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FIELD OF THE INVENTION
The present invention relates to the field of semiconductor processing, and more particularly to

10  the formation of metal gate electrodes.

BACKGROUND OF THE INVENTION

In the integrated circuit (IC) industry, metal-oxide semiconductor (MOS) transistors have
typically been formed utilizing polysilicon gate electrodes. Polysilicon material has been preferred for
use as an MOS gate elecirode due to its thermal resistive properties (i.e., polysilicon can better

15  withstand subsequent high-temperature processing). Polysilicon's robustness during high-temperature
processing allows polysilicon to be annealed at high temperatures along with source and drain regions.
Furthermore, polysilicon's ability to block the ion implantation of doped atoms into a channel region is

- advantageous. Due to the ion implantation blocking potential of polysilicon, polysilicon allows for the
easy formation of self-aligned source and drain structures after gate patterning is completed.

20 However, polysilicon gate electrodes have certain disadvantages. For example, polysilicon gate
electrodes are formed from semiconductor materials that suffer from higher resistivities than mbst
metal materials. Therefore, polysilicon gate electrodes may operate at much slower speeds thangates
made of metallic materials. To partially compensate for the high resistance, polysilicon materials often
require extensive and expensive silicide processing in order to increase their speed. of operation to

25 acceptable levels.

Metal gates are therefore being investigated as replacements for pblysilioon gates. Metal gates

are fabricated in a manner that is similar to the fabrication processes for polysilicon gates. An
- exemplary layer structure is depicted in Figure 1A of a metal gate structure. Gate oxide layer12is first
deposited on a substrate 10. A barrier layer 14, made of titanium nitride (TiN), for example, is formed

30  on the gate oxide layér 12. The layer 14 is primarily chosen for appropriate workfunction properties
wh_ich determine the threshold voltage of the transistor structure. The barrier layer also aids in the
adhésion of the subsequently formed metal gate. The TiN can be deposited by conventional
methodologies, such as physical vapor deposition (PVD). Alternate materials such as TaN, TaSi Ny,
WN etc. may be used for this purpose ’



ance Notes on Codes and Abbreviations"appearing at the begin- ningg &AP q
regul ar issue of the PCT Gazette. 2 0 APR 2004 .- Repl acenent Page 4
2003 METAL GATE STACK W TH ETCH STOP LAYER | MPROVED THROUGH . | MPLANTATI C]\l

OF I\/ET%I ?t,,qi;gvs 5 RELATED APPLI CATI ONS The present ?ﬁﬁﬂ%ﬂﬂ%gont ai ns

subj ect eér simlar to that disclosed in U S Appli

09/ 824, 2184 shétalgteayeNIb iid thén for@Etlod M bR IAy?ORKRE bty a%?é%mﬁjf&) the FI ELD
OF THE | NVENJI ON The present invention rel ates to the

sen c 815l & vl Hris dwjesign, alihepehwther maleriale maaubwseeioﬂeltenasﬁelﬂﬁpﬁﬁatﬁl 8% of

net al c&@%&gﬁdl%‘;ﬂbﬁ@i@ es, ROFREPFRARIP. HOWENTION In the integrated
circuit (Ig Qdus = nmet al - oxi deg?en?(%))nductor (MOS) transistors have

typically t’(Yf"F‘Paiufg%R Qdfyssformedam themetal gpie bayergl@eEhis éollowed | con

mag er b?l kodﬂ@cﬁmbeawragaérezor&@k tﬁ@ARCll@ar 05 THB A8y 20 Siaf bSiffrisO SficdiUli® it
therma resi stlvegﬁﬁopertl es (i lﬁ%?&l)'gm li'con-can better .15 wi t hstand

subseQitihforsragple- diip artisteflpctiv bFQ?é‘E& ¢ ¢aplayes 70 aidhin the paierning Abtbe Zaier i ng
hi gh- pR6ME he kedtve iB QEIEFDERTused loTdfn e bS] AR Aedife &ﬁm@gﬁ A8 304trbe te OO

t enper at ures al ong with source and drai'n regions. ernor e,
pol ysﬁsﬁ’lE‘%ﬂ‘Pdé‘“%\%'thNh?g‘PH‘YMW the ion inplantation of doped atoms into a

channel r esfiéind aepoﬁda@mtﬁeﬁ &8 12@%&%& Ssttaf 10, MRI Adt1 hie Gndi Bekddn
‘potential of palysilicon, ysilicon allows for the -easy formation of

s& 1 - This Faepmplished by a%relmoa?l patiorning:and eleling fackriqusa lde presterpienis typically -
conpl ghRd wikQ fieHRy@htainity as@mis&ﬁ @ﬁbh%swﬁi GSF/CHRS, MAVWE

di sadvant ages, For exanple, polYysi] |comqgate el’ectrodes’ ar fé(;[F rreaéyfrom
seni cBtist W%T@r]laﬁ?fs&?‘ﬁﬁw dag yielded gond priofiles rInrthes jatier Gase, i a@<appiepmaterpst

net al smpﬁh@hﬁ%béf Brk&f t@rp?owd%%é/b%tl rSRLs. 8 Peciglre:agf E&&i%’é Ry npétguﬁh?n at much

sl ower_speeds t ates rret allic mat partia

conpePirdt eapigd. It idesirable fP’é@? S‘P‘&ﬁb‘é haysgogd paloctivity tﬁiheélleé?f gle b!rpetr!ayer é‘é{ uire
exd ensy A tRengiR ilhe\@eatdd! abrobsifie MIHRCRTS \Wlﬂxoh{'atﬁél@ﬁgrthé d Mﬁeeﬂéxﬁg gor .

speed of operation to. 25 acceptable [ev es are

- bei ngTithideadly seeesed am gich sigp aaer@m&thﬁ eﬂchlpsp&%lbmnesm gandpsl etmaqrocgmles are
f abr | gepiced mm%mn%cmﬂ& of @ Bital ﬁggd&ec RS O

pol ysiI'i con gates exenp ar er structur |gure 1A

of a ¥aqtixe iog&ich Processtappiag oxthe d1) aprigy dayer) A. HQWWW, this deaem@s edpann a
S ubst 18t eptQion/ sRY TiNEhas ';ﬁ%@ﬂ m:llfl‘acu }eoa{n 55%&5\% %&H}y@ﬁhﬂ? Asldepleted T

xanpl e, |sformed 30 on oxl | dyer 141_&pr|narlly
c%s Xy L Caplisn dhs MW&H?P@{ @petrqflt@swafe{mhe Riyistcempleisly etdhed

t hr esdipdothe \pahtd 018e foafe} bﬁdﬂt@dﬁ?y‘ éfe% uﬁﬂéﬂhgﬁn Eﬁgﬁ% 1@?'&ﬁévﬁ£gelh%)éﬁzﬁa:ﬁ't§0 ai ds

in the adhesion of the subsequently forne Ti N can be

deposﬂ“ta@ﬁﬂﬁyg‘&)ﬁ%‘%tl?-o'ﬁ’aﬁ ocqsy hesawse ciN ersadily etehes dn phw@lzcmmmmaow efelbosi ti on
PVD f

i) aelelc S SlEAPIE BtE oG Giiooxpbl olPiq s F thl 6L oy o “%at UL o 16

i s 't Huhiestde the §1-besed KN ehemistey for|the coprsq af the\kiNestelrboth of whish @ﬁ‘ﬂﬁp ettpe

- 178 al the) g4e okide/ The 1 éfsenﬁpbm Sdafters Shch 30 YPbaPL iR io RE W elleaeé%vs@ethuwd The

tungsten is deposited b
. efch from proceeding once the W film clears also does not rehably solve this problem, since the thin
TiN film continues to etch quickly while the endpoint is being detected. Thus, even though a TiN etch

) selectlve to gate oxide may be employed when W endpomt is detected,the attack of TiN during the W

etch process itself makes this approach unreliable in prachce Slmply mcreasmg the TiN thickness
30 itself is not practical owing to increases in stress leading to possible delamination and/or an increase in
sheet resistance. The complete etching away of the TiN during the tungsten etch leads to degraded gate
oxide and decreased yield.
Replacing the TiN with different etch stop material may detrimentally affect the work function
of the TiN, and such etch stop material may not exhibit the adhesion properties that are desirable in the
35 TiN. However, there is a need for improved structure that allows the etching of tungsten with a
CL/SF¢/N, process that properly stops on the etch stop layer and protects the gate oxide across the
wafer, without detrimentally affecting the work function of the metal gate.
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* The earlier stated needs are also met by further embodiments of the present invention, which
provide a metal gate structure comprising a TiN layer having a lower region and a surface region with_
metal impurities. The surface region has greater etch selectivity than the lower region. A tungsten gate
35 s provided on the TiN leyer.



of formng a netal gate on a wafer, conprising the steps of form ng awg%i
oxi de on a substrate and ~formng a first nmetal |ayer on the gate fi AgE 200
The etch selectivity in at' | east a surface region of the first 5 netal

| ayer i swowyoesoed. A second netal layer is forned on t%f/ﬁ%@ﬁ):;sg@t al

| ayer. The second netal layer is then etched to forma netal gate, with

t he et chi ng B¢ &pgoing ad oftisefesiurchaspects eyl wivartdges bfdhd presht inveatial willdyesme | n
certai i Js 4.9n . i .l.ayer conprjises Ti N
and ¢ n S iR o e wlfodidh QLA Ueshddlon o e BRIGH 1R PRIV BEC e

i nto t iemYReon Wih theracempapyisgydtawisat s of the 10 invention, the netallic
speci es conprises either alum numor tantalum depending on the nature of

the W e3rahr OBSORBHTON OF TR DRAVPINGE chemistry is F-rich, alum num may be

used as the etch stop layer owng to the | ow vapor pressure of AIF3. On ¢
t hedot her ha¥gre 14 depiels ameatal igateistagk prioryio the p@iterning lof the heetal rgate hinlacseetaneeapor

pr essuk@thQhe prdfhe. as opposed to TaFs, WF6 and Tidd4 will also result in a
significant _ sl owdown of the etch rate, allowing the etch to be termnated *
when cl ear i KiguesriByjepictspometalisats aftaraa idesl etabing posess rpicorrdaice whipth pfigr art.

containi NGt OHGRLE the FRkaR bhib Gt GEA 1l pRELS Bl R Gdebaibday t NAN

the region of TiNN'that does not contaln (alltc speécles. e etch
sel ect BHe 9% & 3serdangy withsrehpdsiof thd nrieout. addi tional | ayers, and without

si gpi fi cant ippuRfSieslabng; BREKse ' gmg{ %f ' hi ng of
t he tun?stenigrru%y pr oclggg;ng)ﬁa stop&%b%%&' [ P%/egl%htf’ﬁ@lg%eydﬁgﬁor@%? '

pr ot ec ©f thg mefsbgata insaccordante with desbodjments of e pessatt ivedjonl ayer. .. and the Ti N of

~the first mg 9 W) . sq .20 .be used n TaN,
TaSi N or V\Nélggg;e' e%%%ﬁ tgéglrﬂecmﬁésgfdl: 1%15}9 ? %‘3&%@?@%3 lgrf'gt a ags aecg\,é@ cfnn(;c:Eea t he
F- con‘ﬁ@ﬁﬁ_ B er pfite Wetl gite stiucturs, Biadidrdancet withosmbodinesis ofithit presaat imvantiome! | as
Po oui teh t Hot o ik o8 feocl O AR » PRl e AR Flcn Vet ROl a5 o,
N215 whaflective goaipgs iny apcerdasice witk sboditnenisiofi e presentrinvéntioomer and al so resul ts
in increasg I/ [ rials. 25 JdThe cear]jer stated
needs are al %gé?eﬁgdﬁgﬁgﬁc&rggfngggﬁﬁeq%{%%%?)’?eélspéiﬁff’ml%ﬂsgﬁ{c#g’r‘im i ch
provi deate andfisst metal Jayer, én acourdance witlherphadinienty ofithg ptesendiavergioand a first net al
| ayer on-thgegat j odth stctllB LR Fioh &Y £ a0 urface region wth
"“'gr‘eat'er"'etchgg‘gl(gggé%tg%et glng%at13 rsg'srral n?’ﬁglv egi 6 qrg‘?“?t- If“ftgs yerﬁg? Y ayer.
A secofegored agtoss thy safer in aseordanee With eebodinteats of thy present invetiohai n embodi nent s of

t hgy i nvent i [ I ises TiN nd the.second netal

I a%’er corrpr?fg“elg 7?5%5%5%%‘5%%& %?4%5%&3?”%%%:%&? '?efﬁeﬁgveﬁ)ﬁlmﬁ% ave ant ed
‘met al Temoverkin s¢eordance willgndodintehis of the pratentiioveptiossi ng tantal umin  sone _
enbodi-ments and al um numin other enmbodi nents. The earlier stated needs are
al so npETAMEDHESSRIPETHR OF R fviiNT present invention, which provide a
metal gate structure conprising a TINlayer having a | ower region and a
surface reglisrPreientinvention addresses: dnd iselyes protdensmefated o rteeyfopmativasof gnetrdigete et ch

T | e s RO 20 Telar570 46 A0 COhE QeaCh ol dae BBhg Ve B | 1°
ot®er Jegrdation of gats pxide acreniar verderaFhesyand ofhkr prhlelems ars solyed, i pat, by thewpidséntbecone
vant | oo el S SR, S T Rkl o B nb O O s o
.. DESCRI 3s¥evsd: erenrpqdimppts \pi\ths isvemtiop, by implantiop achetaltic species, geli s abtrsigkmpri or t 0

the paphefm M 5urkddE rdfinr FiR: In' dohfte Y MRS or other metal of a metal gate, the
TiN with a surface region of increased etch selecﬁﬁty stops the etching better than the TiN of the prior

30  art. This prevents etching through of the TiN and degrading of the gate oxide across the wafer. Since
implantation is employed to increase the etch selectivity of the TiN, a separate, additional etch stop

‘ layer is not required, so that the stack height is not appreciably altered. Someincrease of the TiN layer
from before may be required to compensate for the finite thickness of the implanted region, if electrical
constraints determine that a certain thickness of un-modified TiN is required to define the gate

35  structure. The improved TiN layer provides adequate etch stopping capability and the implanted

metallic species does not detrimentally affect the work function of the TiN. The implanted species must
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f or mat i(@ndidatesfoibe dwhills specits induderdhmtingi Mnfahid, chpiRr, M08 $610! Of thye Mateils, A
' subst LAfEna? ai fafl¥d | a gate oxide |ayer, 32 by conventional
et hodo ogy. %’F}‘gtagate %%?fg\\é%%%nfg SOpPef fnd gold ?(ﬂ@lﬁ?“?}?é_ %é?tﬁlé’ér{m&{’yﬁﬁ‘ts- 15 to
about %“mln“mrfombmﬁhiemgwobﬁlqgﬂwqu AfFe at typical @ithodetempPerhtures (50T ahd kayer 34
is f Of TE&uiBly 136 FABhGinly 'ﬁeetflhac)ﬁgnrﬁs%%s'. Tantalum chloride has a much lower vapor pressure
30  than TaFs and WFs and can appreciably slow down the etch rate in Cly-rich SF¢/Cly/N, tungsten etch
chemistries. Although aluminum and tantalum are described as exemplary metallic species in the first

metal Jayer 34, other materials or combinations of materials may be used without departing from the
scope of the present invention. '

In certain embodiments of the present invention, an ion implantation process is employed to
35 introduce the metallic species 38 into the surface region 37 of the first metal layer 34, An exemplary
i ion implantation process for aluminum or tantalum metallic species uses a beam current density of
.between about 20-40 E10 ions/cm?. The ions are implanted, m certain exemplary embodiments, with
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The first netal layer 34 may conprise TiN, in certain enbodi nents of the
present itnvention, although other netals may be used. The TiNis 'ﬂeﬁpﬁ}giztﬂﬁd
by conventional nethodol ogi es, such as physical vapor 10 deposition, r
exanpl e. &gg H]inﬁkness of the first nmetal |ayer 34 may be between about 100
to about HVR"h enbodi ments of the present invention. PERESPHEE net al

layer 3pwiRW¥SSich 8s BssiRdnl 1060 e‘&'ﬁ%f%gﬂ%ﬂ%vg{a@? Q’ﬁ)ﬁ{ ) e@ﬁ%?}%%‘ﬁ% rl]‘-f on of

embodi nent's. [n. the prior art, ayer serve
an et cHe s¥Eplanguy, andimayke chargedideppnding oo Wevmateridl lofi theufivstr metsldayed B4 the

i nadequabigiit SpekiBé 38 foURGhH | NecSvi Lt ' e
_oxi de acr ossaieh'e waf er q?g%ﬁ%?%gc%ﬁe%?ﬁgtrg?&{eﬁﬁ%’vag? p@‘ﬁ%&% ﬁ%ggg}’ 15
| ayer . thesegfskilkindhe arkpr ove the etch stopping capability during the tungsten

etcty and ProfigGle diiplab@AG th cRsdil EiPetlellivid Ur Q3dch Seal19 o iy i

metal layer 34 is treated to I nprove the etch selectivirty of at Teast a
sur f acdayesdt doss aet affset theleight glithe mstatigatd stackingrease theieteh Soppingsapabiisof the

i nventi hédih L b i ) ] region 37;
of the T MAILERLBE A Bt SERHERY fibadind bk Bhedof B2lne ¥ 02 58 gL " "
sur f acdayeEdt-on 37 may extend completely through the first metal |ayer 34.

In other e %’-,{gatgt t tieQn, C t, icte syrface
regi on 37 ,e>f§3 ends orf? g;E{ ﬁ’r%ﬁ%ﬁ&pdg%i%%h E’%%E&Pﬁ%rms{’rgﬁ@%d;#n 'ﬂ%‘};épg‘ﬁ . In
sudl erwxse Bhrdiisdncludes Higametal ggtediornsd hyftunghten feposited ibytPVD, Iforyexampld. Tungsidmai nNs
little sé'cﬁ]a%' i apor: S s and
ot her (fﬂg{h)'sqagig a?{:do&rfrsh,e t he rr%t%]al?felr ??p%@?%é%ﬁ%%ega%g‘g? 063%%.0%% irf@éjH e TiN
of t he Alihough twagstan isadeseribed asrap dxemplary materialy ethef matalsuorhmetab allays friayr Bt
mat er i q,h%lo e&ﬁﬂ%isg%ixﬁﬁqhefa?faﬁr@ﬁ metal | ic species include alum num tantalum

nd “gol d. t hes [

copper, ) _ ese"materials, alumnumand tantalumare favored,
si nce coppentineflegbveicoatings, suell astanSiRN AREY 40p art pravided oa tieisstond metal Ayer38nUM

for : ' ' t i C cat hode te s res
(5070 SR ML IR IR} et s My b T AR 2 i o B BB o,
" chl or i @bouh 380 Anilbcapolagsr 42awlich pryp bs sitieon BiRtide IGSIN), Eaf exanipit, WS ba betwean
appr eci 0. G'Pi"ﬁod teh i -rd.ch 6/ /[ N2 -t ungsten ch
chem s%éw% %“ﬁoud a#ﬁ?nfen%%] %ﬁ%g}'ea%?%%?ﬁ Ig}'eé%@eag DEl l%lyé’r gi%ﬁﬂflglﬁi/
met al | ipattesiiegofdhke metaligats sfrigtwre. et al | ayer 34, other materials or
combi-nat i oNGfewi i al A ~departing.fr the cope of
the pr esent %? nven [g?}éﬁaﬁong%gpgﬁﬁﬁéﬁg%%%gﬁeeﬁ%‘gﬁntgéss%%@’itﬂ%ﬁtf8§, an
ig)g A0 | {Tmhtﬁ:;&tdemgt%mﬁm 5i A reagiiedgreeicht roce8G which iso?tmisoﬂrdgﬂc etelt, &l peiformepeci es
in s he Sl %Es IR AN auet n e ary
ion i rrpg‘lsant gﬁﬁg n&grﬁlg{égg(g 0 %ﬁ%‘ﬁ%‘ gr}lﬁlr'nthgrsg ‘{Oﬁélrﬁgﬁiuh er'ré? ﬁqtéf m@ﬁ@%ﬁ%s% %s a
bealm ¢ Gy SN peaesss; Whigh currentie prawides thfgbmt tuﬂg&teﬂ@rﬁ;&. Bechs rod@ss, ldveeverphss are -
i mpl ant ! .1 Al - i.ent wth <5 2 APR 2004
021 075 0B O BRI TVEL HIR L B Bl indal B BhoR . ImR o ar
pover PEthemgiatlic speries\38. Uidssisblsrcomplets ehingwé the'EN oa lseme gty direywateriwouldand
mays be i ' . j.al.. of .t i 1St al, -l.ayer 34, the
ol et RGN 1D v TR S Bl o TN et PR A R g
and - ot fisfach eegionsl/e ass plomidethby the préseg dnehtiang hbweviery firéventarihis ubinfehdedusehingf
i mpl aniadd Wale elact lvity of syrface I egion f the
Tt HRMER b0 s O REol I KB S LA b piteeol SR BrAR AP Lo
~.i ncr eathedirt metablager 34tvispthed; Hddwaibinh istusedsds thehienplanted specivs] thé etblsiygetfedtvelyand
?rgte:l | 'Anﬁt)psﬁiugw thlnfeRidh oY a §t£@é915n—rv&§tﬂw{é§- {oH ﬂi%r' a %rp?cl;l el kell\lllplcrgtu;eg ?SJ Jé)s t
30 - Alternately, if tantalum is used as the implanted species while using a Cly-rich Cl,/SF¢/N, tungsten etch
chemistry, the etching slows down appreciably due to the much lower vapor pressure of TaCls as
compared to TaFs or WFs. This permits termination of the W etch before any attack of underlying TiN

occuss. The complete etching of the TiN of the first metal layer 34 and degradation of the gate oxide in
the gate oxide layer 32 is thereby prevented,

35 A different etch chemistry is now employed, as depicted in Figure 6, to remove the first metal
layer 34 over the gate oxide 32 in areas not under the second metal layer 38 of the metal gate. In other
words, the first metal layer 34 is etched across the wafer except within the metal gate structure. The
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| ayer 34. Referring to Figure 4, the remai nder of the nmetal gate structure
is.provided on the first nmetal 10 layer 34. This includes the netaly AF&t280k
fornmed by tungsten deposited by PVD, for exanple. Tungsten nmay be..
deposited as a second netal ‘[ayer 38 to a thickness of between about 500 to
about 1, 0¥09K07579 t hough tungsten is described as an exepprasg/ewsseri al | .

ot'her tal .alloys may be —enployed in the second netal , |ayer
38. An'?lgt E@Leg Ihggcvf %ecagobéat? ely 5?\}37‘?%5% f%ﬁf%%’ﬂhﬂesmeh%, f fheegat ovifelsitahle t he
second efeheals forafobimg 3. TINIE the frsirmdtatyiayer 3Park Srell Rietvnl 10 k1088 o @har} B8U ARKe | ayer

40. The be between about 300 to about 1,000 A The cap
| ayer 42, \Ahulkag}r{fg%%é%éﬂ@glsfa@gﬁ&ni tride (SIN), for exanple, nay be between

aboult 300 t oFiglbe (7t dej:i,cﬁ(lﬁe Anetal fgeteaduhxbm?eéﬂhﬁg&é malf@pﬁfei AP 18er UBVES thgodlnlgnd t he
cap < ay, LA 15 the atterning -of the netal gate structure. Foll ow ng
t he >f or%#o%%§g¥ j|t;)ba %V%P?#ﬁan%"reghy ventiongletobing technigues Thigleaves p metal gateed,
the resiuttyredhat ha0a gitd edideqs 8VDElpyer LEWIN Witlingldn€ed et itapdtftfel, W8d h R13taBEAD
process ewil.ih(étl‘iﬂlﬁa gr%ﬁlni sot E&Et' ﬁﬁ‘gt ch, is ﬁgrfor med.. As in conventional
met hodof Bgi 65, t ha tung SPEYed Rk plecizitypratertsths gate g3ids acsess the vifes dusingishs,
~ et ched effhing ofi the @2l gﬁﬁﬁMeﬁm&ﬁﬁmvﬁhb %l@Mth@éﬁdeéﬁnﬁ o ihlakg;ﬁt of 18 nRBi fate
~ tungst , a .process ver, has difticulties stopping on a
convent?%lrfkl gggﬁﬂlﬁqaﬁquaa&%@gwgﬂ% nf’fﬂ@c&ﬁf’él‘“’% Foyskyafiectad prior to ,
i miDant at i orAlthodght the piesthbinvéstion DECHERE dasribddAe Aius@iddein RN £ 10tk clRidg Of
the Ti N gn tﬁﬂgﬁﬁ ﬁﬁlrts of, t he v%her woul d 25 | ead to degraded gate oxi'des.
 The i mpPSv el besame i3 by, ey, ofjiflustrgionrand exqmple,enly andsis ngblodee taksy by waviof n t he
- sur f ac dimittjon the3dope a6 thp prosentiiatentivn béify RaRIVALy ty MeBnisR the APWRYRI aidl, EVENt S
this unintended etching through to the gate oxide |ayer 32. Hence, the
etching process proceeds until the surface region 37 of the first netal
| ayer 34 is reached. If alumnumis used as the inplanted species, the
etching effectively stops due to formation of a stable, non-volatile :
Al F3-rich layer at typical cathode tenperatures (50 C). 30 Alternately, if
tantalumis used as the inplanted species while using a Cl2-rich Cl2/ SF6/ N2
tuggsten etch chemstry, the etching slows down appreciably due to the
much | ower vapor pressure of TaCl5 as conpared to TaF5 or WF6. This
permts termnation of the Wetch before any attack of underlying Ti N
occurs. The conplete etching of the TiN of the first metal |ayer 34 and
degradation of the gate oxide in the gate oxide |layer 32 is thereby
prevented. 35 A different etch chem stry is now enpl oyed, as -depicted in
Figure 6, to renove the first metal layer 34 over the gate oxide 32 in
areas not under the second netal |ayer 38 of the nmetal gate. In other
words, the first nmetal layer 34 is etched across the wafer except wthin
the metal gate structure. The -6 2 0 APR 2004 WO 02/ 075791 PCT/ US02/ 03556
et chi ng, however, can be precisely controlled to prevent degradation of the
gate oxide. Suitable etchants for etching the TiN of the first netal |ayer
3 re well known to those of ordinary skill in the art and may be
- aé%)raopri ately selected. Figure 7 depicts the netal gate structure of Figure
6 after the cap layer 42 and the anti- 5 reflective.coating 40 have been
renmoved by canventional etching techniques. This |eaves a netal gate
. structure that has a gate oxide, a PVD layer of TiNwith inplanted netal.
inmpurities, and a netal gate layer. The TiN layer with inproved etch
sel ectivity protects the gate oxide across the wafer during the etching of:
the netal gate and.serves to inprove the yield. At the sane tine; the
hei ght .of the netal gate o
25

30



stack is unchanged and the work function of the TiNis not deleteriously
affected. 10 Although the present innvention has been descri bed angij APR 2004
illustrated in detail, it is to be clearly understood that the sane is-by
way of illustration and exanple only and is not to be tak of
limtati W%ﬁ:{%’g%cope of the present invention being Ii ?R‘f‘g‘d&%ﬂ%‘%gby t he
terms q{gagseappenepdscl ains.. 15 25 30 -7 2 0 APR 2004 WO 02/ 075791
PCT/ US02/ 03556 WHAT IS CLAIMED I'S: 1. A nethod of formng a netal gate on a
~wafer, conprising the steps O. formng a _gate Qxide é32) on a substrate
(30); form g a frmefodefiomingsmetal gaie ongvalgicogrisioedhs Qepse82) ; i ncreasi ng

et ch sel ect ifyintitg 4 ghteddxideqaDlona sebst-hd¢)y egi on (37) of the first nmetal |ayer
(34); fornming.a s@cond 6rg?al | ayer g:ﬁ))the first netal layer (34); and

etching the® eipl laysy/ @) quoths 4o, o%idi@Da netal gate, the etching
st oppi NG ON ihdAsisipl bR SefectiViBitia AedsBd Surfibe fefiBn {37) FiheTRétMetd BY&I(34)84) . 2. The

met hod of claim1, wherein the first netal |ayer (34) conprises TiN 10 3.
The met hod dermungs ssrond mgtal jages posthefisst mefaldayes (G8% #si ng etch selectivity

i ncludi ng i gRbA ttﬁé%d@étﬁ'lﬁ}jeﬁ(z\ﬁz RFfofiR a (RN ghtBlliRe §tbifing dtdppingOR B sr@yeET -
(34). 4. The method of claim3, erein the netallic species (36) inplanted
i nto t Keeien @of thetfisst metal jager B94) conprises al.unmi numor tantalum 5. The

- rethod of cl ai m 4, wherein the second netal |ayer (38) conprises tungsten.

15 6. A netagl gatme flethdd btdfm 1GVAREThd Tist metal BPrg34) soaRistSBN. a first netal

| ayer (.34) on the gate oxide (§2); the first netal "layer (34) having a

surface region 7) with greadater etch selectivity than a repgini .region

of ¥he first et z(ﬁe magfhod qf3olgim 2 hereia bt sigp (9B aereaging, gich @ésﬁﬂr@x Inliifg [ s

met-al hﬁyﬁﬁﬁdg&ﬁemuéﬁ)e&es(ﬁﬁnm%ﬁﬁ&m@w@mure of claim6, wherein the
)

first netal layer (3 conprises TiN-with inplanted netal (36) in the
surface region ( 23.

second netal | ay ("gg'})dg %ﬂg‘iei g’i‘eg’?ﬂhﬁeg’sg%@#g%&%ﬁ&ég‘]gﬁh&;@ @{gﬁ?ﬁ”@ e

conpr i gdyef(3a) cbipribed WRiniuaftor thtathddg a | ower region (35) and a surface region
(37). with netal inpurities (36), the surface region (37) having greater

etch selectivity,.than.the, |l qwer reaqgi 35); nd t ungst en te (38) on
the TiN | aydr (34Pcmethod ¢rglamd % e‘g‘ﬂ?@%ﬂ‘é&‘?@@%gﬁlmrﬁ‘s&sﬁnﬁ& ein the
metal inpurities (36) conprise alumnumor tantalum 30 -8
15 6. A metal gate structure, comprising: : : :
a gate oxide (32); . .
a first metal layer (34) on the gate oxide (32); the first metal layer (34) having a surface region
(37) with greater etch selectivity than a remaining region of the first metal layer (34); and
a second metal layer (38) on the first metal layer (34). ‘

.20 7. The metal gate structure of claim 6, wherein the first metal layer (34) comprises TiN
with implanted metal (36) in the surface region (37). '

8. The metal gate structure of claim 7, wherein the second metal layer (38) comprises
tungsten.
‘ 9, A metal gate structure comprising;
25 a TiN layer (34) having a lower region (35) and a surface region (37) with metal impurities

(36), the surface region (37) having greater etch selectivity than the lower region (35); and
a tungsten gate (38) on the TiN layer (34).

10.  The metal gate structure of claim 14, wherein the metal impurities (36) comprise
aluminum or tantalum.
30





