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This-invention relates to the | oading and unl oadi ng of wafer processing 5
machi nes and particularly to transferring substrates from batches of |arge .
sem conduct or substrates between atnospheric pressure and hi gh vacuum

envi ronnent s. Background of the Invention: The
vacuum processi ng of sem conductor wafers requires the |oading and 10

unl oadi ng of wafers into and from wafer processing equi pnent in a nmanner

t hat does not cause adverse atnospheric contam nation of the high
vacuum envi ronment or wafers within the processing apparatus. In
addition, in order to maxi m ze wafer throughput, it is desirable to
mnimze the time it takes for a typi cal | oading or unl oading
sequence to be carried out. Furthernore, as wafer 15 Ssizes continue to
increase, as with the current trend from 150 mm and 200 nm di anet er

wafers to 300 nmm di aneter wafers, it beconmes increasingly nore

difficult to sinultaneously satisfy both contam nation and throughput

requi rements, resulting in a conprom se solution that is often far from
ideal . Still further, as the wafer value increases, such as in the

| ater stages MULTIPLESSINGLEWAFERLOADLOCKWARERBROOSSSIAG Waf er s t hat
contain nore ASHARATES mb'LeADINGEAN umo&@lﬂé%&?ﬁbﬁﬁggéﬁ posure

to financial |oss due to wafer damage from an ure
i ncreases, forcing rell Lt rerrets onthe waf er

h
transfer apparat usTnlsqn\%ntlon reia esﬂﬁ’%ﬁi%qu gn f“"ﬂcP?ed"BQ Phwaggn processing
sem conguct or msghffesV 854 WErBEREAY SbNParst rring 3 %Mﬁgﬁﬁﬁscﬁéﬁwe%{c%e%noﬁfrge

utilize what 1s referred to as a Vacuum
semiconductor substrates between atmospheric pressure and high vacuum

environments.

Backaround of the Invention:
The vacuum processing of semiconductor wafers requires the loading and
10 unloading of warfers into and from wafer processing equipment in a manner that
does not cause adverse atmospheric contamination of the high vacuum
environment or wafers within the processing apparatus. In addition, in order to
maximize wafer throughput, it is desirable to minimize the time it takes for a
typical loading or unloading sequence to be carried out. Furthermore, as wafer
15 sizes continue to increase, as with the current trend from 150 mm and 200 mm
diameter wafers to 300 mm diameter wafers, it becomes increasingly more
difficult to simultaneously satisfy both contamination and throughput
requirements, resulting in a compromise solution that is often far from ideal. Still
further, as the wafer value increases, such as in the later stages of processing
20 and with increasingly larger wafers that contain more devices as well as more
complex devices, the exposure to financial loss due to wafer damage from an
apparatus failure increases, forcing higher reliability requirements on the wafer
transfer apparatus.
The majority of the prior art semiconductor wafer vacuum processing
25 systems currently in use utilize what is referred to as a Vacuum Cassette




El evdator (VCE) for wafer sizes up to 200 mm An exanple of a VCE-equi pped
priof art Waffyssp@cessi ng system 10 is diagrammatical ly il |pgaiwssbosk7n

Fi gé( 1. The system 10 includes jat | east one VCE 11 which consists
of | oadl ock chanber 12 that c¢an be punped to high vacuum an

el evat or ass ly, 1 | gcat ed w t.hi chanber 12..a nt door, 14 -
fo? operatore@gﬁ%@ﬁ\/@a BQJd'V%%BS'Z S up 10%9%&11 gﬁﬁégppfﬂ Qfﬂ,y ’etgé‘%oe%qe 15
when the cha | ' ia di ; ik tesqakve
ool at od | nt aRTOLCAT wafertygbRang Kslem 10 ip claq RiTRidtically iRiMrated 1 FIUPHTT
waf er transfeTheagetetn 10 nefudesda ledistlone VCENST avtitiheonsisty of tahyarliock
t‘hrough when the chanmber 12 is at a high vacuum 10 Typi cal
operation of ehambeed2ithgt appheapusiped tohighi wvchase @roalevatorigssembly 13 of

a VCE 1] procgeds w th an operator,openi th oor 14 of the V 1 and

pl aci ng”a nevJoEaieQe‘?"%@n%@eﬁ aWﬁPEPg' %gmg«ﬂ%%%?ﬂﬁp@r@ﬁ%@gp%s fs.oa%h@"%oor
14 S I - VHERR ki :h Shes
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arrive at a gpressurk5and a slitvalverisolated interfaceport 11§ thetneoralecys theoyGE 1@l to
t he volune of the VCE 11 and to the exposed i nner surface area of
the VCE 11 an8o®f ferrechwaler tandec@reeientafor individuatly iasiernng wafernsdhere

sort 5 e LS Sl SRS BB 19 Sonhe, v
per m ttjpng access Twibﬂ%f\é%ohloftyp@c_égﬁﬂg aDpardils 10 thBeisWaised dd Bsaest 20

modul e 17. The el evator 13 then positions the cassette 15 for access of the
transfer arm tbaMEER1 tpriceeds withan aeratprigpendgsthet daor 1% of the VOB dt1i and
transfer .arm 19 then extends .intp the VCE 11 throu e glit,yalve
port 16, capt RIASGHpew cassette 3%5‘?%’{%%@&?%\8? i?p %h&n%le\'%tpr ggt Tjh?aé‘Ro‘i ?%o
the transport; e i N pLe o | y ; r 18
o an appr opr ey assed " folwed byPsr PG SecRonES MER eBietiRetCof! oo
are per f or ned appropeiete vazuum lebehiatrer ¥CRel hgThe pumping titnertoeairive ah acgiseet t e
15 and the step of punping the VCE 1 1 to vacuum bein repl aced by
the ste of v¥ACHHY pfe«ﬁéuvdevqlllsss%r@%emnal‘jm the vo%me of the'f\ﬁggpwi E’r‘gart
apparatus 10 i r ' fer
cassettes of otnr%aé;(gg%%gﬁ?‘%g&é@&g?%g oaggegc}yeﬁo‘l\\;\ﬁ/ﬁ ,éfqh%rw%feﬁsupwgecrgﬁ%n% of

reasons, sen gesreint Whegereeppropridte 0(/CE yasuwhdevd] s tdutheddtnesigoativlg slite
waf er processin? equi pnent prefer, and are in the process of establishing a

st gngar d for, vaMeypertott hetweer dhei €EEt hhtand trapspeit gihamkaiuid derpRaNs e
"V ustrated | RepmIRG 48sS b BVICELE IS bof B MEIh S WepElafSpb, o

hori zonfeal Walh@scdBEPIRT ThEGiéwtbs 13%hébbitions the casdeMe01s st &@ddlssadf tRE.
typically at thirteen or twenty five qually spaced |l evels. The 5

carrier 25 hasrapsferam 9o aziesiedovales 180n ine cgsastiestl dbeirngotititransfer

e omens. *am 10 men SRGEAARATHEET, Pl 88 e hetiod i e
conpati bl e a”%o%ﬂi&n@ﬂ”%a%} 18 and retfeR$S Bdck MioCRRS HahSpSHeHRidiie YRIiars
nmust be transferred at atnospheric pressure fromthe carrier 25

and into the pa¢parafioriosdelivegy of theowafar 18 tosan gpproprigter priogess modwe 20neft hod
contenplated iih the prjor t ranster

carrier?25 intlde ﬁ%@é@@?nﬁfggﬁégﬁ%@%ﬁ@npﬁgoﬁ%ﬁquiEez"%ﬁs%fWiﬁi’ &afé{sot%i%ge
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replaced by the step of venting the VCE 11 to atmosphere.
The prior art apparatus 10 of Fig. 1 can be used for 300 mm wafers if
open wafer cassettes of comparable size are also used. However, for a number
30 of reasons, semiconductor device manufacturers who are the end users of the

wafer processing equipment prefer, and are in the process of establishing a



wafers into a |large VCE 11, one woul d have to devise a nethod for quickly
movi ng wafers fromthe carrier 25 into the VCE 11. A single wafer serial

transfer 15w og/599a8" 0ach adds significant time to the | oadi ngpphgedHadi ng
cycles, and is therefore umdesirable. A nmultiple wafer

si mul t aneous transfer approach has been denonstrated in which

waf ers ar gtandanbior d §peiof ware cafridrteathshettagh Ua jer 25
to the VCE 11. Such gﬁpar alfel transfer agggl?)acwnn%compaﬂb‘é%e%é

present s notused removahie caseetier! SdSuakea darrier @5ds sliusgtated inFigredht Thei | ur e,

whi ch 20 §§c M preferablﬂ\: av |ded Al'so, the l|ikelihood of
mechani caCRIFier ZRJACiigesra vertical array Mzawéfebsuapoﬁmsrraﬂaaﬁ buiit ﬁé

vl o wholtaFLeAREt 26 skl fﬁﬁ%ﬂﬁ%ﬂ&ﬁé{&wmg@% |lt.Lhs !

par t5| cul a8t EsHA At d?ﬂd%?bgagﬁ '1§néﬁﬂél!¥et gseavuhﬁn a%ésﬁ%foned to’

hol d waf ers t at are nmin r or pump- down

and/ or vewafersr28 Bétween different piecesaf procedsing équip merliakl ng t he | oadl ock
cycle a throughput limting factor in the operation of the

processi ng app&inRgeidhe ﬁ"ﬁn%@rﬁ@@é high veewwrs epsmpatible and containst hoa

ot mospher PRSEORE 2 FERiay slEvalns WERRGS Bist e, rarsistred, 5 iicsahare

cont am ”agi'é’é‘sd?é fidif tHeTcaFrigt 29 ahb- mﬁ:othe wafer process‘ﬂ“é réqhﬁfrﬁ@r'std] FHEL €7

waf ers, rge high vacuum punps are necessa punp”t he~l ar ge

VCH® t hat strmghtdogmrdwaém contemplatedircthe @eamwnﬁtrahefer wafers 28
4 difficuylt io mechani cally isolate fromthe VCEs, and as a result such

punps hav&Om the,aamie; 4%inte 5ﬁ%¢ﬁ5§'ﬂ9 BP%@FBBJ%S'#Q?\ e aaghine 18 ofcBig. chuse

Pel i evea Vet UpSERGERGRRRe R dnRis 2 of arifel iiRet bufveinggix " 11 '
contri but qafersiimto RCPGE SYEE AT BheGould FHM% aé\hée gf m@ﬁ{dd f“dr\e}@n%@gmogpper

wafers to |l ower wafers. Vibration can al so cause wafers
t hei r posmavingwafiers fromthe catries 25amtd the VEE tut Asmglmwatmssernaotransmssar y

f Kk h f. P 0756316 di scl f
or ddbsc nagab%aémgetggaa?ﬁmﬁ@%ptm? piths !eac'?psmcfymdhéﬁﬁégé gamﬁa&ﬂum
transf er Hibdirabl . ATURpIGMIH S IRARL L BENSRERRRREELS nalr Ot end

vmthawaer carrler oaln/un adn a wafrer and a

plurali tybeénsierrginstmaédem wthlohd\baieﬂs ax‘eardrwfa'red fhenavaf two bawfr@fsefforﬁlew ce
transfers  wafers in two verticall g/ di spl aced horizontal planes. A wafer
i s nmoved fh’%rﬁaﬂ'@r fzﬁrt@tthﬁovcgom al haﬁé’&*’@'&' teansfer approach, however,

presents risk of multiple wafer damage due to a single equipment failure, which

20 is a risk preferably avoided. Also, the likelihood of mechanically touching of the

’ back side of a wafer that is positioned over another unprocessed wafer, which

is difficult to avoid when wafers are transferred simultaneously, poses potential

particulate contammatzon problems. In addition, with a VCE dimensioned to hold

wafers that are 300 mm in diameter or larger, VCE pump-down and/or vent time

25 can be unacceptably long, making the loadlock cycle a throughput limiting factor

in the operation of the processing apparatus. To compensate for these delays

with 2 compromise of pump-down or vent time can result in an increase in

atmospheric contamination of the transfer chamber or in particulate
contamination on the wafer or both.

30 With large diameter wafers, large high vacuum pumps are necessary to

pump the large VCEs that the larger wafers require. Such large pumps are
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secoéd hori zontal plane of the transfer armusing a lift whilst remainjng
I n tshe | oadl ock, and is then renoved horizontally fromthe }@ﬁ?&ﬁ;& Hnto
theft r ansf e WQ A | Accordi ngly, there renains a nee or [oading
and/ unl oadi ng wafers into and from waf e#4-processi ng equi prent froma

norj- VCE carrier in a manner that does not cause adverse atnospheric

cont ani nat i ondficuitite Mdcanicaliy isole fOMNERVCER ant 28 PassutaUchtRimps have
contam nation of wafers within the processing aEpar atus, and that does not

liimi t wafer tBtendgneytto yansmi vidqatignsdathe Ve thetican cguse particlasdge fall froe er
waf ers, h th 300 di.amet e \ ' t i '
e BamaTar Rl SR v B Bl S B s BRleVad I b L 8581 0
Fai Ture whi chquomlfotidf GFeldVaR518"in VEIE SN d1Sd coRABLIIBEIH Micteadd RbRRRMH-ON 4a

t he waf er trans?er appar at us.

Summary sf t hindureerfall @fi particles froirt upperavafersier lpwebjvefdrs v &ilsriatibh capraisent
I nvention to elimnate the need for | ar%e vacuum cassette el evator nodul es
i n sem conducCausawrEas i sere suhef thalk PREHess imtherassetiss andite besoutiafither

obj ective of Lprese [ nvent i { | gl L y reduce the tinme
required for Epﬂg'tg)ﬁ‘rf%c%s Wﬁ&kiﬁ%ﬂf’f’ggﬂﬁﬁ gg@{’%gg@%l n sem conduct or wafer
processi ng machi nepccafhdipthéreueriains 4 AeBs g EBEdingRd GRbadHARRR Mo
t hroughput limting factor. It 1s a further “objective o0f, the
present i nventandrirdm waést precessingy eqdippent froot anencDE aarmert in@mannehthat
transfer of wafers into and out of grq%%ﬁés_l ng nmachines. _In particular,

olbj ectilfes of 088 BPE&?H?e! ROAEP fte Qfga@m%oﬁapf dhe or'GRoyaFHHM
elevators as %ﬁroﬁ‘nérﬁeor‘(h?ﬁﬁi&?ﬁ%sméﬁrﬁaqﬁoh%rmwwwﬁ té\%%@éssi

. n
particle contamnation pro fon in siZze 0 vacutm Burrps

and in the vi pphtatos direl thet cmmmmmaﬁéfammrwgﬂ?hh@ftaef@hdi@ﬁmnq:ﬁartib@aﬁ?ed
to use large highhlvacuum punps Is a turther objective of the

. . nps. | t .
present i nventWithlargegtiavetrs walfgro seigh\ast bpse od S89dnmdiametemer largesugngut |,

Pl i £1cat i on WihoflBdrea8hE AR riak of Bhehsial BE5 A BYe MiNES e St Gt T
reduce {fie pogH Ebb??étu@ffaﬂuh@ WhicH v @B SforsedhigPad rifdthiit) a8 0Ir8@edts to be

throughput limter for a wafer processing apparatus. An addi ti onal
obj ective of tpiacen esdnme waferdransier apparstusl i ni nate the need for

si mul t aneous g gar al | s! wzifer Ean_dl ing, and particularly to thereby reduce
the risk of d ' n ers and the probability of particles
failing on wafers. g; : AW | £61 ; | | S
to provide that watlte'rs at%rr[r(%g hpﬁtét'gg Ogmwaﬁeelrs ggtr @ggé@ng%ﬁ@ﬁ‘%ﬁée@égﬁ%%?%r

| npact ed by wdéete caclumgaagssdite elevator modules in semiconductor wafer processing

20 - machines and processes. It is further objective of the present invention to
significantly reduce the time required for the pumping and venting of loadlocks
in semiconductor wafer processing machines, and particularly to prevent
loadliocks from being a throughput limiting factor.

It is a further objective of the present invention to reduce or avoid

25 particulate contamination in the transfer of wafers into and out of processing
machines. In particular, objectives of the present invention include the
elimination of moving elevators as well as the vibration associated therewith that
causes particle contamination problems, the reduction in size of high vacuum
pumps and in the vibration due to pump operation, and the avoidance of the

30 need to use large high vacuum pumps.
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al i gnment . The present invention provides a high vacuum
processing apparatus conprising a plurality of vacuum progggaisagieghanbers
havi ng a 8’(6955)’?9%? ein for loading and unloading wafers individually

t her et hrough, the ports of each of thg.processing chanbers lying in a
common first horizontal plane, a high vacuum transfer chanber having a

plurality of portgid i | ' It HVieRtioR! imBRSBE abl e
with the ports of ﬁt‘ élﬁg?joécre%s in\éé%@%ﬁ?ésé,rﬁ an g?ﬁé@gﬁ%\ﬁ‘?glrpgont en%ﬂghravi ng

at | east oneprowessieg mackiderthraugtipul |paaticuiariyl fmrsmailt batehss of wafets, suchf
which is vertically spaced fromat |east a portion of the high vacuum
transfer chafBdhosa yieg: duing wafes aHgificaligner t is ehareiular objestive afdbr

havi ng a hor| I |.e i s el e e _hi.gh_vacuum
transfer chah%%g&dh%e@w@ gi Fn%%“bc%gﬁ c&%rs?)ﬂﬁ{y _eéw@t,htée%ﬁg Ir\]@a%"f EQEQ‘QFQFQ%% _
havi ng sa YaCbéﬁbﬁﬁﬁbﬁ‘a%r@ﬁphﬁuﬁlﬁhi@éﬁfbvQ'Wafépérdc'e%iﬁ | ppdegiugeen the opening
and the high vacuum transter chanber and an atnospheric side closure

sel ectivel y posi t iAonadditiondletbjeativetdidhe pessang invemtiohds & etimjriate itive heeat

end, the clgsures when so positioned formng a, loadl ock chanber
t her ebet ween fOR HiBUABERAKS ST 8?"%'& wa %mrﬁ{@ﬂg’sﬁrﬁ PBRiIcH. r@do thereby reduce

the risk of damage to multiple wafers and the probability of particles failing on
wafers.

10 A specific objective of the present invention is to provide that wafer
throughput of a wafer processing machine is not impacted by wafer cooling and
alignment.

According to the principles of the present invention, a wafer processing
cluster tool is provided having a transfer or transport module with a high vacuum

15 transfer mechanism therein which connects through a plurality of single wafer
loadiocks with an atmospheric pressure front end module (AFE) that aiso has a
transfer mechanism therein. The transfer mechanism in the transfer module
moves wafers individually, between the loadlocks and processing modules,
which connect through isolation valves with the transfer module, as well as

20 among the processing modules, in a high vacuum environment. The transfer
mechanism in the front end module moves individual wafers between the
loadlocks and a plurality of multi-wafer carriers in an atmospheric pressure
environment. Either the AFE transfer arm or each carrier is vertically moveable
to allow selected individual wafers to be loaded to or unloaded from the carrier

25 by horizontal translation of the wafer by the transfer arm. The connection
between the AFE and the transfer module is made through a plurality of single-
wafer loédlocks, preferably of the over-under type, which may have either the
vacuum pressure side or the atmospheric pressure side on the top.

According to the preferred embodiment of the invention, the AFE includes

30 a wafer aligner and provision for connection to two or three multiple-wafer

carriers. At least one loadlock, and preferably each of the loadlocks, is capable
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spach fromand vertically aligned with each other, the | oadlock station
eacz’ I ncl udi ng a wafer elevator novable wthin the openi ng gegtvsenszs
vacyium t ranW’sﬁ%“éi tion adjacent the vacuum side closure and an

at nbspheric transfer position adjacentéthe atnospheric side closure, a

pl :;Tr)ality of carrier stations in the atnospheric front

5a; end conf igensh bpefatel st artinbalihti b£dIBEK & traméfel ¥aferstifrtpdtvaciium east
one transfer armin the high vacuum transfer chanber having a

si'ngl e- waf er Simiaily)@t Eashene loadideky anthpreiarablyeeach afiee foadivckspis zapabie
pl ane to and from each of the ocessi chanbers and the vacuum transfer
pﬁosi tions of ﬂﬁgelr@aﬂﬂ%%tﬁgﬁsaﬁq Q}ﬁé‘?Uﬁ'&a&gC’F B’dg?n%?fewﬁgf% put of?tf\gr}@cg,um.
device in the ' et ' alane
anong the at rmEgép er %@[dﬁglgs‘#‘gﬁat%;oﬁ?%ﬁsﬁﬁai eas| %géﬁ%g&ﬂcg[daa@?%ﬁ@%ﬁ t he

carrierss ~ also eduipped with @sdooling eletrignd b cau) down theheferpdaiipieigatitstker
tool is provided having a transfer or transport nodule wth a high vacuum

transfer mechaginé gy¢irealenthatwafar bas heen precassediangd hefaretherwafer issioagled

f | oadl it (4 ' f t | AFE). t hat
Al 'so has . {1 SRS IR (aE d Rerei SUESHE fosdiSks, WAH FRlnanelmers ore
transter nmodul e, Jmy \(/a\ﬁé"lfi ‘Cgﬁxbgbﬁidgn@\'d”\ﬂé‘!%lr%yihéieé?’@eéﬁut QF épﬁghfﬁﬁﬁ]%gging

processi ng nodul'es, onné€ct through isolation valves w

transfer nodultempesatesdd. Ascerdingly,tsuehputbesrsd gdiontks|are preferablyi grovideduum
envi ronnent The transfer nechanismin the front end npdul e noves i ndividual

vaf ers Het weerWithigholRmepRieLr QM”EP%W waferysUPPORING Plemants of der iexasale an
at mospheri ¢ pr:ﬁé?&fa{ F’)r/ ng:%/ﬂelggmraﬁ{f Bfthd RadfScks!is AR¥eor Hdth WbE35E and

carrier is ver
outbound wafers for optimum throughput with each equipped with cooling

capability to permit continued operation if one loadiock were to fail.
In an alternative embodiment of the invention, separate dedicated

15 inbound and outbound loadlocks are provided. In such a case, the dedicated
inbound loadiocks need not be provided with cooling elements, which lowers
their cost, and the supports for the substrates therein need not be capable of
supporting wafers that are at high temperature. As a result, high friction
elastomeric wafer support structure may be used to reduce the likelihood that

20 a substrate supported thereon will be vibrated or jarred out of position, thereby
permitting substrate movement at the Joadiock to be carried out at higher speed.
Similarly, because wafer alignment retention is not as critical with outbound
wafers, a loadlock that is to be used for outbound transfer of wafers can also be
operated at higher speed.

25 The AFE is also preferably maintained in a laminar flow environment.
Preferably, the carriers are loaded to and from a loading position in the user's
clean room environment from which they are transferred to adjacent an opening
into the AFE portion of the apparatus and secured on structure that presents the
carrier with its carrier door facing an opening to an inner AFE chamber, in a

30 proper position and orientation for access to the wafers therein by the AFE

transfer arm when the carrier access door is open. When so positioned and

B e
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to all ow sel ected individual wafers to be |oaded to or unloaded fromthe
carrier by horizontal translation of the wafer by the transfer arm The
connecti on Wwaiowmamet he AFE and the transfer nodul e is nade tpepugés/®277
plurality of single wafer |oadl ock-5tations referred to herein in some

i sl " z dl ogk ferably of
the. over - SHEEPe d mettanisnEF S pprmSt e SOt ratel o BPuahE, Ve
at nospher pgca¥<by e AFEIFansfer Bfmt WWhen a %ag‘g@f 8boist Speri % RinfihaF gﬁﬂ

embodi ment of the invention, the AFE incl s a wafer aligner and provision
f or connepreferabiyhorizontal flowef clean aipbe other gasdsmédintained\in thesAFEdQoe
| oadl ock gnd ppref erably each | ocks, 1s capable

the | .
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thr sughput 1 os ! B2 et s prassFeRtic, Tarer e ol b pPRLCDpper
surf ace- obdjabentieppBhindto tie ARE cPBRIEE ARl frhiRat isw of air is malrbaEaCk 45 1S
ol ed p esl gned W 5

a water co , wafer support plate . This ate I's
three or imthe ARE Ichambent oAl carmiersdsdr istopenedcandia wafarp peeferatily thaf er 60

when . t he pins 59 thatepav_e been hol di %the waf er 60 have been
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i s avoi de@pparatusat Theowefer incthednbeund loagliock iswset of theetops ofilvaisetidifivsing t he

| oad | ock ' ' h i m f h h :
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S|3 i fi caM@syumdrRRsier ehambereWhile the loadlack chambenisrhring pumpeddhehes of

wafers, f L f] i ' and out pof the
Appar at usA5G taieeh it A (b HodisF ten i the same rarfigt of sholfer 3

si ngl e- watarrietosrt ool 4% avdfervin @sposifion teadpié a Bﬁédeenir%ﬁvm%hﬂg
features described in U S patents ‘nos. 5,205,051 and 5, 237, 756,
her eby ex|pasieek chamber, or thecAFEdransier amn aiay bse thed pumpe dowertime tot o

1S55cC SRR 1, 8 SYb00Es e h R o L o
ouppby an oper fién tﬁ&'iodoﬁoﬁfthat is &‘Srﬂ%ﬁfﬁbbér)( irfb%ﬂnge\%réjpgﬁ?%’%@gffa?%g’ whi ch

pl aces a carrier 25 that 1s | oaded w unprocessed
vaf ers, fpumpedipthe approptiatesvaoutiay, dhd inadiockis openeddo the high vaceum

t ty-fi 300 f b ti t. the |oadi tati 70 of the AFE
52, iGnster chaniGer while the Walge ontanit BinsriRmaec; veically deonani m
(not shovbodiibn to be remdvely AT HRE! IGHIGEK B tfanisteffBYCintd rfeof 'the 2° T om

the | oading station
processing chambers. At this time a processed wafer is preferably removed

25 from a processing chamber and placed in the same loadlock, and in most
processes, throughput is optimized by doing so. ldeally, a wafer is always
passing inbound through a loadiock when a loadiock is being pumped, and a
wafer is always passing outbound through a loadlock when a loadlock is being
vented. Alternatively, as stated above, one loadiock may be a dedicated
30 inbound loadliock and another may be a dedicated outbound loadlock. In either
event, when an outbound wafer is placed in a loadlock from th HVBE) the
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30 [ one of the carrier stations 40, for exanple station 40a, with the

doo¥ 27 of the carrier 25 | ocked and-facing the axipgTafssé/m@7AFE
qﬁsfer arm@ 28581 ough one of

-7 oriented, a nmechanismin thge. AFE operates the door on the

cafrler to allow the access by the AFE transfer arm Wen a carrier

door is open, 1 r air

or ot hor _gas PRAIFERE HerfHfosed from e hRIFrAAn *“Qﬁ%f%ﬁﬁfaﬁ"ﬂb!‘et%‘é’sq’aeﬁﬁém

away from t heathpagheeks and away fromthe carriers. 5

accordance wth the present invention, carriers are noved into p05|t|on

adj acent the openi Mwenaa wafer kes bepn ppacessnd, the waferis iransterrest framrthedinal

mat or e orRioepstiRG chamber uspa R RLpCR A %gé’%ﬁrwa'éﬁwce@%%eﬁh%y
the AFEg ”a“Séﬂceggaaw Elaced by thePeaadecarih '&rth@mﬁ%rp X%E@gwa%ﬁﬁ‘fer

I nbound™si ngl Ioa mhlc I's open 10 er and

seal ed from t Hgarhbgh omouhm reisethift pins tdmean elevator nmnmmditsugpoﬂfhandvaher in
t he i nbound | oadl ock is set on the tog_‘s of ra| S%&Qllft i ns
the transfer Hensfes am KdWERAEW: FOMh seMRAN thehwfenis mﬁMBﬁnd

toca vacuam | Sopai B E bl @?@’éﬁﬁfﬂ‘ﬁﬁ% R SeaRESen BT o
15 Vacuurfhfght : ab@fn ARREBREre. Wihé Birlsin the 3dbe6 afdeErehrefsrabf) RAvarEAPEd,

t he nsf er arm may renove another wafer fromthe sanme carrier
or anotlber  to set the aaferantatie $upport woerenpon, ¢qq>hag|Ms¢s inctherwafey suppba

| aced in an inbound oadl.ock ,chanher, or AFE transfe
Ese the punp B8¥RION kR regove héd! freathe Véa%@é‘% Wé%? E)J’t‘%o\ﬁﬁ | aal ock

and place it ké}n@ess r(r? ?u: atﬁ@ for placing ltV?he—é' cég?erl 91?1%%5 ddpRkr h?a(fﬂB{ gkni ng

an i nbound unpro to the appropriate€ vacuum

the | oadl ock cempatibhriwith téh@ei’mtgi’eymamane as high asttharsiperathesraewhidh ke
the wafer on the lift pins_is noved vertically into a position to
be renoved fr Mﬂﬁf&rhé/h!%féﬁ%ﬁﬁt Been Pregassed: wight bee ikccenlingyate and venting

25 s Y om o pbeseEhel bl AR E A R el P e A BT

nost wapsesses, throughput is optimnzed by doing so. ldeally, a
wafer is always passi ng i nbound through a | oadl-ock when a | oadl ock

i s bei ng punped, aMdhen a processegdayater has keaRgpoigshing mdmmbanmwa ivesiagk a

bbove. one | ohBedusThugtiag e Femtmasahess PERR ol FF IR AV Enafilel BiEne
may be a dedi T@écﬁ&k%??@kl@@td Mm%hadnaeemélm pins raise thé‘W%'Pén and gie AFE

out bound wafer Is placed high vacuum bock end in a | oadlock from the(HVBE)
t he 20 transfer arm picks up the wafer and returns it to one 8f the carriers, prefarablyck

;f WLQ gﬂef?se?he ro%rg gr% @h% ¥£\irvcausurrgn%vaeds %e cygl%bgeaf an?ers%romc{he carriers

preferably includes the removal of the bottorn wafer first, then each of the wafers
sequentially from the bottom to the top of the carrier, as there is processing
space for them in the high vacuum processing portion of the machine. The
25 wafers, once processed, are returned to a carrier, typically in the same
sequence in which they were removed, and placed in the same slot or position
in the carrier from which they were removed. The carrier is thus refilled from the
bottom to the top. A section of empty slots will thus be present in a carrier
between the last wafer to be returned to the carrier, which is at the top of the

30 partial stack of processed wafers extending from the bottorn of the carrier, and




Wien a wafer has been processed, the wafer is transferred fromthe final

pr ocessi ngwg*h%??agk used in the process and into an out boundPCDAEIARTT The 5
processed I's placed, by the transfer arm of the high vacuumtransfer
chanber, onto the raised |ift pins on -ah-el evator nounted support and the
transfer armis wthdrawm fromthe | oadl ock, whereupon the wafer is noved
vertically inhe neleurptbbesset waeciotskreshaveesor pockiing WHIBRTs atStheasdtesf rom
t he hi gh vacuum at nosphere. The pins in the support are then
preferably | afdhepatial stack phusprocergsetiaiersghabextands tpihertop ofttbeaapder.
cooling tubes in the wafer su r.t nction to.remmve heat, fromthe
waf er and t her eby g?ﬁﬂ\?@ﬂget%&%%‘?oa?eds of léh? TpEek U?V@r'I’gGPt aQﬂr@ef%rorP

D g o hBcBaEEd Slaterd 3Re ISE EBRHE ExINOBANi carriers of AEFBNAISBH®

with tenpera “That are fgh as the tenpérature at
vaf er, @hi ch paters while WaRits bf asstheecarrier ahé bbing deedvptHe\AFEaransfafarm
venting 15 gas are selected to avoid contacting a hot wafer with air,

whi ch can dedoand from the loadlocksairethis case, structure may hearptiongily peoeidedwtar er
has been cool ed,in.,a Loadl.oc nd t | oadl oc has been vented to
the at nospherrieétrkﬁt&%h?‘g qf & gfﬁ’Pe{‘ﬂﬁeRE@?%aﬁ%@ﬁF %ﬁgam%er eing SeHRIER i s

opened to th ; Nj ' | - : :
P anater Car m B S CAHER that 8 usb dndiiepdrof beClfiets: heliHirielBr £afriers

preferably being changedne fromwhich it was removed. The cycling of wafers

fromthe carriers . prefergblg_ﬂincl udes the renoval of the bottom
waf er Prst, then belbr Refartad empediment of the invantient waferg beinghiaaseddfsemom

to the top of _the. Ler ' 0, ' - for themin
the. b gh vacuBifeg eoief PR BERRog Rt FEETNE warme a8 Mo B BB
processed, ar Qng@hna Reiéntda Azt aF Otiesr, referenea|drytherwaBe rélatiPe to the transfer
sequence in which they were renoved, and placed in the sane slot or

posi tion arm of thetAfeE.c Ahe ialignen may e @ bentee thenwater oartbe dransTercamabut,er
is thus refille

f th bot t to.the t . LA ti f t
s e BbR e lgures e o B bRk 8RR S B o
be retysned teak i EaRtFIR tr?vxed]grﬁaehézahtétfom?ebﬁ&eﬁierta]aa%ges. Trgﬁgﬁhﬁbt it ack

of processed wafers exten(?i g fromthe bottomof the carrier,
WD 9S/ 50946 enhanced by locating the aligner in the AFE rather than B the high vacuume

next unprocessed wafer to.be renoved for cessing, which is at the bottom
of the parti aﬁuﬁ'ﬂﬁcﬁlf)@?nGHW qfewa SWQ&’&% ?@uaﬁ%"é{ﬁt i wvalers; aee msprasabihe

i . . . . .di to: i t t ,
Covent | on,  caMFinpines in S FERELARL erfEhel MBTRAS | afle s GRS dotiighge

Wi th carri er supiardip Peefesatsigl also, mostadfene mdtidreofwadfers irotheaiPEhamory theer
are being cycled by the AFE transfer arm to and fromthe | oadl ocks.
I'n thi 80case, loadiarksuthe aignasanshinesriTiee, by Blaferad!y earried out witheedgewise: he

by the carri crebaae! MR L LedrrRi e ST s ERE PR e estetes
carriers to selb&tiNgafeh #oeeshd Adum a wafer to the bogdideitRireinveRriegranstigrent
of the invention, wafers being | oaded from a carrier to an inbound

| oadl ock passwithieo@itical caapenent | Yiaiilaglystha metion @hwefers among thenipadiecks
orients a fla ot her _r. I .ot fer relative to the,transfer
arm of the A@gmé@(ﬁﬁaﬂ@ g@@%f%@%ﬁ%& C?‘ﬁg'b%éf%Fa'i lﬁdtcfjré “{'f"hﬁ@?%\”'s}% m
but, 25 RioBbA ohte/wafdeafilia 28nimén pidmeC eThée plakey HinsdtRCiAStheAr Baind
transfer arm novenent
transfer chambers are preferably vertically spaced, with the motion between the
vertically spaced planes taking place by transfer of the wafer through a loadlock,
which is preferably exclusively by vertical motion. The transfer arms also
undergo a slight vertical motion when placing a wafer on or lifting a wafer from

30 the pins of the loadlock elevator.
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15 é] can be controlled to conpensate for the off-center distances.
ugh

Thr put is enhanced by locating the aligner in thechE®y@Her .

the)/n in thewﬂﬁﬁo?/‘écuum During all handling of wafers referred to |
abpve, the wafers are preferably -1gaintained in a horizontal N
orientation, with the device side thereof facing upward. Preferably

al so, nobst of the [ . WAk I S,
the aligner and thgﬂ%_aoﬁl%éeﬁts'wngspﬁ)rég éﬁ%ﬁf@@%}ﬁ%@f]&gﬁ%%wﬁ?@g%
moti on of thetinRis@Rat 4r8 23s6EIETERIWIE fhiefh, parfidulaiy WhérBeha\Ra&RY deBiinédfor and
necessit at ed to select a wafer fromand return'a wafer“to the

proper positi eentaindangenyafess. decordingly, bettenthioughputésiachimvednpatticularly
Simlarly, the npotion of fers apong the, | oadl ocks ., . and the

or Oceasi g st I SEalBeiBes: afWRETS Ah o SPeatian datnat BiEhedg e & 25
not i on t he Trame GO p I ' i FE and
t ransf e(rgf chanb%gjaéé%t '@I‘%I ‘erab P@a{\%’??ﬁ%ﬁ 'ﬁédgﬁgg%z’,'@vﬁr?% [? gﬁgr%f;%%%r@é‘ ween

the vedrigtiser darrieperedfars avitrout advegsely affecting naghipeahraigHdie W er
t hrough a | oadl ock, which is preferably exclusively by vertical

motion. The t G@TEGROYEMENtPemrs once the waiersqrednsgrieshin pesition to bednaded
Y\g:g' glcﬁ(:'ergvjpt\@%g rrTIa%PIinOer. JI'I'\é tplncrI](gnga o%rtwg rwgfénp ror%oabove atn%?hgr' vsr}gfe?,f ariqr;_ﬁﬂe
The present i : |} IR et NEED NS hRRsr ; t,
times that ar aﬁ%égrgf{eﬂﬂm@ t gﬁ]p%pérfg‘igcul arl @W\%ﬁer e t%mgeryﬁéga%grl\sed
for andl0 avoided: aihe higin gacwurh uspsAoc tadiooy | ppmplieg arerretibesd hpice With
achi eved, partj cul arl%/ . . V\%Ih smal | bat ches Q%f waf ers, and | oadl ock
operation is rBe RERent inventign.awhich re@?ﬁédgﬁrﬁﬂstl NRi B¥se time, rangupatanyial
time is nmade ' I K ' ' el ¥4 ier
of "t o i t iR Gel 8o Rp8E: Marfediatd tftainalion and unyBRREd ForSiHA
carrier novengndusonder mavemehewithinahe carriers N Sidle dvafer moveinednir andout

| oaded into the machine. The picking of one wafer from above
anot her waf er ,ofdngicamier is provided pisinGnHEStry BroveRgOBPLIFRNSTEr devisas.t Witk éhen

the lo waf e t. k.S _C i . | ded. .The high vacuym punps
e et SR oS 8P4 B bt AH6hhn G0 RS IORE

i nvention, whiggyt! Ié%ﬁ%%?nélhﬁté@ﬁhndﬁﬁ? SPClBtdr BFerafid (Rl With Bigh vacuum
vibration that can increase particulate contam nation and unwanfed

vi bration aligneradudee waftbreenmasriers cant henacdnenoadatedr in sk mykéerved er
broven robot  tEREEtsete Bvelien e srgle Waflr BYeiEotiaAtiosks 25 sbsivar d
at mospheri c a'é%ﬂ?ﬁe@%ﬂpﬂ'\é‘%t%%i@h”ﬂvéi@&ﬁée features of 5. P&SAts Nos.
conplicated handli’ng and faster operation than with high vacuum

al i gner20 Two HE3T [T56eanchf,2086(G5 Icexprissiydnconpodated dhereintiyerefarefee ihedein.

enbodi nents of the fnvention. The single fer over-under | oadl ocks are
casily equi TIRSE RNenoiRE QORERYRS S i(BR RIeSP o RVENHIRR WHleRS JPadiis
Pat ent s Nos. 7 , il | : I n
by reference ﬁ«%ﬁ ealrﬁr-1t5fr3§\ th@?oIWné 31%3518%@%&5%5@?@ bﬁéﬁ‘%?&é%{sﬁhﬁg&\@ L
present inventwhichwi || be readily apparent fromthe follow ng
detailed descriptign of the present invention in whi ch:

f hebrawings Fig. 1 is an elevational

Brief Descri ptPdel Besenption oy thesraw : :
cross-sggtional di g % o ¥vafgHaPRs-sectional afalé?érﬁrofté) %Cgfecsur}Spg or
cluster tool of the prior art.

art.

Fig. 2 is a perspective view of an industry proposed wafer carrier that is
not high vacuum compatible and does not use a removable cassette.
Fig. 3 is a top view diagram of a multiple single-wafer loadlock equipped
30 wafer processing apparatus according to one preferred embodiment of the

present invention.
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Fig. 2 is a perspective view of an industry proposed wafer carrier that is
not hi gh vigrugmes@npati bl e and does not use a renovabl e casBETUSI80927F
Fig. 3is a top view diagramof a rrul_ti'lp_l e single-wafer |oadl ock equipped

30 waf er processi ng apparatus according to one preferred enbodi nent of
t he presgnt jnventian. . . . . . .
- 11 - Fig. Ajs § c@spsertiongl vievealangniie ¢rdRf fiigng iiksisating, aof

Fig. 3ill us@hgfnéa%&é} loadiock in ﬁ%é‘%éﬁ%&ﬁi@n' oadl ock in the open position.

Figs. 4A, 4 are sequential views of the l|oadlock of Fig. 4
illustrating the pﬁ@.anm ,L04Banh 4 atdsequérditiad wigws 0d thé headibor i EigL & 5
environnment to the high vacuum environnent. Detai |l ed Description of
the Pr eferreduustrsbugn%et@assage of a wafer thereeithrionght fror ghe3atrovepheric

preferred enbodi nent of em conduct or .waf er processi ng appar at us
30 is diagr aﬁﬂﬁ'f‘?’&@?ﬂgltqtﬁphé% YESUUMEYIRRREt: s 30 i ncl udes two

basic parts, %W%gwgf DP6KY pl#%ég\l@ E%dﬁ?&}e‘mslo at nospheric
front end (A . HVBE 3T 1 ncC a ‘_narrber 33 . to
whi ch are connect g@faringt®Fig. &, opeqrefsrahembedimeit of ol damichbabigstoryfenr

nmodul es 34a-34d, but which can include five or nore such nodules. The
transfer chapbescesshghapparaiuy@dtis dragrammatically dlustiated.t rfdves Bppamtus B of a

fally. il abl , , ' I cal i,s, 36, , which

(o1 o CLTRIREeS R R RS <5 MO VRN \Peiho SO0 VRS CEL ey B
dul 34 i F [ tal. , I ch
e, prt o abPy T e o R AFED S22 THE HIBE 1 fichid o LBRLI i 3 N

a first | oadtmelhictt ate oonideiedta nbmblr vhpeocess chamberg3¢, fiRatieted asdotihe
HVBE 31 fromthe AFE 32, and a second | oadl ock station 37b at which
waf ers are umQsiies 34aoddd nButwBichs taa HaclHEe Kiveoot Forarsucky mazles.

chanber & 34, VA0S HAEBRP S rols & MR el RRRCARE MR TR am P8 i ng

appar at us 30 copthéridifyeaviiiabie’ i) trabiisted thefdin @nhg vedtiisal B4 PS?_iS_vrl]'ﬁclﬁjﬁé/
e

i nert gas, at "an anbient or atnospheric pressure |evel.
proced$i ng chapakieofmpving wafers inglividugllyramenrgthe piochssing modulss 84 amdther

35,5 oun 8ot el el oo R FEHBEAS) Ble 4

I ndi vi dual |y i _ [ sadsbe fggg@ ; to
the transfer n?ﬁ'%ﬁ%ﬁé}?%@%tr&éd ta‘%ﬂn@lb@ﬁ@é_‘tljﬁsg lAFE 32§tiaﬁé?u es tgpﬁ)’lcnr“é?fie{sﬁl of

carrier suppare lsaded inte the H\BE I31drom the AFE @8) ahd assecapddbedioick stgtpan t i ng
a carrier 25 t he styl e having nho , separatel renoyvabl e c tes
such as that 3i9LI ‘?Is“t"?’&hé@e%??? @ieggn@?d?ﬁgf%&ﬁfeé\%% %EPPF‘g?aCY‘ to the Aansé i ons

s o afger abl YHQBE Aeeinchidifg LR ThuHRrest BhhmBer 498 A0 AP pP6id\ing

chambers 34, contains a high vacuum during the operation of the processing
apparatus 30, while the AFE 32 contains air or other gas, such as a dry inert
' gas, at an ambient or atmospheric pressure level. The processing chambers 34
each communicate with the transfer chamber 33 through a slit valve 38 that is
25 in the horizontal plane of the transfer arm 35 and through which the arm 35
moves wafers individually into and out of the processing chamber 34 from and
to the transfer chamber 33.
The AFE 32 includes a plurality of carrier support stations 40, each of
which is capable of supporting a carrier 25 of the style having no separately
30 removable cassettes such as that illustrated in Fig. 2. The number of carrier
stations is preferably two or three, with two such stations 40a and 40b being
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il lustrated. The carrier stations 40 each accept either a batch of wafers

in a vertical rack or carrier, preferably in the fgighosmither the
300 mm carW8§/2094& o t he conventional open wafer cassettes of the
type that were typically used in -12- VvCEs (Fig. 1). The AFE 32 al so

I ncl udes a wafer aligner station 41 and a wafer 5 transfer device '
robot, pref ehasﬁ‘ateldn The caoien statians 4Rt eahaatcephgitber arkatgh of wafers in agr m

O O LS Vel 8l ool SS el ol A b 357 T
carrier tpﬁec‘ﬁ}’}t"{t‘aﬂél &P8n Whter Eé’ss%?@sfdsfg ﬂ:ga gt_/dbg\%?é typidhilP iiséd inand

to and from stations The” al i gher station

41 is equi ppedEw(Fig. 8).WIhe ARE 8Zako idfludes a okfarglignbr smtlenaﬁ andzewaieal | y
avai |l abl e types, such as for exarrpl e an optical gnher, that
ori ent$§ the trahsfer devideeraboh prefarabpinimthe f@gmaaﬁla@ferﬁm wafer transfer

di stance so that t he nachi ne contr er ca nsate f

of f-center armé4 or}cﬁ SRrAfEEC ¥HVE@¢RJEA¥%% npgtﬁsqré? Vﬁﬁfﬁaﬁﬁ%gr&tlmme
AFE 32 is prgﬁhd@igansﬂers gmvtdha't‘ weteR! td"'ﬁﬁ@'fro‘?r?%‘né’%ﬂfr%@%é Bethes BaFrRI#NdS
the transfer arm+4 al1gner station 41 and the atnospheric side

of the |oadl gelioss a0a 408, Brndframdaligner station 41nantéo and frosuthe I8adkock a
plurality of openin one_at each of the carrier '

s 44 ] tatlons
40a, 40b. " Thestations 3 and ark. Jingpaliones siation 1 icequiRpedwith awalsaligner

f t f th 2 t

the 107 " "Spadkek SéSwfso@qie*ﬁ%t?ﬁ%@ét'h2%%%5% ARtof BRIRBR AT bptca "
through the 8ﬁ§ﬁéf‘9tﬁa§ Bridfits the Wbr VRfiesarfif AP ams igadtregiariyeefi-Jonedre
accessi bl e by e trans er arm 42 whe a carrier door 27 is open.

In the ill ustiskred mwﬁnamhmnacmhepnetrakbgmmmsaée foreanryt seeteoff-center
carrier loading station 70 is

d th
envi ronnent . d ce with compgp%ﬁtﬁg d rﬁkﬁr‘]‘dﬁ%‘zerﬁs Pat fwgﬁr%'lsrqr%@e(dnot
shown) posi tgﬁ@\e 5 éte?r‘?é%lee Bbstre 39 trﬁﬁteﬁﬁfﬁurﬁdscﬁ{é 'tr%hs?e'? @S REEtineel y

fromand to B8 "OF °r obotic carrier |1 ng device for
| oadi ng and aﬁ@md;tmrvm and theatmasphetosideaf dmplaadmk smlons 37a and 3The
pl atform or carriage of the | oading stat on 70 s uld gg Fga éer handl i ng

capabi | i ti es Inhhe eRclasupR 3% areaa fiati yco ;f oge
th t £t
Yos. 400, 30 StaiHG08' Ry Othd BrBhfigs!ddare el to'dIburtiel hiBEermt | beh°e

i ndependent | ¥reppercitthe, cartieed 25 in such a poa&i‘oartﬂaoamﬁa)oskbéténtxaupcoveujtt'ce
which is part of and built into_an ugfer or

- 13 - openingsiwithithel darss R7 drereq amos@ravmetﬂ@g treyebiRe oRSNINGSER t he
i.d f
Phe kb 32 ¢ dnaterpiafrio 1B 2 EABET 25 T abOs FHRE sl e R A e

mai nt ai ni ng 'asé’érﬁbtﬁﬂopﬁ'?%%ﬁehhe two at nospheres. Each of the
| oadl ocks 45 Is provided with a high vacuum 5 cryogeni c punp 46 that

i's operable to purp the illusitatedk empadimant 4fr the 1@pgaratus 30, atyigastene

LD o t akeCaBTeIdaRaNe HAtRD s roiled Bigk3eets Bledogieivithmd The
bei ng statfH?xVﬁ@'ldcﬂjdéstéqﬁlaﬁUﬁEoﬁéaﬁrra@@(hbﬁshf&@ﬁt%sﬂch@d Qﬁx@c@ﬁ}@aﬁl& are

al so each provided with vent valve structure 39, which is operable
to ven?5the |predentl edried 25 respectivelyrirerlansita 8NeORasatarrysFRaticcCHTIES sur e
wth intr Oduchtaln%ﬂng Be%c%‘?ér |t028~ ing "B unloading wafers to and from the apparatus 30.
The platform or carriage of the loading station 70 should have carrier handling
capabilities that will permit automatic movement of a carrier 25 between the
toading station 70 and either one of the carrier stations 40a,40b.
30 At each of the Icadlock stations 37, an independently operable, single-

wafer loadlock 45 is provided, which is part of and built into an upper or lower
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be of the type present in the AFE 32, when the | oadl ock 45 is seal ed around

a Wai @ bg/BRusng moved into the AFE 32 fromthe HVBE 31.PCT/US98/0927%

The | oadl ocks 45 encl ose a seal abl e | oadl ock chanber 47 that has a

volune limted to that necessary to contalh-a single large wafer on a wafer
15 transfer support 48, as illustrated in nore detail in Fig. 4. Each

| oadl ock 45 is horizontal waltaf doe HVBE IpenTing |68dibaks: 45apermit thé qassegyepbe

t he hori zont al ween the transfer chanmber 33 and the

to
e 3o Eaeh o tigERakiafers gy IR amOSPhETE enyTORIENS of i1 AFE, 33 b0 da high

downwar dl y-f aci ¢

downwar dl 'y agai ggt H?ﬁ‘géﬁﬁt@‘r'ﬁ@m@%q‘ﬁ% 31 Pr@%s axnta&mg%écﬁawggggeen ﬂ'ﬁ‘ue
cover 52 is protwdestmusphesst. aBach af tiedbadibeies agns h f
bottomrimthereof to gggl t he | oadl ock cahan‘%er 45 fﬁ%d?ﬁgvlﬁﬁgﬁeﬁﬁﬁm

pressure énvi r oSMEeGEniFtRUMP Yhethakies apenaple e pusipethe ladtmkndta sofiily Migon
of the cover 52. The cover 52

d | f f
gaf er into vatUSgr Bissu e ALERL A nekeSRanyta e v of eunvBE:a, Athe
5
p

ening 50 is PRIt kes e T Rie BERUNGAS S (PR A Hraid Bkt 6 ing,

incl udes .t he Wafrmthmorthe HVBE 31 #6mi theaAFEBRr The |badlodds A5 SR é ooéach
ind an upwardly- facﬁ%? cup- shaped housi ng 57. The housing 5

rovi ded with aprevided withyeal vama strégtiee 8Bewhich is opepahie fevent thie lbhellaqkpﬁﬁ
imth f ot ck 47 f
i om0 R cchitBuemRe 16 Srioset %ras#%%m&t@aﬁg?m.aoeés??nsa‘%rrﬁay

he housing 57. pEWF the typdBrezént i thel Are! &pWeWtMet@aé}%g!P%tté 35k ‘?irar%ﬁpg 3,

\af er
ut of the | oadweafer B&ingymoved idtBthe ARESIZfroar ine3FVBEE . waf er

upport 48 preferabl i ncl u an_array of lift pins 59 that can _be | owered
nd raised ifl %@ﬁﬂ%ﬂﬁ%ﬁ £5Ci956:2 geqmbls laastionk ehambend7het hes af

he support 48. ition t
acilitate a hangolf'?e “{m rhéaggs%n@v\gé?\é rﬁg g”@ﬁs@@ éfﬁrférs 88 %Hﬁafgﬁ
and the skfpport t%wfé?cnuptpmctma dsanuktféted in more ddt&ieirt FR\'Y eEadd f&"ad%?cl@ﬂg i§2
shift a gripped wafer vertically between | ane defined by t

tiops of the rai decRtgdnat an®pgniig §Atinya M%hgﬂ fﬂiremﬁmlalthpl orizdnal top wall

é‘“'. e A b R R HraREE" o 8 PR 52 nEah ek At s arimigad

i gh termeraturwma vertncélﬁhﬁb?éﬁbl@ﬁb@ﬁ\wa}dlﬁe pl%ﬁ Egﬂ@&ﬁ%haég@ @H&%‘&%Fk

ijs a dedicated i nbound | oadl ock ed not
Qapabl lity of | @%haﬁ‘rgomem\emwardlyaagamsmmgupper wall Spbbthecdtramsfedchayiber 33,

theref orebe fi I ns t he s ort 48. g | dedi cat ed
iinbound 10adl oc eg o@]bsepr(??" dﬁ\@% ap# ?& ??g%ér?r&“ngﬁﬁeaﬁeé’metef of the
fiher ef ore pref elom FREQhefect 1B %%Iftﬁéclbbe RBLSErhBer h@aﬁ?wt wee mgfmg%ﬁhenc

4aster 15 operation of the p ormW|t out novenent o

—h~+ Q) N.0Q. .S 0D .0

tiher eon. pressure erivrrohhnenbmihatt ihenABE 32hby tramsiklectivelBowAward @adiaton
rocess (that is [ s a wafer into the HVBE 31

oc S ich nmove .
flor further tr o B 1 oy ‘?3% 8@85“91"%5% ratRed upwardly tg zllow fransien &anwvafer into
bef ore transfer Ioadlock
statlon 37 for tO?ngg \é‘?’felel%tagfo;&ﬁ]%@:e?ﬁé tt]énﬁ? %fn % 45 wi | have been 20
v‘;ent ed t @5t he at rmspl&nmalady oiehe\BBttaA sidd dffthe aaaies1 Henektt tHéa Eﬁeﬁ@@nso is
rai sed, ening the | oadl ock 45 to the inside of the AFE chanber
3, as illust ratP ided a vertically moveable wafer elevator 56 that includes the wafer support
' 48 in an upwardly facing orientation, and an upwardly-facing cup-shaped

housing 57. The housing 57 is provided with an annular seal 58 around the
perimeter of the upper rim thereof to seal the loadlock chamber 47 from the low
30 pressure environment within the HVBE 31 by the selective upward activation of

the housing 57. The housing 57 is raised upwardly to allow transfer of a wafer
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Fig. 4. In this state, the housing 57 will have been raised to seal the

| oadl ock 45 fromthe high vacuum at nosphere of theptiygsogidoz72V t h

t he pins g@?%ﬁ"@@d, t he AFE transfer arm 42 extends to center a
wafer 60 in the |oadl ock chanber 47 ih*25 the horizontal plane of the
transfer arm 42, above the planes of the tips of the rai sed pins 59
and of the upteorwealtl obthefloadieck rdnbyethech tre@Gferagrm 35. Thewaferr at ed

' Fig. 4A, wh 60 .iS. dint | cadl h 47, th

o 45 1 oner SIREOTTR PIEBRRLY INHESAT BORY OIS 68 et podoweied Aadpi ns
) il ' j [ dth

(S:gver 52 is O\%Ernjégyﬁrg%ﬁ'&ﬁign'u:tg rﬁ?%g%&%@@&@r%ﬁﬁ's@gﬁa Eﬁ;bfglﬁégs ﬁébgﬂa 'ert4(7a

i s evacuat edNbymalpeitae ipins 59 are in a raistlasition Wofacltate 4 Aaneumeratwaercycl e
is conplete, the bottom el evator WO 98/ 50946

-15 - 5 betwgan thesisansfer aums 86 amnd 42tang thegguppoidin 6or sueh arhandaff,
hanmber 33 t fer 60 is. by t.h t of th
AREeT ooy PR ab 8B s 35 M8 o A GRS Ve Vet BT BN acpiahe
lifting of ta&iﬂ@agyt@tdysf?fqg?w@ea'dn% §Rdasli§htl higfer Mﬁ%(i{tgﬁbaanbn Fi g.

4C. 5 reversa the I'oadi ng prdcess descri be ove all ows
a conpl et ed which the watdrds h6fizomtaliy moyedrintedana out of thei [gadidick ghember 4the AFE
32. The operatijon of the ock. 45 in an unl oadi r&fprocess (t hat

h i | oadl _
is, a procesk AN wayJeadigckgdliestrated, the pins 39aremadesyt ahighrtempasatitessi ng

55 1 od0) ot urioigtant HAERALsO Bs BERRS Where 7o84RRRY o edBiedibBab at ca
to the vacuURaBIRRSHE DI né&E nbt ROV Bl CAPHHIRY o? FowériSg a wafer to 8Xing2

| owvered to seal the |oadl ock chanber 47 from the atnospheric
envi ronnment platfionm amE n32y, therafare oenhbxved wins ol theeseppard 48pdinet pims| madl ock

45 tg the,inside of transfer chanber .33 of, the HVBE 31. Wth the
pins 59 rai Sggglcatecpmboupﬁéopﬁ%gﬁtqegﬁlsrﬁ rb%rqfnasgeétx{oé‘?f@é‘t Ptedat 8pd\@ifer 60

in the | oadl by t i : r er
arm 35, as i ?ﬁﬁ%’t&?ﬁ[ﬁggﬁrﬁg’#@?di@ é'al'hﬂggt,1 f?tﬁﬁtééﬁ%éﬂenai m g’&' Pgﬁﬁsﬁgﬁrght |y
t o sefl5t he waperatiet adthe pitiormawitiiout moveinmentxd thekafeuihenson. t he wafer

60 is released by, the arm 35 d the aym.35 is wthdrawn fromthe
| oadl ock chanber Wt eﬂP@’%lo@\P}tt '°§3'°i°[§ HB @ 1PaFing Prorass) (that ds, i RGe§ss 7

seal s ,%dé 0 péﬁgj%) e
transfer 20 thﬂﬁﬂéa er%@*ﬁgmﬂ'h’gﬁ%{@‘?’ﬂ%ﬁg, %ﬁdﬂé{%‘ﬁ@g&bﬁtﬁ?

vol une of t heachanbenvirbhment), before fransfer e & ywafentioph ltiesl AREr32 iro the t he
val ve 39 to the atnospheric environnen e AFE 32. Wen the

t f th
venting cycl oadlpcksiatioard, fof ﬁgngfgg,iggoe@g H\BEATs é’%fg lgagiock 45 will have begner 60

Is renpved b e t t r the .

waf er 0. as oER L AR et Tt AP 7L B OB 2 o Ryl R e o
the pins 25 o?eniﬁg thy Idddlotk 4536 e Risideldf e AFEWSHaN& B2, radHlldstréted in

It is desirable to provide cooling of a wafer 60 after processing in the

HVBE 31, andFigidorinthys sigiedhe bousing Ré withhave been sained tmsealtthe dpadipek 45hi s
need may be proyj only by one dl.ock L on uch as stati.on 37b.
Preferably, ﬁametbg‘f\ggha‘(a‘%é’gi?m{%h%% QJI%'I1e Mé?l &@I‘ &%Q'”&#%F@s%ﬁﬁﬁﬁped
with 30 APEtMaferapmid blt¥nddtotdenteraiwatetastl PrkeIbadioer gﬁén[(w 4yeinused
for outboard wafers to optim ze throughput. The | oadl ocks 45 are
provi @&d wi t thesherzomidleplane of the transfer arm 42, above the planes of the tips of the
raised pins 88 and of the upper wall 51 of the transfer chamber 33. As
illustrated in Fig. 4A, when wafer 80 is centered in the loadlock chamber 47, the
arm 42 lowers slightly toward the support 48 to set a wafer 60 on the pins 59.
As illustrated in Fig. 4B, the arm 42 is then retracted and the cover 52 is lowered
30 in place, and the small volume of the chamber 47 is evacuated by operation of

the pump 46. When the evacuation cycle is complete, the bottom elevator
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-16 - cooling capability that is acconplished during the tinmg it~
takes to vent t‘bﬁﬁﬂw“'t | oadl ock at station 37b so t H&HEUSEORT™
t hrjoughput | oss due to the cooling. To achi eve this, the upper
surif ace of the support 48 in the el evat or-58-in the | oadl ock 45
I's :a water cool ed, wafer support plate . This plate is designed with 5
three or nore smairit 86 és inveatedrietasthedigihivetueotaidne yrassfasahamber & whergthe

wh ' th ' 59 that h b hol di h 60 .h b .
ower ed i nt o thewater 80 15 rempyed DYie FRYSRSEHE B HVBE eaien Sregs into
X L e .

chosen to avol %ﬁ%@&@m% c}hter\{vaferb?lt) 2PY tﬁérltﬂﬂgpﬁﬂg%féf’go%?ﬂoﬁ eH\F@%?r?JY

sl ow t he cooling ere vent undesirable

war page that m ghis ifit;SieatedsSa FgCAC, since no physi cal 10 cl anpi ng of
the:wafer is provided. Pressure control to regulate the cooling rate
i s avoi ded &s that wouhdeversabof thedoadingqrpeesodeseribeg abvve atiowe@ completed

The| use. of si ngl cvalar B3 6 BRAPGERES IS ARDISD PRGN ghe AT 2o T Speration of the

carriers 25 perm I : t

15 | feduced tdoaclseh ¥ GhiurlsadiHl pidtess IR &R PSS W RAGRBLES 2 afeF
andj . Comb@ thiengVRES 81 lafteapesidssiryf invthkeracuurs ennirbhment of Bhgrocees
of &ingl e-waf er | oadl ocks in place of full cassette |oadl ocks

si ggi ficantly redthambenad4tantkinto the AFE 32fpgquetusn te @ pavier 28 bepimscwis tbe
waf ers, for_ exanple qualification r I nt.o and out of t
Appar at us 30, FurpREPCR aErevREUeER P IHE YRt e reat fon raliSfer prber 35, the
singl e-waf er | oad fihehR aeiRitkashdiAber A 7PHBHE Hhd i
features éafégeégrl?g)eegé?rwagg Bater?ts nos. 5, 205,7051ﬁgmé%h2n??7sf)9§g?
her eby expressly environment of ihedlftp 82 aaretithedvaeisingth/ Ilcekeed tw opbe tiee padiock 45

reddéce contam natjion due to either articulate nmoi St ur ,
condensat i on. to the inside of trans%q{echagmr,ﬁji of t%@”évﬁgﬁ, n\é\ﬂ@btmns raised,
carried out by a f ' . fid

robot, which pl agtggq-i\lgg?rﬁalngﬁé 'l]%an t%}?a?d%?sl tga? Q%?vt?n%t?ﬁtéolm%é Idﬂo&ﬁ&h?ﬁﬁb@r 47

plurality qf unprpapssetzumbEsiane bhthearansfdrarmas, aklilustratethindFigatCh Then, the
t hi it een twenty-five 300 mmwafers, in position at the |oading

statli on 70 of t heamwBSiowerssliphtyuio: seitloe) walfer®@en the ting of therping 28, iwhersusen

mechani sm (not sh@wn but . r e a, Z1). v

carnier 25 from tﬁ@ Vg i%‘ss‘tteé‘ﬁst?r? %ﬁ%ggﬁﬁ%§0éh&)%eo%®q§§ ]g ﬁ;tf}%‘%@eﬁ’gﬁ the
stati ons 40, for gxamekenaimdel an. 40 eluldtbr 668 WeAraikédiintl e housing 57 seals
carriier 25 | ocked and facing the axis of the AFE transfer arm 42 through

one %of the loadlock chamber 47 from the vacuum- afmosphere of thehdransfer
O dcking ABchan, SHAMBSIES. fsilliaeten HigdB rabRan e S solra ot 3° hemoer 47
carriier 25 to aut ' I : e '
ot PRSI VoG ne pd b8t tid GBS i
t herieby opening t bfthefAFE 32. Ydhen e Véntanypcyeiosscongplets; dhe coedr 8afisraised and
trans fer arm42. In this condition, t he ?arr%%r 25 occur%i es oge ?_‘f
the openings 44 i thewgter 64 is remawedAythg saygment of the AFE transfer arm 42 under the
% wafer 60, as illustrated in Fig. 4A, and the lifting of the wafer 60 from the pins

25 59 by the transfer arm 42 as illustrated in Fig. 4.
It is desirable to provide cooling of a wafer 60 after processing in the

HVBE 31, and prior to exposure of the wafer 60 to normal atmosphere. This

z need may be provided only by one loadiock station, such as station 37b.
Preferably, however, at least two or all of the loadlocks 47 are equipped with
30 cooling capability so that any loadlock station 37 may be used for outboard
wafers to optimize throughput. The loadiocks 45 are provided with such wafer
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| oosely isolate the inside of the AFE 32 fromthe clean room environnent,
t her eby alW®@9#/3094¢f or rel axati on of the clean room standar ®ETARIS MRV i.di ng

further particulate isolation within the AFE 32. Preferably, the
arm 42 first positions 10 vertical | yl&dj acent the | ower nost position of
the carrier 25 so that the bottom wafer in the carrier 25 is first

pi cked up by t heoolirigeapabiifysthat lsmmnlisheﬂ duringtbe time it takes to ventthequipulay

parti cles i {hg. Cihrk Shenoh st et RS BRthdheh RS LB he Soefrac oo

an unpr efhis\ahe" ?rs%rfaEQBbf wlsdpwae ifethecdlevater Beope®@i ng.
15 en the arm42'1s properly positioned adj acent the carrier
25 for the loadiotiedtisa watbr chaled, wafer snppmrt plateof Thisiplatesis dasigned Mitht om

f th k of f 2 h
pi cko t he af or WrRsAr IS sialelavatas arpgs B8 Whigh aétally BibndrP g RéreRE0 Mg, ng
station 41 wher ey anyinolsy thef'have gééﬁ ﬂaﬁfnqjﬁnet\ﬁéi‘er"@é %vé been lowered ifRPe" ed

and the wafer is prioperly oriened on t nsfer arm42. The arm 42 20
then deposits t hsuppoHe4s. I'nhahézgwbbtﬂe eiémteéaeeqslxsaphom tooautiic beatdransfer

conpensating for any neasured off-center  di ta e, n.the | oadl o
th(rarp J waf By dirgcheqnrductiog Andho by s ?VH@?? é?wf‘na'ﬁ‘g‘ ﬁ%yner

descr i bed R,e\,gmiy,aes.ﬂyre %@6@9 & i ﬁ’trdtﬂéﬁisblbcb& Bhb@aolphysieaﬁ 0

alignment with t st wafer to be picked up on'the
next returp of tgambingruftes walenisitovided.hPréisure controt tr reigulats the cenlingoate

Af f has b df I k.45 h

[oadl ock st at  onSEHBIGEH FsdRtMaNH ﬁé?gegﬁwet aHEcsve e eend abla B vagmaresagjoshe
t f 35 35 pl th f
ransfer arm 3 dﬁg&gﬁ%a{%gg i a a?%thﬁd‘u@h&tm pl aces the wafer

preferably in a y open to the chanber 33, through
whi ch 30 it passeThasusesafr simgte-uateveloamlss 4524 i erRyBinatien with datch

;gﬁd'pggfkefgbl 1 " saRiers, 25 mermit he ovBrall Vaidie a8 Bpbdky elifadd 42Y §'0d" ™

- 18 - Pé’cfﬂcte'dofb 'a”sr‘ngﬂ ﬁ&'ﬁéncéﬂ Wwhat is2fouhtioim shbadioth esizenf for aed
renoved, for exanpl e into the carrier 25 _at the carrjer

station 40a. | ncopteining far fuh ca,ssette of wafeta@sopKFISt 3t | Dhe yset ¢f singlgrwaler

25, the aligner atiqn sual b [

aligner in the f? l @ﬁd na[""J H%‘W %éﬁgq%%cp?cks sgnt?@é‘ﬁ)fqudﬁag tﬁ g ﬁrﬂ@
insertion into theng@kks ﬁ{we%h@uluétdr@atofmfsiesorechmmeiqnaummmpmfengmack
end processing in the HYBE 31._ This out bound rmer al j gnment

capabi | ity may bdnd outof the @pparaius 80 Fuahmﬁeﬂn%%}?@sa RUMPHRESEAHEPFHRy
the cooling ﬁgd, lﬁ%@-&%ﬁfg@%ﬂ!o%d.s all?ﬁé’ gb&of fﬁetcﬁﬁtd?rﬂhéﬁoﬁ’\ﬁ%@nﬁén féaﬁh%s

drag along whi ch coul d
i ncrease part | ¢l jeceeabecirs U.Shpatents no. SIZGS\&éﬂeans! 5&3?}7@61(mereby espressly 25
at the carrier station 40 have been rocessed t he door, 27

carrier 25 is cl dReAPUARINRERINNIEFRISAtR] %fﬁl’b&f%&cﬁﬁeﬂm'g °f‘2d"r'%t° either
di sengaged. partm%&@%r rﬁcﬁ&u?@&éﬁd’énsgﬁ As noved to the loading station
it

70 from which y an operator or robot.
During the Ioad| ng and‘harlr.baﬂmg ofghe fmaching 30 may dectarmiashout by:an pperate, hutis 15

S | e T s BTN Ly e o e
Lﬂgﬁgg h tté‘)e HVBE agéiurah&y of unprocessed ratdts Soreghmp|é, PRMSMndarE uatmwmnAFE
or twenty-si¢ 300 mm wafers, in position at the loading station 70 of the AFE 32,
/d g 7547 as illustrated in Figs. 3 and 4. Then a transfer mechanism (not shown but
represented by arrows 71), move the carrier 25 from the loading station 70 to
30 one of the carmier stations 40, for example station 40a, with the door 27 of the
carrier 25 locked and facing the axis of the AFE transfer arm 42 through one of




contam nation risk is reduced by a lamnar flow of filtered air that
preferably noves horizontally in a transverse elevation in the AFE
32. Any st r@#¥Fw46 2o representgd di agrammatically as a PETARE9237 and a
filter 76, that is effective to produce the |am nar flow referred

to herein that will ,produce the re uIt satlsfactor to one
skilled i¥ne pRenipgs ﬂ‘g g the carrier 25 is engaged; by, & logkigg and

Ch o HbfRK meBAEnBRE 07§ X@ﬁﬁ"‘ ?‘*‘en AFECH ol dnterdds it the 01 on
25 eafiePRS tb bMofﬂaﬁE:algf Grilock trien@dor 211 Ther 2Re PeedraintsA t72moves

Advant ages of the preferred configuration of the I oadl ocks 45 are nost

ef f ect i vethe cardér dant 28\aveayHron ding aqnehas Eodti‘iamdowﬁ; therebyvepening the | a
vol yme as racti.cal , ref reth n about six liters and
pr eger abl ﬁwy?ﬁa%ﬁ?xposmg a'sdl IWar @‘y@ dn this eongitioneck

hanb 4 f f
Che onampite EapB°E8 YelhBhs' 5‘#282@1% §°€ﬁgs%%hr %@ﬂ“ﬁ rRFES848°¢ ©

t housands |cfsef iSondtd ﬁae%mer@f e NHEOQIthﬂSh Ctﬁetérearrnraém%wr&rﬂﬂeﬁf evat ed.

Simlarly, the height of the pins in their elevated positions I$ al so
exagger-at thiereby allowmg fm‘ relmaﬁorgofrtbe c]eandocmetamiarm end enoviging furthier ow f or
transfer to an sf er ar dclearance wth the

ral sed suP@ teesefafwrs@rﬂfhra#@e é\FJEr 52° Prefera Veter ahh 2 firsbpesitinpsr 47 is

t hgpeg;dnggﬂ&%llx%r&%en@?é@%’&ﬁ% glg&ﬁn{gbq(,%ﬁ]tﬂe c%mer 24's8 tﬂ%ﬁg"@q}grﬂ vol ure,

achi evabl qafdriin gst¢artien2s i frsysickadap dy by tHewafer transRe ldrMna P forlthhster.
| oadl ocks 45 in the preferred over and under configuration yields a nore

r obust in this waypartitiesdn itbe icapieruds that arm.dlsmgﬁdwba tluamemuahoi an, the
| ock can be.mn

hi f the h
the mount W' '”ﬁrmerrr%%wﬂ%oﬁwf Py faring Sutice oordas
results 'ﬂng:r dtesBbd Waler Wtdte trféespf Eédefsects in ofsesahgon of time or

space consumlm ng processes In th suc pr eheat i ng
and5degassi ng M!beresﬂsearma%rsdpropekfyrmsﬂimeticm]hmwfe barriegt®5.for the
limting. The ov

mai nt ai ni fYMEvalo of the rgte\ryﬁé_e'lrgrlﬁ%ﬁ@y %\F(Plf“dtﬁéf?%ggml otth e\/gt%rcg%glﬁgpﬁéhghﬁoadl ng
station 7 S h‘aﬁ.pes esign
and :Jse o?a H?’Ir%%kt% g@gégtrarﬁﬁedrfgﬁklg\}géy&égﬁrbm y F%]#feﬁsér’ %QY%sq |g
carriers frowgh teldlignirgs statidnt 4k aimets any tdffecdrmerd distarmdenbf tie i@ferl is

addition, one or_ nore buffer positions 78 may be established al ong
the pat hs measyead andtnepyafenis properly onerﬁed @wertramsfervamm{ dhecapoiidril y

CnPocoss HPHodshadtsritie Syaer, I 2 ARGk, cfoc aRRFls) e idadbd 7a.o. < o5

bet ween t%%&ﬁ@éﬂi@ 6P afy Indastired offi-cemtér @istahee dICtcedh thE9oadiock, the station
70. For exa a carrier 25 at each of the stations 40a and 40b,

a carri er wafenis mmeddmndhe\MEﬁa mmtl'meNBIE %nredhe mammtrde;mbedr on 70
th d stati
posi ti on épsns% égn%rmal?s%%reﬂmﬁm e Rihvtp onmert i el of s

ation 70 ?e& r fiecred from
the stati odr?,é % tl h%on réer%ext‘?é{uf'ﬁ 6ftf'%"5’(r§ﬁ§fepﬁrrﬁd B tﬁ%e r obot ,
vrh@SeuponcahEnshatmn ngacarrl er parked to the left of the station 70

can be transferred to the |ocation 40b. O her conbl nations
movenment s can K¥ieSr Gviwafar vias Bern ttemmedyirom the: é@ﬁ@ﬁ@‘ﬁ@ at the

loadiock station 37a and cycled through the processing stations 34 by the

transfer arm 35 of the transfer chamber 33, the arm 25 laces the wafer p 5],'[9-,

preferably in a ioadlock 45 that is already open to the eamber 33, through which n( &7 5/%
30 it passes as described above. After passing through the loadlock 45, the wafer

is preferably moved by the AFE transfer arm 42, preferably back to the same
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20 CLAI M5 1. A method of transferring wafers between nulti-wafer .
carriers and a high vacuum environnment of a transfer chanbpernf(ss@doef a
waf er procWOS83H48| uster tool, the nethod conprising the steps of
positioning a first nulti- wafer cargfger (25) in conmmunication wth
a clean atnospheric environment adjacent to a robot transfer device (42)

that is |ocatggduldy iﬁ'ﬂ?cﬁéﬁsﬁ\}lé@nge'r§5ff|ro‘?mvh?é‘p¥l?%fwaﬁep%a%?@slnovw%r example,

transferring atirs wafer in a horizonta entation

robot transf efsadhevntee tHet Darfiero2st Ak thei cafriee astation 40%0) RNehdBNG NFokh e
first wafer horizontally .into a first single-wafer |oadlock station (37)
that is spacleadiapk: stetion 37 toom carriee 26t the gpligheostabientisaisualy Shypassed.

AT LA T e, B AT O R R

T bty o o s o

closure (57) pratessingdultieHWBER1.hThizpmtbognd djeraiigniest capability may be
desirable if a wafer becomes misaligned during the cooling and loadlock vent
cycle to the point where it might drag along the inside walls of the wafer
carrier 25, which could increase particle problems. When all of the wafers in the

10 carrier 25 at the carrier station 40 have been processed, the door 27 on the

carrier 25 is closed and the locking and unlocking mechanism 72 is disengaged.
Then, the carrier 25 is moved to the loading station 70 from which it may be
removed by an operator or robot.

During the loading and unloading of wafers to and from a carrier 25 at a

15 carrier station 40, a carrier 25 can be removed from the other station 40 and

replaced with another carrier 25 of wafers to be cycled through the HVBE 31.

" During this and all operations within the AFE chamber, cross particulate

contamination risk is reduced by a laminar flow of filtered air that preferably

moves horizontally in a transverse elevation in the AFE 32. Any structure,

20 represented diagrammatically as a blower 75 and a filter 76, that is effective to

produce the laminar flow referred {o herein that will produce the results
satisfactory to one skilled in the art is acceptable.

The front end configuration outlined above easily allows for the addition
of a third wafer carrier station 40, if necessary, for exampie at the position

25 occupied by the wafer aligner, which can be relocated.

Advantages of the preferred configuration of the loadlocks 45 are most
effectively realized by configuring the loadlock 45 to have as small a volume as
practical, preferably not more than about six liters and preferably only about
4.5 liters. The volume of the loadlock chamber 47, is exaggerated in Figs. 4-4C,

30 as the lower surface of the chamber cover 52 may be shaped to lie within 20 to
30 thousands of an inch from a wafer supported on the pins 59, when elevated.
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hi gh vacuum transfer chanber (33); positioning an atnospheric side

cl osure (53)obgkeeeen the opening (50) and the atnospheric PF@H{SW%"? 32)
thereby formng a first |oadl ock chanber (47) with the wafer therein

bet ween the closures (52, 57) sealed frbin the atnospheric environnent and.
fromthe high vacuum environnment;, then 21
punpi ng t he fiSimilaty ok beightofihe eins(SErin their alevaledpasitioness alse exaggerataten

[ th i d I 57 d ' th ' f |
o, S TG e b BB e e [5 hir
=113, Yty e bl Mok 8 e Sl sigbr e o

the transf e”ﬂ'd'efédabgl, thef earivera4Ndsi fratrdred round;néraki telst Mearfy YagwdiNo
processi ng chanber (34) when in comrunication with the high vacuum

envi ronrfent ; tmigimize wastedruolume. theeehy makingahighenspeed pumpiRg @ndavent{rep)
O B o PSS B IR el o Vel e U eERAS "
hori zontal ori|gakBEkL A5 in the preferred over and under configuration yields a more robust
low volume lock structure. With such a configuration, the lock can be machined
in a structural wall of the HVBE 31 so that the mounting and connecting of
10 vacuum pumps to the loadlocks 45 results in minimal vibration. Avoiding the
Jocation of time or space consuming processes in the loadlocks 45, such as
preheating and degassing processes, avoids making the loadlocks throughput
limiting. The over-under version provides the low vibration while ma.intaining a
small footprint.
The single loading station 70 that is illustrated in Fig. 3 facilitates the
design and use of a track based carrier delivery system by the user with which
carriers 25 are delivered and taken from the loading station 70. In addition, one
or more buffer positions 78 may be established along the paths illustrated by the
arrows 71 in which to temporarily park one or more carriers 25, such as
20 incoming carriers of unprocessed wafers. This facilitates the exchange of
carriers 25 between the machine 10 and a single carrier handler at the
station 70. For example, with a carrier 25 at each of the stations 40a and 40b,
a carrier 25 of unprocessed wafers can be delivered to loading station 70 then
moved toward station 40a, where it can be parked at a position along the

25 arcuate one of the arrows 71, to the right of station 70 in the figure. Then the
carrier 25 can be transferred from the station 40b to the station 70 where it is
removed by the robot, whereupon the incoming carrier parked to the left of the
station 70 can be transferred to the location 40b. Other combinations of
movements can be provided with additional buffer stations 78.

30 Those skilled in the art will appreciate that the applications of the present
invention herein are varied, and that the invention is described in preferred
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to the first or a second single-wafer |oadlock station (37), operating as
an out bound | oadl ock and having the atnospheric side closur e
posi ti oned DR WA4& he opening (50) and the atnospheric froﬁ?ﬁég%m?gg) d
then noving the transferred first fer in a horizontal

orientation vertically into the first of Second | oadl ock station (37) and- -

i o vacuum  rAREPAHERR AEeHCPR, Sckidns, SR macHipatians sepcamaradmuioot
chanmber (47) yé éh“t‘@?“’“@{r@pﬁm'@b@fpﬁ,*&ﬁﬁﬂ@ﬂ?gﬂj’ﬁ@%ﬁm&az 57) seal ed

from the atnospheric™ environnment an A%i r onnent ;

t hen venting the outbound | oadl ock chanber (47) to a

22 pressure | ever of the atnospheric environment; then openi ng t he
at nospheric side closure (52); then transferring the first wafer in
a hori zont al orientation fromthe outbound | oadl ock station (37) to the
carrier (25). 2. A nmethod as clainmed in daiml1 further conprising the

steps of simultaneously with the first |oadl ock chanber
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punpi ng step, transferring a second individual wafer in a hori zont al -
orient atioa, V@s} PM% robot transfer device (42) bet ween a cRGT/VEYS9IH) and
t he second Iooa5 ock station (37) with the second | oadl ock station (37)
operating as an f’,,gbound | oadl ock stafi-on (37). 3. A nethod as
clainmed in d ai FML arther conprising the steps of simultaneously with
the first | oadMocketaodef trangfenirigwgafers petween multi-aafdrazarries and adugd

i ndi vidual wafer with a robot transfer device (42) between the first
carrier (25)vaguum envirgamentiol @ ¥@nstex chambesef @wdfefprocassingelestrr toehdl ock
station operating.as, an inbo | padl qck station; and wth a transfer
arm (35) |loc efagm?%fa“i’?%lﬁﬁf?‘g‘? S%iﬁ er (33), transferring a third wafer
t hrough the tran : i aracu UpSEtiHnNgithn (34)
t o anot her vacuun? %%ggﬁis?@r??rgﬁiﬂ%{w& %%ﬁxé'ga@e?ﬁfgﬁf as cﬁgi ?flr'atg‘ ?QBE%Q

precedi ng O atmospieeris envitdmenenitadiacet tooadbbokiramsiebdevice thatrig Istated in
I ncl udes the i 23 step of actively
cool ing theangt@ospheric fraat endiphihegol; theril ock station (37).

transferring a first individual wafer with the robot transfer device from the
first carrier and into a first single-wafer loadlock, operating as an inbound
loadlock, that is open to the atmospheric environment and sealed from the high
10  vacuum environment of the transfer chamber; then
sealing the first loadiock from the atmospheric environment; then
pumping the first loadlock to a vacuum pressure level; then
opening the first loadlock to the high vacuum environment; then
removing the first wafer from the first loadlock with a transfer arm located
15  in the transfer chamber and placing the first wafer into a vacuum processing
chamber when in communication with the high vacuum environment; then
removing the first wafer with a transfer arm from a vacuum processing
chamber when in communication with the high vacuum environment and placing
the first wafer into the first or a second single-wafer loadlock, operating as an
20 outbound loadiock, that is open to the high vacuum environment and sealed
from the atmospheric environment; then
sealing the outbound loadliock from the high vacuum environment; then
venting the outbound loadlock to a pressure level of the atmospheric
environment; then
25 opening the outbound loadlock to the atmospheric environment; then
transferring the first wafer from the outbound ioadiock to the carrier.

A
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5. A nethod as clainmed in any preceding aimfurther conprising the
steps when the first and second | oadl ock chanbers (47) ared@idigdsreovi ng
a wafer wiVR%/5P¥bot transfer device (42) in the atnospheric environnment
and noving a wafer with a transfer arm-(35) in the high vacuum

envi ronment . 6. A nmethod as clained in any preceding O aimfurther

conprising the StaRs ndind®BPYIalE 1f0RhEF ESMpASInG!tRE sted® of. f rom adj acent a
robot transfer device (42) in the atnospheric environnment and replacing it

with a second nusifrivitané¢eusiywith tiee firsRibadiogk pomipingstepdrarsfesitgoadecondi er
in conbination wth the atnospheric environnent adjacent, a robot transfer

devi ce (42) incividuahwatarwitytherabetiransfer devicechetyween aesarger anddhesesando and

ol ai med P alRpai B € BRchily Tradamk obbR1S 1 stB¥Seiric pafirengethaRd; ot
i ndi vi dual WgbSlediffithd RRJHf vactiunt 8fviteimérSf the trahBfe? chfbier! St
single-wafer loadlock station (37) includes the step of tra

wafer in a horizontal orientation to and froman alignment station (41) in -
t he at nospheric_epviron This Sheet Has Been

3. The metggcri] t::3'1‘ claim 1 further comprising the steps of: ” (T Replaced
simultaneously with the first loadiock pumping step: | ,m” I"m m, m m’
transferring a second individual wafer with the robot transfer
device between the first carrier and the second loadlock with the second
5 loadlock open to the atmospheric environment and sealed from the high
vacuum environment of the transfer chamber; and
with a transfer arm located in the transfer chamber, transferring a

third wafer through the transfer chamber from one vacuum processing
chamber to another vacuum processing chamber.

4. The method of claim 1 wherein the outbound lcadlock venting step

includes the step of actively cooling the wafer in the outbound loadlock.

5. The method of claim 1 further comprising the steps:
when the first and second Ioadlbcks are sealed to both the atmospheric
environment and the high vacuum environment; moving a wafer with the robot
transfer device in the atmospheric environment and moving a wafer with the

5 transfer arm in the high vacuum environment.

8. The method of claim 1 further comprising the steps of removing the first
carrier from adjacent the robot transfer device in the atmospheric environment
and replacing it with a second multi-wafer carrier by positioning the second
carrier in combination with the atmospheric environment adjacent the robot

5 transfer device while wafers from a third carrier are being transferred to and from

I

the loadiocks by the robot transfer device.




24 8. - Anethod as clainmed in any preceding Caimwherein the transfers
of wafers into ang the renoval of wafers in the high vacuupa®osdsrerment
fromthe |'WOMPEMCst ati ons (37) and into and fromthe processing chanbers
(34) are carried out with substantial ly4 horizontal novenents of the
wafers in a first horizontal plane, thé€ transfers of wafers into and the
renoval of wafers in the atnospheric environnent to and fromthe | oadl ock
stations (37) are carried out with substantially horizontal novenments of

the wafers in I spaced vertically from the first
2. SRR | PFBI%W \%é’fé‘?n

hori zontal plane; and the steps of novi the wafers vertically each
i ncludes the step thé sréwbﬂgarﬁéuerrnngetherfﬁrstvﬂat\wfdl wéf&%m%etﬁ?& ddrfigt aRgd
second hori zont al | anes. d of manufacturing

seni conduct orinteetheirs tmmgier\saﬁeg lmacﬁoek m@mdﬁs thaeste;eohtndnsfbrrﬁm@tw wafer g
waf ers an ecedin nd further conprjsing the step of
processi % r%"‘ﬁﬁf’g}amga"mﬁnpﬁ 'BF‘dEé'%%P %‘ﬂ%%’e@ ?’@E‘Weﬂtn t he hori zont al

orientation. 10. A nethod as clained in Claim9 wherein the steps of

8. The method of claim 1 wherein:
the steps of the process are performed with the wafers in a horizontal
orientation;
the transfers of wafers into and the removal of wafers from the loadlocks
5 are carried out with substantially horizontal movements of the wafers; and

the method further includes the steps of moving the wafers vertically when
within each of the loadlocks.

9. The method of claim 1 wherein:
the steps of the process are performed with the wafers in a horizontal
orientation;
the transfers of wafers into and the removal of wafers in the high vacuum
5  environment from the loadlocks and into and from the processing chambers are
carried out with substantially horizontal movements of the wafers in a first
horizontal plane;
the transfers of wafers into and the removal of wafers in the atmospheric
environment to and from the loadlocks are carried out with substantially
10 horizontal movements of the wafers in a second horizonta! plane spaced
vertically from the first horizontal plane; and
the method further includes the steps of moving the wafers vertically when
within each of the loadlocks between the first and second horizontal planes.

L
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transferring the wafer with the transfer arm(35) in the transfer chamber
(33), placing the wafer into the vacuum processing chanbepctrgddsioszrs
processi ngva $850046F er in the proce55| ng chanber and renoving the wafer from
t he vacuum processing chanber (34) %I ude the steps of sequentially
transferring the--wafer with the transfer arm(33) in a

25 horizontal orientation to gnd froma pluraljty of vacuum processing
chanber s ( 34) 18ndk PRRRSE TRRSUIS 8 /semEadis WaRE staf'mft&ﬁsgﬁp%
each of the processing chanbers (34). 11. A high vacuum waf er
processi ng apparatus (30) conprising a plurality of vacuum processing

chambers (34) haﬂéﬁﬂoﬂlr@)étﬂréﬁ%rﬂéﬁ%Qidﬂnrﬁ@rﬁxcbﬁ@@"vﬂﬁ\ anclesdn! AdispBerivaf ers
i ndi vidual 'y therethrough, the ports (38) of each of the processing

chanber s51 yi enyvifommeentadjaceritia- sbot transfeo device ghatnis locatad gh anatmosphediasf er
chanber (33) havin plurality of ports Iying in the first horizontal
pl ane and coﬁﬁﬁ%trﬁ%gﬁ&eeto\ﬂi:tth E®he ports (38) of the proceSS| ng chanbers

(34), an at mSpheﬁéﬁ%‘%ﬁ%taaﬁ&PmQ% al QY Rt V’\ﬁhehr%%{ trahSter 3 (Ac‘érfrérﬂ sNng

and unl oadi ng doorl; por I on of ver spaced from
at first carrier and into a first single-wafer loadlock that is open to the atmospherlc

environment and sealed from the high vacuum environment of the transfer
10  chamber; then
sealing the first loadlock from the atmospheric environment; then
pumping the first loadlock to a vacuum pressure level; then
opening the first loadiock to the high vacuum environment; then
removing the first wafer from the first loadlock with a transfer arm located
15 in the transfer chamber and placing the first wafer into a vacuum processing
chamber when in communication with the high vacuum environment; then
processing the wafer in the processing chamber; then
removing the first wafer with a transfer arm from a vacuum processing
chamber when in communication with the high vacuum environment and placing
20 the first wafer into the first or a second single-wafer loadlock, operating as an
outbound loadlock, that is open to the high vacuum environment and sealed
from the atmospheric environment; then
sealing the outbound loadlock from the high pressure environment; then
venting the outbound loadlock to a pressure level of the atmospheric
25  environment; then
opening the outbound loadlock to the atmospheric environment; then

transferring the first wafer from the second ioadlock to the carrier.
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| east a portion of the high vacuumtransfer chanber, a plurality of single
waf er | oad| ggksgly@t i ons (37), each having a horizontally RCGTARRE9ZTPeni ng
(50) therern Betmeen t he hi gh vacuum transfer chanber (33) and the
atnospheric front end (32), each |oadlpgk station (37) having a vacuum .
side closure (57) selectively positionable between the opening (50) and
the hi gh vacuum4 r fAsféthodsFEpsim {Bwhersld: an at mospheric side closure (52)
sel ectively positionable between the opening and the atnospheric front end
(32), the cl osur ethd SfepsSd) trahsfierming theowafer avithdthectransfer arrh dadhe ¢karsiember
(47) therebetween, the closures, (52, 57) of each, |oadl ock station (37)

bei ng chambper, placing the wafer into the vagyumypraeesFing enarmber, pegaassing the

| d with . . t Al h.i ncludi f
ol evator " (SUFRLIASNE Ripbarsing RRSRE R teiiVing Hig SHAE loRf e VERufi ;'
L i . - . ot
oSt £ 1 onSad) BRHssIUCHERLt OGS LE AopN & seatntiy arsteiFePpieyator Wit <!

carrier stathetansié) aim to andsfromsp blirality fof satuemdorodessing ohamberd artdd

support a nultiple-wafer carrier (2 thereat, at |east one transfer arm
(35) in the PrefESERQING waéﬁm&acéwihwocessmg Cthambefs-

[

-
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(33) having a single-wafer engaging elenment thereon novable in the
first horizontal plane to and fromeach of the processing 9?3%@5@27_{ 34)
and the vallRif¥i%¥4hsfer positions of the |oadl ock stations JTand at
| east one wafer transfer device (42).3&.the atnospheric front end (32)
novabl e in a second horizontal plane anong the atnospheric transfer

positions of t I t i | 25). 12.
Appar at us as crg%nggq{;ﬁg&éfg‘lg%“ﬁ@?gﬁ%erlr@(r;érjﬁ)&r%?gﬁuggéd}ﬁa&f\l/\a/a? T aligner (41)
in the atnmospheri @ plupality fdvd@im prodessi thambeRaVinbes Jdramsé@in dsvi ce
(42) being also_ novable to and fromthe wafer aligner (41). 13.

Appar at u$ as leadingeadiunieading watees individuslly therierthauight, ur t her  conpri si ng
gas affecting structure_in _the t mospheric front end )

37° 13, “hpparat ud 2SO AR n1ERsREnE BRBE SNANG: & oPhsalityy aThgrorts
conpri sing a cHffinieaRbl witfidhe nﬁtof'tﬁ?g%oc%eﬁngfchfagtfe{goad' ock stations

(37) situated to cause a oW 0 eat om t he®wa 0) to the cooler
(48) during venti rep atoospherid foant| endichamioeb baving 2} idast omsl chtidrigagingsarices

(52, unloading door;

.10 a plurality of single wafer loadlock chambers, each having an access
opening therein between the high vacuum transfer chamber and the front end
chamber, each loadlock having a vacuum side closure selectively openable
between the opening and the high vacuum transfer chamber and an atmospheric
side closure selectively openable between the opening and the front end

15  chamber,
a plurality of carrier stations in the front end chamber configured to
support a multiple-wafer carrier thereat;
a transfer arm in the high vacuum transfer chamber having a single-wafer
engaging element thereon moveable to and from each of the processing
20 chambers and loadiocks; and

a wafer transfer device in the front end chamber moveable among the

(i

loadlocks and the carriers.
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57) of the | oadlock station (37). 15. Apparatus as clainmed in Caim14
wherei n at Iegg@g ?ne | oadl ock station (37) includes an upveCTiU§9sioaziing .
waf er sup‘ffgr9 4Pt ace (48) having the wafer cooler therein, and the wafer
support including a set of at |least tRiee lift pins (66) having a raised
position whereat a wafer (60) is situated for handoff between the support’
(48) and the #pamYecspparatys35)claim t@dutthemsdreprisiegi ce (42) and a | owered
posi tion whereat the wafer (60) is in contact with the support surface
(48). 16. Appaa waler aligneran theifrpit emg coaabel, Clains 11 to 15 wherein

the carrier (25) has a pl.ural.i of . 0 0s] L] et y
spaced in a verti Iwgﬁegctka’ﬁ%@lr épw,cevﬁ{ﬁé @i%q, }:@?’Sép% Fdo%baﬁi@% ‘i%cﬁ&?%’m ude
a carrier elgfggﬂ r operable to nove a selected one of the plurality of

waf er storage’ positions into the second horizontal plane, and the
transfer device (42) is horizontally novable in the second horizontal

pl ane between the atnospheric transfer positions of the | oadl ock stations
(37) and the sddecTheiappacates of paimtld whereybsi ti his Sheet Has Been Replaced

| [

a wafer cooler in at least one of the loadlocks situated to cause a flow of

15. The apparatus of claim 12 further comprising:
heat from the wafer to the cooler during venting of the loadiock.

16. The apparatus of claim 15 wherein:
the at least one loadlock includes an upwardly facing wafer support
surface having the wafer cooler therein; and
the wafer support including a set of at least three lift pins having a raised
5§  position whereat a wafer is situated for handoff between the support and the
transfer arm or the transfer device and 2 lowered position whereat the wafer is
in contact with the support surface.

17. The apparatus of claim 12 wherein:
the loadlocks each include a wafer elevator moveable between a vacuum
transfer position and an atmospheric transfer position; and -
the transfer arm, the ports of the processing chambers and the vacuum

transfer positions of the loadlocks are located in 2 common horizontal plane.

18. The apparatus of ciaim 12 wherein:
the loadlocks each include a wafer elevator moveable vertically between
a vacuum transfer position and an atmospheric transfer position; and
the transfer device is horizontally moveable in a horizontal plane that

contains the atmospheric transfer positions of the loadlocks.
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Zg 17. Apparatus as clainmed in any one of Clains 11 to 15 wherein the
carrier (25) has a plurality of wafer storage positions vergdgaddgiopaced
i/n a verti CHPI8BWEk therein, the transfer device (42) is vertically

movabl e between the second horizontal_fpgane to the level of a selected one
of the storage. positions. 18. Apparatus as clainmed in any one of d ains

11 to 17 V\herei)g%t ?ﬁ?%@%&% o?t&mefasw%é@inof the single wafer | oadl ock
. fein;

stations (37) wh ave an evacuab vol une substantially | ess than

the volunme require la8i plairdTHY of WafeMetbpigegoditiGhs vertich Béd &y us
as clainmed in any grr]\éee%?%rhai mspli t% 18 V\/nereign ??161” osa\é?o?kﬂ%ﬁganbers

(47) of the siaggricaledtack tHeveidt ock stations (37), when forned, are
configured to support a wafer, in a I,ar‘e and the cl osures %’% ?76_\

t hereof are configdPeFarder stalions &ﬁ@FéFC Hee grier tor, pperabigitomoverat he
chanber t | [ ¥ |C : : ,
when the it aneaiehghy ofE Il et S8R bagions e haenid Biiey

under type. aref. Apparatus as clained in any one of Clains 11 to 19

the transfer device is horizontally moveable in the horizontal plane
between the atmospheric transfer positions of the loadlocks and the selected

one of the storage positions.

20. The apparatus of claim 18 wherein:
the carrier has a plurality of wafer storage positions vertically spaced in
a vertical stack therein;
the transfer device being vertically moveable between the horizontal

plane to the level of a selected one of the storage positions.

21. The apparatus of claim 12 wherein:
the single wafer loadlock chambers, when closed to the atmospheric and
high vacuum chambers, enclosing an evacuable volume therein substantially

less than the volume required to contain a multiple wafer carrier.

22. The apparatus of claim 12 wherein:
the single wafer loadlock chambers are of configured to support a wafer
in a plane with the closures thersof configured for the transfer of wafers into and
out of the chamber thereof in a direction perpendicular to the plane, whereby,

when the plane is horizontal, the loadlock chambers are of an over-under type.
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wherein the apparatus includes a high vacuum back end (31) that includes

t he pl ural iy o@booécuum processi ng chanbers (34) and the hi RET/VSASOIRAT -
transfer chanber (33) bounded by walls (51) separating the vacuum
envi ronment within the -29-

froman external environnment, and the openings (50) of the single wafer
| oadl ock st ati o3, (B¢ appaeatps of ictith 12whereinl (51) of the back end (31)
with one closure (57) thereaf on the vacuum environnment side of the wall

and one closure (5¥F #RParARISINELIRS afvah yeaUUTbpadsend Portien el dnstudes the
environment. plurality of vacuum processing chambers and the high vacuum transfer chamber

bounded by walls separating the a vacuum environment within the back end
from an external environment; and

the single wafer loadlock chambers are mounted in a wall of the back end
with one closure thereof in on the vacuum environment side of the wall and one

closure on the side of the wall opposite the vacuum environment.

— -—

L

This Sheet Has Been Replaced

WA R

THIS SHEET HAS BEEN
REPLACED

29 back end (31). .



