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METHOD AND APPARATUSFORSHAPING GAS PROFILE 

NEAR BEVEL EDGE 

BACKGROUND 

100011 As feature sizes are becoming smaller and smaller, the cleaning of Jhe edge 

region of the wafer is becoming more difficult In adl'.!ition, as newer cleaning techniques are 

beirig adapted for the n1imufacturing process to &chievt;: the smaller feature sizes, th~e are 

diff~ent process chc;:trtistries being utilized for these techniques. Some of these processing 

chemistries may be corrosive to the active portion of the water, .i.e., the region of the wafer 

where the chips reside, Another consi;quence of the shrinking feature sizes is that the edge 

exclusion zone is becoming smalli;lr. Thus any c]e<ll)ing pf the edge must be directed to the edgi:; 

so that the corrosive chemistries do not impact the remainder of the wafet Currently, 

ie.chmques are being developed iri order to fac.ilitate the cleMing of the edge so that any 

particµ!ates or cimtamination can be ref)loved from the processing performed on the ~ubstrate, 

However, there is a need to be able to clean the edge without affectirigthe centerportjon oftl;e 

wafer. As vcw processes are bei11g used for wefer processing, this ne\ld will become more 

apparent especially with the use of corrosive processing gases as cleaning chemistries. 

fn view of the foregoing, there is a need for systems and methods for cleaning a 

bevel.edge ofa wafer as this region is becoming smaller and to perform the cleaning without 

impacting the center region. 

SUMMARY 

f0ll03j Broadly speaking, the embodiments fill· the need by pro vi ding a .method and 

syStem for etching anedge ofthe substrate to clean the substrate while preventing a center 

region of the substrate from experiencing any harmful plasma species. It should be appreciated 

that the present invention can be implemented in numerous ways, including as a sotution,.a 

method, a process, an apparatus, or a system. Several inventive embodiments of the present 

invention are described below. 

{0004] In one embodiment, a·methodfor etching a bevel edge ofa substrate in a 

processing chamber is provided. The method includes flowingan inert gas. info a.centerregion 

ofthe proc.essing chamber defined above a center region ofthesubstrate and flowing a mixture 
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ofal1 inert gas and a processing gas over ail edge region of the .substrate, The method further 

im;l11des striking a plasma. in the edge region, wherein the flow of the inert gas and the JJow of 

the mixture m:aintain a mass fraction of the processing gas substantially constant. 

fOOOSJ In another embodiment, amethodforcleaning a bevel edge ()fa substrate is 

provi\led. 'the method initiates with fl0wing an. inert gas into a center region of the prQcessing 

chamber defined above a center region of the sµbsti:ate. An etchant gas flows over an edge 

region of the substrate contemporaneously with th(! flowiug of the inert gas. Themethod 

in¢ludes strij{ing a pfa.~ma in the edge!"egion through9pposing arumlar electrodes proximate to 

the edge region; wherein the JJow of the inert gas and the flow ofthe etchant gas maintain a 

mass fraction()f(he etchant gas substantially constant at the edge region while preventing the 

etcbant gas fi;om diffnsing into the center region. 

f0006J In yet another embodiment;. a processing chamber is provided> the processing 

Chamber iµcludes a substrate support and a pair ofannular ele~i:rodes disposed overanedge 

region .ofthe. substrate support The processing chamber includes a gas distribution system 

having a first gas inlet providing an inert gas over a center region of (he substrale and a second 

gas inletprovidiug a processing gas proximate to theedge region. Apressure control system 

controlling a pressure inside the chamber is included. The processing chamber includes a 

processor controlling the inert gas and the processing gas introduced into the chamber as wcl! as 

the pressure inside the chambei. A mcm.ory in da!l) colnmunieatfon with the proceS$ods 

provided. The memory stores a progtamJo. be operated on.by the pt()cessor. The program 

includes a first subroutine to control flow rates of the processing gas at the edge region and the 

inert gas over the center region in order to maintain a mass fractiou of the processing. gas at the 

edge region substanni<lly constant. A se®nd subroutine to control mixing of the processing gas 

with another gas is also provided. 

(00071 Other aspects and ~dvarttages of the inv¢ntion will become apparent from.the 

following detlliled description, taken in conjuuction wi(h the '!ccompanying <irawings, 

i!JW;@ti!ig by wayof¢xan1ple the ptiµciples of lhe inv~ntiort. 
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.BRIEF DESCIUPTlON OF TIJ.EDRAWINGS 

(0008) The presei1t invention will be readily llhdersto<ld by the following detailed 

description in conjunction with the accompanying drawiltgs, and like reference numerals 

designatelike stnictural elements. 

[0009) Fignre. l ls a simplifie<l .. schematic diagram illustrating a prqcessing ch$11)Jer in 

Which the edge of a wafer is etched .in accordance 'Wlth one embodiment Qfthe invention. 

[0010! Figure 2 is an alternative embodimimtto the chru:nber offigUre l where a,n edge 

gas sJ1pply is irtclllded a]\)ng with a cel).ter gm> supply. 

(OOUJ Figure 3 illustrates an alternative embodiment to the gas supply setup illustrated 

in Figures l and 2 for etching a11 edge ot a waforin accordan.ce with one embodiment. of'the 

invention. 

[00121 Figure 4 is a simplitied graph.illustratingthe comp<ttiS<)n ofmass fractions 

between the thr!ltl pwge gases emissions Jn accordance with one embodiwem of the invention. 

J00131 FigUre 5 illustrat¢$ a grJ!Jih represe11tiug the oxygen.mass fraction versus. the 
. . 

distllili::e aiong the .wafer in a<::cor¢mce with one ernbodilllent <1fthe iIJvention. 

[00141 Fig\lre 6 is a.ffow chart diagrl!W illµstrating the.method operations for e\c)Jing an 

edge of a!lubstrateiliaccordance with one embodimentofthe mvi;ntion. 

DETAILJ<:D DESCRIPTION 

l-0015] The ernb11dlments described herein provide a methodfot cohtro!ling the etch rate 

at the edge ofa wafer while p1·otecting a centeuegion ofthe water ftorn the edge etch, In one 

embodinient, a center g(ls supply is us!ld to introduce a pr~ssing gas at a flow rate .that is 

relatively high as compared to typii;a! etching op~n1tions. In addition, tlie pressure wi!hih the 

chamber is at I Torr or greater in wder to achfove the proce$sing)ll the regilne desired. In a 

secon<l embodiment, the .center gas supply is used to supply au inert gl!s wbi le an edge gas 

oupply d¢livers t)Je processing gas to the edge region of .the waii:r; fu tills embe>diment, the 

cel\tet g$ buffers the center region of the wafer from the processing gases·ofthe edge region to 

prevent dift'Qsioninto th¢ cel)ter region, Jn·al)e>ther embodimen4 thecent;r gas Slipply is used 

to supply an inert gas to the center region .e>f the waf()f, while a mixture of au inert gas and a 

p!'l)<;ess gas i~ supplied to the edge region .. It should be appreciated thl!t the inert gas supplied at 

the edge region and th.e ineit ga.~ supplied at t~ centt;r region may or may nofbe the same gas, 
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{00161 Figure. l is a simpUfled schematic diagram illustrating a processing charn ber in 

which the edge of a wafer is etched in accordance with one embodil]lent of the invention. 

Chan1ber 100 illd11des edge electrodes 106.a 1l!lrl l06b. Edge eJectrode l06a is a top electrode 

disposed around an outer perimeter of substrate 102, while edge electrode I 06b is a bottom 

electrode disposed .opposing top electrode 1 Q6a an.d below an onter region of substrate 102. !µ 

one embodime11t, edgil elec<trode;s I 06a and l06b are annular rings. Substrate 1()2 which may 

act as an electrode rests on subsln)te J>tJpport 104. tn olle el]lb(ldfo;ent, sul:>*ate; s1.1pport 104 

may be an electrostatic cljucko Ce11ti;r gas supply I ro u1trod11ces a gas supply tlJrough mass 

flow controller 108 iltro a center region of chamber 100. In one embodiment, the gas supply 

.from ceuter gas s11pply 110 flows into the chamber at approximately 1000 standard cubic 

centimeters per meter (SCCM). In another embodiment, the flow rate of the gas is greater than 

I 000 SCCM. The processing gas used in the .embodiments herein may be any processing gas 

i;;ommonly 1.1Sed fo perfom1 etching operations during semiconducfor processing. Exemplary 

process gases include oxygen (0;;), SF6, chlorine (Ch), CF. and any inert gases such as argon, 

nitrogen, etc., may be supplied with ihe process gas. Numerous other process gases utilized in 

semiconductocmanufacturing maybe incltided iii the embodinte11ts discussed herein. It should 

be appreciated that the pressure within chamber 100 is kept at I Torr ot greater in on 

embodiment. In this pressure regime the diffusion effects from the gas/i()tis around. the outer 

edge during the etching operation are offset by the momentum effect of the gas from the center 

regiQn . 

.[0017) Figure2 .ls an alternative einbodimtmno the chamber of Figure l ·where an. edge 

gas supply is inclucled al@g with a. ceuter gas supply; Chan;ber 1 Q() i)J.du<les electrodes J 06a 

atid 106b disposed therein; Wafer 1()2 rests upon substrilte sl)pport 104. Center gas supply HO 

supplies an inert gas into a .center region of the chantbet ihroµg)i ntass.flow c()ntroller 108. As 

Ulusttated in region 118 the .center gas supply buffers \he center tegioi;i. ofthe wafer to proteet 

the detjces defil1ed tlieteon. Edge gas supply 114 supplies au edge gas to edge regiOll 116 

which is proximate to an outer perimeter of substrate 102 and b~tween electrocjes 106a a11d 

l 06h. The edge gas supply is supplied thr()ugh mass i1ow c.ontrol!er 112. Control.l!lr 120 may 

bt> used .to operate the mass flow GOlltro!lers in order to provic!e the dt:siret.i flow rates and mass 

fli>Wofthe proco:iss g;u; aticlfoert gas into the chan1<Q.er, In QJl<:; embodiment, contr()l!er 12() is a 

computing device having a processor and a memory. tn this embodiment> the memory may 

jnch.ide c.ode. The code may include sµQ.wutmes that GQntrol operation of mass flow control 
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va1ves 108 and 112 in order to .achieve the flow rates and mass fraction described herein. Jn 

addition, the code m;1yinclude subroutines or instructions for controlling pressure within the 

chamber: As Ulustrated in Figure 2, region. l 16 depicts a region where the edge gas is defined 

within chamber 100. Again, 1he PreSS\lfe witb,in the chamber is controll<:d. at I l9rr or greater, 

Jn one embodiment, the press11re is maint<\incd at 15 Torr or greater. It should· be appreciated 

that at t)le higher pressure the djffuffeion effect of the gas at the edge is dominated by the 

momen1u111 effect fro!ll the centt)r gas supply. That is, there are many more collisions and the 

main free path is very sl19rt in this pressure regime. In addition, the inert gas supplied through 

center gas supply 110 may be any suitable inert gas such as nitrogen, argon, etc. In one 

embodiment an. inert gas having a higher molecular weightmay be. preferable, however' .it is. not 

necessary, 

[0018] Figure 3 illustrates an alternative embodiment to the gas supply setup illustrated 

in Figtrres l and 2 for etching an edge of a wafer in accordance with one ernbodirnent of the 

invention. Chamber 100 here again includes electrodes 106a .and l06b .disposed around an 
outer perimeter of wafer 102 which is resting on substrate support 104. Center gas st1pply llO 

introduces a center gas io the center region defined. over substrate 102 through mass fJQw 

controller 108. Process gas is delive>ed to the edge region from edge active ga:s supply 114 and 

edge inert gas supply 122. These supplies are delivered through mass flow controller 112 to the 

edge region defined around the perimeter <)f substrate ! 02.. Controller 120 monitors the 

operation Of mass flow co11tr<lJlers 108 and 112 to de,Jiyet the desired ratios ofgases. It.should 

be . appreciated that in this embodiment, the mass tr.ictions are able to be contr<llled · through 

controller. lio and c<)rresp<lnding mass flow cotitrollers. In one emb-Odiment, the gas flow 

thtougl) mass flow t()lltro1Iet IJ i mixes an in<lrt gas with .. a p.rocess ga:s. As discusi;ed above the 

.process gas v41lgenerate a cleaning plasma. The inert gas may or maY not be the same inert gas 

delivered to thecenterregiOn.throughmass flqw controller ioS. 

[Q.0191 Fiiate 4 is a simplified graph. illustratil1g the comparis()n. of mass fractions 

between the purge gas flow rates in ac.cordance with one embodiment of.the inveniibn, The Y 

aids provides the mass fraction ratio of oxygen to nitrogen, The X axis illustrates the dilltallce 

fl'()m the wafer center iitmeters .. Line 200 illllstrafes a cen.ter gas feed being supplied at 10 seem 

of nitrogen. As illustrated, line 200 represents a liµear relationship between the distance from 

the wafer center and the mass fraction. As th<: flow rate of nitrogen in the center region is. 

increased. to 200 @Cm th<; etcl:l. profile becomes steeper as ill11strated by line 202. In addition, 
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when the flow rate of nitrogen is increased to 1000 seem th.e etch profile becomes even stewer 

at the edge of the Wafer as illJJStrl!ted by line 201t However, in this pro.file Which is 

representative of the center gas feed supplying ll,11 inert gas a11d an edge g& supply supplying a 

s,ingle at;tive gas, such as oxyge11, the process chemistries differ drastically in terms .of the mass 

fraction as illu$tratedby the end points for eru;h of line 200, :202, anP, 204, which range from 0.1 

to0.9. 

[0020} Figµrc 5 illustrates a graph representing the oxygen mass fraction versus the 

distilllce along the wafer ill acc,ordance with Qnc embqdimen1 ofthe inveµtion. Line 206 

illustrates a CQUditfon ill which !he purge gas through the center is delivered at 10 seem while 

the active gas at the edge is supplied aj. 200 seem and the edge inert gas is supplied at 990 seem. 

It should be appreciated tm!t the edge inert giis may pe referred to as a ballast gas, Line 208 

representS conditions where the purge gl1S through the center is supplied at 200 Seem, the 

process ga;; at the edge is supplied .at.200 seem and the ballast gas is supplied at 800 se<;rn. In 

line 21 () the conditions are that the purge is supplied lit 800 seem .and the process gas atthe edge 

is snppjied at 200 seem, while the edge inert gas is not being supplied in this repi'.esentlltion. It 

should be appreciated that the process chemistries at the edge remain cortsistelit in thi:i; 

embodiment as illustrated by the comrlloll endpoints for lines 206, 208, and 210. Thus foreael1 

of the cases described above, the profile of the et<;h process is shaped as needed and the mass 

fraction ofthe process gas at the edge region i::emal11s consistent. 

100211 Figure 6 is a flow chart diagram illustrating .the method operations. fur etching an 

edge of a substrate in accordance with one embodiment ofthe .invention. The method initiates 

with operation 300 where a pll\:ge ga'i is introduced into a center r¢gl()il of .a. cham.ber qver a 

center region of a substrate disposed in the dirunbet. As illustrated in the. figures abpve, th.e 

·purge gas may be· inttoduced.ata now rate of greater than ioo seem. Jn one embodiment, the 

flow. rate of the purge giis is gt'¢atet than i()O() seem. Tl)e method then advances to operation 

302 where a process gas iS intl'oduced over art e\lge region .of a wafer within the proc;essing 

chamber, The process gas tt\llY be .introduced contemporaneously with the purge gas of 

operation 300. The process gas may be any suitable process gas used for etchinga substrate. In 

one embodiment, oxygen is il'ltrnduced into the chamber over the. edge region as the process gas. 

The tlow r11te of the oxygen nuiy be 200 scent Qf greater. Tl)e method then advances to 

operation 304 wherein an inert gas isiJltroduced over the edge region contemporaneously with 

the proC;ess gas. In one cinbodiment, the inert .gas fa mixed with the process gas prior to 
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introduction into the .chamber. The inert gas 1nay or may not be the same composition as the 

purge gas from (jperation 300. It shotild be appreciated th;ttjntroduction of the inert gas over 

.!he edge region in operation 304 is .an optional operation. That is, the inert gas may or may not 

be combined with ihe process gas f<Jr in!r(l!iuction into !he· chamber in one embodiment of the 

inventi0n. In one embodiment the inert gas mixed with the process gas is different than the 

inert gas introduced into :thco center region. In this embodiment, the inert gas mixed. with the 

pro~ss .gas has ~ lo\\'erm01ecular weight than the inert gas introduced into the center region. 

tbe metb,od then moves to operation 106 where a plasma is struck while introducing .the gases 

described above. 1n operation 308 the edge of the water is efuhed while the center region of the 

substrate i~ protected from the corrosive chemicals and etching operation. One skilled in the art 

will appreeiate that the embodiments described below allow for the avoidance of the use of a 

shield or inseri to protect the center region fro1n corrosive spedes. 

1011221 With the above embodiments in mind, it should be understood that the invention 

may emp Joy various computer-ilnplemented operations involving data stored il') ®rtiputer 

systems. These operations are those requiring pl:tysical manipulation .. of plt]'Sical quantities. 

Usually, though not nece>-Sarily .• these .quantities take tl)e form .. ofelectrlcaj or magnetic signals 

capable of being stored, transferred, combined, compared, anq otherwise nJimipulaU;d. Further, 

the manipulations performed are often referred tP in terms, such.as producing, identifying, 

determining, on:omparing. 

{0023} Any ofthe operations described h.etein tl\atforrn part of the inventiol') are useful 

machine operations. 'l'be invention also r¢Iates to a device or an app1u';l1us for perfo1:ming these 

operations. The apparatus may he spec.ially.constructeq for the reql!ired ptirposes, such as the 

carriei:network disc.ussed abQve, or it may be a general purpose computer selectively activated 

.or coii{igurod by a complitet program stored in the computer. In particular, various general 

purpose nmchines may be used with computer programs written in accordance with the 

teachings herein, or it maY be more .conv!)n.ient t<i construct a more specialized apparatus to 

perform the.required operations. 

£0024] The invention can alw be embodied as computer readable code on.a computer 

readable medilllI). Tbe computerreaqli!lle medium is any data storage device that can store 

tlata, which can thereaft.er be read by a compuler system, Examples ofthe computerreadable 

med~llm includeJ:µird drives, network attached storage {NAS),. read-only memory, random-
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access meu)ory, CP-ROMs, CO-.Rs, CP-RWs, DVOs, FlaSh, magnetic @pes, audother optical. 

and non-:<>ptical data storage devices. The computer readable mediµm can also be distribu¢d 

ovet a network coupled eorrtputer systems so that the computerreadable code is stored .and 

executed in a <listtibuted fashion. 

100251 While this invention has been described intenns o(several embodiments, it will 

be appreciated that those $.killed in the art.1ipOn i-eading the preceding specifications and 

studyJng the dfawings will realir.e various. alt<)ratfons, additi()ns, peIT)1utation~ .and equivalents 

thereof. 'therefore, it js .intended that the present invention illcJudes all such a.lierations, 

additions, penun@tfot1s, and equivalents as fall withi)1 the true spirit and scope of the invention. 

in the claims, elements and/or steps do not.imply any particular order of operation, unless 

explicitly stated in the claims. 



CLAIMS 

l. A method for etching a bevel edge of a substrat¢ in a processing ehamher; 

comprising: 

flowing an inert gas into a center region of the ptQcessing chamber detlned above a 

center region ofthe substrate; 

flowil)g a mixture of an inert gas and a processing gas overnn edge region oftbe 

substrate; 

striking a plasma in the edge region, wherein the flow .of the inert giis and the flow of 

tb.e ntixtur¢ n1ait1t!lin a mass fraction or the prQCessing gas s11bstantially constant 

2. The method of claim 1, further comprising; 

tnall\taining a pressure in die edge region of greater than 1 Torr: 

3.. the. method of claim T, wherein a flow rate of the· inert gas into the center 

tegion is greaier than a flpw ra\e Qf a flow rate ofihe gas and the processing gas over the 

edge region. 

4. The method of claim l wherein a flow rate 6fthe inert gas in then1ii;tµre.Js a 

:tfaction ofa flow rate ofthe inert gas to the ceilter region. 

5. The method of claim l,. wherein the.inert gas flowillg into the c~nter region is 
a same gas as the inert gas flowing to the eclse region. 

6. The method of<ililim I, wherein a mass fraction of the processing gas. int!ie 

center resion is maintained .atabout zero duri11g the. etching and whereiJi a mass fraction of 

the processing gas in the edge r<:gion Kbetween about 0.1 andabout Q.2. 

7. The metho!fof claim t, wherein a flow rnte pf the inert gas ill the mixture \s a 

fraction of a .flowJate ofthelnert gas to the center region and a flow rate oftbe proc:essing 

gas is equivaleilt to the flow rate of the inert gru; to tl)e centitrregion. 
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8. The mi>thod qf claim I, Wherein a molecular weight of the inert gas in the 

mixture is less than a tuolecular weight ofthe inert g!IS flowing to the centerregion. 

9. A method for cleaning l1 ~vel edge ofa substrate, comprising: 

flowing an inert gasi11!0 l! centerregi<Jll of tl:ie processing chamber def med above a 

.cent<:r regi<Jn of the substrate; 

flowing an etch;lllt gas aver an. edge region of the substrate; and 

striking a plasma in the edge region through opposing annular electrodes proximate to 

tl:ie edge region, wherein the flow of the inert gas and the flow of the etchantgas maintain a 

n1ass.frnction of the etchant gas substantially consiant at the .edge region while preventing the 

etchant. gas from diffusing into the center region. 

IO. The method .ofclain1 9. wherein a flow 1-ate of the etchant gas is a fraction ota 

·flow rate of the inert gas. 

1 L The method of claim. 9, furt:her comprising; 

mixing an inert gas jnto a flow of the etchant gas overthe edge region while 

maintaining the f'lowi1ig of the inert gas into the ce11tei'regi01t 

12. The method of daim 9, whete!11 the flQw of the etchant gas consists 

essentially ofoxygen. 

13, Themet!J.od. of daim.1 t, wh.:>reiJ1 a flow rate of the inert gas mixed with ilw 

!low of the etchant gas is gr~ter tll<m· Ji<Jt:h a flow rate of the etchant gas and a flow rate of 

the inert gas into the centey region. 

14. The method of claim 9, furt:her comprising: 

maintaining a pressure in the edge region of greater than l Torr • 

.15. The method of daim 9 wherein the cleaning ·Of the bevel edge is completed 

withciut inserts pll)Ced over the substrate. 
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16. The method of plaim 9, wherein. a mass fraction <:.f\heetcbant.gl\s in the 

center region is maintained at a.bout z<;ro during th.e i;leaning and wherejn \he mass fraction 

ofthe etchant gas in the edge region .is be(Ween about 0.1 and ;J.bout O .2. 

17. The method of clahn l l, wlwrein a mole-eular weight ofthe inert gas in the 

mixture is less than. a molecular weight ofihe inert gas .flowing to the center region. 

18. rhe method of clai.m 11, wherein the inert gas flowing into the center region 

is a same gas as the inert gas miXlngwith the etchant gas. 

19. A processing cban1ber, comprising: 

a substrate support; 

a pair of annular electrodes disposed over an edge region. of th¢ substrate support; 

a gas distribution system including a first gas inlet providi)lg iln inert gas over a 

center region of the substrate and a second gas inlet providing a processing gas prpximate to 

the edge region; 

a pressure contrql system. controlling ~ pressure inside the c;hamber; 

a pwcessor controlling the inert gas and the pr¢cessing gas intro4uced into the 

cha!ltber and .the pressure iuside the chan'lber; and 

a memory in data c9mmunitatio1l with the processor,. the memory storing a progi:arn 

to be operated on by the proi;essot, the progTQ!ll including a first subroutine to control flow 

tates of the process mg gas at· the edge region and the inert gas over the centt>r region· in qrder 

to 1tulititai)l a mass fraction. oft he prt,>C(lsslng gas,al the edge region substantially constant, 

.and a S<:Cond subroutine \o conirol iµlxin15 of the processing gas with aiiother gas. 

20. The processing .;baml>er of ciaiiµ 19 whereilt the program includes a pressure 

co11trol$\!broutine for pontrolling a pressuw in the chamber at greater than T Torr, 

21. The processing chamber ofclaim 19 wherein the fast subrontine controls a 

flowrate.pfi:he processing gas to be Jess than a flow rate ofthe inert gas, and wherein the 

second subroutine controls a flow ra'.e of !he another gas at a rate leSs than the flow rate fo 

the ies& tl).an the processing gas. 


