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METHODS OF FORM NG METAL | NTERCONNECT STRUCTURES ON

SEM CONDUCTOR SUBSTRATES USI NG OXYGEN- REMOVI NG PLASMAS
AND | NTERCONNECT STRUCTURES FORMED THEREBY FI ELD OF

THE | NVENTI ON The present invention relates to
sem conduct or device |ubrication nethods and, nore
particularly, to nmethods of form ng sem conduct or

devi ces with copper interconnects t her ei n. BACKGROUND
OF THE | NVENTI ON IP has been used as

an MEEHEYM 83t FORMEY erNIEIT Aln 1 TE QYNELIN §ERUHeT URES
resHRt cOINDOETGR %%TGIQK%ESEﬁ‘sN@ IR e RiMBVIRG
copper erconnectlon anmascene process 1s

ge MJAESMMLS%ND INTEROONNFEICSTRUQTICRES FOREIFE AIHEREBY
mechani cal 10 polishing (CW) may be perfornmed, and
after the CVP process is perforned, a thin copper

oxi de filmmay be fWO@”TIIIQQN?ﬁ%N

i nt erconnecti on. y be tbrned
becaud@eiptesest idvdntiog utlhtes @ conpdrehietoy dentefabapitionxygbrs

during the proce slurries sed n.the

&R Hﬂ:@}’r ¥ TEB‘E?‘?H %I%W‘&Sﬁefé‘kﬁ?ﬁ T s vices wifh copper
qlggﬁgﬁn&@tggrefd | mexists on the copper

i nterconnection, the adhesion of the copper connection
to a | ayer dep03|ted on the copper interconnection may

be degraded, g%?;ﬁg' QSEF t] ‘&%f. tance may

be i ncreased getertoratihgthne— iability of

t he sm&m@g h@deéﬁ\ﬁh&Eas an intercogB8@Ioalrhiteridl ln BFddLlo euce

renmove the copper oxide film a plasma process may be

é@ffe@ﬁﬁé@ﬁ off inferqoasprsions.t b the sensiod derening acopeb ttergpmnection, a
}nlagceﬁja ? C% ggne%ﬁblslf‘seg Oﬁletthf nggcene él%ces%sa}ee%{lcarl %éer(]:hamcal

e sem r su rate, car

|pnﬁs1hag (TP Ay be By oBEed; endyed tl@eyCMFEp@b@s MBperfofiEled, a thin
thus the carbon content of the insulating |ayer may be

ﬂeamﬁé@aldeﬁﬁl@dn% ¢ wmad ep i oppemigieasongection, ¢ copger Y oxide film
t [

R U BEREL b el iRt Bk BB AR Todhs TR 6 Bting e Cvp

mm)deaér,] odblustls uddd i 1y1 thAC AT pinongdsyyplwhbzrboatam asypen components.
ocess i s th respect to the insylatin

fﬁ/ 8‘PPPFBP¥E€-8HW eéleScstbe RARSF {PAPrCoRTFEligy rﬂ&f‘s‘?dhj’?%‘? OF g copper
icBRkEcabh Bla ia?&e({epgﬁyed% the ESHRE idtE88RECSh by 68HDRRIdS and
renoved therefrom and this increase in porosity my
decneasmntHenrmedistainicl mayboinctdageds Brvrabynidtecioortingehd waability

i cal l der to conpletely renove a copper
6& Eﬁn¥¥¥ﬂP&g”%gﬁ§ time plasma process is required.

Howev efenesly! il rddras PBndeQt 8 8SpPed o PEE Hh B HlabiR pRcess may be
|l onger tinme, the thickness of the insulating |ayer
kpérfﬁgn@awﬁlg é@pw teaptogondetr ahbdaén ﬂéﬁlegﬂ@m%process is
GORALLIY b Lo L ORRLBRIRRL OGRS BACH LML o
renove e Cd per oxi ?n

tlﬁ@lldtiﬂg thne ﬁﬁy%fe r&rh@vdi‘laimﬁe @lals g UA rait thﬁ\sgthb ay®bn c&&ént of the
exanpl e, may be about 1000 A | f the thickness

MS@%@%%@% bepadycad i ol aler dickecirifapatagddi-c4 pbnv-k
grﬁzﬁj’ {EQYrﬁa'ﬁﬁ bsd R eﬁtheHEiyonﬁ&H{suﬁ{ng &gﬁ%ﬁa rh Og&%s and

age fo nei g borln I nt'erconnect i ons
(hfavé hew nﬁu}hmiaahg)lidatye rA coviylirad] g oviine a piegnmedesaﬁwperformed

with respect to the insulating layer formed of a low-k material, the porosity of the

insulating layer may be further increased if carbon is removed therefrom, and this

increase in porosity may decrease the reliability of the semiconductor device.
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10t hereby shorten the lifetime of the device. However,

if the plasma process is weakly perfornmed in order to

reduce the thickness of the damaged insul ating |ayer,

the copper oxide |ayer may not be conpletely renoved,

Consedqugidally, intdiédrao cémpletebetbniae aaoppgoridguemt badngetane

meke the damaged insulating |layer thin. while

CRIPSTIARTEFSPS IO 3y HATEeVEb Fp 81 AP ERF 1S PeTinraes| AgR@yonger
_ | ' . .

e e e B e B ol agR o) PRl ALRaLbecomes

i restedt i Acvotdinglydé tHeqrlavmagpracdss isgterfetreed for e ddrigtime to

' | at | I havi ng. tal . ti ) )
B R RO GseeRes O 4 P K aoF T Gpmated insulating
%ﬁ‘é‘r,tfok%@drh%ﬂe,'rﬁz%}*b@&ﬂo!ﬂgl(?@b&t her | ayer on an upper
surface of the netal interconnection and on the first

el ect rlf 8wl thigkingss of tieidagaged /issulatingelayérris incedagss, ficaglaciron

BtroRe BRygE e Pom Bid CR R b i ol

| iRfcRdoRABIIRES.| PRe pASGBS ¢l thginkBlafiiefagér By aspbeinsraated and
t hese enbodi ments, the first electrically insulating

bheteprphariepdie s mg of Hiecdericss Howexer HripeblesmaPriseits waakly
t . 5 I [ o inj
pq%é%plgrm&! hna‘%q’é\%@ﬁ g?&r%? 3% tﬁﬁgﬂﬁgﬁ’ﬁ %E?aﬁégéfﬁgﬂa&%% ?%hg%pper

oy @elay@mashieot bp eempkisl§ ameovetl. Coesayetly, there is a need for a

i nterconpection to water, which out-djffuses frgmthe .
HEFIHGE tahyap Mafh et HuRBH B 1 R CBRPIF G regoving
afe & ggm'gﬁgpscene pattern having a copper oxide
Iaﬁe#ﬁ% eregn and the bather |layer may be at |east one

of SiN, SiC and SiGN. 30Additional enbodi ments of the

present invention§;@ﬁ&gﬂgzkgighﬂgﬁggiigiﬁgeIectricalIy

insul ating | ayer ction

t her ei \ieth@Bs & SHASAtliRegRfd dilden deasDNdcbaliRxIRiboliiats of
an upper surface of the netal. interconnection by

ethp orsiseny inveatiop petuds dereiog a ditstehpstripgtlnnsulating layer having a
T SRR oPahtod 5ulb i o8l SRRty i
Thefer la@yer boh fad tuppératifhécCet thymetal interconnection and on the first

electrically insulating layer. The first electrically insulating barrier layer is exposed to
a plasma that removes oxygen from an upper surface of the metal interconnection.
According to preferred aspects of these embodiments, the first electrically insulating
barrier layer has a thickness in a range from about 5A to about 50A and the plasma is
a hydrogen-containing plasma that penetrates the barrier layer and converts oxygen on
the upper surface of the metal interconnection to water, which out-diffuses from the
barrier layer. The metal interconnection may be formed as a copper damascene
pattern having a copper oxide layer thereon and the barrier layer may be at least one
of SiN, SiC and SiCN.

Additional embodiments of the present invention include forming a first
electrically insulating layer having a metal interconnection therein, on a substrate, and
then removing oxygen from an upper surface of the metal interconnection by
exposing the upper surface of the metal interconnection and the first clectrically

insulating layer to a first oxygen-removing plasma. Then, a first electrically
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insulating harrier layer may be formed on the upper
surface of the netal interconnection and on the first
electrically insulating |layer. Additional, oxygen may
then be renoved fromthe upper surface of the netal

|nt rconnect on b 0S e first ele i ca

S PAET Loy Bty AP winsh SR S e BBl ng
H’Atéﬁ:ﬁﬁnéch@ﬁ alePEY Blet R stAXNGEA119 IndultRing FP:%%E Aaalfn@ﬁﬁ o%/gen may
the netal interconnection to” wat er, whi ch out - uses

thenceghmpiied fromdhavppey sréaoeioé thel rasltehntqnmrmc@mdm agposing the
f d f Ih nbodi t t he f.i
B stshFang SREGEe Burmier S G B maso R R ORp e Blrgme fhat

66 RNy G tih@ilpg drRgridAsTTRe £RAP Hit&eSnRYEFOG6Mater] RBich
step of exposing the first electrlcally I nsul ati ng

@aﬁﬂif&sea tagemeh (hy iasWelensmrostge- AeRvInggo prefsied mycts of
%?esér?{& th g By A9 %’g‘% Pk %ﬁ%{‘ﬁl > S%eg&fl%r?%% Ln)fln}olma (NH3) and

nsu I'ng afrler I Foon t rirca

[ f n
éﬁ%cﬁdcgﬁggﬁﬁid;ﬁ%g% ?Dé%% g&lﬂ nses Hg&&%eﬁ‘ng})}é gcgf? Hﬁexr?é)smg the
&st&l@tmﬁll@nmulaﬁn@haﬂray baysr to a secondﬂ(oxygmﬂ-lrﬂgo‘tmg plasma may be

nal enbodi men f. e esent n enti o
B brRBieA waom SNt e g S b e G R Dte st
'eﬂ:‘é{rlb‘a Cd:nfsﬁfaﬁhé‘ gar?lef lafy@rt Ble8S itk ﬁﬁ’d &ééohd‘@l%tﬁ%l[&%nhﬁ%tﬁ{g
on a sem conductor substrate, and

fO@mﬁr #ﬂ;'ees st bd fomﬁ@ﬂ%&ﬁhéa@ ocﬁrﬁdﬂ layiersg copper and a
copper, oxide re ss_in_ the first

o DPE AR fortPiappi Mot fdnfhed EFR beds S illferbibht pythod of
ifxSih@tih ﬁﬁe@@t&d cRtuit @ede ihslullBedrh D EftsONe@ncdlRRBdulating
surface of the netal interconnect. At |east a portion

bEyer RESIKEEYper bsamtieondagioppulisgatehanl hem frsmig meta gpgepnnect

I
TSl P SBR 0 bR SLRELAR i APHRR , BEE ey
fitiseéating diyegen ﬂrhlrebetgﬂﬂcaﬂllyen@ﬂamtgrbaﬁfaérIlayyer isstitafarmgd on an upper

barrler | ayer to the copper oxide region. A second .

Slegerqféhg mﬁtai HETFRerg pf’@d?'c}sr épon@y@% t}iesCOtPH%rrP"F%i iggign is then
fi I

an&éf}@g o E%fpee{ét r&ﬁ 5}, egﬁdsyn { éefeatrfc gypﬁﬁlﬁflf%bz&rﬁ)ﬁela;er toa

I ca ating barrier yer
hade gan-chintekiregdainm hat teangerd froehalyogen thyugb tlaemiecttn&ﬂ)l&

and the flrs eIe rically insulati | ayer nma
SPCHE 21T LopR CIBE e BoE Rrdith ol St s R B inRistine
$aaRdhel ROhd kb oh BEUAL d109ri O Nh & atl BYRFSer TRYr. a*rﬁ@ﬁrst

be greater than about 250A.. in addition, the step of
febrctriqaljy instilatisg batriee tayecaby ila\rertsnlnicémmgn bamrgeefrom alyait SA to

AP Rhe b st RGicmhe dBafEh fost A PEGRETONGTR. TRe

Qbﬁ&ﬁﬁd@ﬂﬁbﬁk@bﬂﬂe@ﬂﬂ@ﬁﬂQabﬁd%hﬁﬁﬁbﬂyﬁ@ﬁMﬁﬁ batricl Rgsds may
sonme of the copper oxjde to copper. BRI EF SCRI PTI ON

asohaRrErmiNG out 250A. Theaddisve thertepotHermis pdistelectrically
|SPLUEEDA BEAT 200 Al S DLEREAL S BEDEL OB b

lb&léﬁposhﬂﬂg te mpplmbkm rigibintd hplages Omaﬂmgl’@lrdbr&wmgﬁreby

n whi l1is a flowhart illustrating a
ﬁevvf‘é“aatéwf G ‘éfeffl? RYPPST SEIAT EOFRIARET or i nt egr at ed
circuit device according to an enbodi nent of the
present invention;
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FIGS. 2 to 9 are cross-sectional views of internediate
structures that illustrate nethods of fabricating

sem conductor integrated circuit devices according to
the enbodi nents of the present invention illustrated
by HE 1; 10FI GBRIKF DsSeRit DU @R THE IDRAWANGSg a

nmet hod of fabricating a sem conductor integrated

ci r cui Thepbpre ancheldsr QF fENERS AtRd/PEASS & HisoFifehtavention
%utﬁke ggﬁx%ﬁ{aﬁ%m'tﬂé/ ﬁﬁbmd&?gd descrlr?elgn td-eER cobtudcBon Sith the

are cross-sectiona I nter late structures
tdtasbmpdtﬂw@dmwmgmimhﬂdsh of fabricating sem conductor

of ¢ ek 5t d4RREOPHEhLNSRA e USEaY BECBY-HHe Spaicondudor
%E@}akﬁ%l%ff%{n%g degﬂrégfg 1 ERESERBRDR m%ﬁw&non

The present invention is described nmore ful
her ei ndfiSe? teb tahe croef wrigeTee viewstolf mtqu@dmmﬁmcmes that illustrate

SHER S et S n RS Bl R RS R s e % e
r@ﬁ%d%éﬁt@ bEfhe ptQEABin A o8 NOlsteien Ol FIE. const rued as
limted to the enbodi nents set forih herein. Rat her,

t hese lélﬁzbéa|1mﬂp\§cmllp$t&ﬂna@dn@b04 PRiEbE¢tiSg dissmicosaiieor

egraki)ed él&%; cfiégll}e %Qc%r& 5{ §ddt1 ‘31 %E(!)c}ultnglatl of tﬁ@;ﬁ%?@ﬁt

he |nven ose s
ahbmubﬁ mhe draw ngs, the sizes and rel ative sizes of
| ayers and regi ons may be exaggera ed for clarit

251 1 WIS be CbBRSTOPCRngn URBRO B IcEmEdatisTHFrL
1ﬁu§tﬁ{t@{? ﬁl%dg 8t ﬁﬁ Qfﬁfn Qem%n&uct%ﬁﬁgﬁ%@ldcutcglt d®¥ices according to
coupl e anot h | enent or vari ants

t dnaveelirhnts of theqmesbmt 1d1'/enﬂ'on|ilg/ustrat;ed¢xyrﬁi60t(éd or coupl ed

to the other elenment or |ayer or intervening el enments

or layers may be present. In contrast, when an el ement

i s 1efgrTed 19 DA ARPTIHN G eQEIPR ERR EIENBODYMENTS

connected to" or "directly coupled to" another clenent

300r | Hmres(eahmvvarqnaﬂ tlescrihed @@ff) fully heyegnaieewi reference to the

i nterveni.ng,el enents nt., k e n
R e B R B B PR 7 B b ale S Bl " TR
higty@itidn rhdie hbREver, Beitidied iA Gﬂldﬂl@&ﬁff@em fafisk @ld should not be
conbi nati ons of one or nore or the associated |isted
i qompisued gstlingifqd) to e eimpdigensoeet tfordlt herging Rethyh there cidoggnents

féré %Edvufe%csg rfgat tﬁ)lg QISCI%\S(L‘&Q wiffbg t{5#¥ugh and complete, and will fully

convey the scope of the invention to those skilled in the art. In the drawings, the sizes

and relative sizes of layers and regions may be exaggerated for clarity.

It will be understood that when an element or layer is referred to as being
"on," "connected to" or "coupled to" another element or layer (and variants thereof), it
can be directly on, connected or coupled to the other element or layer or intervening
elements or layers may be present. In contrast, when an element is referred to as
being "directly on," "directly connected to" or "directly coupled to" another element
or layer (and variants thereof), there are no intervening elements or layers present.
Like reference numerals refer to like elements throughout. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed

items.
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be used herein to describe various el enents,
conponents, regions, |layers and/or sections, these

el enents, conponents, regions, layers and/or sections
should not be Iimted by these terns. These terns are

only se 1S on | ement 0 ne
regi on, W]I un% 5P OOQ% %tl}o}lgl?nﬁ’gﬁgi“hs f?rsf Cl%gi?f, Oc{&aﬁ’/‘éern gr- may
b€ Qﬁéd%reﬁh(bl &escﬁbé Varfdus @lenaleh, bap@ithis, QMO ﬂ@?érs and/or

region, |layer or section dlscussed bel ow coul d be
19BY 1Aess Sleaifiso FOTBRRIPNES RS, a%ﬁﬁ'@fH@frﬁeCtl?@gﬁh@hld not be

R S T

Sombomlt, rbginedbyer or Sdagibaitom aﬂcml\ierreg"ior'i,ab}wv er Section. Thus, a
0"upper," "top," "bottont the |i ke, may, be use
%&'@r R34 blemess SomPeRsZt AEHOR 3% 8r &redien iléﬁéu%ﬁ%b%‘P‘é(rF@Hl% be
t 1S h
e RSy e R PHEROR L inb hefif LA, 18P RS rPhpur
degtetisg Oooh thb &tacliihgs sfght paktnt imehadn.ve terns are

i nten ass different orientations qf, fhe

dovi cSPRiITSERGT* BRBRaLPbH | FGHa { FOReC o (DR "aboVe,

O ;ﬁ‘ef‘ b {0 hERH C hRPithkNikbNBay @M @S rerdi® for4@&MH Rscrigtion to
the device in. the 15f|gures is turned over, elenents

desseibe bee clamenbal fosttirerrelabensbit 19"anothse eleaicaif®rmr Soatpre(s) as

O Bl dn DR einger Re o AR BB oI T s Bl
GRBnRAGO BRATSpaROdilifctiht 6F br@iticils 08 hefevaleol sadtthpReliowin

The device may be otherw se oriented (rotated 90
degHers be O@ten@tlweéemfﬁt%m the fighess. Bpdcranwls phihe dpvige in the

[fg{éor Vt% %So b %gegltsw ﬁ%?ﬂl{}%rag (')'E%l ‘8’?? R g@%ﬂ” ?ther elements or

tﬂaﬁdeh%eldrtheﬁ ﬂSl@oﬁaitemS"a'bb@aN th@bthehﬂemzmbafeamm Thus, the
tlcal indicate two relatiyv

ﬁéﬁnﬁawaqerr@ |"b<ai>w E41) BIFSIPA DRI %e%ﬁtt%@gave sl Rpfey. The
I

BBy PR TLse ohBASE (LRETROURecdol ol Gh&iRAdins) and the

tpatilpotlegye dssedpthesrsedhérsinfioterrhed pcrropdisglyoflt also will be

descr.i bi particul ar enmbodi nent,s Qq|

A rtaed 1 P B G GRS NE T aNpEa AT St o
h%rﬁbzﬂ" iddh@tsinailadk e BQﬁJfﬁrall@l direcB8ns tﬁﬁ‘tqna}I lskeoﬁlﬁfg%nal to one
intended to include the plural fornms as well, unless
ehethe i@xtves | teese [tyrmisrdiocat aderoled ér wicompass difietent graentations.

* o ihetaatholbRpisel hteid Kot B Mimes e Bl iRine gpisuler

thebe@lentdieN aMsBhot Mtélics t&@@ﬁﬂnﬁtirfg&iﬂtl@@mv&ﬂﬁﬁll fAs 8@ herein,
presence of stated features, tegers ste

élweﬁi@gul@rrf@nn@' et gnd Fhe] o u@ re mOéudettE@ plyeal ferims as well,
%glﬁe {n!%% é?éa‘%Fyeg‘&%at% of%‘é{%blgé oft w“?ﬁ’ 8L r%ﬁdﬁ%&i hat the
0 er eat ures perati ons

campoBenpsscs aﬁdérﬁpngﬁgzu Dﬁcluhésr 'E'Gfxcludmg" and variants thereof when
used in this specification, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations, elements, components,
and/or groups thereof.

Example embodiments of the present invention are described herein with
reference to cross-section illustrations that are schematic illustrations of idealized

embodiments (and intermediate structures) of the present invention. As such,

wn
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Exanpl e enbodi nents of the present invention are
described herein with reference to cross-section
illustrations that arc schematic illustrati ons of

i deal i zed enbodi nents (and internedi ate structures) of
thelapoesient thawhapds adnhe llsstsatohs as ¥y assulatfooasntplgoit he
shapes of the illustrations as a result %gr exa

, | e,
PRI HL GPRTHG SRHAT BN EhdF BI° ROPEPAFt eSSar@ e
hensRA&HEdf thI?SPe%entEiﬁ@éﬁBbﬁ sER@HbtRYosistAled b B8 36 e
i nvention should. not be construed as limted to the
partiduéarlshapes lod pagsorsfilluségtedrsrdin butsitre tit induedeiiations in shapes

e to.include deviations in.shapes that result, for.
s B o RotP e ek e g St g i med Shion
HiTRdtadded o re@@h@B will | tysitslat aeha®uadddesitcangt Feathred and/or a
typi cally, have rounded or curved features and/or a
oraditem eplanhesingeitrasion ekt edges srhaithantasbingry shangstian
t. i . i . an . - . .
S PR UGS DAL RO L0 R i
trempleaut atdodte imyanteulih theregionbeiwdeh and Wiried Regiomaridide
regi on between the buried region and the 10surface .
tHFBER B U I Eciimplaaivtian {4RS PlakesTiIsalbe reerpiidllugtppged in
C g L ! - S
SPORRE i YRR e U Lok, BoRRER ety e
tdeeradsitapabf s hapen of a devieegindnraodot antdedadde liamdthas@prof the
intended to limt the scope of the present invention

UNFEESIEE RO se defined, all tenns (including

t echnig@ksstritde@iRtihdd, 611 k@R InclAitbSechnill SddkARYi€ic terms)
t he sane nmeani ng as commonly under stood bé one of

arsdd hereip haikE Hie sametrheanmgtastcomwvinghundeest of ordinary skill

i.nventjon belagngs, It. will ke further..understo h
Bt @Eh 8 Hheht ibiion Foioh o N Y PR RACkc 688 thar
degild, QArds @80 se S8 Ak dCinRBminfingy Bded tdedioasriastiondl B interpreted as
meaning that is consistent with their neaning in the

dinext meminiba isicevarientarith thpig mgenIng iptheisentext of the relevant
'uzﬁ gﬁ{d%iﬁtn%‘fi bk g}tgfﬁ)é%%ﬁggﬁféghgé%%\r&g{eﬂy 5 Mo Bns S BRSS expressly

ess expres o) ne
Herdefinaf hezein. a met hod of fabricating a sem conduct or
integrated circuit device according to enbodi nents of =

t he pr%e;@ﬁﬁﬁ?rn% 5o LR T ica e HasR I B ORI RETFER EREHEdevice

Hsz&laﬁlrg% Eﬁﬁeéi%’en@%]&‘gﬁ%%%?enﬂx@enﬂioﬂ wilBhe dds@¥eRatith reference to

ustrating a netho abricating a sem conductor
i tht egpoatpedly diamcugst Fd6vi ce hordradiiHgsttabngp mettpoldiffebricating a

of the  present 25jnventjon, and, .FIGS. 2 t0,.9 ar
SO oV R S BLSVEF §o BRI G RET R Bipsent
fiabedieat ddaF1ass e 6 ardeetRial |86 Jiarbad <y &GMifing e Bethod of
according to an enbodi ment of the present invention,
Rebegating g sewicehdgtorinigagted cirgnit dasiae agdoriang tpyaarenibpggment of

i.s formed on.a sem conductor substrate 100 (Step
é%iBT?aﬁﬂgegg%gconductor substrate 100 may be a
Referring to FIGS. 1 and 2, an insulating layer 110a is formed on a

semiconductor substrate 100 (Step S110). The semiconductor substrate 100 may be a
silicon substrate, an SOI (Silicon On Insulator) substrate, a gallium arsenide (GaAs)
substrate, a silicon germanium substrate, a ceramic substrate, a quartz substrate, or a
glass substrate for a display, for example. Also, a P-type substrate or an N-type
substrate may be used as the semiconductor substrate, but the P-type substrate is

typically used. In this case, although not illustrated in the drawings, a P-type epitaxial

6
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30silicon substrate, an SO (Silicon On insul ator)
substrate, a gallium arsenide (GaAs) substrate, a

silicon germani um substrate, a. ceranm c substrate, a
quartz substrate or a glass substrate for a display,

for exa a substrate or

100 FFRTR iy 68 3 o Beer e TR BT s b Papad
buthotitendPillusRated U el @ Wins§ thy Rintiddddctss 8ebstrhe 10DInSay include
case, although not illustrated in the draw ngs, a

R-R-{pme vespi araei Madtype W%ly@qpedﬁyﬂtietm@m twpe mplmmgér Opalra

substrate 1 d hou not
%F]ill C%??%&%gl] dsu% 2#%&86 trans1st0rs C(E[H[ leénlOW I‘I erco eCthIlS and

e drawi ngs; &M con

s tde at e sth@Buriedh ol Bl@dw&&n@ 115 ﬁo}irﬁ@d Wethd m@l!ilatarig 1Q\|yérYIFl@a may be
wel | doped with p-ty §§ or n-type inpurities
@@r%u&léye@u@st% Pe, apgdanart bealesmed @F%lo%@lﬁtegtﬂc (low k)

I?I%t@f‘?:%l. IIﬂWJw-'k%ft Wﬁ%yf@gteﬁg&ﬁ%%{ée 1gl%¥ﬂn%%loa§t?r}té< of about

structures (not s own e Insu

|38y er leds] Oachrmycatbenaosialnigpilicna akedd (Sy@OHS uch as Si 2,

and may be formed of _a low dielectric W K) . _

mat er | A0 FHEOVBR k Pt et aﬁagfswoalsmrm 8 theyiggylpgne layer
a1dh Sét@ﬁgm GRRSEREL 130 19'%01?;?%‘3}/ p%ttgm g 4 %%érﬁeﬁgﬁﬂ oftthe

carb cont Ining silicon
sitnmbahmgﬂayl%t GHa, fomcdrrfple ay la@hemthbgfhplhs ptcmesr.e Hérp, dltheugh the

i nsul at.i er 101 e 20). recess 120 is
FBRTL 0 1By R G A S CHRET PTG B £ . 1 b fofined o
ianfidl @drhded AN cobhORioniR bl &N AMR] EnbdW¥ménts of the invention.
photol i t hography prouess. Here, although the recess is

in t heT heoransbpwa ig FHgh.d @mlrﬁa@d@rt@scpac irdengonnectiprelayer 130a is

AL asnd FBHoREy BRTTRR RS S B SERDC B fhis gpge, the

Idaiotﬁ@édne MhterEb@bctias 1a58OVIVaintayihE8de 4 fiadi@hedal [@er 131a and a
damascene interconnection |layer 130a is 15formed so as

tsecdripttallaysy 18241 Spesifiqadyytae dsd mepd lpyse plags cgofprmplfy
%%?gmféa%ﬁ hé 1 g?lgﬁyﬁgé{ﬁgl% n&/ﬁ‘lcﬁ 91‘%@?%& a%\tv!:r%\/l%cel%%aslde walls

I ncl u 1ayer and a ‘seco

retiad rebay @20.13Rafirsbpeedl dyeal 3 M, minee ﬁeb;fosited,rﬁdrédxaﬂn@},eeby CVD
i%éa is, conformally depgsited on the insulating

GRhY aperilposiges) o R\é%?h@tﬁat Xé@orm0§ttle§> vé Spégeﬁrst
t I
d@%glél?fe@ﬁ% 1 %égy ggggmfédro?f{t‘glt{ﬁ‘}ﬁrﬂ (T %‘}h&% gaa) %S?&l (W), or their
Défpids] wuclony TOY, TI%‘DDWNhyAQteuaitlva/pthle fﬁ?sipnetalt lam)mayﬂcbesfmmed of
the fi N 13 d of t
RN B3y SRR S Ry e G TRt o figd Thyer by
%anﬁﬁg Iiet‘all atBﬂN in se&ﬁcﬁ&@@t V\Z,&l Moatihen f)élﬁé HiffRE@lnto the

"aver may formed of TaSi N iNor TiSIiN Here, the
fsurrgpndumeg mlsuﬂahwlaymlllé)acan act as a barrier |ayer by

AT IV RN TR, TN T
|tRy R¥cesb 108, The second metal layer 132a may be made of copper or copper alloys,
but is not limited thereto. The copper alloy may be obtained by mixing a very small
amount of an element, for example, C, Ag, Co, Ta, In, Sn, Zn, Mn, Ti, Mg, Cr, Ge, Sr,
Pt, Mg, Al, or Zr, in copper, but is not limited thereto. The second metal layer 132a
may also be deposited by CVD or PVD. Although not illustrated in the drawing, a
seed metal layer may be further formed on the first metal layer 131a, prior to

deposition of the second metal layer 132a. The seed metal layer can increase the
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Thereafter, a second netal layer 132a is deposited so
as to conpletely fill in the recess 120. The second
netal |ayer 132a may be nmade of copper or copper
alloys, but is not limted thereto. The copper all oy

@y folgitQ bt ﬁdeﬁﬁ&alﬂﬁy&ﬂ aﬁdr@r\& adan ymamlaidcleaﬁ@us‘ite dfheaeed metal
el enent, for exanple

THay %comer gelde silwgr, plgtg‘ptm ?ﬂ% Pa]daidlulg}r(PQ)[i butI 1ﬁ nerolbtﬁléq:d thereto.
but i t r

1320 oy slTha T A0S CAR o BRGS0 i prmed
i thtomgh raah&xdthuug proeesd ( Snep |’$g40)a Teedmastcat 1ﬂtayexmemmn b may

further formed, on t first metal l.ayer a, ior to
Bred b mpoinRg adimpsteniraropags ot Baea0iablig inbd
r@%&ﬁbe b BREEnsERBnE MEELAER i§ Bfpost T1QY Fhdothiff of e d_?_ﬁl%@ﬂene

| ayer, and serve as an initial nucleation Site.
sa@dcqmecqiondwgpr B éOacmpp @ﬁ pe@md ir leyampleghyat MRUhemicpl

#ﬁﬂgﬁ%%ﬁ%ﬂa%#g) k—llfgyv r, iln(é%la Séflﬁg:ug A?Tg%rgglﬁtely shut out oxygen

| DhIGS SRIRGtd 8B CAVP, dnd ofx%éiﬁdﬂ)rﬂﬂbh%tg thag bs MROlded Ag slurries for
proceshﬂ£8te S140). The damascene i nterconnection 130

mesg ihEMB rarthi rastalsqf@@q layergl 48 repniesioaned PhevRIGH FEEICE 9f the
|
e ERH b RS YRSEe SUCTALE BOGHIE HOQUALLRS
I 1ﬁte@¢’dhﬁ6¢’tmtlhm lBa'y eln thi3Qaseyrey rbﬁalpﬁmdedaymd 40 froiy be formed to a

exanpl e, em cal ch ni cal _Pol i shing).

HBiekess A o gt 54 57 &a&a%ar@ﬁ} the gase SpIEtIRg ghegﬁwd&eﬁtal e
0 epte

e A PG R ROT) B PRE o 4B AU R Rt as
mhbahnnxmdexkhygmrlmm may be formed on an upper

surface of the da ne i pterconnection 13 ur i .

the o Baors SReBeREGSt b AR E e mBr Sa Ll fmed with

| ﬁyfé'ct t%:’tgé‘senlneoﬂdiﬂcﬁ)r GaSBratet 18 JXBYIALh Bxidd/abae intdrdbhnection
formed to a thickness A of about 50 A.

Pb&Ot i éftrhmdl@tep IS SO heSpeaidisald, thmqemlmdvﬁer ybebiie | Adtogl which

tﬁy gﬁmé%gﬁe ngméetrh y: og E% r1s | (%r?nﬁe §¥t3 1inh 3)1%21Pepﬁj’oce?s§1lng%ev1ce

Oeﬁbdﬂlu‘st@étaf) drtiOthe first plasfﬁla@iﬁoceﬁﬁl Khiewerfhrited] ﬁSexdmIﬂB by
6, a first plasma process 150 |sgﬁgrforned Wi t
resispting 2 g8 PRedwedolidube devisubitheadhe firetplé%mwrpews 150 s

f
S8 RTRIEGERCOL REEPDRAE L BNLAR Roried AT P e DHEL o tre
odaridsc@le 1hﬂaﬁ:odmmeﬂe 16 de@didionh ethdud H0%30 90% dfaheredial oxide
t 2 t
BByl R B RRRk YT G GRLDE gt 140 oy e
p&ro&ﬁﬁfea% hAkLE¥RMPAEat 10t ;'%aﬁ‘hﬁﬁl aeragld@zea%w&kdéqhw 141.

the device. Wen t fi'rst plasma process 150
| S perlrnmddﬁ@n, singethe figft ptadsmapetcabs 0 id eedferyred nogonly with

f th

| L ciero RS 25 s e BATERE B Fonesoan e smire
OfentibshduebabutRxhid @ 0bane fird $smapebdeselfrabt sfat thee@asiating
about 33% of the nmetal oxide | ayer 140, may

be
diegxi di0z éametlontthesetgonduetog seirate 10848 tshqdﬁr iniEG §-

d met al i.de_| ayer
s?‘ﬁ%oégltnﬁ » o org?r toI aslrrnglzep %Ceé%g ofst)la)e first %laérﬁ 15\%9%5% lg? upon the
OfsylaMhd Ry&EiSPe; Qhe tiest bhemaptakssopiode pér&}tﬁfed 148 vibdiked [Hasma
performed with respect: to the entire seni conductor
emgittm@quwanw#‘e thre) plagmagpragsia | pY Baw e PEorRd\it appwes of
1
st P D R R PR IRE A K B T hE PRl Rhsing

0t1dle fard @mylemhentzg to hechefthectif ofow prevdriiy stpppédsiplasma process
process 150 upon the insulating layer 110a, the first

pl asma process 150 is performed under weaker plasma
conditions. For exanple, the gl asma process 150 may he
performed at a power of about 50 to 300Wfor about 5
to 30 sec. In this case, the power and the processing
time are conplenentary to each other. if a | ow power
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is perforned for a relatively long tine, while if a
hi gh power is supplied, the plasma process is
performed for a relatively short tine. For exanple, if
a power of 50 Wis supplled the plasma is perforned
for bou

i Pttt 65kn ShGugydong fide; Wi LA Toagroi hoglied A pasma

%ewes@@%ﬁb%em%m%@elyl%r{we bﬁordéx\aingred if d’B(ﬁve@Bf 50 W is
upper region 111 and a lower region 112, to y|e

el fadedheiptesmaas peréorivayder 400b30 sekhe upper regi on 111

camgatt e SRk LAY alEe pREb kTG BB g oo on

\WhedentiBehdot @8 Bebstridei 100 nhsy ﬁecmmaed Do BiSLipYebr2e @S 111 and a lower
i ncluding NH3 reaches the surface of the insulatin

Iregien 1 12,0a yickht medifmdonslamatimer il Akl Big wgver EREE 111%oadlcates
et BTN i DR R e DT o

[Bpeciéissl]y, tihen d&rpjm‘ﬂn@mm& effornivd bypperg a %In@cﬂudlﬁé. NTB,}teaches
be renoved, and thus the carbon content of the

up
Rl @ﬁthﬁab}ﬁuk?émgéw& e&Va, THEOR aBvl th mwiémegahamfnl 10a may
%%9%0{7%13/ o%%%%se%@ﬁ‘&@%hé1951{1&{1%1';119%;1;16%%@3{@@ €@aPR during the

he upper region ecome | nure
m:dnsmaqarbdmm thehearbaoweoms e@ thenuippd2regidovigV eray teiramevédyend thus

&E oxi de t%.er 140 i s E?rtl de xigiigd unde[ Ph
RO peeBypEEEPh g rempval of the
thitok NEsSs ﬁa&’f’:a&s@ @plalélésp%r fohﬁ% 1550 uibisér &émhhq 1 dﬁﬂ%@%ﬂe upper

insulating layer maybe in a rangé froms
abmon ISDmaAbemmdrm@ers tthhletheﬂowkmes@ndﬂ 2t H@\A@maglede the

PRt 0% AR e lif8S Bt 8 e e TOH A BRESS, 26

Ppldsa &o@ga afthicRndsk Bsafthauppee redigy 11 dfGhadhbadedriARtatig layer
t he damascene i nt erconnection 130 and the insul ating

lld9emaybein ¢ Singp f9TB6) A tpreboRt Y09A bAcersdingly e th@haess of the
epog&%Lfl o {Tge%b(ggls}?/ ng'}ﬂge Fﬁr s%a %Z%“%er yeré‘r@g iehablhty Bfthe

fdevived, for exarrple W|th silicon nitride (SiN),
S|I|con carbide (Sig, silicon carbon nitride
( Si CNyLhemsgges py &owﬁéﬁsr Ayad 751 barpgylayerr \d a fpformed on

Qﬁé)éférgfsc@rique{'doﬂgé% {onSYbahh o 15&11&“%1%%&32? Giﬁ E@[ﬂg} g 160). The

i nt erconnecti on or serve as a
dtrsthianger payec €6k thay bE’ﬁ)rmed Gyd oD e PEGAfMasdege plasma deposition

i nt ercopne t|on illustr t hough, t he, f]
e fiet Sy 861 151 P e o e RO h picg nitride

t(@ﬁxl ) ﬁﬁ%r@&drﬁ% (aYsrorlidog cﬁ‘rb%ﬁ GRRde @SR TRE ﬁ?&%rrie% layer
perforned, It IS necessary for ions and fadicals

;iéis mabrrsowgho pheidei detritadmsitation &ydbe didisend hm@rporsﬁcthml 130,
st barrjer i ckness . C, . whi IS

6la _h t
ShGT8h % & PR Rl e pRE S dyt BT ERTpe nascthe

Ilmwoaﬁédﬁgn (@t eusthn). fARHﬁ) i the ﬁﬁs@B%%ﬁ'la%&el 41 chRBrotect the
second pl asma process, but thin enough to allow ions

anderragiosdll § of thepagdatinglayrghvhilse sErqusiplisara pregess is performed,

it is necessary for ions and radicals to pass through the first barrier layer 161a. Thus,
the first barrier layer 161a has a thickness C, which is enough to prevent the upper
region 111 of the insulating layer 110b from being damaged due to the second plasma
process, but thin enough to allow ions and radicals to pass through the first barrier
layer 161a during the second plasma process. The thickness C of the first barrier
layer 161a may be about 5 to 50 A, and be preferably about 20 A.

9
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| ayer 161a during the second plasma process. The
thickness C of the first barrier |ayer 16la nay be

about 5 to 50 A, and be preferably about 20 A

Then, as shown in FIGS. 1 and 8, the second plasm

pr ocesBheh/&s shewpeti FoGEedand8, tthe seesmiesibsnhOprob&s 170 is performed
sem conduct or substrate 100 on which the first bharri

|l Fesnect £ the sepicradnctastsupstester BY0 onrhich dhq ke erdRyer 161 s
H}ﬁ @é%) é%) ‘?He g\é?ﬁlegncftﬁﬁ)r shgs‘ﬁtatebl%,r 61{3&/ {eays! ﬁ%@ﬂ'cﬂﬂer layer
s for , 1's’put a t

sma processi ng eV|ce
i 1dlas¢ foamned|)is parid a@lasemqndcqsinag duvlm(moeﬂ;]sstita'mi); and a second

f d by_jnj | ud
i Opercrs L) B Ry B saR as e ey
RiRA84RN E’é}?ssdnﬁ QNGB %Ja?caw 1h§1hd$lﬁlﬁlrth@§la§rﬁyféfass mé@gh th@ rﬂﬁist

may conpl etel y deoxi di ze the netal oxide er 141 on
therictdaps d b anﬁn@mcompéecmlv droxidioe theztmqtaiu osu o lapsr lﬂ 20 the

ich is b he i nt Ct.i einee t.h
Pedski B agarot 110 on B O ML PR M e
dh&edtaba 86kwken tHeafkthingkidld Taér 12@raRH Q&dﬂo@éﬁﬁfadﬂcﬁlfba}s dideBarged

second pl asma process ma z performed for about 10 to

608 dee linphleaarieHay g d@dmd T %P§ﬁﬁd pleyaeBCPss ngayrhsl repfegmed for
O;H)% m@l 6005)é dWﬂeﬁXﬁJ eq:élrld ﬁlg%ﬁaﬁ%' ﬁ%% ?) M?t@@ th@fﬁetal oxide

anmascene | n er Connec 1 on arri er
|layeeri 41 6z cxiBy beaveeanipd étnedsyerttdanicdhzedon TB@and ts first barrier

shown in FI%S. 1 fqg 9, a,s%fond barrier layer 162 is
flayerd @l omay e caspisdy depndizet | ayer 161a (Step S180).
The Seﬁ%dzrﬁ@lﬁfvh% FL@Y e anB? aRYorlR&afd €y E 162 is formed on the

substanti al | e sanme material as the fi'rst barrier
| frgelrariierdyer Abso(Steh@l & cdhd sd:cand bariet lyerl 6262ay11m/mbdze of

];éliage %}a?%é?%ﬂ?%rfsﬁ%na as tﬁqﬁ ?rglerc q%?r A?Sr?e he secondst;amer

t18y &K Be $%ayBeabrihfier PavD & PH@YBlin Mam'e rﬂ[@dnﬁ@d 438hd A8t barrier
first bather |ayer '161a and the second barrier |ayer

lleger 1. not sufficient, oxygen may pass through the

barri a R n
mterg]%)lr#rl}]‘¥ |0n%T§% %ﬂg§or .%%%5&”* |%hggggﬁm%%g%F%§¥
thaeriérhb g ﬂGB@aﬂE t@é sédded badict el B2S(s nb‘ﬁ&lfﬁaeﬁtl,lf)iygén&ﬁﬁy pass
to |ntercept the transm ssion of oxygen throu t he

barauigh the beyesr 1&:@@169\3%19@1%@%?1 mtorfbe EevRENwa q%pectlon 130.
| RYELaikag, RAAIASIL aPthoRRLLARE D AHEL ntBdAa A q b 8E Bfficient

toat ness east a out
Aocmted:ieptghé atishessi@t dftek ygén fhadrghahd barg e agenico o dduaeidargly,

tegr d CI cuit device_according to. an enbodj nen
eﬁ%@ﬂ%ﬁ@g@h AT\ Of L Garee BYergPAS i B%%fe@sa thigkness

f&famst%ggtrzwﬁker conditions, and the region in
whi ch the insulating layer is deoxi di zed can be

r educediccoatugtadihn glefhod Edkiageticgir senicendyetonegegrated circuit
acent Olntercowactlo can b

e B D8 PP RSP R pPRarL BRGS0 sty groces

metf&lme%na@f WaXEF cdhaions, Maaxd @iz@adn $Midhad inshietifanBess
to the insulating layer is mnimzed. Therefore, the

cb,qomimerhoggf bofeduprsl. sherdebingticediage aussabeyee adasent
1%%/ L &an&é 1non£] gan ggjreguc%g. [n addition, by performing the plasma process

twice, the metal oxide layer can be deoxidized so that the damage to the insulating
layer is minimized. Therefore, the reliability of the semiconductor integrated circuit

device can be improved.
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Herei nafter, sem conductor integrated circuit device
according to an enbodi nent of the present invention
will he described with reference to FIG 9, Referring
to FIG 9, the seniconductor integrated circuit device

accordjng to an enbodi nent of the present invention
el udsd G o Supseeacet VICHRCPHS AP PRg
leﬁﬂssamiela@bf ﬁlerﬁf@émqnvetnhen $81MbE qeém,&@wltﬁ Wostdnad & 9.
i ncl ud |n% | ower region 112 and an upper region
Blsierhag/ tonglCa cﬁmb@mmommmnte@md titvait deiat agfording to an

L 112 and hav t hi ck
SFOBhEPRERe RS avebER R st d BB aRR Bt D an
fieunEdg layet oY PsHbabh e seay@hdldOdubstedel 100 hal intRding a
| ayer 160 fornmed on the damascene inter connect ion 13
daveertpgon hé ped fthgpneayegiom highavinepmyssbgneonteat [oveer tapghat of
d
L L

dexgamnaitﬁercmwicﬁgl 3onis ffcsrﬁredm ItI&hngl.ﬂzlitbigﬂayeS n emavled Haytier
%H’ flr t plasna rocess, and thus has a |l ow carb
5t 466 Toag an i

SFBSi R IFTORNEHRPAPY aishibegnsRRsing dvyer 110b.
TREHAN a%ﬁ%e ajef‘ 1 Idﬁn&?ﬁ@d%ﬁ‘?n%hﬁe éﬂe? fe gﬁ’drﬁﬁlqaarﬁrtﬂé; oSer
t he upper

is per under & weaker 1bconditi on
rexgerohl 21 1As dsscfibednabd ve,ahaupier cégies $1 lofs aabgiah fioth wbich@Brbon

A. Acco t he thiel mes f the upper region 111 .
e B M S RO P eREtuSa PHARON GOBAT: 8 & high
BBty m&ﬁpdr@a@fo t'héldv?é?‘? égnb}m.perf ormng the first
plasna process only, and us the reliability of the

devi cén fhe cashivhére the fip¢ @ewda process is fdréorivad under al agader

d the.fi arr rlaer16 and. t
EERUE S Tt MRuul s BN TE R Ghest Pl oo
&G@ﬂdfrig%-’d|thé’th1c§ch8§%&>f‘tl’(b&1p‘p@ﬁ@gfbnpi 1258 dREQLRSSpAfison to the
removing the nmetal oxide layer is perfornmed after the

faseshatislag entise mety exidedaygr jssemor erkbly pE ldinsepibeifntiplesma

gfgg{a% o%lg%ég ﬁtg,{s%fle xl%? LR ofttng g%ﬂgé’s f&?}ﬁ]err u%grov Y& 161a

barrier [‘ayer ase, the

first Thabairer [dyay 850 ihOlhdesthd fir®asRe (ydr balrardnarthd a&yeid
y be formed of substanti al lc,%’?t he sane materi al,

62
%@ﬁ@?&yﬁ%ﬁ% Which ave engeniely foratdi Sperifigally. sat Beriaradgasma
g% %rf@f Fe‘iiﬂdéf#iﬂ%:ﬁb A VLER 1859 n}?ﬁ%rﬁgm{e@ &‘)&1@ §¥st bamte):re lciiyer

I nent e pr esent Inve on WI escri
\l\ﬁtehls rfederde n descomdinkbGSsurthOe trany ERist Ed:t@eerilmelfftst&)arrier layer 161a

T EORRRR SIS ol BBt et BT GEBR Qg

MBH%EH*%F%Q% Enhaphe f&&e@%?%tantlh BRIhAB m 1.
FIGS. 11 to 13 are sectional views 30successively

expl aH@rmgaftdn,ea methho df Gibritatbrg ceemiogdactee mtegatdd cirarit device
|nte |rCU|tdevc of FIG. 10.. In,th ) .

b HRE S bR, SR brspahinattion JR f Grscribpd with
mn@m\mmg 1@ferenae;. nomes ﬁb&a@rﬁuummfgcarm&th&i same
elenments as illustrated in FIGS. 1 to 9, and t

drighlinge sheslepidyeios intedratel girewt ﬁ@smpﬁﬁ@lgﬁ@rﬁpgﬁh@m s
hl%%og) A 8{% E)Fe%nt invention, and FIGS. 11 to 13 are sectional views

successively explaining the method of fabricating a semiconductor integrated circuit
device of FIG. 10. In the following description of the present invention, the same
drawing reference numerals are used for the same elements as illustrated in FIGS. 1 to

9, and the detailed description of the corresponding components has been omitted.
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According to the nethod of fabricating a sem conductor
integrated circuit device according to another

enbodi ment of the present invention, the first barrier
| ayer is formed without performng the first plasm

pr ocesgecoktithg ketht Aetirt dTashraatns 8sagichaddche 11&6@@!% it
of the present invention described by FIGS 1-9. Since

tdeeics nessdiparte arated W@W%@E@eﬂ%flﬁp‘éﬂmﬁ& @ﬁﬁéﬂ garrier
tlgye%?s ofm n@t}&%%%uﬁ%{m%g& BaSa giogb&ve@meqrﬂe meﬁa'ou

subsequent st'eps w erring
Fc€frdinkQGo ﬂtwlerﬂ.lﬂodlmentl afshd ;&tsiengmlvaxytmn det@itkdiby PfIG$ L1| Skelllnce

e oSS, SUPROLRLE (00 (L, SHO) s Bfeasisenn

Sd}s'gan@lndamc ng th@§u%§&]?31@ﬁ‘tes‘§éﬁs QN RYekcribd@a s formed
0 as to 10 conpletely I'n the recess (Step 3130).

Then, Refcamgsce EN@S.i itk axdddnmensilonng B@er isl0f oy fmdecwn a

LTI TN OV E E T R

'lgﬁe‘ffr St@g RESH) M thdDa adiflasthr: ihitsddnatdtidg 14RY €80alid @ermed so as to
tep 3 ? Specifically, the first barrier |ayer.

1c@mao1¢tslytﬂi inlthe thepodStead 18H)- tHenj fné@rn%spﬁrﬁ‘gnwoapeﬁnon 130 s

gffl{gn?fi;?}’ Pt g%fr}lartlegh %? 5‘3@&%&%’9‘2@5@: or o ?%{xd ? ﬁrs% %?m%f‘ﬂyer 161a
tib€orfred 9h thaddrh sceledyiRicohfidaionday0had tlerinrdating 16D 100a (Step

PECVD. The first barrier layer 16la may be forned, for
%2Rl e, of silicon nitride (SIN), silicon carbide

(SIQ).g ﬁ%lfﬁhh},‘}%@ﬁ&?ﬁ%& l@g&r 1648 id Rl ep oy?&i & e t1nsulat1ng

harrier Taver la may serve to provide electrical
i lagar 1a0a onwhich tieed deseseenercontetionfe etd ta niedd oxale layer 140

th t hi f ]
b B SE B 1 s OBV TriBgY 11 (GOES AY QD o
TI"Et‘f/Dr SIthekfﬁgtrHaﬁ‘Ierh@é?‘Ml]aﬁéé‘y B@ﬁ)rﬁ‘leﬁ hfbf: knessie, bf sﬂ1con nitride

sufficient to prevent the insulating §:¥\Ier 110h from
b@iM)y sidizomgatidg{8iG)oott ShleCOpIcam ngtﬂd@ E€SEN)adde tigst ypirenlayer

3G eha t pRafo e THAGRPTR R GER e [ fffiReson 130,

POrASHR 2B b QEDPEr 1nTH@et¥:}|ﬂh% kARSSs fBr Rirmideanbites Harhakeneer
| ayer 16la may be in e range of about 5 to 50 A

alntﬁrmnpfﬁ@ﬂéﬁ@bllys'@w&t 20 A Then as shown in FIGS.

10 andrikes! 0Bl 89078 6L RECPRI e 1%@5&@& tb BH&Bnt the

5260) sem con tor su
fingsibtidpalaydren Ob et béi.ﬁgldarﬁag‘ed rdrre @b thieplasnia pracess, phdsnalow

P BEERL0829 6 Eo FPEYT A B boesioied hoght ArBes vy 161a
lgﬂ% bé‘ﬁl‘a&ﬂb pﬂ)‘gé%sd%% Hd‘éﬁéjﬁ%gﬁ{é i ONSrAGda ¥ 46 LORBY be in

Ccrea rocess 270 pass
tiﬂ’lemmgh of higoit |5rt3150 I&arand bc pteégreblyﬂédla 20akhd deoxi di ze a

met al X|dela rxr%g]& an upper part o

damasc ?ﬁﬁhé #ié’? i @L l?sﬂfagprf’?ér%‘iels pf‘itfﬁ de(Step

W ). TR Sernbi¥oRIREH Slibsthtet 1*0@ d)rmvﬁfcﬁfﬂﬁé B8Rt &ﬁhm@yer 161 is

hydrogen and the netal oxide in the netal oxide |ayer

1#2med,gs put in a plasma processing device (not illustrated), and a plasma process
270 is performed, for example, by injecting a gas including hydrogen. Hydrogen ions
and hydrogen radicals created by the plasma process 270 pass through the first barrier
layer 161a, and deoxidize a metal oxide layer 142 formed on an upper part of the

damascene interconnection 130. At this time, H20, which is a by-product of the

interaction between hydrogen and the metal oxide in the metal oxide layer 142, is
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di scharged out of the first barrier layer 16la. The

pl asma process is perforned for a sufficient tine, and
thus the netal oxide |ayer 142 may be conpletely
renoved (i.e., conpletely deoxidized). Then, as

h in FIGS. 10 d 13 d [ I 162
ABoh BerCal st tie. B PRGe Basol5 Rhy wShh popsst pergsaiy for o
ThEickacand, Harthiieihe hdyloxiRdayiY 40 ehayareofipletely removed (i.e.,
substant|a1ly the sane material as the first barrier

caypletelpdeoxigiped; the second bather |ayer 162 may be
formed, hy CVD or.P hn t sane nner, as the firs

par 11 aroray P T LGS, DRt T3S 8T BIRE bR oade bRl on
@fe fiRebdder lagsr loay eSted 8050)naihvdiqadtthgidr layet 1d0Ray b efade of
| ayer 161a and the second barrier |ayer 162 is not

sustangipBnihe sggdesenalps gresiyst twderlAyd He l datlspelhe pegpad barrier
. R _ '
190 0, ME oy P8 O TS P i

fidyeckfizss D of the barrier |layer 160 should be about

250 A _or, nore. Thus, the second barrier |ayer 162 and

the filR&¥S gasprif Ei thigfages PEYana Pl o) _n%lluéla&tsl?%@rat
bRk DERS 1 O AR 2 BhrRE: 1@9&‘31‘62%?%%9?@%&91 dg%g&hﬁlay pass

nmet hod “of fabricating a sem conductor integra
tlirough thedewrier dayac o gidwymenl axidt koer eap bdiforernt] aghintonehe

t i tior I [ or, af.ter
PR aha LR e bohrSter ORe DR S e R e i eyer 160
BRSNE 8E abA @50 I4S01ABPRS Il th@ftdohd Barkilef B eP@Rrdn@Tthe first
| ayer protects the insulating | ayer during the plasm

peotse sayer Thiatarg &rmed éo f cowbinbdthritlaresy afdoul 20 biot morhe

damage, of the inpsulating.l.ayer due 20to.the.plas by .
't o CsprTEeiRE e PR D? Rl S f Rl i AR
idesidé a¢doRding &y &fotheaRehbbhiksent BEthe @ldsadiihvdnyio®fthé PRsma process
sem conductor integrated circuit device is inmproved.

Thigsmed perdbardlaprgaes Brereanegnds famed and theeirpidearggr layer is

Ty 48, LS BT DL O SUOSAPAE R A s
puhsty. altet iblome fastd?m'asd@rw inhibierthe ?ﬁlﬁﬁgd Gghhé.ﬁl@ulb?ilﬁg fagéek due
in the insulating |layer 110a, a 2b5first barrier |ayer

1% NesPHeRY BiFreNEna dieSEEras aF G mHser i e dnsalaing layer,
S 0 ! g 0 B REC R e
161 a Thss,nhe sdrecsametommitegrat@t casuit Heecd off 8. barndeies a

| ayer Ma. The first barrier |a 161la s forned t

st Roewira s B un bl o trulage kv EbS HaaSife! g rgiconductor
RLIOGRES] 05 2 REhAREAR Gt &Ed Bkcti el F0 hihePRIthe BlsulaBNElayer 110a, a
16l1la is fornmed, a discontinuous 30surface nmay exis

estearer ldysr 1 6 rasforedde theldagascend irtermnahachen $&¢ amthe

l?riastu{]a%rng llefa £ 10a, and a second barrier layer 162 discontinuously formed on the
first barrier layer 161a using the same material as the first barrier layer 161a. The
first barrier layer 161a is formed to a thickness of about 5 to 50 A. Since the plasma
process is performed after the first barrier layer 161a is formed, a discontinuous
surface may exist between the first barrier layer 161a and the second barrier layer
162. In this case, the first barrier layer 161a and the second barrier layer 162 may be
formed of substantially the same material. For example, the first barrier layer 161a
and the second barrier layer may be formed of silicon nitride (SiN), silicon carbide

(SiC), or silicon carbon nitride (SiCN).

13
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162. In this case, the first bather |layer 16l1a and the
second bather |ayer 162 may be fornmed of substantially

the sane material. For exanple, the first barrier

| ayer 161.a and the second barrier layer may be forned

of si | Atlerughipteferted éiBbadimests of terpreanbindentiosihays bedn described

n carbon nitride (SiChl). . Al h .
et B g shse SIS ot e sutherpreciala P Hrinvs
hﬁ@&iﬁ@ﬁ%& | RRtidneand L&ugﬁiuh@ﬁs M pBAiteSPthout BREing from the

illed inthe art will appreciate that various
rmdpef arsleapirgred ,theamrcntwms desatpsedinghe eeromparyiag elaims.
possi bl e, without departing fromthe scope and spirit
of the invention as disclosed in the acconpanyi ng
claims. WHAT IS CLAIMED I'S: 1. A nethod of form ng an
integrated circuit device, conprising: formng a
first electrically insulating |ayer having a netal
i nterconnection therein, on a substrate;
renovi ng oxygen from an upper surface of the netal
i nterconnecti on by exposing the upper surface of the
nmetal interconnection and the first electrically
insulating layer to a first oxygen-renovi ng pl asng;
t hen formng a first electrically insulating
barrier |ayer on the upper surface of the netal
i nterconnection and on the first electrically
i nsul ating | ayer; and renmovi ng oxygen from
t he upper surface of the netal interconnection by
10exposing the first electrically insulating barrier
| ayer to a second oxygen-renovi ng plasma. 2, The net hod
of Claiml, wherein the first oxygen-renoving plasm
conprises ammonia (NH3). 15 3. The nethod of O aim 2,
wherein the ond oxygen-renovi ng pl asna conpri ses
hydr ogen.
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The method of G aim1l wherein the second
oxygen-renovi ng plasma 20conpri ses hydrogen. 5.
The nethod of Claim1, wherein exposing the first

el ectrically insulating barrier layer to a second

-r [ lasma is followed by form ng second
S ating harrier layer on the first
el ectrically insulating barrier |ayer. 6. The

met hod of A aim5, wherein the first and second
el ect rli cal |Aymiethodlodformgnpar integratedyieeust doyimsr Parprising:

mat erial s sel.ect d fr a gr.ou si.stin

ona” SreRaes o piraria B SPu R RS Bl o Phneich
fihdrsih, &1 £etusirgal |y 1 nsul ating harrler | ayer has a

thi ckness in a range fromabout 5 A to about 50 A. 8 A

rret hodernewflg PRYS%G fmm PR pmgqrawé@pecqfrthmmptab @jgreennection by
n@ﬁrlrl(;ﬁs g Per surfa%e oafrmé Hx%ta?lr{tétjf’:gﬁne i&F ar{d t%"élltﬁ!rs\é glectncally

ayer avin er connec
ﬁﬂibma@mg Myeth) aaﬁfwbxygenrfemwngmaémat en,eer on the netal
i nt erconnection, on_ a _substrate; ormn a first

el ect fo@EaNE ¢ firvislackiGety Irwltisg bawics Myer e theang?r surface of the
| d
%Jta% eo ch}jec%n upgsg ﬁ}&;ﬁ{g@gsctﬂéaﬂghﬁsm&ﬂcggﬁyéy}?m oxi de

l'ayer and direct Irst éelectri
i nsul atthogng ayggen feom thkOgpposirfage b hthefnnatsltinterconnection by

el ectri cal I nsu atln harrier Layer to | asma
teﬁa?sn?geﬁlﬁﬁéé elﬁ%@hymsa g8 bEisE FAYSUorae o Spjggn-removing
e netal oxide |ayer. 159. A nethod of |DbnEEi ng an

integrated circuit device, conprising: formng a
first electrically insulating layer haying a netal

i nt erconne |on substrate; formn
et 2ol oot i aathgP B wheBtriEe BB iyis Giogis® plasma
%Bﬁﬁhsé¢wﬁﬁ%%§a@ﬁHgye net al ntercom cctic-n and on
the first electrically insulating layer, said first
el ectrically 20insulating |ayer conprising at Mast one
of SIN, SiC and Si CN; and

3. The method of Claim 2, wherein the second oxygen-removing plasma

comprises hydrogen.

4, The method of Claim 1, wherein the second oxygen-removing plasma

comprises hydrogen.

5. The method of Claim 1, wherein exposing the first electrically
insulating barrier layer to a second oxygen-removing plasma is followed by forming a
second electrically insulating barrier layer on the first electrically insulating barrier

layer.
6. The method of Claim 5, wherein the first and second electrically

insulating barrier layers comprise materials selected from a group consisting of SiN,

SiC and SiCN.
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exposing the first electrically insulating barrier
| ayer to a plasnma that renobves oxygen from an upper
surface of the netal connection, 10. The
nmet hod of Claim9, wherein the netal interconnection

conpriges arkaeeROEH CRMASCRAEreatht EFd cltaricAly BisClaRREbarrier
oxi de layer thereon. 11. The nmethaqd of Claim?9,

whsr dina thekrepyista rengscirom ety frieabat SR barri er

| ayer has a thickness in a range fromabout 5 Ato
about SO A; and wherein said exposing step conprises
exposing t he nfethiitofebmtihyg o altégrated sirtdt devicehasmpréding:

| ayer to a 30 hy roge aj ni.ng pl asna. nmet hod
of for ﬁffﬂ’@‘gé‘rﬁfﬁ %@é %lﬁ'«}ﬂ@g. l3veg %Yl&%aff@aaﬁrmtmw&cﬂon
TR ENGitRa Bbﬁv%tm&lap&&ﬂé G3d oh th@ sk AL BYohRYESN, on a substrate;

conprising S COH, on a sem conductor substrat te;
f or m rfgrrmngtatfalst alwdtmadignmdzttmgqnnpqusieﬁgnmrbep@r dlawmﬂ.y cal an
xi d l.on t.he first
e o i Bt et ogif v S50 frfE oot b egpiigely
lﬁﬁqétﬁfgllg&rbﬁfdrl er layer on an upper surface of the
metal interconnect; and. 5converting at |east a

por t i cmp@sfmg He fn*sim&)@m@ﬂb'd@uiaé@g@nrrte@ layspioer plawnathalypmoves

the el ect n irier layer to
yﬁﬂj eaﬁl u@BﬁrtséLlr%llc%g ggtrlme gtta{ ’g(rié;% %IJers Free

hydr ogen thr ough the el ect rically insulating barrier

| ayer to the copper oxide region; and then

fanning a second electrically insulting barrier |ayer

on the first electrically 10insulating barrier |ayer.

13. The nmethod of C aim 12, wherein the first

el ect rd.cal | 4 metisudl dtfoumngngan iﬂtegraﬂedty'ﬂrcmt ddviiaekcmﬁmsiimg a

rangeoffromab ut 5 A oab ? AE JI

met hodOBIBLZi HEUBECHY disy "‘t“l‘?g P Spving aatef H&F‘iCS}meCtlon

|tﬂég{naghggu$§r¥per conprises SiCOH 1.5.The nethod of

Caim[2, wherein the first and second electrically
forming a first electrically insulating barrier layer on an upper surface of the metal

interconnection and on the first electrically insulating layer, said first electrically
insulating layer comprising at least one of SiN, SiC and SiCN; and
exposing the first electrically insulating barrier layer to a plasma that removes oxygen

from an upper surface of the metal connection.

10. The method of Claim 9, wherein the metal interconnection comprises a

copper damascene pattern having a copper oxide layer thereon.

11. The method of Claim 9, wherein the first electrically insulating barrier
layer has a thickness in a range from about 5 A to about 50 A; and wherein said
exposing step comprises exposing the first electrically insulating barrier layer to a

hydrogen-containing plasma.

12. A method of forming an integrated circuit device, comprising:
forming a first electrically insulating layer comprising SiCOH, on a

semiconductor substrate;
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insul ating barrier layers conprise a material selected
froma group consisting of SIN, 20 SiC and Si CN.

16. The method of C aim 15, wherein conbined thickness
of the first and second electrically insulating

barri Er l.ayers i s great ea t han .about 2

50, A . L
17. T A Grftal dntpgegnose %?mmg%?qpp]e%% hePPReE oxidg region, in

eleefst die@tiballyl RSk [Rgerbar rier | ayer on an upper
surface of the netal interconnect is preceded by

exposifergninge ficwsipetricoly teuladgi berricn lagepdmgmepper surface of the
cont.ai ni ng_am i a. 18. The nethod of Claim
ff,tafl IW%CP%‘??%% ng a netal interconnect 30conprises

chem eahveytineahant £abitiyn pPotiesddbpg xidwapgien tb aydier tstadgy
a slurry having conponents therein that oxidize,
eupising the electrically insulating barrier layer to a hydrogen-containing plasma that
transfers free hydrogen through the electrically insulating barrier layer to the copper
oxide region; and then

forming a second electrically insulating barrier layer on the first electrically

insulating barrier layer.

13.  The method of Claim 12, wherein the first electrically insulating
barrier layer has a thickness in a range from about 5 A to about 50 A.

14.  The method of Claim 12, wherein the first electrically insulating layer
comprises SICOH.

15.  The method of Claim 12, wherein the first and second electrically
insulating barrier layers comprise a material selected from a group consisting of SiN,

SiC and SiCN.

16. The method of Claim 15, wherein a combined thickness of the first and

second electrically insulating barrier layers is greater than about 250 A.

17.  The method of Claim 12, wherein forming a first electrically insulating
barrier layer on an upper surface of the metal interconnect is preceded by exposing the

copper oxide region to a plasma containing ammonia.
18.  The method of Claim 12, wherein forming a metal interconnect

comprises chemically-mechanically polishing a copper layer using a slurry having

components therein that oxidize copper.
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