METHODS AND SYSTEMS FOR HANDLI NG WORKPI ECES | N A

VACUUM BASED SEM CONDUCTOR HANDLI NG SYSTEM Backgr ound
wa20050¢d3aB of the I nvention. This invention rel BCEES1004/037672

the field of sem conductor manufacturing, and nore

particularly to machines used for material transport

in a vacuum handling system 2. Description of the

Rel ated Art. Current sem conductor manufacturing

equi pnent takes several different forms, each of which

has significant drawbacks. Cluster tools, machines

that arrange a group of sem conductor processing

nodul es radially about a central robotic arm take up

a %ﬁﬁg@?ﬁﬁn%&s@ﬁﬁgféﬁ%&ﬁbﬂ% . Wog@m%sdm@'

of fering much greater flexibility and the potenti al
for greater speed than cluster tools, do not fit well
wWth the current infras of nost current
sem conduct or fabricati B gl dti es; noreover, |inear
notion of equi pnment conponents within the typical
vacuyum eri:\(ilr or%rrenlt of . sem conduct or manuf act uri ng

Ny

| eads to-éﬁ-@l@l—&%——l—ﬁl@érren.t | i near systens, such as
unac&zpindBihiforl RMklsSo Ble AL bt Qnﬁéor%dﬂﬁ%g aRufieRfhg! £ e

friction anbng conponents. Several hybri

pagicohirtydo tmachmes wieslt fot materiakteanspon frbd metuborbapflling systhinal
process nodul e arrangenent and a |inear arrangenent.
One formof |inear systemuses a rail or track, with a
noViNg cadsclipddn 62hHe Relatbdaayti tem that is handl ed by
the manufacturing equi pnent., The cart may or may_ not
hol dCurtrat semiepidiictos manufasiveiig|cquipmment takies sexenghdinfeeat t o
it ot-her obl i Ml = ] t

foins, IR B GBRCATR AR bkl B bAPRie R e

a gbbE B s carRibior prazedipahbdulesratiallg absut@tdestial robotic arm,
configurations that use nore space. Al so, in ﬁ&éf

talgedin 2 laygreamqunt ek space, ase Friatvelyaslgwy andn by girgre of
araﬂféptﬂe, gfe Gdfted % Gnd1Pinimb? oFRHcBhductor process modules,

typically a maximum of about five or six. Linear tools, while offering much greater

(R

flexibility and the potential for greater speed than cluster tools, do not fit well with the
current infrastructure of most current semiconductor fabrication facilities; moreover,
linear motion of equipment components within the typical vacuum environment of
semiconductor manufacturing leads to problems in current linear systems, such as
unacceptable levels of particles that are generated by friction among components.
Several hybrid architectures exist that use a combination of a radial process module

arrangement and a linear arrangement.

One form of linear system uses a rail or track, with a moving cart that can hold
an item that is handled by the manufacturing equipment. The cart may or may not
hold the material on a moveable arm that is mounted to it. Among other problems
with rail-type linear systems is the difficulty of including in-vacuum buffers, which

may require sidewall mounting or other configurations that use more space. Also, ina
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t hroughput, which can be conplicated, expensive and
high-risk in terns of the reliability of the system
war@sissizecurity of the handl ed naterial s. PCT/US2004/037672
Furthernore, in order to nove the material fromthe
cart into a process nodule, it may be necessary to
mount one or two arns on the cart, which further
conplicates the system Wth a rail systemit is
difficult to isolate sections of the vacuum system
wi t hout breaking the linear notor or rail, which can

S e DR N R
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magnetically, since the armcreates a cantilever that
reliabilitiyfof itha ystempansithp sevssityeo fithe hanihed] watetialsafuttherenore, in
rticl obl e if it is pounted/ridjing.wth wheels
orf5 i SREBRIeRAT o s eCinl BBl Bl et ooy to
moRin 6he ot twd diths@lthe 680 twHillafurGenNcomAicaRIBhd $8tebd) Wit Atrail
constraints of cluster tools while avoiding'the

sypiewnt isittigplt to iselate sesBons. of Sugvrasrymmystemawithavs bedaking the

: e riak transport. .in
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aranelinitetbtoghs taton b bl system captavesigaifcany deflebifdn issues if the
subgtrates in a. very conpact footprint. \Wile the

captds Hefed magndlicallypuicedhe m qreales 3 srntdeier thahimdithisplt to
ri i A . .
o oyt LA Rl OSSO Pl Bling yi,
wheels qpraoglysisekradr i ndustries where it is advant ageous
to handle materials in a vacuum As used herein,
except where the context dictates otherwi se, the terns

Manu a6dduexiiafoR deth RBBMLotor ARG ASirDY&fufihedt @RR LA overcome
handl i ng system vacuum handling system sem conductor

the;mhenentepnsiyainisml chister tavhdubiloavording thequrabliemg of linear tools.
equi prent, wafer handling system manufacturing
system and the like are intended to enconpass all

types of systens, process@,ﬁ@ equi prent for handling
and _manufacturing itens such as sem conductor wafers

or drneded harn arqmetods anthwystomsiusnd fumeatpnial yiagenprt by
paRROBk b Bn@ihe 6Tk, Budh SSBVALAGH Hhhdifhe system, that can move

wafers or other substrates in a very compact footprint. While the methods and

systems can be used for semiconductor manufacturing, it should be understood that
the methods and systems described herein could be used in any processes or industries
where it is advantageous to handle materials in a vacuum. As used herein, except
where the context dictates otherwise, the terms manufacturing equipment, handling
system, robotic handling system, vacuum handling system, semiconductor handling
system, semiconductor manufacturing equipment, wafer handling system,
manufacturing system, and the like are intended to encompass all types of systems,
processes and equipment for handling and manufacturing items such as

semiconductor wafers or other items.

Methods and systems are provided for handling an item in a manufacturing

process, including a plurality of process modules, each for executing a process on the
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process, including a plurality of process nodul es,
each for executing a process on the-3- item and at

wo e@so4s3ne 4-1ink robotic SCARA arm for novi ngPeTiES100€017672
bet ween process nodul es. In enbodi nents, the nethods
and systens are used in connection wth a vacuum
handl i ng system The nethods and systens include a
plurality of process nodul eg, each for executing a
process on the itemand a dual robotic armfacility,
wherein the dual robotic armfacility includes a top

carmand a bottomarmfor handling itens pefween
tegy, 66@ %@% gus %-il_%l( PP RIS R ftg)h’é‘obﬂ!i‘&lt ¢ bembrvesr m

| bMe€ R id 4 % 5 -
pnf)\/c;étgéhods gnd sys@gﬁnsé@%g%gﬁlgg%ﬁigﬁﬁﬁ 0 p?ra ggg%%necmn
withoalvdcwumdiasgdliegesysteong an axis in a substantially

| i near arrangenent and at | east one handling facility
for moving the itemfromone process nodul e to anot her

pr oc@s mdtisidla8d sydieheidelddee ﬂl‘lﬂﬁﬂig‘ JTPré@sd tblivles, each for
conprises a robotic arm In“enbodi ments the nethods
CXEHHING Y Preqess ¢mibieilgm andaadual mbetia afma dadility nyhéreini the tyal

rol R IpLTB b 3uglsf b RPE o A BoRetniaeh 4Pt Pl Rytveen
préxcéRAodules. ThrnvdimeiheubinebatidarBiadilisy éethrises twlal |

or Leap-Frog-leg style arm In enbodi nents, the SCARA
Cmﬁ?ﬁhﬁggmﬁﬁF amgyer than four |inks. Methods and

systens include a substantially |inear arrangenent of
manuf acturi ng equi pnent, having an i nput end and an
out pMigthedsdind wheeras mchite aplmafigodfiprocegs sgdilpsdisposed along an

xSt B RS LA P ARG PRRCY il cash P gl frcith o moving
thefdrh ¥idth cHe pro&sOtoBifle 16 AFotHM Irockst BodIRMhaCd¥hE Rndling

process. In enbodi nents the manufacturing equi pnent
fadilify| coopsises aobetid amy lnfenghodieers thedudtheds andeystems arclude a

itemis ed bet.wee rocess nodul es by a.robotjc ar
el By SRS FEUHT - D PLBCRR R BoE oy L Pkl o 20
SCAAORArmAr 1 Edbddiinkits, the SENTORl bk I $41iAR SSAABA adh M

facility includes a 4-1ink SCARA arm |n enbodi nents

embpdinwaisrthe ampristaadnglpyduahor LaesFrhgdes spfoyed Ia-embediments,
the%BﬁAaa{rmas In{bre or fewer than four links.

Methods and systems include a substantially linear arrangement of
manufacturing equipment, having an input end and an output end, wherein the
manufacturing equipment includes a vacuum facility and a return facility for returning
the item to the input end after an item arrives at the output end during the
manufacturing process. In embodiments the manufacturing equipment includes a
plurality of process modules, wherein an item is moved between process modules by a
robotic arm facility. In embodiments the robotic arm facility is a SCARA arm
facility. In embodiments the SCARA arm facility includes a 4-link SCARA arm. In
embodiments the SCARA arm facility includes dual opposed 4-link SCARA arms. In
embodiments the return facility is an air return while the process modules are in a

vacuum.
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enbodi nents the return facility is an air return while

the process nodules are in a vacuum - Aln enbodi nents
wo b@se4ssozl d be nultiple i nput and out put faci PCT/UER04/037672

along the linear system In enbodi nents an air-based

gripper can take a carrier with wafers and put it into

the linear systemat a point other than the initial

entry point, such as half 1y down the line. In

enbodi ments a gri pper can p@nnve material at a

| ocation other 5 than the end exit point, such as at

the mdpoint of the line. In enbodinents, the me

) 1 en 1=} t hods
and I8 yebedigegisshere seeldherailipleriapw grd pripReReilitienglong the
. e . i . .
ink o B AR B U8 g Pk Baks Beper with oot and
puthit $itb dsecithehesysiem atracpointasther thanthalinitiyl enfry poot.essish aghalf
nodul es, .also referred to as process nodul.es, ffach
i@é@i QGation other

waydowwstbe Hag uIneeRAUBPHE AGHIBRY IR TRBP W PAIEHE
thef HE EREET: Riind WA A BfcGnidhify PF MegAs. modul es arranged
or sequentl a t

processi ng e workpiece in a
sequence froma first process nodule to a | ast process

nodyl e; .and a nj,d-enjir i nt between the first ..

or o4 EEORARE Biranaipdecis¥itens ghcioted i gre Corvilinear
thdt $) kT eaessRnRAR it WV RGR alsBalghelifeeiHITpaation.,

renove a wor kpi ece fromthe sequence at the nmd-entry

poi nt. The wor kpi ece may enter the sequence at the

i d-~ent int.  The. Kpi . i
A B T L PRSP SE5 T Ay AP
macdulesphlss adférted t0fas Bratesythoduley edhSproess moduld-pefforiiing one or

poi nt positioned between two_ of the plurality of
mqse SRhEicalipRPIRseRIPER @ WREKPISRS: BRPrREFsTPdeTardnerd Y a

. _ . £
sofERHATbIREIRE bPMe W kp BB i dlifddB IR £8R pbcBsshbdlic oo
last Ipeocesyrigpdde enfl nanideentryqoiet betvecenfthd fist pdovesamddplednd the
m d-entr oi nts. The rkpi ece maype processed in
lasg @F@&%Séagd@% redy togagw%rg?w%@ytg? ﬁﬁ%&lepf Spmgve a
j . [ j: nodul es b
W R RS ot M R O o erent

fabrication processes dependi ng upon at |east one of a

T oA R G b B, oo

may exit the sequence at the mid-entry point. The system may further include a

- plurality of mid-entry points, each mid-entry point positioned between two of the

plurality of processing modules. The system may further include a return mechanism
that moves the workpiece to a first one of the plurality of mid-entry points and
retrieves the workpiece from a second one of the plurality of mid-entry points. The
workpiece may be processed in a selected, sequential subset of the plurality of
processing modules. The processing modules may be arranged to perform a plurality
of different fabrication processes depending upon at least one of a mid-entry point
where a workpiece is added to the sequence or a mid-entry point where the workpiece
is removed from the sequence. The mid-entry point may connect a plurality of
different manufacturing facilities. The manufacturing facilities may be arranged to
conserve space. Two manufacturing facilities may be more space economical when

connected by a mid-entry point than when separated. The processing modules may
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is renoved fromthe sequence. The md-entry point may
connect a plurality of different manufacturing
w0 awsiig3ies. The manufacturing facilities nmay PEI/US2004/037672
arranged to conserve space. Two manufacturi ng
facilities may be nore space econom cal when connected
by a md-entry point than when separated. The
processi ng nodul es may-5- operate on the workpiece in
a controlled environnent. fﬁe control | ed environnent
may include at |east one of a vacuum a controlled
pressure, a controlled tenperature, a controlled air
opgratei anythe workpiesrin pernisellegenvispsnente Ths copirellpdiepufronment

aspec ho 0 ' '
B3 0 REDr B 4 BT B2 00 B PSR oR teppeggre
a cBh@6IREISdiNEuriTO datl sadnirollal gisanienee to sequential ly

operate on a workpi ece; connecting two of the

pggpessing nmodul es through a midentry point; and

a | =) . e B .

poi 1 dnfin ek it FrroRRARE Gokpilchs HetprfBRl hkcein
mayrindndé agarging aiphkdlity oDfropessing ssodulesiin d se@esnietosequentially

sequence to sequentially operate on a wo Lece; .
PEHAIE PAHRIGS BPEHBESYE L L Hige R PUE L agh 4 mid-
enfsﬂé gbﬁlﬂtd'nﬁ aﬁ@in%ta; wRRBicE LIS Bduln Oft R BferdtFyaDihth €n another

uence at the md-entry point. A nethod disclosed
aspreet, @i methad map dhakeids qsrangingiamjuralipy ermocpepgmg,modules ina

vacuum based. rocessin dul es :
sed bt T enariphy PREZE U SoBitarmBRiilk sfa of e prosessiag
m&lds (Ridkhgh aeldRheY ipdintithndRethbiiap ARdirkpiecd fadl thosdquence at
facility for depositing itenms to or renoving itens
th¢ midrentepeiat uum based processi ng nodul es bet ween the
| oadi ng end and the exit end. The nethod may further
i ncl ude providing an air-based delivery systemfor
del i A etetting disctosed hereiin@lay inehadiepeoviding rpdakbtyef vacuum-based

| oad-1ock facility. The, hod may include i.nt '
pregessing mogples ﬁboqtﬁtSEPMPEai;ilnF%&&l Rstwe dlﬁ?‘.lhn%%gg and air
B O e R A L S b
repboingdieng feonp thenakining-basedi proeassing imadules baitveen the lpading snd

| ong .a sequential process, each one of the
a“gﬁlﬁee%?%%ﬂdate | oad | ock points position between two
adj acent

The method may further include providing an air-based delivery system for
delivering items to and from the intermediate load-lock facility. The method may
include introducing an item at the intermediate load lock point. The method may
further include removing an item at the intermediate load lock point. The method
may include providing a plurality of intermediate load lock points along a sequential
process, each one of the intermediate load lock points position between two adjacent
vacuum-based processing modules. The method may include providing a return
mechanism for moving an item to or from one of the plurality of intermediate load
lock points. The workpiece may be processed by a selected, sequential subset of the
plurality of processing modules between two of the intermediate load lock points.
The vacuum-based processing modules may be arranged to perform a plurality of

different fabrication processes depending upon at least one of the plurality of
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vacuum based processi ng nodul es. The net hod may
i ncl ude providing a return nechani smfor noving an
WO c@s0is31dr fromone of the plurality of interpediUst0e4/037672
| oad | ock points. The workpi ece may be processed by a
sel ected, sequential subset of the plurality of
processi ng nodul es between two of the internediate
| oad | ock points. O The vacgum based processing
nodul es may be arranged to performa plurality of
di fferent fabrication processes dependi ng upon at
| east one of the plurality of-6- internedi ate | oad

intersRed (381990 dodNIBts AVhiEs A PEPEECR s Bulge o th searenseeintcd
thxg%llu%?y infddf et 1854(%?5% géin{s%ﬂrgﬁf@ V%rﬁ)iegé‘g 1bfA6¥ed from

nts ere the wor I's renoved omthe
thssquaree The bead loeldpdiochkayp comiectraaplurabitynetdiffarept mambfactyring

of. . different manufacturing facilities. The
faciichy ARG LS e e T OF BTaReed fa EePED o cBe I of
thc?ﬂﬁ&l@i_ty JMaﬂIfaétglgn%drégﬁfSeh 4y ®k niGB YpRGdbAdiBical when

acilities may pacé econom cal when connect ed
cohyected hyaallord ddckpoint tthan wirenvieparated p diha tveehiunFhased processing

vacuum base rocessi.ng .modul es operate .Qn a
oS e B Ot R T Ao PP LR EnERnra i Pairplie
en®RYh &1 indBNle hil6dstdfe ot a VRAGH, §06nteflled pY&SitdNa céhtrolled
controlled pressure, a controlled tenperature, a

temperaiues, kegnapledpir purity, ae enireled gAsimeigtygas ni xture. A
system descri bed herein may include a plurality of
processi ng nodul es arranged in a sequence to
sequepysteh Hyscpiped Aéreinanayinaludk piphaalityadpreetsimgmodaes
for connecting two of  the processi ng nodul es through ?

ar’iﬁ’&?déﬁtarsﬁq‘ﬁﬂcﬁf? SCHENtERYY iOREr AR WP l%ﬂd‘?‘ﬁ’&e‘é‘imgm ans 1ot

IR 58 R RLAS O, (15 51 YLl s
mgane fersdiing awoilipese tr tha sgppencanatdhsmifdrentyepdint.

sequentially operate on a workpi ece; connecting neans
for connecting two of the processing nodul es through a

M d-£ 8 dem BeddRbed BN BEPHcREde ARy DT tp[‘(%%@o‘iﬁgqﬁoéules
wor kpi'ece to the sequence at the md-entry point. In

arrangediora seguense to sequentislsoperateen 4 workpieop; emwestingageans for
de .a seri£s,0f vacuu ased ess

herei n, may.j.nclu ro .
ORIPBLY? Of tHshsecsufip JobiER tloughir miday fimd s edovin
méaDE f6labing SOy dikpivhe fothaBélubadd 4 ghd idNentfy fothione or

nore of the vacuum based

In another aspect, a manufacturing facility described herein may include a
series of vacuum-based process modules for processing items; and a pair of load locks
for delivering items to and taking items from one or more of the vacuum-based

process modules, wherein the load locks are disposed in a vertical stack in proximity

to one or more of the vacuum-based process modules.

The system may further include one or more robotic arms for handling items.
The one or more robotic arms may include a SCARA arm. The one or more robotic
arms may include a four-link SCARA arm. The one or more robotic arms may
include a three-link SCARA arm. The one or more robotic arms may include a pair of

vertically stacked four-link SCARA arms. In embodiments the arm is a single, - dual,
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process nodul es, wherein the | oad | ocks are di sposed

in a vertical stack in proximty to one or nore of the
wo 2ma0m3based process nodul es. The system nay PCF/UR®N4/037672

i nclude one or nore robotic arnms for handling itens.

The one or nore robotic arns may include a SCARA arm

The one or nore robotic arns may include a four-1link

SCARA arm The one or nnre_zpbotic arms may include a

three-1ink SCARA arm The ohe or nore robotic arns my

include a pair of vertically stacked four-I|ink SCARA

arns, h enbodinents the armis a single, -. dual,-7- or
or LeagihFmedge sedp amy | Ehessyistenmpay wgkidg m‘grﬁxﬂe ipaiEs pheertically

s B RRE Apent FLhl R Lo hR e e BRSSP hoims
mgyahciude sMyntiynedititendasm exittpoynt jpd thetsemicbndnctexhandfiog systeh.

t he.sem conduct or _handl i ng system T di ff erent )
Ths ShESerentpynts e dedudor iieEmadaie 20t ﬁgfhﬁse cqpfictor handling

Syigﬂlcpnductor handl i ng system A manufacturing

acility described herein may include a robotic
conmponent; a workpi ece; and a sensor for nonitoring a
process rfarnmed.on {he. kpi ece by.the robotic )
oL AL ECHBE SIS Ao RERisEns e roBplEF dgpnnpnent; o

wdrkgiBée; 3808 QénsoPfdr PErAeking 8 Piess perfrM¥d Bh the WErkplte b the
soni c ‘sensor, a capacitive sensor, and a nagnetic

roka@issompomerd. Jhasenrsopmpy irrbidecs leasianeraf @dighp et cyntact
nsor.  .T o] ' har | t ey
sefhagonilly SHRTh TR ity HEHRiRsbaRR Bl sRAHE tehor.
Thaisagson &laly indidedrgat cal Preximyty tseBoRBYhé sembordaayinclude a
plurality of proximity sensors in.a p ur,ali%y of
hopigeneli RspRimitpiensoin o Sy me iaeledea By of fmsors
. V] ; . i .
aifihAR] phhelh PP S ) niin 0 P Bely SN ER, Ino
pluraiityiafddaatiensa THemeasdrtryaydhcledans sersonoe detectingamnevemaerd ofl
position gf t he .robqgtic conponent. The s%en1na
o QE igERR0 5B MHoFShi Py TG ORI BREPOBL F Hrlecial aiB; dbe syptem
miy iﬂél'ud@%hir&lﬁg oPEerlsBR UselP RS dberfPRPLPSHMon JRe fdvRAL
position nay be an extended position or a retracted
coppentiitoThe system inrtyanéludpapiuralivy o beensers positiorsd terdgtedt a final

el AT BRI by Mgl B Bsin o
a retracted position or an interim position between an extended position and a
retracted position. The sensor may provide a signal used to verify a path of the
workpiece. The sensor may detect the workpiece shifting out of location. The
fabrication process may be stopped in response to a signal from the sensor that the
workpiece has shifted out of location. The robotic arm may move the workpiece to a
safe location. The robotic arm may move the workpiece automatically. The robotic
arm may move the workpiece under user control. The sensor may be used to prevent
collision of at least one of the robotic arm or the workpiece with the manufacturing

facility.

The sensor may communicate to a transmitter. The transmitter may include a
wireless transmitter. The wireless transmitter may communicate a sensor signal from

the sensor to a wireless receiver. The wireless receiver may be connected to a
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wor kpi ece. The sensor may detect the workpiece
shifting out of location. The fabrication process nay
wheooshesped i n response to a signal fromthe SPCBUS2004/037672
that the workpi ece has shifted out of |ocation. The
robotic armmay nove the workpiece to a safe |ocation.
The robotic arm nmay nove the workpi ece automatically.
The robotic arm may nove the workpi ece under user
control. The sensor may be used to prevent collision
of at |least one of the robotic armor the morkpiece
with the manufacturing facility. The se
PraSessaTi Nl RSPIOCESEOTANEY mdsqﬁqtp@ruse%@%t%oélr%fﬁﬁ? %eé‘lsoﬁ-ra?}ie sensor

51g%1£]lcrl‘1§¢%fif¢a¥¥' a lgtlzﬁﬁ)‘?x (}frtﬂéq cgrt Fhe S?Z @m%z’[thﬁlﬁﬁ? a batterK that

communi e a sensor si‘gnal fromt
supsRies poweito ahé/\ﬁelhed»re e rsgfstenn\maty indlode mbateetrg $lsat sepydies power to

R TR Y e
001?1 Dirént. ?h@%%u@@é(m#&%‘n%*a bé tI]an%atlﬂ 20a®bund. hﬁi&&ﬁ&ﬁrmay be

e system may I nctude a attery that supplies power
w1ted)eskllye:osplad; ar an SHernslyrsteaiverntipreby praydnting ba@qdetpwenﬁh@

RETHAE N RN TR N

theCRARPRSAbatiohNS steRDFel ex%@ﬁmeaﬁﬁomyn@@ﬂduwr@e@emra
vacuum The sénsor wi rel essly coupled to an

feadhack may providsi amsmommf itesengare TaASERFGT B1AN é’é attaehegde the
L
Wosgqlecef %gF%s%é%a%s Fi)li’f ﬁvﬁﬁﬁi Lpﬁoecgs\%aﬁ%er ﬁjlﬁg%?tﬂé%a%f” e

ssSirng uIe 0] aprication

falgi(ﬁh@ﬂ%}?fdng LTl@é(kmsw 1Bay be aﬁeﬂﬁ)ﬁ pherdrdows @ndirbimers. A user may
ensor feedback may provide a pOSI i on t he sensor.
cortel therpbgtic ﬁﬂypwngbqssé HBen feélS?lrfée alor ﬂs? 50807 TRE DS ised

foﬁggoﬁ]#g@m&ﬁ Y RO béinforfhe Crﬂ?éﬂdﬁgcdmsq&& gafifngt he

ri ca Ifon system sSensor be used in a
pr&vensroadtistonaofiat teastrametof the wierkpienmyr the mhomic cohponersoflihe

seligT RSB L7 iR IRl P BF BRPaL SPRPREF A nq PR BOTPEres

1n<99 Bﬁ@&r gféeroﬂ&'ib &8ls! ITHeQBnsbf Alafph/idd £1RAMGN of the
S|on 0 | east one of the workpiece or the

wcrrbjnoca, dlmoqkpwemnclum & seneinemstucion yafar o Tihg sensor s pronde

an%&}l{%ﬁ%g é{V % PI%Q, gle r\g%rg%){]ege 121‘1'% '.irllg({ahsge%%ng%{sh%@{or wafer. The
seiNoP a9 Dedokitieadd Rithifa prBeessing module of the wafer fabncatlon system.

In another aspect, a method for instrumenting a robotic wafer manufacturing
system as describe herein may include: providing a robotic component; providing a
workpiece; and positioning a sensor on at least one of the robotic component, the
workpiece, or a chamber of a processing module surrounding the robotic component
and the workpiece, the sensor monitoring a fabrication process performed on the
workpiece by the robotic component. Another method may include providing a
robotic arm for a semiconductor manufacturing process; and providing a plurality of
sensors for detecting a position within a processing module of the manufacturing

process, the position including a vertical position and a horizontal position.
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wor kpi ece, the workpi ece including a sem conductor
waf er. The sensor may provide an orientation of the
WOowrkp#s3cE, the workpi ece including a sen condRCT/082004/037672
waf er. The sensor may be positioned within a
processi ng nodul e of the wafer fabrication system O
I n anot her aspect, a nethod for instrunenting a
robotic wafer manufacturing, system as descri be herein
may include: providing a r%%otic conponent; providing
a wor kpi ece; and positioning a sensor on at |east one
of the robotic conponent, the workpiece, or a chanber
of Fhesensersanayaiestiapesiion phumendrifacky of Gisgopetic arm. The

senf%&gqﬁ%e@ettec?g ogllagn 8@&159 eitie aﬁih efht%%@r?s%fs Hétgét'bgg) ﬁxon of

rocess ornE ece
a woeksit¢eheldbp anemt effe%mtolﬁ&[e 1Bb tOaknEYhd woﬂkpdaee may be a
a sem congduct or

di f
wabis 8 SR PR RS SESOr RGP POVREeAG0 B G b pegpater
wheft E}fﬁ%ﬁotﬁ@&ﬁfjﬁ hﬁgﬁg fré‘tgac?ecp Gﬁiet\b&‘ﬁgi%é a b@ aRF AEEHI 20 east

acturing proc e position
on¢ of-the densgrsamaebe placdd qmmsidd: a oadiwsrod the W@fer sothatthe sensor

delfia adr s lee f LR EaFRroen QENBRTLREp "

mo%ltn%ﬁtt oféhPRafd: b@teveeﬁ aﬁ Bﬁeﬁ&&%uca @frmtedTmltﬁﬁlrtﬁun@rdmuc
detect a position of a workpiece held by an end

arref ﬂeiﬂtentloobfthq%éeaddmdg@ and the triiing\eddes veed tardptepaing

fe ast o th n y
wief et s B8R o0 AR shiol Fr BERGRR R 188 segsgrs may
indl@Ran dptidhlBehm-treikise ﬁdﬁbdﬁxﬂ%ﬁéast fine o e kpisesanaplye be a
waf er and at | east one of the sensors may be pl aced

pogPRICERSTeSS AXBPUIEN gharhiycs g @iche¥hcr The SISO aRe arranged
aloglg:}agcﬁgclgonﬂ1 ) \?\\g%cgr&n gﬂ%ﬁbé}f ”Ithlggné@ﬁ&leﬁlag?ﬂ'tﬂﬁé iri\"(\:g@g r;ﬁ]&udmg a

uring a novenent
miket wedirecanbeath Godest lenstiore ofahe sased witisn & ivacuuof chiangber.

robotic arm _A detection.of the e and th
The F%Fiﬂllqdrﬂ@alé fgther melpds detegtingg E?Srﬁ%ogthaﬁ%% %tfmﬁa?
roboticGERits Egayoﬁ’ﬂ‘a ?&gﬁgﬁcﬁfét&rhaﬁ(ﬁllﬂ tibRPotic arm The

Sensors i nc e an optical beam breaki ng sensor

At |l east two of the sensors nmay be positioned across a

\;ra:: ggé Qsaprggteg hzug {rrl]gen?eﬁﬁoé) élSSOSGd-ElheleelE ?nrgl%/%c lyrovi%mg a
workpiece with a sensor for detecting a condition in proximity to the workpiece;
disposing the workpiece in a handling system; and receiving data from the sensor in
order to detect a condition related to handling of the workpiece by the handling

system.

The workpiece may be a semiconductor wafer. The workpiece may be
configured in the shape of a semiconductor wafer. The sensor may be at least one of a
proximity sensor, a capacitive sensor, an optical sensor, a thermometer, a pressure
sensor, a chemical sensor, a radiation detector, and a magnetic sensor. The method
may include transmitting radio frequency data from the sensor. The method may
include communicating data from the sensor to the handling system. The method may
include detecting a proximity of the workpiece to a feature of the handling system.

The method may include training the robotic arm in a semiconductor handling process
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al ong a diagonal of a vacuum chanber. The net hod may
further include providing a mrror to direct a beam
WO p@s0e313 east one of the sensors within a vacRCmUS2004/037672
chanber. s The nmethod may further include detecting a
position of the robotic armto train the robotic arm
to performa sem conductor handling action. In one
aspect, a handling nethod 9gsclosed herei n may i ncl ude
provi ding a workpiece with a sensor for detecting a
condition in proximty to the workpi ece; O disposing
the workpi ece in a handling system_ and receiving data
using date fiomn thereesor.i Fhohandling systram &y be cAHEANdBFOF g%ﬁ@&
o handling of the workpiece by the handling system
3 wor kpi ece may be a sem conductor wafer. The
wor kpi ece may be configured in the shape of a
sem conduct or wafer. The sensor .nmay be. a one

| east. of
a phosaaiherpseeshadysten desgsthed ferpin way dnludegh il g System; a
e Rldi i ! lconifectdaqpkisa|
o s B e e
woiliptecepthl gensonyetectigident itondsmptaximigy tathieovdrkgigess thgysensor
daf.a fromthe sensor. The nmethod may include
Proy, asigaelg ted]éf’éh??oé‘ﬁit’toﬂe sensor to the handling
system The nethod may O include detecting a proximty
of the workpiece to a feature of the handling system
The Thre thookpiaeeymayies u skenicenduston grafere Thepurkpices may he a
sem conduct.or _handlin roc - j
co el e e A Sy e TG e Rh R B IR bt
prd}dady k&os MsdapaBitivd sea s} itdptiRaator, atlkymbnnter agresisbed
herein may include a handling systenm a 5 morkg'ece
sengpE PGl SISO, £ KAORICtastPT s3rih BMASHEHE SERSeEN f&‘? system
9 i iR radi . . Th
ma§ R §ftad O R B R rad O S EORG e hfbndor. The
wopksiviedhghavesd @atormettianad thohdndiing systin.i The sehiser may detect

Wor kpi ece may be a sem conduct fer. Th i
o g e TR LR B eSh el RS
mayzrjeq{ainéﬂ"tg A0RA"% sERYcoR8uddr HaBaBhs AdGeRfusig R dth the

nsor, a capaclitive sensor, an optical sensor, a
serisoer Thekdreliing aysters sisayrbe a semiconductor handling system.

Sys

In one aspect, a system described herein may include a robotic component
positioned in a vacuum maintained in a chamber of a vacuum manufacturing process;
and one or more drives for actuating movement of the robotic component, the one or

more drives including motor drive hardware external to the vacuum.

The motor drive hardware may include one or more electrical wires. The
motor drive hardware may include one or more encoders. The motor drive hardware '
may include one or more signal LEDs. The motor drive hardware may include one or
more pick-ups. The motor drive hardware may include one or more bearings. The
motor drive hardware may include one or more magnets. The motor drive hardware
may be sealed from the vacuum, such as using lip-seals or ferrofluidic seals. There
may be a minimal outgassing of components. The system may include a vacuum

pump that provides quick vacuum pump downs. Serviceability of the motor drive
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sensor, a chem cal sensor, a radiation detector, and a
magneti c sensor. The system may include a transmtter
wo erosoesansm tting radi o frequency data from t hBCHESR04/037672
The wor kpi ece may have a data connection to the
handl i ng system The sensor nmay detect s a proximty
of the workpiece to a feature of the handling system
The robotic armmay be traiyfjed to performa
sem conduct or handling process using data fromthe

sensor. The handling system may be a sem conduct or
ri.bed

Ling.system .lLn one. aspect, ,a,system.des .
o DS R e Y o R ook 1D el RO ST TE R withput
releadngithefRLNIA ISR protedsifd MOBEE. The tot@dH@hardware may
manuf acturi ng process; and one or nore drives for

inglude EobPhdrivesy d e moterdriviedardstsse may bewistenahto thepeoasssing
' ' ' dr i har dwar.e. ext ernnal.
mll D0 blok vl it Aha Bt i el o PRl RinEH sEEA® in
theveuom. intmel materibls alayWerused to iigiMe@ut@kding PesiEMagiEor
$¥ ..ncl ude one or nore encoders. The notor drive
meiar drf hardmgreiontsidrihe ypaugy may P videfanauickmeumprdown. The
HBhGhavdink f Malel r r I gk- .
sy4fRu ey TN AEAIARNE AP o0 04 e N colfD e, T VR
mayeeraigtpinetiie thodrive avity.eThavalume o f faydrivedavite nag ®e Gall.
nore magnets. The notor drive hardware nmay be seal ed
fromthe vacuum such as using lip-seals or

f er oéystind fr R Sa robBEMS WicHEY-HaSedscMiBidibtor handling

out gassi ng of conponents. The system nmay i nclu
Sysfere @ i hergin peyinclds aguive kandgathatpropideonotsy drive
Vi 4] iat f 4t he tor drive-.11- hardware may, be
f"‘?ﬁ%"r %glgghb ﬂ)? Iﬁpféf fgnr?l{olt’nagr]l ggg{ 5 }clmmpﬁé” }}?B?Bﬁw PF Sal it
sediathe\daive cudtitidygbutsied SRShOMN BRIlY afe Vel sRaft Redisposed in the
rocessi ng nodul e. The notor drive hardware may
Va¢WEl-ude robot drives. The notor drive hardware may be
external to the processing nodule. The notor drive
hardware nay be positioned to present mninmal surface
i n flhe dviste vartnid gl maynimcludet eair af driv@yartikigys egtht@ving an

..mnimze outgassing. Positioning of nmotor drive ]
mtﬁ%?"d?ﬁéi?@‘:ro‘aﬁagm&% A LAEAE T T FERATY SER U TRF by PrieaRtric,
m&%sﬂ%tn?@@al%t %W#pﬁ&ﬂ \Hﬁ{ﬂn%uéeeaalg}h sé&ﬂeTgé {tg)\éﬁy seal

cavity for the robotic corponent. e vacuum na
uniygiaytuge adetrofinidiesealr iThe duwe cartrid gEmeayvtsd eonpledfto theadrive shaft

for%&ggab?ﬁt\}/fiatn& rgﬁgceggilf?ﬁm | .

In one aspect, a method described herein may include positioning a robotic
component in a vacuum maintained in a chamber of a vacuum manufacturing process;
positioning one or more drives for actuating movement of the robotic component
outside the vacuum, the one or more drives including motor drive hardware; and
coupling the robotic component to the one or more drives through a vacuum-sealed

interface.

The motor drive hardware may include one or more electrical wires, one or
more encoders, one or more signal LEDs, one or more pick-ups, one or more

bearings, and/or one or more magnets. The motor drive hardware may be sealed from
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A systemfor driving a robot in a vacuum based

sem conduct or handl i ng system as descri bed herein may
wWOo pbes1a drive cartridge that provides rotarpRCHUB2004/037672

force to a drive shaft for a robot; and a rotary sea

unit, wherein the rotary seal unit seals the drive

cartridge outside the vacuumwhile the drive shaft is

di sposed in the vacuum Thﬁ drive cartridge nay

i ncl udea pairof drive cart'?ages each havi ngan

i ntegral encoder, bearings, and magnets. The rotary

seal unit maybe a concentric, nultiple-shaft rotary
theseagiumnsuch aTheing tpsesls sefarrofinidic spals. (e mpy be a gininmhe

ot ar eal uni.t f i di ¢ e
oufghiPie oo’ & e B8 el ke iR By Bt
doWaSDYRDdriitaabany of &R meteadiivd liardwhre maycbeisipecoted by

met hod descri bed herein may include posjtioninga .
perBiing ascess ip Bieanetohdave badiise vefhoubrdiasing the vacknmdp e
préte¥df {fRn Qﬁfolf(? J}Q/.e@xﬁﬂﬁ?a‘?émag %#ﬁd&%b@ﬂg%@. @he motor

nor e drives for "actuating novenentof the robotic
drive hpxdnard may bs externiahte theprocessirtghrodiie ofhemmowr drive bardware

i ncludjng notor drive hardware; .and couplj.ng the, .
may GOS8 eint BRS B ?lm%lFéfa&l}Wg&h’eﬁPiH&FF&als may
bei\ﬁ MeEMEL phiBies RERssidg) elmahefor dfilv¥ Barld@ativanPHERY

‘QC ude qneor nor e electrlca wﬁres, oneor nore
positiondorusidotheorcurmn to proyidgiforl qeieker pwap downy dheinadthadmay

.. Qneor nmpre arij ngs,. and/.or .oneor, npr e T
inghifeSiroling fari A s gl SR AROGoPPE RaB R A vAdm may
beSiiMamed USihedrive Rawigal BheOlohfres 60k ehdtyemag 8 smallher e

may be a mininmal outgassing of conponents. A vacuum
punp may provide qui ck vacuum punp downs. The

servyy i Lyl Y . ' r r . .

ot oo o o 006 ¢ Kol MR Rerf i Bned in
vabamgl nRirtained iihgi.klthahﬁieﬁaﬁzi Vaputiemsadadianin probessSone or more

processi ng nodul e, The notor drive hardware
coppenepieoBer days hadwamssterpal dp ﬂ@r\f%ﬂlﬂé@f@v@@%vew for
e b B D S B A R e
compohdre. vacuum M ninmal materials may

A semiconductor manufacturing system disclosed herein may include a
plurality of vertically stacked loading stations; and a plurality of vertically stacked

processing modules.

Four or more vertically stacked process load stations may be provided. One of
the plurality of vertically stacked loading stations may feed a manufacturing process
that includes one or more of the plurality of vertically stacked processing modules. A
second one of the plurality of vertically stacked loading stations may be loaded while
the one of the plurality of vertically stacked loading stations feeds the manufacturing
process. Loading of the plurality of vertically stacked loading modules may be
coordinated to minimize wait time. The plurality of vertically stacked processing

modules may be arranged to reduce a footprint for the system. At least one robot may
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be used for to achieve m nimal outgassing. The notor
drive hardware may be positioned outside the vacuumto
w@e@siods1s or qui cker punp down. The met hod nmayP@OI/US2004/037672
include providing at |east one drive cavity for the
robotic conmponent. A vacuum nmay be maintained in the
drive cavity. The volune of the cavity may be small. A
system descri bed herein na¥3include a robotic
conponent positioned in a vacuum mai ntained in a
chanber of a vacuum manufacturing process; one or nore
conponents of notor drive hardware external to the
be ghle tirgcessray @oe of thegericaly stgkeddeppstationst Hae Sygiemmay
. r . iye hardware to the robotic
incfBle R AR YR Vil MRORH i o T g system
discLozeF hgrein may include a plurality of vertically
st acke oadi ng. stations; and lurality of .
ver A bt qpegpbatiecampOBER SaT ke FHHIR A5Cess iy Pugpf figgrtically

sta&@d%&%%t#t%&s?ﬁﬂ%&‘sq ohé ﬂf&ﬁiﬁ cbﬂi@gnéft Aoy HRHbIERY aB&ss more than
provi ded. e of the plurality of vertically stacked
oné varticaily ssached prosessayodudbe dAtleastoné aahtotic icogppirat awy bg able

t hat includes one or re of the pluralij f
to yrgvRa IprpscRBao L RbarmbPRgraIEaodkid P aystsmumay
inclidiR aPlddi@ink hildplg H&idn Betvban SfAdtRantalR déjagens paidessies

may be | oaded while the one of the Ffl urality of ]
modglesi The bystem mak depludseetiony neqravewisally eacked mpid-entry stations.

manuf act ur.i r.QC . ' '
T SR o0 UL IGEP S oA, DltmRinebl ol Bbdsh Ircdtha one
vexttit@alml(étgmea enid@hiry tst'aﬁeré. llih@oﬁbiebgh‘iayyn(ﬁzfe tmgug]h a alurylity

st acke rocessi ng nog d
ditfesent peiteOF PR BRSO CY. (LS BRED g DT ALY Sipaked
prRSesil fol A BRES BRI B nitre LalMEDAL BiooleshfgARt Rl es.
The eysdtém atdy)indtudek phiratity vf serditalynsackad 1dad detks alimposasiiot i ¢

conponent b ble to. . f th
PrQLY d 135K PR R SERIPOSHLAE 25 751 DYC LS EOBENSUI | ¢

AR SRYs. 181itPo AREES Sy FRERed $188esSiRe modul
mdertica &§ sf%gﬁgﬁﬁprégggs nodu?e. At ea§t gﬁ? vesmay

bemohngdddn acnipsantiatly lingartvenfipiretion Hexwstormmeg inchile coger
mc{]lfg%cgbzo%cta%{lé M’xafa 1911;)%: \%r(])}rklgéc%g gr%%hg gler{)?%%iit%'ofggﬁicgﬁ§ atked
processing modules. The system may include at least one of a top robotic arm set and
a bottom robotic arm set. At least one of the one or more robotic arms may move
vertically to access a top process module of a one of the plurality of vertically stacked
process modules and a bottom process module of the one of the plurality of vertically -
stacked process modules. At least one of the plurality of vertically stacked process

modules may include more than two process modules in a vertical stack.

Disclosed herein is a method for arranging processing modules in a
semiconductor manufacturing process comprising: providing a plurality of processing
modules; arranging at least two of the plurality of processing modules so that they are
horizontally adjacent; and arranging at least two of the plurality of processing

modules so that they are vertically adjacent.
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i nclude at | east one holding station between two

hori zontal | y adj acent processi ng nodul es. The system
woreapsiosssizide one or nore vertically stacked m BEBEOS2094/037672

stations. The system nmay include at | east one robotic

conponent that can access nore than one vertically

stacked md-entry station. A workpiece may nove

through a plurality differenpt paths of adjacent

processi ng nodul es. The prﬁghlity of vertically

stacked processing nodul es may i nclude one or nore

vacuum based processing nodul es. The systen1nag

i nc Faueormepterieically staekeddpading stafjonsimekkeipionidgd) Gug of the

o 4R BP G 5 Rt 5 2D by AR s tha
indi@ies bae bHimbRdo MhepRedity dheerfitallyastackyd plocessing madulgs. A

stacked processi ng nodul es may be arranged i .
second ona Af E@mh»}rahﬁy yerticalhy stackeddpaiing ﬁtﬁtéor@yg%yg?ﬁalﬁﬁ d while

el ! . .
5 U o T L) B i L 5 i
provesiu | Tasadinpuf thysiumiityafyverticillydeacked loedisg satiensis caotdgmted
NIRRT T RTI CNEe

arr%ﬁﬁ%éd'ptﬁ %dt?é.e ta%("i’t?ﬁﬁst%r 'E'hets?f% B Qaesat febstiOtordpsirat Bhy be

; €
urality of vertically stacked process nodul es

capabik of dvoessony quy ooe sSthevditicelly stackes loabstationshd he method may

. plurality of verticall t acked. pr. .

o P e PR ) R BUPEERR R Mepbbote

coRpBR&ESR T WaBshl 8B adcBsingteryone @ f tHearrtioally Bladk&bexit stations.
nodul es in a vertical stack. Disclosed herein is a

Atrleashone Tobptiageraprilenmpy be eansblepiipserspiag mase than one vertically
sem conduct ma Ut ' . L SkLOG:

st REUPERS Py b i tDRGLLATEAERE R b hore than e

hoizohtglds adjhowdt plocédsimgphettudd.i ty of processing nodul es so
that they are horizontally adjacent; and arrangi ng at

| east two of the plurality of processing nodul es so

t 2?:’1;}%;2-{?%('[{}8% fhay B RV AY R RAN orte HblAiFPHEAH bAFRES two

ding stations may be provided.
hofaentally hdjecant proatssing roddwles: tTheahéthodmay kesdudeguavidipg one or

N TR TR N ——
RC L TR bl s o plulie A woe
mdgembueatheoughtd plarality of different paths of adjacent processing modules. The
plurality of vertically stacked processing modules may include one or more vacuum-
based processing modules. The method may include providing a plurality of
vertically stacked load locks disposed in proximity to at least one of an entry point or
an exit point of the semiconductor manufacturing process. The plurality of vertically
stacked processing modules may be arranged in a substantially linear configuration.
The method may include providing one or more robotic arms that move workpieces
among the plurality of vertically stacked processing modules. The one or more
robotic arms may include at least one of a top robotic arm set and a bottom robotic
arm set. At least one of the one or more robotic arms can move vertically to access a

top process module of a one of the plurality of vertically stacked process modules and

a bottom process module of the one of the plurality of vertically stacked process
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the one of the plurality of vertically stacked | oadi ng
stations feeds the manufacturing process. Loadi ng of
wo b@spsssnal ity of vertically stacked | oadi ng SPEX/USI084/037672
is coordinated to mnimze wait tinme. The plurality of
vertically stacked processi ng nodul es may be arranged
to reduce a footprint for the system At |east one
roboti c conmponent may be c?gable of accessing any one
of the vertically stacked f0ad stations. The met hod
may include providing a plurality of vertically
stacked exit stations. At |east one robotic cqonponent
moghalyps.bAt leagisne of die plerebitysifivgrtieally siaekediprperss podeies mayy
. stack [ ti o . oboti ¢ conponent
mcf%lg %%)Ogg Ehgaiéég’f’zﬁ(g?%é;@?%lgg B gae‘?re%écea?? ﬁagl% one vertically
st acked process nodul e. At |east one robotic conponent
may access_ nore than one horjzontally adjacent,.
pr ode¥afen brgatipnanetipd desstibrsbherety mar}yclrlg]&ée Bosifing 2g at
I . . . e
progEAale AR B L e SHAL AN RBLYREC SRy SR B abient
tenfpeating} regeiving owafenfoe inerducted ingo thegréasssing thodwler the wafer

stations. At |eagt one robotic co ent
e (HPRDOSFUERRAEE e AEEN PRSI AN, B PE SR Vyabfgf Qked
eniflefatiatehat 18 EREdrQ8 thedpeRiikp k@kserifaye. NovVe through a
f egartgll%it{%/hif dirffererI})t pla?hs ofr adj acent processing
nodul es. The plurality of vertically stacked

' I incl :
b olEatrh bt e gt et iding e n PR EeHRRHNRARRfore
trafRdfer 18thd proebssierhddidd. | Thesthabké thaydadhdrindisdaimting et wafer
proximty to at |east one_of an entry e%m nt or, an exi

to pesmuerasprerthat is elepe ip e SeTpA LR beiore ruewag thepyater
| . . ' :

frof ¥ il KRSl R e A BBt B RS R O Ot fer
mayHiaclogs badingalye wafet tocketeprposaitute tigat pravents comdeasatmami the

arnms that ve wor kpi eces. anong.the plurality of
wafgsrhegdhe ya M@@Vgﬁl I Hﬁnﬁ%at%‘g Profes o BFAGEY
SRR R B4 R GRSl il B G
hatdier. dfienting thowefer ohytiduderhestiomthernwafer toartenperpiuge that

RS eGSR e e S s o
prétc8SSS SodRRU R afthg #RvFE1en & inklide Bbatindl thé Wafth during a

vertical Idy stacked process-15- ) .
vacuum pump down of the processing module. Heating the wafer may include

heating the wafer to a temperature that prevents condensation on a surface of the
wafer during an accelerated vacuum pump down of the processing module. Heating
the wafer may include heating the wafer through an application of heat through a
preheated material handler. The method may include controlling a cooling of the

wafer by controlling a temperature of a material handler that handles the wafer.

A wafer fabrication system described herein may include a processing module
having an operating temperature substantially above an ambient temperature; a wafer
for introduction into the processing module, the wafer having a temperature near the
ambient temperature; and heating means for heating the wafer to a temperature that is

closer to the operating temperature.
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nodul es. At |east one of the plurality of vertically
st acked process nodul es may include nore than two
wee@sossihodul es in a vertical stack. A wafer PCT/US2004/037672
fabrication nmethod descri bed herein may include
providing a 5 processi ng nodul e havi ng an operati ng
tenperature substantially above an anbi ent
tenperature; receiving a wafer for introduction into
the processing nodul e, the wafer having a tenperature
near the anbient tenperature; and heating the wafer to
a tenperature that is closer to the operating
tenperature. o Heating the wafer may include heating

h j h I . ' .
e 5L 8 D BLGIRELISRRAAOARD AN ol il

pré@sdingghotitile hatingranlopeditih€ repgfeddtuifeaubdiaitially abbws®r arhisient
the anbi ent tenperature before renoving the wafer, from

tergPeraL 484 amayiah haedlesthatthepts ppaltide s tPmeeaise Bakisplpser to
thé\;%ege&rtﬁrlg (}g}ﬁﬁéﬂaﬁﬂe B%ré’\ﬁ{rgguacgﬁ?%"thb R R0GRO fo@stlf-r%E'nodule.

a tenperature t brevent s condensat on
the s wafer when the wafer is renoved fromthe

ot o GreatofBt a7 T arETe DEPGT thARGHHeHEnS seion before
traffRfeto e bec&ﬁﬁbﬂbﬁﬁlhalfl"h@ dntneiay 'fﬁfﬁdenegcddﬁﬁﬁ\ﬁ%aﬁﬁ foray

include heating the wafer To a tenperature that

copling/thn veaferdn déemperatone that ia chgerf tadke anhbiehitempigturghelpre

e SipE s e TPt MRS iR Bt I MR g

mEIW& COSBANBUAP wel st B inélige goodiag sisd WefehthHefpela@at ilitg
the wafer may include heating the wafer tq a
prevenfsecadensatiamen thevafervhendbewares it s vedh fiansthet ace of

B R SR S RS ATR

witeatThegvifbemwabe hedtéd ouplemparaapp that pteivemts obndeasdtion on a

through a preheated naterial handler. The metho
surfaeq Qfdhe wa M@}epitli&f‘gw e&gdptirwalcgq nte, gle\mf)céqss%%mo%uﬂ?)ﬁ“he

SRR VAR 3 Sk poctand oot

wafesinay bebedted toi atempyrature thatipresenss ooretessatign wodusueface of the
ving an operati.ng tenperature bst anti al |

wilfi e Bt p e Be S PR o § ot el Re o R of b

wﬁlg&@y% 8L RELtOP GO Esh dnhPpleidh of A¥dt Mgtodgh £ PRAEAEUHRNARS

handler. In embodiments, the wafer can be heated by a heater that heats the wafer

itself. This heater can be installed or contained in a load lock that is also heated
independently from the wafer heater. This way one can independently control the load
lock chamber (which primarily affects condensation during pumpdown), and wafer
preheating or post cooling. The load lock will have a large thermal mass, and so it
may only react slowly to changes in the desired temperature. The wafer heater can be
created with a very small thermal mass, so that, for example, one could set the heater
to 300 deg C during a pump down, and to 80 deg C during a vent. In embodiments
the Wafer may be cooled by controlling a temperature of a material handler that

handles the wafer.
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0 anbi ent tenperature; and heating nmeans for heating
the wafer to a tenperature that is closer to the
Wo@p@sais3ny tenperature.-16- I n another aspect,PEr/vsf0e4/037672
fabrication system described herein may include a
processi ng nodul e havi ng an operating tenperature
substanti ally above an anbient tenperature; and a
material handler that heats.a wafer to a tenperature
that is closer to the operating tenperature before
i ntroduci ng the wafer into the processi ng nodul e.
Heati ng t he wafer rmy i nclude heating the wafer in a
pr efanqther 3§P%ﬂt=| cbw orefl erein is perngrongigcte 18g Bdhadg
f
indfRdltE ﬁmv%drglgg d{elﬂ%hﬂggtteﬁlrsg@%feeéivféég s Pim a
vatﬂiﬁn—hmdeexmdoﬁdmbﬂtamﬂhng)@smng ané ihtea/cmgghe haddedke rTlfer om

a nuf acturin rocess i ncl udes S
a8y LSRG DS oo Pk b ey ine doSgn P Spe i 106k
ThAGS &I 10£10 Pnfiyk @EQ&E&‘M%%& hay degl%asem&amw@@a@grb&rc Offhe

the waf er he wafer 15 renoved fromt

loathlnci{ ey be ihnag,ecp tcobﬂwsen fehdegraeseC iand abrandpe dem9s Ge
preheat ed before handling the wafer. The wafer may be
heated to a tenperature that prevents condensation on

a S fakiBotfuctdr BaM@iiy s ﬁlrﬂek&ﬂ)e’d@lfeﬁin sy imladciead lock
into the processing no The waf er q){ be heat ed

fox:ldnhvnrgnaltvas;m TEERYING aﬁms diom mEaquuEclassd synivapdicior
han@l?n {n N8y a Rgatl}%ﬁetlgget{t ?or%e%lﬁlggp e &Hir 1 cﬁ Nphe RLE Yc?&trﬁay

con ron on a urlng an
bedeated Gﬁﬁﬁg.‘plmﬁpmg dawplotphalowdloek. The lqaddccﬂsmayl e headed ®.

The_wafer may be heated thraqu cat n of heat
abpwt fftintegices Cetoabout! (Rhdegrses C- %ﬁ}?@?@f 1%0{( 'ﬁlaé(rP'& pledie s,
be{VO%g @ﬁg@%ﬁ%@[g@ogg @esftgat.er that heats the

s heat er can e installed or
cont ai ned in a load lock that is al so heated

i ndependent | y_f h heat
| ncia BRHBH: 5o oIS AREH BB EHYCAIHIE CYRAPRR. o

m@cEﬂlﬁ%ﬁh&lﬁg@ﬁ%%@ﬁx%o?ﬁﬁ&@f‘ﬁﬁﬁﬁf@&uﬁﬁﬁ11)_ Bes3 KB ¢oMPdnerd ﬁﬁ.‘vmg a
waf er preheating or post cooling he load | ock will

tapeatlet esthldishes a hen-noifommeross-sastion that mitigajesarirgpagation of
desired tenperature. The

rewl\gr\y]i’fég?résrmglg C%llégo&eg ted with a very small thermal

mass, so that, for exanple, one could set the heater
The component may include an end effector. The top surface of the end

effector may be flat. The bottom surface of the end effector may be tapered. The end
effector may be made of cast material. The taper may be designed into a casting for
the cast material used to build the end effector. The component may be a robotic arm.
The component may be a link of a robotic arm. The system may include a plurality of
tapered links, at least two of the links tapered in 2 manner to minimize a thickness of
the tapered links when the tapered links are overlapped. The component may include
an end effector and a robotic arm, each of the end effector and the robotic arm being

tapered.

In another aspect, a semiconductor handling method disclosed herein may

include providing an end effector for handling a semiconductor wafer; and tapering
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to 300 deg C during a punp down, and to 80 deg C

during a vent. In enbodinents the wafer nay be cool ed
who0s0#31Dl | i ng a tenperature of a material hardi/E82004/037672

that handles the wafer.-17- In another aspect,

di scl osed herein is a sem conductor handling nethod

i ncluding providing a load | ock for delivering itens

to or receiving itens fromg vacuum based

sem conduct or handl i ng syé?ghl and heating the | oad

| ock. The nmethod may include heating the |oad | ock

during punping down of the |load |ock. 5 The_load, I ock
thengig eéfgecmm sdugegesangit vibratioys efcthe end effectey. dwumetheshmay

incg&férc%g tigggﬁa%lgﬁe?feé%g 5f Eﬁﬁ}ﬁillﬂﬁn %ff‘i@gr? ghrbRiePet ween ten

egrees degrees sem conduct or
handl i ng system descri bed herein may include a | oad

lock for delivering.itens to aor, receivi Lt f.,roma

v ac B AR AEPest i CBYeRRCREIPT Bdling FeHp A Serihed Baprin ey
i O0ERSTRBLC i M el cho ke o
arth dadility Fb dampervibrationsraf/thb eotoéimtaed fe@lityb Jle nhéthed/may include

degr ees t 0 about 0 degrees C. The.l oad..] ock be
cobgiieie FdeLoteail v adirisatn i AR bRt sPERE: ¢

s In anot her aspect, a system described herein may

i nclude a conponent for material handling in a

s eni/ senigendyctorrhadlingtroetheddigelossddherein aydeshdm @asitioning a

hav.i . h t.abl | [ e
oty B iR b pEFBLPL R0 Pl Gt axiss and
mKiRg @bio delnidng tieopineutiendt probesmg it tbypaysingitheude

an end effector. The top surface of the end ffec%%{
warkpieesefremafirstione of e Ipiaditiy plaobotig arpsdo éﬁa"%ﬁf@&t" fhe

r The end effector may be nmade of cast
pl%%ﬁ r?zf\{)@oq ﬁlgrq?'aper may be designed into a casting for

the cast material used to build the end effector. The

conponent may, be a rgboti.c ar The. component. may .be a
s b ey Bpe SR Sy e SHIRRFAT PR s By formn &

suﬂétbﬁt?alllgt[)’-s&g)e&afﬁé SRrdlitPEErobdlic h@@Shay WRIWIE alSTEAR ANHE®.
tapered in a manner to mnimze a thickness of the |
Thegpenkty dfirobcicwinmes ntayéntlages Sarlink|SS R A agneThappwality of
rogcn?c a{:rr%rsmngargfelgélugea y thlrgeqiill{lg SCARA arm. The plurality of robotic arms
may include linked pairs of robotic arms, each linked pair including two vertically

disposed robotic arms.

A semiconductor handling system as disclosed herein may include: a plurality
of robotic arms and a plurality of processing modules arranged along an axis; and
passing means for moving a workpiece among the plurality of processing modules by
passing the workpiece from a first one of the plurality of robotic arms to a second one

of the plurality of robotic arms.

A method for semiconductor handling as disclosed herein may include:
providing a first robotic arm for handling a workpiece; and disposing a second robotic
arm for handling the workpiece in a position substantially vertically with respect to

the first robotic arm.
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an end effector and a robotic arm each of the end
ef fector and the robotic arm being tapered. 0 In
wa@np@thesinspect, a sem conductor handl i ng net hpdI/us2004/037672
di scl osed herein may include providing an end effector
for handling a sem conductor wafer; and tapering-18-
the end effector to reduce resonant vibrations of the
end effector. The nethod i ncl ude constructing the
end effector of aIun1nun1S| icon carbide. In another
aspect, a sem conductor handling nmethod descri bed
herein may include providing a robotic armfacility;
and tapering at |east one link of the robotic arm
fac Vi br
t acithh BT RER gk B, Al PR b R 19 e
seconé@ rdbolt]ﬂé agh. tihe rﬂeﬁbﬂtm§y acrade mhahcaﬂyrdmmﬂingcthmﬁrst
carbi de. A _sem conductor handling {fg ? | .osed
robeli &R f??&ytheﬁ’é?@ééo Qs i gt a%? 8 IFWO icagpspd the
sec%ﬁﬁ@olﬁ)@lg ;.W Hd é@ARkA RLOCRERANR Qnggfjﬂ'lle %st%‘&ﬁ& a"i‘& and
S; noving Iece anmong the plurality of
themeome]smbmgc mmlmlaﬁ be by“oxnalafkl SOAR Aearmo rAtdeast end ofghe first

first on of the ural it ns to a second
robotig agp ap éhepﬁea?%é % Lg% l%m&yﬁ@&{ﬂﬁesq&%%&@ﬁ@%. s may be
linear. The axis may be curvilinear. The axis may form

a substantially U-shaped. The plurality of robotic
ar mé sm;acwmhllctsm haraﬂ@gfﬁ.melardwcﬁblﬁrélerﬂlmmb’ iingjudst a fisy gebhatic

o PO St oy Ritisdn TERFRR] Pl it ot

and R Seddhll ke dticyar@ffor manng thrwarkfiye, Itlli&ée!ddlﬁi iolbnk@ahlpal rs
of robotic arnms, each |inked pair including

positipnadewithiy thy Bigeessine meastila i cefonition USRI Ay with
resg 04} | P{}:gﬁlg 1?)%8{%9%1 di scl osed herein may include: a

urality o c arms and a plurality of
processi ng nodul es arranged al ong an axis; and passing

e WA M RSN R AT
The 'ﬂ'rscttr?g&ﬁceﬁfq &Qf??{n}‘é&?fﬂ&ﬂg abcdupRatftdm MdRcdil RLSHS Ak

one o ura otic arnmns.
At least one of the ﬁrst robotic arm and the second robotic arm may be a SCARA

arm. At least one of the first robotic arm and the second robotic arm may be a four-
link SCARA arm. At least one of the first robotic arm and the second robotic arm
may be a three-link SCARA arm.

A system disclosed herein may include: a robotic drive; an end effector for
manipulating items; a robotic arm that connects the robotic drive mechanism to the
end effector, the robotic arm including four or more links; one or more connectors
that mechanically couple the four or more links to each other such that the end

effector moves in a substantially linear direction under control of the robotic drive.

Each of the links may have a length selected to optimize a reach-to-
containment ratio of the robotic arm. Each of the links may have a length selected to
avoid collision with a nearby component of the handling system. The system may

include a controller that controls operation of the robotic drive. The controller may be
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A nmet hod for sem conductor handling as discl osed

herein may include: providing a first robotic armfor
whavdloissg a wor kpi ece; and di sposi ng a second PODUS$1004/037672

arm for handling the workpiece in a position

substantially vertically with respect to the first

robotic arm-19- The nethod may include nechanically

coupling the first robotic,@armto the second robotic

arm The nethod may incl udé nechanically decoupling

the first robotic armfromthe second robotic arm At

| east one of the first robotic armand the 5 seco

aremtgpo@r@}em wag conirollesmarhe dYearatas Wik yisualigatign ¢ grare

progllrd THE Pty BBt dord BERMe HEAC m UATARYE B 2
robatit e grdxidake i ehd eﬁﬁmtdr magrinclide an offiset eurist twlallB@RAarm
to i THRISRAGS 5 Py SR GO e RS 0 3 Pich
lea UK RHES fink A fcfl@ baj le&sﬁ@mcgﬁﬁcﬁﬁm%ﬂ(s\@f kY f3bétic arm may be

processi ng nod a second robotic armfor
stabi&ddiqt}ng vertiealvgaplspitieat at least ens ethentins obibe irebogicrarm can fold in

positjoned, w thi rocessin
theSp A8 PO s 07l o PR PPty e P Htude
at 1%9@9}1& BysEsplfne Be@wdenliks.r oboti ¢ arm may be

nmechani cal Iy coupled to the second robotic arm The

f:qr st robotic arm may be nechanically decoupled from

t he ,second . obot i

r ob&t g 88 r%lsgg eergsec%}’bi(%’cllu8 {Olvg(ﬁa fgn;?rgaoslgggﬂvg% VA

effédtor foNnanﬁﬁétmgri&nmt ariderobbtis hrni ﬁiao tmmeeus meemtiomchmve
second rqbotic armmay be a four CARA ar
e a3t g thegnd REPT A Fop R IMS AU HnGie g and
r
b ERRIGEa T o S kPR ot YA
in fiBeintinll§ tinesrdiveptidnatridagedntrehef the rotsitictdrivear m t hat
connects the robotic drive nechanismto the end
effector, the robotic armincluding four or nore
| n'ﬁ]%ch 8P feQink RIS 10O %gﬁrs%le'éteah@b fReRAes@H-oy
couple t our of nore links to eacﬁ ot her such t hat
conthimmentiratiof efthorobuty awn.i Fach of iibstinlestnay hayelajlpraih selected to

avg1|drc%ﬁ}sgo%nw1 N g%[aar (3)/rc]:E)rrn&|menE of’ the hEtr(l)cﬁﬁltgl sgfstgﬁll. Ve method may

include controlling operation of the robotic drive with a controller. The controller
may be integrated with a visualization software program. The controller may control
more than one robotic arm. A link of the robotic arm proximal to the end effector
may include an offset wrist to allow the arm to fold. The robotic arm may include at
least one link having a cutout into which at least one other link can fold. At least two
consecutive links of the robotic arm may be stacked with a vertical gap so that at least
one other link of the robotic arm can fold in the vertical space between the at least two
consecutive links. At least two consecutive links of the robotic arm may be stacked
with a vertical gap so that the robotic arm is able to reach a predefined transfer plane
without colliding with components of the handling system. The method may include

providing at least one bypass spline between links.
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Each of the links may have a length selected to
optim ze a reach-tocontai nnment ratio of the robotic
waews/oBsth of the |inks may have a | ength sel er€BUS1004/037672
avoid collision with a nearby conponent of the
handl i ng system The system may include a controller
that controls operation of the robotic drive. The
controller may be-20- a regpnte controller. The
controller maybe integrated w tha visualization
software program The controller may control nore than
one robotic arm A |linkof the robotic arm proximal to

t he Aesystesf diedbsad hesgin naylincheders RiPFadisy ofprosess madules fetre

faol.d. Th bot j. i .
sy TiicofR BiEo o RaY  pASLAAER) 1R Hao it
md3aibly ebebledo the fifibarttinok eansREigutedeao noviesibdng the linexy adatlc

arm maybe stacked with a vertical ,gaps]%Pt hat at | e%st

an pgobsttif arm|dispessd Qike ca HrTeanipHMEEW PTEPIECES PN the
vVekti ween theat |east two consecutive

pll}r%lht&é)?%ﬁﬂ%é&?’%@%lﬁ%. may i nclude at | east one bypass
spline between links. A nmethod disclosed herein my

i ncl ude provi di nga. rohotic, dif ve, tor f
o TR BC e R A SCAToh A he PRATL AT SRV and e 2
fm?rggg(: SEARNA M, "?&EP@ARK‘ a9 hiinGRde g i liAk aSCIAtl@A arm.

ic armincluding fouror 'nore |inks; an
i nterconnecting the fouror nore |inksto each other

h that t d effect ' '
71 nenpeiepiEre RondinerS G HBi TR st BHS TN #icthum
pr&%?ﬁn@;ﬁysﬁéi’& dispéded iR yubieinealdy 11669 tonBeireidreithving a loading
0

ptim Ze a reach-tocontainment ratio of the rqbotﬁc
end iand aiEgxihenst; anéh e nopryREUREIHA Pyt farFptyming agdtcaytiey the
VOl qQllislio ith a nearby conponent of the
exﬁgﬁg%fﬁﬁlg@s %éhdMThe nmet hod may i nclude controlling
operation of the robotic drive with a controller. The
controll er may be inte%rated W,th a %%sua I zation

sof tNISMENpREHIER AU SEEHRRY P S15PossY apOYHR thE VatHiPLPIOResSing
FahQLL ¢ i nk._f ohabi igal 1o

syPRS- 234 Foh{iabiulh réubd BleimAP e HERRL! bR R e

prodessiag system.f ThelnoiFhacuuobeture system meay tierdispoded basidedbe t

one |ink havi ng a cutout into \A@i ch ?t Ieaizt one. %th1 L
VaPRR PROFFRH WO TR VARV SRUBL ORIy b SRppsthng
théa g&ﬁg{é@@&é&iﬂgw&ns trde el vibdubh ftuarshiteRlmasnckde b idd

lock at the exit end for moving the item from the vacuum processing system to the

non-vacuum return system. The non-vacuum return system may include a slide

mechanism and a gripper for moving the item from the exit end to the loading end.

The vacuum processing system may include a plurality of processing modules.
The vacuum processing system may include one or more robotic arms that move the
item among the processing modules. The system may include a plurality of robotic
arms that move the item by passing the item from a first one of the plurality of robotic
arms to a second one of the plurality of robotic arms. The plurality of robotic arms
may include a SCARA arm. The plurality of robotic arms may include a four-link
SCARA arm. The plurality of robotic arms may include a three-link SCARA arm.

The plurality of robotic arms may include at least one pair of linked robotic arms



10

15

20

25

30

one other link of the robotic armcan fold in the

vertical space between the at |east two consecutive
WO R0vE®S483#8% | east two consecutive |inks of the PODUS1004/037672

arm may be stacked with a vertical gap so that the

robotic armis able to reach a predefined transfer

pl ane wi thout colliding with conponents of the

handl i ng system The netho? may i nclude providing at

| east one bypass spline be %ben l'inks.-21- A system

di scl osed herein may include a plurality of process

nodul es for a sem conductor fabricatjon process
disposep vedigaliihwith respectiss cagh othen \TheiphEalityiof Rracessing mpdules

noveably coupl ed.tpo t ' ' ed to
may S 8 G ek Frd B, 2SR EPRL L
serficORRSRA ABchiien fRility, the semiobmlukcrl ifabyicatiork ficity incaminga

the plurality of process nodul es. Th robo& .C_arm may
pluality afilinesr srairandpictar brpdlingesyaismsy e ﬁ‘ﬁ&ialitﬁé’ :IJB%‘“ a

ser} %Hﬁddch@ ﬁﬁ%@%ﬁ% %eﬁ%@ebr?g-ﬁiﬁb B8bhat hellb&Bn@ends of the

ree- em coniduct or handl i ng System
plugglizg of bechr banebnduceor Handlinglyswmsdewemeqpridereddhang
system di sposed i.n_a substantially |inear
serpisppqustnr fabrsatia{acHifya | oadi ng end and an exit end;

and a non-vacuumreturn systemfor returning an item
fromthe exit end to the |oading end. The non-vacuum
r et W sensyeidestonmpnbfaciiriop fadlity slsesribed hereinamay, frclude at least

r ogessi.n stem. The non-

on B S B RSB ond ST LS W BB LR R
a PARTST BRI B niclules 'whateintdackipippiag dicdpkse dorfegiretbtotrbeeive

vacuum processi ng system The non-vacuumreturn system
oneraf/a bair of pyeltd gdggstithe mecmateﬁmﬁ?eéc LPiRFacky SRS

T, non- v ) j . ack
e i
hoHESGETR G Sithé grpiing itvdulesnppatsithersensicomducty stafeninThe

non-vacuumreturn system nay incl ude%(ﬁ‘lsl i de chani sm

hogipental Ritnespd e Vegica QALY © GBS TP S REvERp h%ng to
seﬁlﬁ%rx%tgyg@a\p%fzﬁ?g? rﬂ}l}’sqng ACHE BRI READHMRI SySt em may

i nc ity of processing nodules. The vacuum
processi ng system may i nclude one or nore robotic arns
t hat, noye .t I}% . . . . .

A method of handling a semiconductor wafer as described herein may include
providing an end effector for holding a semiconductor wafer, wherein the end effector
includes a receiving slot configured to support the semiconductor wafer on a
horizontal plane while preventing the semiconductor wafer from moving in the
horizontal plane and wherein the end effector includes a ramp configured to slide the
semiconductor wafer into the receiving slot when the semiconductor wafer is placed

onto the end effector.

A semiconductor handling system as described herein may include a plurality
of robotic arms, at least two of the plurality of robotic arms sharing a common drive
facility. At least of the plurality of robotic arms may be a SCARA arm. At least one
of the plurality of robotic arms is a four-link SCARA arm. At least two of the

plurality of robotic arms may operate independently, or may operate dependently.
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item anong the processing nodul es. The system nmay
include a plurality of robotic arns that nove the item
whoopassing the itemfroma first one of the ppar/Ebi004037672
of robotic arnms to a second one of the plurality of
robotic arnms. The plurality of robotic arnms nmay
i nclude a SCARA arm The plurality of robotic arns nay
include a four-link SCARA am The plurality of
robotic arms may include a“three-link SCARA arm The
plurality of robotic arms may include at |east one
pair of |inked robotic arms-22- disposed rtical
wi t Hoeeetpeicasped, ssticgdveior hamling syvignide r@)ﬁd héRin fhay

tor
indhOEEREN0 R U572 TR IE bk bohr YRy, B ﬂ% 2t or
cohfifiratian inoludirgcit léaktytwot gagrs o€ filog deparatsor fabrlcatlon
facility including a plurality of Iinear sem conductor
handl ing systems, the plurality of Iinear
Semfgéﬁﬁgéag&gf hgﬁ,@{’* sy SR By Xif PSS wi 1880t shhille
so that t dadi ng ensofthe plurality of |inear
desirioc tavility thoat ifchuieh 2 napchyrd cad wapability and e sontresrpdfilityhwhich
sem cqnduct abr catlo faci nlcond
A e SRR GR P PP RLIGE PRISERr b BN ey LG 2
sel GBRbtoRY G sirtiIk! BeiffiéD BRE of bred r8Seivert, %c&ie‘ﬁ:ﬁ(bﬂ Siflgtatiites,

waf er, the tunble gripper including a pair_ of pplng
ongwd tlase meghanicsl pr epsetiogal fapilitigs: woeluasears, Wl s,g‘ms
rec e r a
clasvgsm%)étgn%ﬁgg tggx?)]; n‘%‘zgl%é Rﬁ%&r Igi ét?éecgo?%f ot 31%%);? %d ttlne?llie as well as
ank @bAibamtiop 0N adyesfthy htngea (mrarmﬂﬁnmtmer a vebbtc atont 0 a
posi tion wherein a horizontal portion of the gripping
nmodul e supports the seni conductor wafer in a
hori optAle r?ncﬁiv%n dn i‘ﬁ%f b GAY R 3 e Yhechifism of facility
gri ppi ng nodul e prevents the sem conductor wafer from
formimducigg imotiohe Iinembadinteats ipinaludes the mettdrichcoderisectibiniafg a
en1conductor waf er as descri bed herein may include
10PRtovi di ng an end effector for hol ding a seni conduct or
waf er, wherein the end effector includes a receiving
sl ot conflgured to support the sem conductor wafer on
a h oh$ ussdtheteip|“axie” sthalll inclpdesy emtormg drilve cemecied mersbaweally

e Ll S50 oF Sy D ARt anPrigiud st

m&rﬁBer. An “N-axis drive” shall include a drive contalnlng N axes; for example a

“2-axis drive” is a drive containing two axes.

As used herein, “arm” shall include a passive or active (meaning containing
motors/encoders) linkage that may include one or more arm or leg members, bearings,

and one or more end effectors for holding or gripping material to be handled.

As used herein, “SCARA arm” shall mean a Selectively Compliant Assembly
Robot Arm (SCARA) robotic arm in one or more forms known to those of skill in the
art, including an arm consisting of one or more upper links connected to a drive, one
or more lower links connected through a belt or mechanism to a motor that is part of

the drive, and one or more end units, such as an end effector or actuator.
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sem conductor wafer into the receiving slot when the
sem conductor wafer is placed onto the end effector. A
w@eesoestiict or handl i ng system as descri bed herP@l/nS1ve4037672
include a plurality of robotic arnms, at |east two of
the plurality of robotic arnms sharing a comon drive
facility. At least of the plurality of robotic arns
may be a SCARA arm At Ieaéa one of the plurality of
robotic arns is a four-1ink"SCARA arm At |east two of
the plurality of robotic arnms may operate
i ndependently, or may operate dependently.-23- In
anotisasedbgeint ‘tum radivs cehatlueeas theeadins the agyasmdits in when it
.1%ﬁscr|b % herein may include a robotic arm having a
15 8Eﬂf§§ arm configuration, the frog-leg arm
configuration including at | east two pairs of frog | eg
arms. 5 As used herein, "robot" shall include any_ kind

of Wvsawed hersias “rspchishall ’d’tcmﬂlév‘i"l{dé respeqtie p roRojicapy; the
ma%:(a %@‘%ﬁéaﬁhﬁ‘?ﬁ&ﬁ%h@@lwh%ﬁ%?% isaﬁﬂlclg ngtleﬁdédo 4l ythe

nation o
mechdiii ¢ |11lnﬁf is aflftde fsthor outcthmﬁhe actpalaaffesting teach, foacadse ftys

a set of nmotors, or simlar facilities ne Qqr
easigrdp coRFe angFm Ahat isne Foglpiﬁttlxﬁultya@s Fdepd enﬁwélfatn%Wtee is

a hﬁﬁgﬁwl ?Jlarﬁ’& re%tén?x%ﬁ'theft@% b hir@Se cBME).as ar ns,

egs; o claws, extenders, grips,
nozzl es, sprayers effectors actuators, and the like,

2 i SRR S By bt

retﬁi&&!dl subl'i‘ ﬁiaUQ@m@dg{nafr? Emwtcardlsé IR WIEEH@IT theweh/chdCi | i ty
for inducing notion. In enbodinments it includes the

effagorsmataniebthet is & grinisnbfadilss robot. As used herein
"axi s" shall include a notor or drive connected
nmechani cal Iy through |inkages, belts or sinmlar
f acigdise@ Beret) IR “DRRHAGHCOoMAinMRbeAtio” Shidhmas, avith respect to a
menber. An "N-axis dri ve" shal | include a drive
romta@mnth@gaw abmpaximugy readptonEigumMCOniainmenpt; ye" js a
drive containing two axes. As used herein, "arnt shall
i nclude a passive or active (neaning containing
not Gyssised herdar, Sjobbi-tokmbet tdidanceriali melude ¢helmgizontahdistance

arm or ers, . bear » . .
between the meghamcnpcentral ax?s otl 1'098.%101‘1 of two different robot drives.

As used herein, “slot valve” shall include a rectangular shaped valve that
opens and closes to allow a robot arm to pass through (as opposed to a vacuum
(isolation) valve, which controls the pump down of a vacuum chamber). For
example, the SEMI E21.1-1296 standard (a published standard for semiconductor
manufacturing) the slot valve for 300mm wafers in certain semiconductor
manufacturing process modules has an opening width of 336mm, a opening height of
50mm and a total valve thickness of 60mm with the standard also specifying the

mounting bolts and alignment pins.

As used herein, “transfer plane” shall include the plane (elevation) at which

material is passed from a robot chamber to a process module chamber through a slot
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and one or nore end effectors for holding or gripping

material to be handled. 5 As used herein, "SCARA arni
wabablo483enn a Sel ectively Conpliant Assenbly Re@DUS204037672

(SCARA) robotic armin one or nore forns known to

those of skill in the art, including an arm consisting

of one or nore upper links connected to a drive, one

or nmore lower |inks connectfd through a belt or

mechanismto a notor that i'S part of the drive, and

one or nore end units, such as an end effector or

ig r.-24-_ As used he turn_radi us" shall mean
a? P‘é‘g‘P SEMIEAL- 1eA2% ﬁ@rfiaféfqrﬁemr?@ﬁdwor. mgarufpqtyring
gﬂ@l@t&%ﬁ&r T @ﬁﬁﬁh%oﬁm@%t vﬁ@@kéntér‘ﬁﬁhu‘je W th

spect to ar Ic arm maxi mum reach that is
obt ai ned when an armis fully extended. UsuaIIy t he
t.tle further

h |
ot U3T bR ety bectin A phallbitfe Vet Seiptien i b one or

m6RIbbRc Bfved it T¥as isl the &H&ll&@f&?b&&lﬁk ¥t h £HIBPSREm.
(in enbodinents there is a | /[right singularity “at

full extension that can be hard to control) o As used
her e ont ai, ati ns e he
e A Qusgd HRMGE D a8 hde RS BenPRS ol TRt &
codhédtédorCBéth RAdHioanother Bl Antehe efEEHE Belthe robot drive.
effector/material that is of mnimumradi us. As used

herein, the "reach-to-contai nnent ratio" shall nean

w th Q7 & »SepHahat bG, . LAkl '

e BERREA DL S O B R LR

thé mmibbihkd Bantinp difom the siriga aethelead keffestiot. ude the hori zont a
di stance between the nechanical central axis of

rotation of two different robot drives. As used

her eA fiysed HeRlin, Vehd Effeii2 |shag1 HII% lidd@n@l F M‘Qcﬁ{/%end ofa

shaped val ve that opens an oses to ow a ro
robotin arm (ﬂlatalsfrbmrtb@gibo'(ladnwmutmxml &0 mmtemrm which the robotic

o R R Sl P A B < ey PR o ggactvely

hokdsaRél atbr{af tdWdHrdnspaitbdsih a@eﬁﬁ&nﬁ@ém%%mé‘se Relstih Obther actuator

manuf acturing) the slot valve for wafers in

dignesedhomtheenil ©6 theuebalic arm.

As used herein, the term “SCARA arm” refers to a robotic arm that includes
one or more links and may include an end effector, where the arm, under control, can
move linearly, such as to engage an object. A SCARA arm may have various
numbers of links, such as 3, 4, or more. As used herein, “3-link SCARA arm” shall
include a SCARA robotic arm that has three members: link one (L1), link two (L2)
and an end effector. A drive for a 3-link SCARA arm usually has 3 motors: one
connected to L1, one to the belt system, which in turn connects to the end effector
through pulleys and a Z (lift) motor. One can connect a fourth motor to the end

effector, which allows for some unusual moves not possible with only three motors.

As used herein, “dual SCARA arm” shall include a combination of two
SCARA arms (such as two 3 or 4-link SCARA arms (typically designated A and B))

optionally connected to a common drive. In embodiments the two SCARA arms are
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5 manufacturing process nodul es has an opening w dth
of 336mm a openi ng height of 50mm and a total valve

wa hioskss3ss of 60mmwith the standard al so specPEHUSZP04/037672
the nounting bolts and alignnent pins. As used herein,
"transfer plane" shall include the plane (el evation)
at which material is passed froma robot chanber to a
process nodul e chanber throygh a slot-25- valve. Per
the SEM E 1.1-1296 standard for sem conductor
manuf acturi ng equi pnment the transfer plane is 14nmm

eltﬁgtgéé)t?nﬁl&glysihgﬁe}{gén\{ %}bagetée\r/(é{éne 1@ et;er?.ﬁ a?‘ cﬂ'g/g fgradual

1ndnpeﬁdanb SEATOD atrh Qsihlly Wes either ifitve mldbiS: dife dobfectd®ol RS, one

$E%F gﬂe element in a |inear system As used herein,
comfes a1 oneRonpertedtorthe belhs st pkarved, afe connestied to the

beRIst f t a

oRIBtaf UTRAR E2 dn 8B B i R B e fof R Ao iftent

SCAL&A anhumualb,rhas heohinken shlasd 1.1 linlc Far et diﬁ‘lsWBi’ﬁEBlaﬁﬂ cOhtains
ks starti n%ﬂfromthe drjve to the end

typé?aﬁlggt%’}ﬁ molEs: pug gopperler 1o thegommagn ik b, rongteanmecieddp dare
beRBySRERTBNUmAA, Gt Rahéd&l t% . Bd1t ?}/sfe;ii?ﬁﬁ'aﬁnﬁ L4 'a%&%non Z
fromthe robotic drive an pr oxi‘ma ’tem o
(lifphmeters he robotic s armwill act. The end effector may
be a hand of the robot that passively or actively
hol ds the material to be transported in a

sempcsamdwnmrn pi-0ieR SEARA saesliNBsudC it @t PihathfResed
he end of the robotic arm As used herein, the

Pl b any eidesfiecios. A drige Briacd- hnkrSCMtA ame bardlese
fouf? n‘P&Srso né@fnﬁe&tk&'ﬁ»ﬁﬁ%ﬂe e bgftl ﬁ&g%sgoq%%g g& %Eﬁ

wher e t e arm under 'CORtro
one® the end gifgeommdaly] antor. A @%ﬂﬁn@ﬁtﬁbﬁl@% Ihatb@s é’r@'hb&iéﬂ one

f 1ink h As
cofféPaic LT ofd Rnistsdi ta Bol ey heampas i B2 the ond

effga&ogh@agrrgb{opat has three nenbers: |ink one (LI),
l'ink two (L2) and an end effector. A drive for a

3-1ink SCARA armusually has 3 notors: one 5 connected
in turn connects

I whi
to fuselfiekfy Baich B ian” ot BySde pmann Hat his e
meffibes¥ L1ANE1BAN2 A OBILEAd #h Rt d¥OA Abivk Port 'S0 @[E% arm can

have three motors, one connected to L1A -which is mechanically by means of gearing

or the like connected to L1B-, one connected to a turret that rotates the entire arm
assembly, and a Z motor. In embodiments the drive contains three motors, one
connected to L1A, one connected to L1B and a Z motor and achieves the desired

motion through coordination between the motors.

As used herein, “Dual Frog-leg style arm” shall include an arm that has eight
members L1A, L1B, L2A-1, L2A-2, L2B-1, L2B-2 and two end effectors. The second
link members L2A-1 and L2B-1 form a single Frog-leg style arm, whereas the second
link members L2A-2 and L2B-2 also form a single Fro g-leg style arm, however
facing in an opposite direction. A drive for a dual frog arm may be the same as for a

single frog arm.



10

15

20

25

30

effector, which allows for sone unusual nobves not
possible with only three notors. As used herein, "dua
weaRsdssInt shall i nclude a conbinati on of twoPOI/BEARK037672
arms (such as two 3 or 4-link SCARA arnms (typically
designated A and B)) optionally connected to a conmon
drive. In enbodinents the two SCARA arns are- 26-
either conpletely independgat or share a common [ink
menber LI. A drive for a dual independent SCARA arm
usual |y has either five nDtors one connected to LI-

te I onne to,the belt
SyeSARBE et LPeip b AT GRR? a0t Bas i gwh@%felgm
memherBLlAnHlE, ORI A2 LQBt]) met@ had ﬁv@éﬂd’&fécﬁfrs qﬁ@qﬁét
Inge qgenibg SCARA arn1usua||y has a common share
Gt Vo PR &rlﬁsar%eaah@ome&ml to one af the metpissabstyntiabiyby
iiden y mpn lLink LI
th conngezgf e%ﬁtgrotﬁ?ﬂw %ﬁ%sttﬁ %‘ or arnﬁin11 n&%beé%ﬂ%éc]t g

L2Bol form ssingle Fyog- }:egWSfyber ar@, WHBread gk s’éc@&i’ﬂﬁﬁﬂ&n&nﬁéﬂsmﬁﬁ 2 and
e| n "4-11 nk SCARA arn shal l

Lzlgtr?c %léorﬁlna %{P@P%ﬁ R AY1¢ . hewieterfgeing in thezame dirgetipn. A
drivarfopadivel #r6€ b mafbe ilBrdes 5 s111§]]'é1 l?ro% A arm can
have four notors:  one connecte oné ' to the belt

systens connected to L2 and L3, one to t he end
ly 3. nmotors

ef f i ments on

ar egri e& (IEf 2 ?1 %atﬁ%tzaggﬁﬁag}?fle aq St?‘% goc&ﬁ@“@dﬁﬁ’é@?% hergingage
herbley incetpotaed byafferegganect s to L2, L3 and the end s

effector, and a Z notor. As used herein, "Frog-Ileg

style arnf shall include an armthat has five nmenbers:

LI A LIB, L2A L@gm&u .gnd ffector. Adrive for a
frog-leg arm carm have-t1 ee—#gﬁbfggggﬁe connected to

LI AFLGWHi shiowis squipmleatnirclateturétyfore #aSet9 bf BRANABEIrAg O
the like connected to LIB-, one connected to a turret

CQURH WSt es the entire arm assenbly, and a Z notor.
In enbodi nents the drive contains three notors, one
connected to LIA one connected to LIB and a Z notor
andFl&s Ri shows atcheventisial edustattype ajchitesrgl foogndiin@itbmin a
n.the tars. As used herein, "Dual Frog-Teg
Sengéeoq%ggfﬂ%an ﬁoqufmgﬂ{ﬂ Cfifean arm that has ei ght

FIGs. 3A and 3B show a series of cluster-type systems for accommodating

between two and six process modules.

FIG. 4 shows high-level components of a linear processing architecture for

handling items in a manufacturing process.

FIG. 5 shows a top view of a linear processing system, such as one with an
architecture similar to that of FIG. 4.

FIG. 6 shows a 3-link SCARA arm and a 4-link SCARA arm.

FIG. 7 shows reach and containment characteristics of a SCARA arm.
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menbers LI A LIB, L2A-1, L2A-2, L2B-1, L2B-2 and two
end effectors. The second |link nenbers L2A-1 and L2B-1

wo eros4ssingl e Frog-1eg style arm whereas t he BEDUSIH04/037672

link nmenbers L2A-2 and L2B-2 al so forma single
Frog-leg style arm however facing in an opposite
direction. A drive fora dual frog arm naybe the saneas
for a 0 single frog arm - 2; As used herein, "Leap
Frog-leg style arni shall ~ $cl ude an armthat has
ei ght nmenbers LIA LIB, L2A-1, L2A-2, L2B-1, L2B-2 and
two end effectors. The first link nmenbers LIA and LIB
ar eFEaA@shows eght-kesielt componerd$ farlagobestsystems ubst anti al |y
by their centers, rather than by their distal ends.
The second |ink menbers L2A-1 and L2B-1 forma single
Fr ogrds @shoingl BrpbAdnt YGRS @as-atd archeeerast fot BkobvEiotaan System
L2A-2 and L2B-2 also forma single Frog-leg style arm
foresvmachanidtiog systém. t he same direction. A drive for a
dual frog armmay be the sane as for a single frog
arm All patents, patent applications and ot her
d oCHI®@ Ntossho @k esRAaed cheniginentcapabititiebyf 4 4diok SAR A drrby
reference. Brief Description of the Figures FIG 1
shows equi prent architectures for a variety of
RN R CH U0 1&9%@Mhafa)6&?§u%§: 41 4-Anf BEMR Rarm
conventlonal uster-type architecture for handling
itenms in a sen1conductor nanufacturlng process FI Gs.

2o oo B ER O a gL Y4B AR e
beltd 45 thé trRMSsioH Blechaaued. Corrponents of a linear

processing architecture for handling itens in a
manuf act uri ng process FIG. 5 shows a top view of a

ar RO Ta sy P od B gy AR B SRR gy e

splird litﬂéﬁsmsﬁﬁéﬁﬁﬂﬂe&wﬂmkﬂ.nk SCARA arm

FIG. 14 shows an external return system for a handling system having a linear

architecture.

FIG. 14a shows a U-shaped configuration for a linear handling system.

FIG. 15 shows certain details of an external return system for a handling

system of FIG. 14.

FIG. 16 shows additional details of an external return system for a handling

system of FIG. 14.

FIG. 17 shows movement of the output carrier in the return system of FIG. 14.

FIG. 18 shows handling of an empty carrier in the return system of FIG. 14.
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FIG 7 shows reach and contai nment characteristics of
a SCARA arm -28- FIG 8 shows high-1evel conponents

wo o00sm4830bot system FIG 9 shows components OPCHUS2004/037672
dual -arm architecture for a robotic arm systemfor use
in a handling system FIG shows reach and contai nment
capabilities of a 4-link SCARA arm FIG shows
interference characteristicg of a 4-1ink SCARA arm
FIG 12 shows a side view a dual -arm set of 4-1ink
SCARA arns using belts as the transm ssion nechani sm
FI G_ 13 shows a side view of a dual -é}rlm set of 4-lin

%ﬂlqy@mgvmmspf ﬁl@emntﬁkcaagertlﬁ G FeHHE fYHen ok H6. 14
shows an external return systemfor a
mtﬁ%qgfﬂﬂﬁ yst em havinga |inear architecture. FIG 1l4a
shows a U shaped configuration for a linear handlin
Y g g

system FIG shows certain det er nal
"ot i %@%hoavﬁ the, Pmatquﬁ@erg apd raop i 0 g opas of the
Q derah] & of an external return system
g@gra han tL|{r{rﬁgpsgé§/n[sltem of FIG 14. FIG shows novenent
of the output carrier in the return systemf FIG 14.

FI G handl i ng of an e r in.the. return
oy Mol RS ety Sureibr SR ks RGN e S
enﬁﬁl@all@{helr&uhhg,sfe%{ gfrceygtemof FIG into a | oad | ock
position. FIG" 20 shows the enpty carrier |owered and
evacuat ed and m)vemsnt of the gripper in the return
syst
;o dih 2 s dnerk siief BB HBRdike BRI E sarting anow
reﬂuméyiweiiﬁhexfenmﬁxssﬁtemdﬂrlﬁl @ 14. FIG 22 shovvs an
enpty carrier brought to a holding position, starting
a new

FIG. 23 shows an architecture for a handling facility for a manufacturing
process, with a dual-arm robotic arm system and a return system in a linear

architecture.

FIG. 24 shows an alternative embodiment of an overall system architecture for

a handling method and system of the present invention.

FIG. 25 shows a comparison of the footprint of a linear system as compared to

a conventional cluster system.

FIG. 26 shows a linear architecture deployed with oversized process modules

in a handling system in accordance with embodiments of the invention.

FIG. 27 shows a rear-exit architecture for a handling system in accordance

with embodiments of the invention.

FIG. 28 shows a variety of layout possibilities for a fabrication facility
employing linear handling systems in accordance with various embodiments of the

invention.
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return cycle in the return systemof FIG 14. FIG 23
shows an architecture for a handling facility for a
wOoreewaNesstri ng process, with a dual - arm r obot i BCHUS2004/037672

systemand a return systemin a |inear architecture.
FIG 24 shows an alternative enbodi nent of an overall
system architecture for a handling nethod and system
of the present invention. g G 25 shows a conpari son
of the footprint of a linéal systemas conpared to a
conventional cluster system FIG 26 shows a |inear
architecture depl oyed with oversi zed process nodul es
in a handling systemin accordance with enbodi nents of

t he_j h

for FICH Rhr e syl ORE sR g fEL e BBLEE R
muftipld MigvdsAHERE IdtiplELsatrotBrsshows a variety of |ayout

possibilities for a fabrication facility enploying

l'inear handling systems in accordance with various

e %g&@ﬂ#‘g ?Iﬁ]sl%gr ﬂlﬁﬁ’ il PRy V\ﬁﬁ’g chﬁjagﬂengtﬁ:s%@l@%t &

e |nven 1 on erein a robot may

emb&dihiéds olﬁtﬂetm@émoﬁrl ves and/or nultiple controllers.
FIG 30 shows transfer plane and sl ot val ve

characteristics relevant to enbodi nents of the

| nvﬁﬂt}'ﬁ%h&ﬁé?‘r%‘gﬁ@}glﬁgeﬂfé{’@é&erﬂ{g Wifs. for centering

waf ers a passive sliding ranp for
centering wafers. FIG 33 illustrates a fabrication

1 ke Sy AR e g o

md-entry facility froma s top view FIG illustrates
a fabrication facility including the placenent E
opt FEG) 3sillnsiotes o fbrientioadpsibity ip¢ udigB Sipid- At 1BeERE i on

and materials in accordance with

FIG. 34 illustrates a fabrication facility including a mid-entry facility from a

top view.

FIG. 35 illustrates a fabrication facility including the placement of optical
sensors for detection of robotic arm position and materials in accordance with

embodiments of the invention.

FIG. 36 illustrates a fabrication facility in a cross-sectional side view showing

optical beam paths and alternatives beam paths.

FIG. 37 illustrates how optical sensors can be used to determine the center of

the material handled by a robotic arm.
FIG. 38 shows a conventional 3-axis robotic vacuum drive architecture

FIG. 39 shows a novel 3-axis robotic vacuum drive architecture in accordance

with embodiments of the invention.
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enbodi nents of the invention. 0 FIG 36 illustrates a
fabrication facility in a cross-sectional side view

W@ bwaioss31dpt i cal beam paths and al ternatives bREIUS2004/037672

paths. FIG 37 illustrates how optical sensors can be
used to determne the center of 5 the material handl ed
by a robotic arm FIG 38 shows a conventional -axis
robotic vacuumdrive archigecture FIG 39 shows a
novel -axis robotic vacuumdrive architecture in
accordance 0 with enbodi nents of the invention.-31-
FI G AGM(A liustditaRrtRaNEhitdnged lodd REK aR@ablylipaitoldatde
assenbly in accordance wth enbodi nents of the
Wity eRbedgRentypithe wwention) ustrates a vertically arranged
| oad | ock assenbly at both sides of a wafer
fabrication facility in accordance with enbodi nents of
t he iFGeHiB Blustrams@ vesisalhsarsanged lopdlark gssepblyahath pigesrt 2
1d... ' | j
R Pl Ao h AL RN Pt & 4
shows a linearly arranged, two-level handling
architecture With verti
2 10Poeb Wl G Rk R BA G BHRSAS SackR ot
aoioel imacdosdante wileembndémertoof thd-in@Gntié8. shows t he
handling layout of FIG 42 in a top view. FIG 44
shows an instrunmented object on a robotic armw th
Sensgie:. 4DsHdels atineqplyxtafigddy twakletdl dambing atchitatiae wWithget |
i n_accordance with odi nents of {h‘z i.nvent i o,ira. Fl Gth
vestigally glepledtPEQCerigUPAUfs h FERBITEIH Yoy & garaye ™!
L abaeheradr Bd lnowtiohe robotic armto detect its
position relative to the obstacle. FIG 46 shows how
an instrumented object can use radi o frequency

COMURHE A LIRS thd haAdFROMIR ST SNFRILp VRwcONMUNI cat e

position to a central controller.

FIG. 44 shows an instrumented object on a robotic arm with sensors to detect

proximity of the object to a target, in accordance with embodiments of the invention.

FIG. 45 illustrates how the movement of sensors over a target can allow the

robotic arm to detect its position relative to the obstacle.

FIG. 46 shows how an instrumented object can use radio frequency
communications in a vacuum environment to communicate position to a central

controller.
FIG. 47 illustrates the output of a series of sensors as a function of position.

FIG. 48 illustrates how heating elements can be placed in a load lock for

thermal treatment of objects in accordance with embodiments of the invention.
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FIG 47 illustrates the output of a series of sensors

as a function of position. FIG 48 illustrates how
wheasiossziel enents can be placed in a | oad | ockP¢DUS2004/037672

thermal treatnent of objects in accordance with

enbodi nents of the invention.-32- FIG 49 shows an end

effector tapered in two di nensions, which reduces

active vibration nodes in t_,’ae end effector. FIG 50

shows how vertical tapering of robotic armelenents

for a robot planar armcan be used to reduce vibration

in the armset, wthout significant]ly affecting

ver FlGed9 shoxwianradiesieetns taperedin twq distensions Vﬁn%turéﬂuces
Arm FIG 52 illustrates a
ac%ugﬁgﬁgglgﬂ%e %ﬁ%ﬁjgﬁ% ic arm FIG I53 |uISI ustrzt es
a frog- Ieg style robotic arm FIG 54 illustrates a
dual gstl boti.c a IG 5bA i]lustrates
o G BonfbA VAT o S U p Slemept S8 fgDp Blanar
arrﬁ%a@bé"uée‘dptg &g%ﬁﬁ HREB TR £ LR vﬁfhdu@ygfu%%tﬁpéff&ﬁh§

cart. ustrates a top view o
veﬁicélstzﬁﬁlnghangttrat es using a 3-Link single or dual

SCARA arm robotic systento pass wafers along a

substantially a linear axis. FIG 57 illustrates a

2-| gyg! 5VvARMHERD 2 a1 IiAEpERRAE SCARMSDRtivRERR e the top
and bottom process nodules are accessi bl eby neansof a

vertical axisin the robotic arns. FIG 58A shows a two

| CVHGDEDERRHAD, AR LSRR AR LGS or o passed

al ong a’su i near axis on one of the two
Ievels -33- FIG 58Billustrates a variation of Fig.

8a _where substrates are renpved fromthe rear of the
systFéﬁt SFillystrafgna Sieevias HVIsdARAtCA M i ng facility which
accommodat es very |l arge processing nodules in a

substantially linear axis. Service space is made
availl@bj4iltustrates a dual Frog-leg style robotic arm.

FIG. 55A illustrates a 4-Link SCARA arm mounted on a moveable cart, as

well as a 4-Link SCARA arm mounted on an inverted moveable cart.
FIG. 55B illustrates a top view of FIG. 55A.

FIG. 56 illustrates using a 3-Link single or dual SCARA arm robotic system to

pass wafers along a substantially a linear axis.

FIG. 57 illustrates a 2-level vacuum handling robotic system where the top
and bottom process modules are accessible by means of a vertical axis in the robotic

arms,

FIG. 58 A shows a two level processing facility where substrates are passed

along a substantially linear axis on one of the two levels.
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nodule. FIG 60 illustrates a dual Frog-Leg style
robotic mani pulator with substrates on the sane side
of the system Detailed Description FIG 1 shows

equi pnent architectures 10@83-for a variety of
manuf act uri ng equi pment types. Each type of
manuf act uri ng equi pnent handl es itens, such as

sem cBItt 8B diuswaibes saridiieh vEkip. S8amheresulptate ssasnowddiom
s che cal vapor deposition processes, etching
%ngggggf Y4H® the |ike. As semi conduct or
manuf act uri ng processes are typically extrenely

sensi fjyv 0o, contam nants, such particul at es

Vol at FICbSh ghfive: Eanaaiais Soife Rt s an e

badeessPlg@tsiuie irfa m@tuﬂttau@mmearr QRigESetvicd Paceie nate HRAIble to
process nodul es that are devote to specific

ﬁtlotf 2 b iUk oy PRR)&?S%F’Q Yre noved by a
handl i ng system anong t he vari ous processes to produce

t he end product, such as a chip. Various
conf i GG 29D ahustraigna mexs compeeflaeutiar # t?@geslgrgtt‘éﬁ%wd%es and

%B@Mﬂhﬂ&5“§y§&§ﬂbls a cluster tool 1002, where process
nodul es are positioned radially around a centra

handl i ng system such as a robotic arm 1In other

embodi{reih ‘T’ltusﬁatgélﬁ fhid1 B r%sLe% nsg)@&lcr rﬂ&tﬁfﬂﬁatbxt \%Hﬁ substrates

hori zont'al I'y, suc odi nent” 1004
KmWMWﬁmnsmasbé@Byﬂﬁneach type of tool is the
"footprint,” or the area that the equi pnment takes up
in the sem conductor manufacturing facility. The

| arger the footprint, ebﬂmhbaeﬁggace required to

acco t | e f abr.i ion
Faci TRy SpEhedipe PRl p h0o ReydRiky B nfenine
2GSpRbattgds WEsdh topenefeshnhifctutiag gmipnvac hmﬂies ylsme;rmoh as
whi ch ncrea; r eat | cost as they. incr

R PuReLtrioh

Sy Eondiar ST PR P Rat Bt L L LB osiion

"PrR8¥es YRR pfaRedskd, wd th& Mige. sk CRhti @RBHHE rha[huia{aﬁﬁmgov es
itens in and out of process nodul e where the %[ 5
PERIETSESAT8 PBICally SYEERE I ERY 1Y S AEA NS SUC fReparicUlales an

b LhietBEhY SmbBRRIsPRS hidceRass tiOfe S5k PRRY S viciud
Celn\lf'llfc}nitrent, in one or more process modules that are devoted to specific processes.
Semiconductor wafers are moved by a handling system among the various processes
to produce the end product, such as a chip. Various configurations 1000 exist for
handling systems. A prevalent system is a cluster tool 1002, where process modules
are positioned radially around a central handling system, such as a robotic arm. In
other embodiments, a handling system can rotate items horizontally, such as in the
embodiment 1004. An important aspect of each type of tool is the “footprint,” or the
area that the equipment takes up in the semiconductor manufacturing facility. The
larger the footprint, the more space required to accommodate multiple machines in a

fabrication facility. Also, larger footprints typically are associated with a need for

larger vacuum systems, which increase greatly in cost as they increase in size. ~ The
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simlar to 1002, with the difference that the central
robot handles two wafers side by side. Each of these
waymsess1shar es many of the chall enges of cl usP@r/us2004/037672
tools, including significant swap tinme del ays as one
wafer is noved in and another out of a given process
nmodul e, as well as considerable difficulty maintaining
the cleanliness of the vacyym environnent of a given
process nodul e, as nore and nore wafers are noved
through the system FIG 2 shows a conventional

cluster-type architecture 2000 for handling itens in a
archibedtersr Q04 tasatesriterus irca tlarngprsprotaedity. The %’gtqc@ra i} 006

200 ves 4t such , '
ma o feRE g RSP o pR ST P AR FRRAS W W 3y apanged
nedte éidh dthe. Mbbatdheteattrd RIV@4osifionaprvoess herdubesdn bstuste e
_handl |&1%5rri,ni -environnment chanber 2008 recei ves :
siopitar é9 1 {125 Witrthedibieransg thy thqf@n@e}apﬁ dlgs, tvppfees side by
. JQ i i . N
sidfy RO o5 Aoft SERES Lt L e SRl ol el 1l dnetuding
sig?.im-ant SWhip| tenodelaysors @nomcifidras 2002d invanddnpteeowti eflal given
it, t ractical confjgutrati is lLimted. to. fi
prqypmg@ﬁﬁgla NE .S‘an@@sz_ erg\I %c@?gp&?ﬂalwgﬁfeeclﬁ%gmlegseof the
va&l@Dbdvioaechdof I RAEE plobBss eSS @@RHokd 4nd BbretviisFers are moved
equl pnent, in particular the robotic arm 2004. FIGs.
thigvglathd 3Bstehow cl ust er tool nodul es, atnospheric
m ni - envi ronment handl i ng chanbers, vacuum handl i ng
chanbers and ot her conponents 3000 froma flexible
ar CIHIGET shivis Sochiveridral clastéfsipd fdbaseoreP00 fadiandlingitems
_ process. Different nodul es can be assenbl ed toget her
in 8 gernigenductrmeantiast HENIPeess Ofrobotifeay 2194 speyes dgms, such as
teech . j [.; '
G
the_Cﬂ)BSi_;id]i ?MEN(BL (%en @mosphdrivsubsrdié hardiieg niiniRgstienmest chajnber
in different, process nodul es, as well _as .etching in
2088 Frerives Bratssialsfatindling %ﬁ@%ﬁ‘éﬁ%ﬁ% apd ﬁ?lﬂé mﬁfe&@g%%s
prddbsdifiis ol fhe NpRGLAiR RN W/BRIIHEA0 U@ oo HiYoBsdn s
pro t. ven the increasing conplexity of
2082nWddiedne toore ooxdplerRO02 syould potsntidltyit, dhe practibdleconfguration

o B b 2 PO B BER S it

im?h&%ﬁeeger&ie@a{bﬁitgi e iel éqggm?&@,\aﬁ paftiRuBPAeQobdt dre2004.
herefore, It may be-35-

FIGs. 3A and 3B show cluster tool modules, atmospheric mini-environment
handling chambers, vacuum handling chambers and other components 3000 from a
flexible architecture system for a vacuum based manufacturing process. Different
modules can be assembled together to facilitate manufacturing of a desired process
technology. For example, a given chip may require chemical vapor deposition of
different chemical constituents (e.g., Titanium Nitride, Tungsten, etc.) in different
process modules, as well as etching in other process modules. The sequence of the
processes in the different process modules produces a unique end product. Given the
increasing complexity of semiconductor components, it is often desirable to have a
flexible architecture that allows the manufacturer to add more process modules.

However, the cluster tools described above are space-limited; therefore, it may be
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i mpossi bl e to add nore process nodul es, meaning that
in order to conplete a nore conpl ex sem conduct or
wWOR(F081048313 may be necessary to nove manuf act uri PQI/US2084/037672
second cluster tool. As seen in FIG 3A and FIG 3B
cluster tools can include configurations with two
3002, three 3004, four 3006, five 3008, 3010 or six
3012 process nodules with aged vacuum i sol ati on.
O her conponents can be sug% )l ied in connection with
the equi pment. FIG 4 shows high-level conmponents of a
i near processing architecture 4000 for handling itens
impassibletandd awrepiosessprestidess megmag Hiag i rdet tgcampleas 2 fgse
or, hore. tianar, oho
corgiieR Pesien e P R A8 E eGP id B fhahlraftubhPRA second
clubret tg@?whﬁé tséethﬁn sxstmmt Fl’(am% dfiiﬂt&:r footeanliaclodmedndigutations
or bo a e sane tine, The |ine m uses a
with 4w0dR0BHEBAPOS TawING, leFe3QQ§b S0 it E TS aiguiss
I P
wil SRl S5 (LA, POfef BARGIEE A UM IARE IR Eomel it
theasquipagdd i n a |inear fashlon h enbodi nents, a single
controller could be set up to handl e one or nore
sections of the architecture, enbodi nents vacuum

ch aw r Bsibwiairid-RIS] &ﬁl?po%éﬁt@ ash heir pﬁ'('i&bsm@arcﬁltecture 4000

manuf act urer can easi | add addi ti onal
formdhwmmmwfmu@nmwsﬁuEhamhgeqt@r@s@e&:tmumve

%@2&@ zsa‘g(ﬂﬁ?g)éf‘ 1nlji\glg§eaf ﬁaafgérelﬁf eatroBJr)P(s) %g@ gz[ne@e either
motARA iRk AR AL systdhe of Rampuipwafrorfialye tambehlid br thrat

addi ti onal sections and thus robots are_ added.
thessemertiime. , Thelingaysistam vEss2</acya & %‘éefﬁﬁh%ﬁfé’é‘% ﬂ&mhafds“e

Sy: %I(l) %?1?]1% b%*&% Ri&a %&'ggltlgfe%nﬁ?&% ch{ﬁ‘ﬁrcﬁ%ﬁﬁérs 408, legéﬁjwﬂh

e singte ro robot Is equi pped
a vébuiin ahatedr 4_almqreadﬁﬂigual dwn tobet ammgeld of a litwar fasbon. dan

b the | t f I
ernpaginesys. AREISOBI LR By Hosteh > BRI GTEIOF esB eGP of the
arcﬁ?cg%ufem efbolii ?ﬂggfs Vdd'é{lﬁ(rﬁ chshb&E 4U?‘Z‘ é@%ﬁ@ﬁ%@ %)‘Eteﬁﬁyl% that is,

axl s two conpletely indepen ent
a rmnmamremmaamuhil adSTiRAl sectichsathafmbery-4043 angﬂm 9dd pragess

oo BT S Sl MBS, gDy v
inRPefRANrPBELHRA 4004 and arms 4002, the throughput may stay high when
additional sections and thus robots are added. By contrast, in cluster tools, when the
manufacturer adds process chambers 2002, the system increases the load for the
single robot, even if that robot is equipped with a dual arm, eventually the speed of
the robot can become the limiting factor. In embodiments, systems address this
problem by adding additional robot arms 4002 into a single drive. Other
manufacturers have used a 4-axis robot with two completely independent arms such
as a dual SCARA or dual Frog-leg robots. The linear system disclosed herein may not
be limited by robot capacity, since each section 4012 contains a robot, so each section

4012 is able to transport a much larger volume of material than with cluster tools.

In embodiments the components of the system can be controlled by a software

controller, which in embodiments may be a central controller that controls each of the
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4012 is able to transport a nuch |arger vol unme of

material than with cluster tools. In enbodi nents the
w@eosposs3nd s of the system can be control |l ed byP@r/us2004/037672

software controller, which in enbodi nrents maybe a

central controller that controls each of the-36-

conponents. I n enbodi nents the conponents form a

| i nkabl e handl i ng systen1ugﬂ§r control of the

software, where the software controls each robot to

hand off a material to another robot, or into a buffer

for picking up by the next robot, h_enbodi nents the

CORpPRGMY- elncERRqdimenty thecompaperte tat linkablechandlimg systemypnder
t .
cof B HOTIANEE 68 B et oR O 858 RO Bl offitorial
to asotheraobot, ar im¢p 4 beffadoppioking upbgrthanexe rotwt k In anleddimsnta the
g&SYB’ Et hef net, firewire, Bl uagé.o,ot h,. 802.11a, 802.11a,
sofpyare Gongpl SisteEr ML fReERZe | TR0 Ok B OGP ROmPOnen s SUCh 35 2
précesd ﬁ%dﬁ‘l%)gr r&&}?,%hengﬁﬁ%ﬁ%oﬂaﬂ W Slugd iBIWRE s évl\?i?,gs‘fﬁelgﬁs

I's plugged 1n a software scheduler Tor the f1o0
reqoghezingathe tompendnd ndérechetworkhsueh aa al§BEtheraet, figevare,

06! 8P RE et phaPr s JRolih Spitiiefi s

soSITROGe IRRE HbbH) Brovedst@iiuge, HE bRdHE®hpdnenhR pAskeed irfa software
neural net, or it can be a rul e-based scheduler. In

schadylad ifordthe slopr Wrasaterigddobe barndled, rafdeasdwaislogr e known
. f .er .
e RO L R Rkl SR 5,830 O i

systeﬂgﬁp lcm eﬁﬂ)sdinaanesl the gdsft\me setridakdr iswWased én o awarpl et a8dt can be a
modul e is_s plugg into an enpty facet, the syste
rul@alws‘?dei«?éﬁml%_Ipterrgﬂﬁén%mtwp%ss mpdyles camaale Bwnisalves kppwvn
ovkt D An P& écfih e diapge C#Htrcﬁfg? SWERhS ﬂe%t%@és% W diles,
system nmay i nc Ude an interface that permts the user
robats,ranotler sompbaintoimve be¢rhepnayaed nVlich e nent@oéaas modale is
al l Qw a user t

view the |inking and cqnfiguration o

DGl S aPrerety Phety B0 v sah Sor AU g ang GHBB LRt SehGluted
in@PRhé Nh%&roéhA%aadlingn (such as by noving the flow of
mat eri al s through vari ous conmponents, noving process

nodul es, noving robots, or the like), and to determ ne

R T e S
user to run a simulation of the system. The interface may allow a user to view the
linking and configuration of various links, robotic arms and other components, to
optimize configuration (such as by moving the flow of materials through various
components, moving process modules, moving robots, or the like), and to determine
what configuration to purchase from a supplier. In embodiments the interface may be

a web interface.

The methods and system disclosed herein can use optional buffer stations
4010 between robot drives. Robots could hand off to each other directly, but that is
technically more difficult to optimize, and would occupy two robots, because they
would both have to be available at the same time to do a handoff, which is more
restrictive than if they can deposit to a dummy location 4010 in-between them where

the other robot can pick up when it is ready. The buffer 4010 also allows higher
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5 The nmethods and system di scl osed herein can use
optional buffer stations 4010 between robot drives.
wooenssscdbul d hand of f to each ot her directly, P@UUSI008037672
is technically nore difficult to optimze, and woul d
occupy two robots, because they would both have to be
avai l able at the sanme tinme to do a handoff, which is
nore O restrictive than if %hey can deposit to a dumry
| ocation 4 in-between them3 ere the other robot can
pick up when it is ready. The buffer 4 also aIIovvs
h| her-37- throughput, because the system does

ut; be%ﬂm thﬁ(systbt@td@e:f s dexe ok Eshetekpisde b@come

avaé%%fgrf b¥e %8{%@8@%&% isfQfa%essl g st g'ptg pglflfom
soth ﬁn&lﬂﬁﬁkeﬁsu@bté}ﬁ onhehs ivafer smoislh&gtmg;‘t kcoaitighaligning,

|nspect|on netrol ogy, testing or cleaning. 5 In
inspeRYioR; IEwRleEy tte¥inger 5l5a8ingnd syst ems di scl osed her ein

use optional vacuumisol ati on val ves 4006 between

robot areas/segnents 4012. Each segnent 4012 can be

f ul yembalialead, the amtlndg aod hﬁtem:e«ya@medél:@mn u$d opgionalbot

hand]l es .ultra c and sensitiv

vageisalption, valyes ‘L@%ﬁ&h\tf@%&@t R %%\#% Epflfegment

40 Fﬁmﬁlﬂ%l 1Q1Aed O dnlyDtiHc? §égn@ént Y2, 95 8 ks RRldRNeyLBlean
cross-contam nation ffomthe dirtier segnment 4012 to

and frasigive aratw@m(m wafers) intsssgmeat 4813 thes dsplatingdhat spgpent

r at 012 at e

4ot fe TEEFTlE Roalety rBlasflebl SO RGP o e diyer

seghiéi kl()l Efbttﬁe BRhA Ségnadnd 40EY, g0 the &ﬁdmefactlmémahlmew operate
machi ne. The bi g advant ﬁgﬁq of usi ng vacgum i sol ation

SGWW%%OW@@élf&?FW?ﬁS%@@ BangfRoEy carhiveaenped vacuum
leﬁfsean%rgﬁleq;ac%rﬁg’e%%l A C?Eﬁh%%{lervigﬁﬁéﬁn{octﬁg g%ngf’flﬁzrm

ng steps nee e transport et wee
adintape 9¢ using vhasinisolutioh valwa:t 4006t wean segments HO12may be that

envi r gnnent n be done t,hqut t,
hardin ot AR Pt Salor (GieHist 3t F1Sand S Efigieeite to be
tragﬁ_{%)ﬁgﬂ BEtviedt &&c@gﬁh@&l%ﬁﬁﬁft comamioft @b theRknvironment)

I ments, vacuum I sol at1 on between robots is
capbe dorix \el,thcar.t oursgassing freah materials or wafers in other parts of the system

P
2

entering the isolated chamber segment 4012.

In embodiments, vacuum isolation between robots is possible, as is material
buffering between robots, such as using a buffer module 4010, a mini-process module

or an inspection module 4010.

FIG. 5 shows a top view of a linear processing system 4000, such as one with

a linear architecture similar to that of FIG. 4.

Different forms of robots can be used in semiconductor manufacturing
equipment, whether a cluster tool or a linear processing machine such as disclosed in

connection with FIGS. 4 and 5.
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buffering between robots, such as using a buffer
nmodul e 4010, a mni-process nodul e or an inspection
worR@ae3dD10. FIG 5 shows a top view of a |i nBEr/US2004/037672
processi ng system 4000, such as one with 5 a linear
architecture simlar to that of FIG 4. D fferent
forms of robots can be used in sem conduct or
manuf act uri ng equi prent, V\:E ther a cluster tool or a
| i near processing machi ne slich as disclosed in
connection with FIGS. 4 and 5. 0-38- FIG 6 shows a

R NSRS S e

_ | -1 - | i i U _ ' .

3.1 1 Wi 60K, O B T ROEBA K o PR3-k m 6002 is

corﬁﬁf@hlﬁmsb@ imiatiupt i Whee thei3aliilhSCARMearm 6002 is used, the system is
reach-to-containnent ratio i s not. ver ood. us,, t he

notepbigursdinAbal dhesreadistp-eontaimgnigads is gk Hord; 20 -Stgg%éhe

W{#g\?}fﬂ‘%ﬁ%@%ﬂeﬁ@ kd e Wﬁ%&, LesintZ&sRrisk REnYARHI WS IRaAY Sike of

i nk SCAl arm 6002 can increase the cost
theofactiite chysbanhavitso3 ink SEARAIkm6O02 par incregse thgost of the

syst em hec i gQ. Lth the.-1ink SCARA. 02.
sysinedefhe ‘g’ggﬁ]r fgégﬁl%g?%e §y§t?rﬁlbe§égeﬁkl%geﬁw“€@’£e Sgnﬁ%es s
sciien ot b0 2 MBrebvhi, e 1266R FQOAlink SEARRA 6@ 6602is less than

manuf acturer may wish to achieve a large, deep handof f
that nf o4 dinfraond994 Nivdame cagasd mafaptyrermay pasheioaehicse a frsge,

ch . farther bevond iis.c [ N [ '

dofabRIAE rO R Bt e F1EER J0Bl cLich Yt Bither
beydndatssRnfaginad yaly, ThshashéantageRinfoant noneS EMikstandard

cover | arge di stances between segnents. The 4-1link arm
praggeumpdules ltakiodips ddsantages Fden pmanyfasiurprwantsdp gpver large
. ' nt ratio than a 3-1ink SCARA arm
dl%’ﬁ%é%@{%%&ﬁe%g%hes a lot further than a conventi onal

3-1ink SCARA 6002 for the sanme contai nnent di ameter.

In combination with the ability to ve a second,drive

and 196 4ditk #m G4 i3 pRTBEEEOHRID %&%ﬁsm% “BFllthe
conthinfimt rakib émﬂya AW d 8 A 3rh 3902, Bk RrbheSNRR fiirfher fin a

process nodule. The Alink
conventional 3-link SCARA 6002 for the same containment diameter. In combination

Pr=

with the ability to have a second drive and second 4-link arm 6004 mounted on the
top of the system, it may allow for a fast material swap in the process module. The 4~
link SCARA arm 6004 may be mounted, for example, on top of a stationary drive as
illustrated, or on top of a moving cart that provides the transmission of the rotary
motion to actuate the arms and belts. In either case, the 4-link arm 6004, optionally
together with a second 4-link arm 6004, may provide a compact, long-reach arm that

can go through a small opening, without colliding with the edges of the opening.

FIG. 7 shows reach and containment characteristics of a 4-link SCARA arm
7004. In embodiments, the 4-link SCARA arm 7004 link lengths are not constrained
by the optimization of reach to containment ratio as in some other systems.
Optimization of the reach to containment ratio may lead to a second arm member that
is too long. When the arm reaches through a slot valve that is placed as close as

practical to the minimum containment diameter, this second arm member may collide
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SCARA arm 6004 may be mounted, for exanple, on top of

a stationary drive as illustrated, or on top of a
worpasigedcart that provides the transm ssion of PETTES2004/037672

rotary notion to actuate the arns and belts. In either

case, the 4-1ink arm 6004, optionally together with a

second 4-1ink arm 6004, may provi de a conpact,

| ong-reach armthat can godhrough a smal | opening,

wi t hout colliding wth t hé edges of the opening. FIG

7 shows reach and cont ai nnent characterlstlcs of a

4-1ink SCARA arm 7004. h enbodi nents, the 4 CARA
witla the ingide edges of thersdntivelvar Bhusdhe sesand (@ﬂﬁ@ad)d}}ﬂ@ may

t|n1 at| n_of..r.each
dlnlggﬂgPe c[)]% col&@n raﬂvo&i%nc%ﬁﬂolfé 9&%1V€[ ﬁﬁ%f e 3fn iV dSRARA to
rea&pﬂh}(ﬂighnﬁlhis Iﬁailts(in ey diffadnt aties B&W@MLHJE@ n&iﬂb?e r Thehat
is too long. When the arm reaches throu sl ot .val ve

lengthof L2gngy eanstaindhelensth o5 L3 pAacanation f%gl’t‘tﬁ’é“ e engh
ihl N menber ma
magBF'%% gﬁ[’g\%} %aﬁﬁﬁtaﬁen?ﬂrl]é;f tégtdgeshg]; E{%'he sl ot vgtl ve.
Thus t he second (and third) links may be di nensi oned
based aon _col | |on avoi dance_ wi th ot
© hel i shevadishyieeel Someadin e Argbgis P00 bif
confitér ﬁ(b(ﬁf %ﬁvé/n{o%r' 098 PeL #BELD16! an & Rt 301TheAd 2
nI may constrain the | ength of L3. An

InammﬂmmhﬁhﬁMMﬂ6pt4nun1arn1Iength may be a 4th power
equation anenable to iterative solutions. FIG 8 shows
hi gh-1 evel conponents for a robot system 8002,

i NCFugli 9'howvsCompb At €6 f BORE-ara 9002 wehitedtare fBOHMbotia arm
arm 8010, an end effector 8012, and a nmaterial ta

syskeam fiirage aoahandﬂmsasysge@h S 2EBApBABRIES figm e gaap R and
the OQI%)% @r et tgé b{)ﬁ %d{nq&ffg b&h aFda- g)ﬁg 13 511'1"1‘sS e in

earmls mount ed fromt bott om
Mdiftdg &ﬁﬁse&d’tﬁl a@tnh@r thé tanis abiearttapeo®0 (8. soine oﬁmloeyhtmm argns

havexkest SpIISSIeAd0 AN BOHE M intEoi oSS RoyE dar e bor
therlﬁ%%{ B‘ﬁﬁ%}ﬁﬁpﬂﬂﬁg Jn‘%eﬁtggfall%/ hechalicdlly donpIel el dnfbodiifiéhts,

ower “and upper drives
thed¢ & manmnucaimhhgctm bhtween dlid tyvooctruf@B énithe|lipear system

dlsf:gté)ecfi {ng:%g%agc\pgé r\]xgﬁﬁfllﬁ% 4, a3 ﬂﬁ@hg,ylgi ﬁl%nc%%?&mé% ion o?ttl)féet%

arms (to prevent collisions) may be done in a software system or controller. The

second (top) arm 9008 may optionally be included only if necessary for throughput

reasons.

Another feature is that only two motors, just like a conventional SCARA arm,
may be needed to drive the 4-link arm. Belts in the arm may maintain parallelism.
Parallelism or other coordinated movements may also be achieved, for example, using
parallel bars instead of belts. Generally, the use of only two motors may provide a
substantial cost advantage. At the same time, three motors may provide a functional
advantage in that the last (L4) link may be independently steered, however the
additional belts, bearings, connections, shafts and motor may render the system much

more expensive. In addition the extra belts may add significant thickness to the arm
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di scl osed in connection wwth FIG 4 and FIG 5;
i nstead, the coordination of the two arns (to prevent

w@eiosiogsi3ons) nmay be done in a software system BCT/US2004/037672

controller. The second (top) arm 9008 nmay optionally
be included only if necessary for throughput reasons.
Anot her feature is that only two notors, just like a
conventi onal SCARA arm ey, be needed to drive the
4-link arm Belts in the armmay maintain parallelism
Paral l el i smor other coordinated novenents may al so be
achi eved, for exanple, using parallel bars inste

mepfaanisn, nazkig B idjfficulf wepatﬁ%téle@r‘mémoygh feSH stagd bﬁot Five,
Als?); &1%'11@? ﬁf"fe%p S8k g@lllerﬁg; m?g @d cditrol SEwREE
e, ro

ree notors -y unctlona advant age
in that the last (L4) link may be i ndependent |y

h . LT | | b : .
con BB RGNS A5 4 T R Srar e S 10 Shepst
maggg t&fﬁ@tr f? O RBRINY Sindd tha ffbaf é}@fbn{ ha £ichlRodRbbEs APell as

|cant t hi ckness to tthe arm 40- nechani sm
a botda @904 tnodunf f-lipk latm the paysaltahv@ngﬂmmwfdl@gﬁmﬂa%w may

be JiRBHE aniedh it B HEnpBhaRs 4D omP S Rl FE s SENL e
staﬁ(ﬁﬁ‘&é" £ a AlitshEIE tHesk ’sﬁﬁd%‘&ﬂy fReifCdndsesthiieqiomdnts

hat the wist 5 may be offset fromcenterline. Since
throml 4 deaValgg/%Q%ﬁnW@spracqss)mmThgo@so apecifis the lgeel gbove

cerg?rﬁl%lg rgnn Lh %{:& has 'Jo b%l%alq{ e Maﬁg %fﬁ{11t1é glg)cesg L QREE RO

ers nay be here to If
coﬁlbﬁaﬂmﬁtlf tmstsitmﬁﬁrdahssysmtthax anphoh-verhplidnhehSEM valves 4006

R ITS R T e
as I%td%ﬁﬂltféh%‘f IR bBine. Tﬁ@SE?M? ?ﬁcPa?& if¥ersfdRal RMBktions

ove 0 centerline On which has to be carri ed.
reqvire\ vexy sdmpagt packegiag oﬁ‘dntwlrms Gsing maﬁhet avrist allaws thi rc@

903 pteo i B0 Yo geonct REPLP SHKTE A PRI gh ERa® Do

thre g{lﬂhe J1o? AR e AOOAIT MR vittsk Shok Mffﬁ‘étf fhen aftards nwi fo sBfy
definition of the transfer plane. The SEM

fun&tea apkat verticatisnaidorafer exsbanges mamt@kerreqnm tinge, Hecaupgthe drives
npact packagi ng of .t.he ar f
o v RRTa B At e o P s B of B g bt does
nofteq§ieé tHaPaREd 8, wiilk b Fid, bult a&Asdt effsétanayt divantagequalyeduce
the turn radius of the system, and allows for a better mechanical arm layout, so no

interferences occur.

FIG. 10 shows reach and containment capabilities of a 4-link SCARA arm
6004.

FIG. 11 shows interference characteristics 1102 of a 4-link SCARA arm 6004.
The wrist offset may help to fold the arm in a smaller space than would otherwise be

possible.

FIG. 12 shows a side view of a dual-arm set of 4-link SCARA arms 6004.

Because of the packaging constraints of particularly the top arm, it may be necessary
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t hrough the slot valve 4006. If the wist is not
of fset, then the arns need to stay further apart
waeosioesshd y and waf er exchanges may take nore PCTES2004/037672
because the drives need to nove nore in the vertica
direction. The proposed design of the top arm does not
require that there is a wist offset, but a wist
of fset may advant ageously A duce the turn radius of
the system and allows for 'a better nechanical arm
| ayout, so no interferences occur. FIG shows reach
and contai nment capabilities of a 4-1ink SCARA arm
to gmstructan g that hessometreigpeieatees. dnsmbediomenty, paglinlyppos
r
refhoftis it etel ¥ Sl anoblE ath Bk 8IS Eln P BEMDLER
rathé& tb)&ﬁ?asjslhlgle beh, ol that dhe beh @s/\ﬂooae 4204 atidomedfelcaw H2R(8-the m
set of 4-1ink SCARA arms_ 600 ecause, of the, .
cuigyk %.Sﬂ@ﬁe@n\g@rzhﬂwéwd% P? t@%ﬁ%ﬁaﬁﬁr thinds 3 & Emg PHL s o
ma8Y 2R Werdz0d Oy Ltk AleaB o R Mol AL 'A% ISPBR
uni qu eatu nment s, I nk upon
fold énsidec Lowgripa LfZl 1300& maytlow zL3camtidu’t horremhdhh eorrest transfer
I'ink rat

s _canbe seti.n duplj.c r
plagi it BaBAIDY R S GRS -SSR e
dehkioN) the RARriRR 91 100D2 nfyBesaduicion. whichis
i ndependent of the fact that thisis a 4-link arm is to
make L2 S|gn|f|cantly Iomer 12002, witha vertica

gap L o thatL .
26530k Sanisaicb Rt of AP SRR o ios i

usétl. IRE trandnisEiyn af hdvien Hﬁbﬁ@rLlC 03002 andd st 13036 may be
Becauseof the transfer plane definition,

aceommisheryy either asome belldra dushbelt @aan&%mﬁnb In fgnféﬁ&\){ge an
m %mﬂ‘%%%ﬁgwh'?n \gg 1%@%@3%? BRLO s‘ﬁiglﬁafo ‘?3b§ He%héﬁpéja% linkage

I'nkages i s us ansm s nmot1on throu
(sﬁline)lﬁmm ‘Aeladsdntzge 06 suﬁ;ankaﬂaa@mmb iaythedhdsenelosdigpings can
n contras

dual I
beoR@l Which SFHUCPRRHPLGRbAeRsiDR oL Bg %E”%%taiﬁffﬂ’éy at may allow an
arA36 HBPE bRN§ BabVthfough QAN Edndat P YEORIve.

Fig. 14 shows an external return system for a handling system having a linear
architecture 14000. The return mechanism is optionally on the top of the linear
vacuum chamber. On conventional vacuum handling systems, the return path is often
through the same area as the entry path. This opens up the possibility of cross
contamination, which occurs when clean wafers that are moving between process
steps get contaminated by residuals entering the system from dirty wafers that are not
yet cleaned. It also makes it necessary for the robot 4002 to handle materials going in
as well as materials going out, and it makes it harder to control the vacuum
environment. By exiting the vacuum system at the rear and moving the wafers on the
top back to the front in an air tunnel 14012, there are some significant advantages: the
air return may relatively cheap to implement; the air return may free up the vacuum
robots 4002 because they do not have to handle materials going out; and the air return
may keep clean finished materials out of the incoming areas, thereby lowering cross-

contamination risks. Employing a small load lock 14010 in the rear may add some
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(spline) 13010. The advantage of such an arrangenent

maybe that enclosed joints can s be used which reduces
wao b@soea3td cal di nension of the arm assenbly thBECT/Ie3004/037672

allow an armto nore easily pass through a SEM

standard sl ot valve. Fig. shows an external return

system for a handling systemhaving a |inear

architecture 14000. The re_télg_r n nmechanismis optionally

on the top of the linear vaCuum chanber. On

conventional vacuum handling systens, the return path

is often through the sanme area as the enfry path. This
cogip and suipnay itk goswngli 1404y, sofin sysems tghits ﬁfl?%@mgw}wwmaewm
e BB3H0 Sr Bl e BN TR b Wtborl ol RPRLYTET: lo v,
but' ihiﬂmfg/g*stbﬁ}(sﬁﬁiﬂmrﬂhy integrateé peocedsatepatie abotveysgiteml abaetun

t al sqo makes it necessary for the. ropot 4002 to
conld Ay S R AR TS TENTERTh BT S8S bl dARuITE ey Bt
tha? Woul ¥ mbie é%g&%?vé dndAR5ALbmbRcANMY iRlpldiignt Y RGHBEN be

environment. By exiting the vacuum system at the rear
understond tHanghile én sumieeersbatimente aflogd loelc k4416 minebd pesitioned at

an air .tunnel 14012 .there_ar | gni.fi.cant
o PGB P 45 Femieied P e SEX e YRy R Ee be
pokifiBh&I@whetd) Suchi ds if @l hildIRIf the SRt InfiRick ag eibdiment, a
robots 4002 because they do not have to handl e
minuf@turmtgstegww@d enter oraxit theveysten atrsaely prptherypoiatdp the system,
I ni.shed .nateri al . ' ]
o5 R L S Bl QR of 8 shig g
pol® athylbedkat 14 04 off & phttial s@em falira dthtariuieeriafersasin be

and so _may the air tunnel 14012, so in_ syste t hat
reqavered 1% AdsARl A Bk STNATEY G FRLPRITEAY b Hik Waters can be

. i i t i . B
B R e
procetefioat lacffecormibsysteppenttyher exitposition dekawealike two maphines
coul d have sigpificant benefits,.The return.syste
copited tag%er%éfq e AL AV EpiHnD: SHiget Yehael fige B EREM.
poSXBRNE iR PR FRLAIEQON ihaP Rk the chibRtRRE bf FiG16kaul d
e understood that while in sone enbodi nents a | oad
subseqient £@us nwy stirglg diviesyseradthalinedresystan aopldbd ¢uredipear;

depi d i Fig. 14, ihe |
AS T i SrEb G a0t PRt e Sy € Qbhndifon
of ikt 8 hny Sth&UsiviBife2 PRB i Whiteven fomid tiROhamifagurlet @esires,

could enter or exit the systemat such another point
suphhag tadit $heseamfjguration of a fabrication facility. In each case the system

optionally includes an entry point and an exit point that is down the line (although
optionally not a straight line) from the entry point. Optionally the air return returns
the item from the exit point to the entry point. Optionally the system can include
more than one exit point. In each case the robotic arms described herein can assist in
efficiently moving items down the line, without the problems of other linear systems.

FIG. 14A shows an example of a U-shaped linear system.

Referring still to FIG. 14, an embodiment of the system uses a dual carrier
mechanism 14008 so that wafers that are finished can quickly be returned to the front
of the system, but also so that an empty carrier 14008 can be placed where a full one |

was just removed. In embodiments the air return will feature a carrier 14008
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such as to exit the systeminto the air return. The
advantage of a md-systemexit point nmaybe that in
we2we/0ef31mn partial systemfailure, materials OPCIHHSBDE037672
can be recovered. The advantage of a mid-systementry
poi nt may be that wafers can be inserted in nultiple
pl aces in the system allowng for a significantly
more flexible process flow,,In effect a md system
entry or exit position behaves Iike two nmachi nes
connected together by the m d-system position,

effectively elimnating an_ EFEM posi t i%?. t shaul d
congpiggb Wak® M canolp eiiEmizoghdlenending oa itk putndepE 4

reqlﬁ 0,30 ROUEN didsk grt il énﬁnﬂécﬁélﬂ_é}h r%dﬁnﬁﬁf&&ﬁﬁﬂy dabifers
I near system cou e curvilinear; that 1s, the
14608sdoethatochench foll\carrizu | @IS is aerbbvedr frota tisdregoeymadead lock 14010,
S-shape, or caonbi pati on of. t hose, or. .any, o
a nEY GIRTY REFT g can m&@t@i&?e %f?gaalndtl%y Iogh AP Per
ev%ﬁ%ﬂe& S receive tho@SmhRrhist th REb6@intdnethabir 8tuf méchanism may
abrication facility. In each case the system

be alpleitomaive walfars tautie Sroanofshe systani At therdtopratipeint agertiqal lift

t is down t | i ne.(al t hough, opiionall { .
14digei e SRPRa gl Sairer SRt VR R Bapiprent
Frct 'Entl 1dkdule) r660tIchS rdable. Af tBE81dad 6K fisinteyithe vticd! lifiol 4004

entry point. Optionally the system can include nore
can Joaver empick /i empbi earrierd 4008 Easethe feadleddot i ¢ ar s
descri bed -herein can assist in efficiently noving
itens down the line, without the problens of other
| i n@@embyditrens. thddifretirhAnahanismanayefcatupd & stofaga area 14014 for

U- sh d | f i i ]
phR g AGOG, Probeua, Craes HBevar dnd g hehind e osahih o fhe
1oau48981 4 ot TiRd Wé@fnrefgﬁ%hti{?tﬂtlﬁ hehithd RRE thekaBo A eddakds apte

returned to t e system but also so tha
camaier 4GSy theaaripper 14090 ©8n gap thizecaptierdd 1 vt mowe it doiwapthe

stigt P Expe DGt onpbomrease Ririienrivy L TERErE ot ki

bad€aPieltvé 8l e ?geéagﬁag_z;@os,tﬂl&;etiha@aﬁhm1oalaq>l4oqcmsm this
requi renents. I'n enbodi nments the air return nechani sm

poimhighedload koick 1408t sancaracuiats: The goippersld 00+ san neve go Ragkofiojthe

arr.i e 018 is re ed fromthe . v um.. oagd | .
fof Gt 408 0 i) A By By YR 4 R Pop B corin
1401 2E&b RA dmbiadiby Sk FEN 1D catbe RMatebioale verybacleivere it

nore materials. In enbodinents the air return
waifs derthe aerteagle. \

It is also possible to put the lift in the load lock rather than using the vertical
motion in the gripper, but that would be more costly. It would also be slightly less
flexible. A manufacturer may want a vertical movement of the carrier 14018 in a few
places, and putting it in the gripper 14004 would be more economical because the

manufacturer then only needs one vertical mechanism.

FIG. 15 shows certain additional details of an external return system for a

handling system of FIG. 14.
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be able to nove wafers to the front of the system At
the drop-off point a vertical |ift 14004 nay be
weppsoysw to | ower the carrier to a | evel wherBCT/082004/037672
EFEM ( Equi prent Front End Mbdul e) robot can reach. At
the load | ock point(s) the vertical [ift 14004 can
| ower to pick an enpty carrier 14008 fromthe | oad
| ock. In enbodi nents the air return nechani sm may
feature a storage area foF4%hpty carriers 14008,
probably | ocated at the very end and behind the
| ocation of the |oad | ock 14010. The reason for this
i s FHatloghews niditipend detads kf amexternplaiens system éefrarhagdling
401 gri pper 14004 can grip the carrier 14018
$$§Wa°ﬁ€6%qﬁt forward slightly. The gripper 14004 can
then release the foil carrier 14018, nove all the way
back and retrieve an enpty carrier 14008, place it ogn
t heFlGad shewr moygment olithe pptguisimer 1088 hthg 1¢ 10
n cuate. The gripper 14004 can now go back to the
14@%?@% ?Ziaer and nove it all the way to the front of
the system Once the carrier has been enptied by the
EFEM it can be returned to the v hack where |t
oni £1G 5 oW hapdiinecsian emnfy caraen 405 3B S rErER fstdn, 14012
fle 4ift in the load | ock rather than using the
of F1G. 14. . , .
vertical nmotion in the gripper, but that would be nore
costly. It would also be slightly less flexible. A

man ciurer may wan vertjcal .nov, nt .. of

car :{Kg‘r fdljwog’sfné%eﬁ}eﬁt‘%@,he SWB{Yp‘E?{??@ﬁg“%W | %18 { %%ngt}l%% er
1464004Fi oLy §iddL10aB 1RLECAON@Pbsigdn. because t he _

manuf acturer then only needs one vertical nechani sm

FIG 15 shows certain additional details of an

ext i‘i@a%q %%tvx%rtﬂe gﬁﬂétggclg{'rte? h 4?0@%%!re}cﬂgldsé(f§&ﬁf@d%d Elgﬁement

14. Shows fonal details of an exter

of fiRtgtippes e i fieretrhantin ofFKy ddem of FIG 14. FIG
shows novenent of the output carrier in the return
tunnel 14012 of FIG 14. FIG shows handling of an

eMPEYGCH Ho¥s ahtiRy batribh PAd0R rbEeyiRY latfal 404 Rull carrier
14018 is being emptied in the return tunnel 14012 of FIG. 14.

FIG. 22 shows an empty carrier 14008 brought to a holding position, starting a
new return cycle in the return tunnel 14012 of FIG. 14.

FIG. 23 shows an architecture for a handling facility for a manufacturing
process, with a dual-arm robotic arm system 23002 and a return system in a linear

architecture.

FIG. 24 shows an alternative embodiment of an overall system architecture for

a handling method and system of the present invention.

FIG. 25 shows a comparison of the footprint of a linear system 25002 as

compared to a conventional cluster system 25004. Note that with the linear system



10

15

20

25

30

of FIG 14. FIG shows novenent of the enpty carrier
14008 in the return tunnel 14012 of Fig. 14 into a

WO omd/oks3ck 14010 position. FIG 20 shows the ePqI/ys2004/037672
carrier 14008 |owered and evacuated and novenent of
the gripper 14004 in the return systemof FIG 14.
FIG shows an enpty carrier 14008 receiving nmateri al
as a full carrier 14018 is,being enptiedin the return
tunnel 14012o0f FIG 14. FI'G™ 22 shows an enpty carrier
14008 brought to a holding position, startinga new
return cycle in the return tunnel 14012 of FIG

25002 ¢he manufhcvieer san aastliyiexisod theanachinewith Addifipppl #T&E*u“lqst y

manuf act u rocess, with a dual-armrobotic
Wlt&?%%&?f@ﬁ@%&b@r %}?B% return systemn a |inear
a;chl tecture. FIG 24 shows an alternative enbodi nent
of an overall systemarchit ur r a ha dI | n
i@i‘?ﬁeﬁl"\‘}

met K@ 28rshowy sliasatorchiteetuiy ?]qu%ﬁe s grodules
f .
2633343 1EnSRIPAHALR Rloliltoch Al BhbdHimGhisBf tﬂe&ié‘;"fnéﬁﬂs tem

2500? Note that with the Iinear system 45- 25002 t he
manu acturer can easily.exten chine wt
P I ot darascont AT GE UG 56 OFRUTBAYFER In scordance
wi %@%g Ginveftishows a linear architecture
t?1’ep hlg 1Etlhoverm zed process nodules 5 26002 in a
handl i ng systemin accordance wi th enbodi nents of the
|nv FIG 27 s Lz X1 i talL: or
Eﬂéy Migpoxydanehir deeor mBins fr ShERGREHaRy
%l h&#ling s¥dtéms #acsbrdutceaviviarariiug enfbolimyents of the
_ pOSSI ilities for a fabrication facility enploying
ln\ienh@ra_r handl i ng systens in accordance with various
enbodi nents of the invention. FIG 29 shows an

enbodi ment of the invention wherein a robot 29002 may
FIG. 29 shows an embodiment of the invention wherein a robot 29002 may

include multiple drives 29004 and/or multiple controllers 29008. In embodiments a
controller 29008 may control multiple drives 29004 as well as other peripheral
devices such as slot valves, vacuum gauges, thus a robot 29002 may be a controller
29008 with multiple drives 29004 or multiple controllers 29008 with multiple drives
29004.

FIG. 30 shows transfer plane 30002 and slot valve 30004 characteristics

relevant to embodiments of the invention.

FIG. 31 shows a tumble gripper 31002 for centering wafers. The advantage of
the tumble gripper 31002 over the passive centering gripper 32002 in FIG. 32 is that
there is less relative motion between the tumblers 31004 and the back-side of the
wafer 31008. The tumblers 31004 may gently nudge the wafer 31008 to be centered
on the end effector, supporting it on both sides as it moves down. In certain
manufacturing processes it may be desirable to center wafers 31008, such as in a

vacuum environment. The tumble gripper 31004 may allow the handling of very
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s include nmultiple drives 29004 and/or multiple
controllers 29008. In enbodi nents a controll er 29008

woregnsoe3ty ol nmul tiple drives 29004 as wel | as PCTIE82004/037672

peri pheral devices such as slot val ves, vacuum gauges,

thus a robot 29002 nmay be a controller 29008 with

mul tiple drives 29004 or nultiple controllers 29008

with multiple drives 29004, 0 FIG shows transfer

pl ane 30002 and sl ot val vé*%0004 characteristics

rel evant to enbodi nents of the invention. FIG shows a

tunbl e gripper 31002 for centering wafers. The
fragitbraafemgd 003, sBch arewhemtrhplogingapend eiectopatdhe engkof a robotic

Sssive.centerin ripper. 32002 | .32 is that
ar“£ S?aéls?gsll%o?slbgﬁla%d\?é’@ﬁ{?tw K uedn%e}gahﬁtl S tunbl ers
1004 and the back-side of the wafer 1008. The tunbl ers

1004 may gently nudge the wafer 1008 to he centered on
t heFignd? iovsca passivelyssaicing gnd effegton?0[2 g?r&@i‘ﬂ%w. ers

N pe ¢ . : .
e
theﬁﬁatgrlf 300e ﬁ%low’éi‘b‘d) {THibtesulgy inphewafbd 6 4008astiding dowit the ramp
andORPIBR PO Ha O SaneH PR aro il in el s USRS i

% .1 . t . f h .
falﬁ‘%%ﬁ lﬁ%ﬁg'ﬁ_ﬁﬂgbﬁ 11§MH‘EQJn GediOpittigREs of the wafer during

32 shows a passively centering end
ef fector 32002 for hol ding wafers 008. The wafer 008

IS ically slightly,.off- t th f.
|t 8B e blkimoSasen TGt et Pt B E D B O
hatdifig W hRkerB QR 8tetlsl dirng releiactiifigpRoFes@Rd Adicrpothe things,
Into the cutout 32004. This can result in th fer
vagmooiolaiempetivpert eabofsigaxbe prsvibigy as well @ maﬁﬁrtaﬁla THE
creat articles., o T '
befissa rapel v s S A Ao B B TR B p6H R Bt
witHtegdifng thréifghiviaiitim Gwihiich garbe 1 ey tsubstagiab ndeatage srequiring
Anong ot her thin vacuum i.so] ati on bet ween, r%bots

onlydialfifhe persssapy han%i% WsPs, cHBIPAINgG SrOSS CHRPTERANNG PEEYRBen
ﬁn%s‘i)ng? %rgdpuﬁnv g@giﬁ%ﬁnﬁ&dﬁé’é&nﬁtﬁﬁéﬁﬁﬁ ¥ RIS SleMVRbm

designs. When a manufacturer has relatively dirty wafers entering the system, the

manufacturer may want to isolate them from the rest of the machine while they are
being cleaned, which is usually the first step in the process. It may be advantageous
to keep finished or partially finished materials away from the cleaning portion of the

machine.

Other advantages may be provided by the methods and systems disclosed
herein. The dual arms (top mounted and bottom mounted) may work in coordinated
fashion, allowing very fast material exchanges. Regardless of the exact arm design (3-
link, 4-link or other), mounting an arm in the lid that is not mechanically connected to
the arm in the bottom can be advantageous. The link lengths of the 4-link SCARA
arm provided herein can be quite advantageous, as unlike conventional arms they are
determined by the mechanical limits of slot valves and chamber radius. The 4-link
SCARA arms disclosed herein are also advantageous in that they can use two motors

for the links, along with a Z motor, rather than three motors plus the Z motor.
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wi t hout goi ng through vacuum which can be a very

substanti al advantage, requiring s only half the
woemensssry handling steps, elimnating cross PCT/US2004/037672

cont am nati on between finished and unfini shed

materials and remai ni ng conpati ble with existing clean

room desi gns. When a manufacturer has relatively dirty

waf ers entering the system,-t he manufacturer may want

to isolate themfromthe rest of the machine while

they are being cleaned, which is usually the first

step in the process. It may be advantageous to keep

fini shed or partially finished materials away fromthe

cle .

b oy LA BAE b Baftn W TRADN P IR G HAD oBeE St dal
behefitei Anoﬂiblamjﬂaherﬁﬁtmh may;)be tochave ddthathel efitoy $ystenmanthesatd)

coor di nated 5 shion, allow ng very fast
Sy??@%éé‘i‘ﬁt%lredé OPH?éﬁ‘ﬁr‘ﬂ"fl ss of the exact arm design
3- link, 4I|nk or other), nounting an armin the |id
that IS not nmechani cally connected to the armin the
bot {Thndelank $EARAvant digelosed hefffie majy nlsolaélnmlm Ig¥ totsheng into

oL B B BB P By s
SCIR 8! forivach AYstind & efBsRaTi4Cialk $CARMSardHs, Edc@ﬁse\tﬁé eahgl

chanber radius. The 4-1ink SCARA arns disclosed herein
wranglipk dewglidvant ageous in that they can use two notors

for the links, along with a Z notor, rather than three

notors plus the Z notor.-47- A |linear vacuum system

wherkhergaippér fot Sarﬁ'xlistan'd tthd feltiphacarmayoaidtibas inshe fiheartsiystbm
be.to have .both

enef i ot h I enent at.i
s bY RSP R eyt BATEIRF Fat SRGTGH o
|
arcgfi)t@c‘,)t‘?ﬁ}'é1 g{n&ﬁ 1ln%fv|eI nEl ﬁ’iolférﬂé‘nt V%thg%%r%?@ HdrelieaRdeabsd Bk

may al so al L3 to s o and over link L2
mdyooffdribentfdpas whibt drive. This nay not be easily done

with the -link SCARA, nor with existing versions of

4-1ink SCARA arms, because they have the wong |ink

| engl/ige thEhsvaatibR ﬁssrbé‘eﬁ Ide§cHbell & SormBstidnN@ithbdridiPpRferred
carrier locations in the |linear systemmay also offer

ensholdimnents, ioat obendistarry skill in thetask will rscogmisl athey embodimenisthet

manuf act uri n
are encompassed lhet%m.

FIG. 33 illustrates a fabrication facility including a mid-entry point 33022. In
an embodiment, the fabrication facility may include a load lock mid-stream 33002
where wafers 31008 can be taken out or entered. There can be significant advantages
to such a system, including providing a processing facility that provides dual
processing capabilities (e.g. connecting two machines behind each other, but only
need to use one EFEM). In an embodiment, the air return system 14012 can also take

new wafers 31008 to the midpoint 33022 and enter wafers 31008 there.

FIG. 34 illustrates several top views of a fabrication facility with mid-entry
points 33002. The figure also illustrates how the combination of a mid-entry point
effectively functions to eliminate one of the EFEMs 34002.
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architecture. Including vertical noverment in the
gripper and/or in the rear |l oad |ock nay offer

whenwshisss as wel | . Wiile the invention has beePCT/US2004/037672
described in connection with certain preferred
enbodi nents, one of ordinary skill in the art wll

recogni ze ot her enbodi nents that are enconpassed
herein. FIG 33 illustrates,a fabrication facility
including a md-entry poin§833022 h an enbodi nent,

the fabrication facility may include a | oad | ock
“m d-stream 33002 where wafers 1008 can be taken out or
ent BKa @5 ilfheiratesaafpbibention émilﬁtb/é@mdiaaaam%ﬁg&ensemsiﬁ@ﬁZafn

di g . S
ol SRR TR el {007 ARFATA LRIt bt
matedial 30RO 8S1 pebdntdn @a%btﬁtdamrasom&tsmnlsynsnmsoo@ mayebe

one EFEM . In an enbodi nent, the air et urn s
commonty rdaged 4t eashrvarein ghanphar 4P 52 811‘3@0@1 i pdat %wéaeﬂfors
Q
Py P BLE erB SpieetH, SliEF Employfie aibmiter and
detéclalslr ot tampWytx’g; atTd:dihalﬁﬁzttfdyl qnnttat/daetélm%d a'lfhﬁedtwrghr evaiuym
illustrates how.the_ conbination of d t t
handling deaigeh honHERS SHEDPES SroRra amBRBlygeog Ry &

slqﬁécp %%atéigwhg LfEws3Re g&élﬁ’(ﬁf shesordt iR hndRbicHRlsf2Ag hlijubt the

a series sensors 35002. | n many
robfoapo sitbe tooamsﬁm ¢hdt ithd mstedalct504 ¢ irsdapesigBl(o thegasresblopgsiamy

0 de whet.her a nat er. 5 S
oS ARty PeshapTipoms e Se0 Tatral 4 Otbnle ol bichips and
otHERYRfcal HFIRMYprBdeAt S hifibark @bfadlaCi o sdiBthening @ t@botic
entry and exit point. Such sensors 5 35002 nmay consi st
systefm s ene i trraiding proicedire KAReANSEINE sy eprsfieApipaient downtime.
emtter and detector, or enploying a conbination
emtter/detector and a reflector. In a vacuum handling
f aciskidril adtchﬁat&d grhidinagpplicatioho hive ixteatdevsispeds butdhesomby
acconpl i shed by a skjlled operator who_vi ews the

inyge R e TORBLG BBbUIIGR RiR] ARSHEALF S o5 Acvallfrgdeg This
ap]%ljag%ﬁ }94%%5 éah{ &%Wnstl&s &y ﬁu{)l’?yswaﬁ% té&ﬁm@%ﬁ@fdb@i todbbitacle

OSI correc | ocati on. However ,
risk¢ @mm@ettb ¢1thét&]5@robo’smtthe) osstaule foreexangpld manwtqbot end effectors

GBS T PERIR TR AL & R QUL B ARTD jtand

ve{ﬁﬁgﬁ Wafer temperatures. Similarly, inside many process modules there objects

that are very fragile and easily damaged. Furthermore, it may not be possible to
employ these auto-training procedures with certain materials, such as a wafer 31008
present on the robot end effector. Moreover, the determination of vertical position is
more difficult because upward or downward force on the arm caused by running into

an obstacle is much more difficult to detect.

In the systems described herein, a series of sensors 35002-35010 may include
horizontal sensors 35004-35010 and vertical sensors 35002. This combination of
sensors 35002-35010 may allow detection, for example through optical beam
breaking, of either a robotic end effector, arm, or a handled object. The vertical
sensor 35002 may be placed slightly outside the area of the wafer 31008 when the

robotic arm 35018 is in a retracted position. The vertical sensor 35002 may also, or
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system Hence a training procedure can consume nany
hours of equi pnment downtine. Several automated

W@ e@sn483¢3 appl i cati ons have been devel oped, bupCT/082004/037672
may s involve running the robotic arminto a physi cal
obstacl e such as a wall or edge. This approach has
significant downsides to it: physically touching the
robot to an obstacle risks ganage to either the robot
or the obstacle, for exanpﬁ"nany robot end effectors
are constructed using ceramc materials that are
brittle, but that are able to wi thstand very hi

. | . . ar gh

insjgeflebe placdanatloeasion septnas apdint, 35043 vathineyvaierbads centered

. u r | ect h I rag

in B84t B e SPLTR ol PBh o B oo G BB IE

retERPdOIn thbgseituttBe séhddrthigbdatie adigtl ele wibbtic cattiodlienthat it
mat eri als, .such as a wafer 31008 present on the robot

hagspecessfblytrisked praewaler 31008 drore p @pvphearliBRdws: verti cal
position is nore difficult because upward or downward
force on the arm caused by running into an obstacle is
muc Harizoatabsdnfors 35004-85@dtmayt alsdbd advwantgsystyeesployed. In
descri bed herein, a._series rs 35002- 35010

Vaf R GRo 9P, Band arogie SIata 50 BEU R 6o BRMRGR i ceeal due

to BRNAQE idrIQZ ! tHERuGRATHREABE! Wi mSEHIRE ligRRA2 oBHEe10
may al |l ow detection, for exanple through optical beam

hobirerd#li sagsoroH3 5S4t 18 0 mare bernplicatadd Infthesystsms dgseribed abeve,

handl.ed .object. The yerti.cal.0.sensqr 002 e.
R SO i s rotieed SehtRBry CRSIRS AR PulBie & nslue
onk BEmofbRriZonadl Ben36RBS004350M0a retracted position. The
vertical sensor 35002 may al so, or-49- instead, be

placed in a location such as a point 35012 within the

waf gt ?@hgisﬁat‘é%ﬁ]gf }E(Sjssiitbﬁa 1%5&%{6& 8%%%@%51@% 35004-
openi ng an covere Yy e warl er en e robot 1Is
3500 b vertica séesdrs 3500D) shicipassttdigin atfoss thernhanbers@60E and

able to tell the rohotic contraller that it has
369@&)@@@& @hrpyglpmewa%ééo%plaﬁﬂ%éps% YRFYHR SYS5Ri pher al
nodul e. 5 Horizontal sensors 35004-35010 may al so be

advant ageously enpl oyed. In vacuum cl uster tools,
hor iEIGn3 aillustaser poSHilo 4dBERES ofipkecingrtiet sameer 35002 slightly

ouitsriT(Pertﬁg %vla e?'l?, 786I f radius when the robot arm is fully retracted. During a retract
motion the sensor 35002 detects the leading edge of the wafer 37001 at point “a”
37002 and the trailing edge at point “b” 37004. These results may indicate that the
wafer 37001 was successfully retrieved, but by tying the sensor 35002 signal to the
encoders, resolvers or other position elements present in the robotic drive, one can
also calculate if the wafer 37001 is centered with respect to the end effector. The
midpoint of the line segment “a-b” 37002 37004 should correspond to the center of
the end effector because of the circular geometry of a wafer 37001. If the wafer

37001 slips on the end effector, inconsistent length measurements may reveal the

slippage.

Additionally, during a subsequent rotation and movement, a second line
segment “c-d” 37008 37010 may be detected when the wafer 37001 edges pass
through the sensor. Again, the midpoint between “c” 37008 and “d” 37010 should
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to the large dianeter of the vacuum chanber, which may
make alignnent of the horizontal sensors 35004-35010
worees/0¢s3npl i cated. I n the systens descri bed abP@BEUS™04/037672
t he chanber size may be reduced significantly, thus
may meke it practical to include one or nore
hori zontal sensors 35004-35010. FIG illustrates other
possi bl e | ocations of the g rizontal sensors 35004-
35010 and vertical sensors @5002, such as strai ght
across the chanber (36002 and s 36008) and/or through
mrrors 36006 placed inside the vacuumsystem FIG 37
cointide tithdheeenterpd dlag ¢1deelEogionrand geayorermiacnersuraRens ehs or

cm%500ﬁ0§%h%?%&¥ﬂﬁutside the wafer 37001 radi us when the

F@n%etracted. During a retract notion
the sensor 35002 detects the | eading edge of the wafer

37001 at point "a" 0 37002 and t traili t
poi e Abpvegeiber mmalavtBs pSto et i ealrc) THAES il o

fer. C i t '
oo TS AOTARESTOLRSAEhy E Sp P
ot her position elenents present in the robotic drive,

¢ Wb gapbigrinof brutioni! ard ST senB TONRERRLC BeY ity
the't 3R %@%ﬁogg& Po ra dRAZinE R on RO AS: RS RIBBEC hen and

center thé endeffector because of the circul ar
end) effextons ynayfbealetvartes orgicaldy withéutitheneed ffer mgdtmpicakeqntaet.on
the end effector, inconsistent.|ength r
Fopbamre. o R b AR T S tp Rar sZp bRy o
veﬁgi Bkt WMTe@ N 00D YRITR o cotresBsditibnl dufihg@vergovarat 37001 d"
37008 37010 may be detected when the wafer 37001 edges

hapdling méveough t he sensor. Again, the nidpoint between
"c" 37008 and "d" 37010 shoul d-50- coincide with the
center of the end effector, and may permt a
e aFIGEIEiMus@dtes 9 bdnvertbnad Ra@iuimndier witle twerdtany.ax@has 020

and JOUIE 8 AEPHCRLZ T e e A Pellns TR Epiag Aoy Tok e Vertical
D S
bellens 183Gl 63hHORr03HR HOvavaym datrmwbetween the rotor and the stator of the
motors 38010 and 38014. This arrangement may require in-vacuum placement of
many components: electrical wires and feedthroughs, encoders, signal LEDs and pick-
ups 38008, bearings 38012, and magnets 38006. Magnets 38006, bearings 38012,
wires and connectors, and encoders can be susceptible to residual processing gasses
present in the vacuum environment. Furthermore, it may be difficult to remove gasses

trapped in the bottom of the cylinder 38024, as the gasses may have to follow a

convoluted path 38022 when evacuated.

FIG. 39 illustrates a vacuum robot drive that may be used with the systems
described herein. The rotary drive forces may be provided by two motor cartridges
39004 and 39006. Each cartridge may have an integral encoder 39008, bearings
39018 and magnets 39020. Some or all of these components may be positioned
outside the vacuum envelope. A concentric dual-shaft rotary seal unit 39016 may

provide vacuum isolation for the rotary motion using, for example, lip-seals or
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the systemto be taught very rapidly using non-contact
nmet hods: the robotic armand end effectors may be
wa@ledososs3 optically without the need for nmechaPCTEk2004/037672
contact. o Furthernore, the optical beans can be used
during real -tine wafer 37001 handling to verify that
waf ers 37001 are in the correct position during every
waf er 37001 handling nove. _[FIG illustrates a
conventional vacuumdrive Wth two rotary axes 38020 s
and 3801 and a vertical (Z) axis 38004. A bellows
38016 may allow for the vertical Z-axis 38002 nptjon,
fermfluidin sens: aThizgnrirprrbrmaaeducedthe nymben e comPopYits Bisidgrhe

the hello 1 . vi.-de ri en
e Pteat ST RS oSl Bl ot BRI ARY, g Stociiae
encdderk3900hivithauit bregeEHcutmy thefbyliticeedsingwacwictability of the

placenent of many conponents: electrical wres and
dﬂ?@@@%hroughs, encoders, signal LEDs and pick- 0 ups

38008, bearings 38012, and nagnets 38006. Magnets

38006, bearings 38012, wires and connectors, and

enciler4) shaws hataket el lead nck 4808 48D0pfayeptssing gnaterials

int 5 Vg emaroReB nedishf Bl g pe e e P g o
Vac%fgth‘% %{g}eﬂ{ istR€se¥d WillalhidB Ak doaddcl B BRGaBSatEERY Hgh e

ow a convoluted path 38022 when evacuated. 5.
vadeiu@. I8%eléddstl mpumpad terclastreonsisnsatidn imay ockertintgaipin the

e ith the st.ens_descri bed herei
toad i etiabet. JSorliiaif BRocifion OB Goctei™ B whRE 21005 tuces.
whado radidt i3 PRARes aaE bart adulsé dekgers BBYodialéeica peifbinggicel
encoder 39008, bearlggs 39018 and magnets_ 39020. Sone

Claster4pols graytermpley Tnioas laeks sida by sidepmsh of which 19 albernalelye
th el ' - .

o SESHET RIS 00 o RIS, n Sl b

im?ﬂivad peridriiate othe gystémr Wethawp llead 1belks-4008149004 inbdl vertical

errofluidic seals. This approach may reduce. the
stagkythe pawpmen fptRER SéanSﬁ@m%n%lﬁ 3%%?&5%&#1% 85@63%0? Blowshy
. i ngeaf |
P AECET BN R ok M SO O I
embodinsasd thg raberticiacaatd04 dnd 49006 kan each access either one of the two

load locks 4008 40004. In embodiments the remaining handoff module 7008 could be

a single level handoff module.

FIG. 40B shows another load lock layout. In this figure wafers 31008 can be
entered and can exit at two levels on either side of the system, but follow a shared

level in the rest of the system.

FIG. 41 details how the previous concept of stacked load locks 4008 40004
can be also implemented throughout a process by stacking two process modules
41006, 41008. Although such modules would not be compliant with the SEMI
standard, such an architecture may offer significant benefits in equipment footprint

and throughput.
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drive unit. FIG 40 shows a stacked vacuum | oad | ock

4008, 40004 for entering materials into a vacuum
weposioesnent . One limting factor on bringi ng Mef/E8204/037672

31008 into a vacuum systemis the speed with which the

| oad | ock can be evacuated to high vacuum I|f the |oad

| ock is punped too fast, condensation may occur in the

air in the load | ock charrbeS? resulting in

preci pitation of nuclei he wafer 1008 surfaces,

which can result in particles and can cause defects or

poor device performance. C uster too

o ad B otk ostscsysipmon e e henloe Lowsicip IRt s €hghe:
w ?\:r b%que&gﬁd&ﬂgwu gg)o%%g %gmpeen?r?o dés %@ﬁgleﬂﬁ& thé fbgf link

nprove or mance
4000®o015t18 befwmmﬂ(moomobﬁaﬁhlllypééch héﬁﬂlﬂlgﬁll@@ﬂtinayrhaae two load

vertical stack, the equi pnent footprint S ve
lockirie provislsithe advapiege phesdpesdevpuation Spesfdiot is%a Thus a

syﬁ%ﬁ %ﬂt h fofir ﬁfﬂﬂpﬁ)h&rﬁ;& 0 Eggg%}?‘%gebﬁg kaﬁé Q)?Qéna@@%@@output

as an-opti on. nts 't trc arms
loaﬂaﬁdcsamchlm&nqﬂateé hy Hesecipters privided hersig as firet fystemsovith

l.oad I.oc 40004, |1 n enbodi ments the remnaining
adﬂ‘é‘ﬁﬁ%}fl?a%f? I &YF& be a single | evel handoff

nodul e. FI G 4CB shows another |oad | ock |layout, h
this figure wafers 31008 can be entered and can exit

at tFlO. #dstives ptepeiavhef thgispternof FHe €4stem but fol | ow
a shared level in the rest of the system FIG 41
details how the previous concept of stacked |oad | ocks

400& IGO@@éepi&B al3Pecidl SEstiuibnGsdeb et 44040 bghQig ta veafer. One or
proces stacking two process. nodul es 41006, %’
&

MOLE tSPR?QW‘é)&@ ﬁlwdmn@gra%‘éun@ the pbiset 4494 and mayp
deEMn V?Lloﬂﬂlgﬁtr ggarc]g#é:%}oﬁﬁh il %IB deCE4014e Tﬁi@%e&foﬁseém éO may

si'ghifican s in equ pment footprint
indlhdl@plghﬂm’ty senRors FldB as42pslitdwes opticay ot wagwvitic Iprdi)mmty Sensors.

handl i ng | evel s 4008, 40004, 4 42004: f
ThesepsopeFritdanay Be onaeterhior ffgwy ;%@)12 g may

us%%%tiﬂ%g gfv €r ttoq{?mhlhﬁlfa(ﬂg %@uéﬂ’cy"o? 8tﬂ%9§én§8i‘ 41%:[!1'1’5 Q&glgas signals

y, each handling | evel have
conforming to the 802.11b standard, to a receiver 44004

In many instances it may be difficult or impossible to put instrumentation on
an object 44014 used to train a robot, because the wires that are needed to power and
communicate to the instruments and sensors interfere with proper robotic motion or
with the environment that the robot moves through. By employing a wireless

connection to the object, the problem of attached wires to the object may be resolved.

The object 44014 can be equipped with numerous sensors of different types
and in different geometrically advantageous patterns. In the present example, the
sensors 1 through 6 (44010) are laid out in a radius equal to the radius of the target
object 44008. In embodiments these sensors are proximity sensors. By comparing the
transient signals from the sensors 44010, for example sensor 1 and sensor 6, it can be
determined if the object 44014 is approaching a target 44008 at the correct

orientation. If the target 44008 is not approached correctly, one of the two sensors
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| ocks to provide the advantage of reduced evacuation

speed noted above. Thus a systemw th four input |oad
wo owk®483t3w0 handl i ng | evel s, and optional |y foRCT/U820p4037672

| oad | ocks, is also contenplated by description

provi ded herein, as are systens with additional | oad

| ock and handling levels. FIG 43 shows a top view of

the systemof FIG 42. FIG% 44 depicts a speci al

i nstrunment ed obj ect 44014, %Uch as a wafer. One or

nore sensors 44010 may be integrated into the object

44014, and may be able to detect environmental factors
44Qd0guaxishovea prsjesttre 4dgees, Byrmenieripgonyltiplosensors 44 1k fsde
roximt SOhLS LA i
sysRih e e BRRSR I HEE 4 Ao SRR KEreeRR b Ohaomet 44008
befofyutating athandott. arglskfsoty 4401 kambé areangéd @i 2ny pdtieah nmay
use battery power to transmt arggg, o frequ or .ot her
I

accodiap o, orgirample, stfiqeng¥ of fighl B 05 R $IGET BOEEIS.
Ralglﬁs%‘[%l}]lgnec? s?@%?}ga%s%%&g.ﬁtfa POt ayvo%rera 00y acliim B onment.

. . t "or 1 npossible to put
i nstrunmentation on an object 44014 used to train a

robg th i t [ d d
ol EERNsGhe neth e Fichdats d 3a Saenenpe dRFeHasfon
co%%t?la?{r}@ BEL&RRG thSinfBih&lePbbj¥ét YR PR £AYIEE AU The

e robot noves thr ou?h. By enploying a wreless
sersorsrdO1 0 oraytiocludeotbiy ssosors fonenqaswinanropsrties efbe tagget 44008,
ires to the object may be resolved. The object 44014

Su{ﬁaﬁ'ﬁ%‘gp%ra fPBped wi th nunerous sensors of different
types and in different geonetrically advantageous
patterns. In the present exanple, the sensors 1
t hr Slghedenigtpatiio Feeuengy gorusmication Wik NS OBRIGE: sepeprs A
rac{iﬂ ?reé@e%'c# Serbr gi?ﬁaltﬁb gf?frla? BL ahsHiad §oBar1 BSHRS00E Within a
ese sensors afe proximty sensors. By conparing the

vabuuaf SAppropahigrelestidi efiwdvielengthn smrysmpd®Gigrabpropagatiohavith
sensor 1 and sensor 6, it can.be determned if th

a fally metalliueeguinsenglosiisa die Hee of LRt Whtss cgmpycation
wilhdd eS&érﬂﬁe’nge@JNr&tahQ Ronthdllek Hﬁ?lﬁot?&g@é sifAiGOftiadvAiRiges. E%rlo

appr oac correctly, one o he two sensors-53- 4
exaraplesthisvechmiquenmayireduce thg giere. re@yiradoior oparatians such asfinsling

sensors 44010, fhe syste det er,m i f t j ect .
SRS oF & tppeipiid Prorbiiies BaapeoBeoHD 'ray Boraybl Tbvide

visual feedback to an operator, or to automate certain operations using a robotic arm.

Furthermore, the use of one or more sensors may permit measurements within the
chamber that would otherwise require release of the vacuum to open and physically
inspect the chamber. This may avoid costly or time consuming steps in conditioning
the interior of the chamber, such as depressurization and baking (to drive out moisture

or water vapor).

FIG. 47 illustrates the output from multiple sensors 44010 as a function of the
robot movement. When the robot moves over the target 44008 the motion may result
in the sensors providing information about, for example, distance to the target 44008
if the sensors are proximity sensors. The signals can be individually or collectively
analyzed to determine a location for the target 44008 relative to the sensors. Location

or shape may be resolved in difference directions by moving the sensor(s) in two
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before affecting a handoff. The sensors 44010 can be
arranged in any pattern according to, for exanple,
webdosoissnxy of signal anal ysis or any other PCT/US2004/037672
constraints. Radio frequency signals also
advant ageously operate in a vacuum environnent. FlG
45 shows the systemof FIG 44 in a side orientation
illustrating the noncont ac§54r_1at ure of orienting the
i nstrunment ed obj ect 44014 t0 a target 44008. The
sensors 44010 may include other sensors for measuring
.properties of the target 44008, o such as tenperature.
d f%?f@% U E@fism?r&m%fs?@qu ggedls. voHhouhplwsicalis cantaptingthe
tar@bt 49908 sensors. A radio frequency sensor signal 44016
ybe transmtted to an antenna 46002 wthin a vacuum
Appropriate sel ection of wavel engths may i nprove
encl 30 L IERHE R Eoie Joriatirans s PN tagvattss 45008 from o
ot o . . LLer
Varm pr I(tac\qllfil'd te)ﬁg iog ni f ? @%rt]l?létgdv antséggl%gl %b \égﬁt @%%?%%léﬁﬁ+§
489@% Hi80erh end¥§00Geniay be ehplayedendisgiualle dr ncrombieatiah] orieat a

h as.findi t and
onfithe 4305 oo Moo BHEA PR 1 i e ehishByEe 5t 50° C to
4007 ©'\Or Eford. ITHiSIncFe@SSinAEdftin OteRipeRRRE M mitiRhtel BndsHs G Bat

certain operations using a robotic arm Furthernore,
waulbotheavigs ogshp avprepibrederseisesis thaghapbeniand meyaliowniont s

T ; . .
o bl d bl B RATERInb AR il Sa QR WIS nEE Whfers 48008 are
mdved te eribat logl_'q“hpes bﬁﬂle?rgbxit_ﬁ: a;zmst_tdoy, t(h?y fnﬁweﬁtgggﬁmlﬂg
t n e rLnteriror 0O e Cha er,
waggzehhag S pAS00f 45006 ot Hhekien dS0ed Aq0Fe @Ay ool the
\ \ o

vl St ARG 0% ool i AR, il
4800430000 mmpvteimendesirbth empierature ddrcthe shoehes andor walies. A

s B0 b TR b SR 0 Sk ey 5 RS B e

redchfg f@icRIStto AdaRE ddwdr RRardRH $uMiRYif the ]?B%bﬂﬁﬁt%‘ of 8iFRPent -
The signals can be individually or col ly O

ectively
terapriptyresgttings dent diffeientcanditonatfonexaimple & higheategperatuo 68ting
duﬁgé Sltlrlnff%o%v% ottltll?e S §f00§‘ é)n%aat Tower setting during venting of

chamber 4008.

oy

Preheating the wafers 48008 may reduce condensation and particles while
reducing process time. At the same time, the wafers 48008 may be too hot when
exiting the system, such that they present a safety hazard, or melt handling and
support materials such as plastic. Internal temperatures of about 80 to 100° C degrees,
and external temperatures of about 50° C degrees or less may, for example, meet these

general concerns.

FIG. 49 illustrates a robotic end effector 49002. The robotic end effector
49002 may be tapered so that it has a non-uniform thickness through one or more
axes. For example, the robotic end effector 49002 may have a taper when viewed

from the side or from the top. The taper may mitigate resonant vibrations along the
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or shape may be resolved in difference directions by

nmovi ng the sensor(s) in two-54- different directions
W@nas/¥83i13 ori ng sensor signals, wthout physi cedT/¥S2004/037672

contacting the target 44008. FIG 48 depicts a

technique for inserting and renoving wafers 48008 from

a vacuum system One or nore heating elenents, such as

a set of heating el enents 43002, 48004, and 48006 may

be enpl oyed, individually or in conbination, to heat a

chanber 4008 and a substrate material 48008 to an

erat ur.e of 400 C or
oA E B2 LT e bbb gy i SRy protle (when
viewaiena alid fde)trhal potid ddsiet Jﬂﬁﬁé’Mv%ﬁn@B&Wee@ﬁlaﬂaﬁ@ SP Sde-view
decreases_in the chanber, and may allow for a nore
tapes Sray Dsehicuesiby sanflien eemachiving ardye Qpaungjmocm@rﬁ the

RO T, By e oY
mdyhiznadviethgeasida04ntodBR @ﬁape&bl ahoidRabseghedt weeh#Bd other

may . cool the wafers on contact. A heating power
ﬁ"éﬁi’p‘fsﬂ i}en% § cAging prpeesh effersghosdditional advantags Haat ﬂ@swafsom

S ok J PR % SRR e hEPERAIGE chftng s, oncby
reduging the nethbénodsotPoiehts thaDRGuinayhysixalihdsemblyt he system

reacting quickly to heating power changes, resulting

in the possibility of different tenperature settings

for Al dhbehenFIGIukinion %chﬁi@iﬁesexﬁﬁjmé §po_1fﬁ1eﬁ't8 'P(ﬁfotlc arm

tenperature Sett|n durin t he chanber
segrogrds a0924nd (5@@94 S hq sap englg\ﬁéf@ci mgy bé adheweddo attenuate

waf er, may, reduce
res‘&gg‘%@’ﬁié (Plgﬁﬁg Dar gmgfltéga(v)\ﬁ? @%4@5 &Sf‘ﬁ% g?l&%v@sszrhe
taferetishapd mbyiBe sctfievediuiirg 4 eicWed fandwhGROGs §Y ad¥embPAlow
hot when exiting the system such that they present a
ML AN MeNSHET ang MQ5R PEECHsg Semrel @ vanairesulbips rebatigtasmisagrgent.
such as plastic. Internal tenperatures of about 80 to
100C degrees, and external tenperatures of about 50C
degf&@s5 osholwsssiuahindepandee SRR &, arfegiplbying Gve ﬁﬂ%ra |5 1014.

9 illustrates a robotic end effe
Eaglg s gg{:ﬂ é1¢(§‘o%ﬂ s(;'ogg Eaté ¢ wdepgndently actuated by the motors 5 1014.
The arms are connected at the distal end to upper arms 51004 and 51010. The

configuration gives a relatively small retract radius, but a somewhat limited extension.

FIG. 52 shows a dual dependent SCARA arm employing 4 motors 52010. The
links 52002 and 52004 may be common to the end effectors 52006 and 52008. The
motors 52010 may control the end effectors 52006 and 52008 in such a way that
during an extension motion of the lower arm 52002, the desired end effector, (say
52008) may be extended into the processing modules, whereas the inactive end

effector (say 52006) may be pointed away from the processing module.

Fig. 53 shows a frog-leg style robotic arm. The arm can be used in connection
with various embodiments described herein, such as to enable passing of workpieces,
such as semiconductor wafers, from arm-to-arm in a series of such arms, such as to

move workpieces among semiconductor process modules.
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49002 may be tapered so that it has a non-uniform
t hi ckness through one or nore axes. For exanple, the
wo oiwenissiend ef fector 49002 nmay have a taper WhEHUS2004/037672
viewed fromthe side or fromthe top. The taper nay
mtigate resonant vibrations along the-55- effector
49002. At the sane tine, a relatively narrow
cross-sectional profile (\A/Sﬁn viewed fromthe side)
may pernit easier maneuvering between wafers. The
si de-vi ew taper may be achieved by grinding or
machi ni ng, or by a casting process of the effector
49002 with a taper. Materials such as Alum num Silicon
Car :
shapiSr el ¥ D AR AT ANATHARERHTINHRT) plaihitobie
sysséne,ich As 6rsdfi thglingapcrmstoafrinesystetri3eleswtibed irthad disclosure.
advant age that the wafer support materials 49004 can
be cast into the nold during the casting process,
t he REBdSint re
phy og e MRSl A LR RERARERIn RS kRt
mouerdio gues 56064 ISaclap phrt srhytnoovedh @thncalaﬁamlele‘g}'i@ ghisle rail or

5000 d. 50004, b
magRe gt ek 330 OO D Qr S0 BrSlertit o Shgpy o
the%%r%ﬁﬁ trfe 5@9{912 SEARIY a@s hakeme hilPefhgaliRt et foldRtd apaslad

e achieved using a variety of known

retmcbmésségan aamnﬂqa@CARlewnmlele raghicvingeasehextensipnipioes
pex%wlg%élzﬂe (5(}2 il Ias V ?s & %ﬂl {c&?@ Ho‘fdlﬁ% P"c(?ﬁgf@ﬁ%lth the

epen

opéith@ilfat htQid haEﬁﬁﬂéad:IDﬁhﬁfughr A 5aeied amd 5 SGﬂHl&ulxhbb i‘DE&:d to
i ndependent|ly actuated by the notors 51014. The arns

Paﬁﬁ@-86%%%6Fééwé@ﬂ§ﬁ@‘ﬁlstal end to upper arms 51004
and 51010. The configuration gives a relatively snal
retract radius, but a somewhat linmted extension. FIG
52 FhawssHstibwal a tdp peavdefithe SGARA dasanbedypl BYG.PGA4 not or s
52010. The links 52002 and 52004 may be common to the
end effectors 52006 and 52008. The notors 52010 may

co ntpj@l 54 ﬁﬁlst?eﬁgs £1ih &6 LNt Sn QLB AR R Godufe Sdi6d1a @

way that during an extension notion of the | ower arm
comRORgpn phiduad asiepeuﬂeatmld@ﬁriéc SEARA mbptis mﬁupﬂay system may

N NN N LT T S .
fromthe processing nDduIe

FIG. 57 demonstrates a vertically stacked handling system employing a 4-Link
SCARA robotic arm, where the arm can reach any and all of the peripheral process
modules 5002. By rotating the process modules in the top level 57004 by
approximately 45 degrees and mounting the top level components to the bottom level
chambers 57002, the top and bottom of each of the process modules may remain
exposed for service access as well as for mounting components such as pumps,
electrodes, gas lines and the like. The proposed layout may allow for the combination

of seven process modules 5002 in a very compact space.

FIG. 58A 1illustrates a variation of FIG. 57, where the bottom level 58002 of
the system consists of a plurality of robotic systems as described in this disclosure and

the top level system 58004 employs process modules 5002 oriented at a 45 degree
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Fig. 53 shows a frog-leg style robotic arm The arm

can be used in connection wth various enbodi nents
walemsoidses]l herein, such as to enabl e passi ng OPCT/US2004/037672

wor kpi eces, such as sem conductor wafers, from

armto-armin a series of such arnms, such as to nove

wor kpi eces anong sem conductor process nodul es. - 56-

FIG 54 shows a dual frog- I§ﬁ armthat can be enpl oyed

in a planar robotic system”'such as one of the I|inear,

armto-armsystens described in this disclosure. FIG

5 illustratesa 4-Link SCARA arm as described in this

anglede (thesmpia sypign axés- tlbe arapaped lspub allows & the ewnbingfigp of nine

egui de rail or magnetic
pr{i'&a %ﬂotﬁl %?1 &k {’Seg%g%rﬁg ég)é%a%l ven by a notor 55002
i nternal or exter nal to the system The 4-Link SCARA

arm _has eadvantagethat it fold into a spaller
r et rl%t d HRiraten 4 B4 EIGCARA vifthe ppg plea ra?ew@maé

Srsledb e R R S A S R
the opening that the armhas to reach through. An

i t 55006 could b d t bst
e Y A e R e A M b
pr§éé§§1§§hﬂﬂ%&% 5006l Wﬁﬂé: LtfH alft@ﬁng 'fdr@erv@& ddcbsdsSooed, %ﬁd a

i near systemdescribed in thrs disclosure usi n
sirgwlidsicansly siill provirling locatins demiae stansdardsiresl mowmdule 5002.
robotic arnms. Such a system may not be as conpact as a

system enpl oyi ng a 4-Link SCARA arm robotic system

FI G FIBY 59B ieh®hstat & s’?/sbéﬁf lay@dlakyorshaddtg foadididet@ocess
sten1enp|oy|n a 4-Link SCARA robotic arm _ where the

medilesc3i00f and A Sﬁlﬁéaré ﬁt?e‘é P¥°°6$S rtlmsﬂﬁ aP002whilg stidl oflosdng
dul h
sef e a0 B i ot OL ALt rddIDSO0EE T s and |

nmounting the top | evel conponents to the botton1|eve|
cha 57002, nd botto e t he
pr o@ %W%%dv?@ tm&méa srt'a}tl row esapedgof
th&soboRk iride c&ﬁﬁoﬁ&y Athe 1w GORRQ B@@Gfsucp SR t®RS séid Hpgpper arms
el ectrodes, gas lines and the |k he propose
60084 e chraxg mechanicdllyrcotpled eothisinmatod @n 56910seven process
nodul es 5002 in a very conpact space.

Having thus described several illustrative embodiments, it is to be appreciated
that various alterations, modifications, and improvements will readily occur to those
skilled in the art. Such alterations, modifications, and improvements are intended to
form a part of this disclosure, and are intended to be within the spirit and scope of this
disclosure. While some examples presented herein involve specific combinations of
functions or structural elements, it should be understood that those functions and
elements may be combined in other ways according to the present invention to
accomplish the same or different objectives. In particular, acts, elements, and features
discussed in connection with one embodiment are not intended to be excluded from
similar or other roles in other embodiments. Accordingly, the foregoing description
and attached drawings are by way of example only, and are not intended to be

limiting.
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FIG 58A illustrates a variation of FIG 57, where the
bottom | evel 58002 of the systemconsists of a
w@bkwsakssty of robotic systens as described i n PEN/ES2004/037672
di scl osure and the top | evel system 58004 enpl oys
process nodul es 5002 oriented at a 45 degree-57- angle
to the main system axis. The proposed | ayout all ows
for the conbination of nine process nodules 5002 in a
very conpact space. FIG 58B’illustrates a variation
of FIG 58A with the useof a rear-exit |oad | ock
facility to renove substrates such as sem conduct or
wafers fromthe system EILAIMA shows a |inear
handl i ng system accomodati ng | arge substrate
processi ng nodul es 59004 while still allow ng for
1.ser VA eemieadctor19A8iZng @BHod odkipkisingous| y stil |
providing | ocations for two standard sized process
nod ositivgine a mylitsoobelifass aad a Plugalitynf preqessjrg modules

| : . jmdul es 59004 and a

o Bt eyt LR OB B T ot 1
al | anbvigg 8 evorksiecesan@ishé plukdity bfipecessingahodqul esdwsmassing the
dul es 59002. FI 60, shows _a_duyal frog robot wth

WOKRiSCS B%’t"’ag‘ist ofq @C? thpphupality, afrobeticiarmay torrgeqngse; of the
1 liMEFSOIRRNERL. The lower arns 60002 support two sets
pofaﬂégoper arms 60004 which are nechanically coupled to
the notor set 54010. Having thus described severa

illustrativ odinments, it ig.to be appreciated.that
2.y ar e oEPERRERS Wish feab eSS Ert R a0 MR bS
sydleln. readily occur to those skilled in the art. Such
alterations, nodifications, and inprovenents are
intended to forma part of this disclosure, and are
i nt e i t hi ] i It ] IS .
ai sl 5atraSe Gt 2othetf 1RR)dbisPE B AT el ds Boboste
enidpwHihedinsmdehdliice eereép.nat i ons of functions or
structural elenments, it should be understood that
those functions and el enents nay be conbi ned in other
4.8y STRGG AN G gsgg& &%ep{%ﬁ ﬁ{%rlhmeb{‘ﬁ’a‘iﬁﬁh% Bystén ﬁgscm%.bgéad
the same or difrerent objectives. In particular, acts,
re@iresgstdns., and features discussed in connection with
one enbodi nent are not intended to be excluded from
simlar or other roles in other enbodi nents.

5.Accoryh Heh¥d of A8ink OWARRINthedfsikpicld EAR at a midpoint of the linear
handling system.

6. The method of claim 1 wherein there are at least two handoff points between

respective robotic arms.

7. The method of claim 1 wherein the robotic arms include at least one four-link
SCARA arm.
8. The method of claim 1 wherein the robotic arms include at least one pair of

vertically opposed SCARA arms.
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and attached drawi ngs are by way of exanple only, and
are not intended to be limting.-58- CLAIMS. A
w@eewsoestiict or handl i ng nmet hod, conprising: poRCT/USIWHEBT6T2
a plurality of robotic arns and a plurality of
processi ng nodul es al ong an axis of a vacuum based
handl i ng system and noving a wor kpi ece anong the
plurality of processing rmd@lres by passing the
wor kpi ece froma first one” the plurality of robotic
arms to a second one of the plurality of robotic arns.
2. The nethod of claim1 wherein the handling system
9.i s alheimeshed dibakaiit hyhsyedn theyworkfiiee tnaselsod apfaisde bétween
wherei n the workpi ece enters and exits at opposite
pr%?ﬁﬁ%m(??ulﬁie | i near handling system 4. The nethod of
claim2 wherein the linear handling system has an
ai r-based return system 5. The method of claim2
10aherkierimethed ootlaip @ edicesin the aigle is saparpisifiom e pregess modules.
I i near handling system 6. The nmethod of claiml
wherein there are at |east two handoff points between
11r es pRetrhsthod ofxdiic] svhFein the rdbwicraintiacludds acdapubililly to move a
wherein the robaotic arns i nclude at | east one
werkpiecs yefic 1 the handling 8ystg-nod of claim 1 wherein
the robotic arns include at |east one pair of
vertically opposed SCARA armns.-59- 9. The nethod of
12| aiTheimethed ef daitthkl whetepi the dandlmgslystemnnalndes witically

sipie] SR PR e EEfiarou e FoM oo ocose |

nmodul es.

13.  The method of claim 11 wherein the handling system includes vertically

stacked load locks that are serviced by the robotic arms.

14.  The method of claim 1 wherein the axis is linear.

15.  The method of claim 1 wherein the axis is curvilinear.

16.  The method of claim 1 wherein the axis forms a substantially U shape.

17.  The method of claim 1 wherein the plurality of robotic arms include a SCARA

18.  The method of claim 1 wherein the plurality of robotic arms include a four-
link SCARA arm.

19.  The method of claim 1 wherein the plurality of robotic arms include a three-
link SCARA arm.

20.  The method of claim 1 wherein the robotic arms include a frog leg robotic

ari.
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5 . The nethod of claim1l wherein the robotic arm
i ncludes a capability to nove a workpiece vertically
wowdkiosssthe handl i ng system 12. The net hod of PCI/ab2904/037672
wherein the handling systemincludes vertically o
stacked process nodul es that are serviced by the
robotic arns. . The nethod of claimwherein the
handl i ng system i ncl udes vgrtically st acked | oad | ocks
that are serviced by the r- Botic arms. s 14. The
met hod of claiml1 wherein the axis is linear. . The
met hod of claim 1l wherein the axis is curvilinear. 16.
The nmethod of claim1 wherein the axis fornms a

21 uhen b etd et Persh Pdimpblid 7 a2k GUPk S

ammaf m 18. The nethod of claim1 wherein the plurality
of robotic arms include a four- 5 |ink SCARA arm 19.
The nethod of claim 1l wherein the plurality of robotic

22.ar nﬁ"lhle %&!tl‘%%\?&}f%latiﬁrle\?hérgﬁl tggfé%tig s Qlcl?qge gﬁ%ﬁblgﬁf%%qm
of claim erein e robotic arns Include a fro eg
robotic arm-60- 2 . The nethod of claim1 wherein the
robotic arns |nclude, a doubl e SCARA . ar 22. Th
23rpt A8 TRshiad oficlAim \NBsTEIhe Ffé’OPSBHPil%d‘gdeﬁﬁZfP‘r‘Fclingﬂ%céRA
ouble frog arm 23. The nethod of claim1l wherein the

robotic armincludes a four-link SCARA arm o0-24. The
met hod of claim 1 wherein the robotic armincludes a

o AR B e

having a plurality of links, a drive facility and coupler between the links.

25.  The method of claim 1 wherein the plurality of robotic arms are provided in
linked pairs of robotic arms and each linked pair includes two vertically disposed

robotic arms.

26. A semiconductor handling system, comprising:

a plurality of processing modules arranged along an axis in a vacuum-based
handling system; and

a plurality of robotic arms for passing a workpiece among the plurality of
processing modules by passing the workpiece from a first one of the plurality of

robotic arms to at least a second one of the plurality of robotic arms.

27.  The system of claim 26 wherein the handling system is a linear handling

system.

28.  The system of claim 27 wherein the workpiece enters and exits at opposite

ends of the linear handIng system.

29.  The system of claim 27 wherein the linear handling system has an air-based

return system.
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25. The nethod of claim1 wherein the plurality of
robotic arns are provided in linked pairs of robotic
W@rews/0&83u3 each |inked pair includes two verti cedT/¥S2004/037672
di sposed s robotic arnms. 26. A semi conductor handling
system conprising: a plurality of processing nodul es
arranged al ong an axis in a vacuum based handl i ng
system and a plurality of {obotic arnms for passing a
wor kpi ece anong t he pIuraIF]y of processing nodul es by
passi ng the workpiece froma first one of the
plurality of robotic arns to at |east a second one of
the plurality of robotic arnms. 27. The system of claim
6 rein t h i system,is_a Linear handli .
300 T S S BB0E WA SPPDerR Gl G m{EE: P e Bincar
handlikgdystm.ent ers and exits at opposite ends of the
I i near handi ng system 0 29. The system of claim 27
wherein the linear handling system has an air-based
ret - ] e f ' '
3 ho TR FUELEP 0 et Y ST Bt (AN PUGE PO
respeotive rohosysesm 31. The system of claim 26 wherein
there are at | east two handoff points between
respective robotic arns. 32. The system of claim 26
3ohergiekysies SRR % WhdTBinithEtdbc 8imd HgRitie MBast one four-link
four-1ink SCARA arm 33. The system of clalim 26
SwhRA#rm. t he robotic arnms include at | east one pair of
vertically opposed SCARA arnms. 34. The system of claim
26 wherein the workpiece travels in an aisle between

33pr oCHfsSsyRlefhll fRtaim3%6 widtEinINS{DBiO hrned AL S 4t 16kKE 8¢ Pair of

the aisle is segarate fromthe process
vertically opposed SC arms.

34.  The system of claim 26 wherein the workpiece travels in an aisle between

process modules.

35.  The system of claim 34 wherein the aisle is separate from the process

modules.

36.  The system of claim 26 wherein the robotic arm includes a capability to move

a workpiece vertically within the handling system.

37.  The system of claim 36 wherein the handling system includes vertically

stacked process modules that are serviced by the robotic arms.
38.  The system of claim 36 wherein the handling system includes vertically

stacked load locks that are serviced by the robotic arms.

39. A semiconductor handling method, comprising:

providing a first robotic arm for handling a workpiece; and
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nodul es. 36. The system of claim26 wherein the
robotic armincludes a capability to nove a workpi ece
waeosioesahid y within the handling system 37. ThRCHYS1004037672
of claim 36 wherein the handling system i ncl udes
vertically stacked process nodul es that are serviced
by the robotic arns. 38. The system of clai mwherein
the handling system i ncl udeqszhverti cally stacked | oad
| ocks that are serviced by™tfie robotic arnms. 39. A
sem conduct or handl i ng nmet hod, conprising: providing a
first robotic armfor handling a workpi ece; and-62-
di spbspospga sseauimbetibatn for handlibgthdrandipieeg it hposition

rkpiece in.a positio ntially vertically with
Suﬁ%@%g’@yv giehy “Eﬁ}rgfpepgtggﬁ Sg’fontlﬁoaﬁﬁlxn'The net hod of

claim39 further conprising nechanically coupling the
first robotic armto the second robotic arm . The

40ret Hﬁw ro¢thed af ekaizn 39 firthee poropriging Bicpltpninally sawling the first

otic armfromthe second
ro??e)tgo T aﬁ?r% §]§é th)hc hod of claim 39 wherein at

| east one of the f| rst robotl c armand the second
robotic armis ... The nethgd of claim

4IWh er gienethod eﬁ%lﬁmb ﬁ% ﬁeﬁhef ﬁ@nPlilﬁl%g meghpiGally decauphas thedirst
roﬁ@[ﬁ%[}gl ﬁ@ﬁq{lé Sec db%ué‘ af@ur-1ink SCARA arm 44. The

V\,hereln at |l east one of the first
robotic arm and the second robotic armis a three-link

42 S theandhod Of clatny 30 Sra, 1L She e Bt Fohodig @i pg the

Se@{dr}ggoﬁgarﬁ{@arg@Mel n the robotic arms include a
doubl e SCARA arm 47. The method of claim 39 wherein

the robotic arns include a double frog arm

43. The method of claim 39 wherein at least one of the first robotic arm and the

second robotic arm is a four-link SCARA arm.

44, The method of claim 39 wherein at least one of the first robotic arm and the

second robotic arm is a three-link SCARA arm.

45.  The method of claim 39 wherein the robotic arms include a frog leg robotic

arm.

46. The method of claim 39 wherein the robotic arms include a double SCARA

arm.
47.  The method of claim 39 wherein the robotic arms include a double frog arm.
48.  The method of claim 39 wherein the robotic arm includes a four-link SCARA

49.  The method of claim 39 wherein the robotic arm includes a bisymmetric arm

having a plurality of links, a drive facility and coupler between the links.
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48. The nethod of claimwherein the robotic arm
includes a four-link SCARA arm 49. The nethod of
W@ L@smB3® wherein the robotic armincludes a PCT/US2004/037672
bi symmetric armhaving a plurality of links, a drive
facility and coupler between the |inks.-63- 50. A
sem conduct or handling system conprising: a first
robotic armfor handling a égprkpi ece, the robotic arm
positioned in proximity to a process nodule; and a
second robotic armfor handling the workpiece, the
second robotic arm positioned within the processing
nodul e in a position substantially vertically with

esp { first I ' . .. The system of
5({':I ai@ng%alc\g\ﬂ%@gqr%l a{lﬁﬁen% élyrg%%d’ %%@g’tq%uég'ar mis nmechanically
coupl figt fobotidarns frdaddligokbrkpican th&bbolib ars yotianed in

cl.ai,m 50 wherein the first robotic armis nechanically
PRy P @dregestinefdesd@idond robotic arm 53. The system

of . _ . ¢ . e
o met S iSoURCLE Forndififthe RBARKce S soddl b AT
posifishehwishindheproceBingmodileined pdsitaat substentidllyt weetidaily stith
roboti.c ﬁlir{n nd the second robotic armis a four-link
rePENpR the st WBOtG Ay st em of clai m 50 wherein at | east
one of the first robotic armand the second robotic
armis a three-link SCARA arm 56. The system of claim
5150 vihersestemant clasmsi0 whereindbofiist ralotic pan s mheehanicalik coupled

AR & ha rovides for linear notion by the end
tog}}fgg ngirr%énf ngEsyst em conprising: a robotic drive; an

end effector for manipulating itens; and-64- a robotic

arm_that connects the robotic drive mechanismto the
52end ”lg\efsg@t:@rqf claim 50 wherein the first robotic arm is mechanically

decoupled from the second robotic arm.

53.  The system of claim 50 wherein at least one of the first robotic arm and the

second robotic arm is a SCARA arm.

54.  The system of claim 50 wherein at least one of the first robotic arm and the

second robotic arm is a four-link SCARA arm.

55.  The system of claim 50 wherein at least one of the first robotic arm and the

second robotic arm is a three-link SCARA arm.

56.  The system of claim 50 wherein at least one robotic arm is a four link SCARA

arm that provides for linear motion by the end effector.

57. A system comprising:
a robotic drive;

an end effector for manipulating items; and
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the robotic armincluding four or nore links and a
facility for alignnent of the end effector. 5 58. The

waymsesm3ed claim57 wherein the alignnent faciPCT/ys2004/037672

i ncl udes one or nore connectors that mechanically
couple the four or nore links to each other such that
the end effector noves in a substantially |inear

di rection under contr ol of‘4he robotic drive. o 59.
The system of claim57 whe¥%in t he alignment facility
includes a notor. 60. The system of claim59 wherein

the alignment facility includes a motor for ext erHji n%
anch Tobphaam et eanacetp theapbeliq diveanerhgnispy ig thg gpd etfector,

o ) I RS A P AT s

effeeirected to optim ze a reach-to-contai nnent ratio of
the robotic arm 62. The system of claim57 wherein
the links are designed to avoid the edges of a slot

| . \ \
58. \6a 6’}3‘1%: %&:ﬂl S Gaik PPN hEre ] %ﬁ%ﬁg&ﬁ Tﬁ:@lﬁg@ﬁkﬂu&e@%@ oF Bfdre

e systemof clarm rein the links of the
connhediotsi thatanavhixdvatlyacouplei the 6ivn er mokelinks: t@ each etheresugh Hhat the

64, The system of cl.ai m. 57 further conprj si .
endgeipetog s o oca b negpeieaien prad Lot rybosc
drigrive. 65. The system of claim64 wherein the

controller is a renote controller. 66. The system of
claim 64 wherein the controller is integrated with a O

[ lizati f - 65- . f
59.0) ot fir SACRR ST IR § hEhEsfl PSR gl M AMBaPERERT
robotic arm 68. The system of claimb57 wherein a |link

of the robotic armproximl to the en{j effegtor
60.i ncThelexsteanobelpiaed9 whessin the alipnmeptiaalityiprlpdesiagpgtor 6%,

ext;el‘,-%g?% %@&S I%E?&angisl? LR éf?(fc%@ia%&g?fcfr 0B 9fidiE ofthBend effector.

one

61.  The system of claim 57 wherein each of the links has a length selected to

optimize a reach-to-containment ratio of the robotic arm.

62.  The system of claim 57 wherein the links are designed to avoid the edges of a

slot valve when the robotic arm is extended and retracted.

63.  The system of claim 57 wherein the links of the robotic arm have a ratio other

than 1:2:1 in length.

64.  The system of claim 57 further comprising a controller that controls operation

of the robotic drive.
65.  The system of claim 64 wherein the controller is a remote controller.

66.  The system of claim 64 wherein the controller is integrated with a

visualization software prograim.
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having a cutout into which at |east one other Iink can
fold. o 70. The system of claim57 wherein at |east
wo mwsoe3secuti ve |inks of the robotic arm are BCHUR®A4/037672
with a vertical gap so that at |east one other |ink of
the robotic armcan fold in the vertical space between
the at |east two consecutive links. . The system of
clai m57 further conprisin t | east one bypass spline
between s links. 72. A nmethod conprising: providing a
robotic drive, an end effector for manipulating itens,
and a robotic armthat connects the robotic drive
67rme c el syt fichaimeidowlgreiadhopontroller eastbiols rorgrthgnoone robotic
ncl udi ng four or nore links; and interconnecting the
bur or nore links to each other such that the end
effector noves in a substantially |inear direction

und control of the robotic drjve, the robotic arm
68 ncl emoqfrc?%m Yovkereinadinka{dherobgie pim propygpal to the end

efﬁlcﬂogmmes o’ft’@&vﬁmtcﬁﬁlfo%ﬂh%r %o foldhe method of claim

2 whereln the alignnent ftaci I 'ncl udes one or nore
connectors that mechanically couple the four or nnre

I n to eac t.he ch that .the end effect,or
el hel Bt s, ¥ G the Tobolts ae thelies SURtst Bhe ek
habiﬁg ar&lwthlﬁodﬂh&ﬁat 1t o @h&mInQ@n Fbidc! ai m 72 wherein

the alignment facility includes a notor.-66- 75. The
~nmethod of claim72 wherein the allgnnent faC|I|ty

i nclyde endin andr
70t eSS B T R DS B op SR o A BBt
armGre dibekedBliftoglvaticallgap 8o Tt wiesse. loﬁe etehlifi oft the rdbofils arm
has a |l ength selected to optim ze

cap dald 0 fh. ewheL pReee hetwies 6 RbicapiiarorcopmePivalinks. 77. The
nmet hod of claim 72 wherein the links are designed to
avoi d the edges of a slot valve when the robotic arm
71i s Nltecyystenh efivthimed7rfatthadcomprisinplue 1auet diedyphsschhnabet@een
I)gghereln the links of the robotic armhave a ratio
likfner than 1:2:1 in Iength.

72. A method comprising:

providing a robotic drive, an end effector for manipulating items, and a robotic
arm that connects the robotic drive mechanism to the end effector, the robotic arm
including four or more links; and

interconnecting the four or more links to each other such that the end effector
moves in a substantially linear direction under control of the robotic drive, the robotic

arm including four or more links and a facility for alignment of the end effector.

73.  The method of claim 72 wherein the alignment facility includes one or more
connectors that mechanically couple the four or more links to each other such that the
end effector moves in a substantially linear direction under control of the robotic

drive.

74.  The method of claim 72 wherein the alignment facility includes a motor.
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79. The nmethod of claim 72 further conprising
controlling operation of the robotic drive with a

w@oensioe3lier. 80. The nethod of claim 19 wher ei PCT/E82004/037672

controller is integrated with a visualization software
program . The nmethod of claim 79 wherein the
controller controls nore than one robotic arm 82. The
nmet hod of claim 72 wherein link of the robotic arm
proximal to the end effector includes an offset wi st
to allowthe armto fold. 8 . The nethod of claim 72
wherein the robotic armincludes at | east one |ink

T5haviThg meetbed ofglainn 7 Whetctrhe alignanent fanlity dneludes|aj metor By
ox g ol FRIBH <ot AR PRI BlBoR e RATh o

a vertical gap so that at |east one other link of the

robotic armcan fold in the vertica pace t ween t he
76qt |Té1§§veth%o%@wgb%wh9r@m s et the n!ks hs arlf?@g@é@%@d &

Gl redot- £mﬁ1%ﬂﬂ%t1§ bE@lGQ(%]ZQ)\ﬁICMg at |east one
bypass sp | ne et ween 6. A system conpri sing:
5 aplurality of process nodul es for a sem conduct or

77§ ndbte tuehea B Q5877 ShEBEsEe pkt BuEber bRt b kgees of

sldt VakAK mﬁ tEOFbbAY ARl il tdiBYEa] Ridctede | i near track;
and a robotic arm di sposed on the cart for

mani pul ati ng wor kpi eces anong the o pI urality of

7 he DanTRe 4 Rt - ol R R B i ShR iR ol

otledr tlednali: P18 1oMpetr.ei n the SCARA armincl udes a four-l i nk
SCARA s arm 89. The system of claim 87 wherein the
SCARA arm includes a three-Ilink

79.  The method of claim 72 further comprising controlling operation of the

0

"d

robotic drive with a controller.

80.  The method of claim 79 wherein the controller is integrated with a

visualization software program.

81. The method of claim 79 wherein the controller controls more than one robotic

arm.

82.  The method of claim 72 wherein a link of the robotic arm proximal to the end

effector includes an offset wrist to allow the arm to fold.

83. The method of claim 72 wherein the robotic arm includes at least one link

having a cutout into which at least one other link can fold.

84. The method of claim 72 wherein at least two consecutive links of the robotic
arm are stacked with a vertical gap so that at least one other link of the robotic arm

can fold in the vertical space between the at least two consecutive links.
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SCARA arm 90. A nmethod conprising: providing a
plurality of process nodules for a sem conduct or
WO aw5i0¢8313 on process di sposed about a subst ant PEl/U§2004/037672
l'inear track; providing a cart noveably coupled to the
i near track and configured to nove along the |inear
track; and 5 disposing a robotic armon the cart for
mani pul ati ng wor kpi eces a g the plurality of process
modul es. 9 . The nmethod of "¢l ai m 90 wherein the
robotic armincludes a SCARA arm 0 92. The nethod of
cl ai mwherein the SCARA armincludes a four-Iink SCARA
85ar mThggnethod of hainyd Fadrengonaprising MABdEzAtlerst SRR m
spli &Ccﬁe‘g aihree-link SCARA arm 94. A semi conductor
ng syst em conprising: a vacuum processi ng system
di sposed in a substantially |inear configuration
having a | oading end and an exit end; and a non-vacuum
86r et ¥ PYSESHR FIRPHYBPE T et ur ni ng an item fromthe exit end

ein
O D b L L e
digpossgiesbsingsubpmhially Bear Trhek; syst em of cl ai m 94 wherei n
t he non-vacuum return tem.s, di posdb
Vo AR ead g 5 & BhTng sk and GER e togharoriong the
lindhafRkNaddne non-vacuum return systemis di sposed
besi de’ t he vacuum processi ng system 98. The system of

cl aiarrobationyay disposed en thercattdeumanipelating woyknieges pmong the

pluralstgfo%%goc\émsstmo@ult he vacuum processi ng system

87.  The system of claim 86 wherein the robotic arm includes a SCARA arm.

88.  The system of claim 87 wherein the SCARA arm includes a four-link SCARA

arm.

89.  The system of claim 87 wherein the SCARA arm includes a three-link
SCARA arm.

90. A method comprising:

providing a plurality of process modules for a semiconductor fabrication
process disposed about a substantially linear track;

providing a cart moveably coupled to the linear track and configured to move
along the linear track; and

disposing a robotic arm on the cart for manipulating workpieces among the

plurality of process modules.
91. The method of claim 90 wherein the robotic arm includes a SCARA arm.

92. The method of claim 91 wherein the SCARA arm includes a four-link SCARA

arm.
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99. The system of claim94 wherein the return system
is connected to a md-entry point of the vacuum
wEe@sessing system O00. The system of cl ai m 94P@UTES 04037672
the non-vacuumreturn systemincludes a |oad | ock at
the exit end for noving the itemfromthe vacuum
processing systemto the non-vacuumreturn system -69-
The system of claim 94 Me:g%i n the non-vacuumreturn
system includes a slide nectvani smand a gri pper for
noving the itemfromthe exit end to the | oadi ng end.
02. The system of claim94 wherein the vacuum
processi ng systemincludes a plurality of processing

nodul.es. The system of . cl ai erej he wvacuu
S TR R IS T S
SCARA gamve the item anong the processing nodul es. 04.
The system of claim3 further conprising a plurality
of robotic arns that nove the item by passing the item
fro fir n .t u .1y of robotic arnms to a
94'sec%§e%lﬁg %uf%tr ﬁgg%}n&%gft?{ny&g#ﬂrr%%mi c arnms. 105. The
sy s taanicoim pkaiessine sysehetdispoded iph mitatantiyllplingan bonfiguration
arnms in¢lude a SCARA arm 06. The systemof claim4
hayngradpading endyndras sxitend; aidohot i ¢ arms i ncl ude a
four] i ' ; '
the Blr ATy iy GFRFuRL SRS AonLe S e e
losldd¥ndar m 108. The system of claim4 wherein the
plurality of robotic arns include at |east one pair of
i nked robotic arns di sposed vertically with respect
95t 0 epRyQbRRIT claiiD4 Wik ein oh8A@m FétainBydieth 1WaRpBiad above
the plurality of processing nodules vary in footprint
thpyacguieproenssiog sysigmor nore. 110. The system of claim
94 further conprising a sem conductor fabrication

96.  The system of claim 94 wherein the non-vacuum return system is disposed

below the vacuum processing system.

97.  The system of claim 94 wherein the non-vacuum return system is disposed

beside the vacuum processing system.

98.  The system of claim 94 wherein the non-vacuum return system is disposed

within the vacuum processing system.

99.  The system of claim 94 wherein the return system is connected to a mid-entry

point of the vacuum processing system.

100. The system of claim 94 wherein the non-vacuum return system includes a load
lock at the exit end for moving the item from the vacuum processing system to the

non-vacuum return system.
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facility, the sem conductor fabrication facility
including a plurality of l|inear-70- sem conductor
whadloissgs systens, the plurality of |inear PCT/US2004/037672
sem conduct or handling systens arranged si de-by-side
so that the | oading ends of the plurality of |inear
sem conduct or handling systens face a corridor of the
sem conductor fabrication facility. 5 A sem conductor
fabrication facility, the §§ﬁ1conductor fabrication
facility including a plurality of |linear sem conductor
handl i ng systens, the plurality of |inear
105eniThessisienof chiim A4 iwlgray Siearmm-wacremgettmss ydsnbipckidgea

S BiATL te Sap FigSy e Bind ekl b i o' B B
en® sSem conductor fabrication facility. 112. A

sem conductor fabrication facility, the sem conductor
fabrication facility including a plurality of |inear

; ! L .
107 B E 2 R b e TRy Do @b iloln Bletudes o
phefittys pidtetsiidi@odules.ens forma ring s of linear

handl i ng systens. A seni conductor manufacturing
facility including at |east one tunble gripper for

105 €¢ e[*h}‘j! sﬂ&eﬁ ot el¥ih qu YiHeRdin Ylﬁf\%Euurfl g?o Je% §stéhl MBRides one
Including a palr of gripping nodules, er ei n each

or grorppibogc ansithet mevethefiteguanechg the pecessieg modules. a pai r
of O parallel edges of the sem conductor wafer,
wherei n each gripping nodul e rotates upon receiving a

108 © MTERRGHEHMQT c1ha03 ifkiRr BoRBfibihk A PIWRER/QIf fotidtic arms that
hori zontal portion of the grippi n(% nodul e supports the
et

mayerthe Send hytpassingitheitemnfremadis thenplaradityapicrobotic arms to a

ver,tical. ,port i t he gripping nodul e prevents the

5¢ é’l‘?ioélgr?glf}getp&?ra fogflrol?c}}gs ving in the horizontal
plane. 5 14. A nmethod of handling a sem conduct or
waf er, conprising: providing an end effector for

10pol dihsgystemetickamd0d dieraipflier plusahib firAbaticares dnclude a
SCARA arm.

106. The system of claim 104 wherein the plurality of robotic arms include a four-
link SCARA arm.

107. The system of claim 104 wherein the plurality of robotic arms include a three-
link SCARA arm.

108. The system of claim 104 wherein the plurality of robotic arms include at least

one pair of linked robotic arms disposed vertically with respect to each other.

109. The system of claim 104 wherein the plurality of processing modules vary in

footprint by a factor of two or more.

110. The system of claim 94 further comprising a semiconductor fabrication

facility, the semiconductor fabrication facility including a plurality of linear
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effector includes a receiving slot configured to

support the sem conductor wafer on a horizontal plane
wokiose4g31vent i ng t he sem conduct or waf er fronPeDURI094/037672

in the O horizontal plane and wherein the end effector

includes a ranp configured to slide the-71-

sem conduct or wafer into the receiving slot when the

sem conductor wafer is placed onto the end effector.

115. A semiconductor handlifig system conprising a

plurality of robotic arns, at |east two of the

plurallty of robotic arms sharing a common drive

sepigonfyetor hapdlng W@Fyﬁteenhn@htwaalmﬁrﬁll%lwm@meﬁonhmdhng

syt S8 bl Hiad bR L WY thal ink Gl PRk of Rl TGl il c

semicolnﬁ&ctpi handlihg yystdmy faboi cerridon®f ths sémicendudidrthbriviaRa
m 118. The systemof claim5 wherein the at | east
fa‘P-{Ab’of the plurality of robotic arms operate
i ndependently. 119. The system of claimwherein the at
| east two of the plurality of robotic arns operate
lldepeh dmﬂcbyducicﬁ(fabrkaﬁemfacﬂhﬁ,uhd: semicamdlictordatsicatiemtacility

. i.nel u otlc arm havi frog-1eg
indIifipg e srol TR SeR By TR B heurality of linear
seﬂn%hﬂ@étﬂﬂhzﬁ&ihhg %ﬁeﬂ%ﬁ@éd §d@bylsi ol tRE RE g&'ﬁdmé ends of the
mat eri al handl Tng net hod,” conprising: provi
Pllﬂr@b@tqfdln&anﬁefmfrondaﬁdt luamghag systams fake a corridoo bf)ﬁnec arm
Hgtg ﬁ% St éﬁl e links, the links being joined so
tn A S/ UK }&3? yrel ative to each other in
subst antially parallel planes of notion; and providing
joint between at |east two adjacent |InkS wherein

1 1t2h e 4 semiconducias falyirationy fasd i dho semisenductns fah;mtl@lafacﬂlty
nBBBES L Ay B BB o
seingtonduactot Iemdfihg Bwssenef arrdpedendxb dnll 8o dlthit #tesybtems form a ring

of |11|ngal§‘5hanglzng systems.

113. A semiconductor manufacturing facility including at least one tumble gripper
for receiving a semiconductor wafer, the tumble gripper including a pair of gripping
modules, wherein each gripping module is configured to receive one of a pair of
parallel edges of the semiconductor wafer, wherein each gripping module rotates upon
receiving a semiconductor wafer into a position wherein a horizontal portion of the
gripping module supports the semiconductor wafer in a horizontal plane and a vertical
portion of the gripping module prevents the semiconductor wafer from moving in the

horizontal plane.

114. A method of handling a semiconductor wafer, comprising:

providing an end effector for holding a semiconductor wafer, wherein the end
effector includes a receiving slot configured to support the semiconductor wafer on a
horizontal plane while preventing the semiconductor wafer from moving in the

horizontal plane and wherein the end effector includes a ramp configured to slide the
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122. The nethod of claim 121 wherein the robotic arm

is disposed in a vacuum handling system 123. The
woreiokoesed cl ai m 121 wherein the robotic arm i BCDO82004/037672

a plurality of robotic arns and wherein the robotic

arms hand material fromarmto arm 124. A materia

handl i ng system conprising: a robotic armfor

handling a naterial, the raghotic arm having at | east

three links, the |inks being”joined so that they can

rotate relative to each other in substantially

paral | el planes of notion; and a joint between at
Semmﬂuqtmwaf@r inte the re¢arking siehwhen thetshmiqonidnetor wafer is placed

{ abl i ﬁea a space between the vertical planes of
H St e adj acent links, so that a third link can
fold in a plane of notion that i s between the pl anes

of notion of the adjacent |inks. 125. The system of
118} aiArsapicongnstaihandling systser, comprsing 8 palrglptar@é gohoticarms, at

leé\/%ﬁgy& 5t g ﬁmrélﬂg ?¥G¢bto?glan‘g? Shaﬁgg 2 u ! a\fectlfag'hg%

armis one
robotlc arns and wherein the robotlc ar ns hand
materlal fromarmto arm 127 A et of _handl | a
Rat efheayste 918} Hg: whireiniatieay oalepsaw nlmktysé/r@%wtw arms is
ag@&g@&arm and di sposing the four-link SCARA robotic
armin a vacuum handling system so that the four-1link
SCARA robotic armcan handl e a naterial in the vacuum

The d of ai m 127 erein .
1175 e P s i vt OF Levshong of s TR PGt agms s
a Plr-BEABRAAR AR hat hand materials fromarmto arm
anong process nodul es of a sem conductor manufacturing

process.-73- 129. The nethod of claim 127 wherein the

an t ear of,..cl ai .
1 1?2 7 df\/&] o set:ggl ({}%‘ijadﬁl ereln t éeeﬁg @voaoﬁ tﬁe }uﬁ%}h’% ﬁg rog?ﬁgc
arms operate independently.

119. The system of claim 115 wherein the at least two of the plurality of robotic

arms operate dependently.

120. A semiconductor handling system including a robotic arm having a frog-leg
arm configuration, the frog-leg arm configuration including at least two pairs of frog

leg arms.

121. A material handling method, comprising:

providing a robotic arm for handling a material, the robotic arm having at least
three links, the links being joined so that they can rotate relative to each other in
substantially parallel planes of motion; and

providing a joint between at least two adjacent links, wherein the joint
establishes a space between the vertical planes of motion of the adjacent links, so that
a third link can fold in a plane of motion that is between the planes of motion of the

adjacent links.
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an exit end, wherein the exit end is distal fromthe
| oadi ng end. The nethod of claim7 wherein the
whavdloissgs met hod i s vacuum based with an ai r- bBGEUS2004/037672
return system 132. The nethod of claim7 wherein the
handl i ng nethod has a load |lock facility disposed at a
m dpoi nt. The nmethod of claim7 wherein the four-1link
SCARA robotic armis configyred to avoid interference
with a slot valve of the vacdum based handling system
134. The nethod of claim7 wherein the handling nmethod
i ncl udes dual, vertically opposed four-I|ink SCARA
1220 b okhieanethedsof chiien hadt Whereinf the kabiotic Armviredispased fea vacuum
haﬁ@ndlsi ng nmet hod i ncludes a plurality of process
i 28 r a seni conduct or manuf act ur i ng process.
136. The nethod of claim 127 wherein at | east two of

t he _J]for ocess_npdul es_are di stgosed in different vertical
12305 thearathodotalpiyel 3 lowhersin theechotig iare it pnsrpigfpluality of

oS5 ok 0 T WO BT

stretched | oad lock facility for |oading. 138. The

net hod of i:l aim 127 wherein the robotic armincl udes
128ne % B3tesial handlipg sysiem. compriséngierti cal direction

per ' | jaldf 1R '

Pon ERELSLR ) Rk d pRait SOb Rl 4100, g0
linds gthé binlest teedng joiretid fsd dha theypdan metate-rélativd @acl bthenit hod

f. claim138 erei.n the mefhod includes a plurality
Sug?tarftlﬁ‘@&pia@ ghpianes pMEHeR: 304 od of claim 7 wherein the

handi joi@ bétSveB bit leadt 86 hdjaddht 1inild) SRR OR g@ﬁlt 6dt@1¥h s/
wherein the handling includes process nodul es di sposed
spage betiveanrthe verticalaphayies of miotiph péthe@dianent|linkagp that a third link

[ tion. 142. .The nethod of.claim 141 wherejn t.he
caﬁl rféélg grb f Plang rc])%1 gtllog ?lbaé tlmegweerﬂ thg p ngsn(gfl THiotioh of th aéjacent
links.

125.  The system of claim 124 wherein the robotic arm is disposed in a vacuum

handling system.

126. The system of claim 124 wherein the robotic arm is one of a plurality of

robotic arms and wherein the robotic arms hand material from arm to arm.

127. A method of handling a material, comprising:

providing a four-link SCARA robotic arm; and

disposing the four-link SCARA robotic arm in a vacuum handling system, so
that the four-link SCARA robotic arm can handle a material in the vacuum handling

system.

128.  The method of claim 127 wherein the four-link SCARA robotic arm is one of
a plurality of SCARA arms that hand materials from arm to arm among process

modules of a semiconductor manufacturing process.
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one hundred ei ghty degrees. 143. The nmethod of claim

127 wherein at | east one process nodule is an
wo@r@ssissesl process nodul e. 144. The met hod of BPCHUS04B37672

wherei n the oversi zed process nodul e i ncludes a

rotating lid for providing access through the top of

the process nodule. 145. A system for handling a

material, conprising: a fou{-l i nk SCARA robotic arm

di sposed in a vacuum handl rﬁg system so that the

four-1ink SCARA robotic armcan handle a material in

t he vacuum handl i ng system 146. The system of claim
12945 Misenethed ofdaifrold 7 wherkinSmaRindliog matleodsis hingar. one of

a plurality of SCARA arns that hand naterials fromarm

to arm anong process nodul es of a sem conductor

130RNUftRGhethbd 8f QAL EBBwhréih: thd hghding hesthedf haglaabaidgénd and
wherei n the handling systemis a |inear handling

angyifteady wirgein thgexitrens is glistad diogt thellegdingomd. wher ein t he

handl i ng system has a | oading end and an exit end,

wherein the exit end is distal fromthe | oadi ng end.
13149.ThEhrethyd dfeniaf 1271 whereibdhe hWhellmp mdilngl i aaciuntgased with

system has a vacuum based handl i ng system and an
angirbasgd BMSYRHER- system 50. The system of claim 145

wherein the handling systemhas a load lock facility

di sposed at a midpoint of the handling system o 151.
132he 'Bheshethoddf dhiai 1 71whereinghe handling niethod hasrakdogUaRlA facility
d.robo({i c arm.i $ configured to avoid interference with a
i5po5¢d A HPBIEt he vacuum based handling system 52.

The system of claim 145 wherein the handling system

i ncl udes dual, vertically s opposed four-1link SCARA

138obcktiegnethad of daigy 12fhwherpinthenan-lik G BAZobgiierasmyis t he
cmqﬁgﬁjrled B avold §n?&]féra¥cle %ﬁmsa ﬁopllalf{;ea&f the Vgcfuum-based handling

system.

134. The method of claim 127 wherein the handling method includes dual,
vertically opposed four-link SCARA robotic arms.

135.  The method of claim 127 wherein the handling method includes a plurality of

process modules for a semiconductor manufacturing process.

136. The method of claim 127 wherein at least two of the process modules are
disposed in different vertical positions relative to the linear direction of the material

handling method.

137. The method of claim 127 wherein the material handling method includes a

stretched load lock facility for loading.

138. The method of claim 127 wherein the robotic arm includes the capability to
move in the vertical direction perpendicular to the linear direction of handling, so that

one robotic arm can service process modules that are located in different planes.
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process nodul es for a sem conductor manufacturing
process. 0 154. The system of cl aim 145 wherein at

wo e@sn483mb of the process nodul es are di sposedPCTUS2004/037672

different vertical positions relative to the |inear
direction of the material handling system 155. The
system of claim 145 wherein the nmaterial handling
systemincludes a 5 stretcgfd | oad lock facility for

| oadi ng the handling system™156. The system of claim
5 wherein the robotic armincludes the capability to
nmove in the vertical direction perpendicular to the
linear direction of the handling systen1 so t hat one

13:98 2 gltﬂe Jn?thg%gga? 3/ fﬁvﬁ%\% g%‘gqhq 8°1H§ Hréi [y of robotic

argystem -76- 157. The system of claim6 wherein the
systemincludes a plurality of robotic arns. 158. The
system of claim 145 wherein the handling systemis a
| tfpiel : of claim
14, Theaffba BRORA T8 SHSbfThe hainkiERRIGELC
nodul es di sposed at an | rregul ar angle reI ative to the

lLinegr directjiqgn of the handling system 60. The
14§ys?ﬁmr8? theg af FeS &img?rsmrfﬂﬁ handledpilpdgs Paagrempdules
di Eé’&?@c%rifr%\ll&r A8tk r@ﬁﬁv@ME Gl @RENHEOr ees. 161,

he systemof claim145 wherein at l'east one process
nodul e i s an oversized process nodul e 162 The system

143 RS gt URRT LA RGeS Pt B e SR BB ity

on/h@ndre efphty d&r@dsocess nodul e.

143. The method of claim 127 wherein at least one process module is an oversized

process module.

144. The method of claim 143 wherein the oversized process module includes a

rotating lid for providing access through the top of the process module.

145. A system for handling a material, comprising:
a four-link SCARA robotic arm disposed in a vacuum handling system, so that
the four-link SCARA robotic arm can handle a material in the vacuum handling

system.

146. The system of claim 145 wherein the four-link SCARA robotic arm is one of a
plurality of SCARA arms that hand materials from arm to arm among process

modules of a semiconductor manufacturing process.

147.  The system of claim 145 wherein the handling system is a linear handling

system.
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-75-

148. The system of claim 145 wherein the handling system has a loading end and

an exit end, wherein the exit end is distal from the loading end.

149. The system of claim 145 wherein the handling system has a vacuum-based

handling system and an air-based return system.

150. The system of claim 145 wherein the handling system has a load lock facility
disposed at a midpoint of the handling system.

151. The system of claim 145 wherein the four-link SCARA robotic arm is
configured to avoid interference with a slot valve of the vacuum-based handling

system.

152. The system of claim 145 wherein the handling system includes dual, vertically
opposed four-link SCARA robotic arms.

153. The system of claim 145 wherein the handling system includes a plurality of

process modules for a semiconductor manufacturing process.

154. The system of claim 145 wherein at least two of the process modules are
disposed in different vertical positions relative to the linear direction of the material

handling system.

155. The system of claim 145 wherein the material handling system includes a

stretched load lock facility for loading the handling system.

156. The system of claim 145 wherein the robotic arm includes the capability to
move in the vertical direction perpendicular to the linear direction of the handling
system, so that one robotic arm can service process modules that are located in

different planes of the handling system.
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157.  The system of claim 156 wherein the system includes a plurality of robotic

arms.

158.  The system of claim 145 wherein the handling system is a multi-level handling

system.

159.  The system of claim 145 wherein the handling system includes process
modules disposed at an irregular angle relative to the linear direction of the handling

system.

160.  The system of claim 159 wherein the irregular angle is between ninety and one

hundred eighty degrees.

161.  The system of claim 145 wherein at least one process module is an oversized

process module.

162.  The system of claim 161 wherein the oversized process module includes a

rotating lid for providing access through the top of the process module.



