..; ghe3e\ Yx6T>B" Description Method for mnimzing the vapor deposition of
tungst en oxide during the selective side wall oxidation cﬂmmmmmm"

. tungsten-silicon gates The invention relates in general t mmm,lfl el d
of fabricatigpsebhsaByaldi zation structures) in particul ar gatgygtructures,
whi ch incl ude at I5east one |l ayer of 10 polycrystalline silicon and at | east
one tungsten layer. The invention relates in particular t ive
oxidation nethod for a metallization structure of this tJfﬂfm,mmﬂm%g[dance
with the pre®esceiptipatent claim 1. 15 As part of the ongoi ATo N ion in

the size of MOS transistors, tungsten is increasingly being usedas a
constituent of the gate stack. Tungsten has consi deragbl e advantages as a
gate materi aMe&dfrfa BB AR t BRE sVRAPEF dECRAFIIER 9 94 KEWRERESt r eady
in w despreadxisie. daeihawerheeskalevtiyeof sidegsi&bl coopadeid® tofgst en
silicide kg@ it %ogquLe to reduce the resistance of the gate and thereby
achi eve iﬁgr 8§s& gcﬁﬁiégpnppgggﬁties of the transistors. On 25 account of
the lower resistivity, it is also possible to significantly reduce the

hei ght of th%p'ea&%f‘e%t%%e.%élaa%s Wk h {eﬁ‘ rLESPLERENRL (he vardus £ Hling
and etching st'eps aré consi'déra Si n% ifred, since the aspec ratio
(ratio of th&abgiightion ¢t esetalihealioni stapctubesweam aefeicertlaat es? is

reduced. DUfPQQ;et her f@bri£ad | 0pnetnt hieydidd | ayen Late shackaylk steof all

it is usual for a gate_gxide |ayer, a polycrystalline siliconlayer, a

t ungst entfi t POAYCITSEA}ANE BifrtdSOEn Iaé’s?’)e/r &nd LAY | I ni TYTIEEFayer to

be applied tQagesi.li core sulrstdredion Thealatadi viduabagatieuleg ons which are

i ntended to be Io%at ed in e%ch.case abgl\{e a channel _of a l\/[ﬁtratnsi st or,
AR

are defined 366138834 (5 285%By pl5EEPRt hofPAphy® and™S thi ng.
To el ectri calsityuichswleatod tte settotped sirdexamaiddarafe tvietlyatiee steekesblbad t o

anneal etchi , 54t 2kl e insulation layers have to be applied to the
side walls. @A%%g%gg Icaéér, liv'vhi ch is produced by thermal oxidation, is

most suit@able for the polycrystalline silicon layer. At the sane tine,

however, it iag Saky dr: PHAYENhgOX<RIdtaPOf 1 heungsien drayess since
experience has shown that this oxidatigon is nqt restricted to_the 10

surface, but ZPESIESRESAUESIFEHE Tt dPSF SESABEYorPS Y heSPdy &S dhd
t her eby pr oduoesthitglenitnpeddnce thengstoateoxi decaait t h thengssai t thead t he

electrical f Is |1t f e 18 | d LiQ for
produci ng si gg%\%éﬁ%ga%#%a%ﬁlé{agl%a%:ecst rl%édeé\r;ﬁlgg% imr?(q:%fgg% aéﬁ?né%e{&éﬁé? ayer
have becébre Kkuogstens- /%L 1651833 Whsehi bds a hekewvdsehi @d rieadyased on 20

sel ective oxidaldsprell t Rgelat and ackwelhi ScdEthod; i, expt ai gy d fehor e
detail belowwith reference to fllgure_s JA to 1C.in the draw Q}g A gate
oxi de | ayer FOM@aFEAmeHOontingsFeR o Siifstdat da¥es10iby PREFHRFCoxFDat i on,

and then a palefticgstiid | A€sistance of the gate and thereby achieve
improved electrical properties of the transistors. On

25 account of the lower resistivity, it is also possible

to significantly reduce the height of the layered gate

stack, with the result that the wvarious filling and

etching steps are considerably simplified, since the

aspect ratio (ratio of the height of gates to the

30 distance between adjacent gates) 1s reduced.

During the fabrication of the multilayer gate stack,
first of all it is usual for a gate oxide 1layer, a
polycrystalline silicon layer, a tungsten nitride
35 layer, a tungsten layer and a silicon nitride layer to
be applied to a silicon substrate. Then, individual
gate regions, which are intended to be located in each

case above a channel of a MOS transistor, are defined



, silicon layer 2, a barrier layer 3 of tungsten nitride or titaniumnitride,
a tungsten layer 4 and a silicon nitride layer 5 are deposited on the gate

. oxide layer. Then, the silicon nitride layer 5 is patterned in order 30 to
define the 995616?9%&”@0 so that the structure shown in fig. 1A is obtained
for a gate region e nesaetched structure 5 of the silicon nitride |ayer
subsequent|ly serves as an etching mask. Then, in a vertical etching step,
the layers 1 to 4 are renoved in 35 the regions between the gate
structures, bp thahosaly thegireipdal , afed | nedeybieategi evshdngt-he ITeyer

stack remai nghB-pPSLELH 9P 1h‘§%ﬁ&atée|t:ﬁ%t b¥eneyl @%’d‘eoﬂldlﬁ.sa%fatm%@
contai ni ng wat er_and hydrogen is carried out 834 WO - 3 " at 800C,

with siliconS6%FH& | a3ds ‘belﬁ&nﬁéﬁnedeﬁﬁhyngn tﬁ%m%g?icoﬁ“§dﬁgﬂﬁhte 10
aﬂd at the snﬁeuthSnoﬂapbespnbwr gst bl ap@1sied aen dmey@u% v&ﬂ.hl@nlli)r ast,
the tung en er. 4.is not ze T u tur | er eby

obt ai ned %&PFatlé‘Han ?“?’g‘ (;’1I§’s FFh3 W“Ilf/e(lgi g¥| 1 ﬁl t%lﬁa §:Rer 7 is
applied as amS|msatasumgabayeﬁototmhepﬂhyanmﬂﬂ&ihﬂndlgikmdqnxﬁayuﬁr|de
ayer 5, of hhe Llnashen LAYET fioyBlolne dUngst BCBLELLG cLAYSIe Aund Of

the silicon oxi aresu t he gate str ctur 'S now
sur rounded oﬁxaéitépﬁe§ﬂnﬁhﬁeé?ﬂ9§ﬁﬁnyLaﬂﬁnzﬂ$¥@F%|§épﬂ6PE§Ceﬁhaﬂhe sake

of sinplicityncihe 104t OWHIG PHQREBASishePSs mtchrae,%r%eleal ned ighd he
abovenenti oned docunent, will not be considered in further detail in the

present HbcuREREacEs ?BtcﬁﬂF9 GAP LRSS Bc (e 16T 61T 94 iFpor t ant

for a definedh& Rag@r afnd or&eféney hpdeageaswatigh -Himpledia cleo d&mgﬁe&bl i shed
in the region Eanber ﬁ sure ratio oftPZ [ H2 Xplch iS at, t he
flow 20 cont PEFRSrs of it fe r ez %l(ﬂl%ﬁ% .ty corfg§b dlﬁ&

concentrati ofiunationahitin P§ Sbe gatehésrtmpeded. chanber is plotted
agai nst the process tenperature in fig. 2. The figure shoms reaction
equilibriumcurves, on which defined oxidation 25 reactions are in

equi | i brium YRERORRe BEERRISat €04 cBUEENEANEeatifONFa Re 6% dat T r

reduction of etupgsbal whildd UShEBi@Es bY thegiRel Bapeti Bekdmuddom while
t he oxidatiogaor reduction of silicon is characterized by the | ower

equi librium In both 30 cases, starting fromthe respective
equilibriumcurve, a rise in the water vapor content and/or a fall in the

process te”p%ak“gagk%agébegc?é ézol Hy b&ét‘ﬁ{: 'tVF}gLO diPst o nufayer 9f the

correspondi ng oXi Ioh rea |s I npor r the process
condi ti o4y V\aﬁéecs$veer¢e@©@ttur0@ emﬁ MKi ggteatdtrgk bEhset mehodchsa way

that the opepabhR9nBai Nhini Npbhe diRYLAM ShRWRW N fith 2 ddfdde thg centra
regi on betmeen the equilibriumcurves illustrated. 200105834 WO - 4

However, for §8P€8§|3é 59|agtFBnthﬁh?Eﬁwﬁggcarrled out in accordance with
fig. 1Bwith a viewto formng the silicon oxide |ayers 6 by wet oxi dation

in a hydroge rlch t nospher hlthe t h re, has t|II ef
consi der abl eg’f§ i o}?licgo ?ubﬁ 1gt en OX|f(rferOn|iené t(ﬁe at %DS fiere S ekl’ ch ST r ounds
t he gat 2% egﬂ@n.bﬂ'hltéletrm‘r@g}st enldm:@len» s &yl attinlen ag tpmlxﬂmlllme

tenperaturesgandcbs dapesi ted ppihei el 15,8F 8hef tungsten nitride
or titanium nitride, a tungsten layer 4 and a silicon
nitride layer 5 are deposited on the gate oxide layer.
Then, the silicon nitride layer 5 is patterned in order

30 to define the gate regions, so that the structure shown
in fig. 1A is obtained for a gate region. The mesa-
etched structure 5 of the silicon nitride layer
subsequently serves as an etching mask. Then, in a
vertical etching step, the layers 1 to 4 are removed in

35 the regions between the gate structures, so that only
individual, defined gate regions of the layer stack
remain in position. Next, selective oxidation in an

atmosphere containing water and hydrogen is carried out



process chanber, where it is reduced to formnetallic tungsten by the

hydr ogen. Since these deposits of tungsten, in the case of |anp-heated RTP
. (rapid thermal processing) installations, which are preferably used 15 for
sel ective oxi@dahi@Rzsaf@ therefore located on the quartz parts between the
| anps and the wafer and, on account of their optical properties partially
absorb the lanp radiation, they have a very consi derabl e influence on the
t enperature honogeneity of the wafer 20 and drastically inpair _this
honogenei ty. atn 8388iCi o th Fridstcamn qepsls tiRyrEF £ Reb f bpreed oPnithe
quartz partsgnn §HONEi 0f cbhe sRYsRIRLR S1@NdndBMKtt heieby i Ravean adyer se
effect on the_optical neasurenent oi,the %@fer tenperature. Durin

processi ng udér RROHRIIT G D ofdi tFBRs 1aYeE. 7 epB¥t SPPTESEssi with
t he sanme procesgsten drgemudbess mft poeilditédn wakerstrudmidencwiessh ng

deposition of, tungsten | eads _to such rapid degradation of_the, |l ayer

t hi cknessghoﬁ!?g:aéﬁ%rte%yat? \%ealtq?faé Vi elrl Lﬁsat?a?co%vﬁ? efrlq bolv%f gflrtl%%fyt he
process i s 3@ rmiliczor emityidef lageent] yistapbeliedr apr cducinsmlating

appl i cations. I (] AP 0 fot caused b Vi deposi tion
of tungsten &)?y%(ge%\éy tglaeurségdgaz%&gst o&?ﬁ%{eg%le]lalectrirg%#%%p?%%al }g’ty of

t he i nt er con®dcttdie Fmgremrayehedr e@épsdiet itomast anumystieiiex} ager

fol lowed by nedidigp toef WiMitduHdséLide Myykead t oadhg frargimtd, ongipd

undesi rabl e conductive conpounds and 200185%3@ WO - 5 _therefore to
short - ci +Rui B8%§ o LEURHYRENt $S0nTPHe RHFEPUNHREseCPr 0Bl EnsSHTeS ndtY
restricted t eleatpiltedtled Rifulasiagl atidnswallts.r afder ecusake abt

condi tioni ng j.nst.al l.ation i ¢h : u S ive 5. oxidation, for
exanpl e incl adi r?zjll&%% ént i%(l)l\rélgl £ &riﬁgégg ?%gf%ggl ag{:gﬁgbas"g?l O\Neé\?/%%, t he
deposi tion ofexpliegsiedh oxi theombovemsmdiiomediaddeureenk t heidlbseduere

reducti on of died JRAStEN sRticde.t ckal LHNgRLeR,dags cnabatARALLtUL e such

a serious_problem 20 Accordingly, 1t Iis an object of the present invention
to provide a nethod for the selective oxidation of a metallization

S_tlructurf, i'ToDiééé%%H'@ﬁt_:Ofthé gg?élea@%irwé@kﬂd%ﬂ\m;@{l EBC|il§jeﬁn§ér&&@t_5t|0ne
silicon |ayer, i is to he oxidized, and.at_least one tungsten |ayer,
which is not 3% bé oﬂce&lznee 'R E L T ?/fapo?h%legla%%{?%?f%“?atf%gst en
oxi de from t rdxatures pher bes s akidi stged hénmethe | reat oon cambetrur eTlowes not
occur at all Qo ool s, gakY {9ra Gpst! i edicad extent o 200 1Bi sengject is

achi eved by tphe characterizing fedtur _patent claim1. Advantageous
embodi meffs &vptrelileasivent 8fof e ettt HRitor GREGRES (t heli iventflm are

descri bed i n de cuHRIRINS - cARdier¥ fsentat D¥eRtiien descsbbes mnchdproved
procedure for the select |%§? oxi dafi on if a nmetallization structure which

i ncl udes at IF&RSE6Fe (BI13NSHkt al 15 nePsPFFEEn PEFeRSind W | SRR
tungsten | ayefempidrat3@aretial | ifdaf.i o2 st rTiod urldieteng stodvesl onedayt Born Xt ur e

of hydrogen and. . r..in a nner which i wn . in tment step
in whi ch hea%‘%“&@??%ﬁﬁmed é:h”%,"eguri ngﬁt_hi §h§?§p,_ &fisey) e%%(\ﬁ/%ﬁ/&?
oxi di zed25A giegeitfliosisnt atspecinof egbelpbséunur widdcording asseheatedent i on

ihsd35 t hat t[i%dﬁ%ﬁ'&d E%t@a%@i%hrsq(:t %t%_ i éf{%@h%!’ﬂoﬁnhgﬁ ar BNELYERUS £
ydr ogen-cont ai ni ng substance, in particul ar pure rogen, or a
hydr ogen/ i nerfungE-&R Ktsur ,luc?ézf’{?rt@pdarm’, the a‘&%?%r?%‘fjel,l WP FWEEe.

treatnent stehild the oxidation or reduction of silicon is
characterized by the lower equilibrium curve. In both

30 cases, starting from the respective equilibrium curve,

a rise in the water vapor content and/or a fall in the

process temperature lead/leads to equilibrium being

lost in favor of the corresponding oxidation reaction.

It 1is important for the process conditions wafer

35 temperature and mixing ratio to be set in such a way

that the operating point in the diagram shown in fig. 2

lies in the central region between the equilibrium

curves illustrated.



200105834 L10 - 6 tests have shown, this neasure nmakes it possible to
consi derably reduce the vapor deposition of tungsten oxide, and in sone

. cases even to elimnate it altogether. In this context, it is advantageous,
5 al t hough ”Qbo§6§§bﬁtﬁby i nperative, fqr _hydrogen or the hydrogen/inert
gas mxture also to be applied after the treatnent step. By way of exanple,
the hydrogen/inert gas m xture may be a hydrogen/nitrogen m xture. 10 The
tenperature which prevails at or in the inmediate vicinity of the
metal | ization structure which is to be treated is referred to in the text

whi ch fol | owgogavbhe wakersd1RMmSral UL add dig RechT eat i idEew th the
hydr ogen/ wat er m xture, the suypplLy of_heat, %ls used to 15 set .a wafer

t enper at ur e, IRhieGr FSaEEe ridd! t biel b ¥4 tfhé pYoeesECt EMFERACurtde The
extent to whisthitbe \zaacﬁde depesid iOrbwpfwetingat datdoshdencan eireshiced i s

dependent on_the i rf,ltagl on gotgg %grtherht n%asq,teg glécihashrghe setting

of deflned wWaf & terrper ures’ rise and fal - times ranp tlnes) or the
waf er tenper abusedendbike r{;a:tmwgzerdrwat ef cdanogstteat i ooxide i 0in25 tHor

exanpl e, it la%m@ﬁéﬁ@?c@%ﬂ&! h! Eurgth?Q Bkl bg EeSF«E%{EBH of atreatment wth

t he hydrogen-containing su stance ore th treatnment step with the
hydr ogen/water m xture, the supply of heat is set in such a way that the

vaf er tenperahike iurdsnsedkigom 39 a\;dlreﬁ:tlltee”p@{at whe Thifassecond
tenperature T2, the first tenpperature preferab in_a range between

r oom t enffer at 6RESEAEVEE6C, 2BAd the dseéiﬂﬁid:etdenﬁélr aPﬁFe preterabty @0 1ying
in a range bptmeem?@?ﬁn&mﬂ: 90erd Nithiis cos®iced tG fosd med10rid he

wafer 35 te i i y ept £0 a th flrst t enperature
and then to e ncrgasieg cgin%l n}tﬁl% 5%5 |$11£|§éep2t theéae Sohd o
t enper at ur e. tunge0&05832 Whe- CaseAOffurhWImmﬂ @g@’ods-’amaismfeemalt he

met hod consi gt-§ceBgifyf! nﬂn§t§ff$t':ﬂ5h§)f tv\hﬁél{ eﬁE@“%réE@PaﬁMyt/h dd&s

hydrogen/water mxture, settin t he supply of in such a way that
said waf¥r téERperslRcEive | ot ’éb‘éiﬂis PESMEAIE IS 1erperdt GPe §hF a

process tenpghakrdke.pdrtd hbstwase, thle | Sari@sshhbie dhey \M\ﬂei‘\/aéﬁa tQmJer ature
initially to_be kept cons nt at the defined te erature f}%r})erttg
i ncreased cofAfFRHB S|c§,€ it BPELER t RF BT tBﬂﬁE?‘% ef i ned
10 tenperat utkenajatp foadibdtbyni hetlabpvenene i medvaecond:ﬂserquaiihﬁe

which lies | gnglﬁéﬂg S—f eEd Zg%geggggggogonﬂ{%r}&etyprcg)fe%?le Ature

may be fornme nper at es I'n a range between 900C
and 110089 15nfir rcbfsagfécltqaxﬂel}bf inpelfetthdd neemREeneicseri Bad adtitHomr evi ous

section, it Rasg e&eﬁendelﬁd@m@gw B95ot ee WA SimdEnBar at HE € HiHAdg the
treat nent ste% W|th th dro en water m xture to_be set toe§¥process 20

t enperature PAY CRYTPEIGEE HA ¢ HRY nohEr MyS second
section of the tadaaémt e\ﬂlfbhtt hmh)tdareogepttoall aimdazgpramesitanceé aflieer t he

treatment st %Bf\éjrt ktérﬁl?eztyg,{rogenb\ﬁ@gﬁg rBf%éQ&siﬁgPeunder production

25 conditions, i.e. repeated processing with the same

process on large numbers of production wafers, the

increasing deposition of tungsten leads to such rapid

degradation of the layer thickness homogeneity above

the wafer and from wafer to wafer that the process 1is

30 not currently sufficiently stable for production
applications.

Moreover, the loss of tungsten caused by the vapor
deposition of tungsten oxide may cause damage to the
35 electrical functionality of the interconnects.
Furthermore, the redeposition of tungsten oxide,
followed by reduction to form tungsten, may lead to the

formation of undesirable conductive compounds and



25 supply of heat may be set in a such a way that the wafer tenperature is
reduced continuously or in steps froma process tenperature to a | ower

. tenperature. The process tenperature may in this case be formed by the
abovenention§§0565@?4tﬁgperature T3, which lies in a 30 range between 900C
and 1100C, and the lower tenperature nay be a tenperature which |lies bel ow
t he abovenenti oned second tenperature T2 and therefore lies in a range

bet ween 300C-600C. 35 Before and, if appropriate, after the application of
t he hydrogentbéﬁﬁépﬁﬁngt@ub§h@ﬁéeclFFuFElagsooﬁos§@%P®n@%t%ar@W oifte a

treatment W {,Bran. i ﬁ‘ﬁ%’éeg%%ob'l@nﬁaratr‘e‘:lﬁo%r A& M AP 1ampOdH8834 VO -
8 It should be ensured that during the treatnent step with the

hydrogen/mat§Fpnﬂﬁﬁﬁﬁéla§ﬂopéaspu§ Lester ﬁqﬂﬂ¥\HQnQﬂ%)FQﬂd%ﬁ%Q%&RQOn
equi | i brium hekweenagtiohsoxiwiaitclan reacti @e andsadr edfieti onsepaetivn i s

adopt ed. Preferabl wat er; cont ent i.n _the en/ wat er
mxture SuppPRAROKHARY nd by SAATBI e AR A s el Gyl | FESTIES rmnner
that in the pai thef lagaeti @lasequéltquerlo tiver dﬁﬂ&ﬁsrtlvms of IHngdteerr eacti on
equation 15 W0 %5% é e Wehatted Ras13 Uftl®e dub ér?ﬂjllfaéd%ﬁrbrgreat er

reaction rate. urt ernDre it has proven advantageous i ter
content in tRE hibiSgeARREBEENNI QKLES | 5O bef QW 2061RGF tEhe CRESAL T of t he
treat ment segbheRigde ghchhg sarRohkMBroB1BmOCeESS tenperature is sel ected
in such a manner that the above conditions with regard to the 25 chem cal
reacti ons®are maintained. In principle, the method according to the
invention canckerdanpiled did i# aﬁyowyaﬂdidmnagei@&b@dﬁﬂixﬁweﬁﬁiﬂh

i ncludes a reaction. .c anber M?I%p P gelme d enln Q? gqg an .out | et
opening, it B& Y POsE bf e For Subs? I 9 5 9RE Bt Sl i%ati on
structures toepeldiranged |mUﬁu§Ummmt|dﬂlchﬁﬂb@lcuhasuchfa @anrete hat

process gasesceancbiaw Raslcd hfnéy@éééata%s fd0 thRel Bligl copenifigf 0 the
out | et ﬁgnkv% he met hod exanpl e, be carrled out 1'n a

| anpheat lGPap’r% tieer REI Cﬁfﬂd%le?s%qrngjmflnsw ILSESn. OTR| SCUNERERT at i on
has a reactiQayeRanb@iiont Rsamdtl €6 be oxidized, in which method

vapor deposition of tungsten oxide from the atmosphere
surrounding the metallization structure does not occur
at all or occurs only to a greatly reduced extent.

20
This object is achieved by the characterizing features
of patent claim 1. Advantageous embodiments and
refinements of the method according to the invention
are described in the subclaims.

25

The present invention describes an improved procedure
for the selective oxidation of a metallization
structure which includes at least one polycrystalline
silicon 1layer and at least one tungsten layer, the
30 metallization structure being acted on by a mixture of
hydrogen and water in a manner which is known per se in
a treatment step in which heat is supplied and, during
this step, being selectively oxidized. A significant
aspect of the procedure according to the invention 1is
35 that the metallization structure is acted on by a
nonaqueous hydrogen-containing substance, in particular
pure hydrogen or a hydrogen/inert gas mixture, before

and, if appropriate, after this treatment step. As



200105834 WO - 9 opening in which the process gases can be supplied in a
controll ed manner to the reaction chanber, for exanple by neans of nass
. flow controllers. The process gases flow past the silicon wafers to an

out | et openi9901§5§§gowgh whi ch they cag he sucked back out of the reaction
chanber by means of a vacuum or a punp. The wafer is heated by being
irradiated with a hi gh-power |anp. 10 However, the nethod nay al so be

enpl oyed in a conventional furnace |nstallat|on such as for exanple a
vertical or RBEEBortae t §BAWAr fihhacBeaPRrE CHRARSy ifooROFEsRLES 4 e

achieved i f abhsiferdblgddiddional tﬁeasw@@rwae@wl&\ienbeeﬂ dﬁﬁcggtt@ﬂ above
in connection w.th the wafer te(g;gerature and t he errpe\rﬁilure r anps,

carried out. KofABver 3%% (Y al §8BosSPSFE t S pehte o8 ofltt hese
nmeasures if tameogerpheyerremns wWhich tdeytexe, ablie tdsbrrartgfaaﬁmgemrs 20

longer j usti fy 805g,00, EXeaU! 00 LHeSE TS 65 0.l has, begy, T ound

that the vapor Br on" 0 ungs en re consi derably by
the newly dehﬁﬂupednmneedugeSaWdXthQEefa@S@ tion hﬁarﬂpm@@r dfiteas the

| anp- heat ed lg%g tfﬂéh@' I terponsBthg e F CoROmPEROSkhE WSt ddAl erqper ation

of the installation, consequen |y the process stability can

consi der abl y9ﬁﬁcmé§§eae PRAENPENE BRAERERDENARFAEENoMIXEUESF i ed out in
conventional furnace installations, the nethod 30 according to the

i nvention avgbds har nf ul_deposi t of tun%iten oxi de, on he sem onduct or

waf er i ts&l f TRRd P SFA T Eur rREQVEhLFeBh. Cthelfefhs to the
invention angiaipiefeoifedthzdb m&m]di:rmlcm estmmpd:mmdwhmchroﬁe atet a:rd bel ow

L e e g Bohe.! Ladhes.nl e IRl Wl LRIl G hon

i ndi vi dual St éps or ‘a gate ccordi ng
to the priorwaferwheaspenadiurges Rurimgsthr Ita-‘m’cmesltf igteR wAbtWs tdheali agr am

illTustrati ngh&zﬁ?ob@ﬁ?%b%r”ﬁﬁb&'ﬂﬁm @l egphiiboiranddg- 18 sRews @
preferred procedure he met hod according to the invention.
set a wafer temperature, which is referred to below as

the process temperature.

The extent to which the vapor deposition of tungsten
oxide can be reduced is dependent on the implementation
20 of further measures, such as the setting of defined
wafer temperatures, rise and fall times (ramp times)
for the wafer temperature and the hydrogen/water

concentration ratio.

25 For example, it 1is advantageous if, during a first
section of a treatment with the hydrogen-containing
substance before the treatment step with the
hydrogen/water mixture, the supply of heat is set in
such a way that the wafer temperature is increased from

30 a first temperature T; to a second temperature T,, the
first temperature preferably lying in a range between
room temperature and 200°C, and the second temperature
preferably also 1lying in a range between 700°C and
900°C. In this case, it is possible for the wafer

35 temperature initially to be kept constant at the first
temperature and then to be increased continuously or in

steps to the second temperature.



Fig. 3 shows an exanple of a procedure in which a treatnment with pure
hydrogen gas (H2) is carried out imediately before and after the

wat er / hydrogen gas m xture has been supplied. 15 The wafer tenperature
plotted on thgoepdkRatfoi s not linear.. Kirst of all, at a very low first
tenperature T1, for 20 exanple 50C (the actual tenperature cannot be
determ ned by conventional pyroneter neasurenent), nitrogen is passed

t hrough the reaction chanber, in order to renove the oxygen fromthe

reacti on chaffbfurthes fadsantagpRiat feasrrendf | teei methed s ettSween 25
room tenperatyre aniP0s. sHHsids bel lavedibradmbheatdmdyy with pHe _
hydr ogen gas ﬁhere%)zret hydnggfn gas is squlled t hrough_t he _inl et openi ng
of the react PEA*CASROER LOF nftiPURF at SBEBHE oRSt 4lte fFEPLY efferifdfr e T1,
and during the eugh rg Jardrdgen satdt wefiert herpefpenauris | inoorddgdious| y

i ncreased. over ra : h o ratuyre T2 of or.__exanpl 800C.
35 Then,q% h?é?@ggng%gﬁthnﬁfﬁﬁFgggg %g%%t%'#hg%€%ﬁnq%ﬂ %ﬁé%ﬁéﬁ{eﬁﬁ bei ng
possi bl e for thhe fd¢awe control$ eposisdbie séori thsuchadenaytanraragmre

at nospher e ‘Mih*i‘téa‘zﬁ@ger €ONt Rl OfepfOr &XAUMUA 14% DycNOl Ui fiSieq
est abl i shed 200105834 WO - 11 in the reaction chanmber. The process
t enper at ure £EMPRIFRLHEPYAREpLhEBnSCake NGNS Sk SRR tasarsdivure 12 of

800C, but isgthpR i ngseasgd CO'ﬁr‘d&‘é@éﬁ'Yteﬁi@ifaauﬁécondrlﬁ@”p%@ﬂilﬂeﬁira”p,

to the third tenperature T3 of, for._exa e, 1050C. At . this third
ormor atll 6 FSTPBFBLUES. MBYoRnt ERTNed (HE EPEhARBRRFH AR (RARSELn/ wat or
m xture i s caempedaeutei n whielabhhes descsi hadgabdwe;werdri h7a0°8i Gihd ayer

bei ng forned olhe _si I h I al lin i ki | ayer. 2 and,
10 17 appropfphek: shd ndt) pPadhel ieRBratige my o | HhERa RIS O
foll owed by &hfiudt heemperatumat Twi t Iwipiate AjeBogan gasradaei metmeesh the
waf er tenperapgee heglp1608ti nuously reduced fromthe third tenperature T3
to a tenperature which is lower than the second tenperature T2. After this
treatneh%% nitrogen flows through the reaction chanber once again, and
during this peteggethevealef erpenatlod imedfteedelserdbaidschar ghe?0
tenperature. A di.fferent .inert ?gs Q%y al so be used .instead gf nitrogen. A
al5o TH5° uBE

hydrogen/nitPSSEﬁOHFxtﬁﬁ%Fﬁﬁﬂr 8V PRs tERFBRIFES r E8F nent® wi t h
pure hydrogewades itvenmbrteine bdhoieg25lendtabaemenhe dtragat webhh wilteh t he

hydrogen/matﬁgﬁgg§%§p§at her .8t 9ag,m X Ur egphi ¢hy, cogt ai ). hydrpgen are

al so concei va an a ternative to the continuous te erature ranps 30
whi ch ardd i | tesPeaREYTe] i 3 APBESPBSSMBRE PBP°Ehand 1100°C.

Furthermore, during a second section of the treatment
with the hydrogen-containing substance after the
treatment step with the hydrogen/water mixture, the
25 supply of heat may be set in a such a way that the
wafer temperature is reduced continuously or in steps
from a process temperature to a lower temperature. The
process temperature may in this case be formed by the
abovementioned third temperature T3, which lies in a
30 range Dbetween 900°C and 1100°c¢C, and the lower
temperature may be a temperature which lies below the
abovementioned second temperature T, and therefore lies

in a range between 300°C-600°C.

35 Before and, if appropriate, after the application of
the hydrogen-containing substance, it is also possible
to carry out a treatment with an inert gas, in

particular pure nitrogen.



tenperature to be changed di scontinuously, in steps. The process

hydr ogen/water 35 while the tenp the range from dependi ng on paraneters, in
time for the treatment with the mxture is typically 30-60 seconds,
~erature ranppbhFBg3adr o for exanple, i 10-50Cs. Other tines may al so be
used, the choice of the other process particular of the tenperature and of
t he 200105834 WO - 12 water content. 200105834 WO - 13 Patent d ains
1. Anethod for the selective oxidation of a nmetallization structure, in
particular of a gate 5 structure, which includes at |east one silicon

| ayer, whichris drmbies oxkdigtgiraii tHaPar eihar tise | Rrpakenystsaddg ne
form and at | east .one tangsten Iager, MWhich is no(L]L to be oxidized, in

whi ch net hodW: tPhdhfet BYPFOEET OHREBF udid 5% ot ed €6 thy? a SHE%Eure? 10 of
hydr ogen andthat erithnatir eaf neat séeptionwhedhi hdstium Swppléead, avherein -
the metaldizatign, structure.i s act.ed qn a nonaqueaqus hydr.ogen- cont ai ni ng
subst anceg, i ﬁxﬂsﬁﬁ‘tt%é?& greafglﬁﬂr gnﬁiy(?r 55(5%?%?1051 hrye rcodéjr% i‘ferd gg}se% xture,
before and, Pre&pprbpyi atehowéver, t hethe eatwmtietr st epntentTheimet gtk as
claimed in chahblenPhigkeln -nipfing a fidgsti sectian of chhe toeatdmnt with

the 20 hydr ogen-cont al ni ng substance_before the treatnment_ step, the supply
of heat is sEEMPRTEGERSa ARS) INERCESE LBNFEFHt & NP hethREallFi 24§ on

structure (wpker bENpernatiba) egsathensased froma first tenperature (T1) to
a secondlé enperature (T2).

W +3H,0 2 WO, +3H,
the reaction equation
15 WOs + 3H;, - W + 3H0

has a greater, in particular much greater reaction

rate.

20 Furthermore, it has proven advantageous 1if the water
content in the hydrogen/water mixture is below 20% for
the duration of the treatment section and, at the same
time, a process temperature is selected in such a
manner that the above conditions with regard to the

25 chemical reactions are maintained.

In principle, the method according to the invention can
be carried out in any conditioning installation which
includes a reaction chamber which has an inlet opening
30 and an outlet opening, it being possible for substrates
which include the metallization structures to Dbe
arranged in the reaction chamber in such a manner that
process gases can flow past the substrates from the
inlet opening to the outlet opening.
35
The method may, for example, be carried out in a lamp-
heated RTP (rapid thermal processing) installation.

This installation has a reaction chamber with an inlet



25 3. The nethod as clainmed in claim1 or 2, wherein - during a section of
the treatnent step the supply of heat is set in such a way that the
tenperature of the netallization structure (wafer tenperature) is 30

i ncreased fregpapgdghihnpg tenperature, i particular the second tenperature
(T2), to a process tenperature, in particular a third tenperature (T3). 4.
The nmethod as clainmed in one of the preceding 35 clains, wherein - during a
second section of the treatnent with the hydrogen-containing substance
after the trERERAEAY Pephifhe tEEPPFPCEFShERESSs S8 N S 1edhay tthat t he

200105834 WOcontéolteapeaanuie tof tie pehatibzathafbsh! UGDH eitamgrduced

conti nuously fron1%8Pro%ess te rature, iq particular the third

Lenper at ur e’ PY3CRits aof oRBSS ohbef alGrs o Spdrt | Bif aPTPRESE 14qses

tenperature (Idy. Hadt T methadoas wibéned on ane ofitise prewediog

clal ms, wher g0 uohne MRLET GONJ elad nddhe STLXEUr ephsibelow 20p fgf, the
the°te 1 i 0 F

dur ati on of eat ment st ép. e met as clained in one of
clains 2 to Beawhépsi wharides fhHy smeasaperfatar ¥atTthn i hi gbempt. hdthe oom

temperature gadelowes HOALLOBE pink -Tﬂ%a&%épf efi! @l TR b ang. of
clainms 2 to 6, ﬁkerein - the s%;ongnééﬁberature Tgf ?iesqﬁﬁztgé range from
700C- 900C. 282BP-The nmethod as claimed in one of clains 1 to 7, wherein

10 However, the method may also be employed 1in a
conventional furnace installation, such as for example

a vertical or horizontal tubular furnace.

Particularly good results are achieved if all the
15 additional measures which have been described above in
connection with the wafer temperature and the
temperature ramps are carried out. However, it is also
possible to dispense with some of these measures if the
improvements which they are able to bring about no

20 longer justify the expense of executing these measures.

It has been found that the vapor deposition of tungsten
oxide 1s reduced very considerably by the newly
developed procedure and therefore, in particular in
25 lamp-heated RTP installations, there are no deposits
which impair operation of the installation, and
consequently the process stability can be considerably
increased. When the selective oxidation is carried out
in conventional furnace installations, the method
30 according to the invention avoids harmful deposits of
tungsten oxide on the semiconductor wafer itself and

the structures formed thereon.

The method according to the invention and a preferred
35 embodiment are explained in more detail below with

reference to the figures of the drawing, in which:

figs. 1Aa-C show individual method steps



- at least during one section of the treatnment step, the supply of heat is
set in such a way that the 25 tenperature at or in the imediate vicinity

. of the netallization structure, in particular the third tenperature (T3),
is in the range1begauoReC 1100C. 9. Thejgethod as clained in one of the
preceding 30 clains, wherein - the nmetallization structure is treated with
an inert gas before and, if appropriate, after it has been acted on by the
hydr ogen- cont ai ni ng substance. 35 10. The nethod as clained in one of the
precedi ng cl ai ms, wherein - f8tiridg9eHe tFeBERERTS sIAGFAME "sat EP Bt ent and
the tenperature are sel ectegriBrSughta pRARer tbkatiuded hes HAHHEE34 WO -
15 pair of reaction equations W- 3Hz0O ~ W3 + 3H~ 5 the reaction equation
wo3 + 3H2 ~ w + 3Hzo has the?§PEater reaction rate. 10 11. The nethod as
clainmed in one of the preceding clains, wherein - it is carried out in a
reaction chanber ich has 1 nl et _openj. d an -out in and 15 -
substratég wﬁ? h ?ﬂclude thgﬂﬁgfalIFZat?%%ggﬁghcttﬁgiﬁéﬁg§é¥%'ange Sn the
reacti on chanber in such a weastionhmecphppiens gndesquahibrowipast the
substrates fromthe inlet opening to the outlet opening. 20 12. The net hod
as claimed in one_of the preceding clains, wherein - the nethod is carried
out in a condit€i-odi ng devi cEROVE pért PEGLEF TR a BFAREWER ed Fapitd'® her nal
processing or rapid thermal maaneal kBgofrBiRgotoREA: davEficion.

10
Fig. 3 shows an example of a procedure in which a
treatment with pure hydrogen gas (H;) is carried out
immediately before and after the water/hydrogen gas
mixture has been supplied.
15
The wafer temperature plotted on the ordinate is not
linear.
First of all, at a very low first temperature T,, for
20 example 50°C (the actual temperature cannot Dbe

determined by conventional pyrometer measurement),
nitrogen is passed through the reaction chamber, in
order to remove the oxygen from the reaction chamber.
The first temperature T; may lie in the range between

25 room temperature and 200°C.

This is followed by a treatment with pure hydrogen gas.
Therefore, hydrogen gas is supplied through the inlet
opening of the reaction chamber, initially at a
30 constant first temperature T;, and during the ongoing
hydrogen treatment the temperature is continuously
increased over a ramp to the second temperature T; of,

for example, 800°C.

35 Then, a hydrogen/water mixture is fed to the reaction
chamber, it being possible for the flow controllers to
be set in such a way that an atmosphere with a water

content of, for example, 14% by volume is established



25 13. A nethod for fabricating a netallization structure, in particular a
gate structure of a MOS conponent, having at |east one silicon layer, in
particular a polycrystalline silicon |layer, and at 30 | east one tungsten

| ayer, a sel §Ebwg89éiﬂ@“ on nmethod as ¢{ainmed in one or nore of the
preceding clains being carried out during the fabrication.
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lyL! 10% - & (Th330%&s ()tolllnwed by a further treatment with pure

hydrogen gas, during which the wafer temperature is

15 continuously reduced from the third temperature T3 to a
temperature which is lower than the second temperature
T,. After this treatment, nitrogen flows through the
reaction chamber once again, and during this period the
wafer temperature is reduced to a discharge
20 temperature. A different inert gas may also be used

instead of nitrogen.

A hydrogen/nitrogen mixture may also be used instead of
the treatment with pure hydrogen gas immediately before

25 and after the treatment with the hydrogen/water
mixture. Other inert gas mixtures which contain
hydrogen are also conceivable.

As an alternative to the continuous temperature ramps
30 which are illustrated, it 1is also possible for the

temperature to be changed discontinuously, in steps.

The process time for the treatment with the
hydrogen/water mixture is typically 30-60 seconds,
35 while the temperature ramp times are, for example, in
the range from 10-50°C/s. Other times may also be used,
depending on the choice of the other ©process

parameters, in particular of the temperature and of the
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1. A method for the selective oxidation of a

metallization structure, in particular of a gate
5 structure, which includes at least one silicon layer,

which 1is to be oxidized and in particular is in

polycrystalline form, and at least one tungsten layer,

which is not to be oxidized, in which method

- the metallization structure is acted on by a mixture
10 of hydrogen and water in a treatment step in which heat

is supplied,

wherein

- the metallization structure 1s acted on by a

nonaqueous hydrogen-containing substance, in particular
15 pure hydrogen or a hydrogen/inert gas mixture, before

and, 1f appropriate, after the treatment step.

2. The method as claimed in claim 1, wherein
- during a first section of the treatment with the
20 hydrogen-containing substance before the treatment
step, the supply of heat is set in such a way that the
temperature of the metallization structure (wafer
temperature) is increased from a first temperature (T;)
to a second temperature (T,).
25
3. The method as claimed in claim 1 or 2, wherein
- during a section of the treatment step the supply of
heat is set in such a way that the temperature of the
metallization structure (wafer temperature) is
30 increased from a defined temperature, in particular the
second temperature (T2), to a process temperature, in

particular a third temperature (Ti).

4, The method as claimed in one o0of the preceding
35 claims, wherein

- during a second section of the treatment with the

hydrogen-containing substance after the treatment step,

the supply of heat is set in such a way that the
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particular the first temperature (T;).

5. The method as c¢laimed in one of the preceding
claims, wherein
- the water content in the mixture is below 20% for the

duration of the treatment step.

6. The method as claimed in one of claims 2 to 5,
wherein
- the first temperature (T:) is higher than room

temperature and lower than 200°C.

7. The method as claimed in one of claims 2 to 6,
wherein

- the second temperature (T;) lies in the range from
700°C-900°cC.

8. The method as claimed in one of claims 1 to 7,
wherein

- at least during one section of the treatment step,
the supply of heat is set in such a way that the
temperature at or in the immediate wvicinity of the
metallization structure, in particular the third

temperature (T3), is in the range from 900°C-1100°C.

9. The method as claimed in one of the preceding
claims, wherein

- the metallization structure is treated with an inert
gas before and, if appropriate, after it has been acted

on by the hydrogen-containing substance.

10. The method as claimed in one of the preceding
claims, wherein
- during the treatment step the water content and the

temperature are selected in such a manner that in the
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11. The method as claimed in one of the preceding
claims, wherein
- it is carried out in a reaction chamber which has an
inlet opening and an outlet opening, and

15 - substrates which include the metallization structures
are arranged in the reaction chamber in such a manner
that process gases can flow past the substrates from

the inlet opening to the outlet opening.

20 12. The method as claimed in one of the preceding
claims, wherein
- the method is carried out in a conditioning device,
in particular in a lamp-heated rapid thermal processing
or rapid thermal annealing (RTP or RTA) device.

25
13. A method for fabricating a metallization
structure, in particular a gate structure of a MOS
component, having at least one silicon layer, 1in
particular a polycrystalline silicon layer, and at

30 least one tungsten layer, a selective oxidation method
as claimed in one or more of the preceding claims being

carried out during the fabrication.



