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METHOD AND APPARATUS FOR | SOLATI VE SUBSTRATE EDGE AREA
PROCESSI NG FI ELD OF THE | NVENTI ON [ 0001] The present
wonveEns7ae rel ates to a nmet hod and apparat us f 8CT/US2006/032110
processi ng edge regions of a substrate and nore
particularly, a nethod and apparatus for dry chem cal
processing the edge area of the substrate in isolation

Bkt AT Y el

i ncl udi ng dep03|t|on and etching of dielectrics,

netals, and other naterials. At va&%_i ngj st ages in t he
manuf act ur i ng pr ocESELPOF I Hi: PN¥E o cI ean t he
edgergdo h d t [

conigBnig O THel By é’%‘*ﬁéﬂ%ﬁﬂﬁ?ﬁ?&l&?@?ﬁ?’?%ﬁ o A Wbaratus for

pnoeesﬂ;mg addgeheegianerof pa aubstrateg andhmsré rpmlrllltdﬂ@rlj | & mAethod and
am nants, t hat devel o on a near edge to

and
agptSIof Gy RaSpIH eececeeéaﬂgs aelgeaiRA Qfdhe swhelate in isolation
I ing, top bevel, crown and

fr&gttﬁgﬁfﬁgg%r%g??et ﬁe gr (hereinafter "edge area"

refers generally to the near edge top surface, near

edge bottom surface, nmbi nati on or

i ndi vi dual ly). Renoval r@%&?ﬂ%ﬁ@%ﬁg contam nants is

deSl [0B0RP t DWIngVERt mahSf MG RNGH Fh'te#?été?ﬁbirbtﬁf& &ilkon substrate

gration into the device portion of the wafer.
WW%nEQC@I'VQ:cﬁ?ﬂ@WM%nPFQS&SSIn@I drcludingg slepoaition  dandi r&jchlng of

e RS Bog RS T2, BhyRol G34bd  o mapuiacurng

probeﬂsé dhde hecepsaness ‘®ishri'htwe iy aredlas HeavafBl o remove
nd contanmi nants in an efficient and cost

filns
U@@@@ﬁd@%ﬂ%@ﬁmt@m'w&ﬁ iaelidingi prytickes thahdpwelep as a result of
thbhﬁe@?i@écé%&gce sg‘ r{b?udd%é f?lh%cﬁﬁé é&ﬁ\’érﬁ Bnts Mt develop on a

chal | els use o rles a
nearcadgss Bp Bbd&cenégnmdvyepsmiqssed’pm«té) tieerlea}ger baeis surface, and

iR RCAdo 8P Savel. Fraime And datingh veDed! 116 el (iatainafter
"898 ABaN3elets JeneRAIfIts Mk PRBHedgR Rp'Bhrifée, hdar edge bottom

processi ng
surface, and edge in combination or individually). Removal of films and

contaminants is desirable to prevent the potential of particulate migration into the
device portion of the wafer. Potential contaminant particles are generated during
wafer handling, processing, and as a result of "pop-off* effect due to film stress.

[0003] It is a challenge to process and thus remove edge area thin
films and contaminants in an efficient and cost effective manner without effecting
the remainder of the wafer that contains in-process devices. This challenge is
exacerbated by use of chemistries and processes that may adversely impact the
in-process device portion of the wafer.

[0004] Generally, various known options exist for effecting removal of
films and contaminants.  Etching can occur in a wet or dry processing
environment. Wet chemical etching refers to the contact of the wafer surface

with a liquid chemical eichant. Material is removed as an agitated liquid or
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envi ronnment. Wet chem cal etching refers to the

contact of the wafer surface with a liquid chem cal
webtcaeitants2sMaterial is renoved as an agitated | PQuiuS82006/032110

orspray, for exanple, passes over the substrate

surface. Dry etching generally refers to the contact

of the substrate surface with a gaseous plasm

sp%igﬁgfq@%qgﬁba%;% 8}2&0. Cgéyﬁ%}f:a i?n | Sc:egﬁg)drw &lehing generally
refdr§ b fHE EARacEMTheaubsRakt sUtidtel witalgagebds Plasna@etchant.

state are transported be/ diffusion to the reacting .
sur f[8085] ch¥vetcehemisakeiching iscesad gxtensivel it waéer Bragessing.

t he oducts .fr. e £ e :
In ofi, PRGN it Le o R AL Fodli o el "B Vo state are
trefporiall i diffudldn ®Pipkl eattingsurfhte, shathichl ceddtions occur at the
i solate wet chem cal etchingt

th dge of th .

suitaeer AndinenBrodUSIS. e fha SHTTase GERIPITAVeR: < ol VEbyehemical

et%ibg'ﬂései‘i{ ﬁﬁﬂaﬁ%@%&'ié‘bw dSﬁiﬁtﬂQ iQRA raéisi%aﬁ’éhé. hf is difficult to
wa r sSurtace. SO, WwWwe et cnhi ng may r ult 1n

isolate met edhencicah etehing torthe ate=ri edpeiod the wafer.r opuidher, etched

RETENLEN e e
waeP SERELE I ARG RYetlditls nﬁa%y“&shit’ﬁ i Rerd oft for-ORiform etching

process. Cost of consufmbl'es and undesirable water _
argbissisofyopisrresultingenian imreoiseestchi th aslisiitiqn, serisiching requires

robBe ehg i ¥ dbo BardF R el i e R IR, Bt fme and
cdsh 8o ftRE Probes HVC BSESHS H6EsLMASIBE RS und¥siradl€ ivarbrgoRsumption
met hods i ncl ude pl asnma etching, reactive ion etching

valrne)is agpgblesn wéthametyocessact i ve i on beam et chi ng and

Sﬁ 2%9@5?%"@9}38@@2@4 @%ﬁgé@ﬂgfﬁlaénal easet?rﬂigg denotes

_ el ectronagne
sdvieghldtbchhigags fihal wse plesgra inutle fosm ap idw elessure isahmsges. Dry

ol INASTEa SBRNOGS HEe PIESTIE PLND. SPEGRA Iom FgHrGHFIEl sputter
etdhtg, FEARAI(E iBRWRYRS etcting aR %?ﬁ%r hased i i&@h?\@%‘nbﬂﬁ)ds. A
own =f Thi Ity

I'mtations and probl ens. s 1 ncludes difficu
plasmarisqasducgd wilen an pladiriofieldh@rwéargmagnetiextield) of sufficient

maBEi AN o prled e e ol 554 o 1R by i Bbcome
ioRiZRAS W thRGBEEER, PPlashfa Wad Rilly or pal gk ioRigsH REBNt

over head for these processes IS cunbersSone, requiring

vac ul@90Zhanthtowearddiyu piasma based etahing bas ilgawn limitations and
prro%?eurhé.en?ﬂitssin%ﬁﬁ'&egl giﬁichﬁgqﬁeprocessing only a part of the wafer, for
example, the wafer edge area. Diffusion effects dominate at low operating
pressures making it difficult to control exposure location on the wafer. Further,
equipment overhead for these processes is cumbersome, requiring vacuum
chambers and pumping equipment. Vacuum fequirements can also reduce
throughput and increase equipment and operating costs. lon induced damage to
the wafer is also a concern. Charge differential in the plasma can also cause
electrostatic damage to devices on the wafer.
[0008] A difficult aspect of processing the edge of the substrate is the

ability to limit migration of reactive chemistries, byproducts, and contaminants
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t hroughput and i ncrease equi pnment and operating costs.

I on i nduced damage to the wafer is also a concern.
wGCher7ga7sdsf f erential in the plasma can al so caBE€®/US2006/032110

el ectrostatic danage to devices on the wafer. [0008] A

difficult aspect of processing the edge of the

substrate is the ability to limt mgration of

froyh g e @6 AER tING e ReBd 8d b 1o RBrrSRS B8 B it the
dgbea eveY Small (RBasGige oRven purel pre&nbmwf ashsi¥) amounts of

arts per billion basis) anbunts of contam nants can
cohtareinants cgam haveatsignificant impast onfingsadeet Weld) d.

| 0098badPa" habHOTbYE ARk 288, B0 oHAAIRaES SHogessing
abr&sivé %@Ilsﬁﬁg%emwsclﬁm1béér@&&edftotﬂreat\/!@ém aadigerown areas of

These net ho however, are inherentl rtry ang tend
ﬂ gttencp to cause

the waé%m@q)arhe%@ Mataods oNAVIRAtATSHNBRIEN
pag@étﬁ rea ’Ha{erﬂt‘ﬁagiﬂns%ﬁt §%Pds]%?1u%rqgle&&%§fs fi‘ﬁeﬁ\ea substrate.  This

cl eani ng
nacessitates tah pabt—treatmemtewepoksf ad;dlhumalsclealamg dmm@herl ieswe with

ft t d i ) .
atesiue raetgols 1 FyGsurtArR Sootatk et et dhg fracdhs " Tpisidamage s
mdﬂ’uc%‘ogﬁﬁtr@“guﬁﬁ%taagﬁc%%ﬂhevﬁrlﬁtﬁ@% #dul¥of the process and

quent processing. [0010] Qher edge area
capr lnessegajiveyeffests duarieg subsaqeent pradgesst@nt rol of t he

are | t T

FopdgPaf e ihrEpiad Hen Bibdsci BB SR inited in the contro
ofdfbesred prodeastsh hh@rbéipi’@smfmté@g@a%@&@pi@graFﬁieerthat can trap

expensi ve consumabl e chem cal s and generate |arge

partitleseandfindegar defestswasine adpw@nl]somee@éfmeée éﬁ%tﬁ”@f require
e%g%ﬁ]sﬁlg? }r‘(grl)éﬁﬂ%l'ebgﬁ lflfec%iset%ﬁ gBRE 1Y q%,qus va'i‘ﬁn @%‘Frl‘?ﬂardous

pro e ¢ ts sui ab I
wagte. certain appl ications particularly where the

re r t f I fil t
e TABRAT o Tierelpin aeh G Sor 20PHE JeREITEAIoBRD AN Rustems

F\Prﬁrﬁlgé%o?l‘soéijésgroﬁb‘?ﬁE indt &eBE ﬁsorsu'ﬂﬁblll ay g?r certain

appara%us an r processing the edge are
applibatiord qsarlhbahrlvatﬁsetﬁxe wehenremenpneblfmleamhg wet film or
chem cal i oni.c Iasna

oL feomh g aSr BHES 2Fea 30A Pl Be FamAN Rl the wafer
fr%ith@%ré@é’sé’.‘pWﬁé@ 1452 PReBibf 8h ippars0starRf ineedd/ Rorpt8cessing

the edge area of substrates that avoids the inherent problems with wet chemical,
dry ionic plasma, and abrasive methods of processing a wafer edge area. It is
important that the method and apparatus be efficient, cost effective and not
result in damage or the necessity of performing further process steps on the
wafer. It is important that the method and apparatus work in a non-vacuum
(substantially atmospheric pressure) to reduce costs associated with vacuum
based systems.



10

15

20

25

30

result in damage or the necessity of performng

further process steps on the wafer. It is inportant
woOhed7/0825 met hod and apparatus work in a non-vaRCUWS2006/032110

(substantially atnospheric pressure) to reduce costs

associated with vacuum based systens. SUWARY OF THE

I NVENTI ON [0012] In accordance with the present

i nvention an edg r ng net hod and
appar at us provi d?@%@ﬁ@fg’ﬁ %IM%ERZIForemntl oned

pr ocpedRnNg it hoctsrdance sythetise ﬁmSeapemwenﬁom hen edge area
present 1nvention is directed to a d and

S%ﬁr@ﬁ%t RISCESFINGr meémﬂw aﬁpé@é%l WQV Sa@ﬁ‘ﬁ%ﬁ@ﬁﬁcwer the
b i i [
oI BAAEIR o FUSIANE, Ry S8l e presen
inoénﬁdmals divected do eansaibsd raadeapmiagatuarfeaoby @besma:aigarocessmg at
ar at.us co i sol ator, for ol.ati

rIS a .
i RANGHC 0P aSRErS et PAge B ol BooubSTRS,Ih dedation fram the
refndiféhner th@sﬁﬂﬁtra@é ﬁr'i‘ﬁnbih\é%*s‘p@& @mlﬁe%véﬁ’ﬁcﬁw afs%‘éﬁéte edge
in the isolator forma plenumtor conf |n|ng | ow of
aneaaroceesisg exppatatus ccbmpes@sa aariealater taidselating raup@rthm of the

By ebuP 2p 13 BB ot 't haPe &f wiihlemgnone or

mofe tdr8oRie P thETEElabsYZ iIrRf aaplemr'rﬁfﬂaﬂ eohfiingeflow of a reactive
per pendi cul ar and horizontal to the top surface of the

spaairs fatthe gdge oreaoef fie sulsialees l@r anf addidianak prpeet of the
t t

m(slﬁrgtgc%rﬂ }Sﬁesd)rg‘ﬁb?ez négﬁle% ﬁaqg 4%5}1@&}( itﬁa@‘&g%%) J?ra*vﬁﬂrht 1BSst one of

thierorendil wiore nezﬂas at ﬁnfefrglee beifv@ée;] ;ben@gnufa;eularm Inmgzontal to the
Spec] es omt area of the su rate outsj.de

topfRTIecRI A eY SUPBERIS) P G0t MAaInCRSReATedP PTG a feactive

sﬂéb‘(ﬁé‘tféroféa%'nﬁg Wit Pr%?er’i‘als&ﬁﬁé HBsHARE eep ?' Nfh a further
nmet hod. for 1Is atlng and processi ng a port on o

a@ﬁmm ﬁteemwbehm preﬁsarepdrffterr@mais)blas theoeasthedspadiesdway from

f th te radiall the t
eI 1 Sep R guiSde o I SAber part of ihe cdge

of ttOWQ]JbSWnathTlBHéI éﬁéc@fo'f fiSe MVPHOA AEEPrdAAES a substrate
processed, the nmethod conprising formng a pressure

edud peecassing medhed dor m@dman@@rp@essm aopottien of a substrate

wiHRE il otibr o heTTRRE L ExlerGe' AL RS K o dfey supstate

replidiyessess ey foposuridcet bfethe Wadkiratectodin@neApaH&f Ghe @HgE of the
Sl}bhs?rgtg ?ﬁ@s', Ils%llatlng an edge area to be processed, the method comprising
forming a pressure differential barrier between the portion of the substrate being
processed and the remainder of the substrate and directing a reactive species
towards the processed portion of the substrate at an angle greater than parallel
to the top surface of the substrate and less than vertical to the top surface of the
substrate.

[0014] A further aspect of the invention also includes substrates,
particularly wafers, manufactured or processed by the method or apparatus of
the invention.

[0015] Thus, the invention advantageously provides for a cost

effective, efficient method and apparatus for processing the edge area of a



10

15

20

25

30

to the top surface of the substrate and | ess than

vertical to the top surface of the substrate. [0014] A
wouod7varszaspect of the invention al so i ncl udesPCT/US2006/032110

substrates, particularly wafers, manufactured or

processed by the nmethod or apparatus of the invention.

[ 0015] Thus, the invention advantageously provides for

seial o i ke B & 18 s e A, BEPe B SRBRL B 8B1gp8d rom the
redlaihéer sUbRL sEstrate blyedimdﬁﬂgsa?ﬂ_dwi of ars et ?ds fh@uighhe plenum
remai nder of the substrate by directing a flow of a

neafelne e inPeuRcesSSace s fesming ﬁeb%m@a_wmleb_@irectingna flow of
oBRF ek oy g T8 QR0 ThE oMol 168 Dl towarcs
thequbstrafeaedgetiréahthusylretesdieg trenanisksirdte edgetwtaatieflow of inert

d hus. [ h .ed . A
o B B1E Bt BLCTARR ot BUBLH RBLENGR BSh i e may
cdg»mtiﬂsmé tagfaétwa@ngzsh?éaﬁiver %giﬁgear{%th%’ghéé@%%ytf rhfiRe non-

i asi ng reactive specie ot her gases away from
proressing grersetinegustrate.of the substrate. [0016] The

descii hod, and, apparat us all,ows for precise .
pr og@pg Eﬂg epoqetspﬂhggofne?]ﬂ%&sﬁﬁgt ?‘Q_P%raﬁ'zﬁjt ?IEQW%r fay precise
probessingséfr pbrickEIS AN asustrats thaalid iy @hé Osubstrate edge area
encroachment in the excluded area. Flow control as a
witheut aliowing faipergraackmesbinaiherexludrd area.i Flow control as a part
c i ' i r i f nt. i f ivel v .
of M ALBHLAs OB AR, S THARBIANS B BB irerenvais
eftedtiveiyelimitélanogemenieot eshdtivovepeicidshinto ehetdrea ewhedetk Using
tot edgfewarea of the substrate allows for a h
e

d.@%é‘ TaWeOtoihg rPasiNe SRRFI8Y & Hha edeg area ohife sdbstrale allows for
. , £ o
a gm %’tl’cﬁg%flb &a e BYE ?.gpmgsgfﬁ%ﬁve%gmgfdu@hput of

nvention provides ean, €
pranesssd sehsirateseiinsdmaribe apyemtian ywotides fooaedsam geftdeéive, and

ot BieThof anihAaAralS: ok eSS B0 reme! qubsirates in a
mgﬁhéﬂ @atols hivhiys desiredter g Fowt &@ftaﬁiﬁﬁﬁ)rpfof the device

ppl i cability of the present invention w ecomne

paippacéihe sulstiaiee detail ed description provided

desdPBRT) G Fulkel sk, B AFERBLE orl M riellhflprin wi

become apparent from the detailed description provided hereinafter. It should be

understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of
illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:
[0019] Fig. 1 shows a schematic side view of a substrate edge area
processing system as a preferred embodiment of the present invention:
[0020] Fig. 2 shows a schematic top view of the preferred embodiment
as shown in Fig. 1;
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the preferred enbodi rent of the invention, are

i ntended for purposes of illustration only and are not
wonv@nwdeststo limt the scope of the invention. PBRIUSE006/032110

DESCRI PTI ON OF THE DRAW NGS [ 0018] The present

invention will become nore fully understood fromthe

detail ed description and t he acconpanyi ng draw ngs,

wherein: [0019]

1 h M
SO at Fiadge SHOBS B SUIBRIR, SoSrenrude giertpPegt the
pre?ﬁrt?BQ Fhfeni Be SRbRAGATFi V? nuention; [0020] Fig. 2

erra Ic top view of the preferred enbodi nent
as {aomam i nF@ g shoW9 @R sEheingtic Treswasctionsat Mewitafcthe bottom

ros sect si.de,. vi ew of it he r rr
nalf S s reionptg orpodiniond oot T e daf e b ERky of o
substpser sectl onal vi ew of the bottom half of the

preferred embodi nent as shown in Fig

cut [64@3] ofFig. 5“@3""”%‘%‘39"?@3]9%0@& Borglﬁa\,@f tge isolator of the
h | f th
o ARARRIPT 7o 5 12"

shoyeoz4]cr oFig S&ﬁrdealcrmsawectforml vigvs bf at subsiiate waffer of the

the type to be processed w referred enb di nent
tyr&t%b@mrpqeﬁseﬂ it thernyefes) ed#rrggogfﬁ% nFig. |

Croggo f@‘:t | P@§a9fbr -SERFORAE RS, §n¥"' fhs,LIH%'tlﬁté Wdférs' With thin

pr e-processe nd post - process condi tion;
filrh$ ¢h pfe-plowessed andgrost-proaessed ceaditioonal  vi ew of an

E'hf) : niéL Er%an% %q”v?ﬁqta\ﬁogﬁ}r‘g?rctq?éggte'egqqﬁl Q/{%ﬁ/\? b Bh%iitePnative
onfXRAMCRF B} trSingBAMsN;I n Fig. 8 [0028] Fig. 10 shovs a
e

mati ¢ cross-sectional side view of a second
al t 46027} veFigrb&di shawes o2 shkematientepnyienooeb] thei iternative

PR GTEeLY A8 RGHTUR it ment of the i nvent] on: [0030]
]'c:'ogr[PGQBFhOWFQ a1gCERIWS i£ svhessatisectdssrsdctionalvside aview of a
second alternative embodiment of the invention;

[0029] Fig. 11 shows a schematic cross-sectional side view of third
alternative embodiment of the invention;

[0030] Fig.12 shows a schematic cross-sectional view of a fourth
alternative embodiment of the invention as shown in Fig. 1 with additional
components; and

[0031] Fig. 13 shows a schematic top view of a fifth alternative

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] The following description of the preferred embodiments is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses.

[0033] Referring to Figs. 1-5 a preferred embodiment of the wafer
edge area processing system 20 (the -"System") of the invention has a
processing chamber 22 with an isolator 24 and wafer chuck 26 disposed therein.
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al ternative enmbodi nent of the invention as shown in

Fig. 1 with additional conponents; and [0031] Fig. 13
wehowmisa2schematic top view of a fifth alternaPCyas2006/032110

enbodi nent of the invention. DETAILED DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS [ 0032] The fol |l owi ng

description of the preferred enbodi nents is nerely
exenplary in nature a

A wler 28 BrefaiRe s togh inedueer yfREe. 38 P%ggé?g g a top
su%ﬁt(e:?ﬁ,' BSidrA dir@Re 32, and &g &icaeaB gﬁ?IQdin@E@d]g@bnd mear edge

redge area processing system 2 the "System')  of
as tshewinnive lighten linaprexipred de sdp) ther stpeunds the tradighperimeter of

I sol at 4 an f huck [ i :
the Bl b [Be Roalicl B A0 e o SEhERD er g portion
of Y €p 38rihcY i300oRtHeowafatr dgraad 30 lovimt sentionuBé @xtering over a

and edge area 33 (including edge and pear e ege S
potﬁr;mAnf i boigomesuriagee3d chiiaa %Z%dgﬂje Mﬁé‘? of e inlator 24

e iLal np i
neh oS SparBEb T B ol Bt sl So t hanatpede. Tho
prédessimgpacsd 8Adeadd intd drmexhadstrpl@8urmnds sohoaetedsiocan exhaust

36 t endi [
Sy A NIGPUTRUBING BRECH OGRS PYRTREUE B0 PR S8R TR,
pr oigg:?%]:‘g Zg_rs%%g& Wwithin pth@‘r‘}gﬁ)gr%dti'aﬁ AP tAE §50I8Rr T4 are a

t he processi rea 37 leads into an
firstrivaziet 40 laenians86omd nozzie d@. t Botmnesadiesiste toyanaitingpa directed

flo&\géfdgq)%: ?«g %hgg[egaéﬁqsé‘rq; @%gg@ie %?%Sﬂuqcfhéed@%\% 2§écifi,rs(§n”022|e
40318 Gfisétiforh S akr %%r?eﬂﬂ}%u%rftbfaﬁbIMMaQ ig @opmrdor with the top

second nozzle 42. h nozzles are for enmitting a
sutfiace Q0eaf theovafer 28 diet waleplapeds Ritshargslerdisqpiated towards

3 f f - . . .
e R s e
nddizlh4s e ofigst By Bhadfyl8@f abe tiie5nes tie R@fdrt planéweBemond nozzle

plane"). First” nozzle 40 is pointed t ds t
+Lisraiae oitact by ~4R° 41 & RIPNGEOWANSIRUREIS (6 Weld AT that runs

IRl : I ' t angl f
Rl B cRffer oA RbIARE B rtied Ro Rl (b B8, 0 s
of f 036y - Firsf nomzle 40 i eopeegiedddcalfisst chanmiet 48adigposed in

thgh&r@éﬁggﬁoééﬁf @P%H%Bné&% 6505 %5 aoggast Itl]nee 4% °'UBhafibzzle 42
is connected to a second channel 50 disposed in the upper section 34. Second
channel 50 leads to the gas line 41. First nozzle 40 and second nozzle 42 are
connected via the gas line 41 to a reactive gas species source 52.

[0036] First nozzle 40 is positioned for bevel and crown processing at
a distance of 0.1 to 0.5 mm from the edge of the wafer 28 and 1.3 to 1.8 mm
distance from the top surface 30 of the wafer 28. Second nozzle 42 is positioned
0.5 to 3.0 mm in from the edge of the wafer 28 and 0.6 to 1.1 mm distance from
the top surface 30 of the wafer 28. Radial position of the nozzles and distance
from the wafer surface is dependent upon desired edge exclusion area and is
also process and film dependant.

[0037] Reactive gas species source 52 either provides a reactive gas
species or component reactants for forming the reactive gas species. Reactive
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[0035] First nozzle 40 is connected to a first channe

48 di sposed in the upper section 34. First channel 48
woearigstnsa gas line 4 1. Second nozzle 42 is eonwseioed32110

to a second channel 50 disposed in the upper section

34. Second channel 50 leads to the gas line 4 1. First

nozzl e 40 and second nozzle 42 are connected via the

ool bl BB SRR Y e e
|n<§luéi’e\!§1 n@éP&%@épMn@tca%a@Itﬁb@n&mméd @Ia]snﬁ@ sBufcentinef,r APIET), as

wafer 28 and 3 to 1. mm di st ance

e
debpined heUntied Statha Fate 5601 7 2uIora8IoBeGHIbR dsferance or

mci%zqtlgglypgg%é%g gﬁ‘%srﬁg (1&%1%%8 ﬁ,g;ﬁ&&@%hihh%%%nﬁéd 0 ®United
Statysf PaenBs, 68‘0 118 |M@dr?bra18d heaeinady mﬁenenlcemrorfomtbmstlon flame.

nozzl es and di stance fromthe wafer surf
@ d ) dor, prggducing

A geprwgtion Tiapw terhiquey (iRlydingkaPRARYH gpedn
re%%tg);ele és § doibs llggg aﬁ“]%fm a gegg?h;d Uﬁﬁé&tStM%sglaétent Application

urce a reactive gas
Nepadizss),261 cﬁieﬁonanSep’mmﬂantl@ fafo5f ditleidn JSubeirate Processmg
i es, can be

GRS, APSRADS IS AR AEoR 2308 R EPe e e

by Tksrehps] udes near at rmspherl c capacitively coupled
pI asma source (i.e., APJET), as described in United
St at[0638ht ebpoblameous thanta,cfﬂf@qamwa Free (4, PryF can also be

ol AU sBbo AL o P AR Jo SRS procuoo on

bo?ﬁﬁ%?n&rt%r&@t@nsh@@rmn@h@dpla@hfa fhiay mmirﬁizmgteuﬁace and
conmbustion flane. A conbustion flane techniq

devicecfamiagg Raspalial: fsIrties, nens el hass teghpifues gauires a vacuum
d d U d
o e T P BR ke OREM ] 50 565 "t Ped o

hS/ZDL[egBQI dlg\n apeér, puige plknlBulbdt dispesdll dadheiupper section 34
t hod an r [ nb [ I " di

oReRaT BLpLRed HerioR Bynp aoR suREES O] BISSRPItHin cRRUG A5 across
ar?(%lvé‘é‘rgfsthef\ﬁ fe‘?’%@”@é eprgé’e%esetd)%lt e el 3hstheP®déResk the top

antageous none 0O reactive Specl es
surtecien3Q) lmée:hqammﬂenca& orhebupper duget plehemabé 68 i~3.0 ¢nf wide and

o Sl B e R KA SR8, S S B o4 s
of;gﬂ F%r{rgﬁtf%w’ agaitm CRABRE préeers hekciid hyas saigraicrd out of the
processing area 37.

[0040] The upper purge plenum 54 is connected to a first purge
channel 56 that is connected to a purge gas source 58 via a purge gas line 57.
The purge gas source 58 supplies an inert gas, for example, argon that is fed via
the first purge channel 56 into the upper purge plenum 54. Although one purge
channel is seen disposed in the upper section 34 of the isolator 24, more than
one channel may be present for directing a flow of purge gas into the upper
purge plenum 54. Purge channels have an inside diameter of 2.00 mm. The
flow of purge gas into the upper purge plenum 54 creates a pressure differential

in the area of the top surface 30 surrounded by the upper purge plenum 54
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[ 0039] An upper purge plenum 54 disposed in the upper

section 34 extends at or near the edge of the top
woeuod7aces2sf the wafer 28, above and across an aCeasei06/032110

the wafer to be processed to at or near another edge

of the top surface 30 of the wafer 28. The upper purge

plenum54 is -3.0 mm w de and extends for a total path

g oS Dl e o o BB, A 3006 of ho
Wa%,gg@bb dﬂ‘ébeéged he processing area 37. [0040] The

upper pu plenum 54 is connected to a first g
chanﬁﬂm1]56 Thatupper porge ptastin 64alsmﬁ@éa1@§sff%dh@ oggsurface

H]q g\érf%ezg Sr lta'naﬁglégf %?fﬂg %qﬁ&ggf%%ﬁg{ﬁ Efo"_i?)gvs along the
méldé‘ pehithdier éi t@ummrqctmga qllemémi 54 and h@ sepam’teqb lﬁnoge the wafer
enum 54. one purge chan ﬁ@?
28 Iw ﬁfﬂ,ﬂmﬁb@ﬁos'@c@ g@ f quigide fi? 52 Tollow OutS'de
I
pegﬁfeéépgf;@%l Wﬂ?@g&ﬁ Bgezﬁ%u%é[enod|Frs"e‘f)ta'r@%dqgﬂw We Wafer 28 by a
ga@hﬁrmsd) $o har@emam Assedea, dutsice bafflef6zlsomdanandl¢h)s‘elrwhe top

DaE AT 15 e ot R S5 BT R i
prég)sbLﬁHr fn?i%%& dpdYiek r%'OHF?@ StheP - dRk8 NportieAr 6F Whé | WAk 28 by

arrier between surface 30 and the edge area
cr@atingf amesmaéalffelenmlm@slpg acftays ofla Juuga gps e difgsdien across

ingile BRefk, B0 o35 ieRBRGENEE 47 0he bR 22 4 "0 11

60 frabhoys A efBrNsurhBIrdnBE6H 18 tRsposkd tifiéha! @sr section 36
purde plenum 54 and is separated fromthe wafer 28 by

Ofdhgaﬁﬂlafor@%OThlS ig. @mnertedaby the pute pas fine H2ia Hig B\A@e gas

t f
S8 Sl R B '} LB RN o
pléllﬁ’urh é@t %ﬂé’ﬁ% RE®R, up]gpérq:ugge pddriure B the Iwée*;epll;ur@eoplenum 66
closer to the top surface an
¥ieRISIEOBNE! PGS eHpads 23 8l das ERRT ﬁa?bf'?ﬂ’ 20| Agoss the
t
ARSI 521 ol BT 00 i O h3atr 2.

Sifilanlyad the puppge pyege plerandisdethe owercpuge plesimess is dlsposed
baffle 60 into the Pepgges& ng area,3

2
oo Byt DL B3R P g B o
plERGm 688bgSREl With e lower inside baffle 65 and lower outside baffle 67

bias a flow of purge gas in a direction across the lower inside baffle 65 and
across the bottom surface 32.

[0043] Wafer chuck 26 is movable in r-8-z directions for positioning the
wafer 28 and rotating it within a slot of the isolator 24 between the upper section
34 and lower section 36. Alternatively, the isolator 24 structure can also be
moved in r with the chuck moving in 8 and z.- Once in position the distance
between each side of the wafer 28 and the upper section 34 or lower section 36
is 0.30 to 0.80 mm. The slot open area without a wafer 28 is 124.20 to 216.20
mm?. The slot open area with a wafer 28 present is 55.20 to 147.20 mm? The
exhaust slot width is 93.0 mm.
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of the isolator 24. This is connected by the purge gas

line 57 to the purge gas source 58. Second purge
woheotats284 is for feeding purge gas to a | owePCpuISg®6/032110

plenum 66. Simlarly to the upper purge plenum 54, the

| ower purge plenum 66 extends fromat or near the edge

area 33 of the vvafer 28 bel ow and across the bottom

surface 32 to at

o RGHar & 8 olushT 30 Peantn Rl Hefssiisf shftiber 22
pro?/Ad Iting tahﬁ‘;os\/l/ g‘f"ﬁt rPﬁ%Q?o M@Ewseéémg%r@rﬁ@@ﬁz@l tree dlﬁuser 80

| ower outside baff
is tVbreally)wé the lshgweplheadrtyﬁe design aed isiconnesied) \Gaer dlffuser gas

baffl e 65 and wer outside baffle 67 bias a
ling 32\7\9&9 BHW@eQ%%‘%OLi"ﬁeg‘%dl rection across the | ower

| nsjotasal fie eRhand sienase3sliogbiier s tid axkaGat system 39
[ 0043 fer chuck 26 is novable in r-g- irec

aref @mt gdféitlpnehlpagt ehéhevdraed fpva Rysiesh awhlﬁ PEGVWI{ Hﬁﬁctafe gas
t
i S 5ok RSl SRS RS SRR S5t Fpoatve

presisubs rihe edaust plendm 88 eal draws amtlt/da spheiespasks rmgﬂathgr with

in g and z. Once in positjion the dist bet
thes{ingrioiGeth cPUaREER @ YRR L ARRr COBRPTERICRs THAY ol the

R 4 ol i By ppengmanes govce s

of theewafer@8. Wi th a wafer 28 present is 55.20 to 147.20

IO soRdicaiRte et BResyPORMSRPT L fa tbaer 93 70 to a

heQLé?"@O&Né}QSL?pH T¥1W ofhé PRhierdaEmcht BRENHOERS Sddigtor 24 and to a
as diffuser 80 is typically of the

Ieﬁleovw«temieahetwpiero%& drieaiintd itke daelatart 24 igi sirable to prevent

2 h
co[\gggf%q |0|nh§f’j1 Qﬁ%%itea pﬁ:atéﬂB%ﬁ %;P#Erl\geg tt%‘grﬁe j\/l c?iﬁﬁ)?hzgﬁe and potentially
intFodicR e olamirfation inlctheiproedssiey brezf 37.he tuned fI ow
system whi ch prevent reactive gas m gratjon o

o7 0d08aThg Ihedica7iosesiiReee0as S Pudegpig Botem 20, Miluding
th%???\/hgfzrj)@ o ﬁHaeséc%thﬁoﬁ%@l‘éséreﬁ'rﬁj&eé”})?%aﬁ)!?ﬁﬁe drg¥Sphire is

écleS gases together wt nert gas,

advaAReRdedlybron-odactive, tate «::he[mstﬂas |Lmedama§sub$tmt9t precessing.
praocessi ng area 37, and Ere\(ent ratl on, of t

Tk@%gggm Nt [iNGR Jhe ProFessing @ h%e Wégo@ldu tgr subs?rsé?es requires

trace material contamination analysis at the parts per million level with
acceptable addition to the substrate being less than approximately 10'°
atoms/cm?®. Further, particle additions to the substrate should be zero for sizes
greater than approximately 0.1 micron.

[0048] Itis also, in many situations, desirable to achieve a laminar gas
flow from the nozzles. This requires setting the aspect ratio of the nozzle at
around 10x length to diameter. Nozzle inside diameters are around 0.254 to
0.279 mm which requires a uniform smooth nozzle bore length of approximately
2.50 mm.

[0049] The isolator 24 nozzles including the first nozzle 40 and second
nozzle 42 while described as angled relative to the wafer plane at ~80 degrees
and ~45 degrees respectively can advantageously be angled in a different
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[0046] A heater elenent 68 is connected by a heater

line 70 to a heater power supply 72. The heater
wehemmats268 heats the isolator 24 and to a | esBET/US2006/032110

extent, the wafer 28. Heating the isolator 24 is

desirable to prevent condensation of gases that can be

corrosive to the isolator 24 and potentially introduce

dirgion, EABIE {hdne IR NG 0 LERE! Hy g LRl Paghessing IHeiuding
etcirw"*@ &dtjtié}%stithﬁn &i 4 #linARRZ! € 40 and second nozzle 42 are
e 0

na sapphire. Sapphire is advantageously
nonf00S@3t i Ve prefetredcesnbadimest 0kete nSysieat r 3@ eemploys a

coBbRSESh b, Achet oL BE hA FlFGARE RERRSE gtcsbun) o
gaSEBUAFERS T ARGh¥E iagnisibnt dreviroantentpdn anpiefémad leentmdiment,

w th acceptable addition to the substrate being |ess
gaseeus eastads ineludg hydiepes Gie ARRNItrAGRD Haﬂqor& (ngﬁ @lthough

e PbPiEraf EBUPRE 9 P e, gl dfoTesste e
en@rGtmehnaltfsughsothealneingasedanay blusedo achi eve a
| am nar _gas flowfromth? P&%zles. S _requires

Thj
set [00RH ]t henaRRsation. - Waest 28 ReCHlisia%0atha Wik 26 and
. : LM :
th#%lﬂ*égeb%ggﬁ mz?]” @ﬁ?@éﬁ& §hé NFATRE 28 AMBiE Isfotasfeths Rokdor 24

requires a uniformsnooth
betwaan ¢hd apper esegtion 34 apdribei loses| sectiop36nier pomesping. The

walRC AR s amEnAsc I B PR 8B angl b
r el ?665(23 toln‘é?ﬁgd@?@ﬁs RlisRedab f’ro%@irﬂé%égug)p@ﬂqburéé plenum 54

degrees respectTvely can advant ageously angled in_a
andi Ibfver gnirge méenuro b6 &at theepuiget Bes wapiEse pBarlBertgas 76 flows

. order to facilitate prgc [ ' dj [
intge QSVQW%np%rfgeap%HPHPP?'I ﬁdsf@g%ﬂo?ﬁwépp'éggﬁ € aflaate of 1_00
scBAPRFBIODY sédm! hpeRy§aem62i8 sloplallpweal toftbwsintaihd paoaessing
formed of an ignited conbustion (i gni t7§r not H_ﬁ&gvm)p of .
chgamhes @2 theaegaie op diifusen & lnebt G4t Briisweoie Abe Prapessing
f e [ ctants include
Ry 724 T B8 oS, S REOU sEERT 2" Re3) “al t houg
ot hgo05s8bubleikhntheoestaust esysenedd e astieated Aogdraw gases and
provi des the inert environnment %H t hough other i nert
prgeesssbyRIpdyels jag/yding condensation ihrough the exhaust plenum 38. The
heater power supply 72 energizes the heater element 68 to heat the isolator 24.
Next, reactive species 74 emit from first nozzle 40 and second nozzle 42.
Reactive species (or gases in the case of a combustion flame) flow through the
nozzles at a rate of 375 sccm to 475 sccm. The reactive species 74 impinge
upon the edge area 33 of the wafer 28 as the wafer 28 rotates. The reactive
species 74 react with a thin film or contaminant in the edge area 33 of the wafer
28 resulting in a reactant byproduct 78.

[0054] The position of the first processing nozzle 40 and second
processing nozzle 42 provides for reactive species 74 to "wrap around" the top
bevel, crown, bottom bevel of the wafer 28.

[0055] As shown with directional vectors (Fig. 5) the reactive species
74 are prevented from passing out of the isolator 24 by the flow of inert gas 76
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[0051] In operation, a wafer 28 is centered on the
waf er chuck 26 and then the wafer chuck 26 positions
woOheomafses 28 in the slot of the isolator 24 beCwasm06/032110
t he upper section 34 and the | ower section 36 for
processing. The wafer chuck 26 is commanded to rotate
the wafer 28. [0052] Inert gas 76 is allowed to flow
urge, pl enum

B AP L Bt L B
plétﬁ\ﬁrﬁ BBeaH@pi‘hio RHEIBXRAGIRUBYSténP . | OV MY %u%rms a

at a rate of 100 seemto 8,000 seem Inert "gas
pl’B§SlHIZ§d Ranienda the unpew duige ﬂiefwl’prﬁ?fb andilayec pande pl@im 66

o P B2 05ecl 4585 o AT g d YR moer o
in Toopefitivaatith tHOGBbidSAle emMBENER Blastssh8ModPof Hsert gas 76
act|vated to draw gases and process byproducts

toyards ierg-RIeneRM3Ea @fnthtenw@f@g R8t HReasthaikyPrpfucisi&®Irmed as

o TSI B8R BRGS0, A0 IR i oo watr 2

SLH;ffaeel as anawm away drorhi thet imprtkess 4éh)reandf sles ]gw@fencza ligto the
In the case 0 a

B BRRUT BESdTIuS) aivenPoRgHsheave, ssedes T4 and reactive

by@i'o&]o'is 4 8%%nﬂﬁéd $EHR od§e g?&?ﬁf Lh\éewé Sgénc? ér%vented from

I mpi nge upon the edge area”3
migedtion mdo othen awasTofethecwalfan28 dpatcinay dMna@eatWafw tbmponent

h d 33
iy et A0 37kl cifhrbiifa ToiedhhiaR 1he s hpuntignum 38
further ma%é bas fiely é\b@y frofrPihaldeRs ﬁbﬂﬂ)nncﬂztﬁé ety 88
secaond ?roce55|n nozzl e 42 provides for reactive

spedPBa6]74 Aﬁel‘ virragesgiognof' théveedas dreaecB3 of de, wafer 28 is

005 shown
coAB0 8 AP, B e A5 oI L o area
3%okther entist wdfe‘r mpay fasstdmnmplighedf witth e smglear:&au@r{l oPYne wafer
f inert gas 76working in concert with

28 h@%gﬁ(,%w more hathpng raifting rgas escymang mese &RamaBe process
m@g %rﬁﬁnﬁbﬂldcﬁﬁcﬁné rb%p%’é@iﬁﬁsénﬂéﬁ; 3%fte-';htb§ rﬂ(f‘pvﬁ 3 Jeactive

pressuri ze arrier rmtheup
Sppriesuim ﬁ@pped & diosy o Lthg einpttegasn 786 continumsn ditilg tHeh @rocessing

e p L TR A
thePBRRYT &iémeh8eSistlmdd Bi &ifd tHeSfdw d¥aferl Gas 76 from the purge
gas source 58 is stopped and the wafer 28 is removed and replaced with another
wafer for processing.

[0057] The described System 20 and associated method for using the
system is suitable for etching of target thin films. This includes but is not
necessarily limited to tantalum and tantalum nitride; inter-layer dielectrics;
backside polymers; and photoresist edge bead.

[0058] Referring to Figs. 6 and 7A a film such as deposited through
chemical vapor deposition (CVD) or physical vapor deposition (PVD) extends as
a thin film 90 over a substrate 92 such as a wafer. The thin film 90 extends from
the top surface of the substrate 92 across a top bevel, crown and bottom bevel
of the substrate 92. The above-described System 20 can be advantageously
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towards the in-process area of the wafer 28. Reactant
byproducts 78 fornmed as a result of the reactive
wepewrins234 reacting with a thin filmon the watemnus2®6/032110
surface are drawn away fromthe in-process area of the
wafer 28 into the exhaust plenum 38. Thus,
advant ageousl y, reactive species 74 and reactive
he ed area of th

products 78 e confined to e e
U RO PToRSSh e s SRO D Or dne AubPEaic 92 rardind e syhsteate 92

pr&file ERSHMRER F§, YBat may damage wafer conponent
devices. In addition, the pressure differenti al

i ndtﬁ@@&ﬂ]by Bebremmjﬂgqol@ammn?&aﬁuﬂ tbesrapedbiesfilgn84 extends

oy i oI 08 IR a0rs bePe ot ap S TigH bpvefiand onto the
bowafn?éur?&é 6f ﬁ\@"%lhﬁh%@e QQG Tﬂnﬁ\ﬁlrﬂ& Ha%'ﬁf? ihY@chﬂﬁ’é: 88 ihd@ude for

the entire

st opped. Processin e area
exgamde thay Wﬁb@@mc@ﬁ%ﬁls&heﬁmb@c%mn@ agihe &lbﬁ\éﬁ*dmrtbbd System
20, 880 ¥ Gled o bl fld Yl YoyPRO8 NP8 B8 bl Sihgtrate o2

resu1tnhgpd1 aguﬂeﬂn@lﬁlgz’i profinds shownng Fighfaler the flow of
es is stopped a flow of the inert

oni00:° DRBlaring do FigBo8stih 7Eneapeckaide; Bolymes thin'fim 95
exBIHdS! bRt Iof R \éT“iNéWct?pﬂ b8 el"tbrkfbrro%a%ﬁ%taégg portion of the crown to

condensati ons. Then eat er
th@bbttemob&\keda ahtl ontothe bettmmgaﬂ'fab@ dfrthensubstrater @& Embodlments

h fer 28
of g i e va BPSiERT Al con heLyios iskeionss The Bagi e Relymer
thifl FRer 06 BesE@mBirde a9 iR Ry iﬁ §&UmRked QE%QOﬁ?nQQ shown in

the systemis suitable for etching of target
Fig.iMfhvs. This includes but is not necessarily linited to

t ide; i -1 . .

oI 2o BT 04 3 e Bl e vt soce
ardee gtoc TP lsyRriner 100 gtHeO "FirgtSAltermaNide dystein @r@l/éjb a pre-

as deposited through chem cal vapor de 03|t| on
PrQﬁe§§Hv3§42£9a1 0% apdm@ mwpee@qnqul@ﬂ OéxthﬁdKO%SSanWﬂléh 102 and

pob PR ONEED RPSHE R 1S4 P, BoaR BBl fod o o

ox9gera(Dgd QGEartdolpydlegeh (H8) HOMI@adlrprﬁeDmd@@w lchahnélhe10 and a
substrate 92. The I?OVG descri bed System 20 can be
Seﬁﬂ@iﬁf%@@ﬁ%?f@@%e b3 legeigsto dgag fing 1 m 90 on the

:ﬁgmdiﬁf Fgﬂltﬁcﬁ%}H bkygerd 108 st RlERIRNOFoP 2L IshBuiSas both a
pre-treatiment and post-treatment gases, other gases may be used. Further, pre-
process nozzle 102 and post-process nozzle 104 are for directing a combustion
flame onto the top surface 30 of the wafer 28 in the processing area 37. One
purpose for a pre-process is to elevate the temperature in the processing area to
increase reaction rates and/or to prevent condensation of gases or reaction by-
products. Pre-process nozzie 102 and post-process nozzle 104 can also be
used to chemically modify the top surface 30 edge area for example by
deposition of SiO; to enhance selectivity and then immediately follow with an
etching process carried out by first nozzle 40 and second nozzle 42.
Alternatively, pre-process nozzle 102 and post-process nozzle 104 can operate

independently or in cooperation to achieve other process enhancements.
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[0059] Referring to Figs. 6 and 7C a full coverage

thin film94 extends fromthe top surface across the
woam7mewes, crown and bottom bevel and onto thecCbhaSt@mE32110

surface of the substrate 92. Thin filnms having this

profile can include for exanple thermal Si 2, and

Si 3N4. Enbodi nents of the above-descri bed System 20

can be used to process the ful] coverage thin film.9
on [oasslsubgheat%rséz AlDRiY g SYRIE o b risse wipsidntiaty as

/i I of Fh@$l, 108
de% '§ﬁg %% ‘ﬁ@gck& glﬂr())g‘ ?/frrgmthﬁoé%ﬁsgghefm%ds fr or%
andD, et ehtis ftarp the pet-pracessrnzglea 02 @astpaestpseesssnnozzle

0 i b e 150 SBAEE  Ay BA 97 o e

wa%l? og SR | Reth %écﬁlﬁl;?%é%fé?|§Jﬁ§@letj<10mr@0@1$lscdmjensatlon
ac e polyner thin fil on the substrat

fornnaﬂuhtbotjn |mea)recﬂz}3§t raande mt-prngssg agg gﬁgmﬁwqerma% gnergy 1o
f d o9
mc;gqsgrrﬁgp}l%/él\gwﬁgrf,%, é}gﬁgg pgé(ge;ssb 223& ngnsyst em 100
(t hRo6d] r StRALHRIY &S IFE. %§faesb¢ormwuemtwepeemodmeet edge
nozzl e 102 and a post-process nozz| O;_Er 0 S ntiall
aregopricessiDy stePosI0 Hinec &Qsponéz/élﬁ%m% VS8 'écﬁ@c‘? antiatly
t f
th %ﬁggagsﬁﬂ%_%ol ZHVI (et wateh %%98 ar@éﬁ@@eé&@ﬁ’@ 1‘.9§teﬁrﬂgo with a

aafirs ss channel 110

rev@ﬁé’aﬁ)f%@@@ﬂ dnlewver mwsmmsmmeaaemmﬁemm QHfernative
line 11

e b Lol A Shoush Getoes 100 a0t MEROER e o
anﬁ ozz@ter%{}\% r?g%ges%cﬂ@ﬁ{ 182 dJg&tHs SvHrithe bottBhepliPasss2 with the

ost-process nozzle 104 are for
firgdirozeld 40 a;mdcmadmudtmmlef pardisposed theeeinog hauppaerd Adernative

of the wafer 28 roc |
R e R T A
noPLIBCAS SinddseHRRl 82218 Uxa5E becpéditioned aliels thaldfezctive species
prevent condensation of gases or reacti on by 5“-‘2‘0&33&
"wFaps aromn:mlé ghecrowe ta Ghe 4ol beyek eIy &y Aligned QRly the
ed to._che d Bn of the
neig0om, i BT, bl BroaRagt, OBt
Se%@nﬁ%ltéfhhﬂvé‘sgistbhe 50 Iis‘rﬁwbaamﬁaﬂyfasl deserivetiabave.
etchin rocess carried out bK 0zzl 8 d[
secdﬂag5£z zReferring to Fig. 11, a third alterna ve embodirien edge area
processing system 170 (the "Third Alternative System) has a second alternative
lower section 172 with a first lower nozzle 174 and second lower nozzle 176
disposed therein. The Third Alternative System 170 configuration allows for
simultaneous near edge top surface 30 and near edge botiom surface 32
processing of the wafer 28. Processing by the upper section 34 and second
alternative lower section 172 may be conducted independently so that the near
edge top surface 30 is processed independent of the near edge bottom surface
32.
[0066] Referring to Fig. 12 a fourth alternative embodiment edge area
processing system 200 (the "Fourth Alternative System") includes advanced
processed conirol ("APC") subsystems added to the above described System

20. APC subsystems include a throttle valve 202 in line with an exhaust stream
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Al ternatively, pre-process nozzle 102 and post-process
nozzl e 104 can operate i ndependently or in cooperation
woOaoaod7eese ot her process enhancenents. [ 0063] PO&/USR068H032110
Al ternative System operates substantially as descri bed
above with the addition of igniting a conbustion flane

of the H2 108 and 2 106 that emts fromthe

204 kil Age Egﬁﬁbﬁql %?ngg%?%gﬁf’ Pt B8R piRRL Ry Ha 57 of the
isoPGCEE % gge\férﬁ%igkt@ﬁ dfhsasesfigsludihg @agties species and reactant
vant ageously, The wafer is heated to prevent

bymroddetssfaoianigratingaolibal st proseesipgrieassakitio other areas of the
- d d .
el 245 PR B e b2 5 PBhrB38LIR% & oA G cppoter 206

' forRefj@stiig @ f<akinte alfteset prssenrk differsmtidli Ve thisbwdymerdonstant

edge area processing system 150 (the, "Second
presistiee difteremtialyjs maintainad eyak wihiGhanoing gas Loads aa the system.
QyLe-fescri .
YRR SREH 750620 o 28 s Sinoag Bt vt
is thenlisdbad4lependémie Second Al ternative System 150 an

e U P00 REAEE e o8 tor o
coﬁélte?nzq%) gl*égbgé@‘?n hRé tlﬁfé?e? W86 TR oMt i$d1&tor i 24 in position to
nozzle 4 n Z7

second l'e 42 di sposed therein. The ,
rec@somnphdioneramaission  Spm eraastivé opraceseas. edljee beplieah analysis

eleipricecatt el B SoSiR B Hi0M Kb Thipboscto determine
pr%evel | MGeaBBid §Fccidd aRG/oRFSIHINE cohcartration dfsehdttivet species. In

region, or ali gi]r)ed such that only the near-edge
anbtharcakiesnative sagedpbiis deatyra, teaficel PRIBTiOR SPestfoscopy can be

SES TS SR RIP 2 o
obskBredlib, bétptddentiraihieaegivn wheentbedsheenitalegetiam éntaking place.

processing system 170 (the "Third rnativ st.e .
ATEEIR 098 C0Rl i SamNa IeomReted T cansolipRfgnics 214 s in
AN 0 i

in L O UFIaRESb 204 R ARARA0S: hotgts BARSTE ifhusted fom
thé tedlaigndtusing ahlFMR teohnigiuaulinfanmatien frean thalGEIR gps analysis

face 30 dge hot. face.3 oSS NG 1
systorm i and,- D ConiedsrRaiB R 1hE HEEei0 Je B3RO nean
R Eonafond ofl her Rdive havedelren) isyetehi2an@yalee for end point

conducted independent|ly~so that the near edge top
detectiarc eFEDtHesF PR teehwistie, tor pyhalsttsiterm R4 s sputegdlrough an

opk%l%ta‘ %rgllsgcgrﬁtgﬁ\?ng an infrared (IR) source and a detector. A dedicated
controller and host computer (not shown) operates the gas cell. Commercial
FTIR systems are available.

[0068] Referring to Fig. 13, a fifth alternative embodiment edge area
processing system 300 (the "Fifth Alternative System") has an extended isolator
housing 302 with a nozzle assembly 304 disposed to one side of an expanded
exhaust plenum 306. The nozzle assembly 304 is essentially the upper section
34 as shown in Fig. 9 of the First Alternative System with a corresponding
unseen lower section 36 as shown in Fig. 8. In this embodiment the wafer 28
rotates in a treatment direction 308 so that it passes through the nozzle
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32. [0066] Referring to Fig. 12 a fourth alternative

enbodi nent edge area processing system 200 (the
wORewrrots248l t ernati ve Systent) includes advance®CT/US2006/032110

processed control ("APC') subsystens added to the

above described System 20. APC subsystens include a

throttle valve 202 in line with an exhaust streank04

to ni,tqr, and control a pressure differential in the
asSPOIL SPfgP Pt & ring FfaiSR itipleh sae Fempindpsaf the extended
isdTh@r HouahPB02Iaftthe FifthullidifaliRASY e ?rnfﬁdt)%zge @3€embly 304 is

.reactant byproducts frommgrating out o
displaeed i age sidsaof3hei axtendachisoladorhbsusing 808 tallew 28 additional

cof o 3p 4858 R Pef A T Pl s
pigmeneoar Adearitagsoddhg rant futher pRevidiits the¥ossibifg St iiration of
thgress_ure differential is naintained even with changing

522GtYERPESIPS dideagier hypRdusisiata thel geviee ama el the wafer 28.
thr ‘{bbé@l Vah‘H?g&%‘%:éﬁﬁgHS&dﬂ?é tetf‘r%‘&ﬂn%%f;?%”dﬁ%ﬁy exemplary in

di ff'erenti a as | oad "dependen
natmuef wei ared, thos) yaieﬂiloabdg% doinos d%@grtafr@nﬁthergistt efckthedngention are
. fiher optic.coupler i sposed . in the upper section
'ﬂ%ﬁgsﬂ toike FitBinaig: saspe ﬂfd Pesinvestien-o Jushevariationstasa not to be
I3 i i | ~anal ysi s
e P oA T T apE PO
reactive processes to determ ne presence of reactive
speci es and/or relative concentration of reactive
species. In another alternative node of this feature,
opti cal em ssion spectroscopy can be used to infer
etch end points based on reactive species and/or
et ched products observed to be present in the region
where the chem cal reaction in taking place. An FTIR
gas anal ysis system 212 connected to FTIR contro
electronics 214 is in line with the exhaust stream 204
for analysis of the gas effluents exhausted fromthe
i solator 24 using an FTIR techni que. Information from
the FTIR gas anal ysis system 212 and FTIR control
electronic 214 is used to determne the "health" and
condition of the reactive gas delivery system and al so
for end point detection. For the FTIR techni que, the
exhaust stream 204 is routed through an optical cel
containing an infrared (IR) source and a detector. A
dedi cated controll er and host conputer (not shown)
operates the gas cell. Commerci al
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FTIR systens are avail able. [0068] Referring to Fig.
13, a fifth alternative enbodi nent edge area

wonroeass2Rg system 300 (the "Fifth Alternativep8yaisesbp32110
has an extended i sol ator housing 302 with a nozzle
assenbly 304 di sposed to one side of an expanded
exhaust plenum 306. The nozzle assenbly 304 is
essentially the upper secqg%g 4 as shown in Fig. 9 of
the First Alternative Syst h a correspondi ng

unseffat RV&&insREit on 36 as shown in Fig. 8. In this
enbodi nent the wafer 28 rotates in a treatnent

direction 308 so that it passes through the

nozz{ eass f nt i ng rot on_t hough
theqr erral'ﬁgglr)g%%gt Gg%é%ogﬁ%sgﬁé 9@@ Fﬁqﬁ W%Eé”%@g 302. In
t he dchadk i retamitg asubgib®n t he nozzl e assenbly 304
is dis I&ged to one side of the extended isolator

housThi§otser memiar sRMRyising ai nazzlmapipldeand an exhaust plenum
wH&EBR Ihe h%?nfofi‘ﬁgmfe‘?g%xeé&ﬂgvan déb‘g{? ?f%et u'f)strate and the

expande exhaust enum

exhaushplenpmeexiends aWaypimm it bubstrat®; mi grati on of t he
ucts into . the

reactjve s eC|es or. rﬁgftloq Q%g q
devi®¥ GF BOTBOTPYRS (it nogzle| @@3 dAxéeniiag figm g praiear an
er¥Redsmiiate | AHRIMR a
eoigﬁﬁg varllé\t | t)a?}es tflre]g?éﬁg\)’%ot delggé%é fr nBQt hlgeo%e @grfa?e of the
supgtaleni@rati oh neae thetedgke dft iebsubstraie nfor Hermmgpa pfenum for

t t b d d
red PR GHGR! o oo sV RuL8 1 FHE ndhodiK ol Rerstinsbdié
i nvemial enmokAhdE ¥ aisposed ittt dorge rﬂanﬂ‘blé Whﬁrélﬁtﬁ least one
Ofrtgga@% ocessing apparatus, conprising: a chuck for

RO hoEZigs careadisposeatiortheeisplatore einar asglegbatween
th
no‘i'ﬂ'@“gnﬁﬁh{’ Bl a0L B 80 KEleRe B YR MG o ' (e

substrate and the exhaust plenum extends away fromthe
subsgtrate; one or npre groves in the nozzle manifold

ext éndi nd* BYRsale egdoeugressing agpaigius, Isemising at e
thery ﬁhib\égsﬁt@dclf’érﬁﬂétsn%l fHin %ggut?&%ﬁﬁeﬁ@u%{ %}eﬁen]c Jpressure

substrate to-at or near e edge” 0
forfepnininingaamd pracessing aesbstraie; ng flow of a reactive

SPest SRR ST, FAsBla bam b ek e B tne

subsiste; one

a housing at least partially within the processing chamber having an
exhaust portion and an isolator portion for isolating a portion of a surface of the
substrate, wherein the exhaust portion of the housing extends away from the
surface of the substrate;

at least one gas plenum disposed in the isolaior portion open to and
facing the surface of the substrate for preventing reactive species from passing
out of the housing;

an inert gas line in communication with the at least one gas plenum for
supply an inert gas; and

a plurality of nozzles disposed in the isolator portion between the gas
plenum and the exhaust plenum wherein at least one of the nozzles is pointed
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of the one or nore nozzles are disposed in the
i solator at a angl e between perpendi cul ar and

wbani7asm2al to the top surface of the chuck. 2PCHUS2006/032110
substrate edge processi ng apparatus, conprising: a
processi ng chanber maintaining a substantially
atnnspheric pressure for containing and processing a

frate th ' nb
tofRE M ShirBeg R ifin P dahy/Aut 58 4P aa6R o3 AR g aPendiauter and
greaier ivdn pamllehiothbReirdlce @ 3isé Babsthagber having an
exhaust portion and an isolator portion for isolating

a portion of a surface of the substrate, wherein the

cur hce B BNl AR UG "PEERSREE BN KTH g anc

prdcwaagad tremttrient podicrt of a pfer wherse thé dreallehBEOMION extends
3 surf acent?I é/!é}e substrate for pr event| react ive
ff% e edoe ey 5 ehacmﬁs Bfop RErfACRISf e e@ge of the

wéﬂgrlqhérpn fsirRp? wth the at |[east one gas pI enum
for supply an Inert gas; and a plurality of nozzles

di sposeitigi A phsatlvsqiressmrepdrfteiremtrebebaveien dtwegnsthe treatment
.enum and i gFaust vvher in at | east one of
gg?l Wd fé‘”ﬁ %t”%@? rieh\é(a rf3%e of the
SUbﬁrre%hﬁ%%Ire%!&tr@é‘%b@cie%&%mﬁa%‘tl@fr@ r’ﬂ d’ﬁlo M the wafer at
greater t arallel to the surface o e su stra

ansang!esgrﬁﬁteeﬂ@m/@ﬁéalleédgethgrt@@esurfage mfétthedwatar and less than

vl KRS R 8 TR Mhede Lor 1 on extends 1 rom t he

edge of the vvafer across a top surface of the wafer to
the edge of the wafer, the method conprising: formng
a pdsi ti Ve eubsliate wafarcedgn ipspcassing enetbe vrefeﬂla:mes further

cohﬁﬁ%@ﬁf&aﬁ%g{ﬂa@rohhgcwler and the renai nder of

ecting a reactive species towards
the treatnment portion of the wafer at an angle greater

than. parallel to the t rface of the wafer and | ess
t har- ver tileapubgiratgewa %‘iqu Reeeessinghagied of claim 3 Further

comprising providing one or more plenums at or near the edge of the treatment
portion for receiving a flow of a gas and creating a pressure barrier between the
treatment portion and the remainder of the wafer.

6. The substrate wafer edge processing method of claim 5 further
comprising flowing an inert gas into the one or more plenums.

7. The method of claim 6 wherein the inert gas is argon.

8. The substrate wafer edge processing method of claim 3 wherein
the method is performed at a substantially atmospheric pressure.

9. The substrate wafer edge processing method of claim 3 wherein

the substrate surface is preheated before directing the combustion flame onto
the substrate surface.
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4. The substrate wafer edge processing nethod of claim
3 further conprising rotating the wafer on a chuck. 5.
woher7gabesr at e waf er edge processi ng net hod of pciraiSe008/032110

further conprising providing one or nore plenuns at or
near the edge of the treatnment portion for receiving a
flow of a gas and creating a pressure barrier between

the treatnment portion and the renmi nder of the wafer.

6. The substrate wafer edge processing nethod of claim

5 ful@her Thengubistriatey wWefemed ot&Ring BRShbATE ¢8R @Rherein
e nethod of claim6 wherein the

or re.plenuns, 7. Th

”\en%frg)ﬁ@ég SPEa‘é‘? foRrehgaterhproxipally i whaeg the eargbustion flame will
b@®Gaees) Ny nethod of claim3 wherein the nethod is
performed at a substantially atnospheric pressure. 9.

The substrate wafer edge processing nethod of claim3

wher ej face i heated bef
G el ng i SURRlraRL Frlst e prortast Svaited af laim 3 wherein
theunbarel ié eﬁ%eaqﬁ%tétﬁsﬁa%ﬁl?rnoﬁqeﬁifzea%%8% net hod

of claim3 wherein the substrate surtface 1S preheated
proximally to where the conbustion flane will be

di r egs ed. : u ate wafer edge processing. _
O T T RO BBAS B BBLer S RUBST lim  where
theuksttve spédiys aes foratizeta eBHibLBNGE flamel & hYdﬂ% en and nitrogen
Substrate wafer edge processing nethod of clai %3
UHRPLSn the reactive species are forned of a

conmbustion flane of hydrogen and nitrogen trifluoride.
13. The nethod of claim 12 wherein the nolar ratio of

sai di3ydrblgematbod af dlaiti2ogherein tfid Holardetibof 3afl hydtogen to

The.tsubstrgte.(ilaf e:%r_ edge processing nethod of claim3
salfl DHEQYET WEHUPHIR 1S %@ speci es are formed of a

conbustion flanme wherein the conbustion flane is

directed towards an edge area of the wafer. 15. The

met htl of The subsitatewwerari edgen prawfssing metiodciof dlaim 3 wherein

thé{}’gﬁg%\_ﬂa 5 P8ISS LFe ROMA Pt & el Shama WS 2in The combustion
flame is directed towards an edge area of the wafer.

15.  The method of claim 14 wherein the wafer is rotated wherein the
edge portion of the wafer surface is etched.

16.  The substrate wafer edge processing method of claim 3 wherein a
material processed is SiO..

17.  The substrate wafer edge processing method of claim 3 wherein a
material etched is Si.

18.  The substrate wafer edge processing method of claim 3 wherein a
material etched is Ta.

19. A substrate wafer processed according to the method of claim 3.
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16. The substrate wafer edge processing nethod of

claim3 wherein a material processed is SiQ2. 17. The
weubsnsane waf er edge processi ng nmet hod of cl aPaT@52006/032110

wherein a material etched is Si. 18. The substrate

waf er edge processing nethod of claim3 wherein a

material etched is Ta. 19. A substrate wafer processed

according to the nmethod of claim 3.20. The substrate

waf er edge processing nmethod of cl aim3 further

conphi Si e s‘%@ﬁfblﬁfst Wﬁelgéagé proesséing regmidrentclaim 3 further

portion of the wafer. 2 A waf er edge processing
comptising: conpri si ng: i sol atl ng an area of the wafer to

oncobtasng cpcen ety MR b REahafe 0D, (e

fromat or near a first |location on the edge of the
wafer to at or near a second Io tion.on the edge of

t he2haf ef;wafer e6e¢ REoeessIngmethed ¢RRHISIPE: species to a
sur [s%g‘?ln%f %l& Qf?é"%f e WAF&G fo°§e3) PoddiR el FRIT 'ér;!f)r%a%gunzed barrier

bar OW Ng an 1 nert gas exterior
of flgasdnongest rb@nerplenurfner biasing a flow of all gases to

i g(t%ntdrn% tarl\reegneo ];r tmhoerewef]c r?dmg robrrel3 b or HeaT %dﬂrst location on the
edge of the wafer to at or near a second location on the edge of the wafer;
directing a flow of a reactive species to a surface of the wafer interior to
the pressurized barrier; and
flowing an inert gas exterior of the pressurized barrier for biasing a flow of

all gases to within the area of the wafer to be processed.
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