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BACKGROUND QF THE INVENTION
Field of the Invention

This invention relates generally to semiconductor wafer processing systems,

25 apparatuses, and methods. In particular, the present invention relates to a structure with
vertically-stacked process chambers which minimize the footprint while maximizing
throughput of a semiconductor wafer processing system. For example, the present invention

may be used to translate wafers within a near-atmospheric chemical vapor deposition (CVD)

system, a rapid thermal oxidation system, or other types of wafer processing systems. The

30 invention also particularly relates to a wafer transfer apparatus and method that moves
semiconductor wafers between a loadlock chamber and a process chamber using a unitary

transfer arm which pivots about a single rotational axis.
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WO 00/ 60414 PCT/ US00/ 07509 -2 Description of Related Art Conventionally,

waf er transfer between | oadl ock chanbers and process chanbers is perforned
by conpl ex apparatus. The conplexity of the machinery has resulted in high
cost of the apparatus, slow wafer processing and a short nean 31 fgf gvuﬁqueen
failures. 5 One exanple of a conventional wafer processing systemis U S.
Pat ent No. WO W&MI815 to Li nnebach et al. for "System f arcrRrsoslersesng

Sem conductor Layer Structures By \Way of_z“ Epitaxial Gowh". This nultiple
react or chanber system accepts wafers for processing, where the wafers are
| oaded into reSp%ésLt’llﬁioH%ﬁgﬁégi;# an atnospheric handl er. The holders and
waf ers are stacked | er where each holder, carrying its
respective waf er ,Cob@entonalyheefeptenticybarween3dadlocle chagiben gndproteaeaiampét [t

t hrough t he rrulllti%ebe rea,‘%t or chanﬁgrs. gl_e reactor chanbers are

hori zont al | yPRCTYERY °BBITG 2RRIENS;: hBeGomplaxHy ofthegnagbinepias Igsplted indpgh cpsis t o
Hirayama f orof thegphrafs, siow waeLprdfdsiheidaodnsrh me%@ﬁét@gentfﬁlﬁré‘{i”e" di scl oses
a reaction furnace including a wafer support boat which rolls froman

el evat 6r capsul e QuécsumMe of acormshtigpabvrfetyeocessing systanpis &.S. PatantNend, Y HFber .

Al t hough is i S the treat t chamhers a r to be
stacked in att)\l}zﬂe?%glep%i frgogc |gengn,f°§l?%gupﬁ?%§%?%’g§% ’@%&'%Pﬁ@ﬁeawa tu system
are hori zontZpitayiatGepwals'e dTHis midtiplecreict@ahiraber systdnn adeepts wafesk fohpcessing,

di sadvant ageollsz%I%l in{:r eases tdhe footprint of the reaction furnace, U S
Patent No. 4VXE%0¢yiersaqlgededdnto rspechys holdgryip appiaosphere hand]ss sTheihglders

Appar at us | nalwiir gre 8taliQ it 9 Toad ORkribet Wherk SRAREMeCRlRRASTs rlbeGivO $afr,2

nul tipl e chamber glow 20 discharge deposition apparatus having depdsition

chanbefs whieFubsequeptbatrangfened deng a linsanpethetheough the pivitiniarcectorfchambrrn cdssi ng.

The deposi ti Qo &Raihs: ; L & y oriented wth respect

to one another. A rot ﬁgﬁ@@?@%%@@ﬁﬁ%&géﬁ%E;léﬂ?.es fromthe chanber such

that the arm pudh&sPatén N l#s822 766 0 iHiragama @irr'@®ehdtion Funeiog and Mutededd

gui des. U. S..Pat.en . 4.816,098 to vis.et al. faor " ratus, f

Transf erri ng’PE! rekl\éoﬁwgcg?&“ﬁ? LEpdion rﬁa°§§f§["§fﬂgiaﬁvagﬂf‘&%g&/§?aéw ‘caf‘g{sl oaded

onto the sysfamuidlevator edpsilathroiigh € Toadiag EHattiberdill Gifo 4 FealifdntlcHanBEr AVBGIAHM t O

reduce contagi{égé,io of the wafers. The wafers are transferred into a
HEHAES

cl ust & t ool £ pRdShereatmad chaptbers apegy ta bestacked inavestl Hisestiomnd

2-axi s robothapsekihi 3 sPnY aftBsachillf sEsama R hbfiYonPily WisBOSR Bt RO ruStNg! €
wafer at a ti rrg U S. Pgét’ﬂéen'ﬁl No.c 5, t§)64, 254 toocr'ljnkarasagﬁ% alo. toF "tSubstrate

Processi ng Appabes e thuadisadgangigaaslydnereasesdbe botprigt dfishdroattiod fsiceses a
stacking arrangerRpgip,f{aiNa 49!25',5@1 fotI‘Yatl%t aP fQ“Bfsv Discharge Deposition Apparatus

Including 2 Non-Horizontally Disposed Cathode™ discloses a multiple chamber glow

20 discharge deposition apparatus having deposition chambers which vertically orient the wafers
or substrates for processing. The deposition chambers are shown to be horizontally oriented
with respect to one another. A rotatable arm expels the substrates from the chamber such that
the arm pushes the substrates in one direction along channeled guides.

U.S. Patent No. 4,816,098 to Davis et al. for “Apparatus for Transferring

25 Workpieces” discloses a system in which wafers are loaded onto the system in a vacuum
wafer carnier which is held under vacuum to reduce contamination of the wafers. The wafers
are transferred into a cluster tool having multiple process modules via a vacuum loadlock and
a 2-axis robot arm which only has the capability of transporting a single wafer at a time.

U.S. Patent No. 5,664,254 to Ohkura et ai. for “Substrate Processing Apparatus and

30 Substrate Processing Method” discloses a stacking arrangement for 2 plurality of process

units. Although the process units may be vertically stacked, only one main handler is



units. Although the process units may be vertically stacked, only one nmain
handl er is WO 00/60414 -3 31 OCT Lu33 PCTJUS00107509 provided for
transferring substrates to each of the process units, whereby the

t hroughput of each process unit cannot be maxim zed. The pat gntpl 89

di scl oses gydbdkpahity of holding arms arranged in a 3-s cture for
transferring a substrate or wafer. The holding arns are lgc?rlgﬁsﬁ?’&%hbon t he

mai n handl er and are actuated by a conpl¥ex arrangenent including a vertical
5 drive shaft and notor in conbination with a horizontally oriented convey
base havi ng moddddvfer tramfeainganbbtel o dach Gfahdinbasenmin, Wikkdbly e thbighplt &.
Pat ent No. q_@S{ 526 t.0 I\/atﬁushlta et al. for "Vertical Load Lock Reduced-
Pressure Ty @ TOHBHSTYN cgmpsbe paximzed i Thapaig) Abadisdosess Rlpaiyebholding arms

| oadi ng/ unl aadh&d in ﬁh%‘fﬂé@%trﬂ@iﬂr@ ?or&éns?érnhg Rbutlsay of QAL OB HolEERARs haund i n

a conventional cluster tool cool er” 1 ncl udg refrigerant-circul ating
t ubes | ocat gaouniedgn tmmhﬁndlgrqmdnte aetﬁlatadb}Imdmhghuaﬂgoldltngludhamemlwool S

" Bat chf oag ek SlafandinBror b aBhat it oty kPN Sy ke paliB agrive

sci ssor - t ypandtoeandfbeh taacmateSath hoaMding@fivent i onal singl e-wafer sci ssor-type

transfer arns ar isclog}ed b%/ﬁpu S. Patent No. 5,613,821 to Muka et _al. for
15 "d uster Tool tTatAnb Naet- 0355526 19 Matsyshitaes of fferr Vegifal koad Logg Reduecedso

5, 607, 276 toe Md!ﬁ@ @]Il &@r e Load
Lock". U.S. Igatent e. 58m7] B%gg‘a%mﬁg%gr%c ag%lrl\ssﬁgé QSI?C}@M tﬁlrloagﬂlfgor

Heating or Ghanbergvhishaisemilarde s ddadloels chamber focd frmccimeattnon@ chistectvol.i Ag a

substr te e a aving . an ust abl e pbressure
Sbove 1ohe vl Stk ML AIARRRalR: Mok ™ TocB ! B aR 0 BiHairE) B8R 05
"Passi ve Gaﬂoﬁlf@hﬂmlmgihmbmbocﬂbmdlrhate:mw:rfgsAppar atus and Met hod"

di scl oses a heat in a thermal_con 'tig [ chanber,
which is either Uﬁ..%j’?a te%? %(:6%6’?3%%“’3@% ?{g'g ?Ef?én’?‘é"g%ef?rg'ﬁﬂgg" BC&%fSstrate.
SUMVARY OF THfonlédvibhil IsfaiMle2Baféy REOrQpIRaAHaEmRY arsl X1t @ndnivval Sihgleragassi ng
system and a substrate or wafer transfer gjpgear atus in accordance with the

present i nvEREIGHPSENEnMESs affdisrlosedi by B Jaenolo. L \hA2h e Hhkp es¢likns

di scugged abe@y@ter 'l"BolM'ldiﬁ&%@S%sierede%ePf &8N, PARHERDI 547,296 tosﬁmcaPQndUCt or
waf er processing systemincludes amulti-chanber nodule, "the nulti-chanmber

nmodul e havi g far Fatshigadenforfubsteats Carsibn oplord ERYd. | oadl ock- process chanber
assenbl i es, an U.S. Patent No. 5,778,968 to Hendrickson e al. for “Method for Heating or Cooling

Wafers” discloses a method for heating or cooling a substrate enclosed vacuum chamber
using gas having an adjustable pressure above the wafer. Similarly, U.S. Patent No.
20 5,588,827 to Muka for “Passive Gas Substrate Thermal Conditioning Apparatus and Method”
discloses a heat transfer plate, located in a thermal conditioning chamber, which is either

heated or cooled to change the temperature of a substrate.

SUMMARY OF THE INVENTION
25 A semiconductor substrate or wafer processing system and a substrate or wafer
transfer apparatus in accordance with the present invention overcomes the disadvantages of
conventional systems discussed above. In accordance with the present invention, a
semiconductor wafer processiﬁg system includes a multi-chamber module, the multi-chamber
module having a plurality of vertically-stacked loadlock-process chamber assemblies, an
30 atmospheric-pressure front end unit having an atmospheric-pressure front end robot for

transporting semiconductor wafers between a wafer cassette and the loadlock-process



30 atnospheric-pressure front end unit having an atnospheric-pressure front
end robot for transporting sem conductor wafers between a wafer cassette
and the | oadl ock-process WO 00/60414 -4 31 C 01 1UJ3 PCTI USOQ 07509
chanber assenblies, a commopn process chem cal delivery system pri%ﬁ@
stack of cg@ﬂﬁ & assenblies, and a dedicated wafer transfer pé% t'us for
each | oadl -g dtess chanber assenbly. The processi ng PEFSIS8MITHY al so
include two or nmore multi-chanber nodules oriented in a linear array. A

| oadl ock chanber is dedicated to each process chanber, the 5 chanbers

toget her f ordybmperassembPacs dovndn@este ckeRic ARRRrFRRERr cAHIREPS Heharfib 00! | NY
plate is disposed within each | oadl ock chanber bel ow a si ngl e-pi vot

transfer ar iSEMOliFe 2t e dedicatedawafeioiranssp aprarates forrpash derglackgrasesstcbanmieer
provi ded w ta@se'rﬂb% ﬂe{;ﬁoéegsriné SHEM'ran; 608 ad GAB LR mBIVObmbLARSARS arm A
ly ha uck °ct d prns-i

waf er chuck asserit ving a“c anping surtace an S provided
Wi t hi n each qmeoteé gsa biranreay. fAoloaglosk thaabeny degitaedsto wkdhrocesshapbacths s

chamber. 10 Ln one enbodi nent of th esent invention, the wafer chuck
asserrb?y tréh_%’?gcfs_etg?e e 2R Ei?%i"%?pé%cé%h ‘?mtﬂ&ﬁ"“&aﬂm%%al
vapor deposii§ iRposed weBintdacK RadIBKAHEHBE M 10vR SinYelpRot LERRS BN oPAMB AL US
serves each | oadl ock-process chanber assenbly. Each wafer transfer

appar at us i iErHer@ppaals Jhhscegling plaiedsipipyided wish ifapinyfoprsmovingmwefesy frambcor nor e
waf ers bet wegn,t I N4 2 Py hapber.  The .transfer
arm pivots 15 ébrgﬁstférgﬁgi %S”IK% pI %Jssé%%gy %%t?%%d&' %‘g&fﬁﬁlﬁ%ﬁ ur[ eearfdeédﬁ ]gck
chanber. Therevidedgfithin egoh aroatss shander fdr pesitapewifyrs dthini thtiproadse chaalbyr. car ry

t wo ers hetween the | oadl ock chanmber and the roce chanber. The wafer
trans Ee)r apglérc’ EARILS oéil"g?f“i°ﬂgﬁcﬁﬁeé‘%"?éf“’r’38‘f%§?e“éalfﬁ6 ﬁé%cf”?’?yotf?“glﬁﬁsaéf’ﬁ};éxtended

position, whethii the plvessichahiRr pisvOtheasdabvapol BBsititeinfet BNl floc@kiRpt 0 pi vot
between the retract eg and_extended positions. The cooling plate is
di sposed bel ow t P8¢ WRiFpiransferirparatts sesvesgachdpadinck-graeess shamber spsemidly. rkask ed

posi tion. TReferdfafifed dppRatueincRBRA BhEr ShsQlal t@@{o%qﬂ'? aftl rRE tw G fdre Shel f

and an upper wafer shelf integrated within the transfer arm Another aspect
of the preséYifers hehwaen e lqadlogh ehamberiandghe prosess ohamifer. t Fhenisdnefer amppivéte

unpr 0Gessed gl ¢tinkie BbLRE ekRAR A gmm Q CRaITRS
transferri n(j‘ t he "?%ngr ocess?e% mJééT)‘er Pt om tgﬂlgslﬁcgpeﬁcr% cgﬁgifﬁreap?aq‘if{%!haas
sem conduct dhe gaphaty tohsiroW taneamlyedny w@ Safdne bpwemeds laablacih eliamber amisthat i ng

R T TR ERE R
processed wahextemied pasiSe; ofekein e siess @l a8 b dwsikd (M efer drfQo pivaidetidén chamber
and the the retracted and extended positions. The cooling plate is disposed below the pivot arm when
20 the pivot arm is in the retracted position. The wafer transfer apparatus also includes a lower
wafer shelf and an upper wafer shelf integrated within the transfer amm.

Another aspect of the present invention is directed to a method of transferring the
unprocessed wafer from the loadlock chamber to the process chamber, transferring the
unprocessed wafer from the upper wafer shelf to a semiconductor wafer chuck mounted in

25 the process chamber, translating the semiconductor wafer chuck from a retracted position,
to an extended position where the wafer is processed, simultaneously transferring the
processed wafer and a second unprocessed wafer between the loadlock chamber and the
process chamber, and transferring the processed wafer from the lower wafer shelf to the
cooling plate.

30 It is an object of the present invention to provide a wafer processing system having

multiple loadlock-process chamber assemblies, each assembly having one loadlock chamber



process chanber, and transferring the processed wafer fromthe | ower wafer
shelf to the cooling plate. 30 It is an object of the present invention to
provi de a wafer processing systemhaving nultiple |oadl ock-process chanber
assenbl i es, each assenbly having one | oadl ock chanber -31 O C37 @G0

00/ 60414 PGH 44 wﬁw 07509 -5 dedicated to a process chanber and a de cat ed
transfer armwnich moves wafers between respective | oadidé'4Mé®or ocess
chanbers. It is an object of the presents.invention to vertically stack two
or nore | oadl ock- process chanber assenblies to forma multi-chanber nodul e
in order to cmwacdatampmsgssummbeﬁarfdmiemuteu tra3ftr AwhieR o MsZ@fdribervghit | cal
orientation and %i g he | oadl ock-process chanber assenbly stacks. It
i s anot her Bp&(fvecyg‘?a %2 ‘ﬁi%@“é”ﬁ%chaﬁ\?@ﬁhon to align the multi-chanber
nodules in a |ineglanf ressur nt end
waf er transfer systemogﬁpt: %?%ﬁa’“@'rﬁ’%‘?g}é‘ﬁgi&ﬁ}gﬁ@?ﬁg 1DEK"E Eg s to
opti ni ze t hePw&tPrmber agemblies tpfaomessiltighanyist enduld th drﬁerlt«sfeamttlh‘ﬁysté}bl ect of

t he present t rovi roce che al. delivery system
and | ogal coﬂﬁt )SSFI As‘@g{’ 4o %T?Izeeg’ghveﬁtiﬁapgge@@‘ ‘ﬁﬁ&ﬁﬁ ‘gME' fogdlockRECS

obj ect of trnéaprmamamblymmeml on to optimze wafer flow paths and process
timng for a li n arra‘])’/tés vertically-stacked processing system and nethod

in order to maxi trﬁ otherPRisry ALE Prgenbiazention sraligs theiantrehanshedmotiulestin af ul |
processi ng S%ﬁ%loﬁ%llhta sin%le%ﬂﬂ&s@ﬁénﬁﬁms?xﬁg frg{‘]t eE@@a?:oﬁfn%Her ?ﬁs{é f \Iﬁe%leﬁggg o

optim ze the nunber of procCess In a

processi ng §9§$Té¥?ﬁ Mﬂ“d@@lkpii tchanhhcra tg optirhize tﬂtéootpdmtﬁthe@focbhmgpy@ﬁﬁ nt

i nvengpon to proyj; g% a}epgg/ve gL lLansfer. armand wafer transfer .method
whi ch nmoves seni conduct of “waf er spch tyetion dp BroXids g SRR procsss shemiral fr ont
end robot, tdelemgsyswml apdticaicdonedlapdian forafsh rilli@han¥@hRkuler ocess chanber, in
20 whi ch the trapsfer ar | vots abouyt a . single rotational axis with one

pi vot point |oca éScFHSWCW?FFEt BeRresspt Inyeptiqnjo 8ptiaize walr Revergthsspdpwceshanber |

It is anot heﬁmﬁ@f(ﬁ&i liddar bigy, p&ﬂi@ﬁﬂlstécﬂt\!@ﬁtob&gmgQyﬁ&ﬂ\ﬁhaj?neﬁwtdrlﬂr}ﬁéé garm
havi ng the Pamty to carry two wafers in ordef to facilitate ané

expedite vvaf’éaﬁ‘ Pz fhEqughpuh gt %é@ﬁf opgse chambgriansf thetfalipeacesaing systesn. pr ocess

chambes. 1n part i:GyladdtneridbjckSo e Yt ind 22 minlY §PLi.9n. to
provide a transfer ar m% Je oaseﬁjﬁes can Jnn&lf'?% oﬂ;tﬁﬁ%?t‘hearhumubﬁr PQB@%‘?@d waf er

and a proc&8yBlprsysithin a ﬁ?totmetosaweaSF preecssing G}’Sl?bﬂ‘f thf@gh}ﬂx' mze system

throughput. Itis a further object of the present invention to provide a new wafer transfer arm and

wafer transfer method which moves semiconductor wafers from a single atmospheric-

pressure front end robot, through a loadlock chamber, and into a wafer process chamber, in

20 which the transfer arm pivots about a single rotational axis with one pivot point located on
the transfer arm to side-load the process chamber.

It is another object of the present invention to provide a transfer arm having the
capacity to carry two wafers in order to facilitate and expedite wafer transfer between the
loadlock chamber and the process chamber. In particular, it is an object of the present

25 invention to provide a transfer arm which has the capacity to carry an unprocessed wafer and
a processed wafer at the same time in order to maximize system throughput.

Itis another object of the present invention to provide a wafer coolin gplate to reduce
wafer cooling time after a wafer is processed to facilitate wafer transfer out of the Joadlock
and into a cassette maximizing parallel steps within the processing system and thus

30 increasing throughput of the processing system.



It is another object of the present invention to provide a wafer cooling
plate to reduce wafer cooling tinme after a wafer is processed to
facilitate wafer transfer out of the |loadlock and into a cassette
maxi m zing parallel steps within the processing system and t@ pT3'Qr!‘

B:%«i's» 2uu3

I ncr easi ngwidodglaput of the processing system WO 00/ 6OPAC’IT%S-0
PCTI'USOQ' 07509 BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing and ot her

objects of the invention will be nore clgarly understood from the
foll owi ng description when taken in conjunction with the acconpanying

drawi ngs of BRIBFTVESCRIPTIIN ©OFTHEDRARENSRECt i ve view of a processing system
in accordance with the present 1nvention. Figure 2 is a plan view of the
processi ng syst erih§fseaemngsndpierobieas oftheguvcatian wit bampescispdyuridgmstood Bomof a
mul ti - chanb ! : i.th the pr. t invention .10 Figure 4
B A S KT R VG L
conventi onalwhloflust er tool system Figure 5 is a diagranmmatic illustration
showi ng a waf er fFl ow pat h di aaram of the processing systemshown in Figure
1. Figlre 6 is a b%‘r%gﬁé‘PF%“ YeF o PL Aprocs st sy TR IArBIfangmy B thePEi& er arm
in an 15 exhended position holding two wafers. Figure 7 is a perspective
view of the |oadl ock chanber shown in Figure 6 with the cover renoved to
show t he transfeFi@FH? isi panvagw eicheproprssing psisintshown infiigwe é. 8 is a

perspective vi ewgppf, & Hig | eétﬂg%ieg.h&%gﬁﬂlg.-scihm%e?r otdﬁle':iil IoSiafcd \Uﬁ{ yding a
support structure but w thodt wafers. igure J"Shows “a perspective view
of transfer pagsamtdiventiam: to the one shown in Figure 6 carrying two wafers.

T 9ur 9010, 1S o PRIGREEN! VS BRBHRSl We ShutdS LRSS SR oE T Oin
vi ew of the cphendeaml chaedres! softedri gure 2 taken 25 along line 11-1 1 of
Figure 2. Figure 5 is a diagrammatic illustration showing a wafer flow path diagram of the
processing system shown in Figure 1.
Figure 6 is a perspective view of a loadlock chamber and a transfer arm in an
15 extended position holding two wafers. .
Figure 7 is a perspective view of the loadlock chamber shown in Figure 6 with the
cover removed to show the transfer arm in a retracted home position,
Figure 8isa perspective view of the load lock chamber similar to Figure 6 including
a support structure but without wafers.
20 Figure 9 shows a perspective view of transfer arm similar to the one shown in Figure
6 carrying two wafers.
Figure 10 is a perspective sectional view of the process chamber of Figure 2 taken
along line 10-10 of Figure 2.
Figure 11 is a perspective sectional view of the process chamber of Figure 2 taken
25 along line 11-11 of Figure 2.
Figure 12 is a perspective sectional view of a loadlock-process chamber assembly
including the Joadlock and process chambers of Figure 2 taken along'line 12-12 of Figure 2.
Figure 13 is a diagrammatic illustration showing an exemplary common chemical
delivery system.
30 Figure 14 is a plan view of an altemative embodiment of the processing system

according to the present invention.



Figure 12 is a perspective sectional view of a |oadl ock-process chanber
assenbly including the |oadl ock and process chanbers of Figure 2 taken
along line 12-12 of Figure 2. Figure 13 is a diagrammatic illustration
showi ng an exenplary conmon chem cal delivery system 30 Fi gu%fn;fl rﬁ a
pl an vi ew gjr@}g al ternative enbodi nent of the processing syste cgb di ng
to the preS&ft®i{ention. 310, C 2033 WD 00/ 60414 PCT/POTEGUN7S89 - 7
Figure 15 is a perspective view of an aliternative enbodi mrent of the
processi ng system according to the present invention. Figures 16(a)
through 16(1) schigwelisied deyspeduoywiew vahekerhdtidbeheddimeibRRGRodetsingdg68h dance
with the presené. i nvgnti on. 5 Figure 17 is a diagrammatic illustration

showi ng confSFuLPS 10 BRBIESAE EYentieR| cul ations for an exenplary 200 nm waf er

ful | -stroke archipiggdWeta) Rfoush [ c i.Lh the
present inventi on.g%DES%)PTI%% éﬁflﬁh@%@g%%wa%ﬂﬁ% % u%@%e‘?ence
wi || now be anemidantwitlethaipresero inviestiqor ef erred enbodi ments of the invention,
exanpl gs of which.are-i.llustrated.in the acconpanying draw ngs. Wile the
i nvent ?on will E]eg%&gg&?? T RIS U AR SBRY R £ %‘Q’B?"@?@Fﬁr‘]gﬂc‘é%& nents,
it will be Jadaesdadsty0@hmtwigt fulRiRkhathilebhfTHRdvdra phiafblersiNRcdrB¥RAt i on to
t hose enbodi nents. On the contrary, the invention is intended to cover
al t er nat i veSV'!hBRIPFEIBEYBHE and equi val ents, which may be included 15
within the spirit and scope of the invention as defined by the appended
clainms. The present invention is directed to a new processing system for
processi ng LESGRIBAQN OF THIARREIFRRESEMBODIMENTI t is noted that the term
"waferg" is inte o refer to. bath. ers.and substr at f.or the
pur poslgs of the g‘rgégeé% willRo¥ be made m%ﬁté" gﬁhg%’ﬁ{e”ﬁﬁ%}?ﬂdﬁws G%?‘ed‘i“'rﬁ@%‘f”ed to a
system appaxatples ofavhichraed Hlastranddiie the AEsh amd R rhWingQ NWVHINGhE PiRentioh Kvivar i ous
20 wafer processes j.ncluding, but not limted to, near-atnospheric chem cal
vapor depos ?’F ?igﬁqnﬁe@mnﬁg}cngrh‘mtla&f Rrsfsrst emRements it WHbe é@%eé%o.o_d thet the¥ case
that such CYR Rl REASERS liditdhe iHbdntibrZ@thost HfbIEMRRIN. SR RGeS
deposi tion processing pressures general|ly between about 5 Torr and about
760 Ton, norePRIclRlyenrlicmatvesamedifications amsy squival¢ntapwhich meP by draluded and
usual by bet weem ADGkt 200sdhRlof 18 UleiR LB fliea WheSppueh ARpeCt at e that the
y

process 25 chanbers of the present invention 0 oper ate at |ower
vacuum pr essur es The prdsent inydntion is directed to a new processing system for processing

semiconductor wafers or substrates. It is noted that the term “wafers” is intended to refer to
both wafers and substrates for the purposes of the present invention. The present invention
1s directed to a system, apparatus, and method which may be used in conjunction with various
20 wafer processes including, but not limited to, near-atmospheric chemical vapor deposition
(CVD) or rapid thermal oxidation processes. In the case that such CVD processes are
utilized, the CVD processes may include deposition processing pressures generally between
about 5 Torr and about 760 Torr, more typically between about 100 Torr and about 700 Torr,
and usually between about 200 Torr and 600 Torr. One should appreciate that the process
25 chambers of the present invention may also operate at lower vacuum pressures‘ in the milli-
Torr regime. For example, the addition of snitable vacuum pumps would allow the present
invention to operate in the 10 m Torr to 200 m Torr range, and more generally in the 10 m

Torr to 5 Torr range.
Referring to Figures 1-3, the major components of the semiconductor wafer
30 processing system 5 of the present invention include an atmospheric-pressure front end

(AFE) unit 6, a multi-chamber module (MCM) 20 having vertically stacked sets of process



Torr reginme. For exanple, the addition of suitable vacuum punps woul d al |l ow
the present invention to operate in the 10 mTarr to 200 m Torr range, and
nore generally in the 10 m Ton to 5 Torr range. Referring to Figures 1-3,
the maj or conponents of the sem conductor wafer 30 processi ng%% 5 of
t he presenrw(?](gbrﬁml on include an atnospheric-pressure front en ?Aﬁ@ uni t
6, a nulti- nodul e (MCM) 20 having vertically staRKEPIves

process WD 00/60414 -8 31 OCT 2-33 PCT/ {500/ 07509 chanbers 40, a conm)n
process chem cal delivery system 24 and a conmon control system 21 which

are shared byhafes 40f2 QhRHAGoRERFERR A I}él&]%g“- 2t ol ARl 8% %r fﬁnber S 80

for semconductor wafer transfer between espective process C
and the at nodbwbichere Sbitred;bmets off sterked progess mhamtGrs 4, MdmmkthmuafsfﬁﬂS"We

front end t Lhe front of waf tem5 and
< Copt anar RS Fa e e drbtPocomitr e RO s B pPBERTE 1 1 ont

end unit 6 i petsucteffon0BR] ¥t 101 € Wafer cassettes or load ports 7. Such wafer
casset tses are copventional and known in the art. An AFE robot 8 transfers
waf er s Sbet ween caSEWSPhsEC-presgyire figpteand amit grie docateq abthe Fanimf Watermiropessing 1- 3

but shown i nsykieg £akéo Izﬁ‘lﬂldwﬂtlpﬁ"glz&% @9&1%{1&)8th§898% Seskifik &"ron

wafers to théir respectlve cassettes I'on 0 ess1 ng
waf er ali gne?ndl@ltp?r weiudescbnE or maaf\eafemmwlm@adpdnmm &lthaa}alfegmmates prel or to

f f dl
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appropri at e weasfer zlrgnmfmhaﬂ shawti ifFipges NYLEGUOPIRI Rigurd N8, ardN@Alock UhdneR of the
AFE uryt 6 i or tes stem facade 15, Whl ch al so supports a user
15 i nt¥er f aceﬁ’ﬁ fﬁ&"&.‘éﬂg?fat} their resnestivie cassgjies § orpejupletionf preeessing. Thee

| oadl ock chawixer algler 1§RO Wi¥d ﬂﬁ%afe? EerRERIR aRE AGES i gnﬁﬁﬁtrpﬁ%f tg49msﬂ:r9iﬂgl lRck

chanber supports _ 89 wn in ure 8, "position each | ock anber
relative to ‘éiafF’éé'ﬁélﬁ“m?ék ‘ﬁ"{%"éé‘ﬁ .cHsbeampooents/ i btmsc(bnenmd\feimcbéwh@éan AFE

unit 6 and Jve.lo rrber
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unit 6. FronimféMfaga@%hwéfﬁmltl@ncm@aehhesmtcnﬂ*adaﬂg/lfswaichals@ﬁxrlbmlemdsranber
80 frq AFEW%QHSC 315 Qadl ock chanmber 80 maybe evacuated. A
process charber =9l va veP L 1's i kewi se provi ded connecting | oadl ock
chanber 80 to a qu:re’ngdo\Feguparsdm&@sz chawb®sck4Bami¥ 86 RpSovidea i @ichgttbssval ve

41 hernetic aI | hatber 40. Loadlock chamber supports 89, shown in Figure 8, position each loadlock
chamber 80 relative to a respective process chamber 40. Wafers are moved between AFE
unit 6 and each process chamber 40 through a respective loadlock chamber 80. A front end

20 gate valve 10 connects each loadlock chamber 80 and AFE unit 6. Front end gate valve 10
also hermetically seals loadlock chamber 80 from AFE unit 6 such that loadlock chamber 80
maybe evacuated. A processchamber slot valve 41 islikewise provided connecting loadlock
chamber 80 to a respective process chamber 40. Process chamber slot valve 41 hermetically
seals process chamber 40 from loadlock chamber 80 such that loadlock chamber 80 may be

25 vented to atmospheric-pressure without disturbing the pressure of process chamber 40.

Central to the present invention is the concept of providing each process chamber
with its own dedicated loadlock chamber and wafer transfer arm to me.ncimize the throughput
both of each process chamber and that of the entire processing system. The present invention
further ensures maximum throughput of the processing system in situations where substrate

30 processing requires time to cool wafers after processing.

Typically, a loadlock serves as a buffer between two different environments, for



seal s process chanber 40 from | oadl ock chanmber 80 such that | oadl ock
chanber 80 may be 25 vented to atnospheric-pressure wthout disturbing the
pressure of process chanber 40. Central to the present invention is the
concept of providing each process chanber wth its own dedi cated | oadl ock
chanber and wafer transfer armto maxim ze the throughput bofh0gf 68ch
process chaithirsoanmd t hat of the entire processing systemcriR@uishsent

i nvention ~ further ensures maxi numthroyghput of the processing systemin
situations where substrate 30 processing requires tinme to cool wafers
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| oadl ock chavir thieQoddldck! caBcdpt ANGILAAYS LANTRRA 0! Absedfil ck can
accept a substrate and then tﬁﬁsubsequen?ﬂy mattgh aseﬁggggga&g&e%\%%gnent to

transfer t hENSIRREIEREe tansfr e sibgieatete aphraeds chamber. t Althoygh noculstte proatssing
processing ;d ' ock, .the substrate nust '"wait' or
spend sone F\do;?]e-rf?gﬁé(ﬁ{] Pﬁod\?\ﬁg ¢ %’?ﬁe Ju?ﬁ%kel %%%I%%'ﬁ‘ OF SRR Epme ARAFEfdimE Withip i 5 ¢ e
is on the othtdpadidckichamsben Typdaatindbis tiameds (O blde of taifs JTHEBNAS artPEHRY

m nutes. Pr iaé)r ua}iat‘s ap‘tp;arloact}es as illustrated in Figure 4 typically include
a front end® BBt *HET2 MBSl i vers substrates to one or nore |oadl ocks. A

second robot, of Pesr artapprosdhaddeustibted infFighe i HARSMPIERISH robot

ween
any on of the | oadl ocks and any one of Several process c é ersﬁhe
front 1%nd r SEBETSHYsItes fnqmg of moteleadigsks. t A sesbrd robplesfiendn achamtiegingy, theni or t o

enter i ng 2 banght kinshRieuRiee' g € R R 1R ARE BN bPELER L ARSPOT

the substrate from a |oadlock to an aligner ran l'r‘?‘(j':sf'he

wafer to a phamhsrss Tiedropbend mbglanayl teased fbtraapdit subkgiteshaan bigROpSorhb | ity

for distrib tyeen | tinl e nodul es. Sof twar schedul i ng
i's possible Tor a?lg%&ri&%’?{é’gvgg%i tﬁgc?%%&%&?&nﬁﬁmﬂﬁﬁswmw n used
in p[) ior anﬂoadtopllc uamhli;'_gnerl-;moem_e}‘ainsﬁﬁinignnﬁ waked ;J]j}o‘f%isga#’aﬁbét geggdﬁgggedu:ci ng
can quite co x.  Fiqure | strates an exanple of a prior art wafer
f1 ow Esat h df% F‘%@“&W‘B@%g’%}m’ %@d‘si’@“%”p‘ffi“@F“WWM?lﬁgdl%ﬁfsﬁ%ﬂwmi ch

i ncl udes fOkﬂhe&hﬂﬁn@is@a&ﬁﬂ&b?ﬁi@ﬁ@&s@in?%ﬁgls%sin%ww&pan%dso%r?@se&in iof I ONt
End Robot, four |oadl ock chambers LLI 'UPPER, TL[LI LONER, LL2 UPPER, LL2

LOVER, a CeRR PRATOINE- ARISBSY ST atipdicaiadrin iayrect thesiobadylingscapib quir\@mpRNG,
Figure 4 illustrates an example of a prior art wafer flow path diagram corresponding
to a prior art processing system which includes four load cassettes CASS 1, CASS 2, CASS
20 3, CASS 4, a Front End Robot, four loadlock chambers LL1 UPPER, LL1 LOWER, LL2
UPPER, LL2 LOWER, a Central Hub Robot, and four process chambers PM 1, PM2, PM3,
PM4. Because a single central hub robot transfers the wafers between all the loadlock
chambers and all the process chambers, the number of possible wafer flow paths in such a
system totals sixty-four (64). For example, four possible “load cassette/front end robot”
25 paths multiplied by four possible “front end robot/loadlock/central hub robot” paths
multiplied by four possible “central robot/process chamber” paths equals sixty-four (64)

possible paths.
In some applications, processed wafers may need to be cooled prior to being returned
to the load cassettes. Prior art practice typically includes one or more cooling chambers, or
30 “wait” positions where wafers may sit and cool, that are within reach of the central hub robot

only. Limiting transportation of hot wafers within the reach of only the central hub robot



PM4. Because a single central hub robot transfers the wafers between all
the | oadl ock chanbers and all the process chanbers, the nunber of possible
wafer flow paths in such a systemtotals sixty-four (64). For exanple,
four possible "load cassette/front end robot"” 25 paths multiplied bﬁﬂfour
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the slightest gfause In wafer transfer to one process c (or | oadl ock)
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sever gls mul tg,s 856k liocal i | ncl udi the | oad cassettes,
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t hr oughput , docassiblgetales joretirmonndadingthe iosd seseytes; RAPIOERS, ankl Proz @R Chasders, lshe
present inv Lon _.enpl.oys one.robot. at .the front end of the systemto

di stribute ?&%s‘{'}% %’Q%ac{ﬁ%&&ertﬁ?%$@“f’Bﬁ‘cﬂ“fﬂ:?’n B Is VERenipleti cated to a

respective procedscontrast, the present invention employs one robot at the front end of the system to

distribute substrates to one or more loadlock chambers, each dedicated to a respective process
20 chamber. Each loadlock chamber includes a dedicated individual transfer arm for moving
substrates between the dedicated loadlock chamber and the respective process chamber.
Figure 5 illustrates a flow path diagram corresponding to a processing system in accordance
with the present invention. Because each brocess chamber now has a dedicated loadlock
chamber and transfer arm rather than having to share loadlock chambers and a central robot
25 as in the prior art, scheduling the flow of wafers is significantly less complex because
possible number of wafer flow paths is significantly reduced from that of the prior art.

As shown in Figure 5, a processing system in accordance with the present invention
has an equal number of process chambers as that of the prior art shown in Figure 4. However
the present invention dedicates a loadlock chamber to each process chamber thus providing

30 four loadlock-process chamber assemblies LL/PM1, LL/PM2, LL/PM3, and LL/PM4 and

eliminating the need for a central hub robot. Thus, the number of possible wafer flow paths



20 chanber. Each | oadl ock chanber includes a dedicated individual transfer
arm for noving substrates between the dedicated | oadl ock chanber and the
respective process chanber. Figure 5 illustrates a flow path diagram
corresponding to a processing systemin accordance wth the present

i nvention. Because each process chanber now has a dedicated I3 1S
chanber anovaesmnaher armrat her than having to share Ioaﬂ{ﬁﬁgﬁ, 3rs and
a central robot 25 as in the prior art, scheduling the flow o? wafers is
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any other wafer's path. In accordance wth the present inventioh, the
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assenblies, each including a |oadl ock chanber, a transfter arm ant a
process chafipEsentety greseARM invEguicdn Bielcompleptty & $chédufing sabsi roduced
substrates Lifses ' rall el ths between the respective
| oadl ocks aﬁ%ﬁgﬁég}geeaggmgﬁgf er st,g&]lg)gdlgcﬁ(e%?’@%er% drp eW&%bf&WWn Phure 5.
The cbhpl exiandparallebprbeessihg ofghe substhites. r educed because the addition of

dedi cat ed | oadl o&g(mﬁhanbers an%trag fer arns enabl es independent 15 and
paral | el process™Mhy B PHETS ABUTHSL L0 PreseRt ARYyention irihaAddiuan ofidsdicatedi ¢ he

present i nvhatiware foreadhtbadichitiprodess &Bmﬂ@@k&%gqhathﬁm@&ﬁlyfsﬁ{pl@iﬁ(ﬂ@si )
| oadl ock- pr ogess ¢ anber assenbly that is sufficiently sinple In dg]SI gn
to be cost effective despite its duplicity. Because each process chamber has its own loadlock

chamber, a wafer transfer plane within each loadlock-process chamber assembly is

20 established that is simple and relatively constant. Hence, a transfer arm having a single
translation axis can be employed to transfer a wafer between each loadlock chamber and a
respective process chamber. Further, overall tool footprint can be reduced when a front end
robot has a vertical span capable of reaching the transfer planes of multiple stacked loadlock-
process chamber assemblies. Thus, the present invention preferably includes or is used in

25 conjunction with a single front-end robot having multi-axis capability including an
appropriate vertical span and with multiple low-cost single axis transfer arms.

One aspect of the present invention which allows dedication of one loadlock chamber
80 to each process chamber 40 is the provision of a cooling plate 95, Figure 7, within each
loadlock chamber 80. Another aspect of the present invention which allows such dedication

30 is the provision of a dual-wafer single-arm loadlock transfer arm 82, Figure 6, which has the

capability to transport two wafers simultaneously, including one unprocessed wafer and one



to be cost effective despite its duplicity- Because each process chanber
has its own | oadl ock chanber, a wafer transfer plane within each
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Figure 6, which Regmidd8o F I gho ' eously,
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effector 84. Transfer arm 82 has a sing servo S or pivot axls 83 and
i s 10 oper aserporipg avadredgesupprons §6,R8anthé epen portion ageridreffiactdicB4. ar m dri ve not or

asse y 79. End is a W.shaped conponept. all ow ng an
unpr g*(l:%essed waf e?m?%f&%g'%(é?g%gd °on pgsﬁt'%"pﬁée) ow r%g“rgﬁéf‘f” §8“8'F59'3ﬁ8“§?fect or
84 and a andtlhettedpmiotseekinhalipek phateds®nyliovedelived of ashghdcesB3d walthe

shel ves are defll;rg]ngglagy | zont al gllgatags form ng shelves 85, 87 and include
supporting NP ° 8 Pétg romey _Fifﬂ’\"@c‘ii Y35a 0y ceplingplasiift e ect or
84. 15 Trangbek dREms@belids WalePEBd1iRg late!o8Ms infgratddqHI 1440106k Shiinfber 80 fof Whi Ch
transfer arm82 is located entirely within |dadl ock chanber 80 awaiting

del i very of cogling Hmc%gggggs\héfp@rmey are removed from loadlock chamber 80 by AFE robot
20 8 1o minimize wafer transfer failures resulting from thermally-warped wafers and cassette

material failures from high-temperature post-processed wafers. Cooling plate 95 is mounted
below transfer arm 82 and is concentrically oriented with respect to wafers mounted on the
upper and lower wafer shelves 85, 87. Cooling plate 95 may be liquid cooled or air cooled
or inert gas cooled to ambient temperatures. For example, water at about 18°C to 25°C may
25 be circulated through cooling plate 95 to regulate the temperature thereof. One should
appreciate that other suitable liquid temperature ranges may be used. In the case that cooling
plate 95 is liquid cooled, the cooling liquid may be circulated through cooling plate 95, chuck
assembly 60, and the walls of process chamber 40 for temperature regulation thereof.
Cooling plate 95 is equipped with cooling plate lift pins 96 which may elevate wafers
30 resting on lower wafer shelf 87 when loadlock transfer arm 82 is located in the home

position. The height of cooling plate lift pins 96 is controlled by a cooling plate lift pin



fromfront end robot 8, or awaiting renoval of a processed wafer by cooling
plate lift pins 96, as discussed bel ow. Wafer cooling plate 95 is
i ntegrated into | oadl ock chanber 80 for cooling processed wafers before
they are renoved from | oadl ock chanber 80 by AFE robot 20 8 to minimze
waf er transfer failures resulting fromthernally-warped waf egd (HTdjpasset te
materi al favoewesa4f rom hi gh-tenperature post-processed gk SQOPP fsp! 1 N9

y 0

plate 95 is nounted below transfer arm82 and is concentrlc riented
with respect to wafers m)unted on the “upper and Iovver wafer shel ves 85,
87. Cooling d cool air or inert gas
cooled to a |u§§1) ?Show dg'gg BFe 1€\ ﬁblséic‘?\'/ﬁi' dpa kéfB’EﬁﬁfaEB@zPHOESSC may
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cooling li qur&lsr FPOREhE lafsE. ukﬁérlzﬂw%%rtﬂg g'gfef 1?19} DRuRleRLE §055it10n sfé}tly aBapenol y

60, and the walls of process enperatur regu on thereof.
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t 30T ng

on coollng plate I'ift pins 96. The wafer owere
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a position toey e 95 at, t fer.is cool ed
wi t hout contqac'itg'lﬂr?g(gS %?&E}é%gga ﬁﬁ%&bﬂg%‘%m FHgma %&ﬂd%@ﬁ‘g?’r O RHBEE on t he
waf er. One sfhmmmsaqnpoﬁoadatckcltdmbérBOaFomSmbMPﬂﬁleﬁfsolsmd dridther lﬂﬁ)&nbiﬁear

or radiative cooling. In a

i mpl enent ed |nclud|n conductive, e

simlar fashonos 5'633 g 'F‘glf’g“f‘?]f‘? 8’6ﬁ¥lﬂ‘§“§‘5mé9&38n&tt°3°‘ﬁ§ @gtihewn) ‘W@r above
the level of inurestinestaheicnas?!ahd 8501Mpthind i PWhner o bRAGvd 1 MNahuGledON
shel f .85 once transfer arm 10 85 returns to its hone position. As noted

above!” cool iTRYTPMEpte! faefiockshamber Bl oblismaivelyome shiiud appregiaisitiesa @Blinglin| i ng
pi n act uat Olhe@fiof &ul&%@ﬁs@gd%gi@ﬁ Qi?thm (Be 1286! D&&BQ@FR%S.%& to mnimze the

di mensi ons of | oadl ock chanber . For exanple, a l'inear sol enoid or other
known | i near acﬁm@fls;ﬂlﬁﬁl}ﬂpbef‘ndcnﬂlddese‘iﬁt 8%, itcib nated thaagpperokafarisheDi is 80. A
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while an unprocessed wafer is supported by extended chuck lift pins 70 in the up position,

20 as discussed in detail below. In particular, the U-shape of upper wafer shelf 85 prevents lift

pins 70 from contacting upper shelf 85 or the transfer arm 82. In contrast, lower wafer shelf

87 only supports a wafer on opposing sides of the wafer by lower wafer supports 88, as

shown in Figures 9 and 12. As shown in Figure 12, the base of the U-shape of lower wafer

shelf 87 is open thereby allowing transfer arm 82 to extend from its retracted/home position

25 while a processed wafer is supported by extended cooling plate lift pins 96 in their up
position.

Referring now to Figure 10, an exemplary process chamber 40 is shown. In this

embodiment, process chambers 40 may incorporate a chemical vapor deposition (CVD)

linear injector 43 assembly such as, for example, a MultiBlok™ linear injector of the type

30 made by the Silicon Valley Group Thermal Systems, Scotts Valley, California and further
described in U.S. Patent Application Serial No. 09/113,823 (Attorney Docket No. A-59471-



15 environnment of | oadl ock chanmber 80. Alternatively, one should appreciate
that a cooling pin actuator could be instead | ocated within the | oadl ock
chanber if so desired. Regarding the shape of wafer shelves 85, 87, it is
noted that upper wafer shelf 86 is substantially U shaped thus all ow ng
transfer arm82 to retract fromits extended position while appupprecessed
waf er is soppavdoed by extended chuck lift pins 70 in the SPudl 'sh#on, 20 as
di scussed in detail below In particular, the U shape of upper Wwater shelf
85 prevents lift pins 70 from contactind upper shelf 85 or the transfer
arm82. In can t. lower wafer shelf 87 only supports a wafer on

opposi ng si d@sh[?asj‘t‘]ﬁéomb?gérthBW*F%\ﬁEF‘"Wﬁ# @fiwlydpéomospo&s;d kesein bj oxfereice.

Fi gures 9 angachdv ' | . . f e U-sha f | owner
waf er shelf 87 i g%rlg}r}%‘téﬁgdgsbc@%%# ﬁ)&/s %Ar}gﬂg% gtgrsg#’rﬁisggp{ogesesﬁgﬂgmﬂ omits
r et r act ed/ hovwefersodltemaivebsthueilinear injesronoesdedmplvlyat iniasingld OV liresk ibjgctext ended

cool i ng pl at ' i 6 I,p~their.up osition, Referring now to Figure
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process and/or translate the wafer relative to other types of processing tools, such as material removal

tools.

As shown in Figure 10, wafer chuck 60 includes a clamping surface 62 on which a
20 semiconductor wafer is placed. Wafer chuck 60 includes a heating element (not shown)
which preheats the unprocessed wafer prior to processing by CVD injector 43. Chuck
insulation 76 is also provided to isolate the heat applied to the wafer. A hold down clamp
such as a chuck vacuum clamp 63 secures the wafer to chuck assembly 60. Such vacuum
clamps are well known in the art and are not discussed in detail. One should appreciate that
25 other suitable clamping means may also be used such as electrostatic wafer clamping means.
Generally, a backside of a wafer is vacuum held against a wafer chuck plate 62 of wafer
chuck assenlbly 60 by a chuck vacuum clamp 63 in a known manner. The vacuum clamp is
operably connected to a vacuum source by a chuck assembly umbilical chain 59. Umbilical
chain 59 provides power, control signals, and cooling water to chuck assembly 60 while
30 allowing it to translate within process chamber 40.

Injector gases are contained within deposition micro-zones or micro-regions,



tenperatures; and (4) translating a wafer within the process chanber if

required by the wafer process nethod. For exanple, wafer chuck assenbly 60

maybe provi ded inside each process 15 chanmber 40 for preheating, securing,

and transporting the wafers relative to CVD Linear injector assenbly 43.

Al ternatively, chuck assenbly 60 may al so be used to cool a m@ﬁqm;zgﬂd/or
uc

translate tweowaimr relative to other types of processingetaghiy as
material renmoval tools. As shown in Fi g{;re 10, wafer chuck 60 1 ncludes a
cl anpi ng surface 62 on which a 20 sem tbnductor wafer is placed. Wafer

chuck 60 ing] ud a_heat.i el enen of .shqown) whi ch preheats the
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76 is al so pineatiigfectot Butietd! The tdphdurfi8Abs aRMfiradodRed D WARE Sy ﬁérEf&'iS' down
clamp such as a chuck vacuum clsﬁgp 63 secures the wafer to Chu assenbl y
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al so be used suc ectrosta npi N
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and cooling water to chuck assenbly 60 while 30 allowing It to translate
Wit hin proc@bchusk atigy framg;6d iy respesicte injeatorcassembil it andlistvissed delowsi t i on
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i ndi cated generally by t | I'ned as the area
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nount ed on ) e .S lally coplanarwith a to urface
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m cro chanbeirfics 62.aChER liff 164 Wirae ahd Rowe il urd®fand S8 Yerabl]Rnnkc@iS£ N - seal
gap is_adjusted by adjusting the position of a chuck'translation frane 64

with Fespecthyck liftpinydks72a 4% pig ypke 22 isqin temsensmabbyropedoted to 2 Omisk liftipin
sem -seal g@Reak &rivehan b1 wh@ ' t ation. .10 In
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positioned QyaimGRYCKod be protifles tZJQmpart linear motion on chuck lift pin yoke 72 and/or
chuck lift pins 70.

20 Referring to Figure 11, the wafer is vacuum-clamped to chuck surface 62. Chuck
assembly 60 translates along chuck guide rails 66 of chuck translation frame 64, past CVD
injector 43, to an extended position. For example, a chuck translation actuator 67, such as
an electric servo motor, operably drives chuck assembly 60 along chuck guide rails 66 via
a chuck translation driving screw 68. One skilled in the art would recognize that other chuck

25 translation devices may also be used. Thus, the wafer secured to wafer chuck plate 62 is
translated under the injector outlets of the linear injectors 44, 45 in a single full-pass stroke
in the direction of arrow A. The single full-pass stroke allows the entire wafer surface to be
deposited by all the injector outlets (i.e., two injector outlets for a 200 mm wafer size, or by
three injector outlets for 2 300 mm wafer size.) Tt is noted that the number of injectors and/or

30 injector outlets is not dependent on wafer size. The number of injectors and/or injector

outlets can be varied in order to optimize throughput of process chamber 40. This full-stroke



which lift the wafer from upper wafer shelf 85. Transfer arm 82 pivots back
to its home position |eaving the wafer on chuck lift pins 70. Next, the
wafer is lowered to the chuck surface 62. Chuck lift pins 70 raise and

| ower in unison and are operably connected to a 15 chuck lift pin yoke 72.
Lift pin yoke 72 is, in turn, operably connected to a chuck |i3fitCHi B33

i near dri VEO8Ml#H 73 which is actuated by a lift pin serapuseiones or
assenbly 74. It should be appreciated that other neans for controlled

| i near novenent may al so be used. For ex ihmple, a wormdrive could be

rovided to n;on chuck lift 0 and/.or chuck
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PCT/ US00/ 07509 action may be repeated as nman | Mes "as necessary lfc'o produce
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be adj ust ed qacofidisng kne d on
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t he present nrmr—'mhamher qohepmfemhmmwm mﬂaﬁrbemmaajuﬁta@mahewwhmmes to 5

about ,0 nmm de ition, the wafer is trans|ated back to
t he Iogd pos%0 sERh Wregh ggc ‘fQ{"?‘E‘Fﬁ‘é""ﬂ"?“’é '?e""f{%er%,aaﬂeﬂwlghtro felpdr chuck
plate 62 in qsscaﬂﬁ}rﬁltb(blpfeaﬁelhm:iﬁkt@[f fFor éxambleecHueiastj @edss 49 RORIMRAJRLLAR2. The
process or reactFy cha enpl Qys si de doors é4 Figures 11 and 12, and

end doors FBEIENFHMET emt‘ 8"%3‘11’69\} S&57 that pragess ?@Wbsfe‘ro\}ﬁ"‘(l}iqﬁf@a N linear
cal i brati on igjectth3. UhadksdsstinbB hdfusRPEH9 could also be used to adjust the position of a wafer

relative to other processing tools. Such adjusters may take the form of adjusting screws or
20 other well known adjusting means. One should appreciate that greater than or fewer than
three chuck assembly adjusters may also be used. For example, two adjusters may be used

in which a third point of translation frame 64 is fixed relative to process chamber 40.
Referring to Figure 2, process chambers 40 are vertically arranged in pairs to conserve
tool floor area or footprint requirements. The vertically stacked process chamber pairs in
25 combination with acommon chemical delivery system 24, and a common control system 21
are c;ollectivclyrefmed to as amulti-chamber module (MCM) 20. The two process chambers
could be substantially identical, for example, each could contain independent CVD linear
injectors, wafer chuck assemblies, and chuck translation frames. Furthermore, each process
chamber includes a respective dedicated loadlock chamber and cooling plate. In the event
30 that changes are desired between the two chambers, such differences can be easily

accommodated without affecting the other.



10 64 and chuck assenbly 60 w thout disturbing the sem -seal gap or
deposition mcro-zone, or any other process chanber conponents, such as CVD
linear injector 43. As noted above, the 1 nmseni-seal gap is adjusted by
adjusting the position of the chuck translation frane 64. This is
acconpl i shed by adjusting chuck adjusters 69. As shown in Fi gt 802 250¢ach
process ch3¥hereoye | s preferably provided with three chuekrresthosbiers 69,

two of which are 15 al so shown in Figurg 10. Such a configuration allows
the pitch, roll, and height of chuck assenbly 60 to be precisely adjusted.
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col l ectively re erred to as a rrultl-chanber nodul e (MCM 20. The two

process chanbersﬁmﬁ:ngmemmmhahbeysmiﬁrmcmc depérids @i 3pgel R .desigeh coul d
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t hat changes ed d between the two chanbers, such ferences can be
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could be included in each nmulti- chanber one process
chanber 40 BB invVARiondelogated A3temal dmproresy clamher 4011, orddrn lb e:dacmthh evergl ocess

chambgy, vepdibmahd Vol%%eﬂ éhgmﬁg'%eﬁ%]o% 7518 skd Sbwees B plnhacﬁllla{gy a

rapi d thermal “oxi datio (‘not shown er ore, one
appr eci at e wﬁh@hummﬁ@@iﬂ%yondﬂcﬂoudanmhrtbe ppmokeefszs chaatbesshedd puaiuré cal | y

st acked one rﬂ}?rtgmeﬁtla? n,ﬂ,%fdﬁovm In Figure 15. Again, one should

appreci ate proce HErs 40 may take the formof a CVD process
chanber, as di sc\ﬂeaearnyaiadwﬂprmessehdnﬂferstwmmmﬂ 20 bRA&%Rd 6h aBdih6n frithe A

which also supports a common process chemical system 24 and a common local controls
20 system 21. Delivery system 24 is located at the top of MCM 20 and provides and delivers
material to the stacked process chambers 40. For example, delivery system 24 could include
a chemical delivery system for delivering chemicals to the two stacked process chambers 40
within MCM 20. Common control system 21 may be located within the MCM, below the
lower process chamber 40. Alternatively, such components could be provided on a separate
25 rack alongside the CVD processing system, depending on the quantity and packaging
requirements of the electronic components and any distance limitations in achieving
reasonable process and system control. With one delivery system supplying all process
chambers 40 of each MCM 20, significant cost and space savings can be achieved. One
should recognize that the actual location of process chemical delivery system 24 and common
30 control system 21 may vary within the scope of the present invention. For example, delivery

system 24 could be located below the lower process chamber or between process chambers,



conbi nati on thereof. The spaci ng between process chanbers 40 of MCM 20
depends on specific design 10 constraints such as maxi nrum front end robot
vertical stroke, service access spacing 23 between the process chanbers
for the CV/D injectors and chem cal delivery plunbing, as well as the
overal | height of the process chanmber as defined by the maxi niinCBeéilglit of
the chuck VHX¥S#KRy and the translation frame. As shown pawfsoguorses 12, chuck
lift pin actuator 71 of the present inygntion is |ocated external to
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independently of the others. The common delivery system of the present invention
minimizes overall cost and complexity of the wafer processing system. One should
20 appreciate that individual delivery systems, for example individual flow control valves, may
instead be utilized for each process chamber but such configuration may result in higher

costs.
One ozone generator is provided for each delivery system 24 of a respective MCM
20. However, one liquid chemical supply cabinet may be provided for multiple delivery
25 systems 24 corresponding to multiple MCMs 20. A similar approach is employed for
anhydrous HF cleaning systems, when utilized, where one HF system is employed and
passively split by a manifold unit between all process chambers 40 of one MCM 20.
However, in a variant to the design, if an atomic fluorine generation source is used to
generate cleaning precursors, then one fluorine generation source is provided for each process
30 chamber 40, aithough the cleaning of all process chambers 40 in one MCM 20 will take place

simultaneously to optimize throughput of process chambers 40 and to simplify the chemical



chem cal sources into the injectors of fewer than or greater than three
process chanbers. As such, chem cal deposition sinmultaneously starts and
stops in all process chanbers 40 of a MM 20. There is no individual neans
of netering, controlling, or balancing chem cal delivery between the

i ndi vi dual process chambers 40 for wafer processing operatioh$JL1Q}Rnst ead,
a source- clweomomadraspl it point 25 and an oxidizer split ' 509
substantially wuniformy distribute the chem cal sources and the ozone,
respectively, into the individual CcvD1%near injectors 43. Any slight
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arranged (%) for a prior art system to about 73 square feet (ft?) for a system according to the present

invention. This reduction in footprint is accomplished primarily by stacking CVD process

20 chambers 40, and eliminating 2 distinct transport module hub typically provided in
conventional cluster tool CVD processing systems, in favor of individual loadlocks 80
attached to a corresponding CVD process chamber 40 and to the atmospheric-pressure front
end unit 6. Also, space is more efficiently utilized in the linear array layout because space
is not lost to a large transport module (TM) chamber and central hub robot typically present

25 in conventional systems at the center of a cluster tool system (diagrammatically shown in
Figure 4).

Footprint areas of CVD processing system of 300 mm applications (e.g. wafers)
according to the present invention are comparable to the footprint areas of conventional
systems for 200 mm applications. The present invention provides tremendous advantages

30 for wafer processing facilities originally designed for 200 mm applications because such

facilities may incorporate the inventive system for 300 mm applications using the existing



such that a series of MCMs 20, e.g., two, three, or nore MCMs 20, are
arranged in a linear 5 fashion in parallel to each other- Such arrangenent
of MCMs 20 may be perpendicular to AFE unit 6, as shown in Figure 3, or an
angle, as shown in Figure 14, according to the specific desi gg gETI aﬁdl ock
chanbers 80. As such, wafer processing system5 nmay be consi ; ag
"linear arr490%0/60gd4e skilled in the art would recogni ze t patuswesonl MMs
may be enployed using 10 other geonetrixgs around a transport system such
as a circular arrangenent around a central robot, a mrrored parall el
arrangenment Sobrrspacadf thg faility.ansl ating central robot on the left and right
si des of the machipe, or%@t her non-Ilinear arrangenments where the stacked
chanbers may be ﬂ?‘?ﬁf‘ﬁ&‘? uctgr yRIFTPERFesS g sYsiEm, spmtecaducterpafepisansiesansprstisded f or
each processSaridNAshet of thd Bres@ irivettiAl drNiSe ﬂrmé?tgﬁqmlcglk@mﬁgsf(ﬂ%x?g eMIME 20
di scussed above provide " 15 footprint Inprovenents over simlar [i1near
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these functions are housed in a single space-saving unit.
In one embodiment of the present invention, the process sequence of the process
20 chamber involves a full-pass deposition strategy in which the sensitivity of film thickness or
dopant concentrations to chemical tumn-on and stabilization is minimized. Altematively, the
process sequence of the process chamber may involve active cyclic translation as is described
inU.S. Patent No. 09/113,730 (Attorney Docket No. A-66484), filed July 10, 1998, the entire
disclosure of which is incorporated herein by reference.
25 The combination of reduced footprint, reduced cost, with no degradation of overall
system throughput results in lower cost of ownership and lower per wafer processing costs.
For example, in one embodiment of the invention the expected cost of ownership of this tool
for a 5000 angstrom BPSG film is between about $2.65-$2.72 per wafer, depending on the
number of process chambers in the system (i.e., six (6) process chambers vs. four (4) process
30 chambers). By comparison, the deposition of an identical film by a prior art system has cost

of ownership values in the $3.59-$4.95 range, depending on the particular manufacturer and



and nethod of the present invention provide nunmerous technical benefits.
For exanple, production and processing costs, as well as the conplexity of
the systemmy be mnimzed 5 by elimnating the need for multiple servo
axes to nove the wafer. The notion of the sem conductor procegﬁi 0
apparatus, for exanple transfer arm82, is reduced to a notion™ ‘a tﬁ %
singl e axi sYOM&¥Hpy reduci ng overal |l wafer automation ceetssooldeses of the
monolithic single-axis transfer armalsq_elimnates articul ated conponents
in the transfer nechanism thus mnimzing conplexity and potenti al
reliability ialdlues.exdiifagicOhisa ieprdstrtlielaineBbMehiectlandid By ALFSE Mo
invention fu th%r m nimzes particle formation and contam nati on because
there are felfEBY-IYSPFmRetpertaden n t he | oadl ock chambers. The single axis-arm
mnimzes the depth of the overall systemby allow ng side-|oading of the
process chanbers and thus optim zes packaging constraints of the system
Fur t her nor e, EX AR ‘ ; j

no need¢ for a dedjcat.ed e r te_cool i tation. Th cooling 15 plate
arranggrren_t of tﬁiee?%?%%%aﬁ't’&i?% éﬁff%ﬁsdggkahéﬂe?‘fﬁﬂﬂli’rb’é“%iof pesiggndudtei st er
arm axes si nmesfer irinsfeRhd procesial iim geoptdah@ Wit EheFﬂr&%ntfiﬂ'UenYi@ﬁ Erscﬁgm\fﬁiy of
wafers from the transhjggé rm This represents an advantage over prior art

waf er cool i nJusiledin ¥ oagdiopk ensmhess 89 1 aftarhed lor tespeptineeockssebamien 0.ar e
housed in a giln@iRk IRALEr KBV [HRY sh¥hd i L enlf L hes Bresent
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full - pass defsBasondusior swafess feyy aiftentindabat B énas elsint inFiguye 1) nfovksthé Whfetsness or

dopant;oConc etydth iNSadidik SRENCE Aid thi bz Q0 and st abi I zation i s minim zed.
Alternatively, the process sequence of fﬁ}é cess chanber may invol ve

active cyclic trdhskaeisohuststed svidlsloadidkcthainber §0Seprb¥aheniferVsitidRy viled, 730

(At torney No. A-66484).__filed Jul 0, 1998, the entire disclosure
of which i?c}?%‘g‘%%%"r"ae ‘é’%ﬁ sg‘F‘iF%"S o %ﬁéﬂéﬁy%mﬁ&%ﬁﬁﬁ frathindpadirckr educed
footprint, robarabe80.cASdurth ipibdupTevalls gosiiisisligilyaborMAd @bling pidSisaH shipUghput
results in Iborver .costhgf o;vg_ershl p.and | ower per wafer processing costs.
For exanpl e,P% K SEssedBIM mdio 1srs Winsirated vathin process shambrs 40 expreser twabdr
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$2.65-$2. 72 per wafer, depending on t nunber of process chanbers in the
system (i . e.Procgssehpmger 0o Qihag pREHens\aych fsoishudkssuripred oad tprR@at ivaidver s) .
By conparis siti&ﬁ'&%réiﬁ:@?jﬁiv&ﬂ&i‘m@fds@%sé ﬂgm ; cal filmby a prior art system
has cost of ownership val ues inlt e $3.59-%$495 range, depending on the
particul ar manuf 2b¢ exesiplagn thethod oOsaiTor@DABr WWiieD B4G04 bdd Protdst/FRN/deyHe9 - 21
nmodel . Thi s gg conparison represents a savings of between about
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20 1. Wafer cassettes 7 are placed on their respective stands or automated load ports at
the frontal plane of the atmospheric-pressure front end (AFE) unit 6.
2. Atmospheric-pressure front end robot 8 removes a first unprocessed wafer from
wafer cassette 7 and transfers it to wafer aligner 9.
3. Wafer aligner rotates the first unprocessed wafer to calculate the wafer centroid
25 and determine wafer offset. Also, wafer notch position is determined and oriented according
to the specific process needs.
4. Robot 8 performs an offset pick step where the first unprocessed wafer is removed
from aligner 9 with a calculated offset to perfectly center the first unprocessed wafer on
effector end 84 of loadlock transfer arm 82.
30 5. Loadlock chamber 80 is vented to atmospheric-pressure and opened.

6. With transfer arm 82 in its home position, the first unprocessed wafer A is placed




forty-five percent per wafer. EXEMPLARY OPERATI ON OF THE PREFERRED

EMBODI MENT 5 Referring particularly to Figures 16(a)-(l), an exenplary

nmet hod of sem conductor wafer transfer and processing in accordance with
the present invention is schematically illustrated in which a gcp@cglngdg
chanber 80 is attached to a respective process chanber 40. A |oadloc
transfer amwog@msett4shown in Figure 16) simlar to transfepcrigs 8oy €Cei ves
sem conductor wafers froma front end r_ E_ot 8 (not shown in Figure 16)
noves the wafers - 10 between the | oadl ock chanber and the process chanber.
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positions when resting on upper wafer
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process includes the follow ng steps. Waf er cassett are pl aced
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unpr oggssed ul at e vvaf roid. 25 and deterni ne wafer
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the specifi o shooeiadiotkarslsfer afm sRehn u@r&@é’s@@&iﬁr '?d%doﬁésﬁﬁh td)dlﬁ{i' lﬁdﬁﬂk"\’her e
the first uglrar%cess 2vvafer | S.renove from aligner wth a cal cul at ed

offset to p A 8¢ IfetEact bagkintg Pﬁ1%%%§%éﬁvwaﬂ€rﬁrﬁﬁnpre‘FﬂFS@dmferend 84

of | oadl ock Aamﬁ,ﬁhe@ﬁﬁ&a&m&@@ Loadl ock chanber 80 is vented to
at nospheri c-pressure and opened. 6. Wth transfer arm82 in its hone

position, the fl?sﬁlhwfﬁélﬁm:?ﬁe@ramn 'waferipsehodtpasiticd 1deBn € 48 0269 8. @O0/ 60414
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by the atnospheric-pres
pins 70 are dropped completely, and the first unprocessed wafer A is vacuum clarmped onto

the wafer chuck plate 62, as shown in Figure 16(c).
10. An ozone generator discharge power is quickly ramped from zero output to the
process set point output, typically defined as 120 g/m’® @ 40 sim. The ozone flows through
20 the injector onto the seal plate and out the exhaust during this 10-15 second stabilization
period. Concurrently, the temperature of wafer A is stabilized while it is mounted on the
chuck and liquid source chemicals, for example, TEOS, TEB, and TEPo, are switched on to
flow through injector 43 and into the depos;ition micro-region 49 above seal plate 61.
11. After the ozone and thermal stabilization period is complete wafer translation
25 starts and the first unprocessed wafer is moved under CVD injector 43. Deposition starts
immediately when the ozone and liguid source chemical strike and react on the surface of the
first heated unprocessed wafer A to form a layer of SiO, on the wafer, which defines the
actual CVD process.
12. Translation actuator 67 moves chuck assembly 60 under injector 43 in a linear
30 fashion and at a constant speed until the entire unprocessed wafer A is “stroked” by the

deposition gases from the injector. Depending on thickness, composition, and other process



robot 8, as shown in Figure 16(a). Loadl ock chanber 80 is then cl osed and
evacuated to a transfer pressure substantially equal to the pressure

Wit hin process chanber 40. 7. Wen evacuation is conplete, process chanber
sl ot valve 41 opens and | oadlock 5 transfer arm82 rotates to tlréqrgﬂem} he
first unprocessed wafer A into process chamber 40, as shown in Figure
16(b). At WO®epdsnt, chuck lift pins 70 in chuck assentdora@doesse | n t he
"“down" position, i.e., below chuck surfpace 62. 8. Loadl ock transfer arm 82
precisely locates the first unprocessed ™wafer A concentric with the
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li qui & sour progess on,the finit unpraqegsed wefepdesgrbpdfipens 19r12 abgyeithed on
to flow themael njector 43 and into the deposition mcro-region 49 above
seal plate 61. 11. After the ozone and thernmal stabilization period is
conpl ete waf er tHarf¥hathefaVD pepcgisanthe fistavafinés complste, m#é@d@mmom!er is
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and liquid source chemcal 'stri react on t e sur I rst
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process 31 OCT 200 re)g4t HFOE58E5E Mo @gpr%ssc amber slot valve 41 1s

opened and chuck lift pins 70 raise the first processed wafer A’ to a height slightly above, for
example, approximately 0.75 - 1.5 mm above, lower wafer shelf 87 of loadlock transfer arm

20 effector end 84. Note that this processed wafer “unload™ position is above the "preheat”
position of step 9 but below the unprocessed wafer "load” position of step 8.

16. Loadlock transfer arm 82, carrying the second unprocessed wafer B on upper
wafer shelf 85 of effector end 84, rotates into process chamber 40 and locates itself
concentric with the first processed wafer on chuck lift pins 70, as shown in Figure 16(d).

25 Chuck lift pins 70 then drop to the "down" position, allowing the first processed wafer A’ to
be placed on lower wafer shelf 87 of end effector 84. Loadlock transfer arm 82 now rotates
back into loadlock chamber 80, carrying both the first processed wafer A’ on lower wafer
shelf 87 and the second unprocessed wafer B on upper wafer shelf 85, as shown in Figure
16(e).

30 17. Afier loadlock transfer arm 82 is rotated into its home position, the first processed

wafer A’ on lower wafer shelf 87 is lifted above end effector 84 approximately 0.75 - 1.5 mm



needs, a filmis deposited evenly and conpletely on the unprocessed wafer

| by the injector gases emanating fromthe injector outlets, whereby the
first unprocessed wafer Ais converted to a first processed wafer A . 13.
During the CVD process described in steps 10-12 above, | oadl ock tg@@@f il
arm 5 82 returns to its honme position in | oadlock chanber 80. Priocess
chanmber sl wtooesbsie 41 is closed and | oadl ock chanber 8Gdms¥fgkRd to
at nosphere and opened. A second unprocessed wafer B is placed on upper
waf er shelf 85 of |oadl ock transfer armf&ffector end 84 by AFE robot 8, as
shown in Figure 16(¢). ..koad k chanber 80.is th cl.osed and evacuated to
t he transfgeb Cp?lénsgspﬁ")rt%].]#m‘“tség?oéglﬁ%f"e‘f’?tjf;l'gmﬁl}?&)‘?’%%"é]i'/‘ iﬁzRf’?"bW,egfi’(‘J%HYI ock
chanber 80 rbetmi ol cbfcentHoewidntnd effedRr CVIhBK R8BSk Rhsfdhamh B2 Rlin U RbREESSEd
waf er described in steps 10-12 above is _conplete. 14. \Wen the CVD process

on the firstPoiHPRAs showndnbisatecl 6(12 Ones the Seshpiogessgslovaser A'ds raissdpreoddivan and
the liquid L@ pinbedn A S ol Ll are
turned of f. % erplch%&gigikeﬁn%g??m | sro{r;r%gg{fk%ggk{(’?%&%ﬁrﬁ%@&aﬁggﬁn?on and
wai ts 8ever @fcond unpreesswtd wafer Bron ubpraiovaf shielf 85rof et éffectoh®, anshewh orFigwaches

zero chemc entration, vacu .Cl a Is rel eased in preparation
for renoval 6}I(‘%gs't e SP %orngﬁlh%ﬁ(ﬁff' s@?é" egg 1%?%?§%§F%M$3fﬁffﬁéfs§%8’ﬁ§‘ ‘hé first
processed wairee mahner ps desaited iheeph 8rand b abovéahd shodvh ih Figueepgd and chuck [ift

pins 70 raise the,first processed_wafer A to a height slightly above, for
exanpl e, appr oxi ﬁ%tt‘?’?“’@. B’“—Ef‘."B1ﬁ%ﬁﬁ\ﬂ?mﬁwf%‘épwwmmﬂwﬂyoadl ock

transfer ar b RbRCHIAE 98M8 R4 pikehe Fbih%n S HoB iRy @%ﬁﬁﬁﬂnﬁw £'a heiigth 0ad”
P

position is above the "preheat" position of ste but bel ow t he

unpr 0é@ssed slightiebevegly exapply, tappraxistately &35 Bm abgve theswifaocdd coolingplats 9%r m 82,
carrying th%%%r;ﬁiﬁg@&r 'S f hel .f f
effector end 84, rot teé}g@Zt%&g]ro g\%g?{gfe?ﬂ%pn%%ggﬁ‘g ﬂz‘i% r?%t:ezsiota %smtlo'? ég??e
concent ri c \westhon dieectly abowve the dicst peeessedad afer Hhorcdovolikg platk 95 pCosling Platesds, Shown

in Figure 1 . uck Lift.pins .70 then drop t he "down"_ position,
al | owing t hg&}%i)hl’ s%%ﬁﬁglgggrsaé%o\%}ae amben mpﬁ?g“ﬁsa‘éoé’g‘ t%"r?’?%ﬁ@%mw&%@ “Shel f 87
of end eff edhanr7084€.in kppaakiraatkty6D serohdy, da@indviichimie Joadladkehamba 8l is vehied

| oadl (l)gk ch nbergﬁg, carrying both the first processed wafer A" on | ower
waf er > shel £° $7°H§™ he second unprocessed wafer B on upper wafer shelf 85,

as shown in Fi guie whé(8) loadbcklvéntidY diefep h ORUbAGK ! A fESatedlalVe 38 opehis Ot at ed
into its honme position, the first processed wafer A on | ower wafer shelf

87 is |ifted henobae elna lipms 26 pisethe ey prossssesavalenA o pmintermediatedaigt, 0BT 2003
WO 00/ 60414 which isbetween the cooling height and end effector 84 unloading height, as shown in Figure

16(h). The AFE robot 8 retrieves the first processed wafer A” from cooling plate lift pins
20 96 and places the first processed wafer A” back into wafer cassette 7, as shown in Figure
16(i).

20. With the front end gate valve 10 opened and loadlock chamber 80 at atmosphere,
a third unprocessed wafer C is loaded into the loadlock chamber, as shown in Figure 16(h)
and as described in step 13, and the suﬁsequent steps are repeated, as shown in Figures 16())-

25 ).

The method and apparatus of the present invention increases throughput of the
process chambers and of the entire processing system by a parallel processing architecture
in which each process chamber has its own dedicated loadlock chamber and dedicated wafer
transfer arm, and is serviced by a front end robot with a vertical range that enables vertical

30 stacking of two or more loadlock/process chamber assemblies. By stacking the chamber

assemblies and optimizing the overall layout, the footprint of the system can be minimized.



PCT/ USO0/ 07509 -24 by cooling plate lift pins 96 |located in wafer cooling
plate 95, which is positioned directly below and concentric with end

ef fector 84 when | oadl ock transfer arm82 is in its hone position, as
shown in Figure 16(f). Once the first processed wafer A is raisep B§T 2003
cooling plate lift pins 96, |oadlock transfer arm 82 rotates back into
process chahb&ysosd carrying the 5 second unprocessed waf BET/BSWMA70pper waf er
shelf 85 of end effector 84, as shown i-B-Figure 16(g). The second
unprocessed wafer B is now | oaded onto wafer chuck assenbly 60 in the sane
manner as dd4@Y{ipea singlegisgrngerag Or eash peocess ghahienincreaseSipgecess chapber. 18.

Concurrent whhotsth : j r Ais lowered pnto or
slightly abovteilgh?o% %Téplbwgetﬁéﬁﬁi %fp{a%g‘%%fﬁtsowﬁ%smﬁgs icf’?"& rsoﬁ"%cfﬁcgﬂ“ﬁg pl at e
lift pins 96vadr leadingiughtading Ging fogérch proatss ¢hamitfenll P@XRINY LduabpfeO¥hnsdre! Y
0.25 mm aboy he. surface of, cooling,plate 95 as shown . in Figqure 16(Q).
Loadl ock t ra sg%nérxn%¢?ﬁe%2ﬁ§o§gw ‘ffjr §%ht BrOFesE aé‘émga"c;}’i RyBmAng 3f"150§i tion
directy abdinghalobdib§limpbPaRErmeoudRiahsiarin®dh npRkEREl Wifdhid SRocR8! | Ng
plate 95, which may be liquid or air cooled to anbient tenperatures, cools

the processé&@fargsteen gspegive loadipgk amdpresessehapbars diravidiog ¢ c@ding platnmieachdur i ng
whi ch time hoafkraknehadPats | mosphere. . 19. Wwen the

| oadl ock venting of step 18_%“%%%?@%@?1’? étgsn‘%h%enﬁgraélgtogﬁl\?g?t{fngﬁesélﬂéns
cool i ng pl as¥stin by epibling g6olingi e remevdl iof procpset eafediongear infpardllel #ith

i nt er nedi at .Qht ne Awhich is between the cooling height and end

ef fector 84%02%5%&0?188%@?35%?‘, as shown in Figure 16(h). The AFE robot 8
retrid¥es the fiThfopgoing sesepidisf spicifi lefibb@ifi@his B8 e adsentlimvehtidl lhve 20 96
and places the first processed fer A" back into wafer cassette 7, as
shown in Fi GEPPreseried yor pupposeryofijilystration aiddessription Theyarg sotiitendsdrie e and

| oadl ock chaxhaasive@r @ limitRe Res L& i oaded
into the | oadl pcnk_ crant;ert_, _as sh%&mtoﬁ?lé%%‘g%rfgﬂﬁ%?%ﬁ&g’ﬁ?\&g%w ués;{rnlﬁgg

and

e din
step 13, an#odHisations audyasiationsiasnossible iy lighbofi thelaboxs tegthinga The efberdiments 160) -
25 (1). The .. nvention. i Ncreases
t hr ougﬁhput (ﬁdﬁg&nggg’gggg@%dﬁg% g?féo %@nﬁe gaﬁfﬁgE)glrl]{}?lrcseoﬁ)@%@é’?gloﬂdmgﬂ}gt em by
a par &l | el pragecabapiphicationchitheseblygnable otherskilidd ie eeharto best aslizzhRaiedntibas its

own dedi cat I h and dedj.cat.ed wafer. transfer arm and is
servi ced byglgd ‘fagon E%ebﬁgﬁ?eggr’gﬁ[hvﬁafj ﬁ“sa{n?f}éﬁctaf’%’ﬁlas F‘rﬁﬁ&'éedt"h’g'f PUHSBIESC A% ti cal
30 stacki ngtenipldtedd Inis imended thaetit aofé PHRCRASEIERBORINea 6P BB BlaindSapp&iiedt acki ng
t he chamber asser&bl i es and]egtgtimlzi nﬁct,he overal | |ayout, the Foot_pri nt of

the system B%{ﬁtob@ rﬁhﬁ]ir Rayival publications and patent applications cited in this
specification are herein incorporated by reference as if each individual publication or patent

20 application were specifically and individually indicated to be incorporated by reference.



31 OCT 2003 WO 00/ 60414 PCT/ US00107509 -25 Providing a single-axis transfer
arm for each process chanber increases process chanber throughput by
sinplifying the path of each wafer into the process chanmbers and reduci ng
waf er | oadi ngl unl oading tinme for each process chanber. Providing a

dual - V\@{_’ﬁ[gr Egm systemlncreaseszphroughput of each processj¢hidiogen by

mnim ‘5 | oadi ngl unl oadi ng tinme by sinmltaneously
transfierri nrgseancoudmnroﬁweﬁs;ﬁﬁbewaﬂfgeysteaf%r@nmgacessed waf er bet ween respective
| oadl ock and ess Pr ovi.di .n ate in oadl ock

further i ncalrnéiartms0 se??l?%"ﬁe'ﬁbu"ft ifguding 8 B egc@gé?%ﬁrﬁﬁsg%'ﬁn%%ﬁmbﬁmf t@”é fire
processi ng a aykitcbamisy lmdalb,l paih rrmbettl‘namgermmﬂuteemjmaﬂlg afplpiloy @f sedicallyfsaciedt 0

occur Slergw%{lgj),l\ﬁlfer %scﬁ gsm ng of other wafers. 10 The foregoing
descriptions of Ic e odlnents of the present invention have been

present ed faoﬁoaqé%kpfb%t@r @tovided sttt semicondvdtoti aafer piyedseahambeywhareln saigt robot

i nt endpagsf;rpmp@afe%{g@%tjdamgcwha,g&,g imt the invention to the precise forns
di scl osed, and obvi ously nodi fi cations and variations are possible in

li ght of tkf'ewaé%ér\?'és etré%f@f#qﬁgmﬁ%f%%%wmt%m%w@ dediensedrio sash regeesiveisEd i n

or der ﬁr&esta&;aim&x Pdr Adafsfériifl 1hE iwakek BE@SenOdaidt dagh IoRMEURt dh@beRRRM balich rekecte adaldr Cal
application o t hereby enable others skilled in the art to best utilize

the i MISHECHAPP LAY vari ous enbodi ments with various nodifications as are
suited to tWierepasdid wafealtramm Qﬂj’aratdsafmlllcﬁi @dduall-\f/aﬁrSsmgM e;ﬂde:dnsfdﬂaa‘rmtmmaagope

f th d et
eaqui vATHAEL MO o et FraPore i ST G e P EIEREAT PRt Bositon
speci fwleet it exterds éntd eaid procésm claner;, atd el single pebendnawuaghicl sad chnsfen dimv iptfotal

publ i r ion were specifically and individually
i ndi cg{’t%{é‘J %aﬂﬁgg?‘%‘gﬁdﬁggn‘?eggﬁ%ﬁ% eference. -26 WHAT IS CLAIMED IS: | . A

sem conduct or waf er processing system conprising: an atnospheric front end

unit ixncl udi %léncil{cfap'v?vaﬁpﬁo{e?sh@tsysfté&{ acEér@Hé&%ra%ngurﬁae&%m ﬁgﬁgjé'&%% YRS a
mul ti - chanber nodul e, said hanber dul e incl umgaplurallty of

verti chsmigal §%1%(€‘Réﬁten§éﬁﬁlhlﬁ&‘émﬁ‘icélﬁ t%a'fié’f’“f%'ﬁdtfé@@’e%%ﬂ?ém%m a | oadl ock
chanber provided for each sem conductor wafer process chanber wherein said
robot _ transfers the wafer into said | oadl ock ch ers; r trans[_er

ppar ak us. 1 BUTHEIPRoh LR Sk HAD B4 AR Capaeng & sk mt:
I espechinter meduis, said htBSambéadideles Jriefited hamadasikdyng t he waf er between said
each | oadl ock chanber and said respective wafer
4, A semiconductor wafer processing system according to claim 1 wherein said process chamber
comprises;
a chemical vapor deposition linear injector fixedly mounted within said process chamber;

a wafer chuck assembly for receiving the wafer from said transfer arm and translating the wafer past

said linear injector.

5. A semiconductor wafer system according to claim 1, wherein said transfer arm further includes a

lower wafer shelf and an upper wafer shelf.

6. A semiconductor wafer processing system according to claim 1, wherein each said loadlock chamber
further includes a cooling plate disposed below said transfer arm when said transfer arm is in said retracted

position.



process chanber, and wherein said wafer transport apparatus includes a

dual -wafer single axis transfer armpivotally nounted wthin | oadl ock
chanber, said transfer armhaving a retracted hone position, an extended
position where it extends into said process chanber, and a S|ng}F p'wﬁh
axi s about which said transfer arm pi-28ts between sald retractet thi
extended positions. 2. A sem conductor wafer processing systemaccording to

claimil fur;}]%{wo@l k4l Ggasﬁ@HMrdﬂ{gqgglﬁﬁn 6, WhERInGal cgaing\sr%fewumés;nmes

suppl yi ng chem ca to sai luralit sai d process chanbers.

sem corrigelitnef IWmI@rfordrfwegégwﬁgr fgrylged@m agd wyeading glemfee PP §31¢ URPSH wﬁ%rrshe‘f and
conpr igidvelvateedat two nmulti- chanber nodul es, said nmulti-chanber nodul es
oriented in a linear array. 4. A sem conductor wafer processing system
according to claiml wherein said process chanber conprises: a chem cal
vapor gleposa tdnGbntuche aafek Bioeﬁilﬁg’ syfstizm achoyirngu olakd | vw:ielrairneaslaisaﬁh pocsesamber

O o S BRI 5 G5 Vi Bkl Bl s o

sem cowidhitcsaidrprosess etianbyist em according to claim 1, wher ein said transfer arm
further includes a |ower wafer shelf and an upper wafer shelf. 6. A

sem conduct or waf er processing systemaccording to claim1, wherein each
sai d |®Dadl ok kendtvadizgr wafen ptobessing sstenderdingioslam§ wikminesaidi wikysberkireseoblysai d
transf%%?asrfgv\hen said transfer armis in said retracted position. - 2 7
310 03 7. A sem conductor processing system according to claim§6,
wher ei n sai atheeselampipgshréace for sacuringra wafes osaid svafenchyekierd ity of [ift pins for

lifting the %\ﬁ oﬁmp% Q?ﬂfa%oﬁﬂ?th@%ﬂ%@tm n 5dREu NSk Odrm GRS QidSRinthirgRBX@ke Waf er

shel f and sal ovver 8. A sem conductor wafer processing
system according to claim1, wherein each said process chanmber further

conpriges ay Wﬁﬁd@f&'%fe@%ﬁﬁéﬁghg' sys@ a'é@@cﬂﬂlg}/tbf%ﬂurﬁ Bawﬂéﬁfrﬁsfaldf d’/ﬂéﬂoﬁ@dkdsiemmﬂsf er
arm and hol di ng the wafer rocess chanber m conduct or

waf er PMBEES @i &%%‘P'éﬁ‘ﬁ“a@%‘?frﬁ’irﬁ'@m?"’é‘“%l i YT %ﬂ%er‘”élanlo%daf’?f“\%fag A HefER"e
assenblayitioonpri ses: a chuck cl anpi ng surface for securing a wafer to said
waf er chuck; and a plurality of lift pins for transporting the wafer

bet ween said transfer armand said cl anpi ng surface. 10. A sem conductor
waf er pr 0C e SdniighnBiksdr wafeapmmsﬂigrsgstérma@bmingm&laim a0 Girthersaingrisirgf aashudkagekably

assenb ustor @g}gdr LB(FS% F{]t(aﬂb ﬁgl algl ﬁe{ggtn&lsaaf& ch%tr‘]( ElSSCﬁl%E’ rglgtfvettg &I&%&Eés’&%’ib@? waf er

bet weeeﬁj roce

12. A semiconductor wafer processing system according to claim 10 comprising three chuck assembly

adjustors for adjusting pitch, roll, and height of said chuck assembly relative to said process chamber.

13. A semiconductor wafer processing system comprising: a removable wafer load cassette;

an atmospheric-pressure front end unit including a front end robot for transporting a semiconductor
wafer;

a plurality of semiconductor wafer process chambers, each said semiconductor wafer process chamber
including

a wafer chuck assembly for translating the wafer within said process chamber, said wafer chuck
assembly having a chuck clamping surface for securing a wafer to said wafer chuck,

a plurality of lift pins for transporting the wafer between said transfer arm and said clamping surface,

and

a chuck translation frame for translating the wafer between a load position and a processing position;

a multi-chamber module, said multi-chamber module including two or more said semiconductor wafer

process chambers in a vertically-stacked orientation;

a loadlock chamber provided for each semiconductor wafer process chamber including



position. 11. A sem conductor wafer processing systemaccording to claim10
further conprising a chuck assenbly adjustor for adjusting pitch, roll,
and hei ght of said chuck assenbly relative to said process chanber. 12. A
sem conduct or waf er processing system.according to claim10 corrprr si.ng

three chuck assenbly adjustors for ac?jgustl ng pitch, roll, and heﬂdjhtT a(gﬂ
said chuck assenbly relative to said process chanber. 13. A sem conduct or
waf er pr oc easﬂhlngafay&glemue omsfe'r a'hﬂﬂaptﬂl t6 m\aad)ira&lsfbﬁsfeﬁrﬁcoh@ﬂﬁr @aleis ktivesn saib

at nos ssu front i ncl.ud d.robot for
£ anporieekaRuBE3H Sid bbb ARl brosBE PR h T B Rr Bpr
process chainveatly moea@d”uwslan cai¢ da:miloazkrmmoban rabtwafslegle pivatcass sah@avisier armi hagingidi ng
2h2’arr{)gr§tra%§g ?Q“ﬂé@ﬁ@p% du%ﬁéxténﬁ?c{‘%%ﬁ ﬁgevré ﬂ%xtﬁ@%ﬁ%to ‘é@u& B}o@es§ %ﬁa‘%b@{, f%gagrglﬁ said
secur |smgleam\%¢xéra"o\bs sgiditegnsfexfaen tomﬁmt:lr@twean ﬁﬂlctneaacre:iymtﬁxtelnﬂefdtpopﬁm ahdr

transpor ti nGobikg phie ddpold8 b¥IER SaidfdnSied IR WhHERLaiPivB s HAaf r&l‘a@t@@btﬁgloﬁ ‘éﬁlﬁ ace,
and a chuck translation franme for translating the wafer between a | o

posi t i 8ingmifcanflyairgcsRipiatfy gHYR ping For transperiing the Waliwts detwienauidecooling Ripte and sald
mul ti -yehasiags. nmodul e i ncluding two or nore said sem conductor wafer
process chanbers in a vertically-stacked orientation: a |oadl ock chanber
provi ded for each sem conductor wafer process chanber including 3 2 d T
2~ 3 1a dual sewad‘oﬁcluc&{tﬂ@eepraaéi;s&pﬁaraaﬁs&f:ﬁpnsargm adapt ed to carry and transfer
sem conducto waf ers veen sal %glrli ock ¢

% {e a| ds ghr’\duct or
neter o ocadlaltE e RSATERE 38 pae R 59 KX P BURRE s BforBihet R SPUS Sl 1
nount dohdisckt biambaradnd al seadtboduktoc afabpoceahdiambe) gl eanpievat laxing 2 saiolithicraamsf er

arm hga‘{‘}o:&ﬂ %om{te%gbﬁmﬁqts%% 1&9[5% %béraﬁ’ t?ﬁ%}&ﬁm‘? ignded position where it

exten nt 0 sai rocess ere sal 'singl e pivot axis allows
said tr ansf‘vdwerearsmdttl@nsrﬁﬂr\am is béﬁmémasaﬂtdearstéw aefesdinuianeoydetethendn pribloadiasks,

and a ( Memgsghgltogesgaﬁagéed bel ow said transfer arm when said pivot armis
in sal retracted position, said cooling plate including a plurality of

lift pins for transporting the wafers between said cooling plate and said

transfgr armen%nmém%&mepﬁéuésgcabp&atm&%rau@ﬁ@a%ﬁ A2RRA AL RS ARG idlathg; @
dual -waf er single-axis transfer arm adapted.to carr%; and transfer

seni conductiqoetrigddioge positigr ppdgan rxrfaeﬁdomimemmbrh S transdes Bime SRS P SHAT er

Pr oCestoce dhdier, where shid 3Gl Pivobdnie ANaw: B PanbfenN@ni tb Pivet BetwBen pdid Btradtddyand
nount ed thin said | oadl ock chanber about a single pivot axis; wherein

sai d tEALH BPSTOPHANG adapted to carry at |east two wafers si mul t aneous! y
bet ween saiatobling@Glacalksposeth dsthe saiduhalsBredrd wherosaidpévocdraribiarsaid retracted position.

16. A semiconductor processing system according to claim 15 wherein said cooling plate further

comprises a plurality of lift pins for transporting the wafers between said cooling plate and said transfer arm.

17. A semiconductor wafer process apparatus according to claim 14 wherein said transfer arm further
comprises a lower wafer shelf for carrying a processed wafer and an upper wafer shelf for carrying an

unprocessed wafer.

18. A semiconductor processing system according to Claim 14 wherein said transfer arm is adopted to

simultaneously carry one unprocessed wafer and one processed wafer.

19, A method of semiconductor wafer processing comprising the steps of:

providing a multi-chamber module including a plurality of vertically-stacked semiconductor wafer
process chambers;

providing a loadlock chamber for each of the vertically-stacked semiconductor wafer process

chambers, wherein each loadlock chamber having a transfer arm including an vpper wafer shelf for carrying



|

15. A seniconductor wafer process apparatus according to claim 14, said
transfer armfurther including: a retracted hone position and an extended
position in which said transfer armextends into said process chanber,
wherein said single pivot axis all ows aal d transfer armto pivot ?e @n
said retracted and extended positi ong and a cooling plate di spa e& Hel ow
said transfer armwhen said pivot armis in said retracted position. 16. A
sem conguesst wpiesaadslowgr waferskal forccenying processed cladirsm b8 whesasligondatad ool ng
pl at e fdtedshpimpeconprises a plurality of lift pins for transportl ng the

waf er s between said cooling plate and said transfer arm 17

seni conductsBuigrsresly grstade & prsssdusaieicadrai wgrocessed) Wt hﬂwmeﬁa@ lgadiogk d

t r ansfasmirr Mdfshil tda@kctiveGodtssich@®ea | ower wafer shelf for carrying a
processed wafer and an upper wafer shelf for carrying an unprocessed

waf er ond ct.or cessing s em accor.di to d ai 14 wherein
o 1Pans e o RN o Ra? BRE T e PGS hORks e Do sttt or
and one pr ceasaing swafle:{dlocllaham!oenphdirad sbiﬁultsmual;ondmfetrmg avpoedssep nade sail ng
conprisin %Q%af%{ eeP»§e Laid ?(c'kgflanﬁ)eraangyadé]lér%c%ps ,odul e including a

ac

pl ural’i vertica y S sem con or wa er process chanbers;
prOV|d|ng a | oadl ock chanber for each of the vertically-stacked

sem C%duct@rnem@éef QGG Ror \eﬂ@gh%s g\rr!?:srdﬁ?n?ga&w%ﬁk&%ug&armﬁa.n ev' ng

a transfer arminc Ing an u r carrying -29 3
3 unpreeelnsplas bﬁ!ﬁ?félrestraaﬁeraanrva usa'@\m@?ckwerbrr rae#mehqdrfyrthrgcqweeesed vvaf er s,

and a sem GRRHMHEADRIAWRIEE waRt RER S8d BRAWRRS: shefitiibid RB@RYHy transferring a
processed wafer and an unprocessed wafer between said |oadl ock chanber and

sai d respective process chanber. 20. A nethod of sem conductor wafer
proces3i ng AmehsdifB¢miténhdGdtéiwirel Protaddiiid weEordiai ciatn Tigfuithee c@hpeiding; evacuat i ng

sai d | oadl ock chanbe rior |nult neousl sferrln rocessed
nator ong dRnuRBRERal ubfied Pl Tl BE Bt ShF B lgFK Bhofvg 18 goid
pr ocegsocehamoerr; 21. A net hod of sem conduct or waf er pr ocessi ng accor di ng

to claimilg, {.é;é‘aiﬁ ﬁ.@ﬁdcbkge%ﬁ%zﬁ&%}nﬂagﬂ upe h\gzgé}fs'h B Bher %Lr?)é\{oﬁﬂe% ih's@gst er

armwithin sal sal UF t her conpri si
transfsermcondgcterewa(ﬂerplrambetss waf er from said | oner wafer shel f to sal d cooling

plate. 22. ténsrmllhg Qild Hfat %ﬂh&oﬁ’cﬁﬁ’ gtrgtfacﬁé@f §itidA!l P&Pa %haﬂcﬁ'%&fr cheﬁgltlpﬁ) uﬁéc?dr m 21

further conprising; transporting sald unprocessed waf er on sal d uppér wafer
shel f upid dhpaifl paTHEANERCIOr AvaieripEIcess Ghamber to A eended BosKiopehereby A SmMBoFessed

sai d Ughar @GRseReh RfhgFockh@IMa3al d upper wafer shelf to a wafer chuck nmounted
in said
23, A method of semiconductor wafer processing according to claim 19 further comprising the steps prior
to the simultaneously transferring step:
receiving a first unprocessed wafer on the transfer arm;
transferring said first unprocessed wafer to said process chamber;
concurrently processing said first unprocessed wafer into a first processed wafer and

receiving a second unprocessed wafer on the transfer arm; and



sem conduct or wafer chanber, translating said wafer chuck froma retracted
position, past a chem cal vapor deposition injector nounted in said

sem conduct or waf er process chanber, to an extended position, whereby an
unprocessed wafer is processed into a processed wafer. 23. A net t]o 10%,"
sem conduct or waf er processing accor di3Hg to claim19 further conﬁri 'n@ftq he
steps prior to the sinultaneously transferring step: receiving a first

unpr ocess edetviefirey saidirdt h@cdssed vaifee by atdtansférraan s/hide Holdig: saidisebofid dirptocestgaragessed
waf er oggaﬁgganeg)gr%g_ess chanber; concurrently processing said first
unprocessed warer into a first processed wafer and receiving a second
unprocessed wafer on the transfer arm and -30- 31 OCT 2033 retrieving said
first qaroc fer: i . Whi .di ng said second

unpr ocjg'ssegﬁagg%&rﬁS%%lcﬁlg?%&t\%ge%é?%?;l%c%%g%@%Sﬁe@? ﬁ{')d of sem conduct or

waf er pr oc@E¥iding aactpasPlerip fortisad yrikipgdudite Hireny erdi rebpt 491 tanspedipt @ ssndcdndusier end
uni t i vaggdr Ul inRti-ghahb@NiodMd ik RERE af ?lﬁrafit afFSRAKAIyMhcRdSRISANYYE Wafer pPREST, a
mul ti - chanber d l‘ﬁ including a plurality of vertically-stacked

seni ¢ ot ogilrae PrR5E B8 gach semipAmancior water BaefsheRMEtHeg @rwafes trarsies ppparatus

sem Caockdet 104diovR kpimber, 048 $5id CaaBdkeham N BhddeaybodaRIl wfdr AARIE lapRRHDR dodibbEed th @T
each | oadl.ock chanber, each said |oadl ock chanber and eacﬁ sai d wafer
transf"ésPeCé{ﬁep‘é?f%ftpﬂoé:esaél&q"ﬁ’ﬁ?ed to a respective wafer process chanber;

t ransport i ngnspoitiag e wafee batean ssidiathosiheiis fidne EndCuriitrand bneestdaid Mdatiloeinchambes oib
said | gadlock chanbers via said robot; and simultaneously transferring a
processe and ‘an unprocessed wafer between said one | oadl ock chanber and a
respect i ve sivaftercombocesferrioha ploeassed pwd apainptosgeske wafer etveskr saichgs dradlockschailer A
sem copgURLRLALRE pBLACHIRbA i SUT hEM FARR bR a removable wafer | oad
cassette; an atnospheric-pressure front en nit including a front end
robot for transporting a sem conductor wafer; a plurality of sem conductor
waf er ﬁroc%§m@gmgf§afemssﬁ,?isgt%§ aduct or wafer process chanber

i ncluding a wafer chuck assenbly for translating the wafer within said
process chdffevablewpfgr lgacassettsshuck assenbly having a chuck cl anpi ng surface

for securing afinosfteRt-ple@u ot afualt ifthidialk a fRnidndrétot foy t@ispbrtihgd a BdniSonf@for
transporting the wafer between said transfer armand said cl anping

sur f ad®®rand
a plurality of semiconductor wafer process chambers, each said semiconductor wafer process chamber
including

a wafer chuck assembly for translating the wafer within said process chamber, said wafer
chuck assembly having a chuck clamping surface for securing a wafer to said wafer chuck,

a plurality of lift pins for transporting the wafer between said transfer arm and said clamping
surface, and

a chuck translation frame for translating the wafer between a load position and a processing
position;
a multi-chamber module, said multi-chamber module including two or more said semiconductor wafer

process chambers in a vertically-stacked orientation;

a loadlock chamber provided for each semiconductor wafer process chamber



a chuck translation frame for translating the wafer between a | oad position
and a processing position; a nulti-chanber nodule, said nmulti-chanber

nodul e including two or nore said sem conductor wafer process chanbers in
a vertically-stacked orientation; a I_%Tc_il ock chanber provided for each

sem conductigdiudpygf er process chanber
dual -waf er single-axis transfer armadapted to carry and transfer
seni conduct or we¥ $akwalpfetipgleiids ranger erayrdeRd Eneatyend diaesta sewicerdypteroneferst or

waf er procesveeh s Radlokadhdmbdr ARG bBH sehfiEBnd kY Iwatkr rdvBe Qhintdat, gaiartmld@ér\?% ally
axl s, sal

mount ed wi thi.n sai d ] adl ock amber ;about a . single pivo s .
anst or oGS ARG drr Hedl e SOBFora Rtk ks b S issaet Bt
where it exhiemasfdr athassmpd retpctatieft potiddiiaad an seadal positai whesd inglteadPintéQLid axi s
al | ows sai ran armto pivot between said .retracted, and extended
positions, %5&8[5%5%{%%% | ETET 53 SQBE SUSE & &I BN i ttﬁanfl&éﬂgrf & PPIRANHER S8 g
pi vot ar m irgractad argliegtendet pesittoesd andposi ti on, said cooling plate including a
plurality of Iift.pi s i S . id. ..C i.ng
Dl ate and sai d (rauiopi shd-BORRGY khd Gkl PRl ChYE Sy 301 pig BT

t he simul t #A8EWssAG epelingplaty inglupise pehurabipynad diftpjnsforstrangploging wieswaferga basween seidsf er
arm capabl oflfng BlaRR\ahdliaMhrAtFeriXh ended position and a honme position. 27. The
met hod according to claim24 wherein the sinmultaneous transferring is
performed by a single-axis wafer transfer arm capabl e of providing an

ext ended pak temod &B6tdiag RaIEm PO Shérkif the simultaneous transferring is performed by a single-axis

wafer transfer arm capable of providing an extended position and a home position.

including 3 1 CICT 23317 %

LU

27. The method according to claim 24 wherein the simultaneous transferring is performed by a single-axis

wafer transfer arm capable of providing an extended position and a home position.





