| NTEGRATED STEERABI LI TY ARRAY ARRANGEMENT FOR M NI M ZI NG NON- UNI FORM TY
BACKGROUND OF THE | NVENTI ON [ Pant 1] Pl asma processi ng systens have | ong
been enpl oyed to process substrates to produce sem conductor devi ces.
During substrate processing, conditions of the chanmber have to be closely
nonitored and. carefully controlled in order to create a processing

envi ronment t lilé ﬁﬂﬁ&ﬁllﬁrﬁh fkﬂ PGt or devi ces,

General |y speaking, a proce53|ng

envi ronnment in which theq@%@?gﬂg@(ﬁg |n order to process a

substrate. (Para 21Unfortunately, certain condlti ons that- may exist in the

processing chanber duri nggseRgiRcAhen PIFORSS PIPENTRY cCause nonuni formty. To

facilitate discussion, Fig. 1§%ows aF(s)?} ? ‘?I ed bl ock diagram of a

subst r at é!’ép’ttd& essi Rigmenwmmmmn@m‘wb@@mssm sarleveriog piosepbelstaienie top of

an 6‘| ect ggﬁﬁi L&HL%H&Q}%)EQE@C)S %ﬂiﬁﬁw ijflicu ﬁxopmgﬁs‘? %‘%}“&R Oi{éq}@ %'jhﬂ?’llgz} h&\Fz,DV\Br i's

delivere to processi ng ch 7 i xarrp ra requency (RE)

power 110 pragosoly rhadioiedtand pmdcé‘s snmgiicxhzamb@m 1l@dhivi probessing bredonpstiat i ¢

chuck c h 104 E. RO ract with gas,
thagm ca&{ ngr%g dx&tlg geqb'itc sem;céndu@tﬁr 5 uc@a V\ﬁé}em’i}( }a@ﬁegs del i very

syst em 1(&2;;miaﬁmmmoﬂamﬁm®ha$m ciﬁzégawm;g ethmmyluttm @’hﬁblhe\mﬂ}{hh@fublsﬁ rate 106 to

produce etg | {'n ﬁ)on uct or Br gducts [ Para 31l deally, the conditions

wit hin proi¢éss i‘ﬁa% A& 208 s pecial |y across substrate 106, are

uni f orm ifPrarangler tiGnfpratcthe u&’&&lltﬂdgfnﬂﬁlmnptﬁxmﬁz%&mnﬂh&’b'ﬂbﬁd%ﬁiﬁathjnﬁfm processi ng

substratﬁ 106.  However, .due to the desj ‘rgln of prQ cha{rb 104, the

condi t i oS R YR GRS TG BRI ERASR e“’u%ti i %il o *F“o MO an

exanmpl e, atsheliradbrbk &k@Wanf &g@%trﬁl@){}rcﬁ@dslﬁg sﬁﬁﬁmﬂﬁm‘ womadesttddbuts ion of gas

t hr oughout the proce55| ng n_anot her exanple, the gas exhaust. may

be non- uRlFHTRYP ahnv%*aﬂeﬁ%%%wﬁw%éééﬁ%“eﬁémwm&hﬁé‘aﬁad & BOWIAD 112 is
usual I'y 'd@‘}s%ﬁ%dm@%i(dsfn@%&rﬁ&zQ@J‘tl%ran(%ﬁ\arﬁ[h@ Iw@%@eﬁm%@?@wlzr;glnﬁw the gas
exhaust is being punped out and downward fromthe center to the edge of the
subst r at & fdgnta prosgisiug:charpia 1045t pagleproswain cipsls SYIHIYP@PSHRE BYMOBYT acr oss
the surfagge t @My | o ense
Lovar d t g oS B TR e e B P L e

enpl oyed 04 via o rcendadiveryypytan Wil ﬁcommim@éfeetsl \‘émhm@mmm@ wiy sibetrger f or med
using a ) source. Fig. 2 shows a sinple

bl ock di g{g}{?{%}\ft&%ﬂ@ mfrfeg%g%ggﬁﬁ Cg)?n&}ﬁ)déér%%gnt 200 utilizing a '[Cl' source,
Usual | y, [BarkGP sodﬁc&éﬁs pﬂz@d@nﬁmn&mﬂmdm%sm@ c@mbmdﬁﬁr&mpma‘ﬁhusm«ﬁ nst ead of

Fe):, gg;;g?g&bf%%ﬁivt’.?% ﬁlﬁ‘éﬁjtt GIH} i UIS&J 10 py(}\ 1Ae a UgR‘Ufﬂ}lpiOL\,Sﬂhf’ oV Ii\égig}glgq\l\er to the

processing substrate 106. However, due {o the design of processing chamber 104, the
conditions within the processing chamber are nsually non-uniform. In an example, the radial
flow of gas may cause non-uniform distribution of gas throughout the processing chamber.
In another example, the gas exhaost may be non-sniformly pumped out of processing
chamber 106 because a pump 112 is usually located away from the center of the substrate.
Accordingly, the gas exhaust is being pumped out and downward from the center o the edge
of the substrate. As a result, the gas may be non-unmiformly distributed across the surface of
the substrate. In an example, the gas may be less dense toward the edge of the substrate,
{Para 4 One method that bas been employed 1o create a more uniform processing
environment may be performed using a transformer coupled plasma (TCP) source, Fig. 2
shows a stmiple block diagram of a processing envivonment 200 wilizing a TCP souce.
Usually, a TCP source produces an inductive environment. Thos, instead of electrodes, set of

antenna 202 may be employed to deliver power fo the processing environment.
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[ Para 51Wthin TCP source, plasma 206 may be generated with a doughnut
shape to forma toroidal processing region. The toroidal processing region
results in a radial diffusion profile over a substrate 208. However, even
with a radial diffusion profile, the conditions may not be quite uniform.
A larger toroidal processing region nmay produce a nore uniform processing
envi ronnent; however, a larger toroidal processing region nay require the
chanter ﬂ'ﬁnrlaéisi gn‘i\*ﬁhi@éf’rﬁ‘t’ﬁ wmar;gamadﬁfintahée deretapgt witlca WLmHmWsinaqmb:e I arger.
Accor di ng{r}{i t rOCesSng ﬁwt i ch an anha gqp rga i

fi nanci al'l'y ‘%8*‘%‘?%%“%‘8 f%&’ engf HE&FT r%"‘*ﬁﬁy’ SHe~'si gl “’u“&éfﬁ E/{“ ‘?"8‘*

di fficul 'Q:xmﬁBRb\EFa SIMRARYO IO dhiized, BMoNEIGNfliRediffubdaiiefilentendridaiong el ates, in
an enbodi nent, to.an | tleg\r t ed st.g{irablllty arra%/ arran errent for managi ng

pl asma uMieF PRSP GpiF FEES IR Y BEESSIR G RHVPROM t“EP“F S at e

processi peheedsing couiRBhieat BowhRe satrbangenmni: acteaﬁyhu;é@@n@fava&{uay tef el ectrical
el enent s. The arrangement al so includes an_array gas injectors, wherein
the arr ayhdbegiodest 'ﬁ&“&fmf& Terestng By cleriEc yday t@%)e 5&’5@*”. Arordinghy thy o

arranged ;9 . &h8ALE wRh @thdiirzﬁla!zh%e@xtemmy@&@%bé felheRsy (2asR fxi?Ji ﬁ&%@ﬁam&@ﬁkon of
the plurality of plasma regions being substanti T ly simlar.

ar r angenéit bFEt’H“ﬁé‘PI‘*ﬂL‘h’éﬂlﬁé W¥n array of punps, wherein indivi dual one of
the arny of punps being interspersed anong the array of electrical elenents

and the array of gas injectors. The array of punps is configured to
facilitate |ocal renoval BBIEFGHSMBLHENSE Ty REY RN a uni form pl asma regi on

W thin thﬁlnl% as ”&riﬂr@%ﬁ G n&z QX%Q@Q%&;cm[m%%ﬁZ D8 AR By §H£R?mry

rel ates tO onyoneo I nents elnventlon I scl osed
her ei n andaigsmpgtior m@egﬂgqﬁamoa hmﬁnmm hethsnnﬂamfpwdmmgwenomnmn tanhi ch i s

set. for EJ}II tiﬂf }n%?e: nQ'oPE %ubgmﬁ%] My lxe-r%rr]z%zgéetn FmQI fri‘e:‘ an. mx%‘t ﬁf 5%3%5; e%}en ex{?r esent

i nvention W Cri nore ow i n
descri pt Toaamfugthent nby éntudensandy of gasom;ag;tmnmizemmﬂmtamt hécléalidadwi ng flanes.
BRI EF DESCRIPT| ON, CF THE DRAWNGS [ Para S1The, present, layention, is
11 ust r ab SR RY° P s IEC R NOP B8] Gt PR PISRR BB he 11 gur es
of the ae&@@jﬂﬁﬂ}(k&}gﬁdﬂm;ﬂ@‘&ht&ﬂﬁplamxmrﬁ)m l}mk@saﬁvﬁﬁﬁﬁﬂﬂ@&nr&un’EiEea| s refer to
simlar eIerr}entsadlnB‘\ghlch LPﬁ " dla? FrTP|Iffled bl ock
di agram pranggpeyt " BCBEE Y 8 W‘?E@nﬁ exe: individual one n "the artay o

pumps being interspersed among the artay of electrical elements and the array of gas

injectors. The array of pumps is configured to facilitate local removal of gas exhaust to

mainfai g watorm plasma reglon within the plasma processing environment.

[Para 7} The above summary relates to only one of the many embodiments of the

tavention disclosed herein and is not imtended fo limit the scope of the invention, which is set

forth in the claims herein. These and other features of the present invention will be described

i move detail below in the detailed description of the invention and I conjunction with the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[Para 8} The present invention is iflustrated by way of example, and not by way of
himitation, in the figures of the accompanving drawings snd m which like reference numerals
refer to similar elements and in which:
[Para 9§ Fig. 1 shows a sumplified block diagram of a substrate processing

environment.
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(Para 1.01Fig. 2 shows a sinple block diagramof a processing environnent
within a TCP source [Para 11]Fig. 3 shows, in an enbodi nent of the
invention, a sinple diagramillustrating a top view of an integrated
steerribility array arrangenent, [Para 121Fig. 4 shows, in an enbodi nent of
the invention a cross-sectional view of an integrated steerability array
arrangenent. [Para 13 [Fig. 5 shows, in an enbodi nent of the invention, an
exanpl e ¢Parani8f nt ejgal ddws b e@pidiibikt diaggam aya aotange ewnbanktthvidgiconcent ri c
confi gur (j on. DETAI LED DESCRI PTI ON OF EMBCDI MENTS [ Para 141The present

i nvent i ol “Wi*PI"™fow be described in detail with reference to a few

enbodi menpseatihpr eofig asshiolvk Us bl ahigdidi bhe aceaimanyipi dkiamh (0Srathg t he
foll owi ng description, nunerous specific details are set forth in order to
provi de é“ﬁh‘ﬁf“ﬁﬁbg} ifsgerdesraPy BrYeHaMsPE8ent i nvention. It will be

appar ent fphauayer , rik 0t Qfs SKht b8shdiderd Beh@fdvention, a croRL REGIHaI HiBY¥@NEI ON may
be practiced wthout sonme or all of these specific details. in other
i nst ancedXCHiBRY SIRFHIIY pHrac8Eweatdhs and/ or structures have not been

descr It begpi,a 1det Al g SLnAEHE af SuBiRlimM BEEE SRR dnY 2 PRIEMS LA S SENT
I nventi on, '
steerability array arrangement with a concentric configuration.

DETAILED DESCRIPTION OF EMBODIMENTS
[Para 14] The present invention will now be described m detait with reference to a few
embodiments thereof as iltustrated in the accompanying diawings. In the following
description, numerous specific defails are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced withont some or all of these specific details. In
other instances, well known process steps andfor structures have not been described in detail
in order to not unnecessarily obscure the present mvention,
[Para 15} Various embodiments are deseribed herpinbelow, including methods and
techniques. It should be kept in mind that the invention might also cover articles of
manufacture that includes & computer readable medium on which computer-readable
instractions for carrying out embodiments of the inventive technique are stoved. The
computer readable medium may include, for example, semicondugtor, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing computer readable
code, Further, the invention may also cover apparatuses for practicing embodiments of the
invendion, Such apparatus may include circuits, dedicated andfor programmable, to carry out
tasks pertaining to embodiments of the mvention. Examples of such apparatus include a
general-purpose computer andfor a dedicated computing device when appropriately
programmed and may include a combination of a computer/computing device and
dedicated/programmable oircuits adapted for the various tasks pertaining to embodiments of
the invention.
[Para 16} In one aspect of the invention, the inventor herein realized that steerability is

required in order to achieve more uniform processing. As discussed herein, steerabilidy refers
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[ Para 151Vari ous enbodi nents are descri bed hereinbel ow, including nethods
and techniques, It should be kept in mnd that the invention m ght also
cover articles of manufacture that includes a conputer readable nmedi um on
whi ch conput er-readabl e instructions for carrying out enbodi nents of the

i nventive technique are stored. The conputer readable. nmedi um may incl ude,
for exanple, sem conductor, magnetic, optomagnetic, optical, or other forns
of ConpuﬁekmﬂaaﬂabﬁﬁxﬁﬁdﬂMMEkﬁyﬁéQﬂwhgkhﬁﬂﬁuﬁﬁml&ﬁﬁﬂhbﬂﬁmﬁﬁdﬁ. Furt her, the
i nvention may..al so co appar at uses f or acticing enbodi nents of the

| vent i onte iR BRpER T GRS TR GRe BBl s Cdodi cated and o

progr ammgixg,17} o ezardkeyp;w&ntzask&ca@m@h ahighpl teobadi mam;ﬁm@tn t he.

i nvention. Exa | es, of such apparat us |nclué ener al - ose comput er
and/ or a “eRE! ‘écttl%%ld‘&%‘iﬁ‘*ﬁwfﬁ‘&‘ﬁéﬂh‘céﬂa\?\ﬂ% zﬁ*ﬁs}l@mt?%& gy iiedic and may

i ncl ude g ¢@aPLAaL BRRoATI: FORPULELLSOIRBHENy Q@é’y!aﬁ@i&al’[dfaimgmcm ma\,
dedlcated/progrannable circuits adapted for the various tasks aining to
enbodi nelERioyR RiKee piods ppkne topepaiFd thealelikery REPQYSS B¢ thefPracRsng g@ﬁ@qron t he

i nvent or NBRRINERNIERE tlchRlks SIRSIERMe, Whiu® HREANIdLHodebeRd8 hrhPofC hi eve
nor e unlforn1proce55|ng As di scussed herein, steerability refers’ to |ocal

uni f or i tpakt elaetragkes. thratrohmgy breavedailalo drepidheoliovass pawer thapugh diwmigile To

achi g\rlleoéﬁgtﬁ&%b'ﬁo%&%c Ay Wi 9 'n«%&wa%%mmp%m ol &gﬁg;&@w&ﬁ%@a 171in
control | bagusdtbe anfta‘ce‘neq%ﬁtmwmmietsempf(eagie focgladslifr dbrpwf thgazéleemmu@tf% RE ener gy
distri buL . affect the condition of the processing

chanber . (’(r%n]éng &")mf{ﬂ% F%ﬁy?thbrl cators may enploy a Drytec triode machine
to_cgntr@PmﬁhS{deIAwanmnmﬁmnmmﬂmuﬁhboamhempspmnsshpgeamQMhmﬁnammgmytee
triode machi n I ctr ctrode being an
oty of “AkIHS itGier Pbeutt 85T SR iy Si oRriran PR G FRER (he 1 ow o
power t hrouging thegaicdiivet U daidcens. hakomempiiaed e paabizlerd ihen Bryhgeo t ri ode
machi ne, non-uniformity remains aiprobl nlbecbé?e the Drytec triode machine

does not SBREF LS PYELT TV VEPITHE BrREFPRFARPEFERUEEH S gas fl ow

and vas exhaugi. spe{o@%ﬁ'ﬂmlﬁl%x at by LERPE bBRGte A nlkddlich ieBAHPt aSAR system
may be configured to hav gas, i nj ect or dellverlng gas |n 0 the
g

processi HIEH: sefheaw&i@t§alﬁ@?@waueﬁe¥ @ﬁn?défhwpwgwfﬁfé“@ UERAdREEE | C
fabr'CatQﬁ@n&@¥&mﬁﬁﬁ&ﬁ%&§h@Qd%Q@xRﬁi@ﬂﬁ%ﬁﬁ@x&ﬁw@%&ﬁ&k&@@%ﬁ&&x&K@ate a nore
unlforn1froce53|ng environnent. | n an exanple rocess engi_neer nay
control ‘%%@%F"vo%ﬂ'ttﬁ%ﬁfglaéi*m‘ﬁ‘lﬂﬁwv%‘“&ﬁ OBt Biéﬁ}?f whilpmgissaniag desitgliipr e even
di Stri DUbicRRuQleicidtor mé»\/%aw%@taua%w&b arflb&ifgrent parameters in order to
produce nore uni l'asma I's a tedious and time-consunm ng process and
tends to{XuaguPle dx}hpgms@egv gecpbodynest sf bningprdion ohgeraigd saprebiiy many
sour ces M | Nng desirable
Stoh rot g&a [lﬁm%{%%ﬁs{{o‘é\@egﬁéé {h%ﬁu@ﬂ&«?@@%fgmm s{xﬁstx%tpz&:%&‘amx[ Para 1010n
accordané@ﬁmﬁmnnemﬁdGEM®mn®z@ﬁsmmsmﬁManbn@nﬁmapmﬁnubg%aﬁmdnéﬁbkrdb|I|ty
array arrangenent .1s provided for enabling |ocal control during substrate

processi ﬁ“gm ‘cﬁ*?‘}é‘nt s of the invention provide steerability by creating
i ndi vi dugPdr chnt H@Imeﬁkb&ehszm ﬂfeﬂﬁﬁ&ﬁblﬂgxdlﬁgu@ﬂzﬁ stepilRaitiar 2yl n an
enbodi ment _of the inv Elon egr.at ed. st eg abIJItX ay I ay

mraﬂgement may ncde & muet\, { L()T! Uu fions. The con wumnom Ry D

svimmedrical patterns in order to provide & more uniform processing environment, in an
embodiment. Examples of configurations may include, but are not Himited to, a rectangular
pattern, a circular pattern, & hexagonal pattern, and the like.

[Para 21} In an embodiment of the nvention, the integrated steerability array
arrangement may include an arvay of electrical elements, an array of gas injectors, and/or an
array of pumps interspersed among one another to create individually controlled set of

processing regions. Consider the situation wherein, for example, power is delivered through
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arrangenment may include a variety of configurations. The configurations may
be symretrical patterns in order to provide a nore uniform processing
environnment, in an enbodi nent. Exanples of configurations may include, but
are not limted to, a rectangular pattern, a circular pattern, a hexagonal
pattern, and the like. [Para 211l n an enbodi nent of the invention, the
integrated sreerability array arrangenment nay include an array of

el ectri cah aeheoBMofricabdlerddntsodnd @hs @ &8 Nj@ELI0NS theanoleatingdhambertiyougf punps

i nterspersed, arong . one ot he( }g cr e\?te i ndi vidually controlled get of
processi AY FRGYIoHE M ‘é&ﬁ‘saﬁ%r"*f‘hé SRR FBHCREhEIERN IS BRANpIE Y is

del i ver edy & Ria@k@Mhat BBilidkdsale RbhRtiSSITlaGakalRY Sﬂ’@rﬂﬁi%ﬁ@ﬂﬁ r§Asnsithat BRI B
injected into the processing chamber through an array of gas injectors. The
array of SEREEPYS el subitaie dihas, dirdupyat cmjﬁéewﬁsm frsyih ey e Appyerad {Dn a manner
that f aC'déa%eehttﬁﬁohﬁ&0@&@&@9@ﬁx‘u‘?ﬂ&eﬁf%%\@{hy E@lsrdtY bQhg SABskedRhASIBoLEYI ONS
that are self-simlar ovef the substrate. Thus, the amount of power and/ or
gas that ca#yelséd required to create a uniform processing environnment across
the substpaboabel NeuRLOEeRSECIBY ulfrblli GORI KBLdGH: cd B dedlhFur Lher
to mai nt In t uni for th condi tion o he processing environment, an array
of punps sony ofBums onoree mpgumEsacich wiithha pdurplity phpumzynmmpamieﬁtgd ok t s
connecte n I d... . £ . | ectri cal
ol ement s%%gfa'ﬁh&gxck 8‘9@@@?&’ R%é ;ﬂ, ﬁﬁé?ﬁfcﬁggﬁ[@&g{rn&@%%\ﬁ)w&% ]p%rgg oxhaust
in an enb@ﬂmﬁmlncﬁa@hnpbmﬁmmyxabﬂ zﬁmxe:dimhmmay Ebé pontsobd fa@kiet fevg., via
S‘r \(;i‘: \r/ne% E/}G?(gflltfi}ifliab & (g Lixﬁj} ’é & %E(\)xr)sﬁnlla%t L}'\ai’lﬁi Q;t b}% &n”’?m epdl%%‘%tl(md%’d 10 &"I"ocal ly
i nst ead @fodnettp@zpume@cm@dlzaé izzy; mutba@mkpédmmxﬁ bﬁ imﬁt tmmsacmymmcal | y above

or under the rate. Also eed of duaIIy
control | @H*‘me‘ﬁwgﬁf‘} ﬂ‘&“‘?‘ﬁ"g TG g\%/%"?‘“b‘ﬁ% p‘é%&aﬁgie ?rc}mg% ﬂéﬁ)‘? %d glg d| ng to
the need spfedeach panps hw@b;ﬁﬁxﬂﬁ G0 ﬂ;ﬁmmBRaE;aabB&ﬂ.ff h@lafveﬁﬁzw &Saang trdvant ages
of the prgﬂeta(ig i nventi iﬁg{:{ be bet understood with reference to the

figures & aculaisgn dheprad ofsarl sgl! r{ﬁaiaa%zmﬁ g. 3 shows, in an

enbodi menpa@fzat he mymmu@amamsmmxenm}agmm ln'xL{Hﬁ,ﬁhﬁﬁ%'ﬂ%%uﬁutx@&lﬁbﬁw of an
|ntegrated stecrabil enx%gln‘arra arrangenent. An |ntegrated steerability array

ar r angenstith 'SBEPHRp hefeguirpant flt‘;ii?‘é‘f**é@%‘é“‘é@%?“at e 302 with an array of
el ectri cap, gl AeNt ;P& Iy SHGH L@rﬁt}(ﬁmﬂﬁ'o@ :@fxm%h@&\t bkl &haiRMS3@4, and

306, eurbedded into dielectric plate 302. In an enbodi nent, the array of
el ect ri caltopyiewehen ipiigrsedmigprabiitnanyy aranteneapath piagete swemilyy pany. |

paral | el %Rln Iuﬁzi)w 30b e g%’&x ?ara faDog g‘?@tm? EJH? a%{u?-,yoﬂhﬁl&? hﬁ%&z@g’ﬂ@ e”e”t

pairs nay alr o uctive e
el ectri caiuie*lwermmof paitrisal meypeiye 3&t man@emmmd@dphmﬂaﬂimxy m&s 6bhflingur at| ons

such as %m% g}%n‘r gxré aﬁgggm?&tu ic 5[1&%111&1{ VRITS sngjnehe ap &CJ‘ @f%*‘tggt%&n % &R 'ilﬁ‘l?fh fmﬁ nt pair

i s arrange an enent”
bal anced papﬁ%ﬂ‘zmhrangemm\ﬁmﬁl?mna tmﬁwamﬂéﬁisqaetzsezmaﬁmngzm h‘ﬁ} he nayirof pair
of electrlqp? el.enents are art ors from

11 T e ﬁls 4y 383 {]'i HI'S *phan%@ig' ey be
del i ver ed" AT THETEY §8e 88FHE) &ﬁﬁré? Th S ! B‘ﬁ? COFEFREYY i cal
el ements 339@xwrayumnmluumbamaaﬁ(rgamd@i ag@gentie ol Of Saf®legeach 3R8icd10, 312,
etc). By ving.the arr mectors i nterspersed between the array
of el ect e@%m iéﬁ“é?‘r’é‘ﬁ?“**ﬁ nﬁi pu‘: ;mii adder arrangement in order to create a balanced

power arrangement.

[Para 25] Intersperse among the array of pair of electrical elements are arrays of gas

mjectors from which gas may be delivered into the processing chamber. In an example, pair

of electrical elements 306 may include an array of gas injectors (e.g., 308, 310, 312, etc). By

having the array of gas injectors interspersed between the array of electrical element pairs,

the amount of gas and power delivered into the processing chamber may be individually

controlled during substrate processing.




t he amount of gas and power delivered into the processing Chanber may be
individually controlled during substrate processing. Warn 261ln the prior
art, due to the nature of the substrate and due to the configuration of

t he. processing chanber (c.g,, edge ring), the plasma tends to be | ess
uniformtoward the edge of the substrate. Since prior art configuration my
not include an array of gas injectors, the process engi neer nay not be able
to IocalH?m@dmtrth&hﬁxﬁﬂﬁmn&eﬁfmgaﬂuﬁefﬂgsd@hh&@ﬁédmimhmusmﬁﬁhMMm areas of
the proce chanber. Wth the arrays, of el ectri enent irs and/or
gas |njeé?%fp éf%§”‘§P§@¥§bTi%%y” 5 ﬁﬁghﬁBfﬁBg ’3‘%658$%é?f°?ﬁ§%Flom10f
pover an@d@ of@aSsubdiag:, sm@phmcmedoaﬁ@ur@ﬁmtxh@ 1ot ORBES mmgmm@bm;ecm an
exanpl e, the processi ng on argund gas injector he edge of

t he subsﬁ%&émwwym@qwrf@ e decagngengiol %Wé‘f’“‘f‘ﬁéﬁﬁgﬁh% {gBtfé%‘ g regi on

around ga@geciR 2Gk 8f i3 brockSME RhASHE e G eR ﬁfax Qifﬁ &&@;&L@@rﬁ&ﬁb@i}w aniiot h t he
integrated steerability array arrangenent | ow of gas and/ or power nay

be st eer & Riscor prirs. tyrdiignmay e ﬁ@f@uﬁ@umr#@ﬁtrﬁ%% & SEBPYFY “BHOY #96ReNnt . [Para

2711 n an erhodl.oenkse ?1(}%5‘8&;1@&1}%@ S TRY%x ARtk MEERSPRGRE S oWnbhidid Lhe
|ntegrated steerabi | i arrangement. 1n an exanple, a set Of punps nay

be posi t igenset 3H8(welem Gnedge mayheofﬁw@m}:m& walireheireas Ak Peves tHamihe

enbodi nent .. .4 e A 3dday3d4b, 316a,
1100, 3107e SRRl RHID IR HEE B, BB PYTREASD RIS . Fand
322b1 or honeatohsionsipyApsy aemghnitithe Bowp biigaalaid/ ‘o mfwepaapibagtepeot t's connect ed

to a manif gl Lxed, y be controllable (e.g., via a
val ve). ﬁf“"" ﬂi’i’\'/‘ianggd t “ﬁm{}@yww’t g‘rlr%g’tngg wi thin close proxim ty to the

array of;gaaZﬁpjedMQnSﬁmb&smgaswemﬁmush:maymbmusgnﬂﬂed&mrmﬂmnthQdoceSS|ng

chanber In a¥ er that Rro q % m ce‘§ln%33ﬁglronnent In
Che pr1 orearpBRSY oy Bhie o Ehsalng s o W By T HERe IR ERT
resultlngukﬂnﬂﬁ&U&Xhﬂﬂﬁ&nbﬁhﬂgnQUﬂﬁQQMﬁuﬁwﬁidﬂ6ﬁ@nﬂﬁwmmﬁmdnhnmﬂmﬁhe
substrat e, b r in 0cess| Vi c s is

| ess den?&mﬁﬁiﬁg%xégbga%$ ﬁﬁ@3§ﬁbéﬁ%-ﬁgg ﬁ% g$nﬁéﬁth&b%2Qf 6% ﬁﬁp t he
punp Speeqed BB Bk QR i@l fudths| Qe a%nﬁebid St @y bnetex haust bei ng
renoved to be individually controlled Ereb% nalntalnln a bal ance of gas

Wi thin t Renppldc £8di g ehieriBsrenpay "h“ﬁ*f#’ Vg ted BHERVISHET ent

nat ure oked A8, REOBESST Wighik PRIDSExinSd % e sy 5@*&b§t}d¢€(§$ Hens @xm-@nmryhe edge
of a sirbstrate. Thus, the punps In the area around the ed t he

subst r at &¢ Feye Ve framks mgnemméad@n@mﬁl agprseer th arpdupes %W%‘lfgtwvar d the center
of the Sgﬁﬂ:h«g&%ﬂ rpﬁng{aqgrintrﬁ g:ﬁf%glﬁ? & g;u!a Ox%{wrlgwgd 12 h@&iu@% glgrmved at the

edge. In an‘e I"ment of e invention, a
Cross- s aedsian atr%uwiew &mfs eaﬁmumrﬁee@m&tﬂesﬂ stteedabi Hpw v\"aﬁ frayn the $&émfgé¢re nt 400.

Consi der éll;\é%i._lﬁ 'cgelégg 4 o g.a\i‘élgg? &’no n%entei?( %”EPH ?he Ss ?»H de?ﬂtee\g t[f‘xg %dtlebofl?l | ng

processe % el ivered
into thecmnammsﬁmngwmh&ﬁbeﬁﬂvfmumn mepaypaﬁwanmehman@aﬁmkhaMhemew@tenna
404, 406,, 408

n nters d, antenna . IS an
arr ay of tlbcagnoum ai(gt,z%? m%sﬂyzmgr %Q ui@féx *%‘ﬁgt‘%ﬂg}é){‘a?{%% rirr]d%crré?} hain *tmm
del i ver e@alaidemf ltew 0o RIS RN i?@immnt Inta@ ekaiyge, At tonht rmht.xfeer apmmer t 0
Create plﬁgna Slnllgrl an array U nE &ﬁ28d 4BP 432, 434, nd 436)
my be | At BF SHEFSEY hifply ehinds Py esa AR Cpba L DB A ¢ e
i nt egr at @dmpt READArkA AV hayd@lF ﬁaﬂgﬁiﬁlﬁﬁ& meStR ARt & Yolwsr peamhsede
pumps toward the center of the substrate in order to reduce the amount of gas being removed
at the edge.
[Para 28] Fig. 4 shows, in an embodiment of the invention, a cross-sectional view of an
integrated steerability array arrangement 400, Consider the situation wherein, for example, a
substrate 402 is being processed. Power {e.g., R¥ power, microwave power, elc.) may be

delivered into the processing chamber via an array of antenna (as shown by antenna 404, 406,

6



t hereby enabling the flow of power, gas, and gas exhaust to he locally
controlled, lin other words, the flow of power, gas, and. gas exhaust may
be adj usted such that a uniform processing environnment is provided over the
different regions (450, 452, 454, and 456) of substrate 402 to enable a
nore preci se and accurate processing of the substrate. [Para 301As

af orenenti oned, integrated steerabili'ty axia arrangenent nay be itt

differ entm&@ﬂdi ug];r afidrgrssed bingny the s;haws,anuemamnemmmfmm;eon‘m\i(he, i4ih¥.ent i on,
an exanpl f ? nt egr atled st eer aﬂ lity array ai ran%e__ms_nt with a \concent ric
conf i gur &t §gR 4@?‘@{}?%&*&6 BEROLEEIYEST BRI PIATF N R TERTEHE Tt nel ude an
array of wehegd fowealo RtLNEM%. Oimildl2an §84.of phASs (428.¢i3p, |BLr aged as)
concentric rings wth a center. Interspersed anong the arny or electrical

el ement s THY &¢ HRCTHICFRY YHPREES AR OE BBPEB08, 510, $12-, etc.) and an array of

punps (eifara 2914, Wik an BBt s@ee}a‘mig %@'K@s@hﬁ}*&ﬁ’&nﬂ@t\éﬂﬁ&!@c B ';)R)Vﬁﬁd by
adj usting the Iow of power, gas, and. gas exhaust | ocal an

i nt egr at ereby gazbAbE fedipwatinay o Bisamyere phaus & be 3@%6%%%& Ig Wée*ar rays nay

be tndav 'w%'{l@l Y ﬁﬁ\qlalf'?{»]@g) iR ’Q]'&%@@ ce\h%r@lﬂlw Bt!: 1Bed SO QRS Sh@tmar e
self-simlar across e surf he substrate. [ Para 311As can be

appr eci apet@eﬁsm@mwlweummzegmnigd Oéqmtﬁdixmfmttf&«l@‘ﬁ #Wedihdeherdh ®@mlbl e an in
rated | ngm%q %’; Rlen@il Q%ﬁrﬁ@u\c .—.9&%%&{19&[} bt‘&u ;}t&{)ﬁﬁé Qi fr e uniform

substrat e processing envir an | ntegrated
st eer abi [[Pdarg 38} r ay&arfmamg@nmm} mts.netedmémftzymmyy b@a@mpemyw bedn di rect the

flow of [quuvte@’l Lc%\%‘zhm? QN g:fa&bf § v;b\xasu zsntzm unbgdx dlu\p & t{i)cr 3 Sx%z%gl ng ngxgﬁb &F an Wth

st eer abi cont are pro

processi ngegemwd stomateiig arr i)hmmnndnéﬁt amé mtcen@gummenf«gmmms ubsct,maecb ar e

sel f-sim]ar, enabling nore cise, . accurate form proc ng of the

subst r at ée”ﬂ}(’:‘ﬁ%r"&ﬁ"h &V}{’EW’E gll%ﬁ*&l‘%}ﬁlaf}(ﬁ‘??ﬁ i eégg'g?%aneéﬂzﬁl{"l"bnﬁé&’lﬂ overal |

cost - sav ﬁn@@tmy;beueacah eancetlridtigest ol esstedehegipermed slesigcls alai cﬁg cr eat ed.

[ Para 321 n, be ap reC| ateg$front t he fpregm o}gT:, 8t he arra > «,‘%
L

el ectri c&P %‘P r"r&ﬂ’t‘“"gmé‘ SAGEIRY OEPRIETORFF By E'S: TH EHEBY Fh I n ot her

wor ds, tﬁ&nﬁm@yswk 18] a6t & ¢ abeQhIORRMS RNAARLR LY GalusGRNEE Dbw of the pl asnma
to create t sane proce55| ng_condition across the substrate. In another

enbodi meRPVeEr HE. BWiar Bihaps laralb eVith e prgeaned YSErabiHY put et BRSBTS ekt

di ff er ent,,REACRSFNGGONELY bORF VARl {d Q%NS (ROE LIPMBLadha fBRnSHRBKE AL e, 1N
so doing, non- uniformty problens that are common. in t he prior art,

such, as sethamilatrsrosathe safge oéshserbsenisi ng a different plasma than the center
of the Sgi@ﬁya e ARl obi n&qgm{p% h QA or e ORET oG @mwamf ifhso, if the

non-uni form t stratels “‘Known .g., via lithography),
the | ocalmsémnrmﬂeur@m ldyel fam}iufst@d"ﬁsmhmtfshiatmteheuw yorrgndams subatde i s nore

uni f or m ép()% }*7 e{)‘» l?(}%'},?ﬁ 1, qg‘\: Iy emen&z& an\/\%&'<f§1§e%-r@%{3%ﬂlg§a§/rm§ta1zalweti)l%n{" resi dual

non-uni f
steerab;_ ity may be emplayed 0 du eu. thc ﬂmx of power, gas, and gas exhaust within the

processing chamber, With steerability, local contrels are provided creating a more uniform
processing environment. Thus, different regions on a substrate are self~similar enabling more
precise, accurate, and uniform processing of the substrate.  Accordingly, with a more
uniform processing environment, overall cost-savings may be achieved due to less defective
devices being crested.

{Para 32} As can be appreciated from the foregoing, the arrays of electrical elements are
selfesimilar avvays, in an embodiment. In other words, the arrays of electnical elements

gnable local control of the plasma to create the same processing condition across the
substrate. In another embodiment, the conditions may be intentionally manipulated to present

different processing conditions at different portions of the substrate. In so doing, non-
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may be confined to the scale |length of the el enents di sposed. close to the
edge and may be addressed by other techniques, [Pant 34]Wile this

i nvention has been described in terns of several preferred enbodi nents,
there are alterations, pernutations, and equivalents, which fall within the
scope of this invention. Although various exanples are provided herein, it
is intended that these exanples be illustrative and not limting with
respect toiftdmtyipmbbiuts that fue[daamam:iﬁ hAlpsior art, ha:htmttee,umzesadgw&wnanm gpr odded
her ei n for onveni ence | sh l..not: be used to co t he scope of
Che clai mafEmERREH s BRepRoH S BPis. 2%y B GRS ReF: ohty

abbr eVI atedpdnesiigandsol Btl&ﬁ@k&hﬂﬁﬁknﬁ@l’fﬁkiﬁ 1ﬁ@>ﬁm@pﬁ1\&sam&ei@(&&o@n¢ ¢ hiss shoul d not
be emp ed to % ? héue or {{he ov |nvent|o§ which. is expressed
in the cI g}oﬁ%’ii’l‘fft‘? 31t‘~é‘?“r’?‘?§’°§‘é o adiusted iy d SRR SUSHEF 81 i s i nt ended

to have ighSoaOmDRk cbRE@GtRad mat hEITB.tI cal neaning to cover -zero, one,
or nore than one nenber. 1t should also be noted that there are nmany

al t er nat itVaaddl s o?heft’rfﬁﬂe?@ﬁ’tel3r¥@“‘§"r%l“?‘ﬁe‘f‘ﬁ’@6’§“‘éﬁdh%\%’ﬁ‘ar5‘3‘&&%“’6@“@‘& present

i nvent i ofyaylhb chtick s & Q{rﬂ% ié;ﬂﬁ}?@{q@gelesﬁg{ﬁi mk;bﬁe({ @Jme@c‘l‘&h@%i%@%@ﬁdved ai ns be
interpreted as including all such alterations, pernutations, and

equi val entdeasd ‘P\a(Pthﬂf\mL’diﬂiqnﬁ%‘t he true spirit and scope of the present
i nventio P fok Wha th'issmijnﬁwﬁﬂ bbs 1d<,1-cnb'°@ni t@ x%gc(f@&%ﬂﬁ ix&?{ GrQbi ity array

arrange managi ng plasma uniformt in a Er ocessi ng
envi r onmenmbodimefitaghdre tzranl;expmmasasmmgnw mﬁd§ﬁlb3<ﬂ¢!at,e'~’hi@dﬁibmt innilee: scape ar r ay

of el ect r r&} mxex!ngq?n}&ﬁh ')Ll@gl\ (g‘k’onfyg, ampget%sn éﬂl\\%&(ﬂ{eﬁlm \Aﬂg En%sﬁc& gflﬂpth%r r ay of

el ectrica t's an ector's are arranged to create
a plural |n,.t?yn;ﬂ<fsmeal§xmaam\&gmdmst umanstmph &fspfa:t toage nmmfonsal d pI urality of

pl asma regi ons, iant a r,.a ﬁ; punps,
i ndi vi dugfaiggé»t gg?ZP QP Vﬁ ‘fm%éf%ﬁ‘ge *‘Bg“ﬁé{;d eﬁ?’%fm F‘\énengmaerraﬁlﬁ Xosug d array
of el ect Bbdalusal termmﬁme amdc@ﬁlcﬁﬂarchmys dreigaSuitirg asd ﬁﬂsactsm:ﬂtmr:m ay of punps
being co dtofaC|I|tateJo noval of exh % maintain a

oni £ or m DS atRa O prRe ST Gk B toReet Ry ERORIRRETE ™ "2 The
I nt egr at eahphl,apbabhduub Yr R Ak AEHRARILIRAL wafch el @pfasded Wh ek @lalns ak thear 1 ay of
el ectrical. el ement§ is arranged on a di el e?trl Cc plate

term “set” 18 employed herew, such term s mtended to have its umnnoni\ understood

mathematical meaning to cover zero, one, or more than one member. It shoudd also be noted

that there are many alternative ways of implementing the methods and apparatuses of the

present invention. 1t is therefore intended that the following appended clauns be mterpreted

as including all such alterations, permutations, and equivalents as fall within the true spirit

and scope of the present invention.



3. The integrated steenbility array arrangenent of claim2 wherein said
array olelecirical elenments is an array of electrical elenent pairs, 4.
The integrated steerability array arrangenent of claim 3 wherein said array
of electrical elenment pairs is an array of capacitive elenent pairs. 5.
The integrated steerability array arrangenent of claim4 wherein said array
of capacitive elenent pairs is an array of parallel plate pairs, 6. The
integrated steerahility array arrangesem of claim3 wherein said array of
el ement pairs is an array of inductive element pairs. 7. The integrated

st eer abi arrangenment of claim6 wherein said array of tuctive

el enent b Fgmt‘?ng harray of antenna pairs, 8, The integrated sreerability
array arrangement of cIa|n13 wherein said array of electrical clenent pairs
is arran ei i.n a h | adder arrangenen ? ntegg?ted

st eer abi | f‘ai?‘f“%l? F‘F‘& Y BF A EPHh f%‘é@*"@rﬁ et H‘“f%’t“éb Ared'

st eer abi lpzatmq gxro&@ym@emﬂg@mnzz fRasa@pSyAEBE bf £abspdd, bebisingl 0.  The

i nt egrat ed steerabi arr arrangenent of claim9 wherein said

i ntegrated st@%@é%ﬁ#F%V“gﬂF§Vw5§rangenent has a concentric configuration.
11. The i nt egs 488 oPhRSRRBLE {Ner @R EAY 2Rk J@Q@i@ﬁﬁ@@ei@ﬁen@é AL MdQrher ei n sai d
array of electrical elenents is arranged as concentric rings with a center
and i nt ekspeiesiel Bearhas! f@areafeamhgyiﬂwf PleyRtiEEOBR P OB ESI90G 58 vi dual
ones of gah qﬁyaafr;frsanﬁfreaag Hemm%tg%aa aru@hnﬁal ghai ndi vidual on.es of said array
of plu integrat&d. steerability array arrangement of claim9
wher ei n sai d mmnégmép@upmz@emm prietoy sa ruagfv efrivaig brieh HsTsad fBetangul ar
confi gur

Bt ;.Li ay of electrical elements and said array of gas injectors, said atray of pumps being
configured to facilitate local removal of gas exhaust to maintain a wniform plasma region
within said plasma processing environment.

The integrated steerability array arrangement of claim 1 wherein said array of electrical
elements is arranged on a dielectric plate.

The integrated steerability avray arrangement of claim 2 wherein said array of electrical
elements is an array of electrical element pairs.
4, The integrated steerability arsay arrangement of claim 3 wherein said array of electrical
element pairs is an array of capacitive element pairs.
5. The integrated steerability array arrangement of claim 4 wherein said array of capacitive
element pairs is an array of parallel plate pairs.
6. The integrated steerability arrav arrangement of claim 3 wherein said array of electrical
element pairs is an array of nductive element pairs.
7. The itegrated steerability arvay grrangement of claim 6 wherein said array of inductive
element pairs is an array of anjenna pairs,

The integrated steerability arrav arrangement of claim 3 wherein said array of electrical
element pairs is arranged in a push-pull ladder arran gmleni‘.
9. The integrated steerability array arrangement of claim 1 wherein said integrated
stecrability array arrangement has a synunetrical pattern,
10. The integrated steerability array arrangement of claim 9 wherein said integrated
steerability array arrangement has a concentric configuration,
11. The integrated steerability array arrangement of elaim 10 wherein said array of electrical
elements is arranged as concentric rings with a center and interspersed between said array of

9



13. The integrated steerability array arrangenent of claim9 wherein said
integrated steerability array arrangenent has a hexagonal configuration.
14. A method for providing steerability in a plasm processi ng envuonnent
during processing of a substrate, conprising: managi ng power

di stribution during said processing of said substrate by controlling power
being delivered into said plasma processi ng environnent through an array of

el ect ri calec@lbgm®ntedis is individudi dhecsiisid 2@ of da0Wjetiirk Mgl sl indipidogeasd ¢ty of
sai d subst rate said directing including controlling anount of gas flow ng
t hr ough &4 arfr‘ag*ﬁrafwgas injectors into said plasma processing environnment.

i ndi vi duab  oReS@faatdradlifPM R andRGnlcli @Clon9 BRlddsinheLsrar sed bet ween
said array of electrical elements; and controlling gas exhaustin.g

during saicarapilisoemsprgpesmendirg: sulssace iy HRagi ng amunt of gas exhaust

bei ng rempved. Hy %{@Yﬁ%@%;i@ A PHTPSnp MAGT ek B Bl theRhif A¥d ﬁ’r{enﬁﬂitﬁi‘:t rical
el enments, said a#’ray of gas injectors, and said array of purrps are arranged

to creat ett‘az’ibiﬁft}r‘*ar&i&ﬁyﬁlﬁ&mpﬁlta@mh?@g@i@h@lﬁ'@af@hmpI asma regi on of said
plurall 1, 0h RUARITR LEAINISBELRL, BUBRLAR IRk thllduilent dECDY CT€aLING 2

uni form plasma regi on acr 0ss sail stra “of claim1l14
wher ei n szmcehsmgmfayuimfmtal»@m&}rmngl eI enents i s arranged on a di el ectrl (o

plate. 16. Tvaa‘ 1 éygmq g1 &Fg% %amxr;[[' éﬁr}%\’i%% xefcssrﬁl gi ald %};atrq\%shiﬁj c%ﬁ{xélh

el ements is an of claim
16 wher erpms:arech«aierx@eyecbrhtoe;hﬂqﬁmmateceﬂsmntuq:mmenStzrcswam arayay eftricdpaci tive
el ement. pairs. 18, The nethod of claim 15 wherein said array of electrical
el enent gf‘]’sgﬁr s an array of inductive el ement pairs. 19. The net hod of
claim 15 Wher girartihpgisviodu@ling REs pakesal df aitd aypsiofie, ebiddivedtivglincbldement pairs

i s arranged |n

a push- puI | adder arran 20. The thod of claim 19
wherei n S&HE léﬂr"r“é?g'%‘f(’féf‘% tYPe W‘b?i%é*rréﬂ %0 n?rié‘s Ty ey %gde RoWentric rings
with ac @ﬂk@rwa RevikdEhRhS PRLSAA! Rt Weal Salydf asviaycofs elngeitkgaledel ements is
sai d arra gas injectors and said array of punps.

betw ec n Sakd arcay of electrical elements; and

controlling gas exhausting during said processing of said substrate by managing
amount of gas exhaust being removed by an array of pumps, wherein satd array of electrical
elements, said array of gag injectors, and said arrav of pumps are arvanged 10 cregle 4
plurality of plasma regions, each plasma region of said plurality of plasma regions being
substantially similar, thereby creating a uniform plasma region across said subsirate,
15, The method of claim 14 wherein said array of electrical elements is arranged on a
dielectric plate.
16. The method of claim 15 wherein said array of electrical elements is an array of electrical
clentent pairs.
17. The method of ¢claim 16 wherein said array of electrical element pairs is an array of
capacitive element pairs.
18. The method of clatm 13 wherein said array of electrical element pairs 1s an arvay of
mnductive element patrs,
19. The method of claim 15 wherein individual ones of said array of electrical element pairs
is arranged in a push-pull ladder ammangement.
20. The method of claim 19 wherein said aray of electrical elements is arrangsd as
concentric rings with a center and nterspersed between said artay of electrical elements is

said array of gas injectors and said arsay of pumps.
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