H GH CHAMBER TEMPERATURE PROCESS AND CHAMBER DESI GN FOR PHOTO- RESI ST
STRI PPI NG AND POST- METAL ETCH PASSI VATI ON 5 BACKGROUND [ 0001]

| nt egr at edw® gassb@rare fornmed froma wafer or substratgRyEHMIbEE
are formed patterned mcroelectronics layers. In the process of

fabricating the integrated circuits, it is common to enploy patterned
photoresi st |ayers as mask | ayers for form ng those patterned | ayers
from previously deposited bl anket |ayers. 10 After form ng one of the
patterned | ayers on the substrate, the correspondi ng photoresi st

| ayer may be renpved fromthe substrate in a stripper chanber or
asher before continuing to the next process. [0002] Since photoresist
stripping is used frequently in sem conductor manufacturing

foundries, str
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downstream pl asma stripper chanber ig$iVArdayermned by its strip
rate, which is defined as the rate of photoresist renoval per unit
time. The strip rate determ nes how I ong a substrate is exposed to

pl asma. Asst hpapghast@uni t he stripper chanber may damage various 20
circuits on the substrate, it is preferred to mninmize the
substrate's ebd985lirlategrates aiguityare feranedfromy g wWakeros aubstrgterdyer whichpre

rate. Herei nafdi@ikd phtenddhitRod QBbARH1:98S: %&e%@c’%@@oiﬁf&ﬁq&ﬁﬁg the
I nt er changeabl y. 8003 FIG 1 shows & schematic di agram of

downst ream c h’é‘ﬁ%te‘l@@“@ﬁ, igisepmmmde eatpigrattermad ph@pmtswyera as mask
substrate 1041508 i FofniRl MARE Baftsthed BYES fofh Reviously deposited blanket layers.

10 Afier forming one of the patterned layers on the substrate, the corresponding
photoresist layer may be removed from the substrate in a stripper chamber or asher
before continuing to the next process.

[0002] Since photoresist stripping is used frequently in semiconductor
manufacturing foundries, strippers or stripper chambers are designed to have very

15  short process times, i.e., high throughput, to reduce the overall substrate
manufacturing cost. As such, the performance of a downstream plasma stripper
chamber is often determined by its strip rate, which is defined as the rate of
photoresist removal per unit time. The strip rate determines how long a substrate is
exposed to plasma. As the plasma in the stripper chamber may damage various

20  circuits on the substrate, it is preferred to minimize the substrate's exposure time to
ionized gas by increasing the strip rate. Hereinafter, the terms ionized gas and
plasma are used interchangeably.

{0003] FIG. 1 shows a schematic diagram of a downstream chamber 100 of a
stripper chamber. As depicted, a substrate 104 having a photoresist layer to be

25  stripped may be held by a wafer heater chuck 106. Process gas may be energized by
a plasma source into plasma 108, enter into the chamber 100 through an opening 110
in the chamber wall 102, and thence passes through the holes in one or more baffles
or diffusers 112. The baffles 112 may disperse the gas to improve the gas flow
uniformity at the substrate surface. In general, each baffle may contain a large

30  number of holes 122. FIG. 2 shows a top plan view of one of the baffles 112 in FIG.
1. The strip uniformity and the strip rate may be highly dependent upon the baffie

conﬁguratibn. The size and location of the holes 122 in a baffle may be determined



25 stripped may be held by a wafer heater chuck 106. Process gas may
be energized by a plasma source into plasma 108, enter into the
chanber 10Watdoospoagdvian opening 110 in the chanber wal |l A€Rusaswhiosss

t hence passes through the holes in one or nore baffles or diffusers
112. The baffles 112 may di sperse the gas to inprove the gas fl ow
uniformty at the substrate surface. In general, each baffle may
contain a |l arge 30 nunber of holes 122. FIG 2 shows a top plan view
of one of the baffles 112 in FIG 1. The strip uniformty and the
strip rate may be highly dependent upon the baffle configuration. The
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[0005] Moultiple heaters 116 (as shown in FIG. 1) may be installed within the

chamber wall 102 fo heat up the chamber 100. In general, the heaters of a

25  conventional stripper chamber are used to maintain the chamber temperature at a
level to merely prevent wall deposition and, as a consequence, the chamber
temperature 1s kept relatively low. However, if the stripper chamber were to be
heated for the purpose of increasing the gas temperature and thereby enhancing the
strip rate, it would require an extensive heating and a complicated cooling

30  mechanism installed on the chamber wall and/or thermal insulators 118 to meet the
Semiconductor Industry Equipment Safety Requirements, or shortly, SEMI S2.
SEMI S2 requires the outside wall temperature be below 60 °C for the safety of
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30 nmechanisminstalled on the chanber wall and/or thermal insulators
118 to neet the Sem conductor Industry Equi pnent Safety Requirenents,
or shortl| ywomd048®1 SEM S2 requires the outside wall rEIMR0EIWISEs be
bel ow 60 C for the safety of human operators. The nmaterial for the

i nsulators 118 nmay be chosen to be clean-room conpatible, i.e., it
shoul d not shed particles. For exanple, it would not be acceptable to
sinply wap the chanber body with common industrial fiber-glass
thermal insulation sheets or blankets. Those requirenents typically
result in 5 choosing nore costly insulation material and/or conplex
cool ing nechanism adding to the overall conplexity of chanber design
and manufacturing cost. As such, there is a need for a new stri pper

chanber that BafaPéseritds. Themaaip erabdmtuiges 18 RAIGERsND titdldal-
rate and neet the sat%g%brequlrqunts in a cost_effectjve manner. 10
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%ﬁh I chqﬂber bqg%%ﬁhat I S cpnfi&ured to surround an
outer surf ace?®ing s ayesalhcamplpgRneh champer design and mapuiehupag ostahs
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t he internal chanbég bog¥ coverivg_tqg surface of the jntern%; )
chanber body $#S('f SEIYEHEFERIER AERCh HiF SRS EAVSTNGIRIN TSt HfachiyF d
conmruni cat i onmuhddd. t he gas passages, and a plasma source energizes

t he gas is coupled to the opening for fluid comrunication with

the cavity. [0007] In another enbodi nent, a vacuum chanber for
del i veri ng gaSUMMARXUbstrate, includes: an internal chanber body

Lhat TN @ GRG0 SHARHEN, 4 i SR B R 30 SR,
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CraTbe! 55 Rl SE b R Rk RS oy e
I nt er nal Ihanizaterdwd¢eat the internal chamber body. The internal chamber body is slidably
mounted on an external chamber body that is configured to swiround an outer
surface of the internal chamber with a gap therebetween. An exhaust unit pumps the
gas from the cavity, a chamber top mounted on the internal chamber body covers a
top surface of the internal chamber body with a gap therebetween and has an
20  opening in fluid communication with the gas passages, and a plasma source
energizes the gas and is coupled to the opening for fluid communication with the
cavity.
[0007] In another embodiment, a vacuum chamber for delivering gasto a
substrate, includes: an internal chamber body that forms a cavity to surround the
25  substrate and has an opening and one or more heaters to heat the internal chamber
body; and a gas distribution component that is slidably mounted on the internal
chamber, has a projection that fits into the opening, and includes a plurality of gas
passages extending therethrough to the cavity. The internal chamber body is
slidably mounted on an extemal chamber body that is configured to surround an
30  outer surface of the internal chamber with a gap therebetween. An exhaust unit
pumps the gas from the cavity, a chamber top is mounted on and secured to the gas

distribution component and configured to cover a top surface of the internal chamber

-3-



slidably nmounted on an external chanber body that is configured to
surround an 30 outer surface of the internal chanber with a gap

t her ebet wewn.2088n4g05haust unit punps the gas fromthe cadiis0@/019886
chanber top is mounted on and secured to the gas distribution
conponent and configured to cover a top surface of the internal
chanber WD 20081042091PCT/ US2007/ 019886 body with a gap therebetween
and has an opening in fluid comrunication with the gas passages, and
a plasma source energi zes the gas and is coupled to the opening of

t he chanber top for fluid comunication with the cavity. 5 BRIEF
DESCRI PTI ON OF THE DRAWNGS [0008] FIG 1 shows a cross sectional
vi ew of a downstream chanber of a photoresist stripper chanber.
[0009] FI G 2badylwitt a gpetherabétaktd smdiiaatan opénihdin DilidohEmuaitatieh with eG

1. [0010]. _FI G 3 sh a cross sectional view of an. exenpl ar,
stripper cha Paﬁsﬁg%oaﬁ%@?ﬂ%ﬁ"@rﬁ ?’ﬁr%ﬁ?é%ﬁ%&?%r??ﬁkf&b%ffpﬁp&ﬁ
4-5 show enl aheeltbmibiea¢opalion flaid dontmaiidatibe dvitrthagavity. FI G 3. [ 0012]
FIG 6a shows a top plan view of the internal chanber body in FIG 3

at | ow tenperature. [0013] FIG 6b shows a top plan view of the
I nt ernal cSharBRIEEIMBSCRIPIHON OB THE DRAWDNGSenperature. [0014] FIG 7

shows a cros ti [ iew of an alternatiyve, enbodi nent of the
stri pper chaﬁgé i nﬁ%a ésg%wsfﬁﬁi%ﬁwg?ﬁ?v’gws?f&/&o“@ﬁ“m %ﬁ%rﬂkﬁgr am
of a circl ed phowgesis stiper chamber. DETAI LED DESCRI PTI ON [ 0016] A
stripper Char[B@(SQ]I SFI&?E?]E{I]S?[%PES ];%Elfﬂeqﬁ{tg %? ﬁg%hgnhlgerssgg\!vg ir{ EIIC? 19f

phot or esi st

[0010] FIG. 3 shows a cross sectional view of an exemplary stripper chamber in
10 accordance with one embodiment.

[0011] FIGS. 4-5 show enlarged diagrams of two circled areas in FIG. 3.

(0012} FIG. 6a shows a top plan view of the internal chamber body in FIG. 3 at

low temperature.

[0013] FIG. 6b shows a top plan view of the internal chamber body in FIG. 3 at
15  high temperature.

[0014] FIG. 7 shows a cross sectional view of an alternative embodiment of the

stripper chamber in FIG. 3.

[0015] FIG. 8 shows an enlarged diagram of a circled area in FIG. 7.

20 DETAILED DESCRIPTION
[0016] A stripper chamber is described for increasing the strip rate of photoresist

on a substrate disposed within the chamber. Certain embodiments may include,
inter alia, a gas distribution component that has a very small surface area exposed to
the gas and includes a plurality of gas passages formed therein, wherein the gas fans
25  out as it passes through the passages. The stripper chamber may also include an
internal chamber body that forms a dome-shaped cavity for further fanning out the
gas and thereby providing an evenly distributed gas flow over the substrate surface.
The “dome shaped” cavity preferably has a width or diameter which decreases in a
direction away from the substrate, i.e., the cavity can be conical, hemispherical,
30 concave or other shape.
[0017] In a stripping or ashing process using a gas, the gas may have a high flow

rate and high pressure, resulting a high gas velocity at the opening of a downstream
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on a substrate disposed within the chanber. Certain enbodi nents may
include, inter alia, a gas distribution conponent that has a very
smal | sur fwoeoemasexposed to the gas and includes a plurdzbyrovdssgas
passages fornmed therein, wherein the gas fans 25 out as it passes

t hrough t he passages. The stripper chanber may al so include an

i nternal chanber body that forns a dome-shaped cavity for further
fanni ng out the gas and thereby providing an evenly distributed gas
fl ow over the substrate surface. The "donme shaped"” cavity preferably
has a wi dth or dianeter which decreases in a direction away fromthe
substrate, i.e., the cavity can be conical, hem spherical, 30 concave
or other shape. [0017] In a stripping or ashing process using a gas,

the gas may w@eacmm f troM¥riaid HpRediont, qﬁe Wl@ﬁ%@y rea8S ) {d 1Y ri/sBd g0

gas velocity at th penjng of a downstr

2008/ 042091 PCHIY e‘?PW@r@g@ SsP?‘be%?Pli’fﬂfa?ﬁaéﬁmlll‘FP dd094;830, filed on April
appl i cati ons,1,20€s \’bﬂh&}ﬂb‘lﬁreﬁﬁl\ﬁcérgaﬁkbd% feferdnbé initSQfiray. estimated in
pending U.S. Pa eo | jcation, Serial No. 11/096,820, filed on

April 1, 2005[00 shye FrossRestonl MieaPlisp sxemplashsteppes chagber

entirety. 5[ OGh8n E{ 90 ﬁld&ﬁ@ﬂ% 2% a8 IRPSrsHBGhdcRAAsm h 8¥otfanddwa¥ Ap! ary
stripper chanber 5 shown at. 300 and, having_ a gas. di spersing nechani sm

i n accor danc ERROAHNGe A ApRigierthe SmRECICFQﬁF’PFTe‘BaY ’t“ﬁlé‘dﬁt % lepERM Ranber

may include: @nirEidReshatits® fod BhppRktifcth &ibbete 334 tHeRlonS4 PR&NE bAEcE304 for
substrate 332 thereon; a plasng source 304 for energlizin rocess gas

302 into pl aSHEEE0RE pr&"?sé%ﬁ%?t‘&?"eplé%?ﬁ T pARIMRGTRAHESSODIT §V/10Rg
art opening, 3o8eabingeh o@émﬁgeh@ﬁmwgleta?bﬂﬁgeélhgaﬁglne&w&h tHeQuAstidrette
of the 18 pl asma sour cg %04 an | nterna &a}cﬂ}ﬁ body 310 that_ is
posi ti ond§ bAREHASOPIGE S0fAndatermal ghaggher b ﬂtS‘SPH%“‘é‘lﬁgsb(eP%"’tt%ﬂg’Sz
and chuck 334hamBée tbﬁlgﬁ&dﬁ:&o@{ﬂs‘ﬂﬁ)ﬁbs&h@-m&m Sha\id Mdltiel aRufger
342 having an |n er. surface cqnt ourgg%go reduce flow recircul ation

and tur bul enc‘@am T deRteSARP v 5 3ving an FBFT SBiaRt PAieHrpbio reduce
i nt ernal charthey rdoréiatfohntifeiberica ag eﬁuefﬂapbmmgb& i3 B R nRlntik}Ethe

e ol et i e G e i e SR S Prc"%??%
(x>1, y?13%) aedy®1d;)akkd af 2xHauspanlit 3501) dependl ng on the intended :

process. The 8(11) sour ce é% may. he m crowave or - power ed and

i ncl ude a gad @EFSF?W ) 6‘?%}%/18? ¢ OXNBEBEPEL A P ARG ArE98X 4 PBned
Throngh the anen g ot the shagserLon %82“"‘ﬁ"‘“‘"m‘”@;“m‘:ﬁg‘?’?ﬁ“heat
energy to thg%(?ﬁ’zﬁg’érm\"&ﬁgg‘ggmy ﬁ@‘ﬁ‘i‘?%r?ﬁ%?r ;5’03’8‘?%&55 "?%‘i:‘felfd%?sone or
nmore |liquid amb;iomgubé;@mf&hﬁlyliﬂﬁietdfahpplﬂﬁpp&mthﬁad aBﬁQtt&Mnﬁdr@Fﬁlltth&eof

chanber t,gpP 308 he flow_,‘éaﬁte an ature_ of

preferab®y wdt’e “%"fz 8%8#3 HBF‘E“%E%’E‘&S{?”B‘% ré%?%ﬂr

by a feedbaclgacony ltnahsf&y}@emergy to the chamber top 308. The chamber top 308 may

include one or more liquid cooling channels 326 that remove heat enexgy from the
chamber top 308. The flow rate and temperature of the liquid, preferably water,
ﬂowiﬁg through the channels 326 may be controiled by a feedback control system.

25 [0020] As depicted in FIG. 3, the top central portion of the internal chamber body
310 may include a gas distribution section shown within area 346. The top surface
of the gas distribution section 346 may be aligned with the outlet of the opening in
the chamber top 308 such that process gas energized by the plasma source 304 can
pass directly into the intemal chamber body 310. The gas distribution section 346

30  may include a plurality of gas passages 347, wherein the gas passages 347 may be
shaped and oriented such that the gas exiting from the gas passages 347 is dispersed

and uniformly fanned out. For example, the gas passages can be angled such that
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25 [0020] As depicted in FIG 3, the top central portion of the

i nternal chanber body 310 may include a gas distribution section
shown wi t hwo 2a08@0@20846. The top surface of the gas di st rEdIisS2007/019886
section 346 nay be aligned with the outlet of the opening in the
chanber top 308 such that process gas energi zed by the plasm source
304 can pass directly into the internal chanber body 310. The gas
distribution section 346 30 may include a plurality of gas passages
347, wherein the gas passages 347 nay be shaped and oriented such
that the gas exiting fromthe gas passages 347 is dispersed and
uniformy fanned out. For exanple, the gas passages can be angl ed
such that WD 2008/ 042091PCT1US20071019886 axes of the passages

i ntersect wafaes BBmeq)assagqspmuseéleermé ogamppﬁrsm SHtk day disperseghisy the

di stribution secti an 346 e cur ed i nner suiface
0t "t he upor S8 Slasadn edlih 338 i e cafindithy $F sSh Foet e PR
regi on adj acemnpet dzimnﬁmbddsmasez tonmacenmm thapioeess@hs ilheregidntadjsc et theiner
surface of the cha d outl aryangenent aqf the
gas passages %’E#P 'S }éer%c’én mé’é’gr%scofl &f%df“é‘a H{j.g%r‘?{é@%‘gwﬁ&éaﬁ%er

t her eby t 6 gelvaie34® and onvietrdriangértént obthcads pasades QW7 dispébethegashy at e
surface. The .l

ort| on rnal chanber

include a ver’ﬁ?c?atf: ?ﬁﬁﬁ?“’a&?‘r alfcir:tg‘lﬂegﬁfor%el?ﬁ %{hfa’ePQ’ f@%ﬁé‘é‘a‘? 5%‘?’ gi e
of the peri plsabstrabé sd:rﬁﬁe c’ﬁhn:lo“&dﬁomﬁmbf thedantes@l ¢igurtbet bédAB 1@ may include
substrate, the |10 ortian of th er 10.chanber 0 era
conprises a cay‘fe‘nﬁ\clﬁfrg% ﬂ?at?)‘f“%lr‘fﬁﬁ ts?ﬁcfﬂﬂgtgvsﬂ ﬁ?gal r#% {\ 3t
chanmber body chjhékm Edrsmoaemﬂ:gmercmlaruwmitel, ﬂreeoww@dmaecﬂthemn&ﬂ4 at
t he bott th ref r d change .t he fl o €, towar
central l 3%] ocate 0%13) I ?f%ffgg' o‘%‘“’{rﬁﬁs %‘i’flg‘:&ﬁlﬁﬁ‘l ‘?drf‘ld'é'r‘fc ke ﬁUOZl]
The chanber tmqanﬁ()a;armlm- bodyal 1 (ohayriles idohidy adhbBied divibr tval secticarmlat the
chanber 15 b uf actu Si,N sha-resi s t
mat eri al , V\hgo%f)%]tﬁﬁl%gyﬁo%amﬂ% r{edﬂr?xa\’"f %‘f&é’g ? “Bé“er"oer’ﬁg@y foraiest
netallic or nmﬂetrx‘fﬂSadﬂtha:emdrqhambernfodgrsMor nore netals are used to
formthe part t-h be from.,alu m m al.l oys
stainl ess st & ?ZIalngylﬁ %“‘?ﬁ‘é‘?rér’?"%af“r‘%?a’ hﬁfﬁ}’?ﬁ’ d?s{l ﬁﬁ‘i‘ﬁ#ﬂ‘;o%‘%r&x‘ chamber
cer am c, 14l urbodu Bitmtayrbdmamfm‘rirm us&lgﬁ]ﬁﬁ‘mg}fdsi’staﬁfﬁrﬂtehdﬁ“mefe&'mh&.plasma-
Optionally, parts 20 fa rrct u ma rot ect agai nst
Corrosi on Wi tﬁSlSt?rgéf" rRlert &7 E‘igf’\%r‘lﬂ%taﬁjllc 83%"5%‘&&%1"3&“ f&ﬁ?ﬁfr?ﬁ
may be used amoremtaiaanembd rsnfbﬁade paxs, dhe)pmaybdﬁﬁdaﬁoﬁm&rhhﬁﬁi,
corrosion bargijer e .Co Ss. gases and
under cert ai niuﬁ[?rlgglél\s/tl T Lé%"}qrgscs)ﬁsegpaf"ﬁre}”%} Wﬁ#ﬂﬁﬂ] %glt %’ vk P hot
provi de suf f iceragrit, mmemtmmuletcerammraddfboyummomdefcemmm Qptionally, parts
fluori de nat on. sy bst rat es. reve

PI u f&ﬁh %%ld%l%i% ctglgma rge l}lJrot1|thch 4 a1ns Qsion wrtlE Pl?lsrpxa ﬁ?b_?a“ﬁ ave

al um num ori ges from m ar coat fngs
superi or resicottagse In ond ¢nampiﬂ; eluotimm maryy:cmagd imatamnlralemirﬁcn dide

TUs al 1 oys ani Al KRR aR" v e R O e g B £
yttrium oxid gamsdnd) nndsricertaio @raniscomditiens, alhasalwayluhenzusre oxfdemay not
protection f 'i:?@i&'@srljfﬁ&i%t protection to avoid formation of aluminum fluoride, which causes
25  contamination on substrates. To prevent aluminum fluorides from forming on
aluminum parts, coatings that have superior resistance to fluorine chemistry may be
applied to the surface of such parts. Coatings such as anodization over aluminum
and its alloys and plasma sprayed aluminum oxide, nickel plating, quartz, yttrium
oxide and/or other ceramic materials may be used for protection from various
30 chemistries. _
[0022] The internal chamber body 310 may be in contact with the chamber top 308

at a vacuum sealing area. FIG. 4 shows an enlarged view of the circled area 312
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30chem stries. [0022] The internal chanber body 310 may be in contact
with the chanber top 308 at a vacuum sealing area. FIG 4 shows an

enl ar ged vivewoodiosbdde circled area 312 WO PCT/US2007/019886
2008/ 042091PCT/ US2007/ 019886 (shown in FIG 3) that includes the

vacuum seal ing area. As depicted, an O-ring 402 may be di sposed

bet ween the chanber top 308 and a protruding step or projection 404
formed on the internal chanber body 310, and permt the vacuumto be
mai nt ai ned. Chanber top 308 and chanber bottom 310 are preferably
made of 5 metal such as alum num alloy. The heaters 322 may be

rod- shaped cartridge heaters or a band heater. The projection 404 is
also in netal-to-netal contact with the bottom surface of the chanber

top 308. The (shéwr HEFIG: 33 tHa inchAdy thd VRcudifsealifs iR B8epBied O IER 402
di fferential the{)rrg.l exggnm on.. Thus, the ﬁ%Oj ection 404 may slide
with respect T8 PREISPsY Bevesndreashamher tap 308 auda protuding TP X pRRisRtionn

bet ween the 14b4i fatiédend the Al chatber Body A0dadd R rhaRhaPRuas th B8y heat
up and cool down, _Sliﬁn or ru%gi n m)tiog occurring ig t he

met al - t o- net aPPRBRC 5T toR\AU8 ard chamfer Bottom 316 arequeferbly mpde of
chanber i rit ermetal fikH a§ ANmtigure Qll6Y. TEHY bhtebs3 22N RayS bl shbfeddddiridpd hdaters
preferable to m ni H}yze the netal -to-netal contact area to nminimze

heat transfer®r 8P e mIokeetianctP4an alsey i Mg thametel gontect adthithe  The
proj ection 40sbtidBYsuRicd Bf Gic BRARHRAEH3(8Y THehRinaEcHddRefBbdY 3 foPmaRh&Mo
cont act areaos\r/&l l e ﬁrﬁmlqr#'gfgﬁl n cont ai"t wi th the O-ring 402 under the
sl iding noti ott'’® HHeHHTHENT “ﬂ%‘tt%‘?n-“ﬁg‘?’ﬂ’é{’%‘?“'c@ﬂsa@ﬁ PEYIEstiondpd mayslide
r ﬁd lrthC) e h teat g\folgﬂiﬁsﬁ?t Ec{1 MBS B0S difeqd utwmmafmeﬁ t}%ﬂgmte%&]smut BedReen the
chanber , us reduce at power neede o maintain ___

i nt ernal @aﬁﬁ'«?m"gg&b‘ﬁdﬁg" 9§°ﬂ¥@§?@@@§ﬂﬁ%ﬁﬁ?‘é‘ﬂ%§@ﬁ¢?“ﬁhpﬂm
e 1 ke otapSatrls bl pfihondes oty g
reduci ng hea ransfer fromthe internal ¢ er body 0 e .
chanber top RIEFCIFGRISthe pPRaTieS serarapd gen b dksameual © the Bibsirals S It is
chanber body pidferablect usiesnias tlthwal @lietedoafidi 46a RNMiHiRIze Mot tBmkfepN

at the top thereof su rted in an annul ar recess_in an upper portion
of the sidewdrdm BPUOmMAIEia topA08 dirnpHater Brog§sses The pepseesionstOdmaysbean

enl alr ged idi a?ﬁmmmnea 16 infifindge &E@z?atﬁ&?—rﬂd?alﬁbﬁact&reﬂ \bhiubsﬁehﬁhhﬁgiln_tdaﬁtact
met al -t onet al _.qopt act, ar that, al sp functiqgpns as. a vacuum seal i ng
area. As depi%‘ﬁb@‘??%ﬁ%ﬁ? Pﬂ%’-’%‘&e‘sl&?ﬁ&% mpetay: dhgrummpigedRigialvgrmetal
i nt er nal hc harﬂo&facttmeb/majkelsammkhﬂgﬁ&ﬁﬂdfh Erofrorh &ﬁdib@?x;}abr@rgwn&ﬁ%gdﬁgﬁbom the
permt the vacuumto mai,nt ai ned. . The internal chanber, body 310 may
Pri ol d the el On R don WiBabRss aoqt pont predat uBae i) chemag
t her Eal ly i nﬂﬂblliﬁBe(ﬁi?TﬂBydagg(gtbnﬁﬂeﬁatﬁl’ﬁeﬁ%thme B 18MbelvébnGRe &@@hh altchaﬁsérelr
to the externa r 3 ang .t her el to mai ntain e interna
chanber é@dy q‘?ibgg@a#w%gﬁ{%’#glﬁﬁf it %Hcﬁé &B%tt&aﬁééf %ﬁﬁ‘ %S’/“’é‘ﬁéalor
nor e heat er s cB2aberfiody &t anpihe chamber top 308.

[0023] In the preferred embodiment, the intemal chamber body 310 includes an

outwardly extending annular projection at the top thereof supporteci in an annular
recess in an upper portion of the sidewall of the external chamber body 314. FIG. 5

25  shows an enlarged diagram of a circled area 320 in FIG. 3, illustrating the metal-to-
metal contact area that also functions as a vacuum sealing area. As depicted, an O-
ring 506 may be disposed between the interal chamber body 310 and the external
chamber body 314, and permit the vacuum to be maintained. The intemal chamber
body 310 may shield the external chamber body 314 from the process gas and be

30  thermally insulated by a gap 316 therebetween to reduce heat transfer to the external
chamber body 314 and thereby to maintain the internal chamber body 310 at high

temperature with modest heating by one or more heaters 322. For example, a
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WD 20081042091PCT1US20071019886 conti nuous resi stance heater or
series of spaced apart resistance heaters can be enbedded in the
chanber bodyw 28ddb42do®024] The external chanber body 314 peygLeo7/019886
mai ntai ned at a desired tenperature by any suitable mechanism such
as by circulating a tenperature controlled fluid 5 therethrough, the
external chanber body tenperature is preferably maintained bel ow
about 60 C. The external chanber body 314 may include one or nore
liquid cooling channels 328 to circulate a liquid for heat renoval. A
conventional cooling nechanism such as copper tubing potted into the
machi ned grooves in the external chanber body 314, may be used and,
optionally, the tenperature and flow rate of the 10 cooling |iquid,
such als wat ercoﬂiﬂu%ﬂt&eﬂﬁﬁiﬁ&&k&éﬁ&&eﬂ@&’oEb?a@eﬁ&b_ﬁ:@Hsﬁﬁhﬂ?b’hﬁatﬁ%@ﬂbﬁb@g
control system 5] ., The tenperature of the internal chanber body
310 may be m?f?l?%gﬁ‘ﬁl eh]i‘f’é"t?ﬁrngﬂ‘i’ifé{jqerrperature sensors 325. The

t enperature SOy (e exidbnalBldeber body SKAMRY Be mAirtAiBsIRGULH & ®fperature
Resi st ance Tebrr)geratur Detgctor I%’Q The 15 tenperature sensor .
325(s) may be XYRFUEEYEA meghanisn, ek pg Ry cijgating 3 fuhparaare gpatiphghkiiuid
sour ](c:e( S) 5324thb@thrblyh, Rakeiias thdrikr baligteipardnlie iﬂﬁ‘éﬁh fab?@?ﬁﬁmgigﬁédkb%?&w(
may function gs a rat ure adj ust t system such as feedbac or
automatic) t e%i?&? %[i ﬁ.ﬁgﬁ&qﬁt%p cg'é'yf@:ﬁ%qxé I%Wﬁ‘i‘%‘l‘qedme of et A
source(s) 324codtislg Pleniiels 308 Rucrculidd 4l HiiRd For Kht fehRvAIN L EfMlenthRNB&ling
body 310 tenpe t he i nternal

rature. 2 0026] As depicted in FIG 5,
chanber body @i@laﬂﬁv’ 5‘5%&?3% b3 petisd o dhe IHRSHRFIERPOX RS ihthe jgxternal
external chandhambboshdy314, hyy béitsedandDiptiofdln) heRbAperahed MdWow rate of the
respecti ve pins

.504. .As shown, the slots 502 are |arger than pins 504
to accomddat®Cle P S@ﬁ%%@’?&?ﬁ l%fhetcﬁ'émf%é‘grfﬁ?y %%%nge%ﬁb? epfRack
t enper at ur e afontrbesystetrer nal chanber body 310 may be nuch hi gher than
that of the n 5 chanber, body 314 duri operation. For
i nstance, th %%rér gjthf’g efaf%‘r?p"é"ﬁ%"t‘&?/e %Fh?‘ﬂu‘éﬁ ir'}ﬁ‘[l}églrfgﬂnaﬁﬁ‘éWé‘Pm%W one
310 may rangermicatatprtiRGeiorsSi’. QChshihperhfie: RNERN3DS FhAgBEor body
tenperature nay be kept below 6Q C  [0027] To allow the internal
chanber body ?‘é’"@%p%ﬁ%@?%"é‘?& QJ%WS&LPC? ﬁﬁ%?ﬁ?{ﬁléetﬁﬂ?‘l é‘@eﬂm"rg i t
cent er ed 14i t hempapined sehsorS2EE) faly behanieted tah comrmRt whthtdpetdhpwn 30
in FIG 6a is used. FIGS nd 6b.r. ectively show to | an vi ews
of the i nter PEICERHRED 2ad5r BTBeArDaam ¥ bse e e pane 4 may
t enper at ur e) famdiohiagh térepgrsnsd AdjisutentispgerdRER bi fBdbod (b @itomatic)
instal lation t%pérgt?xpé éo%%?sryas el As y\}aem{tﬂ)%,e the %lowgrhs%rllrbc%&) 324 may permit
manual adjustment of the internal chamber body 310 temperature.
20  [0026] As depicted in FIG. 5, the internal chamber body 310 may be positioned in

desired alignment with the external chamber body 314 by one or more slots 502
receiving respective pins 504. As shown, the slots 502 are larger than pins 504 to
accommodate thermal expansion of the internal chamber 310. The temperature of
the internal chamber body 310 may be much higher than that of the external
25  chamber body 314 during operation. For instance, the operational temperature of
the internal chamber body 310 may range from about 20 to 350 °C while the external
chamber body temperature may be kept below 60 °C.
[0027] To allow the internal chamber body to expand freely at high temperature
while keeping it centered with respect to external chamber, alignment feature shown
30  inFIG. 6ais used. FIGS. 6a and 6b respectively show top plan views of the intemal
chamber body 310 at room temperature (low temperature) and high temperature

during operation. During installation at room temperature, the internal chamber

-8-



WD 2008/ 042091PCT/ US2007/ 019886 body 310 may have the sane
tenperature as the external chanber body 314. The internal chanber
body 310 nwy 2oes/oaeudnt ed on the external chanber body 3IrtTarstoremndses ed
by three slots 502 fornmed in the internal chanber body 310 and the
three pins 504 that are secured to the external chanmber body 314.
During operation, the 5 internal chanber body 310 may experience a

| arger thermal expansion in its radial direction than the external
chanber body 314, causing the pins 504 to respectively slide al ong
the slots 502. The slots 502 and pins 504 may forma float coupling
mechani sm and prevent danage due to a msmatch in thernmal expansion
between the internal chanmber body 310 and external chanber body 314,
i.e., the i nttmﬂmallomydhaaﬂmrsaimedgm;&tﬂmm; tlitee:sérhd&lhh:ylbmhmysdzt.o‘m‘hé he

T oo e PR B AR U S B
sl ots may be dentersictyi mrdehmtemmfonabd nﬂﬁmﬁmﬁmh@ﬁm%%dd@mleahd]&xcmﬂms
b dt t ha ui.t abl e .nu

TRy e Sctr et D45 4 Suna RS na 0L, SUhb RGBS

ot her 15 mDunhtengI aha‘:ﬂmgbﬁﬁaﬂ]ilﬁ:ﬂﬁy b:@eﬁﬁﬁ!ialﬁrgﬁeﬁbﬁﬂﬂ exp 39 in A8 l‘Elldlac}
depicted in 6a- 6 e 1nt chanb 310 i nc. es
the gas di st (IBRETOREE el sheradrogh a L B TEL e PR "DALE FoReEBueY
may i ncl ude aligé akag t}tqzslcﬂi: SgasTmaaﬂstagessaxaﬂﬁné 004 i‘nﬁplﬁbrﬂga flodt chtyslingas.
The gas pass ages non- uni form cross .sections

es 347 Jm uni f mo
of the same of %a?lf er en%’reva sa“b%%%%? %mh%baé“ JF “E"ﬁ‘é‘ag%ﬁ’éasd%% HEGbe
angl ed away fthointérha chemberdmidy 3é0tad extzmnal ahbmblcbddytianed., thé indrasl

body 310 .50 t f S it thro

passages | ct}%%? % er eﬁ%iPF?a\?G 1 S%abq & %gc Rakai %Eﬁlagﬁrabg%?' Jpile
may use an i rellewrfat unrastritied t}imiyl emaﬂsmh \tzlﬁxmmpmga]ssmgaenamghﬁseramdy or
si ze passages, ti est

vari ati on, eac%t%passasloalevz’%’%l J“f snhé{3 dlggﬁﬁ xq?%aﬁ‘lbéﬁ’rﬂ%i'é 14,
prevent ul tr avhilzltbe pmayrmygmrsemaedetib thmrmcnnlmhmhcteaorlya$0caAagummble304
fromreachin str sur t.her varjation, e S
passage ray [C)he f’f? ?tf nfayé%ﬁ ée‘ﬁi’eﬁee% plferc #%\?‘é‘o‘f"ﬁét 5 or8er
ci r cunf erlént mrbuntin'gfmamaempnoéart%emgaﬁ‘desarddl ng t her efrom The di aneter

B ovi de. uni £ 0908 S8R RARR RS erlh a8 3L et Bl 3108 aaer,
create a lar ghze muiimiblufontsa@ti@rp?%s dihe @as distribetion sstivn 34mmag irdQde al n
1 Fust rat i on PNt eB€Fhefns 307 R bl e e THE BOSBRebts sty o
passages 347 hewhuforadyruwnevhifoon grosy satgons afdhes samk or different sizes and/or
20  axes of the passages may be angled away from the vertical center axis of the internal
chamber body 310 so that the gas fans out as it passes through the gas passages 347,
Different flow and pressure conditions and gas types may use an internal chamber
body with different passage angles and/or size passages to be optimized for best
overall performance. As a variation, each passage may be inclined at an angle to
25  minimize or prevent ultraviolet rays generated in a microwave plasma source 304
from reaching the substrate surface. As another variation, each gas passage may be
flared at outlet ends thereof to improve the circumferential uniformity of the gas
exiting therefrom. The diameter and number of the gas passages 347 may be
selected so that they provide uniform gas distribution over the substrate 332 but do
30 not create a large amount of back pressure in the plasma source 304. In FIGS. 6a-6b,
only 13 gas passages are shown for purposes of illustration. However, the number,

size and the locations of the gas passages 347 can be adjusted to provide a desired
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WO 2008/ 042091PCT/ US2007/ 019886 distribution of ionized process gas
in the chanber 310. Mre detailed informati on of gas passages may be

found in cwmmaﬂ/(y;z@sm gned U. S. Patent Application, Ser}*@ﬂmﬂ@owowsss
11/ 096, 820, which is herein incorporated by reference in it

entirety. [0029] Referring back to FIG 3, the gas may be dravvn
through an exit port 358 by 5 an exhaust unit 350. Punping of the
chanber may affect the strip rate of the photoresist on the substrate
332. To provide uniform punping, the exit port 358 nay be centrally

| ocated at the bottom of the external chanber body 314. The exhaust
unit 350 may include an isolation valve 352.and a throttle val ve 354
coupled to a vacuum punp 356. 10 [0030] The stripper chanber shown at
300 may be us@'dtribotiqneoﬁionimchprposs gaeinthe eliGitien d1 M MRESEetiileddfidirhhith

to the strip t al et hi ng s, referred to as
passi vati on, %?%ﬁa I m@’d%otsﬁ'ﬁ?/fe e e %\%ss’é?’g%lﬁcgi}a&?t g@ﬁ{l?aéweé)er@l
a freshly et cNed léQ%SRZIOawmchE@heremalmlrmrataﬁb?lfefﬁdeﬁé‘dm iglehlitetg an
Gae roo) dua 10y HEEHAEbEI It e egendlnd iR Bibush et S oy
need to bé netutmcbhms:enhtaso gPurmginy oﬁmemhs:ﬁbalrﬁa)sﬂféchﬂlb strip zdﬁﬁﬂ‘tﬁl@h
attack the I|c strate 33 Water v por may
i ntroduced t rougﬁmit %‘gﬁ%atgg?jug O BEPY" “t“H%BPPW"PH‘@u eaxggﬁgm
sou(r]I cfe power rsaybeh@antre]ly lugated/atmeb?amgfmﬁaamalhhmﬂ&rbwyslztl \r/]m@é)r i's
used for pass as n f.o t i ncrease | e
i nternal cha XKB'%&E' % 5) foﬁ‘pvrag‘(?ea%gémfl ﬁéhrgft]%‘ﬁPWeé‘rsé CcQHpfed
.t he effectlvenes&cmimpumbm@.sm vatlon For instance, the strip rate
can be i % when the intern chapber body tenperature is
i ncrease fr\clyegal(g g% fg SBBE &"“gﬁfcﬁ# f‘@rﬁ) %’ g‘o e u5rd te peronm ¢ Ppe dntal
t he nunber ofetalmig;]uxbcase irsaddstionatb @e daylp pﬂ:rcesst haa pb&l Yaetidtdtngidrocess,
hing to b gy r b eved that the inprovenent is
Wi s
based on tvvoq'e ?D H‘:’E‘ (%°¥‘ “?ﬁB“P‘é%?R%%ﬁP&W%W{@S{?Pcpa'a%ﬁapg
on t he surfa(aefmshlytdntﬂwdlsulmtmml Foh axdiggle ddy pRdifia eﬁumganlanmﬁu@uayer on

hi gher surfa ecause as nol ecules are less likely
st?ck to the%ﬁ {h%sur ace Bﬂ?i??f’t%'PW@pf?Fff%%&“emF‘ﬂuﬂlﬁ u}ﬂ%%snﬁwhas

t enper at Ube &n oaftlﬁeemﬂ)sﬂrdten'z triap nead © RiduRaARRd YaghioK a:-{ P6ssit t®that it

| asma may e eact hon rate a materlal whi ch
Ps ei t her yph@tQ ggrql?aogl s?& the fnﬁ% allig vy Oﬁ‘rtgﬁé"é@g?ﬁc%ﬁ%‘t gﬁfate(r YRPF HRY be
al um nun) 30iintradvecdothssigh ditd plasmd QM3 304twittnyr \bmdﬁeplaﬁmbh&ub@péw& 50

{1 ow Fates (6% S MG porbitl vt T Va5 ot dpeliden dently

been found that an increase in the internal chamber body temperature may improve

20  the strip rate and the effectiveness of such passivation. For instance, the strip rate
can be improved by 20 % when the intemal chamber body temperature is increased
from 150 °C to 300 °C. Such temperature increase may reduce the number of
defective substrates by more than 50%. While not wishing to be bound by theory, it
is believed that the improvement is based on two effects. Firstly, the recombination

25 rate of radicals on the surface of the internal chamber body 310 may be lower at
higher surface temperature because gas molecules are less likely to stick to the hot
surface. Secondly, the increase in bulk plasma temperature can affect the strip rate
and passivation. The hotter plasma may enhance the reaction rate at the surface of
material which is either photoresist in the strip process or metal (such as aluminum)

30  in the passivation,

[0031] It may be desirable to use high power plasma sources (6 kW for instance)

with high process gas flow rates (6 to 8 liter/minute) to achieve high photoresist strip
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WO 2008/ 042091PCT/ US2007/ 019886 rates. As the gas distribution
portion 346 may be located in proximty to the outlet of the plasm
sour ce 304wot2bm/ogae1 di stribution portion 346 may be oveichashedausss
likely to be danaged due to erosion earlier than the other portions
of the internal chanber body 310. In an enbodi nent, the gas
distribution portion 346 is separated 5 fromthe rest of the internal
chanber body 310 so that the gas distribution portion 346 nay be

repl aced for namintenance. FIG 7 shows a cross sectional view of an
alternative enbodi mrent 700 of the stripper chanber shown at 300 in
FIG 3. As depicted, the stripper chanber shown at 700 includes: a
tenperature controlled chuck 740 for supporting a substrate 738

t her eon; a plagsaAschr ga diddbitivatpodiver Jiczesy Hllopatat mysoxjasty 10 thel outlet
pl asma 706 and..js., but not lim.ted to,. .a.mcrowave, or RFpowered

Botr ce; o chaias Plegt soiite 204 s S iehPh BRANR 1o MavBeRiBbsty and
openi ng bei nglikely griediamaghd dircto@misicet eadlier tth thé atheBpdtonsad thdihteral gas
injector or gas distri i gn_conmponent, 712 secured to the anber tqp
708 and havi (gRaogy by 90 SRRk fscees 55 RAR RorE A3 enpreled
i nternal chanfben tiEoxdyt of the pashdl chasiskr bode a1 thsclthat the ggedistetbation fuiéon

conponent 71 nd includi ng.an upper ch done that has a.

ceroant 1 | HaPese B vehiAty 5 aEhed o R o PSR RTS8 e
and i ncl udi nglensitide epbodiment 700aif thastrippen dRarhbg shosos bt 300dn FES. :nals
support 740 in th i rcunferential, dir Lon.of the support 740:  and
an ext er nal c(ﬂeg t‘%r &k%%yp p?_ﬁf)h%brcr v %ﬁ{[/}b hrbcﬂl‘hc{efs‘rf'btef“ﬁﬁ'%ﬁ"ﬁ‘f EpiEpiled
chanmber body chii€k 74k for auppomiihgsaisubstitel 7BR)thefonsa piasmi sdudee AW thateaeddes

chamber dy 710. [0 .. The outlet of the enj in the cha r to
oa e Y e ke el s 1R spfs. b aet Rl o e s s SEREL 1P
7;]12. Thedgas mmmb r@ﬂcﬁngbebmpaimgllﬁding\ﬁaxnﬁﬂmmhg, tﬁeﬂilarolt':m:e of )
the gas distribution. compongent, 712 suc t the ga xiting. fromthe
hne oo saes etk BB SRRy freouPHa) e e bt rite ke MiscloR o e
sicze,h 25 and disjﬁh&tiomdomﬁmee:gaﬂzpaﬂmgeshaé}&rmtobGOﬁiaM hﬂﬁng?phﬁaﬁtﬁof
of the gas passages 347.i.n Fl 6a. For instance, ize.o as

passages 742 §al gslsﬁ%ers Ae]7§§ gowefj%7rﬁ8r"%1§qu &F‘@Pﬁ'ﬁé’gh’ ?bﬁrﬁ"ﬁ%""&g ??F‘é"taﬂbf
t he gas disst rthégds distribatignoreenyionstit 712 kiadvineiiding 4n wiipkt chambap@an€that hdaat

t he nunber, size. ..a | ocatd ons of the gas sages, 742 may he .
brovided | n ancEnudRliahSataBiR it Ay IRSHRRARST pifRetend sipdine o
chanber showsidztipodidéh thed Brro8hds théraubgaste IB8 tund Luppbn 740 dnthe RiradmEishtial

chanber top 7 -1n I er .body, 71 and th r hanber
body 730 nay %btﬁ%nn%ﬁéggj P égafggi apd ) a‘serrf’a%q}’léaé?n%etr%ﬁgym@f iglgfhb?)(mer ein
t he pl asna- r eséwsitiap theninteenal ahangtsen bbdy 710 theedtoh podsuraiuading ¢chexide of the
non- net allyi ¢ ;nALef| r nore netals are used to formthe gas
distri butgibonlcorr%g%en bel}&%%()g gas distribution conponent 712 may be
made from al Uf932)nmThabutkitief theaipkming jn the @hahkeasos Tesls imfldidiogimunickieoh
all oy, quartz,: 0F i } 1.nhum i Lride ceramc
and/or yttri 3%%‘2? elgtg?g gﬁigggp%gé%?b%%eﬁéﬁég e agf%}ut IO Con gerr?ean &y
712 may have fiimatherenteginsteftiie gao disiritggion gopporiaat 712ag®h tistt theqyas esitiog,
wherein the i i.alk I M di earl Ler
wherein the GRA 3%l BARELls dBYerR it Tttt} Forkidf bul HEURARELRR o)
25  and number of the gas passages 742 may be similar to those of the gas passages 347

in FIG. 6a. For instance, the size of gas passages 742 may increase with increasing
distance from the center of the gas distribution component 712. However, it will be
apparent that the number, size, and locations of the gas passages 742 may be
provided in any desired arrangement.

30 [0033] As in the stripper chamber shown at 300 (FIG. 3), the gas distribution
component 712, chamber top 708, internal chamber body 710, and the external

chamber body 730 may be manufactured using plasma-resistant material, wherein
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FIG 3. The central portion of the gas distribution conmponent 712 may
have a substantially flat disk shape. However, the gas distribution
conponent wb2omsem2090 have ot her suitable shapes. Mre detrard2ent 019886
description of the gas distribution conponent 712 may be found in
commonly assigned U.S. Patent Application Serial No. 11/096, 820.

[ 0034] The gas distribution conponent 712 may be securely attached to
the bottom surface of the chanber top 708 by use of suitable
fasteners 716, such as screws or 15 bolts. The plasma source 704 may
communi cate with the internal chanber body 710 through the gas

di stribution conponent 712 such that the gas is transported
downstreamto the internal chanber body 710 through the gas passages
742. A | arge mepldsma-redisthrftendtefal sad baemed frbiﬁangaﬁmdirsabﬁ-&ﬂnmwmatenal

conponent 71 be in contact th cha top 708 so
heat ener gy (1EARE PRRPEIFABATY Yt 5t Gdle BREREP It pERgagts 713 the g
di stribution ﬁﬂﬁmﬁmon?ﬂoaemmzbﬂaﬁémsde&mﬂaymﬁﬁﬁus:i}eﬁluﬁm alhsys,

chanmber top 708 nd t Bég t| n of the distri but{!}%ln
conmponent 7125¥% s‘“b%e ‘g y0‘1 g‘“?‘i’ﬂ’ pife cefpmif, alupinum
between tie chigideceransip, aﬁa&rgrndmhhmc@aﬁra@hlstmdwmbgas aitribatien tonffohent

for vacuum se I|n The chanber top 708 may incl yde one or
i qui d cool i Nt ARIHRRYC PI9FTIE EGHREPHINER £° PIOISH! PERTS SRR PR Yeur o

of the cool i ngatihglthattriabmapbasimifit & thatdscubed caricr i the dmbydiemeheg@badi
conponent 712 hd (18 CHEMBRIRP ) O giruLioR enapetral §14 TRt act
alr _eah.Even tmmﬁgmtidmﬁryﬂaaﬂﬁksmr eﬂ)ﬁe@e@&&@a@ﬁh&fbnﬂ)ﬁgﬁaﬁgmwlﬂﬂ:ﬁﬁ a
sli ght m@)rratc [ t e[ ex 2@ on m?%/ge(gccur B%ft ere en and,
as a cons quel??é’g Pﬁ% QfF 98t HHen Rl ?ﬁasﬁﬁ' WS As
di scussed abmtﬁ)pohbthmlﬂgmf}&}e fotsbinaoffitiicilly fdignked S, Pafcat Ayplichtibn [Sbtidlg

of surfaces i r f O-ring 714, a small gap 721 nmay be introduced
bet ween t he Iﬁm@&ZA@é@ rfaces inwardly of the vacuum O-ring 714,

wher ei n the (003419 Tht fasrdigtridutibmckenpreient 712an4y tod eaurehy atfacha@toliee bottom
senerat e belMEED. AR SF A SIS B A SR
may 5 af fisct tdie. The plasmhateurod 704 @ag tarhppeicate hthibe iméaulthainbdihdyFor
CraTpL e e SRR B 8 oo R Rl BB,
t he surface. dawrstreaneyvhs inteanl damvbeiodylvaanhratigh (g g(aEbﬁsage); 742 t Armge
he i ze of L pElohohSeq HIRE Rt ion S indion 1A g Bt
10112 vari es with themwbambdrgop W@E:m;tshar ths bitdt snergy trendféreed ﬁomrthtspn’os&ss gheto
to subst A e thé Easrméltribution component 712 can be efficiently conducted to the chamber top
708 and thereby overheating of the gas distribution component 712 can be
suppressed. An O-ring 714 may be disposed between the chamber top 708 and the
gas distribution component 712 for vacuum sealing. The chamber top 708 may
include one or more liquid cooling channels 728, wherein the flow rate and
25  temperature of the cooling liquid, such as water, may be controlled by a feedback
control system.
[0035] As discussed above, the gas distribution component 712 and the chamber
top 708 have a relatively large contact area. Even though they are secured to each
other by fasteners 716, a slight mismatch in thermal expansion may occur
30 therebetween and, as a consequence, rubbing may occur between the mating
surfaces. As discussed above, rubbing may create metal particles. To avoid rubbing

of surfaces inwardly of O-ring 714, a small gap 721 may be introduced between the
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be also difficult to keep each baffle's tenperature uniform For the
chanber shown in FIG 1, the tenperature of each baffle 112 nmay be
hi gher at tioeossanter of the baffle since this area i s digrohby/cumder
the outlet of the plasma source and receives nore heat |oad than

ot her areas of the baffle. A non-uniformtenperature profile 15 may
cause the baffle surface to have non-uniformradical reconbination
efficiency, which further conplicates the process. In contrast, the
gas distribution conponent 712 may have a significantly smaller
radi al di nension than the conventional baffle 112, which nmay enhance
uniformty in the tenperature distribution of the gas distribution
conponent 712 along its radial direction and reduce the tenperature

20f : ugt uatio noﬂpbsédhmfacé.ﬂg{ﬂ]}dlﬂ' bEthe ﬂﬁéﬁhﬁﬁ@h m{gam@whaedmh]g tﬂnﬁ@zm may

i ncl ude an up chanher erein the t ortion of t one
has. an_ opent G RRUR ROV H: TaN S EETHEN bF BRELOPEcHE Breside
the gas di strihew@-tigg conponent 712. The gas di spersed by the gas

the 25 upper ARl SRSHET FaT P GrEHEHHELE S o O FORPART: A
body 710 Ry #feect mersm;aﬂatdafmeﬁtabpmnmsér shb¥h at TOD. Fs egtufiple] dawt | on

conponent 712 at vacuum s a. FIG 8 shows an_en] ar ged
di agram of t hECYUPPERRRR %‘F%%lﬁ"?%“%@ &3 Op fhespetaceyt the,ggs ddﬁﬁ?‘éﬁ"% t he

vacuum seal i n@xﬁgoaam m mMepvLY dth tﬁé’lteﬂrpé{jaﬂge 8O@iekBrfadee Iﬂﬂﬁaﬂ?ﬁﬁﬁtnéam
bet ween the i rnal ection 804 forne

the 30 gas di bB{ﬁ*PSW %gﬁé&ﬁgﬁﬁ) 7'1’23%‘1’3?‘5'&}19%%’1?% tt@dﬁﬁ‘ﬂﬂéﬁ%ﬂ‘o&e
Wi Ej h FIG. 4, lﬁdi‘ﬂemuahx;eoe msazle of oY tufflesalr 1@ Wigh thétdﬁilﬂé}!‘dﬂn&&ﬂtﬁdbafﬂesh
reduce t ti.on. o ne artlc es a at transfer hetweepn the
Gas i st ritut | s Snsba e Rl hef Aot Fom bR BoayAros may

gﬁp th7)23 gaé b& al%digﬁdmrl]ﬁtﬁgﬁé}ﬁedﬁﬁ ahfﬂersamf)aﬁnbehmmm tHe ﬂ:jeﬂilﬁﬁib@f sh_own
chanmber body .7 and, chanber to s, distribuytion
conponent 712" ]F?ﬁogéfe P eraE ﬁﬁ‘l‘cg‘g?‘i‘gieoﬁﬁ ’B?}’ﬂaéeﬁiﬁge @%ﬂ%a%@d on
t he external witfskiace ﬁ:ﬁ@ehqs aaectit uﬁ&ﬁth\éavﬁtlétrﬁf%lhé?fﬂa Sueik ahdGecels
structural and fuynct.io at ures cuum seal ing area 726 . my
e the sane. deorEcioR] ten ot BesSoGhe hiife A M ARG T BpR A Rk
body 710 1fay rhaey bmat e Haffld fuefaone e ﬁam-anm ﬁﬁ&amaoxgaugﬁ@d%ﬁ“eleﬁqe
or nore power C 724. .The eater od- s e
cartridge hea‘fdz F%J g‘)rﬁ'cﬂ complice Sﬁgea‘frgfes E‘ﬁ‘ﬂe&‘g S%‘P“F?fg“?‘ﬂ‘?%cﬂ'al
chanber body 71Q nidyhavew signifiaantly emerﬂerbydlalrtﬁmeﬁsldiﬂﬂﬁn tiengavéitiohsl baffle
sensors 725. T epper at ure sen 25 ¢C erates,_w.th. a ntroller
such that the l%o\‘?(b‘}cgp%ﬁ @g‘f‘é “7‘2%"8%“‘336 ge@? dhﬁt‘ﬁb?tié’?ﬁ’%ﬁéeegafo

t enper at ur e sdstsibatiore@dipogentadld atdngrirlydifrdinettlen A radiic@bd tefhperature
tenper at uje qﬁgg%géa%¥§tenl As a variation, the power source(s) 724

may perm jus?’ﬁbnt of the inter nal chanber body
t enper at ur e. {0837]00B¢ inksnal nhariﬂmnbadye’ltﬁmhjnmcmdeiapmppermhanﬁbardcﬁﬁmm

at 300, the t f th chanber . bodyv Q be kept
bel ow a pr ede\?lggr)%]nﬁléeg{o?ggefon o?&% orne a&openmg torecéive gbe brg?tXm step

portion or projection of the gas dlstnbutmn component 712. The gas dispersed by

the gas distribution component 712 may be confined by the inner surface of the

25  upper chamber dome for further expansion. The internal chamber body 710 may be
in metal-to-metal contact with the gas distribution component 712 at a vacuum
sealing area. FIG. 8 shows an enlarged diagram of the circled area 720 (shown in
FIG. 7) that contains the vacuum sealing area. As depicted, an O-ring 802 may be
disposed between the intemal chamber body 710 and a projection 804 formed on the

30 gas distribution component 712. As discussed in conjunction with FIG. 4, the metal-
to-metal contact area may be minimized to reduce the formation of metal particles

and heat transfer between the gas distribution component 712 and the internal
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for safety reasons, while the tenperature of the internal chanber
body 710 may reach up to 350 C. To mnim ze the heat transfer between
t he i nner woceeizmwl chanber bodies, a gap 734 may be prrom/os2007/019886

t her ebet ween. Al so, the external 20 chanber body 730 may include one
or nore liquid cooling channels 732 to control its tenperature. The

I nternal chanber body 710 may include a curved bottom portion 733 for
gradually turning the gas flow direction toward an exhaust port 750
separated by a gap froma simlarly shaped portion of the external
chanber body 730. The process gas and by products may be drawn

t hrough the exhaust port 750 by an 25 exhaust unit 758 coupl ed
thereto. The exhaust unit 758 may include an isolation valve 752 and
a throttle vabhambEEEodq,dm@Leﬁgipﬂzs mayg bieliBed udPedbdEbheal GRkkDdr bk den thd1e

i nventi on has. r|b t.ail eference to ific
enbod nent s ¢ eredenangen pory 74 aieismbet opoob e S50 24 Fra g SRR
t hat various ecdmpgest Had nodi fi cations can be nade, and equi val ent's
enpl oyed, wit 3 art.i m.t scope of t ended | ai m;.
oo e N VB S BB ber b Fo ReRBE giinled po IR paGTal haf

di stributi®n BRIF0 aatid xaaumtsﬁlmglarearvaabe“lhe htad:#ga}ang functmnhhéatgfﬁ Sf
di stribution nmber nternal chanbe 0 r

C6 be ol i ub) e RSIa fealne et 26 B o kil e 28 DR Sb iy X P 00n B £
bet ween out er Thaintern shahbdribedy Ml @magbe heaebey the @y Oﬁﬂﬁr%l heaedis 722
surfaces of the ternal chanber bod ssage endi.n

S eent ral Cuppeela Phfor ROt ERer sar e 3 1R BT 722 Friy  dud Hhaped "
passages adapéaeuidgehetitéred)tor p bamEBategaS“hé t&@etdmﬁeablﬂaf&iﬁfcntaowermtl&r bb@h
sem condugt or., subst nner surface ad overlie the
Sobssrar oft, LT RHERY f&iBhinlted BUBRe bIRGre Bbia0E SR8RL A0S PucieFipetafint, o
vacuum seal i mg:nm:ﬂ&aceommemndarcgnttdlmmtpas]mgﬂseranﬂkca(dﬁmmtb@
forma vacuum s 2. The

chamber " as. T A Rg? Fthden PimpRiahf et e SR TS Shrigedas
passages are amghsit ttmptratiee extem] byseaneOAs a mmémmacme@nwexnmmjs)guuﬁra@e
of the subst r}‘.?é[l‘r%lt manual adjustment of the internal chamber body temperature.

15 [0039] Asin the case of the stripper chamber shown at 300, the temperature of the
external chamber body 730 may be kept below a predetermined level, such as 60 °C,
for safety reasons, while the temperature of the intemal chamber body 710 may
reach up to 350 °C. To minimize the heat transfer between the inner and outer
chamber bodies, a gap 734 may be provided therebetween. Also, the external

20  chamber body 730 may include one or more liquid cooling channels 732 to control
its temperature. The internal chamber body 710 may include a curved bottom
portion 733 for gradually turning the gas flow direction toward an exhaust port 750
scparated by a gap from a similarly shaped portion of the external chamber body 730.
The process gas and by products may be drawn through the exhaust port 750 by an

25  exhaust unit 758 coupled thereto. The exhaust unit 758 may include an isolation
valve 752 and a throttle valve 754 coupled to a vacuum pump 756.

[0040] While the invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

30  departing from the scope of the appended claims.
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3. The chanber as recited in claim1, further conprising one or nore
heaters supported by the internal chanber body and operable to heat
the internal chanber body to a desired tenperature. 4. The chanber
as recited in claiml1, further including one or nore tenperature
sensors operable to nonitor the tenperature of said internal chanber
body. 5. The chanber as recited in claim1, wherein said internal
chanber body is a netal body which includes a projection which forns
netal -to-netal contact and the vacuurgisgal with the chanber top. 6.
The chanber as recited in claiml, wherern the internal chanber body
conprises a main body and an upper plate in which the gas passages
are | ocated, the main body including an opening in an upper wall

t her eof thF upper. wallliq%Iuding.a'vacuun1sealing surface

surroundi ng''t he ‘b HKHQJMT ECUBPE8pl at e i ncludi ng the central upper
vacuum seal i ng SUdr'#8%E Pur r oundi ng, t he gas passages, and an O-ring
fitted between @H@S9%%@&%?@%%@?ﬁ@“§Wﬁﬁ§E@§dBF$ﬁ€mﬂbper pl ate and the
mai n body so as hsas GisHibALIQHBENPAT SeEPriY e peBEfAbERMber bpdy TodisdrEd b er
as recited besligabdy ypportagioatles oxtarind chiadehosty milh gt e Releerbarer SWinises Fes
a | ower vacliamiesearhaipesbady #0é inperuobesd Phige erierdulchamlyir gedya ks pgssagtse
menber and @dapinedhrewehfasrenrad uppee oemes efdhe Wien! drmbppimdy ste Bapassagesan
upper portiakhpled oalisiidegvassl gapnta the cloinveebiewards e sThgosivalrbabstate: a
recited in ddnaidmner suher aiapted freovgds tirhi swbstialsuand oom fire tHeerocessrges inses a
top wal |, sipdewalda @niallbppdr omuwaen skglingerfico purwaihdindtovigagpaasapbd wkness
whi ch i ncr eaisgsd todwar asacanmeel eith péswpheface bhube eafnbet fog. si dewal |
havi ng a thickness which is greater at an upper portion thereof, and
the bottomwall having a central opening therein sized to allow the
nmenber to bE | ok eshnitef & redied Ghamber, whbeh 4 had semsotbaldr@t passdgppae t

|l ocated at fnhRdBOHiOR@ThckddE igdraabarexp@Rd birfacdb(tid Qibtthge. centr al
opening. 9. The chanber as recited in claim1l1l, wherein the gas

passages have inlets across a first zone and outlets across a second

zone larger3in aneghdnbRPudtB8iel i 8linZ0RRhel BB pPSHELBE UG RXLLNI NG

across an ay,6&,Re LGk, . o ) of
a substrat Z;li@;gggggggggﬁa"&h?ﬂ% et e sBerme Mol RPRT gl

oriented such that 1 nner gas outlets direct process gas toward a
central region of the substrate and outer gas outlets direct process

oas, oty 3 an OUtEngig A0k IARERLAR B0 IR STATRERES,
S{As0LS qpcn’wbl&}o Pléipotrgw FraRerals oflﬁd' fera cha @Flylfcﬁly.
| east one chanhel’'dpera f ofe] PRt ough to
remove heat from said external chanber body. 11. The chanber as
recited in claim 10, further rising a feedback control system
operabl e t -conﬁ%fh*f}%f e A iy - F"&'”é%ﬂgﬁl’i‘ﬁ' mfcf‘i‘JI”éF"Pﬂﬁi)o%@HW?éi d
channel . body which includes a projection which forms metal-to-metal contact and the vacuum
seal with the chamber top.

6. The chamber as recited in claim |, wherein the internal chamber body comprises a
main body and an upper plate in which the gas passages are located, the main body
including an opening in an upper wall thereof, the upper wall including a vacuum sealing
surface surrounding the opening, the upper plate including the central upper vacuum
sealing surtiwe surrounding the gas passages, and an O-ring fitted betw cen the vacuum
sealing surfaces of the upper plate and the main body so as 1o form a vacuum seal
therebetween.



12. The chanber as recited in claiml. further including a
tenperature adjustnent systemthat is coupled to one or nore
tenperature sensors and provides automatic adjustnent of the
tenperature of said internal chanber body. 13. The chanber of claim
12, wherein the tenperature adjustnment system nmaintains the
tenperature of the internal chanber body in the range of 20 to 50C,
50 to 100C. 100 to 150C. 150 to 200C, 200 to 250C, 250 to 300C or 300
to 350C. 14. The chanber as recited in claiml. wherein said

i nternal chanber;RQRYmics PRSI QASE PQxh'é?é'idjth@?ﬂsféfs'i‘r%ut:%hﬁm%él body by
a plurali tytdm()lﬁtl:s t|§\\@nqmmlrn&ahi Ft@car&uﬁ'&%m an%ﬁ‘l‘eﬂm@vﬂtﬂ%fﬁ%tm
along a radlalaglif: s%igﬂd Qleu SRt Wit &1 Dider & ‘@%rant?llggé’ pohRnfphmed in

sai d interngh..chamher y, and is configured to al

correspondlng pin e t hereal ong. and wherein said pins are
secured to said external chanber body. 15. The chanber as recited
in claiml, mhe t one, channel
operabl ¢ (o411 ovﬁsa'aa'% a5 PO R W‘?‘iﬁgﬁ‘?i ) e8P tner oy
fromsaid cial aﬂﬂﬁwa Sféwa il opgy “Pé tBYNPA KT ‘ﬁ%
further co “*%SF*n Walds gl aeier Ry ?“8'|e°‘s>)§tséiﬁ’r" ar"éﬂéﬂef EBCHBPER St e
with a tenpdFUETd 8 BHRERBIEReEgt g Wy htamarslidi vy a centrahprea s therein
circul ates %6'F?HQ“TWbﬂﬁ”?ﬁﬁ%ﬁ@ﬁ“@&?&“ﬁH§ﬁﬁ@?mfS“ phat A syRstrale qURpPT
processi ng 84 B RaLRT 8F the abisthente T o tas #rgilamppbeting a

sem conductor substrate in the vacuum chanber according to claim1;
generating plasma by use ofthe plasm source; and processing the

sem conduct‘g s ulhs thettbsr g redited frecligmals méierein theggas Phesagee hinsdnles aoiogs am
17, wher ei nlistvensaicwdris aatsr ssiobd ongtlagérgn arepdiie theding 2oie the second
processi ng wonpylérsien actees at e rofmat tappPhig! thephotodhesksised ayiee @i t he
waf er . 1SubsThe bt hodesedd i lihaicharditr, tvhgaseiithets brin seivhed nchhaba inner
substrat e ims autivesf recigmabesshgas prvackssintg repopefi tbes bpasd andeual gatootets
passi vat i omdirect f2tessAvametwaatarodutg ratmssitkgubsuaem conduct or substrate
in the chanber of claim 13.

10. The chamber as recited in claim |, wherein said external chamber body includes
at least one channel operable to flow cooling fluid therethrough to remove heat from said
external chamber body.

.o The chamber as recited in claim 10, further comprising a teedback control system
aperable 1o control the flow rate of said cooling fluid through said channel.

[2. The chamber as recited in claim |. further including a temperature adjusiment
system that is coupled to one or more lemperature sensors and provides automatic
adjustment ol the temperature of’said internal chamber body.

I5. The chamber of claim 12, wherein the temperature adjustment system maintains
the temperature of the internal chamber body in the range of 20 to 50°C, 50 to 100°C,
100 10 150°C. 150 to 200°C, 200 to 250°C, 250 to 300°C or 300 to 350°C.

[4. The chamber as recited in claim 1. wherein said internal chamber body is
positioned on said external chamber body by a pluralily of slots and pins. wherein each of
said slots extends along a radial direction of said internal chamber body. is formed in said
internal chamber body, and is configured to allow a corresponding pin to slide

therealong. and wherein said pins are secured to said external chamber body.



wherein the tenperature adjustnment system maintains the tenperature
of the internal chanber body in the range of 20 to 50C. 50 to 100C,
100 to 150C, 150 to 200C. 200 to 250C. 250 to 300C or 300 to 350C
during plasma processi ng an exposed surface of the sem conductor
substrate. 21. The nethod of claim 20, wherein the sem conduct or
substrate is a wafer and the plasnma processing conprises stripping a
phot oresi st | ayer fromthe wafer.

15. The chamber as recited in claim 1, wherein said chamber top includes at ieast one
channel operable to flow cooling fluid therethrough to remove heat energy from said
chamber top.

16.  'The chamber as recited in claim [5. further comprising a feedback control system
operable to cooperate with a temperature controlled fluid circulation system which
civeulates cooling fluid through said channel.

I7. A method of processing a semiconductor substrate comprising: supporting a
semiconductor substrate in the vacuum chamber according to ¢laim |; generating plasma
by use of the plasma source; and processing the semiconductor substrate with the plasma.

[8.  The method of claim 17, wherein the semiconductor substrate is a wafer and the .
processing comprises the step of stripping a photoresist layer on the wafer.

19.  The methed of claim 17, wherein the semiconductor substrate is a wafer and the
processing comprises post-metal etch passivation.

20 A method of processing a semiconductor substrate in the chamber of claim 13.
wherein the temperature adjustment system maintains the temperature of the internal
chamber body in the range of 20 to 50°C. 50 to 100°C, 100 to 150°C, 150 10 200°C. 200
1o 250°C. 250 10 300°C or 300 to 350°C during plasma processing an exposed surface of
the semtconductor substrate.,

21, The method of claim 20, wherein the semiconduclor substrate is a wafer and the
plusma processing comprises siripping a photoresist layer lrom the waler.

7.



