (EUV) |ithography.

range of approximately 20-50 nm.

4. 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 a dose in the range of approximately 100-100000 nCrem?,

5. The process of claim 1, 2, or 3, further characterized in that the curing step includes exposing the
20 transistor gate pattern to the electron beam having an accelerating voltage in the range of approximately 0.5-20

Kv.

6. 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.

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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3. The process of claim?2, further characterized in that the photoresist

| ayer is conprised of a photoresist material of a type typically used for
193 nm amar024878m05 | i t hogr aphy and is commercially 15 avai [pablesoTbss4pr ocess
of claiml1, 2, or 3, further characterized in that the final gate
transistor width i dapsiddifeluliAfigRies criAPD BN AsTHR bBthd/ g2 (e 81 han 4pprokiitdBf ACES S
of claim1, 2, or 3, further characterized in that the curing step includes
exposi ngmthlﬁthetgﬁrawsj B tetinggefined fpadh Befesin tradiddigate feamterod A plxeadtistiapei. ng a dose in
t he range of approximately 100-100000 (errC/cnR2. 5. The process of claim
1, 2, or 3, further characterized in that the curing step includes exposing
the 20 transiSt &he igpgraedyaeuitedf Faime, futieer ehiaragterpzerhin jabths Brbepireepdiaind gatecfedtuse et i ng
voltage in the range of approximtely 0.5-20 Kv. 6. The process of claim
1, 2, ??mWﬁ?$ﬁ@?méﬂg?%éﬁﬁFk%@ﬂhﬁﬁQWﬁﬁmthe curing step includes changing
at Ieast one of a vertical etch rate, a horizontal etch rate, and a

ng ni mum ext er71;s 2«96 1r?t ril edocﬂ“ uﬁtg»tf Sau%ss§ c())r(\Ql %rtﬁeg cl\llénractenzey 1 tha [}31-::111% %Ofr theqc?iilcal

pattern. egra cirecurt, conprisrng an 1’50 n region and a
trans'S%ﬁ&m&%%mmggknt§Mﬂ&Qﬁ@%@qo@Xmo&??3hﬁ9&ﬁ&h0“ region (30), the
integrated circurt c%aracterlzed by: 0 WO 02/ 078095 PCT/ US02/ 05640 t he

transistor including a gate, a crltlcal di nmensi on 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
the photoresist layer is fornmed by an el ectron beam exposure. 5 9. The
integrated circuit of clainms 8 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 3 nm segnent. -11
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