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SUBSTRATE PROCESSI NG METHOD AND APPARATUS USI NG A

COVBUSTI ON FLAME FI ELD OF THE | NVENTI ON [ 0001] The
wonres@ats2snventi on relates to a nethod and appaCcatugs006/032193

for processing a substrate using a conbustion flame

and nore particularly, a nethod and apparatus for

etching a surface of the substrate with a conbustion

flanme ébé@‘f’pﬁﬁwerbﬁ@éqw %@ XIEY P&F(Ams

- d th
ron o E81 AN g DR R P P v
a5 Tecel Ve oxlgp e HOSEERBBRE LI 00
ot h’ftfodigt erfi E)rfeﬂnt"lﬁ{/é!htf&w s1a@astd B fethod and ae%aeratus for

manuf act'uri ng ocess it Is necessary to "cl ean”

pragespingc es subsifaie Usinge AvcemMbugkon dtaroéi and imate gedticularly, a

ntam.,nants.. Thi s include in fil . :

meifih A raH Lt of RS 5 S S et Hute i combustion
flapieasiaBRRegSH HRd a rﬁtﬁﬁ&xfgnéiﬁoxiéizdr Rrlg@achrienizéd eaviredgent.

bevel s, and crown) of the wafer. It is a challenge to

renmove thin filnms and contam nants in an efficient and

cost effective manner. BR ﬁGﬁ'@ﬁbNBnge i s exacer bat ed

by use of chem stries and processeés that may adversely

i "p§e00Zihe Dunad the eramifaciud® @Blintégrated Tilcoisnsitigon sobstrate

exi st for effecting renmoval of thin filns

' | . I .and )
walerst JRFPIMAL §xtensivg r@%%ﬁl%cm‘:‘q & QK%QO%VOVH@HC! etching of

dié@%&ﬁ@i%@%l&n%ﬁd BiE thateVéls. CAE %m% §¥aa“q&:srlﬁ_ tQSfrﬁéﬁuFaEturing

e contact of the wafer surface i qui .
prodessi it & necadsant to ean'i the inproeess/wdferdoaamayet unweahted thin

. liquid le, . t h

firg R0 cantadiiants. s el T i AaficphiamBrets that fgvelop
f i |

orCE 006 AR PURTSHES s BRg A, dntagge ures! aenedoe

begglseraidv efon)noindtiee waiencdb i Bgchallangepta sempye tthisy fitins and

cofferbh®y 4 rarkhOhf el RO EBhE tdifert S g potllenge is
exBastbate® badesdf@hengstrics amet probessamihae ey agvdrbely impact the

~chemcal reactants in a liquid or vapor state are
fingl piesyst-t ed by diffusion to the reacting surface,

chembaa) " eRakibRoknBihUbpttinst Bfist i Gifsotingémoval of thin 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 etchant. Material is removed as an agitated liquid or spray, for
example, passes over the substrate surface. Dry etching generally refers to the
contact of the substrate surface with a gaseous plasma etchant.

[0004] Wet chemical etching is used extensively in wafer processing.
Even prior to thermal oxidation or epitaxial growth, wafers are chemically
cleaned to remove contamination that results from handling and storing. In wet
chemical etching the chemical reactants in a liquid or vapor state are transported
by diffusion to the reacting surface, chemical reactions occur at the surface, and
the products from the surface are removed. One form of wet chemical eiching
commonly used for silicon etching is formed of a mixture of nitric acid (HNO)
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the products fromthe surface are renoved. One form of

wet chem cal etching commonly used for silicon etching
woOo20d70mmRd of a m xture of nitric acid (HNG3) ardT/US2006/032193

hydrofluoric acid (liquid HF). Nitric acid oxidizes

the silicon to forma SiQ2 |ayer and hydrofluoric acid

is used to dissolve the SiQ2 | ayer. However, chem cal

angltkﬁ/ﬂgclgo@d?iﬁsaélﬁ §|I&Ulg1|1||a)t Eﬁc%@ﬂ bRiolds ﬂ%%sélﬁﬁm Wgot fdtm a SiO,

plicatio em assocl ated wt
layeh eand: dydeoftuoritg aci tlshamse@i i edissalver inel Sm@mslayemenHewever

chipelal i bab ol giaRca i ROLORHIAH o RlRa. One

préﬁl@rﬂ”rds%béla@éd NQJhU Nv&OT SReFhiehi Netching agdi 'tlﬁétto réth&! material
etching is isotropic resulting in aninprecise

coastifuemnig. may racve wiin wtahesk ehpadialy @lehassopepiags e the wafer

ool gt oL BB A R BERRRBR GBI iforn g

In atidiiongwes sihing hEeigbirogicpessiting s ansitidlecise Iaaltcm‘ing in addition
denotes several techniques that use plasna in the form

wed eighing ﬁ%@rr@peam@%@sof tbew%fﬁﬁhemqu%ﬁﬂaessteps thus
adb[}@ttwg a’ﬁb & h“ehbr‘a% geactive ion etching (R E),
er

ng, reactlve I on beam et chi ng and ot her
pI aimﬂoﬁlaselﬁrwetdhmg; usealhodeaniri) Piisnfe pisaisterl etching denotes

el HoroidiEs VL HenPannit IR far G By SiesS fischdiges. Dy
etéh'?‘Hf%bHﬂa ﬁ}'&ﬁw&ﬁﬁmbmdéﬁﬂégmgoé%ﬁhlﬂ@ réé%‘t“()gﬁoh @f&rﬁr@gj(Rlﬁ 8putter

resul't, plasma is 'y or paftially ionized gas.
etolting, rebetinesioni kearn @mhnb@and wiker plaspaivsedmiching sheigods.

g}t t St HQCll udi 53%8 c%ﬁg*%a Vﬁl—%”\/\go e%gé’[ﬁe;ﬁgl%{gé erjl%ct%magnetlc

fieRBoF dufficfeht MadiRidet i§ afpwnedi tdTtHeaga® R g thé@dsetﬁﬂoreak down
This includes difficulty in processing onlaill part of

angHeeopaieionizask /és(arfsswélt @Iﬂ@ﬂ\m arfubyygepartiafly L@v%ﬁd gas. Many

e 9B, VLGS BB ARSI PR biomas

usfray hydrbger (Mg, @ndmitogsss triftyorider(N&kgll  Eloweyer, |dmlupladma based
O‘T’! ge can occur Furthe equi pnment o rheé:]
telNEG Np? o AWR fraitalionse AnshbTOPIBTI | N decluries difficulty in

pr%%%nﬁgg Eéﬂpchf %eeWé.'fé)rm?BF ex AP MHeC Al CB8G.S Diffusion

roughput " and 1 nc ase.eqU|pnen and
effmoty darnimgte abtowv opemng pressuras muaking itidiffipulé tasgentrol exposure

oGAGRTEn SRy 85 SPB) s AP Tk SenCAE g mcuces
da-ﬁ'i‘z?g"\éa can occur. Further, equipment overhead for these processes is
cumbersome, requiring vacuum chambers and pumping equipment. Vacuum
requirements can also reduce throughput and increase equipment and operating
costs.

[0007] Near atmospheric pressure plasma sources, such as disclosed
in U.S. Patent No. 5,961,772, can also be used for wafer processing. These
types of reactive species sources are more amenable to partial wafer processing
where part of the substrate is moved proximate to the output gas flow of the
source. The difficulty of this type of process is the large helium ﬂoW required to
maintain a stable discharge. High consumption of helium (a non-renewable
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types of reactive species sources are nore anenable to

partial wafer processing where part of the substrate
wO00Tsesde pr oxi mate to the output gas flow of PO®US2006/032193

source. The difficulty of this type of process is the

| arge heliumflow required to maintain a stable

di scharge. Hi gh consunption of helium (a

regﬁggcéﬁaﬁ@ LB §SRHHRE _)colgfé. VS ddRitRRE I &di@ﬁélsrelnlﬂcgyal rates

It on, oyver ma_t erl_a renoval raf €S are genera
are egenerally wealizachivgin yipie tfpepiobceroseskieduen to olamerggas effluent

terBpeialion FRREG PO RUBEIY ¥ e BRI 1 (" Slbstate.
Theashh@erd Sorhbinkeadsncrehss pescarddospper waterr . [ 0008]
Conbustion flanmes formed of hydro (H2) and oxygen

(O JOOR8le afembyeton dineres tprmaﬁtgggxr}@rogeasﬁm@ oxygen (Oz)
neBUEI5 ook Phol OIS AsSIA8Siele P ol agbctosed i
U.BniRatentt Ny, 5j314{84 7. hdheeisulusiongof erydery es dhe mxdizéoinherently

. etching of only certain thin fil . [ 0009]. arty from
imisythe Res g Tear Ve SPeplesmeteBe ! HPURIEIR dhn A, ve
pol irahe a bR o] i
cr o&g@‘?ﬂgagﬁ ggﬁﬁ%ﬁm@ér edglg.éle%ﬂgsgwngﬁ'ggf}ﬁgﬁ%ﬂg%gf?ssmg’
absasive piolisking | methiodsyhavedbeemadised todvsat Ipavel ianal ertown areas of

contam nat i and subsequent defects in.the substrate.
tné ATl o Peft e is TioiRval R inde gt ARG 1L cause
paflicAaten @ontdmhBE6n | a8d eswbddtuabt agdrectsmeh NeEs substrate.  This
sub-surface damage |l eft after the process. This danmage

neicessitalas & ppat-treaimanisiteptdf aididenalteleaning. sfngthairissue with

o e sl BSEH REMARGRAM W SRR, YFis damage i
indityceinothe seisstfatefSit drgstalimeesidrsiarg bed prsutieskte paress and
inherent |imtations_and problens that restrict its

cag fiaveniegatiye reliectseduring sRaqUesRt PEREESBIRG: i cul ar | v
wher " : j T . : _
UootBO10F, TG Bach 1 15 aBbEAOLENR Y PeSbbINES nneron

linsitadiensedgd prafderand thzc kediicte its Thuitability fomeedairorapplications

TR R
th@ A8 ne|udirid PSwafer RbPSideS bAge ard@hRA bakk side. There is a need

Inportant that the method be efficient, cost effective
fomadmethod &yuprocessida madpstratest that rayeidssthey indferent problems with

BB Sl Ul BT RS AR, B PSSR 13
impaviant i thé ntathed bat&fficient, cost effective and not result in damage or
the necessity of performing further process steps on the wafer.
SUMMARY OF THE INVENTION

[0011] In accordance with the present invention, a substrate
processing method and apparatus provides advantages over the aforementioned
processing methods and systems. In one aspect the present invention is
directed to a method and apparatus for processing a substrate using a
combustion flame of a mixture of hydrogen gas and a non-oxygen oxidizer gas
such as nitrogen trifluoride in a non-ionized environment. In another aspect of
the present invention processing may be performed in an inert environment and
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processi ng net hod and apparatus provi des advant ages

over the aforenentioned processi ng nethods and
weysi7as®e26l N one aspect the present invention PET/US2006/032193

directed to a nethod and apparatus for processing a

substrate using a conbustion flane of a m xture of

hydr ogen gas and a non-oxygen oxi di zer gas such as
préfddifigeal! bé |3 e pidhel 100 4RS! GA'A KARIBNAspAd? of the

anot her aspect of thé present 1nvention proceSS|nd3nay
inveatiparthe heater wsaxhtad preheatthe substeaie ieadpesloeaplatylasay diode

a3y oY dHE o, CERE- ol G, IYEnin 613 Bhtied; fofer Shbstrate

présHdsbtalsea rssult of tAR appvRiLe brlmélibddi ode array. In yet
a further aspect of the invention also includes

a
vaf $0082]bst Yat @npthrrcgspectast dhe deventiyt inglides a method for

o MBI e IR RS Tl BELEEAJERard of Hogon
angluthet nari-exggenp oikkiiAg, aadidifeeting tae womtitisstionnoritbaive sifrface of

hydr ogen and t he non-oxygen oxi di zer, and directing
the REbFMBust i on onto the surface of the substrate.

gooiﬁ_%b :ﬁl? aﬂﬂf{\@%ﬁ% OLO};Q?@ES@EQS% & HBed WAHe aVedrhbustion

c ion ogen and a non-oxygen
flapne df hgdrogempand esnan-pxyyees skidzec ltamypiseba pramsssinignghamber
the supbstrate and for copnfining an inert environnent
fof GpoEHETd it GRS | A 18t ITIPGGe ARaiPT (RIMIORTIEN: for the
conUPoN I aRNfxI ¢ ?Zﬂrdﬁéﬁf QInd the ﬁbﬁ@&%eﬁlgoﬁamegvherem the

mal ntains a substantially atnospheric pressure and is.
pracessimg zbambien rrmmlalln%afsubsmlaﬁxs proospiierichprespueand is non-

._i.nventi . n,an additi I f.. .

oA S = i e P L BR6° b Bhubl 18 BERligonal aspec

ofthehbridsbheinvenies she thpparatder altorhadl aatdzzw abhembly within the
conbustion flame onto the substrate. I n an additi onal

pragpRaing shamer farclitasting fhe sombuisiion fiage,priodBe shpsyate. In an
aﬁ@{drlr;g 9244 ?ﬁef&{eggﬂt( %\@?B@P Y& ndZzId té§§eﬁ1dtgy 2L hprises

esi um f1 uofr magnesi um oxi

nodzZ¥ES) forfri2@ild] sapplsire,t dreytine €¥Mp09N caduaghesiemuBligride (MgFz) or
provi des f_gr I@I (FE)BSt effective, efficient nmethod and

MagResium Xide (Mgfhcessi ng the surface of a substrate by

di re@bim aTﬁBSJ,IOU%i QRVENRIIE &dvahiadQaRty a@‘?)vfdé% for a cost

non-'oxygen oxi di zer onto the substrate surface. A
effduotive c adfficieic thethods antl| epparatus fooceedesting ethee tshirface of a

s@s&%eo rbycg%g’(mgn %ntcoynrk])%%{i S Srarfie C&aﬂggrogreﬁmar?d Stﬁlei rqor%-%xygen
oxidizer onto the substrate surface. A chemical reaction is allowed to proceed
where a thin film or contaminant undergoes a change from a solid to a gas
byproduct and is easily evacuated. Further, the exothermic combustion reaction
of hydrogen and nitrogen trifluoride provides a high etch rate resulting in high
throughput of processed substrates. In addition, the combustion flame may be
directed to discreet areas of the substrate including the substrate edge area thus
allowing for precise processing of the substrate.

[0015] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should be

understood that the detailed description and specific examples, while indicating
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byproduct and is easily evacuated. Further, the

exot herm ¢ combustion reaction of hydrogen and
woizbe7ageszét ri fl uori de provides a high etch rat @CT/US2006/032193

resulting in high throughput of processed substrates.

In addition, the conmbustion flame may be directed to

di screet areas of the substrate including the

b y .
i A FBERSR L Pl LM e FIGRISE, tr, pposes o
illapakibs @y Ahd apd nbhiatandesiotiiminthentdope ofithé inentioe.

apparent fromthe detailed description provided
hereinafter. It should be understood that the detail ed

descri pti onnggﬂ?ﬁméhﬂD‘ﬁW@Fe?HE@hlqwimcati ngt he

preferred e ment of the Invention, are intended
f or [pOt@loseThefpreséntsinvaniiamwilhbgcome moee fidty understpag from

i@t Ry e DL, 7
bec gpﬂ) 'ﬂ) L erfgd. | YA-40deheWE sthhitict Psprdsémtations of a substrate

des n and the acconpanyi ng draw ngs, wherein;

St{gﬁfeﬂm%styéng methal ohawseiesrerrimbedimast 86 #ir BiGsEA nyention;
e r .
2 o BPIAR B RaSoREoRe SEh Al A Bl Lt breferec

erfibedinent 5 tRGBAVeNtIorpas SENdAbaratusofortprecessingrer sabstrate using
enbodi ment of the_jinvention as an apparatus for

theraeieediasshowisstigat #Ausing the met hod as shown in
Fl gaogﬁﬁlllﬁgi .%Oéﬁclwg'ggqeﬁié@gﬁerﬁaﬁ@mw 80 $RReIEBidsembly of

vi e |'e asse preferred enbodi nent
thefpréfetreaparabatinserstof shoapparatds gs sRowhooEy. i g. 4

Zﬂg\ﬁoﬁgif h?ﬁgi Iﬁlg qr i efqegsfqﬁtgigw%giﬁog%@r%pgﬁﬁiigmﬁg an preferred
e@Peﬁﬁﬁéﬁtr@i @SeSthi’éﬁt'iéH 8is Vi Qgp&@ﬂﬁs f5i ractdengel bostaste wafer

OoWn 1N A-1C, and [0021] Fig. 5 shows a
edge asingdhs cmethadias shown ofFigs. & @e nozzle

e SHBR{1 7 P o BB A HE S Rlioipiv it PGSR nozzte
aSERATEIRIEth SENRGBH YN d @R} offine dppdratusras shesven irpFigod.

of thé preferred enbodinents is nmerely exenplary in
nature and is in no way intended to limt the

o LA PSR T O T A RE P L ME e

[0022] 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.

[0023] Referring to Figs. 1A-1C a preferred embodiment of a substrate
processing method 10 of the invention employs a combustion flame 12 formed of
an ignited combustion of gaseous reactants 14 including hydrogen (Hz) and
nitrogen trifluoride (NFs, as a non-oxygen "oxidizer') in an inert ambient
environment 13 of argon gas. Although argon is illustrated other inert gases are
suitable. A mixture of gaseous reactants 14 passes through a torch nozzle 16
before igniting into combustion flame 12. Although one torch nozzle 16 is
illustrated more than one nozzle may be used. Combustion flame 12 impinges
upon a substrate surface 18.
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processing nethod 10 of the invention enploys a

conbustion flanme 12 fornmed of an ignited conbustion of
wgoasemas2seact ant s 14 i ncl udi ng hydrogen (H2) &0W/US2006/032193

nitrogen trifluoride (NF3, as a non-oxygen "oxidizer")

in an inert anmbient environnent 13 of argon gas.

Al t hough argon is illustrated other inert gases are

. . : ¢
b SH0RA, CEALAIE SoRed I B A EypRERRS 12 1o fomn

gaseots sydedydr #oeride (HR) tho(sgb‘eamWet spezdres)oazrxl gagéouis nitrogen
illustrated nore than on

(N8 oS+ | Hife Al Ing (ABENCA o PR OB FRSET BES 1o Araguetion of
a%%o[xg%} fdtid 29%‘1"{'&"1‘@1 e’oﬁsrrﬁﬁ@%}eh @zcﬁéﬁﬁﬁés}e@ﬁs(reactants

or m gaseous nhydrogen fTuori de
14r lpasad masquchlesr)etaomlg‘an;e(m@ ;1 motegeatione) 22

ffl T t d i b
Ehe Aajaask f eRFoRbeR e P RGEDSE N T Hor P e 50 and
AGATRAYEOUBY, T 98N raacﬁdrpmsgmmerdea@amrmam kas emoephenc

a stoichionmetric m xture (a nmol ar rati Q)

pregeigp. +1IpRYoWgAOY u@e)ofewnquga@;gther kpany g@gcular) flow properties
f
QRO hioh S £ 8604 il SREETY B ijge ompgoure o

otHee sabsivatecareas (ibahkereactive pmt@sul Atthofiglv\a Br:opemolaesatio is
recisely treat portion

of substrate syrf.ac
dexgribag hfﬁlhﬁrrﬁfi@N@&i%@ﬁr@abgeé{Sﬁg apensina:on the degiracbresult
theclioﬁggjj' V%uﬂhr or re“éétfbﬂ“i%hn& ﬁ”lduc%d '!%/lséﬁ ibRt r@duéng field

des ower ratios may ed dependi ng
carsistont Witk iar pldsumzs ulttis bpDOZS) thiaet plasmat |B|esco|wﬁlphcnf charged

e hBSEe Bl Aol B SAUChAR [Lak Aol E3) el by the
CH%FQ ﬁidr@éle@fhawaerrgﬁﬁpwﬁtl &teRs dm@{eepéﬂﬂelelsoﬁﬁh%ﬁﬁge It is also

magnetic fields set up collectively by t
be:llweddha’pthletom:mlmstl@a\if larael 1R hesraudbstandiedly oo ighictspecies present.

artic behavi at the

AR Rl Bere BaRe g0 sbid daBdR 1 fie H5REN ¢ peci es

pr espuR6] AS RurihesUlsubstahtiae Heat nie . geﬁkramédlmcmmrm@mhermlc
to the substrate. [OON?'JI: Further, substantial heat
C@%’ﬁ@ﬁhf@@ﬁ@ﬂoﬂﬂ Hirecinsk BFer Riis @iFAGHEIRIS; @ 0alb¥opima4of highly

re%é&ﬂg%ll::i;gcngg' 8 1hd 56 oﬁ Iﬂ’é@bé‘ g?ﬁ’ tét?a ‘Hb ue"® b J}hegr'\tyof energy

spe0|es in t e generated due
rdpveddraedmbyntheofregnktarty tempes&taret ed Etbgvatbd tergpértadure in turn
tenperature. Elevated te ra ure in tur

subsiantialli mcrgasescraasiien Ta FERUS nhigher elgh rates.  The
rdgits BiHer Précessahfsughbe

[0027] A silicon dioxide thin film 24 (Fig. 1a) is etched by the gaseous
hydrogen fluoride 20 according to the following overall reaction:

4HF (gas) + SiOz (solid) — SiF,4(gas) + 2H20 (vapor)
Gaseous silicon tetrafluoride 26 and water vapor 28 leave the surface of the

silicon dioxide thin film 24 (Fig. 1a). Advantageously, this reaction provides for a
change of silicon dioxide thin film 24 (Fig. 1a) from a solid to a gas byproduct
that can be easily evacuated.
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result is higher process throughput. [0027] A silicon

dioxide thin film24 (Fig. 1a) is etched by the
wgoasemas2hydr ogen fluoride 20 accordi ng to thePCT/US2006/032193

foll owi ng overall reaction: 4HF (gas) + SiQ2 (solid)

(r) SiF4 (gas) + 2H20 (vapor) Gaseous silicon

tetrafluoride 26 and water vapor 28 Ieave the surface

v J0PZ8Lo, SFP LU T R MdeB e l s srdh subsirate purtace
183idfi sibeordi 3o i(Bigy. t th)n  fSilicor2 BQ( lélt@lngéfblléwgnmé ﬁﬂllommg @verall

gas byproduct that can be easily evacuated.[0028]
regai@bus hydrogen f| uorl de 20 will also etch a

SUthHlﬂ‘(ﬁas?)U_l[ éfa%%“é? 04] <da% 3 ovg a?l' 1b). Silicon

30 etching ‘fol reaction: 4HF
In(thissrpastisn, gassoud)sil( 00)1 teirefludriges P6 ar@l—g&as(egms)hydnogdm 82 leave

tnkSAFohe sIRER Sulihee ABIFIGH o5 180 a0408 rRiedE i Shange

of(sﬂlc@n dbbpn R8issbERaet s ader 18| Fqsslkﬁ ®ond a‘-"é&ﬂ&@ aoéas b%product
silicon 30 on the substrate surface 18 (Fig.

that ez bg etV@CHaf@ds byproduct that can be evacuat ed

E%OS[%%% fo I!)Iégy’?%éﬂb gﬁfgjv&aﬁéélg&teﬁgfmnﬁ ?acﬁ'é:in{.g)%éws the
iy ot (), 1 (o) 5 (411

t | aseau

galsz Mo‘g%ﬁa\%@'ldgavgrﬁfé (tgéigi 419 @8Skubstrat e
Inslﬁfg ?é“&:tlg:ﬂ Ig?ﬁbgoué? ntal ﬁ)én?éf rioR @?%deﬁésé s, cirggen 32

change o tant a on the substrate”sur
le&ve the tlaa:ualﬂrmm aubsiratd smfaaeglais(ﬁlg praydddiis tdm:tlon epnohdes for a

CAREBETFE 1o EllE o T SRl B Rl el 1 Ui o 2

gfeh@sbbivtt that 62488 dvBchtednd Si 02 may in some
i nst ances nake this | ess desirable. The above

chenl0880) f &rgarienpnd pelyimes filesd cao @IEOhbSI remaesest using the

tBE, PofoTtad Breinfil Bfweef 5Rlevel sblincla Sf A¥.siopamay in

sarhe imsiancdyy make shisdseo sesigatsis. atrehabd\e ehéraistry Ty eRa&@Ple can
rich flame wi.th oxy %ﬁ@-rhe etch field is then exposed

bg gsed do Qialh i Ee yer e ¢ighiggcoipgdeie destrallediitd@i is not.
PASSiFHIACSf exposed Si to the etch chemistry can be promoted by first

exposing an etch field to a hydrogen rich flame with oxygen. The etch field is
then exposed to the combustion flame of Hy and NF3 where the oxide is etched.
[0031] Other desirable non-oxygen oxidizers for reaction with
hydrogen in a combustion flame for substrate etching include fluoride (Fy),
chlorine (Clp), and chlorine trifluoride (CIF3). Hydrogen and fluoride react in a
combustion flame as follows:
Ho (gas) + F2 (gas) — 2HF (gas)
Similarly to the combustion flame of H, and NF; the resulting HF reactive
species is a desirable etchant as described above.
[0032] Hydrogen and chlorine react in a combustion flame as follows:
Hz (gas) + Cl» (gas) — 2HCI (gas)
Hydrogen and chlorine trifluoride react in a combustion flame as follows:
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[0031] O her desirable non-oxygen oxidizers for

reaction with hydrogen in a conbustion flane for
weubsnmsae et ching i nclude fluoride (F2) , chl eCcirns2006/032193

(A2 , and chlorine trifluoride (CIF3) . Hydrogen and

fluoride react in a conbustion flame as follows: H2

(gas) +F2(gas) (r) 2HF (gas) Simlarly to the

t | f t i HFE
reac#v(lgg‘?, Jéaellg &?Sgg_aggﬁ: %éae"'&ﬁéd%‘e@%%;ngescri bed
in astiethd Rcddedibigr esrabustivh dlahny IrGactlicmsctthe nresultant hydrogen
conbustion flame as follows: H2 (gas) (f agééé
chinrde (gaeljveryanesifgn Gafd e [ ASMAREAGEOUBIY 8198 é Foaehing when

m% flgggt__ﬁ{ é%é‘ ify Q%@SPB Lkd?w‘é é térgﬁ%)tp}hogegeglﬁﬂé%ék This
incloddrist filom sthekreomgrisirigoainihen. estidragen fojthrisigeas a reactive

chJorlde reactive s i es can be advant ageously used
Spﬁﬁ'lesé%%'i‘ﬁ%@ %BH”@@'P}Q’ISS not readily etched by

1 UGiA) oIy %@qeﬁggsl)w ZAPGlgf(gé@f'BP%KgaQSh' s _includes

a fi msta al um num rogen chloride as
H;edrogmchlwdemtcm%smc@mes fellows: num as fol | ows: 2Al

Hy ardeadr SHEOPR el ork s A6 oue. (&7

H;Gcﬁ@geﬁ):hlbr%@tclﬁ&ﬁmc&h Ekifie(afo)lows2H2 (gas) Hydrogen
| oride etches silicon oxide as faollows: SiQ2 (solid)

. 4+$LDQ((§@J§;) + #hiCE(gas) ¢S (gap) ﬂ@d*@éwqr [ 0033]
tr .
L0038 R SR AR e Y M Aah copmisey whrs
bath dhefiheraaat thivene feseeasetahantpreadtice @peélb*searet ﬂmos!uced. Often
SRR b SRl Rk SRR B e o
Cfﬁéé(r'f\{oﬁﬁmtgt gsggsa@?mvawﬁg Pdt%s'\ﬁﬁﬁij 'n%lﬁplérrﬂaférr%‘ééeﬁfe bfesent in

requiring both orine and chl ori ne
thediradcstadie mequiring footh fleerinabnd pbtnmp beisedathemigtiy for removal.

- canopddl. ; dRE eRinea! Bhdafor FRoh o Bl & sibRfred view o

th! AdEr rbAchdss aBkihheprbShitAnetaliconiifustidn fl&iRer eacandron the
chemstries occurring are quite conplex resulting in

substratersdirtace 3®d Theateactior tahemipiriegueeairring are quite complex
resulting in intermediate and final reaction products.

[0035] Now referring to Figs. 2 and 3 a substrate processing apparatus
40 for processing a substrate surface with the above-described processing
method will be described. A processing chamber 42 surrounds a substrate
holder 44 connected to a substrate chuck 46.

[0036] A nozzle assembly 48 is held by a support member 47 over a
wafer 50 retained on the substrate holder 44. Eight nozzles 51 are disposed in
the nozzle assembly 48. The support member 47 is connected to an actuation
mechanism 49 for directing movement of the nozzle assembly 48 over and
above a wafer top surface 53. The nozzle assembly 48 is maintained at a
distance of ~1.5 mm from the wafer top surface 53 during processing.

[0037] A hydrogen gas source 52 and nitrogen trifluoride gas source
54 are connected by a first gas line 56 and second gas line 58 through a first gas
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[0035] Now referring to Figs. 2 and 3 a substrate

processi ng apparatus 40 for processing a substrate
weund7ases2ei t h t he above-descri bed processi ng nmecinas2006/032193

wi || be described. A processing chanber 42 surrounds a

substrate hol der 44 connected to a substrate chuck 46.

[ 0036] A nozzle assenbly 48 is held by a support

oo, o i B oTed B A58 Bchlfos e ine o4

co{igégﬁa t@t?cﬁ@?‘nblzz’le%sr?ﬁhﬂy Slaggo ;:bmh)gnb@ andmixing blp aadtNB;. An
actuation ne '

xSt 509Po 06 45 EHRGPT G0 e SUBST kb BOD Hfal SXyRting gases

angqfe%@&?lt %gprom@tégoﬁé %)&%ﬁtgﬂ%%\%‘lﬁ dohnéRidd Bi/ '&eﬂeﬁ&m%? to a

ance from fer top surface 5
blalwer devips F0eSEhiegxha@f 3chop 66/ draygegaseesand uea@taeizbw@ducts

ouf o} b GReersing SBamben dedniprte HoRkresitaBugn o °
fi fgboﬁgsconhrﬁgbﬁr g&) sB0fbeS ?2quccﬁﬁ\%c€el’ﬁbzoé|tﬁrrd Gfast fine 74

m XI n line 64 connected to the nozzle

thmglarmtlyrdatgaso oontrouﬁr 70 ity thearogesping ¢aamber 483 Thenargon gas

soﬁﬁcqa:?:?t Scﬁgstfgtcgﬂﬂeétgg §9C%35|ueacéanth%%)?%?cr)gﬁ@f@? é?%urth 9as

coRKBALIST7 S BRPcoranfon nthedadline 6al eXwigniér 78 m:sitlormeelrclose to
device 70. The exhaust scoop 66 draws 1gease

the ﬁ@ezlsrasssmhlbéaﬁ sopRcted bvmer% s r'ﬁj“tﬁm%\@rf sypply 82.
thr he
o 0850 "2 hGHEF 4 10 DRABhatly 5 990 o o warer
5(¢id bergﬁfoge&sedontrhelhmteﬁm ti® shbwnpamaesefragaob HBRxtheater and is

cargigeias B TRONSaISt Rl 6 Poul Meser BOHEF stufe #. In a
pr%fbrFJbeeﬁ\%gHPﬁﬁbrﬂFtﬁb% gsts84 Ié“&ﬁéér oﬁ!!‘b b&ﬁ}blééﬂage‘? diode array. A

posi tione dse to the nozzle assenb
filmaw ropéic toab dogssdmiely @0 e used nrgplatcerofptm@eawpﬁﬂ y Tl fiber optic

o9 23 A i Pu? R PR S BHCRL €l dsd OgbHE spgembiy
Io§£‘l‘émeﬁﬁ)télﬂ) igUdrAngshirdtidn cfm'?\tb@ﬁom deaﬁng: Gﬁﬂ'@:Wafbrksp such as
R heatér wire 86 to an heat er_ power squrce

dlswasqdr i1 alnited Statea Palant tRpliFeter PUBlCAROR, Ne- b890501 89329,
afdl aiast) el PrEesl Bl Lty DplRagaoZafgicorporated

héﬂehﬁby@@fbr@c@am e can deI i ver high power i1lum nation
originating_in a,laser dIOd asse

r enol094P] SUdw Q'ghl}mnﬁét'dreﬁn daf’ %2? ?%‘P?ﬁqﬁj%amﬁ i theenozzle
2Rty 2 SME Beprated by a distance of 4.98 mm between a center of bore

of each nozzle. Preferably the nozzle assembly 48 is constructed of 316L
stainless steel and is electro-polished after fabrication. Aluminum components
of the system exposed to reactive chemistries are thermal sprayed with alumina
ceramic coatings to provide superior chemical and thermal resistance.

' [0041] Each of the eight nozzles 51 is constructed of sapphire with a
bore diameter of 0.254 mm and an aspect ratio of 10:1 at the outlet end. Each of
the eight nozzles 51 is press fitted into the nozzle assembly 48. The nozzles are
pressed into tightly toleranced bores cut into the stainless steel nozzle assembly
48. Nozzle diameter is 1.577 mm, +0.003 mm, -0.000 mm. Bore diameter in the
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di scussed in United States Patent Application

Publ i cati on No. 200501 89329, titled "Laser Ther nal
woenoras2ng Wit h Laser D ode Radi ation" and PCT/US2006/032193

i ncorporated herein by reference. [0040] The ei ght

nozzles 5 1 are disposed lineally in the nozzle

assenbly 48 and separated by a distance of 4.98 mm

i e . freina -

noPRG HRSE PP 0NN MY MbegRRfie, PR &1 35 Rneho0s mm,
0.00Caimm.e Jbissgives aardterieremes: it in-thelraspe of 805 mm to 0.013 mm.

abricatian... A um n c nents of. the system expased .
Toldfaned 3 198 it HbPHACALRESRtsheR ind IR ARSI GRE 8 et
sedl WRiRA dHBf aﬁﬁﬁciﬁgabla@% tefopianbaleins YRS sl stedll nozzle

and thernel resistance. (530041]' _Each of the eight _
aspRPblyed8s Thissallayvss ar geed gest Withpphrausingt particyata generation

' 0.254 mm and an aspect ratio of 10:1 at
duﬂh@'ﬁg{ﬁ Se??{ge'nd. Each of the ei Sht nozzles 5 1 is press

fit {@e42]nt oint laé eeatzddimenseshbstrad. holuernd4zisesotated by the

subitiata aicke fa vl adalas cBrghanion, Auiotes Gpeeasembly 48
Iin%%rw frofMat Bp-n%%glt%gg? -&qge%fep%bﬁogﬂh%”@%rﬁﬁr bi'the wafer 50.

enozzl e asse or receiving the sapphire
Thoez fhee eintirel vEGar hop sudfac@ H3ncan-bd.p00Cegsad. ThMovgmard of the

n.nterference fit iin th ange of, 0.007 mm,to 0.01
acfifhtiofofiecBARERE 5t ind "ynsteld RAReR 14 i 2oriRes pantialles (not
shbni.his range allows a hernetic seal while only

i nduci ng el astic deformation in the stainl ess steel

noz{0@43]sselfopy aimatives emhasiment, gahstrata holdarddis rotated,

' ti | gt y i.N ' . :
oA AP LA SRS DR L BBAPRESHAR 45 i e
noz2leadssbnibly 48 is wirdhtaiictl statiokad6 Whukgiraelthat emibodiment the

mechani sm 49 noves nozzle assenbly 48 |linearly from at

engre Waéar IPRSUEiage ok cambe nspessssd.- tigthareraerigienyfs inended to
en‘é@?éaﬁni%)rgj g%gt?/suré I tlﬁ@vtbf]& ngg{oe\he.td?scéé’sr isty, can be

processe enent e uation nechani snT49 and
sub§0044e chuopedtions thenpateer5C dantfirsi tenteenbtors Hrawsubstrate

nolger, 42 phihet Bubetidlh sk A Ton drarainn B Tropassind thé Water top
suffate @9} Oﬂze Sbdihte THOEK 1BtiE coRthtindd Mhidiftetthe sUipE#AR holder

assenbly 48 I's maintained stationary. Thus, in either
44ewitto dherwvafer Q. Nexi, the wxhaust sgoopusté ix acth@ted hybrenergizing the

'blc?v'\rlé)rcgg\ﬂg‘ej 70'.Ei 'hrﬁ?cﬁ ggg%%ﬂi[rgﬁ&l 7tj5 Ts ioBéﬁ&? %j 28w for a flow of argon

gas from the argon gas source 72 into the processing chamber 42. Argon gas is
allowed to flow into the chamber to substantially create an inert environment
within the processing chamber 42. In an embodiment the argon gas may be
directed to the process area and the processing chamber 42 may contain other
ambient gasses. The processing chamber 42 remains substantially at
atmospheric pressure.

[0045] Heater 84 is energized to heat the wafer top surface 53. This
step is necessary to prevent vapor produced as a byproduct of the chemical

reaction, for example water vapor, from condensing on the wafer top surface 53.
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ensure uniform exposure of the wafer 50 to the process

chem stry. [0044] In operation, the wafer 50 is first
woeni7asesicon t he substrate hol der 44 of the subBeTMak®6/032193

chuck 46 in preparation for processing the wafer top

surface 53. The substrate chuck 46 is commanded to

rotate the substrate holder 44 wth the wafer 50.

Nex e e ' i wat i zd
N=XT0gAAl, N8R T TR, R ) 42 oy o e ke
thefiestedas dinel G6vardrseaohti ogasolinar gfbrargaspdnesiria fadloar gofiow of
RS koo B FRA IR SHELR a8 ruor
thé eRgHtatZzdd %1CT RaddmBbiistioReldme o MO BRBMUFY(HEH Shdia® ignites.
gas

3
processi ng chanber 42. |In an enbodi nent the argon
Eachynazzlelof thet @ight nozzies pil de éhss nazzla asaembhie4Predwisss aglow of

Ao SRR st T B ST R o SR e ARG mugctbsing.
at MeOME | C AY BrSwaRr H000AdEs BiatethaeSdalet chuek gbzeahdlates (in
heat the wafer totg surface 53. This step i S necess

Al
a peefprredenmbedisaenty raydthee aciuatignpigcbaniem ¢f fmpyves (in*another

! Con I _
AR, FETE2D aAFSILEE, B4 At T s e
wiafbetopgsurfaoe $EVWAs 5 raxliya B@siesbsggtiorsoftthe viajer tagr sit@ace 53 is
R il JRoRRa ST 5 A e Bhait,sucor
diB)(iHé'dﬂotEah%‘?ur%?‘éﬁ%ekeﬁ@?d '&%g@?%ﬁ'r@laﬁ%ﬁ%ﬁhﬁ dihstiate gfrocessing

through the ei ght nozzles . A conbustion flane
methoand NF3 (not shown) ignites. Each nozzle of the

[ I [ h . f
1 odoaR8 G o iR e lateln g eReoseRs G, st iad SHHpfét 8o and
seoRl QyRLeHMiFIErBR BF eRBBUNOSInWMEbUSY, e fgriteigabontroller
rotates either the wafer chuck 46 transl ates

Thisiopened tondlbaw oy of argen sesuiate dhe m&q(aég@%bly 48 and
bl BaRLEbRER T R TEN S0t e IFGRRSRLY g sop i

imfpbriafs taprevent flashisteki r ed section of the wafer top
surface 53 s processed. Processi ncga%

FerdPOASDT ZhEnVAler BihiTay e EXRRAL Al 115 crpaPaK [syevacuated
offigsf8% 004 Ehalanicadar eyt ko A s processed
topremumsas achirt film fandéer gerdamimantol Tleis [Bocessl cendsnapgiied to the
wéégttérg %Lﬁrgpfg acgretocell %38!9 'sidséI gﬁjrlrécaer.] eﬁ%él'( %idet Queﬁe{cc%uﬁrtolaessing is
often used to remove undesirable thin film deposits formed during prior process
steps. One example is back side silicon nitride removal.

[0050] The heater 84 provides heating of the wafer top surface 53 to
prevent redeposition of reactant byproducts that may condense on the surface.
Condensation can be prevented by heating the wafer top surface 53 to a
temperature at or above the boiling point for the reactant byproducts, for
example heating the wafer top surface 53 above 100° C to prevent the
condensation of water. Alternatively, wafer 50 surface heating can be supplied
via a heated substrate holder 44 or via infrared energy directed at the wafer

perimeter, or via other heat sources.
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77 is opened to allow a flow of argon gas into the

nozzl e assenbly 48 and through the eight nozzles 5 1
woaod7mmsasout " t he conmbustion flame. This stepPC$/US2006/032193

i nportant to prevent flashback. [0049] The wafer 50

may be renoved after the chanber is evacuated of

process gases and byproducts. Thus, the wafer top

Surgﬁmr}% REfPIRS 4BS Hhgd. 04" 8FRVS, aatémsgtfatérrbagé/ BFocessing
con ant. This process can be applied to the wafer
appamtxssjrﬁt)@cf@rageownthotha abave-desiibedr sulsiraiggukcessiag method

. surface processing_,s oft d bl
inies” 5 eRbRITRE nbezleashen i PR tstnei B o sLBB3 g Ber 47
an@ﬂﬁelangmtrﬁaﬂesw)@ﬁk eagéeofsme RleNiBO! | @héem@monents of the
SuEOOSO The heater 84 provides heating of the wafer to

siralgcedg® RreceRsing APPREED okiQ B6m 1B sasretamfor the substrate

pr%@%ﬁ%@é&aréﬁﬁt Ys SIE on the surface.

1'on can e preven eq by heating the wafer top
sur {e032]53 Tie adyeApes abrrle adsemblyaloRéehdshe fipstinozze 112 and

a $RonIEZa 54 ?&%@E;@yﬁﬁ{%gf%}@gef@%g,eg@gﬁ figh of active
spﬁ&’i@g‘?ﬁ‘%aﬁr’spa Qcﬁtld’l“?‘i ﬁﬁd‘%ré‘ ’an l%(lvn'sgf ﬁ%{éégeeof the

gating can be sup ia a strate
waddr 60. vThae sedorat dezledﬂgiylsdpr elcree’mgaa Iarrmamﬁl@/r/ of the reactive

spBGer e 8 secing! el oL BowBli, 3% 2z, o The' Wker 50

Prefrpabig! fifst HoRzfeof 121$aﬁdv%éda>n6h$ozfﬂ@\ﬁ40@§ecéh hﬁ!érnal diameter of
substrate processi ng nmet hod i ncludes an edge-t

0.2 Mre visambepeaioatiappaceaaing 1014, engiote dlﬁﬁﬁ’@f ratjo. This

o BB 5 e 8 BB 1 L8 0 p 8108 e

stdl® cantbusfien shsehargef oTheHirsisnbsde atie griddsesstidgozzle 114 are
aratus 40 descri bed above. [0052] The ed

CO%%‘?W@%&@RBWGP@Q IRgarted fnt?§'ﬂe #9981t N9z ﬁ(ﬁ%%?nb'y 102 as
de§8ﬁ8&§j aB |r?reﬂé1%n {o theind2erraSschidly 48 4 elﬁgf ﬁﬁiil@@ 5? The

["fam nar reactive species MY a frst odi rect
firstlGozzbedr Bds at teopabgleedt d0fdicctmwatdr tbpeswrtige 3. ﬂﬂne second

0. .Th 4 f di ti
NP ies T Brat il 016 RE Aoeds 1oy watks dop suthed BBcecong
dirg g?gﬂ“yléﬁel?é%w g6 tl‘ié‘%d S%mﬁggﬁnﬁf de%f?al\ﬁéf £60 5§S|m|lar to

Pr ef irst nozzle 2 and second nozzle 114 use
openation efntie @u@strata mroc@smgt appakiius 40 depedhed aabqye In

ope?gtfoonactl?\'eng/a%er 50 is #u? géentgpeqd A u"og‘fré‘% hEiHe? 44 of the

substrate chuck 46 in preparation for processing the edge of the wafer 50. The
substrate chuck 46 is commanded to rotate at 2 rpm the substrate holder 44 with |
the wafer 50. Next, the exhaust scoop 66 is activated by energizing the blower
device 70. Third gas controller 76 is opened to allow for a flow of argon gas from
the argon gas source 72 into the processing chamber 42. Argon gas is allowed
to flow into the chamber to substantially create an inert environment within the
processing chamber 42. In an embodiment the argon gas may be directed to the
process area and the processing chamber 42 may contain other ambient
gasses. The processing chamber 42 remains substantially at or near
atmospheric pressure.
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is reconmmended to develop a lamnar flow in the nozzle

and produces a nore stable conbustion discharge. The
woi2oemo3mazzl e 112 and second nozzle 114 are CcORET/MSEI06/M32193

of sapphire and inserted into the edge-type nozzle

assenbly 102 as descri bed above in relation to the

nozzl e assenbly 48 and ei ght nozzles 5 1 The first

noz e

cur 985485 Hpglbr 30 M GrbrBirolyid, hedt Sl viltel 1o purface 53
progintdte twaheredg@pamartbamépﬁo’tes[s@@Sa]h@awpaBI mce@%atyim prevent

edge processin rat s 100 is simlar to operation
Vaepgtpﬁﬁdl&%@% a?r@/ﬁ Bﬁmﬁaitr%ctw fHRBGNgisgsing on the
n reed i er [ i d
WA S TARE . eﬂﬁso%@%he 8, g Rl Poer by 82
enargiges ahe dgniter 7gravk s firsttdes ok &6oand leeconflegasiine 58 are

oRatBRlEhae SoRio e She SF: SBPRS T s eb8e s Rozfip eiSembly
102<aﬁu81hrafgwm&6wst8n@zczué WQQeén@)‘se@Bﬁﬂ N 14 he hl Q&ﬁbustlon

devi ce 70. as controller 76 is opened to al
flopae oh Hd angd (NFsa@‘@gﬁhQW@) figniiest he Thegesuliag fiasne d@pmes upon

b s P PeliodS ot T Pafif 0 ndk pRiffSsing the

wafeesD. environnent within the processing chanber 42. In

an enbodi ment the argon gas may be directed to the
pr od8985k, eé\saﬁlﬁ‘& wafer &%@%@ﬁﬁé aeapstionflarag imeHiagson the
edid SredH! ?P R@eapfé%%ﬁsﬁfengdgg%ﬁr of*the wafer 50 is
remai ns su tantla y at or near atnosSpheric
prpcessad. eP[rM]ng—mwessthel ermeoval @f zetthin Girhefr axaenple, silicon
waf.er top, surfac ximate to the edge area to be .
difiRE s Bt 85 deagibed bble dnBlavrPede sl piocessing
mefHefduced as a byproduct of the chemical reaction from
condensi ng on the wafer top surface 53 and edge area.
Next[00B6E i gvfiteritba wefmnsmmeys@z ’él@ef@tw chetroller 60 and

S e P o O R I SR 0 o

77 18 epbhed ed gflohy aglon0 3t begdrs §ashhto We@g@inidy AYgHe tad@embly

first nozzle 112 and second nozzle 114. A conbusti on

103 ane through mwfwt@oeﬁl@t 152 GN) Seapick BezZlerd 4r testhiewrut” the

ccfrh@u@udn ‘fﬂ?nwtag% Fxﬁa% b rgr%\ﬁ%g a0l € ftl%mg'bamber is
regi ons o er rocessing the
eda@ﬁét’dd éisptdmess@‘ases Sha oymbdactsheTlamyhibs tddge drearsf the wafer

es on
50 IS progessed to remove a thin film and/or contaminant.

[0057] Although NF; is used in the above embodiments as the non-
oxygen oxidizer other non-oxygen oxidizers as previously discussed are suitable
for use in the preferred embodiments. Further, additional embodiments for
isolating and processing a wafer according to the above-described method are
disclosed in United States Patent Application Serial No. 11/230,263, filed on
September 19, 2005 and titled "Method and Apparatus for Isolative Substrate
Edge Area Processing." The disclosure of this application is incorporated herein
by reference.

[0058] Removal of dielectric thin films such as silicon oxide from
substrates using Hy and NF3 gas mixtures is performed with a hydrogen fraction
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edge area of the wafer 50. As a result the edge area

of the wafer 50 is processed. Processing includes the
woepanals2ef a thin film for exanple, silicon 8CoNSA®6/032193

or tantalum as descri bed above in relation to the

substrate processing nethod. [0056] After the wafer is

processed, the first gas controller 60 and second gas

: troll s . .

i §ERh B30 8. o7 25 AR ARl e A p G tow v

bedAshe _ﬁirﬁ{%é Be4g0lgecinyiBeseT0gaune witgsieRbHiyw i 2ha rahdehobs2m scem
the first nozzle 112 and second nozzle 114 to "

bl
to 84P"scche dBrrebeabis wIathi Ca3Rs WAL ag@iemmaené%aaem to

_af | i
afobfsg bl R AR R el 7

pr o{eess|d tRBenmpvavef mntdlum fforhrthameaoedgenegionmfribe substrate

. [0057] Al thqugh NF3 is used in.the . ab . di .
s S84 WSrPG AN GHPINSEZ S CRRTIVEHOR,JTURT %, L dfefaited for
; e y 512Ul i i

AGBoETRIE AR5 ofs ba ebalhinbely 00 ot on e
frefctioniis dhatrange afd.Brioc@Zsi Tine @rinedryriaatatyndetal predugies TakFs

ARSI 2085 SRS DR, g i e
et?crg?éqiaﬁ%ué%e REPBaBOG thist feftherikirdad provbrizoncgheation of the

( sol ative Substrate Edge Area Processi ngl. " TEe o
etch qrodgatr e This ishreadipachiavedMising pRcadtipadlceomBrgtion flame

o T ST AP ALt it e
pr?ﬁgo:ﬂ;ﬁtigﬂ%?g%rﬁ%@t?bﬁ gfe;el@lrgvﬁame.a Thisipogéeat nazrieodischarges a
terpot P ooDs Siterus i b oot SIS s o, Bt sl fow
o@p&@@%&@igr a%ﬁﬁ@ﬁpggzlu[% flow in the range of 320

0 pr eheat

seem see is used in cases where
arbi[@060pxy Gaching of ¢seradgeo adba cfuthegavafeniids iregeeds at an

oleRediraist by B e, Gesnipen Uit SueS blogesiitir dppaatus 100
with s EabSirate FBEEsSAg %thaéi@g(@béemmc?.owkae of etching of the

confrguration simlar to tha iled for dielectric

edgampasiion Tt tle yeader !5@\/\§alarlée anuatietabasgd gup copgigeration of
ol SRR Sk bhckraRE el o, B o
chiddrng 200inin @fcumidashiial watdratittaR@0ouk icd IO, that is rotated at 2
tenperatures in the
rpm and the SiO. thin film on the edge area is completely removed in one
rotation. Assuming a conservative exposure width of 5 mm of the combustion
flame effluent on the wafer edge (using a .256 mm nozzle bore) an exposure
fraction can be calculated as 5 mm / (628 mm x 2 rev/min) = 0.004 min/rev. The
etch rate can then be approximated by dividing the 2,000 A/rev removal by the
exposure fraction. That is 2,000 Alrev / 0.004 min/rev = 500,000 A/min SiO2
removal. If a smaller 2 mm exposure width is assumed then the removal rate
becomes 1,256,000 A/min. Based on these considerations and assumptions a
poly-silicon thin film would be etched at an approximate rate of 3 x 10° A/min; a
photoresist thin film would be etched at an approximate rate of 4.6 x 10° A/min;

and a tantalum thin film would be etched at an approximate rate of 1 x 10° A/min.
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etch region nust be kept about this tenperature to

prevent condensation of the etch product. This is
woeatildy2achi eved using an addi ti onal comnbust i ATMUS2008/032193

nozzl e (not shown) positioned to inpinge a flane on

the substrate inmmedi ately prior to the inpingenent of

the etch flane. This pre-heat nozzl e discharges a

flame of | he range ,of 0.
This, 6.8 ABIVICREy QOB Bl PhPaTINg tsRubihe: i g el aaid; o bhoessing
thrébgf%tﬁ di9ALRs. [0060] Etching of the edge area of the
er 50 proceeds at an expedited rate by usin

des{0063dd sThus, r at eclativrly pefficienti angd agasdr foﬁ@,tl\ngOGnQ\’ﬁhPH and
apﬁgfaéﬁ’%? gr?}l{ﬁ'%ﬁg @?a?ﬁlil nlg%t sggfltnlgﬁ&':' N oejrl\;\’?% gse@osgéte or the

ne6&skitye of PeHdrAimg farRed wocsssnt deeps.i omhef desqribedr substrate
wi dth, wafer circunference and rotational spe

pr@a&ﬁmge metbadi ase QPQ@@Wﬁn%lqi%ﬁhér Eherent mlﬂ?m pyth wet
chéﬁ\?%(?,fﬁy?él %aﬁ& tt)(reé\szl\rn—{é g’ié’légé(i:’soef pfo eﬁg‘ng"éjv\faif% |§bl%|ng the

progessingt attih@nedglsama n@daanﬂgeenndﬂdeebm@@smtdlmzt@u to: speed
of 5 nmof the conbustion fla ffluent,.on t fer
of e@@ée%%sﬁfﬁb rglated PINRPRD ATRUIBE) PSSR dtoSubtaftany an

atrﬁbéﬁﬁérﬁg‘ pFé’é%u'?@* R8 E?hﬁhg%ﬁ% éal'ﬁ%é (aﬁ&SpFB‘ﬂdiné the ability to

rev. The etch rate can
premselgﬂrewtdmbrbgt ateanmfnt@letSt@SHatﬁ)euﬁm%v A Biﬁh%ilb%vflt related

e frac is 2
to i eRet iR ARtetel tp o kufaglf ottt B from ful
thiBRhEP /S LﬂéGudédeﬁ 2670 APifdkpeSs 1 PReddi@rs dmpoaiant aidvantages in
becones 1, 256,000 A/m n. Based on these consi derations

subaHateswalepPretessiGol y-silicon thin filmwould be

onotg9eal <; ThRMERPBcen fiembciibghty i ey Sxemplary in

na@@r@r and, rtaus, vaiations thabds nb@@eﬁbmfromahd Qstt@‘rthalmmntlon are
hin filmwoul d be etche a te. rate of 1
mtﬁn@e@ tovhi@ Wit e scopespihier anxaﬂwﬁ@ %%ﬁa\faataéloaﬁ are not to be
drit & fecﬁftﬁéwar%n
re%r oug ?%gkhh@gtr)@] mfgdgg? Thu 0?) a relatively
effici ent and cost effective net hod and apparatus is
provided that will not result in damage to the
substrate or the necessity of perform ng further
processi ng steps. The descri bed substrate processing
nmet hod and appar atus avoi ds the inherent problens wth

wet chem cal, dry plasma, and abrasive nethods of
processi ng a wafer including the
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processing of the edge area. Advantages include, but
are not limted to: speed of process and rel ated
woRro@sms26 hr oughput ; processi ng at substanti al PgTAIS2006/032193
at nospheri c pressure; not causing ionic danage; and
providing the ability to precisely treat discreet
areas of the substrate surface. A further benefit
related to processing the g& of the wafer is a
snooth etch transition pﬁaklﬂgsfron1full t hi ckness to
r eARRA iOklaFRE@id: hi ckness. These are inportant
advantages 1 n substrate wafer processing. [0062] The
description of the enbodinents is nerely exenplary in

nature apd, . thu vari ati t d Hepart from
thelgi st RGHoBfER B kRl Bodh SRS Rl 1 1
t hejgmMRE a0 fcobribustion efdmencorhpfibingahiydtogens aadeanabnioxygen
be regarded as a departure fromthe spirit and scope
oxigizer gasi aént i on. CLAIMS What is clained is: 1. A
SUbSH LAY B dfiSustionHdMe BRI subaifRtd sifdce.! ONi L1 NG
a conbustd on T1ane conprising hydrogen and a
non- oxygen oxi di zer gas; and directing the conbustion
flame onto the substrate surface. 2. The substrate -
sur Bace dhe tﬁuﬁ?étrﬁ%’t S etef%grﬁ‘ftm ?‘JQFZ?'Q Sﬁ'ﬂpﬁgri Fynprising
' A 8( @bn!dP a8 sabALAtbisaek, t he
ﬂo‘&'u \é\%rﬁ]g}e éﬁgr] a%regq%éé}\'léﬁgone?hod ofS claim2 wherein
the inert gas is argon. 4. The substrate surface

etchi ng gethod, of clai.m er.ei od j

per for mednadnetngesd i ZpFeif e b BBS Bl . s
The substrate surface etching nethod of claim1l
wherein the substrate surface is preheated usin

. a
fibdr colpeequbsisate audare Atehipgpeeihed @iy élé‘imng yherein the

15 he Bomed B STpReEVATROAT ST T e ei

the substrate surface is preheated proximally to where
the conbustion flame w i rect

i1l be d d., 7.. T )
sub$t r at dheuptipeisater SHifAGE r?g?WBS BTG?Q?% % Ee\?mef] elvherein the

' subgﬁaﬁeém%?é: % PRHEB Uiy @ fAbeSEaIed! h¥enaideCsiray hefore

envi ronmne
directing the combustion flame onto the substrate surface.

6. The substrate surface etching method of claim 1 wherein the
substrate surface is preheated proximally to where the combustion flame will be

direcied.

7. The substrate surface eiching method of claim 1 wherein the
method is performed in a substantially non-ionized environment.

8. The substrate surface etching method of claim 1 wherein the non-

oxygen oxidizer is nitrogen trifluoride.

9. The method of claim 8 wherein the molar ratio of said hydrogen to
said nitrogen trifluoride is substantially 3:2.
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8. The substrate surface etching nethod of claiml
wherei n t he nonoxygen oxidi zer is nitrogen
wonid7ioamzs de. 9. The met hod of cl ai m 8 wher ei nPCIAIS2006/032193
nolar ratio of said hydrogen to said nitrogen
trifluoride is substantially 3:2.10. The substrate
surface etching nethod of claiml wherein the
conmbustion flane is directed towards an edge portion
of the substrate surface. 11. The nethod of claim10
whef@i N The siHsatetidager eichirfl rbeoel of tdieinedgaviairei the
of the substrate surface is etched. 12. The substrate
corshustinreflamelis digected iowarsis an adge poriicsy & theSubstraig syrface.
etched is Sig 2. 13. The substrate surface etching
nmet hod of claim1 wherein a material etched is Si. 14.
The1 BUbSTR@tReiptT FiCElaivh dlDl Wherakh ihel substrhte i fotated wherein
erein a material etched is Ta. 15. The substrate

theﬁdﬁ%@@a&fdhﬁ sybaEateHIRCeds gighet- wherei n t he
nonoxygen oxidizer is fluorine (F2) . 16. The
substrate surface etching nethod of claiml1 wherein
t he12onoXhigenbsiratei siafacesetchingmeibod@fzjaim 1 wheTeis a material
substrate surface etching nethod of claim1 wherein
etchgd i SHdxygen oxidizer is chlorine trifluoride (Cl F3)
. 18. A substrate wafer processed according to the
met hod of claim1. 19. A nethod of renoving at |least a
por 18on Thesubatratel surfdoecstchingunethod affclainsiivdiareine material

thod conprising: exposing the surface of the
ek%@@ HE% te to a substantially non-ionized conbustion
flame of hydrogen and nitrogen trifluoride gas.20. The
met hod of claim 19 wherein the exposi ng . of the surface
of fife sTbetsubstralessifacs eighingems cclalgy 1 q¥herheyq material

1. The nethod of claim 19 wherein the exposing
etog%%t'ﬁ%—%urface of the substrate is substantially at

at mospheric pressure. 22. The method of claim19

further con‘pnsm het|n the suhstrate, hef t he
expd$i ng Toe suRstiaip eg gce, GhiRg gﬂpgg Qé)&éﬂalm ?"Wherem the non-

oxygen oxidizer is fluorine (F2).

16. The substrate surface etching method of claim 1 wherein the non-
oxygen oxidizer is chlorine (Cly).

17.  The substrate surface etching method of claim 1 wherein the non-
oxygen oxidizer is chlorine trifluoride (CIF3).

18. A substrate wafer processed according to the method of claim 1.
19. A method of removing at least a portion of a material from a
surface of a substrate, the method comprising:

exposing the surface of the substrate to a substantially non-ionized
combustion flame of hydrogen and nitrogen trifluoride gas.
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23. The nethod of claim19 further conprising
directing the conbustion flane towards the edge of the
weubwiwsze. 24. The nethod of claim 19 further PCT/US2006/032193
conprising directing the conbustion flanme in a radi al
outward direction fromthe center of the substrate
tovvards an edge of the substrate. 25. A substrate
et [
A St ot RUERLY) Bl M RN SR sRhofihg o uisyites of the
substrate Bralse nimerdresenee bf agirercgasusti ng fl ane of
hydr ogen and a non-oxygen oxidi zer in the inert
envi ronnent; and directing the conmbustion flane onto a
subsjq at eTheZﬁ]etﬁo Upeiii® %8%‘?&%}‘% @E&ﬁ@%‘ftﬂﬁegeﬁace of the
processing t strate wth a co ron~flame
subptrateyisrs unstardialip at elpogrhesici phessure. conpri si ng: a
processi ng chanber for receiving the substrate and for
confining an inert environment for the conbustion
f 1 angp of 'ITYéjh‘i&ﬁBd &U:fddélh@ 190RIr MY TSNS h@htlﬁ@%é'éhbstrate
t he ocessi ng mai nt ai ns a substanti al
befe g}ﬁf@m%lﬂﬁk@fﬁbarSelffaéle)LhQ:%UbSifatﬁydr ogen and t he
non- oxygen oxi di zer operationally attached to the
processing chanber; anda nozzle assembly wthin the
pr ocE%si rfme:hﬁrtmn@df@lf dldiect 199 flrkiferc admisiding fdiradeng  the
onto the substrate. 28. The substrate processing
C%%t&f\féam%ﬁowr@'éébg|eﬁ'§etQiéh%§B§$tf%F?e with a
conbustion flame of hydrogen and a non-oxygen oxidi zer
of claim 27, wherein the nozzle assenbly conprises two
or mM.e nbrzl| exth@®. ofhelambstd alfmlmroomspmtgng d|recting the

odiRB R e J8 Al odarddbecliva 1o SherapRicst e Substrate

todePds 8k tRigefofthakbsiPateherein the two or nore nozzles
are made of a material selected fromthe group

consi sting of yttria (Y2(13) , magnesium fl uori de

(VOFRR 28 SRSl Hef Sl Hpc A haind e BEBUF S BRI 1o

26. A substrate processing method comprising:

providing an inert environment;

igniting a combusting flame of hydrogen and a non-oxygen oxidizer in the
inert environment; and

directing the combustion flame onto a substrate.

27. A substrate processing apparatus for processing the substrate with
a combustion flame of hydrogen and a non-oxygen oxidizer, comprising:

a processing chamber for receiving the substrate and for confining an
inert environment for the combustion flame of hydrogen and the non-oxygen
oxidizer wherein the processing chamber maintains a substantially atmospheric
pressure;

a source for hydrogen and the non-oxygen oxidizer operationally attached
to the processing chamber; and
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with a conbustion flanme of hydrogen and a non-oxygen

oxi di zer of claim 27, wherein the nozzle assenbly
woanpriszee two or nore nozzl es wherein the twoPOT/USRI06/032193

nozzles are retained at an angle froma top surface of

a substrate to be processed. 32. A substrate

processi ng apparatus conprising: a processing chanber

ona 2 HeRgth SERLBIL| G, Mo, BoStHF | iidribdt 56 HiBoting the
cohtbustion lahiangnia the®wubefrate.r eacti ve speci es wherein the

nozzl es are nade of -a material selected fromthe group
consi sting of sapphire, yttria (Y O3) , nagnesium

f1 ugsg de fi | rﬂ?% 8@ S
subgztgr' ate pr g%%%@? %f@%ﬁ?ggu@ 0 Q@Fa%%rgcmér}%ﬁﬁe tSHg strate
wittoaz¢embhsiian famengt hydmgdinaard er noataxygenbxidiner af Iclaim 27,

10 : ]1,1 ,
wherein fhe nozzle assembly comprises two or more nozzles.

29. The substrate processing apparatus of claim 28 wherein the two or
more nozzles are made of sapphire.

30. The substrate processing apparatus of claim 28 wherein the two or
more nozzles are made of a material selected from the group consisting of yttria

(Y203), magnesium fluoride (MgF2) and magnesium oxide (MgO).

31.  The substrate processing apparatus for processing the substrate
with a combustion flame of hydrogen and a non-oxygen oxidizer of claim 27,
wherein the nozzle assembly comprises two or more nozzles wherein the two or
more nozzles are retained at an angle from a top surface of a substrate to be
processed.

32. A substrate processing apparatus comprising:

a processing chamber maintained substantially at an atmospheric

pressure; and

a nozzle assembly having a plurality of nozzles for directing a flow of a
reactive species wherein the nozzles are made of a material selected from the
group consisting of sapphire, ytiria (Y20sz), magnesium fluoride (MgFz) and
magnesium oxide (MgO).

33. The substrate processing apparatus of claim 32 wherein the
nozzles have a length to diameter ratio substantially 10 : 1.

19



