; @3enCkBBCt EFREGG6GTGOZG METHOD FOR | NTEGRATED NUCLEATI ON AND BULK FI LM
DEPCSI, TI ON BACKGROUND OF THE | NVENTION 5 FI ELD OF THE | e present
invention relates to the field of ser_ri_conduct or devi ceilmmnwmcul arly,
the present invention relates to a nmethod for formng ilm 10
RELATED ART I n conventional in Conplinentary Metal Oxide Sénpiednduct or

(CMOS) device fabrication processes sem conductor devices are fornmed on a
sem conduct or substrate usi %a thin _Eate oxi de | ayer that fornms gates

bet ween METEEHAFQR INTEEHAIFD NYGLHRATI ADRIBELE FISVREPSETI er | vi ng

metal interconnect structures provide for electrical connection to the
under |l yi ng sem conduct or devices. CVD netal filnms are fornmed i n Damascene
structures or in blanket films 20 which are subsequently patterned and

et ched b@AQWQHWQFW%WXENﬂ%Cham cal, plasma, or wet processing

steps. The resultant netal interconnect structures provide electrically
acti e pat hways for integrated circuits. -2

FIELD OF THE INVENTION
The present invention relates to the field of semiconductor devices.
More particularly, the present invention relates to a method for forming a CVD
metal film.
10
RELATED ART .
In conventional in Complimentary Metal Oxide Semiconductor (CMQOS)
device fabrication processes, semiconductor devices are formed on a
semiconductor substrate using a thin gate oxide layer that forms gates between
15  conductive regions in the semiconductor substrate. Overlying metal
interconnect structures provide for electrical connection to the underlying

semiconductor devices.

CVD metal films are formed in Damascene structures or in blanket films
20 which are subsequently patterned and etched by a variety of chemical,
mechanical, plasma, or wet processing steps. The resultant metal interconnect

structures provide electrically active pathways for integrated circuits.

T
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Conventional methods for formng CVD netal filnms use a two-step process.
First, a nucleation seed |layer is deposited. The nucleation seed layer ' is
critical to device protection and st920 coverage of the CVD nmetal film 5
This is followed by bul k deposition. “The bul k deposition step provides the
required thickness of the CV/D netal film In conventional processes, an -

aggressi ve PrEGHIsHAbnamMuRRMS Tufforfig COD GRERIGS BeRhpasna ed das. The

nucl eati on seed |l ayer protects the underlying structure Trom danmage during

the Subiﬁgﬁg‘&i Obﬁka%@tibh%eatlﬁ%r iéfdtehggig]é;qi-Cf@ﬁ"faga‘lkﬁye‘gec?ﬁgénage t he

i nsuffi I ckness or coverage, ogenated gas w

underl yi:ng.. : i i i repkoductive to
got 1 ny esaF e EsThoiioh SuBistor Bblatdgp o e By TR oL of %
nucl eation | ayer is used, the resulting bulk 15 deposition does not have

good fill characteristics. However, when the nucleation |layer is

i ”S“’fs]‘:i ci ent ’Téﬁé‘%%mo%e% fbdik d%EQ%iﬁSﬁ.eﬁ}h%;%ﬁg géggﬁilﬂ@g %itjé;?ngroﬁélfsr els

i nsufficient device protectiont can ge and device

failur e-thé@e{gﬁ\reﬁ iidineab of Y @WM%Eé?rfihﬂ?rhgfcaﬁ%’ﬁtid?ﬁl [d¥eSsas, diicl eation

and bul k deposition processes are performed sequentially as Separate

Phe: nuc P S BRFTrag 5 WaRABURY o8 R HBmREe AR LP B THEM a1 on o

nucl oat Mo eiERRTeY Bet AR MigLhddIRG PR ES (B parRGR R RPE ore

part] cul aibloubii RUSBOLRGH I, 11 hlobBRSFRYEY nBG ifcibhi™™: Thi s adds
10 thickness or coverage, the halogenated gas will damage the underlying

A
i

structure(s).

The nucleation film is counterproductive to getting good bulk deposition.
More particularly, when too thick of a nucleation layer is used, the resulting bulk
15 deposition does not have good fill characteristics. However, when the
nucleation layer is insufficient, though good fill characteristics are obtained,
there is insufficient device protection that can lead to device damage and

device failure.

20 In a typical semiconductor manufacturing process, nucleation and bulk
deposition processes are performed sequentially as separate process steps.
There is typically a pause between the step of depositing the nucleation seed
layer and the bulk deposition step. The termination of the step of depositing the
nucleation seed layer and the pause between the nucleation and bulk

25 deposition steps affects manufacturability. More particularly, the pause results



sem conductor devices. Wiat is needed is a way to obtain a G/D netal film
that has both good fill 5 characteristics and device protection. In
addition, a nethod is required that m:-'qts t he above need and that provides
for reduced process tine. The present ™' nvention provides a solution to the
above needs. -4 SUMVARY OF THE | NVENTI ON The present invention provides a
met hod f o irfope A8 etDpdCEYStinRL if i .characteristics and
t hat does not dama%e unde'?%y?ir-lhgléggg%gggea%g??rﬁ%}%éréetéqg$n addition, the
met hod ofsehfi€omdiRSGdeviddent i on reduces 5 process tinme, hence giving

manuf acturability and cost inprovenents. An integrated nucleation and bul k
deposition process is disclosed. In the integrated deposition process of
the present invention, nucleation seed deposition and bul k deposition are

erfornmed in j . nner. Jln.the present

D rbodi mont | naejatns Pacabe b A0 R R R I3 s el o, a1 1
i i ] i D netal fijlm havi

Good 11 1 arRoteidios HhaRIeH S octiof h AL KnBinG T PEd el ng ' "

St ruct ur gfeetBURHBEVHELE 8hH Mat GViBH% %%@g?%ggon gglﬁgeelroﬁ.gr g

cont enpor aneously, there is no separation g PLeset

nucl.eat i A .. prior art processes. |In one
enbodi neﬁ?,,ems'tg?wﬁggfgcaﬁ%‘!eﬁtg‘ogﬁ?gﬁeg%%géigﬁ%bnductor substrate. The

sem conductor substrate is then placed into a reaction chanber. In one
enbodi nent, the reaction chanber is a chem cal vapor deposition reaction 20
chanber. The reaction chanber is then pressurized. Flow of a reactant gas
into the reaction chanber is then initiated. fn the



present enbodi nent, the reactant gas is tungsten hexafl oride.
Alternatively, other reactant gasses could be used such as, for exanple,
titamium 25 tetrachloride. Flow of a reducing agent gas into said reaction
chanber is al so -5 initiated. In ori® enbodi nent, the reduci ng agent gas
i ncl udes hydrogen gas and silane gas. However, alternatively, other

r educi ng ch as, for exanple, NH3. In the present
SBRRFARY P T VERGION!

i nventi on, 0 gas i s contenporaneous with the fl ow of

reduci ng agenty g5 ey i &AflbA B ePRRERSA Sol IPHRPa By b il CVD et al
P APetieth St SR v

filmover the str¥uctures e Sem conduc stra As the

|t e9r at o HERORbhIA A SGEASNGY 59 899 BRec ot oo A AR g, L1 25

and flow o ucrng agen as’ | S decrease egra% ed 10

deposi t | g B 0GERS, PHOMIRAESne MERSY bPUSIRERERDE o b baE present

enbodi ment’, OW Of Teac gas, Ci ng agent gas and pressure

are idcr . . A t hr i ntegrated

depo |t|§@§%§h®é§ﬁgﬁgg%ﬁ@ﬁg W@g@&b@@%‘é@pé&gﬁ%@ég@e&% t he present
invention gives a significant decrease in process tinme as conpared to prior
art processes. This results in cost savings. In one enbodi nent, the nethod

L LT R DY
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Thi's al | SRR PEIEFITL L Hon Copenyng Sfisflet cPrcarse APelealipd BB ot ext i on
[ o SRRHIATCReoRe e el BaMB R st dp e e R gL SRRy befneetf ' o

15 the process of nucleation and bulk deposition as occurs in prior art processes.

In one embodiment, structures are formed on a semiconductor substrate.
The semiconductor substrate is then placed into a reaction chamber. In one
embodiment, the reaction chamber is a chemical vapor deposition reaction

20 chamber. The reaction chamber is then pressurized.

Flow of a reactant gas into the reaction chamber is then initiated. In the
present embodiment, the reactant gas is tungsten hexafloride. Alternatively,
other reactant gasses could be used such as, for example, titanium

25 tetrachloride. Flow of a reducing agent gas into said reaction chamber is also



Accordingly, the integrated deposition process of the present invention
gives good fill characteristics while providing sufficient protection to
underlying structures. In addition, the nethod of the present invention
provi des for reduced process tine as-szonpared to prior art processes. 15
These and ot her objects and advantages of the present invention will becone

obvious to those of ordinary skill in the art after having read the
f ol | owi rigtigiedaj Innejedbprdimemnthsr radysingragent 9ag iaclddes hedtogenigas ar e
illustrated in the various drawi ng figures. -7 BRI EF DESCRI PTI ON OF THE

DRAW NG glgne dass hgayexemaitamatively. pHetiraduein@enents: eguld ibenysed accor dance
wi th an enbodi nent of the present invention., 5 Figure 2 shows a nore

det ai | edugBtAsotPri@menidg B tbemrasentinyention, fow e seariaaledad ish an

enbodi ment of the present invention. Figure 3 a side cut-away view of a
seni condgdtenpeianspramathiiheifiay abradueing agent @asHe rreerrdinugng miesessy

I nterconnect structures fornmed thereon in 10 accordance with an enbodi nent
of the Plovsspesitaicst a &V D mejalfdmuoves the giragueas foraedionithst r at es t he
deposition of a CVD netal filmover the structure of Figure 3 in accordance
with an SeRHeANIHAIRr sMbstide.pr esent invention. 15

As the integrated deposition process progresses, flow of reactant gas is
increased and flow of reducing agent gas is decreased. Also, as the integrated
10  deposition process progresses, pressure is increased. In, the present
embodiment, flow of reactant gas, flow :)f reducing agent gas and pressure are

incrementally changed a number of times throughout the integrated deposition

process.

15 The integrated deposition process of the present invention gives a
significant decrease in process time as compared to prior art processes. This
results in cost savings. In one embodiment, the method of the present
invention provides process time savings of over 25 percent as compared to
prior art processes. This is significant, particularly in light of the fact that the

20 process of the present invention is performed five to six times during the

fabrication of a typical semiconductor chip.

The method of the present invention provides an additional degree of
freedom that is not present in prior art processes which is the ability to trade off

25 flow of reacting agent (and reducing agent) with total pressure. Moreover, the



Figure 5 is a graph that shows an exenplary process profile in accordance
with an enbodi nent of the present invention. Figure 6 is a graph that shows
an exenplary partial pressure profile in 20 accordance with an enbodi nent
of the present invention. Figure 7 i $-a graph that conpares the process
profile of Figure 5 to a typical prior art process profile. _g_ Figure 8
is a graph, that conpares.the partial pressure profile of Figure 6 to a
typi cal BPINGE it pEsTant inynuon A1l 1B fqastant dng Tepetany et PTI ON OF
THE | NVENT]. In the fo]] ow ng detailed description of the present

vent | QPR RREP UGS SLICH PTHSE P 0 B GoBEoMEY AT AmstaBebETVor ovi de a

t hor ough under st andj ng_of the present. inventigp. However, it w.ll be

r ecognt ZBROBISHE- S LTake. i1 T Brenept iy@rter. filersnE GEah meErATiBRS mmy be
practiced without these specific details or with equjval ents thereof. In
ot her i r@?a@%@@{‘e%@'ﬁ"ﬁk‘ﬂamf eReid devisegrrotRition wWhiliseerRiIRgdessind circuits
have not been described in detail as not to unnecessarily Qbscure aspects
of tRe fiademaligiowit Meshaniems igua Binimum HRICkNeRs: HRICPY MPIMIERG a CVD
netal filmin accordance with one enbodi ment of.the,gre??nt i nvention. As
shown bystgpgevql@g,e apd film conformity. This allows for optimization of fill

characteristics relative to protection requirements. Thereby, a CVD metal film

can be obtained having superior fill characteristics as compared to prior art

processes.
10
Accordingly, the integrated depo;ition process of the present invention
gives good fill characteristics while providing sufficient protection to underlying
structures. In addition, the method of the present invention provides for reduced
process time as compared to prior art processes.
15

These and other objects and advantages of the present invention will
become obvious to those of ordinary skill in the art after having read the
following detailed description of the preferred embodiments that are illustrated

in the various drawing figures.



i ntegrated deposition process is perforned in which nucleation seed
depositi on and bul k deposition are perforned in an integrated and

cont enpor aneous nmanner. 15 In the present enbodi nment, reduci ng agent gas
and reactant agent gas are introduced/into a pressurized environnent in a
contenporaneous manner in a continuous process flow so as to produce a CVD

net al cteristics and that sufficiently
pr ot ect séW@Eﬁ'ﬁqﬂénﬁpﬁﬁ%b@@@gn one enbodi nent that is
illustrated i uct.or s tra ver which the CVD net al
filmis to beP@HFegriéﬁPE’S;ﬂ g@@bocfﬁ){gorgnpg ﬁ'ﬁ@r‘” ASE¥HABB] ). In one
enbodi nent, the gctl hanber |s a Chem cal vapor deposition reaction
chanber . With i‘(f“"?h% F@ng’ E"r?éﬁﬁ*smvﬁgt'?’hen pressurized as shown by step
202. In the present enbodi ment, the reaction chanber is pressurized to an
initial pressure of 4.5 Torr. 5 Flow of a reactant gas into the reaction

chanmber is then initjated as is 0 b 203. h a of a nunber
of Qi T eront FEHELL showa:fiant Cgliedsuption otiogmioss S VS atahiingent , i n

t he present enbodi pent tugggten hexaf | ori de, Q/ 2) is used as a reactant
agent. accordance with an em iment of the present invention.

Figure 3 a side cut-away view of a semiconductor substrate having

devices formed thereover and having interconnect structures formed thereon in
10 accordance with an embodiment of the present invention.

Figure 4 is a diagram that illustrates the deposition of a CVD metal film
over the structure of Figure 3 in accordance with an embodiment of the present
invention.

15
Figure 5 is a graph that shows an exemplary process profile in

accordance with an embodiment of the present invention.

Figure 6 is a graph that shows an exemplary partial pressure profile in

20 accordance with an embodiment of the present invention.

Figure 7 is a graph that compares the process profile of Figure 5 to a

typical prior art process profile.



10 Flow of a reducing agent gas into the reaction chanber is initiated as
shown by step 204. In the present enbodi nent, the reducing agent gas

includes a first reducing agent that is silane gas and a second reducing
agent that is hydrogen gas. However,-&lternatively, other reducing agents
could be 15 used. Referring now to step 205, flow of the reactant gas is

the present EIBRBITE paATL! e Barp Fou B TR R e TaREE o Mialetotd bs

the integrated 20.deposition process .progresses. In one specific enbodi nent
of the gaég%RFafBR'/%’n%)'?Bﬁﬁ'a?P&%%’fe ﬁé%{@?‘ant/reducer gas is initially

approxi mately 30 standard cubic centineters per mnute and the fl ow of gas
is increased to approximately 120 standard cubic centinmeters per mnute as
the integrated deposition process progresses. -11 Referring nowto step
206, flow of the reducing agent gas is decreased as the integrated
deposition process progresses. Accordingly, in the present enbodi nent, flow
of a first reducing agent is decreased as the integrated deposition process
progresses. Also, flow of a second reducing agent is 5 decreased as the

i ntegrated deposition process progresses. In one enbodi ment of the present
invention) flow of the first reducing agent is initially approxinmately 15
standard cubic centinmeters per mnute and the flow of the first reducing
agent is decreased to zero as the integrated deposition process progresses.
In this enbodi nent, flow of the second reducing agent is initially 10
approxi mately 4000 standard cubic centineters per mnute and the flow of

t he



second reduci ng agent is decreased to approxi mately 1000 standard cubic
centineters per mnute as the integrated deposition process progresses.
Conti'nuing with Figure 2 as shown by step 207, pressure within the 15
reacti on chanber is increased as theSntegrated deposition process
progresses. In one enbodi nent of the present invention, pressure within the

the- pr oRit AT ERLPESCEIPTION G SBEIRRETHRN oceas progresses to.
Shown by st el 3 otkbing febliEe GRSFIUR FOREaTbse B MRBER R Sred s o
Fenot | orfPeR B BB By T S BIVAE BiForlctioh Pl ARG A enc . ¢ he
Pl res o irovatofietfe’ Hidkerdt, EATBR e danif YR 2 ey RS Bal ent " shown
0 PR o LR s ATk el o TRRGAL I, ™ o5
R DA
seni conW&Weé‘g%ﬁ"%eﬁ%yitgﬁ‘a&ﬂ@oage%ﬁgﬁaf”lt‘rt%‘?ﬂ 'S"\ﬂ%?h 38 NQtstrated in
Figures 5-6, flow of reactant, g and flqw of reducing agent gas are

si mul taﬁ%‘&&ff‘?ﬁﬁfﬁ PL?&%S qSBGngc?a}ﬁh? r‘?ée?‘?{ﬁé'a‘f%ﬁ‘@&- deposi tion process. Both

reactant gas and reduci ng agent gas simnmultaneously flow into the reaction
chanber and react to produce a CVD filmupon the substrate. The fl ow of

reactant gas and reduci ng agent, .gas are t altered so 15 as to produce
opt MBal £ 111 FaGKPaE BROWS diBEaH (PEiosming At SRAtR] i agHostigs on 1 or
underlying structures. Fiqure 3 shows an exenpl ary. struc e 301 over which
i ntegr at"t‘-!&‘ aRe 881badyRe ter%E%@“thmveﬁi“@Ur ?‘MPK?@ i\&gdarheposi tion
process 200 of 20 Figure 2 can be perforned.. In the present enbodi nent,

st r uct urdtegated depgsitien 959%‘?535'&996&56\?& 'BrW@GBé‘t“P%"é'g@(ﬁﬁedl JeRIFLUIGN esent
enbodi nent ructures 301 include sem conductor, devices (not shown) that

are forr?élﬂ“bﬁ?ﬁ‘é*elpp%’ﬁns’ﬂﬁ ormeddnp an| iRtegrated AN FARKMPARAS Ehduct or

devices are fornmed using an ultra-thin oxide | ayer (not shown) that extends
bet ween "B3Rfkicti ve regions formed within 25 the silicon substrate 300. In
the1gresent enbodi nent, structures 301 include

in the present embodiment, reducing agent gas and reactant agent gas
are introduced intp a pressurized environment in a contemporaneous manner
in a continuous process flow so as to produce a CVD metal film that has both
good fill characteristics and that sufficiently protects any underlying structures.

20

In one embodiment that is illustrated in Figure 2, a semiconductor
substrate over which the CVD metal film is to be formed is placed into a reaction
chamber (step 201). In one embodiment, the reaction chamber is a chemical

vapor deposition reaction chamber.



-13 active structures 302 that are selectively electrically connected to

t he underlyi ng sem conductor devices. In the present enbodi nent, active
structures 302 are transistors. 5 It is appreciated that structure 301
formed on seni conductor substrate 3000fs representative of structures over
which a CvD netal filmcan be forned in accordance with nethod 100 of
Figure 1 and nethod 200 of Figure 2. However nethod 100 of Figure 1 and

met hod 200 of Figure 2 are well adapted for use with other types of
structures. Refer.ring now to, Figure 4) the structure o igure 3 1is
Shown af ter mHYh IR0 SIAMRSG L ten RIESsHttRb S ot bisiet 893’ Hbecen
performed so as Eo .ggﬁ(}&u%‘e a CvD rrﬁtab film401.that di rectll overlies

st ruct urkfespat gpbedi » e reacian, cRAMBAL IS RIRSUT N3l BP9 ®has  good
fill chara%céq_ri stics and step coverage. 15 In one specific enbodi nent of

t he pres%fn' i'ffenti on, pressure (in Torr) and flow of reducing agents (in
Standard Cubic Centineters per Mnute (SCCM) and reactant agents are

vari €d increnentally in eight steps. In the first step, a total pressure of
4.5 Torr is ed glong with a.reactant agent flow of 30 .2 a first
reduci ng age t'°YVIf§V9 C@tmgﬂgeéeégp%n‘g‘md?ﬂ&e’bﬁﬁtt'fgeélgg%of 4000
SCCM I n the second step a tatal essure of Torr is yused along with a
r edct antSNRYENbY SeRdH. Athasishanybf & nimbes af cifteeenigunes pf AN B88SCOM and
a second r ci ng agent flow of 4000, SCCM In the third step a total
pressur é’%ﬁéjg’é ”ngraﬁér%%“éamaﬁ‘gﬁiﬂv\ﬂitf‘ﬁ pé%%‘é@l"ét?ﬂd"é'&@ﬁ?”rﬂs of 30 SCCM a
first 25 reducing . agent flow of 15 SCCM and a second reduci ng agent flow of
4000  -hexaderfle sl 15u985 A% A reaentageital pressure of 40 Torr is used
along with a reactant agent flow of 30 SCCM a first reducing agent flow of
10 4 and a second reducing agent flow of 2000 SCCM 1n the fifth step a
total pressure of 45 Torr, is used along wth a reactant agent flow of 30
SccM  a fi r st FlwgEpigdecing @gent oaminke feactinn chaglies e Wigdidtg agent
flow of 2000 SCCM In the sixth ste'R a total pressure of 50 Torr is used

al ong wi oW by skarad94-aljtite presaniogrnbediment, thg red¥eingBg8Nt ORY agent f1 ow of
zero and a second reducing agent flow of 2000 SCCM In the seventh step a
total priBskdes adirsyeduging agenidbat '§Isdiﬁ@e\9?§i?“gﬁ‘§ﬁ‘é‘f%fec£§€?ﬂ agedhw of 80
SCCM a first, reduci ng agent flow of zero and a 10, second reduci ng agent
f1ow of Hebls kysragen g ﬁhgi%rvwhalgqreﬁﬂvglx,&ﬂaw r&fdélgwr%g%ﬁsgem%ow is used
along with a reactant agent flow of 120 SCCM a first reducing agent flow
of ﬂ%ro YsRf-a second reduci ng agent flow of 1000 SCCM The chart that
follows illustrates the eight step process of this enbodi nent. 15 Step
12345678Tot al Pressure 4.510304045507090React ant Agent Fl ow
30303030303080120Fi r st Reducin 3, ent Flow 151515100000Secord Reduci ng
Agent fl ow 4@@@5&1940%2@@@%‘8@ gﬁ‘é@b@fd@@%mrﬂ%%%mﬂ?@sﬁ%ée € embodi ment
i s descr,ibed as an ej %g_'t steg Brocess, it is ,agg/reci ated that nore or fewer
st eps cdm%r%'@ddf"&ﬂ’sg R'RSESYPIAAUPIIAS eXdingly, hihe PwSePEvel s coul d be

used. I n addition, though the rtﬁsent enbadinent is described in the form
of st epsempadmanipibe f 8&79@&5& grucer gam ig ingse AR R NBIRRLs flow in
which a single C/D netal layer is fornmed. In an -15 al ternate enbodi nent

(not20i | | dRRASHICRArocesHRIRACETes- Ui NG PRSFifiemerdiment af ibe Psesait st epped.

invention, flow of reactant/reducer gas is initially approximately 30 standard
cubic centimeters per minute and the flow of gas is increased to approximately
120 standard cubic centimeters per minute as the integrated deposition process

progresses.



Figure 5 shows an exenplary process profile 501 in accordance with one 5
enbodi ment of the present invention. In this illustration, process pressure
(tot.al pressure) is indicated on the vertical axis and process tinme is

i ndi cated on the horizontal axis. Intihis enbodi ment, flow of reactant gas
and reduci ng agent gasses (steps 202 and 203 of Fi gure 2) are

sinmultaneously .initiated b 0|nt z1l. Al fl,ow for both
reactant gas 'ang.’ V‘@cﬂfb"?’g% {:?S’eﬁg 3%&%@ Fdedycing Agent aaér'ﬁjd%‘freﬁﬁ?q\t z2. The
pressure is then re .0 _at nospheric ressure ves a process time
nd cat@ef% %gwgf%ppﬁ' 'aﬁeora%%dwﬁsm ﬁf&%ﬁi'eg&nm InvaeeeBh et hod
100 of ur ?gg) {j ? af Fi gug o%%cgl ve oce S t Tl of

appr oxi ‘? MERLSIOHRLR . "Sltge 0P &98Ms %ﬁec al pressure
profile 1 j.n accordance with one e ment of the present, invention. In
Phi's enistRORRD e Bod sgég@b“éﬁhaﬁeswefremﬁ@@aa nLent gas begin
at pqint, Z1 and en |S|Ilustrat|on reaction tinme is
hal Bar dFcirRseRah e psaraleoderiosiia paressPONBSER AANg he 1 eact ant

ress re of the 20 reactant 1| s wn on the

agents divid b arti al sh

verti caroripedmesh ot fepRsRnOnvBAIAN. dowsidbe dFereabRna AR IS IR o o | &
determ ned by ta rtial pressure of hydrogen tq the ower plus
parti al %pé%maéé)ﬂﬁ%s?tﬂ'é‘illgr%t%‘b!%‘ég'mnﬂ"stﬁrsp%vem"y%? |a%g|tbﬁgig yﬂl‘?ﬁ!égtpartl al
pressure 8f the react e WFs) t e first power as shown in the

fol | owi HEIPFIRG 2gepp'S ¢f é ‘?éiql?af-?@r?s jptegratedy qqsgmneprp E®%par es

exenpl ar rocess erll 501 of Fig re to ical prior art process,
i I | ust réﬂ%@gre@?e%r duge Fm%“t769w JE? §§P‘P’b‘£ %ﬁ&%aa ntigiinitiallys and ends
gm nt x2. There is a tine u% |Ie ressure is increased. Then, 5 bulk
dep 9i tlwf%@ﬁtﬂyépoﬁoﬁtﬁﬁd%fﬁc Hecaiimetaeseey minsie gnedbe dlovheithends at
point y2, foll owed by degressurlzatlan to give a &Socess time of T2
(approxﬁ?&?@ﬁjeql?s@”gé@éﬁ i) depaserbtearproBRatept 1900 glandardberlRis. 1t can be
seen that the process tinme Tl of the cBresent invention is significantly
| ess t h&®NiMetYsRAEJBINUIgBS 1he BitegrrieJRRRIIURY PIRGEsP PiP9resFeRess. 10 a

Figure 8 shows the exenplary partial pressure profile of Figure 6 as

conpared to a prior art process, |IIustrated by partial pressure profile
801. In thi s nbodi nment , #\Iucl eati o ins at_point x1 and ends at point
x2. Bul k dep "tti”élwgo\élﬂ'ﬂ 494e ?p6$ﬁ eRfdY > RICSSHHWIHHR hen s

illustration onl ws, 15 reaction tlne Fb ce) it does not take into
accdant f?Pﬁ%Drb@P%(BEﬁf isHacwRgedas the intgaraladasRositiop PrPERTERON ey poi nt
x2 and the beglnnlng of the bul k deposition step ,represented by point yl.
Thus, i tiNCAS gBbadiakeNt RAthe H(@Sﬁf‘btﬂéf%“% Rfﬁv‘éﬂﬂﬁe\%'ﬁﬂﬂ NRAOBN i s qui cker
than exenpl ary prior. art process, 801, even when the tinme between nucl eation
and bul IEh@BRsYiis iniallydndbe rangeqf RRREXIDIAtEY b ankorr #Rd th?lpéﬁﬁséﬂf%d deposi tion
process .of the present inyention gives a S|9n|f|cant decrease in process
time as RURBERLASHRe FePesitian Pr IQGISSSER IQ apREQNMAtein 98 JQT-savi ngs. In
~one enbodi nent, the nethod of the present invention 25 provides process

ti me savings of over 25 percent as conpared to prior art 17

20 The reaction chamber is then depressurized as shown by step 208.
More particularly, the reaction chamber is allowed to return to atmospheric
pressure. The substrate is then removed from the reaction chamber as shown

by step 209.



processes. This is significant, particularly in light of the fact that the
process of the present invention is perfornmed five to six tinmes during the
fabrication of a typical sem conductor chip. 5 The nmethod of the present

i nvention provides an additional degrli@e of freedomthat is not present in
prior art processes which is the ability to trade off flow of reacting
agent (and reducin agenh% with total pressure., Mreover, the nethod of the
present inven® it%pgqqeé\?\@ kodirngat the Pregsyre WHBINARhE rageiin engynker Sarti al
pressures and total pressure to be continuously and sinmultaneously 10

modul at dacremesitally '“CFQ?SFH@ pHEWEROf timesHhrghoyt iecindedrataddere ani sms
are conbi ned, allow ng for superior device protection while keeping |ess
conf or mEI"ORt I e ARRCSIRERIFNOWR i) ﬂﬂ%@kﬁ'@%@%%‘,ret'%g}cé%@s%@(it‘??gi ng step
coverage .and 15 filmconformty. This allows for optimzation of fill

C Yy .
char act &fi&imes. FOWRVel.aPTesSWHERRLT PEANGTeaseY BIRER CE fewictinass, orLadl net al

filmcan be obtained havi n% superior fill characteristics as conpared to
pri of arle gy dncramestdinadistedae i nt egrated deposition process of the
present invention 20 gives good fill characteristics while providing

sufficient protection to underlying structures. In addition, the nethod of
the present invention provides for reduced process tinme as conpared to
prior art prdaddeeteseppinventing, fiow b fractantgas is CoRtampRianeaus Withbed i n
particul ar 25 enbodi ments, it should be appreciated that the present

i nvent i dhe drviefredaeingagent gas inaeontineeusBrocess fley sasieteremd bibrent s,

but rather construed accordi ng? to _
metal film over the structures Tormed on the semiconductor substrate. In one

10 embodiment that is illustrated in Figures 5-6, flow of reactant gas and flow of
reducing agent gas are simultaneously"initiated to begin the integrated
deposition process. Both reactant gas and reducing agent gas simultaneously
flow into the reaction chamber and react to produce a CVD film upon the
substrate. The flow of reactant gas and reducing agent gas are then altered so

15  as to produce optimal fill characteristics while obtaining sufficient protection for

underlying structures.

Figure 3 shows an exemplary structure 301 over which integrated
deposition process 100 of Figure 1 and integrated deposition process 200 of
20 Figure 2 can be performed. In the present embodiment, structure 301 is formed
over semiconductor substrate 300. In the present embodiment, structures 301
include semiconductor devices (not shown) that are formed on silicon substrate
300. In one embodiment, semiconductor devices are formed using an ultra-thin
oxide layer (not shown) that extends between conductive regions formed within

25 the silicon substrate 300. In the present embodiment, structures 301 include



t he bel ow cl ai ns. -19 CLAIMS What is clained is: 5 1. A nethod for
formng a CVD netal filmconprising the step of perform ng an integrated
deposi tion process, said integrated q%position process including nucleation
seed deposition and bul k deposition, said nucleation seed deposition and
said bul k deposition perfornmed in an integrated and contenporaneous manner.

10 a 2. ddiwennidendesi308 tAhhrde yd18EtRicly SRCHidally eBhAE&Ed A8 RINS UhHeNyiRg OCess
i ncludes the integrated and contenporaneous deposition of reducinhg agent

gas and g&aebadiictdgeliBed R BeSprebdSterbYdinNTEAGtivelsirudturé8gopeiraod of
Claim2 wherein said reactant gas conprises a Hal ogenated gas. 4. The

met hod ofgfdistors.3 Wherein said Hal ogenated gas further conprises tungsten
hexaf | ori de and wherein the flow of said tungsten 20 hexafloride is

i ncreased as said integrated deposition process progresses. 5. The nethod
of Claim3 wherein said reduci ng agent gas conprises hydrogen and wherein

fl owsof said higdagsetiatsd g saas@re 861 36inted Hh S8RAEAHUSRRARIbE AR Process
pr ogr esses. - 20

300 is representative of structures over which a CVD metal film can be formed
in accordance with method 100 of Figure 1 and method 200 of Figure 2.

However, method 100 of Figure 1 and method 200 of Figure 2 are well adapted

for use with other types of structures.

10
Referring now to Figure 4, the structure of Figure 3 is shown after method
100 of Figure 1 or method 200 of Figure 2 has been performed so as to produce
a CVD metal film 401 that directly overlies structure 301 of Figure 3. It can be
seen that CVD metal film 401 has good fill characteristics and step coverage.
15

In one specific embodiment of the present invention, pressure (in Torr)
and flow of reducing agents (in Standard Cubic Centimeters per Minute
(SCCM)) and reactant agents are varied incrementally in eight steps. In the first
step, a total pressure of 4.5 Torr is used along with a reactant agent flow of 30

20 SCCM, a first reducing agent flow of 15 SCCM and a second reducing agent
flow of 4000 SCCM. In the second step a total pressure of 10 Torr is used along
with a reactant agent flow of 30 SCCM, a first reducing agent flow of 15 SCCM
and a second reducing agent flow of 4000 SCCM. In the third step a total
pressure of 30 Torr is used along with a reactant agent flow of 30 SCCM, a first

25 reducing agent flow of 15 SCCM and a second reducing agent flow of 4000



6. The nethod of Caimb5 wherein said reducing agent gas conprises sil ane
and wherein flow of said silane is decreased as said integrated deposition
process progresses. 5 7. The nethod of Claim3 wherein the pressure within
sai d reaction chanber is increased ad4said integrated deposition process
progresses. 8. The nethod of Caim?7 wherein said pressure within said

whor ei 1 SGPYF 7 B st 18P eutar bresuie Bt 48105 BlusRORHIBE SN sor esses to
" Pane. easaht raentionsolap e Nhadrst Peucndamnulonisicl & ShaMand: per
't egr arBHORR FRR1nG AOBPLASY of pPBBiStdis 1 . M Eone: fid IPSESTaI%h 4 wher e n
N B o
cont Bt et BN GhaRiR N e OB IBBSANS SFobbel BRogr esses.
-21 11. A pethod for formn CVvD netal filmover a sem conductor

|
subst r at¥<tRSlema tetel RrassHER 8? g@ el it Hapd HPNa:wWith areapiant AgRRY YW RY the step

of
' 30 SCCM, a first reducing agent flow of zero and a second reducing agent flow

of 2000 SCCM. In the seventh step a total pressure of 70 Torr is used along
with a reactant agent flow of 80 SCCM, a first reducing agent flow of zero and a
10 second reducing agent flow of 2000 SCCM. In the eighth step a total pressure
of 90 Torr is used along with a reactant‘égent flow of 120 SCCM, a first reducing
agent flow of zero and a second reducing agent flow of 1000 éCCM. The chart

that follows illustrates the eight step process of this embodiment.

15 Step ‘ 1 2 3 4 5 6 7 8
Total Pressure 4.5 10 30 40 45 50 70 90
Reactant Agent Flow 30 30 30 30 30 30 80 120

First Reducing Agent Flow 15 15 15 10 0 0 0 0
Second Reducing Agent flow 4000 4000 4000 2000 2000 2000 2000 1000

20
Though the present embodiment is described as an eight step process, it
is appreciated that more or fewer steps could be used and that different
pressures and flow levels could be used. In addition, though the present
embodiment is described in the form of steps, the steps, taken together, form a

25 continuous process flow in which a single CVD metal layer is formed. In an



perform ng an integrated deposition process, said integrated deposition
process ‘i ncl udi ng nucl eati on seed deposition and bul k deposition, said 5
nucl-eati on seed deposition and said bul k deposition performed in an
i nt egrated and cont enporaneous nannen5by the integrated and cont enpor aneous
deposition of reactant and reduci ng agent gasses in a pressurized
deposition chanber. 10 12. The nmethod of C aim 11 wherein said reducing
agent gatecerterersbedimamt deinllésimteme CBRRJES 8if Bnifermly ingfamegtal i s decr eased
as said integrated deposition process progresses. 13. The nmethod of C aim
12 wher dnstesdiaf st -ng agent gas conprises 15 silane and wherein fl ow of
said silane is decreased as said integrated deposition process progresses.
14. The method of Caim 13 wherein said reactant agent conprises tungsten
hexaf |l ori de and wherein flow of said tungsten hexafloride is increased 20
as said i nt edrigeedS gopwsian ofeIHRlaneBXCerd grefie £91 inmccoriangevibioe® d ai m
14 wherein pressure within said reaction chanber is increased as said
i nt e§r aterabedipwat of 8ie presepkiavepti) ekstbis illustration, processgressisediatlod of
Claim 15 wherein said pressure within said reaction chanber is initially in
t he randwessurgpis ivdioatacoy the verfisal axip andiypesss ¥apds dicaied onither eases as
sai d deposition process progresses to approximately 90

) horizontal axis. In this embodiment, flow of reactant gas and reducing agent

gasses (steps 202 and 203 of Figure 2) are simultaneously initiated beginning
at point z1. All gas flow for both reactant gas and reducing agent gasses is

10 shown to end at point z2. The pressure is then reduced to atmospheric
pressure. This gives a process time in&icated by arrow T1. In one embodiment

of the present invention, method 100 of Figure 1 and method 200 of Figure 2

give a process time T1 of approximately 94 seconds.

15 Figure 6 shows an exemplary partial pressure profile 601 in accordance
with one embodiment of the present invention. In this embodiment, flow of
reactant gas and flow of reducing agent gas begin at point Z1 and end at point
Z2. In this illustration, reaction time is indicated on the horizontal axis and
partial pressure of the reactant agents divided by the partial pressure of the

20 reactant is shown on the vertical axis. Calculation of partial pressures for the
vertical axis is determined by taking the partial pressure of hydrogen to the 1/2
power plus partial pressure of silane to the first power, all divided by the partial

pressure of the reactant (here WF,) to the first power as shown in the following

(\ppH, + ppSfHL;).

equation:
ppWE;




Torr. 5 17. The nmethod of Claim 16 wherein said flow of said hydrogen is
initially approxi mately 4000 standard cubic centinmeters per mnute and
wherein said flow of said hydrogen is increased to approximately 1000
standard cubi c centineters per nminutd6as said integrated deposition process
progresses. 10 a i 8. The nmethod of Caim 17 wherein said flow of said
silane is initially approximately 15 standard cubic centineters per mnute
and wherein said flow of said silane is decreased to zero as sai d

I nt egrated d osi t [ ocess resses |m 18
wher o n sai d H9UR bEOTBRLES SRRIEPBHY RERPP SIS S04 GHTONE T 1P &OHIEA ot ol y

30 standard b t d fl f d
D oncer otienpet mgress isTAER B ﬁécwq ol D Belon Begis s ot

centineters m pute a ted 20 de osi t.i on oces rogresse

20, An iritan sRetiaheinLXe; iﬁ% ﬁﬂ@aeaﬂg'ﬁmrs R Rds daeBashhy Tadthg the

steps of: t roduci Bg a sem conduc rate havin tructures forned
g buh}ﬁeposmon

t her Bon 3K Bﬁ??)s'téor? s Ft?r'\'?;fr}ﬂer process then ends at

point y2, followed by depressurization to give a process time of T2
(approximately 130 seconds) for the exemplary prior art process. It can be seen
that the process time T1 of the present invention is significantly less than the
process time T2 of the exemplary prior art process.

10

Figure 8 shows the exemplary p:;rtial pressure profile of Figure 6 as

compared to a prior art process, illustrated by partial pressure profile 801. In
this embodiment, Nucleation begins at point x1 and ends at point x2. Bulk
deposition begins at point y1 and ends at point y2. This illustration only shows

15 reaction time. Hence, it does not take into account time between the end of the
nucleation step, represented by point x2 and the beginning of the bulk
deposition step, represented by point y1. Thus, it can be seen that the process
of the present invention is quicker than exemplary prior art process 801, even
when the time between nucleation and bulk deposition is not taken into

20 account.

The integrated deposition process of the present invention gives a
significant decrease in process time as compared to prior art processes. This
results in cost savings. In one embodiment, the method of the present invention

25 provides process time savings of over 25 percent as compared to prior art



pressurizing said reaction chanber; flowng a reactant gas into said
reacti on chanber, said reactant gas conprising tungsten hexafl oride;
flowing a reducing agent gas into said reaction chanber, said reducing 5
agent gas conprising hydrogen and cofgri sing silane; increasing flow of
said reactant gas as said integrated deposition process progresses;

decreasing fl sai d reduci t id iti s
e oo uBebh oL e, BB SeC R RA el 755 o
deposition oce oqgr.e : wh in fl _of ' t apt [
o emmPa HEeRT e RS FRie el uP U siloes duade e hcgBoa o T o 1 a
CVWD netal fi|lmover sajd structures. T .AsH.A .A3H..AH .An .A5

Y. A A 8. XPICAESMICRAAURION CRI A5 Asn . A, . AGURS. AH. Ay. Ay. A5

5 The method of the present invention provides an additional degree of
freedom that is not present in prior art processes which is the ability to trade off
flow of reacting agent (and reducing agent) with total pressure. Moreover, the
method of the present invention allows for reactant and reactant agent flows,
partial pressures and total pressure to be continuously and simuitaneously

10 modulated in-situ.

In the present invention, different growth mechanisms are combined,
allowing for superior device protection while keeping less conformal growth
mechanisms to a minimum thickness, thereby maximizing step coverage and

15 film conformity. This allows for optimization of fill characteristics relative to
protection requirements. Thereby, a CVD metal film can be obtained having

superior fill characteristics as compared to prior art processes.

Accordingly, the integrated deposition process of the present invention
20 gives good fill characteristics while providing sufficient protection to underlying
structures. In addition, the method of the present invention provides for reduced

process time as compared to prior art processes.

While the present invention has been described in particular

25 embodiments, it should be appreciated that the present invention should not be
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m 10§|rVr V& ()1. A nlxgtﬁaog‘ fSP fo%r?nznrﬁng @\;6 metaI]Til%océd-rf‘;‘prgs)ing thelgté%-géf() 10z 10z
performing an integrated deposition process, said integrated deposition
process including nucleation seed deposition and bulk deposition, said

nucleation seed deposition and said bulk deposition performed in an integrated

and contemporaneous manner.

10
2. The method of Claim 1 wheré::'in said integrated deposition process
includes the integrated and contemporaneous deposition of reducing agent gas
and reactant gas in a pressurized environment.
15 3. The method of Claim 2 wherein said reactant gas comprises a

Halogenated gas.

4. The method of Claim 3 wherein said Halogenated gas further
comprises tungsten hexafloride and wherein the flow of said tungsten

20 hexafloride is increased as said integrated deposition process progresses.

5. The method of Claim 3 wherein said reducing agent gas comprises
hydrogen and wherein flow of said hydrogen is decreased as said integrated

deposition process progresses.
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8. The method of Claim 7 wherein said pressure within said reaction
10 chamber is initially in the range of approximately 4.5 Torr and wherein said

pressure increases as said deposition process progresses to approximately 90

Torr.

9. The method of Claim 6 wherein said flow of said silane is initially
15 approximately 15 standard cubic centimeters per minute and wherein said flow
of said silane is decreased to zero as said integrated deposition process

progresses.

10. The method of Clairr'\,4 wherein said flow of said tungsten
20 hexafloride is initially abproximately 30 standard cubic centimeters per minute
and wherein said flow of said tungsten hexafloride is increased to
approximately 120 standard cubic centimeters per minute as said integrated

deposition process progresses.
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deposition process progresses.

13. The method of Claim 12 wherein said reducing agent gas comprises
15 silane and wherein flow of said silane is decreased as said integrated

deposition process progresses.

14. The method of Claim 13 wherein said reactant agent comprises
tungsten hexafloride and wherein flow of said tungsten hexafloride is increased

20 as said integrated deposition process progresses.

15. The method of Claim 14 wherein pressure within said reaction

chamber is increased as said integrated deposition process progresses.
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( Wﬁ%d"’&ﬁg%?n slaJi\cl:lVYi(gé of said tungsten hexafloride is increased to

approximately 120 standard cubic centimeters per minute as said integrated

20 deposition process progresses.

20. An integrated nucleation and bulk deposition process comprising the
steps of:
introducing a semiconductor substrate having structures formed thereon

25 into a reaction chamber;
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pressurizing said reaction chamber;

flowing a reactant gas into said reaction chamber, said reactant gas
comprising tungsten hexafloride;

flowing a reducing agent gas iﬁto said reaction chambe}, said reducing

5 agent gas comprising hydrogen and comprising silane;

increasing flow of said reactant gas as said integrated deposition
process progresses;

decreasing flow of said reducing agent gas as said deposition process
progresses;

10 increasing pressure within said reaction chamber as said deposition

process progresses; and R

wherein flow of said reactant gas is contemporaneous with the flow of

said reducing agent gas so as to form a CVD metal film over said structures.



