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AUTOVATED SEM CONDUCTOR PROCESSI NG SY$TEM 5 10 15 Field of the Invention
The field owddamaémventi on i s aut omat ed sem conduct ed waf er JITOCES$i4ny
systens, used for processing sem conductor wafers, hard di sk nedia,

seni conductor substrates, and simlar meterials requiring very low |evels
of contami nation. Background of the Invention Conputers, televisiidhBEC 2002
tel ephonej‘“lmmummumm | ectroni ¢ products contain |arge nunbers of essenti al
el ectroni or devices. TDERCARMRIEION:I ectroni c products, hundreds
or thousands e&w®=n conductor devices are manufactured in a very small
space, using |ithography techniques on sem conductor substrates, such as on
silicon wafers. DueAUTCOMATER!SEVMECONDTETORIPRECESRING SYSTERd in

manuf act uri ng sem conduct or devi ces, contam nants on the sem conduct or
substrate material, such as particles of dust, dirt, paint, netal, etc.
lead to delf'i‘éfatosftwlntvgﬁti d products. To exclude contam nants, sem conductor
substr at esﬂ're_pr‘ovessepgfvmthi n clean 20 25 roons. C ean roons are encl osed
areas or roons W thin a sem conductor manufacturing facility, designed to
keep odt cont ani hafield ofAha inyeptipn sviuerdated semisbrdugtedowater procgasingalystymhi ghl y

filtered t rrevent airborne contaninants.fromentering into or circul.ating
wi thi n ¢ he st o P daPai R b R I, S B B bl oot

mai ntai n canfilanmagnal reqlilhgvéeowliean dfeonaminaigequatel y 1 ow | evel s.
Consequently, construction and mai ntenance of clean roons can be tine
consum ng and costly. As a result, the sem conductor processing equi pnent
installed within a clean room should preferably be conpact, so that |arge
nunbers of sem conductor wafers can be processed within a smaller space,

t her eby r eBackignourdpd¢le Inzentionenent s and costs. Accordingly, there is a need
for small er sem conductor processing equipnment, to reduce cl ean room space
requi ngrents. CogintCR, BelbvidRAe WRAABAQZELP othePElHBRE! trolidcts Eonﬁﬁi’nsfa}é}g

aut omat ed sem conductor processing systens use robots to carry the

senm conducbownberatof essehial cl¢tnonicr wnutendacter dedstgnebo pmdavokkicttordapradgets,
particles whi hd couéd cocptcgm nat e the aen‘i conduct ofrs. Hawever, even with
caref ul deStRRCASATRPSANIS QN ERHT BT eI Gre BARYIATISH In Ba¥ery SPAL shAss,
still be cufng aethog¥aphh e&cBniqabPsiS senyicendubRi kulatraRy, sieh Béd SlicACwares Maley.
there is a need for inproved techniques for processing sem conductor
substrat e tpather pxremely tsmalledinengigns dyvaleedofn mepwfastiring isemicosdupiarndayiqsst he
evel 1of dedififhails AGEERIABbRILEY ShifurallRl ST Nuchbs bARCIEYPAI At Hlind N 2
first "aspect o € 1T nvention, an autonated sem condutctor processirig system
has an i ndmetal, dayeadrto sipfecss iatie endprattess bay or space within an encl osure.
The i ndexer

To exclude contaminants, semiconductor substrates are processed within clean
rooms. Clean rooms are enclosed areas or rooms within a semiconductor manufacturing
facility, designed to keep out contaminants. All air provided to a clean room is typically

20  highly filtered to prevent airborne contaminants from entering into or circulating within
the clean room. Special materials and equipment are needed to maintain contaminants
within the clean room at adequately low levels. Consequently, construction and
maintenance of clean rooms can be time consuming and costly. As a result, the
semiconductor processing equipment installed within a clean room should preferably be

25  compact, so that large numbers of semiconductor wafers can be processed within a smaller
space, thereby reducing space requirements and costs. Accordingly, there is a need for

smaller semiconductor processing equipment, to reduce clean room space requirements.
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bay is oriented perpendicularly to the process bay, to forma cgrfpbf 2001
design requiring less floor space in a clean room In a second separate
aspect of tkapgsention, an indexer is provided in the i ndexarrd$&shays The
i ndexer preferably holds pallets for supporting sem conductor wafers
contained within cassettes. Pallet nover¥ in the i ndexer nove the pallets
and cassettes in sequence froman indexer |oading position, through a
plurality of internedi ate storage positions, to an indexer unload position.
The indexer al | obsistife adtohooat @dm&@:fﬂu@@ﬂ%&%%n@@@ﬁ@:ﬁ&d@@ rob&§ e dafry! tha
continuously, by noving and storing cassettes. 2 0 In a third separate
aspect of t%@l?%\ﬁ@ﬁ@mﬂatem% ﬂéneseetobﬁﬁvwsiesxgeqrdjueamdﬁrwang rariElgs- which

hi f I d.| h
ndexer PraPit SEPORARO R Bl dpn R AR Lo B Bt ool Bl "

engagi ng a eremho@nartdﬂeoﬁmtotpé)ml@xﬁ panecl@amagtse] BeOcrﬁﬁte&QJ@tthbs%aQB@trs,t ©iat their
novenment of the pallets relative to the belts. In a fourth separate aspect

of the PnveRPYBR, PHIS Shesorting!he thsa iersnseddior ciamproyeghicchniguese Frsproeessing
Sensor pai rmithalelof Shiddif PLERRISAE TP IRETERION AnfATRRIh S0 WaifaRPlHE !
or wafers in a cassette. I'n a th separate aspect o nvent Ion,
process r ohlevelwif tdafestsam acnepabietlekisem conduct or processi ng system has a
robot armvertically noveable along a lift rail. 3 0DE C 2002 W

00/ 02675 3 PCT/ US99/ 14. ~14 The robot arm has a forearm segnent extending
bet ween an el bow joint and a wist joint. A wafer holder on the robot arm

is laterally offset fromthe el bow and wist joints. The robot armis
conpact yetStatemeanobthednypation ange of travel. The processing system

therefore requires | ess space, 5 In a sixth and separate aspect of the

inventijon, a noVgaDlesthidhdRior %tbemf/edu%npﬁ’r%&tbﬂaﬁg sEMflontiit8or RHEE%SHg sS/Qem
increase productivity and versatility of the system In a seventh and

separ at e ashasan ipflexenday qu epact end 2 gravessdiay pr spasssvithin ah eneloswre. i §htprl'@¢xﬁed
to better C}Lgﬁﬁ,@ %nﬁjteg %%g»egdlglfllgrﬁﬁ?o tfhg(é?oléps% Sbaﬁatm}?%g 80%8%& dgs%réreﬂﬁgmg less

the inventio WG 6

conbi ned t oflpsraspasteinaiciedmioomed aut omat ed seni conduct or processing system
It is an object of the invention to provi de an automated sem conduct or
processing syste bet t er desi t sem conduct.or r.s ee, of
cont am nants. {H%S%fof’grsf%aé?egfﬁeé tOtB? %"‘?r’h\?gr\?q%éﬁr ‘P@m\éﬁé@ ghe afidexer
aut omatied sS4y, cmdurateﬁér fRéfREMBEShdIds Salletsefdt uppbrting sémicdAtiudtey, wa/ieis doafdt |
to reduce clean room space requirenents. 15 Ot her objects, features and

advant ages WFthIn easgrsir. Rahiimeiersein, thgmdexer mESCRMEPREYE o qastetioRm/FadEEngen
the draw ngﬁom"‘ﬁ?fnﬁk%ﬁ tlgﬁi %B&éﬁc@f %{r&{h?\ed @U%?}r ofjﬁ%@&a{e@%é sﬁlmt

t hroughout the sever Vi e I'sa top, rear an eft side
per spect i veaw insaxerf urtl bazl msamntT}m;ndﬂmt eldbmem@uwdmd)serrpmmdesisl prpcessigem

system to run continuously, by moving and storing cassettes.

20 In a third separate aspect of the invention, the pallet movers include an x-axis and
y-axis shift system, for moving pallets longitudinally and laterally around in the indexer.
Preferably the y-axis shift system has a pair of toothed belts engaging a rack on the bottom

of the pallets, to prevent inadvertent movement of the pallets relative to the belts.

In a fourth separate aspect of the invention, prisms on the pallets redirect light
25  beams from sensor pairs, to detect the presence or absence of a cassette on a pallet, or

wafers in a cassette,

In a fifth separate aspect of the invention, a process robot within an automated

semiconductor processing system has a robot arm vertically moveable along a lift rail.



Figures 2 and 3 are front, top, and left side perspective viewsd BEC @1 ;
Figure 4 is a front elevation view thereof; Figure 5is a left side view
thereof; 2 ®oRiogas® 6 is a front perspective view of the i npaT/use/pyt4 r obot
shown in Figure 3; Figure 7 is a rear pegspective vi ew t her eof; 30DEC
2002 w0 00/ 02675 PCT/ US99/1d414 9 Figure $ is a perspective view of the

i ndexer shown in Figures 1-3, with various conponents renoved for clarity
of illustration; Figure 9 is a perspective view thereof with additional
conmponent s The mpbadrmdies 8 [fencimy sepment bxiending besweerbarFelgowgoint @d & wyist joamot her

per spective view,t hereof, show ng addj ti.on details; . Figure I. 1 is

| eftside vi waot }{Olhcger Pﬂ&]é%(@%\gt H%R’Aﬁ llahrq{liygq?‘tsgrfrpmé?xe ﬁlbﬁﬁ'?@d.l‘ﬁnﬁéméusp?’g}iﬁe vi ew
thereof, Wrétbttah@ iP@dohRbyc@Rad AifertddeX Bingt 8IONRY, ThOProtésRinklsysi@h therefore
illustration; Figure 13 i's a front view of the indexer shown in Figures

1-3; 10 Fi gesueresdess spagepl an vi ew of the i ndexer shown in Figures 1-3, and
illustrating sequences of novenent; Figure 15 is a perspective view of the

el evatos shown ijf Figu &na idpatalte abiRWeLEdnPqsddntion aFEQWaSlglﬁuffér helf is15

perspective view thereof show ng the elevator in the raise position;
Fi gure 17 ipssidohedoner herisgexet, ity mcrdasaproductivizy pndearsasilitobithe sysoesm i n Fi gur es
2 and 5; Figure I8 is a plan view thereof; Figure 19 is an enl arged pl an

view thereof Filﬁylér%"%‘q“wi“‘?%ge a\;\F{t‘;é_ a@%étsoq%é if‘(/ﬁm‘i’dn?\é’ rf%fvelwgcegg ﬁrfo%ﬁf% J&E_% ’

with the arm ful a rgure 21 Is a plan ew t hereof; Figure
22 is a si peovatielmthicter olosewnd isen! ppracessanvdubnchanfbet.he process robot; Figure
23 is a front perspective view of the process robot; 300 EC 2002 W

007026' r5 PCTI U3RQ/ clittla eéfo'?ittﬁéé{nggnr%%ﬂﬁ‘“%“d? 5 of GRSERGICS dbdchHzd LofVeaps

showi ng various positions 0O
10 . combined to provide an improved automated semiconductor processing system.

It is an object of the invention to provide an automated semiconductor processing
system, better designed to keep semiconductor wafers free of contaminants. It is a further
object of the invention to provide an automated semiconductor processing system that is

versatile, yet compact, to reduce clean room space requirements.

15 Other objects, features and advantages will appear hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings, wherein the same reference number denotes the same element

throughout the several views:

20 Figure 1 is a top, rear and left side perspective view of the present automated

semiconductor processing system;
Figures 2 and 3 are front, top, and left side perspective views thereof;
Figure 4 is a front elevation view thereof;
Figure 5 is a left side view thereof;
25 Figure 6 is a front perspective view of the input/output robot shown in Figure 3,

Figure 7 is a rear perspective view thereof;



of the process robot; Figure 25 is a perspective view of a pr oce§§ Drﬁﬁd@iﬂe
as shown in Figures 3-5 Figure 26 is a perspective view of the

sem conduct Qfg R@ERSS nmodule illustrated in 5 Figures 4, 5 apgr@Sonaid

havi ng a nove(f oor actuation and sealing nmechanism Figure 27 is a
perspective view of the process nodul e door actuation assenbly; Figure 28
is a cross-sectional side view of the process nodul e door in an open
position; Figure 29 is a cross-sectional side view of the process nodul e
door in a clos [ ect i ew ond

i ndexer enbodi ne U}JQ 82&:3 }%r?ErC téFé gﬁﬁgo%@lre é@%@ggg{%@r glp£¥t6 fege wvgelw @z?i%ﬁﬁ

i ndexer slqonmomemtﬂegwwed 80, clasity bf lsirais; conponent s renoved, for purposes
of illustration. 15 DETAILED DESCRI PTI ON OF THE DRAW NGS OVERVI EW Tur ni ng
now in detail Jr?% graape,@gémv@mm\[mew h%‘dﬁﬁ%{ui‘i Lﬁ?m 'Aef’f} OB %For

sem conduct or §'&Fi’a ocessin s 1n | n a clean
room 52. ‘Etaeit)zoﬁllls:ytsat@m 50 has a clean air enclosure or hOUSI ng 54 having a
left side wall 56 with a fixed transparent w ndow 57 to allow vi ew ng of
operations wt h re 5 enc as a front
wal | % as shrc})Hvé}JE 16 yeq Rgtgerpneé\pect%e w%lxed tlsﬁgwmg adg“?l%zﬂ dgﬁ}nlp%g A

| oadi ng/ unl oadi ng open| ng 60 in the front wall 58 is cI osed of f during
operation 2 5 dfigurhe!l sy tefinds@idwyoftht iralesgrashewn in Brgdiasd - ndow or panel 62,

as illustrated in Figure 2. Referring to Figures 1-5, down draft fans or
bl oners 80 are ide Qf é on tRe GORKENHAUREY fpve
clean air roomﬂg l\%ﬂ%\/\grglé)%lﬁlrgiﬁghd%ﬁgf’gﬂg osuFjgn A" V?/O 0017’02675 6 %

PCT/ US991 (clatitytoBillstmatienC 2002 utilities conpart rrent 82 provi des space for
power supplies reagent tanks, punps, and other conponents well known for

sem conduct or €989 frofy Hé@ f'tH%tlﬁc'i{ﬁFého%m%%&&e}f3r°”t wal | 58

provi des |nforma 1on and inputs control 1nstructi romthe system
operator. The user |nterface is linked to a 5 conputer/controller 85, in
the utPlities doewarkinisnt pbm visw ef the indewsr shpwedpifiguresred, and illustrating

conput er/ | i nked to the various notors and sensors
descri bedcé'g‘g\lwneégdqrm(gg e%&s to a facility control conputer) to control

operation of the system50 Referring to Figures | -4, and especially to
Figure 3, the J)swrerhS5e aipessnaeline vipwiohdbs elevasas shawnsigiigures, dx therlewergd
rear war dl X)o@fn%ﬂg the left side wall 56. A process bay or

Figure 16 is a perspective view thereof showing the elevator in the raised position;

15 Figure 17 is a front perspective view of the process robot shown in Figures 2 and

Figure 18 is a plan view thereof;
Figure 19 is an enlarged plan view thereof,

Figure 20 is a rear perspective view of the process robot, with the arm fully

20  withdrawn;
Figure 21 is a plan view thereof,
Figure 22 is a side elevation view, in part section, of the process robot;

Figure 23 is a front perspective view of the process robot;



10 space 94 extends along the front wall 58, perpendicularly to g@% igﬁﬁxer
bay 75. The i ndexer bay or space 75, and a process bay or space éﬁ
cont i nuous wotlvomash ot her, and are designated and il ustratt€d/Us99/14414
schematically in Figure 3, as separate spaces only for purposes of
description. Referring to Figures 1-5, the | oadi ng/ unl oadi ng wi ndow 60
opens through the front wall 58 of the enclosure 54 into the indexer bay

75. An I/Orobot 86 in 15 the indexer bay 75 is | ocated |argely bel ow t he
openi ng 60. AnFigndsxXdA-74E ase ghembttedlubiratiohe shavdeay etribaypoiiongefeieadriny i n
alignment with the opening 60. An input plate 132 on the indexer 72 extends
over the PJBPE5EES '88%% oward the wi ndow 60. The indexer 72 preferably hol ds
up to eight cassettes 88 containing flat nmedia, e.g., silicon wafers 90.

The cassettes Bufe3d is@rbeRpbétBles/id36f HProctR mdtdex s shodvn hRgde3-pal | ets 136
and the /O plate 132 are vertically positioned at about the sane el evation
as the bottom of the opening 60. A maving huffer shelf 76 | upport ed
above the cassgltgflées?%§ ao%erﬂgétw%ﬂ‘&yg]? 11?2%‘7?‘%"“&“9‘8? PIacsts rB?f'lf”?%ﬁ]ugt a§%'"130

ext end§ ngFLg@refsmpmaadQs.rﬁnamab@?rﬂddveltdb@r hAGR¥Aand ZealiRRfBddhhMemt 0 Figwes 2, 3
and 4, the process bay 95 includes two or nore process 2 5 chanbers. In the.

enbodi ment shog/n, t%. process.chanbegﬁ1 are a Chﬁﬂi éal d?fr ocess chg]nber 68,
and a spi n/ ri nSEY G i8R PEPERING AR S5 BEYESBHBOHBE 820 45 BHEH APHBOWr ocess
bay 95 to the indexer 72, to carry wafers 90 to or fromthe chanbers 68 or
70. Referring Figukd @8ws aZrasseseSjomhsidanimnibéinlid yrocessingduiesiodsinamdofdn, an
el evator 78 .under the indexer 72 lifts the wafers 90 out of the cassettes
88 (2 casBeYH¥| oads at a ti nme) 3 0 DE C 2002 WO 00/02675 PCT/ US99i t aa~a
7 so that they can be picked up and carried by the process robot 66. As
shown in Fi gur giglts 28ach wassetticnaBiidpnidvebalileyplaotsdsmadulsvdber i, a wiokdd t he
ei ght_ cassette capacity of the indexer 72 holding 200 wafers. The wafers
are hdhdl 88S!1P:bat ches of 50, as the el evator 78 and process robot 66 carry
t he conbi ned contents of two cassettes sinultaneously. 5 THE I/ O ROBOT
Referring to FFiputes0 B aapetspéetiehvdew/bOn setbad irdiexdtasnbdimemnidndg pl ate 110
attached to the left side wall 56 or adjacent enclosure structure. A Y-axis
rail 112 is su r .0 Nt : -1.10. | i . t A4 on
the rail 112 modts 3hiEF rbitGred MBuR R §r it o brar RS EEIRL, i

Fi gur es 3vatishs@onipeheris iengpvied, fot purpeses of Alustkationi s rail 106 on the back of
the armature 105 supports a Z-axis or vertical fork rail 102. A verti cal
fork actuator 104 noves the rai! 102 vertically on the armature 105. An
Xx-axi s actuator 108 noves the vertical rail 102, along with the verti cal
actuator 104, in the X or lateral direction. A cassette fork 100 near the
top o¥5the 15 verti cal DESAILED2DESCREHIOMNIOF dHE PRAWBYGE8et t e 88 by

engagi ng the cassette side flanges 89. THE | NDEXER Turning now to Figure 8,
the indexer 72 has a rectangular frame 118 including a bottomplate 120, a
front plate 122, a back plate 124, @WER¥IBWand right-end plates 126 and 2

0 128. The I/O,Ipl ate 132,ié {ﬁaiﬁtacgeg to the rL ht e | ate 122, and braced
by gussets 134.'UFNERRO¥ MEHRY 18000 ANIRE: £hé ‘%‘Wéié’% ABYTRS &-oa R AWRTRALE w or
side 135 apd;iARdR4SPhtefi@prbddssingNGstéal $0 §@insBUed QhithiH RRMah BbAl®R, 18R i S
posi ti oned and noves back and torth wthin a centrally |ocated buffer plate

sl ot 2@4 ispstetheSOcmstaceledneamendosurer owhquaingsSdafavipgpo fingjdpaall S6 wigh & §ixadi2
extend substantially, fr t | eft .end.plate 126,.t0 the ri nd at e
The 2 o Aot it 7 i aTosy Vet el us Ranint e sPeiohi® 3k SULNGL®
the pal | etthélesdfoRire SHHadGefrdidOwalREE LaY sHVIMBNEIRLARS 2 | Davirg Fiftked radgpardnbhe

i ndexer 72 includes 10 pallet positions: A B, C D E F G H |, and J.

The i ndexe¥ing@whAfds ei ght pallets 136, so that two positions, at diagonally
opposite corners, are always vacant. Turning to Figure 12, cutouts 162 in

the bottom pl atgdkdth mniééa%ézagféﬁ&%o7i%,m@?roﬂ%éltSprbscl&earb@muir@dpemﬁahr to
fl ow downwar dl y 3 (§ 0 E C2002 00/ 02675 PCT/ US99/ 14414 o
25  of the system 50 by a transparent loading window or panel 62, as illustrated in Figure 2.
Referring to Figures 1-5, down draft fans or blowers 80 are provided on top of the

enclosure 54, to continuously move clean air room downwardly through the enclosure. A



8 through the indexer 72. El evator clearance holes 164 through the bottom
plate 120, at positions | and J, provide clearance for the elevator 78.
Referring stid hodQ74i gures 8-14, the indexer 72 includes a Xpéxiusoois414

| ateral shift systemor assenbly generally designated 140, and a

| ongi tudinal or a Y-axis shift system5 fr assenbly, generally desi GriaB 007
170. These shift systens nove the pallets 136 carrying the cassettes 88
around on the indexer 72, as shown in Figure 14. As best shown in Figure 9,
the | at er ahiligbé tobmpuaiRm BAQréNgdsudase forl iwak alipgits AP Ghnks 5?um b xed to
the indexer frame 118. A lateral shift end fork 146A 15 supported on the

| at eral guitlrs comperents wvell dndwndonsemieamdstorprbegssingl drive notor 154 to step
or sequence 10 between positions E and F, as shown in Figure 14. An end
fork air cylinden S f: ed up
and down posi t?ﬁ#ssgrvﬁ?ecr a%gr%g ? ?)@%dh rraglcétgﬁfogla Ss”?%g“s‘g‘%gfag“@ﬁééﬁgm%&
show conponsinicsond from Imtersaktemhldnermst ertlihla4(hsett inkeefakef {s olinkedsitae aend

of the.indexer 7 |catec ts (the | ateral .gui bl ock
" 501 Can GRS EorTe B 1 Par S SR PETR ey o Sbp ERTANGH et ho
right end c@ﬁtp%@r)‘@%h!roll& éﬁtsemtedsteltté V§M&kerﬂbtbts”§rldn&nl§&%tdeééﬁbe@’b%%dsas
around the périnmeter of the indexer frane 8, supported by idlers 1 S7,

and is at tvegihasdotadacibigy chra@d)nempb}denppmambowlmwhmfk@ shaem ¥nd- 146B. Wen
the lateral drive notor 1 S4 is energized, end fork 146A noves from
position F t0 DOSkiidioEFi Y)@'ﬁzteétﬁié Eéﬂl“@BF ! HREQUEHY 5 ERRICE AM
position Ato P05|t|I%noJ lg : vice veS‘ri5 aily %l”f@é?n ngsglst ? to Flegures
8- 14, t he ihdgxgi babdonaiacc)fr'S WtandlsgQdmr\fvardblmmhgfleﬂm‘)dweﬂtfr@ Arpd@xevrbamr

i ncl | d 172 t end | d
back bPat SOnb 3 Fifibas Hengrung o P o8 SsrpHEteBR @b indeRer S # grinel! de
forks 180Bndé@dbay 6r é@@@?@dm@ta 266§ bt sPace©5 ccE'ttlngft)ushhnt}iLc:aci%f&)‘iheiJ ands

best shown in Figure 12. A side fork actuator or air cylinder |74 is
attached tae slgsignatedtand étl@mteéusabemasmléy iBFigurp a3, aasr sepamtec jpacptOply 14 are

| ongi t udi | and
for '? h on t}ﬁJ rﬁ?’g%éf?&%ﬁﬁﬁ‘& gw H]’ Eal ;%sg%i%(zal §%%Fog%%g/ungoﬁg%gﬁpwﬁ%gsét:se

j oi ned toghtdmgh they frani wmlgﬁﬂ lmdlt}meéncd:rsuxuewbﬁtlotthaVrﬁtexélihﬁyI76ng4rt L/Gi robdt &b inve
bel t tends i.n 0 th rimeter of the indexer frame 118,
suppoP' ed Eh”}dﬁf‘%rrgay%ﬁé?‘fcé ?ﬁ&ﬂtﬂt’&ﬁ"@&‘ﬁ?é“%’éﬂ@ 0.178 is positioned within
the i ndexer franme 118 vertlcally above the lateral drive belt 156. 3 0 A

| ongi t udi nal orAwN-indéxer d2 iy providedrin IkSindexee bapge dgdnerdllpen dh'gmaexbednth the78,

h t hat th W O 00/ 026 9 PCT/ US9~j| ~~~~~ ~~~
ot or 1?6 ﬂgntngeﬁogrﬁn gnpaépl@t?'r ordpe rmeergiﬁﬁtep%%agtﬁ% lﬁ@h&?? f ‘ﬁﬂﬂ
Figure 12,yifaewn &Me TR Hdeklrl ')"ﬁ?rﬁérgﬁ ftﬁa'idgsuﬂ-%)@tg]ﬂg(agssht%stf@cbrﬂﬁkﬂn rayy 13~

in direction |I) the side forks J on the opposite side of he center
beam 160B, mediathg, silicpmwafess©0.3The cassattes A8 dist e paltsts (B6 & thetrt;terwrﬁ@ tTthe

Fi gur [~ i ncl udes uf fer heI h| f em or
nssentry, Tbisis: L GREEETD R 1 I8at VErISHT pPubiat § Y be S0 TR e
vertical bméfbeftomlatme bgéhmg\/raocm FOPQ Husfet hﬁl@ﬁ‘ﬂ‘s%bpﬁdﬁhfaba& ﬂhé@ﬂ@s’&ﬁ\&
front pOS|t|on shown in_Figure to the rear position shown in Figure

The buf f er $&pathe ingexes ﬁ%mahergﬁ%trwgﬁﬁ nlﬁe#ﬁ%mﬂén@ns yp &iom & %"d“‘frrbéﬁ‘f’t‘héheot her
figures, ﬂﬂ)&#— ghity of illustration. 10 Referring primarily to Figure 10,
t he buffer h t "system 190 includes a buffer drive notor 198 linked to a
buffer drive belt 200 through a flex coupling 196, and a buffer capstan
192. The buf f er Refermrg iseFigues@. 8xané i heaprocastl ban5 dugdades AW @2 matel PEOCSSH f er

belt idl er 0§t p e f r 44,
The ve(r%tl car}]agﬁjef#)e?hpt %ﬁo@&n% Sg@\gh’r teg ﬁgcc?’% CE‘%SF ?reratr%r P\F;Jg%?ﬁ F lpg(%)c(sgs The
bot t om endclaimbieh 68 vardtd s/ rikssr deyer PO.aRerdezds rbbof 66 bl ekahtopgiaticgrdeds bay a
buffer pl ate gw de rail 202 underneath the buffer plate sI ot 144. The

i ndexer 729histhe prdexexEl, 4o parrywaksy Y toos fram the chambsenbs 8h/0a- J. The three
sensors at each | ocation nay be separate individual sensors, or a single
conbi nati on senreferridd® FiglRe N %nd 3t arRAAbmBRR Iy tOTi &@“ﬁeanuh%t hetlevattrald et
is present; whether a casSette is present on a a% and whet her waf ers
are presentnden the indexert2diftsTihe veafers 89 suiofahe caﬂsett:s 288(12tC©SSattQ: ety @l 4 vmepr
conput er and provide status information for each | ocation in the indexer
72. Preferably, optical sensors are used. Turning nowto Figures |I S and
16, the elevator 78 has a notor 210 linked to an armature 212 through a

| ead screw or other rotation to linear drive. Wafer platforns 216 are
supported on lift colums 214. Actuation of the notor 210 |ifts the
armature 212 up 2 5 along a elevator rail 21 S, to vertically nove the
wafers 90 into and out of the cassettes 88. Wth the wafers 90 I|fted out
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'0 THE PROCESS ROBOT Turning now to Figures 17-23, the process rof@tDE§e0?
includes a lateral or X-axis rail 250 extending through the process bay 95
and parti al lwobmbx74 he i ndexer bay 75. Alift unit 252 is normesb$®/1adieng
the lateral rail 250, driven by a nmagnetic flux linear drive notor 5 251. A
robot arm 2?55, is attached to a verticdl lift rail 254 on the lift unit
252. An AICIlift notor 2S7 noves the robot arm 255 vertically al ong the
lift rail 254. As shown in Figure 23, the cylinder 280 of a gas spring
count er babaneiehd7&an s ;atueamrpe@ldtc@rrtea%yrtﬁé)ﬁ.toc@srsw?cﬁ%é As Bh&l®Ph RBi8dre 16,
extending out of the cylinder 280 is attached to the lift unit 252. The gas
spring cofdtlerirarimebpizigablkbelds s watns it the pishy erssesiecapasity o ghe iggexer ar m
25 5, to f t f.or f 7
must exert 4 S G0 Vartls Thhhrs UG BGRADRE 50,18 b ler B} 9§ 76

Fi gures 1%ra@&ss tdtet 66>bm*ry tetoAbinedastans of hawashettvesiMiGan®dusgy. 259 within an
el bow housi ng 258. The el bow housing 258 is attached to the slide of the
lift rail 254, on the lift unit 252. A forearm 260 is attached to the el bow
housi n§ 258 via 15 an el bow joint 256. The forearm 260 is nechanically
coupled to the el bow drive notor 259 via a gear reduction 261. A wi st
drive A/ C servo m)tor 265 i s cont alHEX/OWROBGT a wri st housi ng 264 pivotably

attachedtoth ter d of th m.26 ia a wijst Avvafer
ol der 263" or rRUCH eI Ssufeg B e arors o6 Fo Bobhisnaiul PaBoF
front areanhefeft fige Q116 c¥ adAuss emcs%%m@f&@msy%m rmm e s,%por&fdf&%@r s
270 facilitate engagi ng) lifting and carr qg the wafers 90. A renote

a

camera heddowsagiuaetli édm@ar actyptasfl 14 log ¢ tH 1A ounyien gn 2@Eaturgn@S lin theed t o

the c ut ontr he positions of the wafer retainers on
t he rg or Oﬁxfetc ?7"1[5%(13 HBFS‘ %re Eﬁ% as described in U S. Patent No.

5,784,797. The corrputer/control | er can then determ ne whether the process
robot can propeR¢fprringsierfigurd, an B-axisfren 3 06 nndietmk@rfohfewa@haﬁﬁéﬁupp'm@

camer a heaadZ ?a§6s Arsve% c%PfolFllE%q 1t09 erelﬁtfléél %(H'I%tact hlgeg t Or QBQ raxlﬁ{)@. \%rtlca lyI ly

| ocked before proces

anpl i fi er sor2ihe, arfn@furdﬂ()S/I ng xt-ms wetustbr 108 mevmmuerveaﬁﬂ raﬂl loowaidhg wethTibieor
259, |ift nmotor 257, and lateral drive nmotor 251, are caontained in and nove

with the IYyerticalariates30d, iphe X oglaieral dieachion. afnasserte farki IHthqér thefep phihe 252

reduc SPALE, £ I C 2002
Voo 68 o hRated AN IPRRBhABLC, ObARIERY Bt g‘e?ggrsgftensg‘dﬁg% %5 82| gur e

?~, a process nodule 300 in the process bay 95 includes, for exanple, the
spin rinser dryer 70 and the chem cal process chamnber 68, al t hough other 5
nodul es, or additional nodul es may be used. End effector rinser dryers 302
are provided in the front floor 30FHE INDEXBRocess nodul e 300. Referring to
Figs. 26-29, the process nodul e 300 includes a process vessel 310

Turning now to Figure 8, the indexer 72 has a rectangular frame 118 including a

bottom plate 120, a front plate 122, a back plate 124, and left and right-end plates 126 and

20  128. The I/O plate 132 is attached to the right end plate 122, and braced by gussets 134.
A center beam 160 divides the indexer into an input row or side 135 and an output row

137. The vertical buffer support plate 130 is positioned and moves back and forth within a
centrally located buffer plate slot 144 in the center beam 160. Two pairs of opposing
pallet rails 142 extend substantially from the left end plate 126, to the right end plate 128,

25  and provide resting or supporting surfaces for the pallets 136 at the pallet deck or surface
139. Referring momentarily to Figure 14, the indexer 72 includes 10 pallet positions: A,
B,C,D,E F,G,H,I andJ. The indexer 72 has eight pallets 136, so that two positions, at
diagonally opposite corners, are always vacant. Turning to Figure 12, cutouts 162 in the

bottom plate 120 of the indexer 72, at positions C and H, allow air to flow downwardly



which partially encl oses a process bow 314. The process vessel 310 gx:pﬁs,z
with a novabl e door 512 which can be noved between the cl osed posi t9 002

shown in sobidlyd.pgs in 10 Fig. 26, and an open position shoydrigeplant om
outline. Referring to Figs. 26 and ?7, the door assenbly 500 is aligned in

a fixed position parallel to a front waBl 502 of the process vessel 310.
The door assenbly 500 includes a door plate 510 supporting a door 512 and a
door actuator 54 generally designated 514. The door 512 includes a

sti ffeni ngrohgd theSAdexth 70VEIBGat VieSWHAThIEN Z}é@%} ﬁ@tbola% i VoS ygl

i nspection of the processi n? bow or chanber 31 door ac uator ‘514
i ncl udes aossttl@nslmndﬂyproutderc egydnceflethedlevacaull ed to the door support plate
510, and an extension ring 518. The extension ring 518 is concentrically

and slidabty pg%getstlxﬁég?gll té‘%@l&’rcé’% Mh%@%%@{er%l fémgf&‘av\%y)@gxﬁlgr la?-cr?zﬂ

support plate udes "a”vi ew ng apertur ns wt
wi ndow 508ystén @r absembbyl gare:b,llyfdmlsxgpatedlldi) n@d\a Bhgitddinal olrlat‘QaLhesh[fr stmxsl ng

chanber. Referr| to gs.. 26 2 t he, door suppor te 510 is
at t ached Bha%s@h@sea@rﬁlb iqswaéfggqgo ZFi'haSé BaDRES Bove ‘E‘Eaé@ ey UPAEBIBE ket
522 is sl tr@aetahgéu@pgmar%qnaenaqem@%ﬁ% %sgwdwm%%é@fh The cylinders 524 are

connected to the front wal of the processing vessel via nounting
pl ates 528. The conbi nati on of the gui de brackets 522, the cylinders 2 5
524, and the rrﬁénliqshﬂ"‘om"ht”eglgﬂi%9p%\}?@@é shify pstean ddQrincledpstd frieral guide

const r uct popy tikgt ﬁngé"?hd@ﬁiép% AP0 g 9Ul RS %&M@%M 1 AOGKS, &pgﬁgc% g'lt[“ de

brackets 522 are’ nount or substantially vert novenent s
door assefisl lptecagubtie biwakelb0h etdvisedriven bypelateped siritve arotdrol 5l th avepacrcsegsencart o

h w of the pr. d ]
7003 o BerntssE PR B e subF A0S 5T e PaskeRp T e eRindipd s ites A
concent i fovdrk GRERAY Mt Madheveboidn Bhéd ubrhnah@ov% ?éﬁﬂorﬁ)so%whoﬁ‘pe fikey ggor

can be extended and seal ed against the b the processor. Referring
to Figs. BECbmcaﬂgtOPananmwaandllﬁwbowmmpswtmdghahtqmlmhifasysrcetrarh@@eaBBQ and

ol e 5101erOR ngidhrerf i Efnderf 8 SRR TRAE SubBon s FREInCHP RGN o

and the abhigkds0f irﬂﬂ@ﬁoﬁ@%&&ﬁkﬁf@mdr@laﬁﬂ dylingert I15e) sreunduntd flthé fAghldd adhe
exten5|on ring 518 is concentrically ?05|t|oned bet ween the hub 530 and the

out ert Tyl MiderAdateig! 818, sysipe lprﬂwsja@g 20 actgrrrf&p?éwnadb@ iPEHMSEY of het indeNer nes
an annul alagisl O I r%ﬁ%ﬁ%%é@]sﬂﬁd thmﬂ&r toséfé & fiddoRalty Bg}s&nk hQd %‘HRF” ar

gui de receptacle’5 e" 10 extension ring al so 1 ncl udes an annu
end face 346A ad %B\mwmnﬁhtglat@sl dﬂ'vﬁemmdﬁéllsnnmgngdm fogk dﬂ@ﬁlm@abl e

W th an a?r%lf'n &gsn(l:cpnalmgo {305%102“ lg hile 9ndbf%r p496 24 munaneously moves from position A

to Position J, and vice versa.

20 Referring still to Figures 8-14, the longitudinal or Y-axis shift assembly 170 of the
indexer 72 includes longitudinal guide rails 172 extending parallel to the front and back
plates 122 and 124, on either side of the center rail 160. Eight side forks 180B-180J are
located at positions B, C, D, E, G, H, 1, and J, as best shown in Figure 12. A side fork
actuator or air cylinder 174 is attached to each of the eight side forks 180. The air

25  cylinders 174 are longitudinally displaceabie with the side forks 180, as they move back
and forth on the longitudinal guide rails 172. The eight side forks 180 are joined together
by a longitudinal drive belt 178. The longitudinal drive belt 178 extends in a loop around
the perimeter of the indexer frame 118, supported on idlers. The longitudinal drive belt
178 is positioned within the indexer frame 118 vertically above the lateral drive belt 156.

30 A longitudinal or Y-axis drive motor 176 is engaged to the drive belt 178, such that with



534 and the other cylinder ring 516, to seal and unseal the bow 314. The
extension ring 518 bifurcates the chanber S42 into two operative

conpart ment s¥o ao/62813 acti on chanber 543 and an extension chanb@?mgék&ﬂ%awpz
chanber is 15 adapted to hold pneumatic or hydraulic fluid and act as
pneumatic or hydraulic cylinder. Miltipl 2 annul ar seals S50 are posi ti oned
on or against the extension ring 518 to seal the chanbers S43 and 544.
Separate fluid supply conduits are preferably provided to the retraction
chanber 548ctaaithnt dfethext@nsi th) atheiphtesid& btk 038G moveageulamesiaty. eRsferrfrguiod

ressure wi.thin the 2 0 respective, chanmber .ef fectuate nmovenent, of the
gxt ensi onerFigf‘n‘Qe %Sﬁ‘eﬁéhes‘% gf‘ﬁesllﬁ‘%f Og@, 1%&13&%5%@#&@% IPVUida 1§ Sirectipplli ed
to the extgpsinrplariper &t4n tﬁ@%gﬁd&%tﬁ@ﬁb QP el eagteﬁﬂ,@amsgg, awogtglg%we

door support plate 510. Moyvenent e extension ring 5 Into
ext ended pd37,mawe isdoeestionrO.Fi g. 28 noves the door 512 into sealing
engagenent with the access opening 506 of the processor bow, thereby

seal ing, the pro : : 112 glar : S b Sph: d on
The pori phory of TRLE0 BuES 8- gt BeRP R AR PBe thelt SRS

t ongue 5540r Wsembh)gedearally idssipimiéh 9@ | Qe dbuffes ishifiogysenoWa0 ishiffsithe veBicalt he
lip 552 of the door seal ,lies in a plane th is wthin the front wal] of
the pr oces?tﬁ&‘?r g‘ﬁﬂ’ 1% ‘Y}Bﬂgﬁ‘é‘mﬁf‘és’g%@‘?fﬁr %ﬁf 7@13’0%&%93ﬁﬁh90%% Hiopnt He
out si de 11 Mafe b e rdhuBoBibn ShaIP T M. OARTARCHASADAAH b AAnRhpess
bow 3l4 theg(rméeby rral%irngrq)g geal bet mﬁé}g"theeﬁgor 5%— eand ’tS e pr O%égs ow
314. The dbmuresda omilttsd fromethe ogisk figimes, | fodaarity of ilhwwatiers whi ch acts as a
stop for the door seal, The conbination of the extension ring 518 and the
door sgal 550 PRAYIGES tpﬁnmigh'té’ Figird 38! ﬁue%ﬂﬁﬁ?%ﬁf?&%&s‘(&nQ@@rinflh&’e%'Muﬁ&d
seal i ng° mechani sm Piston-l1’ke novenent of the 5 ring S 18 allows it to
nmove the ddove BibRorsitoR dingéd tocubuterdiriye belo 208 theowghppidedt cqipting 194, ahdabuffewi ng

bendi ng, d wt t t . i ph | , adj ust t
oot - movEAeH. 1B, TR A5l op RSB ol FRIREAT 167 apda BUB N

t he t ongueiqEoni4d8ssifdhetlal 6Fidsie ehdswithd hdhet preadiotaind. athe GRRichiORIfeY plate
conpensates for any m salignnent between the door and the processor. 10 The

i nner hub 330 isssguredéo hatbuHerdrivarpdr200; Age bodom gpe of thgi verticabbuftes pkate 139 t he
door plate. I I o b i j rocess
bow 515, 45 S Rd Bt RS, pbid hifehit P e RfaBEbLANG iy HRELRL 7503
to the front wall 502. Consequently, as the extension ring 518 noves
outwardly away flhenndaxer dédraspheseeses10) sqnsors ald 8 pateassh tlpegtion yAdgal ies threend
seal the b | 4. T, - : r .0 g
initiates gﬂsggd?tna&gelc%%%e@ %%f%?ﬁﬁegg@ﬁgr%ﬁfgﬁﬁr% %rhg}ﬁ’éér/%{)rﬁ%?‘g%ce
64. The w pemor. pihesenbarsdit @pch pasivinn, tdnse ehythepepalley is presdngachetgr nicasderte 60.
The operatosrl_wpl aces a @a.ssed:Ttg 58 fiJ]led with wafers 90 gnto the 2 0 %éo
plate 132, SHESRLEE apelletsindulene vafesials piysc FEREPSOFHIG NG R HE S by
a hunmang 0pes alchitr&lier BY cafpitBieind ROGe st isfdiRation k88 eddh 1b&Rioh/ifHR|iAder
positions the cassette 88, so that it may be lifted by the I/O robot, and
al so al | owd2aPreferably, oplicabsonders arguseder the wafers 90 in the cassette 88.
The fork 100 of the 1/0 robot 86 is initially in the same X-Y position as
the 1/0 2 5 pl atﬁn%iﬁ%nom MEhiret G38!anfl QK HERI QJato? 178 aks URkBor P40 NAkeL R e

fork 100, until the Tork has engaged the side flanges 89 of the cassette
88, The |/ Grmatbrs 216thrdugh a ledd screwer othes eqtateondg lingan dravs. | Waber plagorm 216 / O
plate 132, shifts |l aterall LN e di.rection) .to he left side wal
b Vi acelariRBATE OFHE solrbpir o dralEst b Mool s Wit A o

l'i f t ed2sass@drigen Meddiorira 21 HRYtveftRdll P novB ehel WAIRX 0. inibigdl dud of MleRbissBitestsgen
nmoves the |ifted cassette ~ o o ~ ¢ 2002 WD 00/02675 14 PCT,il JS99/ 14414
| ongi t udi naWith the wafersed Ovliferdraas of dhe)casssines &8 asrsbovnirekigure Lhihqy e piskedt t e
is aligned V, | ) im position A via the Y-axis notor 114. The 1/0O
r obot thenl@@ﬁgsfﬁgﬁgggggy§§'88 down on the pallet 136 at position A on the

i ndexer 72. |If there is no pallet at position A) the indexer 72 nust first
be sequenced, as described below, to bring a pallet into position



5 A The I/Orobot then returns the fork 100 to its initial position, Wth
a first cassette 88 resting on a pallet 136 at position A which Ji(sDEME(]
cassette | oggh pgoResi tion, the longitudinal shift system 170pgpyesntig side
forks 180B-J (1n the dlrectlon of arrow Oin Figure 12) until the side fork
180B i s underneath the pallet 136 and cassette 88 in position A The end
forks 146A and 146B have down or at-rest positions 10 bel ow the down or
at-rest positions of the side forks 180B-J, so that the side forks 180B,
180E, 180G and 180J can nove intgdhepepdspesidtons A, E, F and J, w thout
interfering wwth the end forks 146A and 146B. As all of the S|de forks
180B-J are attached to the_|ongitudinal drive belt |78, they

necessarily moveUTBRSEAMA0 Figurgsel N2 Hitheguoesniobey §hinchides s tféertlcﬂflx pgemail

d thy d
net ot ors 20 Supudif if83EHE Brdtled ShyBASIb pBRaly i DinPiler by P4 I AP T 1
t he Eal | et ESEﬂxft)mevtdt?eﬂalulpg a]n‘&jt[a@a‘rﬁl 1] ZdSIOdeW\&InI Bt a dlmglneﬂﬁﬂu\t Wtéditdrr]xhe &bt e': S
the u ition, e itu rive turn n e opposite
h.n rect.%ﬁ Qﬁivr‘\n@%@t S KIS PG % rarfawvegtha gali Hé‘* Pwt&h B2t e B8 a
pal let, from rHQt%'rb'S*?%@VeE%P?&UoR 'aﬂﬂnzgs v-ER%a e g@q'f?tr Bills4 ak e KD in

retracted to lower the pallet 136 a casset own Into position 2 0 B,
After thi sFrgwceﬁénthewsylmdﬂrplS@tca‘da ghhsprimgiceumer baihrhcet27£txsmua¢}ted0m the robet all
of the side f ct uat o 74 are controlle ve sinult usly Ll l
of the o dB™ goks A BBl etaeiig Py ThibecyBher PP FieEhd oot FEAPZS <
direction, The gﬁ@iﬁrix@%uh@%ﬁ!ﬁge or8 8)&‘3@%%!15!’1‘91&5@&%?@%&% theroboi&m 255, to
Iongltudlnal rive notor 176 is again energized to nove side fork 180B back
t owar dsd posiduce mwxﬁmgobrtundﬂemforn@mt theglift matorf257kma8 @3ert iomoye o ppwitiod
back to poa1er0 ggl ng this novenent, the side fork air cylinders 174
are down, SO t re is no pallet m)vement. Rat her, the side forks are

nmerely repositi oned bel ow the pallets. The side forks are noved, in this
step, enough t o Refetidg |Shtlé® Feguresgl TR 3.1the tebolearth R5Y hss amelowdriva ddesBator | y

one conpl e posi-tion h th 80Jn [, of Sit t he
ot er o ar o2 onuh eR Bop holsinicad, ofe bk hENRA 2 SRS e G u R Rt
posi tion AhﬁQap@smt bRthellift anld 250. N fMarANB0UShtyachied ¢ tHeelwRdhduging 258Wia a ~
% cvuc WO 00/ 02675 PCTi US9911d. 11. ~ 15 146A from position F to position E.
Once uhtler 2PGHIRY #inG256 hEhe frearn 260} is resAhprigdscoppedatodhe RIbEWABHE MPYOf i ng
end fork 1 at position .1) and simultaneously lifting
end fork 122%”%%@%# ée}&t‘)g et at position E. The lateral drive notor 154

is then energized in the reverse direction (direction L in Figure 12§§and

via the lateral ‘beVistiipe fffe SR MHtQ 2651 Boepriained aythime }Y&’F‘I Beusingo
position J I t n inded car a
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t hen retrabbbidr 268 fomvesr byt hppqsaigl adefientors 270sis tjoinad toAtheridwer fnmttama dfndiexer

deck Wth.a sec osit d r 72 .is teady to
recei vgga %b%ﬁ’ﬂ“ﬁﬁ%gg?t rggvesﬁéfﬂ ?‘ I I‘@Sfﬁ?fi%éggg fi rge SeRiPe. OIHﬁH %‘Hdt he
170 plate LadyinghRe Waflrs 9@014 Bfhote cdher£RGRANS6 tpbgmbﬁghees@foplo@@w WostgRasapce
of cassette novenents, so that the second cassette is placed on the indexer

at posi t i oR6A, anrHinked te thsi oo putaisenicallen S sieyssthe positiprsaldbe Waler retangasset t e
i s | oaded t e exer, has
ton posi t1 o oiSh S s s e Bt ot itk Sy Palen, 86, 1784 L e
posi ti ons, oemﬂn&rr/cpﬁﬁolldr@aﬁ tbﬁenaduﬂerﬁund)Whabelth«t prutess mfodt chn prbperly iagertlfheany
given tinme, not have a pallet. After the first and seco d cassett&s;m%
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are lifted to an eI evated access position, as shown in g&ﬁ%ure 16, where
they are now redﬂptqr(ﬁﬂmlﬁiemﬂbi cfraednulpgﬂbe prist grive swsor Hfeelton, driteemaaidow

panel 62 S e in WI ndow. 6 0, b

perator f g liamolr 2o iy alsrti e RobEas: 5 hfReq bOmBIREE i dns i
w thin the u?ﬂtCiSfPS Woeatfrfg: thBﬁfo%rrdrﬁtﬂlﬁ&%Wntt& it Onik €52 Muc&lspa@deé,’xﬂﬁmehtwmd
process robot 66 noves to lift the 2 5 wafers 90 off of the elevator 78.

Speci f B8al |pblipgeequitements. drive flux notor 251 noves the lift unit 252
laterally until the wafer holder 268 is properly aligned with the wafers 90
on the elevator 78. Wth appropriate control of the lift notor 257, the

el bow drive notor 258, and the wist drive notor 265, the wafer hol der 268
is noved in until the end effectors 270 are positioned and aligned on
either side of the wafers 90, with the grooves 274 in the end 3 0DEC
2002



WO 00/ 026" 5 PCT/ US99/ 14414 16 effectors 270 each aligned to rngWﬁELaZUUZ
wafer. As shown in Figure 24B, this wafer engagenent novenent is a

under handedwgpygident of the robot arm 255. The wafer hol der p26&sbsiapved up
tolift the wafers 90 off of the elevator 78. The robot arm 255 then

wi thdraws to the position shown in Figuté 24C. As the forearmhas a 370
range of 5 novenent, and robot arm 255 is offset fromthe lift unit, the
robot armcan be fully backed away fromthe indexer, with only m ninmal

cl earance space required. as shown in Figures 20 and 21. By appropriate
control of the notors in the robot arm the wafers are maintained in a
vertical or near vertical posit'% - ﬁ' | e wafers 90 to a process
chanmber, the lateral drive noto zed to nmove the lift unit
252 so that the wafers in the wafer holder 268 are brought into alignnment
with the sel ect édmurpo@s o Ehgunbh2y,.a frheess aldtilea¥(h i23b6e psocesai mgdupchides, he
lift unit the |lift nmotor 257. ddi tion, .the forearm 260 is pivoted
upwar dl y vﬁ%ef‘ﬁ‘@p b BGWP BT RPE froionafgé?e @e%ﬁl&ﬁé?ﬁﬁsq}?{r‘g?r ’\%}rﬂi‘%{ggd}‘}?e&e
mot or 265 hpdfilel V@dii AR ARRASI hey Bl 8T EAR eHBctbY /iNGr ByeBi0RtAl Probviedwaf er
hol der in an approximately 10 down incline 15 orientation, as shown in

Fi gure 22.1nU5¢ frgnhfio@\396 o the nroseesmadule 360.shown in Figure 24A, the forearm
is pivoted dowmnwardly to extend the wafer holder carrying the wafers into

t he process cha sl bet ~ar b tdadr: r

chanber. To cl eggfe{nﬁ%g gﬁg{gg'f ?éegtg’o{rﬁg%g(%%%t%ﬁgw\k}wﬁgtlﬁﬁﬁ?%eao O%%? ‘%&%@26

cont r ol | edwhohopartinlly tehelosasde @fdcesst bowl Ybt.t iThml prpcesasvesteb B0 imates guitte a24D.

Wth the end effecto l.igned with the 2 end effector, rinser/dryer. 302,
the 111t nBrarblsssor bReued R haioikg teiusn i ossg oot theviia sehe hifar

ef fectior s Fipt 06141 Bfpe® hbbHGSOhokinnS SR 8t1i302. After the end effectors
270 are cleaned and dried, they are withdrawn fromthe end effector

rinser/dryer 30 nd positiaoned tq renpve wafers_from.either prqcess,
chanber, or to gﬁeg ! toa%‘&?'%o%‘glﬁbgle::%&aﬁ?m&é'fsé)roslsgl'%?ﬁdtlﬂé f?’ﬁ’ge%?é‘rm’f’or
delivery t garall@lNteaSrcht ¥ARBOL6OS thADridRs B ¢fd.ectors are 2 5 cleaned at the
process chanber rather than at another |ocation, processing tinme can be

reduced, because,this cleani st is,acc l.j shed wi t hout e need to
rove the procesdiFaptressatbly 00 FsTRent R G s L Nepptinea B S{FaE e

hol der 268adt8at0f 538t gehraly QlesiAiRe® 14 herhar dook 3101 Atludé2a @ﬂﬂ”exﬁh%gmb 308t

256, as well as the other conponents of the process robot 3 0 66. No part
of thé Jprobayae oyewingewindow\ A8 thalsparmih evasuaip inseactign ab dheePHOReSSIRET ROV . OTAs

air is 33"’%% 2 k= I raly in
t he encl osﬁ?e ,ﬁghgﬁ%a&ré?lr g%gggéﬁ‘e{rﬂa g%ésggtaﬁgrﬁg%gea}@&g E%@Ipégga(@g@ t(rgobot
66 wi || nothecdowr bupportcplateatiol, vantdhan ketensibrerimng NB. a Thesedtensidnhangdti@nisi al

for contam nation of the wafers .during .progcessing is.reduced. Referring to
Fi guros 24R08aErcelly al SUBRLY pOBEned LS OF i PHESY IRt 1956 Endl % 899k i st
joint 262, sighorepialys B mcRALE a SRAMRE p&iuré 32€aH AR GflonCaRA B OMdow 508,
contrast to earlier known systens having shoul der, elbow and wrist joints,
j oi ned? by mwhen glased.donpravidingisbibitoiptesthe progessing@hamwbireves a range of
vertical reach via novenent of the robot arm 255 on the |ift rail 254,

rather than by i & 'F@la zzfanalrzrn #2985 uppord Plafe A0 i@‘éﬁac%@@oﬂ'éé&ﬁs’fx%e foobot

66 to be very conpact, while sti achi eving sufficient ranges of 1

nmovenent . Ghdeablpgidé brgkkets $2% Barhi guidednmadkot §id2is 54 dabdn mounted diea poewnatic

cver handed HIVERGIRRS TR HBFe o oF £Rykt Sha 0ok B BRT oRE oF o€ PRgrisingss | o

limted. | Rea@riiaiRunting®lady 428! YT He @omBInafsib PO Rulde deickaw dedl e dylinders
over handed novenents allows the forearm 260 to be relatively short, which

al so cdnt r 9Bt angl the reounting alatese 8| metides Hrigid dooRmPBRtingnkpnsiEuqHion thatnegdsand
16, the buffer el f 76.nD r i ir i j iQur n
the el evat 8F g%d?iﬂgna}l ngl$ & ég\%\ﬂ; p%(gt\gi%[olglé% }3) rgglgltgi@gmugbg ? %fﬁé’mrg?\é@sd V@ﬁe
buf f er shelshbsténtiadily dertichEmv@dneens sol iHat {hetdoer @panblpcarbe mRved Petorss at bperB8 i s
noved into the I and J positions, so that the process robot,K 66 can nove the
di sks f r omPOREOR e BHPW Akeass Inte theraw] 1ok dhecpraeassareandat cigsrdli ROSBIeS Whezgig the

When the buffer shelf 76 is not being | oaded or 2 0 unl oaded with wafers,
it remains in the back position (noved in direction l), so as not to
interfere with operation of the elevator 78. The buffer shelf 76
tenporarily holds already processed wafers, so that the process robot GG
can access and nove the next batch of wafers for placenent into the process
chanbers, before off |oading already processed wafers back into the

i ndexer. This ensures that the process chanbers are constantly 2 5 supplied
with wafers for processing. SECOND | NDEXER EMBCDI MENT As shown in Figures

”~ o o o o N ~NN o ~NN~N



15 novenent of the notor 638 causes translational (y-axis) rmvenzt‘lliD F) [mtzhe
buffer tray support 630 along the rails 632 and 634. Locating th |§ f]
assenbly 618,@nkitessi de of the indexer 600, as shown in Fi gyicgnd9e/iahl ows
for a nore corrpact desi gn, in conparison to the centrally |ocated buffer
assenbly of the first indexer enbodi nentlZ2 shown in Figure 8. 2 0
Referring to Figures 30 and 31, the indexer 600 includes a |ongitudinal or
y-axis shift assenbly, generally designated 650, and a |lateral or x-axis
shi ft asserﬂUoYasﬁﬁﬂbW al 1H£u9ﬁ§ﬁt§&ﬂ§ta%9c&§r1c6§l?gnnﬁ% ithi O bbR1 E;[‘Qt 48 ilelodee
y-axis shift assenb i ncl udes side by side and paral y-axl s
frames b60.pdsd®h, gbeaimosczrhrlmmt@éfﬁ anﬂﬂeaﬂdésgzamtn}ummlﬂrlamét}m mbeesB2, 2 5
adj acent and attached to the center wall 616, and an outer frame plate 664,
supported on th I 0 t t qhed
to and extend bg%e\%/érgﬁlg\tqﬁﬁl h%g;}m ?ghgn grfnay}q@%gh% 30 aQ%ngﬁgerr%rg eSa’664
in both of ande yimderss¥4r afesachityr fange 5311. lsemclﬁemoahedbmmnppdsﬂtw&tm&m ed at

t he ends of .ea the inner a out er pl ates 662 and 664 (for_a
total of 8 Fémﬁwop?éﬁ%er@mecumﬂ& Op§T |caé£1§f?ee7rengaéég Hpdcg annylay fﬂﬁngeéBz"looz

WO 00/ 02675 REH14S99/1d the thadnihg AR@kig.and rotatably nounted on the frame
pl ates 662 and 664, "between the ‘end roI | ers 674, on each frane plate 662

and 664. An endl ess toothed belt 670 is mounted over the end rollers 674
and idler rollerkh %%ewne%m&wnﬁ?r&tl@a”ae@same@@aweﬁaﬁh%h%tsé@ ags the
endl ess to %%7 iy ly,
so t hat thcegdgﬁgg?ﬁb%%m% ge orﬁg %%H%ﬁ%%ég%g Fljblfah?ts %nggnt aC}[,!\&'l[iC%
end roll ersreﬁapdamdzt)dl'élte colinder $36 ARs WAlttiih ehé (annmlhﬂ gsﬁdea‘ed:apmcwﬁb@séﬁ)e t he

teeth 672 are shown o t setlons of the Its 670, the hel 0
act ual |>9 ha"x?‘ée'@lﬂ’?t’i‘%g&g a?%’et’ﬁ g9 an | NG & ac|‘?n 5400l 5 t gHn 1 18 % The

i|lustrati Oékté}}éfo%oﬁﬁéﬁlé fbedlrsﬂhée%ﬁl% Wind a® @hhulhcHaftfbef @ﬁ?%ﬁh%dbmhe': fQMB@r 31

have been onmtted fromthe drawing. 10 Referring still to Figure 3I,
y-axi s dri v84mndshe ager enlingder tinedS [dnta el andrnimeeal whel bovdBd4i s | i nked or
engaged to a gear unit 682, which turns drive shafts 684A and 684B (in the
side by side pargjd eéxtéﬁsﬁ%\' Sidgr 78S biRRhted! HRAUBmBACEAS, iRBT thD BpRASId €
directions. The drive shafts bg84A and 684B turn drive sprockets 686, which
inturn drumnnalmadm tasreemxomhembm%ﬁhbedtawwtwaoeuh&mb@ 54#. Bach pesimber 670

\é\gagﬁo Ound t[]?l 8}10 Bn uH1 kEt ?xgggghc ﬁg gvﬁ%rt ggrﬂ)gfr‘ugﬂﬁt' dl d%aer% gﬁ}@er688

sensor pal rlvﬁxﬂqale ansli@r $¥alersss aﬁ@ﬁ@s@tﬁonl@aloh cﬁ%galnstah@remhd&dnag se&adm sedl thidhe
ten pallet stations or |locations A-J, delineated by the lateral ribs 666.
The x-axi s QwHdsFs iandiSAé! udes an infrared transmitter 692 and an infrared
detector 694, laterally aligned with each other (on a line perpendicular to
the franme plat ess@ﬁi’atamldzs@p@ﬁédnduﬁk ard preferably pRoyldéak tos theaEadtiopadhambet

i ncludes a é4aXIS infrared tran gfter 698 and a, y- axi lnfrared det ect or
700, |ocat edty@nerhy [eytepunR cApMierort4 e INcRRAST &F deprsaseoBuid mieeusy VR W t h
each OLAer fRfedivt cRfmBAL Ald Efechiitd MBVEATES ek Ai00 Aind 398 68 knowh in Fig.
reflective optl sensor I'S provi he sid I'l's 604 and 606,
each of the%;a&lhmthypbaﬂmlfhm@lsésuﬂphéﬂm theeg ensigathambed M4 ke Saensierdringd i &al
sensor 702 are |inke t he can roI r.85 which nonitors and rols
oper ati ons H’PVF%%W?)FI?{(Q%?’eég@r S‘W@P@rﬂtjﬁtﬁa @aéﬁo‘{e@eﬁf 88}}’(5 CXFnsion, ring 3 ﬁ'%

pal | ets 710¢iprextdnded pédtor Shavari FigVesimdvante Beorof12tiRg éeﬁﬁﬁg(@tﬁga@%em&&tﬁ hat
four of the pallet positions in eaCch row are always occupied by a aI | et
710, and ontheagcespopeninghOGof the pracessor kawl, theraby sedingrthgpcess moduts/ H0open.
Each pallet 710 has a rectangul ar pallet cutout or opening 712. Pallet
tooth racks 3 0 315 t r{i t he
bottom%ﬁrface ofA %tﬁ‘gﬁggppgt%apgl %qBAEd&@ fg OE) geO? %é%&ﬁdﬁ%sglgﬁ%gf a
20 710. Thesd:abdxtdludeaa kip752 And xttenghs Sa4 oﬂ@aebahdnd@:fr ig inethé ologet pesititesshowntihe
pal l et 710. oot k75hast th mat the si.ze and pitch t he
teeth 672 oﬁ‘ﬁ []B g"f(fé?@%%fu?ﬁ 165 inyfy ??"ﬁtﬁl ‘ISe‘Y%’?Pdh‘? OB gd)foth
y-axis fra r&@&ortéﬂﬁ &e%ﬁ%fegbrm@s Rbdatih teHQEI n{eafslsga?ﬁs'ﬁ tROShisldeshni sngage
the teeth 672 on the belts 6/0, so that t e pall IS 5 substantially

| ocked agai nst y-axis novenent relative to the beI ts b70. Each pallet 710
has a pair of x-axis and y-axis prisms. Specifically, an x-axis transmtter
prism7l4 is longitudinally aligned with an x-axis detector prism 716, on
each pallet 710, as shown in Figure 30. Simlarly, a y-axis transmtter
prism7l8 is laterally aligned with a y-axis detector prism 720, on each
pallet 710. Wth the pallet 710 in any



10 one of the ten pallet positions A-J in the indexer 600, the x- A DEC 2002
transmtter prism 714 and x-axis detector prism 716 are vertically directly
above or al wgn@d2edsth the x-axis infrared transmitter 692 af@TRISAXIYH
infrared detector 694, respectively, in that pallet position. Simlarly,
the y-axis transmtter prism 718 and y- hxis detector prism 720 are
vertically directly above and aligned with the y-axis infrared transmtter
698 and the y-axis infrared 15 detector 700, in that pallet position.
Referring mr@cw@awwmtheretbe helieg a el IbeW@tGﬂ& deaw & 12 ahd e froeasgbswb7 Bt whi ch

protrude v rtlcaII . 78 fit jinto
or | er - or ogvedd@ e cBRRetol BTbis aifee v phEheE’ sop A Fn S Bovn sl
surface of each pallet 710. The engagenent of the roller flanges 678 into
t he grooves 675Thr ennelnhaicarpf thke extersionirgndidtandfthd deorped]|560 pravides20hifhinl ess
the pall et 0 ted ertically.) Accordingly, llets 710 are
vert | cal tyrelalsane ciebasth dospesbi s roneiatoti | Biorl B geetarat ofihe

i ndexers 604nhasy Alos /% ﬁto%@kkfédo%?%?ﬂm&{gtﬁ%%tv%ﬂ@l%’t% i §L¥86rli‘%la$@%hé\§ the
xaxis shift assenbly or shift system 140 shown I n Fi gures and 10

descri bed babewe, orareaiding, ahdmathonethaateed dot hmpmacaldjdsmtrm td bhaust smbett
here. However, rather than theH nd f rk 2 g air c I%g\geh 52 used. é(en t he
x-axis shi PPVEetle RYISERING FRAIR Bts Rt © g‘gé’ﬁ‘tﬂeé ﬁ VR PREESE A 600
has a pal | gffediive fluf] @t sk aﬁ@bmbm@%nyfc@m pBiate§ forlCaytihihlighmedpabétdeen thet
novenent. The operation and sequenci ng of the i ndexer 600 is simlar to

t hat of théoqrmdéﬂ@rprweswscn bed above with reference to Figures 8-12.
However, pallet novenent along the yaxis is achieved via the conputer
controld er 85 cCoRs ikt hﬁwsjd@dymazsm@r@!,mnuermgswé G&0ritialyatRchcoanensal | y
move, or.index, the belts 670. During novenent in the y-axis, the pallets
30 D E C pes25id Oteoker PlaGTinUsen-1 fixed rmuv,elcp tt@nmoaesgrbqwtélﬁelvmttmo
androller 7 a.re ld,ke .t h 0,
shown in Flcbrgnr gtéoré@f th& %%r Hteérjeélllés Er)lo{%\ffer |ca rgng)ﬁ\l/’ertrét;np ets 10,
as the pal Cehsquents, wthtelaﬁteyman(hsg dl&metutmtwtnetwwy fb@hltleatdcmtr@tanamm, it
X-axi s novenent of the pallets b&)b thg ends of the indexer 600, is
simlar toC3mess tiﬁ?\%ﬁéﬁ?“&égé?q o%beV® for the indexer 72 and is
therefore not further described here. At each pallet position, the optical
sensorls2 detects the presence or absence of a pallet 710 via detecting the
presence or absence of reflected light. In addition, at each pallet
position A-J, the x-axis sensor pai rO%:?@T@CtS t he presence or absence of
a cassette 88. Specifically, the in nsmtter 692 projects a |light
beam vertically upwardly. 10 The |ight beam passes through the x-axis
transmitter pri $mmugathe me@mmfp@tmsestemltp iniHaten ablopdiag tseauance by HBLLHALO0,

so that th ht, r i tal t he
2axi o et BapaRnhs PR br sERRIE AR Rl AR drkpd NG dhoreb DB, |
the |ight keddadnp wihéow60cKRd olpyratdaelacesseastsatﬁw ﬁaaﬁwﬁﬂhewafeaﬂ%ordet}mct or
694 wi || not det ect an})‘/ infrared |ight, .indicating przéeeﬁtce gg a cassette
88. O he /St Biste hitndThs sasiie §Bmey e mitalhsplaced opthed4Q plate 184 by hyman
infrared | gl %%Iﬂgthfcxr ﬁ)%%%%ﬁto@lg%}pﬁstﬁ@?/d %HEQ%BH%H&B& @Ydefte 88, so
transmtter prism asses over the let 71 is redirected
downwar dl yttm} it may>bealxﬁe$i bjethedt@ rolmt.i andh als_cﬁallcws ainge flowedowrwardlydover dgiim |
directed to gnd §\§t ed E% éhe x-axis infrared detector 694, indicati ng
the absenc&'3§rs3 SPPE8E% The y-axis sensor pair 696 works in a sinilar
way, to detect the presence or 2 0 absence of wafers in the cassette 88.
Wth a cassette T88 fork B0(af thetl/(F téhot Bifis anivallyl inghe simeX-¥hpositicaxdssthe 1/0

VL axi S2b 1 arplate 1B5r Therderionk frk cuptbh achyaltn Lot £ ek 0D che fork et
tunnel 725 eﬂg %B%P%E ﬂ%%fa s Sohg tH@é&%&tttE%8881‘hellfO RSHoNBE SHeh 10Es Mk ReYsettd &8

nmedia are pr Int ssette 88, the light travels entirely through
t he tunnel veicallyg offeafi theHOetdatdd\B@Mfckl lytekgtlyt(hethy-}émrs;:t@n)awd@tr@c Ol}efmld@m

720, and is cted by the.(y |s det ect.or 7 sence,. any
wafers in t‘?‘?gisgg gx@ta(cg}/ag fthea ploofar ll%rq ﬂ}é‘g c,rﬁ%‘?gtef’é g%’ ?‘ﬁé’oﬁvo

edge of theau@behyiflt b%ﬁ?rd&om%'irﬂi@(ert Mhe w@hrdbBess tHep Sovég the lﬁ’fe@\tﬁéb‘ettﬂg

| ight from passing through the tunnel. Accordingly, the presence of any

wafer in the cassette 88 will block the light fromthe y-axis transmtter
698, so that the y-axis detector 700 detects no light, indicating 30
presence of at |east one wafer in the cassette 88.



: : 3b0 ?EL’ 1002
3 0 o0 Ec 200i WD 00/02675 22 PCTI LS99/ 1441.1 Operation of the burfer

assenbly 618 in the indexer 600 is simlar to operation of the buffer
assenbly 76y, g Jsbed above, and shown in Figure 8. Howeverpcth9eaiisng the
buf f er asserrbly § at the side of the indexer 600 allows for a nore
conpact design. Use of the belts 670 prdvides for faster and nore reliable
pal |l et novenent, in contrast to the 5 indexer 72 shown in Figures 8-16. Use
of the prisnms 714-720 allows for detection of cassettes and wafers, w thout

requiring joh Juhd?ﬂali%f (ih bR Pa; x'e&‘i?%g 1ow£}¥%99{d9>?e§7&n@§ue\’8"é&té§ %d@%v'e%

P~T,~S 9 oE A nmachi ne processi ng sem conduct ors ers and
simlar fl mllemdpamﬁomrﬁt ich alse Yea)m:)momrring dfheeliOl rosatrteen sms thredmxseerte Vst hi n

th | ' ft
Vot o shi Fesge diopgier Rbayeion A pfa Budishaty 1 e i gt ko Second
10 pairs oOfheREddx3r 72 iRt AFst bk RKARNEL, h?é&knb{bdbeﬂ@&ttb%rﬁ]g tﬂ?zﬂetf 1'nfo'51505?tﬂﬁll

second pairs of belts, for driving the first and second pairs of
si mul t &neobs|TheilfO oqfqmﬁleneetdmsebtt faoki$00 itk iaitipl pesitidnt y of pal l ets supported
at least partially on the belts. 15 2. The nachine of claim 1l wherein the

bel ts are endl eggy 0gtfed DAL ks, f%\{'gg%{lgigﬁahhl Q?ZL ﬁpscgi@i%hr)&%v@m&f)gttﬂggasggfé(

engagi ng at | east one of the en machi ne o
clainms 1 oloaingupdsitem, clenrjomigiudigalashift uyaémtl;‘iOoﬁo&p&besﬁda;ﬁaﬂ(‘s 120B-Jr (rh Itheer s

[ he, f d h ||
ot ondi ng HEHSIPRIO) SHBBS 1 RGve) Deni LHE SHF Ik RLD gy e b ot Kb S caet
partial |y gciieyd |rpastbh, Ui 6l 1oEsSiasa 40 pmmﬁomrcatwgﬁﬂa& 29

|
4, The machi ne of lTial ms 1 or ? wherein each of the belts extend
cont i rousbslowithe dgivnarpit-nesaippsisionsf ofi thelside forks 480Bsso thardthekide donks t1REB,

pall ets ar V, e 0 bel ts b en ,i nd. xer at.i on n
Phe pai 1 ot (o300 R 1B el mb e R R R R By R T Ve dperienng ™9
conpri si ngwithlwé feadl fasks aablayart tmﬂaedstaq ¢inBe SiddeoRE 1BDB-Ji del@naihed 1o the

longitudinal drive belt 178, they all necessarily move together in the Y direction.

With the side fork 180B underneath the first cassette 88 in position A, the eight

15  side fork air actuators or cylinders 174 are extended, causing the side forks 180 to lift the
pallets above them up and off of the pallet deck 139. With the pallets in the up position,

the longitudinal drive motor 176 turns in the opposite direction. moving side fork 180B,

now carrying the first cassette 88 on a pallet, from position A to position B. The air
cylinders 174 are then retracted to lower the pallet 136 and cassette 88 down into position

20  B. After this movement is completed, there is no pallet at position A. As all of the side
fork actuators 174 are controlled to move simultaneously, all of the side forks 180B-J

necessarily move together in the vertical Z-axis direction.

To continue loading or sequencing the indexer 72, the longitudinal drive motor 176

is again energized to move side fork 180B back towards position A, and thereby move

25  side fork 180J from position J back to position . During this movement, the side fork air
cylinders 174 are down, so that there is no pallet movement. Rather, the side forks are
merely repositioned below the pallets. The side forks are moved. in this step, enough to

avoid interfering with the end forks, and not necessarily one complete position. With the

side fork 180J now clear of position J, the lateral drive motor 154 is energized to move the

30 end fork 146B from position A to position J, and to simultaneousty move the end fork



VYV VRV UYL
6. The machine of claim5 wherein the buffer assenbly conprises a buffer
pl ate attached to the indexer, a buffer slide rail attached to the buffer
pl ate, and svufders 10 tray slidably supported on the buffePCdisdEI bl | s.
7. The machine of claim6 wherein the slide rails are parallel to the
belts. 8, The machine of claiml further15corrpri sing a pair of prisns on at
| east one 15 of the pallets. 9. The nachine of claim1l further conprising a
first station in the indexer under the first pair of belts, a first sensor
pai r in thé4éAfeom poationh, togeetian fi. r Shcgpuidemppsation brihetatdralast cdindesfl 52 he

pallets. 20 10, T chine.o im9 further canprisin al | ensor
inthe fir8f e%‘}egfifir‘]%?%@cg@flééﬂ’ﬁga“@ﬁ}ée Eﬁ’@é@ﬁ’@é‘“B ]aﬁnﬂé?rp\aélﬁ S?‘hléglf‘grst
station. ldnad foie 188&Rd NR ued pa@lle@étfﬁolgoﬁw RN @BV Shater ﬁS@ﬁQ%@n@&%@r
pair in the first 2 5 station, and a second prismpair on the at |east one
pal l et , win Wetrﬂ@r@e@mdorpfdlsmmamn Fign@ 01)a026i3h@ktealtbed 56(h2@0Q fork
PCT/ US9911 orle ine and the first ismp

on a1 st 18 &Sriel ke PR SRed RESRPR BeBRRni drd e ety Rl nd
The machi ne4eh cﬁﬂr@b '?ﬂplallétlﬁdrh%bsMQmErtb%iangioHﬁ?a”ﬁ]e'léler*ahﬂr &¥1fmaess B9 it ttn
assenmbly for lifting lgallet up off of the first pair of belts and for

| owering t FREragiEH) ‘@thkYﬁlt ¢ pplistsiatoprpitipas A @ Then ths indeger dacknbhi ne for
processing flat nedia such as sem conductor material wafers, conprising: 10
an indexer framgyiiah §e€(ﬁﬂtp@l@?1ﬁ 99§1h@rdAbQ1hé m‘ﬂ’bﬁeli“m i ff'@ad:yr\@er%@&vé( b a8&nda
motor linked to the at |east one toothed belt; and | et supported at

| east part Fassttfe &h wifisr eseednddapastte is pcbﬁetlmﬁloetthmb(% gteal3t-otheH rebpg 186
neshed ne toot hed.belt essi ng
flat medi apeé)ugtﬁt@esmgg’fﬁrgo Hl%cst"'SPe%ﬁt"éF?Sé?“%%?veﬁ"semsc%"gﬁ?ﬁ s ?g"f°“5r? %Sﬁ‘iﬁeﬁer a
y-axi s shi placed s ed ihdexenst pobidiexel.; 2 0 a plurality of pallets supported on
the y-axis shift system a first prlsm palr on at | east one of the pallets;

and a first sen air. ali t.he ri s air. D 2002

VO 001 02675 26 a%‘“r/f%éé‘é‘f‘fii%‘ﬁ’l"'““ 0 1%‘3?5/&5 ﬁ%&ﬁf%gﬂlﬁ&cagﬁeﬁ? i‘%‘&a%‘?%‘g‘”ﬁ%ﬁ%ﬁ%ﬁ

flat medi atifeldfhigalien i GeMsHeRérOrAITE @fdefér N terpositib® Al-Ji mmgmq;anas two

supported on pal |l ets, conprisi ng a first-axis shift system noVi n%the
18 e

pallets in @8911%1&0&110?1&“&%%905 B S1HREr PREIGORSY Apd Eygtpeﬁf%ﬁm gt
pal | etsss i nagy sRERMthedhbBGLE 2Ballet.

nt ed

After the first and second cassettes 88 loaded into the indexer 72 arrive at positions
I and J, the elevator 78 is energized, lifting the wafer platforms 216 on the lift columns
214 up through the open bottom of the cassettes 88. The wafers 90 in the cassettes are
lifted to an elevated access position, as shown in Figure 16, where they are now ready to

20 be picked up by the process robot 66.

The window panel 62 moves up to close off the loading window 60, to prevent an
operator from inadvertently coming into contact with moving components within the

enclosure 54.

Referring now to Figures 20, 21 and 24B, the process robot 66 moves to lift the

25  wafers 90 off of the elevator 78. Specifically, the lateral drive flux motor 251 moves the
lift unit 252 laterally until the wafer holder 268 is properly aligned with the wafers 90 on

the elevator 78. With appropriate control of the lift motor 257, the elbow drive motor 258,

and the wrist drive motor 265, the wafer holder 268 is moved in until the end effectors 270

are positioned and aligned on either side of the wafers 90, with the grooves 274 in the end



5 perpendicular to the first direction; a plurality of pallet Stati?UEDED 2007
aligned with at | east one of the first-axis and the second-axis shi

systens; a Rehhehcsensor at substantially each of the pallet pgtaké@nsss a
cassette sensor at substantially each pallet station; 10 a flat nedia
sensor at substantially each pallet statién; a pair of cassette sensor
prisnms on substantially each pallet ; and a pair of flat nmedia sensor
prisnms on substantially each pallet. 1 b. A nethod of handling flat nedia

conpri si ng 4he5t Ops egp? %ﬁgpédapd PG eRe CASREL €ADAGLAY; Af #@;re@%a {%f&

pallet; placing the onto a specific locatlon on tbe In an
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To clean the end effectors 270, the wrist drive motor 265 is controlled to orient the

end effectors vertically, as shown in Figure 24D. With the end effectors aligned with the

20  end effector rinser/dryer 302, the lift motor 257 lowers the entire robot arm 255, to extenc
the end effectors into the end effector rinser/dryer 302. After the end effectors 270 are
cleaned and dried, they are withdrawn from the end effector rinser/dryer 302 and
positioned to remove wafers from either process chamber, or to pick up additional batches

of wafers from the indexer for delivery to a process chamber. As the end effectors are

25 cleaned at the process chamber rather than at another location, processing time can be
reduced, because this cleaning step is accomplished without the need to move the process

robot.

As is apparent from e.g., Figure 23, the wafer holder 268 is offset to one side of the
wrist joint 262 and elbow joint 256, as well as the other components of the process robot

30  66. No part of the process robot 66 is ever positioned directly above the wafers. As air is
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15 Referring to Figures 1 and 16, the buffer shelf 76 moves forward (in direction O in
Figure 17) when the elevator 78 is in the down position, to receive up to 50 wafers. The
buffer shelf 76 holds the wafers until the appropriate empty cassette 88 is moved into the I
and J positions, so that the process robot 66 can move the disks from the buffer shelf 76
into the cassettes at positions | and J. When the buffer shelf 76 is not being loaded or

20  unloaded with wafers, it remains in the back position (moved in direction I), so as not to
interfere with operation of the elevator 78. The buffer shelf 76 temporarily holds already
processed wafers, so that the process robot 66 can access and move the next batch of
wafers for placement into the process chambers, before off loading already processed
wafers back into the indexer. This ensures that the process chambers are constantly

25  supplied with wafers for processing.

SECOND INDEXER EMBODIMENT

As shown in Figures 30 and 31, a second embodiment indexer 600 includes a box
frame 602 formed by side walls 604 and 606, a front end wall 608, and a back end wall
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support 630 along the rails 632 and 634. Locating the buffer assembly 618 on the side of
the indexer 600, as shown in Figure 30, allows for a more compact design, in comparison
to the centrally located buffer assembly of the first indexer embodiment 72 shown in

Figure 8.

20 Referring to Figures 30 and 31, the indexer 600 includes a longitudinal or y-axis
shift assembly, generally designated 650, and a lateral or x-axis shift assembly, generally

designated as 652.

Referring to Figure 31, the y-axis shift assembly 650 includes 2 side by side and

parallel y-axis frames 660. Each y-axis frame 660 includes an inner frame plate 662,

25  adjacent and attached to the center wall 616, and an outer frame plate 664, supported on
the side walls 604 and 606. The lateral ribs 666 are attached to and extend between the

inner frame plate 662 and outer frame plate 664, in both of the y-axis frames 660.

End rollers 674 are rotatably mounted at the ends of each of the inner and outer

frame plates 662 and 664 (for a total of 8 end rollers 674). Idler rollers 676 are spaced
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y-axis infrared detector 700, located generally centrally on the lateral ribs 666, and aligned

with each other (on a line parallel to the frame plates 662 and 664).

A reflective optical sensor 702 is provided in the side walls 604 and 606, at each of
the pallet positions A-J. The sensor pairs 690 and 696 and optical sensor 702 are linked to

25  the controller 85, which monitors and controls operations of the indexer 600.

Referring back to Figure 30, 8 rectangular pallets 710 are provided in each row R1
and R2 of the indexer 600, so that four of the pallet positions in each row are always
occupied by a pallet 710, and one end position adjacent to end wall 608 or 610 is always
open. Each pallet 710 has a rectangular pallet cutout or opening 712. Pallet tooth racks

30 715, shown in dotted line in Figure 30, are provided on the bottom surface of the pallets
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10 oneof the ten pallet positions A-J in the mdexer 600, the x-axis transmitter prism 714 and
x-axis detector prism 716 are vertically directly above or aligned with the x-axis infrared
transmitter 692 and x-axis infrared detector 694, respectively, in that pallet position.
Similarly, the y-axis transmitter prism 718 and y-axis detector prism 720 are vertically

directly above and aligned with the y-axis infrared transmitter 698 and the y-axis infrared

15  detector 700, in that pallet position.

Referring to Figure 31, the idler rollers 676 have roller flanges 678 which protrude
vertically above the belts 670. The roller flanges 678 fit into roller grooves 675 (shown in
dotted line in Figure 30) on the bottom surface of each pallet 710. The engagement of the
roller flanges 678 into the grooves 675 prevents any x-axis movement of the pallets 710

20  (unless the pallet 710 is lifted vertically.) Accordingly, the pallets 710 are vertically
supported on both the belts 670 and roller flanges 678.

The indexer 600 has an x-axis shift assembly 652 substantially the same as the x-
axis shift assembly or shift system 140 shown in Figures 9 and 10 and described above,
and is therefore not further described or illustrated here. However, rather than the end fork

25  air cylinder 152 used in the x-axis shift system 140, the x-axis shift assembly 652 in the

indexer 600 has a paliet lift electric motor 654, for better control of pallet lift movement.

The operation and sequencing of the indexer 600 is similar to that of the indexer 72
described above with reference to Figures 8-12. However, pallet movement along the y-
axis is achieved via the computer controller 85 controlling the y-axis drive motor 680 to

30 incrementally move, or index, the belts 670. During movement in the y-axis, the pallets
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At each pallet position, the optical sensor 72 detects the presence or absence of a
pallet 710 via detecting the presence or absence of reflected light. In addition, at each
pallet position A-J, the x-axis sensor pair 690 detects the presence or absence of a cassette
88. Specifically, the infrared transmitter 692 projects a light beam vertically upwardly.

10  The light beam passes through the x-axis transmitter prism 714, on each pallet 710, which
bends the light beam 90°, so that the light beam is then projected horizontally inwardly
towards the x-axis detector prism 716. If a cassette 88 is present on the pallet 710, the
light beam will be blocked by the cassette 88, and the x-axis detector 694 will not detect
any infrared light, indicating presence of a cassette 88. On the other hand, if the pallet 710

15  has no cassette 88 on it, infrared light from the transmitter 692 passes through the x-axis
transmitter prism 714, passes over the pallet 710, and is redirected downwardly by the x-
axis detector prism 716, so that the infrared light is directed to and detected by the x-axis

infrared detector 694, indicating the absence of a cassette 88.

The y-axis sensor pair 696 works in a similar way, to detect the presence or

20  absence of wafers in the cassette 88. With a cassette 88 on a pallet 710, infrared light
from the y-axis transmitter 698 is projected .vertically upwardly, and is turned 90° by the
y-axis transmitter prism 718, so that the light projects through a slot or tunnel 725 at the
bottom of the cassette 88. If no wafers or other flat media are present in the cassette 88,

the light travels entirely through the tunnel 75, is redirected downwardly by the y-axis

25  detector prism 720, and is detected by the y-axis detector 700, indicating absence of any
wafers in the cassette 88. If a wafer is in the cassette 88, the bottom edge of the wafer
projects downwardly through the tunnel 725, preventing light from passing through the
tunnel. Accordingly, the presence of any wafer in the cassette 88 will block the light from

the y-axis transmitter 698, so that the y-axis detector 700 detects no light, indicating

30  presence of at least one wafer in the cassette §88.
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WHAT IS CLAIMED IS:

1. A machine for processing semiconductors wafers and similar flat media

5  articles, comprising;
an enclosure;
an indexer within the enclosure, the indexer comprising:
an x-axis shift assembly; and

a y-axis shift assembly, the y-axis shift assembly including first and second

10 pairs of belts;

a motor linked at least indirectly to the first and second pairs of belts, for
driving the first and second pairs of belts simultaneously in opposite

directions; and

a plurality of pallets supported at least partially on the belts.

15

2. The machine of claim 1 wherein the belts are endless toothed belts, with

each pallet having a toothed rack engaging at least one of the endless toothed belts.

3. The machine of claims 1 or 2 further comprising a plurality of spaced apart
20  rollers supporting the first and second pairs of belts, the rollers having flanges extending
upwardly above the belts, and with the pallets supported at least partially on the flanges of

the rollers.
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10% (% @10% é) abPhebrbn%El%geEo{‘ cflalm 1 further comprising a buffer assembly attached to

one side of the indexer.

6. The machine of claim 5 wherein the buffer assembly comprises a buffer
plate attached to the indexer, a buffer slide rail attached to the buffer plate, and a buffer
10 tray slidably supported on the buffer guide rails.

7. The machine of claim 6 wherein the slide rails are parallel to the belts.

8. The machine of claim 1 further comprising a pair of prisms on at least one

15  of the pallets.

9. The machine of claim | further comprising a first station in the indexer
under the first pair of belts, a first sensor pair in the first station, and a first prism pair on at

least one of the pallets.
20

10.  The machine of claim 9 further comprising a pallet sensor in the first

station, for detecting the presence of a pallet at the first station.

11, The machine of claim 10 further comprising a second sensor pair in the first

25  station, and a second prism pair on the at least one pallet , with the second prism pair
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the second pair of belts.

13. A machine for processing flat media such as semiconductor material

wafers, comprising:
10 an indexer frame;
at least one toothed belt within the indexer frame;
a motor linked to the at least one toothed belt; and

a pallet supported at least partially on the toothed belt, the pallet having a toothed

rack meshed with the at least one toothed belt.

15
14. A machine for processing flat media such as semiconductor material
wafers, comprising:
an indexer;
a y-axis shift system in the indexer;
20 a plurality of pallets supported on the y-axis shift system;

a first prism pair on at least one of the pallets; and

a first sensor pair aligned with the first prism pair.
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a second-axis shift system for moving the pallets in a second direction

5  perpendicular to the first direction;

a plurality of pallet stations aligned with at least one of the first-axis and the

second-axis shift systems;
a pallet sensor at substantially each of the pallet stations;
a cassette sensor at substantially each pallet station;
10 a flat media sensor at substantially each pallet station,
a pair of cassette sensor prisms on substantially each pallet ; and

a pair of flat media sensor prisms on substantially each pallet.

16. A method of handling flat media comprising the steps of :
15 placing a cassette holding flat media onto a pallet;
placing the pallet onto a specific location on a first belt in an indexer;

indexing the first belt and incrementally moving the pallet in a first direction from
a first pallet station to a second pallet station within the indexer, with the pallet

continuously remaining on the first belt;
20 lifting the pallet vertically off of the first belt;

moving the pallet in a direction perpendicular to the first direction, into a position

over a second belt;

lowering the pallet onto a specific Jocation on a second belt; and
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an indexer in the indexer bay, the indexer having a plurality of sequential
positions for holding cassettes;
a drive system in the indexer for sequentially moving cassettes through the
10 sequential positions, with the sequential positions arranged in at least two side-by-side
Y columns, and the drive system comprising a first horizontal axis shift system for moving
cassettes in a longitudinal direction, and a second horizontal axis shift system for moving
cassettes in a lateral direction, perpendicular to the longitudinal direction, on the indexer.
a process bay joining perpendicularly into the indexer bay;
15 at least one process chamber in the process bay; and
a process robot movable between the indexer and the at least one process

chamber.

18.  The apparatus of claim 17 wherein the process chamber in a spin rinser dryer

20 or a chemical process chamber .

) 19.  The apparatus of claim 17 further comprising an end effector attached to and

offset from the robot.

25 20.  An apparatus for processing articles, such as semiconductor wafers,
comprising:
an indexer having a plurality of cassette storage positions;
a cassette advancing system in the indexer for sequentially advancing cassettes

through the plurality of cassette storage positions;

Replacement Sheet
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5 a robot arm attached to the lift rail through an elbow joint; and

a wrist joint attached to the robot arm and supporting an end effector to one
side of the lift rail and lift motor, so that the robot can place and remove cassettes into and out

of the indexer and the process chambers using both overhand and underhand movements.

10 21.  The apparatus of claim 17 further comprising an input/output robot associated

with the indexer, for loading and unloading wafers into and out of the indexer.

22. An apparatus for processing articles, such as semiconductor wafers,
comprising:
15 an indexer having a plurality of pallet storage positions;

a pallet _for supporting a cassette and having an open center area, at substantially each
pallet storage position;
a pallet advancing system in the indexer for sequentially advancing the pallets
supporting the cassettes through the plurality of pallet storage positions in the indexer by
20 moving the pallets in a first direction, and in a second direction perpendicular to the first
direction, with the pallets separable from the pallet advancing system to allow the pallets to
travel through the indexer with the cassettes; and
a plurality of process chambers positioned side by side in an array, with the array
perpendicular to the indexer so as to provide a compact apparatus .
25
23. A method for processing semiconductor wafers, comprising the steps of:
delivering a cassette containing wafers to a loading station of a processing
apparatus;

t

moving the cassette from the loading station to an indexer;
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inserting the wafers into the process chamber;
processing the wafers in the process chamber;
removing the processed wafers from the process chamber;
carrying the processed wafers back to the indexer;

10 placing the processed wafers on a buffer shelf; and

removing the processed wafers from the apparatus.

24.  The method of claim 23 further comprising the step of moving the buffer shelf
between a first position during lifting of the wafers, and a second position for receiving the

15 processed wafers, during the step of placing the processed wafers on the buffer shelf.

25.  The method of claim 23 or 24 wherein the wafers are supported by a robot arm
which is constantly positioned to one side of the wafers, as the wafers are moved between the
indexer and the processing chamber.

20
26.  The method of claim 25 wherein the robot arm carries the wafers underhanded

to the processing chamber, and inserts the wafers overhanded into the processing chamber.

27. The method of claim 25 wherein the robot arm has an end effector for holding

25 the wafers, further comprising the step of cleaning the end effector after the wafers have been
inserted into the processing chamber, without moving the robot arm away from the processing
chamber, by orienting the end effector vertically, and then moving the end effector down into

an end effector cleaner at the processing chamber.
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Font j Q' +4>#Hiql blemekn dlagonally opposed in the indexer, a lift actuator associated with each of the
lifting elements, and a lateral shift motor linked to each of the lifting elements.
10
31.  The apparatus of claim 30 wherein the lifting elements comprise forks

mounted on slide rails and the lift actuators comprise pneumatic cylinders.

32.  The apparatus of claim 29 wherein the lifting elements are linked to the shift

15 motor and to each other by a lateral shift drive belt.

33. A method of operating a work-in-progress indexer in an automated
semiconductor processing system, comprising the steps of:
loading a first cassette onto a first pallet in a first position in the indexer;

20 shifting the first pallet from the first position to a second position in the
indexer, by lifting, carrying, and then lowering a first lifting element under the first
pallet;

shifting a second pallet into the first position from a preloading position, to
receive a second cassette, by moving a preloading lifting element at least partially out

25 from under the second pallet, and then moving a second lifting element to a position
under the second pallet, lifting the second pallet, carrying the second pallet over to
the first position, and then lowering the second pallet down into the first position; and

loading a second cassette onto the second pallet.
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34. The method of claim 33 wherein the carrying movement of the second pallet

is perpendicular to the carrying movement of the first pallet.

35.  The method of claim 33 further comprising the step of sensing the presence

5 or absence of at least one of a pallet, cassette, and wafers in the cassette, at the first position.



