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the heat transfer. thanithe gas used EPoB#r3sipBodcess, or bec@use it is
desired to maintain a higher vacuumin This invention relates to nethods
and apparat Uﬁ, E.,he nmain process apparatus ”\ﬁé‘hetahﬁhsf&fthahhﬁgﬁélﬁbdiﬁﬂleﬁ%ss or
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grated ciegtedP sypPaihe prgt °'b°rmé)°3e§g°ss Lich as &5{’;1 él‘]m {ofint cﬁgnbe,
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the waf er,,,aqi a{g’ﬁbﬂﬁﬁﬁ% ‘% et 5 S UG Aot R lo 8 phelproRee}
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gon PFeS SHak Goef fourkdthdTthe kravdfer bffied: F6m Wierto C hanbhit gobiiear transfer dambe obgained or achieved
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of heat fredestahtatough thesiliceneubbgersd heat transf 89micogdycis
the pedest alThari@an@FﬁkaVIPﬁ“al frRoducr n eBrmle r"tﬂbb in qa§'°° zgls h'eﬁmg%mil
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practice %ﬁf?h?ﬁ' 'g?q "a" Vah é' A XS Syl N 35%0&%% ﬁé%egt kSneRF bggaa%g;gg ﬁ?,;a
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For exanpprise a Keatey fotheBting tivd wafkir arp hebtsinkfosps  of cempsipesene ergnore-thermally G%'E'H““’e COmpo-
si deof t hecosting divetwaler. Adtespgeplate sesfsdhaneriph- neﬁhoﬂe'ﬁﬁf the GGP? s wheygily rests un-

rocessi neyy sltacysfer cariien pipta gssemblypgaipstahayralcess elf aga rf :
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chanber | gnd gelerBRnéeat . §i3ndupttepdépositthier €i n t hieis haottdnfeatufe S thépreenttivention that
4, 680, 061cﬁﬂ§er4a|tﬂe43e&3£adlffeﬁh@mlumfgas i N atphosess g ndoting oneatitgscsemicondncldr we-
gas describe the use of a gas to conduct Reat to or from between the wafer
and heat sink are at substantially a waferfroma heat exchange means which
may com the sanme pressures, wherein the heat transfer gas prise a heater
for heating the wafer or a heat sink for conprises one or nore thermally
conductive conpo- cooling the wafer. A pressure plate seals the periph- 45
nents of the process gas, wherein the wafer rests un- ery of a wafer
carrier plate assenbly against the wall held against the surface of the
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utilizes one or nore-c@nponents wheEP0B9M®8BY are provided for directing a
proportion of the process gas as a gas.conduction heat transfer of the
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i Nt 0 t he peneptpadsirto thdapparamowliille eénkrolivg thiehe  andhd h@xkfranberyasiresupplied atstbsingl the d
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t he pr oc eitigh sengeads frbr atiuth 30 to about Bolescamini SSi ON @lcumtinthe@hanibBe process gas
into the sdndnyafahevaboed methddathe heét tansfek \Waf er . An aspect of the present invefition BbAprises &2
prior comesaescomprishatiohtd teaboit 5% ef thftotal brec-Ac e detigd i a dbpardtiniof cesling!a enidonduoe
I nvent i orssiggeflow gng lsdmeéltward@almmurmeng andorfwafenin @ plasmapétching aprmaratastutiizihg one
i ncl udesotsdvwsleep of controlling the total fdrmare compopéntsiefhelpeocesseads Ysed in the
control thehp rempossnts s seidprecess gasmbick 8 gas iPswa sighing processras @ gasheanductionalester
to ga "ﬁ"ﬁf’ BE? tﬁ%théﬂé'f?ﬂfél"%“ﬁﬂﬂ Weai nt Hendergashydiregiingiet lepsta Rodinwyef sush one

from abo Piier fram gpi ?ﬁ°sa'd9%tcuéﬁ'n |°ﬁmP'H€°'Eﬂ?a?Pb?e9“h°IPW°%Fﬁ gasjnto poqact
above meff p?:ﬁtﬁ"ﬁ ayf m the clasg, a&‘f“‘%"??"@@@‘fﬁ"ﬁ“ﬁﬂ%‘ﬁ@@lﬁm
conpr i se % onneged i Saroary, W’b?"(? aboutes%%sfﬁm fot ma ofg:,:
met hod an Eﬁaﬁﬁmﬁoé chcorﬁ? Joklﬂ gn-S €M C into %ﬁ T
di rect edn&ﬂ){@ﬂ %Eadtﬂ&jg?m ﬁ&e | Wi e talh a m%o cha beré!j3 % dS
utili zi NBroQas gdaftiow ppératus of from about the pressure or vacuum i the plas
conponeny to kbdulS0REAF &rimey mpriaé irebtihgt e ThALLIORBRERE oSn

gas whi clitobmact with #&uiBce dreald WaerFoRfddagt aS at%ﬁsﬁ?%ﬁfgtdpﬂ?at : rect e

i Nt o cont-gedcmbfdtidasiapditionomam UidorMmére Bdm-Sai d Wa-As dhbiip ﬁ@arelaasplééma dtcﬁ.ﬁ‘&édpm
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to sai d emisisting@f fharinatatir 4 carbgnp hyeifdcarbant ¢ he RRDMHESWal®AEN evatuatichQakt BGhich RCRAL
support anargon trgnsfeeheatflopchid wafertoswidiste C| as Rected thrbugh pipeiTofand throttfe vaItee! 2t@dnak-
as such eargandmoniterieg tpqwmnumm pasinmefctef | udarnahgumpig Sourbe (natshawn) to maintain the de-
hydr oc ar 199 ppparatus to mainjaineaidRiasea etchingappa-i nt o  tsied vadunm ingchantbe2, angl atipast ene thterlock
argo ratus ata pressure of fromabout 5.3 Pa(40)toabout 4 4 thmtp@_wlaqh@gvafet mayde iptreduead inkabham-
errbodl me?ﬁ P"t(ﬁ@ mile®)- of proc- In one parti culber2 Yishimebamber & isian rfisepree@0 congected

i nven- °'lt' 8/5¢ Rovidas AnRnparptys a5t 1 o (leAN °E‘*G"‘R rispRplyt(pot showp)io swerate
pl asnma e‘f 3 °é‘i'¥!§f°"rf'é w?f&'\?é“ﬁs Bt al Plgs BW" F suppost-pedestal t 0
t he cha ' "g %‘%“ Pow i nt '°'§%1‘f’f . g 8?35'9 f?SPtc’P"l‘%h&lBBﬁ‘t

the pres e}é{ﬁa e & w&n‘* . ""

and MRy SR LA &%a grf m)mto %"h oug e
vacuum Iéhrfawa&om .nﬁ,aauﬁ, sa q,‘L &a
et chi ng m&mgambﬁtm.kfégésqm& cﬁ&:tha‘?&? a Io one orm)re

As showng SHi afet adjdceRt s8R '$Bpp6it SuUMabtt) adapar a‘ln Wwﬁfthﬁﬂemomﬁ &@S
sel ect edwhierelithé dpparstusis & plashta etchkigapphratedl ANDET vided iSwaE360pBMk pededtdd 80 fertheédirection of
CONpr i Si 4 th sogpoR b tabeiovides & buifatd daamill 1- 4 @B6dandportivyi @f 6he dF 1A6HE Sompohehtd s the
wal | 6, thewaferresisitoibesuljentet td3said yirathssigas CON-  protessjas kb comtact withiiselréedir surrad of wateh
said wafertosaid sup- nected through pipge 10 and throttle valve 12 toan
ex- port, and nonitoring the vacuumin said plasnma etch- ternal punping
source (not shown) to maintain the de- ing apparatus to maintain said

pl asma etchi ng appa- sired vacuumin chanber 2, and at |east one interlock
ratus at a pressure of fromabout 5.3 Pa (40) to about 45 4 through which
a wafermay be introduced into cham 27 Pa (200 mllitorr).

-ber2. Wthin chanber 2 is an rf source-20 connected The invention al so
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5 ‘ EP0397315B1 ' 6 50 resting on pedestal
30 conprising, in the'sllustrat- |nEpoge7eaeBy, it will besnoted that while
waf er 50 ed enbodi ment, a central bore 32 in pedestal 30. is shown resting

on pedesbalestiid on héiBisl 3b SontpReiftSi the sttt F @l bOfGn3evehtSit will Be Jidtlerihat whid
through gy Qﬁbo%ﬁnen@ la2@htkal Borb $P 6 feRbstdlBO.ON Pr QY kiR re@ﬁig‘@ﬁ Bdebfai 30/ thet Qgﬁj ﬁgw
contr ol bﬁﬁtiéﬁm?e&zﬁsoinm 8dnRettedirUgRSiPe B82S  ANfhmpRE 86 Akentidh providbd detwden Wafet SIE
OF T estr iafd fidwGonie Wilve SOW drriaDpr §d8 MY CaATPEdestal 3010 &y Bcontib 6r réstithte moved
ment- \u‘-rt Soupde @, Which imal tongpriselonebridiore2cofibo-D | 52 C LtheREinto blashtadtching theivber 24t Molecifes RS
used I n héms @impraeesaigadusad)in thelpasoaaching NOr e theD GRROSTAMKNS canfipohdnés (ifr the pidcess) gss
process omcess qairiedolt in chambsx@ber 2. which have\tiserc brought/ieto [oerdavt bithothig) er

i Nt 0 cont ackhetermt procése gash as usthterdirgis integhr 0C e s Sutfars 'of waler 50 thealiginbore 82hin pedestal 30.

i nt end- edigdéfine emixfureofgases wiish mayeithrsfuniyor e 3 Buchnseglind meang|are3Onecessary dn thiexradtice a
m xt ur e 8enagadiveetolingcpmpaagntegf the procesg grs- wsmﬁthg@aﬁsvnﬁ iventiemdue bets t@lﬂh@@&@%&f
in the pPLASCHEY opses, xamplesof qopponants yupl cﬂ‘R?FH’% d'HP'e'Etﬁlé WG&'!;@E & anghe
of the pPEeBHR s‘f"ﬂ?’éﬁ?ﬂ Q.‘}?'i""a AECceIH 93198 5° Un ab gkone or

Exanpl es $6APen, ypuch tire dif® ’é’ﬁ't‘!a " fs
anﬁnﬁhﬁsgwg}vﬁ et ap ek g g 0L sﬁf ﬁmw@awa
of wafer f:g at ﬁgr

such as Pe%ﬁoﬁdm%%ﬁ’v scagrgrﬁ;?s“e?%gg; 3’*‘?%% pomonofthe

fl uori nat, t e process gas

used in fobdds B&b th'irSU340 @om-[ err] apl‘JsiﬁroF cuﬁmmtl méafis 60°4ré biSS
gases s Uﬁﬁheaﬁllviduglﬁ oo.ﬁ.%ﬁed dourBes; of lebkhlof 3L 24 r mfdedwﬁmﬁsmm rigléRantbePSth Bronitor
hel iium gades ABIBHcollEBRFhlyYhake Bp the process gas. the total gastrésbiré'id cliber. Adighalfrdinlgas

used-at Phiess galisoydeatd iy, theleforesieuidethelis NOT € Conitd? nieBsSE0 MgyteCied foltArottiaNaIVeE12
proc- amcsepdistely mtrolitheomatd &f thegaSmPorRAEP! | S€ whepihs presslredkcebdsa pRaisteiid SiBalnt €
40 i s sh@owingtsroaghdipe @b endSiowrcodrol vaive 38 fol  pl o that ohbratier 2vgaydbe fuether evaeuated. Alterna-
under st obetre 8Zemt the reewtface ghvafes §0 fromghed@ionays C dively or sipplenwntelly, the preassireLonvaguN o r
means 60otsuch gasesflowing iste piasnei efahidgeiamber@ont r ol chambes2eonid e captrollediycousfollingthe flow2 0
pr ovi ded thiqughniat gortad. e et chi ng chanber 2 t o dfPypeesegas geleriag cygmben? through flow con-

col | ect i velNpt gt éheppcompenepts gtiae 8988 { he tteshveive dRusingcerireleans 1. chanber 2.
A si gnal “"f"rf‘dﬂﬁi é?'%@é?é" (9& efeﬁro may, tWE?"etf‘%P'Ess"‘ierPé it ifechprber 2 is
t % V?“al dtbét"s‘é F'é(? G megps,

rmn! tor hﬁg Fgg?r 6 ve ]
;Ia.t):l\ﬁ'ongf ’a%%g“? meo mo nTgess\lj;F.’ itan ustmen [wlégso:g‘]a%;

be furthEE‘p:%%ﬁfg and t ere rsur ace o
the rati cribé the pdrlioh “E;ca

J he p dmb¥ nlamecpit a
gases 1 (w4 daktadt Witk ?ﬁﬁ%ﬂﬁao@ ef % S?H'%?z'bo 4610 quﬁ fefafab latt%fi
by contr gérb 8@ wﬁJ?ﬁ:dctJ) &find Mﬂﬁiﬂ@cdni% tspor Jsﬂmlllltorr The total flowofprolcess 9as into cﬁamber

of pr ocesfinepnzeGhsihicR Gill ORI Histadtoby HeRUTN T | 2GWNick BRecebiafy t6inkintalh thb PIESH in cham-
Corrponentrsnsﬁf bétWEenDiAéi 50 Sand pédesthil 0| Skchl Ve  1&ekiBiaRghs ¢0m labdbk 13086 Boutdd0 sdbinl OF
f ungt i, oncentohenfsiiuts drgon ahdthd dicerisnished s Ofio t hiis fficRAt fron)it @astiabisit 0§ £5:5 L prefersbly
vaculm i & caboamibaiatad hysrogantions, Buch ad CMF3 ; ars  Sat iabbud (16 edcin, flvaa thrdugletisd 321n pRaexts 30
to 30 Gumibatel 1-chriioys sublr s GFeandlFy.e 12 t hr ouththe baarice eriterimpehamber @ thauwgh privesst
from waf er The tatah apewht oft such Broceas gasheompgs-  70,gas Inlet foltddy of process gas
t hr ough pemtewhichentees chanhen?jthrough lPﬂﬁ'ﬂgﬂo|a51|“?e.'ssur e or It will bepeted that ke silicbnp rubpar padheen-
et chi ng byadiysted throughflewsenirelvgive °°§'B'm9ce4ﬂ0 vartipnaljpplarad betwenn wafar 59andpedestal 30
Ther ef or @nly ahout {- é?"-rﬁ“%’ﬁ@y 6P°“h% r??‘a' consthah °°B?"“i"‘?ﬁ“ldls!i'P° the ‘Ej’s“f ARk Readed for
cont rol @mupkel PTS‘? % r oces sc° %t'°" ""Ffé" ReglestpL30. In-
scri g ‘f’?\%""ﬁ&? ™ '"H’f“ ?'H'ée’ Y'f)@ gas wife ({ '“a‘*obsh d%?gﬁt"
| mls aou mlsoal-

_Chgnbego o B By s Qﬁm f 540 g Sfhodehing
varer SOuidilel e s Kﬁ@i f o) ’{ua
bore 32, b3 oi, e ose cmﬁm R ke o gw.m
total f'%‘.tﬁ re&sthfdcs of 50, thQ 6‘&1 of th tQEtﬂGﬁﬁcﬁnms t roughthe
provi de ggb ket d%tp%lﬁe(nﬁaédestﬁ Y0 ot lRast ﬁ,enecessﬁ;cysstggg migidclAbih Bochrd&ncl WwiiiGinlen-
cham tr gpsirfke e a&PpiiEfetdstaPsd BRd cordesst altomO0. Such ber 2 ranges from
about 13prska perbudinietaPid r&.&smofﬁé h gréusBANgeNnt s i NctolimBtrald BOAdvartahed Hehe invention, the
af or emenpaskoMmpbnénts intd@ontdcwith ti Yeas Blirfacd 6fOM at ténfpefaturébrGiidilicoWwaférGObbcted to plasma
pr ef er abthg wéfecsirdomore tHan 6sid poiat. ed hydr ocar bonsfchingiinta casveftidha etchitg chamber tivinglb
sccm flows through bore 32 In pedestal 30 fluorinated 1-4 carbons such as

[err], and CF4. wi th the bal ance entering chanmber 2 through process The
‘total anpbunt of such process gas conpo- gas inlet port 14. nents which
‘enters chanber 2 through bore 30 may It will be noted that the silicone

rubber pad con- be adjusted through flow control valve 38 to conprise 45
ventional ly placed between wafer 50 and pedestal 30 only about 1-5%
preferably about 2% of the total has been elinmnated since the pad is not



[

7 T EP0397315B1 - 8 silicone rubber
heat transfer neans -was neasured . EPO03781&Btace of a heat8 si nk, the nethod
including the and found to be [err] after a sufficient tine to ach- steps

of subj efichidGubbBEndakRMEBAmsint Gadhedstied Vaf er | @\Grrib 6raM¥at Sihiding mefRBdthdiddRB fhe
i.e., afdnalourd®@h 1i6-Caftlr Beuffidieht inddb BHESS| N S lsBiBs brakbjddHgth ekboayd S8 ofthe wafer
process ipeRfeadyistabf coitiohs, i.d./after@Béut £6 inin- t Ne t eNNSE prbeteéingtepanciubiihg flowingAprdassa!
the sur faesf atbhiighm covbst] theBrpeiab ofigsilt he con s ever thaxaHas of the waerandkaBing the
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