Met hod For CuO Reduction By Using Two Step Nitrogen
Oxygen and Reducing Plasna Treatnent Background of
Invention 1) Field of the Invention The present
invention relates to a fabrication nethod of a

sem conductor integrated circuit device, particularly
to a technique effective when applied to formati on of
inlaid interconnects by chem cal nechani cal polishing
(CWP) and nore particularly to a nethod for cleaning
Cu containing netal after a chem cal -nechani cal polish
(CMP) process. 2) Description of the Prior Art In a
technique for form ng interconnections conprising

sem conductor integrated circuit devices,

sem conduct or devices, electronic circuit devices and
el ectronic devices, a conducting film such as, for
exanpl e, alum num or tungsten, is deposited over an
insulating filmand is patterned by ordinary

p Iﬂ%tﬁl}d 17910 @Eb"ﬁ u%ﬁgn %')Us C%’va %teplNi_p xggélp ax{lﬁ' R%ducing
|nterconnect|on ormng te an

i nt erconnecti ons conprﬂﬁamgaihmmnwmductor i nt egrated
circuit devices beconme finer, interconnection

resi stances are |largely increasing, interconnection
del ays are occurring, and a limt is being reached to
further performance inprovenents of the sem conduct or
integrated circuit devices. In recent years, an

I nterconnection form ng techni que known as the
Damascene net hod has been devel oped. Thi s Danascene
nmet hod nay be broadly

Background of Invention
1) FKield of the Invention
The present invention relates to a fabrication method of a semiconductor
integrated circuit device, particularly to a technique effective when applied to formation of
inlaid interconnects by chemical mechanical polishing (CMP) and more particularly to a
method for cleaning Cu containing metal after a chemical-mechanical polish (CMP)

Process.

.2) Description of the Prior Art

In a technique for forming interconnections comprising semiconductor
integrated circuit devices, semiconductor devices, electronic circuit devices and electronic
devices, a conducting film, such as, for example, aluminum or tungsten, is deposited over

én insulating film and is patterned by ordinary photolithography and dry etching.




di stinguished into two types, i.e., the Single
Damascene nethod and the Dual Damascene nethod. In

. the single damascene net hod, after form ng an
i nterconnection slot in an insulating film for
exanpl e, a main conducting |ayer for formng
i nterconnections is deposited over this insulating
filmand in the interconnection slot, and an enbedded
i nterconnection in the interconnection slot is forned
by polishing this main conducting |ayer by, for
exanpl e, CWP (Chem cal Mechanical Polishing), so that
it isleft only in the interconnection slot. In the
Dual Damascene nethod, after formng a connecting hole
to connect %S néthmfl@ff@am?ée@ fasming tgghnigg, ag devices and

i ARG dcBiShs c%ﬁﬁ&ﬁ%@éﬁ& Pm‘t&ﬁat!e&‘awuﬂtde@igeJ Heblhe fiffer,

mai n conduct yer orn1 g I nterconnections Is
Indepogictich mmetlanctela 2o liangslyl isdreasqrgf intawonandionmickalpeare occurring,

i nterconpectio nd cannecti.ng hol e

i B0 OFe Pl B BB PRy Py S RiEts 2L fhe Sfmigopguctor
naagmkneuggnmﬁﬁkgng hole is forned by polishing this

mai n  conducting | ayer by, for exanple, CMP (Cheni ca
Mechani cal PBIGCER Yeg1; astergpapeqhion ferming fechnigiekopynap gie

Dﬁag%aﬁ%egg RRac h%ybéénq;evaeﬁedc?ﬂleem&ﬁae&np Ble oh@nagfgieifbgoag Iy |

a material such as copper or t
dmingdrishednmwewo &ipesfi.et, e Smagla D@mashg:nt inethotl aydthe dfuat Pemascene
I nt erconnections fromthe viewoint of inproving the
I%E?F%rnance of the sem conductor integrated circuit

devi ce. Coppehhdasslé bemasacheandtB@® atitadbemit @ B at@€Ebrin@ction slot in
alumnum_ its resistance is | ower and |ts permtted

2p dpsuiRpE filgp, foF Sampls. ivgdjn pendipling leyRs oriRpnige fegreongiections is
| d@ﬁ(lsmba gele dhi Qﬁﬁlﬁnn%—ﬁﬂﬁ; find e intdrdBnA@RoRINBHE arf embedded

nner to obtain The sane I nterconnection resi St ance,
g ontrstiomivabe indaremnpetionedat isigfraeklit polishing this main conductmg
layer by, for example, CMP (Chemical Mechanical Polishing), so that it is left only in the
interconnection slot.

In the Dual Damascene method, after forming a connecting hole to
connect with the interconnection slot and a substrate interconnection in the insulating film,
a main conducting layer for forming interconnections is deposited over this insulating film
and 1n the interconnection slot and connecting hole, and an embedded interconnection in
the interconnection slot and the connecting hole is formed by polishing this main
conducting layer by, for example, CMP (Chemical Mechanical Polishing), so that it is left
only in the interconnection slot and connecting hole.

In both methods, a material such as copper or the like is used as the
material of the main conducting layer of the interconnections from the viewpoint of

improvin.g the performance of the semiconductor integrated circuit device. Copper has the

advantage that, compared to aluminum, its resistance is lower and its permitted current for

reliability is more than two orders of magnitude higher. Hence, the film can be made
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interconnections can be reduced. However, copper
i nterconnects used in CMP processes have probl ens.
" Rel evant patent and technical literature are as
follows. US 6,764, 950B2 Noguchi, et al. and US
20010030367 Al - Noguchi, Junji; et al. Cctober 18,
2001 - Sem conductor integrated circuit device and
fabrication nethod for sem conductor integrated
circuit device. US 20040152333 Al - Zhao, Larry ; et
al . August 5, 2004 - Dielectric barrier layer for a
copper netallization |ayer having a varying silicon
g ome endbitaihititsadledmgreoniedtibMicgkNASS and fhe Gapftarkd betidbn adjacent
.Ngo July 20, 2004 - Method for formng nitride capped
igterepRuceliongich bg BGHdd hi | | ock formation. "Adhesion
Quanti fi cat itgflyQbr, EQSreFHterlinkQs 88RNR B8NS pRIRses have problems.
passi vati on by Nanol'ndentation”, by Vella et al., pp.
®.1.1Q6.1.6, discusses Cu treatnents. United States
Patent 5,91 4 - e 4 I ffusion
barrier sur é%%é?%?&%ﬁ%“23%@%%%%%“%%“%%E%g?ﬂaﬁ% nmet hod
for sane. 3 1S4, 95082 Noguchi)eedit dndUST260 BIOB0FE 7MANt SNoguchi,

of . th esent | ntion provide a fabrication nmethod .
Toi gt S a2 EBRRTIOTIN fegifo s feyice and fabrication
rRAdd BHsAfibondhQorintRpldd GHGit@Ediect i ve when applied to
formation of inlaid’interconnects by chem ca

mechani cal gé% PEHOMEBEMP) - hep, They ertrddinaert 8, Y04t higielectric
bRk ey ?ar}]%r foPY %J.%'e? &eﬁﬁ%‘ﬂi&?la?erfh%p&k %qrtaf'y%k ﬁﬁgotﬁ%%ncentration along

its thickness.
US 6,764,951 van Ngo July 20, 2004 - Method for forming nitride

capped Cu lines with reduced hillock formation.

“Adhesion Quantification of Pos-CmP Cu to amorphous SiN
passivation by NanoIndentation”, by Vella et al., pp. Q6.1.1Q.6.1.6, discusses Cu

treatiments.

United States Patent 5,913,144 Nguyen, etal. - Oxidized diffusion

bamrier surface for the adherence of copper and method for same.



for plasma treating/cleaning Cu containing netal after
a chem cal - nechani cal polish (CMP) process. An
exanpl e enbodi nent is a method of fabrication of a
copper interconnect conprises the steps of

provi ding a sem conductor structure conprised of a
copper interconnect and a dielectric |ayer over a
sem conduct or substrate; chem cal - mechani ca
pol i shing said copper interconnect to planarize said
copper interconnect; treating the surface of said
copper interconnect with a nitrogen and oxygen

contai ning treatnent; w thout breaking vacuum
treating the copper jntercon c& wi th reducing plasma
treat ment; without b#‘@ﬁﬂ’iaﬁlj"{;‘z'ﬁ BH8r ni ng a cappi ng

| ayer over tihg cGMB&RIenisH GhE PRE]E tnvelldiSro @Y AP ication method
enbodi ments are described in the specification bel ow

of b scraiseR-BIcion integspedheiEamieyisgesrinkiry dap tnckaiqae elfestive when
ahRas oot akibY & inﬁf@ﬁ%‘%ﬂé&s 19)%11}661)}11 N theBHidAP olishing (CMP) and

austive and/ or excl usive. are presen

- to assist iTheendedisicatsdif nfye prescnit mpentiongrrovitle a $dboihttbn method
be .under st.ood t hat .t hey .are not, representative of all.
R R E e Chas e REr SFac e Bt ol

(CNﬁhbﬂkE@ps on the invention as defined by the
clains, or limtations on equivalents to the clains.

For i nst anch! exgpe grbadiee isaysied geibregfiopef a copper

it Rl Y LaGl ol ys. i n that they cannot be 4

si mul taneously present in a single enbodi nent.
Si m lpardiding scmpicaddahiragedureemppptd daldopper interconnect and a

dielectric layer over a semiconductor substrate;
chemical-mechanical polishing said copper interconnect to planarize said copper
| interconnect;
treating the surface of said copper interconnect with a nitrogen and oxygen
containing treatment;
without breaking vacuum, treating the copper interconnect with reducing plasma
treatment;

without breaking vacuum, forming a capping layer over the copper interconnect.
Other example embodiments are described in the specification below.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations on
the invention as defined by the claims, or limitations on equivalents to the claims. For

instance, some of these advantages may be mutually contradictory, in that they cannot be
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to one aspect of the invention, and inapplicable to
ot hers. Furthernore, certain aspects of the clained
i nvention have not been di scussed herein. However, no
inference should be drawn regardi ng those di scussed
herein relative to those not discussed herein other
than for purposes of space and reducing repetition.
Thus, this summary of features and advantages should
not be consi dered dispositive in determ ning
equi val ence. Additional features and advantages of
the invention will becone apparent in the follow ng
si;taéf@netqnslb/msetﬁtrim msinigke enthrodimnang sSimdadly, fsomﬁnﬁs}mtaghmrernpplicable

t on s The.f eatures .an
Pt BERG B R oP e O s G iy o 6 rgets of

tHUc@ﬁfh@ﬂ irvenedi Ha98 natkeh BistReEd eiedial Hewdler, do RifeRBsSshohild be
fabricating such a sem conductor device in accordance

doiregiging Those AtScyssorbhrsin Felol i 0 Hroserplaliscpegd hgrein other than for
H ?f,rs%tf%‘%@ Eﬁ@f@dﬁaﬁg re&@ﬂltlld?lwl"ﬂﬁs_, grﬁ§ &k%ﬁ féa%@srhnﬂ deantages

njunction wth the acconpanyl ng raMA gs In
Shmﬂ‘énotr’f@fcenm@i disprsitie sn d@slirrg'mag eqls'i/aiblicarA«khtlonal features and

or | ement.s |ons a .
S(RRER BS-RFTD oS Hednd: BB ERobiniiigpy fom e
dbawingd, hnbtréathe@aitaset hod for plasma
treating/cleaning Cu containing netal after a
chem cal - nechani cal polish (CWP) process. according
to an exanpl e enbodi ment of ‘the present invention.

Figure 5 shows a graph of reflectivity vs plasm
treatment tinmes at 3 tines during the processes 1)
post CMP clean 2) post N20 plasma treatnent and 3)

post NH3 plasma treatnent for an exanpl e enbodi nent
process. 6




Det ai | ed Description of the Preferred Enbodi nents The

present invention will be described in detail wth

reference to the acconpanying draw ngs. The present

i nvention provides a nethod of form ng and cleaning a

copper interconnect. A. sem conductor structure -

copper interconnect Referring to figure 1, we provide

a sem conductor structure 12 conprised of a copper

i nterconnect (layer) 30 and a dielectric layer 20 24

over a sem conductor substrate 10 (or wafer 10). A

optional stop layer 24 is fornmed over the dielectric

| ayer 20. The optional stop |layer 24 could al so be

formed over the cq per | ayer. The stop |ayer 24 can

be conprised of Si ef Peaeripiinget the,Desvwigahect s

conpri sed OfTh‘EQ&QﬁES UL TR RV E 2 QLiieSndudlol @é’xﬁcé)efccorging to the

impurities. The copper Interconnect can be an inla

pr%@t@rl@‘mnheltandﬁlrth@rl tagls pba pilocess of bvorimgetich Bsemiconductor

d%xtﬁ%m a%ﬁorHEn I%‘?{r?gtg% %1%?66% f’n@eﬁec}c 151 bé%f:ﬁrg { ﬁ]g)l,l ! ed%rs}?o%r}gom the

foliiveing desogption talyerin t:mjmhcﬁx@ﬁ fulithethé SR omPPaig drawings in which like
er connect 30. ﬁwter chem cal chanlcal pol i sh

T%%WPS"' PpRTes Asvgnia smilar of C%@PP%‘Q}E clepgptsgeighs angpogions-and

ih iy - To prevent t he excessi ve oxidation and Cu

Cbrr05|on t he anic materials |like BTA are used to

cap the sur ffigwes] g@l‘kugéﬁlohr@ piops sehidonahbiows fsnlestrating a method

fgﬁw&tlh@ cféﬁﬁgge @u%gntglﬁﬂlgtxﬁe%alra%gyg &e%ﬁ?ﬂ%‘e%&ﬁéfa? poltl &

(CMP) process. according to an example embodiment of the present invention.
Figure 5 shows a graph of reflectivity vs plasma treatment times at 3
times during the processes 1) post CMP clean 2) post N,O plasma treatment and 3) post

NH; plasma treatment for an example embodiment process.




Next, we clean the surface of the sem conductor
structure 12. The clean can be a chem cal (e.g., BTA)
or mechanical clean. After this clean, the
enbodinent's 2 step treatnment process is preferably
performed. C. treating the surface of the copper
interconnect with a nitrogen and oxygen contai ni ng
treatment Next, referring to figure 2, we treat the
surface of the copper interconnect 30 with a nitrogen
and oxygen containing (e.g., N20, N,sOy) treatnent.
The N20 treatnent preferably conprises about: » N20O

f1 ow bet weepehfied DrEEipHAbITREPt daded Baibodih&lts and
1620 seens and nore preferably of about 1600 seens;

a HF RF (high frequency RF) power between 2000 and 400
W; between 220 and 250 W and nore preferably 235 W
N a LF RF (Low frequency RF) power between 50 and 150
Wand nore preferably between 90 and 110 Wnore

preferably Qut 75 AT ssur e hetwee, 5 and

e torn and iRt Neatafpdl BEFEagh BRETyhy Pofffife o e
adddehpaiih g dReh @l abk yrederd ikv@htion provided 4 @tha® Bt fonnifl and
between 10 and 20 seconds and between 13 and 17 see;
CleARMES CEPPEHIUFEIHBEY 15 see; ~ a tenperature between

350 and 450 C and between 390 to 410 C and nore

preferably stheidontetdr structurel &loppef inbcormdar abl y
200 nm ™ using a ICP plasma type reactor.

Referring to figure 1, we provide a semiconductor structure 12
comprised of a copper interconnect (layer) 30 and a dielectric layer 20 24 over a
semiconductor substrate 10 (or wafer 10).

A optional stop layer 24 is formed over the dielectric layer 20. The
optional stop layer 24 could also be formed over the copper layer. The stop layer 24 can
be comprised of SiN. _

The copper interconnect is comprised of copper and may have other
alloys or impurities. The copper interconnect can be an inlaid interconnect or inlaid metal

interconnect.

B. chemical-mechanical polish

Referring to figures 1 and 2, we chemical-mechanical polish (CMP)

the copper interconnect layer to planarize the copper interconnect 30.

After chemical-mechanical polish (CMP) there normally is a CuO layer
formed on top of the Cu. To prevent the excessive oxidation and Cu Corrosion, the
organic materials like BTA are used to cap the surface first and then the embodiments’

treatment is needed to cap the reduce the CuQ layer to Cu..



An exanple of a reactor that this step is perforned in
is a Sequel (ICP) reactor, nodel C2 by Novell us
conpany 8 The nitrogen and oxygen contai ning plasna
treatnment renoves the organic residual and at the
same tinme continues to grow a thin CuO | ayer on the Cu
which saturates at certain thickness of typically
bet ween 100 and 300 angstrons. After CWP, the Cu
surface exposed to anbi ent that contains oxygen. The
“wafer is next treated with the enbodi nent's pl asma
treatnent in- situ (wthout breaking vacuum and

exposi ng t heveBkRrcidad tid dulfacd 6BE kddgicdlIRCGORARure 12. The clean
i nterconnect with a reducing plasma treatnent

crebeet shemycal degi Hlie o3 meganical geat évfigpiys dpanhhigrembodiment’s 2
s %%Lﬁhféﬂtr#ﬁgééy{p abﬁ}g)eﬁbﬁﬁ' d.treating the copper
t w ap

I ht er connec sma of a reduci ng at nosphere
such as NH3 or H2 plasma treatnment. The 2d Step: NH3

or H2 treatnent reduces the CuOto Cu. During this

{realed uni g MeitadebPuld Condd inte EPRalR wirh a
Cu+H20 ( 2pittagen-aiifidxygen comtaivizty trdatmeat NH3

treatment preferably conprises about: U N2 flow
bet ween 100MNexhdeBO0Q te Sgwican dvdietahbhesulia@o ! dreccopPa0

RSP 3 eP FLa E A GR  at
4100 seens and nore
The N, O treatment preferably comprises about:

1 N2O flow between 1000 and 5000 scem and about 1580 and 1620 scecms and more
preferably of about 1600 scems;

[ a HF RF (high frequency RF) power between 2000 and 400 W ; between 220 and 250
W; and more preferably 235 W;

0 aLF RF (Low frequency RF) power between 50 and 150 W and more preferably
between 90 and 110 W more preferably about 75 W;

00 apressure between 1.5 and 4.5 torr and more preferably between 2.0 and 2.4 torr and
more preferably 2.2 torr.;

O atreatment time between 10 and 20 seconds and between 13 and 17 sec; and more
preferably 15 sec;

[} atemperature between 350 and 450 C and between 390 to 410 C and more preferably
about 400 C;

0 a wafer size of preferably 200 nm;
using a ICP plasma type reactor.

An example of a reactor that this step is performed in is a Sequel (ICP)

reactor, model C2 by Novellus company



preferably of about 4000 seens; ~ a HF RF power
bet ween 200 and 400 Wand between 225 and 245 W and
nore preferably 235 W 9 ~ a LF RF power between 50
and 150 Wand between 50 and 150 Wand nore
preferably about 75 W ~ a pressure between 1.5 and
4.5 torn and between 2.0 and 2.4 torr; and nore
preferably 2.2 torr; ~ a treatnment time between 10
and 20 seconds and between 13 and 17 seconds and nore
preferably 15 see; ™ a tenperature between 350 and 450
C and nore preferably between 390 and 410 C and nore
preferably dbenitrogeda@ oxygen eeftaning plaemefregmehiecablgs the
200. n A ing. a L.CP plasm . type reacto Not e, a i
offeBiga Sl i FioiyPscimle RafBi 2 il Bl G RRgvsha BREG which
sittidteg ancerfai tRRAksabiybirallekaeted 100Mint 30@ Sng&trémB A fter CMP, the
necessary. The process can. be scaled up or down
CHHERE FFO%H (¢ HabIShakcPBiAng PX¥¥nber si ze. An exanpl e
of a reactor that this step is perfornmed inis a
Sequel (ICP type) reactor, nodel C2 by Novell as
conmpany. Théhcedleiihgexi teesivd withethe epbedipent?s pisma treatment in-
real referably copprises: 2 .f 1 ow bet ween
sl BT Bl5 PRl R e elsp gt of er abl y 1400
to 1800 seens and nore preferably of about 1600
seemb. treating the copper interconnect with a reducing plasma

treatment

Referring to figure 3, next, preferably without breaking vacuum and in-
situ, treating the copper interconnect with a plasma of a reducing atmosphere such as NH;
or H, plasma treatment.

The 2™ Step: NH; or Hy treatment reduces the CuO to Cu. During

this treatment, there is only pure CuO, so it can be treated uniformly. Below are reactions.

(1) CuO+H, <=>Cu+l,0
(2) CuO +NH; <=> Cu+H,0 +N,

The NH; treatment preferably comprises about:
N2 flow between 1000 and 5000 sccm and between 1500 and 1700 scems; and more
preferably of about 1600 scems;
0 NH; flow between 2000 and 5600 scem and between 3900 and 4100 scems and more
preferably of about 4000 sccms;
0O a HF RF power between 200 and 400 W and between 225 and 245 W and more
preferably 235 W;




N a HF RF power between 200 and 500 Wand nore
preferably between 290 and 310 W and nore preferably
about 300 W™ a LF RF power between 50 and 200 W and
nore preferably between 90 and 110 W nore preferably
about 100 W; " a pressure between 2 and 6 torr and
nore preferably between 3 and 5 torr and nore
preferably 4 torr; 10 » a treatnment tinme between 5
and 20 seconds and nore preferably between 8 and 12
seconds and nore preferably 10 sec » a tenperature
bet ween 350 and 450 C and nore preferably between 390

uaraetﬁﬂg Qwe%@w rﬁ) eﬁ&ﬁqfsﬁ WQM@»@@&H 5045919 1@0 vG afld WRre"

size o prefer using a lasma type
rem@%@bbwmmUEiéﬁﬁle of a reactor that thls step is

erfornmed jn i e node
R bebfksly e i bbb 8 PR Do ffpterably
tefigyre 4, we forma cap |ayer 26 over the Cu

i nt er connect 30, prefgrably wi t hout breaki ng vacuum

- O i afresirpent imprhstvessp 10 29€ 20 srcandsapgibyiveen L3 apd T esgoryfs and more

Od}l&feraglyq%egm trogen doped SiC) or SiG O (oxygen
d S'CO. T1 F. summary of exanple plasma treatnents

Epaaftampcremge between 350 and 450 C and more preferably between 390 and 410 C
and more preferably about 400 C;
O a wafer size of preferably 200 nm;

00 using a ICP plasma type reactor.

Note any flows in the flow ratio range between the N; and the NH; can
be used and the exact flow rates are not necessary. The process can be scaled up or down
depending on the situation or chamber size.

An example of a reactor that this step is performed in is a Sequel (ICP
type) reactor, model C2 by Novellas company.

The reducing plasma treatment is a H» treatment preferably comprises:

0 H, flow between 3000 and 7000 sccm and more and more preferably 1400 to 1800
sccms and more preferably of about 1600 scems;

C a HF RF power between 200 and 500 W and more preferably between 290 and 310 W
and more preferably about 300 W

[1 a LF RF power between 50 and 200 W and more preferably between 90 and 110 W
more preferably about 100 W ;

[1 a pressure between 2 and 6 torr and more preferably between 3 and 5 torr and more

‘preferably 4 torr;
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Exanpl e pl asma treatnent paraneters are shown below in
table 1. Table |I N20 Treat nent Sati ngRange
N201600sccnl000- 5000 H F RF2351200 - 400 LF RF75 W0
-150 Pressure2.2 Torrl.5- 4.5 Treat Tinel5 secl0- 20
Tenper at ure400 C350 - 450 wafer Size200mm Pl asmal CP
NH3 Tr eat nent Setti ngRange N21600 sccnil000 - 5000
NH34000 sccnm000 - 6000 HFRF235W200- 400 LFRF75W50- 150
Pressure2.2 Tarrl1.5-4.5 Treat Tinmel5 secl0 - 20

Tenper at ure400 C350 - 450 wafer Size200mm Pl asmalCP

O atreatment time between 5 and 20 seconds and more preferably between 8 and 12
seconds and more preferably 10 sec

[T atemperature between 350 and 450 C and more preferably between 390 and 410 C
and more preferably about 400 C;
a wafer size of preferably 200 nm;

£ using a ICP plasma type reactor.

An example of a reactor that this step is performed in is a Sequel (ICP)

reactor, model C2 by Novellus company

E. Form cap layer over Cu

Referring to figure 4, we form a cap layer 26 over the Cu interconnect

30, preferably without breaking vacuum (in-situ).

The cap layer preferably is comprised of SiN, SiC-N (nitrogen doped
SiC) or SiC-O (oxygen doped SiC).
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H2 Tr eat nent Set_ti ngRange H25000 sccnB000- 7000 H F

RF300 W200 -

500 LF RF100 W0 -

200 Pressured4 Torr2-6

Ti mel0 Secl10-20 Tenper at ur e4000350-4 wafer Size200mm

Pl asmal CP G test

reflectivity (4400 nm vs plasma treatnent

results Figure 5 shows a graph of

tinmnes at 3

times during the processes 1) post CWP clean 2) post

N20 pl asnma treat ment

treat ment.

form Cu | ayer chem cal - mechani cal

and 3) post NH3 pl asna

12 The exanpl e enbodi nent process flow is:

polish (CwP) Cu

| ayer 1) N trogen and oxygen containing (e.g. N20)

pl aspa tr eatsupninary oFéxampirplasines treatmentsearaniaters
cap layer over Cu layer The figure 5, graph shows the

Ex@oplampthsiiglretineat paramnetess arqehopadelow in table 1.

times at 3 times during the processes 1) post CMP clean 2) post N;O plasma treatment

Figure 5 shows a graph of reflectivity (4400 nm) vs plasma treatment

Table 1

N20 Treatment [Setting Range
NZ0 1600 scch 1000 - 5000
HF BF 235 W 200 - 400
LF RF FER 50 - 180
Pressure 2.2 Tomr 15-45
Treat Time 19 sec 10-20
Temperature 400 C 350 - 450
wafer Size 200mm
Flasma ICP
NH3 Treatment |Seatting Range
N2 1600 scom 1000 - 5000
MNH3 4000 sccm 2000 - 6000

{HF RF 235w 200 -404
LF RF- T W 50-150
Pressure 22 Tomr 1.5-45
Treat Time 15 _sec 10-20
Temperature 400 C 390 - 450
wafer Size 200mm
Plasma 1CP
HZ Treatment Setting Range
H2 5000 scem 3008 - 7000
HF RF 300 W 200 - 500
LF RF 100 W 50 -200

- |Pressure 4 Tarr 2-5B

Time 10 sec 10-20

1Temperature 400 C 350 - 4508
wafer Size 200mm
Plasma IcP

G. test results

and 3) post NH; plasma treatment.
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option ( tine 10 sec /10 see) is because the CuO has
been fully reduced to Cu. But to nake sure the
uniformty treatnent, the 10 sec N20 /20 sec NH3
option is preferred to provide nore margin. Note: 1)
Incom ng substrate reflectivity was 42-46% 2) N20

pl asma treatnent reaches saturation point wwthin 5
seconds at -21% 3) NH3 plasma treatnent recovery of
saturated CuO wafers takes <10 seconds Note: Based on
the reflectivity, the CuO thickness can be cali brated.
The tabl e bel ow sumrari zes sone of the inportant

Tat epsopld abbedimSttigposusifiew ys: St epf i gur eReason step is

ort ant N2O - t+ ranat nt-2r S NArnAan or oo

1 nhé aAalild NV 1T catl nell[ C[ bllUV’\,Q \WA| 3ulll C ulld 3I \YA'A'>) r‘!l'lo
‘Nfﬁé \SlaYPTZ t reat ment 3renoves CuO The conbi nati on of |t he

CE&@ICBH@%I&&%‘I@@MP%Clll\li?&gelpl asma treatnment and NH3

H? plasma treatient) is"an i nprovenment over using

BuNltregen @d@gvgﬁenpioamgle 8 I’\b@t)nemmaltroatmenw so, the

IIL | y—perfornstheplasma-treatnents
z‘iﬁut(ﬁy Ié% ﬁ%inf N20 plasma treatnment and (2) INH3

f&hlﬁ%]@}eas{m@mg?érnent for better effectiveness.

Definitions Meani ngs of the ternms used in the

descri pti on above are expl ai ned. The term"inlaid
~interconnect” or "inlaid netal interconnect"” usually

The figure 5, graph shows the N;O and NH; treatment is the best
option ( time 10 sec /10 sec) is because the CuO has been fully reduced to Cu. But to make
sure the uniformity treatment, the 10 sec NoO /20 sec NH; option is preferred to provide

more margin.

Note:

1} Incoming substrate reflectivity was 42-46%

2) N,O plasma treatment reaches saturation point within 5 seconds at ~21%
3) NH; plasma treatment recovery of saturated CuQO wafers takes <10 seconds
Note: Based on the reflectivity, the CuQ thickness can be calibrated.

‘The table below summarizes some of the important steps.

~ Table: Step summary

Step figure Reason step is important
Ny;O treatment ' 2 removes organic and grows CuQO
NH; or H; treatment 3 removes CuO

The combination of the two plasma treatments { N>O plasma treatment

and NH3 or Hy plasma treatment) is an improvement over using either single plasma
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nmeans an interconnect patterned by a netallization
techni que of renoving, froma conductive film
enbedded inside of a trench or hole forned in the
insulating film an unnecessary portion on the
insulating film as in single damascene or dua
damascene. The term "single danascene" usually neans
an inlaid interconnect form ng process wherein a plug
metal and a interconnect netal are enbedded in two
stages. The term "dual damascene" usually neans an
inlaid interconnect form ng process wherein a plug
trdRin@ht aléitd AB0, he tRb6URARER iprdferblly parfernehe flieda treatments in the
sinuléaneously. Cb?per inlaid interconnects tend to
ofsler gisldel Ne® Rlasin frsalen and &) Niktqitk, Plea freatment, for better
ofis8iegnduct or integrated circuit device" as used
herein means not only a device fabricated on a
single-crystal silicon substrate but also a device
fabr feat ed defHHEOASr substrate such as SO (silicon

on insulator) substpate or TEL (thin .fjlmtransistar
liquid cryst™MfanHgs 8%‘3“81‘%3 H@edslt}&‘%“t ‘%‘eﬁ‘fr@tﬁﬁ [FRYC are eXPt]amgd-
ot herwi se specified. The term "wafer" neans a
single-crystal silicon substrate (generally in a

subst ant i al | Yhalesk "hiddnterepanetiSor ‘splpidapmial arfcrappsiel rushally
e oo AR L A B S pi I EH LA, from s
condrptsd fikn subskiedinside lbén @ofich ordakforseldn fl@rinsulating film, an

f LA T R T —

t&n sh@lesdiRfkicab Cusabily AeshsQh iRaiddhiercOfinedhn8ingfprédess wherein a
ate el ectrode has been made of another sem conduct or

fipcetakandja ipjercgpimst melal g embedded iz by gegsguliegerm “dual
dafaGRHALEM lléJ Gk by ﬁhﬁ@,;&é%&ﬂn%aggﬁﬁhg E)rcﬁlss%t\%éﬁ & Plug metal

circult substrate)” or "sem conductof chip
afd emintopetuctionctaiipsemindddyd simabiarsonsly Wedpper idla degcdnneas tend
tgﬁl%%ée%'aﬁ Gl AL QAR AL e conpl etion of a wafering

The term "semiconductor integrated circuit device” as used herein

means not only a device fabricated on a single-crystal silicon substrate but also a device
fabricated on another substrate such as SOI (silicon on insulator) substrate or TFT (thin

film transistor} liquid crystal manufacturing substrate unless otherwise specified.

The term "wafer" means a single-crystal silicon substrate (generally in a
substantially disk form}, an SOS (silicon on sapphire) substrate, a glass substrate, other
insulating, semi-insulating or semiconductor substrates or a composite substrate thereof,
each used for manufacturing a semiconductor integrated circuit device. It also embraces a
substrate, a part or whole of the substrate surface or a part or whole of the gate electrode

has been made of another semiconductor such as Si or SiGe.
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The term"silicon nitride" "SiN' or "silicon nitride
film neans not only Si . sub. 3N. sub. 4 or an
insulating filmthereof but also a nitride of silicon
having a simlar conposition to Si3N4 or an
insulating filmthereof. The term"plasma treatnent”
nmeans a treatnent of exposing the surface of a
substrate to an environnent under plasnma state or, if
a menber such as an insulating filmor a nmetal film
is formed over the substrate, exposing the surface of
the nmenber to such an environnent, thereby subjecting
the surface TR khe"ehemnddtoantrRaNARLEdhip (semlconductor
(bonbardnent) actions of the plasnma. Plasma is usual

infggated cueribRpbs)] ar fSFIIHMOH@JC&’Y CP@e(é?mlé?Pdé‘ﬁtﬁhﬁ&\S”ﬁE)f'g%ﬁén

et i rb R gk ok} eat ment
Vggésrmé\?déﬁge thn|Qon| ZI ﬁﬁg gs Ey %&eigtg%{??%& of a
hi gh frequency f|eId It IS homever i mpossible to
conpl etely r cha n A N t.,h tre t wgas
Taeh s Cenpeteaint MR PI < U gt ATl §ne not only

Ph@s s suttle esmagmmrmnﬁh@remﬂlﬁ@o anmHad & silicas Mavibgh similar
it % contain inpurity %ases (such as nitrogen,
coRPEHON PN WipApYEiag ol Simlarly, it is
needless to say that the plasnma nay contain anot her
dilution gas or additive gas. The term "plasna of a
reduci ng at ridepérer @lasreainstrcn| msans a t@annonfmpbsinglthe surface
E’n 5u%a§3§%\é§v o%ml%{ltesnder h n?% gét%l%ﬁg am%em grns%ttzlhgs{ e%rgglsulatmg
fam daygeas ntib traed ogerald subitrat€ X:klsdsmiam: aafite yi thd ARsder o

radi cals or ions jnclude atom c or cul ar radicals
8831 ﬁ%’lr"%?‘éo%‘ie{?Y yhiecEng e shrassto %e@&m%ﬁ Angignical

(B%Mar@méﬁt?;%t%ﬁ 8%& pYSmaPREAS isRidbalR/ %éﬁ@rhteﬁ 83Chi¥SHlling a
Specl es or exanp e, t he environmen aVIng

fﬁih-‘élp@ phamlaﬁd pwigeh withdi ispegific eﬁsdtrmem@@'s)c@ﬂsthe treatment gas as

: ngr%utﬁ%b e &ﬁ{oﬂ]o" gﬂ%{' r%e%g?r[gg%ﬁp :[t(ig oweve 1m8360351ble to

means po sur
cb;npﬂ @élglpunge e arambeagwith thie treatvendgas datthie embbditieat, therefore, the
tgrlil’rg fa%:rgor}@ b}asma'ugt%s)(lot 1%eans a complete ammonia plasma but it may contain
impurity gases (such as nitrogen, oxygen, carbon dioxide and vapor). Similarly, it is

needless to say that the plasma may contain another dilution gas or additive gas.

The term "plasma of a reducing atmosphere" means a plasma
environment in which reactive species such as radicals, ions, atoms and molecules which
havea reducing action, that is, an oxygen withdrawing action, exist dominantly. These
radicals or 1oms include atomic or molecular radicals or ions. Moreover, the environment
may contain not only a single reactive species but plural reactive species. For example, the
environment may having therein hydrogen radicals and NHj radicals simultaneously.
The term "chemical mechanical polishing" (CMP) means polishing of a

polish surface by relatively moving it in the direction of the surface while supplying a
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15 slurry in a state where the polish surface is
brought in contact with a polishing pad forned of a
sheet material such as a soft cloth. In this

enbodi nent, this termalso enbraces CM. (chem ca
mechani cal | apping) for polishing the polish surface
by noving it relative to the surface of a hard
gri-ndstone, polishing with another fixed abrasive, and
abrasive-free CVWP. 1. Non-limting enbodi nents In the
above description nunmerous specific details are set
forth such as flow rates, pressure settings,

slubty Gk D Q5 R8sherethe pohshrsuﬁa&eig bidihgﬁtr1ﬁ‘ébl‘i}t§ct&v1ﬂ@efl§blisﬁ‘iﬁg phdfdrmed
under st andi ng of the present invention. It w

obbhicstBatcHydets a 0§ cfk- 1aithis prpodimenty this igrmp akﬂﬁ ambtaﬁ%s CML
CBERRS ol AR B0 78, 8 00H S0 ILHLOML DR o e

surfece o e hard esiodstixed polishohetvaitl anotheo fided atrasivepand abrasive-free CMP.
unnecessarily obscure the present invention. Also,

the flowrates in the specification can be scal ed up

or down keeping the sane nolar %or ratios to

accohmodat e Mbr-listiting esmbBodimeast ors as is known to

those skilled in the art. Unless explicitly stated

ot herwi se, each nunerical val ue and range should be

| nterpreted a ea ov rtlo)l(ll nutl%tele a3 écrf’cc{]
or apprOX|na? y prece e0WE VAT GReot
floanges, }:(B:Sﬂﬂﬂ sttkifgsy aﬁ¢1@t:sse@fetcgnf@eﬂiemrﬁr5w@é a bee umsmgnt

i nvent descri bed, u ove description and
“P@?rﬂélﬁcl‘ %H%P@F%\F\/”WS’E‘“% It wilk 1qUS RO CES torncskidlgd in the
art@hat 1RE pRE&R GVEntiFVARRF bOFradikl REBoRMhdsE Aealidl MRtheYstaBees,

t he |nvent|on has been particul arly shown and

witldaowp @cpomsmﬁwe petfbsprerieseribasl in Wetag de prder ledobwingagspasy gbscure

tﬁﬂﬁ'g&g{ mvérftlow lso ﬁle %qglra?ets PP ﬁlle gyectlﬁ]c%ﬁgn g&ﬁll l;e s%geél Gp or down

keeping the same molar % or ratios to accommodate different sized reactors as is known to

5.2 aq sef?l F()) such as

those skilled in the art.

Unless explicitly stated otherwise, each numerical value and range
should be interpreted as being approximate as if the word about or approximately
preceded the value of the value or range.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the scope
.of the present invention defined by the claims.

While the invention has been particularly shdwn and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
énangements and procedures, and the scope of the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such modifications and similar
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the art that various changes in formand details may
be nmade wi thout departing fromthe spirit and scope
of the invention. It is intended to cover various
nodi fications and simlar arrangenents and
procedures, and the scope of the appended clains
therefore should be accorded the broadest
interpretation so as to enconpass all such

nodi fications and simlar 16 arrangenents and
procedures. | 17 1 What is clainmed is: 1. A nmethod of
fabrication of a copper interconnect conprising the
aﬁ&ﬁ%ﬁwﬂ& 'dﬁ%c W@&i ding a sem conductor structure

co rlsegno a copper interconnect and a dielectric
| ayer over a sem conductor substrate; b)

chem cal - mechani cal polishing said copper interconnect
to planarize said copper interconnect; c) treating
the surface of said copper interconnect with a

ni trogen and oxygen containing treatnent; d) w thout
breaki ng vacuum treating the copper interconnect with
reducing plasma treatnent; e) w thout breaking
vacuum form ng a capping | ayer over the copper

i nterconnect. 2. The nmethod of claim]1 which includes
before the step of treating the surface of said

17




copper interconnect with a nitrogen and oxygen

containing treatnent; the step of. cleaning the

surface of said sem conductor structure. 3. The nethod
~according to claim1 further conprises formng

sem conductor device structures in and on said

sem conduct or substrate wherein said sem conduct or

device structures include gate el ectrodes,

source/drain regions, and lower |evel netallization.

4. The method according to claim1 wherein the

ni trogen and oxygen containing treatnent conprises:

N20 fl ow between about 1000 and 5000 seemy a HF RF

power between 2000 and 400 W 18 a LF RF power between

50 and 150 W a pressure between 1.5 and 4.5 tort; a
WwhE A qBReqtid.me between 10 and 20 seconds; a
tenperature between 350 and 450 C. 5. The net hod

according to claim1 wherein the nitrogen and oxygen

cqntajnin [e nrises. N2O f|. tween
EROh@hFLAAGRRE! e Rl i B MIDEHIERT o0
and 250 W p@vidmgRi sgmaesidubet weemurd Soapriked bOa Wippeainterconnect

pressure between 2 0 aqd 2.4 tort"ﬁy@ treatnment time
bet ween 13 aftf adielsgtuc layer o¥pRTeRItRIEUHEE WEFI%00 to

410 G b) chemical-mechanical polishing said copper interconnect to planarize said
copper interconnect;
¢) treating the surface of said copper interconnect with a nitrogen and oxygen
containing treatment;
d) without breaking vacuum, treating the copper interconnect with reducing
plasma treatment;
e) without breaking vacuum, forming a capping layer over the copper

interconnect.

2. The method of claim 1 which includes before the step of treating the surface of said
copper interconnect with a nitrogen and oxygen containing treatment; the step of:
cleaning the surface of said semiconductor structure.
3. The method according to claim 1 further comprises forming semiconductor device
structures in and on said semiconductor substrate wherein said semiconductor device

structures include gate electrodes, source/drain regions, and lower level metallization.

4. The method according to claim 1 wherein the nitrogen and oxygen containing treatment
COmprises:
N>O  flow between about 1000 and 5000 scem;
a HF RF power between 2000 and 400 W;

18



a wafer size of 200 nm using a | CP plasma type
reactor. 6. The nethod according to claim1l wherein
the reducing plasnma treatnment is a NH3 plasnma
treatment conprises about: N2 flow between 1000 and
5000 sccm  NH3 fl ow between 2000 and 5600 sccm; a
HF RF power between 200 and 400 W a LF RF power

bet ween 50 and 150 W a pressure between 1.5 and 4.5
torn : a treatnment tinme between 10 and 20 seconds; a
tenperature between 350 and 450 C. 7. The net hod
according to claim1l wherein the reducing plasna

t r eah MBRF pSved bdividen pl asdresd weat ment conpri ses about:
19 N2 fl ow between_1500 and 1700 stens; NH3 fl ow
bet WBBIFSSUDDEUNREN 421687 40dME; a HF RF power between

225 gidagfint thhe béwkkn RFaRORkchfkveen 50 and 150 W a
pressure between 2.0 and 2.4 torn; a treatnent tine

bet wedempkBatangdetiees 860 aas450 G t enper at ure bet ween 390
and 410 C, a wafer size of 200 nn;

* 5. The method according to claim 1 wherein the nitrogen and oxygen containing treatment
comprises:
N-O flow between about 1580 and 1620 sccms;
a HF RF power between 220 and 250 W;
a LF RF power between 90 and 110 W;
a pressure between 2.0 and 2.4 torr.;
a treatment time between 13 and 17 sec;
a temperature between 390 to 410 C;
a wafer size of 200 nm;

using a ICP plasma type reactor.

6. The method according to claim 1 wherein the reducing plasma treatment isa NH;
plasma treatment comprises about:
N2 flow between 1000 and 5000 sccm;
NH; flow between 2000 and 5600 sccm |
a HF RF power between 200 and 400 W;
a LF RF power between 50 and 150 W;
a pressure between 1.5 and 4.5 torr :
a treatment time between 10 and 20 seconds;
a temperature between 350 and 450 C.
7. The method according to claim 1 wherein the reducing plasma treatment is a NH;

plasma treatment comprises about:
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using a ICP plasma type reactor. 8. The nethod
according to claim1l wherein the reducing plasna
treatment is a H2 treatnent conprising: H2 flow

bet ween 3000 and 7000 sccm a HF RF power between
200 and 500 W a LF RF power between 50 and 200 W a
pressure between 2 and 6 tort; a treatnent tine
between 5 and 20 seconds; a tenperature between 350
and 450 C. 9. The nethod according to claim1l wherein
the reducing plasma treatnent is a H2 treatnent
conprising: H2 flow between 1400 to 1800 seens; a HF

% pggei}?t‘g%\%%%‘%ﬂ%%(@%%m\é{ a LF RF power between

90 a a pressure tween 3 and 5 tort; a
t r eabNkBNtflaw bewbat 3Orand 44P{bsct@s;seconds; a

t enper. e between 3 a ) C, a wafer size of
abou?}g;olgﬁpﬂwr 1‘5‘% F?{bzng al“@%‘%l sma type reactor. 20
10. ihe repbhoesd vefwezha0and 15%herei n the capping |ayer is

conprised of SiNor SiC and has a thickness between
250 &WEssnebgtween 2.0 and 2.4 torr;

a treatment time between 13 and 17 seconds;
a temperature between 390 and 410 C;
a wafer size of 200 nn;
using a ICP plasma type reactor.
8. The method according to claim ! wherein the reducing plasma treatment is a H
treatment comprising:
H; flow between 3000 and 7000 sccm;
a HF RF power between 200 and 500 W;
a LF RF power between 50 and 200 W;
a pressure between 2 and 6 torr;
a treatment time between 5 and 20 seconds;

a temperature between 350 and 450 C.

9. The method according to claim 1 wherein the reducing plasma treatment is a Hp
treatment comprising:
> flow between 1400 to 1800 scems;
a HF RF power between 290 and 310 W;
a LF RF power between 90 and 110 W;
a pressure between 3 and 5 torr;
a treatment time between 8 and 12 seconds;
a temperature between 390 and 410 C;
a wafer size of about 200 nm;

using a ICP plasma type reactor.
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11. A nmethod of fabrication of a copper interconnect
conprising the steps of : a). providing a
sem conduct or structure conprised of a copper
interconnect and a dielectric |ayer over a
sem conduct or substrate; b) chem cal - nechani ca
pol i shing said copper interconnect to planarize said
copper interconnect c) treating the surface of said
copper interconnect with a nitrogen and oxygen
containing treatnent; (1) the nitrogen and oxygen
containing treatnent conprises: N20 flow between
labgiﬂné%tﬁ@;ﬁotaﬂﬁnﬁmﬁerﬁmﬂm cagpiﬂg 1Bfer BOO:‘Aﬁipgbk&Ing@N o281@0and has a
and 4 W a _LF RF _power between 50 and 150 W a
pﬂ@g@ﬁﬁgm%ﬁQ%@HaE4§&%%§ 4.5 torn; a treatment time
between 10 and 20 seconds; a tenperature between 350
and 450 C, d) wthout breaking vacuum treating the
copper interconnect with reducing plasma treatnent;
(1) the reducing plasma treatnment is a NH3 plasm
treatnment conprising about: N2 flow between 1000 and
150A0nesieeigf fabuid3tiéd ofe deppavdatercafidt antphEothsctps of : a
HF RF pom§r b%;meen 200 and 400 W

a) provi

21, :
ing a semiconductor structure comprised of a copper interconnect

and a dielectric layer over a semiconductor substrate;

b) chemical-mechanical polishing said copper interconnect to planarize said
copper interconnect

¢} treating the surface of said copper interconnect with a nitrogen and oxygen

containing treatment;

(1) the nitrogen and oxygen containing treatment comprises:

N>O flow between about 1000 and 5000 scem;
a HF RF power between 2000 and 400 W,

a LF RF power between 50 and 150 W;

a pressure between 1.5 and 4.5 torr;

a treatment time between 10 and 20 seconds;

a temperature between 350 and 450 C;

d) without breaking vacuum, treating the copper interconnect with reducing

plasma treatment;

(1) the reducing plasma treatment is a NH3 plasma treatment comprising

. about;

N2 flow between 1000 and 5000 sccm;
NH; flow between 2000 and 5600 sccm ;

a HF RF power between 200 and 400 W ;
21




a LF RF power between 50 and 150 W a pressure
between 1.5 and 4.5 torn : a treatnent tinme between 10
and 20 seconds; a tenperature between 350 and 450 C
e) w thout breaking vacuum formng a capping |ayer
over the copper interconnect. 12. The nethod
according to claim 11 further conprises formng

sem conductor device structures in and on said

sem conduct or substrate wherein said sem conduct or
device structures include gate el ectrodes,
source/drain regions, and |ower |evel netallization.

13. The method accofgf RY poXefbativBenldo saerseiwm; t he
ni trogen and oxygen containing treatnent conprises:

N20 flow bet ween abbRiesSESEETETE 11520 Se8Ws; a HF RF
power between 220 aygea%ﬁgm%eqwgﬁ%egﬁr?gﬁgggs%}lwen 90

and 110 W a pressure between a torr.; a
treatnent tinme bet weempi@tenbetyZersdd), andad S0 €hper at ure
between 390 to 410 C, a wafer size of 200 nm using a
| CP plasma type reactor. 14. The nethod according to

cl ai m 1leyhaiRit Brehkiag becigl, RGmdas Epping aleB N theScopper
NH3 plasma treatnent conprises about: N2 fl ow between
1500 and 1700M&e@mget.

12. The method according to claim 11 further comprises forming semiconductor device
structures in and on said semiconductor substrate wherein said semiconductor device

structures include gate electrodes, source/drain regions, and lower level metallization.

13. The method according to claim 11 wherein the nitrogen and oxygen containing
treatment comprises:
N,O flow between about 1580 and 1620 sccems;
a HF RF power between 220 and 250 W;
a LF RF power between 90 and 110 W;
a preésure between 2.0 and 2.4 torr,;
a treatment time between 13 and 17 sec;
a temperature between 390 to 410 C;
a wafer size of 200 nm;

using a ICP plasma type reactor.

14. The method according to claim 11 wherein the reducing plasma treatment is a NHj
plasma treatment comprises about:

N2 flow between 1500 and 1700 scems;
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22 'NH3 fl ow between 3900 and 4100 sccns; a HF RF
power between 225 and 245 W a LF RF power between 50
and 150 W a pressure between 2.0 and 2.4 torr; a
treatnment tinme between 13 and 17 seconds; a
tenperature between 390 and 410 C, a wafer size of 200
nn; using a ICP plasma type reactor. 15. The nethod of
claim 11l wherein the capping layer is conprised of Si N
or SiC and has a thickness between 250 and 500 A. 16.
A nmet-hod of copper netallization in the fabrication of
an integrated circuit device conprising: providing an

openipg tifywobgRed TWoelagetrdrcsck@ayer overlying a
substrate on a wafer; formn copper |ayer overlying
sai daéiFe‘ﬂéBw‘?rcbqhawﬂérﬁ@ %gra‘{:eta y filling said

openi, Rg;RE E£§g6§&ig§j“pollshlng back said

copper | aye to eave sal d copper layer only wthin
saidappmmnﬂgah©mfbﬁﬁnQZédgper i nt er connect ; treating

t he s face of ayer. with a nltrogen and
oxygbifeuBitedhs Ravert ORI e v actum i thout
br eal itddepeyAGid bBlwekh €30iang 41d€; copper interconnect wth
a NH3 or H2 plasma treatnent;
a wafer size of 200 nn;
using a ICP plasma type reactor.
15. The method of claim 11 wherein the capping layer is comprised of SiN or SiC and has

a thickness between 250 and 500 A.

16. A method of copper metallization in the fabrication of an integrated circuit device
comprising:
providing an opening through a dielectric layer overlying a substrate on a wafer;

forming a copper layer overlying said dielectric layer and completely filling said

opening;

chemical-mechanical polishing back said copper layer to leave said copper layer only

within said opening to form a copper interconnect;

treating the surface of said copper layer with a nitrogen and oxygen containing

treatment under a vacuum;

without breaking vacuum, treating the copper interconnect with a NHz or H, plasma

treatment;
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23 w t hout breaking vacuum depositing in said
deposition chanber a capping |ayer overlying said
copper layer to conplete said copper netallization in
said fabrication of said integrated circuit device. 24

without breaking vacuum, depositing in said deposition chamber a capping layer
overlying said copper layer to complete said copper metallization in

said fabrication of said integrated circuit device.
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