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| ines and vias to produce transistor contacts and interconnect structures.
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35 Until recently, the plasma ashing and the stripper bath was found sufficient for the

removal of the photoresist and the photoresist residue in the semiconductor processing.

However, recent advancements for the integrated circuits include etch feature critical

dimensions below dimensions with sufficient structure to withstand the stripper bath and low
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10 which neets throughput requirenents of the sem conductor processing.
What is needed is a high pressure processing chanber for sem conduct or
processi ngvov/®nsrreet s reliability requirenments of the semcomiwoimar
processi ng. SUMVARY OF THE | NVENTI ON 15 The present invention is a high
Pressur il TP ensll mAl PRSP cBhofwiR LD 8 oIR8t thd Pishia 0
pressure chanmper conprises a chanber housi ng, pl aten, and a nechani cal
drive m8&HB&i sm The chanber housi ng conprises a first sealing surface. The
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‘sefar at ékovidver, hight grosshregprotdssing lbharhlesrs hberdsting siperctitiead iprgessing dystems are
sem con [ r ln..fur ratiaon L.cal l.ye
mechani glrgrf%p%ﬁo erg'l ??Sf?ergéegg%en@“%%ea’felggggogtﬁfgfg %%:liecgrc’) uc%@“g%%@@@%ﬁ%eﬁﬁgg'f I rst
seal i ng sur f &¥katos needed istralniple présoue prigessingf damber for g¢misordistorpregessieg si ng
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[l ustrate a SRAJEPIadR] St TEh PROSSHIS Broce NG AR Tof AQPRIREPyistoTBrosesyine

i |1 ust r atldch meom tadiabilay rdquirementa of the spmidondudtorgirocdssinge present i nventi on.

FIG 6 illustrates the preferred pressure chanber of the present invention.
FIGS. 7A through 7Cillustrate an upper platen of the present invention. 35
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REEnt | on, © PN byt ffiny @ftn s W18 prfhsio a0 bibe R sire aREARERclor
second arbsiatrat Thechigh presswechamzhen epmprises ﬁechpmb@ré}wsmg,v%%lﬁteanandzm DETAI LED

DESCRI Phhéobaribal Hrifve RitchREDTEY B BdENbusing conlfidd 4 $i9dtadallighul e, 1K1 761
The preferred pressure.ch er . of ht he present |Qvent|%n I S ef erably used
for supdlf SQIBRHSeS A GRElei fof Golsinehg SHpIESRRR SHPSE R Y oGPl SBIpE ¢ he
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Prefera . Eidi ' ' t VE
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of the ’ ' e
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pr essur ehamberhwusing feforme high prrgaye arosessing shambrespend W semirgngwiten on 12,
an openisaggt@k@si ng housing portion 14, a wafer slit 16, w ndows 18, posts

1925 a top opening 20,

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a pressure chamber frame of the present invention.
FIG. 2 illustrates a first alternative pressure chamber of the present invention.
FIG. 3 illustrates a cross-section of the first alternative pressure chamber of the
30 present invention.
FIGS. 4A and 4B illustrate a spacer/injection ring of the present invention.
FIG. 5 illustrates a wafer cavity and a two port outlet of the present invention.
FIG. 6 illustrates the preferred pressure chamber of the present invention.
FIGS. 7A through 7C illustrate an upper platen of the present invention.
35 FIGS. 8A through 8F illustrate the pressure chamber frame, the spacer/injection ring,
and a wafer platen assembly of the present invention.
FIG. 9 illustrates a supercritical processing module and a second alternative pressure
chamber of the present invention.

40 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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10 and top bolt holes 22. The wafer slit 16 is preferably sized for a 300
mmwafer. Alternatively, the wafer slit 16 is sized for a larger or a
smal | er wafees2/09kur t her alternatively, the wafer slit 16 i speimdoiRi a
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w | | appar ent
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hg pr essurep waf er. pl aten
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18 theseallngHP teplson 56 j ust -
Bve tPatch;34t W&i‘?d@ﬁ@ eouRley hﬁrﬁ’é‘hﬁ@ﬂrﬁé t@ﬁ%ﬁmgtomcand@wnleﬂwtmlnpﬂ pletsn body
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in the t bet n.th n bo 54 and t he pressure
chanber ﬁ? }'hgir@%ﬂ?ﬁf %ﬁc&pé'gtse{ara?iy X\E@F it ﬁ‘?;\g# ?%/&SQ’WPSF ﬁ]cb?@gﬁrf%{)q €cavity
60. Fur bhwsplaced by ptheefasteael, chheqsrbarsermstom by tigresding tiecressuicbamber t hat a
"neck se ston neck 56 and the sealing plate 38, and a plate
s al , @%‘\’R‘%Zﬁt“t g{ésfégﬁfl% plate 3 8 and the pressure chanber frane 10,
i 8l ate the Prsessaestionshviewyolde firsbalfersativepoesshrerchambenr amarclosed wi | | be
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the wafer cavity 44 to atnospheric pressure, hydraulic fluid wthin the
hydraulic cavity 58 is depressurized while the pneumatic cavity 60 is
slightly pressurized with a gas, which noves the piston 40 down. This

| owers the wafer platen 34 so that the sem conductor wafer 46 is adjacent




waf er platen 34 caused by the supercritical fluid. The spacer/injection
ring 42 of the present invention is further illustrated FIG 4A The
spacer/ i Q64 ring conprises a ring body 62 having an BGHIRYE1BL and
i njection nozzles 66. Preferably, the spacer/injection ring 42 has an
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i nj ect ipyeRaEs pBtoBbodyrsefaadald seplingplaterfi®ul us 64 has a rectangul ar _
Cross-sect | Q@gﬁg%?&pﬂg%ﬁ%&t% onelﬁﬁllécrﬁhﬁé aftAicht @ pikeorDddal Bétwedd Geipimtores. 10

PLf er abl Y, ectron nozzles 66 a.di anete i nches. The
annul usbd@ sdnmdtixepressueechiaptbenfamedd igBates Sﬁmd@ﬂigﬁ&w rﬁféé?‘%%ﬁeh;i ng 42
forma passage 8L dolemHREEwIlE bdhdily appdrenbiocsrerdilieden vieef at theba/neok 44
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the. injec n nozzl es , ..which 15 creates er
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4295 cr eahesentibendnotor ssafesiis rAmoveR &Y Aapbet (BehAbEY Y 4 AN %5t el y creates
first a%ﬁ&%ﬁ@%&%ﬁeﬂﬂﬁ%ﬁﬂ@dw@Xécmaicelnto the first and second exhaust
ports, an , as the shuttl e, piece ,nD ' hd 74 to
t he second pokisedosd S?‘B!""E_E‘f“é?fi \%fe&ﬁg%lplg?%cﬁﬁﬁoé gm]#ﬁtgs éﬁ& P %gzhéey?%g t he
t wo_por tpl:?['é%l E@I NER:, tﬂé%ﬁehitrﬁti&\@ah%ityt@eis vepted & atmoavmzfrpwé' _elsﬁl’ﬁ é)‘gailr:dhgzg yBi ntire
surface ‘0 e sem conduct or. [ ; £pMt
appar ent hydsauigEaeiy %) bScPrF%mElﬁ%a‘gﬁ tht%ﬁlé)td%uﬁgm%c}?echfi o%mn?lzgl 5 6% o% the
spager / | Mtk ispavet/injeption ragal2; iichwefopos thegurfpietavith 4art NG *H&BY‘E% Hed
into a general g{,}r e? S %hfﬂ&w@pc?{%ict}laﬂ’diﬂgnd M BRenefRthoRe fesshotaresist from the
gfandd oug

sem condt€t BIESEHs a gate valve. 35 Further, it will be
readi | y sqpadeaferto one skilled in the art that depending upon a particul ar
super cri ti cal yRrA4e%8adiB apb@n6©Mtne akilleg rvtheartthatrdurieg thewpersaities!/ i nj ecti on

ring-42 coul d be unneedéd_since .the parti.cul | hhifdkinddlapg@ss does

not requprosessing tb@)hl’@i‘“‘ﬂ‘bﬂ“‘&d’%‘gﬂ‘é% }B'%Ba&l«llg & ??}iéf %ﬁé%eé%l n V\‘Lt‘% be
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two port W% érlp?aften794 gﬁlrsle(?gy {h%pslus&‘éﬂtipa)f fAidror e general valve arrangement. -5
The spacer/injection ring 42 of the present invention is further illustrated FIG. 4A.

The spacer/injection ring comprises a ring body 62 having an annulus 64 and injection
nozzles 66. Preferably, the spacer/injection ring 42 has an inside diameter of slightly greater
40 than 12 inches, which is sized for the 300 mm wafer. Alternatively, the spacer/injection rmg
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WO 02/ 091-17 PCT/1B011017C>1 The preferred pressure chanber of the present
invention is illustrated in FIG 6. The preferred pressure chanber 30A
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| oner pla ternatlve
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an e ower a he | ower d t he er
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FI G 7Athehgectispspzzl F%@%ﬂf fbe SPAGEN %@QO\@ 598 a pRgspgp 10T theyPeRcEtitals, 100

?nd 1g2 ﬂ@@éntfat1ﬁ§ihe&?dfeﬁ@@ﬁ9d4\(ﬂlﬁll3m U1 the seserrdiival Prbcessthe] B, supércrithent at i on,
ourt

th t.he f t h d 104
bnd 106 Tt B e ARRET 64 bt T S TemEn b eSicieBl AR e e
in FIG sﬁﬁercﬁhmlcﬂuuhs thmcm;emtedumolthdwafer havifyolsr byhtheinjedtiontiozales bogvhjelboves,
1095 and c].g [ﬁte}(wlﬁgm%@w&%{:&ﬁq@v&c& rooves, 104 and 106, and a second

vacuum por eS130£ operat i secon vacuum port 25 108 is coupled to

a vacuum punplheowathmeavitadidiandiagwapert cudlet of thepresent dnvention aredBudrateddnum
grooves,pyg04 %‘Bg w]a?é} cavity' 84 f&rﬁﬁdfbgléﬁltaheﬁlaﬁb@ﬁpgfd%‘ﬁ@ tﬂ@@aﬁ? laielﬂf?a4f bt

vacuum gr oove 1 orm a vacuum ion wth | at en
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vac uum %&Mleﬁtﬁd i luded 4 RBRYA6 pidko 72 hehivReumRekdetseent afst positak74 fata

th t 430 chuck
fr 2 efS unsc‘?g‘? uqr*?Hlon% e ]%9?3[%% Pfgo %%1’!%&% %?818‘86 e etggeé}(til fg'é& Pgt%%%frq on 1(‘: olrJCt he
sem conduwesitions,wadeater 46 theRioGex 6()rme,d bydh¢ spaceinfeatien tifig #h ev111 ppemate|batveaeno0 i s

further Mllstl%h{ag&tg,%re 7% drld %tsezgild SlhgpaRigs, ﬁé}@rbpy R RrSHIdeAE ok Udes

a FESIStIVE el ene roove I n operati]on,

resi sti ortse? ambfs(hlheweaaﬂla@mmfe’%) inppanddifve ceRtersiseparate b@laéh%@ﬂcegf déve 110
to 35 aspbids. 'A'lteﬁ?a?i%ﬂgtﬂehﬁmﬁﬁéﬁnd%élhfsﬁén%r@'Pﬁgéﬂ'tﬁ sﬁﬁﬂbﬁ&éjﬂﬂd&hgh ypdher 46

(FLG 6). The.up e I at eg ﬁre erably sized to accommobdate a 300 nm
wafer . ,ﬁPe‘aﬁPé‘Pﬁ cPELIQR 9 Fherﬂr IN¥eHi%¥e used in lieu of the upper platen
90, where themnad ﬁrnaat inv@mingreperptiidat Muls? éhers teuamnbluaed ofitfet h o-ri ng

grooves. sondSiidid e MRt LtV REC I B SRR el
200 mﬂ virfseand sEbors] vortehrentetsemxinestd wahafirst hed sesdrd extaastaqrorissBeans 80, 84A i n
t he - %ﬂgnﬂﬁé B%%e OVEH{) tﬁ%rs/t g&&ﬁ&bm ﬁitﬁ @&%na sifsh %cbafgaﬁ{gt 30A (FIG

onIy e up a en need ere ace O accommod

d| BP er ergupgicsitic %Ftég@dﬂ"é’ ok awlet 7G. Tathis Wy, thesuperedtistht i ve top
lid 32A, 1’&)9@3s§1@%‘f§ﬁéhﬂ"ﬂe%ﬁfthéﬁ%ﬂth@getﬂ@oncﬁlﬂdn Wagerwafiehssited! en assenbly 34A of

t he preferre sur e,.chanber 30A i ust .at ed

B B, The welkt YL GE Sracils A0Bara ' 098 Aird I BT s the HiREliRh Pt o

upper pl @‘ae&"r/lﬂjéctlc&mﬂng he amﬂe&tmlpoﬁ&utlé'm dan%nnq:ﬂrmmdlmtoIalgéﬁsral;pnesdmand

'sevent h .ooves for t (not

shown), ?(Xﬁ lgg% eSF 8\/\% Fgrﬁ? fi% 5%1%? n&cﬁ) Qu@ﬁ%}e g%{%{é %64 Ml%st

pedést al Flﬁﬂ‘),Cr,ﬂéW}déb@ teadily appminent|to eng skilled inthagt that dependmadl@gn a partlcular
supercritical process for the semiconductor substrate, the spacer/injection ring 42 could be

unneeded since the particular supercritical process does not require the vortex for adequate
processing. Moreover, it will be readily apparent to one skilled in the art that the shuttle
piece 72 of the two port outlet 70 can be replaced by a more general valve arrangement.
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a third vacuum port (not shown) which couples the vacuum punp to the second
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30 chamber heater is some other type of heater.

Preferably, first and second filters, 221 and 223, are coupled to the circulation loop
208. Preferably, the first filter 221 comprises a fine filter. More preferably, the first filter
221 comprises the fine filter configured to filter 0.05 pm and larger particles. Preferably, the
second filter 223 comprises a coarse filter. More preferably, the second filter 223 comprises
35 the coarse filter configured to filter 2-3 pm and larger particles. Preferably, a third filter 225
couples the carbon dioxide supply vessel 216 to the carbon dioxide pump 218. Preferably,
the third filter 225 comprises the fine filter. More preferably, the third filter 225 comprises
the fine filter configured to filter the 0.05 pm and larger particles.
It will be readily apparent to one skilled in the art that the supercritical processing
40 module 200 includes valving, control electronics, and utility hookups which are typical of
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semicondictor wafer. hl% the fourth process step, the wafer cavity 44A is partially exhausted
while maintaining pressure above a critical pressure, then the alternative wafer cavity 44A is
re-pressutized by the carbon dioxide pump 218 and partially exhausted again while
25 maintaining the pressure above the critical pressure.
The rinsing procedure comprises fourth through seventh process steps. In the fourth
process step, the alternative wafer cavity is pressurized by the carbon dioxide pump 218. In
the fifth process step, the second inj ection pump 228 pumps a rinse agent form the rinse -
agent supply vessel 224 into the alternative wafer cavity 44A via the rinse agent supply line
30 238 and the circulation loop 208. Upon reaching a desired concentration of the rinse agent,
the second injection pump 228 stops injecting the rinse agent. In the sixth process step, the
circulation pump 210 circulates the supercritical carbon dioxide and the rinse agent through
the alternative wafer cavity 44A and the circulation loop 208 for a pre-determined time. In
the.seventh process step, the alternative wafer cavity 44A is de-pressurized. Alternatively, it
35 may be found that the fifth and sixth process steps are not needed.
In the unloading step, the alternative wafer platen 34B is moved to the load/unload
position 215 where the semiconductor is removed from the alternative wafer platen 34B.
Preferably, at least two of the supercritical processing modules of the present
invention form part of a multiple workpiece processing system, which provides simultaneous
40 processing capability for at least two of the semiconductor wafers. The multiple workpiece
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15 molecular speeds above the semiconductor substrate 46. Preferably, the height variation
comprises a high point at the outer diameter of the alternative wafer cavity 34B to a low point
at the center of the alternative wafer cavity 34B providing a more constricted space at the
center of the wafer cavity 34B. Alternatively, the height variation comprises the high point at
the outer diameter of the alternative wafer cavity 34B, the low point between the outer
20 diameter and the center of the alternative wafer cavity 34B, and an intermediate point at the

center of the alternative wafer cavity 34B.
Tt will be readily apparent to one skilled in the art that the preferred pressure chamber

30A and the first through third alternative pressure chambers of the present invention are
appropriate for high pressure processing that is below supercritical conditions.
25 It will be readily apparent to one skilled in the art that other various modifications

may be made to the preferred embodiment without departing from the spirit and scope of the

invention as defined by the appended claims.

-10-



(10% & ()", EaBdY: | 10% & () -910% & () -
}/o*/q?&l()-! SH10% : & ()- SH10% r& ()-3"910% & ()-%v =dY: 110 &10% & ()-!0" &10
94(,& 110 : f&)w(g o PCT/IBO1}0176$ !

810% &) - T10% & ()-110% & () -10% & ()-] MIBAY: ! |1/ %.0%&RERE () - F. 10% & ()
- 1@21/0008; é‘)i)lg%lg'()-(lo%&'()-g' 94 &7é) - MBUE: / 10 '

. @10% & ()-L<10% & ()-5910% & ()= B10% & ()-610% & () /%0% & ()-rP./1 Q
F&I00& ()-& |V f&LI0%& ()-& | L f&I0%& ()-& ! f&LO%& (§2&' Y s10%&: 8-[5&)@&9(

) - 10:[%] .

L wug. W §ai oo ()- 1> f&100& ()- & ! f Y& 1> . .
f%l%l'lé‘%j&.‘?;g&\lowgw Q)& HAo6oua8E 1 ot S8 L0se () 10 1g & Teaee
' e o VS h(predsiiné KaRUE: 0} prdeessingldUiictnlcoriicionsub SR

%, & ()-78! TOl SZ.%%g&'p}? IR S2(10% , & () -f 8 5(5?032( ok ()St-“?g!g§ | ISIZ( Eg'oz/é'l(()

I) gZ?Ili)S/é( %?g?g’iﬂglél}lgf 8>../0@ 11w4g\ =! !
| SZ(10% () - 8! Ol SZ( 10MAiatnbef BosG( cbsprisiip(d fseiealigz eurbup; & () - f 8! ,
& ()-181 "1 SZ( 100RRE () . . 1& ()-8 01 SZ(109R
104 10y > 109 ) 1 1 Sz SOOREET Y OPETONSI s 12 ] PREREEBEE IR e U O
o () - MntioMdegor( scaligg ovdzcg)and * 1&10% \ "\ & ()- | LE10W\ "\ & () -
116% & \ o & <f —C>>% [ <%n(§l lllalnic | drjve mechanism couw ling the platen to the chamber
‘ ()-1 & e, &10% : &-.+£,é109/@\?\&'£-£3 NE ().
16&10%5& ()-M ! Zigsehg\vizthe) Wﬁmﬂé}‘ﬂ-gﬁ?‘ Nﬁ R ‘}}TBB%} %e})grqu%h%)_ 10\
10%5, S>100 & ()-1° %lgtg%ﬂ gg%n Ughe qh?m]mtarl hzogsi{l(% 050r loading of the semiconductor substrate
?%" ()- @ {oYs 10880 fgrthyr @Uﬁ‘ nzyga qRsT 1%tg%§%¢§%aié@£é %\E F@@%ﬁﬁﬁyg ?Ysé
< $§Sl(%t?/g§ &,( ): @G:‘iseléifd bé(;zﬁmiél{shﬁﬁde!o‘f Vi [1l6846.a(g thefirst sealing Sur ace of the )-
08 12755500 B Rt T s A B st 15 10
10§5>10% () - ! YSsafiéh NDBOEP - ‘8109888 () - .
0% () -2z M M L0VEES: (@oitﬁmlo% 2: %Q%ny_%:y& 123&_10 B8& ()-!f&LOYGGE ()-f#
DQRTUNVKV] V=@ L 1L (10%GE ()~ M 109G, () SEELOVRE o st 00 -

| +¥f &1095r & ()-  The high pressure chamber of claim ereim
2 chamber housing comprises an o-ring groove.
| 3. The high pressure chamber of claim 2 further comprising an o-ring within the
2 o-ring groove.
1 4, The high pressure chamber of claim 1 wherein the second sealing surface of
2 the platen comprises an o-ring groove.
1 5. The high pressure chamber of claim 4 further comprising an o-ring within the
2 o-ring groove.
1 6. The high pressure chamber of claim 1 wherein the first sealing surface of the
2 chamber housing seals to a spacer and further wherein the second sealing surface of
3 the platen seals to the spacer.
1 7. The high pressure chamber of claim 1 wherein the mechanical drive
2 mechanism comprises a piston driven by a fluid.
1 8. The high pressure chamber of claim 7 wherein the fluid comprises an
2 incompressible fluid.

-11-



f #10%2& () - KVWUWPXCYZ

[2X6~ @!!1 + 109HEbE& ()-!F + 109& ()-! + 109%]& ()-!8 + 109%& ()-!.+ 10%u
& ()-L* 10%@bxgoi41 [ [ [[([\~_~\:111114 S&I09TSTSE () - $! 0S&IBUBBER1P)76$! S&10%
& ()-$s!10% h& ()- 10G 10G 10G>10%C& () - _a

bcgecdwwg~\: 111 <0 % ' ; : ; :

p o 10%% [ p& () -3 Téé?%%%‘?ﬁt‘@ et ot olpi T ygrein e fULFPPUSF A sen004 (& () -
$d2f gYh] h"h_leomptessibile: fluid< 100& ()-3 10 h 10 h 10 hf>10%

h& ()-!1""*" 109 ()-3!" " *' 10%h& ()-3!v0 *' 10%h& ()-3zhijj~kl' n}[9dY:!!!1170

s &) Py BT S Satind S0 (e bRl B (1067 & )
* | @(10% D} &'nfdchSisth @nbOYE dn) el &t @¢hhafabdive)mehanism.

| @(10% "' & ()-8! | @(10%7& ()-8'{ | @(L10%& ()-8rtmu&*v+v, v-vivw\:111 |
| @' 10%&' ()-f 109%& ()-3 10 10 10y>10%& ()-!, | @(10%& ()-8! (0l @(10%& ()-8w
yyZA 7} =41V4{\ : | | | he'higffreére@hmbet O6dain () th@electrogosdiatical@rive’ ' 10%+=8&' () -

@ g . .
= fovk () - @ SPTRPRSIBPESST LI AEUEO" 51 1 sOF 1000V () - 9109V () - STOWME () -
10 10 10@>109%& ()-'!0 ' 10%& ()- @UL*} "2~ @!!s0° 9YA0%VE ()-0 %0%E ()-'0

YLOUAAL 10) - YA 09MHse(high prldR¥Bchambet OFAEint I t wWhdRin (B llinear actuator comprises
. &109YM@E () - Y s9®RAO0Y& () - F! ~s%®A09B88& ()-F!'9, %d0%& ()-4!9,%0% ()-4
0 PARE () - ! HAOISEIN 10078 () - 1092& ()- 10M 10M

13. The high pressure chamber of claim 1 further comprising a mechanical clamp
coupled to the chamber housing and the platen such that in operation the mechanical
clamp maintains the high pressure processing chamber during processing.

1 14. A high pressure chamber for processing of a semiconductor substrate

2 comprising:

3 a. a chamber housing;

4 b. a platen comprising a region for holding the semiconductor substrate;

5 c. a mechanical drive mechanism coupling the platen to the chamber

6 housing such that in operation the mechanical drive mechanism separates the

7 platen from the chamber housing for loading of the semiconductor substrate;

8 and

9 d. means for sealing coupled to the chamber housing such that in
10 operation the mechanical drive mechanism causes the means for sealing, the
11 platen, and the chamber housing to form a high pressure processing chamber
12 around the semiconductor substrate.

1 15. An apparatus for high pressure processing of a semiconductor substrate

2 comprising; '

3 a. a pressure chamber frame;

4 b. a piston coupled to the pressure chamber frame and comprising a

5 piston body and a piston neck, the pressure chamber frame and the piston

6 body forming a first fluid cavity;

7 c. a sealing plate coupled to the pressure chamber frame, the sealing plate

8 in conjunction with the pressure chamber frame, the piston body, and the

9 piston neck forming a second fluid cavity;
10 d a platen coupled to the piston neck, the platen comprising a region for
11 holding the semiconductor substrate and a first sealing surface; and
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| 17. The apparatus of claim 15 wherein in operation the high pressure processing

2 chamber operates below supercritical conditions.
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