3 May. 2004 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATE
CCOPERATI ON TREATY ( PCT) WO 01/ 46999 A2 (54) Titd Y%Q‘HOD
AND APPARATSSU 99 UPERCRI TI CAL PROCESSI NG OF A WORKPI ECE 7RCSUSIF@ISEI ~~~

S -- 9al CT 92 94 . ---coc oo aam e aaaaa e i (57)
Abstract: An appa‘?‘g}? P o7 SUBEPE PP EHICH BROCESIHEP OSBRSS uper cri ti cal
processi ng of a workpiece conprises a transfer nod- ule, a supercritical
processing nodul e, a non-supercritical processing nodule, and a robot. The
transfer nodul e includes an entrance. The supercritical processing nodul e,
and the non-supercritical processing nodule are coupled to the transfer
nodul e. The robot is preferably |ocated within the transfer nodule. In
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BACKGROUND OF THE INVENTION .
Semiconductor fabrication uses photoresist in ion implantation, etching, and other

processing steps. In the ion implantation steps, the photoresist masks areas of a

15 semiconductor substrate that are not implanted with a dopant. In the etching steps, the
photoresist masks areas of the semiconductor substrate that are not etched. Examples of the
other processing steps include using the photoresist as a blanket protective coating of a
processed wafer or the blanket protective coating of a MEMS (micro electro-mechanical
system) device. Following the ion implantation steps, the photoresist exhibits a hard outer

20 crust covering a jelly-like core. The hard outer crust leads to difficulties in a photoresist
removal. Following the etching steps, remaining photoresist exhibits a hardened character
that leads to difficulties in the photoresist removal. Following the etching steps, residue
(photoresist residue mixed with etch residue) coats sidewalls of etch features. Depending on
a type of etching step and material etched, the photoresist residue mixed with the etch residue

25 presents a challenging removal problem since the photoresist residue mixed with the etch
residue often strongly bond to the sidewalls of the etch features.

Typically, in the prior art, the photoresist and the residue are removed by plasma
ashing in an O, plasma followed by cleaning in a wet-clean bath. A semiconductor etching
and metallization process of the prior art is illustrated in block diagram format in FIG. 1. The

30 semiconductor etching and metallization process 10 includes a photoresist application step
12, a photoresist exposure step 14, a photoresist devélopment step 16, a dielectric etch step
18, an ashing step 20, a wet cleaning step 22, and a metal deposition step 24. In the
photoresist application step 12, the photoresist is applied to a wafer having an exposed oxide
layer. In the photoresist exposure step 14, the photoresist is exposed to light which is

35 partially blocked by a mask. _

' Depending upon whether the photoresist is a positive or negative photoresist, either

exposed photoresist or non-exposed photoresist, respectively, is removed in the phqtorcéist
development step 16 leaving a exposed pattern on the oxide layer. In the dielectric etch step
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phot oresi st, ei t Nishikagisbelealsp rach thata photoresisbeancieremented hong thesupercritical
O e e L
i s etched ithephotetdsis( hasdeen vemoved, et ch) process
The methods taught by Nishikawa et al. are inappropriate for a semiconductor
fabrication line for a number of reasons. Rapidly expanding a liquidized or supercritical gas
to remove a photoresist from a substrate creates a potential for breakage of the substrate. A
30 photoresist development process which takes 30 minutes is too inefficient. A photoresist
development or removal process which uses MIBK is not preferred because MIBX is toxic
and because MIBK is used only when a more suitable choice is unavailable.
* Smith, Jr. et al. in U.S, Patent No. 5,377,705, issued on Jan, 3, 1995, teach a system
for cleaning contaminants from a workpiece. The contaminants include organic, particulate,
35 and ionic contaminants. The system includes a pressurizable cleaning vessel, a liquid CO,
storage container, a pump, a solvent delivery system, a separator, a condenser, and various
valves. The pump transfers CO, gas and solvent to the cleaning vessel and pressurizes the
CO, gas to supercritical CO,. The supercritical CO, and the solvent remove the contaminants
from the workpiece. A valve allows some of the supercritical CO, and the solvent to bleed
40 from the cleaning vessel while the pump replenishes the supercritical CO, and the solvent.
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SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, there is provided an apparatus

for supercritical processing of a workpiece comprising: a transfer module having an entrance;
a supercritical processing module coupled to the transfer module, the supercritical processing
module having a workpiece cavity for holding the workpiece during high pressure processing;
a non-supercritical processing module coupled to the transfer module; a transfer mechanism
coupled to the transfer module, the transfer mechanism configured to move the workpiece
between the entrance, the supercritical processing module, and the non-supercritical

processing module; and a circulation line coupled to the workpiece cavity for circulating
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-2 3 May 2004 The separator separates the solvent fromthe supercritical
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Smth, Jr. et al. for renoving photoresist and residue presents a nunber

of difficulties. The pressurizabl e cleaning vessel is not configured
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FIG. 6 illustrates a first alternative semiconductor processing system of the present
invention.

FIG. 7 illustrates a second alternative semiconductor processing system of the present
invention.

FIG. 8 illustrates a third alternative semiconductor processing system of the present
invention.

FIG. 9 illustrates an eighth alternative semiconductor processing system of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A semiconductor etch and metallization process of the present invention is illustrated,
as a block diagram, in FIG. 2. The semiconductor etch and metallization process 30 includes
a photoresist application step 32, a photoresist exposure step 34, a photoresist development
step 36, a dielectric etch step 38, a supercritical removal process 40, and a metal deposition
step 42. In the photoresist application step 32, the photoresist is applied to a wafer having an

.



bet ween the entrance, the supercritical processing nodule, and the
non-supercritical processing nodule; and a circulation line counmg@obeythe
wor kpi ece cavity for circulating 3 3 May 2004 supercritical carbon dioxide
along the circulation line and through the workpiece cavity in a
supercritical state. In accordance with another aspect of the present
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entrance of a g@g o the transfer nodule, the transfer nDduIe
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processi Rb OREI-oThis REOEe b rﬁaﬁv W\Sﬁ‘rﬁ?ﬁtﬁe@’@ Se@fvﬁ%lé ol ihs stcadenpresnuhile
transferahndmkhnm@%hﬁﬁmﬁﬁSﬁRtPTlCN OF THE DRAWNGS FIG 1 illustrates, in
bl ock di agra ): C

b ock, o201 ay{ B W GRS o 5, B GH AR PN Bl g e

di agram format, a process f|Ole0r a sem conductor etching and

metal lization process of the present invention. FIG 3 illustrates, in

bl ock diagram format, a supercritical renoval process of the present
invention. FIG 4 illustrates the preferred sem conductor processing system
of the present invention. FIG5 illustrates the preferred sem conductor
processi ng nodul e of the present invention. FIG 6 illustrates a first
alternative sem conduct or processing systemof the present invention. FIG
7 illustrates a second alternative sem conductor processing systemof the
present invention. FIG 8 illustrates a third alternative sem conductor
processi ng system of the present invention. FIG 9 illustrates an eighth
al ternative sem conduct or processing system of the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A semi conductor etch and
netal li zati on process of the present invention is illustrated, as a block
diagram in FIG 2. The sem conductor etch and netallization process 30

i ncludes a photoresist application step 32, a photoresi st exposure step
34, a photoresist devel opnent
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o P b a0 7, Tl Sibe Lol b bd b s e
pr ef er abl ytransfrr eneiule?2 inchndes fisstriltoughithird procaly poea} 84386, antla tifnmsiehﬁmdﬁﬁ
<) B ust r 2y at O he AR Sl STk R T Sl B M YBetien 70
i ncl udes a %%‘bﬁm‘r@nﬂ:ﬁ@@@enmw pondh raddP8. 74, a supercritical
processing nod Ui‘ﬁ‘e gt@h nﬁ)ﬂuﬁ%et}fé'lﬂ ﬁ 1(7:3 Pr&@sﬁ%ﬁo&h@"ﬂ?%{a thk QR@IchZJ%bela'l 7
deposi t| Onanrﬁotﬂe de 051tio Y. téu?é]%s Slre referabl coupled to the tr. f%ontdr ?|72 e(t:h rf(i)ntl ¢s
82 The D I mo P y coup ansfer module 72 via the firs

: through third process ports, 84-86, respectively. Preferably, the transfer modnle robot 80 is

30 coupled to the transfer module 72 at a center of the transfer module 72. The first and second
hand-off stations, 92 and 94, are coupled to the transfer module via the first and second
entrance ports, 96 and 98, respectively. Preferably, the first and second hand-off stations, 92
and 94, comprise first and second loadlocks, respectively. The control electronics 82 are
coupled to the transfer module 72,

35 Preferably, the transfer module 72 operates at low to high vacuum. Preferably, the
etch module 74 is an RIE (reactive ion etch) module. The RIE module preferably operates at
the high vacuum. Preferably, the deposition module 78 is 2 PVD (physicat vapor deposition)
module. The PVD module preferably operates at very-high vacuum or ultra-high vacuum.

It will be readily apparent o one skilled in the art that the RIE module could be

40 replaced by an alternative etch module such as a plasma etch module. Further, it will be
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transfer nodule 72 includes first through third process ports,, 84 26 and a
transfer nodule 25 entrance 90. The transfer nodul e entrance SOV@HK %ﬁes .
first and se¥¢BA¥4PARd- of f stations, 92 and 94, and first an@CTaLsomNd1ss3
entrance portg. 96 and 98. Qﬁ etch nodule 74, the supercritical processing
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res pegst i velri:;r?)&rPSrS igggllriga ﬂé;%ato tteir?tP E”!rl% easnggglz@%ﬁar%gﬁwg(ﬂ]?g@? Qgﬁﬁig}e cg“’EOSIQﬂH
94, conpri dBo¢4led8. and second | oadl ocks, respectively. The control

el ectronics 82 arg: tr&REp Mu@oﬁ&%@ﬂr@f@&%ﬁrm@mg& aeroégt l?agt? zli@?’%f %@%Aﬁﬁé@ €

transfer m)dHI e 7?1 9 erat(ﬁs\@;t | ow to high vacuum Pre \p/
modul e 74 28R R E@?‘% -veergbrtdass s capled o thy franspramadilelre. Fhefahoabiy
oper at es at102tihprefiérgbly\aswopiace Rotek armbibich tdplatanosid dfirtraduhs & obst tasEVD

hysjcal or bd . ._The.RPVD.nodul e pr.eferabl erates at
Vory iEan i8R0 THERRR irbera a4 iPBOM e i naPlase Youktiers onsbrRy Cmn
skill ed i n offsetond 04 isrenfigired R pickeuiliplecethamafdre Altthatieplyatednt efdfor 104 is
alternative 1 . Further, it-wll be
25 3 My 203?5%8%?%%@93%& Bloe S pd SR S‘?Jégfg‘.e{?ﬂ%‘%’gaé?’ Y b Birade' ol | o0 1
the art th&tPIA%HS ng‘am@ukedew 40 whess| the-dunl Bim zobot itlclustes &vo wemsglapiosict i on

nodul e suclendeffacteéD (chemi cal vapor deposition) nodul e. Mreover, it wll

b di | t to one skilled in the art that th ferred
sem donductor . ABCURSPRIELBEbnren bl T Betny insiden e stva HS. i

modul e 74 &gt sabeevalvgpblémoupics awokpeeeasisy h? wite hete £hambér W, tThd dagd- t he
supercriti @ggml%ro;e;eiﬁgf aToNm ] 44 O le ,78. .The
transfer npdul e robot G%g )?rﬂg%leigsagb%; i ne 1%2%?928?.0’5% &8%@8%55?1"3 IP%B%‘Eplﬁsr m
102, and HIF Wycharplst /o theAransikemedws2base i s coupled to the transfer

modul e 72. The PodfeiabBy i iohSth 30 3 kch
couplgs. th en&‘ : C?’Er&%ﬂbﬁf‘lo § Eh@ﬁﬁéﬁﬂbdﬁ]@r&ﬁﬁ?S@hﬁﬁﬁeﬁ%gﬂ{g cg‘g'{i'%r L4
is confi guﬁ‘e’f? 8%? ‘i‘ﬁ' 58‘1';9

tq.the rohot se 10, 100. The en ]
BB ﬁ&?pﬁf@b*@e&“ Pr/ ¢ Whetp e dielseiris eérh ssa oisor
104 i s conpérformed. INexpitbktranster mhaaiuds fobet 80atisferdhk avatiar 1 18qkom thd @cienddule
effector 184 8, TR I ' e.a puck. o her substrate.
Al ternati vg‘l)‘% a aﬁ%‘% ar mle?%%gtpg E%ﬁ%g%gsg r? ?C%S’Pﬁgﬁ%ﬁ‘ber Ji%otlfﬁ s?fc?%qb)%?te gpve
where the &fihenciaspomskthe Aeewhambendd inpregerabip prosourizer wvithedaat divsidel SleXhe
super cri t i glanp-Qeafteh Aot uh 6 RS RERE! Y14 ﬁ&&‘%ﬂ@émé-cﬁéﬁgér BAbgnyal ve
106. 2g’he fd rest.t e valve 106 Cﬁ | es a wor kpl ece cavity to the
ant e“hanb &P I FHECLHPES ML oreghefupermitipal ieoyalggoesss 48 dherrpamed.
val ve 108.Fallewisg this,dhgwbekpiak ierchidded Gopl tBe sufdpeitivat @nf@ébam%qgoclﬁﬂe ve E& e
t ransfer ul r LN _Qper,al. the transfer .nodul e robot 80
{ransfers "%iﬁe c\ﬁl\%rrﬁﬁegi ’chg;tﬁ% ?ﬂgxhaxlnger 1B ?\Pe’xt, th ante-chamber i evacuated gy a
vacuum pump (not shown). Preferably, the vacuum pump comprising a turbo-pump. Then,
the second gate valve 108 opens and the transfer module robot 80 transfers the workpiece 118
30 from the supercritical processing module 76 to the deposition module 78, where the metal
deposition step 42 is performed. Subsequently, the transfer module robot 80 transfers the
workpiece 118 from the metal deposition module 78 to the second hand-off station 94.
Preferably, the workpiece 118 is the wafer. Preferably, the wafer is in a first cassette
with other wafers at the first hand-off station 92 prior to the transfer module robot 80 moving
35 the wafer to the etch module 74. It will be readily apparent to one skilled in the art that some
of the other wafers can be processed simultaneously with the wafer. For example, while the
wafer is within the deposition module 78, a second wafer could be within the supercritical
processing module 76, and a third wafer could be within the etch module 74.
Preferably, the wafer is placed by the transfer module robot 80 in a second cassette at

40 the second hand-off station 94 following the metal deposition step. Alternatively, the wafer
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20 fromthe first hand-off station 92 to the etch nodul e 74, ere b@‘f
dielectric etch stegp 38 is performed. Next, the transfer nod 2y & 80
transfers t REOWH68Y 118 fromthe etch nodule 74 to the ant ePEHEAIAI8337 of

t he super crt’tlcal 8 %tgérﬁgsfrmdul e 76. The second gate valve 108 then

cl oses and ??énaar?fi sasseliapt thefirshhapdrpfEstation Yealong Mithdhe eibar wafers
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waf er . Preferab% he wafer is in % irst cassette er waf ers at

the first hENFOBRFISFRTAG WD 2 SPreRnding eHORNEH s or nodul e robot 80 novi ng
3&;_ It Ihedwaf er to Tmmbmhtxmqmdacessmg mbiuler7b Iof]g@ préedi in)gelﬁﬁmaé ﬂlﬁstrhl!éd@;ﬁlFIG
skilled in er er s Gan:be processed

si mul t aneougs Pghﬁuﬁjﬁ}cm;:ali’aﬁ? Sm&%‘? g‘élﬁgﬁﬂ SR PEPopyioxidesump X‘éesﬁ‘/?] AP t he
deposi ti on a5 doXide pump d3é e prrbawe comiber b36,\ei chhinical bupphypesselrli3gj z al

1911 t
BT erably ool e A SR PO B T R B Bt

er i
cassette at’ E “é’é‘E]gﬂgo ﬁ’&r?&esé'%\e capgpsrdiiogan thgcrdan dipxidroryrap &
deposi ti on tbem. didkitlepipatg M, YThetcb@owalicﬁdide;ﬁpﬁlgWﬁ 1200des a\fﬁﬁbﬂcﬂ&ﬂ&@heater

PCTI USQ014 d tt t the f d- of f
Cation o2 HRIRG PawPRGnE BREen ot iR Wekbrbe P S0t e ©
begi ns and messurei ohamber Bdcoriddsagyetstie cihmbhehenerdnd. The diroflitiorspmhp M\O .
It Wity be peadi J)ry a @ﬁ’&ﬁﬁt%tlu{eol 5? NShidh 'cl)xl.cl];ﬁgs ﬂor}Ré ?l%a%éé chdder i Eg aﬁf&?ﬁlﬂaﬁom

hand- of f st m nat e itiona

stations cdf*® Bg?‘%\%ﬂfle‘ﬁ at"&f"'t”ﬁ@"'b?‘@*eéll?@d heehamieH gierlz vessebbbsisicagpled ta s 70.
Further, i tcissulatiolding e5@iviky oﬁﬁ@&faﬁﬁﬂpplﬁllmﬁ Whidhﬁﬂclhﬂ'estd"ﬁrst jdctib W%hmtphl%9

(ranst et o, LOBeLE0. £ SOLARED Bl BDE TSR A
appar ent t d63nwhiskiindhedts aisncanddnjactiont uep 16k The sdhaastgas edbotion ssselt dsiscan
pe Tront ORBGHRE W/ He/prade Aflsmbl 138 v BindNsi 2ad fiphlg2fylar d_mechani cal

i nterface concept so that the wafers can ned in a clean
envi ronnent  separgt@onsinxidesipplyivessat d33ibe phem dioxidepump ik end ﬂxeccaxbon

processi ng disildd Beald 198 férkiea Birﬁ@t?ﬂ%mde@\iﬁﬂ?"aﬁ@ng&néﬂt gt TR &%mleal':sh 1
The super crJ It Iefi% Elbehfc fSl n nodul q §6h| ncl udes. a car bogﬁﬂﬂ 8 su
vessel 132, esrel L3 st RiscHon Bimp 13%hahe Fiee sReBLSpply vasssi6h. andghe s i
chenical s umptlgommmsml 631038 sechémical and el agentEupply nganehtdi65ex haust gas
col leggion vessg| whitfe rellify SHAAD U RUARITHRR! ¥t that the supercritical processing
module 76 includes valving, control electronics, filters, and utility hookups which are typical
of supercritical fluid processing systems. '
Referring to FIGS. 3, 4, and 5, implementation of the supercritical removal method 40
begins with the first process step 52, in which the wafer, having the photoresist or the residue

35 (or both the photoresist and the residue) is inserted into the wafer cavity 112 of the pressure
chamber 136 by the ante-chamber robot 79 and, then, the pressure chamber 136 is sealed by
closing the gate valve 106. In the second process step 54, the pressure chamber 136 is
pressurized by the carbon dioxide pump 134 with the carbon dioxide from the carbon dioxide
supply vessel 132. During the second step 54, the carbon dioxide is heated by the carbon

40 dioxide heater 148 while the pressure chamber 136 is heated by the pressure chamber heater
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di oxi de fromthe carbon dioxid p)lééngsse . pburing the second $tep

54, the &aﬂﬁswae%ﬁhe&éwgnwéwhorb 0% Bl o MR RS FeRRalap | e
t he pressfge gtaﬁaﬂld@mh@aﬁeﬂmywaﬁe pressure chanber heater -7 3 May

chaatber 136 ??%%Wb“ TR BRI Ry e o e e WP RHE ST or ©
t he car bpmoatsodeplss.i slt@mal@{eljartbd wafzbisyspun éthint therpeassitre channifer {l B@ damghiha

di oxi de iffudiEroRERSRYISR. Chanber 136 is within a range of 45 Cto 75 C
Al ternatively, the tenperature of the carbon dioxide in the pressure

chanber 136 i NMEETARS Phoé?fﬁ%ﬂ A the residue basecn Feqyshitom thevsiahBispressgeC.
Upo n r eachamber lr3l6t1$ p.irtlslﬂljﬂ@égﬁédsﬁmz,‘ewby(‘eﬁlﬁdlstmg) Béme bitBe bugesdritica] @etdron punp

th f { to t
pr g 53?2% éﬁ%é ! |r%‘§'$€|gélp OFocf?ﬁl ’t ﬁemPF%e’%ﬁlé%e %ﬁi‘? gx?haﬁgng@gp%lgwu% oxi de
punp f ur tvessel preimaudérie settinecondiiensini the pessuractipatbed il 36ciodeear the ititial t hi rd
inth
P eesur e SaoRita Sndfidiith %' ffh gt S 487 byl 86, b peeblle WREGERY° " 1N
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maintained above the critical temperature and above a critical pressure. The critical pressure
for carbon dioxide is 1,070 psi (7.38 MPa).
In the sixth process step 62, the second injection pump 163 pumps a rinse agent from
the rinse agent supply vessel 160 into the pressure chamber 136 via the circulation line while
35 the carbon dioxide pump 134 pressurizes the pressure chamber 136 to near the desired
supercritical conditions and, then, the circulation pump 140 circulates the supercritical carbon
dioxide and the rinse agent in order to rinse the wafer. Preferably, the rinse agent is selected
from the group consisting of water, alcohol, acetone, and a mixture thereof. More preferably,
the rinse agent is the mixture of the alcohol and the water, Preferably, the alcohol is selected
40  from the group consisting of isopropyl alcohol, ethanol, and other low molecular weight
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semiconductor processing system 220, the third hand-off station 222 couples the transfer
30 module 72 to the second transfer module 224. The second transfer modulé robot 226
preferably resides in the second transfer module 224. The etch module 74 and the deposition
module 78 are preferably coupled fo the transfer module 72 while the supercritical processing
module 76 is preferably coupled to the second transfer module 224, Thus, the second
alternative semiconductor processing system 220 preferably separates the supercritical
35 processing module 76 from the etch and deposition modules, 74 and 78, which operate at
vacuum. In this way, a process cleanliness is enhanced. Alternatively, in the second
alternative semiconductor processing system 220, a fourth hand-off station is added between
the transfer module 72 and the second transfer module 224.
A third alternative semiconductor processing system of the present invention is
40 illustrated in FIG. 8. The third alternative semiconductor procéssing system 200 includes the
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robot 77. 10 Alternative supercritical renoval processes of t@wﬂ&lﬁﬁ@%t
I nvention are taught in the. follow ng patent docunents, all are
incorporated in their entirety by reference: U S. Patent Application

09/ 697%, 227, filed on Cct. 25, 2000 (also filed as PCT/USOO 30218 on Nov.
1, 2000, Wwhasier medile b thanwarcascalorosaasmadys 7heic irgnsfoopagule tobs! SGaandnt

Appl i cat i @Rofeu qp&&it%ﬁpx@@é‘ssﬁlg h%u%dﬁ%lt%ﬁon%ﬁ@&cﬁ%ﬂ pRcBamd meagdisas U S.

Pat ent No. on Cct rovi si onal Pat ent
oo T eat | BEIREDIY BaPaiend i Frodeadie BRaNRy 58 SormsRtychir PEr bR R MaBe o or i ¢ y
for U S PpPafeadilyblectéd 306, tbé&dioup Aoddistmg ofiht efchatdduée, 8 @hysical dapdraleposition

Pr 008551 oYl EORQlicEn 850l AXSOL! AU Spl USRI i ELC, © The

S
firs? aIterna@i Ve rocessing S enDy oth t he
ante-c harrm@pham?cahpldn@rh@tlamm@duhaﬂb@tolntbb@‘apmgnbdldm fmtﬂ@hlpjgemmeed scrubbing

sen CO”dUﬁfoﬁﬁleZﬁldﬂefn%ﬁér%bﬁﬂ:oﬁbﬁétﬁgﬁrg&ssd@n{oﬁﬁlef irst alternative

sem conduct or es stem the  supercritic processi ng mpdul e
76 is prefer abﬁ'yagb’t‘?% ﬂ@tgma ee%?mlgprtdactph%m%%ﬂayiiwa@égﬁ HESenpBVENtEsL B5d t he
Vﬁcuum putrpnsie medipd Eﬁiofﬁhepfm'%rsedmfrﬁddnﬂuamt prbb@@zﬁgsyﬂﬂnmdslhﬁt op@rateiugs, in
t he .f,i r st tiv n eSS} tem :

supdPer; + PR R R SEREH o RIGRCY e o ety B goadiocks.

super cri t Rethkr, ﬂmﬁd&mfe@mduw%[swﬁrw autmqsghwatpmumnac@ﬁhlghtmosiﬁm ocessi ng
system of Qﬁr@f@?ﬁﬁgtto HR\ERb IR éﬂVlﬂoHn‘éﬁttw(/ﬁ\%rggl gﬁtj fasitibe p %fg‘ff%a%ond

alternat| e sem.con uctor . roces I ng system thi'r nd- of f
station 2pwdugeddhyamigert g%mreétwlhﬁmﬂg@nzrm hﬁﬁ@%@é@@ﬁ@ﬂ%ﬁ@?mr‘rﬁﬂﬁﬁ e

robot 228y {rerttelds sREICALASL, e:tt) S@mzc OVTye, ucett@rnsﬁf afReR 729 mﬁs@tﬂemclehﬂbﬂ he

secqpd alternative .sen ar.pro ces Syst 0 e.thi
ot afPon DBBeERRs By SEkY SAGT 1P uB REGRINC Y2 H Be PR net id st PR hnaul o
224. The stemowmdnt r ansfer nodul e robot 226 preferably resides in the second

transfer m)dulgl 4a1te%v@ts&ﬂm &u&ltcﬁé %?%é)&%rf@ﬂﬂﬁgfés% wygﬁﬂ e 78 are

preferably. cougé e trans supercriti cal
processi ngfimppgtes the transfes medakeciZathe @é}ttb pEemaEvVe %téll%@éﬁﬁar PIOSPRSTIESYSiBu| e
224. Thusin the ﬁﬂﬁ%@t@ﬂﬂtl@é $cpficaiduvr pmgmgd;ya&ﬁt the f’t@ﬁﬁ&ﬁﬁlﬂ@tﬂ%)‘&ﬁ(ﬁ 80220

bt cRO0and HEPUCTTotaf b Gp EURESE o honipe B REEERLBE SR b oot bR .
wist%/ a {)rsietmm 22 arah4, mmeleschanhdldcwthf&upermmﬂmbgessihgmddalas%gmmﬁtthgt on
s added (eRoSEEh RO RRG BTl i S5 Sy erh offect BT e et

224. A t hiedul§”2er nati ve seni conduct or processing system of the present
invention is 48 sitth ldﬁérh@tﬁw%ehﬂcdﬁﬂﬁctoﬁproa'&ﬁn% C%sftéin@'fﬂﬁ éﬁadeht/ﬁv&ﬁmn%ﬂﬂht@t or

00
P T aast o "hserrat Fafon uRE piFRe ficmaprbtuobeNe pung Oy dn MR, anst or
nodul e r odmaBte semd:ondmhtmpremqsmng systent, dhe workpéess il h§) istemhafeere? @2theThe
non-s uper & éc't Sﬁllstaﬂfﬁggﬁétstb %91 Ei%rrlac? to tm: ﬁg sﬁ‘ﬁ;ln %@t?ﬁg % CR'Pﬂ{éCHl r %tfon

pr ocessi ng{ em corguct or. process reféra

sel ect ed §iptR. AR ESHELEH Oéétwswslﬂmwge%lflfie@ns'@@%wa @h@torf&lsp théatmwpb@rv'e

deposi t i Obeen removed from the workpieces. Preferably, the inspection station uses spectroscopy to
30 inspect the workpieces. Alternatively, the inspection station is incorporated within the
supercritical processing module 76.

Alternatively, in operation of the sixth alternative semiconductor processing system,
the workpiece 118 is transferred to the inspection station directly from the etch module 74 if
it is anticipated that the photoresist will be etched to completion and if it is anticipated that

35 the residue will not be deposited. Thus, if the inspection station finds that no photoresist
remains and also finds no residue, the supercritical removal process 40 will be skipped.

A seventh alternative semiconductor processing system of the present invention adds
a front-end robot to the preferred semiconductor processing system 70. In the seventh
alternative semiconductor processing system, the front-end robot resides outside of the

40 entrance to fhe transfer module 72 and the first and second cassettes are located away from

-10 -
REPLACEMENT SHEET



5 nodul e, a chem cal vapor deposition nodule, an electroplati wa&f a
chem cal nechanical planarization nodule, a photolithography an
ashing nodul e, a scrubbing nodule, and an other seniconductor processing

oresent R ERt FReop RLATHA R G b Pl oD B conduct or

pr ocessi ngnfigiatda MOve the wafers fomathe dratassdil: tvaka iyt Bad-dffietafién 82 asahid second

hand- of I 231 8AR )y c%%ﬁgmd?o oL fhehl s (£ 53R dhe B0onh M- 8ﬁks§anon'32ttg§{ pot he

transfer eric pressure or at sitive
pressuresﬁ@lﬂétcﬁf&ﬁéﬁ@o t he surroundl ng enV| ronrrent where the sli ght positive

pressure is I%ngﬁftﬁ%ltgbﬁa% defifiEdnddasr %)ﬂ&bt%@ﬁlg%?stélﬁé @f‘&@'ﬁ%&[mt 1ﬁ%t1bﬂ?sr t gas

|nject|on arrangenent 1 nj ect.s anI£§ , into
the trandbwstralpgdn o2 Themghth sepicg %mpé%éﬁmgm'ﬁspb%@s%qmw@w r onrrent

W t hi n t h@tefnbansiaisforpsidut: 712 anfl atrhleotttfaamia&r modul e is not operated at
vacuum A fifth al ﬁhe patl ve senic uct or ocet%mogq}ﬁ%ﬁrst [tn%felitl esent
invention el it HAMACHREVE Fpiger e A& 2 57 P FEA AP R A

sem conduefarorisntition sicabamyrs tete praferredwenfiédndhctat procesaing spstemfilc 6?r1nd u ct or

Pr ORPSST Re s HHeRMioh Bechd Bﬁéntgrgg%ﬁem@ﬂﬁx@ 0 b31£Q RHAPbPaPoelOl L hat

i's configured to nove eces tween .t rst an secon d- of
stations or@Qtatl%HlthoraﬁéFf?rH@Ye% RV as dvpraented atdhesfinst bandeqff statien 9% ocessi ng

nodul e 76&1}3@@@:}( vtatygthedma’is biiefeditdhid %c&ﬁd Mhﬁﬂﬁta@@ﬂ@il tting flrom a

coverin e ect I anst e alternati ve

S Cond et or B B Rl e SYndrBfids) BRRES e tafite 5t b nrel iluBh B8

i nspect i die esstiraehambet hid gdegate vabee Hérwﬁmaldawaxmtwprpwmwhgnhgtstmm 70. In

th t : 118
8 51 X ?teﬁh%@é PRy Ec R UMM EEDS cﬁn%?ﬁéﬂliég?g a»a%{t @%a&ﬂ&@ansf ARy e e

is transferre the I nspecti‘on station pr to the
deposi t i @ﬂﬁt%dllheé‘» AEbeOUSHIE CORPH S %’hﬂd%(taé?%‘iﬁ’ whigh 18@5@@% jtobptipm.¢ Hee

wor kpi Sclgydrh&tﬁc@ aﬁuwwafemlatetnhsc@{ﬂgh&rb des is&dl a@ﬂﬂstttﬂilﬂélfaﬁﬂieﬂu@sﬂigv&lts@@@m
renoved fyrom efera e.inspection tion uses
spectr 0s &85 hflgn?g%mﬂg'p fP¥R o%l?ﬁ(‘ﬁf‘tlggiééﬁacﬂ?f’gaﬁe}f hﬁls (i g ection
st ati on ipatem c"Eirepoﬂ?athedra\Amlh driverherates platenand el opvaydrand esals mithrtipzicHambes.
Al tgy nat inggdide. oace%@ wfér Qée tcﬂ?&;e%geat tﬁseﬁy&%ﬁgay HM@ex?&&Hi*eﬁgB%% Riwered

processi ng, system he vvor piece 118 is transferred to the 1 nspection
station &PﬁlgE?tW%felflP&%en@Wéyetch module 74 if it is anticipated that the

FﬂotoreSId st WA dechrd ﬂt@ﬁe&ﬂd els@pereitia 7%%;?@@‘8 dxtmhcfuld 6fth§pﬁ@éﬂt@m{%ﬁﬁ1@ﬂ Ia?s%t OI35
e resi epo. e S n statl o I nAds

thot ool SHEmblive it rop e ERERIE Rine T Brenlet e ot l R AE 1 2 RS LR td o
renoval of BeesderkGvity 112 el pleéespadlteratevantchatal thp cetei ofdhs eafer omdtyctiar

pr SSi e SHSMER Lh1dtd Ve fe‘i‘ér%l chi¥Y, éd %Qg%gprﬁe s@?‘}&ﬁﬁﬁr&?ﬁor{ cﬁPﬁhe fP, the

preterred sem conduct or p ocesslfng system ternative

seni cond kg defip %lclés@m@ &5 yaYibn 124 Facierabht therdternglive inlds pyaselsdrdibde of the
40 entr am@spemo hh@nﬁg@mﬁé %feﬁeﬁn 1@%0@%11{ rhtidnSthe AR SREANRCRAIIRS t €S

are | OCataﬁ\'3rnahwaey outfe? create avo ex Wl NtEe wa?er cavity Ilhfy 2004
It will be readily apparent to one skilled in the art that other various modifications
30 may be made to the preferred embodiment without departing from the spirit and scope of the
invention as defined by the appended claims.
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the first and second hand-off stations, 92 and 94. The front-en robab S
preferably configured to nove the wafers fromthe first cassett o
first hand-off station 92 and is also preferably configured to nove the
wafers fromthe second hand-off station 94 to the second cassette. 5 An
eighth alternative sem conductor pr oc%ml\qg systens of the present
inventionis illustrated in FIG 9 e el ghth sem conduct or processing
system 210 conprises an alternative transfer nodule 212 and a robot track
214. An ninth alter pr esent

i nventi on adds a wa or| enta?gﬁ%ﬁkﬁgrgéﬁggngt&egﬁﬁe ércgsgfr?l ngllﬁg

semi conduct or 2pr ocessi ng tepsfermotae haviag 20 enaduse; ori ent ati on mechani sm
orients the fer accordi f %&ﬁﬁ N O n?‘éﬁu"l’é

i ndi cgt or. P\rNgf erably, ?h%ga%?tel?allﬂgg%eﬁlggnt 1& 1|:0r1gsht|:ael ans%?o f st atl on.
92. Alternativel ySURseritigal Processing maduleq haying Wew§ﬂﬁ¥ﬁ¢t§ Ay - foF fholding ithe,

94. A first al tel’n@&dryﬁe&lm@h%r}ﬁéﬂlﬁ@ésufyﬁﬁ@é‘sﬁh&g nodul e of the present
invention replaces the pressure, ¢chanber 136 and gate valve 106 with_an

alternative pr"essure ch&I?BETSUPGFﬁ%tlcalBr%F%SE}’grfBW‘@%C?Hpe%t@rt@e Easigganodule;
conpri ses a clganber housgi ﬂﬂasfé}dnecttwbhattbuﬂta& tar théeRanddremolliR! €he trhRSfer
chan‘?ﬁ housi ng co%) bses a llg||M;rj]?8r|cal ca VI\@LCh és ope at its boftom
The Mydraulicly dmf&Fa! el? MOV€o |158¥ BECE P RED AR anGep dhe
chanber housi ng oufsg sﬂelmfat pidaessingl tbdile,Cald tﬁéhbhééupérfh@@??ﬁide%g idaumaf er
is placed on the hy aulicly driven wafer platen. Then e hydraulicly
driven wafer platefdfroves upward and seals with the chanber 20 housi ng.
IOnce tge Wat;erehhas ]E)een apﬁlmﬂﬁmdhné ft!bubbedr&ugﬁd::vmrﬂmkceemaw dor pireﬁl_eﬁn%s
owered and the wafer is a econd al.ternpatiye supercriti
processi ng modul e Slflpetr?fglcﬁt X et?ﬁn wah%‘é‘?ﬁ iquplnlécec%rcu%f]%r%%e[ %‘g ﬁﬁ?’éﬁths(%ﬁ%r
the ¢brcul ation |i meriE&etavinies supesritiabletateavi ty 112 at a circunference
of the wafer cavity 112 and places an alternative outlet at a top center of
the wafer cavity 112. 25 The alternative inlets are preferably configured
to inject. the superlbei sappesdtusc af bdaimdiloxivbkeinnthe eptrace dfetha dengfer trhedubaf er
cavity 112. Pr I rnative inlets are angled wwth respect to
a radius of thgIfﬂ aﬁtgg@{& ygﬁlflgl so that in operation the alternative
inlets and the alternatlve outlet create a vortex within the wafer cavity
112. 74t W be req(ﬂblg eﬂ@tﬂ@ro?@faz QZ er}'f?:r K ihd &ffranBe gf‘ﬁleat{' sk Bodid rther
vari ous m)dlflcatlons B epre erred enbodi nent wt
departing froﬁpmﬁés®@p@ﬁdltlah%l f@@@)ﬁgs&'ﬁo@he i nvention as defl ned by the
appended cl ai ns. -11- REPLACEMENT SHEET 3 May 2004 CLAI I\/S 1. An apparatus

for super critical ﬁ_r ocessing of a workpi ece conpri si g]§ a transfer
nodul e hdvi ng an edte gapasatus obclagn dywherehy e drapsisy pedy mgratﬁﬁdmvecwambd

to the transf et dhleRin tRRntrSrtRATEHd thdrfk ndAkeTMpiBedPHdbiRckavi ng a -
wor k%ece cavity for holding the

5. The apparatus of claim 4, wherein the entrance of the transfer module further
comprises an additional loadlock.

6. The apparatus of claim 1, wherein the non-supercritical processing module
30 comprises a semiconductor processing module.
7. The apparatus of claim 6, wherein the semiconductor processing module is

selected from the group consisting of an etch module, a physical vapor deposition
module, a chemical vapor deposition module, an electroplating module, a chemical
35 mechanical planarization module, a photolithography module, and an other

semiconductor processing module.

-12 -



wor kpi ece during high pressure processing; c. a non-supercritical
processi ng nodul e coupled to the transfer nodule; d. a transf er “dehdi4m
coupled to the transfer nodule, the transfer 10 nechani smconfigured to
nmove the workpi ece between the entrance, the 15 supercritical processing
nmodul e, @and the no L r [ | e. ir tion
l'ine cougled to thghagﬁﬁgﬁéiéf%gﬁeFﬁﬁgggﬁéﬁggﬁgggﬂﬁghwgﬁgg?@???%@ﬁ%“@irbon
‘di oxi de along the circulation |ine and through the workpiece cavity in a
supercri i cal stat : S | | ent f

t he trangfer nndulghfég £?ﬁ§§§ a a§3?%%$ﬁg?g??%ﬁﬁ*9§5§¥9fhg$g§%5§%pﬁ@agf
claim2, wherepigundiosntrance of the transfer nodule further conprises an
addi t4onal hand-off station. 4. The apparatus of claim1, wherein the
transfer dul e opegrates in vacyum and, further wherein the entrance of the
transf or Hodul o corBF iABBats| QJoIpEL R: wheran the,iobod samprises Breceiraliapal; the
wher ei n t he ent¢ntaheshboobedubgingraawsafeeof e dirbalaf corifigarationonpri ses an

addi tional |oadlock. 6. The apparatus of claiml, wherein the
non-supercritical processing nodule 30 conprises a sen conductor

processi A nodul e. The apparapispel sleis Hf whergimils, tropsdereimadels ecoseprise rid traclor
procegsi ng nogsnfBrurstionsel ected fromthe group consisting of an etch nodul e,
a physical vapor deposition nodule, a chem cal vapor deposition nodul e, an
el ectropl ati ng nodul e, a chem cal 35 nmechanical planarization nodule, a
phot ol i t hkBgr aphy ndtelapparaing ofirclatmhkl, wiseeinche dotwit @omprietses siacigdnmobiol, ¢he - 12

3 May 2004 8. r . i el e i
conprises a rg%@%ﬁg@ﬁg@s%gr@% ﬁisb%}) ?La\{\ée]uﬂr(r)] %ﬁa%%rc %?Iﬂd?ﬁleefop Eglﬁlg?éeyrﬁ%ul e
conprises a cfhediackin oxdgnta rgeshethe swpergiticg] prpgessingaedileiandothe apm pypencritical
wheresn the rghRbssamodige focated Angahe fradkot , the central robot occupying a
center of the circular configuration. 11. The apparatus of claim8, wherein
the transfer nodule conprises a track 10 configuration. 12. The appar atus
of clai mil, wher eilhe apparatobof claons; whesimthermbétembmpyiset an txtendableamkeand
r obot conprisgggmigﬁaﬁﬂpot coupled to a track such that the robot noves
along the track 1n order to reach the supercritical processing nodul e and
t he non supercritical :

20 14, The apparatus of claim 13, wherein the robot further comprises an additional

arm and an additional end effector.

15. The apparatus of claim 1, wherein the first supercritical processing module
comprises a pressure vessel.
25
16. The apparatus of claim 15, wherein the pressure vessel comprises the
workpiece cavity and a pressure vessel entrance, the pressure vessel entrance
providing ingress and egress for the workpiece.
30 17 The apparatus of claim 16, wherein the transfer mechanism is configured to
place the workpiece in the workpiece cavity.
18. The apparatus of claim 16, further comprising an ante-chamber coupling the
transfer module and the supercritical processing module.
35

19. The apparatus of claim 1, further comprising means for pressurizing the
supercritical processing module.
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15 processing nodul e | ocated along the track. 13. The apparatué of C|@6ﬁ18,
wherein the robot conprises an extendable armand an end ef f ectioMay 2804 4.
The apparatus of claim 13, wherein the robot further conprises an
additional armand an additional end effector. 15. The apparatus of claim
1, wherehp the firgy Shfls df G2l RO OSRSSiNG, k :2SSAI e
gg esag afs knai?ﬁ 1§, vl\ﬂ erﬁﬁgéﬂsefbr‘g%gﬁﬁﬁﬁgc géﬁ%é’

vessel . 16. The ap atus of ¢ erein_the pressure ves

conpri ses t he CQuopRsugzme copfigyratipy vehich semprizes\a 6k supplyy vesed coupled to a
pressure vessghmpithiciieoupledd the RGpdrgticas frooedingdnédige.f or the wor kpi ece.
30 17. The apparatus of claim 16, erein the transfer nmechanismis
configured to place the workpiece in the workpiece cavity. 18. The
appar fit uglof cl ai MThe apparatubef claimmps, faither cwmprRing-admearsealing theweirdfor

transfer nodul e;and th upercritical processing nodule. 35 19. The
appar at us of 3?%&“%102?“5{???%311%&86?{’555%%% Seﬁrﬁ%\tﬁaélc or pressurizing the
supercritical processing nodule. - 13 3 May 2004 20. The apparatus of

claim19,,wherein ans. f r @SSyl L.zi conmpris CO2 pressurizing
cont 1 gur 281 on vt ciIE ST 0PGBS LA A u Gl RaR: B aRb RS il cr
i's coupl ed t oferproduepey Tvacuimpavitlun deasaisfeg nrgldld. e. 5 21. The appar at us of
claipy18, further conprising neans for sealing, the nmeans for sealing

operable to seal the pressure vessel entrance. 22. The apparatus of claim
1, wher eid. t he traddeppargitisbeclpion 1 hehereiorthe irsmsdermaachde fifrther porophisss mgans
vacuum wi t hin : r l:e. Is ein
the transfer %‘J(}E Igfa?r&lﬁ%ﬁ rr éjgggllérrﬁﬁit%%gwﬁg%r%m%?&ﬁnﬂﬁﬁoﬁengbgélg?%%rglgjgr&géi n
the transfer HdtiNedo@sufrpydingiensdropment. positive pressure relative to a
surroundi ng environnment. 15 24. The apparatus of claim 23, wherein the
means_for maintaining the positive ressure in the transfer nodule
conpt?seZdn inert dgas ﬁPﬁj‘fég{Sierﬁlalm agg@mm tipsmeamefos Jpaintpiniag dhe pputive 1,

further conpr badsfifte (FP@RIrah&er MBALIE @bnbAg ALiGBrt bhdinjectiBE affB@itnechOr
controlling directs the transfer nmechanismto rove the workpiece. 20 26. A

nmet hod of supercritical processing a workpiece conprising the steps of: a.
transferpsng the wohkpppaetk 'FElam ERufBaCOMristgl mensl R coREllifg lsikdtPthat he

transter module, LS for conirofiing Sretts The Caterer Mbchanisth 56 mové the workpigee >~ "9
20 '
26. A method of supercritical processing a workpiece comprising the steps of:

a. transferring the workpiece from an entrance of a transfer module into
the transfer module, the transfer module coupling a supercritical processing
module to a non-supercritical processing module;

25 b. transferring the workpiece to the supercritical processing module
having a workpiece cavity while maintaining the workpiece in a clean
environment;

c. processing the workpiece in the workpiece cavity in a supercritical
environment;

30 d. transferring the workpiece to the non-supercritical processing module
while maintaining the workpiece in a clean environment;

e. processing the workpiece in the non-supercritical processing module;

and
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nodul e to a non-supercritical processing nodule; 25 b. transferrH@g E@i
wor kpi ece to the supercritical processing module having a morkﬁr 23 '@rty
whil e maintaining the workpiece in a clean environment; c. processing the
wor kpi ece in the workpiece cavity in a supercritical environnent; 30 d.
transferring the workpiece to the non-supercritical processing nodul e

whi l e maintaining the workpiece in a clean environnent; processing the
wor kpi ece in fhe non- supﬁmngm@moﬂmxmégﬁm@mmféheamf@nm@nlezom f.
returning the workpiece to the entrance of the transfer nodule. 27. The

met hod of cIa|n126 mherern the entrance of the transfer nodul e conprises

a hand- oR7- st at i on Thegethudeofipiaimcd, whereinthaeptrancgieé theitransiee modulegauprigts t he
transfer modulgafdlbifiefioncoOnpri ses an additional hand-off station. 29. The
met hod of claim 26, further conprising the step of circul ating
supercritical carbon dioxide along a circulation |line and through the

wor kpi ecggcavity imha rne?hmﬁbpélhﬁﬁ eal wﬁé&h?the?en?ﬁb{cez&ﬂfﬂle%ﬁ%ﬁ%d% fiftker
DI SCLOSURE An appar at us tical processing and non-supercritical

pe

processi ng ofcgmpﬂﬁﬁﬁﬁﬁéééoﬁﬁiﬁP@§ $taiofr ansfer nodul e, a supercritical
processi ng nodul e, a non-supercritical processing nodule, and a robot. The
transfer dul e ing¢l ude The supercr,itical ocessi ng npdul e
and the Aodn- supercﬁ‘f’ﬂeﬁ? adqu&?@é@%gmm?aaw it APRS cilGulaee ponrsiigal
modul e. The I o&bbn i diopidef #6mblay chrataiond link tAdn tHriuepht e sfoekpisted bty i a
operation, the rob% transfers a workpiece fromthe entrance of the
transfer noduPPESHAE @ nercritical processing nodule. After

supercritical processing, the robot then transfers workpiece fromthe
supercritical processing nodule to the non-supercritical processing nodul e.
After the non- supercritical processing, the robot returns the workpiece to
the entrance of the transfer nodule. Alternatively, the non-supercritical

processing is perforned before the supercritical processing. REPLACENMENT
SHEET
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