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APPARATUS AND METHOD FOR | MPROVI NG ETCH RATE UNI FORM TY CROSS- REFERENdRY 2606
RELATED "APPL| CATI ON [ 0001] This application clains the benefit of

provisional U S. Patent Application Serial No. 60/338,034 filed on

Novenber 130 ®@0%ksin the names of the same inventors. FlELD,CE THE

| NVENTI ON 100021 The present invention relates to substrate Supports. Mbore
particularly, the present invention relates to a method and apparatus for
achi eving uniform plasma distgi [ V, substrate during plasm
processi ng. BACKGROUND OF THE A typical plasma etching
apparatus conprises a reactor in which there is a chanber through which

reactive gas or gases flow. Wtflprrtbp%\rgQﬁ%, the gases are ionized into
a plasma, typically by radio frequency energy. The highly reactive ions of

the plasma gas are able to react with material, such as a polynmer mask on a
surface of a seni condubPEARMFEP AND METHOBISORIMPR@VING egrat ed Circuits
(ICs). Prior to etching, the BEBREHRATERNIESORNITYt he chamber and held in
proper position by a chuck or holder which exposes a top surface of the

vafer to the plasma gagossTREFERANCE SPUSFBATANAGY REAFRIEKS  known in the

art. The chuck provides an iIsothermal surface and serves as a heat sink for
t he waf er.[00%tlone t Jibes,applicstier dumd thetbenefivaf provisonkidl 8. RatenpApsiead@r et chi ng

by nechani gal,; NGl | : n type of chuck, a.sen conductor
wafer is hgﬁqﬁl ) %@?@%5{% %g g@tk’ gg%trgéﬁrb?b} gpr/tgeen%%‘??éj?ﬁle@amwwﬁ‘ﬁoré1 ectric
field between the chuck and wafer. The present invention is applicable to

both types of chucks. 100041 i ocessing, the etch or
SHERAR LT

deposition rate uniformty across ing each process directly
affects thitedvi ce YhepdsenTinventioasclhieaonibsame s@fports. More particularly, the

present invention relates to 2 method and apparatus for achieving uniform plasma

distribution above a substrate during plasma processing.

_ BACKGROUND OF THE INVENTION
[0003] A typical plasma eiching apparatus comprises a reactor in which there is a
chamber through which reactive gas or gases flow. Within the chamber, the gases are
ionized into a plasma, fypically by radio frequency energy. The highly reactive ions of
the plasma gas are able to react with material, such as a polymer mask on a surface of a
semiconductor wafer being processed into Integrated Circuits (IC's). Prior to étching, the
wafer is placed in the chamber and held in proper position by a chuck or holder which
exposes a top surface of the wafer to the plasma gas. There are scveral types of chucks
known in the art. The chuck provides an isothermal surface and serves as a heat sink for
the wafer. In one type, a semiconductor wafer is held in place for etching by mechanical’
clamping means. In another type of chuck, a semiconductor wafer is held in place by
electrostatic force generated by an electric field between the chuck and wafer. The

present invention is applicable to both types of chucks.

[6004] In semiconductor processing, the etch or deposition rate uniformity across
the wafer during each process directly affects the device yield. This has become one of
the main qualifying requirements for a process reactor and hence is considered a very

important parameter during its design and development. With each increase in the size
1



the main qualifying requirenents for a process reactor and hence is
considered a very inportant paraneter during its design and devel op‘r@qﬁyz(’%
Wt'h each increase in the size 1 11 May 2006 WD 03/ 043061 Docket No.
LAM'P0897 PCT PCT/ USQ2/ 36557 of wafer dianmeter, the problem of ensuring

uni form t ywaf oz@asmb: batch of 1Cs fromlarger and | arger pafeds88c0mes nore
difficult. For instance, with the increase from 200mm to 300mmin wafer

size and snal ] er. si r, the edge exclusion shrinks to, for

exanpl e, 2%&@?#&&@4@5@% uniformetch rate, profile, and critical
di nrensions all _ the vva¥ up.to 2nmfromthe .ed(%e f the wf er has becone
very i npor Chiefer figrpeisn theproblem akspsurngiimipryty @ Fachibaich of 14 sJFI (418%f et ch

par amet er s'and BEkPwhRisbeconitsHidré &, FetiastinceSwial the flcpdsdons 2ymHal A
paraneters. Mintaining uniformplasm discharge and hence pl asna .

cheni stry &¥Pam wevaferrsize andemyist Hrerss dierdhy td8E grelysien shRpsgoor he

uni form ty.., MaRy 28kt IR ShalltMfinD BRLmQARGHShi¥ G0 f1e, dnIRAGME dffiBsiiiidior m ty  of
t he wafer by mani pul ating the gas flow injection through the showerhead, ~*
modi fyi ng theheaydede gmmoffon He edgrovidhhwalar has herogleasiigiredyé ri ngs around the
waf er. [0006] The problemin a capacitively-coupled etching reactor having
el ectrodes of different sizes is the lack of uniform RF coupling

especi al | y [@806Lind t He agpihgma efch aeactun flegrunifiingty df elchipammeter éeteh ignvent i onal

capacitivel y-£o ed .pl I g . resenting an _
exenpl ary ﬁoger‘rgﬂp?geéss%ﬁe%dg%g%g%?b%%n%%g’%%&ﬁ? %lnf:oa Ipy?a?%grrpl oyed to

et ch a subsiisciadrge anRébwreplasga niamistyy BbG: thd wafer bistekoniO®ry rpakteent i ng t he
wor kpi ece hol der uch as, fer I. itioned

during et chPRGY® th‘?ﬁ‘éi\%éﬁﬁgk E%fsig Q%%S{P?%tgdvle }rgr%elnec Fer V%‘cii Y\qlgif/n pé%")]';' Q]gdul}ntl %Hﬁy chucki ng
t echni que, ofthg wafer 8l @Ghipokatiag the gasfeshimjecial thraaplatpsingyerhead mmdifyog t he | i ke.
Frequenci cn Bl HF SHOEHED MAT IR CORRTETIL O 61 cxampl e oMz and 27
Whz, sinmultaneously during etching by a dual frequency source 106.

[0006] The prob]em ina bapacitivc]y—couplgd etching reactor having electrodes

of different sizes is the lack of uniform RF coupling especially around the edge of ;'a

wafér. FIG. 1 illustrates a conventional capacitively-coupled p-lasma processing chamber

_ 100, representing an exemplary plasma processing chamber of the types typically

employed to etch a substrate. Referring now to FIG. 1,a chu;:k 102, representing the

workpiece holder on which a substrate, such as a wafer 104, is positioned during etching.

The chuck 102 may be implemented by any suitable chucking technique, e.g.,

electrostatic, mechanical, clamping, vacuum, or the like. During etching, the chuck 102

is typically supplied with dual RF frequencies {a low frequency and high frequency), for

example 2Mhz and 27 Mhz, simultaneously during etching by a dual frequency source

106.

[0007] An upper electrode 108 is located above the wafer 104. The upper
electrode 108 is grounded. FIG. 1 illustrates an ctéhing reactor where the surface of the
upper electrode 102 is larger than the surface of the chuck 102 and the wafer 104.
During etching, plasma 110 is formed from etchant source gas supplied via a gas line

112 and pumped out through an exhaust line 114.



[ 00071 An upper electrode 108 is |ocated above the wafer 104. The upper

el ectrode 108 is grounded. FIG | illustrates an etching reactor wheddgpd006
surface 'of the upper electrode 102 is larger than the surface of the chuck
102 'and the wafer 104. During etching, plasnma 110 is fornmed from et chant
source gas woppbsed via a gas |ine 112 and punped out theew@ahRg,exhaust
line 114. 2 11 May 2006 WD 03/043061 PCT/ US02/ 36557 Docket No. LAM P0897

PCT [ 0008] fine t L 16 may be pl aced between the upper el ectrode
108 and a[g)((;c??toﬁn%g?pe&gfédggg?ciuch as the chuck 102 in FIG 2. In general,
confinement rings 116 help confi the etchin | asma 110 to the region
above the v{/gédé 104 %%m?rﬁﬁlrcﬁwgsﬂ)&g@@éhgc ‘ﬁ%"ﬁfl Fﬁg'e'%h%ef‘@’eé-ﬁ@ﬁfoge 155

repeat abi | iahy a ba@IO Ok ctMViie suBrasfyveruck $025i RG22 dn tgen @ iU id@eent figgn RF power
sour ce 106, %qlgl F%t ential field |jnes are,se#J up over wafer 104. The

equi pot ent i'aP RetP&PRfiethredchingplpyme 11Q11.tbe regionrpayefhe Wals 19t d@Rrovhe pl asma
sheat h t hatprdcesrehiv@@nd ¥dnelire 1Baaifyt he plasma  110_ During plasnma
processing, the positive ions accelerate across the equipotential field

lines to inpinge on the surface of wafer 104, thereby providing the desired

etch ef fectigppeguch agrnAREQYBGs Shfpledtocdi109 &bt AF geometry of
t he upper ell ec?rode 108 a(r?d thé clﬁu%k fOZ, the fiel %%rﬁsélgcetng? not be

uni f or m acregwgoteniel fielfl dinessare feh e oxaialafrny 04. v Ageauingrantipldeeit lings ae thehe edge of
the vafer IdicAARL BILX Al aEHAAA (6 il bwbch witdPidiahd he Bl dod 1O

i nprove process uniformty across the entire wafer surface. reference
to FIG 2, MBfBrringpiaima pricssming thanositve Mg deceleratefaomesthe equipolehBal fishi ch maybe
formed of g sujt. i el i i S i rtz, plastic,
o the 11 kaneiieyBinfs & e SEELL Gr R Ane oA BHHER o G,

equi pot ent isath dsiimpavingred directivaality sPostedhe ssulnstraof thabpper elndtfode 198/ over t he

entire surfa 0 fer,,04. 1001P1 el ectrjcal conducti ve shield
000 Supat at deitbud/182 18 Bha bt mapitt B ufin® sGEA he Bl RO ey
conduct i ve vahi sedrifichly atshecaigé bfthe edfet D0 eAsoliBighnt fd@hb ¥ngridunded wit hin

the plasm Pk %"Sp%vpcgd ?cb g'nnp?oeJe'pchrégs usn%%ig/ ajérzogs t%g gl\lltjergtw%fetr Qlﬁfa%é.eél?cﬂce of
reference to FIG. 2, wafer 104 is shown disposed within a focus ring AI 18, which may be
formed of a suitable dielectric material such as ceramic, quartz, plastic, or the like. Thus
. the presence of the focus ring 118 allows the equipotential field lines to be disposed

substantially uniformly over the entire surface of the wafer 104.

[0010] An electrically conductive shield 120 substantially encircles the focus ring
118. The electrically conductive shield 120 is configured to be substantially grounded
within the plasma processing chamber. The shield 120 prevents the presence of

unwanted equipotential field lines outside of focus ring 118.

[0011} Because the upper electrode 108 is larger than the bottom electrode 104,
the path traveled by the RF current between the wafer 104 and the top electrode 108
increases especially at the edge of the wafer 104. Thus, the etch rate on the wafer 104

drops at the outer edge of the wafer 104 resulting in a less uniformly etched wafer.

[0012} Accordingly, a need exists for a method and apparatus for improving the
plasma discharge uniformity above the wafer. A primary purpose of the present

invention is to solve these needs and provide further, related advantages.
3



unwant ed equi potential field |lines outside of focus ring 118. [0011 %
Because the upper electrode 108 is larger than the bott om el ect r ode I dYay 2006
the path’'travel ed by the RF current between the wafer 104 and the top

el ectrode 108 increases especially at the edge of the wafer 104. Thus, the
etch rate eyptdasoeafer 104 drops at the outer edge of tﬂ@nﬁ?ﬁﬁ&ﬁ%04
resulting in a less uniformy etched wafer. [00121 Accordingly, a need
exists for _a hod and a7pa atus for inproving the plasm discharge
unifornity[¥5 °tﬁ€@ﬁépg$}) primary purpose of the present invention is

to solve these needs and provide further, related advantages. 3 11 May 2006
WD 03/ 043061 PCT/ US02/ 36353EF BESKEP NON QAVHEIRYENSE®NRRI EF DESCRI PTI ON OF

THE | NVENTg¥3{ 0013] AABicigh £RipRAnR MRS ot e @slofing D AFPBEctRRAE Q3ldd a first

el ectrode, a second electrode, confinenment rings, a-focus ring, and a -
shi el d. Thelepirgdst cosfinerpendtess; s foseupge and oshickd. Stherfuet etsttredefis sauglegét ent i al .

The second ,ghaed §ikch oEAHR! Pit lorf RUfFoacil ERYRRTYa Bl rORIALy RPUT ce. The

confinement rings are disposed between the ectro the second *
el ect r ode. pWer solaerbEne dogflifaprenenngsfareghspebaddetwesa theyfirg eledumieiaué theat er i al

coupled tq th [Cemy T i jally..encircl.es the second
el ectrode gﬁﬁ“@F%@#P?bnggsmgﬁgﬁﬁg%gggﬁﬁgﬂééﬁghﬁmgﬁégf?%ﬁgquﬂ@ﬂ% ield
subst ant i altd the emuea: cThedoduheng bstantrailp gncirthe thedewhd aleardie kb dectdrallgdge  of

t he second.e| ectr,ode and, an .ed f.the shield i.s, at |east. |le t han the
i st ance. et BGs Rre- Bl gEaReE RE: Sl -y Puiiing S buge it the f1 re
el ectr ode. dkhacshitetdsl ansddearftiedeaind akceddeahd hcalge wf hosideldty atgeafEéser i al
coupled to the ource of f'xqﬂap tential . BRIEF DESCRI PT| ON OF THE

DRAW NGS. | Se5iae REPE BTG FiEg o0 FadriTgS SetFE RS Ee R DMt ed | nt o and
consti t ut e eRctr@Rl ThethitlbisFosiaQif bih el8dtieiMy cohdubtemadteriapbsupd e e

enbodi nents of t Eresenf invention and, together with the detailed

descri pti ofCMEEMVEY BP%EXBt-ai n the principles and inplenentations of the
i nvention.
BRIEF DESCRIPTION OF THE DRAWINGS ‘
[0014) The accompanying drawings, which are incorporated into and constitute a

part of this specification, illustrate one or more embodiments of the present invention
_and, together with the detailed description, serve to explain the principles and

implementations of the invention.

[0015] In the drawings:

FIG. 1 is a schematic diagram of an etching apparatus in accordance to a
prior art.

FIG. 2 1s a schernatic diagram of an etching apparatus in accordance with
a specific embodiment of the present invention.

FIG. 3 is a schematic diagram of an etching apparatus in accordance with
another specific embodiment of the present invention.

FIG. 4 1s a graph comparing etch rates achieved in accordance with the
prior art with etch rates achieved in accordance with one embodiment of the present
invention.

FIG. 5 is a flow diagram illustrating a method for improving etch rate

uniformity in accordance with on embodiment of the present invention.



[0015] In the drawings: FIG | is a schematic diagramof an etching
apparatus in accordance to a prior art. FIG 2 is a schematic di agrdhMry3a06
et chi ng dpparatus in accordance with a specific enbodi mrent of the present
invention. FIG 3 is a schematic diagramof an etching apparatus in

accor dance Wptkozgaot her specific enbodi nent of the pres«;gtrlds&\t/%%i on. FIG
4 is a graph conparing etch rates achieved in accordance w th B prior
art with etch rates achieved in accordance with one enbodi nent of the
present i iYeHEiNh LAIE08% PGTa f| ow diagramillustrating a nethod for

I mproving etch rate uniformty in accordance with on enbodi nent of the
present invention. 4 11 May 2 ADEDRRMFRIBTIODbcket No. LAM P0897 PCT
DETAI LED D613 PTI Q\%Bgﬁyéﬁzéﬁﬁéﬁr% J;.Pﬂmitio#@a%%cﬁﬁéﬁ&r&ﬁ il € ST ENt

i nvention are described herein In the context of an etch rafe uniformty

i npr ovenentofian etgh catcaimi formigyuispeyr epicalsma dadl disqraneicplasma efttosactorofThosedi nar y
skill int . ik - T ' f M Ng. I.l.ed description of
the pr esem?oﬁﬂ%/aé lélﬂll)“rﬁ1 tlﬁ%ldl \%ﬁlulé%l%tgttﬁa\lggwgﬁ olflv(? @n%gdlﬂgg%%f 1'lpl‘;:\thotneong"e‘ﬂ'd to be in
any way | i mir¢tsemtgnve@idreis iluetrdtiod ontpahd isobt intvedqdrie beintany mae fitriidag. Wthdr readi |y
suggest the lLves, to.such skilled .nersqns havjn he benefit of this

di scl osur e.eg%g)f‘ ltlanreétﬁggth\?\ﬁp %Fenﬁldiv‘\’/e & nn“ﬁgéeaiﬁﬁy 8@5%8““@58%‘35%?‘5&5 ]‘é i ons of the
present i nyenbidnvag the Henrdh phthésdliscivstiee Rafeenopwilionthednalsiingaail toThe sane
reference i.nd'tcat 0@3 Wig!hl be used thr ogﬂ)gg?gtd .tqle? dr aw n%s gnd.the fol |l owi ng
det ai | ed ddBRFMERHMSLEMP BFAT {ycHP8 23 F¢ I IEARAIRAEYINE 99881 n t he

i nterest ofThelsant ieferendoindhiorsobilitta@sddabichgiRuf @alidtRgs aid thb ®llowing

I mpl ement atd' oris escri bed ereLn are shown and described. It will, of
course. be detat ed description to refer to the same or like parts.

[0017] In the interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It will, of course, be
appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s
specific goals, such as compliance with application- and business-related constraints, and
_ that these specific goals will vary from one implementation to another and from one
developer to another. Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but would nevertheless be a routine undertaking

of engineering for those of ordinary skill in the art having the benefit of this disclosure.

[06018] FIG. 2 illustrates a capacitively-coupled plasma processing chamber 200,
representing an exemplary plasma processing chamber of the types typically employed to
etch a'substrate. Referring now to FIG. 2, a chuck 202, representing the workpiece
holder on which a substrate, such as a wafer 204, is positioned during etching. The
chuck 202 may be implemented by any suitable chucking technique, e.g., electrostatic,
mechantical, clamping, vacuum, or the like. Duririg etching, the chuck 202 is typically
supplied with dual RF frequencies, for example 2Mhz and 27 Mhz, simultaneously
durning etching by a dual frequency source 206.

[0019] An upper electrode 208 1s located above the wafer 204. The upper

electrode 208 may be grounded (as in the case of FIG. 2) or may be powered by another
5




appreciated that in the devel opment of any such actual inplenentation,
numerous i npl ementati on-specific decisions nust be made in order tdlMay2006
achi eve 't'he devel oper's specific goals, such as conpliance wth

appl’ication- and business-related constraints, and that these specific

goal s wi | | waesysfospm one i npl enmentation to anot her and fpEM@NGsssHevel oper

to another. Moreover, it wll be appreciated that such a devel opnent effort

m ght be ¢ | ex a iLnme- um ng, but woul d neverthel ess be a routine
undert aki n&mﬁfﬁgnm%%%? r those of ordinary skill in the art having
the benefit _of this disclosure. Egpl% FIG 2.illustrates a

capaci t i veRy POYEDIONEPS SPEm e JERE MPRST EIRUFAYEL0B 5PoWered gl BaEMR i ng an

exenpl ary pls@siB 088 SsateCdTadIBicid o Bt GDed dRIGA 206 P! oyed to
etch asubstrate. Referring nowto FIG 2, a chuck 202, representing the

wor kpi ece Sro8ndieFICon iisireps 2p ciahhgirpastas wheigdhe isfage ofdeaippataectrpde 398si t i oned -
duri ng et cly figer e SEKoPAZCHIBN 202 PR RRLCHabih ADY: BhhdARhe chucki ng

techni que, e. (., electrostatic, nechanical, npi ng, vacuum or the like.*
During et chichagt squce gai supRIIGDAA p gastlips 2 Ehandypumpgeh put tergughi anrexbiayal HinRF

frequenci egyy for exanple 2Vhz and 27 Mz, simultaneously during etching by
a dual frequency source 206. [0019) An upper electrode 208 is |ocated above
the wafer 204. The upper el ectrode 208 may be grounded (as in the case of

FIG 2) or be p e : | 0 VWO 03/0-1

pCT/ US02/ 3E2Y Doc k%&%{ﬁgﬁg%ﬁ%ﬁ pc?vn\é?egs SUree "‘éf"ﬁ‘rr?d;égz%t ching. 1f

t he upper etdchatodeci@f8dd, sughaswireetlycki2D2 maji(ha. In gatrah tadinkmeaindinpe r enai nder
round. FIG 2

o e, e o RGBS R R LS o2 20
is |arger phagstherds uid taessued repdaenbiting cAltlidigh ofdy tiregcoafitdmengringaRasma 210 is
thr ough anSESRATE 11 fawri 24 o Boudi i EnBnl Bt ydontafmy be bl aced
bet ween t heoiffap@ént@n@Sibpbleprddded. and a bottom el ectrode, such as the chuck
202 in FIG 2. In general, confinenent rings
[0621] When RF power'is suppiied to chuck 202 from ciual RF power source
206, equipotential field lines (electric field lines across the plasma sheath which is
_ between wafer 204 and the plasma 210) are set up over wafer 204. During plasma
processing, the positive ions accelerate across the equipotcnti.;—.ﬂ field lines to impinge on
the surface of wafer 204, thereby providing the desired etch effect, such as improving
etch directionality. Due to the geometry of the upper electrode 208 and the chuck 202,
the field lines may not be uniform across the wafer surface and may vary significantly at
the edge of the wafer 204. Accordingly, a focus ning 218 is typically provided to
improve process uniformity across the entire wafer surface. With reference to FIG. 2,
wafer 204 is shown disposed within a focus ring 218, which may be formed of a suitable
dielectric material such as ceramic, quartz, plastic, or the like. Thus, by substantially
encircling the wafer 204 and the chuck 202 with the focus ring 218, the equipotential

field lines are disposed substantially uniformly over the entire surface of the wafer 204.

{0022] An electrically conductive shield 220 substantially encircles the focus ring
218. The electrically conductive shield 220 is configured to be substantially grounded

within the plasma processing chamber. The shield 220 prevents the presence of

6




216 help confine the etching plasma 210 to the regi on above the wafer 204

to inprove process control and to ensure repeatability. Although orfilyMay 2006
t hr'ee confinement rings 216 are shown in the exanple of FIG 2, it should
be understood that any nunber of confinenment rings may be provi ded. [0021]
VWhen RF powed od/fsesuppl i ed to chuck 202 from dual RF powepcspihhsess7 206,

equi potential field lines (electric field lines across the plasma sheath
which is between wafer 204 and the plasma 210) are set up over wafer 204.
During pl astfg<etpioode PR 7 e positive ions accel erate across the

equi potential field lines to inpinge on the surface of wafer 204, thereby
provi di ng tR&ageksquingteatid fickmereuisids pffosis rnggl andduovidssdsigir ect i onal i ty.

Due to the dg@g{gggl[t%;opﬁwg&@po%ggrﬁe@d gekrode 208 and the chuck 202, the
field lines may not be uniformacross the wafer surface and may vary

significantly at the edge of the wafer 204. Accordi ngly, a focus ring 218
Is typi cal gaoz@i ovi de’ﬁo%ﬁmée%r@&epfi%%&d{ﬂé&%md Y, B8R ?e%yhgﬁo@@t' re

waf er surf ith reference to G~ 2, wafer I sposed
within a fobusafe edge 2a@mithitoteremng e e vida tyftheshiald 22405 brougtiteloset ri ¢

mat eri al LEo j ,

substanti aI%Bw%a ECO?P"%P F204 %ﬁ%&szi ealt%oeﬁ cfg(%%ﬁél@lg%%ééﬁa&amﬁ dﬁ%ﬁe focus
ring 218, tblaeveeuqthepcbgeemthea:lhuckfméladd thera:ége clithe sﬁi@cbwédatémslbanhanahtf y
uniformy o entire s ace o | ectrically
conduct i ve st 550 et b ] ehie P8 e en B Bhug 2051 5 e
el ectrical Immmnﬁu&ﬂdm%@bdp&%reﬁsgrmdfmmmem forahd@nenbsit afthe al | y

gr ounded W|th| sing chanber. The shield 220 prevents the
presence of°9§° fhﬁ\gv ‘%@é"%%éﬁ@%om PCT/ US02/ 36557 Docket No. LAM P0897
PCT unwant ed equi potent| al field Ilnes outsi de of focus ring 218 and

provi des de d di nal it equi potential field |jnes. [0023]
To enhance ! &?ﬁF{F c 8‘“&?‘&%‘8&? f@?ntg pacémalyfcf?é’}ﬂ&%?faf’%r ove the
waf er edge ﬁﬂéﬁe§sﬁ{grﬂhﬁxﬁbert3m¢ RHfQHAE néve tIFIG. P Dohualeshbiepichatishingl d 220 is

brought closer A to the edge of wafer 204 and thus the outer edge of the
chuck 202, wgﬁeqeﬁa{deltqpew}mlga(s&lﬁg@te suchasawa er 304, 1s positioned durmg etching.

- The chuck 302 may be implemented by any suitable chucking technique, e.g.,
electrostatic, mechanical, clamping, vacuum, or the like. During etching, the chuck 302
_ is typically supplied with dual RF frequencies, for example 2Mhz and 27 Mhz,

simultaneously during etching by a dual frequency source 306.

{0025] An upper electrode 308 is Jocated above the wafer 304. The upper
electrode 308 may be grounded as in the case of FIG. 3. FIG. 3 illustrates an etching
reactor where the surface of the upper electrode 302 is larger than the surface of the
chuck 302. During etching, plasma 310 is formed from etchant source gas supplied via a

gas line 312 and pumped out through an exhaust line 314.

[0026] Confinement rings 316 may be placed between the upper electrode 308
and a bottom electrode, such as the chuck 302 in FIG. 3. In general, confinement rings
316 help confine the etching plasma 310 to the region above the wafer 304 to improve
process control and to ensure repeatability. Although only three confinement rings 316
are shown in the example of FIG. 3, it should be understood that any number of

confinement rings may be provided.



bet ween the edge of the chuck 202 and the edge of the shield 220 is at

| east | ess than the distance between the edge of the upper el ectrodd Mag2006
and the edge of the chuck 202. Thus, the shield 220 provides a preferred
ground return path for the current out of the edge of the chuck 202 and

waf er 204. wdPBRAdwsF! G 3 illustrates another enbodi nent @fyésosess7

capaci tively-coupled plasma processi ng chanber 300. Referring nowto FIG

3, a chuck 302, representing the workpiece holder on which a substrate,

such as a Raskst NgokAM-B08HHYT oned during etching. The chuck 302 may be

i npl enent ed b%/ any suitable chucking te hrﬂﬁf eRg., el ectrg tatic,
mechani cal [008Tlanpi ngVhenaRiiperyer éysupigd fq Qac fromy REPOAFRPUCE RE6:chuck 302

is typical Ly:sunnbi fia Whdshrdial, R Farameenoussg phha S¥asmhe t@Vhz and 27
Vhz, si w%%gﬁ)ﬁusly dur i nE, et cphi nrg by a _dual %Ir)equaelﬁcy so%r ce 306. [0025] -

An upper epaitivedehs a86derits aqrowdbcguinpisiié! firld lings teimpinas omhe sufisert el ectrode
308 rmay b ewgfepm%%re%? gk&i&i@?ﬁ A&RePdicisfect, Suchfb %S%rgvihg Lggtrates an etching

react or where surface o e upper el ectrode I'S larger than the ~ =«
surface of dirdveonatity diue30 Zhe goomitropféhecipperglechpdes i aad theichugkoildetde f r om

et chant sour as_suppli Vi ' g{}q Bp{;@g thr ough an
exhaust Iiﬁﬁlﬁgf%.m{fyoﬁggf u%gon iagré)?rsetﬁ'?@%e#gugé%%%‘%m be p cg%ggg?tvfg{an t he
upper el ectdsedéthd@&feraid. ActvatibgimachastringdEs issymdullapravivied chumpo 8302 in FI G
3. In general, canfinenment rings 6 p N e I l,lasma 310
to the r egP@ﬁesﬁﬂ@g’ﬂr}P{élc%Sfté? erg’fﬁw%%r slu%%!reb\ygﬂp%lrfeg%gég Félgllr\? ’pg aj?\, to ensure
r epeat abi | istsowNiisfaadvithinlayfodul Heg3 Bonhich ermp bt forined of 846tabladeistiown i n t he

exanple of FIG, 3, it should be under d at .any nunb f __caonfinenent
F1 g5,y BT TG o BEDE: R o 490b 1Pt doses S8R kot No.
LAM P0897 PB{3TalloQ@ 2 eqilperenii fiplavikes tb be dispgakd abstaniatiywakodiPofardm RF power
source 306, _equipotential field lines are set up over wafer 304. During

pl asma pr o&REefHtsce phke WalE3% ve i ons accel erate across the equi potenti al
field lines to inpinge on the surface of

[0028] An electrically conductive shield 320 substantially encircles the focus ring
318. The electrically conductive shield 320 is configured to be substantially grounded
within the plasma processing chamber. The shield 320 prevents the presence of

_unwanted equipotential field lines outside of focus ring 318.

[0029] To enhance the RF coupling around the wafer edge, and thereby improve
the wafer edge uniformity, the ground return path provided by the shield 320 is brought
closer to the wafer edge and spaced with the dielectric focus ring 318 as illustrated in
FIG. 3. The shietd 320 may, for example, be in the shape of a tube substantially
encircling the focus ring 318. The electrically conductive shield 320 may include, for

" example, aluminum. In order to bring the electrically conductive shield 320 closer to the
edge of the wafer 304, the shield 320 may be coated with a layer of silicon 322. The
layer of silicon coating 322 may also partially extend and coat over the dielectric focus
ring 318 as shown in FIG. 3. The distance between the inner edge of the silicon coat 322
and the edge of the wafer 304 is at least less than the distance between the edge of the
upper ¢lectrode 308 and the edge of the chuck 302. The dielectric focus ring 318

electrically insulates the wafer and the silicon coat 322.



waf er 304, thereby providing the desired etch effect, such as inprovin
etch directionality. Due to the geonetry of the upper el ectrode 30@14\%63’2006
the chuck 302, the field lines may not be uniformacross the wafer surface
and ‘may vary significantly at the edge of the wafer 304. Accordingly, a

focus ringwhl@sei ypically provided to inprove processptiadp®id¥kiy across
the entire wafer surface. Wth reference to FIG 3, wafer 304 is shown

di sposed within a focus ring 318, which may be fornmed of a suitable
di el ect ri cPopkst BPi &AMEH7dS Tcer ami ¢, quartz, plastic, or the like. Thus,

the presence of the focus rin 318 al |l ows th%,eq ipotential field lines to
be di sposetP03bbst antilGt 4 {7 agaph SPAPIIGFEN relRRachieyeq pac SRR he waf er

304. [00281;hnel et Gk hohiGenduetdimes Hithkt palnspRatantA 8 |y encircles

the focus ring 318. The electrically conductive shield 320 is configured
to be substmitiriessr Quagg foeusding is urpd # 49 [pFates bebvesn Presdessdiampleradder . The
shield 320 . i0fd. THAVBR i Al ekl d 11 nes

out si de of Sp{ggﬁg&?@n}gn{?{@&?%gg?g@o enhancgﬁ{lggﬁlg%iaggﬂ%#ng ear ound t he

waf er edge comincted ey @bacitivehrovided ehrmbatsh 1 S8ige samhievoremiladelecimadesgr ound
return pat v j I r . he wafer edge
and spaced%\lm %(?)%%%é%}érfﬁé'%rb?@ e?%hgﬁgg%e%%thgfgﬂggﬁty 1 Ft)gtﬁr?e;‘%dggva{sn FIG 3.
The shi el dg8Raterip 2 chorentoahpiseia e rpavtar eacshilpese ofitha prighart.sRibslimnt i al |y

encircling e focus. ring 318  Th trical 0 ' el d 320 may
i ncl ude, féb‘b Va3 S ‘%f?’E}‘F‘r’%mnau‘*r‘r‘%E f?%'ﬂ?%?%‘é?*ff%f%s’ré?‘ﬁéﬂ?ﬁ%& &g {Auhg‘lal ly
conductive shield 320 closer to the edge of the wafer 304, the shield 320

may be coa ith a,layer qf silic 322. . The .layer.of .sili,con coating
555 ey ar S3h ¢ 1oy s in B oA TSPy PR S BT B E T "
as shown i mhefprésentBr-cidihed derdizantisen Het weeontehgorahtafigeaim. The ghaphsf | i con coat
322 and the edge of the wafer 304 is at |east Iefss t ha th&‘ di,st ance

bet ween t h& 1 &dgBuplustiiss a ey 8%8??6%%3%%%%?%3 ?rh‘?pgcéaa]g ah e g Phuck 302.
The di el eclikd wafbQGdise the Pesshil Bclapledebifig@dtop yvidliitd A6 unifermprbedssaand t he
silicon coat 322. 8 11 May 2006 WD 03/043061 Docket No. LAM P0897 PCT

wafer.

[0032] FIG. 5 illustrates a method for improving etch rate uniformity in a plasma
_etching apparatus having a top electrode and a bottom electrode in accordance with one
embodiment of the present invention. At 502, an electrically insulating ring, or a focus
ring, is placed around the edge of the bottom electrode. The bottom electrode may
support a wafer and may be coupled to a dual frequency RF power source. At 504, a
grounded shield is placed around the electrically insulating ring and substantially
encircles both the electrically insulating ring and the bottom electrode. The distance
between an edge of the bottom electrode or the wafer and an edge of the grounded shield
is at least less than the distance between an edge of the bottom electrode or the wafer and
an edge of the top electrode. In accordance with another embodiment of the present
invention, the distance between the grounded shield and the top electrode may also be
adjusted at 506. The etch rate uniformity across the wafer may be further optimized by
adjusting the distance between the grounded shield and the top electrode at 506.

{0033] While embodiments and applications of this invention have been shown
and described, it would be apparent to those skilled in the art having the benefit of this

disclosure that many more modifications than mentioned above are possible without
S



PCT/ US02/ 36557 [0030] FIG 4 is a graph conparing etch rates achieved _in
accordance with the prior art with etch rates achieved in accor dandd Niax 3006
thé present invention. A 15 mllineter Quartz focus ring is used as an
i'nsul ator between the edge of a wafer and the Silicon coated Al um num
ground shi . S generating the graph in FIG 4 were dina
capacitiveﬁ&ggggﬁﬁéd chanber with 1.35cm gap between fla?jgﬁgg%%%ges.

Bl anket Oxi-de wafers have been etched to check the uniformty. Plot |ine
402 was gPodealNedLAM-BOZIMEnti onal plasma etch reactor in accordance wth
a prior art. Plot line 404 was generated in a plasnma etch reactor using

t he presenddpysiakdiometle ooedtivg goraept herein0Bd invewion] thersforatsawt fabeFl G 4, etch
rate uniform.ty inproved significant] ing the presently-clained
configuratFﬂﬁméegggPHB%Eﬁﬁggﬁk%gﬁ em%%“#@%ﬁration. The graph of FIG 4 .
thus illustrates a nore uniformetch rate across the wafer, especially at
the edge of the wafer, using the presently-clainmed configuration yielding
a nore uniform processed wafer. [0032] FIG 5 illustrates a nethod for - s
inmproving etch rate uniformty in a plasnma etching apparatus having a top
el ectrode and a bottom el ectrode in accordance with one. enbodi rent of the
present invention. At 502, an electrically insulating ring, or a focus
ring, is placed around the edge of the bottom el ectrode. The bottom

el ectrode may support a wafer and may be coupled to a dual frequency RF
power source. At 504, a grounded shield is placed around the electrically
insulating ring and substantially encircles both the electrically
insulating ring and the bottom el ectrode. The di stance between an edge of
the bottom el ectrode or the wafer and an edge of the grounded shield is at
| east | ess than the di stance between an edge of the bottom el ectrode or the
waf er and an edge of the top electrode. In accordance w th anot her

enbodi ment of the present invention, the distance between the grounded
shield and the top el ectrode may al so be adjusted at 506. The etch rate
uniformty across the wafer may be further optimzed by adjusting the

di stance between the grounded shield and the top el ectrode at 506. [0033]
Wi | e enbodi nents and applications of this invention have been shown and
described, it would be apparent to those skilled in the art having the
benefit of this

10



di scl osure that many nore nodifications than nenti oned above are possible
without 9 11 May 2006 WO 03/ 043061 PCT/US02/ 36557 Docket No. LAM Pdddviaped0o
departi'ng fromthe inventive concepts herein. The invention, therefore, is
not 'to be restricted except in the spirit of the appended clains. 10 11
May 2006 WREOS/hH3061 PCT/ US02/ 36557 Docket No. LAM PO8%-1hishy/Sds& M5 What
is clained is: 1. An etching apparatus conprising: a first el ectrode
coupled to_a so rceé&é gi d potential; a second el ectrode coupled to a
dual frequ](f:-’ﬁ%‘SFt y B ‘PS‘%" 3@ e; a plurality of confinenent rings disposed
between said first electrode and said _second el ectrode; a chanber
enclosing said first el ectrode, sai §L&88nd el ectrode, and said plurality
of confi nef@nliskigsiissai d chanber forned of an electrically conductive
material coupled to said source of said fixed potential; a focus ring
substantially efeFieing agpastisgospedtd el ectrode and el ectrically insulating
sai d second el ephiplgcANdued U Alkcs 4bS hall doRlokiy; enci rcl i ng sai d focus
ri‘rng, the distance between an edge of said ‘second el ectrode and an edge of
sai d shiel d beiagcend dlestigde dougled toraadyat fegquencs Rdroever pitofeen sai d edge of
sai d second el ec fﬂ@m%ﬂgﬁ ShisiAl b defi a8 0 LIEQHRe a5 P lagh shiel d
formed of an el%lgcl[’%ﬂ@aq?legn con ucthéSp;.@teri a({e C(ajlug?:"sgdJ to gg&?d sour ce of
sai d fi xedsecpnd @dedtiodé;. 2. The etching apparatus of claim 1l wherein said
second el ect rodae CHARTY ° gn%l%si%gé’\a@ fike electrode, said second electrode, and said plurality

of confinement rings, said chamber formed of an electricaily conductive material coupled

to said source of said fixed potential;

a focus ring substantially encircling said second electrode and electrically
insulating said second electrode; and
a shield substantially encircling said focus ring, the distance between an edge of
said second electrode and an edge of said shield being at least less than the distance
between said edge of said second electrode and an edge of said first electrode, said shield

formed of an electrically conductive material coupled to said source of said fixed

_potential.
2. The etching apparatus of claim 1 wherein said second electrode supports a wafer.
3. The etching apparatus of claim 1 wherein said focus ring includes quartz.
4. The etching apparatus of claim 1 wherein said shield includes aluminum.
5. The etching apparatus of claim 4 further comprising a silicon layer coated on said
shield.
6. The etching apparatus of claim 5 wherein said silicon layer partially inwardly

extends over said focus ring.

7. The etching apparatus of claim 1 wherein the surface of said first electrode is

_larger than the surface of said second electrode.
11



3. The etching apparatus of claim1l wherein said focus ring includes

quartz. 4. The etching apparatus of claim 1 wherein said shield i ncllddday 2006
al ium num 5. The etching apparatus of claim4 further conprising a silicon

| ayer coated on said shield. 6. The etching apparatus of claim5 wherein

said silic oL, partially inwardly extends over sai GS3dskNg. 7. The
et chi ng apgg)rdglt?%gnglof claim1 wherein the surface of sai g”??résﬁt 3él ectrode is

| arger than the surface of said second el ectrode. 11 11 May 2006 WO

03/ 0- 1306 1DRGT NISORARBBESE7B6Gket No. LAM P0897 PCT 8. A nethod for
inproving etch rate uniformty in a plasma etching apparatus having a top
el ectrode and a bottom el ectrode, the nethod conprising: placing an

el ectrical Ly insul ati .ring.aroun h e ctrode

coupl ed to®a d Ime?f\pgz%éﬂlg & v@? Is“gotﬁ%g;m gﬁlggrgie%%%ég EE g!rugunded shield -
around sai Hawlgectp leadddy ahdis bbtam electoteghe métbodliamipaniog: bet ween an edge of
said bottom el ectrode and. an edge.of. said grounded ield I at | east

| ess than the cﬁléﬁ'%ﬁf’eﬁ?ﬁﬁﬂﬂg%ws'gﬁm@ﬁé a{ﬂ‘ungéhlec?g %?fttg%bo(e%lorenc‘{?er%ggge and an edge-
of the topo®leacs k @ee freQuendyRF poEaOurof; agd ai m 8 further conpri sing:

adjust ing the distance bel ween 5al.d S995.eatf ALY RITheailighy and sai ¢

between an edge of said bottom electrode and an edge of said grounded shield being at

lcast less than the distance between an edge of said bottom electrode and an edge of the

top electrode.

9. The method of claim 8 further comprising:
adjusting the distance between said edge of said grounded shield and said edge of

the top electrode.
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