0 7 JAN 2005 -1 DESCRI PTI ON Aut omat ed Processing System The field of the
invention is automated processing systens, used for processi [ 005

sem conductor wafers, hard di sk nedia, substrates, optical mat ?iéNé, and 5
simlar flat articles requiring low | evels of contam nation, collectively
referred to here as "wafers". Background of the Invention Conputers,

tel evi sions, tel ephones and ot her electronic products contain |arge
nunbers of essential electronic senicondu?tor devi ces. To produce

el ectronic 10 products, hundreds or thousands of sem conductor devices are

manuf actured in a very small space, ﬁ;@“!’ﬁhwgr aphy techni ques on
sem conduct or substrates, such as o i fers. Due to the extrenely

smal | di nensions involved in manufacturing sem conductor devices,

contam nants on the sem conduct autostdied Padeesdiret astead , such as particles of
dust, dirt, paint, netal, etc. lead to defects in the end products. 15 To
excl.ude contam nants, seni conductor. suhstrates ar cessed within Fl ean

. re Ero S fo
roons. O ean roonkharfieldnel deedrusuicn v 2uamaed; PIRFTS R8s BHeESndiiee of

manuf acturin ch@gsiiljasé £éfm_cgl¢n?jcgﬂe{rgafét@, kS@Pdiod nca RN bitiraad tebtic rhatéials, pRdVi ded
to a clean roomis typically highly filtered to prevent airborne

cont ani nant s sikwiinflendrecien gequiritigdoor leeels of cantamipatipn, oHeetvelydplernd rosie
Special materials apd equi pment are 20 needed to nmintain contamn nants
within the cPeaMe®Bom at adequately |ow | evel s. Consequently, construction
and mai nt enance of clean roons can be tinme consumng and costly. As a
result, the sem conductor processing equipnent installed within a clean

room shoul d preferab t, so that |large nunbers of sem conductor
1REHRAc! 9 em cf

wafers can b ack und gr e smal | er space, thereby reducing space 25
requi rements and Cesipiterd\cebavitiorgl yelebhenes iagd sothrseefetiopnic rripdusts contain
Sem conductor processing equipnent, .to reduce clean ro lectroni
requi r enent s.'a"ﬁf‘gf’l%‘?& ‘glﬁsﬁfgﬁf’leggﬁf%ﬁ‘éég‘inﬁ‘bo" e re‘?r%“cl?ss'e rd?)rg@gcgteoeccrgrr"rc y the
waf ers ofg products, hundreds or thousands of semiconductor devices are manufactured in a

| very small space, using lithography techniques on semiconductor substrates, such as -

on silicon wafers. Due to the extremely small dimensions involved in manufacturing

semiconductor devices, contaminants on the semiconductor substrate material, such

as particles of dust, dint, paint, metal, etc. lead to defects in the end products.

15 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 highly filtered to prevent airborne contaminants from entering
into or circulating within the clean room. Special materials and equipment are

20 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 compact, so that large numbers of semiconductor
wafers cén be processed within a smaller space, thereby reducing space

25  requirements and costs. Accordingly, there is a need for smaller semiconductor

! processing equipment, to reduce clean room space requiremnents.

Existing automated processing systems use robots to carry the wafers or

workpieces. These robots are designed to avoid creating particies which could



wor kpi eces. These robots are designed to avoid creating particles which
could 07 JAN 2005 -2- contam nate the sem conductors. However, even wth
careful design, material selection, and robot operation, particles r?BYyJAN 2005
still be created by these robots, via their noving parts. Accordingly,

there is a need for inproved techniques for processing sem conductor
substrate materials with very low |l evels of contamnation to naintain 5

the |l evel of defects at acceptable |evel S, Many aut omat ed processing

systens use centrifugal processors, which“spin the wafers at hi gh speed,

whi |l e spraying or aqtherw se applying process fluids.an [ S t he
waf ers. The r 6PBREVISSi i ?eym'EgT%’cg’g%at W%’Fr’vﬁfgrvsmﬁngalé Blar(%ﬁ?'i’l nﬁ?aé?‘%rz%)l/.
While the cl osgeepas M BbotdiRMRhERSIdIER nHCIIIRtesRedIBpHREY FIboRy 6R, theidch
as 10 providing a conpact design, If a si ngl e wafer breaks while within the
rotor, the wafresvingipedesAwiordinglyt terediaenged dof mrsavedtecanigueDlar jigeessing
centrifugal processing of fers wi.thin a rqton, Wt J4S | 3 . (e

t he process Iisﬁﬁﬁ'%‘dﬁgmé‘é%ﬁ?em%f'%lf Wq*ﬂu?’ rgggvsv leve ’%“Lﬁ%’ﬁﬁﬁ?‘}ﬂﬁ%ﬁ‘g’ﬁﬁrm
way. Uni f gr migonhachf hetddsattRciishié elal | useabl e surfaces of the wafers
wi th substantially 15 consistent processing. As a result, all wafers within

the batch of wafers in the rotor (as. well as subse uelnt batche%. re.
general |y uniform yMambewsseted processing (v yBotRIT e RIREEF BN T8

process chanbgf,, (5.0} -ﬁ;sP?%ym\,;@;%ysp% ;ng%rrro&r%ws@%balylr%dprbeéseﬂhm dn@lcr )

to have a structure V\,hlcﬁ' e process |liquids and/or gases to be
sprayed througbesamitoaht eatene Tief otes ty@galhhkold aiatchhelntaiersie aperdlel amdist be

adequately 20 s orted to avoid essive.strass _an f k !

that the rot orwﬁﬂgtthﬁa&é’se aa%‘q'aﬁat"gﬁﬁ‘f R SATTA TR é‘%%ﬁfshg@la%g@égﬁ%f %ﬁaﬁ Zag t he
rotor is fypi bl LbhEMRURHgRNS Asingbabler Bichlenathiig whthmhehetobabk weifiet of
the centrifugal process chanber, and because the rotor may be exposed to -
| arge centri f ugesestsitlcetendaeraes giareh 218t hi gh speed, while remaining
substantially centrifugally balanced, the rotor nust be relatively 25 rigid
and strong. These r@Gyhg é‘é?ﬁr%@alﬁjr@@&ﬂhg gesifen vathgh Raetdrng ichabdrangeshavas

the .increased material mass and thicker wal| sections of t_eln used to
achi eve a strothg piegess liquids contact the wafer surfacgs in a substantially uniform way.
Uniform contact helps to provide all useable surfaces of the wafers with substantially
15  consistent processing. As a result, all wafers within the batch of wafers in the rotor (as
well as subsequent batches) are generally uniformly processed. It is advantageous for
the rotor in the process chamber (as well as any tray or carrier instal}ed into the rotor)
to have a structure which allows the process liquids and/or gases to be sprayed
through and onto the wafers. On the other hand, the wafers must be adequately
20 supported to avoid excessive stress and wafer breakage so that the rotor must have
adequate structural elements. In addition, as the rotor is typically cantilevered on a
shaft extending from the back end of the centrifugal process chamber, and because
“the rotor may be exposed to large centrifugal forces when spinning at high speed,
while remaining substantially centrifugally balanced, the rotor must be relatively
25 | rigid and strong. These requirements present design engineering chéilenges, as the
increased material mass and thicker wall sections often used 1o achieve a strong and

rigid design also tend to provide a more closed rotor structure, tending to limit the

inflow/inspray of process fluids or gases.

Accordingly, there is a need for improved motor technology and methods for

30 handling and processing wafers.



rigid design also tend to provide a nore closed rotor structure, tending to
limt the inflowinspray of process fluids or gases. Accordingly,[¢m§£@2m§
a need for inproved notor technol ogy and nethods for 30 handling and
processing wafers 0 7 JAN 2905 -3 Brief Statenment of the Invention In a
first aspect of the invention, a process robot within an automated
processi ng system has a robot armvertically noveable along a lift rail.
The robot arm has a forearm segnent extending between an el bow joint and a
wist joint. A5 wafer holder on the robot-armis | aterally offset fromthe
el bow and wist joints. The robot armis conpact yet has an extended range
of travel. Th@risi baegwnhel bedivention her ef or e requires | ess space. In a
second and separat g, aSpeet o IdienbMKERhloRNe ARLAURIRE WiihiMObK-dufmated
progress space i s positionéd under a docking station and transfer station,
to provide a pllcccaipafterpracassbagersyedriraly Imoveablei aldngspitraibf Thergobot

i nvention, an elevator lifts a seaI?%,p d or cont&iner. Jr%p1aq.hqgggeﬁ‘to
a docki ng st agForhaswhiere@ MHeePE PLenGHISREMEH 2T PERoC Y2 %t ¢ Ul Al ed  ar m
|0 atransier Sialhafl HhERIS AR Bl ot iohi R dIBARXAE wh piatoThend
docking station, renoves wafers fromthe unseal ed pod and pl aces them

hori zontal | y 1Bhothirm B @angdceyet has pnooeseed ohge @rigagks ThRPreeassnesYLHa
rotates it so that the wafers nove to a nore vertical position. The robot
then noves | atte'giargreayires |575PaS%s station, and places the carrier into a
rotor in the process station. In a fourth aspect of the invention, an

aut omat ed processi ng Sysbam MaSseparatbigeer ohehei myemidrerars indexef or vorkding
wor kpi eces or wafers. The carrier preferaﬁl 20 has tsﬁﬁregaoutside Walls.
A rotor in a cungneksWaeEs iSmosikieratyndesd dp '%315%8'1 DG SR RESYSS R ng
taper. The,carrier i wi.thin the rotor, with mnimum space
requirenen?s. 5&%&?FL§P?§%F%?9?%%'carrier preferably has step ribs and or

lug ribs having a plurality of increnentally steppgd carrier dianeter
surfaces. The rot orlnhabird aspect of the invention, an elevator lifts a sealed pod or container

from an indexer to a docking station, where the pod is un-sealed. A robot or
articulated arm in a transfer station, which is sealed off from the indexer, elevator and
docking statioﬁ, removes wafers from the unsealed pod and places them horizontally
15 into a carrier. A process robot engages the carrier and rotates it so that the wafers
move to a more vertical position. The robot then moves laterally to a process station,

and places the carrier into a rotor in the process station.

In a fourth aspect of the invention, an automated processing system has a

carrier having wafer siots for holding workpieces or wafers. The carrier preferably

20  has tapered outside walls. A rotor in a r;enirifugai processor has inner walls having a
corresponding taper. The carrier is secured within the rotor, with minimum space
requirements. Alternatively, the carrier preferably has step ribs and or lug ribs having

a plurality of incrementally stepped carrier diameter surfaces. The rotor has
corresponding incrementally stepped rotor diameter surfaces adapted 1o engage the

25 carrier surfaces, when the carrier is installed into the rotor.

In a fifth and separate aspect of the invention, the carrier has a large number
of comb slots extending circumferentially between ribs. The comb slots provide an
open yet strong and rigid structure. Process chemicals and gases can pass through

the rotor to reach the wafers within the rotor.



correspondi ng increnental ly stepped rotor dianeter surfaces adapted to
engage the 25 carrier surfaces, when the carrier is installed into the
rotor. In a fifth and separate aspect of the invention, the carriﬁgjmﬁilg

| arge nunber of conmb slots extending circunferentially between ribs. H
conb slots provide an open yet strong and rigid structure. Process

chem cal s and gases can pass through the rotor to reach the wafers within
the rotor. 0 7 JAN 2005 -4 In a sixth and separate aspect of the invention,
the conb slots are aligned or centered over the wafers. This allows a
spray of process liquids to travel straight. fromspray nozz|es to the
wafers. In a severf %ﬁ%éﬁp’ﬁPm?ﬁE“PﬁgéﬁﬁﬂbHPQPRB”OBEﬁ%ng8phﬁﬁ%aﬁé§EJVes
described 5 abfiuey aver ARIRERRI. TRisPIRWSIL Gy dToYEd IRUIGIRY ealePERE@RST Ng
system It is an object of the invention to provide an efficient autonated
processi ng siememagetczeles detiegvederst o keep wafers or other articles or work
pi eces free of contamnants. It is a further object of the invention to
provi de a processi,ng system that,is .ve ti e 0 t r

cl ean room space r'8 #¥Eﬁﬁh?%¢arﬂ’%FHQF&ﬁﬁTe%?%f¥+%§‘%gggﬁaﬁa&ﬁﬁJﬁﬁﬁgggs

wi Il appeas hgpRienad t@hbinkheo pavidius inf@aldd RRoMRSAT prloeeksiagrigerh he

enbodi nents may of course be used individually or in differing

conbi nati ons. The inventjon rﬁ ides not only jn the, systens described, but

al so in the subconbist PBIFS! ghiedaBEneRsP ey r?b@g!“ﬁﬁﬁﬁpmﬁ§§§W¥ﬁ¥Eﬂ OF

THE DRAWNGS 13 bli& deavhdiof KABS Wit Be oafireartiefear anGRripees flengt es
the same el enent throughout the several views: Figure 1 is a top, rear and

|l eft side per speahinatsyilew ofurthe opjestehthednventiretP PIIVisEes BIQTESS RS HAT

Figures 2 and 3 are front, top, and left side r (A i t her eof .

20°Fi gure 41 BanRreentiteresaPan’ i wifeh epub ol RBREE b ebe s 'Sl de vi ew

t her eof . :
10 Other objects, features and advantages will appear hereinafter. The  various

features described among the embodiments may of course be used individually or in
differing combinations. The invention resides not only in the systems described, but

also in the subcombinations and subsystems described.

BRIEF DESCRIPTION OF THE DRAWINGS

15 In the drawings, wherein the same reference number denotes the same

element throughout the several views:

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

processing system.
Figures 2 and 3 are front, top, and left side perspective views thereof.
20 Figure 4 is a front elevation view thereof.
Figure 5 is a left side view thereof.

Figure 6 is a front perspective view of the input/output robot shown in Figure

Figure 7 is a rear perspective view thereof.



Figure 6 is a front perspective view of the input/output robot shown in
Figure 3. Figure 7 is a rear perspective view thereof. 0 7 JAN 2005 -5
Figure 8 is a perspective view of the indexer shown in Figures 1-3,ﬂyhhﬁzms
vari ous conponents renoved for clarity of illustration. Figure 9 is a
perspective view thereof with additional conponents renoved for clarity of
illustration 5 Figure 10 is yet another perspective view thereof show ng
addi tional details. Figure 11 is a leftside view of the indexer shown in
Figures 1-3. Figure 12 is a plan view thefeof, with the pallets on the

i ndexer renoved, for Fgljgia:atgg?fgédivlii)‘y%}"ég itﬁ)elnlm@xgprsp?\ggf ihSFi rglgg%gy{hew of

t he i ndexer shown 'BY¢ ure is a plan vie

i ndexer showg,|dys EbepoRentd rémodditiol Liakigt sfalibfigtionequences of movenent .
Figure 15 is a perspective view of the elevator shown in Figure 5, 1in the

| owered position. Figure 16 is a perspective view thereof show n thed

el evator in the rEgeed is18 psspecienvier Gareo! tyith §d§'t‘PParﬁo”ﬁ¥9r“§?)tég‘frP9/Vee Vi ew
of the process fobot, shqwn. in Figures 2 and 5. Figure 18 is a plan view

t hereof . Fi gfﬂréfaigy Pfsmé{%yge?'r?lnar ged plan view thereof. 20 Figure 20 is a rear
perspective view of the process robot, with the armfully w thdrawn.
Figure 21s5is a plBiguie Bwstyeeaenher fergecevegicistharesil deoveinaedditiens! getels: in
part section, of the process robot. 0 7 JAN 7005

Figure 11 is a leftside view of the indexer shown in Figures 1-3.

Figure 12 is a plan view thereof, with the pallets on the indexer removed, for

clarity of illustration.
Figure 13 is a front view of the indexer shown in Figures 1-3.

10 Figure 14 is a plan view of the indexer shown in Fig'ures 1-3, and illustrating

sequences of movement.

Figure 15 is a perspective view of the elevator shown in Figure 5, in the

lowered position.

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

15  position.

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

and 5.
Figure 18 is a plan view thereof.
Figure 19 is an enlarged plan view thereof.

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

withdrawn.
Figure 21 is a plan view thereof.

Figure 22 is a side elevation view, in part section, of the process robot.



-6 Figure 23 is a front perspective view of the process robot. Figures
24A- 24E are schematic illustrations show ng various positions of the arm
of the process robot. Figure 25 is a perspective view of a process mgdydpe?005
as shown in Figures 3-5. 5 Figure 26 is a perspective view of the process
nodule illustrated in Figures 4, 5 and 25, with a door actuation and

seal i ng nechanism 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 10 positi ofir Figure 29 is a cross-sectional
side view of the process nodule door in a closed position. Figure 30 is a
per spective vi ew ofigure@3and fiontestarecivioely wbihe prétdegamobol3l is a rever sed
perspective view of the indexer shown in Figure 30, 15 with various

conponents renoved,.. for es of illus tion ure 32

perspect i ve view of S8t ﬁg/&&g@c?éee§§]erq§“'59@?53%’0%88Wﬁ3§n\fa,“0”5 pﬁﬂﬁonsr?f ©&s or
wal I's renmpved afarof eh@prddesolobbl. | ustration. 20 Figure 33 is a top, back and
| eft side perspective viewthereof. Figure 34 is a left side elevation
view thereof. Figure 35 is a right side elevation view thereof. Figure 36
is a plan view t heF#Bire 25)gapersBective Vievs plairosgsemogHisr sctowp; §fiieress-bs a
perspective view of the indexer shown in Figures 33 and 34. 0 7 JAN 2005

Figure 39 ks a sidg; r@‘ﬁ%t ?%ﬁ%{pﬁctﬁeg}%\? of el oc%sp}néaul\é'lF?N!trtahe@rrﬁ@fguré:s'ngure

41 is a perspecti ve I ew o processi ng system enbodi nment
5 and 25, with a door actuation and sealing mechanism.

Figuré 27 is a perspective view of the process module door actuation

assembly.

Figure 28 is a cross-sectional side view of the process module door in an open -

10  position.

Figure 29 is a cross-sectional side view of the process module door in a closed

position.
Figure 30 is a perspective view of a second indexer embodiment.

Figure 31 is a reversed perspective view of the indexer shown in Figure 30,

15  with various components removed, for purposes of iljustration.

Figure 32 is a perspective view of another processing system embodiment,

with surfaces or walls removed for clarity of illustration.
Figure 33 is a top, back and left side perspective view thereof.
Figure 34 is a left side elevation view thereof.
2b Figure 35 is a right side elevation view thereof.
Figure 36 is a plan view thereof.
Figure 37 is a front view thereof.

Figure 38 is a perspective view of the indexer shown in Figures 33 and 34.



simlar to the systemshown in Fig. 32, but having a single transfer robot
and a rear 5 pod rotator. Figure 42 is a plan view of the system,shown in
Figure 41. Figure 43 is a plan view of the robot, rotor and carrildrJ
in Figure 36, wth the robot engaging the carrier at the transfer station
shown in Figure 36. Figure 44 is a side view thereof. 10 Figure 45 is a
front viewthereof. Figure 46 is a side view of the robot and carrier of
Fig. 41 in an internmediate position. Figure 47 is a front view thereof.
Figure 48 is a top viewthereof. 15 Figuré 49 is a side view of the robot
and carrier of Fig. 41 in a second internediate position, wth the carrier
now al i gned for i nSeoteid®ns antde viest tereof. t he processor. Figure 50 is front
view thereof. Figure 51 is a top view thereof. 20 Figure 52 is a top view
of the robot, carrjier d rogor.sh wn iin Figures 41-51, wth the carrier
now i nstal | ed int o 'BHE 70t 8PV ' ENE"PrGcessor. Figure 53 is a side view
thereof. Figure 54 is a front view thereof. 0 7 JAN 2005 -8 Figure 55 is a
perspective view OfigareCaT id 8rpaMpeliveenidai o HRifeeRedssingrped erbsdiment
illustration purposes. Figure 56 is a side view of the carrier shown in
Figure 55. Figmiler 57 thessvatepy dtvnap Hid 2y behaying hanglgriranger &ohdnPr? BRGur e
55. 5 Figure 5§ji§a&”side view, in part section, of the carrier of Figure
55 instal Ped P9 fHFY a rotor of a centrifugal processor. Figure 59 is a
front or top view of the carrier and rotor shown in Figure 58.

Figure 42 is a plan view of the system shown in Figure 41.

Figure 43 is a plan view of the robot, rotor and carrier shown in Figure 36,

with the robot engaging the carrier at the transfer station shown in Figure 36,
Figure 44 is a side view thereof.
10 Figure 45 is a front view thereof.

Figure 46 is a side view of the robot and carrier of Fig. 41 in an intermediate

position.
Figure 47 is a front view thereof.
Figure 48 is a top view thereof.

15 Figure 49 is a side view of the robot and carrier of Fig. 41 in a second

intermediate position, with the carrier now aligned for insertion into rotor of the

processor.

Figure 50 is front view thereof.
Figure 51 is a top view thereof.

20 Figure 52 is a top view of the robot, carrier and rotor shown in Figures 41-51,

with the carrier now installed into the rotor of the processor.
Figure 53 is a side view thereof,

Figure 54 is a front view thereof.



Figure 60 is a section view taken along line 60-60 of Figure 59. Figure 61
is an enlarged partial section view taken along |ine 61-61 of Figqu;ﬁﬂvzﬁs
Figure 62 is an enlarged section of Figure 60. Figure 63 is a perspectiVv
view of an alternative carrier and rotor with the carrier aligned in front
of the rotor. Figure 64 i5 a perspective view thereof, wth the carrier
noving into the rotor, 15 such as via a robot arm Figure 65 is a
perspective view thereof with the carrier partially installed in the
rotor. Figure 66 is a perspective view th&reof show ng the carrier fully
installed in the rotor. 20 Figure 67 is a perspective view of a carrier in
a transfer statiofigage 5Hovanpdripechiguikesof32cariedjthwietthint drenpereniseemoved
retainers in the open position. Figure 68 is a perspective view of the
carrier showfor HURT3§GRQUEPPSeSFi gure 69 is a plan. view of the transfer
station deck shown in -Figure 67. Q7 JAN 2005 -9- Figure 70 is a

per spective vi ew gfo ansend &id GEh e 1ANE MoRFERFi£ABGE shown in Figures
32 or 41. DETAI LED"OF DESCRI PTI ON OF THE DRAW NGS ERVIEW 5 Turning now in

detail to the drawi ngs, as shown in Figures 1-5, processing system50 is
typi cal |y instal | éiguwe Bhisr feorg oetop viewmf 52 catier DpsremBgrRas-a clean air
encl osure or housing 54 having a left side wall 56 wth a fixed transparent

wi ndow 57 to allow view ng, of [ L e OB EEre2%5 instailed
Simlarl y,5t t he e\r'el'/l u(r)%\t‘% gsg %?l'dﬁggsxé’a]?‘r@ir}fsyv\};ah}oﬁ’ g%f%agﬁﬂﬁom f%nreF?gsghantea %,
havi ng a fi xegithihanspabententlfdgmipnoaas@9. A | oadi ng/ unl oadi ng opening 60 in

the front wall 58 is closed off during
Figure 59 is a front or top view of the carrier and rotor shown in Figure 58.

Figure 60 is a section view taken along line 60-60 of Figure 59.

Figure 61 is an enlarged partial section view taken along line 61-61 of Figure

10 59.
Figure 62 is an enlarged section of Figure 60.

Figure 63 is a perspective view of an alternative carrier and rotor with the

carrier aligned in front of the rotor.

Figure 64 is a perspective view thereof, with the carrier moving into the rotor,

15  such as via a robot arm.

Figure 65 is a perspective view thereof with the carrier partially installed in

the rotor.

Figure 66 is a perspective view thereof showing the carrier fully installed in

the rotor.

20 Figure 67 Is a perspective view of a carrier in a transfer station as shown in

Figures 32 or 41, with the carrier retainers in the open position.
Figure 68 is a perspective view of the carrier shown in Figure 67.

Figure 69 is a plan-view of the transfer station deck shown in Figure 67.



operation of the system 50 by a transparent |oading wi ndow or panel 62, as
illustrated in Figure 2. Referring to Figures 1-5, down draft fans or
bl owers 80 are provided on top of the enclosure 54, to continu823hé nove

clean air room 15 downwardly through the enclosure. A utilities affhment
82 provides space for power supplies, reagent tanks, punps, and ot her
conponents well known for sem conductor processing. A user interface 64,
on the front wall 58 provides information and inputs control instructions
fromthe systemoperator. The user interf%ce is linked to a 20
conputer/controller 85, in the utilities conpartnent 82, or at a renote

| ocation. The conpigter 7&srtreobraivesey of an enderffecior ORENQ & psusrabst shewand
sensors descri.bed be%gwéqias well as to a facility control conputer, to
control operat? 6¥YGf e “Syst em 50. Referring to Figures 1-4, and
especially to Figure 3, the system 50 includes an indexer bay or space 75
extending rearwardly along the left side wall 56. A process 25 bay or space
94 extends along the front wall 58, perpendicularly to the indexer bay 75.
The indexer bay or space ZBIARHOA BRSERPIHONAYF dHE EMWINGSar e cont i nuous
with 0 7 JAN 2005 -10 each other, and are designated and illustrated
schematically in Figure 3, as separate spaces only for purposes of
description. Referring to Figures 1-5, the | oading/unloading wi ndow 60
opens through the front wall 58 of thepgnehpgure 54 into the indexer bay
75. An 1/ O robot 86 in the indexer bay 75 1s Tocated |largely 5 below the
opening 60. An indexer 72 is provided in the indexer bay 75, generally in
alignment %ith théuopney is6etafiojthp davpngi @ $3overAntiHeuehdeX dFogessing
extends over the 1/Q rqobo d. | . ispde 7
preferably holsﬁgerﬂpsgt 'éqw'éﬂglq'&%%%ﬂ%gﬁ ggié%ggggﬁ{l %ngﬂgﬁz%t@%e%}fé?s %.Cée.a,”

si li con waf er 2iQ8nclddne: eadwetihe S48Bavigst lefn sidd hatls56 36ithhre fiRed henipritexier

72. The pallets 136 and the I/O plate 132 are,verticall iti.oned a
Sbout 't he SantuERey i Brals YRIBost RPN RaDp i T e oy G Buier
shel f 76 is %E%@ﬂr%%lg%oyﬁoﬁthﬁaw@@,5&{ dhewnB@ MBurkhe RROAXBHixéd thhapaent

vertical buffer plate
10 window 59.

A loading/unloading opening 60 in the front wall 58 is closed off during
operation 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

15  downwardly through the enclosure. A utilities compartment 82 provides space for
power supplies, reagent tanks, pumps, and other components well known for

semiconductor processing.

A user interface 64, on the front wall 58 provides information and inputs

control instructions from the system operator. The user interface is linked to a

20 computer/controller 85, in the utilities compartment 82, or at a remote location. The
computer/controller 85 is linked to the various motors and sensors described below,

as well as to a facility control computer, to contro! operation of the system 50.

Referring to Figures 1-4, and especially to Figure 3, the system 50 includes an
indexer bay or space 75 extending rearwardly along the left side wall 56. A process
25  bay or space 94 extends along the front wall 58, perpendicularly to the indexer bay

75. The indexer bay or space 75, and a process bay or space 95 are continuous with



extending up froma center beamin the indexer 72. Referring to Figures 2,
3 and 4, the process bay 95 includes two or nore 15 process chanbers. In

t he enbodi nent shown, the process chanbers are a chem cal process) cHakBg
68, and a spin/rinser dryer 70. A process robot 66 noves through the
process bay 95 to the indexer 72, to carry wafers 90 to or fromthe
chanbers 68 or 70. Referring to Figures 3 and 5, and nonentarily to
Figures 15 and 16, an 20 elevator 78 under the indexer 72 lifts the wafers
90 out of the cassettes 88 (2 cassette | odlls at a time) so that they can be
pi cked up and carrjed by the process Qbot 66. As shown in Figure 16, each
cassette 88 pf ePlg PR Grasesisalper @cstIugr AR tSHéer@@t@aaﬁv i Siguia PSRt y

of the indexe h i ers. ers -han i at ches of
50, as the eléﬁég%r&yg gﬁdqggg%gésbfo %?ﬁggeﬁarry%f gm%oﬁ%ﬁﬂgJ %oﬁ?%n?g 25

of two casset toadirg/umibadanewirsloyw. 60 opedAthr20g¢I5 thel roMHEall 56 RRABOENCcloRet &rri ng

to Figures 6 and 7, the |/O robot has a nounting plate_110, attached to
the left sideiRINE BEeRs by Deehif b fe TR thedrdor B 72 dtoiegresyy | s
supported on Lh AbimPe Bhate 110. A linear actuator 114 on the rail 112
noves 5 a% a?ng?ﬁﬁg &05 %n the Y direction, as shown in Figures 3 and 6.
Referring to Figure 7, an X-axis rail 106 on the back of the armature 105
supports a Z-axis #nindexei Eals frovikded an thelo@exex naor 13, cegnerby ko alignumeerdwith04

h [ 102. icall 10 - axi 108
moves. the ver Necaenpiq0: A8l pRic, "5 BR TR IGapt 72 sfttod A 0B s e

X or lateral ehwH6th®MindoveassetHeirfdexkr 19 ptéRratdahotdieud apeight tieeneergsi cal
rail 102 is adapted to-l1ift a cassette 88 b engaging t he cass?tte si de
fl anges 89. TFEMPRDERRRMEGMCRy SHéﬂ\?”t‘ﬁafF’ngqﬁ{ e e cepeties ffaronmeligisi 3§ on

rectangul g 1 GRTRAL 72l Meheidings 33BohHAM RO Had 22 AelVeARallp it Botdla 2
back plate 124, an%&Fegf andgright o | 9&%1 onee ;
about the same elevation as the bottom of the opening 60. A moving buffer shelf 76
is supported above the cassettes 88 on the indexer 72 via a vertical buffer plate 130

extending up from a center beam in the indexer 72.

Referring to Figures 2, 3 and 4, the process bay 95 includes two or more

15  process chambers. In the embodiment shown, ihe prrocess chambers are a chemical
process chamber 68, and a spin/rinser dryer 70. A process robot 66 moves through

the process bay 95 to the indexer 72, to carry wafers 90 to or from the chambers 68

or 70.

Referring to Figures 3 and 5, and momentarily to Figures 15 and 16, an

20 elevator 78 under the indexer 72 lifts the wafers 90 out of the cassettes 88 (2 cassette
loads at a time) so that they can be picked up and carried by the process robot 66. As
shown in Figure 16, each cassette 88 preferably holds 25 wafers, with the eight
cassette éapacity of the indexer 72 holding 200 wafers. The wafers are handled in
batches of 50, as the elevator 78 and process robot 66 carry the combined contents

25  of two cassettes simultaneously.



15 end plates 126 and 128. The 1/0 plate 132 is attached to the right end
plate 122, and braced by gussets 134. A center beam 160 di vi dds! 142005

i ndexer into an i nput row or side 135 and an output row 137. The vertical
buffer support plate 130 is positioned and noves 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 20 fromthe |eft end
plate 126, to the right end plate 128, aqq provi de resting or supporting
surfaces for the pallets 136 at the pallet deck or surface 139. Referring
nmonentarily to Figure 14, the |ndex§ﬁ%%égggﬁé§th 10 pallet positions: A
B, C D E F G H I, and J. The as eight pallets 136, so
that two positions, at diagonally opposite corners, are always vacant.
Turning to Fi gur erdfgsringUboribsrel 662 ahd 25tHehI$ObmibbD|&6pIhate nMdamtiof pldte TiBdexer

72, at positions Cand H, allow air to flow downwardly 2\? gh th%j ndexer
72. E evatora@c@ada@d@ gt Isisle wall SorRrasiirerhenclavye E}ﬁﬁlfﬁ'l”&t 2o's Ty )
positions | and J, rANGE; fPr Al UALPH 178n B failAil RORE - 12
Ref erri ng st FPYIEIE &ﬁ%g@“@%%%, %%§1Vﬁdéggga$%8|nc | udes a X-axis or

| ateral shif tn afMSLERM OH inaks anditertigenar oy iddégugesat edd £40, and a

| ongitudinal or a Y-axis shift systen1or assenbly, generally designated

170. These shift systens npve the Iets rrying t 88
around on the |nd8§%F"¢?°ng§”§h5mﬁ aﬁﬁdﬁv%%gﬂ éﬁ%gmgk(#?hﬁgaﬁﬁ%%qés ure
9, the lateral,shfiz. §>Y:§B?Uér1149| fbﬂ@}alﬂdﬂ)’? aa hatraRlorigHitdetor PO alove 306 raﬂl Xed
to the indexér ane . Alateral shift end fork 146A is s pporte
the | ateral goizdertbjativ:lonltbe argatire § OFr | Aerc-axs ctpaeedgf ﬂbcr\’r‘i%té}' 4 to
step or sequence_ betwe osi.tions r end
fork air cyl i ﬁée’f"o”% %PE‘%)%%%'C%I f ag?Aers tmhteh%?ﬁ\gp% dihégg&ye/sv(\%éﬂteﬁ?;ed up
and down 1positbbQisr i WPidt hhakertich kel by2 rsmdaamdctalhfsaco;pssemfﬁglbmsgaxlrtﬁnd 10
show1conponents of the Iateral shift system 140 at the left or inside end
of the i ndexdhe gasetsiside anegt 89dupl i cat e conponents (the lateral guide

bl ock 150; an end fork 146B and a lateral air cylinder 152) are nounted at

the right end as well. A lateral shift systemlinking belt 156 extends
around the perinmeter of the indexer frame 118, supported by idlers 157,
THE INDEXER

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-

| 15  end plates 126 and 128. The l/O plate 132 is attached 1o 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 centraHy located buffer plate slot 144

in the cénter beam 160. Two pairs of opposing pallet rails 142 extend substantially

20 from the left end plate 126, to.the right end plate 128, 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, 1, and J. 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

25  the bottom plate 120 of the indexer 72, at positions C and H, allow air 1o flow
downwardly through the indexer 72. Elevator clearance holes 164 through the

bottom plate 120, at positions | and ), provide clearance for the elevator 78.



15 and is attached to the diagonally opposite end forks 146A and 146B. Wen
the lateral drive notor 154 is energized, end fork 146A . nove fg@$¥
position Fto position E, while end fork 1468 sinul taneously %%n1
position Ato Position J, and vice versa. Referring still to Figures 8-14,
the longitudinal or Y-axis shift assenbly 170 of 20 the indexer 72

I ncl udes 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 180E-180) are |ocated at p03|t|ons % C D E G H I, and J, as

best shown in Fi gupsfeﬁgesﬁhg g LOBK ARk U%er%”%ude%y'*“ﬁ? ga?emam

attached to each o ork nder

| ongi t udi nal | yysd:irﬁpira@e@hbey pbridhal Jh@esiignd@df]@O](%n(i&Oi,ongl&J(ﬂl’ia|tdiea)’YFm\/sesl'bﬁCk
and forth on the Iongltudlnal guide rails 172. The eight side forks 180

are joi ned t ogstamor gysegip dn@?ﬁeiﬁiﬁer&IS'gﬂ?tﬁd/é7Q3eTb95£'PB'ﬁ SFRiems apyiet theinakiets
drive belt 1?§6%2-§Fr§§g§hé Qa$ﬁté%%% a%.g’%a“lm%{é‘ %H%taf ho%m‘?gdré“i'ﬁxer frame

118, supported on e longi positioned
wi thin the indexer frane 118 vertically above the lateral drive belt 156.
A longitudbnal or Xsaeitshdwnvie iptred, thédatdl dhiit engagedD traludee a daerabglidb t

178, such tha i th actuatiqgn of the notor 176, t Q7 JAN 2005 -13
side forks 18 AV Oa e (R lSIULP T TRBF TP AduEs F”‘G&qu‘i@"“\ﬁﬁéﬁs%ﬂ%“ﬁﬂtor
drives side {onks !ét@r%BgéﬁQ'%lek {518 ohBRUAVeR Wy LB Ridr) HiveShbioPMs4 1o h@g ol de
forks 180G 180J on the opposite si'de of the center beam 160B, in

out put row 13Fequenve bistwesir pesitions E@nd§, Bshewniim§igue H. gfﬁlm end Brld air cvh!eder

o o 1P dos T 92 AReE 260 R B p2d ek PR Btf 150 Sk FRESERY positivyca

buffer plape Wdfch \ﬁ/fu fiked wyP@etianidabstopd. f eigushe ind 60 fshow ddmepdneaidtof the
position shown in gure 9 to the rear position shown inp Flgure 8.. The

buf fer shel f ’P@efabﬁb\fi}nsyﬁﬂﬁﬂph‘%?bﬁhﬁ leftepginsidegends ob he fndexer &n + HiEnilGe sy
figures, for pgn&gtac%pbhlemh@iatgm gul& ﬁsékewd 3 eRf Ifamr1l4hu akeaﬁétgkm §irl0,
the buffer shi system 190 1 ncl udes drive notor 198 linked to a
buf fer drive bglind2002i Arcomghniad faf e r@bumd a&g:vtil%»f\ lztemal shift system linking belt
156 extends around the perimeter of the indexer frame 118, supported by idlers 157,
15 and is attached to the diagonally opposite end forks 146A and 146B. When the
lateral drive motor 154 is energized, end fork 146A moves from position F to
position E, while end fork 146B simultaneously moves from position A to Position },

and vice versa.

Referring still to Figures 8-14, the longitudinal or Y-axis shift assembly 170 of

20 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-180) are located at positions B, C, D, E, G, H, |, and J, as best shown in Figure

j2. A side fork actuatér or air cylinder 174 is attached to each of the eight side forks

180. The air cylinders 174 are longitudinally displaceable with the side forks 180, as

25  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. A longitudinal or Y-axis drive motor 176

30 is engaged to the drive belt 178, such that with actuation of the motor 176, all eight



buffer capstan 192. The buffer drive belt 200 extends around the capstan
192 and a buffer belt idler 194, positioned at opposite ends of the buffer
pl ate slot 144. The vertical buffer plate 130 is secured to the buffeN 2005
drive belt 200. The bottomend of 15 the vertical buffer plate 130 is
slidably attached to a buffer plate guide rail 202 underneath the buffer
plate slot 144. The indexer 72 has three sets of sensors 138 at each

| ocation A-). The three sensors at each_HQpation may be separate

i ndi vi dual sensors, or a single conbination sensor. The sensors, at each

| vidu gle c  sensor. " The _
bresent on"a B o SedraRet bRl S RERking AT 03, ARCETREFAS dies

sensors are | sithecldridsa 88BCIBOE i®tHeShp Qo ABPUL diFectitd | Rhovidddorkk aBOG-180) on
information for each location in the indexer 72. Preferably, optical

sensors are udkRIOPARKIAISHE ToRe eentegamdS0Eondheiodiprt e 31,.varo ditecHal a
notor 210 linked to an armature 212 through a | ead screw or other rotation
to linear drive. Wafer 25 platfornms 216 are supported on |lift colums 214.
Actuation of the notor 210 lifts the armature 212 up along a elevator rail
215, 'to vebtical | y Refereng e Fisafrer 8190thenhdexend?2 #dsd influddsea dafsetheaissids.

Wth the wafers 90 |ifted out of the cassettes 8 shown in iqure 16,
they can be piS¥RE® UFSHEM *ﬁeeeaﬁ@é'éé*gﬂaf@begﬂ%e%hﬁﬁbﬁfzﬂﬂw fbﬁsm-hﬁ%qrféthe

PROCESS ROBOT | THI 3} BEHEON A0 ﬁ,%aﬁsulagar%ahemﬁemmfrbﬁbﬂk Bshtipashigdes a
| ateral or X-axis rail 250 extendi ng through the process bay 95 and

partial |y intehowe infidexe? ththe B8, positiob shawruimi Riges3. | Sermfleabhadl 2, shgwohe

| ateral rail 250, driven.b .magneti.c flux. linear i . A
robot arm 258" PPaMgpt iy H%l}olfe ?ds 89{;}@9 frorahe ot ﬂ?‘%f'%’?ﬂ%ﬁ ﬁl&ﬁ?ﬁ% uni t
252. An A’C |lift notor 257 noves the robot arm 255 vertically along the
lift rail 10254. As refwving primiaiiguioeri@Be 10,hbe byfferrstidt s\280 dP0 angadesspbifigy

count er bal ance 278 is tached to,the rpho m 255. . A pi st,on 2
ext endi ng out %f"etrﬂ‘ém&)}Pﬁ'ﬂg‘?‘y%ﬁwfgﬂ}AHY? g‘ghé%&[héof o4 18% Forpline %%Qf“”cfﬁ’e
gas spring CoufjiRr bahsaC 2 7EhEB@le Srive KNI ertd v thefcapasn 092 the a
robot arm 255, to reduce the Ilftlng or braki ng force that the |ift :
buffer belt idler 194, positioned at opposite ends of the buffer plate slot 144. The
vertical buffer plate 130 is secured to the buffer drive belt 200. The bottom end of
15  the vertical buffer plate 130 is slidably attached to a buffer plate guide rail 202

underneath the buffer plate slot 144,

The indexer 72 has three sets of senéors 138 at each location A-}. The three
sensors at each location may be separate individual sensors, or a single combination
sensor. The sensors, at each position, sense whether a pallet is present; whether a

20 cassette is present on a pallet; and whether wafers are present in‘ a cassette. The
sensors are linked to a controller.or computer and provide status information for each

location in the indexer 72. Preferably, optical sensors are used.

Turning now to Figures 15 and 16, the elevator 78 has a motor 210 linked to

an armature 212 through a lead screw or other rotation to linear drive. Wafer

25 platforms 216 are supported on lift columns 214. Actuation of the motor 210 lifts the
armature 212 up along a elevator rail 215, to vertically move the wafers 90 into and

out of the cassettes 88. With the wafers 90 lifted out of the cassettes 88 as shown in

Figure 16, they can be picked up by the process robot 66.



not or 257 must exert to nove or position the robot arm 255. Referring still
to Figures 17-23, the robot arm 255 has an el bow drive A/C notor

wi thin an el bow housing 258 The el bow housing 258 is attached to”HéN 2005
slide of the lift rail 254, on the lift unit 252. A forearm 260 is attached
to the el bow 15 housing 258 via an el bow joint 256. The forearm 260 is
mechani cally coupled to the el bow drive notor 259 via a gear reduction
261. A wrist drive A/C servo notor 265 |s contained within a wist housing
264 pivotably attached to the outer end'6f the forearm 260 via a wri st

joint 262. A wafer holder 268 forned bi o'rzpotir ng end effectors 270 is
joined to the lower front area of Tbig R 5 RSB sing 264. Grooves 274 in

the end effectors 270 facilitate engaging, |ifting and carrying the wafers
90. A renote Canerf@rnhr?%qo\g?c@Fr Qs%htr @eﬂke%?o&&@ rOot d6NRCNES h 1QEISIMNT2354,
and linked to the co ter tro views the positions of the rotor

rotainers wi trhil 850 Iaetepdmgelsmugﬂn&rehﬁosess 'blae ASompupatizldoite dhe mdexeibay Hén
determ ne whet her the_proce bot c ro jnsert the t he
process 25 ch“aE%éP” 2¥hds E‘BY@;};\Q %8'&%1“‘?38“3?@ gfég%‘é’é"oﬁ"t%‘/ %‘?ﬂg\ﬁ'g“ﬂ hlgtl'r{%P
rotor rotaingfReh&of YEIY A IPEKEEh DBIHOLLRIPAE IS NGRS IIFSra Iﬂ?llcbhtHéehft
process chanber. tor anplifiers 275, for driving the wist drive notor

265, el bow drum@SQnﬂmNQﬁmedtmﬁltﬁ?nDoms tR6 Tobat mam| ZtSeyedticallyi ajenebe b raib1

are contarne in an N 7005 1 L ting
t he not or 3% |Pe°‘r5g’owﬁ' 'Prfégur‘? #?IU%F}% érag aéa ”h%tco'?l'[e} ubaﬁéﬁrrzgnz{@qgnd
cabl i ng requlétr%BF?éatt% th&HBLGRPRHEDSS. N%JbﬁnTwmemrenamg nbm chr tgerogrnﬂﬁ; 280 is
process nodule 300 in the process bay 95 5 |nclude% exanple, the spin

rinser dryer arockavdior e lhemt 2ak- Jihe a8 $PERG FREMtesE a‘%ﬁet Hughe thEpnstant
modul es, aﬂp% %?&?rontﬁe}‘j{o%%t 5%!:!% ceRd ;ﬁ:frﬁgesr erakrd RE thaliNeris 302

are provr oor e process nodul e 300. Referring to
Fi gs. 26- 29, rfnbtbr pBD@ﬁBSemdulrmviéQID ppnbbumrcwopmné!% vessel. 310 which
partially encloses a process bow 314. The process vessel 310 nates with

Referring still to Figures 17-23, the robot arm 255 has an elbow drive A/C
motor 259 within an elbow housing 258. The elbow hoesing 258 is attached to the
slide of the lift rail 254, on the lift unit 252. A forearm 260 is attached to the elbow

15  housing 258 via an elbow joint 256. The forearm 260 is mechanicafly coupled 1o

the elbow drive motor 259 vie a gear reduction 261.

A wrist drive A/C servo motor 265. is contained within a wrist housing 264
pivotably attached to the outer end of the forearm 260 via a wrist joint 262. A wafer
holder 268 formed by opposing end effectors 270 is joined to the lower front area of

20  the wrist housing 264. Grooves 274 in the end effectors 270 facilitate engaging,
lifting and carrying the wafers 90. A remote camera head 266 positioned on top of
the wrist housing 264, and linked to the computer/controller 85, views the positions
of the rotor rotainers within the process chambers. The computer/controller can then
determine whether the process robot can properly insert the wafers into the process

25 chamber. The camera head 266 is also used to verify that the rotor rotainers are fully

locked before processing begins within the process chamber.

Motor amplifiers 275, for driving the wrist drive motor 265, elbow drive

motor 259, lift motor 257, and lateral drive motor 251, are contained in and move



10 a novabl e door 512 which can be noved between the cl osed posihion ﬁﬂﬁmn
in solid lines in Fig. 26, and an open position shown in phant8 S e.
Referring to Figs. 26 and 27, the door assenbly 500 is aligned in a fixed
position parallel to a front wall 502 of the process vessel 310. The door
assenbly 500 includes a door plate 510 supporting a door 512 and 15 a door
actuator 514 generally designated 514. The door 512 includes a stiffening
pl ate 504 having a view ng wi ndow 508 that permts visual inspection of the
processi ng bow or chanber 314. The door ‘&6t uat or 514 incl udes a stationary

t | i nder 51 led to the d 't plate. 510 d t [
Fing 516. Thev\reRe SHSTUR T AGCTS 8 MESCEHORTEaNT SRSl P ARG HoRPea oned
i nsi de of thgmﬁHkﬁkn%qnﬁﬁﬁbngg%qghgﬁfgﬁﬁ. The door support plate 510

includes a viéw ng aperture aligns with the wi ndow 508, when
closed, for providing visibility into the processing chanber. Referring to
Figs. 26 and 27, the door support plate 510 is attached on each side to

sl i deabl e gui de brackets 522. Each gui de bracket 522 is slidably mounted to
25 a pneumatic cylinder 524. The E&EEB§EE§§BQQH%HE£connected to the front
wal | /502 of the processing vessel via nounting plates 528. The conbination

of the guide braghels, 528, \J gy £ b NJGSSOR4madth 105 ITOMA! hiabed] h o5 528

provides a rigid door nounting construction that needs no
addi ti onals guheagespior engpplel thelsprkisnseTHeyeg@Dded the abkeics! FReesacbambriéBed

for substantially vertical K novenent.so that,the doar assepbly.can be noved
bet ween an opEROPHS PHEL ATy I%\K’igﬁﬁ'é’égls”]%“ % H’@"'gﬁ Segf E%)%)eéﬁ%‘l% Cedst

cessor,

and a cl osed pogi & BLEEA i} fhe RPRFI08SSENBE thd Srobéts sidaistepdd.al |y 5
concentric af?(%%é%?gﬁ%?ﬁ %he'bomd 314? In the cI%éed position, the door

can be extended and seal ed agai nst the bow 314 of the processor. I
Referring to Fi gsRegingtp DBs. ar28ntel BIOCETEnBYOORIf 383 dnGhadesh PSRt Wese
flange 532 ey bl W FlhangR Rddest SedbilAOhASted With he
door supportQ%EE?QQMbﬁﬁgﬂge§$§$§ﬁﬂﬁga%?%Pasﬁéners-ggcufe ?he outer cylinder
ring 516 \nd 4 hevasiawoar 512 which can be moved between the closed position shown in

solid lines in Fig. 26, and an open position shown in phantom outline.

Referring to Figs. 26 and 27, the door assembly 500 is aligned in a fixed

position parallel to a front wall 502 of the process vessel 310.

The door assembly 500 includes a door plate 510 supporting a dopr 512 and

15  a door actuator 514 generally designated 514. The door 512 inrcludes a stiffening
plate 504 having a viewing window 508 that permits visual inspection of the
processing bow! or chamber 314, The door actuator 514 includes a stationary outer
cylinder 516 coupled to the door support plate 510, and an extension ring 518. The
extension ring 518 is concentrically and slidably positioned inside of the outer

20 cylinder ring 516. The door suppdrt plate 510 includes a viewing aperture 520,
which aligns with the window 508, when closed, for providing visibility into the

processing chamber.

Referring to Figs. 26 and 27, the door support plate 510 is attached on each

side to slideable guide brackets 522. Each guide bracket 522 is slidably mounted to |
25  a pneumatic cylinder 524. The cylinders 524 are connected to the front wall 502 of
the processing vessel via mounting plates 528. The combination of the guide

brackets 522, the cylinders 524, and the mounting plates 528 provides a rigid door



10 flange 532 concentrically to the nounting plate 510. The extension ring
518 is concentrically positioned between the hub 530 and the outer
cylinder ring 516, and includes a U shaped portion 519 that defim?s EQU%
annul ar gui de receptacle 520. The cylinder 534 fits within the a nJﬁ r

gui de receptacle 520. The extension ring 518 al so i ncludes an annul ar end
face 540, as 15 shown in Fig. 28. The extension ring 518 is displaceable

wi th an annul ar chanber 542 defined by the cylinder 534 and the ot her
cylinder ring 516, to seal and unseal thé6ébow 314. The extension ring 518
bi furcates the chanber 542 into two operative conpartnents: a retraction
chanber 543 amduannggorsigicion tembeds B addifersh zoidescaisnpret Pockdaliearien

hol d ti h lic flui d t . ' '
ool nbier v gkt e e 680 SuREhal: PRERIG Ger ot Y HaE the Hoor
extensi on ringaBif SarsBaImdER NIEREES opé paditorodlloheprestiatd thaibdws wppl y

conduits are preferably provided to the retraction chanber 543 and the
ext ensi on chatieeprosessot, caricha rdesse rositigecwikereis the doar prsestlyrie P sulRantRHY t he

ti hanmb \ ffect rent of, th 1S 1 ' 81 As
Chown 1 n' B o, COBEngieoR ByRr MG 10 0N ravs g SRR B0 S Che 12,

544, the extgpsh@el &idSeadSagiyeheditiy FnoMmidgodear. support plate 510.
Movenent of the extension ring 518 into the extended position shown in

Fig. 28 noves the door P 7 AN 2005 -17 512 ipto sealin ngagenent with the
access openi ng SOGR@P”Wﬁb“pﬁééégh%Wj%ﬁnﬂﬂannﬁﬁéﬂgﬁyﬁg%ég@ﬁ@g?ﬁé”%ﬂﬁaﬁ%ge
nodul e 300. A I : 551 | . i f Jisie
door 512, The 3 AaRy B s FE S el B e L e B e oo
is in the cl osed. SApsetditpnf Showmerd sechreythe28ytet hgindepribs 2 16f andhibedamulaeal
lies in a plane that _is wthi the front |l the processor, and the
t ongue pr segaPﬁ3%%%F?Wﬁmgﬁﬁgééﬁgﬁfngﬂarﬁ meéﬁ. outside rimof the
process bow 314 thereby nmaking a seal between the door 512 and the
process bow 314. The esieokionealg Hlssio cphedneialbly yotitieladdesweerf thamge B8%nd

the outer cylinder ring 516, and includes a U-shaped portion 519 that defines an
annular guide receptacle 520. The cylinder 534 fits within the annular guide
receptacle 520. The extension ring 518 also includes an annular end face 540, as

15  shown in Fig. 28. The extension ring 518 is displaceable with an annular chamber
542 defined by the cylinder 534 and the other cylinder ring 516, to seal and unseal
the bow! 314.

The extension ring 518 bifurcates the chamber 542 into two operative
compartments: a retraction chamber 543 and an extension chamber 544, Each

20  chamber is adapted to hold pneumatic or hydraulic fluid and act as pneumatic or
hydraulic cylinder. Multiple annular seals 550 are positioned on or against the

extension ring 518 to seal the chambers 543 and 544.

Separate fluid supply conduits are preferably provided to the retraction

chamber 543 and the extension chamber 544 to increase or decrease fluid pressure

25  within the respective chambers and effectuate movement of the extension ring 518.
As shown in Fig. 28, when hydraulic fluid is supplied to the extension chamber 544,

the extension ring 518 moves away from the door support plate 510. Movement of

the extension ring 518 into the extended position shown in Fig. 28 moves the door



which acts as a stop for the door seal. 10 The conbi nati on of the extension
ring 518 and the door seal 550 provides a highly reliable and ef f 8dt JANeZ005
door closing and sealing nechanism. Piston-like novenent of the ring 518
allows it to nove the door 512 straight outwardly fromthe support plate
wi t hout bow ng or bending, and wi thout the need for peripheral adjustnents
to ensure snooth novenent. By seating against the outside rimof the 15
process bow , the tongue provides an effective fluid tight seal and
automatically conpensates for any m sal iighnent between the door and the
processor. The inner hub 530 and the outer cylinder ring 516, are rigidly
attached to the ireeealplgbmapdient Thieh deosccpisatiening rbdbuphibe) gropesreidbewl at i ve
to the process bow 514, via the nnection of the door plate 510, to the
cyl i nders 524hereby se@ing BAPraRas MeBe 399 consequent |y, as the extension
ring 518 noves outwardly away fromthe door plate 510, it can press tightly

agai nst and seal the Bow 8ld ceSRERAT WD dasiBe pbiithepef aieadocnfs 12helheyst em
50 irnitiates a | oadi ng sequence by entering conmands via the, u%er

i nterface 64.dBreseal fbbudesantp 562 ahdop sorgoaus 53t Nehem ghegogh isninniier Hased
| oadi ng w ndow 60. The operat | aces_.a sgette f.p Ll A : s 90
ont6 the B/ O RASHIGN Shevn ¥} 2c30<Be fie ae ‘%ﬁ@e i Sﬁ?’ﬁi%éﬂbf @9%%\%?3\3@?% 110

plate 132 by b Bid ot e cemE s mat he
|/O plate 0 fhgl\%g%%@bw@g r, Bid WObhGJe Freeedin

-18 positions the cassette 88, g t hat ‘%]t rr?e,w tﬁ[e
lifted by thehé/dtsiddom ofghepaices kavlGid thareby meking S0 BNEEP 99t 4 he
wafers 90 in the cassette, 88 e f0 0, r fisheensds al |y
in the same )é'@eﬂb%ipfﬁ?c(?ﬁs kel ﬁl-g'll .J éﬁ%a{%gpglggb?e{%égl\}/e@? ?%glg@foﬂ(glenotor or
actuator 14 r@hg@sadd® £ bk itk dotitsedl. the fork 5 has engaged the side
fl anges 89 of the cassette 88. The I/Orobot 86 then lifts the cassette 88
vertically off of the

; 1/0. plate 132, shifts laterally Cbn.dnesX dbfig&td on)
towards tiHe |eft s-ir%CW&BI”ag%r,’ o(,}]hg RS %ﬁa The é[(atersaﬁta ot or 108. This
novenent  al ig%%f,l hei M dridf ERakiicasERl t Goshig lantl healimgputecheniswf  thigoi-figexer .
The 1/ 0O robot 86 _ _ divi )
movement of the ring 518 allows it to move the door 512 straight outwardly from the
support plate without bowing or bending, and without the need for peripheral
adjustments to ensure smooth movement. By seating against the outside rim of the
15 process bowl, the tongue provides an effective fluid tight seal and automatically

compensates for any misalignment between the door and the processor.

The inner hub 530 and the outer cylinder ring 516, are rigidly attached to the

door plate 510. The door plate, in turn, is fixed relative to the process bowl 514, via

the connection of the door plate 516, to the cylinders 524, to the front wall 502.

20 Consequently, as the extension ring 518 moves outwardly away from the door plate

510, it can press tightly against and seal the bow! 514.

OPERATION

In use, the operator of the system 50 initiates a loading sequence by entering

commands via the user interface 64. The window panel 62 drops down, thereby

25  opening the loading window 60. The operator places a cassette 83 filled with wafers
90 onto the /O plate 132. The cassette 88 may be initially placed on the /O plate

132 by a human operator or by ancther robot. The cutout 133 in the I/O plate



then noves the lifted cassette longitudinally (in the Y-direction) toward
the indexer, 10 until the cassette is aligned above a pallet in PdsiAN 2085 A,
via the Y-axis notor 114. The 1/0 robot then sets the cassette 88 down on
the pallet 136 at position A on the indexer 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 A The I/O robot then returns the fork 100 to
its initial position. 15 Wth a first cassette 88 resting on a pallet 136
at position A, which is the cassette |oddng position, the |ongitudinal
shift system 170 noves the side forks 1808 J (in the direction of arrow O
in Figure 12) pasitipns thhenssetigeB8f 60 khal 86rYi ke liftasldey hediP robs. pad jpbsp e alid
cassette 88 i osition A, The.end for 6 46B have down or

at - r est posit?%ﬁ WQBY"BW@F@OV OWE \g?reést(‘}-bﬁgiﬁe %‘osg‘?‘ﬁ% %%s of the side 20 forks
180E-J, so that the side forks 1808, 180E, 180G and 180) can nove into the
end positions A Erhdfontholef thé 1/00wbot 88 @ridigaliing e shmiehe Y grditionrak shelABA
and 1468. As all of the side forks 18081 are attached %o the | ongjt dLnaI
drive belt 178late Ad% &he veried dedamploy opagiaiopJdtRiEes the taik WOdiUP'QgP? .
Wth the side, fork e t ' cass [ L t he
25 ei ght si dehF%Fﬁg%?O?ﬁ'gg%ua{l%%gg I(%P ‘Q?ﬁ‘% rkfg E‘%nse§ 4%%2‘@)%?3%&23%%%5% tri?g(ge t he

si de forks 18Qadsend Bf tvettitallpatil &t sieal©vdate MR, upifandtotfly din theeX phtecgon)deck
139. Wth the pallets in

_.the up positian, e | ongitudi nal .ve notor. 176
turns in the &St the lef ?'é%f"iaﬂri%r VWF%@“”%PEQ"? 'GPq{glrQB‘g{r ﬁgwd@}fr POrestthe
first cassettgy e QDRI R ihb QA of P ARIekON TBe 1T eOHRE B6
cylinders 174%!3'192S ?Egﬁwflﬁérogézaggdet oI Iovve'r bt hre pgl l et 136 and §o cassette 88
down i nto posithdromoBs tA¢ lided tissastentongitustmallyslire threpY-giredtion)Herard terindexey, JAN
2005 -19 pallet at position A As all of the side fork.agtuat 4. are
controll ed%t 0 UHBE@E @FsR{le 157l EB6E oVe P Pagt 'Pr%osgfoﬁegf SF%eﬁﬁg{sﬁn&zr 194,
necessarily maye ik®adbhgienistts e caesitd gabowd oaxihe pdilleedB6 @n pofidos andri thee
| oadi ng or sequencing the indexer 72, the longituydinal drive 5 notor &76

is agai n ener ghdexgr 75 Ihheee §pa@2teik Pegien Aakle IPEGKET d< TPULftrFid RV

as described below, to bring a pallet into position A. The I/O robot then returns the

fork 100 to its initial position.

15 With a first cassette 88 resting on a pallet 136 at position A, which is the
cassette loading position, the longitudinal shift system 170 moves the side forks
180B-) (in the direction of arrow O in Figure 12} until the side fork 1808 is
underneath the pallet 136 and cassette 88 in position A. The end forks 146A and
1468 have down or at-rest positions below the down or at-rest positions of the side

20 forks 180B-), so that the side forks 180B, 180E, 180G, and 180) can move into the

- end positions A, E, F and J, without interfering with the end forks 146A and 1468.
As all of the side forks 180B-} are attached to the longitudinal drive belt 178, they all

necessarily move together in the Y direction.

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

25  eight side fork air actuators or cylinders 174 are extended, causing the side forks 180
to lift the pailets 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

30 cassette 88 down into position B. After this movement is completed, there is no



t her eby nove side fork 180J from position j back to position 1. During this
novenment, the side fork air cylinders 174 are down, so that there (5 JAR 2005
pall et novenent. Rather, the side forks are nerely repositioned bel ow the
pallets. The side forks are noved, in this step, enough to avoid
interfering with the end forks, and 10 not necessarily one conplete
position. Wth the side fork 180) now clear of position J, the |ateral
drive notor 154 is energized to nove theﬂgnd fork 146B fromposition A to

position ), and to sinultaneously nove t° ( _
PRI B i g AR L A T

si mul taneously Lifti Fol g Pbidstarlihendal fogbthat inppsivkitent E.
The | at er al ?lrf“\'/‘{ea%r%{g fggg’jt?ég?%i%&eigg%?ged Siar{ ?h% rgger se direction
(direction L ZAgifdiesttien.12) and via the lateral belt 156, the end fork 146B
carries the pallet frompositionj to position A and sinultaneously, the
end fork 146A carries a |let fromposition E to i 1,0 - ral
air cylinders 152T8r‘§’”“’f”l’1£i°5}dé@gr SECBHECEE ’g\ﬁewdteﬁ'é'%% IMeet ﬁsbr!%}%g%}n%oéﬁ\%fons
A and F on t he i ndexar,deckcld9ed RPmALE Bida (6RCPEEB Pabl Biwdrds postidn anaAj t he
i ndexer 72 is ready to Treceive a second cassette 88. After a second, .
cassette i s pbekby oned sidetiosk 180} flom ercsidipn | Heck/ ® peEEP" g6 DEPEatls t he

i ndexer | oadi ng sequence .of ,cassett venent s, t hat 2ORE pallet
cassette is plPatssef nthFhSé&? AT F © Fn%gssiq?igo%\r%Aqg‘%H'eQ?otpéggqle?é%gequ%ange of
steps i s repeatagndiit ikattdr Ce Seld RrisSark oactel) @pbsitiodd datdw dfie piietei ghe
pallets in the indexer. As the indexer has ten positi,ons.ﬁ-é a p ei h%

pal l ets, two dieigdare ypovphaosthiestepranerehisyqid faerfesing ¥ithy %F‘E@F GRS %” nd
F, or positions E an Lk _OWERNh 5. foROTad)aeey aeftalf lpatitioA t er
the fi rst?é\ndnogé] on r&é@%%%éleéﬁ?ﬁgﬁed into tlhe (i)ndexer 72 arrive at
positions | apehe)latetdieried moatr 154 T8enesgiend lginpee the ehd farly 10AB fingr esition A
platforns 216 on the 0 7 JAN.2005 -20 lift colums, 21 o) -t h pen
bot t om of t hetocRR¥M bangglo Sy t@\'%te?oégé’ Gl ghe terrg %’ﬁksﬁgt% ?\efsrggﬁr‘se&rhloﬁlt gagt 0
an el evated ab&Ron POBnké QRderdSosif@n thenlafdrg wieclithdenh B2 ard bagndadelitiogy

ready to be picked up by the process robot 66. reue
Y pend fork 1E6B,>;nd the galiet at position J, ang simultaneously lifting end fork 146A

end fork 146A fromposition F to

15 1o lift the pallet at position E. The lateral drive moter 154 is then energized in the
reverse direction (direction L in Figure 12) and via the lateral belt 156, the end fork
146B carries the pallet from position ) to position A, and simultaneously, the end fork
146A carries a pallet from position E to position F. The lateral air cylinders 152 are

then retracted, to lower the pallets into positions A and F on the indexer deck 139.

20 With a second pallet in position A, the indexer 72 is ready to receive a second
cassette 88. After a second cassette is positioned on the 1/O plate 132, the 1/O robot
86 repeats the indexer loading sequence of cassette movements, 50 that the second

cassette is placed on the indexer at position A.

The foregoing sequence of steps is repeated until a cassette is loaded onto
25 each of the eight pallets in the indexer. As the indexer has ten positions A-J, and
eight pallets, two diagonally opposite corner positions, either positions A and F, or

positions E and ], will, at any given time, not have a pallet.

After the first and second cassettes 88 loaded into the indexer 72 arrive at

positions | and J, the elevator 78 is energized, lifting the wafer platforms 276 on the



The wi ndow panel 62 noves up to close off the |oading window 60, to 5
prevent an operator frominadvertently comng into contact wi th noving
components w thin the enclosure 54. Referring now to Figures 20,[ 21AR0S
24B, the process robot 66 noves to |ift the wafers 90 off of the el evator
78. Specifically, the lateral drive flux nmotor 251 noves the lift unit 252
laterally until the wafer holder 268 is properly aligned with 10 the wafers
90 on the elevator 78. Wth appropriate ¢ 6|trol of the Iift notor 257, the
el bow drive notor 258 and the wist driveé ' motor 265, the wafer hol der 268

Is noved in ti fectors 27Q are n al i

ei ther side c#‘ 4 rténg % tH IBB\/(gﬂ%ﬁss? t%e hﬁedW Fﬁsg’gt'grs
270 each ali WQBSTSQHé‘SeIQ‘SHW%daiO Med|BVatedSc@ftoMiition, B Sléhe: B4Beuré hibSwhadeer
engagenent novenent is an 15 under handed novenent of the robot arm 255. The

waf er hol der ti268aresromokeadyup bemickedfup hhibe wefcesssob® 66f f of t he el evator 78.
The robot arm 255 then withdraws to the position shown in Figure 24C. As

the forearmhas ar370.L8009 ahoRYSBAL, AR oL 000 1 IARE L RgBl B8 T om

the lift unit, bac éxer

with onlygm rpjrmlm 6h @PLANEGErGRASR VieAaMIY &thing s h@NVé\ctlvﬂtlﬁhguthOrB@orﬂa@utsand
21. By appropriate control of the mptors in the robot arm the wafers are
mai nt ai ned i nvithin ghe erAPsWe Hear verti cal position. To deliver the wafers
90 to a process chanber, the lateral drive notor 251 is energized to nove

the lift unit 252{% eangtncM‘ﬁ) E%E?JSSZG Bithe mf fhe PRLER ToBEE@MByesRbaUaNt

into alignment w e sel ect procéss chamber. The robot arm 255 is. 25
rai sed up on thdevaférkta0unfftofie tehmvatdrf 8. nbipasifically,. the Materdbdtive Aux tr‘morflfrbarm

260 is pivoted upya t.he el bow, drive Si nul t aneo t he
wist drive MO ég' %'/'%’t&S?\}@tﬁreﬁ‘H %lgbepwgfeggoéf 2@?‘5 proP%”’b%l%QSH i

mai nt ai n qghe WalRrerbobdsr rHerble@ﬂo@mormﬂhr@bmpyraﬂ@c&mnoﬂ the |lrﬂnﬂot6ﬂ’23§mﬂ8é i on,

as shown in Figure 22. Usin over hand novenent, as sh‘@%‘q/n Ln ure 24A,

the forearm |%bqw\dﬂ\é’d"mm rdia yd the Bt JAXe PEBGT 207 B wHEr ‘Pi'éer $& s

hol der carryipg &N WRHGRS chBleReliBR PRFESSEHAI S aliERE BRRRKerAIINOf the

wafers 90, with the grooves 274 in the end effectors 270 each aligned to receive a
wafer. As shown in Figure 24B, this wafer engagement movement is an
15  underhanded movement of the robot arm 25_5.. The wafer holder 268 is moved up to
lift the wafers 90 off of the elevator 78. The robot arm 255 then withdraws to the
position shown in Figure 24C. As the forearm has a 370° range of movement, and
robot arm 255 is offset from the lift unit, the robot arm can be fully backed away
from the indexer, with only minimal clearance space required, as shown in Figures
20 20 and 21. By appropriate control of the motors in the robot arm, the wafers are

maintained in a vertical or near vertical position.

To deliver the wafers 90 to a process chamber, the lateral drive motor 257 is
energized to move the lift unit 252 so tHat the wafers in the wafer holder 268 are
brought into alignment with the selected process chamber. The robot arm 255 is

25 raised up on the lift unit by the lift motor 257. In addition, the forearm 260 is
pivoted upwardly via the elbow drive motor 259. Simultaneously, the wrist drive
motor 265 is driven in an opposite direction to bring or maintain the wafer holder in
an approximately 10° down incline orientation, as shown in Figure 22. Using an

overhand movement, as shown in Figure 24A, the forearm is pivoted downwardly to



255 then withdraws fromthe process chanber. To clean the end effectors
270, the wist drive notor 265 is controlled to orient the end effectors
vertically, as shown in Figure 24D.- Wth the end effectors 5 alig qdlwghﬁ
the end effector rinser/dryer 302, the |ift nmotor 257 |owers the Qnt4

robot arm 255, to extend the end effectors into the end effector
rinser/dryer 302. After the end effectors 270 are cleaned and dried, they
are withdrawmn fromthe end effector rinsgr/dryer 302 and positioned to
remove wafers fromeither process chanber, or to pick up additiona

bat ches of wal@rg %@%rh‘ﬁ)lﬂ%@%ﬁﬁ%fi@w%kiiﬂt@ﬁ% $Bc@s HhrpteC aas ratlhantoer . As

the end effectors are cleaned at the process chanber rather than at
anot her | ocapssmherphithessiniorh itmeproaess ibameetuced, because this cl eani ng
step is acconplished without the need to nove the process robot. As is

Sppanent TLOM & Sy 2841 52 ARG S LEIB 5P dochiel phcnas 5 e

as” welT "as the other conponents
of the 15 p_roggﬁts&er aheLriBBorsNenRany, &fshbhe inrreees s4Dobwith Gbe iesd effertors
positioned direct

y above tﬁe wafers. As air is blown downwardly in the
encl.osur es 54 aligned part thel esd georainsedr/doer pl.dhe & motof Re/ fewrede FRYS: 66

w |l not come into contact wt he wafers. s erpotends al
for contani na®PYn'8t 4He t?veﬂ"‘@r“g tb'ﬁref’ﬁgef%g&se@z? H‘% ?r{sde?tggﬁoéeﬁ ) gli'f?e?er ring to
Fi gures 24A- %g‘%r hdenarReerss TaPst BGnkasndniriel nbey peiwithd2d6n 201 tacra

wri st joint , Joined by a single segnent or forear uent |y,

260. Copse
in contrast dffecear tinger/dryrswe0 et epRsiteAny Wedgﬁgrse?’fj‘%eﬁﬁﬂ c§¢°
joints, joined by two arm segmRAts, irRRx&CB} §RErydoraNge
of verti cal r(gﬁgﬁ’%igto%@eﬁ%%ﬁg%%‘ ﬁé{?:ﬁ%%%fﬁ&g?r?nﬁg@gg%g@t@ﬁe i ft -rg?f) 254,
rather tRan hyoddssidHahader onaofheasnh effsegientes cledivdsat ahe prasesshehapise salber obot
66 to be very conpact, while still achieving 25 sufficient - Qf
moverent . Corthas gbadPthgl {Pcatitn RERESTRE HRE| Cﬁg&reée%fe‘é’a%ecﬁgse tﬁg(r}ge%rﬁrg' e ep

compact. As ti@%c?&ﬂ?ﬁ&%dw#ﬁ%m% a8 19 Hdveiihe Pt wider handed and
over handed nbvenents, the vertical travel necessary on the lift rail 254

‘s imted -l " addfl\st :soz?p’pa(?en?[ fr%)ﬁﬁNe.g.(,)(l):ngu-reZ%é, 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

15  process robot 66. No part of the process robot 66 is ever positioned directly above

the wafers. As air is blown downwardly in the enclosure 54, any particles generated

or released by the process robot 66 will not come into contact with the wafers. As a

result, the potential for contamination of the wafers during processing is reduced.

Referring 1o Figures 24A-24E, the process robot 66 has an elbow joint 256

20 and a wrist joint 262, joined by a single segment or forearm 260. Consequently, in
contrast to earlier known systems having shoulder, elbow and wrist joints, joined by

two arm segments, the process robot 66 achieves a range of vertical reach via
movement of the robot arm 255 on the lift rail 254, rather than by articulation of arm
segments. This allows the process robot 66 to be very compact, while still achieving

25  sufficient ranges of movement. Correspondingly, the entire enclosure 54 can be

made more compact.

As the process robot 66 can perform both underhanded and overhanded

movements, the vertical travel necessary on the lift rail 254 is limited. In addition,



the ability to perform both underhanded and over handed novenents allows the
forearm 260 to be relatively short, which also contributes to agpqﬂnqmﬁ
encl osure 54. Referring to Figures 1 and 16, the buffer shelf 76 noves
forward (in direction O in Figure 17) when the elevator 78 is in the down
position, to receive up to 50 5 wafers. The buffer shelf 76 holds the
wafers until the appropriate enpty cassette 88 is noved into the | and J
positions, so that the process robot 66 can nove the disks fromthe buffer
shelf 76 into the cassettes at positionsg?‘and J. Wien the buffer shelf 76
I's not being | oaded or unloaded with wafers, it remains in the ck
posi tion (novedbiliy dp megerraboly undghardedoind SVEFrFi?'g;?ngF‘é’VWH‘SO% vt thsn of
(the el eval of (Rarnt D801 LOM iRkl M Fifith LRURBAAELIN 159!BmpALT &RIL.R 9gessed
waf ers, so that the process robo 66 Can access and move the next batch of
wafers for placenent into the process chanbers, before off |oading already
processed waf ers Fafdaihntorigires i mdéxeér theThiffer shelisifr ewvehmrwatie(ip doeesen
chanmbers are constantly supplied with_wafers for processing. SECOND |
ENBODI NENT 159 A8 Fésion /) HPED difr S6Valey Znép 81he Sowst BB dRRENG SPrigetbr
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n en 610, | b
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608. A cent 1] 61 teral ribs 666, divide,the, ind 0Q, j,pt
Fi'rst and sedoia thoRTsREhahdd 10 s HERLgeR Ooob ! HagPng Bhal Bt ot} ons

or stations, jg & nofbEin@Nshdeddor @Roffe@WRith RvdférgUR ErefrdinsTiRCtheCBatke posadh 616
is supported in the box frame 602 via sugport bars 615 extending fromthe

center wal | Gi®ved it dizegiatd), walds 9068 interterep8h Reraian dghe ¢leRirr - 3bhe o
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buf fer tray 6&2chs sed3pand esoventha ranf betch tof ayaferdfpoiplacéB@nt Tite the ayosasppor t
630 in turn is indablﬁénDunted on upper and IomF
e

) r buffer rails, 632 and .
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rails 632 and JAN 7095

SECOND INDEXER EMBODIMENT

15 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 610, joined 1o each other, and to a base plate 612. An input plate 614
extends outwardly from the front end wall 608. A center wall 616 and lateral ribs
666, divide the indexer 600 into first and second rows R1 and R2, with each row
20 having 5 pallet positions or stations, i.e., A-€ and F-J, as shown in Figure 12. The
center wall 616 is supported in the box frame 602 via support bars 615 extending

from the center wall 616 to the side walls 604 and 606.

Referring to Figure 30, a buffer assembly 618 inciudes a buffer side plate 620

attached to the inner side wall 606. A buffer tray 622 has combs 624 on comb arms

25  626. The buffer tray 622 is supported on a buffer tray support 630. The tray support
630 in turn is slidably mounted on upper and lower buffer rails 632 and 634, on the
buffer side plate 620. Linear bearings 636 on the tray support 630 allow for low

friction movement of the tray support 630 along the rails 632 and 634.



-23 A buffer drive belt 642 extends around a buffer drive notor 638 and an
end pulley 640. The buffer drive belt 642 is attached to the buffer tray
support, so that rotational novement of the notor 638 causes 0t’r #1088 i onal
(y-axis) novenment of the buffer tray support 630 along the rails 632 and
634. Locating the buffer assenbly 5 618 on the side of the indexer 600, as
shown in Figure 30, allows for a nore conpact design, in conparison to the

centrally located buffer assenbly of the first indexer enbodi nent 72 shown
in Figure 8. Referring to Figures 30 and 1, the indexer 600 includes a

| ongi tudinal or y- axis shift assenbly, generall eS| ' a
lateral or x-axisAdmiet daveshaihp4? e"t%}%g%a‘é?‘gla&fog%gﬁ'\é%g'{hg@e%@gg%.aﬁrég'd
Referring to Fjgure,3 Y R%] f f ASSRIDYLE BRfenabydespat, sbdeatby
side and paPé{“%(’g?/- ig?ﬁsj E}radrrrgé b%ggé.hzlzlagh y-axi s frame 660 includes an
inner frane ph@atienal GRRemant GlaBa incands it castredansitional tente mawmens ostheand

an outer franme plate 664, supported gn e Si | ls. e

| ateral ribs befer pesuPredd3edions @ﬁdai%eégﬁéaﬁ%erﬁ%@i'ngﬁge ﬁlﬂfgfgg?rggh
plate 662 _and.guier, fr. G A.60bN abQhBwRTint Burey 38xiaBohk dora B6@. End
rollers 674 g’ﬁg (?notﬂé Y %f%gﬁf%e%géﬁp ’tﬁe ends lé)f gach of the inner and
outer frame pbalast 68&nandcdhdarcboto ahe oeratatiyflogtedhdpufier peses by 83 the it
rollers 676 are spaced apart and ,r(?:tat agly nounted on the frane plates 662

and 664, bet wedgxer FELOBMERY 4 DOMEY'8 FéSHAE Son each frame plate 662 and 664.
An endl ess toothed belt 670 is npunted over the end rollers 674 and idl er

rollers 676 on eagtd e H@%Lﬁése:a@r?d andtheBAdexd @00antiatied adbngitwintl os 3-
toothed belts 670). The teeth 672

on the belts 670 face _outward] ° Elo t hat
the snooth i nsisdshifoessably, senefalvedesigneisd 458 28d G711 n?ra%’f’x’ts\#%‘f%?% MYt lers
674 and idler rol I”ers.6r}7?§3 a\é\vgfbe for illustration purposes, the teeth 672
are 25 sHBwn BAFP AOLRACMNRS6F the belts 670, the belts 670 actual ly have

continuous teeth 672 all around. In addition, for illustrati Onig@%&foaees’
the rollers and beleferiimg tdfeigurbciﬂe@’l&)wauis@hufq:asggmglyg,qsq)]éwu%%fe% sigtei by See £ 1 om
the draw ng. Referring still t i qure 31 : B%6 S AhdakesTRIrRF 788Q plate
supported on ztrﬁiepz-g%lH g—rams frames %65 QUK y 3%1s fhhanie 80 p
662, adjacent and attached to the center wall 616, and an outer frame plate 664,
supported on the side wails 604 and 606. The lateral ribs 666 are attached to and
15  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 apart and rotatably mounted on the frame plates 662 and 664, between the

20  end rollers 674, on each frame plate 662 and 664. An endless toothed belt 670 is
mounted over the end rollers 674 and idler rollers 676 on each frame plate 662 and
664 (for a total of 4 endless toothed belts 670). The teeth 672 on the belts 670 face
outwardly, so that the smooth inside or back surface of the belts 670 contact the end
rollers 674 and idler rollers 676. While for illustration purposes, the teeth 672 are
25  shown only at sections of the belts 670, the belts 670 actually have continuous teeth
672 all around. In addition, for illustration purposes, the rollers and belt in the

foreground of Figure 31 have been omitted from the drawing.

Referring still to Figure 31, a y-axis drive motor 680 supported on the center

wall 616 is linked or engaged to a gear unit 682, which turns drive shafts 684A and



wal |l 616 is linked or engaged to a gear unit 682, which turns deY@N%£ fts
684A and 0 7 JAN 2005 -24 684B (in the side by side parallel y-axig"*+anmes
660) at equal speeds, but in opposite directions. The drive shafts 684A
and 684E turn drive sprockets 686, which in turn drive the belts 670. The
out side toothed surface of the belts 670 waps around the drive sprockets
686, and around an idler sprockets 688, as shown in dotted linein 5
Figure 31. As shown in Figure 31, an X-axiyg.sensor pair 690, and a y-axis
sensor pair 696, is provided at each of the ten pallet stations or-

locati ons A Jog el 1RRLEI 0¥ del b MG Bl rirhASe @B ecal speedirlost megRRLIDl

i ncl udes an |ﬁ%rare transmtter an infrared detector 694,
|l ateral |y al igjreedond. t Fheddhe shafer6g4m and bBAR tpe dysndpieakels 68% whid frigme 10

| ates 662 and 664). Sim_larly, the y-axi nsor. .pajr, 6 i ncl ude
oS ot v ardive hh sty ar Theoa i aded s ERR T B8 bHSRRan s H65R0 e
| ocat ed gener@rweysg?@aﬁ%rsaﬁiéd £ 1BendlAtigledlsplokbss 688, asaadwalih Waeed Whé I each
ralle

other (on a |1 ne pa to the frane plates 662 and 664). A reflective
opti cal seénsofigii@3lis provided in the side walls 604 and 606, at 15 each
of the pallet positions A-). The sensor pairs 690 and 696 and opti cal

sensor 702 are linked to t cont.roller .8 i i . r@leS
operations of the /!\(Si ﬂﬂ“a’é%'fﬂﬁ%? 6f grxfgf’xﬁSQS%Bséo\gl}aﬁ% 9E;)59Hu&rée){/—§)8,§tg%s§'gjéira6?§i1| ar
pal lets 710 aj@rdviget steshchivf@cten paiiwt Ritiemchr Ricatbnd he, delidested bp0@, latsl t hat
four of the pallet positions in each row are 20 a| ways .occupi ed by Il et
710, and one ekdt@osi b 6T@X&cﬁeaﬁ%rﬁa'ftS‘C&WGSﬁ&l'rﬁr%?fgtra{sm'g‘fcﬁléasa"gla\ﬂ/d?@arg%en.
Each pal | et 7@988%@4 r,g%;%féﬁngg,réfjggm SLoLHheUon Y 1 P BELBId S to uRalrdBé

tooth racks 7 showrd i ine in Figure 30, are provided on the
bottom s1p f aplatesfsshamdpaba)etSmlatly, theey-pootdnsoranhr 6 inskidendy-axisonGredt h

of the | onger sides the pallet 710, ,The t 7 (s
mat chi ng t he E?'}Sén'g‘?fo%;ﬂ ?’&cﬁaé’fa)Y%g‘f?éec{ g%tf:?"lorfsg@i g%éat??ic}ég%%efatug%gr&a% I the
Consequent | y, |aphenviss 9@d,| 81d Niheldswithaeel ofier dory adiiespardliehetteGtame pletes eet h
on the pallet tooth rack 715 positively engage the teeth 672 on
662 and 664).
A reflective optical sensor 702 is provided in the side walls 604 and 606, at
15  each of the pallet positions A-). The sensor pairs 690 and 696 and optical sensor 702
are linked to 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 paliet positions in each row are

20 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 715, shown in dotted line in Figure 30, are provided on the bottom
surface of the pallets 710. The tooth rack 715 extends along both of the longer sides

of the pallet 710. The tooth rack 715 has teeth matching the size and pitch of the

25  teeth 672 on the belts 70. Consequently, when a paliet 710 is placed on a y-axis
frame 660, the teeth on the pallet tooth rack 715 positively engage the teeth 672 on

the belts 670, so that the pallet is substantially locked against y-axis movement

relative to the belts 670.



the belts 670, so that the pallet is substantially | ocked agai nst gN-laxi S

nmovenent relative to the belts 670. 0 7 JAN 2005 -25 Each pal I0ek J dlhas a
pair of x-axis and y-axis prisms. Specifically, an x-axis transmtter
prism714 is longitudinally aligned with an x-axis detector prism 716, on
each pallet 710, as shown in Figure 30. Simlarly, a y-axis transmtter
prism718 is laterally aligned with a y-axis detector prism 720, on each
pallet 710. Wth the 5 pallet 710 in anégone of the ten pallet positions

A-j in the indexer 600, the x-axis' transmitter prism714 and x-axis

detector prism 716 are vertically. directl Vv al § - the
x-axis infrared E?C@rﬁfﬂei‘ 7 &P 1892 PaitPf &Y %"O?ﬁ'g?ﬂalpggmé’ét%F%Fglgalgﬁgg{? KR

reSpecti Vel Yool il Rk bl |RRMh AN, el it o xtits gelentosprsranEian er
prism 718 and y- axls detector "prism 720 are vertical :Iliy dir ect% Zl?é)ve and
al i gned wi t haathealet@Xios ad 6hdwf mafigdret FanSimitary 2698 aMgnNTRIGeY R it rared

detector 700, in that pallet position. Ref i L, \Wie thdl er
rollers 676 'PFQWHW%'BP%‘E Witha# ?@'%G}@e&ﬁf (?ﬁ'sn.'gfri()Q’p%dtéeg{:/ErF%ygg % ablové t he

belts 67Q. T | 67 &nf bdllct Pbatieed Agringthecmdsxer 618, thehows i n
dotted Ii%ne %ﬁeé?gduﬁ{eag\é?ﬂg?tthe Bo%tc?m@su,rlface of each pal)l e‘{}' Z#)O' The
engagenent afankfater erbrer7 T4 amesxis Z8tackr Prise §f G6v ¥ET PRy Are¥ fPLVaRry

x-axis 15 novenment of the pallets,710 (1 alik eL£rd8 defeclor fdoad
vertically. )a'me%waﬁh&‘?y?‘"a ‘PHBﬁ?{S‘FItreatnssw%e@eraegr)f?%gl 'y rsuppo}:t ed on both

the belts 670, angdydi9lihkatifaRagRsitiehs.simTiey, iineeneis 160Nt papmx3-18808 Yshi f t
assenbl y 652 Subst ant | ally the sane as the EV I S shi ftii %égql[;@l %eog_ shift
syst em 140 shawdetertoFingameg2® agnuertioahn@Taebc FPBS 2 dpdiRRe ANa' 'S theref or e
not further described of | ted; DeiGredHaueaer 700,ahhidt pal@ pokigont he end
fork ai rﬂgyl \“ﬁar@? "f‘g?ﬂhseégb% %ﬁ(% th }ﬁ axi s shift system 140, the x-axis shift
assenbly 652 in the indexer 600 has a pallet [ift electri 4 m)tch:? G\Qﬁi,chfor
better control ofRefatihgtolfigure Ay eherdler TH@ropéP avEnAish "asssciEi W' Bf t he
i ndexer 600 is simlar to.,that, o | oexfler fidns@serd hedtalnyegobtd
ref erence topif‘i“dﬂ?é%mééli"'?‘i‘b%vt\/}é%é?%sh%a'I et 25 rmvgetﬂri’ent along the y-axis is
achi eved Vi agyhenenpnt ddtteddnier ial figure8H) conthedpotiarg supface of each pallet 710.
The engagement of the roller flanges 678 into the grooves 675 prevents any x-axis
15  movement of the pallets 710 (unless the pailet 710 is lifted vertically.) Accordingly,

the pallets 710 are vertically supported on both the beits 670 and roller flanges 6738.

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

20 than the end fork air cylinder 152 used in the x-axis shift system 140, the x-axis shift
assembly 652 in the indexer 600 has a pallet 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
‘ndexer 72 described above with reference to Figures 8-12. However, pallet
25 movement along the y-axis is achieved via the computer controller 85 controlling the

y-axis drive motor 680 to incrementally move, or index, the belts 670. During

movement in the Y—axis, the pallets 710 remain on the belts 670 and rollers 676. As
a result, unlike the indexer 72, in the indexer 600, shown in Figures 30 and 31, there
is no vertical movement of pallets 710, as the pallets move in the y-axis direction,

30 between pallet stations.



y-axis drive notor 680 to increnentally nove, or index, the belts 670.

During novenent in the y-axis, the pallets 710 remain on the belts 670 and
rollers 676. As a result, unlike the indexer 72, in the indexdr! &0005hown
in Figures 30 and 31, there 1is no vertical novement of pallets 710, as the
pallets nove in the y-axis direction, 30 between pallet stations. Q7 JAN
206 -26 X-axis novenent of the pallets 710 at the ends of the indexer 600,
is simlar to the novenent described aboy for the indexer 72 and is

t heref ore not further descrrbed here At “each pal l et position, the optical

sensor 72 detects resence I a tin
the presence or @hsb OH?Wreé'fP ‘FP?P a?tl?ee P(tﬁlﬂlee?ndz;&e%ghisgﬁf‘%t °

position A- J’totthg mo@ﬁhe%nsc?&%ﬂbembeveﬁ% tﬁ@ﬁrﬁfe&ér vhengrie slenelereonot dbgkerc e
of a cassette 88. Specifically, the infrared transmtter 692 projects a

| i ght beam \destiileesd hepe.upwar dly. The |i ght beam passes through the x-axis
transmtter prism 714, on each pallet 710, which bends the |ight beam 90,

so that the |ight (fﬁee%?r PRNLDEDidn RO b fgentagrﬂaa@ég e jrowREsbyatisenar ds

t he x-axis detect ‘a ca resent on the pallet

710, the I ghis peana whdhvibaekicoak ek Ibmésetnhe o€ absaete ef Bﬂ,ectearhghtt He agdditigh.s
detector 694 will not detect any infrared lig i ndi c giﬁrese ce of a
cassette 88 _ QNB€MQaWﬂW@ﬂ“ﬁ@HﬁJTh?%ﬁﬁé5§§PfEFr??@dﬁ§§“ ESLEE P88 " On

infrared 1i 9 L r%ag@&%% tr 5@@%%& \grth.@%e@&%e%smremg@ drhRcis-ANgH beam

transmtter ass er the pallet 710, and is redirected
downwar dl y byvetrh@alby @Wasdldet“ém bghtfireagima7ses throggh theataxisigarismitiea PEEM 71 dht i s

directed to and detec y a rared det , d ng
the absence of" Sa%gét‘?l‘ ?AB 8"}“%12’@ é(s é'gée 5o 9gar sr% %& the@'gﬁsbe:aﬁ fg%@%dm I ar
vay, t Ot ?l% ggﬁroL&%§ﬁ§m@£I}Dfnwﬁ@@ﬂﬂ%rd@fthé/\:ﬁfaﬂsSﬂetelﬁ:tdr heismarisetif e cB8BettaN t h
a cassette 0

a pall 0, infrared 20 |ight frog? Q % ﬁ@
transnitter 688 is BrepmijCet:ﬂ@dp%léﬁﬁtﬂ@althey"%\hﬁ?rﬂl il b glocked by HisLassge §9 the
y-axis transmtt el pris 9 Wil Hor BOECi hﬁﬁ.—ﬂé@h { SalafaugBencsbps  or
tunnel 725 at a'?cirg‘eb%tl "';o(?na"%?]ﬂ%tr Fci% cassette §8. 9 no wagqers or other flat
nmedi a are cassette 88. On the other hand, if the pallet 710 has no cassette 88 on it, infrared
light from the transmitter 692 passes through the x-axis transmitter prism 714, passes
15  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 636 works in a similar way, to detect the presence or

sbsence of wafers in the cassette 88. With a cassette 88 on a pallet 710, infrared

20 light from the y-axis transmitter 698 is projected vertically upwardly, and is turned
90° by the y-axis transmrner prism 718, so that the light projects through a slot or
tunnel 725 at the bottom of the eassetle 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 detector prism 720, and is detected by the y-

25  axis detecror 700, indicating absence of any wafers in the cassetie 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 presence

30 of at least one wafer in the cassette 88.



present in the cassette 88, the light travels entirely through the tunnel
75, is redirected downwardly by the y-axis detector prism 72007 AN 2005
detected by the y 25 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
waf er projects downwardly through the tunnel 725, preventing light from
passi ng 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 |ight;2/indicating presence 30 of at

| east one wafer in the cassette 83. 0 7 JAN 2005 527 &%er%@ion gfitho

buf fer assenbly 6CBeratierhefi gekefer Goeemlly b1 1Mt 3"OSHerati 6n°'oF % né

buffer assenbly 76, described abg d IR GiHde sibwn e &,8.
| ocating the OBérfaf‘QP aﬁi@%ﬁ%@ghfﬁe}é}%‘*’t 25 sd?%glﬁg? a?ﬁeé'i ndexer 600 al | ows for
a nore conp RS 18RatiA BB uifth@sbly 618 Z0thprdeicd g ifdexer 480 abowntprior e

reliable 5 pallet novenent, in contrast to the i, dexerf 72 %@Om ei pe“lg'bgaures
8-16. Use of mdre campantsieria-. 706 af hevizells &70rpwees (1 fefeT s LPIR4R

wafers, wi_ thout requiring .liftin , I efighbd BO ENOW:d 6f Hhggur es
32-37, | n5andlah% ”@M?Wﬁe’ﬂ csoé‘rtﬁasgcg%%ec ggké?g)rzo%tgzvgi ﬁgmgt;/rgtem enbodi ment
800," an encl gsurR B027 D6 allbRs S HeamiBOOf @aties ainl walks, matboat fegriring il |
804, right side wall 808, front wall 806, back wall 810, and a top wall
812. For pur pdslespatetgxpl anation, the system 800 can be described as having
an i ndexer or work-in-progress (WP) space or bay 820, and a process space

or bay 822, both 'fé.JPiing t136, QBCEQSIE €3 802, iThendlat emoBltd nemimedudsr
maj or subsystens a 1oader 824, which may be 15 out sg' e of tQ}% encilo re
802, and an imdexeingd38ieractborinmyt 806Gt droenczgre 8% pPlaRe sEremAUR RERT

and a process station, 832 L1 .wi.t hin Ok T d1ndexeh 8126
and dockiHy s'?aéﬁa]ﬁh S%Wﬁﬂ)?% e"v\d’otr?rszlled“é"}r!Qﬁ)agzr%tgﬁ%g@g?gm W thin fhe indexer

space 820, whijh ghhe tdranshedessif akplomtB8PthenystpmobseansbadesribeBss hay Be
consi dered a:ﬂ ?nlégigrsE)l’e\»rzfsorIWir;aerogretssh(?NR’g ggﬂ%gsor%%g%gogggd a process space or bay

822, both within the enclosure 802. '

The system 800 incluldes as major subsystems a loader 824, which may be

15  outside of the enclosure 802, and an indexer 826, a docking station 828, a transfer
station 830, and a process station 832, all within the enclosure 802. The indexer

826 and docking station 828 may be considered as subsystems within the indexer

space 820, while the transfer station 830 and process station 832 may be considered

as subsysterns within the process space 822.

20 Referring still to Figures 32-37, the loader 824 is preferably positioned at the
front wall 806, in alignment with the indexer 826. However, alternatively, a foader
825, shown in dotted line in Figure 32, may be positioned at the left side wall 804,

in place of the loader 824.

Thé loader 824 (or 825) has a load or first elevator 838 and an unload or

95 second elevator 840. The elevators 838 and 840 are adapted to receive a closed or
sealed pod 815 containing wafers 90 , or other similar flat substrate media. The pod

may be of various designs, available as a standard product from various
manufacturefs, as is well-known in the art. The pod 815 may also be referred to as a

FOUP or box. A pod door 816 closes off or seals the open front end of the pod 815.



20 Referring still to Figures 32-37, the |oader 824 is preferably
positioned at the front wall 806, in alignnment with the i ndexer 826.
However, alternatively, a |oader 825, shown in dotted |ine in HibukklH2,
may be positioned at the left side wall 804, in place of the | oader 824.
The | oader 824 (or 825) has a load or first elevator 838 and an unl oad or
25 second el evator 840. The el evators 838 and 840 are adapted to receive a
cl osed or sealed pod 815 containing wafejs 90 , or other simlar flat
substrate nedia. The pod may be of various designs, available as a

standard prodyct fro ariou manuf act urer.s I - Il art.
The pod 815 miy® BPESTLLBeaps ool graHBypR3 Ik clhe SRS Rlrbey I
cl oses of f or ksgahstHeN@aiOR BB bf @AtardnslicH frdrh@afRtbs8dbst, dic.7 JAN 2005 - 28-
The pods 815 are used to store and transport wafers 90, during

manuf acturing, while Kkeeping the wafers free of contamnatjion fro
particles, dust, efge e"FH‘lio@lagﬁa?ﬂéﬁé()S'?&@‘ea‘ﬁagg&?‘ﬁ MoyRa Hoga!%ﬂeﬁ' ‘[}9?‘43 ﬂgﬁ’\?eo"a

pod 815 from a_|I : Py POSI:t A 44, 1.0 3! €14 Ol W AGSI! 94
846, as shomaPng%‘ﬂbcg{ 345314{0 gééﬁeéeggrr igﬁgionv%‘ngﬁ?gérmﬁllcb?gioasé gur esm39§%1nd 40, a
| oader conyeyRefeB4f nonassoily at EidurenilSharehdd, elleaddr aron88&:radvd 848ssaiiatedn

the | oad 824. Each | oad 848 h | ef i, gh id
Secti ons. B50. WIVEBrRISHT WBBANGHO aoN I HEITHE" Paf; Vet ST SoBR Y
i dler rollersygof.q Wi ﬁghtsﬁﬁﬁpéﬁﬁve\tﬁ%e%ﬁsoﬁ(@uﬁﬁé denedaese@iors®s0 RRMERLS.

One or nore -notors wthin the conveyor sections 850 are |inked to the 10
driver roll er sri8s2olleFhas hamibdier aflledrdSde whisinl seppoB B2 biptic putsidenedass wé ier
section 850 may vary,. with each convgyor, section 850, i one
drive roller @Qé,ma}’ang%ﬁf i”boﬁéé'lrrfoy}orﬁé{(}ﬁ'bghé?l ‘fondre?/?/re?ecgg gyésgg%gklé%%ﬁghe

idler rol hgrs 4894 rolle® STPACTRE nOhbert dfedilid \8lefs08 3 B Rsthid 2actayoals@r \sacton
al t hough preferably one or nore drive rollers 8532 arF proviged near the
back end of t §80cD#K ¥grer wilkeagharpnes®r cpction 830,R\ARg abreattine 8y @{/&PO»

section 850 Claﬂﬁ%%ttiohghl mmggaglkﬂ}ggl tol 8052 if)rlroe;n?ricﬁpzl YolleRNd 34 0NRe Ghadifeof ef t

or right conveyor secti‘ons rive rollers 852, with the other

section havi nghaldrive irdlleey 85D iMagrabo8say, aihoheigiefetrdly soaor sngreodiriveheolttrs ve
and idler rol Is%rs may_ ?o%d

2 are pfov vnaé.[ari t‘?\g ‘back end of the conveyor section 850 (i.e., the end of the
15 ~ conveyor section 850 closest to the back wall 810). Preferably, only one of the left
or right conveyor sections 850 has drive rollers 852, with the other section having all
idler rollers 854, although the locations of th_e drive and idler rollers may be varied.
The one or more motors within the conveyor section 850 driving the drive roller or
rollers 852 (if any are present in the conveyor section 850) are linked to and
20 controlled by a computer controller 872, which is also linked o and controlling

various other functions of the system 800.

In the embodiment 800 sHown in the Figures, the pods 815 are placed onto
and removed from the load elevator 838 by hand. The pods 815 have handles 817
ergonomically positioned to better facilitate carrying the pod 815. Consequently, the
25 pods 815 are preferably placed and removed from the elevators 838 and 840 of the
loader 824 with the pod door 816 facing the back wall 810. To position the pod 815
so that the wafers 90 within the pod 815 may be accessed within the system 800, the |
loader 824 includes a pod rotator 842. The pod rotator 842 operates to rotate a pod

on the load elevator 838 by 180°, so that the pod door 816 is reoriented towards the



The one or nore notors within the conveyor section 850 driving the drive
roller or rollers 852 (if any are present in the conveyor sectidri 880)00&re
linked to and 20 controlled by a conputer controller 872, which is al so

| inked to and controlling various other functions of the system 800. In

t he enbodi nent 800 shown in the Figures, the pods 815 are placed onto and
renmoved fromthe | oad el evator 838 by hand. The pods 815 have handl es 817
ergonomi cal l'y positioned to better facil4date carrying the pod 815.
Consequently, the 25 pods 815 are preferably placed and renoved fromthe

el evators 838 and 840 of i t e Redodesr pekbrablgadagrst he
back wal | 81800 tﬁssﬁ’-”aﬁﬂﬁ-hél*ﬁi%f?@?*{ aetﬂ}{:ahe waf ors 90 within the

pod 815 may banakepsseds w aidowhh@ssipatsam 800, the |oader 824 includes a
pod rotator 842. The pod rotator 842 operates to rotate a pod on the |oad

el evator 838 by 180, so that the paq or 8 IS .r i t nds d4/he 0 7
JAN 2005 -29 fronﬂe@ff‘%ﬁ@%%f’él‘ﬁ%é@{ q%‘ﬁrgj 0 Fe'ﬂ%éé{efr(;%%%asast ‘(,a@agg%f r ot at or

842 "pref er abl u it 8d 1R indutt & it gaosaalaha8ipl aReérri ng
now to Fi gureré\"’%’fEJ 'églug‘n tﬁrgybt hggﬁlndegerﬁh&%%has a load or firs row 860

i ncl.udi ngst hsgeitaned td ydeoalsly indpdes)arposiced onsesBd, roMaBeE dpving ReePo%nd M
5 Simlarly, the indexer 826.inc A

d ! ' irf 3l
hree pod  {typicaly gtk Bt IoTALLt 170, O KBl 44 ac 0, TBoRd B n

ti | abel ed” as
 nput. or 11 Sh[ Q) 6ERRYBKAT u R iRXhRRASOIIRL pbliBoR B 6t apack pogattput or
an

positions 868, a pod output or second row conveyor 866.extends under
the three podeotridutw povieyPro¥ @v@?dsweﬁ“?ﬁ)mre%é’ﬁge&}wu%%%'té?{ﬁ é}fdgf‘e ng put
conveyor 866 are simlar, in Si (o) O L re LA NVEN QT Eh BABe desier | bed
above, but ar'@pﬁ"ofr?ﬁé?y.orglf’f’érn%grtml %P@t Cot%&gy%) nput Irgonveyor 86%1 and out put

conveyor 1866 sHYeRfs BBE dettpibed sbbrecdus hor favger.ndilermaiye!ys dypriiud COMYTYOf he
sane design as the | oader conveyors 848. The i nput VR, L kgned
with the | oades mwwrcoewoaéé%maaﬁ?édﬂa B of it SRONEYRG R %%Bﬂnnsgt he
| oader 824. S&%ngnké/dﬁtgaﬁaswﬂa%er%wﬁw{8.%6 is 15 aligned with the

conveyor 848 assoclated Wth the unload el evator 840 in the | oader
The input conveyor 864 is aligned wifh the loader conveyor 848 associated
with the load elevator 838 in the loader 824. Similarly, the output conveyor 866 is
15  aligned with the conveyor 848 assqciated with the unload elevator 840 in the loader
824, This alignment (in the vertical and latera! directions} allows pods 815 to be
moved between the conveyors 848 in the loader 824, and the conveyors 864 and
866 in the indexer 826. The lateral direction is the direction extending between the

left side wall 804 and right side wall 808 of the enclosure 802, in a direction

20  perpendicular to those walls.

The input conveyor 864 and output conveyor 866 have drive rollers 852 and
idler rollers 854, and one or ‘more motors for driving the drive rollers 852, as
described above in connection with the loader conveyors 848 in the loader 824.

The controller 872 is also linked to and controls the conveyors 864 and 866.

25 " The indexer 826 has a front shuttle column 874 encompassing pod positions
Q and K. The indexer 826 also has a rear shuttle column 876, encompassing pod
positions O and M. Referring still to Figures 38, 39 and 40, a shuttle device or r@bot_ |
880 is positioned within each of the shuttle columns 874 and 876, undemneath the

pod positions and conveyors 864 and 866. As best shown in Figure 39, each shuttle



824. This alignnment (in the vertical and | ateral directions) allows pods
815 to be noved between the conveyors 848 in the | oader 824, and the
conveyors 864 and 866 in the indexer 826. The |ateral dlrectlonanAwW@%
direction extendi ng between the Ileft side wall 804 and right side wall 808
of the enclosure 802, in a direction 20 perpendicular to those walls. The
i nput conveyor 864 and out put conveyor 866 have drive rollers 852 and

idler rollers 854, and one or nore notors for driving the drive rollers
852, as described above in connection w t#"the | oader conveyors 848 in the

Ioader 824. The controller 872 is also linked to apd con
conveyors 864davige 886 indgdenz |iftrg8sedigderen §a§”ﬁn%ﬁ¥@§%ﬁb@gé ngﬁﬁﬁm§?4

enconpassi “9n§82§§8§64ed0&51he Qﬁgpgﬁfhagggoﬁ r?)‘fl.ﬁé(%B ﬁ‘%ﬁ)(ﬁ I\ﬁslgceﬁﬁ’q% pind 8830 The

shuttle colu enconpassi hg pod positions Referring still to
Figures 38, 3Birdrgho4le adambditd érega@evnmeomamrrgebonhe B@Oarn surfsgsiof & ened1Hitehi n

each of the shuttle caolums 874 and 876, underneath pod OSIté??i and
conveyors 8643haY tHeeshutide wiexice shfhioi ROV &ngge & cﬁ”g R

2005 - 30 devi ge, 8 8t£\QCxJOHg68%Oa%|]uﬁ fele&r 018?,‘@]: ﬂH@@raﬁCZ%abJﬁ@ sﬁdn@ﬁ‘% @'téu@é 89 aiher ai |

884. An armature orted on the ter 886 has a pod plate 88 3

i ncl udi ng | ocatrhfngrepsss e&@ﬂds Jihéronpitns |iBE08 8, ercudd phe éndsoofahe sgeveyarts 62
openi ngs on the bottom surface of a pod 815, to allow the shuttle device
880 to p05|t|@é¢ﬁ éngage, lift, and transfer a pod 815 5 between the rows
860 and 862 of the indexer 826. As shown in Figure 39, the armature 882

extends up fromth@e!e‘nﬁr‘iﬁefnoﬁﬁﬁtarfwWP%&&%Eﬂﬂﬁﬂr@flfﬂwhealt@ﬁmt\r'\&yﬁdiésloaﬁé 828nd
864. Referring nonentari to Flﬁures 32 and 40 if the 3Iternat|ve si de

| oader 825 | $s useddan a!meraatn\@rshatt adederiBl i RIevHed sg8hatPedsh s, et hat
pods 815 f’ﬁn R@emyﬁr%mlge s?ateq glg%f gmohgl’?oﬁérﬂﬁgs 19%reﬁ§%%’wglm&% into

openi ngs 1 0€ “Wal P e | ndexer
al ternative shid iddexeegice TB8hitbamtiortsendiedidvakeeiadl ha'saeﬂt@dS@Eaterahtahl@\ﬁﬁﬁg

the shuttle deV|ces 0 to, shuttle rall nsfer po ween
three pod posid!Pyig t 8’@ shittlengdevicssn 8§(ﬁéo fsﬁ‘étﬁ? %rh% et"i’lﬁ té%']Sfe Og 8?%% and Y,
in the three pod positions, Q, K and X in the front shuttle column and O, M and Y, in the

rear shuttle column.

15 Referring once again 1o Figures 38, 39 and 40, docking elevator conveyors
902 are aligned with the rows 860 and 862 of the indexer 826, preferably between
the indexer 826 and the back wall 810. The conveyors 902 are similar to the

conveyors 848 described above.

Referring 1o Figures 32, 33, and 34, a docking station elevator 900 extends
20  vertically from each of the docking elevator conveyors 902 10 2 docking station 828
positioned vertically above the indexer 826. Each elevator 900 has an engager plate
910, similar to the pod plate 888, for engaging a bottom surface of a pod 815, to ift
the pod off of the conveyor 902. The engager plate 910 is vertically movable along
the elevator 900 from pod positions R and § to pod positions T and U, respectively as
25  shown in Figures 33 and 34. The elevators 900 lift and lower the engager plate 910 -

via an electrically powered ball screw or equivalent actuators.

Referring to Figure 34, the engager plate 910 is positioned on an engager
actuator 912 which moves the engager plate 810 longitudinally, i.e., in a direction

from the front wall 806 to the back wall 810, and perpendicular to those walls.



rear shuttle colum. 15 Referring once again to Figures 38, 39 2gﬁ§g@%
docki ng el evator conveyors 902 are aligned with the rows 860 g

t he i ndexer 826, preferably between the indexer 826 and the back wall 810.
The conveyors 902 are simlar to the conveyors 848 descri bed above.
Referring to Figures 32, 33, and 34, a docking station elevator 900 extends
20 vertically fromeach of the docking el evator conveyors 902 to a docking
station 828 positioned vertically above the indexer 826. Each el evator 900
has an engager plate 910, simlar .to the pod plate 888, for engaging a

bottom surface of a,pqgd 815 t toRfshs Qhd tah@ R oTBrexpEraR0Re The
engager plate 91045‘8@%'?5 ca1| %54 rzﬁ)vhab(iotd?i‘?i g%go the el evator 900.from pod

positions R QHE‘eé t;9ade0gh PREInt the socksaspdcdJB22. e§h)ed®qkm walh§12hasprAmTEn

Figures 33 and 34. The elevators 900 lift and | t he engag te 910
via an el ect r9‘lcfahrhcy9ﬁ)&mbgw wéhITh§@P@\H°8F'°'§qLPU‘§ nteR& Eafg% Oor%ﬁ&?rl ng

to Figure 34, nga Ik, 150 Tesgag dstdmat or
912 which no\iécgpgilug %hg @[%a%}f a? JE9%§|“§%§|“% ud?ﬁglogﬂlﬁn. | ﬁ,r; di rg?t i on
fromthe forontieahi 9@%@@,&5 tlzh@ralﬂ@(ﬁﬂdvmmca&l((but amdalbentpielﬁdglmﬂ inally} with R9se
walls. O 7 JAN 2005 1 A dockin 4 at he doc and a
deck 932 sepaspaneng AE Of Hh%%éfhes%%ﬁk@%\zﬁ Pront ﬂéh Pg ‘Eéig '3 "’%‘téaﬂgfﬁgﬁ"?
docking wall 9 has ope 6 egi;p_wlnbhettlh@ dopasd tdcons T
and U. Hence, éﬂpa(?do%eooréﬂlg?%%(ngq‘zl5 t@gn%%% ;(i;l:lit_]dagc?_]} engagerS pl ant@g 910 1 f t ed

to a pod posifhabthe Fradkt fadeldy tiee pl@d:korﬂgctﬁtheld@'abmawaﬂ@()‘* AurgaLthea VMYt and
vertically (but |n|t|aIIy not Ion di.nal | 18
in the docki ngf Whainoddls o Thteeeije‘feﬁ dt@lesqg%éer\%ttu IO%HZ%D%PM %gj%?ﬁﬁheg

vertical wi th an
openi ng o t ﬁgﬁ{th@@déﬁﬁngrwa%mmntﬂmeﬂp@ ‘ﬁmmlwdvntlr@gt
t hat theg&fon@ $ c& 0 ?ﬁaﬁﬂgpod contacts the docking wall 914. During other
movenent  of tdnequemes&ﬂlﬁmfﬂ%'@‘é@‘é@b‘i Qoter cHEPEgRger actuator 912 is
retracted, so that the 10 pod is spaced apart fromthe docking wall 914 and

can be moved verti Egﬂel%g\@nﬁlhelﬂgurb ek Hed BBGErediolér 33065 gaskdadgt wadH ofdldd, or
ot her conponents
openmgs 914 and 916 in the docking wall 914, to remove the pod door 816 from a
docked pod 815. The pod door remover 930 removes the pod door 816 and lowers
15 it down through a pod door slot 934 in the deck 932. This unseals the pod 815 and
moves the pod door 816 out of the way, so that wafers 90 within the pod 815 can be
accessed. The design and operation of the pod door rembver 930 is set forth in
International Patent Application Publication WO99/32381. In Figure 34, the pod
door remover 930 is shown in the up or closed position {to engage and remove, or

20 replace, a pod door 816) at position AA, and is shown in the down or open position,

holding a pod door away from the opening 914 or 916, at position BB.

The docking station 828 and transfer station 830 may be characterized as
forming two side-by-side parallel rows CC and DD, for purposes of explanation, with
the components and operations of the rows being the same. Referring once again to

25  Figures 32-37, in rows CC and DD, transfer robots 970 in the transfer station 830 are
positioned to reach into docked pods 815, engage wafers 90 in the pods, and transfer
the wafers into carriers 990. Each of the transfer robots 970 has an articulated arm
974, and an end effector 976 on the end of the arm 974, with the end effector 976

adapted to engage a single wafer 90. An arm driver 978 is connected to the



Referring still to Figure 34, a pod door renover 930 is provided at each of
the openings 914 and 916 in the docking wall 914, to renove the gddﬁgﬁﬁ
816 froma docked pod 815. The pod door renover 930 renoves the B o 5
816 and lowers 15 it down through a pod door slot 934 in the deck 932. This
unseal s the pod 815 and noves the pod door 816 out of the way, so that
wafers 90 within the pod 815 can be accessed. The design and operation of
t he pod door renover 930 is set forth in37jnternational Pat ent Application
Publ i cati on W99/32381. In Figure 34, thé pod door renover 930 is shown in

the up or closed positio t.0o ,engage a , 20 repl dydoor
B16) at posi tTORARS HRETS AR e 1 AL HOOS oDa g P erE e eIl %

pod door awaycd iemed Be tapestidleSd4A. or 916, at position BB. The docking
station 828 and transfer station 830 may be characterized as forming two

si de-by-side parallel rows CC and DD, fqr, purposes of expla ion, (W.th
t he conponents and dpefeststamer 380t iePTPY b‘éitﬁ‘é e eéafmﬁnggér f‘? ﬁ%,néﬁ e

again to 25 Fir%%i%%é%?e%?'})oiag'ﬂ{e?\éﬁee@&{e@r?%npp’poﬁ ;335 $hBla LR ®EI70 in the

transfer station are "~ posl o reach 1nto docked pods 815, engage
wafers 90 in the pods, and transfer the wafers into carriers 990, Each of
the transf®r robotédei@dhapratigearitd wathedoeated inotha tragpigr statiemat IFaHEPHr

976 on the end of the arm 974, wt he d effector gage
2 5 ngl o va ercgebA AT eare aobIgb iE ERRB R P dnaf TR SRR oA eSS
articul ated apmQédan@nembas 1RAEa BHd BIY SndBMforeSndedtiordinity argrridn@98r m
segnents, as controlled by the controller 872. A reader/scanner 980 is

provided in the transfer station 830, to identify . individual fers 90 as
they are noved frofnRiogssE '8as 1090gmavesdpterally @op i 1:@%@3“7?&%& transfer

preal i gner 98 b hBet T@RSESh § AtpraN aald endriisaf 0 spray
accessi bl e bykgwggg’fiﬁgfgﬁfgs&m sg thats( i ndi vi dual wafers_may be

appr opri atel y solveitemetbedfandra sesamy atocess shrmbpoHO2PL 5ugh@s BePlt BN BY$H-on
into a carrier. 990. A pk

bet ween the t rEéﬂ%Pré’l‘;esss@gh %?\1 %dail&?%&satrsr% \;;‘r%?)%la@tg@::%aa éj?ﬂ% 1%5%@% !sa uc(]‘?ﬁq}%s a
spray aci d chagbeioldifg walf&pray The system 800 is preferably configured and dimensioned
' for.proces;sing 300mm diameter wafers 90. Other types and numbers of process
stations may be substituted or added. Additional description of operation of the
15 brocess robot is in U.S. Patent No. 5,664,337, The carrier 990 is adapted to fit into
and be held or secured in place within the rotor 1040. The rotor and carrier may

have various cooperating designs, as also shown in Figs. 55-64, and described

below.

As shown in Figures 41 and 42, in an alternative embodiment 1100, a single
20  transfer robot 1110 is provided, instead of the two transfer robots 970 shown in
Figures 32-37. In addition, the pod rotator 1120 is provided on the elevator

conveyors 902 at pod positions R and S, rather than in the loader 824.

Three carrier designs 990, 1230, and 2120 are shown and described along
with three rotors, 1040, 1270 and 2200 (described below), respectively. The
25 movefnent and positions shown in Figures 43-54 apply to all embodiments.
Accordingly, in Figures 43-54, the carrier is indicated by 990, 1230 and 2120 and
the rotor is indicated by 1040, 1270 and 2200. This signifies that the carrier may be

the carrier 990, or the carrier 1230, or the carrier 2120, and that the rotor may be



10 sol vent chanber) and a second process chanber 1020 (such as a spin
rinser dryer). Each process chanber 1020 and 1030 has a rotor 1040 adapted
to receive a carrier 990 holding wafers 90. The system 800 |q}pr emabl y
configured and di nensioned for processing 300nm di aneter wafers her
types and nunbers of process stations nmay be substituted or added.
Addi ti onal description of operation of the 15 process robot is in U S
Patent No. 5,664,337. The carrier 990 igsadapted to fit into and be held
or secured in place within the rotor 1040. The rotor and carrier may have

vari ous COOpe\r;ﬁ:tr" ggﬁ%gogog)n%ﬁa\%n@ P% a?h@%lécféd:fcﬁ%se55Ffﬁe4endi@ﬂed@5w05bed

bel ow. As shd\ and in an alternative enbodi nrent 1100, a
single 20 trnaoshRd 26Qbae alsblllecedps ondycecesiredt Rafbrong thBIELKs v raf<tier

robots 970 shown in Figures 32-37. In addit.i t he tS
provi ded on ®Bear evdefsctor dORY afarteddp et @akﬁdgriﬂ%%‘o P%H%BQ%}%%%

than in the | Ih n Wd &iRedthr FIUD &ﬁZQpaneﬁshomn
and descrlbedBQ?dﬁagoﬁé%h %§§§EQ$%F§$SQQ§%QO?h§27O and 5200 (descri bed

bel ow), respegidedelpyr bidie-12& fmgwemons velrich pogige 9k islibowriden qfut‘@w%em 54

apply to all enbodi nents Accor in Fiqures,43 h efhel S
i ndi cat ed by99§0 HfEQ@t%h@”%@?bmgﬁﬂqoﬁaéa?ﬁ?gg 'sF?n aﬁé?w% %ng?%%% ﬂf270

and 2200. Thi_s 6h5mm¢tﬁg“%@§g@arrler may be the carrier 990, or the

carrier 1230Carrl e carr 2120, and that the rotor may be 0 7 JAN 2005

-33 whichever rotor operates with the carrier_selected for us rngm%a
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Referring tO reS /.and 43 i frRCk1d1L00E . anh aaheehrédot he
articul ated &% édﬂ g b?ﬂe pro %@gmggg%ﬁﬂ O is adopted to engage t he

carriers 990.offe gitdatéscyaem RG5! duase @epaq» debvers: ppsata taperloads 4d8- | i ke
fingers 1006 which engage slots in th ) v feFenFe,
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elevator 838 lowers the pod from the up or load position 844 to the down or indexer

position 846, as shown in Figure 35.

15 The wafers 90 are enclosed, and generally sealed within the pod 815, to
protect the wafers from contamination and damage during handhng and movement.

The pod door 816 closes or seals off the open front end of the pod 815, as is well

krnown.

With the pod 815 at pod position AA (in the down or indexer position 846) as

20 shown in Figure 40, the conveyor section 850 supporting the pod 815 is acluated.
The drive rollers 852 drive the pod 815 rearwardly, while the idler rollers 854 help

to support the pod 815, thereby moving the pod 815 from the conveyor section 850

to pod position K in the indexer 826. The drive rollers 852 at position K in the
indexer 826 are also actuated to help complete this movement. The conveyor

75 cections 850 are at the same vertical level as the indexer conveyors 864 and 866, as

well as the docking elevator conveyors 902.

In most applications, multiple pods 815 will be loaded into the indexer 826
and system 800, although the system may also operate with just a single pod 815. In

a typical operating sequence, additional pods 815 are loaded into the indexer 826,



pod 815 to the | oader 824, preferably by holding the handles 817. An

aut omated or 10 robotic pod delivery system may al so be used to (delAN &) a
pod 815 to the | oader 824. The pod 815 is placed onto the | oad el evator
838. The controller 872 is preferably pre-progranmed with a specific wafer
processi ng and handling sequence. The elevator 838 |owers the pod fromthe
up or load position 844 to the down or indexer position 846, as shown in
Figure 35. 15 The wafers 90 are enclosed,%gnd generally sealed within the

pod 815, to protect the wafers from contam nati on and damage during
handl i ng and novenent,. . The pod doqr 816 cl o f I file thIRrOpeN; f ront
end of the péﬂdgﬁ‘, ed abpye. . !eadkﬂ%{ﬁﬁguwttq?dtsﬁg’ %Aﬁ?’Sﬁggr%gd&%&l ti0n AA
(in the downyor L NAR¥ERERATIthE ABIBHR) 888 of ARe Shdewar BI6 HegameatetD, Thisethe
conveyor section 850 supporting the pod 815 is actuated. The driv ,rq%lers
852 drive t heopdi e8d5podapwitenlkyis mpvedby Hbe icanegyor b4 & $OFHAN he\“’g"ef
support the pod 815, thereby noving the po 5 fr - \ td on
350" 1o pod POdiHiiHIEN Aot NEVENBLREP BB, i trr e PAREF L RO mere”

position K i @o%ift\%n NNR%RIed RO BERyUBNE Bods; tandiiReh tifto beditore Rmhe eoviehiest
movenent. The conveyor 25 sections 850 are at the sane vertical |evel as
the indexer wonivepodsiS6HommbsBEH, Mae Pewlion &s opiethgtorking eigvalpacapveyor

conveyors 902. In st appl jcations Ltipl | : | nto
the i ndexer 98 'S RRUCYRY 'é‘r#‘%éﬁf’e ﬁayﬁgglé%"f%gngﬁg@etgn; 083!/\’821}’ glgﬁ'o%gi?‘gﬁ g\Awi th
just a singl g,peskifp K, | le., 3hd WpivEalolleperali g tisequeveyer Saddarti amatedous
815 are loaded . into the indexer 826, 0 7 JAN 2005 -34 as descri B?d above.
As each subsemostivatimowihshe drivereded,852ne thedpekipg plexpter gyeyq) 20dne
conveyor 864 in the | oad row 860 of the indexer 826 are actuated. Thus, the
pod 816 3y pod POl i or foX TS D¥hel B 808 RYTTineEhvforPRidhiiOasds, huehi | €
the pod at position noves 1 nto position K The pod in position L then -
nmoves to 5 pasid veticMy dmtd theedbchingstasinsgBrht Speriicalinhe engsse Rl PUEPEI on
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Once the pod 815 is raised to the level of the docking ;tation 828, the

.engager actuator 912 moves the pod 815 forward, so that the front surface of the pod

15 contads the docking wall 914, to dock the pod. The pod door remover 930 engages
the pod door 816 through the opening 916 in the docking wall 914. Suction cups

on the pod door remover 930 hold the pod door 816 onto the pod door remover

930, while keys extend into the pod door 816 and rotate, to unlock or release the
Jatching mechanism which holds the pod door 816 onto the pod 815. The pod door

20 remover 930 then moves forward, carrying the pod door 816 with it through the
opening 916. The pod door remover 230, carrying the pod door 816 then moves
down through the door siot 934. The front of the pod 815 is then opened to the

procéss space 822.

The transfer robot 970 in the transfer station 830 moves so that the end

25 effector 976 on the articulated arm 974 moves through the opening 916 to engage a
wafer 90 within the pod 815. The robot 970 withdraws the wafer 90 from the pod

815 and places the wafer into the carrier 990, as shown in Figure 33. The robot 97Q
optionally passes the wafer 90 over a reader/scanner 980, to allow the controller 872

to identify that wafer, e.g., via a bar code on the bottom surface of the wafer.



902 is performed in the sanme way as the novenent of the pod 815 from
position AA to position K, i.e., the drive rollers 852 in the conveyor 864
are actuated in coordination with the drive rollers 852 in the @pgkN s

el evat or conveyor 902. 10 The elevator 902 then |ifts the pod 815 off of

t he conveyor 902 and raises the pod vertically up to the docking station
828. Specifically, the engager plate 910 on the el evator 900 engagi ng
corresponding blind holes in the bottomgf the pod 815. Once the pod 815 is
raised to the | evel of the docking station 828, the engager actuator 912

noves the pod 815 forward, t Lheabhomte supifacebi orbearpedrslvafeant act s
t he docki ng wal | %ﬂ ,r'%otodg%%r% Eg’ p?o‘g. anIiu/é peod door renpver 930 engages

the pod doorpiert Hi@uel diteiropenidiyasd thei cantdredHoikiongCharhicloisa alighd i on
cups on the pod door renover 930 hol he pod or 816 _onto oor
remover  930witvhibple MSI%*}B%HG%'H{%"#@"Q& ”'dog{?h'ﬁémésng&r o\fvétfltag,“%ﬁgeﬁnl ock
or release the |atchin } DEN A0 Hsioh e, Bedadiedroudldconiha & he
pod 815. Them%%[n%lrgogetﬁ%egg%o%gé%\\g?mn ?m(f/bzlgqu/rmrd, carrying the pod
door 816 swi tafet id aasahed he a openi B0 HMondthe oppesed Form ¢ rstraight or
carrying the pod door 816 then npves rr%&or sl ot 934. The

np do hrough th
front of thepgpalielgides %‘Wﬁ@ﬁnb‘ﬁéh’é‘&a%r‘i"’\ﬁl\gctffﬂdoﬂégs'éprsegeace 822. The transfer
robot 970 in the transfer station 830 noves so that the end 25 effector

976 on the a”i‘CULr?é £5h 36 MoBEdo FPVESI LS Paigierting wafenirog teldocked poydle a
wafer 90 within the pod 815. The robot 970 w t hdraws the \Qafer 90 fr.qmthe

pod 815 andipthacesidrB9onafaserablyiupti Al wakars hate 2sp ragdersdyim ihe RBefire 33.
The robot 97 opt i.opal | as t r a reader/scanner 980, to
oo B3 BSSAPDIS BRI LS B0y

allow the co 0 i y that wafer, e.g., via a bar code on
the bottom surface of the wafer. 0 7 JAN 2005 -35 Referring to Fi ure 36,
preferably, the twanstier caoizot999700tr landdderathwapiers 90.HBe\setest h@"gd& 815 in

{he 1 ongi ¢ Ui & FREERORE BFTS c6r 5oa By A lpEARFrendiL o FiSles of aat 1
between rows arq@4§,nl¢1e%5ﬁyompﬁwi00@salala(alheorcalérriaidad()@mbq theuibh raldeharmy 1004 is |
adjacent to the carrier 990. With the arm at an elevated position, the fingers 1006 of
the end effector 1005 are pointed down and are aligned with the finger slots 1007 in
15  the carriers 990. This alignment is performed by moving the robot to the proper
position on the rail 1002, and with proper control of the segments of the arm 1004.
While Figures 43-45 are described in relation to movement of the carrier 990 into the
rotor 1040, these Figures as well as Figs. 46-54 may also illustrate movement in

relation to alternative carrier and rotor combinations, such as those shown in Figs.

20  55-66.

The arm 1004 then moves vertically down, with the fingers 1006 engaging
into the slots 1007 of the carrier 990. Figures 43, 44 and 45 show the relative
position of the arm 1000, carrier 990, and rotors 1040, for pufposes of explanation.
A locking pin 1008, or other attachment device, is actuated, to positively secure the

25  carrier 990 onto the end effector 1005. The robot arm 1004 then lifts the carrier 990
off of the deck 932, pivots the carrier 990 clockwise as shown in Figures 46-48,
while also moving the carrier 990 forward (towards the front wall 806), backing
away from the transfer station. "The robot continues to pivot the carrier into a more
horizontal position and continues 1o back further away from the transfer station, as

30 <hown in Figs. 49-51. The robot then moves the carrier 990 laterally along the rail



5 wafer is transferred to a carrier 990 di agonally opposed fromthe pod,
straight or parallel wafer novenent within each row CC and DD is preferred.

The transfer robot 970 continues transferring wafers fromthe d(ﬁo)kﬁ@* @:ﬁ?
815 to the carrier 990, preferably until all wafers have been tra ed
fromthe pod 815. The pod 815 and carrier 990 typically hold 25 wafers. 10
Wth the carrier 990 now | oaded with wafers 90, the process robot 1000
moves to engage the | oaded carrier 990. Rgferring nonentarily to Figures
43, 44 and 45, the robot 1000 noves laterally on the rail 1002 so that the

robot_arm 1004058 1oafhAGEN in RihNEn AT 181roRPQoatll bnd iahapidabs alambavat ed

position, the fingers 1 the end effector 1005 are pointed down and
are aligned wiob0oioheo3d.nger slots 1007 in 15 the carriers 990. This
alignment is perforned by noving the robot to the proper position on the

rail 1002, and wt roper._control .of, the segments .of, the ak 004 .. ile
Fi gures 43-45 are Eagé?tpﬁeboﬁ%harreé‘f%‘fa\”éirpcisglo Q/Sﬂe“r%ft'cn)gfnetlahdé 'é;Pﬁrg?&Q}nghi nt o

the rotor 104QferfiRESE FlguElI L5 ASMIe dbor il @5 pAReSAchanien1900 idrl 1SOriat e
novenment in relation to alternative carrier and rotor conbi nati ons, such

as those showopen, fiegsbot TIEE08E. thalserriar 900008 eragermy awthy dia iden 194 Hown,

with the fingers 1006 engaqi into the slots 10 . i 9
Fi gures 43, 4 Lﬁﬁac‘ﬂﬂjgs#g’\'ﬁ%t@&ar’sefeiﬁaf e’ Vﬁ'(g}éclgr ‘i\%’ntgtz)fa % Hgagrlgﬁglb%g?ac%a%ti er
990, and rot oigs 1HO4Ramb&T 1020 POSED, @ife ExaPhianalobois. clofed) acdithg waifers BO08e or

other attachment device, is actuated, to positi _velg secuIlfre| theﬁeﬁS carrifer
990 onto the enecesseacbesns knops ecrpguesobth theremitoedat Hek™ Frtsehetl e ®rrtler
990 of f of thge deck, 992 Rl 9t et B2 iCREE] Bl 990 1850 HeNicRe AEcpURe Tif
Fi gures 46- 48,ﬂ"?e \%ﬂrir'lléregg g%&%w n‘é' t%e5 carrier 990 forward (tomcgr ds the
front wal to80&)ambBhekiongtheaveyinérfonsdcheng rreneéfers istoathe earrieThand iobsecuring
continues to pivot the carrier into a nore horizontal position and
continues to BRRKAFIGE ¥R from the transfer station, as 30 shown in
Figs. 49-51. The robot then noves the carrier 990 laterally along the rail
0 7 JAN 2005 36 10Q@ier torosPnSiid cmiplita, elei gibbEeMO0MWIrdthetdadhe alagier IBH0from one
of the pr Ocesse.(g:.t]?hn;jgrroiess chamber 1030, and installs it into a subsequent process chamber,
such as process chamber 1020. In the interim, the robot 1000 may move back to the
15  transfer station 830 and pick up another carrier 990 and place it into a process
chamber for processing. When processing is complete, the robot 1000 removes the
carrier 990 from the last process chamber o be used, e.g., a spin rinser dryer process.
chamber, such as chamber 1020, and then replaces the carrier 990 into the transfer
station 830, typically in row DD. The transfer robot 970 in row DD then transfers

20  the wafers 90 from the carrier 990 back into a docked pod 815, in row DD.

While two process chambers 1020 and 1030 are shown, the systern 800 may

operate with 1, 2, 3, or more process chambers.

After the loading of processed wafers into the pod 815 in row DD is

complete, the pod door remover 930 replaces the pod door 816 onto the pod 815.

25  The engager actuator 912 moves the pod back, to undock the pod from the docking
wall 914. The elevator 900 then lowers the pod to position S, where the pod is
supported on the docking elevator conveyor 902. The pod now holding processed
wafers is then moved forward on the conveyor 866, through positions O, P and Q,

and then into position BB on the unload elevator 840 of the loader 824. The pod is



1020 or 1030. The rotors 1040 are typically positioned on an inclined angle
of about 10. Referring to Figures 52-54, after the door of the pg@gﬁﬁi
chanber 1020 or 1030 is 5 open, the robot 1000 noves the carrier €@5
engagenent with the rotor 1040. The securing device 1008 is rel eased or

wi t hdrawn, the arm 1004 is pulled back out of the chanber 1020 or 1030,

t he chanber door is closed, and the wafers 90 are processed using known
techniques. If the semcircular or half clamshell design of the carrier
990 shown in Fig. 32 is used, the rotor-3040 includes a cooperating hal f 10
clam shell or other retainer for securing the wafers into E& rrler and
for securi ngthdrhestamad rhiyethe ipotl ootetve §43t liped by e sPREIME éoé ‘Frﬁ“éﬁ’% t he

robot 1000 retrjieves the carri 90 from e ShreRE1024030,
and i nst al | s PREIPREROYN &Y B8R ﬁ?S@ﬁ?@rtﬁ?ﬂggﬁkg%)uéﬂﬁggﬁprocess(?hanber

1020. In the JQ %rr'aﬁb ahBRakiebdle pl—)gqgtiﬁ@-ﬁex'ﬂ@béﬁo;ba&ketrmwdﬂ&, t& pochhd} eray
station 830 and pick up another carrier 990 and Iace It into a process

chanber for [eoesssedhijom\ieumlprdolesiiridOihy cwohpl @t@‘e‘t%OWBBB'P 1000 renoves
the carrier 990 fromthe | ast process chanber to be used, e.g., a spin

e dryer Procge s SIMbSon 6D S8 SRS Slo0l 895 candibem tapiane Lhe

Stafi i cal in row DD. The
transfer roba2694d8cling sanerDE28, Iﬂeﬁlsférrs&nmfne?%) aﬁ@ ptd»t@swafa@@rs 3@@ f”r D IePHY

carrier 990 back into a docked pod 815,
chanber s 102Ctemeyclo3vtnihe @Hb\ﬂﬁvav’é H@Vﬂﬂs go‘gD ‘?H%&hthS Cé’r Qfeﬁ%ﬁ for, 3

or nore proces thenhd Radheg gfategr@@a@eahwafers into the
pod 815 in roﬁ"ﬁ%haapgﬁlg %R%ﬁﬁ%%gtet he pogpdooﬁ renover 930 replaces the pod

door 816 onto the pod 815. 25 The engager act uator é nopves thﬁ Eﬁ%iback
to undock the pod Refaring tocigioe k9.ribe indaker 82pmas Hige P \PRFbene §Y- 7 ower s

the pod to pos #hlggg%ﬁoﬁmx% 5P Alled Bod SHRRBHL Y, Phadd1@) daCienGIkd vl or

conveyor §p2. ! ing proc wafers is then noved forward
on the conveyQio866w Bbe omghldcbmm nheoimsdé} 874 bascbr@, pociresitineAARhtbth508P%F i on

B8 on the unl rcz)%ing(l),ea\a tocr)mre po po(s)l];lortl r{‘heB}lm tdeexrmloa row %%Zp%qrrm%r!g the N 1305
900 have one pod position (R) in row 860, and one pod position (S) in row 862. The
conveyors shown in Figure 40 (850, 864, 866 and 902) can operate in either

15  direction, to move pods longitudinally forward or backward within their rows 860 or
862. The shuttle devices 880 allow for lateral movement of pods between the rows

860 and 862. With anv one of the 10 pod positions shown in Figure 40 empty, the
_indexer 826 can provide random pod access, i.e., a pod can_be moved from any

position, to any other position.

20 The shuttle device operates by moving the pod plate 888 into alignment
underneath the pod to be laterally transferred between rows. The lifter 886 is then
actuated to lift the pod plate 888, with the pins 890 on the plate 888 engaging blind
holes in the bottom of the pod 815, With the pod lifted off of the conveyor 864 or
866, the armature 882 is moved along the lateral rail 884, to place the pod in the

25  other row. The lifter 886 then moves the pod down, so that the pod is once again
supported on a conveyor. Consequently, by moving pods laterally and
longitudinally, any pod can be moved into any position. For example, if it is
necessary or desirable 1o replace processed wafers into the same pod that they came
out of, after the wafers are extracted from that pod in row CC of the docking station

30 8§28 and transfer station 830, the pod can be lowered back down to position R, then



-37 then rotated by the pod rotator 842 and lifted by the elevator 840 to
the output position shown in Figure 35. The operator then |ifts ltheAlends
815 off of the unload elevator 840 and carries the pod to the next
station. Alternatively, the pod 815 nay be renoved fromthe unl oad

el evator 840 by a robot or other automation. 5 in typical operation of the
system 800, pods 815 cycle through the indexer 826, docking station 828,
transfer station 830, and process station_832, in a step by step cycle,

wi th the pods always noving forward through the cycle. However, for

certain applications, the system 800 nmay be oper.ated |n other S. ..
Referri ngp'to 0 mc@rag o a*ef,m%fé'\y@mwaps HFeCOTEY R 902 %‘g’OATB’SSFPP?%ﬁ??‘m“ﬁ'oand
K) in 10 the ik $dyefle) ldpa‘r’i"ngfv%ﬁ:%ﬁ@?po@qr%ﬂ 8@ ROt RPBbEHTHIONE), (b tHE ADEeQ

in the unload or secon n addition, the | oader 824 has one pod
posi tion (AA) devict 880} madingrtbw 860fromnubstive Potd posiien Srviz BB) conyeydie andl oad
row 862. Simlarly, the elevators_ . 900 haye one pod positi ( in, row
860, and one {H¥Y BB theqedftgminesit qu%@gg @rrgwsﬁﬁmmﬁajﬁ VI‘—J?'I(::;edPe 40
(850, 864, 586 REInL AL RREBAH Sndybeh FRRLY ey dbi®abhOBNd k6l §BY thaP @dS

L onght udh nal Ly T S pains ¥ RACEALTMEL e ™ ove 860 or - 862 The
shuttl e devi ces “88@utl drownfaad” Iratvenmlotiren\appticaticals, pikls rowt Wew betatenpyve

860 and 862. Wth any one of the 10. pod sitions shown .in Fi.qure 40 enpty,
the indexer S¥BUEENFF &N SEeR Hﬂ}fogir_g'gﬂlyg@&té%n,s qr.a@B,dlowék‘BE&Eggrﬁs (o4 L%%ng
fromany positi@fhwat®didioAldey, \PRS bl vafers Z8bvTRE irs Tl tphdbas<lay irc@woDE ! ide s
by nmoving the pod plate 888 into alignnment underneath the pod to b

e .
lateral |y tramsfreecessbdbetiorsencviogeut Thew PR.eAlggrmtively: tentranster angd derking

lift the dpLa?te 888, W th the pi ( Late, 8888 L0 iRliénd
holes in Itqﬁe bSO 6Y b? he' 510%' cﬁi%"%'?ﬁgﬁ% %Jgg, ‘Fui“?teg%' off of the clonveyor
864 or 866, thieccadinminub® 882lsosmovvgdadlt ongint feev IC&L endivithalhe s@8eopargtiqnl ace
the pod in the 25 other row The lifter 886 then noves the pod down, so
that the pod i@’%?@-agai n supported on a conveyor. Consequently, by
moving pods laterally and |ongitudinally, any pod can be noved into any
position. For exanpb@edick dohtanSinati@sadamarair srmadsis dblvelaverwaplyatem top to
processed wafers into the sane pod that theg Same o

bottom through the system 800. The deck 932 preferably has openings in it to allow

15  air to flow downwardly. Alternatively, the deck 932 may be removed entirely, with

air flow used to reduce contamination, rather than separation of spaces by a deck or

wall. In an embodiment having no deck 932, the indexer space and process space

are combined into a single system space. The docking wall 914 then serves as a

surface for docking pods, rather than as a barrier to contamination.

20 By locating the indexer 826 largely underneath the docking station 828 and

transfer station 830, a compact design requiring less floor space, is achieved.

The controller 872 is preferably electrically connected to the various robots,
motors, sensors, and actuators involved in performing the functions of the system
800, so that the various components can be controlled in coordination and system

25  performance controlied and monitored.

Figure 55-66 show preferred rotor and carrier designs. Réferring to Fig. 55, an
alternative carrier 1230 and rotor 1270 may be used. The carrier 1230 has a front
ring 1232 attached 1o a back ring 1234 by a pair of upper ribs 1236, a pair of side
ribs 1238, and a pair of lower ribs 1240.



out of, after the wafers are extracted fromthat pod in row CC of the
docking station 30 828 and transfer station 830, the pod can be lF ?h[]ﬁ
back down to position R, then 0 7 JAN 2005 -38 noved to position W‘Bﬁ
runni ng the conveyors 902 and drive rollers 852 at position Min reverse),
transferring the pod fromposition Mto position O, via the shuttle device
880, noving the pod fromposition O to position S via the conveyors, and
then lifting the pod fromposition S and,docking the pod in row DD. Thus,
while in 5 many operations, the row 860 hay be a "input" or "load" row, and
row 862 may be an "oqutput" of. "u ! Cn_ot he i ! @l ther
row may be an i npgiereps ngit HUF'g?'05\%'O%da%%gwgtlh\?ecr?%%}ngﬁ%g%alcgéﬂlei%whr%

transfer a“dlﬁ%cgér{watg} Bk Rl TR B hetveeh thasgaoedvapat dbpeecibs b23EonThe, wi t h
all wafers movihg in flor processing in row CC and _all proce sg)% w;l{ers
MoVi Ng out i dic lobheDRafehl dpenive 1 344, yindicaied @6 s it Figand o W@érf S ons

may be run in bi-directional de.as_wgll, w _198hesSesmRRd i n
for  processplagediinta Bk @ e ]525%@ en%r\é\%\_cks porﬁfie%bﬁ, ?%%t ?Zy) andggv(/i th the same

operation. o T01 56946 lef AL AN NBE iedibodith@anshaivn, s oreaelet HA i ow.
downwar d:%y, F??%%%’Egb?o bottom tghr ough the system 800. The deck 932

preferably hgsmuopehbagses.n it to allow 15 air to flow downwardly.
Al ternatively, the deck 932 nay be renoved entirely, with air flow used to

reduce cont am nat{ o oLaR L RADSERRGAIIAD-B: ARETENDY: @pdagkzar junel |

I n an enbodi nment eck I ndexer space and process space
are conbi ned i ¢hesigé AGL 8 28§ sdsehvspacdlGTHe docki ng wal | 914 then serves
as a surface for docking pods, rather than as a barrier to contam nation.

20 By locating the indexer 826 |argely und fHREH ivgisinat dapier 828
and transfer sta’f‘i%ﬁ‘fagﬁ’o‘?f ‘é‘r%ﬁ’?’r‘g% 'adggf%ég'{&giz%ﬁ%%ﬂess f1 oor sSace, is

achi eved,, The, sONELAIYs 8258 TRaviity RIVES 6 edihly teadtiea 254 cepdrated bryrieth datst'd>e he
various robots,  notors, sensors, and actuators i | ved .in rf ] t he
functions of atchiersgdparthe dugde syiacka P! theeRRSF i"gﬁlé%gﬁi%%é'h? %E%aﬁg%qegm

?nglt: 8:, Lgd in, coordinat | an, ABH 1S8R BhciPwalef pbaiR thorirt@hledtidneaier

slots 1250.

Referring to FIGS. 55 and 56, cylindrical carrier wall sections extend between

15  the ribs 1236, 1238, and 1240. However, there is no cylindrical wall section
between the two upper ribs, at the wafer opening 1246. Elongated comb slots 1253
formed ih the cylindrical sidewalls 1261 extend between each of the ribs 1236, 1238

and 1240. As shown in FIG. 56, the comb slots 1258 are aligned with the teeth slots

56, so that when a wafer 90 is placed into a wafer slot 1250, a comb slot 1258 will

20 be centrally aligned with the wafer edge. A slot ridge 1260 is optionally provided
between the side ribs 1238 and lower ribs 1240, to strengthen the sidewalls 1261,
which are largely open space due to the extensive comb slots 1258. The slot bridges

1260, if used, divide the comb slots 1258 extending between the side ribs 1238 and

tower ribs 1240.

25 For clarity of illustration, the carrier 1230 shown in FIGS. 55-57 is illustrated
without the wafer retainer assemblies 1262, front end cap 1242 and back end cap

1244, which are shown in subsequent drawing Figures.



Fi gure 55-66 show preferred rotor and carrier designs. Referring to Fig.
55, an alternative carrier 1230 and rotor 1270 may be used. The7 gagnaisr
1230 has a front ring 1232 attached to a back ring 1234 by a palr of upper
ribs 1236, a pair of side ribs 1238, and a pair of |lower ribs 1240. C 7
JAN 2005 -39 Referring nowto Figs. 55, 56 and 57, the carrier 1230 has a
waf er opening 1246, generally extending in an arc between the spaced apart
upper ribs 1236. The arc of the wafer opgping 1246, indicated as AAin -
Fig. 57, allows wafers 90 to be placed into the carrier 1230. The arc AA

is preferably abouq{eﬁﬁg%iggﬁg%@?% iR 8 2§O,D£1%fo€§%?§bﬂeaﬁhgﬂ&l Ad L 40FIC.

|
degrees. In the enbo arc or angle AA about 130 degrees.
Arm sl ot s 1248&5ahes flighrsdaperingmiesivalés. Sihdestsafe wuifecesradtive olps 1239, ri2ag aed 32,
just under the side ribs %38, ag shown in FI G ES. Afpl ur ittia/ of. |
ci reunf er ent i dI24Narepospaplelbygather hpvsalgh soniRhepaeo! @Rele Terhovp N bisy
Conmbs 1252 hawin ) h enar d ceb iy 8d0és. 1258 are
forned on the\@llﬁhgjlr(jgy%tiﬁpgcggb%e% t 'en%[?)e‘spér?@ri bsﬁ%g‘:%%@ﬁé}og% ri bsg(?1238, ~and
| ower ribs 124Q dheistceaidal sbet sheldisGetat Fl2atthewaheor opsingil@d2 fobthe carréer

circunferential wafer slots 1250. Re%ﬁrtr'bn? to FEC@ .551 d 56,
cylindrical ca30dp eRatar taartihe Shamelsi kAL Be fME R 248 P s 1236, 1238,
and 1240. However, there is no cylindrical wall section between the two

upper ribs, at the padiaihe 0RANICLBYEthe Ehapgal HOhBQNPais bbivafel 288inefsorasad i n
the cylindrical sidewalls 1261 extend between each of the ribs 1236, 1238
and 1240. As shesipblefrgmche mgen pratien chshomey i doiied lies iy FigyR@d uhtenclp
teeth slots 56, .S Nin20i0 S PERC L LWALD rdaief €F6518t 0hik50,
a conb sl ot 12%'%%?%%0 %b%gqeﬁtqtg{eﬁy}mg l|ngFEri1%'cl'lsvvith t he \Ra?'er edge. ;,AOSI%O'[

ri dge 126Q0 s lapiricoadlihty the @pbn @dsitibe Oveben theecagieald 2300s oueBthandtor JVEP.

ribs 1240, to strengthen.the_sidewalk 126 which . are. | ar Opean . ,space
due to the extg“r‘i?s}’"@%r CORBEE 6‘%3 1558092 TGP, PrsfyaL ™ %&%agyi“f%uséh ,
di vide the conpeshles 12308vitwt 8RGLRY 1026, \WRRYof pepsicd@f fiussatica38 and

Referring still to FIG. 59, each wafer retainer 1262 has a retainer arm 1266
pi\;otably attached to the front ring 1232 of the carrier 1230 via a retainer pivot joint
15  1264. An elastomeric edge strip 1268 is proﬁided at the outer end of the retainer

arm 66, for resiliently engaging the edges of the wafers 90.

Referring 1o FIGS. 58, 59, and momentarily as well to FIGS. 36 and 37, a rotor

1270 is positioned within each of the process chambers 1020 and 1030. The rotor

1270 is attached to a drive shaft linked to a motor which spins the rotor within the

20 chambers, as is well known in the centrifugal processing field. The rotor 1270 has a
front ring 1232 and a back ring 1234 connected by (preferably six) side bars 1236.
Accordingly, as shown in FIG. 55, the rotor 1040 has an open construction allowing
process fluids and gases to be freely spréyed through the rotor. The rotor 1270 is

oriented at an inclined angle of about 10 degrees to horizontal.

25 As shown in FIG. 59, drive pins 1280 extend inwardly from the rotor 1270, to
engage structural features of the carrier 1230, such as the ribs 1236, 1238 and 1240.
The drive pins 1280 allow the rotor to positively engage and spin the carrier 1230
with the rotor 1270 as the rotor is rotated within the process chamber 1020 or 1030,

The drive pins prevent angular movement between the rotor and the carrier.



| ower ribs 1240. 25 For clarity of illustration, the carrier 1230 shown in
FIGS. 55-57 is illustrated w thout the wafer retainer assenblubgAﬂZﬁE
front end cap 1242 and back end cap 1244, which are shown in subsequent
drawing Figures. 0 7 JAN 2005 -40 Referring to FIG 56, the carrier 1230,

al t hough appearing cylindrical in FIG 55, has slightly tapering side
wal I s. The outside surfaces of the ribs 1236, 1238 and 1240 are not
paral l el, but rather, have a slight conlcgl taper of angle T, shown in FIG

56, preferably 0.2-5.0 degrees, nore pref ably from about 0.5-2.0 degrees.
As a 5 result of this conical taper, the dianeter FD of op
ring 1232 of the Aashped inf2mo 5553”6r5@afﬁf'e“t%‘§?f 1t Fegﬁ@%%%t@gtﬁo tgtel ower

or back ring b%gﬁi.ag§¢fp€f£t%'1%4“&"‘(#%%% @27@%!‘0\/‘&]@3 cappingkurlatéGorhasiti@nipgi r  of

waf er retainers votabl e fromthe open position O shown in dotted
lines in Flg¢hé&nnb01Emﬁkﬁ@mﬂdmanp@wﬂnmdmrﬁuwaﬁgb shown in dotted lines in
FIG 59. The wafer retainer 1262 nay only 10 be noved into the open

t 0 wh th t
o1 100.0.806 e a8 M0 S B A oy B W,

carrier 1230 Y;"'F‘i%"l’fb the camewu%?@ e h¥ithfrOthe Pdfop0SES, &fthey bubtspat dunmg
Referring sti 9, each wafer retainer 1262 has a retalgéa[9 arm

1266 pi vot abiewramgaelqjmdesswgt Wi greoitt, aniipoTva theolPpehl ¢ dhs FEFe"L D% a

retai ner pivot joint 264. An_ el to igled at
t he outer dL%fOIPhéQ%QT (ialﬂ HHpe "%f‘llanc%% ﬁ{‘“?é‘g‘%ﬁﬁ%’f\%‘%%ﬁ%ﬁ'g? IF\oszr{aﬁéem(tedges

of the waf ersca%@er RefEfrbhndving bGehifting, upﬁ,&rdlamhdrrmmamiafrirw tb% rotet 123k
FIGS. 36 and 37, a rotor 1270 is pgleo ed V\géetchlnqg? & F
chambers 1020duiing RGBESSIThe Aofrer koyd2P g | nked
to a nmot oy, whi R 2% Wit (Hee: &91Qham«ah§pro@§sslr@ walalcaﬂmawn
in the cem Osq'\’%wp'r?%légg‘gf%gie?%% h?a ro'?or 1270 has a fronéh@rl n9851232

and a back mag i1 284agmhheat ety Exteiperf 288RBN N POcess WROLHAY, §od pro
Accordi ngly, sh n he rh240 i I hon
drngly @2?9518% dd%enﬁﬂﬁesgé%@s%e cag?etrq 23604 @ergﬁilﬁfth‘é%ﬂ & aQNSH W H;

allowing pro fréely sprayed through the rotor.
The rotor 127Qeir8Stor 1270.

Referring to Figs. 61 and 62, ;he wafers 90 are centrally located within the

15  comb slots 1258. This allows process liquids to be sprayed in a straight line onto the
wafers. The wafers 90 are centrally located within the comb slots 1258 {as well as

the overall wafer slot 1250 made up of the individual comb slots 1258, at each wafer
position) in the sense that, as shown in FIG. 61, the dimension A is no more than 4
times greater than the dimension B (and preferably no more than two times greater

20 than B, and preferably substantially equal to B).

As shown in Fig. 59, an orientation key or pin 1288 may optionally be
provided on the rotor 1270, to prevent the carrier 1230 from being placed.into the
rotor , unless the rotor 1279 and carrier 1230 are properly aligned; i.e., with both at
the zero degree or straight up position. The key 1288 prevents the carrier 1230 from

25  being installed in the rotor 1270, unless the carrier 1230 is properly oriented and-
aligned, so that a key slot 1289 in the carrier 1230 passes over the key 1288, as the
carrier 1230 is moved into the rotor 1270. The key 1288 may alternatively be

placed on the carrier 1230 with the key slot 1289 located on the rotor 1270.



oriented at an inclined angle of about 10 degrees to horizontal. 25 As
shown in FIG 59, drive pins 1280 extend inwardly fromthe rotor 127@7 J%g? ;
engage structural features of the carrier 1230, such as the ribs 1236, 3@
and 1240. The drive pins 1280 allow the rotor to positively engage and
spin the carrier 1230 wth the rotor 1270 as the rotor is rotated within

t he process chanber 1020 or 1030. The drive pins prevent angul ar novenent
between the rotor and the carrier. 9 7 JAN, 2&5 -41 As shown in Figs. 58
and 60, carrier stops 1278 extending outwardly fromthe back ring or plate
1274 of the rotor - Vi t i ur. I £ honi t

carrier 1230 | ongi %éﬁe?%gé Foyhgnst%% gﬁgorpﬂf%‘ 'ﬂ?%.tm%ralﬁﬂéﬂ rtrdgt%gPﬁﬁfﬂ}ng?d

carrier 1230 af@sierChvhieado@frora biwad hoarigkbentcas cahiesn23@ iTimeRrapsfebBobdthe
carrier 1230 is held within the rotor 1270, as they both spin during
centrifugal pr€essihyf verigally aligns jhe berizoaladly arieatednwalen $8r witha YRier kot
carrier 1230 i -t tor. 7 N, ERS i I y
50 be desi red T IRevenEr ipes fdesble SO TS 00 GRS In Rl drelfe FEf6 1
upwar dl y apd qibfepdbty ¥howoTBat Bexréedt Hk b2B3Hametyt ioighgvalassongl 258 saerdeer
key 1282 on the rotor 1270 ma%/ be provided to 10 positively Io%g t he
carrier 1230 valloming theevaler ¢ Lo1pews IBGrtPR G HEDESs | HIF retveer @5PY P8rare [plPs s
engaged by a I% an%tsu%Bﬁi@n 1285 on the process robot 1000, as the process
robot 1000 di séngdgeés fromthe carrier 1230, after placing the carrier 1230
within the rotor 1270. Referring to Figs. 61 and 62, the wafers 90 are
central ly | ocated Wvhén padhhe theBafeondss 4201 withpsacarrer 5238 is dikled pridcewsfer,
liquids to be sprayed i.n r.ai ght .l i nt -warf T f are
central ly | ocdt'eld tb/\? il 3%%6 ¢bAb 8ot gﬁefggg‘ﬂ(%ggﬁl '%gribert ﬁgw\é%ésregﬁ %%hf er
sl ot 1250 1gadeyrdpedirobdiel doodhia@s aloveani & ltiod sarti2b823@fromatie dukerg station
position) in the sense that, as shown in FIG 61, the dinension Ais no
nore than 4 t83fe9ier B dRIRC V@ dE4%i on B ( and preferably no nore
than two tinmes greater 20 than B, and preferably substantially equal to
B). As shown in Fi Ref@Bngad riy. i4@Nihatdrocesk @ybodri0pons prB8dedayitpin ahahbyvde

end effector 1290 for use with the carriers 1270 or 2200. The end effector 1290 has
7 flat, spaced-apart arms 1292, similar to the arms or fingers 1006. Arm pins 1293,
15  similar to the pins 1008, are optionally provided and protrude upwardly from the

arms 1292,

Fig. 44 shows the process robot 1000 engaging the carrier 1230, while the
carrier 1230 is at the transfer station 830 in the position shown in FIG. 44, i.e., the
carrier 1230 is in a vertical position, and the wafers 20 wit'hin the carrier are in a

20  horizontal position. The robot 1000 is maneuvered so that the arms 1292 of the end
effector 1290 extend into the arm slots 1248 of the carrier 1230. The end effector
1290 is then moved slightly in or closer to the carrier, so that the arm pins 1293 on
the arms 1292 move into pin holes 1295 in the side ribs 1238 of the carrier 1230.
(The pin holes 1295 are shown in FIG. 55). Simultaneously, a latch 1294 on the end

25  effector 1290 engages a latch head 1295 on the carrier 1230, as shown in FICS. 46
and 48. The end effector 1290 is then positively engaged and attached 1o the carrier
1230.

After the carrier 1230 is loaded with wafers 90, and is ready for movement by

the process robot 1000, retainer actuators 1105 pivotably supported below the deck



provided on the rotor 1270, to prevent the carrier 1230 from bei ng pl aced.
into the rotor , unless the rotor 1279 and carrier 1230 are propﬁzhm
aligned; i.e., with both at the zero degree or straight up posit .Nﬂwg
key 1288 prevents the carrier 1230 from 25 being installed in the rotor
1270, unless the carrier 1230 is properly oriented and aligned, so that a
key slot 1289 in the carrier 1230 passes over the key 1288, as the carrier
1230 is noved into the rotor 1270. The k§¥ 1288 may alternatively be

o]

pl aced on the carrier 1230 with the key ‘ot 1289 located on the rotor
1270. 0 7 JAN 2005 -42 Referrin 32- 34 -or, an 436, td he
transfer robot!0g7d tof rans %S‘ai"?'h@f g? rﬁk?f%%‘ér%ﬁz %Q%%9£9g%>géeds UFS(;{A(:/I 815 into

a carrier 1230, ! VQQ@B e v@fﬂ%ﬂ&ﬂmﬁ@fbﬂﬁﬁﬂi@Gammgm$ tloged
horizontal l'y K |%%$E%F§§ &Brms aa a%fer slot 1250 .in the carri 1230

Referring to gdsiionss, Thbtrémugmrmhé%vﬁaﬂen repew ingha shsed BO%“B?&P&' Bﬁwyabout
130 degrees, the r oot. ﬂ?aneter of ége wafer slots 1250 is larger, allow ng
the ‘waf er 90 YidHies N MPYHABE FPEr 1230. The retainer arns 66 are in the
open position 0. Wen each of the wafer slots 1250 within a carrier 1230

is filledgith a vaeking Ml fof FICBe4Tas rifer 112300 ieffeabh a2 e séqure@dowbe h a

desired nunber of wafers 90, the 10 process ropot, 10 nit es .nn
of the Carrleﬁnmﬁ3@%fKﬁWiﬂﬂ§)Wﬁdh?ﬁgﬂg{ég$%ﬁﬁt§Q§eéh go thé arQt m%%gr

1020 or 1030. F@ferrl CESSe (RORL &QQQ3US adihdadd wi t h
an alternatlv@“‘éﬁﬂnﬂ??gc enoggggﬁp 60&: ﬁiﬁ% Ehe carriers 1%?% or’ 2200.

The end effecagemﬁggQEhaawnhi@ﬂmmspgdﬂﬂa&ﬁammmapﬁswﬂ@§§ A4ppdar to the
arnms or fingers 1006. Arm pi ns 1293, 15 simlar to the pins 1008, are

optional Iy provided ggﬁ% %8%} nggrg.a%w rglﬁtR@ ;H!ﬁ mc\%%ggcesftﬁamﬂérs

shows the process Fig carri carrier

1230 is ajgthephd, 31@:@69ﬂwe%ir@éeh@ﬂa;b&%mnartmewemmetr|1m0§bmmme¢b&thﬂ40b0t
i.e., the carrier 1230 is in a vertical

thin
the carrier aﬁ@OQnTbeﬂﬂxﬁﬁﬂP%6ﬂ999”ﬁﬁéﬁﬂﬁﬁﬁam?ﬁéqw%BHFerBGM?Eg&%ﬁggsﬁged
so that the aﬁﬁ?&réﬁ%%ﬁd %Ffectta?mﬁﬂ% end effector 1005, 1290, or 2500 described below.

Referring now to Figs. 49-51, the process robot 1000 moves the carrier 1230

laterally for placement into a rotor 1270. As shown in FIG. 49, just prior to placing

15  the carrier 1230 into the rotor 1270, the robot 1000 positions the carrier 1230 at an
angle | matching the inclination angle of the rotor 1270 {preferably about 10
degrees'). From the position shown in FIG. 49, the robot 1000 can then move the
carrier 1230 in a straight line into the rotor 1270. The movements of the carrier
1230 by the process robot 1000, as described above, are performed by controlling

20  various motors within the process robot 1000, which control the lateral position of
the robot 1000 along the rail 1002; the vertical position of the articulated arm; and

the various angular positions of the pivoting segments of the arm.

 As shown in FIGS. 52-54, the process robot 1000 is extended to place the

carrier 1230 into the rotor 1270. The robot 1000 moves the end effector 1290

25  down, to withdraw the pins 1293 from the pin holes 1295, and also to release the
latch 1294. The end effector 1290 is then withdrawn from the carrier 1230, and the

carrier is supported in the rotor 1270,



effector 1290 extend into the armslots 1248 of the carrier 1230. The end
effector 1290 is then noved slightly in or closer to the carrier, [ 3$aANH85
the armpins 1293 on the arns 1292 nove into pin holes 1295 in the side
ribs 1238 of the carrier 1230. (The pin holes 1295 are shown in FIG 55).
Si mul taneously, a latch 1294 on the end 25 effector 1290 engages a | atch
head 1295 on the carrier 1230, as shown in FIGS. 46 and 48. The end
effector 1290 is then positively engaged.-and attached to the carrier 1230.
After the carrier 1230 is |loaded with wafers 90, and is ready for novenent

by the process rabgke LAQQ#He£18F aD D@ IM@E G Ul Snd LORy gionotiab byrrisui3or tred
bel ow the deck 0 7 JAN 2005 -43 1107 of the transfer statl n 830 (shqwn |n

Fi gures 42 amdr@ri@8)nedseyddds (Uipved) ds ynaaged engrgean ey eekaing &RITISE Hﬁoi

and pivot the treégg(?er arns 1266 into the closed position C. The retai ner
arns 1266 t héf™f nin the closed position C, preferably via friction in
the pivot joints 1264. 5 Referring nowto FIGS. 43-45, after the end

ef fector 1290 is g@eutedehd etfaetor 0200 ierentirdle wolbtwi00@ Hodrt© tﬂwhepr@caﬁsri er
1230 off the deck 1107, with the articul ated, arm.seg rrents\%Sé t.he rphot
1000 pi vobi ngfhtaﬁi’bﬁb?/‘ézq ﬁé'%&?jfr?@rpfﬁ%’iﬁ“{ﬁpﬁﬂé)’@ﬁ%man C@TEW ép'”%’é‘” % in

conparing the gary/j-gr, ags iHe()?ﬁatherFl e Atriandidb- pnlmzé g§80 ézﬁeveﬂﬁrmﬁt?on@nd 48

show the rel ative positions o e process chanbers 1030, the
process robotmd@itknt ansigage banwaeenhéeamtebéﬂl‘@ and)ﬂ”edotjy 1t2I5i@ Mo teper of D .

-The process rohot 1000 sanme,as _the process, raobpot u th a
different endn@faHtases OFE%I‘Ptgé 1%2%‘ 1 £ 06 B%’dﬁﬁ‘ﬂ?wiﬁétee or bfgebngeésag\é\éf bed

bel ow. Ref er rthﬁ%ﬂé}weia%ﬁ 9562 49 tErhprdsh ehPmatassdgeos 11@9'1@\/@%&%&%
carrier 1230 aterally for placenment into a rotor 1270. shown in FIG

49, just ri ordgesopiheovafgrs, astherrrierr 1334 isingellechinge fh?emetstWOlzTJﬁe wafgle
robot 1000 pogltions the arl | c W
aidgl 5 EﬁCUﬁ_‘ hdi | GE %%e?r? \%t Qlﬂﬁ' el 1784 ht&gseﬁﬁl%ti afer

i nclination otor pre era y about 10 degrees From
the position gbewsg,ion ifdrémed@) rdtiteon ofibe 66 wialnntthe carirol23d, Prepreveatad; er
1230 in a straioht |l ne\d i Ok 1108 &Lrit? £ 0inid e d BN SRR SreOLrsd fGUERE G T

- steps. .

15 The open designs of the carrier 1230 minimize blocking or interference with
spraying of process liquids and/or gases onto the wafers 90 within the carrier 1230.
As shown in FIG. 57 or 63, the rotor 1270 is Jargely open, having only the side bars

1276 as surfaces for engaging and enclosing the carrier 1230.

Referring to FIG. 57, the carrier 1230 is also largely open. The wafer opening

20 1246, shown as angle AA in FIG. 57, extends for preferably about 130 degrees, and
is entirely open, as shown in FIG. 55. The remaining approximately 230 degrees of

the carrier 1230 shown in FIG. 57 includes from 25-50%, and preferably about 40%,

of structure or side wall surfaces {as measured by the surface area of structure and

open spaces) of the carrier 1230. Consequently, the carrier 1230 has the equivalent

25  of a 270 degree open space with 90 degrees of structure or surfaces.

As shown in FIGS. 58-62, the rotor 1270 has a front end cap 1242 and a back
end cap 1244, which are pressed into the front ring 1232 and back ring 1234,

respectively, to become permanent parts of the rotor 1270. The end caps 1242 and



1230 by the process robot 1000, as described above, are perforned by
controlling 20 various notors within the process robot 1000, which control
the lateral position of the robot 1000 along the rail 1002; the zghQL%ﬁl
position of the articulated arm and the various angul ar positig Whe
pi voting segnments of the arm As shown in FIGS. 52-54, the process robot
1000 is extended to place the carrier 1230 into the rotor 1270. The robot
1000 noves the end effector 1290 25 dowys to withdraw the pins 1293 from
the pin holes 1295, and also to release the latch 1294. The end effector

1290 is then hdr a M.t r 3G 1h@Rekt 8 lasE aFafdrein thé csiiepor t ed
in the rotorqﬂfgﬂrOV rﬁo fog'% éHO%%sprt%he end effector 1290 noves down

and away fromides &@Is;rsirﬁmaiéé?rﬁadj‘at@wtcfaafenseurfata)ckl ng key 1282 (if used) is
engaged to nmechanically lock the carrier into the rotor 1270. After the

d effect 1290 t I i t hd the d mb
1020'is ol osed. ot rOEE<GAHgMy il 70 e EFYar 1520 Soite WPifC the

rotor 1270 a £ Mok bifdctel b %a@th\résorjc%&@mw@rhse@tfluads
rotational V"kﬁ%@éﬁé%f}%.ﬁé} F@ﬁ%ééh-eg}eaert vvgen tche C%I‘I‘I er 1230 and the rot or

1270. Thes t apegasef. F\Ihennamnelwdémswﬁacéﬁ(bﬁn(ﬂ esor b2+ MR Abso he gade qfhe gy nsi de
surfaces of the side bars 1276, cause the wafer retainers 1262 to conpress
t he waf er ed&é'”é%sF F1591268 slightly against the 10 edges of the wafers, as
the carrier 1230 is installed into the rotor 1270. The wafers 90 are

secured agai nst npyepRRd it hpotinehe akfrieen 232,3{ayrm€nbrbsetqelenmbylota/\hﬁérat
cl ocking, or increnental rotation of the wafers within S

t
prevented, reduwifey peaitione helrykh spdiecirmagseinclhE S vaP! the ﬁnW%%{obéaalﬁso Povm ng

a reverse se ua%”%%o&k rofdrEPF a water Bl%aQP%fE’ieﬁnlegé@ssrvmffam RertiaAY bitedf tHe2dbr
m nim ze bl oc H i'Nterference with spraying of process |iquids and/or

gases onto thed \tgaifcbl’o& @Bewivblirn Chesementien dasr flanginserinyatencan gsulign or

63, the rotor 7 s | ar gel having-o £ 15 BPEShe dGHB sRE

surfaces for 'éehéé ﬁ"ﬁﬁ’&qﬁﬁ%l ogﬁeeﬁ'ifr fé cr}g(r:r .%err‘h%% ! y ’

' 1258 helps to contain broken wafer pieces within the rotor. In addition, in the event
that a wafer breaks, the forces exerted by the broken wafer pieces tend to be carried

more by the tooth slots 1256, rather than by the adjacent wafers.

15 , Referring now to Figs. 63-66, in an alfernative design, a carrier 2120 has a
pair of step ribs 2124 connected to and extending between a front ring 2032 and a
back ring or plate 2034. A pair of first lug ribs 2126 and second Iug‘ribs 2128
similarly connect to and extend between the front ring 2032 and back ring or plate
2034. The carrier 2120 is symmetrical about its vertical center line C-C shown in
20 Fig. 64, with each ribr of the pairs of ribs 2124, 2126 and 2128 spaced apart on
opposites sides of the center line C-C, as mirror images of each other. In the figures,
only one member of each pair of ribs 2124, 2126 and 2128 is shown, while it is
apparent that the corresponding member of the pair is at an equivalent position on

the opposite side of the centerline C-C.

25 As shown in Figs. 63 and 64 each of the ribs 2124 has a series of adjoining
steps. While varying numbers of steps may be used, in the embodiment shown,
there are four steps, a first step 2130, a second step 12132, a third step 2134 and a
fourth step 2136, and an optional fifth and largest diameter step 20137 closest to the

front ring 2032. Each step has a preferably flat land area 2140 orierted parallel to



Referring to FIG 57, the carrier 1230 is also largely open. The wafer
opening 20 1246, shown as angle AAin FIG 57, extends for prefeﬁ?gwﬁz
about 130 degrees, and is entirely open, as shown in FIG 55. The 'H
approximately 230 degrees of the carrier 1230 shown in FIG 57 includes
from 25-501, and preferably about 40% of structure or side wall surfaces
(as neasured by the surface area of structure and open spaces) of the
carrier 1230. Consequently, the carrier 1230 has the equivalent 25 of a
270 degree open space with 90 degrees of s ?ucture or surfaces. As shown in

FIGS. 58-62, the roto 2, [ P
1240w oh ol & PSSR T oM Reer 600 HRRG §7% o RETRRV s ST ok
respectively, s1aob@gemR HRIWMERNENIN BAEIE S0 He dpheaxiotiorprdidide. forThe aeplbdcads
1242 and 0 7 JAN 2005 -45- 1244 provide for nore uni form processing of the

first and | astathef tas 4 fletstes, @ehpiver 1230, as they sinul ate an adj acent
waf er surface. The carrier 1230 and rotor 1270 are preferably nade of

Teflon (fluorine C[(%nt%h(gl ne%g rﬁib“?thg% g&%not r}l]?é'tl‘?er gwg?ént%FJp?&tﬁQJ Bye

reactive or COI’I’OSIV I Qi Al'ter € carrier

1230 and r 9t okuARdd Y. alfse s Badsurfates BAg-are p$éfarlablye($$erﬁédaeﬂ an Thelevaft er
slots 1250 in the carrier 1230, forned by the conb slots 1258 at E!“ECh
waf er positi oﬁronh@riﬁ tRBefﬁ@bl)’c’EO HarrageneTh Piavsaldy @hev 3at> & AR CBRTeRT EARYE | n

nmany known roi(grtﬁé nd. C 5‘9{0 bﬁm HeL&ts '3%C§§32M4134f:91|d|Z‘F?)%rﬁrbaslhk)%nou'[

of the rotor on oth fers. nsequently a crack or flaw in
one waf er can hae§igd &équah lerighte dndssidais, sayieg alepvedgeinss widt endiheightomiy Glso55,
the configuration of the conb slots 1258 hel ps to contain broken wafer
pi eces withinhkeeelotor. In addition, in the event that a wafer breaks,
the forces exerted by the broken wafer pieces tend to be carried nore by

the toothygl ots 125Gtaihatshan2thapilyadihetapébeeie r@ftend. bakk rR%E@OBQrtgmd’IOW
to Figs. 63-66, in an alterpative design, a carrier 2120 h% ? gé
step ribs 2124%dnriswilad N Geaal 8% BPRIFIY 1eihfetsieines (00 hayy 30384

back 1ing of Rhakeva03ch el 21% ds'sibs b¥fb,2hBg, 212PaANY156GRAGpliYGaINY bs

2137 on its back surface, with the steps on the retainers 2122 having the same

design and operation as the steps on the ribs 2124, 2126 and 2128.

15 Referring still to Figs. 63 and 64, the first and second lug ribs 2126 and 2128
each have pairs of spaced apart lugs. In the embodiment shown, four pairs of lugs
are included, a first lug pair 2150, a second lug pair 2160, a third lug pair 2170, and
a fourth ug pair 2180. Each of the lug pairs is spaced apart from adjacent lug pairs
by gaps 2190.

20 The first lug pair 2150 includes an upper or first lug 2152 spaced apart from a
second or lower lug 2154 by a lug siot 2156. The second, third and fourth lug pairs
preferably have the same lug design , including lug slots 2166, 2176 and 2186
between the lugs 2152 and 2154, The back ends of each of the lugs 2152 and 2154
have an angled or chamfered surface 2158. The first and second lug ribs 2126 and

25 2128 are the same as the first step ribs 2124, except that they also include the lug
pairs 2150, 2160, 2170 and 2180. Consequently, the lug ribs 2126 and 2128
include the steps 2130, 2132, 2134 and 2136, located at the bottom of the slots
2156, 2166, 2176, and 2186 formed by the lug pairs 2150, 2160, 2170 and 2180.



simlarly connect to and extend between the front ring 2032 and back ring
or plate 2034. The carrier 2120 is symetrical about its vertica& ;@ﬂtg@
line CGC shown in 20 Fig. 64, with each rib of the pairs of ribs 1 ,2 526
and 2128 spaced apart on opposites sides of the center line CGC, as mrror
| mages of each other. In the figures, only one nenber of each pair of ribs
2124, 2126 and 2128 is shown, while it is apparent that the correspondi ng

menber of the pair is at an equival ent Qgsition on the opposite side of
the centerline CGC. 25 As shown in Figs:"'63 and 64 each of the ribs 2124

has a series of adjoining steps. ile varyi n r ¥hoe
used, in the enboliariFt quﬁom,o on FP\e%eOfaﬁhg ”f%u"l(*]]%ét gggg agd?ji1rf§8tt’ eag’?egﬁzho, a

second step 121 bHhir 1341 8Rfhetr BPYRGWN Sh &foti2dAde andigars3.
opti onal fiff%a@%% ﬁeazggié’sltgcaa%g%%%er step82i37 closest to the fr gftéi ng
I

2032. Each stgpildigsihe serefenab?)32f that sterid 3dr ewd a0 stri el £ tooO
7 JAN 2005 -46 the spin axis_ S-

S of the carti 2 h 1N gFi
Al 't érnat i vel yibs 21841 AP apda 1% ﬂ"r‘?agﬁt%'éer?)?il'Z%t'se(%)%gEEEaﬁyg%% g' tﬂgrdt Egdspi n
axis, to pro AUC#% fﬂ%ﬁwe?é}sa\ﬂﬂl B9 ShaPs. TRl deBa, ahfrlaindsf@pth densheran.
The | and areas 21 of t

he 'steps extend into the adjacent st%g at z@f‘ﬁ face
5 surfaces 2ldReasthecrateptallgders theftack of hea2rrgrdagipent Fame/ LI Wi t an

angl e of from 0-50, preferabl 0-40 n r.e er 25 or 30
degrees rel at® the freny qffilae F%fﬁﬁy(é‘aa@%?gt i?l%ﬁ%ogf E'H%@Bﬁi}t h@mg%{%tggqg%gga?n %%52

2134 and 2136, 3c8¢ nﬁ%enﬁﬁy bpgoRGualt bengtdis - andmpked beferablyyabogt 5t by
| engths, wi dths an eights ' may also be used. 10 Rgt ai ners 2&%%%e
si '

pi vot abl y at teach®ehrb,ce.gh @ isInt mangreyactban g L2302 AY Bresy ™ 1229 i

design and operatjon to the retain : WiH ReFiide.g290.75Hameigher each
retai ner 1?12?‘?‘155{'8t"%'ﬁ'sgr§%]§r0‘,¥1aé?é??rogrfé%qgﬁgngm% aﬁigloptgi onal ly 2137 on
its back surfiggemewirbliobhaest eps on the retainers 2122 having the sane

design_and operation as the steps on the ribs 2124, 2126 and 2128. 15
zRifzgr & ng still t OReIf:ér usng tgﬁsgf"‘@ﬂ aGrAc_Sfor tBgo z{o%bte%ntg REG0NEnd 'égché Bise &%A6r and
2120. ‘fhe rotor 2200 has side bars attached to and extending between a front ring
2202 and a back ring or plate 2204. A carrier engaging rail or protrusion 2208 is
15  preferably provided on each of the side bars 2206, although fewer carrier engaging

rails 2208 may be used.

Each of the rails 2208 includes a series of steps dimensioned to engage the
steps on the carrier 2120, when the carrier is fully engaged into the rotor. The rails
2208 preferably have a rectangular or square stepped Cross section. Specifically, in

20 the embodiment shown, the rails 2208 on the rotor 2200 have a first rotor step 2210,
a second rotor step 2212, a third rotor step 2214, a fourth rotor step 2216, and
optionally a fifth step 2217. Each of the rotor steps has a land area 2218 and a step
face 2220, similar to the steps on the carrier 2120, as described above. The rotor
steps are dimensioned and oriented to engage with the steps on the carrier. Thus the

25  rotor steps are also positioned on diameters D5, D6, D7 and D8 matching or
nominally larger than D1, D2, D3 and D4, respectively. Clearance slots 2222 are
provided at the front ring 2202 of the rotor 2200, on either side of the rails 208.

The other features of the carrier 2120 and rotor 2200 are the same as

described above with respect to Figs. 43-62.



each have pairs of spaced apart lugs. In the enbodi mrent shown, four pairs
of lugs are included, a first lug pair 2150, a second |lug pair 2169, JAH 72005
third lug pair 2170, and a fourth lug pair 2180. Each of the lug pairs is
spaced apart from adjacent lug pairs by gaps 2190. 20 The first lug pair
2150 includes an upper or first lug 2152 spaced apart froma second or
| ower |ug 2154 by a lug slot 2156. The second, third and fourth lug pairs
preferably have the same |ug design , in&%yding |l ug slots 2166, 2176 and
2186 between the lugs 2152 and 2154.' The back ends of each of the |ugs
2152 and 2154 haye an, angl ed cha r ) N

X@%Seaﬂ}? |eéfggo [ s a‘ﬁeg?ntg%é %Shgéﬁ as HB&rbkd 3bho ' FZL;]_

second lug ribs 2 are the sane as ft rst step ribs
except that taadedlohowithctipdesihe | vgwepai rs 21o0n B16@s. 2366, apdn 2n86l
Consequently, the lug ribs 2126 and 2128 include the stegéééﬁgo. 2132,
2134 and 213@nstalbasianale first {ugenalyo 2 Sfhonteachof deplug ribsigs 39968 28 5H9e oVang
2186 formed by ,the | ug pai 15 16 80.9-86 bf N0 0047
The first ste%’dﬂfgﬁgeé%mg'éné{f%s&o‘f e Sr%?%g%ﬁ%ﬁshg%gdgzénd 2128, and on the
retainers 2122 q &dnFeal Hdon 188 fcbret adbaumie thdtasieounoithe dotot.edhisi méial n
Fig. 63. Simlarly, the second step 2132, third step 2134, and fourth step
2136 on each evgagdreent ig goven p47ig.046 VHitl 1R 08Tighd 1R &N tut ROHEPY 1985371
| ocated on second, .third and 5 Uy t TS IRBeahnd dial Mgrebiidnst
second, thi rd2asEn5aTE" |ag?rré Fe](?rgoqhﬂgérlease&r’ ?l)ér@ger?{snt all ynP?ar om t he back
of the carri efut(djivasantie bagdidrecibastcd, iikg tBOIjriertd 20hmnfioohe twfied e can
carrier (adjacent to the front ring 2032). PrefeerI¥ tpe diayg}erg the
i ncrease i ncrieniuined PYIYolreyesng yBouEMaB angles (581 1esH han T IRES #grgbpy
about 1- Jy 7 i 0k BeD1520Rdi 5 5k RolWB HetRtigiog han DI, D3 is 1.5 nm
greater than Tg?m%ﬁﬁogngAg?% 1.5 nn1greg?er than D3. Correspondi ngly, each
step is e.g., 0.75 nm higher than the previous step. F@ferri$%1to_Fi 63,
a rotor 2200 is adsphedarier 2 B¥bis veovasdfusberningo threrader $40%% as sAoN InTHE: %ot or
2200 has side, bars. atiached, ' { YESNABIES e, L.hNthe 22A2 and
a back ring o¢e6FHF%EE%%&5qKﬁ§%?fﬁ®%%%ﬁggégﬂggﬁaﬁf or rétrusLon 2208 is
2120 can be freely moved back into the rotor 2200. Referring to Fig. €6, as the

carrier 2120 is moved fully into the rotor 2200, the steps 2130, 2132, 2134, and
15 2136 on the ribs 2224, 2126 and 2128, and the retainers 2122, of the carrier engage
against the steps 2210, 2212, 2214 and 2216 on the rails 2208 of the rotor 2200.
However, this engagement between the steps occurs preferably over the last 5-3 mm
or 10-20 mm of travel, As a result, the carrier 2120 can move axially freely into the
rotor 2200, until frictional engagement between the steps begins as the carrier 2120
20 moves into its near fully installed position. The installation movement of the carrier
72_120 stops when the first lug pairs 2150 come to rest against. mechanical stops 2224
at the back of the rails 2208. i the land areas 2140 and 2218 are inclined at an
angle, rather than flat, engagement between the steps may begin earlier as the carrier

2120 is installed into the rotor 2200.

25 The diameters preferably increase in equal increments from the smallest
diameter circumscribing the first steps 2130 on the carrier 2120, to the largest
diameter circumscribing the fourth (or higher) step 2136 on the carrier 2120. When
the carrier is fully engaged in the rotor, there is a close tolerance fit between them.
Until the carrier is fully almost engaged in the rotor, there is a clearance between

30 them. As the carrier 2120 is inserted into the rotor 2200, the lugs 2152 and 2154



15 preferably provided on each of the side bars 2206, although fewer
carrier engaging rails 2208 may be used. Each of the rails 2208 includes a
series of steps dimensioned to engage the steps on the carrier 210, JANHEH
the carrier is fully engaged into the rotor. The rails 2208 preferably
have a rectangul ar or square stepped cross section. Specifically, in 20 the
enbodi nent shown, the rails 2208 on the rotor 2200 have a first rotor step
2210, a second rotor step 2212, a third otor step 2214, a fourth rotor
step 2216, and optionally a fifth step 5 Each of the rotor steps has a

| and area 2218 a ste face 2220 oasgier
2120, as des%%‘?l%gbe 5H6'\%EO *P%%&mét%rtse%rcuﬂsg gﬁﬂﬁgﬁgﬁ%ﬁg?gﬂdﬁﬁ en'jt3 ed to

engage With {he> siERs QRickdCarkPESHRN wilihite dibeeRis ciohorscsbioggharaoraleps
posi ti oned on dzarreters D5, D6, D7 and D8 matching or nominally |arger

than D1, D2,2DR®), aﬁdzmwm&ﬁt&wedw ro@rd3dPlnce slots 2222 are provided at
t he front ring 2202 of the rotor 2200, on either side of the rails 208. The

ot her features of _.the carrier 0 & tzhgosgﬁrgo a8 70 and

described above wWPPHNS BE5ERNE 35§h%?&gré8%%r g% Qﬁ%l\la 5605 48 I'n use, the
carrier 2120, 1@ 'é?rgggéd Seuhd iR tae 2008 d6ci2P@0cardsr admlsr@mrbegletberowhaﬁ the
connection wt 32-54. However, as shown jin Fi n|t| al

install ati oncamhedtbstsrmt shifipnsaiarly wiso B8 reiakh Rl "'HITU;@)y Pf‘ B’QOVEQ%'C

2128 slides ove nd. enga [ e gécRerNwhbe thel bars
2206 of the ?%‘fS?S'g’Z’@fPﬂ% "%ﬁe C fa?tl gr!tggk %iaggﬁ%tgléagkggrgt er and_ gui éle ?ﬁjé

carrier intoghfiel B4 othBhi &nd Bitural theengage veithini e shIdpr- i e gee efathewy t h

the carrier 2120 in this position, carrier. has sjgn |
and hori zont #icremeniphHiers, ’eéﬁ’ceélﬂé‘éf‘%‘ﬁlggj me%l?ﬁ'/d% s‘ci"ald{l%réerté'bcicegn%% M‘%Egrhﬁa

very Ii tﬁhe angil de f &7 BNIE Shows he cdrhfier 6ad kb®F 1@ beOneariasity bentfactwred, or
can &4 onIy rough a very small angle, (e.g., less than 1 degree)

due to the EEpdodligneledsi mmmffdﬁ@nlm@sq@lg@s’é}ﬁd 2154 around the rail 208.
As the carrier 2120 is noved further into the rotor 2200, as shown in Fig.

65, thﬁ carrier 2120, cont LniRS760nhaY Sitdrafle @ndnaieeior af0axkalook2eaz ance,
e e Carf;rln?;d on the side arms 2504. A corresponding slot 2506 is provided on opposing
sides of the carrier 1230, as shown -in Figure 68. In use, the end effector moves
15 down over the carrier 1230, so that the arms 2504 are in the slots 1248. The robot
then moves the end effector inwardly so that the hooks 2502 align vertically below
the slots 2506. The robot then lifts the end effector 2500 up, causing the hooks 2502
to engage into the slots 2506. This positively engages the carrier 1230 onto the end
effector 2500. The carrier 1230 is released or disengaged using the reverse sequence

20 of movements. The hooks 2502 and slots 2506 may be used on any of the end

effectors described, in the place of the locking pins 1008 and latch 1294.



2120 can be freely noved back into the rotor 2200. Referring to Fig. 66, as
the carrier 2120 is noved fully into the rotor 2200, the steps 2130, 2132,
2134, and 15 2136 on the ribs 2224, 2126 and 2128, and the retainers 2122,
of the carrier engage against the stepg 2210, 2212, 2214 and 2216 (oh JAh&05
rails 2208 of the rotor 2200. However, this engagenent between the steps
occurs preferably over the last 5-3 mm or 10-20 mmof travel. As a result,
t he carrle 2120 can nove axially freely into the rotor 2200, until
frlctlonal yenent between the steps begins as the carrier 2120 20 noves
into its near fully installed position. The installation novenent of the
carrier 2120 stops when the first lug pairs 2150 cone to rest against
mechani cal stops 2224 at the back of the rails 2208. If the | and areas
2140 and 2218 are inclined at an angle, rather than flat, engagenent

bet ween t he st gps n$h %ﬁﬂ ﬁefarller as the carrier 2120 is installed into
the rotor 2200. 25 ThE'd Qfel®r BXG5CEHBELBNG QL1086 swafars cepnthiriade mathent 5
fromthe snallest dianeter C|rcunscr|b|ng the first steps 2130 on the
carrier 283fed contdiaet, aiaap Fisirfd gﬁ V&rcunscrlblng the fourth (or

hi gher) step 2136 on t'he carrler 212 the carrier is fully engaged
inthe rotor, there is a close tolerance fit between them Until the
carrier is fuIIy aJQB@ﬂngﬁbagéﬁHMNﬂrhe rotor, there is a clearance between
30 them As the carrier 2120 is inserted into the rotor 2200, the lugs 2152
and 2154 8 7 JAN 2 - i.d he ~carrjer so.that the dianeters

ci rcunmscri bi ng thqugggégﬁ%gﬁ %%% ﬁI§§§hGCQH§ﬂ§§@6 are centered and
coaxial with the diameters circunscribing the rotor steps 2210, 2212, 2214
and 2216 on the rottoansfefing Bue ey ‘

| ug pairs 2150 2160 2170 and 5 218‘3%2&?15%3%?3"{%?]%5“‘% raué?ﬁég"@éﬁi

the carri.er rqﬁaﬁ h@ ether, so that the carrier does not shift

angul ar | y? \ﬁi% ﬁaq 1Y OMHOTEIANER; may be noved quickly and easily
into the rotor, until the last final installation novenent, mhen the steps

engage each ot her, C r older use of the
i ncrenental steps Egﬁggg H-{]e needf%g)r Itlgérte %@f&h& @h ‘I)V?%IIE Qrt d9Tsn

the carrier
orizontal orientation;

moving the carrier to a processor;

placing the carrier into the processor;

rotating the carrier within the processor: and

spréying a procesé liquid onto the wafers in the rotating carrier.

2. The method of claim 1 further comprising the step of unsealing the

container by removing a door of the container,
3. The method of claim 2 further comprising the step of lifting the

container from a first level up to a second level, before unsealing the container,



10 and/or the rotor. This allows the carrier and rotor to be nore easily
manuf actured, especially when made of Tefl on pol yfl ouroresins. Rehqr iqgm
to Figure 70, in an alternative end effector 2500, a hook 2502 is "fo

on the side arnms 2504. A correspondingsﬁlot 2506 i s provi ded on opposing
sides of the carrier. 1230, as shown in"Figure 68. In use, the end effector
noves 15 down over the carrier 1230, so that the arns 2504 are in the slots
1248. The robot then noves the end effector inwardly so that the hooks

ci fect or 2500 . - canSi G s hauRen 509 e ADrENE bt e o defadig o0
This positively engages the carrier 1230 onto the end effector 2500. The

carrier l103@ainerrafldeeking stdtisangaged using the reverse sequence 20 of
novenents. The hooks 2502 and slots 2506 nmay be used on any of the end

effectors desc ibedTQi n tﬁ_le dzl ggf.of the_ | ocking .pins_1008 and | atch 1294.
-50 dainms: 0¥ JANIBB3BEHOMOREHBY] 1 F SOREIRGZONS Bep edrangeging the

contained within a closed container, conprising the steps of opening the

o s carr ey WA bR ROTE Vi kaPhe B e ofBBT 4R Ty hori zom

orientation; pivoting the carrier so that the wafers are noved into a non-
hori zontal ori@nt atThe;methddof tcheine &r fiirghiert o PISOFE TROISt I@Jf%b@ﬂagoﬂ?e
carrier into the processor; rotating the carri'gr W T hin t%pe processor: and
sprayi ng uid.onto the wafers in the rotating carrier. 2. The

a Br ocess |i
met hod of OPPL AR eRg fipgrs 1 thigrebt ame joterthereassierng the  contai ner -
by renoving a door of the container. -
7. The method of claim I further comprising the step of scanning one
or more of the wafers as they are removed from the container and transferred
nto the carrier.
8. The method of claim 1 further comprising the step of pre-aligning

one or more of the wafers aﬁe;‘ the§ ﬁrc removed from the container and before
they are transferred into the carrier.

9. The method of claim 1 wherein the wafers are transferred into the
carrier by moving the wafers .in a first dircctioﬁ, and the carrier is moved to a
processor by moving the carrier in a second direction, perpendicular to the first

direction.

10.  The method of claim 1 further comprising the step of processing

the wafers within the processor.




3. The method of claim2 further conprising the step of lifting the

container froma first level up to a second |evel, before unsealing the

container. 0 7 JAN 2005 -51 4. The method of claim3 further conprq $4 he
nad oL

step of docking the container at a dogking station. 5. The net ai m
1 further conprising the step of engaging the carrier with a robot arm and
noving the carrier on the robot arm 6. The nethod of claim5 further
conprising the step of noving the robot armto engage fi,ngers on the robot
arminto the ldarrifrsystenmifer nptoseasiag svankpiecesubyhapPhensr PBE ngf TAeISt ep
of scanning one or nore of the wafers as they are renoved fromthe

contain a tra r I pt.o : | e The: et ho f '

furt herﬁmggi Qﬁng%%% §ﬁté)p 121% B’?Qﬁgﬁ%ﬁ n%'ldg% gﬁl "nﬂ{r.'E g‘agt N@r&gieedress’
after they are renoved fromthe container and before they are transferred .
i nto thehadddtefizeddy: The method of claiml| wherein the wafers are
transferred into thé carrier by noving the wafers in a first direction,

and 'the carrier is noved to a . processor by ving the carrjer,i second
direction, perpend decking statian ($28} where s clased Q@?tﬂmﬁ{lh@gfrét %aoéfe lai m
1 further conprising the step of processing the wafers within the

ol vi naioh@BERernid B st 10 REEBECES b I RHML iSRaTRG e,
t he wor kpi eces, characterized by: a docking station. (828) where a cl osed

cont ai nejonfib%); i s docked and opened, to allow access to workpieces in a
hori zontal orientation in the

a transfer station (830) adjacent to the docking station, where the

workpieces are transferred out of the container and moved into a carrier (990,
1230, 2120), while remaining in a horizontal orientation;

a process station (832); and

a robot (1000, 66) movable between the transfer station and the
process station, for pivoting the camier holding the workpieces into a non-
horizontal orientation and for moving the carrier to the process station.

12. The system of claim 11 further including a loader (824) associated
with the indexer, the loa&er having a load elevator (838) for moving a closed
container of workpicces between an up position, and a down position, and with
the load elevator in the down position substantially aligned with an indexer

(826) at the ﬁrst‘ elevation.



container; a transfer station (830) adjacent to the docking station, where
the workpieces are transferred out .of the container and noved into a

carrier (990, 1230, 2120), while remaining in a horizontal oriepfapaNaus a
process station (832); and a robot (1000, 66) novabl e between the transfer
station and the process station, for 'prvoting the carrier holding the

wor kpi eces into a non- horizontal orientation and for noving the carver to
the process station. 12. The systemof claim 11 further including a | oader

For moving a chosed RoS SeRO P ipt A SRRCk R Bahe Joless (B8, 8345 o

down position, and with the |oad elevator irn the down position

subst ant i aipyorithgrmettainth oaly andexeitsidS i ion. D1
JAN 2005 -53 13. The system (i-)!:‘r cl ai mllll cgag%rgg?ggiaggz%;é/tc?ﬁ{eﬁr{gﬁt'l ers (852,

854) support tlae container only at the outside |ateral edges of the
container. 14. !¥he @&éﬁtcm glamy 1l characterzed ebly gt ast emsd d@!&%ln%
he

docking station (900) elevator for noving a container vertically from

first el ev@ati ! ' tion_ at. the secaond el evation.. 15. The
syst em of y‘%ﬁ?ﬁﬁ@f@ V\’IJT: 1tE ﬁagﬁg@ @Hﬁ“?ﬁ’f i rctq{’g‘?mgﬁ ar F%F%TY b@leaﬁrsécﬁiﬁ‘éﬁtﬁl@ﬂ
rotator (842). 16. The processing systemof claim1ll further characterized

by a pai rtoﬂfedm}@ngemgj@ﬁraaiﬂﬁ@g@cdﬁ]@%aﬁbﬁot ably attached to the carrier.
17. The processing systemof claim1l with the robot including an end

effector (270,,976) Bavi ngm_g pair of spaced apart arms (1292), and the
carrier has ati sl 608 Sysbers)ofcelgime b3 weithythe Hoadenfurth chinacesrigsh biyny

system of claim 11 characterized by the carrier includes workpiece conbs

(1252) foéoﬂ’t@irfér%t%? @j@fes in a spaced array,

16.  The processing system of claim 11 further characterized by a pair
of workpiece retainers (1262) pivotably attached to the carrier.

17.  The processing system of claim 11 with the robot including an end
effector (270, 976) having a pair of spaced apart arms (1292), and the carrier
has arm slots (1248) engageable by the arms.

18.  The processing system of claim 11 characterized by the camier
mecludes workpiece combs (1252) for holding workpieces in a spaced array,
with the carrier further includjng a cylindrical sidewall (1261) having through
slots (1258) positioned so that a workpiece m the combs is centered in the
through slots.

19.  The processing system of claim 11 characterized by: the carrier

having a plurality of stepped outer surfaces (2210, 2212, 2214) and a plurality



with the carrier further including a cylindrical sidewall (1261) having
through slots (1258) positioned so that a workpiece in the conbs is
centered in the through slots. 19. The processing system of cl ai

o €l 28

characterized by: the carrier having 2 plurality of stepped oute
(2210, 2212, 2214) and a plurality 0 7 ¥AN 2005 -54 of wor kpi ece slots
(1248) for hol ding workpi eces; and with the process station having a
centrifugal processor including a rotor (1040, 1270, 2200) having a

1T OS2 6 e B o A B el

the stepped inner surfaces of the rotor engaging the stepped outer

surfaces bavigacesntrifngal ssbe mehuding 4 sotors(ld40ed 270t 2@0@)31.1@%1]};29-
0

The processing systemof claim 11l further characterized by 'a paiT
wor kpi ece _r et al ner 1262). pi-votaply tached to the carrier and novabl e
from an_ oBURAPBAIL SEPPEA. INBSHSHE 26k8 LBR1 Badtid. A210): ecrabatr{10006) for
carrier, to a closed position, where the workpiece retainers contact the
wor kpi ece : [ . i f.ith r.kpi eces, .t ecure the
wor kpi ec e]éjsi%nlg llg@te%%& r%%ﬁke@f : 9‘%1@3481?@8 %g'sqt ﬂ_ﬁt \éﬂ)?s‘r‘g rﬁog?nc\"'éﬁ?hﬁ‘el@teppeg
characterized by the stepped inner surfaces of the rotor are flat and
extend pairaier edurfacesnofithe rotor ehgagivg tie steppedodbater surfaces of the carrier,
when the carrier is instafled in the rotor.

20.  The processing system of claim 11 further characterized by a pair
of workpicce retainers (1262) pivotably attached to the carrier and movable
from an open position for loading and unloading workpieces into the carrier, to
a closed position, where the workpiece retainers contact the workpieces at the
circumferential edges of the workpieces, to secure the workpieces into the
carrier.

21.  The processing system of claim 19 characterized by the stepped

mner surfaces of the rotor are flat and extend parallel to an axis of rotation of

the rotor.



