BEVEL PLASMA TREATMENT TO ENHANCE WET EDGE CLEAN By I nventors: Andrew D
Bailey Il and Yunsang Kim 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 o fer) is divided into a plurality
of dies, or rectangular areas. EacB, Qlett e plurality of dies will becone an
integrated circuit. The substrate r5 then processed in a series of steps in
which materials are sel ectAndséy Dr Baitey 8 afdbYumsangtigol) 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 typi &Pgﬁ%ﬁé? a@%ﬁﬁgf‘ﬁﬁ?@b%&%@%@ﬁ%ﬁ& CPXeE2 fgm, sush@nl um ( Ta)
and/ or t arbgget) at bivelrddgeinfolaliduid sdlublermidterB PTIR dofebrod BIn ithRvd Wlistis abe. Next ,

a copper seed-lLayer is.forned over. the-barrier |ayer. Copper seed -I|ayer
can be de%%rg?vt"%gyﬁyﬂae%c\l}acg?'@lfv‘Eﬂ“h &ﬁﬁ?ﬁg’@g‘f“ﬁ ncl udi ng chemical vapor
deposition (CVD) and physical vapmBAcgeresnb on (PVD). The substrate is then
placed in _a bath of an electrolyte plating solution to deposit a copper

| ayer, whil®92] In the, poesstiag ofgsbstiate, ejga g spmicerduptor sybsteatsioe watsad alglaser .

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 fpnwaredePR Plating gp thertsvel 4828 npr oved
mechani sy e S&ITER 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 pF@Sldrndew abis\ewesia®d HBsE dhd ne%dp for gpRAEANsoAnd RciBeds Rt ERYAS t s on

the bevel y£HgRdLRchARMI¥EreRbPS 8BSnwEh@Y Bepodit®n @iERU] BBSH S ifiREw priRes 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 gguinvakretch selectivity in conparison to
copper. Alternatively, the copper conpound can be etched in a dedicated
bevel edgﬂlopﬂmwl)es;rcﬂhm theteanbodimentEfiil e nepb by proiding imphoyedemerhany¢mst he

copper co f N; i wet etch
pr ocessi ngpc eP% g}r%ae{ltt% g% e?ﬁ g%y ée‘}tagh to P{laﬁsw Eﬁg%gggémThnre@pl asnma
treat ment eraqubmm degmfiped @hopr@mvxih epf@mpp@nd m@ \)@Iﬂe@@géhet pviedgesfdved at
preci se Sg%bﬂhat%f’%&% th CorRBPHE c3p g& ték'&ﬁupétscoﬂ'ng&md tgp about

0.5 mm or to the ve esu Sstrate. In addltlon

t he appar bt wet sighad mfbhcfh!si dadigh %@bﬁe&b‘m@ "F mmnyém to sepper. colgseativelinpval do
not have {hie, e%gﬁp&cefca&%%ﬁ,fheﬁlpgld@ac&éd%&d fgsq,laaﬂhmm @mbdie devi ce

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

yi el d canEisker grebeieh pr duyisrcbiad dhe qoppe Fpmpqung Hﬁ?ﬂ'&fhbéeﬂmé‘r‘é@fal’@owﬁtf& t he
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process, apparatus, or a system Several inventive enbodinents of the
present i Rlaeme eament @t bevek edgs cllowe Ms\roprepn abbgvel #928 i be ASBRIPRENPrECe et 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 Py and Fpcthqds fescdbrd 3BeYe 11 ¢ he
plasma tr gafe Ribval H6 AoNRivE B padblihsiof 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 snfyORE SESprat b o bRV 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 apphi@tus, or a system. Several mventlve embodiments of

the present invention are described below.

[0008] In one embodiment, 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 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
t hrough a . |3 ' | ' | sposed
at o di st AnE o hep A VR SR FERTE T B rofRe Bl Shipet R i bl

gener ati ngdge-t r eat ment pl asma near the bevel edge of the substrate to
convert t higogPRPGmE LifbdiindnllS RENES of HERInETa dopfer IS AloBydl Rage GOPPET
conpound. The generated treatnment plasma converts copper filmis |ess than
about 2 mylsEemiecepeTt yheoeppper film; then eopp tcpmpeungd do be EepYph 8Y ackstids. 1n

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

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

et chi ng f Igth bnddhe BadiBide A ThE: SilbkiRifid isViehbvall € The nelhbd Alsd HAtKided FodvirdgOa t he
copper filmaway fromthe bevel edge. [0010] O her aspi@}s and advant ages

of the i nVEHIRYRahHIouehaeaniscdiosalrE prbedisiinEreas fisiPyignRiate disppsed gt 2

descri pti QRtanker 6 thd) sifbRiRdtd) B§ipb@N e triethdacfurthes GRGARIRY igBi@raling \W tAGfment

il lustrating by way of exanple the principles of Gﬁ I nv ntigp. EEIEE

DESCRI PT| @RSinepr fbe the Brbataterigconet e ePRen i 1 B Povet $98p et Peadi | y

under st 00QuHajtatt Rz doppér Quapindl eTIR defi€tat Gatrhddit bl@iirlld d’tbg@@l_ﬁ jcoppet ﬁlimiw'ss h the
neral s desi e like

acconpanyi ng draw ngs, and |ike ference n nat
st ruct ur althadBept Ht‘%‘g %f’ﬁ‘(?l‘?fy ‘?9358{ 'Se PRSI, (RN, COPPE SRTRHAP g’h%qdlt\?f"et\l}? of a
copper pl aieeddSathfies plhdng the slCeME doanwe: epdhiny appeatedikla Wenéicidhg fllid tpr esent
I nvention [001 Figure 1B sho an. apparat us for renpvi th nwant ed
copper f r6%ﬁ‘%"ﬁ clogfeé CoaRRY %‘ée‘\%ﬁﬁveb‘é(@g'l ed‘a’g?ericﬂmﬁ%“gg Pﬁré}%é’ V'ﬁn‘#ﬁ? Bne
enbodi mentetchdd tyhiie @etetchiiy 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&fedRlofpet tn ﬁ}éfﬁﬁ%ﬂsﬂk %@getvaredgé iPRBSdAnE Q44H Bnd BiboMRlentbGhe t 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 §§6ag ﬁ@nﬁfe'ﬂ%}ﬁ@s WOeB8 ERh of bpEE! 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!@&&[— R38A thoiraRd WaRwchkdRERle Fi gure

4A show a process flow of renopving copper at bevel edge, in accordance with
one enmbodCPRPRE coppowngat bavekedge, in dpgerAtnce pyith P’ERPZ&"PG‘P}&BW e/ SN AAVeRioBr ocess

flow of r esoay] Flgurﬁ' BNABKs &lrode¥tliondlgiew of B phEMA sFHIE Sontizlidd 3 pdnbRle a
enbodi ment of resent inventjon.
bevel edge plasma, in accordance with one 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 100 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 EMBCDI 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 with a front side 110, a backsi de 120 and
a very edge 130 between the front and backsi des, in accordance with one
enmbodi mentnudieatioh esitgsr diagcoppey piatingn Thegbpper sged lbi@dtl(’%@m bo @eppsiied by waf er

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

various filnms an ures from essi ng e substrate 105 of
Fi gure | Alaysr 483 ghawssindhe ammmmwttnn Fame éﬁbstdpmseedf b1 R Ds prglecovery theici ng

downwar d. gl gkl Gond sﬁle m%@bév@’i edg é’ﬁfd@%cdxﬁ"e\é Bhrt 3 subdipdte BRKSAN RlHN (Ta)

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 lr CBVRpSitkdBy substrate

front side, and the bevel ge and sorretlrres,lglart of the substrate
backsi de. pﬂmeaqocméachtqq@%%wheévcal plating (BOR). Thp dhickness of the GpPRSF la¥@rdy | 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 ?m cal vapor deposition

(CVD) or 69025h9§tutsathe\péﬁﬁaa PIRSEY s thei SRPe Py X?r kel ayer set lapery KR 102
shown i n tcagpe M0 %éHns hidinky mdﬁ%ﬂ&ﬁam&&e&@w&b’&a&dwwmzs the

substrate front side, and the bevel edge and s tines art
subst r at e AfiE kePPerdayer 10355, éore%&men%mtrﬁ top Lk povednepb y e&‘}p‘aﬁ Pf seed

| ayer can sfigrh®asd gdastaﬁeéilﬂcomgrﬂfeet@qursm&aetmﬂ 1000 A. Over the
copper seed | a égﬂ there is a co er 103 deposi ed by &Fl ating
process, 9 @EPPB“%H@F&S&dt"Wﬁt‘ f%ger(é‘t‘aﬂf Ty e PR 48 o
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pl ati ng process, ier 103 is fo over see pper
ayer 03 R e BHe B Aadtm, S Rt Sl oSt S a bR o oboq
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covering the ver

bstr d co sur ce covering the
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seed | aye processes use ow mask or
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the 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
foll 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 dyrerchisz 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

| 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 expeirdentiono Thpdistanc fiom the leadingesded ef/ibe copitereetqhingfluid yythe 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 logadon " bydhe inest gasflowHdlnet hod and
apparat us sy AEOMbAG dcGila Y85 Ao RP BB dyifiR %HQ& PR BARK Hlefinand bevel
edge desc |bed above 1s not very consistent or precise.

consi st entluid atas rvt:'aalm distamcel sick e edistymice tA  figyp the Deyphy edpg. s oFor t adeanced

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 abos 24 femdhs f er ent

copper t hipgleh @@gf%t L B. 44ve. BRhf) PRYiry & #Rut 1 RA3RIm habtival ddgk.s PavEukd e

substrate 105 t he I‘OCESSI ng. st ep, of renobvi ng unwanted copper on the
backsi de &whndiugies| thewghle a?"ﬁca‘thf'oﬁ“ﬂ]éﬁﬁ‘é%awu!?rs&ﬁ’é % ffsadestein O esent

I nventi ongeAsvesibgian in Figure 1D sone copper islands 110 are Iedge on the

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

addi ti on, [Qﬂ?i‘hgﬂ‘i"w&f e spatisl eQnipbel the mpthpdand @PW‘P‘%M@O%W“&W&%‘“} such as

areas a, @bsheP fivint Sibdiriie YACKside R Vevdl h\,ﬂgé(ﬂ%%&ibed [ae&ﬁa]; nEos/e@%ﬂmd 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 OPHRE" usabl e
area out teRhihg MMNdRomb@Hs dobPnbt lchrg Iswbsémateeheedipper\m tﬂe bavq’.l reega Sudhergont r ol

SOl O B e el 00 S e B0 L ARSI L S 1

accordanceau%aéfedwg;o&rm@difﬁﬁﬁtco@ﬁeruhamwsasmmammﬁmaran Substrate 105' has
in th back5|de

a0 udgt Bepr aboeevue Phwes G550 v pRRGHPe Mool R e et et ch
t O rendve cofpRPe the daAFREIE aﬁﬂ)Béwﬂcl/edgb,dn Qo@pianceowitt dre embodinteat ef thapﬂemde The
O o e Ye oo b 30 B s OB, s,

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 suhstrsetds\shoyn iroFigure ZA.hSubsremniiiSbss difposddc facing dp, gpai adsubstedterde HF,
HCl, and ¢itri i |5t = | e

i nt egr at egﬁpﬁ? %2%@% aigatségrpgf%lb?@ogb ?Féé%gt.epa%lrl &e%(fgﬁ’pslﬁlce}?c%i l? ! 15 L%éﬁ%%?& eltg?rB at ed
process hacoseredbigeplesr shizldid20r dhe éxpesedibeved fdge imaha dibtanca R eto'VBY ddge about 1

mm Sinceqgi s = n I | , 10l ce "B"
can be repl)gebétgﬁ?g&gﬁ ugl(%%s?gt 3{1?& VF%O%Tr@l?%ﬁ%gg%“g%%ﬁﬁewgu%g?{r]ate 105’
after it gowsrtedipegeppet dompennd, sck bs €udn EnOxkey, erdpfCle byrplasmail0s feX. as CuOE,
CuOxFy, o | b ihd e bR 'gﬁ?;t , t
invention.ry’g"ﬁj y%ﬁ%n%%%egsg?%?%gﬁcﬁmlph@front s?%g 0 %n%%h%%%g??gsﬁgpt hat has
not been evalieyd eehtaigngyppeniurg sitpleuwidh a bigh lstch seletign; too@iher axampigOc Cl D
remai ns ogfétg}gn%%ﬁtiﬁaﬁ&.fm'[ﬁ@l,cdﬁ@&g{cta 4 CUOE, 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 DistgacecBEHs fhg erps frglusion e nteemiePRIcETH PPPA LR achinyec EBper
conpound gy ifARREEratel bRcak Rt dndlige Skiubitf RqfifdneREof INnMmO Widdce Wit h t he
etching fluid for sufficient tine to renove all copper conmpound wi thout

| eavi ng uif-abpeHanm; Singaiganse [ rig contrelled by raephanis warg, istajies “Borcambe

sel ecti Vi tpediiblOfRRbRsthfian about 20, which neans that the ratio of wet
etch rate of material to wet etch rate of copper is about 20. In anther

enmbodi menf003PhEigyte 2Bethews &hey wittiale 100 jaftenyi mapsethronsly the 8¢ qt¢h tpsEHeYeL00.
[0040] By céisperbmipofld2SR af CuG) CUOLTy, BECRDChS] #Cact6BRRE with bie drfbodint@pper
conpound, such as CuOE, CuOxFy, or CuCcClD, the sg&gl al contro{1 Is 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 ] HraCuOSiy) fetnatr @naRpper
renoval at the previous mﬁ i rTEi nl n lt %@Bsugﬁtbrat]e b ckgi de, the
copper - et E¥hstyye-f Ff pnyegte r| GOF O Tl filim on g5 bwel efge has Befn edpgye of
subs Ll’ at e py theGtI&teh ﬂﬁﬁaﬁﬁ'{/{ngenﬂ rt}ﬁdlﬁ%lfﬂel&gi\ﬁwy of hp B&’:hi?g fluid,emir:]li:& alimg:lb intoAs. [ 0041]
As shown in Figure 2B, the bather layer 101 is |Left an .the subsfrate 105.
The barri SHrfes S FOPPE COmRAIng YerRRt °°@Pﬁ§8 S'(IBRS%'?}% S‘é‘%&%"d‘o‘?"r{“&"’gﬁé’?@ hanmber .
Barrier | aphing Bl fos suffi¢iént dlreyto rénovadl coppich corafoand adtbout deaging am-elchedand/ or
TaN, - that .02 Bl 11§ ond BReEHRE e SRR R sElEokvit) &M3ehd: thlt BURSBRLER DT -

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.

[6040] By using a plasma to convert bevel edge copper film to a copper compound, such as
CuQg, 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 TalNe thaoe volatie; dapgefong aean be daysetded 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,
chanber 3&!94%315@ 3@0@@@&0@@6@@@ alagma: pIeeeshing iptasesy chaobar0ech pl asmm
or i nduct B%’f?drﬁlnn% ahs%a&&at bR SR bevED Bage UtShé 3hkuael idspa RRVRLs £dge 317

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 ginbgdirgent, thesyubsirate s9pport n Fi gur e

3A, bevel 3gfge, %ﬁzudsaa@bﬁbi IeHiXhG 6 p&werdtl ]R0) R gﬁ&b freduleh) B&ﬁer%&w&(noi 0043]

Surroundi ng the edge o substrate support 340, there i's bott om edge

el ect r odestB»®)- rimeotbefr esehodiment, vhe HRSTENG spBOTt 36 s a§e@mrﬁq€it§?ﬁe( Alhe “Bet ween
the subst gakears 6k 134848n 88D b@rebpwram) A& Bheat r@ﬂﬁmﬁ the $uBSffe i S @

bottomdielectric ring 321 electrically separati ng@it substrate support
340 and t FPPRRBHG I ergelclivest Pl R0 30t 2 pepnes ges et nélmativelysthe 48% 350 i s

not in copdifely plé Bed AR dagd gz@,rfeeaag@s Qhidh! Sufl@ k20 theBRvaINd, besdaairawm edge
el ectrode 320, there is another bottominsul atin in whi ch fextends
%FR!;‘ %‘%b&“l“ﬁ%

the surfaéd®d o?hetSH'é‘“B‘GtS'ER?HFéGb@”e‘Pe&EP bigsel. 0 gickingof [ 0044]
Sur roundi Bghsik41£35028nafiBbr 300 t3h tRIFR RwBRA (o fdherae ch;ﬁcﬁtﬁdl’_spcdﬁﬁﬂ@cteﬂl gatmizode 310,
made of conductive materials, such as alu m&\% éﬁ E}S‘E e el ectrode
310 is el Beindycixely goypled erchiplasmp, She f%éﬂ@%igf’ﬁ@r R YEYe) edge ML thaginciydesa ¢ o

di el Iect r'i goplandd bg%%m stBﬁﬁt@ﬁﬁhE B@e&ﬂ’lﬂw&d@‘aﬁ{c SGh6wil i 3diOn Btdf@ﬁgﬁrd .3 aﬁd)p .
insulating rin ch e ce 0 trode
STo T ool et EER B 5 et Seschsen ndi ieish® ot i Sei

el ect r odelim?dhdicsrveoupl ed to an RF povver source 323 and the top edge

The. RF- poRSL it s of PSR e F B e ieE e 0ur o

MHz to 1ﬁxaaé3ﬁ1¢bmﬁ6mwhﬁatmm ﬁuclpa:s\mrnubﬂh Weig nBabenttheldibstaetstppotid4@ et 2000

watts to nerate a bev dge fyeat 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 direrbeitom 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. Mz to
about 60 Mee iamdotberhottem 1mtamﬁnammhm&xmdﬂthe Bmf@boﬁﬂie@@t!@nwdget s to

generate ring bevel edge treatnent the gas delivery
kb s alink B8R 350

plate 360°TS y floating, and both the bottom edge el ectrode
320 and t mumnnedgm&mem delizery Plnten B, thecuindetdp 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 Electrodes 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 gud atngwsaehWeanauontslﬁﬂrwae\xeIabﬂdg’@%ﬁ@tts&tm@te of

Wafer," JriOft 37),
filed on E%ruaﬁ)%%pﬂ%%%lgﬁ hﬁle/ @éﬁ%ﬁ%g]ﬁ%ég% eSSI ﬁgﬁdR%gc%sor wth :
Mul tiple @lﬁﬁaiﬁOtawleephﬁemmﬂu@mm o arotheSpmbagliment, tbmbpt@n@lecrva‘#w is

ADDLi Cat | QR 63 AawdeAblnte 37205Hihe Mok ANEREAY ulghhidpect BRI R Y 27,
2006, entitl'ed "Integrated Capamtw% and I nductive Power Sources for a
Pl asna Et GAVergoaRapdseupplier RE pavercdt 6 Senuenef betvren abgut 2 idHatgpbentidilz f i ed

rel ated appd h‘ﬁ@&ér%&&wdﬁ abdE 6P QLS SUbER 28D whiYs tbegﬁaﬁ'érﬁ@ G GreafniRifpihsmhhe
treatnment plasma is configured to be confined by the top dielectric ring

311, top byvekqdge Heatrary they 46 deliyigry; phaie, o ip h@t releﬁ'gcqllﬁloa@frﬁe agbathy m

dielectri Qherﬂoﬁ&n elebiGie B3O hRIThe@P 8aleREiddR 80 &4 @rouadid. t he bottom
i nsul ati ng Ié}q:gk‘?d e treatnent as es) is su plle t hrough the gas feed
361. In o ﬁfnbo‘iiﬁ'é“‘bﬁ §°rrf@ea e Aesstibef \bo¥e B MCHLY t he gas

delivery Qkﬁﬁ sobthkr c&iﬂgﬁfaﬁ&k'o‘f@f Béwel redcfrd diR Also gﬁﬁschSForQlét@Jls?&f%ﬂxepe
supplied throu?h gas feed(s) disposed in other parts_of theggrocess chanber

300, such t¥pes gt beyeh edggge Isc%‘i% &r Patest APRUGIHEM 1 VAR 10 Dackes 9. \whi ch

are | ocat ehNmPBRY)! iRd RAVERe scmev ,GhtigddoBidsaERctéRds with O/hBhblt mowere’ msbodl ment ,
t he space _between the to e eI ectrode 31 dﬁifg l}otto ectrode
%ﬁ% 2% figdion T

320, Des, Fpteny Aé’@&@ﬁ%h”l i Dorket Na- k4M “R" E of
It ﬁs s than “gdf Fétuodds Wit Ulflectit‘iﬁtb&rd;lel?.\ﬂlﬁwﬂenli h@pﬁvtatrilﬁdﬁl Imoossaumyﬁ EBcl(eDEE) of
e openin upstr.a ess | C nsur es
pl as mg coﬁ\g’r ﬂgﬁéﬁé‘&[ﬁ?&“ btd%%ﬁg(ﬁ °'H:|%'°$ h@%ﬁ’é‘ﬁﬁﬁ@gﬁg‘?g’é r[oﬁgen?u% ‘thF'%lt e edge.

I n one enlon®ecnaBdge bl Bsckiithe ofniveieh” afs. tPIaendamphearﬂmrlaslss,usmg\tfyt Dgck3l5 or the

about 20 Mol ABES A0 BN Berera, 15 2008r S anT PR ESRE et oMiror o

about 2 T@muﬂuCnmuvamdﬂemhveﬂg&rwbmesnmn pS.daeas Applieation 4 (368,00 et ween

encure. no (LI o EaNEs Al L AT Flb gy 27 dope sl g Blbatts 1T °

substrate aﬂcﬁmdnhniwé RowdriSeulpesvfot a Biigrea Etckiag Ghambept dhe sisclofudOeSFachilipfche

nbodi t,of . . i I I
Qher enbd iR eRIE e s TGl i) Setdedd T DY O SN 0D
possi bl e. [OMThmeaemeenﬂﬂmﬁmmnﬁgnﬂeétmqmﬂmdbyubqoloydmbmtrbemgédlhltqd to the
top edge ChdRds %Jeggﬂe"i@ 1n§ul%lﬂ% Jﬂ{% $18Mne ¢ ﬁhﬁfe&&i&ﬁé%%? thé bHapnded to

generate t capacil cou eat rrent asna. rnatively, either
the top eddss e@cercderﬁﬁ@n@!!@ bgttom fnsulbangstring, é’t!g@eaén@égastﬁdbls sapligkthropgh r epl aced
with an inpducti il i i CloRRIELRd odi nent
t he inducti v%gcf%@l%?s 13%35 e&godu‘i{eﬁ ﬂik%&%v%? Ilsglour ceﬁégﬁgl Aeﬂw} gfpg’&%%g edge

el ect r ode deléiveyr platn B6Q. mfmlamllpdbﬁeﬁfe%@mt @as(es) s pless b@mh@d ﬁlf‘g@héﬁ%t e an

i nducti velg t &ardb e urt her
dosri pt 1 AT HBEEL i hbs BRI Prokese BlagbliSDoEh of i et of SRS 10 561)
(Atty. Do@ﬂ%tllrcmeh mm;m Mhncearedﬁcawé;neame bzm@edgeaﬁmbﬁméﬂ-‘iSOAppar atus and
Met hods t g mv el bR, {2 ﬁ%%{we@% dgRAGERLEL3 U 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 HCl. The
fl uori ne-containing gas hel ps to convert copper filmto a

fl uori ne-contai ning 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 mforr 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 SR to be less thasrbs]. didhersusss plasmp cepdivement dBw if e Bith pithelescr i bed

above T or FLGN e WRral Bkl 24P oBEEABHANBS! BRIk Bl vBaGKS! de v

etch to r rior to being sent to the plasma chanber

ack5|de co
300 for pliesglating fing32fwnthe w?tb of tha tepsinsulatiag suh 315 skhe chavehsr gr@@sreas krasna
treat Ment phRueGPiHHRIZ0 FRIPPE abdut 160 THA bnd ﬁ}@feﬁﬁl‘{:%m%gngﬁmhploﬁ n&‘ﬁh% 'al?dut

Foll ow ng the plasna treatnent, the substraté is wet etched
cheni cal ( 9)Torh deringdhe bevelledes oqtment posssy The ﬁﬁé‘tl%'éﬁﬁ“’%eﬂéhe(ﬂi‘ﬁﬂékveﬁcﬂi%und and

copper . Fisgyhf sﬁl?sn%{é%‘.éﬁ 195 #s 1QVHER 8.6 tnuft R EnQfre B h1RGnd i forRbPSMRech RREN tO
assi st renoving co [mat the bevel d& At step 401, a copper plated

subst r at e dFlvepi iﬁ@%ﬁg %dél‘etﬁaksﬁé‘ieééo dusing die be I‘f%‘m%‘rpé?cﬁ%s such as the

appar at us [6j29y"hd éinﬂzddﬂibhﬁoﬂ s;ﬂaochaﬁsaa\e@o GRRAE Figgk GUS nkikly AfetipRl I at e
backsi de. At step 403, the backside copper is renoved. |In_one enbodinent, a

copper wetOthsr empedimentiafiplagma phamberfarbevel edppiregiment prg alsp possible. Iypothent e An

inert gas emSodimecht RFtﬂaezelf ﬂ?;?chﬂﬁe eduplel@o fiehsy wyeea&@oaermewmetth@ copper
wet etchi ng chemical fromrea the substrate frontsjde. After the

backsi de OBy edee gleptgpyelys g{qx}gdeg gioFraiedhq capcitiyslypouplef waamenbRlas™s- 1 enpyed
tA Pe r esnh dlﬁgﬂemﬁﬁ’ﬂgéklmtﬂidafoﬁmdgﬂel@tﬁﬁgb Gab of u@[)uoaahsadgablewlﬁidéfsgo;ean 5@853] |
ter the C | r 1s npve subst e_1S. ce I N eve
edge. pl as TEIEFS Mt DR El BERedia s BBethaisral it St pl asmo
i 3 gener atigfilctive @bil 1sfbau151ajd/elahmdgﬁxdr @o&ﬁl‘mﬂlﬂie dpb@xr@ﬁﬁ@@ﬂedtﬂohms(gmuhm bevel
edge to a er Cco oun at as a Nl t .etc S ectivit to Copper
T oh & we e RERoRRTRes eph ToRE D gBar BB CrRbdsroh ol G on | <
only at thie bexekdgedyy. Toe fhﬂueldemdgﬁmpbﬁmmlalhgmbmmer Qdea iR r Pakeat

From Che mebaeialgtadlo CE0T Hobup 18 FAFBRRTE el Hi Hraoohy aufld
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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 nmforr 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
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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 nmethod 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 eiefoselertivigs betweanabpi S0 do phoat Hilh g plagma treated
chlorine- coiHeAbohRRnd 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 treatnment 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 .l g Mndserrdd ol M%fel%méxsédgﬁgﬁagmwnﬂa tb 3&h GRPRSPer dohBbiig, &

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

near the ReVRhvedQIe nisre©PRPGE 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 dlycderrppling ta agwsibeteats vith goppematéheopposi ng

the subst hajeBeddPRRAL 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.
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Claims

1. 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:

placing the substrate on a substrate support in the plasma treatment chamber;

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 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, 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 film away from the bevel edge.

2. The method of claim 1, wherein the copper compound is selected from a group

consisting of CuOg, CuOxFy, or CuOcClp, and wherein E, X, Y, C and D are numbers.

3. The method of claim 1, wherein the treatment gas includes an oxygen-containing

gas, and either a fluorine-containing or a chlorine-containing gas.

4, 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:

placing the substrate on a substrate support in the plasma treatment chamber;

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 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, 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 wet etching fluid includes an
etchant selected from a group consisting of ammonium citrate, hydrogen fluoride, a nitric

acid, and a citric acid.
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5. 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:

placing the substrate on a substrate support in the plasma treatment chamber;

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 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, 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 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.

6. 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:

placing the substrate on a substrate support in the plasma treatment chamber;

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 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, 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 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.

7. 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;
flowing a treatment gas through a gas feed located embedded in a gas distribution

plate, disposed at a distance from the substrate support;
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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, 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.

8. 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:

placing the substrate on a substrate support in the plasma treatment chamber;

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 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, 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 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.

9. The method of claim 8, wherein a distance between the top edge electrode and

the bottom edge electrode is less than about 1.5 cm to confine the treatment plasma.

10. 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:

placing the substrate on a substrate support in the plasma treatment chamber;

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 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, 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 treatment gas is delivered to the
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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.

11. The method of claim 8, 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.

12. 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 100:1 to the copper

film away from the bevel edge.

13. 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 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, 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 film away from the bevel edge.

14. The method of claim 13, wherein the copper compound is selected from a group

consisting of CuOg, CuOxFy, or CuOcClp, and wherein E, X, Y, C and D are numbers.

15. The method of claim 13, wherein the treatment gas includes an oxygen-containing

gas, and either a fluorine-containing or a chlorine-containing gas.
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16. The method of claim 13, 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.

17. The method of claim 13, 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.

18. The method of claim 13, 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.

19. The method of claim 13, 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.



