; e3eCdCalrj 6TDP= 18 SEP 2002 SC10919TP PROCESS FOR FORM NG A SEM CONDUCTOR
DEVI CE AND A CONDUCTI VE STRUCTURE Field of the Invention 5 The present
“invention is generally related to sem conductor devices agg g%e

?i?%%i Art

particularly to proc m ng sem conduct or devic
" Smal | er sem conduct Oﬂmﬂmmmmmﬁl requiring new materials to be used 10 in
order to nake higher per{grpmnce senmiconductor transistors. B@IGHETS of
.focus include the use of lhr gh-k gate dielectric materials and nmetal gates.

M dband gap 'evebgﬁegs#éR?FGRmeA';{chowwdrbwDQG%ESA&ER'
el ectrodes. WMat | ude

refractory nmetals such as titapi I ngst en conpounds.
Tungsten has a 15 problemin t rmed with a reaction of
tungsten hexafluoride (WF6) and nol ecul ar hydrogen (H2) gas. During the
reaction, a significant ampunt of fluorine is incorporated into the filmas
It is deposited. As the waters are further processed, the fluorine | eaves
the tungsten and can diffuse intoFidld ofitheelnvestiewtric. In the gate
dielectric, the fluorine can degrade the 20 quality of the gate dielectric

and decr&ases | t s THieqlreséritiifvearttiont is tfenetdllydeldted o véaicondublodldelicest e
dielectric is to be used, the fluorine counteracts the effects of the

hi gh-k gate dhalifoie dartichisy R9procdesss idr BrrinkisehloshdudiBeagess | s used,

the effective ectric co nt 0 m°i s reduced and decreases the
anount of capacitive coupling between the gate el ectrode and the underlying
18 SEP 2002 2 sem conductor substrate. Other problens with the use of the
WF6 and H2 reaction is that too nuch ?rr e can cause adhesi on probl ens
bet ween an oxi de |ayer and a netal Iaééﬁ%ggﬂe as higher | eakage currents
for the transistors formed. 5 The use of sone refractory metal nitrides) by
t hensel ves, may bé&mallufsenicenducter devicas anedenuiing new pwiertialato be.usedr
exanple, if a typical titanium

10 in order to make higher performance semiconductor transistors. Two areas of

focus include the use of high-k gate dielectric materials and metal gates. Mid-
band gap level materials are being investigated for use as metal electrodes.
Materials being investigated for these metal gates include refractory metals
such as titanium, tantalum, and tungsten compounds. Tungsten has a

15 problem in that it is typically formed with a reaction of tungsten hexafluoride
(WFeg) and molecular hydrogen (Hz) gas. During the reaction, a significant
amount of fluorine is incorporated into the film as it is deposited. As the
wafers are further processed, the fluorine leaves the tungsten and can diffuse
into the gate dielectric. In the gate dielectric, the fluorine can degrade the

20 quality of the gate dielectric and decreases its dielectric constant. In devices
where a high-k gate dielectric is to be used, the fluorine counteracts the
effects of the high-k gate dielectric. Further, even if a silicon dioxide gate is
used, the effective dielectric constant of the film is reduced and decreases the

amount of capacitive coupling between the gate electrode and the underlying

LT
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"nitride layer is covered by a conventionally formed tungsten |ayer,
fluorine can still penetrate through the titaniumnitride during subsequent
" anneal steps and cause simlar problens. 10 Physi cal vap058d§8%5é66£n of
the netal gate material may not be a good solution. During a physical vapor
" deposition, typically, a plasma is generated. During the sputtering process
the gate dielectric may becone damaged or 2ctually renove sone of the gate
.dielectric. Therefore, PVD for netal gates typically is not preferred. A

chem cal V?‘pﬁém%ﬁflﬁisttoir%pbéﬁé}%‘ Ofher giblem %{hct?ne]u%e(&t Wﬂg@é may have

probl ems with carbon contam nation. Brie Scription o t he vmngs The
present inventi n|S|IIustr of ex | e and tation in

t he acconpangﬁaﬁ opl H}aé§°° W%ﬁﬁ‘&ﬁ'\(‘m@é @%&?WW&P@&P%EE%Q%”ZO

el emrents, and in WhICh FIG 1 includes an illustration of a

cross- sect i ofdAeayar asd a masaklayer ag wall ssihighardeskage everis feibst rate after
formng a gate dielectric layer; FIG 2 includes an illustration of a

cr oss- sect i ofrahsisioesvfarmedie substrate of FIG 1 after form ng an anorphous
nmetallic | ayer; 18 SEP 2D02 3 FIG 3 includes an illustration of a top

surface @ the anphahREofERNM rfifictiry MfethPhifRIEs, By thémséives! .ﬁagbei ncl udes
an illustration of a cross- sectlonal view of the substrate of FIG 2 after

form ng & of kaflciddi%o BRSCH e uloPHE hefBftafort2PBF BllarhBlkera filsfnghigc! udes

an illustration surrace o € Cryst I'ne fal er as orrred

Subst rate of NG 'azvréﬁis{’gfvs%ﬁ’i‘m/@gg%*vrﬁ% REL fpéﬁﬁﬁrtﬁiiﬁﬁﬁﬁ%%e?f‘ﬁm'”ﬂe%? L

includes an illustration of a cross-sectjonal, view of the substrate 10 of
FIG 6 aft er Stlbpanetiatathiaucsythe Jiganigmaikide dyingsuhsegHankannsaal steps and

structure; and FIG 8 includes an illustration of a cross-sectional view of
t he subst r at cae$e Fintar prabplems. f ormi ng a substantially conpl eted devi ce.
Skilled artisans appreciate that elenents in the figures are illustrated 15

LOF sinmpi0city an@hykizal vaparrdbpositionrul the evestalsgate Inyatedanmay aet bea goad e.
> solution. During a physical vapor deposition, typically, a plasma is generated.
During the sputtering process the gate dielectric may become damaged or
actually remove some of the gate dielectric. Therefore, PVD for metal gates

typically is not preferred. A chemical vapor deposition from a carbony! source

15 (e.g., W(CO)s) may have problems with carbon contamination.

Brief Description of the Drawings

The present invention is illustrated by way of example and not limitation
in the accompanying figures, in which like references indicate similar
20 elements, and in which:
FIG. 1 includes an illustration of a cross-sectional view of a portion of a
semiconductor device substrate after forming a gate dielectric layer;
FIG. 2 includes an illustration of a cross-sectional view of the substrate

of FIG. 1 after forming an amorphous metallic layer;



“exanpl e, the dinensions of sone of the elenments in the figures may be

exaggerated relative to other elenents to help inprove the understandi ng of

"the enbodi nents of the present invention. 20 Detail ed Desgrl E'OE

, §E 002

~Semi conductor devices and conductive structures can be f ofie aving a
metallic layer. In one enbodi nent, a sem conductor device includes an

anor phous netallic layer and a crystalline3netallic |layer. The anorphous

.metallic layer helps to reduce the likelihood of penetration of

contam nants 18 g %Eg%ﬁggd% bR llﬁfgﬂgtléﬁ%f 9'?8;5 0RYSe BRI %]Hnﬁa#%rmet%l or e

conductive crystalll er can be or med on t mor phous
nmetallic Iay r to esistivity relatively ow. Wen formng a
conductive st?mt%qgrrgﬁg F5¢' %ont aining gas and a scavenger gas flow

si mul t aneously dur.i ng at least gne point in tinme. 5 The conductive
structure may be paPe4dncladenae llbqsé'@tl%eéacrqa%sg@@w viewehthedwbstateef i ned
by the clains and is better understood after reading the description of
enbodi nent s tai&t G 2laftewforming akrystallind esetalicilayarsindaa cappiof layer;
cross-sectional view of a portion of a sem conductor device substrate 10.

As used i8 this spac. biis@liesandiubrationof angp suffaicé of tiecyeliiineanetalncl udes
a nonocrystalline sem conductor wafer, a sem conductor-on-insul ator wafer,

a conpound sg eqoé@dﬁé 8H N @r4(e g., a silicon-germaniumwafer, a
silicon-germa um car on wa or any other substrate to be used for

I ﬁ%msﬂgsf e condic 'ﬁc'tiﬁé? laee'l o g@%ﬁ %5518#‘%] S%%"Cﬁ?ig P s@xpl"‘fr%f he
10. 14
can i nel ude @ ﬁ"ﬁdHta?@ﬁi‘c?r%séé‘@af{ﬁ@”ﬁgd%“%gpér al i ncl uding Si1icon

di oxide, silicon nitride, silicon oxynitride or the |like or may include a
metal |ic oxide i nd-TIGd|7ngcludeaanulhqsma¢mndx§a arass-seciionad viewk phithe sitbstiate um
titani um oxide or other high-k gate dielectric materials. For the purposes
of 20 thn® spdEIGL 6adfier formingiaphinterigatiadidieetricdbyercand azomtdat stratturéat has a
dielectric constant that is at |east approximtely 10. An anorphous
netallic |ayggnd®2 is then fornmed over the gate dielectric |layer 14 as shown
in FIG 2. During this deposition, at |east two gases are used. One gas

includes a nmetal | imcelsSHENHe@ B ifi¥rabbR O adG8ss-86LHSHR vibw of the substrate
of FIG. 7 after forming a substantially completed device.
Skilled artisans appreciate that elements in the figures are illustrated
15  for simplicity and clarity and have not necessarily been drawn to scale. For
example, the dimensions of some of the elements in the figures may be
exaggerated relative to other elements to help improve the understanding of

the embodiments of the present invention.

20 Detailed Description

Semiconductor devices and conductive structures can be formed
having a metallic layer. In one embodiment, a semiconductor device includes
an amorphous metallic layer and a crystalline metallic layer. The amorphous

metallic layer helps to reduce the likelihood of penetration of contaminants



" 18 SEP 2002 5 sem conductive el enent. As used herein, a sem conductive
el enent includes any of the Goup IVA el enents including silicon)
germaniun) etc. The first gas may include tungsten-cont ai riigngEP 500
titani um contai ning, or tantalum containing conpounds. Exanples i nc?ude
metal halides (e.g., tungsten 5 hexafluoride (VIIFs), titanium
tetrachloride (Tid4), or the like) tungstdn carbonyl (WCO)®6),

.tant al um cont ai ni ng conpounds and various netal organic compounds that

typically copdm|gn i dricEBhols FtaikdayeR"AGhY corfuttivEler/dtaIfag metilic
rﬁeﬁ‘ he netal g |mtel‘g:lt y

al um num or t I ke. ate’i's not to any of these
particul ar I ver., refr typicall e L.nce 10
t hey can bengﬁf}%f g:gp533\/&6'%%Ioa“{t‘&g}bg{ﬁ%&ﬂg&ﬁ%%H%gé)%?cﬂ%‘gelr%ﬁ%é?%sgsqﬁ}ggot her
netals. The second goas ic%ﬂl_ny i ncl udes  a "scavengi n%" gas. .The
scavengi ng g&@lakegly W'O:V%EQH NG a9eBdy el EtrediHEe, & BetRCaptRIINg gashe
netal aton(s). For exanple, if the groups attached to the netal atomare
hal i des (F) @hd aBscavenge) gas Sowhsimaittaneousiydugag at {gast ahkypaintdh tices a
sem conductive el enent or nitrogen. Exanpl es include sil ane,

di chl or os§| ampe donduetive stthStUES M8 padics bl gile eldifodeneT pregdht ous ot her
ger mani um cont ai ning or silicon-contal ning conpounds. |f the groups

attached to fhRnBhas P?ﬁﬁé@by@ﬁé’cf&mﬂé‘%e i gﬁge%ﬁ@éaﬁm afgér%ﬁai}'ug th@e

scavengi ng gas typically 1 ncfudes oxygen. scavengi ng gas Can incl ude
a sem conducty : ni organi c groups are attached to a
nmetal atom ?ﬁé&yﬁ%ﬁggn%ggbg@k%ﬁ§%?%4§@ﬁ§tion of sem conductive el enents,
nitrogen, and oxy an be used Wi, thin the scavengin as. 18, SEP. 202 6
Dur | ngthe for mat F30- SAneldes a0 RYEIORY Aarpeea AN YIoN Aba RBrtan of &

precursor is to formthe anorphous netallic layer w thout significant
semiconductor device substrate 10. As used in this specification, a

10  semiconductor device substrate includes a monocrystalline semiconductor
wafer, a semiconductor-on-insulator wafer, a compound semiconductor wafer
(e.g., a silicon-germanium wafer, a silicon-germanium-carbon wafer, or any
other substrate to be used for forming semiconductor devices. Field isolation
regions 12 are formed within the substrate 10. A gate dielectric layer 14 is

15 then formed over the substrate 10. In this particular embodiment, the gate
dielectric layer 14 can include a traditional gate dielectric material including
silicon dioxide, silicon nitride, silicon oxynitride or the like or may include a
metallic oxide including titanium dioxide, tantalum pentoxide, strontium
titanium oxide or other high-k gate dielectric materials. For the purposes of

20 this specification, a high-k gate dielectric is a material that has a dielectric
constant that is at least approximately 10.

An amorphous metallic layer 22 is then formed over the gate dielectric

layer 14 as shown in FIG. 2. During this deposition, at least two gases are

used. One gas includes a metallic element and the other gas includes a



incorporation of the elements fromthe scavenging gas. If too nuch of the
sem conductive elenent is incorporated into the film it will forma
“silicide 5 layer, which could have two potential detrinenig.gfhe,jsythat
the silicon may be nore likely to react with an oxide within a netal oxide
"gate dielectric to convert a portion of the netal oxide to silicon oxide.
This is undesirable as it lowers the dieleBtric constant of the dielectric
.material. Ooviously, if the gate dielectric |layer includes only silicon

contai ning ¢ {ErBHHEctiJé"'élégYé?H.! ?\sﬂfgedﬂu?eg%%él%{‘sérﬁi%ﬁdum&heni FfIdEsess of

the gate dielectric nateri t oo Icon I's present, a tungsten

silicide layer rgsults and, h a resistivity approximately, 10 ti hi gher
t han tungste?lr.'y ?ﬁ@‘ree(%fﬂué’, lq,&%%&f?%? 'qqi‘éd@%ﬁ%(%ﬁd%%rmn"d@sgf%Og%g'g&to al | ow
the netal layer to be formed in an anprphous state without formng a
correspondi n@a%maYdﬂglé'dﬁéy@gS.te'flﬁOBta‘rﬂ'F‘Qrt'@@%ﬁpﬁﬁ"ﬁlagl oANIHEM- US| ng an
oxygen-containing gas. If WCGO6) is used for the anorphous netallic | ayer
22, enough ocymjaming cangednds Exaoiples inblkideanetahhblideso(eg., tingstemt so nuch
that too nuch oxygen is incorporated into or oxidizes the tungsten.

Regar dl e ohekdfRicniden®V M)/ fitaRiunh Getfebhaitie (TICHRDr thE Gkeyhpsens netal lic
| ayer 22 shoul d not have nore than 20 approximately ten wei ght percent of

any el erent YhikBh( MICORIMERGIHA. Sifainhedibdingd dndUbloleiRrdiess than

approxi mat el y one ercen any he scavengi ng gas

In one specific exanple h oI, us tallic layer.22 can be forned

usi g Wb antraanie fampsnngs hat R E GoriFndunedenctiBhife GRBIR o~ "Te sep

2002 7 netal atons within the gas show{d_be fo %¥eater t han approxi mately

3:1. That ishaingimezigganium, slalinu@nPhing likeystles medal galedppet iied it aRY

atonms of semiconductive el enment naterial. Tyg;;ally, the ratio is at |east
¥

1. 5 semni condatthese particapmetals.c Homeyver i refra medals typigally aee usgdisinoe gas
flow5 rates will be affected by how many sem conductive or netal atons

t here arf0 i ntiéyecarabe subjegtestt. refativexiighéetemperaturgs tompaeeditd oiher de and
silane are used) the silane may flow at approximately 2.5 tines hi gher than
t he tungst enmetals.

The second gas typically includes a "scavenging" gas. The scavenging
gas helps to neutralize the groups that are attached to the metal atom(s). For
example, if the groups attached to the metal atom are halides (F, Cl, Br, or 1},

15 the scavenging gas typically includes a semiconductive element or nitrogen.
Examples include silane, dichlorosilane, various chlorosilanes, disilane,
germane and various other germanium-containing or silicon-containing
compounds. If the groups attached to the metal atom(s) are organic (e.g.,
carbonyl groups), the scavenging gas typically includes oxygen. The

20 scavenging gas can include a semiconductive element or nitrogen when
organic groups are attached to a metal atom. Therefore, nearly any
combination of semiconductive elements, nitrogen, and oxygen can be used

within the scavenging gas.



" hexafluoride flow rate. However, if disilane is used, the disilane flow
rate is approximately 1.25 tinmes higher than the tungsten hexafl uoride flow
rate 10 because disilane has two silicon atons for every ryl ggpl 896%

di silane. The actual operating conditions used for form ng the anorphous
netal |ayer depend upon the reactor used. For exanple, if a CenturaT""
chanmber on a tool from Applied Materials, Bnc. of Santa Clara, California,
.the gas flow rate of the netal -containing species typically is no higher

than appr oxi mat | v 4 thS I of (e orRABLE RRAEIE 180 20 MG Frckaccm) . The

pressure of the react fypically is no an approximately 10 tort,

0 600 deqr Lowtrel SU8 Tadh e olnBrandly Relalic By hEAR. AR dcposi 1] on

is in the range of approximtely 350 to 400 degrees Celsius. Wien formng

t he anmor phouéncaoperatian af e eleprenis from the sravenginggas. dif e puchofthger 14, a
pl asma typically is not used because of the potential of renoving a portion
or dammgi ng skmicordtuctiye etergentds dicsirpertatéd intaghe filba,. it wilforrarg siligide he

anor phous netal layer 22 is fornmed over a thick insulating |ayer or over

anot her ngt allayepMvhichi dtlild Bdes Iwa pbtertiahd sRiyndras URTS islthatthe! siiven ray used,
the power may be in a range of 18 SEP 2002 8 approximately 200 to 500

watts for a $a0npid fikdip i Fedth WRRLA oRHESHM 8 mdfaPoRAESatdRIslbctipdy | depend

on the surface area o e substrate being processe wever, s d
artisans understand ho 0.ad] ust. . th asf [ r.th [ [ _substrate
Size. 5 11t REPKAR Pualioh BeRid MRtenioxf I SRE T YBe T8 ¢ B85 Pfe AR C"cich
as tungsten nitride (Y11N), a nitrogen-containin s | s.typically used.
For exanpl e, '%ﬁ@éﬁﬁﬁéﬁ%wmtmﬁf ﬂ'@aa'e t'i"hmag?f?ﬁq,eéﬂW"‘P Y. Jhtpst eate
hexafl uoride and silane to help forma tungsten nitride. Although not

requi red, skidi¢leetriglayerdneludey onkyrailican @Qrttammgswrgpaumnhlsgrs@ﬂg Negbeas
this may form 10 ammonium salts during the reaction. O her nitrogen

contai ni /g gaeissyas siowever,aegdrdiessusiitieigaté diblecirioinaterial, itooden dd20} or
nitric oxide (NO. In still another exanple, an anorphous Ti N | ayer can be

formed using sflicehds ph&sertngl tiridafen Eineidarrgyém@g@ltwmlhbhva fealsdility2 can

include a plurality of different filns. For exanple, an anorphous TiN film

gf‘rgr gf\;ﬁg' 't En*bm»ﬁt@ﬁ } eé‘?g{ her Irarftingdfs. STRérefdle, BRoGGYSf g Wi th an
semiconductor gas is added to allow the metal layer to be formed in an
amorphous state without forming a corresponding silicide layer.

15 Similar reasoning follows when using an oxygen-containing gas. If
W(COg) is used for the amorphous metallic layer 22, enough oxygen is added
to oxidize the carbonyl groups, but not so much that too much oxygen is
incorporated into or oxidizes the tungsten. Regardless of the atoms within the
scavenging gas, the amorphous metallic layer 22 should not have more than

20 approximately ten weight percent of any element within the scavenging gas.
Typically, it will have less than approximately one weight percent of any
element within the scavenging gas

In one specific example, the amorphous metallic layer 22 can be

formed using WFg and silane (SiH,). The ratio of semiconductive atoms to



“thickness of the anorphous netallic layer 22 is generally in a range of
approximately 2 to 20 nanoneters. After form ng the anorphous netallic
‘layer 22, it has a surface 24 that is illustrated in FIG 13 d 5562062'5 an
|IIustrat|on of a scanning electron 20 m croscopic anaIyS|s 0 € Surface.
Because the layer 22 is essentially anorphous, it can be seen that the

| ayer has a relatively snooth surface. Altﬁough the layer 22 is called
-anor phous, it is possible that some nanocrystals could formbut the

predom nant ﬂ#@téﬁétbﬁw \Mthuﬁ tﬁé Igtaa%hlo@weuse nd grbhfel thdrbpploxpkate f@%eﬂtﬁaﬁlﬂ ly

as an anor phous | ayer. P 2002 Processing is cont| nue

PG, A coldit PR 8[*%%? o e fort FEE AR d Bt £ 01 Pey

over the anorphqus th articul odi nent, the
crystalline ﬁgﬂafwf?cg'%t"&?@?emgf?%ﬁb‘%t%nlfma?"'x §ﬁ? RS 33 '%ﬁqﬁ-g reaction
using tungsten hexafluoride and hydrogen. Unlike the formation of the
under | yi ng | speiconductive iatemns penoarimegllisratomn MNotedhathedelativegasi flavent

containing gases are used in its formation. The thickness of the |ayer as

formed i s5detratesiwitt betaffddied bl dow maal seaticondenting or haatal dtenmbetherearnd
other geonetric requirenents. Typically, the thickness of 10 layer 42 is

general l'y i njt{apafo W%r%ﬁlezﬁtdr@%té}ﬁﬁmﬁe aresihesdral | i ne
metallic | ayer 42 has a surface 44 that is generally represented by the

[
Structure, °.”tdss@guﬂ%%'%"e%@”“ﬁﬁéta%b?roﬁﬁw‘@v?ﬁﬁ%@t@ﬁé%%)i*?‘% Blidsféi ng
t he | 42, t flecti I 46 .th f th
bort aos a4 anerANa0sde hEH B i Gwe s trelSiang S 1SPo RETRINR AW it lS i cal 1
I's an insulator and may .include silicon nitride 5|I|con rich silicon

nitride, or |@W@X'F?tﬂyéo¥§iﬂﬁle§rh'ghqr thap the tunasten hexafluordaifiow e

titaniumrich titaniumnitride, or the like. A characteristics between the
two | ayed® 2besadsddisilane s thesilmmqibmasforrevenyl molelculecof disijarieave a
resistivity that is at |east 20 approximately 300 m cro-ohm centineters.
The crystal li ne netrd hétbal Gysratidg conditions used for forming the amorphous metal
layer depend upon the reactor used. For example, if a Centura™ chamber on
a tool from Applied Materials, Inc. of Santa Clara, California, the gas flow rate
of the metal-containing species typically is no higher than approximately 100
15  standard cubic centimeters per minute (sccm). The pressure of the reactor
typically is no higher than approximately 10 torr, and the deposition
temperature is typically in a range of approximately 300 to 600 degrees
Celsius. More typically, the temperature of the deposition is in the range of
approximately 350 to 400 degrees Celsius. When forming the amorphous
20 metal layer 22 directly over a gate dielectric layer 14, a plasma typically is not
used because of the potential of removing a portion or damaging the
underlying gate dielectric layer 14. However, if the amorphous metal layer 22

is formed over a thick insulating layer or over another metal-containing layer,

a plasma may be used. If a plasma is used, the power may be in a range of



"has a significantly lower resistivity to the anorphous netallic |ayer 22.
For exanple, the crystalline netallic |ayer 42 may have a resistivity of
approximately 10 m cro-ohmcentineters. Although these ar%sd §r5992
specifically with respect to tungsten, simlar resistivity ratioS should be
seen if 18 SEP 2002 10 other materials are used. Additionally, when
forming the crystalline netallic |ayer 42, 8the anorphous netallic |ayer 22
-wi Il have a fluorine diffusivity that is at |east approximtely 10 tines

| ower t han tg@p%ﬂﬁlgféh{ﬁo% tuﬂféspbW’at&%?b'2‘00-Wlﬂrﬁé@r'dié}ﬁe{ér%ﬁbsﬁﬁtg. ﬁ' Hkéé' ar

effects may be seen w hal ogens, boron, 5 carbon, or t

Stack 60 as PPREMEY B P d8fad e flaie FRATNEIBaB AT cr s 22 a2

and 46. Sidewal| spacers 62 are fornmed adjacent to the vertical K edges of
the gate st a@@%.seﬁ)og'&ﬁ"'ﬁ"@tji illedsartigaps f-’baﬁ@@’%j bewio adiist he elasaiect or
substrate 10 and typically are fornmed before, after or both before and
after the fopower&or tbe propersguhstnate size. The doped region 64 typically has a
dopi ng concentration of at least 1 E19 atonms per cubic centineter to allow

ohm ¢ conbact s t olfithefamonptious ndtalliddmed is agebastonhimetalanittidesucheasand drai n
regions for the transistor as illustrated in FIG 6. 15 Processing

continued as pihdaish httgs (\hﬁN)ﬂa ﬁitrgqenécéﬂtéﬁﬁnd Qéﬁ ([;J,t lZ}.-SE:bIIF ugbgcrorc (1LD)

I
| ayer 72 is formmed over the ’‘gate structure an substrate. The first

| LD | ayer canLpGl re f. J ' ' as
oxi dea. i t AL P RRERIeR oLBYeR ey B4 o8 P ARLM I T ReRolitideD

| ayer 72 is patterne o, define,a contact opgning,74. A contact ug

St ucture | s BPHIEDG o BRI 4 WingSIHLABlsien, AUGIRY notieadied. Skiled
adhesion/barrier film76 and conductive fill nmaterial 78. In one particular
enbodi nent, ERESAEHEY Harbie aveld ysingammonia ges ANHahes thigmamiafim ri de film
and the conductive fill material is tungsten. her materials could be used
for the tOnd@mmosiuph agltsduring theereaction. Other nitrogen containing gases possibly

could be used including nitrous oxide (N2O) or nitric oxide (NO). In still another
example, an amorphous TiN layer can be formed using TiCls, N2, and SiH,.
The amorphous metallic layer 22 can include a plurality of different
films. For example, an amorphous TiN film can establish the work function of
15 atransistor and be covered with an amorphous tungsten film. The total
thickness of the amorphous metallic layer 22 is generally in a range of
approximately 2 to 20 nanometers.
After forming the amorphous metallic layer 22, it has a surface 24 that
is illustrated in FIG. 3. FIG. 3 is an illustration of a scanning electron
20 microscopic analysis of the surface. Because the layer 22 is essentially
amorphous, it can be seen that the layer has a relatively smooth surface.
Although the layer 22 is called amorphous, it is possible that some
nanocrystals could form but the predominant characteristic of the layer is still

that it acts essentially as an amorphous layer.



18 SEP 2002 11 Processing is continued to forma substantially conpleted
device as illustrated in FIG 8. FIG 8 includes an adhesion/barrier film
82 and a conductive fill nmaterial 84. In one particul ar eggogkge% t he
adhesion barrier film82 includes tantalum tantalumnitride, or o?%er
‘refractory netal or 5 refractory netal nitrides. The conductive fill
material 84 can include nostly alum num t@ngsten, or copper. Small anounts
.of dopants nay be added to the conductive filmmaterial 84 to increase its

g oS AL B o Sl o psn st

| ayer 86 is then e upper I'nt er connects to

conplete formati on pf the . device h 0 S vati I . . i ncl ude
one or more Casecfes ST FTFIS 1, AncRrErtaf nalcnRtgling fogtalc
oxynitride or the |ike. The enbodinent as illustrated in FIGs. 1-8 included
a gate structayes 42iathertormedaer e gevrheusmelaiic tayen 22t daithig a plurality
of layers. Alternatively, the gate electrode can include an inlaid gate
structure. 1%Ppafidutanebodimentsthessystallinbendtallielayerds aimpsién thwat ioformed not
be anneal ed. Further) the anneal nmay be perfornmed after formng the

anor phouss coRgtkcs redctioABing fingstem Kexailuatitie rmdagiaiogén.venliky e 42, after
the anti-reflective |ayer 46, or at sone other subsequent processing step.

Shoul d st esSotthatirof 16 undeBlRG 18ferl A8 URleohRBnfARRY orBieneed o be

performed before the stress _ too n still another enbodi nent,
2 1o et | R E IR Sl e MR8 Pt el /o0
R L L B
formed. Because the anorphous conductive |ayer 22 is formed before the
crystal line donthecdevies and othesigesmeteavequitesnents. fTiypiaallneherthickaess ok
conductive layer 42 should not significantly interfere with or pass through
the titanDumlayer 42 is generally in a range of approximately 20-150 nanometers. The
crystalline metallic layer 42 has a surface 44 that is generally represented by
the illustration in FIG. 5. Because layer 42 is substantially crystalline in
structure, its surface is rougher than that seen in FIG. 3.
After forming the layer 42, an anti-reflective layer 46 is then formed
15 over the surface 44 as illustrated in FIG. 4. The anti-reflective layer 46
typically is an insulator and may include silicon nitride, silicon-rich silicon
nitride, or if it is a conductor, it may include titanium nitride, titanium-rich
titanium nitride, or the like. A characteristics between the two layers 22 and
42 is that the amorphous metallic layer may have a resistivity that is at least
20 approximately 300 micro-ohm centimeters. The crystalline metallic layer 42
has a significantly lower resistivity to the amorphous metallic layer 22. For
example, the crystalline metallic layer 42 may have a resistivity of

approximately 10 micro-ohm centimeters. Although these are described

specifically with respect to tungsten, similar resistivity ratios should be seen if



"nitride or silicon layer. 5 Enbodinents of the present invention allow a
gate stack to be forned that has a netal gate that is | ess susceptible to
“problems related to fluorine such as |owering the dielectppcgepnsgant of
the gate dielectric film or having problens with adhesi on or causing

" | eakage current problens. The enbodi nents allow greater flexibility for
overlying nmetals such that low 10 resistivi®y gate el ectrodes can be forned
.that still have desirable characteristics without the adverse effects from

fluorine. Evstrheagﬁagéna@rﬁa'dsa. tﬁtb?iitfdﬂag?,% \?/ﬁgg@%rpg%fé@@ehfsmw wtaliei ne

netallic | ayer 4 oes not conpletely t he anor phous
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and one crystalline film the filnms could be stacked such that a conposite
of many di f f erystallireniayphdds Simiaceffeatamaynke seensvithoather halwgebe.dvorbor ned.
For exanple, a filmcould include anorphous 20 crystalline anorphous or it
coul d i nd udeadvopr pheneslikg.yst al | i ne/ anor phous/ crystalline, etc. The etching
and polishing characteristics of layers 22 and 42 should be the sane as a

conventi onal tung&ﬁ?%&gﬁﬁ%ﬁe‘ ?ﬁb}sgkm%gg}@psegfgﬁent@%eﬁnﬁgo ﬁ}eﬁn PeRpgbed any

changes in the et ing C acteristics Vi ce. 18 SEP

0k oo ek SRR e ORAA OB 2 P20
W thout dopafBl oPYBhERESS SharedpRd SRIASSEIS (e etr S pasosting Gets i n
the clains 5 bel ow. Accordingly, the specification and figures are to be
regarded in &teckiGQisPeped vegipas Rérare frimed witbinrthetsemicergisator syhsteate such

nodi fications are intended to be included within the scope of present
i nventi of0 Bandftypisallyoateciormed deferge aftemmtbatbl heforenand after thiel formatiavef been

the spacers 62. The doped region 64 typically has a doping concentration of
at least 1E19 atoms per cubic centimeter to allow ohmic contacts to be
formed to the doped regions which are source and drain regions for the
transistor as illustrated in FIG. 6.

15 Processing continued as illustrated in FIG. 7. A first interlevel dielectric
(ILD) layer 72 is formed over the gate structure and gate substrate. The first
ILD layer can include one or more layers of insulating materials such as
oxides, nitrides, oxynitrides, low-k, or other materials. The first ILD layer 72 is
patterned to define a contact opening 74. A contact plug structure is then

20 formed within the opening and includes adhesion/barrier film 76 and
conductive fill material 78. In one particular embodiment, the adhesion barrier
layer is a titanium/titanium nitride film and the conductive fill material is

tungsten. Other materials could be used for the conductive plug structure.



" descri bed above wth regard to specific enbodi nents. However, the benefits,
10 advant ages, solutions to problens) and any el enents) that may cause any
benefit, advantage, or solution to occur or become nore pygnggpcegyare not
to be construed as a critical, required, or essential feature or elenent of
“any or all the clains. As used herein) the terns "conprises," "conprising,"
or any other variation thereof) are intendéd to cover a non-excl usive
_inclusion, such 15 that a process, nethod, article) or apparatus that

conprises a |ist P?o{és%@%%oﬂﬂﬁﬁe@@é lerfs?fée gggsrst%ﬁ{rﬁlle}fréﬁf@e‘?éfﬂsﬂbé agut may

I ncl ude ot her el ements express 0 such process,
met hod, artigle, or, .a r gt 1 EF 2002 14 AlLVG_.1. rocess for
fornmng a seﬁlpégﬂtﬁgdpﬁzﬁgdgviﬁg'@dﬂépgﬁ ﬁa:acﬁwﬁmn%argﬁrfl&ggéﬁdr@ | ayer over
a sem conductor substrate; form ng an anorphous netal -containing |ayer over
t he insul at i agndugtive fillamalesiab84. Imenaperimdarsembodimeninthei adhesianariier s
further characterized as a tungsten-containing |ayer that is formed using:

a tungst en- cfilm 82rinclgdeataritblaim, itastaluie nitridegert athehsefeddtoryrmetal oand a
sem conduct or-contai ning gas that includes silane, wherein a 10 gas flow

rati o of &il pefeadtontmetl nRRdEeXThe kehddetivesfill Materid1®32 capohexdeahestly 3: 1;
and formng a crystalline netal-containing |ayer over the anorphous netal

Caini | : ¢ : : : :
contai i 19 | SFhAR g0 ¥ QRRRE Sindl Anivs SRS G OBMAIRY
Sel ect ed 11 oliscgrRNEaieiSrtetg 66 T GREFRE b esin Ene R eBPuRriitaen or
titanium strontium hafnium zirconium and alum num 4. The process of
claim 1, wheother adverserifects. 4 pastivationdayerte isthandermed over the

uppermost level of interconnects to complete formation of the device. The

10  passivation layer 86 may include one or more layers of a insulating materials
such as oxide nitride, oxynitride or the like.

The embodiment as illustrated in FIGs. 1-8 included a gate structure
that was formed by depositing and then etching a plurality of layers.
Alternatively, the gate electrode can include an inlaid gate structure.

15 Although not discussed, the layers 22 and 42 may or may not be
annealed. Further, the anneal may be performed after forming the amorphous
conductive layer 22, the crystalline conductive layer 42, after the anti-reflective
layer 46, or at some other subsequent processing step. Should stress within
the film be an issue, the anneal may need to be performed before the stress

20 gets too high.

In still another embodiment, a different layer may be formed directly
onto the gate dielectric layer. For example, in one embodiment, a titanium
nitride or a silicon layer may be formed over the gate dielectric and in direct

contact with the gate dielectric before the amorphous conductive layer 22 is



| ayer is in a range of approximtely 2-20 nanoneters. 18 SEP 2002 15 5.
The process of claim1l, wherein the crystalline netal-containing |ayer
includes a tungsten-containing layer. 5 6. The process of ;gl abm 5o%herein
a thickness of the crystalline tungsten containing layer is in a range of
“approxi mately 20-50 nanoneters. 7. The process of claim1l, further
conprising formng a refractory netal nitril@ |ayer after formng the
.insulating |ayer and before form ng the 10 anor phous tungsten-contai ning

layer. 13 §&k .Oée&&&th%ﬁm%o%uﬁﬁ\?é [é‘gérzﬁli'ﬂd?ﬁfe fd fHend:

formng a gate el ectrode fromt rphous netal -containing layer and the

ol bt roder - aRD SR APRNOGNE. BTl agre il bk Tie YRR Rooh e ,"

process for formng a conductive structyre conprising: flow ng a,

met al - cont ai MYRS 4fashould aot pignificgntly drerenegvitly ograss Wergh e .%@nt%
scavengi ng gas includes a gas precursor selected froma group consisting of
a sem conductnitvide aresitimon,layén r ogen, and oxygen; the netal -containing gas
and the scavengi ng gas flow sinultaneous during at |east one point in tineg;

and 15 a getal |i c Hragediments of tfRdp@eent INVENIES all B8 S ddiaBtaiktobd foinedy ten
percent of any elenent within the scavengi ng gas. 10. The process of claim
9, wherein tRgaiRih w8l §htdi that B38sd B epBBIAto" SobRMLFlatERt8uBliREENT -
such as lowering the dielectric constant of the gate dielectric film, or having
problems with adhesion or causing leakage current problems. The
embodiments allow greater flexibility for overlying metals such that low
10 resistivity gate electrodes can be formed that still have desirable
characteristics without the adverse effects from fluorine. Even after annealing
the films, fluorine from the crystalline metallic layer 42 does not completely
diffuse through the amorphous conductive layer. Therefore, the structure
formed not only has benefits of less fluorine at the time of deposition, but
15 fluorine from an overlying film should not cause problems to an underlying
gate dielectric or other sensitive film. Although embodiments shown only
include one amorphous film and one crystalline film, the films could be
stacked such that a composite of many different amorphous and crystalline
films could have been formed. For example, a film could include amorphous
20 crystalline amorphous or it could include
amorphous/crystalline/amorphous/crystalline, etc. The etching and polishing
characteristics of layers 22 and 42 should be the same as a conventional
tungsten etch or polish. Therefore, there are not expected any changes in the

etching or polishing characteristics of the device.



20 11. The process of claim9, wherein the netal -containing gas includes
hal ogen atons and t he scavengi ng gas includes a sem conductive elenent. 25
~18 SEP 2002 17 12. The process of claim9, wherein the r’rE_\LtgaIS- go%?'gni ng

gas includes carbon atons and the scavengi ng gas i ncl udes oxy{:jE n“atoms. 13.

"The process of claim9, wherein the netallic layer is anorphous as 5
formed. 14. The process of claim9, wherei13the conductive structure
-includes a gate electrode. 10 15. A process for form ng a sem conduct or

ubstrater 1 orm ndr S RrEgfl sEEaiod dh RENIEK FashefltennRes M,

containing layer over the insul ating

char act or | 2odOEeoiod Trpeaie aBRamaG, apisnerhe pLodinatbRile oy 2ds o

tungsten-contai ning gas that includes tungsten hexafluoride; and a

seni conduct or@Ppsetiaiesithat aiousRediicatiansand ahangeseanbe swdeaniholt gas
consists of a gas selected froma group consisting of chlorosilane,

di chl or osi | ardepading remthescope ditlie prasenhipventiory as skt farth imghealclaimst ai ni ng
| ayer over the anorphous netal containing |ayer.

i—|]A; (%OTQLQ?;AS Befovl. AZBoriingly ABe- sheciithtion apdAgutes’sre b rigafded\in 4AYU?
illustrative rather than a restrictive sense, and all such modifications are
intended to be included within the scope of present invention.
Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. However, the benefits,
10  advantages, solutions to problems, and any element(s) that may cause any
benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential feature or element of any
or all the claims. As used herein, the terms "comprises,” "comprising,” or any
other variation thereof, are intended to cover a non-exclusive inclusion, such
15 that a process, method, article, or apparatus that comprises a list of elements

does not include only those elements but may include other elements not

expressly listed or inherent to such process, method, article, or apparatus.
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dielectric layer.

3. The process of claim 2, wherein the gate dielectric layer includes a
compound containing an element selected from a group consisting of
20 silicon, nitrogen, tantalum, titanium, strontium, hafnium, zirconium, and

aluminum.

4. The process of claim 1, wherein a thickness of the tungsten-containing

layer is in a range of approximately 2-20 nanometers.
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10 the scavenging gas includes a gas precursor selected from a
group consisting of a semiconductive element, nitrogen,
and oxygen;

the metal-containing gas and the scavenging gas flow
simultaneous during at least one point in time; and

15 a metallic layer is formed and includes less than approximately

ten percent of any element within the scavenging gas.

10. The process of claim 9, wherein the metal-containing gas includes a
refractory metal element.
20
11. The process of claim 9, wherein the metal-containing gas includes
halogen atoms and the scavenging gas includes a semiconductive

element.

25
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14. The process of claim 9, wherein the conductive structure includes a gate

electrode.

10  15. A process for forming a semiconductor device comprising:
forming an insulating layer over a semiconductor substrate;
forming an amorphous metal-containing layer over the insulating layer,
wherein the amorphous metal-containing layer is further
characterized as a tungsten-containing layer that is formed using:
15 a tungsten-containing gas that includes tungsten hexafluoride;
and
a semiconductor-containing gas, wherein the semiconductor
containing gas consists of a gas selected from a group
consisting of chlorosilane, dichlorosilane, and germane;
20 and
forming a crystalline metal-containing layer over the amorphous metal-

containing layer.



