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A net hod of and an apparatus for processing a
substrate. The present invention relates to a nethod
wo@booamsiioan apparatus for etching a substrate, BeMIB2006/053180
particul ar but not exclusively a sem conduct or
substrate. It is known to use chem cal etching to
A meMarRe end feappatdi@y [t procedsida d ibseaposi ted on
sem conductor wafers. In the August 2003 edition of
MMMISO|Id state.com pages 43 to 46 there is described
unl ?ﬂgm 6{1\%{51 i6R ?élgtg%{ogegmg‘fhgg r?? ?ﬁeﬁsﬁl @épﬁgﬂ% f\%gta%ﬁmg a substrate,
and et mﬁcularw a0t &chnivgliea mnhamziastot hebstchiem cal
Mechani cal polishing (CMP) process for shallow trench
integration (STlI). There are however, a nunber of
dr am§%5§w%(f fsd (!Heﬁn{a@ eRAIQUS -enfifilce @ﬁ@ﬁfﬁfo@ml ?%@ ﬁlms deposited on
technique relates only to edge to centre uni formt
semx:cenduoézqr waldrsiraly tpe ugush 0B yedatidn off e, mepdtg@ 43 to 46

ther? i de i%{?rtéla rﬁe‘{?glgn :r:c%sf%ﬁ};%r L 516‘ rg%ﬁ%r% sma%gfﬁ;) un‘if%rnn?y problems,
cdgRAOURR20RTE desar bbRg. ATRESIERMILRY colafody 18 Che&mREN ®lechanical
edge of a sem conductor substrate while sinultaneously

pohfﬁmg/((a%bprpmsé@nshekiowalgeecph mmattohe(SEDoduct i on surface

of h u

t hi tr'][lﬂ g ai? %é}gvg\aee agu&gg%gé\g e';bgéks Xlﬂ 1??%%1h ‘(L,: e%‘t%% %xample the
tech@iqué hﬁat@’sl balyr tat @lgatid |caltfd‘lﬁmﬁdtbﬁﬁyr@h&el gndr @h@pedorm only a limited

Enmbodi nents of the present invention aimto at | east

numgpey gficdee 1@ &ﬁ@r%ﬁt%@foalﬁéve wdeEmptse dhgpeshl s of this technique is
to the present invention there is provided a
dﬁfﬁ@?ﬁggigg'processing a substrate, the nethod
c ol H0a¢028@1 hasorgbes hesystainsior eltaninglihependiadge af a semiconductor

subsirg‘%g\%/tnlqe i ra]lé)qoggé;g;gg\gf {Flrgfé?t%ilfl ‘o }eﬁergqtve% 2 p%ilgc{t]llog%urface of the

substidfel PR Pl%%tl@ﬁ Ml ARGAHSLYe g'tﬁi’ﬁeﬁ?érrlg R-BRYEA %Ja'te?'a@@hed to the
agent on the fi'rst Surface so as"to neutralise th
centreegiché substigierwhilehbge subaigate liovededaway from the first
region of the surface to substantially prevent
processi ng of another region of the first surface
| oEaitRdiR@As OF tk pRIGR iRTentide HmMbt dtaksst tadviateSsdniteof the above
first regl on. According to the invention there is also
descpibed PepbtPztn appar at us for processing a substrate, the
apparatus conprising: a support for rotatably
supyepidingg ta e prdssutr mvention thorstis direyidets er mpded of processing a

subsgraﬁap ?he met%og‘ comprising: spinning the substrate, dispensing a reactive agent onto a

7,511 :zuas;z:j.l!

first surface of the spinning substrate to process a first region of the first surface, and
simultaneously dispensing a neutralising agent onto the first surface so as to neutralise the
reactive agent that has flowed away from the first region of the surface to substantially
prevent processing of another region of the first surface located nearer an edge of the

substrate than is the first region.

According to the invention there is also provided an apparatus for processing a

substrate, the apparatus comprising:

a support for rotatably supporting the substrate, a first dispenser for dispensing a
reactive agent onto a first surface of the rotating substrate to process a first region of the

surface,
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reactive agent onto a first surface of the rotating
substrate to process a first region of the surface, a
W@ ewomsheh spenser for simnultaneously di spensi nRCEIB2006/053180
neutralising agent onto the first surface to
neutralise the reactive agent that has fl owed away
framncthirl dispaser RYistiuleheb ey SlspéRaf, a hb@reiding agent onto the first
subst anti al preventing processi ng of anot her region
surfage tpwteufrak%@t %@JPEF%’C@ gsetathat hare Hpwed éwaﬁofgéndhe tfﬁ@ region of the
e r
surt R B AR Ey bl brobadhdlor Wb(RrRegofidBe it surface
locatetlmeaneamt tdge dglendubatnade thae 1§ ihedirstdegipensi ng armi s
noved from one di spensing position to another relative
told heplsfﬁirﬂeﬂi angboslithattrafiest tdispensing asmas diséd es @idpeimgethe reactive

of a raI|t of regions to be processed. A second
agenyjagg élr?sﬁuuﬁb ispesing agoa Moy @&éﬁ%&@ﬂ@%wwpév Agother relative

to th%_ggfﬁhn%%b&ﬂ?e ©500ds 8HFREGE bhY 0P PlutaditBY R 1ofnrs UHbOPRcessed.

ing position to another relative to
spiyn t
© ek g FSSRERL S IR ST biRet U, ﬁe%ﬁ?%ﬁ?ﬁ% #hd the second
disppxismgahmt ys nfovecb@romnsnd: dispensmropesisedio Prehar@hbkiye ttdnehe spinning
strat sem conduct r surface, nmbodi
subsfr g ﬁonqpélﬁ’ft 1§§n rpqctlﬁs\ﬁg%tg ti db?w%goglraéiﬁqﬁqlt one of the
plurﬂnwfmgtickhsrt@ia@;l)ﬁﬁ@@eao t he accorrpanyl ng drawing in
whi ch: Figure is a schematic diagramof a system
enpadiapy thOSuRIrHS e sdMéSducRR suffa@ur es 2a and 2b
illustrate etching profiles. Referring to Figure 1 of
the drawi ngs, wet spin etch apparatus 1 conprises a
rot at abl e support 2 for supporting sem conductor
subgt étﬁ‘lg(ﬁln?lentm%eshﬁ@%fotn Will fowr B ﬁ&s@ﬁb@d BPRUY drkRample only with
| ongi tudi nal axis such that 1 n use, the substrate 3p
referspéae thbatgomphingngdiasvigg inj whickat ed by the arrow 2a. A
suitabl e drive nechani sm (not shown) may be used to
r offaguec 1 lrea sahpipeti¢ diagraihel app@nacmbodyifgitht pessent invention;
conprises an etching agent dispensing arm4 and a
ne lriguadsi Zi ang 2hgHndtrach ¢tpleng prodiler m 5. | n use, both arns
4 and 5 are supported above the spinning substrate 3
by a support (not shown) and are radially novable
across the substrate 3 as indicated by arrow 6. The
ar Refareyg beFigoteeldof tht draatingd, ot mﬂmﬂl@pbg&arﬁeamn@frls& a rotatable
sli nmechani sm. or rotat onal exanp

SUPROY gefplf SYRPOHMHE seppgoncuetor Y %{1@1@6}1{3 dTé%élﬁg]Oﬁgz a8 ﬁc,)tatable about its
longqjthﬁlﬂgln%ﬁ§ s {hgi’vupﬁs ttl’l%hhﬂ)@trﬁg ejn%pn?s %1 Bouteiis ec&fshasamﬁfcgtgd by the

wher e requl red he surface e substrate
arro@e?ht rA $wigdle drmecn@h@tasménwthhownbmay] be used to rotate the support 2.

The apparatus 1 further comprises an etching agent dispensing arm 4 and a
neutralising agent dispensing arm 5. In use, both arms 4 and 5 are supported above the
spinning substrate 3 by a support (not shown) and are radially movable across the substrate 3
as indicated by arrow 6. The arms may be moved lateral, for example by means of a sliding

mechanism, or rotational, for example by a swivelling arm.

The etching agent dispensing arm 4 dispenses a flow of etching agent 7 to wet etch a
ring 8 where required on the surface of the substrate 3. Centrifugal forces cause the etching

agent to flow outwards towards the edge of the substrate. Simultaneously, the neutralising
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agent to flow outwards towards the edge of the
substrate. Sinmultaneously, the neutrali singagent
waele®pesweng arm 5 di spenses a fl ow of neutral i BETEB2006/053180
agent 9, which neutralises 3¥he etching agent 7 in a
neutralised region 10 where no etch is required. In
agerit Rispereanarhes cha, &Re 4 AbwldEGletialbingodgehth® valilishdudtalises the etching
requires no etc and so is not exposed to the flow
ageryf/ 1B @RI Issg éﬁﬂomg% whegeno clghigigauiredhe i nvention may
al so he applled to cases where the central region does
r ediufhidexneme.rgeenispl isgions | olsthaguishater eguirasoetteting gnd so is not
[
oxp BN ik B, UERER RS R oM Sl URL e B iR08Bh ohilPalsq bp poplied o
cascll Whereethe badral & gtondaes kdgaire tRha@nt rol s t he position and
nmovenent of the arns 4 and 5 as they di spense their
I e ByendutrdBsing et Bow ndlkidhng aeapl ias akadibed abovig Snﬂa:avégigls of the
mul tjple etched rings to be obtained, exanp

subs\ma,‘fe&]cagft@ gtgheg éxfh(l]gtogaar irc?gupi}sgaly? t uiy- %{ﬁ%pdsz cqq{@?ler 12 controls the
posﬁ&f Qﬁ@ﬂlﬁvéﬂlleﬂ{%tf rﬂg{]%glé'mar{:d oHd ﬁl%ﬁ gl?sgérﬁg tﬁ%i@ﬁ@ctwg agents enabling

re atlvey strai i scont1 nuo
comph«:dnfni giekinga hatieg usedpleoctaiztdaiimgsetoche sbtaan i neraadesnof thich are

of, I. and etch havi ng vari ous types of slopes. In
ﬂhmg d@%ﬁ@ﬁﬁﬁgﬁ@ngggthe i nventi on, marn1HF solution is

us as .t he ing. agent 7 a ndar anln . .
sol ?le&iﬁuwgliﬁt MG Qli‘saékcﬁl‘ "t“f?e ??é‘d? Ya‘"r“faé gliscontinuous
profﬁgseﬁﬁt thgt&%ﬁlq’ﬁg Qah BaluSed W B@tﬁineetf:&rs Hab 821 BUbRASRSfile and etches
known by those skilled in the art, for exanple
hﬂWBEngUEGYmENfﬁhWe$e used as the etching agent 7.
Preferably, the standard cl eaning solution further
cofppis esbediggnt @fdha mvenigorp mewmritiE selutiomsdispdins thcel eeching agent 7

and g%ggfrlfiltcg%{ﬁal%nﬁo V\@%g{)g/ﬂlg%ﬁ%{g{]efse%a \%gtt@? HFlgI'a smg agent Other
cherflicBRQ0RSS e @t th&kR Rsdsss dall 8¢ khben %zhﬁésreaskﬁleuqn GROkrt ! f0€ example
substrate. The etching effect of the etching agent 7

HCljselutieppedysbursedde pehelehing aaentsi Prgforahdy.| the @ﬁamdatr@ cleaning solution
furttfe? @{) gllllsets g%u}ﬁggrﬁrtgﬁ)%g?t%faltéﬁg p%ﬁ'@%t g&ﬁtl&ﬂoﬁ ﬁlre B)vaef T,

con S the e exanp
ma n r C r n
t héng gf? 1%% ecaﬁlsdz i % f? ‘r:e%x%rﬁﬁal{—: u(?eelo(r)l seg N is dispensed

on tied bdvksige @gﬂfetsubﬁrah@wﬁdoonﬂﬁrsubﬁfateﬁdl]lﬁia ctdiifg baed Sif (ﬂlﬁ% etching agent
cooling liquid may therefore be di spensed using

7 is tomnegp s S RBIIEN R esRg W@ hsliuh% tométr@letélﬁ mramféata@écfrth% gigpstrate in
turn%?lﬂt}‘@ls 'Ef?eyeta?}'?l%gi?é ' 19&} e\% a 4 Ia gm%@g@}f ?naa{%elb tai flar the substrate

ormty problenms are rrng ens Dbecause
centfd tham near ehamibsirate gdgoecousedkprsaipeedure of the etching agent is lower near

the edge.

The backside cooling liquid may therefore be dispensed using a third moveable

dispensing arm.

The technique described above may be applied widely. Nowadays, major wafer
uniformity problems are radial / ring problems because films are mainly grown or deposited
on rotating single wafers, resulting in a central symmetry. The described technique may

substitute part of existing CMP applications if correct and selective chemistries are used.

The technique may be used in Advanced Process Control. A wafer’s uniformity may

be measured by ellipsometry and a wet etch recipe automatically defined to correct a non -
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on rotating single wafers, resulting in a centra

symmetry. The described techni que nmay substitute part
w@Roognswed ng CVP applications if correct and sSPCEDB204¢053180

chem stries are used. The t4echnique may be used in

Advanced Process Control. A wafer's uniformty may be
unifo@agtotiés Bih lopb SRS foyetéd) urdlacerd eRhahthes @ifdthatically defined in a

automatically defined to correct a non -uniform
recipgr oafes npydis dehsgeith fisapestiascwaieryet Al ewet on atvepier by wafer
bam%S then automatically defined in a reci pe. Wafers may

)e etched with the nost accurate wet etch recipe, on a

wa 1<Sq il j - 0. -
vel 8 AR Bl PRSL R0 st ROV PBUE G P rims
is vérg ingbytaitnfoo cicattical paramkee redscd aphisamedsaredrigaXomnsg pothelectron
i s measured by X-ray photoel ectron spectrosc%%y:§XPS)
SPeCRaSCORY driBrt BICasHECIBERIS; ko ARty EhteptNNIGss DEelges PBN wafers need
to b%%e%ﬁ%r éc};ﬂéﬁeﬂldttH% ReqseRRaLERAARE ERAL@NAHNR MNifRBnsuming
measured after each etch. This is a tinme consum ng
procpsso cBestechhquet manhé gpdicday stien propla ®@dh¢ sangetima apd of theeN dose is

at the sanmg tine and.if the N dose is |aterally .
aterly BRTD ATy St Situiht Hopfrd THRGI Bae@HGH g ng XPS mulii sice
meabieibiedq@Rd. ON: HRR MPrbdchTah SeRABHIEBA LI RMIgERSbus surfaces

The same approach _can be perforned on all honbgeneous
and gyddpciebomagenicaugirh i nhonogeneous film The

techni que may be applied in Wafer de-processing in a

sel ected area (one or nore rings) on a wafer with

sevRE &chfiqad ndeHehphed i afarie-predessing Al 4 fdetadtl 4b€ (one or more

. preferred enbodi nent relates to the etching of a sem
ringg U aisr wittiiseyaralteich dopthgion theyeamgwalesi at ed t hat

enbodi nents of the invention nmay be used to etch other

types of substrate, for exanple, glass panels. Though

i n Altheugleshe ipptfeoad andodinat yreltashionghgprembegsed ahsane conductor

been.descri bed, .the i nventjon cap _al.so be used for
subsiiife vaflﬁv@e@gr%@t%‘f g g of 18 TRYIoeR 75 e ech other
type@OEQItitratbbl Behrh U IAEPGhdIREd the present invention by

reference to preferred enbodinents it is to be well
understood that the enbodi ments in question are

Sudhoudt o A el BonBoen oSO oSS S3h Bhhtberbea. e
invekAGVEA08 Bghed Kbr dtRerPRYceBEnBOLsWMsirie UsirtleRAEi oAtive agents.

fromthe spirit and scope of the invention as set
forth in the appended clains and equival ents thereof.

I nth ' . e _signs i : :
0 L P P BGERTER 88 LR My gmootimens
is tcbaiwdl uidestond dhdt charnit®idingentaid quetizprirs esémpiing ohhieand that
|1 ke, does not. exclﬁde t.he presence of el enents or,
modéf{u.‘@ﬁgnsoqqgieyar{aﬂgﬁs such as will occur to those possessed of appropriate knowledge
and skills may be made without departure from the spirit and scope of the invention as set
forth in the appended claims and equivalents thercof. In the claims, any reference signs
placed in parentheses shall not be construed as limiting the claims. The word “’comprising’’
and “’comprises’’, and the like, does not exclude the presence of elements or steps other than
those listed in any claim or the specification as a whole. The singular reference of an element

does not exclude the plural reference of such elements.

The various eclements of the various embodiments may be combined without

departing from the scope of the invention.
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those listed in any claimor the specification as a
whol e. The singular reference of an el enent does not
weeroshe2a he plural reference of such el ement SPCTIR2006/053180
various el enents of the various enbodi nents may be
conmbi ned wi thout departing fromthe scope of the
CLAIM&ENti on. CLAIMS 1. A nethod of processing a
substrate, the nethod conprising: spinning the
substrate, dispensing a reactive agent onto a first
surface of the spinning substrate to process a first
1. regi aRtid dthRoddssifit aSdibi@ae, thanekisddedrh @@ Shihning the substrate,
di spensing a neutralising agent onto the first surface
dispensingsa repcHEg agelti oo aHast eagﬂtcwé thgyspinning ubsiepse fq prgsess a first
fr I f St
reglgﬁ\gg he %L{?f;dc%re[en\%/lesrl] S%%n%@téég dﬁ gn@ll‘%% gt::éﬁ reh&ng aggnt 01%‘[0 the first
surfztde@ofas It@ hetﬁtalhﬁeaﬂle rbaetiad &gbnlﬂﬁ&lt hﬁs ﬂdiwvﬁﬂgea}Ofroﬂnhﬁe first region of the
substrate than is the first re i on. g
surfageclor SHORGnEY e PEeVRRLLProFeRsng ep %I&ﬂ%tr. r@gng O%thap f3s isHgace located

nearbf¥h éq‘fg%%tf'tﬁéesuﬁ&?d?é RSOt sk digh. surface of the

spinning substrate to process 1n succession a
2. p! lAr%%thBM a éorﬁtﬁg't&@lﬁm?fl fu?tﬁe n];c}ﬁﬁﬁlg alsg&sm QHgIQ"G%EﬁiVG agent onto
e reactive agent is dis to proces
the tétacd'urfaeg Dﬁmetspinhmgmubﬂmes@cprosasmﬂ MQ@&@alaypldrahpmfsreglgns of the

the neutrali nt onto the flrst surface to
surtigao PEPIOCEE e T s At St RS CRRSTFY SSesinggeh region (o be
prockése) AmliRLHcBs1Y Glspgnsﬁfgotﬁg ﬁ%fbllsﬁlﬁ%ggﬂ"t)bnﬁi»@é tfﬁ‘ﬁtshﬁitdeYto neutralise
preventing processing of a region of the surface
the lcagttcengenichnieas eﬂw@dgaevaorffmmet rsgiontte &t @redeasedi Sierchg substantially
prevgntét?g%rrfg Iﬁlﬁg h,g %rP 8@%‘8 ISP,I‘ ace dori?g@r{bea}é& ]91% re@ soF tﬁcla thos%rgte than is
thegyap@g@mngbapﬂykgwalspense the reactive agent and
usi ng a second di spensing armto di spense the
3. new malhodiaBeraigend clafin 1 AMERIMIRMA @psRstigNBidela flsBlllpehsing arm to
the nmethod conprising using a first dispensing armto
dispefiss pher seacti ke agesh @nd weing etpCorm dispersing #t Hedispense the neutralising
a eQ|spen5|ng armis noved from one di spensing position
&M another relative to the spinning substrate and when

iofn /% 1%%&10? agtp ?1 Oglggl% ht tlhg etw(l) odg FP Rirf udsn{c ¥ r%P ilsgen%mg arm to

ura reg ions rocesse

dispemthod @@@mred agtgjltt@tdCbVaemIﬂ,thd It“ﬁstrr&tsistﬁﬂmgomt |1§|Iﬁ@Ved from one
using a_second di spensing armtq di spense the

dispensiftg Resitiandg 2agbat relmtrevip élreesprmmlr@%%tﬁ angdvdsB g e dispensing
pos1ﬁ6#|ﬂgfo§e§§é’sva€&'1 %féﬁ't‘bx%‘@f L faﬂﬁfgﬁ# '89r 36 mggfo%eég@t her

€ spi nni ng-su rat I'n each

5. digp %ﬂo'a dﬁé Q)nclg t4r ﬁ{e' gtgﬁohm%n{tp?i@ﬁlg Nsﬁlgag%géond dispensing

that eren
arm to dtspense the neutrahsmg agent and Wherem the second dispensing arm is moved from

one dispensing position to another relative to the spinning substrate and when in each
dispensing position neutralises the reactive agent that has flowed away from a different one

of the processed regions.

6. A method according to claim 1 wherein the reactive agent is warm.
7. A method according to claim 1 wherein the reactive agent is acidic.
8. A method according to claim 7 wherein the reactive agent comprises HF solution.

9. A method according to claim 1 wherein the neutralising agent is alkaline
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of the processed regions. 6. A nethod according to
claim1l wherein the reactive agent is warm 7. A
worgaonosvaccordi ng to claim 1l wherein the react PUBIBRRGEMS3180
is acidic. 8 A nethod according to claim7 wherein
the reactive agent conprises HF solution. 9. A nethod
10. aceor@ethgdt @cdbkcﬁh%ﬂ fo vhiginei N Wherciheuhs ahdudtaliginggegdnt i Somprises
al kal i ne10. A nethod according to claim9 wherein the
NH4&{HeQr/Hef pfutiRfent conpri ses NHAOH H202/ H20 sol uti on.
11. A nethod according to claim1 wherein the
1. syBsiedipd apeording énelaismd odicsrin Sisrybsteiels aspmigonguetpbybstrate.
according to claim1 wherein the processing is etching

12. aneh nisthodeasepiding gelatm jlswhercrt ki mecosgjents cteBingand the reactive

agaﬁ@?ﬁf&&ﬂﬁ ggﬁnprocessing a substrate, the apparatus
conpr|5|n%: a support for rotatably supporting the

subst ' i i i.ng..a.reactive
13. 3 gentirBhisTof plofts s ARERaR: oS REHERSReL T
to pr.oce first .regi on.of the rf.ace second. :
o suBolIRE IRy bR DL RO Rl S 5 e tol R Rirgyg roscive
agerA@Btdta ORL Surfade of thesbtadinl idsRatt @ pdéssal firserefid of the surface,
reacti ve agent that has flowed away fromthe first
a seécdddi ddpenier fhiesimuldRe6sly HRPERME Shhistadshd @%ény onto the first surface to
preventing processing of another region of the first

neutgakise Hreaeachiva aaent Mg hay flayedayey Bpmthe sy pegiomeldhe peface, thereby
bl Ot} b ; Cdi
substgbtE plaCitnd BilBing o afd A ROGLE WSO RRATOHER Touied ncarcr an
cdgaddofape mdistrgtc alian if die filissegioai Nng t he reacti ve agent and
the second di spenser conprises a second di spensing arm
14. f orAndagpenss ageordiag neudldial i3 iwigrageant firdtSdispenser comprises a first
. apparatus_according to claim14 wherein the first i
dispgfisiiife ALY HG" SEPERTRE e rR8U ¥ ASet sPehdientpcandndispgnser comprises a

' : . ch that the first
Smx%?fg@ﬁ%?%%ﬁgfﬁ#ggﬁ&§€ﬁ¥§3gggﬁﬂmgﬁgﬁgﬁse the reactive
agant O, : | bral i : [ : ir
15. 39 o roRlOREORIT, @ AR LI Yihci] B AOCIBINIE i he second
dispehisspensi ag movwapksictation éd tHeautistspe sewh thetuthe dlrstsdisygnsing arm can
b agent t.o neutﬁalise the reactive ggen. t hat has fH? d .
© %5 te AsRERsRdhG EGrOY HEhly Pose adiy ity ragigns on the first surface

and THOS i :h%%i)ﬁn RE 86440 RE Q&R MSp@Ein@N@hD bsili&HdOR dispense
of the first surface located nearer an edge of the ‘ ‘

neutgalisgigrageet to mawirilise theerea@gie@gerﬁéhatglap flowed gwdy from the region being

processed, thereby substantially preventing processing of another region of the first surface

located nearer an edge of the substrate than is the region being processed.



