CHEM CAL VAPOR DEPOCSI AL Field of the invention This invention
rel ates generally to vapor deposition (CVD) of a netal filmon a
sem conductor substrate, &M&'fore specifically to a nethodd @fJUbl iee@ nati ng
an insufficiently thi osit of a material such as copper at an edge of a
substrate surface. 5 %Mﬁmﬂmumlm the Invention In the formation of

integrated circuits (I nms containing netal and netalloid

el enents are often deposi t@eoaipon the surface of a sem conductor substrate
or wafer. Thin filnms provide conductive_gnd ohmi c contacts in the circuits
and between the various devices of an IC. For 10 exanple, a thin filmof a

e L

i ncul pative | Ak he substrate to provi de plugs of conductive materi al
for the purpose of making interconnections across the insulating | ayers.

p 2 JUL 2002 g he8hle wn process for depositing thin nmetal filnms is
chemi cal vapoT_g%%r‘r‘l—O'nﬂ&%b%\/D), in which a thin filmis deposited using
chem cal reactions between.vari.ous gegositi on, or T act.an[t %asea at .t.he
surface of the substratd's PRVERIAN TelatEs FNeEAYe L0 ANEWFFLYMROT ABBCHFYY nity
to a 5 substrate inside a vacuumreaction chanber, and the gases

subsequent | y Q4ekofa mesal fimmen p femicenduster sehsiratengnd masaspsrifigalieto
products which forma filmon the exposed substrate surface. \Wen copper is
the netal filanndetpodidfedinaingting asubstif@ientlyyth@videpbsit aofi aimmatetiali sleeh(d3$ N) i s
t he conmmon surface underl ayer because of its 10 high diffusion barrier
strength. Wiegogdee at lahadtigeBfeOsmaAeAt sutfagé, is, the titaniumrich surface
layer of TiN, isinits native netal form a copper filmis rapidly
deposited on the substrate surface by CVD because the titani um netal

provi des br ee Backgroundofithedmventtion t hi s el ectron transfer reaction. Wen
t he

;e3eM [ L 6™ T! AKA 0 ﬁ‘w mmm THOD OF ELI M NATI NG EDGE EFFECT I N
1\ al

In the formation of integrated circuits (IC), thin films containing

metal and metalloid elements are often deposited upon the surface of a
semiconductor substrate or wafer. Thin films provide conductive and ohmic
contacts in the circuits and between the various devices of an IC. For

10  example, a thin film of a desired metal might be applied to the exposed surface
of a contact or via hole in a semiconductor substrate, with the film passing
through the inculpative layers of the substrate to provide plugs of conductive
material for the purpose of making interconnections across the insulating

layers.



titani um ¢onpohent of the TiNis oxidized, or when the substrate surface is
15 nitrogen rich, a copper filmdoes not deposit until a nucleation |ayer
of a copper netal precursor fornms on the substrate surfgczlejuﬂ'hﬁnzl ag tinme
whil e the nucleation |ayer fornms, also called the incubation time, is
unproducti ve because copper cannot deposi-t on the oxidi zed substrate
surface until the nucleation |ayer forns. 20 The probability of copper
precursor nol ecul es fPndi mellakpownl eredass for depostibgt thi emstal f filoes @ whi ch
to deposit is referred to as its "sticking coefficient."” The copper

sti cking coehémtdaniapos @epasitadroUCVD)Yimheliichhe thibsink at edepoiitag ausing Ti N,
while it increases to about 100% when the substrate surface is covered by a

fresh. coppeenimlom reacBindbdulbly P0Rs derdsRAMTNRUAR R GRBREHce

deposition on a substrate by CVD is the so-ca ect.

effect is deti cur_ri when the edge of the substrate. gets |ess
copper depogfttggds&%%ﬁ%%%o%&ggeﬂsgﬁagg LESHD A 8 PTPYRH N OB IYY ?%gﬁ ons of
the substrate. The edge effect is the 5 result of the difference of

mat er i aPs oAYRHERTE (RTEH B YACUWR) FBRGTIAN eRIMBepEEF the 8Rses wbseadenibp@aft i ons,
and the substrate itself, mainly an oxidized formof a netallic |layer. The
sti cki ng coef thhesebstrate suttacegasulting iprareuosowore pradi@ds evhitihéosuadépt or and
much | ess on the substrate. Therefore the susceptor will consune nore

react ant than thBexpubsd cabsrateldiffaeeati ng a reactant-depleted 10 zone in
the vicinity of the substrate edge. By | ack of precursor as well as |ow

sticking coefficient, wiie 0§60k {H%en%lﬂgsfilwto%ﬁé’%ig&%deéHH &' s b ARG Y,

i ncubation time. The |onger Tncubation tinme tra Into I'ess deposition
of a netal | e_vicinit. ~an _edge than in the innper rt of the wafer
or substrat Qwﬁf'?'my%@éﬁﬁf\ésﬁiﬁv'éﬁgrﬁﬁm?‘ﬁe er{ascF Lgl%glﬁyg'?}ée‘iﬂuéﬁé’gégd on a
new 15 oxi di zed susceptor does not exhibit an edge effect. This result has
| ed tohe R BHTYsIoN: PREiEr sitrangtRg Wheswihexiigniuen compransns: thasris.ctien
deposition of copper. This practice, however, is both inefficient and

costly for titanmwnoich swdadeclayduof diN,pisddutst mative faktatifoani agopper fdys ef f ect
woul d increase the rate at which a netal filmis deposited on a substrate

surface edgeapidihideRosifed bh fhe Subivdtd sUeRICEZFECYDDEcBGEHDBHd Piantunnetbl an
edge. The result would be increased efficiency of sem conductor substrate

production. hAg b6 lefddidor eﬁééé%ldeﬁog‘%ﬁﬁogeéﬁor?ltﬂ-a%f@trga&%n‘?dgﬂ\e%f{h%Ct in

sem conduct or substrate proguctl on

titanium component of the TiN is oxidized, or when the substrate surface is

15 nitrogen rich, a copper film does not deposit until a nucleation layer of a
copper metal precursor forms on the substrate surface. The lag time while the
nucleation Iaye; forms, also called the incubation time, is unproductive because
copper cannot deposit on the oxidized substrate surface until the nucleation
layer forms.

20 The probability of copper precursor molecules finding a stable site
on the substrate surface on which to deposit is referred to as its "sticking
coefficient.” The copper sticking coefficient is only about 1% when the
substrate surface is TiN, while it increases to about 100% when the substrate

surface is covered by a fresh copper film.



t heref or e 'heedéd. 0 2J UL 2002 Sumary of the Invention To this end,
and in accordance with the principles of the present invention, it is one
obj ect of the present invention to provide a nethod of elim gatjulg 2802 edge
effect in netal CVD on a sem conductor substrate. It is a further object of
the present invention to elimnate an edge effect in netal CVD on a

sem conductor substrate wi thout utilizi-8g a new susceptor for each
deposition. It is a still further object of the present invention to

provi de a sen conductdrcosmst pedtdernliatcobpsr depetiddn bhlaswsatatagy @vD
substantially uniformthickness on all substrate surface areas. It is a

still furthgrthekioesdileal"ddge dIfeRsentrhe &M8ctliQ datikl 48 G cURiRPedheh
elimnating an edge effect in copper CVD without utilizing a néew susceptor

for each d Siid.0 d i di ] r t hat a
copper fil ren@]%oéé{ en(gf of U sg%/alég :agﬁ Feﬁﬁﬁp%%?%‘é?%ﬁgﬁ(cﬁgg@ gﬁbgﬁd u g?&ate
surface areas. SPecifi cal |r¥’ this invention is directed to a nethod of

el i mi nat i ngCURPERGt%FERPNEA9S rediRne SHdner THOSE@ERt r'ieeedafr ¢iiext ishf e
specifically, the invention is directed to a nethod of elimnating the
deposi t Sof rmesult9fiing diéfesendeyoftraterials en the suseeptdr, owinkefrebh opppasifment in
the vicinity of the edge of a sem conductor substrate during chem cal vapor
deposi ti on. prEidusr ¢geysitionsy @ndi the gubstrade dtsalfietdioly @f oridizedn@inngs &n edge
effect in chem cal vapor deposition of a netal on a sem conductor substrate

surface suppEidIRdiagBr, 2 TRES%RRING codt ARt DF Re PadReShtSteBudBP RS BORJosUr f ace
on the susceptor supporting a 0 2 JUL 2002 5 substrate to a plasm

! cal L _
char act or | S5 TorcBREd THERug 3BT o7 RO Subh 8 TReleFre B Wl 111 m
on the depositing surface and is for LecondiFionin sai d deposjtijng

surface. ThEPSYTIRPOH eageTHdhar sBe syLeHate. fhus FEERINSH reastanideslriedssi ve

placenment and filmcoating of a plurality of substrates. After treatnment of
t he pl &Pal i zgnedn thelyinimite ek the substrate edge. By lack of precursor as well as low

sticking coefficient, the edge of the substrate will suffer a longer incubation
time. The longer incubation time translates into less deposition of a metal in

the vicinity of an edge than in the inner part of the wafer or substrate.
It has been observed that the first substrate processed on a new
15 oxidized susceptor does not exhibit an edge effect. This result has led to the
common practice of using a new oxidized susceptor for each deposition of
copper. This practice, however, is both inefficient and costly for commercial
semiconductor production. Eliminating the edge effect would increase the rate
at which a metal film is deposited on a substrate surface edge, which in turn
20  would decrease the incubation time at an edge. The result would be increased
efficiency of semiconductor substrate production. A commercially feasible
method to eliminate an edge effect in semiconductor substrate production is

therefore needed.



the susceptor {s preferably again exposed to the plasma and anot her
plurality of substrates is then successively placed on the susceptor and
coated. The ratio of successive substrate treatnents to sus8eptok 2002eat nent
is preferably 3 or nore substrates treated to 1 susceptor treated. The
susceptor may be exposed to a hydrogen/argon plasma in a vacuumreaction
chanber under a pressure of about 0.1 tp 25 torr ( 13.33 to 3333.05 N nR),
a power of about 50 to 1500 W a frequehcy of about 250 to 500 KHz, a

hydr ogen fggwnr@rte EII ago% .10 to 5000 sccm and an argon flow rate of about
10 to 1500 980 240 seconds at a tenperature of about |20
to 700C, with the hydrogen/argon plasma being initiated by a radio
frequency generat or 5Pttgt§m§t§5:taodan§H©Q@8ﬁéawitmtftehlerimoifalesioé)mhe:beasbet. 0
2 JUL 2002 -6 By virtue of the foregoing, there is thus provided a nethod
of el i nainvegtian, ddgeoat fadfécti ¢ the phalehalid/ SHBhew pidvidBkamF¥a By

exposi ng a susceptor or a susceptor supporting a substrate to a pl asna.
Pref erabl yg: a; 0 el kni.nat | dge_effect in. a substrate subject
to copper %\'/@@Eg %‘xgégr ﬁgf@éﬁﬁﬁuesn%g%'ta%\r/,g%}agehﬁéoc%ap‘fcé?r §%bi|c55'bar‘f'i ng a
substrate, to a hydrogen/argon plasnma is provided. These and other objects
and advant ages of thg ‘*'p?é%‘é’%?r Phigehel 6y RBEEN! inEntiadogiirinatet arfedgn t he
acconpanyi ng drawi ngs and description thereof. Brief Description of the
Drawi ngs 1&ffEEGn Méts! &AL benatsemiofnduicsus selpiterte anithaus ubistingtene® G 2 i's
a schematic cross-sectional view of a reaction chanber for copper CVD. FIG

3is a schﬁmﬁebcorofo@a@ﬁs&?grsmonsupporti ng a substrate after copper
deposition by the nmethod of the invention. 15 Detail ed Description of the

sent conduct or subet rats 29 Kner et PETES Shehe B UHBER BlFHE 2ng

copper CVD is, shown. A typical susceptor 20 has a native oxide |ayer 24 on
its top 26%¥MRKANQYERE" sEBStEIprthethas amgigktimceatng ahsubaantiadyiusifotor f ace 28
a native 20 oxide layer 30 that is about 10 A to about 20 A thick. This top
| ayer 30 ithjckmess wmz!l subdtopreafurfaciadhedsayer 32 that is about 500 h, thick
which, in turn, is on top of a silicon base 34.
It is a still further object of the present invention to provide a
method of eliminating an edge effect in copper CVD without utilizing 2 new
susceptor for each deposition and providing a semiconductor substrate that
has a copper film coating of substantially uniform thickness on &ll substrate
surface areas.
Specifically, this invention is directed to a method of eliminating
an edge effect on a semiconductor substrate surface, More specifically, the
invention is directed to a mathod of eliminating the deposit of an insufficiently

thin fim of 2 metal or metalioid element in the vicinity of the edge of a

semiconductor substrate during chemical vapor deposition,

The present invention provides a method of eliminating an edge effect in
chemical vapor deposition of a metal on a semiconductor substrate surface supported on

a susceptor, comprising exposing a depositing surface on the susceptor supporting a



The -substrate 22 has edge regions 44, defined as zones of the substrate 22
inthe vicinity of the edge that become reactant depleted dygning sg_7_ 0 2
JUL 2002 subsequent CVD of copper or another netal. The remai ning region of
the substrate 22) defined as the region of the substrate 22 not including

t he edge regions 44, does not becone reactant depleted during subsequent
CVD of copper or another netal. 5 Wth reference to FIG 2, a reactor 45
used for copper deposition on the surface 28 of a sem conductor substrate
22 by CVD isibstrdte st 2 plheda trédteneneprisrdo céémicalcVapdedepmsitionontocthe shimtroer 46

whi ch encl oses a processing space 48. 1n the reaction chanber 46, which is
shown as ceniatwlisd ia tisdilisd dxpbsuré ® Hplagms usedRhols ofQ mdtfldilinedt thgases for
CVD are delivered to a processing space 10 48. A gas delivery system such

as the systemascsihedaldis bSecditb&linNeid B R2MnBR8AETHOD AND APPARATUS
FOR LOW TEMPERAT DEPGSI TI ON OF CvD AND PECVD CTIONS, which is
assigned to the Assignee of the present invention and is hereby
specifically incorporated in its entirety by reference, provides the proper
flow and distribuytion of the gases éS fokﬁthe_CVD grocess. GQnerall%“kgas
del i very syst ens "ESHICSPIRr Jiy bEicxpesed i PRSBARHOS 0 tBE S¥resssivy Rlfcemeahditer head
50, in the reaction chanber 46. The shower head 50 spreads the entering
react ant gddwsoatingipih plheality ocwibstraies. shierdreagnatt of the pleralityi fisulesicatdser 46 to
ensure a uniformdistribution and fl ow of the gases proxi mate the susceptor
20 and subslig aseep2dt.is prefdralslnagaia exposdd 34 thelpldshmarandrdothbopluratityleSi r abl e f or
a uniformand efficient deposition process, a dense plasma, and a uniformy

deposited fijhsiarclGs et st edsPvPNFlaShEBidceptor AltPcdatRS aie rhtiynt i on) the
reactor 45 is equi pped with a plasma produci ng apparatus 51 for exposing

th | J _ I ng
o na P Bes St g AR, S0P RERRLE OplerBb e EmBUBRERMER. 5,
apparatus g1 (g, eypoec, (D gupoeptor 20 Lo the’hydrogen/argon pl asm my be

The susceptor may be exposed to a hydrogen/argon plasma in a vacuum reaction
chamber under a pressure of about 0.1 to 25 torr (13.33 to 3333.05 N/m?), a power of
about 50 to 1500 W, a frequency of about 250 to 500 KHz, a hydrogen flow rate of
about 10 to 5000 sccm and an argon flow rate of about 10 to 1500 sccm, for about 2 to
240 seconds at a temperature of about 120 to 700°C, with the hydrogen/argon plasma
being initiated by a radio frequency generator attached to a showerhead in the reaction

chamber.



pendi ng U"S. Patent Application Serial No. 08/ 797,397 filed February 10,
1997 and entitled PROCESS FOR CHEM CAL VAPOR DEPCSI TI ON FOR 5 TUNGSTEN ONTO
A TI TANI UM NIl TRI DE SUBSTRATE SURFACE, which is assigned to t@ez At? nee of
the present invention and is expressly incorporated herein b ‘éler ce.

The apparatus 51 preferably includes a -6-adi of requency (RF) generator 52,
capabl e of generating 450 KHz, which is attached to the showerhead 50. 10
FIG 3 shows a suscegt‘/o\"ftﬂe %fnﬂ‘estﬂig@?‘aﬂetbgea*ﬁtfé’ﬁsepfééﬁéglét msthad @dpper
filmby CVD using the nethod of the invention. For copper filmdeposition a
copper precimimatingcappdge effegtin asubatetey$ahjetoitatretalrCbthyexpasjigshal ane
(Cu' (hfac) (tnvs)), is used. The tnvs ligand stabilizes the precursor
during its suspeptozairiDBusdedger sappbrting kabstrawatadagtidat e5etdisbldda
precursor toward a higher netallization rate at the substrate surtface. Two
nol ecul es r and by
products |$‘?ﬁgd dfqu“m%tg& d.'ﬁ%‘r’%pg%ﬁ)ﬁ‘ ??gﬁgﬁée%cﬁ%g&% tg%ﬁ Efgabc? (tnvs)
~Cu + hfac)Z + nvs) lepl cal conditions j.n a vacgum reactl on
chamber® 46 $HPSEGpFers “@%BO ODP sTYRGEPLPe SHPROLTIRRr 8t GHBSGPIeabIt 2120C to
280C) reaction pressure of about 0.5 torn to about 2.0 torn (66.66 to

266. 64 N nH)Ydregeséarganplgsnanis RIo¥Ides. abwmse andother pbiectd aath@dvantagesd / ni n
of liquid (equivalent to about 16-80 sccm of vapor), and diluent flow of
about 100 safcthe préksedt JokerRRO2shgll baf texdeanpparenbdtorantie aegordpanyigg whi ch a
continuous nucl eation |layer fornms on each of the oxide nmetal surfaces 26a,
26b of the ErHAMRYt &Hd d8scriptiBRahefRFOSI ts on the susceptor 20 at a constant
rate. The result is a fresh copper netal surface 42 on the native oxide
surface 24 of a suscept or 20. In 5 copper depositions onto substrates 22
subsequent |Brief | Bgsoriptian of thé Orawswgspt or 20, deposition begi ns i medi atel y
on the fresh copper surface 42 of the susceptor 20. Copper deposition

cannot1pegi n on the sipst 19 §cRemalioWwTeLsusdapldd ard Bucibeahieon | ayer has
formed. The sticking coefficient for the copper 10 precursor on the native

oxi de | ayer 30 of th r S t he
order of 1 % while '? ep%)'fsl %E?Iﬁ%ﬁ%%??&gl eC?BPLIRﬁe\&UA}gFe%tggoﬁ)r%g%ﬁ‘rbggr
the fresh o er f'%ﬂbd'z on the susceptor 20 is nearly 100% Copper
precur sor a8 ?%%ed the substrate 22 in the vicinity of its

FIG. 3 is a schematic of a susceptor supporting a substrate after

copper deposition by the method of the invention.

15 Detailed Description of the Drawings

With reference to FIG. 1, a susceptor 20 for supporting a
semiconductor substrate 22, and a substrate 22 to be supported during copper
CVD is shown. A typical susceptor 20 has a native oxide layer 24 on its top
26a and side 26b surfaces. A substrate 22 has as its top surface 28 a native
20  oxide layer 30 that is about 10 A to about 20 A thick. This top layer 30 is, in
turn, on top of a TiN layer 32 that is about 500 A thick which, in turn, is on
top of a silicon base 34.
The substrate 22 has edge regions 44, defined as zones of the

substrate 22 in the vicinity of the edge that become reactant depleted during



edge regi'ons 44 has only a 1 % chance of sticking, while copper precursor
15 adsorbed on the susceptor 20 in the regions defined asg43jyhaga 100%
chance of sticking and are regi ons of heavy consunption of the reactant.
The difference in sticking coefficients is conmonly accepted as the cause
for the edge effect, which | eads to depletion of copper precursor near the
substrate edge regions 44. Since there is | ess copper precursor near the

substrate edgds@fudredlPDSof4dopperi e ahdther metheatrhenrehmifing eBpn scuhati on
time near the edge regions 44 is extended. In the nethod of the present

i nventi on, i Wa]l i .4
ol ur al 1 Ty of Brry S GReaHhed0aBANIANe OfsRaklppres Mo ilede o,
insufficiently thin c er filmfrom .~ J 2, JUL 2002 -10 formng, at the
edge regi ond*HPha GiliRbe hatoma *Ereiant “EelY BPRERERarRTIEND B or m
on the substrate 22. Additionally, in the nmethod of the present invention,
a single ex[S88B#OANQAREr B\gddlept or 20 containing a copper film42 on a
plurality of surfaces 26a, 26b to a hydrogen/argon plasnma elimnates an 5
insuffiddently thin cWfigerefénehoe to 6I6.f Hraneaagtatdd heekthyaecopegi desosfbrof a
plurality of subsequently processed substrates 22 and allows a uniform

copper fil Mehdht@utfaEa2@ ot 18emlcenalitloy sQbstPatt7 8 &vB4s ilEXRIEUNITHNE
susceptor 20 containing a copper film42 to the plasma reconditions, but

does not renpyGe, &g?néluie@ ?A'ﬁegcgipﬁ I ggn%%%%.rwﬁu%hi é}cﬁ]& L&f ?@gggﬁﬁ? g%?@e”ed by

pl asma exposure, st nce remal ns on e sur I'n the

R X

insufficiently thin copper or other netal filmfromformng at the edge
regi ons of #nNsup4cenatas 28 reaqtantsgasesifer 6y D argtdelixpieditag p19cessing skddeace of
15 the substrate 22 to the hydrogen/argon plasma nodifies the surface of

t he subtl r atds. 28, gasadelieenyrngysitémTsuch ab thashstent Hascritved ioH).SA Patedtade. ri ch
in the nmetal Ti conponent, versus a surface rich in the non-netal N

conponent, 5628 BPIOMETHED aARB! | APPRRATUS UFOFEE LOW PreMpPERATEMES | Ci ent
free electrons needed for the electron transfer copper or other netal CVD

reacti on. - 2Qdondisfon{de AIRGRBERYD REREARSAY, \ihiEnI¥ Us00RRIAG0AN Pl asma

under the folTowng preferred reactron chanber ion a pressure of

? ngh egéyLO]EA?ssizg%ete%rf r'ché %?’és?égt }nc\)/egt?fgr? all‘\llé qg%ére%y%%\é\g#icgﬁy %‘%8%03%81..? Qt% W a

entirety by reference, provides the proper flow and distribution of the gases

16  for the CVD process. Generally, gas delivery systems contain gas-dispersing

elements, such as a flat showerhead 50, in the reaction chamber 46. The

showerhead 50 spreads the entering reactant gases around the processing

space 48 of the reaction chamber 46 to ensure a uniform distribution and flow

of the gases proximate the susceptor 20 and substrate 22. Uniform gas

20  distribution and flow is desirable for a uniform and efficient deposition process,
a dense plasma, and a uniformly deposited film.

According to one embodiment of the present invention, the

reactor 45 is equipped with a plasma producing apparatus 51 for exposing the

susceptor 20 to a hydrogen/argon plasma either prior or subsequent to placing



about 250-500 °*KHz, a hydrogen flow of about 10-5000 sccm an argon flow of
about 0 2 JUL 2002 -11 10-1500 sccm a susceptor tenperature of about
120-700C, and a tine of approximately 2-240 seconds. Wen ﬂLmSU[aju@zs 22 are
treated by a hydrogen/argon plasma, the first few substrates 22 have copper
deposited thereon do not exhibit the edge 5 effect. These first few
substrates 22 develop uniformy thick cepper coatings extending to the
substrate edge regions 44. Two possi bl e mechani sns may expl ain these

obser vat i orfyf . theisugstraten @ 21tjgrasgelior Hrerassiidas e sPgaetev hdHoexpese sher i ng
the sticking coefficient for the copper precursor nolecule on the copper
surface 42 sofscepror 0seyitedty26genthigonvmasdda caas betthe tysd tescribetdde cd0 | ayer
30 on the top substrate surface 28, and the hydrogen/argon-treated copper

surface 42 mdndidg LgssmpémrAaﬁhcétfbmswalt Re. DBTPONBBZ Gl FéruBat hon time.
Second, it is possible that the edge effect m ght be caused by sone

react i on byrggPEd chfifibaShhekesO FORe Aétvdgﬁéﬁ BEpBR HiAf Fepeert of

20, and then poi sons the deposition aroun e regions 4

ol aera. 1 NG SAR PR 2 bl MTBE SORSrar IR RURE TR | n t ne

poi soni ng. For exanple, Cu" (hfac) is very likely to be an internedi ate
reaction byas|§rg@adc§9 therissignee af Ve preaenti ineentisineand is exptesalyuneprperated v
adhere to a surface, blocking potential nucleation sites. The

hydr ogen/ arrgoainpthyaseferampiel dThedppsaratis S 128refarbigliheluldys bhadibélelovhdg
mechanism H + Cu" (hfacl --Cu + H (hfaci Al though these are exanpl es of

two possi bl(@Fgehanitsns 2f esp@&ér&f@%hbm.r@nwdgmzefvt%ﬁ,.s aitagRed RS aNi sMs or
even a conbi nati on of mechani sms nay al so 2002 -i2 de possible.

Thi s i nvent oSO limted to the two p055| bI e mechani sns descri bed
her ei n. %h%q‘féﬁge%&r)ésent i nvention has been illustrated by descriptionof

enbodi nt ,and while % Eoustratl ve e cS)d nt have é)een described in o P
of ¢ tot f AF ¥ puscepiyf A Siibetrals) 22 aeta AePast &1 not t he

intention of the inventors to restrict or in any
a copper film by CVD using the method of the invention. For copper film

deposition a copper precursor, copper hexafluoroacetylacetonate

trimethylvinylsilane (Cu'(hfac) {tmvs)), is used. The tmvs ligand stabilizes the

precursor during its vaporization stage, and the hfac ligand activates the
15  precursor toward a higher metallization rate at the substrate surface, Two

molecules of Cu' {(hfac) (tmvs) react to generate copper metal (Cu®) and by-

products in the following disproportionation reaction:

2 Cu' (hfac) (tmvs) =Cu® + Cu" (hfac), + 2 (tmvs)

Typical conditions in a vacuum reaction chamber 46 for copper CVD are:
20  substrate 22 temperature of about 120°C to 280°C, reaction pressure of

about 0.5 torr to about 2.0 torr (66.66 to 266.64 N/m?), precursor flow rate of about 0.2

ml/min to about 1.0 mV/min of liquid (equivalent to about 16-80 sccm of vapor), and

diluent flow of about 100 sccm.



way limt the 'scope of the appended clains to such detail Additiona

advant ages and nodifications will readily appear to those @(lél | ed | n t he
art For exanple,the specific conditions under which the su

exposed to the plasma nmay be varied dependi ng upon the netal f| I m deposi ted
As anot her exanmple,nultiple |ayers of .a netal filmmay be deposited to
achieve a uniformy thick filmwth z? snooth surface and | ow resistivity

As still another I Imother t ha and u a plasna
ot her than hydr ogen%ggéggﬂq%y % nd{é'ﬂ‘gsl é'&gb‘vnicﬁea 85@%” %”éd“‘#‘@?ﬂg’

JUL 7002 13 AIMS 1. A rrethod for elimpating an edge effect in chemcal
vapor depl¥ef fEMoe gachehineryide metal SHHRTEE #0as 46814 dhe sysFeriee2Quppor t ed
on a susceptor (20), s conprising exposing a deposition surface (26a, 26b,
28) on a sgsmme@uoscitop tbeppecantay2Q asubsonstast (#2) The wespltds adresheat nent
prior to chem cal vapor deposition onto the substrate (22), characterised

i n that tbepsstpastal eutface4plorstine natre@t ot sufacd 28 dfef elsckptdan20i2ih on t he
depositing surface (26a, 26b, 28) and is for reconditioning said depositing

surfage (gg?perzﬁllépogl%bnsten - sﬁbgﬁ%{b‘gd@ %Lem Céht' ggb yhefgi n the

metal film conprises the netal to be ep05|ted on the
substrate_surf exposi n rising
The st ap. SPSEePo2RoAPRarTIATS PESDE drar TR RY PRATST SHARSFUTBrRad on a
native oxide |ayer (24) on at |east one surface (26a, 26b) to the plasna.
4. The nePhée 6?5%9 Pm?8, the exposing step conprising the step of exposing
the susceptor having the film (42) forned on a native oxide layer (24) o a
20 in the range of GeppwetepbBitiant tarviottlegd® oA thiei slbstrate B2, plossaver, 5. The
met hod of any one of Clains 1 to 4, the exposing step conprising exposing

t he suscephdl a(RR)edtidnalahyrdreotstnestt] TheodtidKimp BBeficiant fbP tite COPPAT
chenm cal vapor deposition onto the substrate (22). 12 JIfL 2002 14 6. The

o0 o RS rn 1 ORS00, B0 RPN, bgad gl g oherter

(46) under a pressure in t e ran and

pref erabl gu%sttrgtrer2£ l|§30n3%1e opge?r of 1%, while the sticking coefficient for the

copper precursor on the fresh copper film 42 on the susceptor 20 is nearly

100%. Copper precursor adsorbed on the substrate 22 in the vicinity of its

edge regions 44 has only a 1% chance of sticking, while copper precursor

16  adsorbed on the susceptor 20 in the regions defined as 43, has a 100%

chance of sticking and are regions of heavy consumption of the reactant. The

difference in sticking coefficients is commonly accepted as the cause for the

edge effect, which leads to depletion of copper precursor near the substrate

edge regions 44. Since there is less copper precursor near the substrate edge

20 regions 44 to form the nucleation layer, the incubation time near the edge
regions 44 is extended.

In the method of the present invention, exposing a susceptor 20

containing a copper film 42 on a plurality of surfaces 26a, 26b to a

hydrogen/argon plasma eliminates an insufficiently thin copper film from



5 7. The nethod of either daimb5 or Caimé6, the exposing step being
performed in a reaction chanber (46) at a power in the rgapgq)0hp0-1500 W
and preferably 750 W 10 8. The nethod of any one of Clainms 5 to 7, the
exposing step being perfornmed in a reaction chanber (46) at a frequency in
the range of 250-500 KHz, and preferably 450 KHz. 9. The nethod of any one
of Clainms 5 to 8, the exposing step beidig is perfornmed in a reaction
chanber (46) under a hydrogen flow in the range of 505000 sccm and

pr ef er abl yfa2@lingacthe ddye rebenswif kaxibefratny4 and atld wel aaiifittorn ¢apper filde
exposing step being perfornmed in a reaction chanber (46) under an argon

flow in thge2rangemodn 1Re 30pdPHR 32CAdBNENARLTERROYtROd $$GAE ptdsenthe
nmet hod of any one of Claims 5 to 10, the exposing step being perfornmed in a

reaction cj (46 re | e 0C- 700C,
and pref er@g%ﬁé%o?:@nﬁ%e%)%?g%%% Sb-g%&a‘?‘ﬁe&r?g]ﬂ%g %F % @h’eagf Cl ai s
Cime in (8 ARIGETH ShSuHF LD ha THPEEr Ly APSEE SHASIS(ES B, The
met hod of any one of Clains 1 to 4, the exposing step including the step of
exposi Ag ainsuliisigntlyrthirmegpreafimdram senming at ¢hq odye regiopsraear 2 plaralisy, t he

substrate having a silicon base |layer (34), a TiNmddle layer (32), and a

native oxi¢esdtequayty ptci@psed subidiatgd a2rand dllowkda udifernirebpest fiin £ai m 13,
wherein the TiN mddle layer (32) has a 0 thickness of 500 A 15. The

method of & ¥Bgh &h e %ﬁ"ghﬁc,‘i\ﬁitsg@b%afa\é@h%@?i NEXJOSiNR khe & QKb 98 ]9 0

| ayer (30) has a thickness 1 6. The net’hod of any one o

Clainms 12 to . 15. wherein the,pl.a LS. Lnjiti by radi o frequency
gener at or %?qta%'}ﬂjat°8pgersﬁg'v\é?ﬁ8ztgg tpLars uagLeC\Rﬁlagﬁn l 21% R %96% 'Sed t owar d
the substrate, 20 _17., A nethod of .manufacturing a sem conductor, conprising
as step (aNeebipyéiZngihe §H§?Fé’6?b§o('gg'7erﬁ g r}ﬂtéger?@egrbé’a@'ﬁ%rﬁ? EXPOEYES ned i n
any one of Claims 1 to 4, the nethod further conprising: (b) loading a
subst A8t e gineg thafitmt4 rerosioe pnothe(R0face( c) depositing a metal filmon the
substrate (20) by chem cal 0 2 J~ 2Q02 1G vapor deposition, (d) repeating
steps (b) through (cAlsaipthembifod offthé ipr@enbeiventior, expspiagiangustbptosuscept or
(20) to the plasnma, (e) repeating steps (a) through (d) until a desired

nunber of SyRSdViRY &5 s(B<tatRr 82 N RHRPR8thereon to a hydrogen/argon plasma

eliminates an insufficiently thin copper or other metal film from forming at the
edge regions of a substrate 22. It is believed that exposing the TiN surface of

15  the substrate 22 to the hydrogen/argon plasma modifies the surface of the
substrate 22, rendering it Ti rich rather than N rich. A surface rich in the metal
Ti component, versus a surface rich in the non-metal N component, behaves
more like a native metal surface and provides sufficient free electrons needed
for the electron transfer copper or other metal CVD reaction.

20 In use, the susceptor 20 is exposed to a hydrogen/argon plasma
under the following preferred reaction chamber 46 conditions: a pressure of
about 0.1 to 25 torr (13.33 to 3333 N/m?), a power of about 50-1500 W, a frequency of

about 250-500 KHz, a hydrogen flow of about 10-5000 sccm, an argon flow of about



a 18. The'nethod of Caim 17, wherein steps (b) and (c) are repeated nore
than once and preferably nore than twi ce before re-exposure of the
susceptor (20) to the plasma. 19. A nmethod of manufacturing ajuL 2002

sem conductor, conprising exposing a to susceptor (20) to a plasm
treatnment as clained in any one of Clairqls| 1 to 4 and coating a plurality of
substrates (22) with a substantially uniformnetal film by chem cal vapor

deposi tion, l\urality of the substrates 2 ' ted, before,again
por for i ng' + 18 1885y {etipdsi® AR Rif s rBPbu 2010555 Sk Rdrbar of
manuf acturing a sem conductor, conprising the steps of: (a) depositing a
netal fil m (3PPFOWMatelyuf24esqempds- 26b) of a susceptor (20); (b) exposing
the susceptor (20) to a plasna treatnment as clained in any one of Clains 1
to 4; (c) loading a sUNbenaubest@22 2@rare heeasesbe pthydrdg2d)grgamglasd)a, the
depositing a netal filmon the substrate (22) by chem cal vapor deposition;

the 20 substfirgt fevi 3edbstrats IR Ra\idIBSd o idepbbived ihef UnndidTRbakxHibit ihékdge edge
and a non edge surface. 21. A nethod of elimnating an edge effect In a

serm condyot i Dol §r8tel e i ORRLa BT AR KAACK 05RAT ok Bk,

conpri sing exposing a susceptor aving a copper film

42 d It f 6 26b) th , t] hanb 46
Lo A pressurdiBroidnine CerrofatesFaytft o koRBr ook ReeAT B0 N a

frequency of about 450 KHz, a hydrogen flow of about 200 sccm an argon

f1 ow of abolRXPHIN $hese obsesyaivapt dirst.dhgdvdrages/assgomplasmarmiht samehav i me of
approxi mately 20 seconds, to recondition the copper film (42) prior to

| oadi ng a subrslomaring( @i2) starking tdeffisient épt thre ¢dHper beecuesgrpavlechiznarc ghe vapor
deposition. .A{.Af(s.AS A Afe. A@. A

| A 3% Al . ANboidlek siiffabl 4 Pofithe Sli¥cefitol ROt VOSTW¥@BI chuéblihalnatl e abad cal cal
ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] ca] ca] ca] ca] c™a]c”a] calcalc
a] cRa] chigl cahge/ B0 FV&MHeltop substrate surface 28, and the hydrogen/argon-treated
copper surface 42 of the susceptor 20, to have the same non-zero incubation
time. Second, it is possible that the edge effect might be caused by some
reaction by-product that sticks to the copper surface 42 on the susceptor 20,
and then poisons the deposition around the edge regions 44 of a subsequent
15  substrate 22. If this is the case, then the hydrogen/argon plasma might be
chemically reducing the by-product, thereby eliminating the poisoning. For
example, Cu" (hfac) is very likely to be an intermediate reaction by-product.
This is a very active molecule and would readily adhere to a surface, blocking
potential nucleation sites. The hydrogen/argon plasma would reduce this
20  molecule by the following mechanism:
H + Cu" (hfac) ~Cu® + H (hfac)

Although these are examples of two possible mechanisms for eliminating an

edge effect, other mechanisms or even a combination of mechanisms may also



. (t~C5{vql'gb] X]'c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 5[ E+@\CPQ > E}C b] X] c] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cab!] %% cal calca]ca]c
ajca]ca]ca]calcalca! D, =HI94LI B z

{vql gb] X] c] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]ca]ca]calU] calcal]cal]ca]ca]ca!z

FLINPLET L Ot " " GH##6PPSS PSS $8000-&2&& N zupkf al\ W] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]c”a]ca]
calcal M ' ' hppbeible) )RS fiVrmEdrHstady so iilkited-13. fhe. two possible mechanisms

[ XI'| wmhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]
cal ca] ca] cg] 1c ]rﬁa%ira] cal ca]ca]ca] ca! X///+070001111111127~222?3333) 4v44
5X5558666! o%ﬁ? |1 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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ca] ca] ca] cahbaficedroa)] e edjle ahedlusapout ca) alT Apeapealn cas 2?40 00N AAA=
BBB CnCCDVDDDDOE~EEEEEE2FzFFF?GE wr ngb] X] ] ] ca] cal] callc

a] ca] ca] cateadicabor\d£a] aaload:qat ¢akeab e af entealwabeaicalealca] gad.aa] cal cal
ca] ca] ca] ca] ca! GGSHkHHI ;

IHKIRITI17]1JK 4 cl calca ca caJcalc
a] ca] ca] caf‘%] gls] t§']l\(cas]lnlog]ca ca] ca cg?ca] c%gcga]qga LcYC]a] K %L] c%? c% ca} ca} C
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] ca] ca] ca] ca! WBXXXX( YWYYZ[ ZZZD[ [ [ I\ AN\ 7] ] 1At~ wr [ wr i gb] X] ] ] ca] ca] ca] ¢
al] ca] ca] cajzapeafvafoaicafoadvaty cajzajoehcagcalscapra]is apoasajcajcal cal ca
]caljcaljcaljcalca[riJ+L10%& ()-y 10%& ()-Y"'10%& ()-L10%& ()- 10%& ()-

Y10% & () - FLQ¥S{a)- 5 Jé%*bé&%d’éé&%ﬂ& M= 0B deho dRE & 1(d) adOKR& () - &10
% & ()-yyz10%& () gNIE+L10% & ) 10%& () - & 10%2& () oo 100z & () f#lO%z& () -

9l 10%7,& () 10% %z (A ) ) 10z_1
1078&Y. 'fow&’“?r)m’% 7 ?(L)JTg_ngE%Tcé (° '83/%‘8 s % |5°16W%1~()
109%& () - @10%& (t]j @10%& ()-d Q dEbCLlOsz&I 109%& () - 0%&§
109%& () - y " YOURI Y- tNICKFogR V)0 E3M00RN(SHT 2SO RPGEB LIPS R Y 1 oS () 8notevk () - )
109 ()-' 109Kk ()-yl % 109%&' ()- @ 109%& ()-2y ] dYNCL10% & 10 10
10&9z10%&' €)abpld)Y& fkzat fﬂﬁp/&‘t'rﬁf)r-ﬂ*.abo%ﬁbzﬁs)r-éhﬁ)"dﬂ%’e()}tasma dtheEYNCL10%2 &
109%& ()-3

nydrogen/argon may be deposiied by the disclosed methocd.



109 ()-1 "10%&' ()- 109%&' ()-#109%&' ()- Ys10%&' ()- M ~"CAEYNCL10% &
10%&' () - S109%& () - &L0%&' ()-10%& ()- "109%& ()- 10%& ()- C5dEYNCL10%z&
fy&m 109%& ()-VY ~$z10%& () - 02
"f10%& ()-10%& ()-10%&' ()-S"10%& ()-[ EdEYNCL10% & UL 2002
310%&' ()-SY1m' 10%&' ()- @ 10%&' ()--109%& ()-*109%& ()- (10%& ()-+=>?@\PQCL10% &
S310%<&' ()-#10%& ()- 10%& ()-° 10 10 1®8F10%&' ()-510%& ()- Q >dEbCL10% & @
10%<& ()- 10%& ()- |L10%& ()-1z 10%& () - 10%<& () -
| TL0%<& () CLRAME®CL10% &F9! 10%<& ()-10%<& ()- FL0%& ()-Y- 10%& ()-
L10%& ()- Y10%<& ()-5! ndEbCL10%& . 10%& ()- v,
10%<& ()-9*y10%<& ()-3' 10%<& ()-3% 10%& ()-3y#- 10%& ()- DB89:; dYNCL10%z&
10< 10< 10< :10%& ()- S8L!10%<& ()- 6 10%& ()- 9310%& ()- 0 10%& ()-;
HI9dEYNCL1Q%Z & , 10%Z&, () - L.nmlo%x&' () - . . .
Q1002 () - Tovw e TIHG I £ Raeyal edes effegEimgherpisalyapor deposition of a
L109Z& ()-s10%& ()- F! 109Z& ()- 10%Z& ()-10%Z& ()- 10%&& ()-LIdE./ 10Z
10Z, s109z&mgtat en gosgraicondygton sakirate sgrfapemEPPortey e0wzasceptar (20),
109%Z& ()-3QxY:/ 10Z- 10%&' ()-- 109k ()-F 10%&' ()-f
109&' () 5#s-coouglsing egiesiEy a)daposing surface, (R6i 026, 28) DniDs@sgepton@Lg () -
109%&' ()- 109%& ()-3"10%&' ()-F - 109%& ()-N!!!"L"t"dE: /

supporting a substrate (22) to a plasma treatment prior to chemical vapor

deposition onto the substrate (22), characterised in that the exposure to a
plasma treatment is of a metal film (42) on the depositing surface (26a, 26b, 28)
and is for reconditioning said depositing surface (26a, 26b, 28).

10
2. A method as claimed in Claim 1 wherein the metal film (42) comprises

the metal to be chemically vapor deposited on the substrate surface.

3. The method of Claim 2, the exposing step comprising the step of
15 exposing the susceptor having the film (42) formed on a native oxide layer (24)

on at least one surface (26a, 26b) to the plasma.

4. The method of Claim 3, the exposing step comprising the step of

exposing the susceptor having the film (42) formed on a native oxide layer (24)

20 in the range of between 10 A thick to 20 A thick to the plasma.

5. The method of any one of Claims 1 to 4, the exposing step comprising
exposing the susceptor (20) to a hydrogen and argon plasma prior to a copper

chemical vapor deposition onto the substrate (22).



10Z@&10%: () - #10%: () -3 S! 10%& () - FLO%& () - 3

,109& () - @109 ()-t""" GH###6$dE: /| 10Z° 3 109%& ()- @ 1" 10%& ()- /10%&' () -

109& ()-* 10%& ()- (10%& ()- 6SP$$$$$$$SbC 10Z@ 10% & () - 10% &2(JUL 203 10
10 : 109 ()-3 710%&'() 5 1098 () - $$8%8884-&JELC 10Z& "10% & ()- @ 3

10% & ()-@10% & ()- @ 10% & ()- @ 10% & ()-Y!, 10% & ()- +&x& "' ' dEbC
10ZS10% & () -"10% & () S10% & ()- @0% & () - SS10% & () - S&10% & ()-' (p((

)U)) dEbC

10Z@10% & ()- @ 10% & ()-9% 10% & () - @#10% & ()- @' 10% & ()- S310% & ()-)) 1*
+x*>+dEDC 107S 7T10% & () - , _ _ , _

410% & ()- @10% Ehe)'nftt odof &laim @themeesing-step benaspgrfarmed:in-a-reagtion 107
10%&' ()-f 109 ()-"109%& ()-3310% ()-M 10° 10" 10 S 910% & ()-+7,,,, K-- dEbC
10Z 109! () el |46) Unteka(pre@iLoeah e ranesof(). -26004 ((9-33-3333 N/mAYEbC
102! 10% () - 10% () - 10% () -, " 10% ()-310% ()-10% ()- /X///+0"00dEDC

10Z/ 10%& () afd g)referably 1 torr (133 32 N/m?
, SLO%& () - *410%& () -1 10%& () -, @ 10% ()- &$10% ()- 001 1111111xmbC

107 " 10% ()- 10 10 10710% ()-5109%& ()- 3 10%& ()-
, 31" 109 ()-1127222?3dEnbC 10Z33" 10% ()- 10% ()- 10% (

loe - Siore TistipboTaa G EEAR b ki)

performed in a reaction chamber (46) at a power in the range of 50-1500 W,

and preferably 750 W.

10 8. The method of any one of Claims 5 to 7, the exposing step being
performed in a reaction chamber (46) at a frequency in the range of 250-500

KHz, and preferably 450 KHz.

9. The method of any one of Claims 5 to 8, the exposing step being
15 performed in a reaction chamber (46) under a hydrogen flow in the range of 50-

5000 sccm, and preferably 200 sccm.

10.  The method of any one of Claims 5 to 9, the exposing step being
performed in a reaction chamber (46) under an argon flow in the range of 10-

20 1500 sccm, and preferably 50 sccm.

11.  The method of any one of Claims 5 to 10, the exposing step being
performed in a reaction chamber (46) at a susceptor temperature in the range of

120°C-700°C, and preferably 180°C.



10Z** 1098 ()-3( 10%& ()-19% 109& ()-# 10%& ()-!10%& ()-

109 ()- 66! 707778dENbC 10Z710% () - s@L0%: () - &3L0%: () -1 0" LG ) - g
109& ()-, 109 ()-8USVBWBX8] 8j 8088bC 10ZI

109G& () - 109%G& ()-L! S109%G& () - 310%G& ()-M 10 10 109109% () - 89V999D: : dEbC
10ZY& 109%6G& ()-1 109%G& ()- @' 109%G& ()-1 109%G& ()-1L 109%G& ()-I

109G& ()-::!; N ;;' <dEbC 10ZI 3" 109G& ()1f 109G& ()- 109G& () - 109%G& ()- VI
109G& () -1 S109G& () -' <w<<=a===dEbC 10Z| @ Z109%G& ()- | - 109%G& () - Y*

10938 ()- Y( 109%G& ()-y&' 109%G& () - 9$10%F & () - =0>| >>$?79%R&?' 242xnbC
10Z"L10% & ()- 10G 10G 10GY, 8 109%G& ()- Y5 109%G& ()- 13

10968 () - | 121 0% et RAPGPIN@@IGERIAMRZI0 11,4he &xpdsif
10% & ()-S10% & () - ffO%& (?15%%& 0) '{@A\AAA_ ng sifig 5886 Beinky

L0Z8510% & deltofindth & rebefi?Ehdmbbr (48] ks (.heﬁm%&a.ﬁ@e o 2241 s BEB

10ZSL* 10% égé)gré%é&f@%f %%ﬁ/ 10% & () - S#10% & ()-S! 10% & () - S10% & () - DVD

DDDOE{ E| E} ' ()-fS510% & ()-3

10% & ()-010% & ()-S.10% & ()-S, 10% & () -} E~EEEEE2FzFxY:/ 10:1T 10% U& () -
10% U& €)-1S 10% U& ()-YS 10% U& () - 10% U& ()-S f10% W& () -

10: zZFFF?GGGSH ~2:/ 10: @ 10% U&' ()- @ 10% U&' () - Y@ 10% U&' ()- S 10%

U&' () - ! 1Sn180% egmethadspfiampensgo] Claprie HHost, dhe lexpesirgtstep including the

step of exposing a susceptor (20) having a substrate (22) supported thereon,
the substrate having a silicon base layer (34), a TiN middle layer (32), and a
native oxide top layer (30), to the plasma.

10

14.  The method of Claim 13, wherein the TiN middle layer (32) has a

thickness of 500 A.

15.  The method of either Claim 13 or Claim 14, wherein the native oxide top

15 layer (30) has a thickness 10 Ato 20 A.

16.  The method of any one of Claims 12 to 15, wherein the plasma is
initiated by a radio frequency generator attached to a showerhead through
which plasma is dispensed toward the substrate.

20
17. A method of manufacturing a semiconductor, comprising as step (a)
exposing a susceptor (20) to a plasma treatment as claimed in any one of
Claims 1 to 4, the method further comprising: (b) loading a substrate (22) onto

the susceptor (20), (c) depositing a metal film on the substrate (20) by chemical



10:"10%&' ()- 10 U 10 U 10 U$10% U&' ()-! @10% & ()- @ 10% U& () - @ 10%

U& ()-HIKIRI 1T 799dENDC 10: * 109 () - ! 10%& () - 310%: () -s! 10%g() 0 o000

, 109 () - 109 () - JIKaKdKKKJEMbC

10: Z109& () - 109& ()-109& ()-1-109& ()- @ 109& ()- 109 ()- KALLLLMVQVHBIMHC
10: ! y31 109 X[ & ()-F.

109& () -, 109 ()- (- 109 ()- S&" 109%& () - 9$80%& ()- QWM N N N*N_NI NxnmbC

10: !'$- 109%& ()- 10 10 10: 109 ()-S8 10%& ()- &610%&' ()-y31

109&’ () - FI NelyoOdep6¥UENE) repeating steps (b) through (c) a plurality of times before
10: 1 1! 10%~&H?)__9100/g&'jb(() 9%&00&@ ?) a)‘F %\/&2 P y

igm (12) ﬁ{a %%@8%&%@%&8@%&?&%@1&9# tlz?Mpeatlng steps (a) through (d)
Yove (o g e o TSR SRR 10 1 (|1 Tove (). 35

109& ()-! Y109 ()- 109& ()-y1l09%& ()- 109%& ()-1 WJUUWAWIESH= 10:

5 18. The method of Claim 17, wherein steps (b) and (c) are repeated more
than once and preferably more than twice before re-exposure of the susceptor

(20) to the plasma.

19. A method of manufacturing a semiconductor, comprising exposing a

10  susceptor (20) to a plasma treatment as claimed in any one of Claims 1 to 4
and coating a plurality of substrates (22) with a substantially uniform metal film
by chemical vapor deposition, the plurality of the substrates (22) being coated

before again performing the exposing step on the susceptor (20).

15 20. A method of manufacturing a semiconductor, comprising the steps of: (a)
depositing a metal film (42) on a surface (26a, 26b) of a susceptor (20); (b)
exposing the susceptor (20) to a plasma treatment as claimed in any one of
Claims 1 to 4; (c) loading a substrate (22) on the susceptor (20); and (d)
depositing a metal film on the substrate (22) by chemical vapor deposition; the

20 substrate (22) having a substantially uniform metal film at an edge and a non-

edge surface.

21. A method of eliminating an edge effect in a semiconductor substrate

surface in copper chemical vapor deposition, comprising exposing a susceptor
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to loading a substrate (22) onto the susceptor (20) for copper chemical vapor

deposition.



