BEVEL PLASMA TREATMENT TO ENHANCE WET EDGE CLEAN By I nventors: Andrew D
Bailey Il and Yunsang Ki m FI ELD OF | NVENTI ON [ 0001] The present invention
relates in general to substrate manufacturing technol ogies and in
particular to apparatus and nethods for using plasnma exposure to convert a
film such as copper, at bevel edge into a liquid soluble material. The
converted filmat bevel edge is then rgnoved by a wet etch chemstry with
hi gh etch selectivity. BACKGROUND [0002] In the processing of a substrate,
e.g., a sem gonduct substrate (or wafer [ a glass nel_such as one
used in flat igEN@LﬁlsASMRE HfMENin,’l)@hE}Hg]\K:Ef TdePGEed. During
substrate processing, the substrat s 0 fer) is divided into a plurality
of dies, or rectangular areas. EacB, Ql.tt e plurality of dies will becone an
integrated circuit. The substrate rS then processed in a series of steps in
which materials are sel ectAndsey Dr Baitey 8 afdbYumsangtigo) and deposited. [0003]
Copper is becom ng the Cmdum%ﬁ@?ﬁﬁ&@&@ devi ce interconnects for
many integrated circuit nmanufa ts lower resistivity, better
fe| ect rom Joa] Uhe pednSinvention whited ih @eretd Wﬁﬁf&%ﬂmﬁﬂéfﬁiﬂg‘ 'i’@chxlﬁfk%_iéﬁﬁhﬁmd of
orm ng a.copper interconnect structure enpl oys an el ectropl ati ng process.
In a tgpi &Pgﬁ%ﬁé? a@%ﬁﬁgf‘ﬁﬁ?@b%&%@%@ﬁ%ﬁ& CPXeE2 fgm, sush@nl um ( Ta)
and/ or t arbgget) at bivelrddgeinfolaliduid sdlublermidterBe PTIR dofebrod BIn ithRvd Wiistis abe. Next ,
ri.er |ayer. Copper seed -l ayer

a copper seed-layer is. forned over, the-bar

can be de;s)r%lg?vte gyf)yﬂa&‘w&ﬁ?f@ﬂwgﬁ‘h &f‘fﬁlﬁj’%’ég‘f“ﬁ ncl udi ng chemical vapor
deposition (CVD) and physical vapBAcgReRreswb on (PVD). The substrate is then
placed in a bath of an electrolyte plating solution to deposit a copper

| ayer, whil0892] In the prepssting ofgappbstiatg, eiga P spmicendsptor sybsteatsion watsend alglager .

panel such as one used in flat panel display manufacturing, plasma is often employed.

During substrate processing, the substrate (or wafer) is divided into a plurality of dies, or
rectangular areas. Each of the plurality of dies will become an integrated circuit. The
substrate is then processed in a series of steps in which materials are selectively removed (or
etched) and deposited. '

[0003] Copper is becoming the conductor of choice for device interconnects for many
integrated circuit manufacturers due to its lower resistivity, better electromigration and stress-
void resistance than aluminum. One method of forming a copper interconnect structure
employs an electroplating process. In a typical copper electroplating process, a barrier layer
of tantalum (Ta) and/or tantalum nitride (TaN) is first deposited over the substrate. Next, a
copper seed layer is formed over the-barrier layer. €opper-seed layer can be deposited by a
variety of techniques, including chemical vapor deposition (CVD) and physical vapor
deposition (PVD). The substrate is then placed in a bath of an electrolyte plating solution to
deposit a copper layer, which is sometimes gap-fill layer, over the copper seed layer.

[0004] After plating is completed, the substrate is typically transferred to a rinsing station
where a solution including de-ionized water is applied to remove and neutralize any excess or
remaining plating solution on the substrate. During the plating process, unwanted copper
plating may occur on the bevel edge and/or backside of the substrate, which would become

sources of particles. Removal of unwanted copper plating on the substrate backside is



[0004] After plating is conpleted, the substrate is typically transferred
to a rinsing station where a solution including de-ionized water is applied
to renove and neutralize any excess or renmining plating solution on the
substrate. During the plating process, unwanted copper plating may occur on
t he bevel edge and/or backsi de of the substrate, which would becone sources
of particles. Renpval of unwanted copper plating on the substrate backside
is 2relatively straightforward. However, removal of unwanted copper
plating on the bevel edge is nore challenglng [0005]. In view of the

f or egoi ngrelatiney é@@@%‘éd@‘@ﬂ%ﬁ%@l fnwarecePRY Plating gp thertsvel 4828 npr oved
mechani sy e SRR N%A of unwanted deposits on the bevel edge to inprove
process yield. SU §Y J%OOOG] Broadl y eaki ng, the enbodinments fill the
need by pl@Sldrndew abts\ewesia®d HBsE dhd ne%dp for gpRAEANsoAnd RciBeds Rt ERYS t s on

the bevel y£HRdLRchARMI¥EreRbPS 8BSwEhRY epodit®n @iERU] BBSH S ifiR6w priess above
provi de apparatus and nethods of treating the bevel edge of a copper plated

subst rat eY®€l- convert the copper at the bevel edge to a copper conpound t hat
can be wet etched with a fluid at guuinvkretch selectivity in conparison to
copper. Alternatively, the copper conpound can be etched in a dedicated
bevel edg m%ﬂmwlmwﬂhm theteanbodimentEfiil e nepb by proiding imphoyedemerhan¢mst he

copper Cogp Ui bt WGaddl® of8HRY 41 éﬁ{/ Y ! f}La&sw BrofaPRAkal M vet etch

processi ng c er or a et chi ‘The pl asnma
t r eat ment erabodbeem depuiiped diolwam\fﬁh epnatapp@nd mpﬂlb@\ﬁé tregiingdhe beviledgeofved at

preci se s about
0.5 mm or Q%Eﬁiatﬁp%kgﬁké ?oanplﬁglg\?ép g{ 9 eetégg%gtgfc a’?@‘%{dn agadﬁ} tion,

t he appar &t wet eighad with ladluid dd@digh me&m 11! @ﬁmmm to seppsr. cHlseativelsrpval  do
not have {hie, e%gﬁp&cefca&%%a,fhe@hp@'d@ac&éd%ad fg@%la'iﬂh%&hﬁ@ @hmbdie devi ce

regions to ca ts and thinning of her ef ore, device

yi el d canEisker greeeieh pr duysrcbiad dhe qoppe Fpmpqung Hﬁ?ﬂ'&fhbéeﬂmé‘r‘é@fal’@owﬁtf& t he
present i @(?!P%E&t h WG Heh Rfode Rlp O RERbE Gr b AedEHIEN RY SICHRY Dlasthi) ChanbleIITRS 2

process, apparatus, or a system Several inventive enbodi nents of the
present i niaemg freayment at bevek edes clowe ths\gorren abbvel ¢ze te be spseryPdahPrecise net hod

of treati @&uﬁcsﬁlm&fabi:btlmﬁ%rﬁezs\ﬁ\és&he@d%tﬂm@aﬁdﬁbasmﬁ&s@uﬂmﬁeﬁrﬁ the
copper filmto a copper conpound be renoved by a wet etch is Qrow ded.

The net hot rﬂlmrna@g oﬁﬂﬁévtﬁgatﬁ Hhin asdﬂwge b Pyt and Fpcthqds fescdbrd 3BeYe 11 ¢ he
plasma tr gafe Rbval H6 AoV 8 padbleihsiof Gop cmﬂgomlmgenﬁg tgl|RddTent gas

t hrough a gas | ocat ed enbedded istribytion plate,. di sposed
at a di st ahde dPY‘B“rﬁeElH%S ot Aaiees snfybORE SESprat b o DRV R dieblion
generat i nga,ﬁ,etgiﬁaymﬁveal asma near the bevel edge of the substrate to

convert the opper. filmon th vel edge of the su tra to a_copper
conpound. | Igél??é'}dalfeeac?l"?? tﬁ‘?ﬁ?h e Pres VS‘E}W@F?BEEBPB |1PH*“P§I°'I’ ess than
about 2 miﬂaﬁ Qidluding Q6 ¥ pesdess, 4 apph@tus, or a system. Several mventlve embodiments of

the present invention are described below,

[0008] In one embodiment, 2 method of treating a copper film on a bevel edge of a substrate
to covert the copper film to a copper compound to be removed by a wet etch is provided. The
method includes placing the substrate on a substrate support in the plasma treatment chamber.
The method also includes flowing a treatment gas through a gas feed located embedded in a
gas distribution plate, disposed at a distance from the substrate support. The method further
includes generating a treatment plasma near the bevel edge of the substrate to convert the
copper film on the bevel edge of the substrate to a copper compound. The generated

treatment plasma converts copper film is less than about 2 mm from a very edge of the



3 substrate to the copper conpound. In addition, the method includes

pl aci ng the substrate in a wet etching apparatus with a wet etching fluid
to renove the copper conpound on the bevel edge. [0009] In another

enbodi ment, a nethod of treating a copper filmon a bevel edge of a
substrate to covert the copper filmto a copper conpound to be renoved by a
wet etch is provided. The nethod incluydes renoving the copper filmon a
backsi de of the substrate, and placing the substrate on a substrate support
in the plasma treatnment chanber, after the copper filmon the backsi de of

t he subst sehswatg & thepapperompoind rin 49dition, tb@mﬁth@cria@le#s Plaging g substrptedn #rent  gas

through a &9&c}¥i§%%p%%@@s 2SR EARGE nlnd 15 1A% e %Bﬁhﬂep HirhginPbiRh€ bedél SPOsed

at a di stance ubstrate support. The nethod further includes
gener at i ngdge-t r eat ment pl asma near the bevel edge of the substrate to

convert thenosPRP&hmE bibindnl & B@fﬁ@# of H8Ringfa dopFer PSS Athevel Qage SOPPET

conpound. The generated treatnment plasma converts copper filmis |ess than
about 2 mylsEemiecepeTt yheoeppper il then eopp tcompeungd do be EepYph 8Y ackstids. 1n

addi tion, ptdfedBTROCethSChHARS rdhRfigNRe ddpfer $R Oh b Bhsiud oPth¥Bibs@its Rhd g
apparatus with a wet etching fluidto renove the copper conpqund on the

bevel edg®acipsghesubsale op 8 SEEMe sEPRoRt icthe plauna tsgtient chamberyafier Big copRST wet

et chi ng f Igth bnddhe BadiBide VF ThE: SilbktRifid isViehbvall € The nelhbd Alsd HAtKided FlodvirdgOa t he
copper filmaway fromthe bevel edge. [0010] O her aspgé}s and advant ages

of the i nVErmRYRanfrouehaeanised josatrd pmbedicsinreas fistrPyIgn Riate Sisppsed gt a

descri pti QRtand k68 thd) sibRiRdtd! Bsipb@N e triethdacfuRthcs QHIARIRY igBi@rdling\W tAGiEment

illustrating by way_ of exanple the principles of b@ﬁ I nv ntigp. REIEE

DESCRI PT| @lSmegnepy he the)gppityat €°$¥FE§19§PPR°F1 o1 BR O%NeT 74ehe PRadi | y

under st 00Quttdjtath fea doppére¥hpiindleTidl defetatel® Geairhdnk bm?ai d’tbg@@t_ﬁ jeospet ﬁl{ﬁﬁ;\lﬂsi h the
neral s desi e like

CCCOTaNy St Lol 61 SheRAS TSR ST Sk o
copper pl adeidd athals plhdng the sSEBENE HDN®E endhiny ppaateniilla Wenétcidhg flhid tpr esent
et 00 Ol oo MR SRR TR S R 5o
enbodi mentetchdd tyhiie @etctdhiiy fluid/e atwed Bich selectivity greater than about 20:1 to the copper

film away from the bevel edge.

[0010] Other aspects and advantages of .the invention will become apparent from the

following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will be readily understood by the following detailed description

in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[0012] Figure 1A shows a cross-sectional view of a copper plated substrate, in accordance

with one embodiment of the present invention

{0013] Figure 1B shows an apparatus for removing the unwanted copper from substrate

backside and bevel edge, in accordance with one embodiment of the present invention.

[0014] Figure 1C shows the cross section of a portion of a copper plated substrate after the

copper-etching fluid spread from the substrate backside to cover the bevel edge, and a portion

of substrate front side, in accordance with one embodiment of the present invention.



[0014] Figure I C shows the cross section of a portion of a copper plated
substrate after the copper-etching fluid spread fromthe substrate backsi de
to cover the bevel edge, and a portion of substrate front side, in
accordance with one enbodi nent of the present invention. 4 [0015] Figure

| D shows a copper plated substrate after the processing step of renoving
unwant ed copper on the backsi de and bevel edge, in accordance with one
enbodi ment of the present invention. [0016] Figure 2A shows a cross section
of a copper plated substrate being exposed to a plasna near bevel edge, in
accor danc &001p} Figera d De showd ianeapperaflated, substrase afigr the) peasessing  stepod Ipmovingyur e 2B
shows a CopR&itedofiet dn ﬁ}é%ﬁ%ﬂsﬂE %@Eévaredgé iR8SHdAnRE Q48 Bnd HRboilentbiohe L O
renove copper conpound evel edge, Th accordance wth one enbodi nent of
t he preseesenhipgentioon. [ 0018] Figure 3 shows a cross-sectional view of a

pl asma sy §§6ig ﬁ@nﬁfe'ﬂ%}ﬁ@s WOeB8ERh of bpE8! plﬁetgame&@é BEing lekpoRGCRY flance

w th one enbodi nent of present invention. [0019 gure 3A shows a
Ccross secPlaém%ﬂle"iWeé’?Jf@Ee Hﬁ‘%@iﬂ%@ﬂh P‘Fﬁlﬂﬁ’ﬁdlﬁewqfﬁleb’&?@t invggionof Figure 3,

i n accor dggAg) kD 29@6‘0&%@%9@9’519{&9%5&5!@&&& R36A thoiraRd WaRwchdRERle Fi gure

4A show a process flow of renoving copper at bevel edge, in accordance wth
one enmbodCPRPRE coppowngat bavekedge, i dpgerAtnce pith P’ERPZ&"PG‘P}&BW e/ SN AVeRior ocess

f1 ow of r esoag] Flgurﬁ' BNABKs &lrode¥tliondlgiew of B phEMA sFHIE Sontizlidd 3 pdnbRle a
enbodi ment of resent inventjon.
bevel edge plasma, in accordance with cne embodiment of the present invention.
[0019] Figure 3A shows a cross sectional view of an enlarged region B with bevel edge of
Figure 3, in accordance with one embodiment of the present invention.
[0020] Figure 4A show a process flow of removing copper at bevel edge, in accordance with
one embodiment of the present invention.
[0021) Figure 4B show a process flow of removing copper at bevel edge, in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0022] Several exemplary embodiments for improved mechanisms to remove undesirable
deposits on the bevel edges of wafers to improve process yield are provided. It will be
apparent to those skilled in the art that the present invention may be practiced without some
or all of the specific details set forth herein.

[0023] Figure 1A shows a cross-sectional vie\y of a copper-plated substrate 105 that has a
substrate body 100 with a front side 110, a backside 120 and a very edge 130 between the
front and backsides, in accordance with one embodiment of the present invention. Substrate
body 160 could be a wafer without other films and features. Substrate body 100 could also
have various films and features from prior processing. The substrate 105 of Figure 1A is held
upside down, with the substrate front side 110 facing downward. In FIG. 1A, there is a
barrier layer 101, such as tantalum (Ta) and/or tantalum nitride (TaN) covering the substrate
front side 110 and the very edge 130. In one embodiment, the thickness of the Ta, TaN, or
Ta/TaN barrier layer is less than 150 A. The barrier layer 101 covers the substrate front side,
and the bevel edge and sometimes part of the substrate backside.

[0024] Over the barrier layer 101, there is a copper seed layer 102, which is needed to initiate



DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCODI MENTS [0022] Several exenplary
enbodi nents for inproved nechanisns to renove undesirabl e deposits on the
bevel edges of wafers to inprove process yield are provided. It will be
apparent to those skilled in the art that the present invention may be
practiced wi thout sone or all of the specific details set forth herein.

[ 0023] Figure 1A shows a cross-sectional view of a copper-plated substrate
105 that has a substrate body 100 Wit a front side 110, a backsi de 120 and
a very edge 130 between the front and backsi des, in accordance with one
enmbodi mentnudifatioh esitgsr diag coppey piatingn Thegbpper sged 1@@6903_(9’@1 bo @eppsiied by waf er

wi t hout ot F&ruc;]l,,glggf} gé},gini,{??(;\%f& bﬁh&?ﬁéai Hoor Qébgéin vEU e Bdpper ey e

various filnms an ures from essi ng e substrate 105 of
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and/or tantalumnitride (Ta coverlwégt he Substrate front side 110 and the
very edge expodimen, @ﬁ@@ﬁ%@fﬁ\éﬁ???ef {ayercoen be lespihag ,and graferghly Ta/ TaN

bat her | aygg tﬂaﬁ 16055, bb&'ﬁle]égpea‘seeﬁhﬁrepmr &t id PoBper MhLr EBVRpSitkdBy substrate

front side, and the bevel ge and sorretlrres,lglart of the substrate
backsi de. pﬂmeaqocméachtqq@%%wheévcal plating (BER). Thp dhickness of the GpPRSF la¥@dy | ayer

102, whi ChyejuaeN@REEM0 R0 kitut 8GDR. 5 nucl eation sites during copper plating.
The copper seed |l ayer 102 can be deposited b Fm cal vapor depgsition

(CVD) or ﬂ%%h%wsawhem&as PIRSE%'s thei (oRPer ey 1 2§3r et ayer see ey Bl 102

shown in tdgpe Myedion®stns infdinky GHHifoRtidnéof the SBRAS doesledby RBypirand IGer s t he
substrate front "side, and the bevel edge and s ﬂetlnes artG&ﬁﬂﬂng
seed
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covering the ver
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copper pl az&w@acﬂmsymmmwmmpbdﬁmnmgemndum backsi de of the substrate. The
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t he seed |Thyesxtra tluckncss of the edge bead 150 is undesirable, since the surface of substrate 105 is

not flat due to the edge bead. In addition, the edge bead 150 can detach during following

processing to cause particle issue. Layers 101, 102, and 103 forms a composite 104 layer.

[0028] Copper deposited on the bevel edge and substrate backside is undesirable. Devices

cannot be formed on the very end of bevel edge and substrate backside. Copper film

deposited in these areas can cause particle problem during subsequent processing. In

addition, the copper deposited in these areas can contaminate process chambers that are used

to process the substrate. The copper in the copper-contaminated process chamber(s) could be

deposited or fall on other substrates that are processed in the copper-contaminated process

chamber(s) and could diffuse into device area to make devices inoperable.



[0027] In one enbodi nent, an excess build-up of copper plating, shown as an
edge bead 150, forns at the edge of |ayer 103. Edge bead 150 could result
fromlocally higher current densities at the edge of seed |ayer 102 and
usually forms within 2-5 mmof very edge 130. The extra thickness of the
edge bead 150 is undesirable, since the surface of substrate 105 is not
flat due to the edge bead. In additi ong t he edge bead 150 can detach during
fol | owm ng processing to cause particle issue. Layers 101, 102, and 103
forms a CO%QSI te 104 |ayer. 0023} Copper deposited on the bevel edge and
subst r at e [BE8kEprther, | copnen die §i noatyelatilepagtplcand ¢aappidie temovesk bied dyrerchisg very end
of bevel gglgesang uﬂh@hﬁ:ﬁ%@ﬁ;ﬁr Begdesl e aldRBSfate backSidlGR QR hideshrinD plldGs e areas
can cause particle problem during subsequent processing. In a gl tion, the
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7 invention. The distance fromthe | eading edge of the copper-etching fluid
to the very edge of substrate body 100 is distance "A'. The | eadi ng edge of
the copper-etching fluid is suspended at the substrate front side 111 at

|l ocation "E" by the inert gas flow 161. [0033] The process descri bed above
uses the flow of inert gas to prevent copper cleaning fluid at a certain

di stance, such as distance A fromthe bevel edge. For advanced
technologies, it is desirable to expaﬂd t he usabl e areas on the substrate
surface to the very edge of wafer. Typically, the target is to have usable
ar ea expeindentiono Thpdistanc fiom the leadingesled ef/ibe copitereetqhingfluid iythe vepy edgy of

pr ef er abl t.he e F es, the
usabl e ar é‘éﬁsgat%q%gg ushegI Eagggabgut b%l\é iea&&ggdgee%tﬁg%gﬁ&&cgﬁgrmé@m% from

t he bevel sw@g@ed{lt@mn?su&b\XEnwde ket logrdon " bydhe inest gasflowHdlnet hod and
apparat us sy AEOMbAG dcGila 488U Ao RP BB dyifie %HQ& PR BAK Hlefinand bevel
edge desc |bed above 1s not very consistent or precise.
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copper - et Q&h@%ﬁ] &%ﬁe ﬁ%i?&ﬁﬁﬁe ﬁkfaﬁie%apbﬁhﬁlsﬁbsrﬁm\&&a&hemaﬁr at the

bevel edge e copper-etching fluid often splashes on the other
parts of edgs of mafer. EYR!F@llsal}hff taeget is 1o have ugahleprea gupeadedsto abosh 24 femdhs f er ent

copper t hipgleh @@gf%t L B. 44ve. BRhh) PRYiry & #But 1 RA3RIm haabtival ddgk.s Pavkd e

substrate 105 t he proceSS| ng. st ep. of renovi ng unwanted copper on the
backsi de &ebndiegies| thedghle #GHC%EW‘HWG@“W“ERSE% % fsadestihan Opmmfeorhr esent

|nvent|onthc,%§ve<m@?ép in Figure 1D sone copper islands 110 are | edge on the

bevel edge. The distance "A" varies fromsubstrate to substrate. In

addi ti on, [Q3#EEeweven 8 spial eanypbel ths mrthAY2d @Pﬂatrl%a%r@gwgla&éhw&a@cd such as

areas a, psheP frdint Sibdure BACKside R Vevdl I%Hgéﬂi@&ibed [a&%a]s nonfe@@mmd or
technol ogy that_ pushes the usable area.to ss fr he substrate

edge, the P&F@Ee@éhﬁgﬁ?@ﬂgﬂ“ﬁ’ﬁﬁﬂ%w&bem e‘st OPERE" usabl e
area out teRhihg MNdYombEHsE dobPnbt lchrg Iswbsémateeheedipper\m tﬂe bavq’.l reega Sudhergont r ol
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accordanceau%aéfedwg;o&rm@difﬁﬁﬁtco@ﬁeruhamwsasmmammﬁmaran Substrate 105" has
in th back5|de

gone thro backsi wet etc r e. co
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distance “A” varies from substrate to substrate In addltmn splaslung of the coppcr—ctcmng

fluid leaves some areas, such as areas a, and b with thinner copper thickness.

[0036] For advanced technology that pushes the usable area to 1 mm or less from the
substrate edge, the process described above is not precise enough to produce usable area out
to 1 mm or less from the substrate edge with a precision control equal to or less than about +/-
0.1 mm.

[0037] Figure 2A shows a cross section of substrate 105° being exposed to a plasma 190 near
bevel edge, in accordance with one embodiment of the present invention. Substrate 105° has
gone through backside wet etch to remove copper in the backside, for example using a
process described above in Figure 1B. However, the wet etch to remove copper removes
mostly the copper on the substrate backside. The copper on the bevel edge is not targeted to

be removed. Therefore, the copper is only either on the side of the bevel edge or on top of the



substrate, as shown in Figure 2A. Substrate 105 is disposed, facing up, on
a substrate support 210 in a plasma chanber 200. The center portion of top
surface 111 of substrate 105 is covered by a plasma shield 220. The
exposed bevel edge is at a distance "B" to very edge 130. The copper
surface 131' at the very edge 130 is exposed to the plasma 190 and is
converted to a copper conpound, such as CuCE, CuOxFy, or CuCcCID, by plasm
190. E, X, Y, C, and D are numbers. THe copper conpound can be wet etched
by an etching liquid, such as a liquid containing anmoniumcitrate, with a
hi gh et ch sustraetds\shoyn iroFigure ZA.hSubsremniiiSbss difposddc facing bp, gpai adsubstedterde HF,
HC1l, and ¢jtri i |5t = | e
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after it gowsrtedipegeppert dompennd, sck bs €uln EnOxkey, erdpfeCle byrplasmailf0s feX. as CuOE,
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not been evalieyd eehtaigngyppeniurg sitpleuwidh a bigh lstch seletign; too@iher axampigOc Cl D
remai ns ogfétg}gn%%ﬁiﬁaﬁ&ﬁﬁ[ﬁ@hgg@&g{cta 4 CUuOE, CuOxFy, or CuGcCID filmon
the bevel edge has been edge by the wet etch chem stry. Due to the high

sel ect i vi 19038k DistgacecBEH$ fg et frglusion dbe nteemierpracaTh PIPta te achinyec Epper

conpound g iﬁﬁd@iﬁé@ma bRocsdd Rt dndlafe SiubiBf foghiftheRCof 1m0 Middice vt h t he
etching fluid for sufficient time to renove all _ copper conpound W t hout

| eavi ng uif-abpeHaem; Singqiganse [B'rig contielled by rasphanis ware, Jistajies “Fercambe
sel ecti Vi tpedrsolOfRbRsthfian about 20, which nmeans that the ratio of wet
etch rate of material to wet etch rate of copper is about 20. In anther

embodi menf003PhEigyte 2Bethews &hey wittiale 100 jafteni mapsethronsly the 8¢ qt¢h tpsEHeYeL00.
[0040] By céisperbmipofld2SR af CuGH) CUOLTy, BECRDChS] #act6BRRE with bie drfbodinte@pper
conpound, such as CuOE, CuOxFy, or CuCcClD, the sg&gl al contro{1 s greatly
i npr oved. O5baPresent ayrRtog) Oply Wesopper filgop thy frant side of the suhstate flathagngt =~ 5 5o,
the probl @gnCfonttited i€ bpfer @mpbE, Slich ap TRAESCuliy ] SraCuOSiy) fetnatrd @naRpper
renoval at the previous mﬁ i rTEi nl n lt %@Bsugﬁtbrat]e b ckgi de, the
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As shown in Figure 2B, the bather layer 101 is |Left an .the subsfrate 105.
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means that the ratio of wet etch rate of material to wet etch rate of copper is about 20. In

anther embodiment, the wet etch selectivity is between about 50 to about 100.

[0040] By using a plasma to convert bevel edge copper film to a copper compound, such as
CuOg, CuOxFy, or CuOcClp, the spatial control is greatly improved. Spatial control to about
1 mm, or less, becomes possible. Also, the problem of un-etched islands disappears. Further,
since the copper removal at the previous step is mainly on the substrate backside, the copper-
etching fluid is much less likely to splash on the front side of substrate to cause defects and
thinning of copper in device regions.

[0041] As shown in Figure 2B, the barrier layer 101 is left on the substrate 105. The barrier
layer 101 can be wet etched or be etched in a plasma chamber. Barrier layer 101 is typically



[ 0042] Figure 3 shows an enbodi ment of a plasma processing process chanber
300 for performng plasma treatnent near the bevel edge of the substrate.
Chanber 300 has a substrate support 340 with a substrate 350 on top. In one
enbodi ment, the substrate support 340 is an electrostatic chuck, which is
powered by a RF (radio frequency) power source (not shown). In another
enbodi nent, the substrate support 340 _is a regular el ectrode. The substrate
support 340 can be DC (direct currentf or RF biased. Opposing the substrate
support 340 is a gas delivery plate 360 with a center gas feed 361.

Al t er nat i waflywith materials senblas e pyd/gr TalNethaoe volatie; dapgefong aean be dysetded in avhi ch
supply ga é&k& evel edge of substrate 350. The substrate support can

al so be power e bi ased, or grounded. During etching of substrate 350,
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that includes a"top and pbott om surface of the edge of the substrate, as
shown in ﬁ@nglBP@?m‘gﬁh%S@S%%@rﬂnaﬂge@ one ginbgdirpent, thesubsirate s9pport n Fi gur e
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Surroundi ng the edge o substrate support 340, there i's bott om edge

el ect r odesiB»®)- rimeotbefr esehediment, vhe HRSTENG spBOTt 36 s a§e@mrﬁq€it§?ﬁe( Alhe ~“Bet ween
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bottomdielectric ring 321 electrically separati ng@t substrate support
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watts to nerate a bev dge iy eat nent, t he
substrate L?B?S?i’?f’dg\? E? 8%@% ga %O%Fiemf"{‘%%efgecgwe ykseB%raqg"Igecet rically
fl oati ng. sibstraaaiphat 34ndnd diverbeitom eﬂtneelémﬁbﬂﬁ%ellmomermdi&tbﬁt subscoepfed to an
RF power source [y b e ss, the
RF power ?&?F’é’ ogtﬂ% Wslu&p'ljé) |°ggm ep%%/ﬁér?&e:‘?zlaa%? ¥°enﬁglgcﬁb°h&§%{j%zen a % 2. MHz to
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generate ring bevel edge treatnent the gas delivery
kb s alink BRI 350

plate 360°TS y floating, and both the bottom edge el ectrode
320 and t tllﬂM]tﬁnmdgbm&ﬂhem dalivery PplateaBE), dheuisdetdp edge electrode 310, made of

conductive materials, such as aluminum (Al). The top edge electrode 310 is electrically

insulated from the gas delivery plate 360 by a top dielectric ring 311. Beyond the top edge
electrode 310, there is top insulating ring 315, which extends the surface of the top edge
electrode 310 facing substrate 350.

[0045] In one embodiment, the bottom edge electrode 320 is coupled to an RF power source
323 and the top edge electrode 310 is grounded. During a substrate bevel edge treatment
process, the RF power source 323 supplies RF power at a frequency between about 2 MHz to



[ 0046] The two enbodi ments of hardware configurations described above are
nmerely exanpl es, other configurations of of bevel edge reactors can al so be
used. For details of other types of bevel edge reactors, see U S. Patent
Application 11/ 758,576 (Atty. Docket No. LAM2P589), filed on June 5, 2007,
entitled "Edge El ectrodes with Variable Power,"” U S. Patent Application
11/758 584 (Atty. Docket No. LAMZP592) flled on June 5, 2007, entitled
"Edge El ectrodes with Dielectric Cover % U S. Patent Appllcatlon
11/440 561 (Atty. Docket No. LAMRP560), filed on May 24, 2006, entitled
" Appar at usbeut $0NEHR oud atngwsaehWeanauontslﬁﬂrwae\xeIabﬂdg’@%ﬁ@tts&tm@te of
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generate t capaci y cou t?rent asma Ernative y, either
the top eddge ddcoderiddand e bgttom insulptingtring, W@@égaﬁ&dbls saplieskthrobgh r epl aced
with an indugti il i iC1oPRLLhd odi nent ,
t he inducti v%‘gcf%elglﬁﬁs 13%35 eﬁ'goc{lﬂﬁ% ﬂh%i\%‘? Ilsslour ceﬁég'ﬁgl éeﬂw} gfpglg:%%g edge

el ect r ode deléiveryr plain B66. MHlaRFBl!deeFfe%@m‘ cas(esh 5 pleas b@mhcct ﬁlf‘g@héﬁ%t e an

i nducti velg t &lardb e urt her
dosri pt 1 AT HBEEL i hbs BRI Prokes® BlagbliSDoEh o i et of SRARISE 0. 561)
(Atty. Do@ﬂ%tllrcmeh mm;m Mhncearedﬁcawé;neame bzm@edgeaﬁmbﬁméﬂ-‘iSOAppar atus and
Met hods t g mv el bR, {2 ﬁ%%{we@% dgRAGERbEL3 A and&hé€ bottom! NE

di sclosure o the above-1 denti |ed rel ated app ications is incorporated
herei n by eﬁmeéqc@ﬁ@ézo{lé@m]lessm@néﬁm cPutethe pesmy sgpnfined. Sprstof E% edge
and bet veqp,t {18 choMoRé 9 ﬁh@ﬁét&@éﬁth@lﬂdtﬁrlﬂgjmgﬂié TR GO8E ofinfifzl heade 320
treats the exposed copper at bevel edge and converts copper filmat bevel
edge to such as Cu05, CuOxFy, or CuCcC o. In one enbodinent, the treatnent
pl asma gas source includes an oxygen-containing gas, such as 02. CO2, and
1420. The oxygen-containing gas helps to convert copper filmto an
oxygen-cont ai ni ng conpound, such as such as CuOa, CuOxFy, or CuCcd o. The
treatment gas source nay al so include a fluorine-containing, such as NF3,
SF6, C2F6, or CF4, or a chlorine-containing gas, such as Cl2, or HCI. The
fl uori ne-containing gas hel ps to convert copper filmto a

fl uori ne-contai ni ng conpound, such as CuOxFy. The chl ori ne-contai ning gas
hel ps to convert copper filmto a chlorine-containing conpound, such as
CuCcd o. In one enbodinment, the treatnment gas is diluted by an inert gas,
such as helium (He), argon (Ar), krypton (Kr), xenon (Xe), and radon (Ra).



12 [0051] For treatnment plasma that includes only oxygen-containing gas,
the process tenperature is greater than 200C. The chanber pressure is kept
bet ween about 20 nmiforr to about 100 Ton, and preferably between about 100
mlforr to about 2 Tort, during the bevel edge treatnent process. For
treatnment plasma that includes oxygen-containing gas and either a
fluorine-containing gas or a chlorine-containing gas, the process
tenperature is between about 10C to aBbut 50C, preferably between about 15C

to about 35C. The plasma gas(es) can be fed through center gas feed 361 or
edge gas fsustiate 84 to be less thasrbs]. dichersusss plasmp cepdivement dBw if the Bith pithelescr i bed
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backsi de Q@ﬂper removal . However, the plasnma treatnent of bevel edge copper
and bevel edge copper conpound rennval by a wet etching fluid can be
performed do not need to be perfornmed i medi ately after backsi de copper
renmoval . Bevel edge plasma treatnment to convert copper to a copper
conpound, such as CuOE, CuOxFy, or CuCcClD, and the renoval of copper
conpound can be perfornmed after other dielectric deposition and etching
processes. [0055] Alternatively, the copper compound, such as CuOE, CuOxFy,
or CuCcCID, can be renoved by a plasna in a dedi cated bevel edge plasna
chanber simlar to the one described in Figure 3. Copper conpound, such as
CuOE, CuOxFy, or CuCcCID, can be renoved by BCl3 with a carrier gas, such
as argon (Ar), helium (He), or other types of inert gas. The processing
tenperature is between about 100C to about 300C. The operating pressure is
bet ween about 20 mforr to about 10 Tort.




[ 0056] Figure 4B shows a process flow 450 of using a dedi cated bevel edge
pl asma etching chanber. The process steps 401, 403, 405, 407 are simlar to
the process steps in Figure 4A. After the copper filmat the bevel edge has
been converted to a copper conpound, such as CuOE, CuOxFy, or CuCcClD, at
step 407, the substrate is etched in a bevel edge plasma chanber at step
411 to renove the copper conpound, such as CuOE, CuOxFy, or CuCcCl o, by a
bevel edge plasma, such as the procesézof BCI3 with a carrier gas descri bed
above. The bevel edge plasma chanber can be the sanme one as the one used to
convert cd&@§élFarotredtrent 1fasiop sk incngrs uondy | oxygeneqeotaitiiiy ®asl £ 7process
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from reaching the substrate frontside. After the backside copper is removed, the substrate is

rinsed and cleaned to removed the residual copper wet etching chemical from substrate

surface,

[0053] After the backside copper is removed, the substrate is placed in a bevel edge plasma

treatment chamber at step 405. At step 407, a treatment plasma is generated near the bevel

edge to convert the copper film on the bevel edge to a copper compound that has a high wet

etch selectivity to copper with a wet etch chemical for the copper compound. The plasma

generated is only at the bevel edge. The bevel edge plasma treatment chamber is configured

to limit the plasma to the area near bevel edge. The distance from the bevel edge of the

substrate surface exposed to the treatment plasma can be controlled by the design of the

reactor to be less than about 5 mm, preferably less than about 2 mm, and most preferably less

than 1 mm. Since treatment process is a dry process, with proper hardware, it’s possible to



Claims 1. A method of treating a copper filmon a bevel edge of a
substrate to covert the copper filmto a copper conpound to be renoved by a
wet etch, conprising: placing the substrate on a substrate support in the

pl asma treat ment chanber; flowng a treatnent gas through a gas feed
| ocat ed enbedded in a gas distribution plate, disposed at a distance from
the substrate support; generati ng a treatnent plasnma near the bevel

edge of the substrate to convert the :bpper filmon the bevel edge of the

substrate to a copper conpound, wherein the generated treatnent plasma

converts cpiply cdntrohthé bevebedge tiaatmentizo be e@uahtn driessnthan lenip atd yarigsionahe

substrate t D X . | . r | a wet
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nunbers. 4. The net of claim1, wherein the treatnent (Izjas i ncl udes an
oxygen- cosmapdimeny. thewet eiefuselertivigris betweanabpi S0 do phoat Hilh g plagma treated
chlori ne- coiHeAbothRRnd dSbevel edge is etched and the copper film on the substrate frontside

remains unetched. In one embodiment, the wet etching fluid contains ammonium citrate. In

another embodiment the wet etching fluid contains hydrogen fluoride (HF). In yet another
embodiment, the wet etching fluid contains a nitric acid or a citric acid.

[0054] In the process described in Figure 4A, the copper plated substrate is first removed of
backside copper and plasma treated immediately after the backside copper removal.
However, the plasma treatment of bevel edge copper and bevel edge copper compound
removal by a wet etching fluid can be performed do not need to be performed immediately
after backside copper removal. Bevel edge plasma treatment to convert Copper to a copper
compound, such as CuOg, CuOxFy, or CuOcClp, and the removal of copper compound can
be performed after other dielectric deposition and etching processes.

[0055] Alternatively, the copper compound, such as CuOg, CuOxFy, or CuOcClp, can be
removed by a plasma in a dedicated bevel edge plasma chamber similar to the one described
in Figure 3. Copper compound, such as CuOg, CuOxFy, or CuOcClp, can be removed by
BCl; with a carrier gas, such as argon (Ar), helium (He), or other types of inert gas. The
processing temperature is between about 100°C to about 300°C. The operating pressure is
between about 20 mTorr to about 10 Torr.

[0056] Figure 4B shows a process flow 450 of using a dedicated bevel edge plasma etching
chamber. The process steps 401, 403, 405, 407 are similar to the process steps in Figure 4A.
After the copper film at the bevel edge has been converted to a copper compound, such as
CuOg, CuOxFy, or CuOcClp, at step 407, the substrate is etched in a bevel edge plasma
chamber at step 411 to remove the copper compound, such as CuOg, CuOxFy, or CuOcClp,
by a bevel edge plasma, such as the process of BCl; with a carrier gas described above. The

bevel edge plasma chamber can be the same one as the one used to convert copper to the



5. The method of claim1l1l, wherein the wet etching fluid includes an etchant
sel ected froma group consisting of armmoniumcitrate, hydrogen fluoride, a
nitric acid, and a citric acid. 6. The nethod of claim1l1l, wherein the
generated treatnent plasma converts copper filmequal to or |ess than about
1 nmwith a spatial control of +11 about 0.1 mmfromthe very edge of the
substrate to the copper conpound 7. Ipe met hod of claim1, wherein the
substrate has a bather |ayer, a copper seed | ayer over the barrier |ayer,
and a pl ated copper |ayer over the copper seed | ayer, the copper film

i ncl udi ng cerpehcompeundop steps 405cand 1467 e Alternativelyethp subsieale with sepper egrenound 8. The

met hod of o] g Mndserrdd ol M%fel%méxsédgﬁgﬁagmwnﬂa tb 3&h GRPRSPer dohBbig, &

backside of the substrate prior to placing the substrate ~16 | t he pl asma
t r eat nent Teebaypladge plasmaThambes ussd i ¢i¢h the eapaer rompgyad Basfo bhdediqaedidveft pl asna

near the ReVRhvedQIe nisre6PRPGL Vi €ly or inductively generated by a bottom
edge el ectrode surroundi ng'the substrate support in the plasma treatnent

chanber af¥P5& Thsroasgieofdheinventign can dlyoderippling ta agwsibeteats with gogpematdheopposi ng

the subst hajeBeddPRAL fubstrate does not need to be plated with copper. For example, a substrate
with a PVD or CVD copper seed layer can be removed of copper at the bevel edge by the
apparatus and methods describe above.
[0058] The embodiments described above provides apparatus and methods of treating the
bevel edge of a copper plated substrate to convert the copper at the bevel edge to a copper
compound that can be wet etched with a fluid at a high etch selectivity in comparison to
copper. Alternatively, the copper compound can be etched in a dedicated bevel edge plasma
etching chamber. Either wet etch or dry etch of the copper compound allows the removal of
the non-volatile copper in a wet etch processing chamber or a dedicated dry etching plasma
chamber. The plasma treatment at bevel edge allows the copper at bevel edge to be removed
at precise spatial control to 1 mm or below, such as 0.5 mm or 0.25 mm. In addition, the
apparatus and methods described above for bevel edge copper removal do not have the
problems of copper etching fluid being splashed on the device regions to cause defects and
thinning of copper films,
[0059] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the

appended claims.



10. The method of claim9, wherein a distance between the top edge

el ectrode and the bottom edge electrode is |l ess than about 1.5 cmto
confine the treatnment plasma. 11. The nethod of claim 1, the treatnent gas
is delivered to the plasnma treatnment chanber by a gas feed di sposed near a
center of the substrate, near the bevel edge of the substrate, or near the
center of the substrate with an additional gas feed near the bevel edge of
the substrate. 12. The nethod of clai 9, wherein a distance between the
gas delivery plate and the surface of the substrate facing the distribution
plate is | ess than about 0.6 nun to prevent plasma being generated between
the gas d IE%%r pl ate and the surface of the substrate. 13. The nethod of
claim 2, Tn the copper conpound on the bevel edge is etched by the wet
etching fllui d Atmethodef wedtiaf a sejpectilnvon y/begéledgenf atshiarae bocivert @ cbpged t he
copper fil way fromthe vel edge. 14 A nethod of treating a copper
filmon afgl]a\?oe‘i‘go@ﬁedéoﬁ?m&dE’&S&T‘é"t@%%wﬁw ‘for?q?émg'opper filmto a copper
conpound t o beplacmpiieshbltyateconembsiatspppoetripthe planga ueagmodw cheagnbehe copper film
on a backside @f .the substrate: | aci t he subsirate of bstrate
support in theﬁ%\flgg%am @gﬁﬁﬁ%OWa%%r{%e agg%@?'ﬂ%eagﬁlﬁgdrgﬁsi Sr%?b c‘)%g? he
backsi de @late, Hisposerbs b distaece feony thesubsalgte support;f | owi ng a treat nent gas t hrough
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placing the substrate in a wet etching apparatus with a wet etching fluid to remove the
copper compound on the bevel edge.
2, The method of claim 1, wherein the copper compound on the bevel edge is etched by
the wet etching fluid at a wet etch selectivity greater than about 20:1 to the copper film away
from the bevel edge. '
3. The method of claim 2, wherein the copper compound is selected from a group
consisting of CuOg, CuOxFy, or CuO¢Clp, and wherein E, X, Y, C and D are numbers.
4, The method of claim 1, wherein the treatment gas includes an oxygen-containing gas,
and either a fluorine-containing or a chlorine-containing gas.
5. The method of claim 1, wherein the wet etching fluid includes an etchant selected
from a group consisting of ammonium citrate, hydrogen fluoride, a nitric acid, and a citric
acid.
6. The methed of claim 1, wherein the generated treatment plasma converts copper film
equal to or less than about 1 mm with a spatial control of +/1 about 0.1 mm from the very
edge of the substrate to the copper compound l
7. The method of claim 1, wherein the substrate has a barrier layer, a copper seed layer
over the barrier layer, and a plated copper layer over the copper seed layer, the copper film
including both the copper seed layer and the plated copper layer.
8. The method of claim 1, further comprising:

removing the copper film on a backside of the substrate prior to placing the substrate



pl acing the substrate in a wet etching apparatus with a wet etching fluid
to renpove the copper conpound on the bevel edge, wherein the copper
conmpound on the bevel edge is etched by the wet etching fluid at a wet etch
selectivity greater than about 20:1 to the copper 17 filmaway fromthe
bevel edge. 15. The nethod of claim 14, wherein the copper conpound is

sel ected froma group consisting of E, CuOxFv, or CuCed D, and wherein
E, X, Y, Cand D are nunbers. 16. The nethod of claim 14, wherein the
treatment gas includes an oxygen-contai ning gas, and either a

f | uori ne- dokelapmngeagmentcleliben i ne- cont ai ning gas. 17. The nethod of claim

14, whereig) t henWatenalh CdH Qnf h,Ukvﬂe'ﬂC{hU R ?Ig&t]é‘%a:?&la%bade £Qfh a group
consi sting of ammoniumcitrate, drogen fluorfde, a nitric acl & and a
citric acicgpactivigly orinsuetively¢nesfted by jarpottom edgeclesirnde swaropding the sebstrateat ment
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control of ‘about O. romthe very edge of the substratie to the copper
conpound Plale oppRging-the sibstrags suppost m 14, wherein the treatnent plasma near the

bevel edgegpi s ¢RPABHY binPd, WHRIEHAEh dkBhYe BBREH AhEp RYpleabiomedo e
el ectrode surroundi ng the substrate support_in the plasma treatnment chanber

and a t op botigys edgeeloriresiads 185 tian abrit Ad o tg snfige fhie reatpepipls®a.opposi ng t he
substrat e [3UPPPhd method of claim 1, the treatment gas is delivered to the plasma treatment chamber

by a gas feed disposed near a center of the substrate, near the bevel edge of the substrate, or
near the center of the substrate with an additional gas feed near the bevel edge of the
substrate.
12.  The method of claim 9, wherein a distance between the gas delivery plate and the
surface of the substrate facing the distribution plate is less than about 0.6 mm to prevent
plasma being generated between the gas deliver plate and the surface of the substrate.
13.  The method of claim 2, wherein the copper compound on the bevel edge is etched by
the wet etching fluid at a wet etch selectivity greater than about 100:1 to the copper film away
from the bevel edge. _
14. A method of treating a copper film on a bevel edge of a substrate to covert the copper
film to a copper compound to be removed by a wet etch, comprising:

removing the copper film on a backside of the substrate;

placing the substrate on a substrate support in the plasma treatment chamber, after the
copper film on the backside of the substrate is removed;

flowing a treatment gas through a gas feed located embedded in a gas distribution
plate, disposed at a distance from the substrate support;

generating a freatment plasma near the bevel edge of the substrate to convert the
copper film on the bevel edge of the substrate to a copper compound, wherein the generated
treatment plasma converts copper film is less than about 2 mm from a very edge of the
substrate to the copper compound; and

placing the substrate in a wet etching apparatus with a wet etching fluid to remove the
copper compound on the bevel edge, wherein the copper compound on the bevel edge is

etched by the wet etching fluid at a wet etch selectivity greater than about 20:1 to the copper



20. The nmethod of claim 14, wherein the copper conpound on the bevel edge
Is etched by the wet etching fluid at a wet etch selectivity greater than
about 100:1 to the copper filmaway fromthe bevel edge.

17

film away from the bevel edge.

15.  The methad of claim 14, wherein the copper compound is selected from a group
consisting of CuOg, CuOxFy, or CuO¢Clp, and wherein E, X, Y, C and D are numbers.

16.  The method of claim 14, wherein the treatment gas includes an oxygen-containing
gas, and either a fluorine-containing or a chlorine-containing gas.

17.  The method of claim 14, wherein the wet etching fluid includes an etchant selected
from a group consisting of ammonium citrate, hydrogen fluoride, a nitric acid, and a citric
acid.

18.  The method of claim 14, wherein the generated treatment plasma converts copper film
equal to or less than about 1 mm with a spatial control of about 0.1 mm from the very edge of
the substrate to the copper compound

19. The method of claim 14, wherein the treatment plasma near the bevel edge is
capactiviely or inductively generated by a bottom edge electrode surrounding the substrate
support in the plasma treatment chamber and a top edge electrode surrounding a gas delivery
plate opposing the substrate support.

20.  The method of claim 14, whefein the copper compound on the bevel edge is etched by
the wet etching finid at a wet etch selectivity greater than about 100:1 to the copper film away
from the bevel edge.



