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ANNEAL W TH (XL T4 4LNG GAS TECHNI CAL FI ELD 5 This inventi onp&gigdiisiat
generally to sem'conductor fabrication technology, and, nore particularly,
to techniques for manufacturing sem conductor devices W|th reduced critical
di mensi onBOTENCKERCRRIMEARIVET (RATANG JSING BRRIDATHERMAL DENEALt WITH @HEIZING GAS

sem conductor industry to increase the operating speed of integrated
circuit devices, e.g., m croprocesslqi,;(?IM deV| ces, and the like. This
drive is fuel ed by consuner demands conputers and el ectroni c devices
t hat operat e atThisrievention irqlaigs \gengrally too pemicondagios fabripatien tgehnelesy, fndy mprp eartiouiady) to
speed has tdifigtes Bfmanifactirifsaiicotidadtor B esGHith Ruckd LritiddRdiMendéhs.0Of sem conduct or
devices, e.g:, transistors. That I? m "ﬁﬁﬁ qhents of a typical field
effect transistor (FET), e.g., channe en junction depths, gate
dielectric thi &ﬂeggcomdeewwmsenammmw to ingrease she aperating speersof lintserstgd
equal , theciGiaIbViR%, ok iBiciefadaias, reRtg dbviced, and e likelihis dibss fuél&it@rcoﬂmhﬁbr aamam foBt Or

1L ORE A HW e B2 o SRS L HMatlbl ok B Sl 0 e YIS ©

of the conpo FARLS ncrease e overal peed
of the tr aiewitedinyy contipyal wévcpova@ the gigaef semieopdugiprrdeYises, egeamsinas. That by pay aanm'gnts uch
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or scale, olubify, i g%m oP el o&mph&ﬁ,kneﬁé &wp&h%mﬁléasorme; &S addGiy

able to 20 formand ttern conponents such as B%Lfte conduct or and gate
dielectri c““&h“@ﬁ@h“ﬂn%ﬂ?i’b%ﬂ @é&?’@@““@%&‘?’??‘%‘f‘f?‘l@“‘f? Stp Jowaring theaBirall spR PR | v,
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costs and wtrooflective cogfing BARG) lapiLan, OV@XIES dvnvbmqieoﬂam@pcmr@atlhyet (’iomgslaw’a@ltmg

resi dual nd&ﬂdltﬁﬁﬁleﬁbUVﬂﬂotMoEﬁﬂﬂ reédorks, m&%gmmﬁa&hemaﬁue&aa‘d
coatlngs(BA |caIIy used in de ultrV| h olltho ahy
I nvol ves rovm ng ox?ﬁaé E?Z? r|n %hed]'as :fa es he He ositron of
t he i nor gattieellye mtﬁwm@y yaed @bm Wisayiofe mé)PhOtﬂ@\mwm’lessﬂwmg

appr oass) i éygh (@2) g ﬂeflafseaagbsva ﬂﬁtdcfbﬁﬁébl of e lidofpadid Bottbe Sﬂﬁdrmbuve cbatingd @SARS). t he
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i norganic oflagtive qoptingsdBARGR) coatl ngs (BARCs) typically used in deep
ul t'ravi ol et ( DlAdpthi?hhvahtiohdd pgreapthyo passivatingarssidual niittideg) ot the sdBacevaf @ibrganichiottorg h

t
ot o A RTER S hehfl BARES iy il i 15y ARG DU A hnlibydopSoty W Hafing s { O
appr oafth i ¥afytmaygh ﬁ'b?"Y%eP aByms, W%H‘B"'“t"ﬁ@r‘@'f"ﬂ?%“@ of the ingszape bottam apst-reflactivs coatings. o

passivating the residual nitrides at the surface of the inorganic bottom
anti-reflective coatings (BARCs). 5 US-A-5,783, 365 disclos I Ng a gate
i nsulation filmon the surface of a silieéen substrate, the ﬂ'ﬂﬂmlﬁﬁﬂm,’m

pol ycrystal silicon film then a nmetal silicide film then Xi de

film and then a non-stoichionetric plasma silicon nitride filTii ch
functions as a reflection preventive film An oxygen plasma is then used to

forma thermal oxide filmover the silicon nitride film it
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. 10 The present invention is directed to overconing, or at |east re%éﬁkﬁg
the effects of, one or nore of the problens set forth above. DI SCL 183
| NVENTION 1 S According to the present invention, a nethod is pramedsiedPpaghe
met hod including formng a gate dielectric |ayer above a substrate |ayer
and form ng a gate conductor |ayer above the gate dielectric layer. The

nmet hod al so conprises formng an inorganic bottomanti-reflective coating

| ayer above the gate conductor |ayer and treating the inorganic bottom
anti-reflective coating layer with an oxidizing treatnment 20 during a rapid

t hermal annea ess.  US-A-.5 908 659 descri fare ing the
reflectivity {)]%ﬂé@s i ??0&‘38{8‘4 '?%Qpr%%‘/‘gbse?t?e 't tr%%g%haa}‘gx g‘ltégﬁgﬁgs %lgoeg#%enrﬁa
during a rapi effécties anpassivasiegd therresidgds .nitfides ati the Gudscel afythe in@ganid béttom
anti-reflective cgatjng but obtains its anti-reflective property by the
oxi di si ng t r edtisHectvegPatgs BARCS)s gate dielectric layer is not 25

ment i oned. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention may be
understood by reference to the followi ng description taken in conjunction
wi t h t he Sacconmpanyl Brdh-878W86% discloses bining targate insulativst filgi gmitle uface aha

digits) in the.reference nuneral enot.es),. the, fi i gure. i igh the
respective re?‘g?oélnsé'é&ﬁaﬁ?’réqeglas 05’5 Bgy?ry%tﬁd%lfcﬁn hlnt:'??:%r1i ﬁme%l ﬁ%’lﬁ%ﬂﬂ Pgl 2
Figures 1-11 hkilivsd bzitle fishi aidathert anbytstofthivhfediic plashd siliconaditridesfilenpbidh ment s

of a nmethod fgQr sem condyctor device fabrication accor,di Rg to thg pr esent
i nvention. Whfunetans s iarfgleatiop preventivestilaht A1 YED RMasmabisdherpserite demmbas and

alternative f it £ j reof have been shown by way of
fhe loiﬂg?i'hB o eﬂﬁpgg&@&ﬁle?@ﬂ

exanple in the draw ngs and are el n described in detail. It should be
under stdfd, however, that the description herein of specific enbodinents is

on the contrary, tHE PIFaRTETEPE 1 GrBabLi B FenBier o6 aFi R AR ent s.
and al ter nat i sfagtsfof] drierv@ mwiré bf the probleasepiefoth abdve. i nvention as defined by
t he appended cl ai ns.
DISCLOSURE OF INVENTION
15 According to the present invention, a method is provided, the method
including forming a gate dielectric layer above a substrate layer and forming a gate
conductor layer above the gate dielectric layer. The method also comprises forming
an inorganic bottom anti-reflective coating layer above the gate conductor layer and
treating the inorganic bottom anti-reflective coating layer with an oxidizing treatment
20 during a rapid thermal anneal process.
US-A-5 908 659 describes a method of reducing the reflectivity of a silicide
layer by performing an oxidising treatment during a rapid thermal anneal process.
The silicide layer is not an anti-reflective coating but obtains its anti-reflective
property by the oxidising treatment. Furthermore, a gate dielectric layer is not

25 mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which the leftmost significant
30 digit(s) in the reference numerals denote(s) the first figure in which the respective

reference numerals appear, and in which:



. 10 MODE (S) FOR CARRYI NG OQUT THE I NVENTION Il lustrative enbodi ment 5 gg t@g
i nvention are described below. In the interest of clarity, not all ? l‘i& S
of an actual inplenentation are described in this specification.Ahénded Pdgeof
course be appreciated that in the devel opnent of any such actual

enbodi ment, nunerous inplenentation-specific decisions nust be nade to

achi eve the devel opers' specific goals, 15 such as conpliance with
systemrel ated and busi ness-rel ated constraints, which will vary from one

i npl enentation to another. Mreover, it will be appreciated that such a
devel opment effort m ght be conplex and time-consum ng, but would

nevert hel ess be dFigwes ilfi¢ illnstetet adbiemapichlly int lkmsesectionovationsrepbsdiiments iaf 4 he
art having t fit. of. thi i scl. e. lllus tive. iments of a
met hod for ste}'%th?:gﬁo aéc '8°?"“8‘Ee‘§’/”i dts%'%? gagrr'é%gg ?cg%rdig g"o%%ﬂﬁégeyl%a{xggrghe pr esent

i nvention are shoWhilé theFingantios isl sukdeptitle ttd @aripns tnfvdificatians usd nighaive fomd,
structures of a..sem conduct.or vi ce are depicted in the draw.ngs as _having
very prec: se PSifs FSARPHE ibieef Bate SEerciey S BY Pe O pindel 5 ol AR e o
recogni z& t haérginidescribal intdetailt Heswulkddgivadastanid heveves that €. desceiptioi hegein pf eci se

i ndi d in..he, dr.aw ) hel .th h i
el vded i o s BT Kot DEAHLR TmiRe i etfiof ol BE BT e RBeR s |,
gener al d t[]e bmammtoduageﬂfe:immgioa isjio(rjqaleérem rhaahifica ?kmts,t dfqaivlafhﬂm,f?_d]rallwrgathés ?h
ct or. . devi.ge. Wi e readi appar.en ose skilled in the
Zre{n Eggnua c&lr%\gé*f'&""rtg%ﬁoﬂegog&?e 'f'ﬁeé'gﬁ?%ssdéﬂ?eggﬁmeiag%etnlg%dtrﬁ e present 2A

nmethod is applicable to a variety of technol ogies, for exanple) NMOS, PMXS,

nctud B, but not 11 m t MRIES FOY AHRYBLST FBERYBRETI . and the 1 ke

Fi gures 1- 11Hivstrafive emb&iiBent®bhié inventfonrars degeribed TGVt Ihahsinteradt oflclfly, (bt gur e

11) accordin 0 the_.present invention. As.,shown in Fiqure 1 diel ectric
Faver 30 g B Sh AR bipleer g it 8 is gpeifi-Aipncle SHt et B | ng
substrate 10&pprévintdd alsat d@pable Sddvelopfient THE a6y ehREt hdteal | ayBddinicht) MBierddss

fornmed by a variety of known techni ques faor form ng such |ayers). e.qg,,
chemi cal  vapdPPigR P??Q?ﬁ&'(’d?ﬂf'?nﬁ B&i‘ﬁ’ﬁé&@ﬁr‘%a@ﬁﬁe?ﬁ:@ﬂwﬂ%ﬁa -%ﬁhanced
CVD (PEGVD), sihUistoamphghcé ddthpdysem Géthted apb busitegasiated @onstiziis) whichevittedary

grow ng, and_.the like. The dielectrjc er 11 y, have a thickness above
T upner “cufiplic and S5pledtrian i it MiE e LY eLs Asefred GaOTEE Dng
may be for medevielopieit effarti figlit B¢ cothplbeahd tihedBiiseming) Butawshidrayverthéléss déadTpl e,

be an oxide (e..g., ,Ge,10 o0xjde n oxynitride (e.q., nj.tri de),
o o e v adegking 15y these bEordBas SVl Bk M Gigdne bepit oL B Hiss Lo
Si 2, a nitrogen-Idagaethetnitdin{efts @f h n¥thot 13 saiiceiuSiof Bavice FabrictdA abooydmd I de

(Si xOy and the |ike, The dielectric_|ayer | ma | so .be fornmed of any
Sui tabl 2D b Bt wpssty nvention e gt B Fiamenrl- W ANDS G Vo, weRn and
great er thanstaictuegudla demicdhdittor Yevisdial dapicted tirnthie Wawingsts Having Ggry peerise, Ti O2)

t ant ahi m oxi de (Ta .e. 0., 1g2033 barjum strontium.titapate (.BS

Bai 08/ S i 09y SqtevrisTs gt protis: sy et hé, R recbibog HHh 30 el s,
equi val ent ordgidas afd sthieans irohoecas ptigs Bgindjeated ia ter drawingd. Aleyerfioleds, theor
exanpl e. An equj val ent oxid ickness. t ox-.eq nmay, be. defined to.be the

Chi cknoss. 1 SibehodiSihascrs iled uf pRYioy Wi B Gt o PEPERROPIERIONR) | | o
V\ﬁul d hztve a capdai jentak ther présent iAveRionCid iirkcteds tamd@xhdm?@hsalcmheosaam az
t he capacitance r unit, area Cox that a thickness.t~.~qg of silicon. dioxide
(S 00y aoul GG eGP RS iy wPuEts (ooRUd i I Bon A RGeS o1 y
4, and si ncereading Kithepresehivpplication tHerese, then t = K/ C = K/ Cox = Kox=

Kt ox-eq/ 4, approximately. For exanple, 20 the dielectric |ayer 110 may be
formed of a tantal um oxide (TaxOy, e.g,) Ta206) with a dielectric constant
KT, o of approximately 24. Then, usingt = Kro/C = KT,0o/C~ and t =

KT, ot ~~/ Kar = 24t~.~/ 4, approxi mately, an equival ent oxi de thickness tox-eq
ranging up to approximately 50 A would correspond to a Ta2(05 thi ckness tT2o0
rangi ng up to approxi mately 300 A. As shown in Figure 1) a conductive |ayer
115 may be fornmed above the dielectric |ayer 110. The 2S conductive | ayer
115 may be fornmed by a variety of known techniques, e.g:, high-density
ionized netal plasma (M) deposition, high-density inductively coupled

pl asma (1 CP) deposition, sputtering, PVD) CVD, LPCVD, PECVD, and the liKke,
and may have a thickness rangi ng from approxi mately S00-S000 A. The
conductive layer 115 may be formed of a variety of metals such as al um num
(A), titanium (Ti), zirconium (Zr), tungsfen ('~, tantalum (Ta), nickel
{Ni), nolybdenum (M), cobalt (Co), and the like. 30 In various alternative
illustrative enbodi nents, the conductive |ayer 11S nay be a doped-poly
conductive layer 115. The doped poly conductive |ayer 11S nmay be foaned by

1 NN I~




-3 perforrred at a tenperature ranging from approxi mately 800 110@@ 9E0r 2003
atinme rangl‘g 0I/§%§ approxi mately 5-60 seconds. As shown i pe h an

i nor gani ¢ baqt ective coatl as S
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SiQ2, a mIth ggpn %’SQ%EOQ @Ie .9., N2-inplanted Si 02), silicon 25

oxynitride (Si x’@ﬂ‘\%ﬂ in Figgre Iy @ °P1?dR‘é“'° Ty LSham Rswormted mbae the slieketrie fayer i jThe
regi onss 14d@nduetive Rjes O15hay tbe faibd boh variely of thowa ldciiqids] €, Hibhabmity ibriz2d eetalslams "
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above t he layspHp. T@M@@W!@@W@Yﬂ layerd 1§ mayrbg forred b variesyrefinawn techriquestforfeming sch ng
(BARC) | ayiyers14Q, chip mivbereedpdeen, did iaViie) aid vephqam&smgmgaﬂm 230

may be patterne e VIO B. phot I|t h a
I ncl ude Sh L %‘Q&?q %)‘m“b\'?%% "#’3&“ flﬁ%(f ﬁ' d?é%q%o%}’f% Epclénﬁsrsefz
t he patter‘}FEl‘d’C“Hft‘,‘tbp2 ormed by@mLRGVIHesess fopkighs ythepgghmet. 2 30 may have a

smal | esg, di ffmempe@pdu e&a@ﬁhedayaﬂmmeﬁbdddphahmmbm rforamwasew&stabﬁut

1800- 2000 t

phot or esi s%hmrpaé ﬁ@?@@mﬂ cgﬁsg‘g“’ﬁwgﬁ ;“%’ng‘gﬁ%%%%%%‘%?ﬂ ?vaﬁ dénu3| ng
a control |'®reteepy Ut rIAFVE ProosDU B t‘?l'i"h""c o? f‘é}"ﬁ'ﬁﬁ rgipgeionieep
ul travi ol edpprotihiscly 10002000 & StorSskanipReSRhe dapihg oﬂ?h@ob%ﬂy@diﬂﬂ&ﬁn@ﬂﬁﬁccb&;ﬂ]ﬂhﬁd’bﬁdxﬁbmg

(DWV) photg g@m é# aptiiQ 51.@;13
pl asma proce %%%M}frhe tri "%‘y‘égg’ﬁ‘t'u traw%ﬁ)%gw%lhot ocrht‘a’esl st
mask 3 mme{"éme'am mtﬁ?héﬁmﬂg@éﬁmﬂM%ﬁf@‘d‘P

range of ‘about 700-1500 A that 40 will determ ne the size of a gate

conductor 415 and a gate dielectric 410, ras shown in Figure 4. -4 As
shown in Figures 4-5, the trinmmed deep uBBtraviolet (DUV) photoresist mask
330 having the critical dinmension d, is then used as a mask to forma
masked gate shack 400, having edges 450. The nmasked gate stack 400 rmay

i nclude the trinmed deep ultraviolet (DUV) photoresist mask 330, a remant
420 of the inorganic bottomantireflective coating (BARC) |ayer 120, the
gate conductor 415, and the gate dielectric 410. The nmasked 5 gate stack
400 may be formed by renoving portions of the dielectric layer 110, the
conductive layer 115 and the inorganic bottom antireflective coating (BARC)



\ phdsphorle acid (H3PO4)) for exanple. The stripping away of the trinmygcep 2003
deep uItrawVQb%im(ng\/) ]E)lhotore5| st 20 mask 330, and the re?a@mgoﬂgpﬂof tE g

i norgani c batto an tir ective coatin y ek 120 or ne e
a6 ot ac R A PR Bneter ARp O 8 ne bng 85 Whrsalhelt 125

i ncl ude t hecopflst e conductor 415 and the gate dielectric 410. As shown in

]lfl gurg 7%) a W?ﬁﬂlﬁ'sﬁtﬁvn':@?i@ﬁre 7,08, mofgﬁﬁd@ﬂor@ﬁnﬁﬂﬂ%@i&ﬁﬁnﬁt(?mc)rhﬁﬁqam&as g’@)ﬁ de g
orned abqy e er.s conduct i, n e an
oo 20, B R el et 80 sb A GRS I Ml b0 b e ool

may have dawmlémebgvn(xe Figyre A oawpper Inufagefloof the infragnis bptian m@iechg cpmmBARC)
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As shown in Figures 10-11, a dopant 1000 (mdlcated by arrows) may be implanted to introduce dopant
atoms and/or molecules into the semiconducting substrate 105 to form N*-doped (P*-doped) regions 1020. After
activation, the N'-doped (P*-doped) regions 1020 become N'-doped (P*-doped) source/drain regions 1120
30  (Figure 11). In one illustrative embodiment, a dose of the dopant 1000 atoms and/or molecules may range from
approximately 1.0 x 10'* 5.0 x 10" jons/cm® of the appropriate dopant 1000 atoms and/or molecules, e.g;, P for
an illustrative NMOS transistor or B for an illustrative PMOS transistor. An implant energy of the dopant 1000
atoms and/or molecules may range from approximately 30-100 keV. In another illustrative embodiment, a dose of
the dopant 1000 atoms is approximaiely 1.0 x 10" jons/cm® of P for an NMOS transistor or B for a PMOS
35  transistor at an implant energy of approximately 30 keV.
The dopant 1000 may be an N* implant such as P, As, antimony (Sb), bismuth (Bi), and the like, and may
form heavily doped N* source/drain regions 1120. An N* implant would be appropriate for the fabrication of an
NMOS transistor 1100, for example. Alternatively, the dopant 1000 may be a P* implant such as B, boron fluoride
(BF, BF,), aluminum (Al), gallium (Ga), Indium (In), Thallium (TI), and the like, and may form heavily doped
40  P*source/drain regions 1120, A P* implant would be appropriate for the fabrication of a PMOS transistor 1100, for
example,
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31 %4.0% / &' Sfigh-aZalitiddtionl-éhjoined rapid thermal anneal (RTA) process may be performed at a temperature ranging from
approximately 800-1000°C for a time ranging from approximately 10-60 seconds.
Any of the above-disclosed embodiments of a method of manufacturing semiconductor devices with

15  reduced critical dimensions enables the formation and patterning of components such as gate conductors and gate
dielectrics on much reduced scales, consistently, robustly and reproducibly, and in a self-aligned manner. Any of
the above-disclosed embodiments of a method of manufacturing semiconductor devices with reduced critical
dimensions enables the achievement of reduced critical dimensions using deep ultraviolet (DUV) photolithography
without problems associated with “footing” or neutralization of the Photo Acid Generator (PAG) in deep ultraviolet

20  (DUV) photorssists at the interface between the inorganic bottom anti-reflective coating (BARC) and an overlying
deep ultraviolet (DUV) photoresist layer. By avoiding problems associated with footing, any of the
above-disclosed embodiments of a method of manufacturing semiconductor devices may decrease the number of
deep ultraviolet (DUV) photolithography reworks, decreasing manufacturing costs and increasing throughput, more
effectively and more stably than with conventional fechniques.

25 The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein, Furthermore, no limitations are intended to the details of construction or design herein shown, other tham as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention. Accordingly,

30 the protection sought herein is as set forth in the claims below.
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5 forming a gate conductor layer (115, 415) above the gate dielectric layer (110,410);
forming an inorganic bottom anti-reflective coating layer (120) above the gate
conductor layer (115, 415); and
treating the inorganic bottom anti-reflective coating layer (120) with an oxidizing
treatment (130);
10 characterised in that the oxidising treatment is performed during a rapid thermal

anneal process.

2. The method of claim 1, wherein forming the gate dielectric layer (110, 410)
comprises forming the gate dielectric layer (110, 410) of at least one of an oxide, an
15 oxynitride, silicon dioxide, a nitrogen-bearing oxide, a nitrogen-doped oxide, silicon
oxynitride, a high dielectric constant (high K), where K is at least about 8, titanium oxide,
tantalum oxide, barium strontium titanate, forming the gate dielectric layer (110, 410) using
at least one of chemical vapor deposition (CVD), low-pressure CVD (LPCVD), plasma-
enhanced CVD (PECVD), sputtering, physical vapor deposition (PVD), and thermal growing,
20 and forming the gate dielectric layer (110, 410) to have an equivalent oxide thickness tox-eq
ranging up to approximately SOA, wherein forming the gate conductor layer (115, 415)
comprises forming the gate conductor layer (115, 415) out of one of doped-poly, aluminum
(Al), titanium (Ti), zirconium (Zr), tungsten (W), tantalum (Ta), nickel (Ni), molybdenum
(Mo), and cobalt (Co), forming the gate conductor layer (115, 415) using at least one of
25 chemical vapor deposition (CVD), low-pressure CVD (LPCVD), plasma-enhanced CVD
(PECVD), sputtering, physical vapor deposition (PVD), high-density ionized metal plasma
(IMP) deposition, and high-density inductively coupled plasma (ICP) deposition, and forming
the gate conductor layer (115, 415) to have a thickness ranging from approximately S00-
50004,
30 3. The method of claim 1 or claim 2, wherein treating the inorganic bottom anti-
reflective coating layer (120) with the oxidizing treatment (130) during the rapid thermal
anneal process comprises treating the inorganic bottom anti-reflective coating layer (120) by

flowing an oxidizing gas during the rapid thermal anneal process.
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5. The method of any one of claims 1-4, wherein treating the inorganic bottom anti-
reflective coating layer (120) with the oxidizing treatment (130) during the rapid thermal
anneal process comprises performing the rapid thermal anneal process at a temperature
ranging from about 800-1100°C for a time ranging from about 5-60 seconds.
10
6. The method of any one of claims 1-5, further comprising:
forming a deep ultraviolet photoresist layer (230) above the treated inorganic bottom

anti-reflective coating layer (120).



