Hl GH PRESSURE BEVEL ETCH PROCESS CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clainms priority under 35 U S.C. 119 to U S.

Provi si oD 24ppl77at i on No. 61/ 138, 357 entitl ed H GH PRESSURRI0BEAMEE1 ETCH
PROCESS, filed Decenber 17, 2008, the entire content of which is hereby

I ncorporated by reference. SUMVARY [ 0002] Disclosed herein is a method of
bevel edge etching a sem conductor under arcing-free conditions in a bevel
etcher in which the sem conductor substrate is supported on a sem conduct or
substrate support. Arcing-free is intended to nean that no nore than 1 out
of 10,000 wafers exhi bi HHGHRRRESGUREBEVEERETOH PROGE®Sch process. The
nmet hod conpri ses evacuating the bevel etcher to a pressure of 3 to 100 Torr
and mai ntai ning RF voltage seen by the wafer below a threshold val ue at

whi ch arcing woul d occur; flow ng process gas into the bevel etcher;

ener gi zi ng CIﬁK)$Sd%EEERfa[‘¢CEnT® REIARERRABRPLICAEIONBery of the

sem conduct %EE&B@%'[@%HBW bev?r%qﬂ%[ chin rﬂége’g?j%c(?rgiﬁcgttorusgbst rate with

t he pl asna.
Provisional Application No. 61/138 357 entitled HIGH PRESSURE BEVEL

ETCH PROCESS, filed December 17, 2008, the entire content of which is

hereby incorporated by reference.

SUMMARY

[0002] Disclosed herein is a method of bevel edge etching a
semiconductor under arcing-free conditions in a bevel etcher in which the
semiconductor substrate is supported on a semiconductor substrate support.
Arcing-free is intended to mean that no more than 1 out of 10,000 wafers
exhibit arcing damage after the bevel etch process. The method comprises
evacuating the bevel etcher to a pressure of 3 to 100 Torr and maintaining
RF voltage seen by the wafer below a threshold value at which arcing would
occur; flowing process gas into the bevel etcher; energizing the process gas
into a plasma at a periphery of the semiconductor substrate; and bevel

etching the semiconductor substrate with the plasma.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a schematic cross sectional diagram of a bevel etcher in
accordance with an embodiment.

[0004] FIG. 2 is a graph showing arcing-free process conditions based on

VCI voltage measurements.

DETAILED DESCRIPTION

[0005] Bevel clean modules (bevel etchers), for example, the 2300
CORONUS™ product manufactured by Lam Research Corporation,
Fremont, CA, remove films on the edge of a wafer using edge confined

plasma technology. For 65 nm technologies and below, a primary source of



[0003] FIG 1 is a schematic cross sectional diagramof a bevel etcher in
accordance with an enbodinent. [0004] FIG 2 is a graph showi ng arcing-free
process cwodntwvon®based on VCl vol t age neasurenents. DECAUSEDIDESERI PTI ON
[ 0005] Bevel clean nodul es (bevel etchers), for exanple, the 2300 CORONUSTM
product manufactured by Lam Research Corporation, Frenont, CA, renove filns
on the edge of a wafer using edge confined plasnma technol ogy. For 65 nm
technol ogi es and below, a primary source of device yield limters are
comng fromdefects transferred fromthe wafer edge. During device

patt erning, deui@plyésddilimimfa(am coming fionh detestetransiered frd)mndbeamfw et chi ng

and chem cal ni cal O|IS ng result wi.de r e stable film
ke o P ralEs MMngeRce halkfng Smblexin@ ittt S dengiliat 0L
produce def ﬁmb@réw e@érﬂné ra@nﬂ%ﬁﬂ%ﬁl ﬁ@chﬁﬁlcﬁﬁyd)lfs@nﬁg P@s&tflnté‘ﬁ/ld’@f er.
Rempval of these films at select points in the integration flow results in

reduced def gange ahdnsiablediimistacks onitbe deaferedge.dimgulpsequrd stepsd,ithese pl asma

gre\??/lcgefs ag?ﬂ&éfelyggg 8%5?)@@@&(% dgfje%?s %atlaqg snglaé 0] khe aew%% adrgg o t he
wafer. Removal of these films at select points in the integration flow results
in reduced defects and higher device yields. Accordingly, edge confined
plasma provides control of the wafer edge buildup at multiple steps during
the device fabrication process.
[0006] Bevel etched wafers can exhibit macro-arcing, micro-arcing,
surface charge and discharge problems on sensitive Back-End-Of-Line
(BEOL) wafers. RF voltage at the wafer has been found to correlate with
arcing probabilities. As disclosed herein, RF voltage (measured by a VCI
probe) seen at the wafer can be reduced for a given electrode power setting
by increasing the pressure in the plasma chamber. Thus, at higher pressure
regimes, it is possible to widen the process window in terms of power setting
and gas chemistry while avoiding the arcing problem. The RF voltage is
preferably maintained below a threshold value which depends on the device
structure or wafer sensitivity to arcing.
[0007] Plasma processing in a bevel etcher 200, for example, to remove
bevel edge build-up from a semiconductor substrate can comprise etching
the bevel edge with a fluorine-containing plasma. The semiconductor
substrate may comprise, for example, a wafer made with a copper Back-
End-Of-the-Line (BEOL) damascene process. The semiconductor substrate
may have a diameter of about 300 mm. The semiconductor substrate may
comprise a bevel edge portion (e.g., up to about two mm wide) that
surrounds multilayer integrated circuit (IC) device structures containing
exposed copper inwardly of the bevel edge. The exposed copper surfaces
may comprise copper surfaces on tantalum-containing seed layers across

the wafer.



[ 0006] Bevel etched wafers can exhibit macro-arcing, mcro-arcing, surface
charge and di scharge problens on sensitive Back-End-O-Line (BEOL) wafers.
RF vol t aggoaniwdiezaf er has been found to correl ate w t RCRIUSR2019/006531
probabilities. As disclosed herein, RF voltage (neasured by a VCl probe)
seen at the wafer can be reduced for a given el ectrode power setting by
increasing the pressure in the plasma chanber. Thus, at higher pressure
regines, it is possible to widen the process windowin terns of power
setting and gas chem stry while avoiding the arcing problem The RF voltage
i s preferab[0008)i nRefendnlg helvolw RIG. Hr, ¢isdrel id shalwnea sbhemmade peostsseationaé

device strugture or, wafer sensitivity to arcing. [0007] Plasma processing
in a bevel GEIRIP 05@0?”9%@%)‘?%‘[‘%?%@”? @ﬁ%@éeltﬁt? er 20Q orsiearinggher om a

sem conduct geye) HeRfer £ sGEGr ALY RLFAME WiE REVGhosdRFett 48 2

fluorine-contalining plasma. The sem conductor substrate nmay conprise, for
exanpl e, a distloseduaneommbnly assigned BE: KEatentOApplieaticonnfeul) BEGL ) damascene

. Th ' .Sybst r at ay . h di t f t 300
e som condd BB ha ESdRSUERTEY PSR MedgerabA LTRSS, up 1o

about two npogege) Thé BbvEIBERENSS0 ﬂybtéééw&@ni/,rmﬁwhogm ee@itb(,:uit (1C) device

structures contai ni ng exposed copper inwardly of t vel edge. The

exposed coppdsymmetric sbapayandofrbrewity,appy half of the skleccrosauseatiomalcont ai ni ng

seed | ayers_.acr.oss the. r,. 0008] Referrin W Fl 1l there is
shown a sch\é'ﬁ'ﬁ’t'ﬁc,s?‘ew&@v@gﬂi' Oﬁgpealcg%q,gtﬁp&evgpg%gf ?gpéngf’gﬁ?n% syst em or
bevel et cheghaBef @all A02amvieg bittbdrerejaté dde thfouyrswhrhitAbeubbtrate
accordance with one enbodi nent, as disclosed in comopnly assigned U.S.

Pat ent Appl 2t3is adediiniogded: Gmsyppereigctrode assemblyodQd.ca seipp@it 288i s her eby

i ncor porate nce. T, lhngt:cher ally, but
not lim tedf??@lwé@l}@bgr#@ﬁref%%%g%kjg %ﬁs@wgzoar'gt%ﬁ??g&g%&?rhi??&&%t he side
cross secti gleatrode @ysembhn06. iAprecisior dridimgdaptkasidm (Mg shewel ingtiGher 200
i ncludes: a chanber wall 202 havi %%nfa door, or gate 242 through which the

subst rat e 21Bisiaftachgddathasynaed;2 onﬁwin@ueg@r elestragde anseinly 2045
t 208 i . ; d: q
Coner ol oot PEELE AT fin (HE citBRGEn BY < H8URIRRIPSY ufit Int BapHRRFRERCS, T

FIG 1) is thetwoperckléctrodeassamblyt2DEnd thie sobstrateuPideis cdntdlledde assenbl y

204 up and down %in the direction of the double arrow) so that the gap
bet ween t he@¢Pfietel%l ectrode assenbly 204 and the substrate 218 is

controlled at ] I usre%qi vacuum
seal bet vveewbﬁlr? clﬂgﬁ%gf ﬂ%ﬁlz%%aunsgf‘dsiﬁm? g%g';%l e gFﬁ%%m&ﬁgn%he
support 208chamherwall 202randslippart 268 whileasliovdng dhé Iseppbd@dértovtede 202. The
support 208 has center, gas, feed assage nd an e as feed
(passage) wicermofipn v Teetdbenheh A2 heisipnsh 2060 “gas to be
energi zed i pétePhas f@ed (4dsage) bhg drvan e@ég‘@as%éugﬁa Atd2en. ohBe plasma
is formed around™t he bevel edge of the subStrate 218 and "has a generally

ri ng shape. ombotprgascieedsizd 2, P20 mant delivier paetassgatito beeneegdizedintoon of the
substrate 2 t e n AN tar_.pla 6 .the per

el ectrode aé%émﬂl’@ é%%ﬁiﬁg%ﬁ% egqg%stbgﬁﬁb%’fgr?tgo%&rﬁ?%ansﬁﬁgﬁ@r cess gas

is fed fromtdumdanstirivel eede of heasulesthaei MBand RaS Wdereralig iRgGhapee 214.

Then, the gas passes through the gap between the upper el ectrode assenbly

204 and t heTQmaYgnittae Piasma friopr reaahing the eertralaerien ohthaswestraiee18zach
TR A e B LR S e
gas feed 21204 and the substrate 218 is small and the process gas is fed from the
center feed, in an embodiment through a stepped hole 214. Then, the gas
passes through the gap between the upper electrode assembly 204 and the
substrate 218 in the radial direction of the substrate. Each gas feed is used
to provide the same process gas or other gases, such as purge gas. For

instance, the purge gas can be injected through the center gas feed 212,



whil e the process gas can be injected through the edge gas feed 220. The
pl asma/ process gas is withdrawn fromthe chanber space 251 to the bottom
space 240woi2at07pdoaral ity of holes (outlets) 241, e.g., PATASCWIOVGAND 243
can be used to evacuate the bottom space 240 during a cl eani ng operati on.
During a bevel cleaning operation, the chanber pressure is maintained at a
pressure of 3 to 100 Torr (e.g., 3 to 5 Torr, 5 to 10 Torr, 10 to 50 Torr
or 50 to 100 Torr). Such pressure is higher than the exenplary pressures
di scl osed in comonly assigned U.S. Patent Publication Nos. 2008/ 0227301,
2008/ 005092&hile Bt pfdceSs fasacah BO OHEOtedGhdigh the edge gas fieexd 280. Vithech ar e
her eby i ncorporated b

A e L T
Cora, Corcy PR VL pIeEs, ol RloRERIRAR, S (Ectunt oD 49 1ed 1o
the processcgabe Usied taravacuatef thiel battom epace 24i0nduringjasleaning eppratoess gas
For exanpl eDUBHEA ARG GBH oM FEF DS BFESUEF 3 MAYaat ik s, sach
as >80% or pRE¥uRY oVt B0 T (é.QQrd 265 TORL 8itBi MOTEAS 1030 SRETHF @F80t i n the
process gas. In different enbodi rents, the process gas can conprise, for

exanpl e, abui0GTonY. weichrresFwEea highsr toa the expoyplaryqyebsures ume

CF4/ bal ance Q2. [0012] The upper e rode senbl.y 204 includes: an upper
dielectric g'l(s:% eélj &%ﬁpﬁp@ﬁ%&ﬂ%@%,%%ﬁeﬁ?ugg%%gh O%n upper netal
conponent 23008/9287801 { 2004160 5092® 2008031 58772 and LabBM foB=48NtiY mechani sm
and grounded via the support 208. The upper netal conponent 210 is fornmed

of a netal,disglosuess af Whichuare hafabyrifcoseoratedi by saferenee.upper net al

copponent 20fdyi3° AIE pRcd IR B P e ORBIRE R Sedtal N AN LIphegs 2222

222b and an e gas enum ) er ge gas pa yS or

t hrough hol €s; RZaC 20 Saarel/6100R,e Fltoritdreortddsing amasf each a80fdror fl uid
comuni cati on during operation. The upéer dielectric Ejbate 216 is_attached

to the uppePX3BPW FonPbrchtrAed akfisf eelie§268) £xbivldr E28r i GHatEFal , for

l e, EC.ol ' [ ' | h
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SiN, Si, Alfluenrk-tomtainikg gasen phiepescess gasccaratepemd oartharspecifiedilmsim num

parts due to their ability tq dissjpate charges on the fer and thus
reduce the PFHELBEMAVEY wg%véi(ﬁgg%ggmhm t%foeW“P@mémﬁ\ﬁ?afOBPE‘fégéUCh

Teasur enent g <{pog 63\vblumé lor 18rdl biroeinld, dndid 1hod ARSI e | 1

sonme ceram cs, Suc 03, and therefore a steppe 4 can be used
i nst ead of Bualirepcentaininhigakaian. bahrésent irethegppraceds gasctinidiffgrieat e 216 i s

o L B 6 Do rolBhe ok r Oigbch P B A B e

shower head QLmePRFLBaMArice @63 o @bout 10% by volume CFa4/balance CO,.
[0012] The upper electrode assembly 204 includes: an upper dielectric
plate or upper dielectric component 216; and an upper metal component 210
secured to the support 208 by a suitable fastening mechanism and grounded
via the support 208. The upper metal component 210 is formed of a metal,
such as aluminum, and may be anodized. The upper metal component 210
has one or more edge gas passageways or through holes 222a, 222b and
an edge gas plenum 224, wherein the edge gas passageways or through
holes 222a, 222b are coupled to the edge gas feed 220 for fluid
communication during operation. The upper dielectric plate 216 is attached
to the upper metal component 210 and formed of a dielectric material, for

example, ceramic. If desired, the upper dielectric plate 216 may have a



[ 0013] The | ower el ectrode assenbly 206 includes: powered el ectrode 226
havi ng an upper portion 226a and a | ower portion 226b and optionally

oper at i vewbaofourieczopon as a vacuum chuck to hol d t he sub®Craiseo@h8ssBn pl ace
during operation; lift pins 230 for noving the substrate 218 up and down; a
pin operating unit 232; bottomdielectric ring 238 having an upper portion
238a and a | ower portion 238b. In an enbodi nent, the chuck can be an

el ectrostatic chuck. Hereinafter, the termpowered el ectrode refers to one
or both of the upper and | ower portions 226a, 226b. Likew se, the term

bot t om di el eoating of ¥pQ3.2Balk ¥5@5 sr YgOgweatad partd anfl cehamigspeuchaasl SiOwer

ti 238a, 238b., Th d el ectrpode 226 |. led t -adi
PorLi ons 238, &0 RIS S o e e PR s AT
[0014] The bhfts diet® RSP JMANE to Bl '&a%é%ﬁtr?d%ﬁétrﬁg{hdwe%cér pat hs

e
231 and are noved between upper and | ower "positions pi n operating
unit 232 pothe prabability of Aecipgwerindicataskhy waerRI6 volfage pheasyremantsig uni t

232 incl udes a. housj ng,.ar ound ch,lift, pin.to maintain a vacuum seal ed
envi ronment T4PISARG 1 REficd 1o Al Brren suPiht RYIR Sor38 Sefartia SUCh Ay
suitabl e |, BnERRERAGRTA stdppedAtold 21ab0in BE Wsdd InétBal-of 2Pdées | zont al
arm havi ng segnents extending into each housing and attached to each pin)

and an ar][n straight hate. dédhileghe nppes Wiskectria prate 219) is stmwrbw?éhialyinglmhl y atip
i . i in Fl 1 i
Pour 11re. pERlEEERT,aRe b RISy e Rikia e Ml e sall fabdlef 500"

waf er, any ogtietsable, therdielet9 tahide amanged #a shyweehekeHoldpatternhevel
etcher 200. Also, any suitable mechanisnms, such as lifter bellows, can be

used as thedgsife@perating unit 232. [0015] The substrate 218 is nounted on
t he | d ' A - i QD= PEZ
g 260, wSFHIN Trgiqlet Beeguae RSB 80 i ee R eL b diodeaset o)

of the subshagihg droupper portion 22¢zearnd atibwenperionZ26b ahe optiaaaty f or
cl eaning the bevel edge is to be excluded. The ring 260 is gr,ef erably a
di el ectric REEEtVEIto fengtionesa rcuymnshuggtaplddhe substate? i@inBlagech as

SiC, SiN, Sy - | 4 ] i. zed
al um num pap'?gﬁ%?ggféglottrﬁg?lﬂlﬁﬁ??P?@P@Lﬁ%@%pﬂ%&rﬁ??ggﬁoﬁﬁ? Ejgg&l/é er and
t hus r educepirhepgnatibghiniiti232; dfottant diedectec irindi 238 ealvibyg dnowygperRfortioht age

t I nmbodi t, t f al f th | ectrod
726, "t he boPBBHATE R BAPTGIOTR 2558 1P AreSBbaraeit, Mt er e EPDRE A of ¢ he
| over confi glgcaektatiRehuckN HeRth AR, Fh@@ﬁ%&{kﬁb@%@cﬁé’@é‘%@ﬂi Sfe becess

(vacuumregion) 219 in fluid comunication 'w a vacuum source such as a
vacuum punpbatheof thiseuppgriandrlowerr poctians 226 R26. fldkewlse, thé terpi hett@®0 ar e

al so shared a as pa e s, through i.ch the vagyum pum. 236 acuat es
Fhe v acaum EedfE SR8 ARMRIE 0 dH SbACITIRE siabRe a70 GWer BaRI GBS n
includes a pBgPUMheIbWeéretasleeod& PPEigcolpRAYL Lrddid fledabheypsrRFy t he
vacuum region 219 and, in cases where multiple lift pins are used, to

provi de a uRPWEF APYIFEt 2 hta eaceiveRFtprwendunng peeratinbl es. [0016] On the top

exposed copla 4l ThE Bt Hits a8 oV ke E I Sk Riea ks SaRP203, <
fornmed by aaséraresn®fedbORRFESPpEMEhPlowsr positforisitsy theosiassrsativy ubi

per f or med bg use of plasma that may transfer heat energy to the substrate,
devel opi ng ZReMesitioseddn he Rowesed glratiosiec22fhdThe dirppetating wijt da€ er

bow ng. Durj dagsb i rad L. 1 can be
reduced by Lds%gjo iﬁgL’%@bﬁ%@hﬁ?ﬁ%&f‘éﬁ%@ﬂgg{‘b\%g@#%2\;3[‘%%‘%5%5 e@?tom surfaces
of the subsenatenrfiébt arbuadithessng.e The gimepeeatingnumied82ind@ddes anyai nt ai ned

d duri tion b | ed I
" oy e gl SR EASaAmY s o 36 4B B 243 (04 b HbrlzBrtal el 70
having segments extending into each housing and attached to each pin) and
an arm actuating device (not shown in FIG. 1). For brevity, only a tip portion
of a segment of the robot arm is shown in FIG. 1. While three or four lift pins

can be used to lift a wafer, such as, for example, a 300 mm wafer, any



bet ween the upper dielectric plate 216 and the top surface of the substrate
218, the gas pressure in the gap can be varied w thout changing the overall
fl ow r at ewof2otong7pPpocess gas(es). Thus, by controlling trhe/usa@poeEssure in
the gap, the pressure difference between the top and bottom surfaces of the
substrate 218 can be varied and thereby the bending force applied on the
substrate 218 can be controlled. [0017] The bottomdielectric ring 238a,
238h is fornmed of a dielectric material, such as ceram c including Al 203,
Y203 or the like and electrically separates the powered el ectrode 226 from
t he chanber suﬁablemb@mﬂdiﬂm‘os 230 mzy&m@i@ thartievehetthes 200 cAlseuch as
SIC, SIN, Si E}Ig{é ﬁ |.i ke are ferreﬂ over alum n or, anadi zed

al uni num paPl¥ siiablegmerRanisas; ISPF’@/ ﬁ(?f?? DYECHUhGP YIS cﬁ?‘?"ﬁepﬂlafer and
thus reduceopBeatitigotdbpsaty of arcing as indicated by |ower RF voltage
measurenents. The |l ower portion 238h of the bottomdielectric ring in an
enmbodi ment R@18 sThe spbstrater 248 isomounted anéhe mcirmiectyodﬁ or oy allowear

surface to ce on_a Iome e o owered, el e de 226.
The over _popbialf=bfashiesatafofactin (Rl hdead WaBRR RIS PR Gut or
periphery t eeferd ® airadiaPdistfizReforathe aentérbfithe subBRateP@® thedutés8age! t he
bottomdielectric rlng referred to as a focus ring. The steps 250, 252

e

al i gn the béf thshargiaevbere the plaspatopciganing the %@ﬁd@eesé@bemltm The
step 250 al gq¢ rﬂ‘fﬁ6@|sn§rrettf)éeﬁ% w@e% P%gét?@%él@ﬁafué[x eh§§2°§ﬁ§8§ |4 m nate

the direct Iline- ower ed €l ec chanber

wal | 202 thpaﬁb)anﬂa;hlanﬂlgs sich 99$Cb8|NtSn NN@n@iaﬁenméraremremcsbveme
bet ween the powered el ectrode 226 and the chanber wall 202. [0018 The

bevel edge @lUBIARR] osiad BFRYRT PAtT due to thair abilibeiemlingipa eaRangest ur e
i ncl udi ng, Eﬂrthéww} Snd W @du@%ﬁhbgagg?lé@ﬁﬁmvaﬁlgwgtﬁﬂd ? Qq@%p ng the

gas nmixture Into a plasnma state
conprise NFRFavmjtagéZneasﬁ]téftnmtd Qan eﬁubodmsmtl the topesgfecenoither e may

conpri se about 5% ol u F3/ ance abo % vol unme

CF4/ bal ancep%?rearﬁé Z{QQG 9&9”1)%“"?02 @g?/o qge‘?'&‘ﬁé?”%{t a
peri phery a t nsits

exanpl e, vvhgﬁh?ﬁ%@fmﬂ[ﬁ?|k%g@i§(?1qf§ur§|é§% gggrﬁl@xturggf;%bghl nto t e bevel

et cher at avaeuwurplregipnolecess (\wmuiuconesionp? 13 infuidatammidicaionnwigh be f ed

he beyel f th d 019
Bevel ot chi Nacwih SABkes bueh S8 B s 230 ot Moo BHEFS o71o% REPRKFor

| eading to f9sRedft pfh@!zgo%fre@% SiSreRR NG aPA ARWARS) thidkigh whithdnbosses

can exceed 3% of the wafer yiel Thus, elimnati ng arcing’in the outer
region of tM@cwmumga&ﬂ@éh@wwmee«awyndmlmBrl dutingreperationi dfveove

yreld of dey}g@pPRitlBdR 26" 226b1RLiGkes a plenum 234 to reduce temporal

pressure fluctuations in the vacuum region 219 and, in cases where multiple
lift pins are used, to provide a uniform suction rate for the cylindrical holes.
[0016] On the top surface of the substrate 218 are integrated circuits,
which can contain exposed copper surfaces which may be on tantalum-
containing seed layers, formed by a series of processes. One or more of the
processes may be performed by use of plasma that may transfer heat
energy to the substrate, developing thermal stress on the substrate and
thereby causing wafer bowing. During a bevel cleaning operation, the
substrate bowing can be reduced by use of a pressure difference between
the top and bottom surfaces of the substrate 218. The pressure in the
vacuum region 219 is maintained under vacuum during operation by a

vacuum pump 236 coupled to the plenum 234. By adjusting the gap



[0020] In an enbodi nent, conditions for processing of the sem conductor
substrate with the plasma include an exposure tine of greater than about 5
seconds, wonosxambe, about 30 seconds, and an RF power Pofi/use@atoeds3t han
about 50 watts, for exanple, 50 to 2000 watts. In an enbodi nent, higher RF
power at 2 to 60 MHz generates plasma from process gas flowed into the
chanber at 5 to 3000 sccm [0021] FIG 2 is a graph show ng VCl voltage
measured by a VCl probe connected to the RF feed to the bottom el ectrode
supporting a test wafer bevel etched with process gas of 10 sccm NF3, 200
sccm CO2 anbetdersthenupi@er dislectiic plates2¢6 and tﬁeﬁbpgurfat:elonﬁWh@sebstmtes of < 2

T i d_ at level s of 500 watt 600. waf t s, i
or obl om uas 218 TGRS BiasoHHoR DR EAmERbEE ar Ao Ue PRI T8l 5 Tor 1

and 9 Torr figg rhf@éﬁth%%\‘%c@%‘gés(%%gt TRYS; bf@oﬁfr?lgggttﬁ%%%s%@%&% iMHtiRglow

appears to lie within a chanb ssure’ o orr whil
mai nt ai ni nggﬂ; thel pr&geur@(éffemnqemetw&leerthattoaahdvb(nim’nlgbrfaa%lef the avoi d

ar ci ng. Thet e e w.ll, depend on,. t e structure and wafer
sensi i vi 1y SUBMERBAE 4458 vBirep anchFeeeiBb henericing fdr Rt fieasur od
by a VO prebesti@Bi® ta9bdabatronedt age i s no greater t han about 220 vol ts.
The elimnation of arcing at the el evated chanber pressure was unexpected

and i npl enef@kAlonTle battanydielnaide iing A38ae R380 i farmethohy diglectiss can be

nder goi ng Ve SpTh s eratp e ERARRs: Badfepr theliEaMiaPartesRho2s) °°°
Wi | e vari ogspaabsslineEpdweavélebeete ®26dForRele chamberiwalb202ngelksysos t hat
variations and nodifications may be resorted to as will be apparent to

t hose ski | | 80YeRs caatesk partssaad cesamias; sieh amaiGvoeiNt: |~°-da/t\i’\bﬁ§défr‘%“l<%ab%
consi dered Wi 8408 BHINMInSGrHb AP SIuRlink e St S HUE t3RREP DB iy €t ©-

dissipate charges on the wafer and thus reduce the probability of arcing as
indicated by lower RF voltage measurements. The lower portion 238b of the
bottom dielectric ring in an embodiment has a step 252 formed on the inner
periphery of its upper surface to mate with a recess on a lower edge of the
powered electrode 226. The lower portion 238b in an embodiment has a
step 250 formed on its outer periphery to mate with a stepped surface on the
upper portion 238a of the bottom dielectric ring, referred to as a focus ring.
The steps 250, 252 align the bottom dielectric ring 238 with the powered
electrode 226. The step 250 also forms a tortuous gap along the surface
thereof to eliminate the direct line-of-sight between the powered electrode
226 and the chamber wall 202 thereby reducing the possibility of a
secondary plasma strike between the powered electrode 226 and the
chamber wall 202.

[0018] The bevel edge cleaning plasma processing can comprise feeding
a gas mixture including, for example, NF3 or CF4 into the bevel etcher and
energizing the gas mixture into a plasma state. In particular, the gas mixture
may comprise NF3 and CO; or CF4 and CO,. For example, the gas mixture
may comprise about 5% by volume NF3/balance CO; or about 10% by
volume CF4/balance CO,. The gas mixture may be fed into the bevel etcher

at a periphery and/or at the center of the semiconductor substrate. For



WHAT IS CLAIMED 1S: 1. A nmethod of bevel edge etching a sem conductor
substrate with a plasma in a bevel etcher in which the sem conductor
subst r at ewp208upPpIPt ed on a sem conduct or substrate sSuppOTIUS2@0M0PESBEI NQ:
bevel edge etching the sem conductor substrate with the plasma in the bevel
etcher while evacuating the bevel etcher to a pressure of 3 to 100 Torr. 2.
The nmethod of Claim1l, wherein the process gas is flowed into the chanber
at 5 to 3000 sccm the plasnma is generated by an el ectrode supplied RF
power at 50 to 2000 watts and at a frequency of 2 to 60 MHz and the process
gas conpri sexampld, ewsttn theeflwdrinea2onteing gas Maixture is féel indo thexbevelF3, CxFy,
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the bevel etcher at a center of the semiconductor substrate.
[0019] Bevel etching can result in arcing in the outer periphery of the wafer
leading to loss of yield of devices being manufactured. Such yield losses
can exceed 3% of the wafer yield. Thus, eliminating arcing in the outer
region of the bevel edge cleaned wafer is desirable in order to improve yield
of devices on the processed wafer.
[0020] In an embodiment, conditions for processing of the semiconductor
substrate with the plasma include an exposure time of greater than about 5
seconds, for example, about 30 seconds, and an RF power of greater than
about 50 watts, for example, 50 to 2000 watts. In an embodiment, higher RF
power at 2 to 60 MH, generates plasma from process gas flowed into the
chamber at 5 to 3000 sccm.
[0021] FIG. 2 is a graph showing VCI voltage measured by a VCI probe
connected to the RF feed to the bottom electrode supporting a test wafer
bevel etched with process gas of 10 sccm NF3, 200 sccm CO» and 500 sccm
N2. As can be seen in FIG. 2, at low pressures of < 2 Torr arcing occurred at
power levels of 500 watts and 600 watts. The arcing problem was not
observed when the chamber pressure was increased to 5 Torr and 9 Torr for
those same power settings. An arcing free process window appears to lie
within a chamber pressure of at least 3 Torr while maintaining RF voltage
seen at the wafer at a low enough value to avoid arcing. The threshold
value will depend on the device structure and wafer sensitivity to arcing. In a
preferred embodiment, the RF voltage measured by a VCI probe monitoring
wafer voltage is no greater than about 220 volts. The elimination of arcing at
the elevated chamber pressure was unexpected and implementation of a
high pressure bevel edge cleaning process can be expected to provide
substantial increases in yield of semiconductor devices undergoing further

processing steps on the bevel cleaned wafer.



4. The nmethod of Caim1, wherein the process gas is free of fluorine and
oxygen. 5. The nethod of Claim1l, conprising flow ng about 10-2000 sccm of
process Q&O 20md7199e bevel etcher and mai ntai ni ng the clraFisSzoQOEGE3IPr essur e
of 3 to 10 Torr. 6. The nethod of Claim 1, conprising dissipating charges
on the substrate by using Y203 parts in the bevel etcher. 7. The nethod of
Claim1, wherein the substrate is a 300 nm BEOL wafer. WO

2010/ 077299PCT/ US2009/ 006531

[0022] While various embodiments have been described, it is to be
understood that variations and modifications may be resorted to as will be
apparent to those skilled in the art. Such variations and modifications are to

be considered within the purview and scope of the claims appended hereto.



8. The method of Caim1l, wherein the bevel edge etching conprises
energizing a gas conprising 5 to 15 sccm NF3, 100 to 300 sccm CO2 and 300
to 700 sowmm2bi@/07R299The nmet hod of Claim 1, wherein the beceluseagmoe@shi ng
conprises flowng 300 to 600 sccm of a He-H2 gas m xture containing 4% H2
and 100 to 300 sccm N2 into the bevel etcher. 10. The nethod of Caim1,
conprising flowing 5 to 20 sccm NF3 and 100 to 300 sccm CO2 gas into the
bevel etcher at a periphery of the sem conductor substrate. 11. The net hod
of Claim1, conprising nonitoring wafer voltage using a VCl probe and

mai nt ai ni ngWRFAVdStGlgdlMERISr ed by the VCI probe bel ow a threshol d of about
220 volts. 12. The nethod of Caim1, conprising bevel etching a 300 mm
waf er having 65 nmtechnol ogy node or below, a 2 mmor bel ow edge excl usion

a]E t Ee OU]E en,  per Aprhéfnbd s iRl c8pd AXMAGsemicdndutRSupBtrate WitRer surface
o] e wafer.

plasma in a bevel etcher in which the semiconductor substrate is

supported on a semiconductor substrate support, comprising:

bevel edge etching the semiconductor substrate with the
plasma in the bevel etcher while evacuating the bevel etcher to a

pressure of 3 to 100 Torr.

2. The method of Claim 1, wherein the process gas is flowed into the
chamber at 5 to 3000 sccm, the plasma is generated by an electrode
supplied RF power at 50 to 2000 watts and at a frequency of 2 to 60
MH, and the process gas comprises at least one of CO,, CO, O, Na,
Hz, He, Ar, Xe, NF3, CiFy, CxFyH;, SFs, COS and N2O.

3. The method of Claim 1, wherein the process gas includes nitrogen,

argon, helium, xenon, krypton, and mixtures thereof.

4. The method of Claim 1, wherein the process gas is free of fluorine

and oxygen.
5. The method of Claim 1, comprising flowing about 10-2000 sccm of
process gas into the bevel etcher and maintaining the chamber at a

pressure of 3 to 10 Torr.

6. The method of Claim 1, comprising dissipating charges on the

substrate by using Y,03 parts in the bevel etcher.

7. The method of Claim 1, wherein the substrate is a 300 mm BEOL

wafer.
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10.

11.

12.

The method of Claim 1, wherein the bevel edge etching comprises
energizing a gas comprising 5 to 15 sccm NF3, 100 to 300 sccm CO;
and 300 to 700 sccm No.

The method of Claim 1, wherein the bevel edge etching comprises
flowing 300 to 600 sccm of a He-H; gas mixture containing 4% H; and
100 to 300 sccm Nz into the bevel etcher.

The method of Claim 1, comprising flowing 5 to 20 sccm NF3 and 100
to 300 sccm CO; gas into the bevel etcher at a periphery of the

semiconductor substrate.

The method of Claim 1, comprising monitoring wafer voltage using a
VCI probe and maintaining RF voltage measured by the VCI probe
below a threshold of about 220 volts.

The method of Claim 1, comprising bevel etching a 300 mm wafer
having 65 nm technology node or below, a 2 mm or below edge
exclusion at the outer periphery thereof and exposed metal lines on

an upper surface of the wafer.
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