;wxe3elylv| z6TKO% 5 -1- 26 Septenber 2002 COPPER | NTERCONNECT STRUCTURE AND
METHOD OF FORVATION Field of the Invention This invention relates generally

"to sem cond , and nore specifically to a copper interconnect
structure w ’M mlmﬂﬂ‘ Erri conductor device and its nethod of fornation.

. Backgr ound ion 15 In the semleonduct or ,igndUst Ly FORNFREt i Ve

i nterconnects ha¥¥%fraditionally been forned using 4 ggé 2 f—gweve

conducti ve MMW@W’H@“’W "s having a resistance | ower than that gi ven by

~al um num ar ed to neet the speed requirenents of advanced

sem conduct or deebbBes. C s a repl acenent
for 20 traditional alum nuﬁﬁpﬁ ‘,u(éxr EC Fﬁﬁwe%i&ﬁomr resi st ance.
Copper unlike alum num is hi NQM{B HQD,QF @fTIQ'M materials that are
currently used to fabricate sem conduct or deV| ces. Thus, the use of copper
interconnests in sem conductor devices requires the use of copper barrier
| ayers to prevent unwanted copper F?’élfifé’tsﬂ'RﬂIWetrﬁid?\the 25 sem conduct or
devi ce. Adhesion of the barrier |layer to the copper interconnect, however,

is problematic and _frequent|y causes sem conductor devices to fall
Therefore, a need &Rissinyensionarelateaigengeallyoty pemiconslucten devicesstnd

sem CondUCtornﬁﬁE's‘g%élfi@aﬂ tb@éép’;?éf 1h?é1‘c§1|%é/ctts@r&%1feamﬂh%7a9d with copper

i nt erconngct s rief scription of }‘grﬂ?eﬁ s FIGs. 1-7 illustrate,
in cross- ct?‘t’iﬁleoﬁ‘tdé‘&é%r eyigpandits mefhg 103‘5 one enbodi nent of the
i nvention. -2- 26 Septenber 2002 Detailed Description of the Draw ngs
Shown in FIG 1 is a portion 5 of a sem conductor device structure in
accordance wi th one enbodi nment ese tion. The 5

seni conduct or device structure ]%é’rlfﬁ ‘é‘g‘ioj @@nﬂ%’& HBEt or substrate 10,
field isolation regions 12, a transistor 14, conductive plugs 24, a
dielectrits|ayer 2 tl&@s@ﬁﬁ&br&}tgcﬂof Wy BlistAP, ,,coamtxcawélmltmgﬁn@ctb&mre I28
Transi stor 14, ¢ sour.ce/drain regions 16 te dielectric |ayer
T and & gat BAr A BALES FofeY etk AR, SR T e rate 10

is a interconnects having a resistance lower than that given by aluminum are

now required to meet the speed requirements of advanced semiconductor
devices. Copper has recently been proposed as a replacement for

20 traditional aluminum interconnects because of its lower resistance.
Copper unlike aluminum, is highly mobile in many of the materials that
are currently used to fabricate semiconductor devices. Thus, the use of
copper interconnects in semiconductor devices requires the use of copper
barrier layers to prevent unwanted copper diffusion within the

25 semiconductor device. Adhesion of the barrier layer to the copper
interconnect, however, is problematic and frequently causes
semiconductor devices to fail. Therefore, a need exists for a metallization
process that allows semiconductor devices with improved reliably to be
fabricated with copper interconnects.

30

Brief Description of the Drawings

FIGs. 1-7 illustrate, in cross-section, process steps in accordance with
35 one embodiment of the invention.



~ 10 nonocrystalline silicon substrate.. Alternatively, sem conductor
substrate 10 nay be a silicon-on-insul ator substrate, a silicon-on-sapphire
" substrate, or the like. In one enbodinent, field isolation regions 12 are
trench isol ation regions which are forned using conventional etching and

- chenmical 15 nechani cal polishing techniques. AIterna%lggéxem£églgob§olatlon
regions 12 may be field oxide regions which are forned u conventi onal

t echni ques, such as |ocal oxidation of silicon (LOCCS), pon buf fered LOCOS
-(PBL), polysilicon encapsul ated | ocal oxidation (PELOX), or the like. In
one enbodi nent, gate dielectric layer 18 is a layer of thermal 20 silicon
di oxi de which is fornmed by tDetailetl Desaxipdion ofgthe Peawings of semi conduct or
substrate 10. Alternatively, gate dielectric layer 18 may be a |ayer of
silicon nitride, 0 | £ i vapor
deposited silicon gli\%m f1s! % 2 politdils dﬁf%@em?con@rﬁ%{oroé n@ﬁ g}r%% bl
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embodi nent, etwdy bedp:lda;y@de 2egipss avhighare dormed jusing erpvientioma whi ch is
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28. In FIG 2, “a portion o |ono
| ayer 26 are (VABAr deppsided f’élc@%ﬁh@éld& goritiided @f‘ldﬁ)hdﬁbtqrv%cmafm and 20
formi nterconm}g@iﬁeo@penl ngs 29. A conductl ve barrier layer 30 is then forned

wi thin intgerconnec en| n S,29. enb conduc barrier
| ayer 30 2 a | ayetr‘ 3@%’?% gpf)edélectg‘?&%?ﬁgq AJRYSE © géBﬂfé'ﬁﬁﬁo\‘}e barri er
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tungsten | ayer arrier

deposi t ed usi Adtridm s cynhinasion: thereafq Iara%téﬁncﬁate\ﬁ&%m@pe%my baa

t echni ques. AﬁdlﬁéHeQWodlﬁM&h metal 18R dedk samerabxuﬂgst@ﬁrsdwabve
barrier Igﬁ F”s%lg:& p&?r g EFg,ehasat P(PB ﬁ‘ 1hls

i nsuf fici &ht tHanm 1 ic l‘ﬁvﬁﬂé”%a YHEMM A¥FIFI G 2. In
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Sepon 100 P56 it SLETON ! 0 S PRSIl 48 Ay

layer 22 may be a layer of silicon nitride, a layer of PSG, a layer of BPSG, an
SOG layer, a silicon oxynitride layer, a polyimide layer, or a combination
35 thereof.



" An electroplating process is then.used to forma second copper |ayer 35 34
overlying first copper |ayer 32. Second copper |ayer 34 has a thickness
which is sufficient to fill interconnect openings 29, as shown in FIG 2.
In -4- 26 Septenber 2002 one solu enbodi ment second copper |ayer 34 is

. deposited using a plating solution conprisg-ng coppeng( e | fate
(Cu2S04), sulfuric acid 4), and chloride ions, suchzgsgéégggg ?o?nwéj

hydrochloric acid (HCl). In this particul ar embodi ment, the electric

-current density isyoodifie ear 5 th sem onduct or
substrate during t Fl% O%pedBEO‘g 88?‘2?‘?‘?1‘6? gf‘&soi%a’fenf"&%e UpI'S; %r ove the

copper el ect r ¢ivhmiiong tﬁmmftmn mltryi,e batries ldgecandedtungstenscorgactefill.  After
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application
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second copper
chemi cal vapmpodiﬁibecm asn. conadt! fl ndateyal t i ons of second copper | ayer 34,
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copper i nt er coviniebtis f8emedmsingeoaventianal pgspor depmltiéndfec}mqu!ast ive
barrier |gyer a
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wher ei n conduddiride, 20berany nityide dgyar, go %H‘bﬁ ses titanium tungsten, or
tantal um copper i henediB6dingt, Heledtfic oy é‘fBZB #id fayer oh@lHsmd dep etiaa cal

| i shi th I
Do e 19, 55 Nl S & REMAT| S 5 éﬁ é{ré%'sé‘éd%a?uv%@e Bydts
iegetdoi ?hg S. ;bayerr% maplbecaaiayten of eilicah mtr:dmm 1658?9&41,’3(9? lagterr oif BrI-!SC]?EalrJas ; [
SSi ﬂyal
pat ent app?| casg?tgga éerf %rag n%g;}ﬁggc%j@yé? dOBBl'.:yu-(la{lxgere y&lt trlk([:égl?%%r ated here
n by referencé dﬁﬂl@@rméﬂn\bém%ﬁmft@ Ha farageingohigles trsc Bgitﬁﬁ9 Isyaay gdseeBeusi n

conventi onal Q;sgaltaqoi-ﬁcdmleqa@eslay%ygg as ion-beammlling, reactive ion-
eam et ching, and plasma etching, “or using a conbination of etching 30 and

l'i shi t ech 40 I d
P trogen i s then T aR EXF- uR PTG OF e Fie R L RS B ORON iR S 1 | or
| ayer 40 is udayert26 precthent recupieel toadxqgose\a phitiorcofpamrd uativer plugs dtand39
friom di 11 451 Ndobfl RrdlkhAGdrerkess. WLERIALRSURIRAYEALY o dopagl ted over

copper inte conn di men arrier 0 has an
abs rption coépfmedéﬁtth(m}nheﬁ%ﬁnneahg@gnmg@rﬂ%p @%ﬁrﬂi’i‘b‘l’ m@eru, cgnductive

barrier layer 30 is a layer of tantalum nitride. Alternatively, conductive
barrier layer 30 may be a layer of titanium nitride, a layer of tungsten
nitride, a layer of tantalum silicon nitride, a layer of tantalum, a titanium-
25  tungsten layer (TiW), or the like. Conductive barrier layer 30 may be
deposited using conventional sputtering or chemical vapor deposition
techniques.
A first copper layer 32 is then formed overlying conductive barrier
layer 30. First copper layer 32 has a thickness which is insufficient to fill
30 interconnect openings 29, as shown in FIG. 2. In one embodiment, first
copper layer 32 is deposited using a sputter deposition process.
Alternatively, first copper layer 32 may be formed using a chemical vapor
deposition process.
An electroplating process is then used to form a second copper layer
35 34 overlying first copper layer 32. Second copper layer 34 has a thickness
which is sufficient to fill interconnect openings 29, as shown in FIG. 2. In



“-5- 26 Septenber 2002 approximately 0.15 for photoresi st exposure

wavel engt hs at or |bel ow 365 nanorileters. Mre specifically, copper barrier

“layer 40 has an absorption coeffi ~~ient (k) that ranges from approxi mately

0.0 to approximately 0.15 at photoresi st exposure wavel engt hs of 365
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35 manoneters to approxi mately 100 manoneters. Antireflective |ayer 41 has
an ahsorption coeffficient (k) that ranges from approximately 0.2 to
“apprloximately 1.0 for photoresi st exposure wavel engths at or bel ow 365
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“a sin~le dielectric material, such as plasnma deposited oxide, PSG BPSG
SOG polyimde, ailowdielectric constant insulator, or the like. 25 A
phot oresi st mask 51 is then fornmed overlying dielectric |ayer 48.
Phot ~resi st mask 51 is forned using el ectromagnetic radiation having a
. sel ect ed photoresist exposure wavel engt h,g-such as n r 248
nanonmeters. It is inportant to note that antireflecglvg ﬁggégé 159@%uces 30
reflective notching in photore5|st mask 51 which can result when
-phofioresi st overlying hi flective er inte ects 39.is

F hogr aphi caf I9FPSISE LB eSpiS: o BRoinataly B sk Sl lav B98¢ L orn a
portli~on of app 1ma|hgycﬂ3edcent,ra1mtﬂoagsmx1d¢8floa\srastb@£m oXintately 9Meea@n;

speci fi cal 1y, 3BQELL Aol il g{ﬁkﬁnmgﬁ%@ﬁs&pﬁ aﬁgﬁa%té«g@ré,@yer 44 are

35 renpved to formgran in erconn openi ic |ayer 48.
Phot or esi st nmapRraximagelyhoa wetrw\pe‘tpa@ing@ appmmmt@y:ﬂ%p@m rgd52 has bee

formed. 5 9 dé os?ﬁeh@cﬂﬁﬁi r&%@@ of fapgk&m@atel rmoa Eént@%&é%ﬂé then

formed overl ylg1 di el ect | ayer esi st~ mas nEd usi ng
el ect r omagnet PROFQI8piAt %ﬂosﬁwlwaﬁe%égﬁbpéapmfaﬂmaé%lys% Senmeteradhel engt h,
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of tltanlumnltrl tungsten |tr| ntal um
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the |ike. Thenafg @Qh@bf@fé #ailidoar niteideray@yhdiea defrastive thded 66
eri

ti I I d t tech t d
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gepots Ih tion pr @? r irderednnet 3 OPtial iedla@s eaeht betwaanadpeent iﬁllilﬁr m a
our coO er a ver co er
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S0l Ut on COMDEl 540 ORRSE if Q) 4 SERRE' R AFe LHASHAL, o SULIWELE 136 @

(H2504), and ¢ or| rom-hydr oric aC| (HA).
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near the edgegepf ﬁ;éﬁ%ﬁl&@frﬂﬁ{?ﬂg&‘ﬁkf?fng low leakage currents to be fabricated with
30 copper interconnects.

In one embodiment, an antireflective layer 41 containing silicon
and nitrogen is then formed abutting copper barrier layer 40.
Antlfeﬂectlve layer 41 has a thickness ranging from approximately 5
35 nanometers to approximately 100 nanometers. Antireflective layer 41 has
an absorption coefficient (k) that ranges from approximately 0.2 to
approximately 1.0 for photoresist exposure wavelengths at or below 365

[



-10- 26 Septenber ’2002 subst late during the copper el ectroplating process

in order to inprove the copper electroplating uniformty, as is described

“in U S. patent application serial nunber 08/ 856,459, which is assigned to

t he assi gnee of tqe present application. The subject matter of U S. patent

_application seriall nunber 5 08/856, 459 is-&xpressly.i.n d ei n by
reference. Alternatively, the fourth copper |ayer m%é %‘%E)?%%%%g %Q?%g ot her

el ectropl ati ng techni ques and other electroplating solutions. In addition,

‘Lhe Tourth CoRRBLNE! B SHIFAE AT DR HECHLBUS Gch a5
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apparent that Zhans FLDERHOR EosiHiRERt df FRRBSPURRLEOW (h the present
invention, a netalllt z]a(bmldrbq)appmesatedhahataﬂhlemgmcabpmpmdasbbr:oppmj barsidro be
o101 11 T SRR i R EARAYey PN R By A gyl et on
enmbodi nent s, |atd1msetmg)thalmr@ameuve [seposition prasessesnForexampledf the silere
IllTustrative giRpehRedt tol A856siS fhtitefidctive Ieﬁ%r ant di@th!;seﬁ%’d?ﬁ@ Fchdidled
"and seape of 8%&%&%&%%&33&%:@%%%% by 0 LR O R T e | on
enconpass al | haazlim@tancutso omdeﬁfia@@tﬂojr@;ﬁsﬁfmﬁelwﬂmnm d photbResisope of

t he appen%gd Cl ostte wa! o2 %&?ﬁ%ﬁ pﬁgg%ate ~ coﬁla x[n]e’cerA m{@ggsgngtwfeorm ng

a copper nt erc ruc re Wt evice CO
the steps of: oeffidientnef antiveflectine layeasrdlsinsseases decdupenthechigher gilamectric

layer overlyi nghwN4ts fBreQRAURE AliOHP& I @hEration in the silicon oxynitride layer.

Similarly, decreasing the silane flow rate will decrease the silicon
concentration in the silicon oxynitride layer and decrease its absorption

30 coefficient. Therefore, the optical properties of antireflective layer 41 and
copper barrier layer 40 can be independently tailored. For example, copper
barrier layer 40 can be formed to have a silicon concentration which is less
than the silicon concentration of antireflective layer 41, and thus copper
barrijer layer 40 can have an absorptive coefficient which is less than that of

35 antqeﬂecnve layer 41 for the same photoresist exposure wavelength. In
addition, it is noted that components other than silicon, oxygen, and
rutrcrgen may be included in the silicon oxynitride layers used to form



patterning the dielectric layer to forman opening within the dielectric
| ayer; form ng ~a copper |ayer overlying the sem conductor substrate, the
copper layer lying wi ~hin the opening; polishing the copper |ayer to forma
copper interconnect within the opening, the copper interconnect having an

_upper swface; exposin the copper interconsgect to a pla | §}
hydrogen to renove copper ox~de from the upper surfggegggtgﬂggéogggg

i nterconnect and forma cl eaned copper i suf face consisting essentially of
el emental copper,; and formn pRer. rrier | r covgrlying the cl eaned
copper surfac oP @%f}frtlﬂ%e’g‘%@aﬁ‘gﬁ‘i%ﬁ@%ﬂvseulﬂ’ 5@%131 gaﬁ er%ﬁg_r%,xi di zed prior
to form ng theonpopentdhatherghahsjlicon and Aitreghodniy befinchidegl in thopper

| nter connect giiicHalbRddtdyek hisBd 6 TORRTGHP balltd B ef ATPESSI steps
of : providi nggacsenﬂﬂcondu tor Sgﬂbgglr)g?e; for rriang a ?ieel g}gf?‘f!é@%?g?
overlying t hehydrPgMERAY: e PEessBt imthesefutnidedayiegst ne dielectric |ayer to
forman opgning wthin the dielectric |ayer; formng a copper |ayer

overlying the sem sorchctol SHRTLEAL Syl RORREL.] SVehy Ll naca i e
the opening, {dyerckpplr oné xtriodiimeac!inberléved dieleopirelayetii8 aomprsgsosi Xi g
remove ¢ pper CFaEcarb £ha P 18iet EEaf AR RIRLGPAC R SHOUIREL, " on
forma cl eane®IG. pper surface consisting essentially of elemental copper;
aher ein (S stop. o gepus e EmALEE iR SaE SR R e
form ng the cegpesiteshpping TEQYas asQiirge gagy ﬁé@rnﬁﬂ‘éﬁlk’aﬁg‘@l@ﬁl&ﬁi@@r 42 gy
Sept enber 200Be-alldyér o \PHE] A04kdrvf BROGNAEOCCapesa pdlyRikidiaget, asslokwct ur e
Wthin a sem condud ot RsGRTBE ' g ke steps of:
Etch stop layer 44 may be a layer of plasma deposited silicon
15  oxynitride. Alternatively, etch stop layer 44 may be a layer of plasma
deposited silicon nitride, a layer of born nitride, or the like.
Dielectric layer 46 may be a layer of plasma deposited oxide which is
formed using TEOS as a source gas. Alternatively, dielectric layer 46 may
be a Hayer of PSG, a layer of BPSG, an SOG layer, a polyimide layer, a low
20 diele$tric constant insulator, or the like. It should be appreciated that
interlevel dielectric layer 48 need not be formed using different dielectric
material. For example, interlevel dielectric layer 48 could be formed using
a single dielectric material, such as plasma deposited oxide, PSG, BPSG,
SOG, polyimide, a low dielectric constant insulator, or the like.
25
[ A photoresist mask 51 is then formed overlying dielectric layer 48.
Photpresist mask 51 is formed using electromagnetic radiation having a
selected photoresist exposure wavelength, such as 365 nanometers or 248
nanometers. It is important to note that antireflective layer 41 reduces
30 reflective notching in photoresist mask 51 which can result when
photoresist overlying highly reflective copper interconnects 39 is
lithographically exposed. Photoresist mask 51 is then used to pattern a
portion of underlying dielectric layer 48, as shown in FIG. 5. More
specifically, a portion of dielectric layer 46 and etch stop layer 44 are
35 removed to form an interconnect opening 52 within dielectric layer 48.
Photoresist mask 51 is then removed after interconnect opening 52 has
beeT formed.



“providing a sem cgnductor substrate; formng a dielectric |ayer overlying
the sem conductor substrate; patternixig the dielectric layer to forth an
~opening within the dielectric layer; formn a copper |ayer overlying the
sem conduct or substrate, the copper layer lying wthin the opening;

_polishing the copper layer to forma copper intercoggeggp%g&ggg 06>
openi ng, the copper interconnect having an upper surface; exposing the

copper interconnect to a plasnma conprising hydrogen and nitrogen to renove

-copper oxide from r f o) h Iel X m a
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copper inter c@pﬂ@igit:aklw,tmpﬂrtmwF Hiedectric dayerlg, antireflactivedayerapend

i nt er connggt %Egéﬁbﬁﬂgerslﬁ &40 QREAINAGye LEPRSTTNE xﬁaB@%hiilﬂf@fhét@( fosE$ h
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copper interconhect and a portion of the %gporid cop er connect éo a
pl asma consi sPORHOR LKL EPPPEF Il?teé‘FO%Fsoggen K2 5P fegytntn ¢ TALIOTY PF 8¢
silicon oxyni tduall ﬂa@%peﬁl{ﬁ% by iwithihhdieldctrid 1:83@BA8] wHekeihc@naleiglaidnd t he
s~cond copper int rchnect atter the S%Ep oh eg&sswﬁ.the £ r%gL copper

i nt er connect QP§ e Y SOBRRES P COMRCH POAHER P2 T4 KA PPN *t he fi r st
silicon oxyni ﬂ’rﬁod?rebh;y@nasl@m iy theenf remsovesbsiiepditakindaidf dpeningt50 has byen a
second si hkcon, X@ivf'irthﬂledie?é’c‘?fic t*’g)g the first silicon oxynitride

e

| ayer, the second silicon oxynitri ayer having a second absorptive

coefficient: 26 Sept enber 2002, -14
IonIG. 7, a second conductive barrier layer is then formed within

dual inlaid openings 50. In one embodiment, the second conductive
barri?r layer is a layer of tantalum nitride. Alternatively, the second
conductive barrier layer may be a layer of titanium nitride, a layer of

20 tungs[ten nitride, a layer of tantalum silicon nitride, a layer of tantalum, a
titanﬁum—tungsten layer (TiW), or the like. The second conductive barrier
layer may be deposited using conventional sputtering or chemical vapor
deposition techniques.

A third copper layer is then formed overlying the second

25 conductive barrier layer. The third copper layer has a thickness which is
insufficient to fill dual in-laid openings 50, as shown in FIG. 7. In one
embodiment, the third copper layer is formed using a sputter deposition
proctss. Alternatively, the third copper layer may be formed using a
chemical vapor deposition process.

30 An electroplating process is then used to form a fourth copper layer
overlying the third copper layer. The fourth copper layer has a thickness
which is sufficient to fill dual inlaid opening 50. In one embodiment, the
fourth copper layer is deposited using a plating solution comprising copper
(Cu), copper sulfate (CupSOy), sulfuric acid (H,SOy), and chloride ions, such

35 as those from hydrochloric acid (HCI). In this particular embodiment, the
electric current density is modified near the edges of the semiconductor



form ng a second gielectric | ayer overlying the second silicon oxynitride
| ayer; formng a photoresist mask overlying the second dielectric |ayer,
“wherein the photorlesist mask is foi~rned using el ectromagnetic radiation,
t he electronagnetﬂc radi ati on having an exposure wavel ength, wherein the
_first absorptive coefficient is |ess thanlfhe secon@Gaggﬁggﬁbgg spgsficient
at the exposure wavel ength; and using th |e photoresist sk to pattern the
second dielectric layer. 5. A nmethod for form ng a sem conductor device
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phot or esi st misstertanrpeats 62 withie didl ieddidi @pdraggs 50, wherein copper
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ca
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$10% u& ( pp10° 1&ihi 31109 1dsh#i o uge b2 s Ede
d0seuit () 2y PHTER IR K ST U P e
LI 1g10% ug& () nunyber GiRe 10D, whigh i assignadute the-assignee of thegieseny.- 7

application. The subject matter of U. S. patent application serial number

08/954,190 is expressly incorporated herein by reference. Alternatively,

copper interconnects 62 may be formed using conventional etching

25 techrriques, such as ion-beam milling, reactive ion-beam etching, and
plasma etching, or using a combination of etching and polishing
techr.lliques.
’ A copper barrier layer 64 comprising silicon and nitrogen is then
formed overlying copper interconnects 62, as previously described in FIG.
30 3. If additional levels of interconnect are not required, then copper barrier

layer 64 serves as a final device passivation layer and bond pad openings

(not shown) are subsequently formed through it. Alternatively, if

addi}ional levels of interconnect are required then the steps described in

FIG. 3 through FIG. 7 are repeated.

35
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1nterconnect havmg an upper surface;

exposing the copper interconnect to a plasma comprising hydrogen to remove copper
odee from the upper surface of the copper interconnect and form a cleaned copper
surface consisting essentially of elemental copper; and

forming a copper barrier layer overlying the cleaned copper surface, wherein the cleaned

coner surface is not re-oxidized prior to forming the copper barrier layer.

2. A method for forming a copper interconnect structure within a semiconductor device
comprising the steps of:

providing a semiconductor substrate;

forming a dielectric layer overlying the semiconductor substrate;

patterning the dielectric layer to form an opening within the dielectric layer;

forming a copper layer overlying the semiconductor substrate, the copper layer lying
within the opening;

polishing the copper layer to form a copper interconnect within the opening, the copper
interconnect having an upper surface;

exposiﬁg the copper interconnect to a silicon-free plasma comprising hydrogen to remove
copper oxide from the upper surface of the copper interconnect and form a cleaned
copper surface consisting essentially of elemental copper; and

forming a copper barrier layer overlying the cleaned copper surface, wherein the step of
eﬁposing the copper interconnect and the step of forming the copper barrier layer
aFe performed in a same chamber.



"100 100 810%0& ()-!y f"109%0C& ()- S/
tf"10%{& ()-S/ PbQoRbdbi bpbbbCl N10%H& () -3 10%4& () - 1094& () -: 109H& () -
10s 10s 10s "10%& ()- bbcHcccddChCl N
109 ()-y 10%4& ()- 10%& ()- 10%& ()-10%& ()- FALOWI&' ()-dzdd$e] eef } *?bCl
.L10%H& () - @ 10%& () -!' @109 () -! @ 10%H& () -
109448 () - 10%4& ()-yfYFrfff)gg~\:bC s YY'! 10%ss& ()-A% PP eTsEsee®?()-11 v
Y'110%ili & ()- ~ YY'110%c
A& ()-YY'I109%& ()-!10%4& ()-gghhiiiii®¥fi N 910%& ()- 101HIH 101H1H
101HIH 1" +f 10%AHIH& ()- ! (" +f 109 H(H& ()-" #+f
10%###& §.) A inkthod 1! faddih &cdpper interdonpdcp kfuiréivithindaeticohductditeli&e () - s! " L10%
pp& ()-s eing :
"L10%gge (FEPRTISHE SRS Yook () - pkkkl +mmin} [O\N/ 11" @10%& ()- @ f 3: ! 10%2&
() -1 T 3: | 109 Yding a sericondpgqr gulgsirate; 0ok () - 10%& () - Lnvnnnokot o] ] >\ N/ ! !
) 1098’ () - &' bR (a)dielectdd Th AR VEDying fhe serhibOidROBT fubstraté; ": ! 10% t & () - f
n 04 — | 1 _ N 0, ! - | * * /R - | ° *
1-0%1? 4 0O & Qb ARAARE ileleBric TSR0 bk opehthe Wit Qls ffecndier() - 1 &&
forming a copper layer overlying the semiconductor substrate, the copper layer lying
within the opening;
polishing the copper layer to form a copper interconnect within the opening, the copper
interconnect having an upper surface;
exposing the copper interconnect to a plasma comprising hydrogen and nitrogen to
remove copper oxide from the upper surface of the copper interconnect and form a
cleaned copper surface consisting essentially of elemental copper; and
forming a copper barrier layer comprising silicon and nitrogen overlying the cleaned
chper surface, wherein the step of exposing the copper interconnect and the step of

fTrming the copper barrier layer are performed in a same chamber.

4. A method for forming a copper interconnect structure within a semiconductor device
comprising the steps of:
providing a semiconductor substrate;
formitfg a first dielectric layer overlying the semiconductor substrate;
pattern[ing the first dielectric layer to form a first opening and a second opening within the
first dielectric layer;
forming a copper layer, the copper layer lying within the first opening and the second
opening;
removfng a portion of the copper layer to form a first copper interconnect within the first
opening and a second copper interconnect within the second opening;
exposfng a portion of the first copper interconnect and a portion of the second copper
iiterconnect to a plasma consisting essentially of hydrogen and nitrogen;
forming a first silicon oxynitride layer overlying the first copper interconnect and the
second copper interconnect after the step of exposing the first copper interconnect
apd the second copper interconnect to the plasma, the first silicon oxynitride layer
aving a first absorptive coefficient;
forming a second silicon oxynitride layer abutting the first silicon oxynitride layer, the

second silicon oxynitride layer having a second absorptive coefficient;
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mask is formed using electromagnetic radiation, the electromagnetic radiation having

an exposure wavelength, wherein the first absorptive coefficient is less than the
second absorptive coefficient at the exposure wavelength; and
using the photoresist mask to pattern the second dielectric layer.
I
5. A method for forming a semiconductor device comprising the steps of:

providing a semiconductor substrate;

forming a first copper interconnect and a second copper interconnect overlying the
semiconductor substrate;

exposin% a portion of the first copper interconnect and a portion of the second copper
interconnect to a plasma consisting essentially of hydrogen and nitrogen;

forming a silicon nitride layer overlying the first copper interconnect and the second
copper interconnect after the step of exposing the first copper interconnect and the
second copper interconnect to the plasma, the silicon nitride layer having a first
absorptive coefficient;

forming a silicon oxynitride layer abutting the silicon nitride layer, the silicon oxynitride
layer having a second absorptive coefficient;

forming a dielectric layer overlying the silicon oxynitride layer;

forminé a photoresist mask overlying the dielectric layer, wherein the photoresist mask is
formed using electromagnetic radiation, the electromagnetic radiation having an
exposure wavelength wherein the first absorptive coefficient is less than the second
absorptive coefficient at the exposure wavelength; and

using the photoresist mask to pattern the dielectric layer.
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