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
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€rconnection
i nt erconnecti ons conpr iasmp Terawemduct or i nt egr at ed
circuit devices becone 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) Field 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

an 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 nethod, 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
connect Wiavwevehén ihirtistecoonnestioh Enmetmtechinghieaas devices and
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Gapeshicetboronesiktahdtk ard Bgulyahdragidy, loerc@mection dehgs are occumng,

i nterconnection slot and connecting hol e

an an .
and a dmeids brinereshfide g periorpaacy | pé?*f@amté thsemjcgpductor

and.LRE £AMNESId0Ng hole is formed by polishing this
nal% conducting | ayer by, for exanple, CMP (Chem ca

Mechani cal Pdh u@hnh@)ns gointehermngatiop dorimang teclyniyye kngwnige the

stge Ml Pa clRReal TS TPt se o Ty ebronly
AgstihPgshefadte tivalypef, ikhendBingle maﬂmhe ngtHodyed thefDuahBamascene

i nt erconnections fromthe viewpoint of inproving the
mance of the sem conductor integrated circuit

devi ce. Coppegp tﬁ%#i@@amzﬁ&%ﬁﬂﬁ@ﬁ@d L@t forRiQPRAL R cdrection slot in
alumnum its resistance is lower and its permtted

caumnsehiltmg im, foetiaatpild, iatnyain sondweténg Inya fenfornaing éxercerfoections is
tdﬁ?mhtts o\t/eé hhl% {nsuld‘u P Fn dn(f 1'&%6{ in enéo%ﬂgch?)g sf@ddgd 21 embedded

al n I'on ‘resi stance,
amercbnecaapaché ﬁmﬁﬁ)xhe&tmestbt adjoaaahivy polishing this main conducting
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 in 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
improving 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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i nt erconnections 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
thomacenbta thersamk arigreotinestidniesiktaessandyis: GapaGHrnoshetwgen adjacent

o July 20, ,2004 Met hod for formng nitride capped

m%‘:qnpﬁcéénﬁﬁrhbe tgifedd hillock formation. "Adhesion

Quanti fi cat HoWedr, RPpeGirdoinédds @O (POPWPS piBtdses have problems.

passi vati on by Nanol ndentation”, by Vella et al., pp.

X».1.1Q6.1.6, discusses Cu treatnents. United States

Patent 5, 91?&696%‘???94&{ dr tec@ﬁnc@i htcratu%(élg'a§ &fflodlist fusi on

ace r t

barrier sur herence of copper and nmethod
for s ame. 3 USlﬁﬁﬁﬂr%ﬁOBfZ ngecmn@tethtand) B STP-]Q,O 160HBE7 ndd ht-sNoguchi,

14 & Lo BB BT heBop R s folof SR o EBRaion

m@@tb@iT&Lbbﬁaﬁdoﬁd&d@oran{fegﬁtﬂdlcﬂ‘d@lt eéfiecti ve when applied to
formation of inlaid interconnects by c

rochani oal Bt TUSRD Hg 30 L Bhe. ey Bb Rt & 264 ielectric
bRLESEM: tWEPHE AR OM Hafer hARAE & 34y B sTRBA OShcentration 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 Nanolndentation”, by Vella et al., pp. Q6.1.1Q.6.1.6, discusses Cu

treatinents.

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

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




for plasma treating/cleaning Cu containing netal after
a chem cal - nechani cal polish (CWP) 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 interconnect with reducing plasma
treat ment; without brSesigy ohBURY eHtIY ng a cappi ng

| ayer over thg, GCORREmdL 8T ﬁ@?ﬂs@&{t inveidleprofri@ARARication method

enbodi ments are described in the specification bel ow
Tiie sabovadaid iftedrated atvandeaipespaaiiehl frbap riechnigue efgctive when

representative odi nents _qn and .ar e, not 1

aRREsEs B RarEag e et b ey P ulBi aggipgrovn) and
to assist i NnTEos it ¢f0thk heestaierthiiomprolide alightlcdtion method
be understood that they are not representative aof alh
tfveplpyivecieatioa’slcaeng Eédﬁowlw’rﬁéﬂﬁtﬂ%f%?C’P%“‘BQ“IE‘ apigdpagsh
%Fﬂhﬁgﬁ&gg; on the invention as defined by the

claims, or limtations on equivalents to the clains.

For i nstanceAn somplotmbirbmentsdsie arthages fabsipatim of a copper

nut ual | y contr adj,ct or inthat th t be 4
éPWﬁP?ﬁ%&8ﬂ§W§m5p5§gﬁ¥bfh a singleegngggrgent?

Si m | ghdYding NRmachrd et cdiccoappistCald @pper interconnect and a

diclectric 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
freatment;

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
i nference 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
sideSarbpty prsent fromsingle embpdiwicng Simidarty, ﬁmmdvhetagdsali’cr@plicable
5 Brief Serl tion
o386 BHESE Lo BRI elics FARRG PR aeT Bivgets of

thPEBREAL inb NiIBAhh @A BT dikdubd hdelimiHoweoér, Ao pif@emsh@ﬂd be
fabricati ng such a sem conductor device in accordanc

draivp ke gerbingpihescetiscupsed dtaibie ARV (o hasenst diseysaed e other than for

puﬁl@&sg S 808 IR robQltloRMING, ARSGIHRE) OfYeh@KE Aud fivantages
unction wit ccompanyi ng drawings in

sliouldmot bet@seard dmpmahad; B1 dbeingTiag aluswainnk:@rAddrtlonal featuies and

corresp elenen e s .and rtions. an in
iR SR Tot phl BirgoaDamenidp ossPORt R Bl fm e
i @ngh | dnd Fhohathic Bhirds. Tet hod for plasma

treating/ cleaning Cu containing netal after a

chem cal - nechani cal polish (CW) 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 plasna treatnment and 3)

post NH3 plasma treatnent for an exanpl e enbodi nment

process. 6




Det ai | ed Description of the Preferred Enbodi nents The
present invention will be described in detail with
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 |ayer 24 could al so be
formed over the copper layer. The stop | ayer 24 can ~
be conprised of Si MriefReseripipayofithe Pravimgect is

conmpri sed of ﬁ%@gﬁﬁregm TRYnthAN® T Qtsaﬁi"con(ﬁlkzio?)iéyi@ﬂ{ according to the

i mpurities. € copper Interconnect can be an inlaid
ipRiseftdoveneot amt furthtralethilyef aprocesstod fabopnatsetsuctsa semiconductor

chem cal - nechani.cal polish Referri to fiaur I -
S0V e e R RTeca Bt i e el Bt Bt rom e
It RYiRL H&%ﬁ%)tiérﬁ&i%n heoRuAnRnIvEeh thbeccomppering drawings in which like
I nterconnect 30. After chem cal -nechani cal polish .
(reivrence MEnesals GBS SIMEAOTCAUFIPE) RS RANGNEIE gt Rgytions and
t-h%h To prevent the excessive oxidation and Cu
or't'osi on, the organic materials |ike BTA are used to

cap the surf dGeurks t strowghdt arherpss srstiendbgigivgdertifustrating a method

té%lje p %’s%eantg'cejti%g/gzﬁ:gr%gg Ctu%ogt%f?lirgghnewtgileaq%% & cﬁgﬁcz%{%clhﬁ%%i p'bﬁsh
(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, NxOy) treatnent.
The N20 treatnent preferably conprises about: N20 fl ow
bet ween 100Dectalicll BeG@Pipsivomf andPxboutd LoBOdmantd 620
sccros and nore preferably of about 1600 seens; a HF
RF (high frequency RF) power between 200 and 400 W;
bet ween 220 and 250 W and nore preferably 235 W a
LF RF (Low frequency RF) power between 50 and 150 W
and nore preferably between 90 and | 10 Wnore
preferably %Reg}es{rﬁ) il @o@mmcguﬁa%awamﬂwﬁhm efteclq the
torr and nor erabl etween 2.0 and 2.4 tort- and
agvompapief daabigy. Ithrtcsxmlt inveatidnreratidesd methpdobetwegrand 0
and 20 seconds and between 13 and 17 sec; and nore
clepined SRS PEFERECly { enper at ure between 350 and 450 C
and between 390 to 410 C and nore preferably about
400 & a wafsemisbaducformtaictusd yopper mtercaimiery a | CP
pl asma 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 overa
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 CuO layer to Cu,




An exanple of a reactor that this step is perfornmed 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 layer 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 plasma
treatnent in- situ (wthout breaking vacuum and

exposi ng t he N@t &fc dl@andhé Jurfalk of the sdrhidgnduber soipet 12. The clean
i nterconnect with a reducing plasma _treatnen

t L
Ref bg 2 Plirgniedd @©igg N3 mrekanicgh plepis Adlst (il e embodiment’s 2
br eaki | ' j -Jreating the copper
F%?%&g%%ﬁg@%yﬁﬁ?ﬂﬂg%%ﬁggﬁgﬁgFCa reduci ng at nosphere
such as NH3 or H2 plasma treatnent. The 2"d Step: NH3
or H2 treatnent reduces the CuOto Cu. During this

troat & uni £ AP L Sl rBLE B B boBflel intGiBonpBct with
< _> Cu +Ha@r6gen end oxylydd contairug thda@melP The NH3

treatnment preferably conprises about: C. N2 flow
bet ween 1000 Mexd, 5B0Mestodigneed Wwetrow die suBa@ Ate aopoer

LTRSS SLE LR SRS Men
4100 seens and nore
The N, O treatment preferably comprises about:

1 N,O flow between 1000 and 5000 sccm and about 1580 and 1620 scems and more
preferably of about 1600 scems;
a HF RF (high frequency RF) power between 200 and 400 W ; between 220 and 250
W and more preferably 235 W,

7 a LF RF (Low frequency RF) power between 50 and 150 W and more preferably
between 90 and 110 W more preferably about 75 W;

'1 apressure between 1.5 and 4.5 torr and more preferably between 2.0 and 2.4 torr and
more preferably 2.2 torr.,

" g treatment time between 10 and 20 seconds and between 13 and 17 sec; and more
preferably 15 sec;
a temperature between 350 and 450 C and between 390 to 410 C and more preferably
about 400 C;
a wafer size of preferably 200 nm;
using a {CP 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 between
200 and 400 Wand between 225 and 245 Wand nore
preferably 235 W 9 a LF RF power between 50 and 150 W
and between 50 and 150 Wand nore preferably about 75
W a pressure between 1.5 and 4.5 torr and between 2.0
and 2.4 torr; and nore preferably 2.2 torn; a
treatnment tine between 10 and 20 seconds and between

13 and 17 seconds and nore preferably 15 sec; a
tenperature between 350 and 450 C and nore preferably
bet ween 390 and 410 C and nore preferably about 400

C, a wafer 9ghzeitaficpaelervabl yor200ing plasma sieagieat fe@@ves the

| asma. e ctor. Note any flows in.the . flow rati .
oRagetubtgd s i p o % PR duRbihficd: which
s@UARE af ée@wnrtafcﬁﬁes%ﬂyp@high@&@wroo. and OO PHQGEHS. AR AMP, the

scal ed up or down depending on the situation or

Celraithrsrexppsed to ppbisxtdpgicentgfis Xy@act or that this step
is perforned in is a Sequel (ICP type) reactor, nodel
C2 by Novel | as conpany. The reduci ng plasm treatnent
is a H2 tredtwenterpy etdrtablcy vathrthe sigbstiment flhspwa treatment in-

bet ween 30Q0 and 7000,seem and nore and nore
8 é’YV}g}OHB}P‘)‘?Qﬁ%‘OaCPBmf%ﬁ"p%@@ e‘ﬁﬁ%i e preferably of
about 1600 seens;

D. 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 CuQ, so it can be treated uniformly. Below are reactions.

(1) CuO+H, <=>Cu+H0
(2) CuO +NH; < => Cu +,0 +N,

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




a HF RF power between 200 and 500 Wand nore
preferably between 290 and 310 W and nore preferably
about 300 Wa 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 treatnent tinme between 5 and 20 seconds and
nore preferably between 8 and 12 seconds and nore
preferably 10 sec a tenperature between 350 and 450 C
and nore preferably between 390 and 410 C and nore
Pf eef EE Rl rgéxﬁpe&tveé@% fnd BOWRTRE bSivzen 86 aRl Boewakl im0

usi pl asma type reactor. An exanple of a
Eeam‘cfarabtyh@tom ﬁ'ﬁé’V;st ep is perforned in is a Sequel
Ehgh Payui Y B R T Qb O SRR fmd REBreterably
| ayep ta#6 over the Cu interconnect 30, preferably
wi t hout breaklgg vacuun1%pn si t.u)

d

p o Bramy i i St Koot B sespdgnd more
re ggc(oxygen doped SiC). Il F. sunmary of
a aymtreMWmnspmamﬂas

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

"1 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:
v H, flow between 3000 and 7000 sccm and more and more preferably 1400 to 1800
sccms and more preferably of about 1600 sccms;
i1 a HF RF power between 200 and 500 W and more preferably between 290 and 310 W
and more preferably about 300 W
a LF RF power between 50 and 200 W and more preferably between 90 and 110 W
more preferably about 00 W |
“1 a pressure between 2 and 6 torr and more preferably between 3 and 5 torr and more

preferably 4 torr;
10



Exanpl e pl asma treatnent paraneters are shown below in
table 1. Table 1 N20 Treatnent Setting Range N20 1600
sccrn 1000- 5000 HFRF 235'"' N 200 - 400 LFRF 75W
50-150 Pressure 2.2 Torr 1.5-4.5 Treat Tinme 15 sec
10-20 Tenperature 400 C 350 - 450 wafer Size 200mMm
Plasma | CP NH3 Treatnent Setting Range N2 1600 sccrn
1000 - 5000 NH3 4000 sr_cm 2000- 6000 HFRF 235W
200-400 LF RF 75 W50 - 150 Pressure 2.2 Ton- 1.5 -
4.5 Treat Tinme 15 sec 10 - 20 Tenperature 4000 350 -
450 wafer Size 200mm Pl asnma I CP H2 Treatnent Setting
"1Ramgetment time between 5 and 20 seconds and more preferably between 8 and 12

seconds and more preferably 10 sec

a temperature 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;

1 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 5000 sccm 3000- 7000 HFRF 300W 200 - 500 LF RF
100 W50 - 200 Pressure 4 Torr 2- 6 Tinme 10 sec 10-
20 Tenperature 400 C 350 - 450 wafer Size 200mm
Plasma ICP G test results Figure 5 shows a graph of
reflectivity (4400 nm vs plasma treatnment tinmes at 3
times during the processes 1) post CWP clean 2) post
N20 plasma treatnment and 3) post NH3 plasnma
treatnment. 12 The exanpl e enbodi ment process flowis:
form Cu | ayer chem cal - mechani cal polish (Cw) Cu

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

pl ashp treat g Faranicders
cap Iayer over% @a?t?x g f.ﬁ'ﬁk’?%ﬁag’g’?ﬁ shows t he
H%inﬁegza%llﬁﬁ tleftBRhMRAmtSrs hleshbaatbelodpihitae (. time 10
sec see) is because the CuO has been fully reduced
febled. But to make sure the unifornity treatment, the

et  28«nRs N3 OPHaAge' S preferred to provide
M20 1600 secm 1800 - 5000
HF RF 258y 200 - 430
LF RF 75 a0 - 180
Pressure 2.2 Tarr 15-45
Treg Time 15 3eC 18- 20
Temperature AN0C 250 - 450
wafer Size 200mm
Plasma [CP
NH3 Treatinent  |Setting Range
[ 16038 sccm 1000 - 5000
MH3 4000 secerm 2004 - 6000
HF RF 235 W 200 - 408
LF RF 7a Y a0 - 180
Pressure 22 Tow 1.5-45
Trezt Time 18 sen 10- 20
Tergoerature 480 C 350 - 450
wafer SiZe 200mm
Piasma ICP
H2 Treatment Setting Range
HZ 5000 s¢em 3000 - 7000
HF RF 300 WY 200 - 500
LF RF 100 ¥ 50 - 200
FPressure 4 Tarr Z2-6
Tirne 10 sec 10-20
Temperature: 400 C 350 - 450
wafer Size 200mm
Plasma [CP

G. test results

Figure S shows a graph of reflectivity (4400 nm) 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.
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nore margin. Note: 1) Incom ng substrate reflectivity
was 42-46% 2) N20 plasma treatnent reaches saturation
point wwthin 5 seconds at -21% 3) NH3 plasma
treatnment recovery of saturated CuO wafers takes <10
seconds Note: Based on the reflectivity, the CuO

t hi ckness can be calibrated. The tabl e bel ow

summari zes some of the inportant steps. Table: Step
summary Step figure Reason step is inportant N20
treatnment 2 renoves organic and grows CuOf NH3 or H2

treatnment 3 renobves CuO ! The conbination of the two
Th @anpld snemidireet procedIDvpisasma treat nent and NH3 or H2
nl ashea-treat nrnnf\ IS an :mr ovehrehnt—over US: ng either

t°§P§g11éYeﬁl asha 13 treatnment al one. Also, the

&ﬁkﬂ@ﬂ&rﬁ’ca@ﬁ& S@II‘(@M d%qgl QI 1B the plasma treatments
t

order_of (1) asma_treatnent and (2) NH3

1§)N1ti=d%ephm¢uwgbn eattmamz, (e gdﬁszbt tleyma tetfatle@'ttl veness. H.

nf
|||| t=) |v1:a||||| o1 LIIC LCI 155 UDCU III LIIC
2>8%s NH&‘ 1%??‘%5‘\?8“ e explained. The term"inlaid

forfllcqp GRBNGkRE Cudly erl N @i d metal interconnect™ usuallly
neans an _l.nter rnnnprt patterned by a netallizatiaon

techni que of renoving, froma

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 N,O /20 sec NH;z  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; plasina treatment recovery of saturated CuO wafers takes <10 seconds

Note: Based on the reflectivity, the CuO thickness can be calibrated.

The table below summarizes some of the important steps.

Table: Step summary

Step figure Reason step is important
N,O treatment 2 removes organic and grows CuO
NH; or H, treatment 3 removes CuQ

The combination of the two plasma treatments ( N,O plasma treatment

and NH; or H, plasma treatment) is an improvement over using either single plasma
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conductive fil menbedded inside of a trench or hole
formed in the insulating film an wunnecessary portion
on the insulating film as in single damascene or dua
damascene. The term "single damascene"” 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
metal and an interconnect nmetal are enbedded

si mul taneously. Copper inlaid interconnects tend to

b& aii8HarBSe. A168) el endRUBhenSd Srifetdblyeperibies thefplasma treatments in the
sem conductor integrated circuit device" as ung bett
, Tor petter

hn;eal@iloﬁ (1) neghplasiog treimgntand 63 s oy plogna Feygmey
Si e-crystal silicon substrate but also a device
ﬁ&%ﬁ?@&?@d on anot her substrate such as SO (silicon

on insulator) substrate or TFT (thin filmtransistor)

| i qui H.cryst aDefimitionact uri ng substrate unl ess

ot herw se specified. The term"wafer" neans a .

si ngl e- cryst aVeastingsehedmas ysad & g drsraqraboye gre explained.
substantially disk form, an SOS (silicon on sapphire)
substrate, a glass substrate, other insulating,

seni -i nsul at i Age armeeraid ordeetrset” o bistaidmesl igtergonnect” usually

conposite substrate thereof, .. each -

PRFHRS AR TUFPORYICY AR ST 5@?@@@%4 Hiremoyipe. froma
deMmiG&ive llm @hBed REEAGAS aarensSubsliclat@medirphe tnsolating0lng an
of the substrate surface gr a part g{ whol e of

gamecaskase pordge o Hies BB RS HaRe o S 4?8}33%6%%%”:?3 fpsgpene. The

.S’t%{%] "ﬁlzg%h,sigan%scéle%sua%f' mdfs LEMMid Hem&aBdYshORe process wherein a
integrated circuit c yp sem conductor integrated

cping ietal sutbs tntat@nteionetd] sendremdded ndwoskiggs. The term "dual

(sem congduct or substr.ate)." n _waf i Vi '
(A asef?nreguﬁaﬂ@ fﬂﬁa'bssanaf?‘tﬂ@‘“%egceﬁ%fqezc% i ﬁé“%%&é%?ﬁ‘gd flbgmetal
ShRPn iffRRoh@icinesl hiceameddetirsimletant@isN: Coppet silkitl gprconnects tend

nitride filn' neans not only
to be used as a multi-level structure,

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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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 "pl asna

treatnment” neans a treatnent of exposing the surface

of a substrate to an environnment under plasma state

or, if a nmenber such as an insulating filmor a netal

filmis fornmed over the substrate, exposing the

surface of the nenber to such an environnent, thereby

subj ecting the surface to the chem cal and nechani ca

(bonmbardnent) actions of the plasnma. Plasma is usually

gener at ed byLhewdid ’&etﬁ-;idohciitn:g:)rantegze&dtciraﬁt chig (demit copdurayed

wth a specific treat S the r eat prent
mbcggat%mrcgg}g étdtés&'ate o(m §tfnﬁl§0r11 tog g ka%Fn%lT'ﬂé‘ nelpy staafte) means a
wicBlivide8 RUE NRY-chi @l Qrou(%] aflc cmmewoﬂ APaSEH&. 1 O

conpletely purge th anber with the treatnent gas.

In this enbodi nent, therefore, the term "ammonia

Plt af’mrrs ngtezlhcg ﬁtmmgl‘ﬁ osr} Ak éag.gé ?\}( & ucﬂﬂ?@@t‘ rﬁtr{?il ‘:ﬁlqaml%%s not only
Sioxygensubeasrhaa hnwiiam@g dién ﬂmﬂedi apodldo a Giridel ﬁtsilty:on hztvm,gsa similar

need| ess to say that the plasma y contai n anot her
C%Wﬁﬁﬂt%ﬁo§ﬁ§4opréﬁﬂﬁt@9@3é te*ﬁ term"plasma of a

reduci ng at nosphere" neans a plasnma environnent in

whi ch reactive speC|es such as radicals, ions, atons

and ol ecul &se inind nlmm\treatawnedwmﬁgtra@ttneotrpi expeaing i§e surface

t?%%ﬁ%xtgﬁqg W etnvg rt%rvtnent %n(geq cfsgia S?E%é &I ntgal 1{{2:1{31 tshéﬁ 5-%%"?5% ating

ions 1nclu ecu
fill ot Omstal Mmﬁ fscfbsmied &kethe rsuﬂ)mmmtremosmm s@ffﬂtea)fmhmmbet to

only a single re t|ve S %les but rea tive .
S@b@e ey ront, woicpting the jif ﬁce%@ ﬁ%a 4§ frpgghanical
(HoPaRinn Ve QaeR tl(e%gbs(;@cl ?’Ic?&}gz th@arl?%é%t&l by, while filling a

si mul t aneousl Y. The term "chem cal nechani cal
rq@@iqrmhamgér t(L@ﬁd)WIﬁeawctﬁ@Igas firoagnast 225) Wptblth%tnea@uwfta;@eas

nese\éFc? i%gzt't:tx% ﬁ]cé;agg?s pl}egac 1&1 %t allégﬁ hg e%gy 191Q l(t) 1s hot\l%ver impossible to

completely purge the chamber with the treatment gas. In this embodiment, therefore, the
term "ammonia plasma” does not means 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
have a reducing action, that is, an oxygen withdrawing action, exist dominantly. These
radicals or ions 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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slurry in a state where the polish surface is brought
in contact with a polishing pad formed of a sheet
material such as a soft cloth. In this enbodi ment,
this termalso enmbraces CM.  (chem cal mechanica

| appi ng) for polishing the polish surface by noving it
relative to the surface of a hard grindstone,
polishing with another fixed abrasive, and
abrasive-free CMP. 1. Non-limting enbodinments In the
above description nunmerous specific details are set
forth such as flowrates, pressure settings,

i gyﬁ RasBESwhé&t ?16' pollith erﬁi\% istRoudhOM @atadt WK & biﬁymngt;gh formed

standlng 0 present invention. It w
tf wisiaes mateoinesseh as oofbeleths ki thismboingRb thigfar mtallﬁsteﬂt%@es CML

é}{eei}?%]aé nllepﬁaeng(%a;l] alppm%ggol?ﬁol@ghﬂﬁ;tthg?ﬂis kit nl?(ﬁﬁﬁ, Ahrelatlve to the

ces nown process have
notfadegn lesetidewde,ipoligetgivith amtoerdacd tlarasive, and 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

accomypdat e dbhaimitingsémpedimastsors as is known to
those skilled in the art. Unless explicitly stated

ot herwi se, each nunerical value and range should be

i nter ted [ , [

o appr oxi mat BI1 5e CERER B U B PBT Y AE el i gyt such e
il ﬁﬁcs%}r‘é%&ret s%ﬁm‘é,@ rthigkdesQk, @abadirdeRns srovide hhtorpiesarph

i nvention just descri bed, the above descrlptlon a

i Undesstanding of thegroantrinrenien-t hralh bagdyipys Powgychrie oaciplied in the
tzH‘[e‘f‘iaatethg : ?éc’sglﬂt VJI]lYl ﬁ]HaSJ Re ??afch q/vﬁ%tﬁ {Pl%secde@iﬂgs In MAéd iBstances,

een patIC shown and
d\eéltkncb\etbrmdshhawcefoeb@mdesdl ibed hedmiem@rqiee@b mmmv@ obscure

t her eof W | er st.oa

the prg:lsqntgrwg{m ) la‘ﬂrég%ﬂ%‘ﬁ baégs i |1ih(f Sé)reYh? %‘ﬁla)n Jap ‘L:{ Fcaier(} up or down
bgcpRg ehdMahRkdIadRRAE B ddcomiolige different sized reactors as is known to

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 shown 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
arrangements 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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spirit and scope of the invention. It is intended to
cover various nodifications and simlar arrangenents
and procedures, and the scope of the appended cl ai nms
t herefore should be accorded the broadest
interpretation so as to enconpass all such
nodi fications and simlar 16 arrangenents and
procedures. 17 What is clained is: 1. A nethod of
fabrication of a copper interconnect conprising the
steps of. providing a sem conductor structure
conprised of a copper interconnect and a dielectric
artmygemneay edd privecdaiessi conduct or substrate, the copper
i nterconnect having a surface; treating the surface
of said copper interconnect with a nitrogen and oxygen
containing plasma treatnent under a vacuum wherein
the nitrogen and oxygen containing plasma treatnent
conprises a N20 fl ow between about 1000 and 5000 seem
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 treatnment tinme between 10 and 20 seconds, and
a tenperature between 350 and 450 degrees C; then
treating the copper interconnect with a reducing
pl asma treatnent w thout breaking the vacuum and

17




form ng a capping layer over the copper interconnect

W t hout breaking the vacuum 2. The nmethod of claiml
whi ch includes cleaning the surface of said

sem conductor structure before the step of treating

the surface of said copper interconnect with a

ni trogen and oxygen containing plasma treatnent. 3.

The net hod according to claim| wherein the nitrogen

and oxygen containing plasma treatnment consists
essentially of N20. t8 4. The nethod according to

claim1l wherein the reducing plasma treatnent is a NH3

pl asma treatment conprising about: a N2 fl ow between

1000 and 5000 seem a NH3 fl ow between 2000 and 5600

Sdlemis claimettis: RF power between 200 and 400 W a LF RF

power between 50 and 150 W a pressure between 1.5

and 4.5 ton; a treatnent tine between 10 and 20

Sea8qRdRsd @MEbrictibe opec@bur iatd@hmer noBfilsianide 46ps of:

degrees C. 5. The netho%{accordin to.clai.m| wher.ein

the reducPHy e SFamPRMGHRESIUFEreToRRpEsCd 4Sppper nterconnect and
treat ment ,coRkdSiapg N2 B8 beiddndi@tor BgstiaR] hedopper interconnect
according to claim |l wherein the reducing plasma

t r eat ment hawngabi@fgskasma  treatnent conprising: a H2
t1ow bet \A%%Qtinszgotgg sift ag:e ZP g\@d go%%@ interconnect with a nitrogen and oxygen

containing plasma treatment under a vacuum, wherein the nitrogen and
oxygen containing plasma treatment comprises

a N,O flow between about 1000 and 5000 scem,

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, and

a temperature between 350 and 450 degrees C; then
treating the copper interconnect with a reducing plasma treatment without
breaking the vacuum,; and
forming a capping layer over the copper interconnect without breaking the

vacuum.

2. The method of claim | which includes cleaning the surface of said semiconductor
structure before the step of treating the surface of said copper interconnect with a

nitrogen and oxygen containing plasma treatment.

3. The method according to claim I wherein the nitrogen and oxygen containing plasma

treatment consists essentially of N2O.
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a HF RF power between 200 and 500 W a LF RF power
bet ween 50 and 200 W a pressure between 2 and 6
torr; a treatnment time between 5 and 20 seconds; and
a tenperature between 350 and 450 degrees C. 7. The
met hod according to claim 1l wherein the reducing
plasma treatnent is a H2 plasma treatnent conpri sing:
a H2 flow between 1400 to 1800 seem a HF RF power
bet ween 290 and 310 W a LF RF power between 90 and
110 W a pressure between 3 and 5 toir; 19 a
treatnent tine between 8 and 12 seconds; a tenperature
4. ek wesstiod3QCording t4 £Rind égrhessn B rahdingplasefacircatingd ivd NH;

about 200 nm usi.n | CP plasma type reactor. 8. A
n@?%“?ﬁlfm?’ﬁlﬁi?’lnl%‘ai‘g%%’%lf a copper interconnect

conpInsi MGy bhGest emm 50@0 s@fEVi di ng a sem conduct or
structure conpri sed gﬁd[)per i nt er connect and a

d|eHdHHnlﬁoméV@Wﬂm@@ﬁoaﬂ% Usspuct or substrate; b)
Chen]ﬁ?&uﬁgﬁﬂ§ﬂaﬁ%knﬁﬁdééﬁﬂdﬁﬁvsa'd copper interconnect

to ptanariize sard I ntefconnect; c) treating
t he §UFR&q©“@fbawed1ﬁb@ﬁ@ﬁOﬂﬁterconnect wWth a

nitrogen a
a gressure%etwee}rllgl ? and 4.5 torr;
a treatment time between 10 and 20 seconds; and

a temperature between 350 and 450 degrees C.

5. The method according to claim 1 wherein the reducing plasma treatment is a NH;

plasma treatment comprising N2 and NH3,

6. The method according to claim I wherein the reducing plasma treatment is a H, plasma
treatment comprising:
a 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; and

a temperature between 350 and 450 degrees C.

7. The method according to claim | wherein the reducing plasma treatment is a Hy
plasma treatment comprising:
a H, flow between 1400 to 1800 scom;
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;
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contai ning plasma treatnment under a vacuumto forma
CuO layer on the copper interconnect; (1) the
nitrogen and oxygen containing plasna treatnment
conprises: a N20 flow between about 1000 and 5000
seem 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 tort; a treatnment tinme between 10 and 20 seconds;
and a tenperature between 350 and 450 degrees C,

then d) w thout breaking the vacuum treating the
copper interconnect with a reducing plasm treatnent

to fega-\éﬁmfehﬁ_nﬁ%@tk@mg afd pMdehaiscopper i nterconnect;
(1) the reducing plasma treatnent is a NH3 plasma

t r eat mrigmpecaiwsbesyasy 39Qmesi L0 degress Rpagd ow bet ween 1000

and 5000.sc w bet ween 2000 and 5600 sccm ;
a HF ﬁl‘f’aﬁe&%z?ogg?%g%%‘go and 400 W; a LF RF power

bet weesind GndQd plbtaVypeacpt@assure between 1.5 and 4.5
torr; a treatnment tine between 10 and 20 seconds; and
8. A method of fabrication of a copper interconnect comprising the steps of:
a) providing 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 plasma treatment under a vacuum to form a CuQ layer on

the copper interconnect,

(1) the nitrogen and oxygen containing plasma treatment comprises:

aN,O flow between about 1000 and 5000 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 treatiment time between 10 and 20 seconds; and
a temperature between 350 and 450 degrees C;

then

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

reducing plasma treatment to remove the CuQ layer from the copper

interconnect;

(1) the reducing plasma treatment is a NH; plasma treatment comprising

about:
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a tenperature between 350 and 450 degrees C, and e)
W t hout breaking the vacuum form ng a capping |ayer
over the copper interconnect. 9. The nethod of claim
1, wherein the reducing plasnma treatnment is a NH3
plasma treatnment or a H2 plasma treatnent. 10. The
met hod of claim 1 which further conprises, before the
nitrogen and oxygen containing plasm treatnent step,
the step of chem cal - nechani cal polishing said copper
i nterconnect to planarize said copper interconnect.

11. The nmethod of claim8 wherejin treatlng t he copper

i nt erconnect with &MNdiebsiges Kofand pPUTCRBAt i s
performed before fganqgngb&g@gﬁﬂg)Qﬂygg?@ggﬁlthe

copper interconnect 12" The met h o alm I wherein
the nitrogen and oxyyeRF ponwtebatwvery J0asdd0t Meat ment is

conpri sed of N20 2] 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; and
a temperature between 350 and 450 degrees C;

and

¢) without breaking the vacuum, forming a capping layer over the copper

interconnect.

9. The method of claim |, wherein the reducing plasima treatment is a NH; plasma

treatment or a Hy plasma freatment.

10. The method of claim 1 which further comprises, before the nitrogen and oxygen
containing plasma treatment step, the step of chemical-mechanical polishing said

copper interconnect to planarize said copper interconnect.

11. The method of claim 8 wherein treating the copper interconnect with a reducing plasma

treatment is performed before forming a capping layer over the copper interconnect.

12, The method of claim 1 wherein the nitrogen and oxygen containing plasma treatment is

comprised of N,O.
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