METHODS AND SYSTEMS FOR HANDLI NG WORKPI ECES N A VACUUM BASED SEM CONDUCTOR
‘HANDL| NG SYSTEM Background Field of the Invention. This invention relates
to the field of sem conductor nmanufacturing, and nore particularly to.
machi nes .used for .material . transport i.n a vacuum handli ng system 2.
Descrrptron ‘of the Related Art. Current seniconductor manufacturing o
equi pnent - takes several - different forms,’ each of which has si gni ficant: -
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Sever al hybrrd
process nodul e _
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Current semiconductor manufacturing equipment takes several different

forms', each of which has signiﬁcant drawbacks. Cluster tools, machines that arrange
a group of semiconductor processing modules radially about a central robotic arm,
take up a large amount of space, are reiatively slow, and, by virtue of their
architecture, are limited to a small mumber of serniconductor process modules,
typically a maximum of about five or six. Linear tools, while offering much greater
flexibility and the potential for greater speed than clustef tools, do not fit well with the
current infrastructure of most current semiconductor fabrication faéilities; moreover,
linear motion of equip’meﬁt 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 1tem that is handled by the manufactunng equlpment The cart may or may not
" bold the material on a moveable arm that is mounted to it. Among other problems
with rail-type lincar systems s the difficulty of including in-vacunm buffers, which

may require sidewall mounting or other configurations that use more space. Also,ina



reliability of the systemand the security of the handled materi al s.
Furthernore, in order to, nove the material fromthe cart into a process
nodul e, it nmay be necessary to s nount one or two arnms on the cart, which

further conplicates the system Wth a rail systemit is difficult to
I'sol ate sections of the vacuum system w thout breaking the |inear notor or
rail, which can be technically very conplicated and expensive. The arm

mounted.to the cart:on a rail systemcan have significant deflection issues
if the cart is floated magnetically, 2since the armcreates a cantil ever
t hat |s difficult to 10 conpensate for. The cart can have particle problens
if it is nounted/riding with wheels on a physical rail. A need exists. for
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constrai nts cluster tools while avoiding the problens of |inear tools. 15
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A need exists for semiconducfor manufacturing equipment that can overcome
the inherent constraints of cluster tools while avoiding the problems of linear tools.
15 '
_ Summary
Provided herein are methods and systems used for material transport, in
particular a handling system, such as a vacuum handling system, that can move
wafers or other substrates in a very compact footprint. While the methods and
20  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
25 system, semiconductor manufacturing equipment, wafer handling system,
Ihanufacturing system, and the like are intended to encompass all types of systems,
processes and equipment for handling and manufacturihg items such as

. semiconductor wafers or other items.

30 Methods and systems are provided for handling an item ina manufacturing

process, including a plurality of process modules, each for executing a process on the
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item and at | east one 4-link robotic SCARA arm for noving the item between
process nodul es. I n enbodi nents, the nethods and systens are used in
connection wth a vacuum handling system s The nethods and systens incl ude
a plurality of process nodul es, each for executing a process on the item
and a dual robotic armfacility, wherein the dual "robotic armfacility

I ncludes a top armand a bottomarmfor handling itens between process
nodul es. I n enbodi ments the dual robotic armfacility conprises two opposed
4-1ink SCARA arms. 10 Methods and syst®ns include a plurality of process
nodul es di sposed along an axis in a substantially |linear arrangenent and at
| east one handling facility for noving the itemfromone process nodule to
anot her piiegemsl ddehst e ik edbbHEISTARA Alrh Per mbeiag ke Yers BBIVdeRES a robotic
arm In enbodinents the nethods and systens include a is vacuum

manuf act ubrasgssaaedules n embodisgds, thafnethodsmnd sypiers aresedin cennepiien e or dual
SCARA arm_. [ SCARA armis a 4-link SCARA arm 1In

enbodi m%é&t%h@%%&g@sﬁy%% €, - dual, or Leap-Frog-leg style arm In
enbodi nents, the SCARA arm has nore or fewer than four |inks. 20 Methods

and systens include a substantially |inear _arrangenment of manufacturing
equi pnént , havﬂh@%ﬂ?@ﬁﬁ%‘is@@%ﬁ&f{%ﬁa ity of pepcegHaPiles, eAd OFanuf act ur i ng
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nodul es bPress ?SCEF%%P%W%%(&P%I%M@%{ $ERIEEREFR arm facility
is a SCA B 4fR%IdCANA akisenbodi ments the SCARA armfacility includes a

. 4-1ink SCARA-arm In enbodinents the SCARA arm facility includes dual-
-opposéddl 4-1ink SCARA arnms. In enbodinents the return facility is an air

L L R/ﬁaﬂpord% (éﬁélgys@rgé%l%fud% raej\:hizrglit%' 0%%1‘(}'/086(5:8”1[1]1%11163 disposed along an

axis in a substantially linear arrangément and at least one handling facility for moving

the item from one process module to ’another process module, wherein the handling
-facility comprises a robotic arm. In‘embodiments the methods and systems include a
15 vacuum manufacturing facility. In embodiments, the robotic arm is a single or dual
SCARA arm. In embodiments, the SCARA arm is a 4-link SCARA arm. In
embodiments the arm is a single, - dual, or Leap-Frog-leg style arm. In embodiments,
the SCARA arm has more or fewer than four links.

20 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
manufactﬁring process. In embodiments the manufacturing equipment includes a

25 plurality of process modules, wherein an item is moved between process modules by a
robotic arm facility. In embodiments the robotic arm facility is 2 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 retumn Whjle the proceés modules 'al_'e in a

30 VaCcuinl.



4- In enbodinments there could be multiple input and output facilities al ong
the linear system In enbodinents 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 way down the line. In enbodinents a
gripper can renpve naterial at a location other 5 than the end exit point,
such as at the mdpoint of the line. In enbodi nents, the nethods and systens
di scl osed herein are curvilinear; that is, the linear systens do not have
"to be in a straight-line configuration4 10 In one aspect, a system di scl osed
herein includes a plurality of processing nodules, also referred to as
process nodul es, each process nodul e perform ng one or nore fabrication
processes on awembpdiaeats thée cpulddRsbullipRihes aad banabticiltiks apagueant i al
processi ng of the workpiece in a sequence froma_first process nodule to a
| ast pr ocdigsarfysiamen epepdimpnty 28 airriaserbgrinpep saviake a cyaier pithiwalers@eds nodul e
and the i ' ; i he sequence
?’g{ Ridto Bie%%ﬁéﬁyrg%%’ quﬁa eﬁo‘?ﬂtf Sl ifish {:B tuﬁggi Shirdon; duich ab ﬁaﬁ’Th o

or renove WOr Kpiece sequence a Y point.

wor kpi ece wisdoainithé lihd) elnsemjueihaentat gkippertat randve/mpietialtat a Theatiohloprece nmay
exit the sequence, at the md-entry polint. The systemmay further include a
20 pl ér athangheendexit poet; juchas gt die midppingpfthe ¥oy poi nt posi ti oned bet ween
two of the plurality of processing nodul es. The system may further include
a return nmechani sm that noves the workpiece to a first one of the plurality
of md-entry pdaambodimentsy thiemaheds mdesystank disclosed hicveinarcsamviidemne of the
plurality of ,md-entr oinfs. ,The , workpi ece be processed in a sel ected,
sequent i a|th3§69@%111}9pr%/Yﬁ@n‘ﬁﬁ{?rr};ﬂt%ﬁﬁ@f\%)%aﬁﬁglggggﬁﬁgf&iﬁj{ﬂ?@g The processing
modul es may be arranged to performa plurality of different fabrication

processes depending upon at |least one of a md-entry point where a
~wor kpilece i s aduene aspecthesystam discoset hareimiiocladasraplpalitn ofiphiegessinge wor kpi ece

is renmoved f t.he se nce. The m d-entr ol nt comnnect a plurality of
011 or ont TR oRRERR aF probEAbED bich RELN piFcE RO ne B ol %
arranged ixfrd GibeieasaY ptocERah a Wotkpiere the ptdiessigodied drtdngesforay be nore

. Space econom cal_ when L
sequential processing of the workpiece in a sequence from a first process module to a

last process module; and a mid-eniry point between the first process module and the
is  last process module configured to add a workpiece to the sequence or remove a

" workpiece from the sequence at the mid-entry point.

The workpiece may enter the sequence at the mid-entry point. The workpiece
inay__ exit the sequence at the mid-entry point. The system may further include a
20 . plurality of mid-entry points, each mid-entry point positioned between two of the
plurality of processing modules. The system may forther inciude 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
25  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-enfry point where the workpiece
is re:ﬁoved_from the sequence. The mid-entry point may connect a pluralilty. of
different ménufacmring fﬁcilities. The manufacturing facilities may be arranged to
30 conserve space, Two manufacturing facilities may be more space economical when

connected by a mid-entry point than when separated. The processing modules may



connected by a md-entry point than when separated. The processi ng nodul es
may -5- operate on the workpiece in a controlled environnment. The controlled
environnment rmay include at |east one of a vacuum a controlled pressure, a

- controlled tenperature, a controlled air purity, or a controlled gas

m xture. 5 In another aspect, a nmethod for processing a workpiece as

descri bed herein may include arranging a plurality of processing nodules in
a sequence to sequentially operate on a workpiece; connecting two of the
processi ng nodul es through a md- entry point; and adding a workpiece to the
sequence at the md-entry point. In another aspect, a nethod may include
arranging a plurality of processing nodules in a io sequence to sequentially
oper at e 0gp@ateRhkRé Yofkipi&RA8ebhidlddvRénhA®. MheeESedINA endBhas t hrough a
m d-entry point; and rénoving a workpiece fromthe sequence at the

m d- ent r ympwitneluderatieashors eff avicowada eantwilad prepsuract endrofedidntieraurg, pl ural ity
of vacuum base 15 processin | es .about a substantially linear axis
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vacuum-based processi ng nodul es between the | oading end and the exit end.
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A method disclosed herein may include providing a plurality of vacuum-based
15  processing modules about a substantially linear axis between a loading end and an
exit end; and providing an intermediate load lock facility for depositing items to or
removing items from the vacuoum-based processing modules between the loading end

and the exit end.

20 The method may further include providing an air-based delivery system for.
delivering items to and from the intermediate load-lock facility. The method niay
include introducing an item at the intermediate load lock point. The method may
further include removing an item at the intermediate ldad lock point. The method
may include providing a plurality of intermediate load lock points along a sequential

25 pro cess,- each one of the intermediate load lock points position between two .adj acent
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, seqﬁential subsef of the
plurality of processing modules between two of the intermediate load lock points.

30  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



so The vacuum based processing nodul es maybe arranged to performa plurality
of different fabrication processes dependi ng upon at | east one of the
plurality of -6- internediate |oad | ock points where a workpiece is added to
t he sequence or one of the plurality of internediate |oad |ock points where
t he workpi ece is removed from the sequence. The |oad | ock point may connect
a plurality of different manufacturing facilities. The manufacturing
facilities may be arranged to conserve space. Two of s the plurality of

manuf acturing facilities maybe nore sp&ce econonical when connected by a

| oad | ock point than when separated. The vacuum based processing nodul es
may operate on a workpiece in a controlled environnment. The controlled

envi r onnefixteritiateohd dr-kdjoitts dbredNRoltbicde kAEUATo Me@Bilichd beshairessure, a |
controlled tegﬁerature, a controlled air, purity, or a controlled gas
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the md-entry point. 15 A system descri ged herein may include a plurality of
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t hrough a md-entry polnt; "and renovin means for renoving a workpiece to

t he sequenmdult ntalyepetatk enb morlgieattin a20ntrelledrent irenmantp At coatrolisduf act uri ng
facility described herein ma)f i ncl u%e a_ series Oﬁl %acuum ba‘esj)ggr ﬁr cess
modul es fﬁ?"l{ﬂn_ﬁt?ég’é]?ﬁ&‘ql‘i‘%; castRe LI N UYR, 4 CAIfrolige pEessyTg,a PYeting itens
to and t akipgrdhRNS cddtRiNeAas: fRkityTRk § coitrd 1A g\tégﬁﬁym@ased_ process nodul es,
wherein the T oad 1ocks are disposed in a vertical stack in proxinmty 25 to

one ononore of- the vacuum based process nodul es.
A system described herein may include a plurality of processing modules
arranged in a sequence to sequentially operate on a workpiece; connecting means for
‘connecting two of the processing modules through a mid-entry point; and adding
means for adding a workpiece to the sequence at the mid-entry point. '
15
A system described herein may include a plufality of processing modules
arranged in a sequence to sequentially operate on a workpiece; connecting means for
connecting two of the processing modules through a mid-enfry point; and removing
means for removing a workpiece to the sequence at the mid-entry point.
20
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 delivéring items to and taking items from one or more of the vacuum-based
process modules, wherein the load locks are dispo‘sed in a vertical stack in proximity

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

~ The system may further include one or more robotic atms 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 oné or more robotic arms may
30 include a three-link SCARA arm. The one or:more robotic arms may include a pair of
vertically stacked foﬁr—link SCARA arms. In embodiments the arm is a singie, - dual,



The system may further include one or nore robotic arns for handling itens.
The one or nore robotic arns nmay include a SCARA arm The one or nore
robotic arns may include a four-link SCARA arm The one or nore robotic
arnms may so- include a three-link SCARA arm The one or nore robotic arns
may include a pair of vertically stacked four-link SCARA arnms. In ,

enbodi nents the armis a single, - dual, -7- or Leap-Frog-leg style arm The
system may include nultiple pairs of vertically stacked |oad |ocks at
different points in the handling syste€m The different points nmay include
an entry point and an exit point of the sem conductor handling system The
different points may include an internedi ate point of the sem conductor
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novenent of is one or nore of the workpiece, the robotic conponent, or an
effector arm ZAheamyfsiteding fasility dedcritied herpihmnat intiydet relsrtaiomposent; 4 0
determ ne a position of the roboti.c onent . stem ma cl ude a
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r et r ace edsqueer, apmmmee@nmmwnwmtmmavssmmau@emaggemesmw a path of
the work ece. rThe se rr?%%ag "?ﬁ i ece shi.f.ti g out of
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fromthe hefsatal phimitPeenson! Fié Sfnimsy sithideachiotlityodf def€rt i on. The robotic

armnmay nove the workplece to a
diagonally arranged. The systemn may include a plurality of proximity sensors in a

plurality of locations. The sensor may include a sensor for detecting movement of

15  one or more of the workpiece, the robotic component, or an effector arm. The system

| niay include a plurality of sensors used to determine a position of the robotic

component. The system may include a plurality of sensors positioned to detect a final
position of the robotic domponent. The final position may be an extended position or
a retracted position or an interim position between an extended position and a

20 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 automatidally. The robotic

25 arm may move the workpiece under user control. The sensor may be used to prevent
colhsmn of at least one of the robotic arm or the workpiece with the manufactunng

_ facxhty

The sensor may communicate to a transmitter. ' The transmiiter may include a
30  wircless transmitter. The wireless transmitter may communicate a sensor signal from

the sensor to a wireless receiver, The wireless receiver may be connected to a



safe |l ocation. The robotic arm may nove the workpi ece automatically. The
robotic 25 arm nay nove the workpi ece under user control. The sensor nay be
used to prevent collision of at |east one of the robotic armor the

wor kpi ece with the manufacturing facility. The sensor nay communicate to a
transm-tter.. The transmitter may include a so wireless transmtter. The
wWreless transmtter may conmunicate a sensor signal from the sensor to a
wirel ess receiver. The wirel ess receiver maybe connected to a -8- processor.
The processor may indicate to a user #-location of the sensor. The sensor
signal may indicate a |ocation of the sensor. The system may include a
battery that supplies power to the sensor. The system may include a battery

t hat SupphioB&ssPO Ve pricesdortrh@niadichtead a@eed 186ation dffiec SBRSOIThe BBRsoseNSOrs may
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fabri cat i antrdy tHe@tboticzdmponent based upon sensor feedback. The sensor may be used

for non-collision training of the robotic component. The non-collision traim'ng
prevents collision of at least one of the workpiece or the robotic component. The
15 -sensor may provide a location of the robotic component, the robotic component
including one or more robotic arins. The sensor may provide a location of the
workpiece, the workpiece including a semiconductor wafer. The sensor may provide
an-orientation of the workpiece, the workpiece fncluding a semiconductor wafer. The
-sensor may be positioned within a processing module of the wafer fabrication system.
20 |
In another aspect, a method for instrumenting a robotic wafer manufacturing
" system as describe herein may include: pfoviding arobotic compdnent; 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
25 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 détecting a position within a process'ing module of the nianufacturing
process, the position including a vertical position and a horizontal position. '

- 30



I n anot her aspect, a nmethod for instrunmenting a robotic wafer manufacturing
system as descri be herein may include: providing a robotic conponent;
providing a workpiece; and positioning a sensor on at |east one of the
robotic conponent, the workpiece, or a chanber of a processing nodul e
surroundi ng the robotic conponent 25 and the workpi ece, the sensor
nmonitoring a fabrication process perforned on the workpiece by the robotic
conponent. Anot her nethod may include providing a robotic aimfor a

sem conduct or manuf acturing process; @hd providing a plurality of sensors
for detecting a position within a processing nodul e of the manufacturing
process, the position including a vertical position and a hori zontal
position. 30 -Phe JoneorsemsaictciBposiitrest arferdagidciod of e robotiddmefFirct or of the
robotic arm The sensors may detect a position of the robotic arm The
sensors mgpsgemayideiechs ppeifigholdhe rebofisarpi dbe sepspts 1YY dited agogitivadfor of the

robotic a : | d t he sensors
maybe pogallr {5})1(’)1{}2% e}[f%fd;@ %i(:)‘%leq %0%3 "?Rhéa\q@i/é‘?{e‘:r&@‘ vﬂ{ee n&@%@ﬁﬁ%ﬁ%ﬁﬁ% qarmis bei ng
~ retract edwafthendwirl kgt eneofithy sdisol maf I8y pasitibngd td Bacdveraditey thé walfi@ sensors nmay
be placed putside a radius of the water so that the sensor  ,dejects a
| eadi iy W e rolidicyzands beipgreiragied; @ﬁdv%@y@cedmy g2 Wfeand gt feﬁ@t a

movenent gfe Jhke YRESS o &earauﬁ«zﬁegmg gggglﬁeg@ﬁ@tﬁaﬁﬁeaaﬁbfion of the

robotic arm A detection of the |eadi ng. e trarling edge is used
t o det er ndetertslDleafiimgledge ofithe maferani o tedmgeded of theamafef dwitgr of t he robotic

arm The sensor incl ude an optical beam breaking sensor, At |east two
of the Séﬁgg%erﬁg%ewa%%%#wﬁ%wxgﬂdgggn%a\l;%{a& f@ﬁ’ﬁﬂﬂé’%%ﬁ%’h‘?@%eh ot her. -
The sensogrf, RYichetisH 6248 %&din@leﬁggm@d He QAN eddb iPuéato dereiiagher . The
met hod may further include providing a mrror to direct a beamfrom at

| east onewhgthenibe safesds eenigrechomaneiierter afiteorenbptie ac.s Tiheensemsiaay may f ur t her
| ncl ude dﬁ&ﬁﬁé%‘ﬁgﬁ%ﬁggﬁ-ﬁé&]\cﬁg b ﬁla?éa'ﬁtcm%rc@tﬁé)setgé 'sﬂ:éaSﬁ;ge robotic armto

perform a Semn co g action. T'n'one asp ndl i ng net hod
di scl osedhdsitionicth atfays 4 Reduuiechambest Glomaash other. The sensors may be arranged

along a diagonal of a vacuum chamber. The method may further include providing a

mirror to direct a beam from at least one of the sensors within a vacuum chamber,
15 The method may further include detecting a position of the robotic arm to train the

robotic arm to perform a semiconductor handling action.

In one aspect, a handling method disclosed herein may include providing a
workpiece with a sensor for detedting a condition in proximity to the workpiece;
20  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: _

systemn.

The workpiece may be a semiconductor wafer. The workpiece may be
25 configured in the shaiae of a semiconductor wafer. The sensor m'ciy be at least one of 2
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
niay inélude transmitting radio frequency data from the sensor. The method may
include communicating data from the sensor to the handling system. The method may
30 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



wor kpi ece with a sensor for detecting a condition in proximty to the

wor kpi ece; 20 di sposing the workpiece in a handling system and receiving
data fromthe sensor in order to detect a condition related to handling of
t he workpi ece by the handling system The workpiece may be a sem conductor
waf er. The workpi ece may be 25 configured i-n the shape of a sem conductor -
waf er. The sensor nay be at |east one of a proximty sensor, a capacitive
sensor, an optical sensor, a thernoneter, a pressure sensor, a chem cal
sensor, a radiation detector, and a rRHinetic sensor. The nethod nmay include
transmtting radio frequency data fromthe sensor. The nethod may i ncl ude
comuni cating data fromthe sensor to the handling system The nethod may so
i ncl ude dg ko thE Qedshi t | elaQefi M ihde handling
system %F%%qr?eﬁod é%ﬁ%l%@?ﬁ%&nﬁ%@%@gﬁob%@é&gﬁn ?%%H]é%% conduct or
handl i ng systewiess -10- using data fromthe sensor. The handling system may be
a sem conductor handling system In another aspect, a system descri bed
herein may include a handling system a s workpiece disposed within the
handl i ng syst gflanaer Sspeen s SystéiR ABREbEVhdreintHgy indRidk RIHREMind fi8teRRRSOr
detecting a condition in proximty to the workpiece, the sensor providing a
si gnals r everkpiges dispered gk thedan yalerk ghé & sensgy cymegted émibeonduct or waf er.
The wor kp)j, , L.qur i e e of l: r_wafer. The
sensor nay BB RE s o RN Cdilon P RBRG B e AR BTN n S o
optical seowding asigdidrdtaadtethe conditiegsure sensor, a chem cal sensor, a

radi ati on detector, and a magnetic sensor. The system may include a
transmtter for transmtting radio frequency data fromthe sensor. The
wor kpi ece may I asdl § The sensor may
detect is a pr%%?%’@gg%ﬁ%a%g%\%o%%@gg{é&?%agﬁpe%ﬁﬂ(g ?’ e rPéandI I ng system
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using data foromthe sensor. The handl i'c?a? sr}/sterBlnI%}/be a sem conduct or
handl i ng PEQAfay; sensor, a capacitive sensor, an optical serfsor, a thernmometer, a pressure

sensor, a chemical sensor, a radiation detector, and a magnetic sensor. The system

may include a transmitter for transmitting radio frequency data from the sensor. The
workpiece may have a data connection to the handling system. The sensor may detect

15 aproximity of the workpiece to a feature of the handling system. The robotic arm
may be trained to perform a semiconductor handling process using data from the

sensor. The handling system may be a semiconductor handling system.

In one aspect, a system described herein may include a robotic component
20  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 extetnal to the vacuum.

‘The motor dﬁve hardware may inciude one or more electrical wires. The
25  motor drive hardware may inblude one ot more encbders. 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 hardwaré
may be sealed from the vacuum, such as using lip-seals or ferrofluidic seals. There
30 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



I n one aspect, a system described herein may include a robotic conponent zo
positioned in a vacuum rmai ntained in a chanber of a vacuum manufact uri ng
process; and one or nore drives for actuating novenent of the robotic
conponent, the one or nore drives including notor drive hardware external
to the vacuum The notor drive hardware may include one or nore el ectrical
wires. The 25 notor drive hardware may include one or nore encoders. The
notor drive hardware nay include one ?r nore signal LEDs. The notor drive
har dwar e may i nclude one or nore pIC ups. The notor drive hardware nmay

i ncl ude one or nore bearings. The notor drive hardware may include one or
nore magnets. The notor drive hardware maybe seal ed fromthe vacuum such
as using hirgwaeahsy be ihpoved bypetimttingabeess MHbe excdor drive Hoedvearerwithoad

out gassi ng.,of, c onents, The system clude g .va t hat
provi des %‘t‘ﬁ %mﬂﬁﬁhﬁmﬁ Smgé?‘?rﬁa‘%eeaﬂ?ql?lf’g?r%v?ﬁ@%ﬂ@{%‘?‘ngri ve -11-
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Wi thout releasing the vacuumin the processing nodul e. e notor drive

har dwar e magulei ik vatgor drixest hagdware snay beeositioned trprosenhuiniweal surfreg ilbe ext er nal
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mnimze pdtgasve hﬁrdvﬁ@ébﬁﬂsi@@ltlm&ﬁummﬁmﬁﬂb Y& ek aiap ddival dmet he vacuum
may provide for quicker pu down. The system may inc ude at | east one

drive cavsysient sayirdudeideas Wmﬁy foritles mb@mmmm}enbeT YastBfined in the
1P g Y b B P uchBEa ), SR oY dRGCRIR mad B naiy ot o 1 o7
driving a robot 1h a vacuum ase sem con han em as

. described herein may include a drive cartrl dge that provides rotary drive

force to a driye shaft faor.a ro and a ro seal, unit e€rein the
rotary® seal unfSYSERHCE SKBERTP leaﬁf@?q%éaﬁﬁaﬁé nypctorhmdling whil e the -

drive shaflsdns sl 3PGERChdr&nths, mma&w&Vé&rﬂaﬁe%at\seoﬁ@éstrafa%g&lwy include a

pair of drive cartridges eachhaving a
force to a drive shaft for a robot; and arotary seal unit, wherein the rotary seal unit

seals the drive cartridge outside the vacuum while the drive shaft is disposed in the

vacuum.
1 ,

The drive cartridge may include a pair of drive caxtridges each having an
integral encoder, bearings, and magnets. The rotary seal unit may be a concentric,
multiple-shaft rotary seal unit. The rotary seal unit may use a lip seal. The rotary seal
unit may use a ferrofluidic seal. The drive cartridge may be coupled to the drive shaft

20 for removability and replaceability.

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 moré drives for actuating movement of the robotic component |

35 outside the vécuum, the one or more drives including motor c_lrive hardware; .and
coupling the robotic component to the one or more drives through a vacuum-sealed

interface,

The motor drive hardware may mclude one or more electrical wires, one or
3 more encoders, one or more signal LEDs, one or more plck-ups One Or more

‘bearings, and/or one or more magnets. The motor drive hardware may be sealed from



I ntegral encoder, bearings, and magnets. The rotary seal unit may be a
concentric, multiple-shaft rotary seal unit. The rotary seal unit nmay use a
lip seal. The rotary seal wunit may use a ferrofluidic seal. The drive
cartridge may be coupled to the drive shaft zo for renovability and
replaceability. In one aspect, a nethod descri bed herein may include
positioning a robotic conponent in a vacuum nmai ntained in a chanber of a
vacuum manuf acturing process; positioning one or nore drives for actuating
novenent of the robotic conponent 25 d@tside the vacuum the one or nore
drives including notor drive hardware; and coupling the robotic conponent
to the one or nore drives through a vacuum sealed interface. The notor
drive har ¢yafeuiRYsdch &b Hee R oFRER B AE blalC athefd ARG be Aihinfthal 30 noOre
encoders, one or nore S|gn% LEDs, one or nore pick-upS, one or nore

beari ngs, ontgdising @ﬁt@mponmﬁs.eAn@gnmn$mmTﬁhaamm£dllﬁ0k@ahmmm may be seal ed

from12 the v um .such.as . using |i.p-seal,s or ferrofluidjc seals. There
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y
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coupling means for

A system described herein may include a robotic component positioned in a
vacuum maintained in a chamber of a vacuum manufacturing prc;cess; one or more
15 components of motor drive hardware external to the vacuurm; and coupling means for
coupling the one or more components of motor drive hardware to the robotic

component.

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

processing rhodules,

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
25 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 {rertically stacked processing

50 modules may be arranged to reduce a footprint for the system. At least one robot may



coupling the one or nore conponents of notor drive hardware to the robotic
conponent. A sem conductor manufacturing system di scl osed herein may include
a 20 plurality of vertically stacked |oading stations; and a plurality of
vertically stacked processing nodules. Four or nore vertically stacked
process | oad stations maybe provided. One of the plurality of vertically
stacked | oadi ng-stations nay feed a manufacturing process 2s that includes
one or nore of the plurality of vertically stacked processing nodules. A
second one of the plurality of verticdBty stacked | oading stations may be

| oaded while the one of the plurality of vertically stacked | oading
stations feeds the manufacturing process. Loading of the plurality of

verti cal | ye sHl@td@dedsQnstiond ofMhdulefticallif ¥hekeClond stafigise T he@ystemirfdyze wait tine.
The plurality of vertically stacked processing so nodules may be arranged to

reduce a nehidppiphralityofvedically stapkedgxit|stadions.one robot may -13- be able to
access any one of the vertically stacked |oad stations. The system nmay
include a plurality of vertically stacked exit stations. At |east one

robotic conponanleastayie bebotiel cemiponaneessbeadbie Rcak ahpenyef thewatticylly s st acked
exit stations. At |east one robotic conponent nmay be able to access nore

than Gnestycked et Fialions. Aldeest prorabotic spmperent mayibe able to gecesyBore haBonponent
be ot : _ . .
may be a%ﬁ‘e vewcaﬁ%%ﬁdgged@fﬁg?sgg;gdag eAﬁ%%ét%ﬁQI’cﬂJg}ié icﬁxg@geglglingﬁﬁﬁ%ﬁfes' ng

modul e. e syste ‘I'east” one _ between two
hor i zont afol agcezd nsge than pine bedsimally adjshehesrocdhmgsysingen Theysystend mdg one or

nore vertj cal.l t acke 1d-entr tations. to The system nay, i ncl ude at
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different paths of adjacent processing nodules.” The plurality of vertically

stacked Pheosystesi mgy inviudesd laastyonerrobeftecomponent thigreen vegsasmonsithen ope ocessi ng
O o VR TR bAE o RS Rl GBS L7 | ook
of the seffffeRREpahOsT adjacent processing modules. The plurality of vertically stacked
processing modules may include one or more vacuum-based processing modules.
The system may include a plurality of vertically stacked load locks disposed in
15 proximitjr fo at Jeast one of an entry poiﬁt 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 system may include one or
more robotic arms that move workpieces among the plurality of vertically stacked
processing modules: The system may include at least one of a top robotic arm set and
20 = abottom 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.
25 ' |
- Disclosed herein is a method for arranging processing modules in a
semiconductor manufacturing process comprising: providiﬁg a ﬁlurality 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
30 maodules so that they are vertically adjacent.



manuf acturi ng process. The plurality of vertically stacked processing
nodul es may be arranged in a substantially linear configuration. The system
may i nclude one or nore robotic arns that nove workpi eces anong the
plurality of vertically stacked processing nodules. The system nmay i ncl ude
at |east one of a top robotic armset and zo a bottomrobotic armset. At

| east one of the one or nore robotic anus nay nove vertically to access a
top process nodule of a one of the plurality of vertically stacked process
modul es and a bottom process nodul e ofl4the one of the plurality of
vertically, stacked process nodules. At |east one of the plurality of
vertically stacked process nodules may include nore than two process

modul es in a vephi GahotRkkcally StaBkRAbABRE sHB5RI May Be AroWRIcNOOnb @ g F angi ng
processing nodules in a sem conductor nmanufactur’ing process conprising:

provi di ngphurgityoéivertipalty stpcked deadingstationd maySeeda mangieolyriag ptasassthatvo of t he
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they are y&phi eaé b’n”th;%(fj]!:ll lof verti¢allyGicke@loARE Estitidrsintd) Beloade@ckKitk | 0adi ng
stations nmay be provided e of the plurality of vertically stacked | oading

stati ohs Hheoneestheplrmlity eftvarically sekedlosding stationnfordsihe manslasiuringr e of t he
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accessing nore than one vertical ]
stacked process module. At least one robotic component may access more than one

horizontally adjacent processing module.
is , '
The method may inclide providing at least one holding station between two
horizontally adjacent processing modules. The method may include providing one or
more veﬁically stacked mid-entry stations. At Jeast oné robotic component may be
capable of accessing more than one vertically stacked mid-entry station. A workpiece |
20  may move through a plurality of different paths of adjacent processing modules. The
plurality of vertically stacked processing modules may include one or more vacuum-
. based proc_essing 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
25  stacked processing modules may be arranged in a substantially linear configuration,
The method may‘.iﬁclude providing one or mére robotic arms that move Work‘pieces
among the plurality of Vértically stacked pro_cessingvmodules. The one or more N
" 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
30 top procéss module of a one of the plurality of \}értically stacked process modules and

a bottom p:focess module of the one of the plurality of vertically stacked process



stacked process nodule. At |east one robotic conponent may access nore than
one horizontally adjacent processing nodule. 15 The nethod may i ncl ude
provi ding at | east one holding station between two horizontally adjacent
processi ng nodul es. The method nmay include providing one or nore vertically
stacked md-entry stations. At |east one robotic conponent nmay be capable
of accessing nore than one vertically stacked md-entry station. A workpiece
zo may nove through a plurality of different paths of adjacent processing
nmodul es. The plurality of vertically18tacked processi ng nodul es may incl ude
one or nore vacuum based processi ng nodul es. The net hod may i ncl ude
providing a plurality of vertically stacked |oad | ocks disposed in

proxi m t ymoguRb. AeRrabt @ROfHe Florabiy d’)%eﬁil!aﬂ}r s@itked®ptobss indddiedtmayf t he _
sem conduct or. manuf acturing process. The plurality of vertically 25 stacked
pr ocessi niichidgmhass thamtwe repecangedulening watieal stackal | y | i near configuration
The nmet hod may include providing one or nore robotic arns that nove
wor kpi eces among the plurality of vertically stacked processing nodul es.
The one or nor g wifebRibiicatRihetiBy désofbeitioraih thpmtludapradididg sop robotic arm
set and a bottomrobotic armset. At |east one of the one or nore robotic
arns can Bivgessingmedule hyving an epesaiingiempeasye pilstantigllyrgbpyeangmbietine of the
plurality i : ' . : ess nodul e
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| east oneh®fing b eenperatata regr thie anbidnt talgeyatsteaaithkcating dleswafepthd es may

i nclude npre than twg procesg nodules in a vertical stack. A wafer
fabricatiSﬁﬁﬁﬁ¥WGamﬁé%@Pﬁﬁéﬂaﬁ%¥¥ﬁqFWﬁﬁWﬁq¥§FﬁHe providing a s processing
nodul e havi ng an operating tenperature substantially above an amnbi ent
tenperature; receiving a wafer for - introduction into the processing nodul e,
the wafer havHeafing the waferanay iscludeheating tharwikenin a prepeatimgstation batoréreat i ng

et i ng. RPN IR Rre e e AR e PR g R o e o

before  toatemperature that is closer to the ambient temperature before removing the wafer

from a manufacturing process that includes the processing module. Cooling the wafer
may include cooling the wafer to a temperature that prevents condensation on the

15 wafer when the wafer is removed from the manufacturing process. The method may
include preheating a material handler before handling the wafer with the material
handler. Heating the wafer may mblud_e heating the wafer to a temperature that
prevents condensation on a surface of the wafer when the wafer is introduced into the
processing module. Heating the wafer may include heating the wafer during a

20 vacuum pump down of the processing module. Héating the wafer may include
heating the watfer to a temperature that prevents condensation on a surface of the
wafer during an acc_:élerated 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

25 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 operatihg temperature substantially above an ambient tempéramre; awafer
for iil_troduction into the processing module, the wafer having a témp‘eraf:ure near the

30 ambient temperature; and heating means for heating the wafer to a temperature that is

closer to the operating temperature.



transfer to the processing nodule. The nethod may further include cooling
the wafer to a tenperature that is closer to the anbient tenperature before
renoving the wafer froma manufacturing process that includes the
processi ng nodul e. Cooling the wafer nmay include cooling the wafer to a
tenperature that prevents condensation on the 15 wafer when the wafer is
renmoved fromthe manufacturing process. The nethod nmay include preheating a
mat eri al handl er before handling the wafer with the material handler.
Heating the wafer may include heating-ihe wafer to a tenperature that
-prevents condensation on a surface of the wafer when the wafer is introduced
into the processing nodule. Heating the wafer may include heating the wafer
during a 20 vacuum punp down of the processing nodule. Heating the wafer may
include heating the wafer to a tenperature that prevents condensation on a
surface of the Inapgther asneqtoawafer fabsisptignatysigmdeseiibadhasein atpmingnde me

processin e i h ' . t er through
an appl i cg)tr (?%%%cﬁ mﬁl(eﬂgl? %ﬁﬁ%&ﬁ%‘ ﬁ%g,‘/g%%g Ee%ngge}{aetg&%?%%ta ﬁg% éel?fgmﬁi%ét met hod may
i ncl ude caatp@btuie)gndia aodrid Gandlet thet hibtswaiafer 10y te@praairt tHgiscléserper at ur e
of a materjal handler that hapndles the wafer. A wafer fabrication system
descri Bed thersrHingdsmperaiuge belgreinbeducing ge edkriato theprosessig mpdHat i ng
tenperature substantially above an anbi ent tenperature; a wafer for

i ntroduction into the processing nodule, the wafer having a tenperature near
t he 30 anbi ent Hestipethetwafer map ihcdhektheatingthamafdran alpectcatige sthontadfere t o a

tenperature that js closer to.thg operating.t erature. -16- I n another
nopbct Al EF o PGS g UG BN MR 4 IRERIRPIEE 1 pr ocessi ng
modul e havjgghgfle GRETAS b MnpSHRES Abis @lo3tas e dhBibhttcRPOMAIrdBeRRDI ent
tenperature; and a naterial” handler that heats a wafer 'to a tenperature that

i ﬁ cl ower removiag thﬁ’eﬁd lafp@ﬁ‘eﬂmjamaméﬁ?ih wring moéesbéli&til‘e‘:lhlddesﬂmjlrh omgingﬂe vva]t er into
t he processi |l e., Heating t. er. i e heating.the wafer in a
or ehaat § naidit [Pt it Rk By P i e L TGP RBARE B Sy 1 ey
i ncl ude a pe@ehis dendeRsstion @ the &R Wignithewiktk & retrdved fiefeeat ure that is

closer to the anbient tenperature befaore .
manufacturing process. The material handler may be preheated before handling the

wafer., The wafer may be heated to a temperature that prevents condensation on a
15 surface of the wafer when the wafer is infroduced into the processing module. The
wafer may be heated during a vacuum pump down of the processing module. The
wafer may be heated to a temperature that prevents condensation on a surface of the
wafer during an accelerated vacuum pump down of the processing module. The
wafer may be heated through an application of heat through a preheated material
20 - 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
ﬁ;eheating or post cboﬁng. The load lock will have a large thermal mass, and so it
25  may only react slowly to changes 1n the desired temﬁerahlre. The wafer heater can be
created with a very small thermal mass, so that, for example, one could set the heater
to _390 deg C'dﬁring a pump down, and to 80 deg C during a veni. In embodiments
‘the wafer may be cooled by controlling a temperature of a material handler that
handles the wafer. ‘ '

- 30



io renoving the wafer froma manufacturing process that includes the
processing nodule. Cooling the wafer may include cooling the wafer to a
tenperature that prevents condensation on the wafer when the wafer is
removed fromthe nmanufacturing process. The material handl er nay be
preheat ed before handling the wafer. The wafer may be heated to a
tenperature that prevents condensation on a is surface of the wafer when the
wafer is introduced into the processing nodule. The wafer nay be heated
during a vacuum punp down of the procé®sing nodule. The wafer may be heated
to a tenperature that prevents condensation on a surface of the wafer
during an accel erated vacuum punp down of the processing nodule. The wafer
may be heated {iviueR a@fbcRRRicidEad haBind a BenicobdicRidhndiins ebgatied material zo
handl er. |In enbodinents, the wafer can be heated by a heater that heats the
vaf er i t ehidingmipwidinga lead took foedsliveriag items tororgeerivingégmisdioan boad | ock t hat

is al so hgat i.ndependent f { S one can

i ndepe ndeﬁ%uggé%dﬁ F‘? %ﬁomlf%d] ct%&m{l@gﬁ @K@%ﬁ%{aﬂ%g&r h%\%ﬂ % ?ﬁ}e 18%@ ;r%c%{ }Nlaliéleaf fects
condensat inethod uidy igiclpBeheiping the Rad lovifdfing puebiatdont effthptsd lesko! i ng. The

| oad lock w |l have a |arge thermal mass, and ;% it 25 may only react slowy

to chahge¥he lpad fpckgnay bekratal toabarifily degrees fatoabopeiddesséts (helher eat ed with
a very s , I et the heater

fo 300 denuidgkEndibo SERRSH0 S0t on IEGE MR A AR GZ T

enbodi nrents the wafer nmay be cooled by controlling a tenperature of a

mat eri al handl er that . handles the wafer. 30 -17- |n, apather pgect,

di scl osed heref* e%_nécog_dggﬂﬁ S§W6%5W£hmw1ﬂgﬂidﬁ&ﬁﬂﬁF§vi ding a

| oad | OCkfd‘r‘aEliQé%irr]xg?iﬁ{ﬂsQS ok }é?:'éﬁfiﬁ@ié&%s £65% Wofitn b §Bsclli@dAd ctoy aCcuum based

sem conductor ha I ng systenm an eating the |oad lock. The nethod may

i ncljulalfe Ebmdiling Symn;lag'dmh&aﬁkg dlme?gfopbnqsmgh@bm laﬂkbﬂfh@ loablock owly. s Theh
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about fifty degrees C to about 100 degrees C. The load lock may be heated to -

between ten degrees C and about 200 degrees C.

15 In another aspect, a system described herein may include a component for
material handling in a semiconductor manufacturing process, the component having a
taper that establishes a non-uniform cross-section that mitigates a propagation of

resonant vibrations‘in the component.

20 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 plﬁrality of

25  tapered links, at Jeast two of the links tapered in a manner fo 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.

30 In another aspect, a semiconductor handling method disclosed herein may

include providing an end effector for handling a semiconductor wafer; and tapering



A sem conduct or handling system descri bed herein may include a | oad | ock

for delivering itens to or receiving itens froma vacuum based sem conduct or
10 handling system and a heating elenent for heating the load | ock. The

| oad | ock may be heated during punping down of the |oad | ock. The |oad | ock
maybe heated to about fifty degrees C to about 100 degrees C. The |oad | ock
may be heated to between ten degrees C and about 200 degrees C. 15 In

anot her aspect, a system described herein may include a conponent for

mat eri al handling in a sem conduct or +H8nufacturing process, the conponent
having a taper that establishes a non-uniformcross-section that 'mtigates
a propagation of resonant vibrations in the conponent. 20 The conponent may

i ncl ude appehfd feb@f teductBsdmnt wibftidfcothe bh€eBador. effeshrtiRbd ARy be flat.

The bottom surface of the end effector may be tapered. The end effector may
be nade ofincdedstconsirusting the enfetheatos of sluyniben gilispmemsbident o a casting for the
cast material used to build the end effector. The conponent may be a robotic
arm The conponent may be a link of a robotic ann. The system may include a

plurality of Z$n_hlﬁﬂﬁéraﬁpdci:,ﬁl%&mi@ildh&aﬁhanﬁﬁ@%ﬁfetﬂddeieb&ﬁ%&He?dﬁ@fr@t _in a manner
to mnimze a thickness of  the tapered |links when the tapered [inks are

over | appedncludepreviding naabotiseaym faeilitin and fapeengatdpast epe kink adthe rebMist i ¢ arm
h of t . . i i: - th
cepect, o iGn MRS BERRE AOGHbACo! BORNCGCARTARhAS THbARE Sy hduclaC! e

provi di ng camtetingeitflest oe lindk ofithe tibiotig afin S0 slandhueh eilicomEabideand t aperi ng
-1 the end effector to reduce resonant vibrations of the end effector. The
nmet hod may i nclude constructing the end effector of alum numsilicon

carbide. In anqt : ; &ﬁmﬂq{ angll § : ;ri.hed herein
may s include %I’%\%Pcl _ngaghrmorﬁg?g?arm g%ﬁefiltﬁy; a@gﬁ%ﬁ!&%&}g%ﬁgﬁfgﬁﬂ one
| i nk of t phiraltpof tabotiarmmsf audi 4 pitsalityolisnpesing niydatds atmgain dxisg andboti ¢ arm

facility. The method. may incl.ud nstructi.ng at. ] east one link of the
Fobot | ¢ aPVEICh AR PG HeatrreER T rcesRe aiielss B¥oeStatial i ng et hod
di scl osedyRglféde fFoHY a finé|one 81 tHRPHikiiSHfebdtic arms to a second one of the

plurality of robotic arms.

15 The axis may be linear. The axis may be curvilinear. The axis may form a |
substantially U-shaped. 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 ihclude a three-link SCARA arm. The plurality of robotic arms
may include linked pairs of robotic arms, each linked pair including two vertically

20  disposed robotic arms.

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

25  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_dispoéing a second robotic
30 arm for handling the workpiece in a pOSition substantially vertically with respect to
the first robotic arm. |



10 plurality of robotic arnms and a plurality of processing nodul es al ong an
axis; and noving a workpiece anong the plurality of processing nodul es by
passing the workpiece froma first one of the plurality of robotic arns to
a second one of the plurality of robotic arnms. is The axis nmaybe |inear.
The axis maybe curvilinear. The axis may forma substantially U shaped. 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 arns nmay
include a three-link SCARA arm The pl@rality of robotic arnms may include

| i nked pairs of robotic arns, each linked pair including two vertically 20
di sposed robotic arns. A sem conductor handling system as discl osed herein
may include: a plurality of robotic arnms and a plurality of processing
nodul es arranged al ong an axis; and passing nmeans for noving a workpi ece
anong t he pl ur&hé mpthotl meydoelsde mgchamally esuplingabe fiest soboficatne tavdrek pi ece from

a first one o h lurality . of robotjc ar t0.a second gne f the
plurali tyse8‘_?mi§9%’8ﬁ? gm?fr ﬁe “%,é%%dn?lﬁ e?@ﬁ%&ﬁéﬁﬁq@ﬁﬁﬁﬁﬁ %gas di scl osed
her ei N Meyspbie hrs! from tAE 9ot Réboficfath S At 1ROSdeCofanETifsPFoblo@B dih AAd fheVOr Kpi ece;
and di sposing a second robotic 30 armfor handling the workpiece in a

posi t ison ssatl hotie bty maybeiadiTARAwIrmh Atdegsbene afghe first rabiotistarmapdt i ¢ arm
-19- The t hod | ncl ude echani.cald upli the fir gbotic armto
t he secontggﬁ‘_?)cﬁalfl?@/o crﬁm'i‘ﬂ@”?ﬁs? ﬁ’é’ﬂhlﬁgf(%ﬁﬂﬁg %gé??gﬁ(i"nceﬁfls[@eﬁ'@goupl ing the
first robBbiicardi fud MmeReddnd rSIRARMIMOB ehrb&-liAk BUCAMRA beast one of the first
robotic armand the 5 second robotic arm naybe a SCARA arm At | east one of
the first robotic armand the second robotic armmay be a four-|ink SCARA
arm At | east |t St | g@g . et armis a
three-link SC&%EE%J?%F Hﬁ&glfeﬁrﬁgl g%%%l%?%%gé H%sgﬁgﬁgl}‘ng s%}%flél?n gg:g%ﬁsggo tc’('Ezlrgei n may

i ncl uge: aAnf for Aandlmiget warkpieoe, dliewobotic hampbditighed wikttik pipesessiigwmodalept i ¢ ar m

ositioned within, a_ processi dul e; ) ) :
P and a second robgtic arm ?or%gncﬂ&g t‘le workpiece, the second robotic arm

positioned within the processing module in a position substantially vertically with

respect to the first robotic arm.

15 | The first robotic arm may be mechanically coupled to the second robotic arm.
The first robotic arm may be mechanically decoupled from the second robotic arm.
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
20  may be a three-link SCARA. arm.

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

25 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
30 avoid collision with a nearby component of the handling system. The gystem may

include a controller that controls operation of the robotic drive. The coniroller may be



and a second robotic armfor handling the workpiece, the second robotic arm
positioned within the processing nodule in a position substantially
vertically with respect to the first robotic arm 15 The first robotic arm
may be nechanically coupled to the second robotic arm The first robotic
ann may be mechanically decoupled fromthe second robotic arm At |east one
of the first robotic ann and the second robotic armmay be a SCARA arm At ..
| east one of the first robotic armand the second robotic armmy be a four-
link SCARA arm At |east one of the #2G-st robotic ann and the second robotic
ann 20 maybe a three-link SCARA ann. A system disclosed herein may include:
a robotic drive; an end effector for manipulating itens; a robotic armthat
connect s 4 hgotobsitiolletl ThEcoellanhsbé mtddiged Gl ofifiedikation doiGvat®bot i c arm

i ncluding four or nore |inks; one or nmore connectors 25 that nechanically
coupl e t HEogigm: Hhie senirellpn mry candrobmore Hemene xbekc erat Atlink efifle ef f ect or

nmoves in ?5?{%“ | near oAl ' r &ont [ g otic
drive. alé?iﬁ% e . JFPK‘%h&r?aegﬁﬁgf\%ke:{og&%g%%%ﬁ%glOecstggﬁhgé&ot%gf)wgé&g reach-to
cont ai nmetotfoldatiihe rebotidwm abpinchida atleastand liok haviag hicatost iy whitheita | engt h
selected to 30 avojd collision with a nearpy conpgonent of the handling

syst erh TRt epe pilay Mk can fold. (least bua eouseemiedimks o Bisrplbntic a5WapaX Pon of the
robotic diloyeq wgé{ea @@éﬁg&é@& ti@asf@l%?tﬁeﬂﬁfm&%ﬁﬁe ban fHkEicONt r ol | er
maybe integrated wth a Visualization software program e controller may
control nhe eertibalrspacechatwbeat the atleast two consecutfvetlindrs. Thb eystan aranipelods nal to

the end effector mag ini:.lu e an Pffset wist to allowthe arm to fold. The
robotic it hGaRESRe BYORSAPIRE bpweet iffe | nk having a cutout into which at s

| east one other link can fold. At |east two consecutive links of the robotic

armnmay be stacked with a vertical gap so that at |east one other |ink of
the robotic ardmedieod disdosed hetdiemagindede preyiding dnsboiedrivdhensgnd | east two

' i pks. Th incl.ud I by | i
botwoen 190t REgnap g G ARt et By SRRt SRE BB RG 2 obot i ¢

drive, ann&hénism to the end effector, the robotic arm including four or more links; and '

fmad

interconnecting the four or more links to each other such that the end effector moves
ina substaﬁtially linear direction vnder control of the robotic drive.
15 7 '

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 method may
include controlling operation of the robotic drive with a controller. The controller

20 may be integrated with a visualizétion 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 Ieast 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

25 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 fhe handling system. The method may include
providing th least one bypéss spline betwet_aﬁ links.

30



effector for manipulating itens, and a robotic ann that connects the robotic
drive nechanismto the end effector, the robotic armincluding four or nore
links; and interconnecting the four or nore links to each other such that
the end effector noves- in a substantially linear direction under control of
the robotic drive. 15 Each of the Iinks may have a length selected to
optim ze a reach-to- containnent ratio of the robotic arm Each of the |inks
may have a length selected to avoid collision with a nearby conponent of
the handling system The nmethod nmay -2hclude controlling operation of the
robotic drive with a controller. The controller 20 may be integrated wth a
vi sual i zati on software program The controller nay control nore than one

robotic arm AaldfmafisdfRateRol ity HANdAhily fprbBRs BRARE kgt of Y

i nclude an offset wist to a e armto fold. robotic arm may
i ncl ude atemit@aisitton fibrichtidn racess gisposedtabuoat 4 svbetantidlihlimdar tredks t carte ot her

link can fold, At | t ot consecutive -links of the robotic, arm nay be
st ackeq viPDHER LRl thpBncet R sonfigued 5 8 unaltDelt Heahkadr | ne
robotic apm £RBofiOhdh ERpsLRA ohahd biblor ARAGRIAREWRARPILER Mlodg8RSt t WO
consecutive links. At least two consecutive links of the robotic arm may be

stacked pitahitipofmocdss atodgles. so that the robotic armis able to reach a
predefined transfer plane w thout colliding with conponents of the handling
system The nethod may include providing at |east one bypass spline between

links. 30 -21 THe fobstiemmtlhmsinded: NSCARA B TRCSOAR Aari] bR kndudeqf process
nmodul es for a sem conductor fabrication process_disposed about a

subst ant i @ur-ink SRARA arac The CARA amppy dptlydecing SCARA ammear track and
configured to nove along the linear track; and a robotic arm di sposed on
the cart for mani pul ati ng workpi eces anong the s plurality of process
nodul @s. The rAbeiicndtdtorindling kysthen desSfibéPhaeitn mashinchiddRAaedum may i ncl ude
a four-link SCARA ann, The SCA arm mﬁl i ncl %de a three-1link. SCARA arm
. processing system disposed in a substantially linear configuration having a loading
end and an exit end; and a non-vacuum retumn system for returning an item from the

exit end to the loading end.

15 The non-vacuum return system may be disposed above the vacuum processing
system. The non-vacuum return system may be disposed below the vacuum
proceséhlg system, The non-vacuum return system may be disposed beside the
vacuum processing system. The non-vacuum return system may be disposed within
the vacuum processing system. The non-vacuum return s‘ysfem may include a load

20 lock af 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.
25 The vécuum 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 '
30 | SCARA arm., The ﬁlurality 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



to A sem conductor handling system descri bed herein may include a vacuum
processi ng system di sposed in a substantially |inear configuration having a
| oading end and an exit end; and a non-vacuum return system for returning
an itemfromthe exit end to the |oading end. is The non-vacuumreturn
system may be di sposed above the vacuum processing system The non-vacuum
return system may be di sposed bel ow t he vacuum processing system The
non-vacuumreturn system may beé di sposed beside the vacuum processing
system The non-vacuumreturn system HE}¢be di sposed within the vacuum
processi ng system The non-vacuumreturn system may include a | oad 20 | ock
at the exit end for noving the itemfromthe vacuum processing systemto the

non-vacuurﬂiéﬁ}%w@erﬁyaim@gﬁ%c@%aeﬁ%w Tﬁé?{ugarlnﬁ%‘éfﬁ%%&gi Gduigle a slide

mechani sm and a gripp ving the 1tem he exit end to the | oading

end. The vaayuvary pr Sogwit by asyctoref tmmyor omabudee syspioumzlyiinsiuds a pr ocessi ng
nodul es. 2s.The vacuum processj ng system L ncl ude .one. ar re robotic
e TR s R R R

i ncl ude a hilif) dflieR sebfdRAdl6ior BAdMink Bpttedi®) ke SRR} 6Middr Passing the item
froma first one of the plurality of robotic arns to a second one of the

pl ur al i5t y semigopdeetpichandling systrmpartanged sideby-sidsoorthet the lesdingeepds efthade a

SCARA arm_,Th lyrality.of .roboti ce.ar i ncl r-1ink 30 SCARA
arm The &hﬂfﬁgﬁyﬁﬁy{ng?r SP%B% @3&8%%@§ @Sﬁ%%%‘gggcgﬁfdge#@%k SCARA arm The
pl ural ity sefmidoabadtbcraBfie@iondycilityc| ude at | east one pair of |inked robotic
arns -22- disposed vertically with respect to each other. The plurality of
processing nodules nmay vary in footprint by a factor of two or nore. The
system may i ncl &% [Teuels ! i fraci:l ity . j.conduct or
fabrication fac#?%o?%% Udi ng1 a pqg{JfraQHyf@ésg dﬁ%@%é%%r%@ﬁ%%%@%? handl i ng
syst ens, tone tyrhbleakippsr fof rdckiviaya fendeomdooted wafay thh amible ggippsrinelndingr r anged

si de- by-side.sq. that the, loading.ends of the ur al i of . |inear
e conducuIGH GLEPIRn e O ol etapinederly SenpbheB i BRaTE o
fabricati Qe phir o parallel edges of the semiconductor wafer, wherein each gripping

module rotates upon receiving a semiconductor wafer into a position wherein a
horizontal porﬁon of the gripping module supports the semiconductor waferin a
15 horizontal plane and a vertical portion of the gripping module prevents the

semiconductor wafer from moving in the horizontal plane.

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
20 incliudes 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 feceiving slot when the semiconductor wafer is placed
onto the end effector. |
25
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 Jeast two of the

30  plurality of robotic arms may operate independently, or may operate dependently.



A sem conduct or manufacturing facility described herein may include at | east
io one tunble gripper for receiving a sem conductor wafer, the tunble
gripper including a pair of gripping nodules, wherein each gripping nodul e
is configured to receive one of a pair of parallel edges of the

sem conductor wafer, wherein each gripping nodule rotates upon receiving a
sem conductor wafer into a position wherein a horizontal portion of the

gri ppi ng nodul e supports the sem conductor wafer in a is horizontal plane
and a vertical portion of the gripping3rodul e prevents the semi conductor
wafer fromnoving in the horizontal plane. A nethod of handling a

sem conduct or waf'er as described herein may include providing an end

effector for hghédhtWeaspedt] £RRAbGIdRAEIOVBARTIng\WaERIdRsdrived BBgkieiagct or 20

i'ncludes a receivi ng sl ot configured to support the sem conductor wafer on a
hor i zont alingipdaverohRiie amp hexing & fieg-lemarmy ivat e fosfleg afmom noving in the

hori zont al . rei,n the end or i@cludes a ranp configured to
slide the co@%%ﬂg’% 8%%?%1?“?@@(?@%&?&6& ving slot when the
sem conductor wafer is placed onto the end effector. 25 A sem conduct or

handling system as described herein may include a plurality of robotic
arns, &t | east Assedhereis “fobaf shpll jn era@Bm%OfdﬂWné’ﬁb?ti%@ﬂ%ﬂ?éommn drive

facility. . : i af 1 beGoof . arm At
| aast ome e FRBIRY P FioRldd} 2 ldplesital LBl B4 TRolR iR RRIER

| east two nidy ihtled 30 combinatioin yf HEontoliet, peocassos, cymputapsiraimilarfdepigndent |y, or
may operate q_glg%ndent lrﬁi qJFé23 .I'n anot her aspect, a sem conﬂuctleo,li, .handl i ng
syst em deSEQIRRIORS silardacilitics; oRROTMOTEIBIGIYETS RO Horianiaglifiey arm
conf i gur algh@By mbhembERBIdaSr GHeltioRAhEBHER khbsl Ak Ui dis, flos| 18! two pairs
of frog leg arns. 5 As used herein, "robot" shall include any kind of known
robot 10r slawis| extendbesy igoips, moziles; ispriayerst éffectdrs akivdtoss, andrthetitke; aawell as

capab 1R80P RRR ok Bl Eptgad.com! a1 on of 2

As used herein “drive” shall include any form of drive mechanism or facility
for induéing motion. In embodiments it includes the motor/encoder section of a

15  robot.

As used herein, “axis” shall include a motor or drive connected mechanically
through linkages, belts or similar facilities, to a mechanical member, such as arm
member. An “N-axis drive” shall include a drive containing N axes; for example a

20  “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. -

25 _

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

30 the drive, and one or more end units, such as an end effector or actuator.



set of notors or simlar facilities, one or nore resolvers, encoders or
simlar facilities, one or nore nechanical or operational facilities, such
as arns, wheels, legs, links, io claws, extenders, grips, nozzles, sprayers,
effectors, actuators, and the like, as well as any conbination of any of

t he above. One enbodinent is a robotic arm As used herein "drive" shall

i nclude any formof drive nmechanismor facility for inducing notion. In
enbodi nents it includes the notor/encoder section of a is robot. As used
herein, "axis" shall include a notor -3#- drive connected nechanically

t hrough |inkages, belts or simlar facilities, to a nechanical nenber, such
as arm nenber. An "N-axis drive" shall include a drive containing N axes;
for exanpl e a AZ@sePherins i ra@its’ shaH nflan\fRe SARIsdhatiaRGrh Wis A%F8en #f\s used
herein, "arnd shall include a passive or active (nmeaning containing

not or s/enkﬁth]éYEﬁ}TaPieﬂkage that may include one or nore armor |eg nenbers;
bearings, and one or nore end effectors for holding or gripping mterial to
be handl ed. 25 As used herein, "SCARA arnt shall nean a Sel ectively

Conpl i'ant AsseAblyed IRe&a] “réichr (InDARAde,obith feepet 10 A fobode agh, ther e forns known
to those of skill in the _art,_ including an arm consisting of one or nore
upper 1 i nieaxigpimeeach that & obtained wherypearmyis fally exteadgdy Uspalbsthbeonnect ed t hr ough
a belt or,aBEHARY ﬁﬂ%ﬁi?a?iﬁf@ﬁa&éeﬁ@?&ha&ﬁh@é‘&&al% fect?x% &Q&zg&aﬁe jgnd one or
nore end units, such as an end effector or actuator. -24- used herein,
"turn radéaskt testmittol ar amm thaeisrmd corspletely fidly extended (in eimbodinssmid thereiis ful |y
retracted. .ysed herein,_ "reach" shall Jincluyde, with respect to a robotic
arm the a?%z%é?tlﬂﬂﬁlﬁé‘&ﬁﬂlﬂﬁt@%m%ﬁﬁﬁwrhﬂﬁg? SR i s fully extended.
Usually the nechanical Iimt is alittle further out than the actual
effective reach, because it is easier to control an armthat is not

conpl et el y f ul Ay usxklemefod ‘containmmnttishall mesntsituatéonissvhen theedrny isiogtimaliyngul ari ty

at full Cltradtad (s)&]cl{[tggttancﬁ%%gl?l%ryhc%c?e éa?l b%od}gvrvg la}dund the arm/end

i

effector/material that is of minimum radius.

As used herein, the “reach-to-containment ratio” shall mean, with respect to a

15 robotic arm, the ratio of maximum reach to minimum containment.

As used herein, “robot-to-robot” distance shall include the horizontal distance

between the mechanical central axis of rotation of two different robot drives.

20 As used herein, “slot valve” sﬁall 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

25 manufacturing process modules has an opening width of 336mm, 2 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

30  material is passed from a robot chamber to a process module chamber through a slot

b



io As used herein, "containnment" shall nean situations when the armis
optimally retracted such that an imaginary circle can be drawn around the
armend effector/material that is of m nimumradius. As used herein, the
"reach-to-contai nnment ratio” shall nean, with respect to a 15 robotic ann,
the ratio of naxi mumreach to m ni nrum contai nment. As used herein,

"robot-to-robot" distance shall .include the horizontal distance between the
mechani cal central axis of rotation of two different robot drives. 20 As
used herein, "slot valve" shall includé& a rectangul ar shaped val ve that

opens and closes to allow a robot armto pass through (as opposed to a
vacuum (isolation) valve, which controls the punp down of a vacuum
chanber) . viios. Pee#rSEMI B he-1986ktaln@abd Forls2Bfcsiidandardntfictarht i shed standard
for sem conductor, manufacturing) the slot valve for 300mm wafers in certain
sem condueguirmen thewersiRrmimediy] ¥e thscplntaglvgpentgrlingpeni ng wi dt h of

336mm a openi ng height of 50mmand a total valve thickness of 60mm w th
the standard al so specifying the nounting bolts and alignnment pins. As used
herei n, "transhAeusql laneh, ‘Shetidn”ishall indlnde lerapinan ehdreber izt handnedr whi ch 30
material is passed froma robqt chanher to a process nodul e chanber through
n sl ots - 2O zaboEe drkes 1p e TESRY theswaiest sengaiah eptipe iBeatisyde@uct or

manuf acturing equi pnent the transfer plane is 14mm above the sl ot val ve
centerline. As used herein, "section" shall include a vacuum chanber t hat
has one or s nAseseddimpeing Tohki’ ¢kl innlude a nidchanicd mdrabes wh b kelstt amepeat abl e
element in a |linear system sed herein,. "link" shall include a

nechani Ca?OHHE‘f«FB@Pn @P%@B%@Oﬁﬂmﬁméﬁﬁa%ﬂ Elbef ’f‘i’%gﬁ%évet o anot her i nk,
an end effector, or the robot drive. io As used herein, "L1," "L2", "L3" or

the Iike shall include the nunbering of the armlinks starting fromthe
drivelto the eAsuesdheeios LIS T&e(Lhtordhe like shedl inelbde themumbering of ncl ude an

el enent an._acti end. of ic armdistal fromthe robotic drive and
or oxi mal - A KL R R AR bR g erl eblof ®

As used herein, “end effector” shall include an element at an active end of a

robotic arm distal from the robotic drive and proximal to an item on which the robotic
s arm will act. The end effector may be a hand of the robot that passively or actively
holds the material to be transported in a semiconductor process or some other actuator

disposed on the end of the robotic arm.

As used herein, the term “SCARA arm” refers to a robotic arm that inciudes
20  one or more links and may include an end effector, where the arm, under control, can
| move linearly, such as to engage an obj ect, 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
25 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
30  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



15 armw |l act. The end effector may be a hand of the robot that passively
or actively holds the material to be transported in a sem conductor process
or sone other actuator disposed on the end of the robotic arm As used
herein, the term"SCARA arni refers to a robotic armthat includes 20 one

. or nore links and may include an end effector, where the arm under control,
can nove linearly, such as to engage an object. A SCARA arm nay have

vari ous nunbers of |inks, such as 3, or nore. As used herein, "3 -link
SCARA arnt shall include a SCARA rob% 'I ¢ ann that has three rrenbers i nk
one (L1), link two (L2) and an end effector. A drive for a 3-link SCARA arm

usually has 3 notors: one 25 connected to LI, one to the belt system which
in turn ceitheecompletely helependent drabirera conhn@uh;tﬂc lpaltnbaylsl andrive for@duat ) not or.

One can cQ nect h notor.to t [ ef fector WS for sone
unusual fifgt ity Srnieffen i iors pu ool Flididre ¥ aua

SCARA ar n&onﬁeabd td NEB)dge @mﬁféfﬁé& E@%%u@jm&%f% %%Bé\c@ﬁﬂ&teﬂw% as two 3
or 4-1ink SCARA arns (typl cally desi gnate A and @ﬁgtl onal Iy connect ed

to a conmiait yysteneof arm Branddh eosmmen ZiBRH motmmvafw degegdenti t her

conpl et el r.share a nber for a dual

i ndepe%de%?%ﬁpgﬁlﬁglﬁsa? FW&% S%Igﬂ‘g a"‘?ﬁ%"‘ﬂﬁ "d‘l_acr)lﬁéi"A %d;] ’%% to LI-A
one connggicallly four hotBs: @ﬁ@cmwaﬁmﬂeb@nhi@almlnl s¥st@ieted & theA, one
connected to the belt systemof armB, and a conmon_Z (Jift) nmotor. A drive

for a duabelifgplemtonems Psenmorawmeé%ﬂ}eﬁﬂtwagte@ fer#rpR, 4ibt ommoniZnk for both
arns A anﬁ&fgﬁ‘?&gﬁcont ains typically four notors: one connected to the
comon | i , one connected to the belt systemfor armA, one connected
to the belt systemfor armB, and a coomon Z (lift) notor. 10 As used

2, LY and an Shtseriearor-ink SCAR Y 4ol oie SamAB O A have. four

not or s: %&nﬁ&@“ﬁ?t&dmoankl'aneﬁ&%ffwmt tmm%ﬁrauq{:ﬁmcmr@ﬁf&ﬂﬁa@eu and L3,
one to the end efflector and a Z notor. In enbodiments only 3 notors are

needed: ofewr motors: one connected to 1.1, one to the belt systems comnnected to L2 and L3,
one to the end effector and a Z motor. In embodiments only 3 motors are needed: one
connected to L1, one connected to the belt system that connects to L2, L3 and the end

15 effector, and a Z motor.

As used herein, “Fro g-leg style arm” shall include an arm that has five
members: L1A, L1B, L.2A, 13B and an end effector. A drive for a frog-leg arm can
have three motors, one connected to L1A -which is mechanically by means of gearing

20 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 andrachie\'fes the desired

motion through coordination between the motors.

25 As used herein, “Dual Frog-leg style arm” shall include an arm that has eight
members L1A, L1B, L2A-1, L2A-2, 12B-1, L2B-2 and tﬁro end effectors. The second
link members L2A-1 and L.2B-1 form a single Frog-leg style arm, whereas the second
link members L2A-2 and L2B-2 also form a single Frog-leg style arm, however
facing in an opposite direction. A drive for a dual frog arm may be the same as for a

30  single frog arm.



connected to LI, one connected to the belt systemthat connects to L2, L3
and the end is effector, and a Z notor. As used herein, "Frog-leg style
arm shall include an armthat has five nenbers: L1A L1B, L2A, L3B and an
end effector. A drive for a frog-leg ann can have three notors, one
connected to MA -which is nechanically by means of gearing 20 or the |ike
connected to LIB-, one connected to a turret that rotates the entire arm
assenbly, and a Z notor. In enbodinents the drive contains three notors, one
connected to LMA, one connected to L¥#and a Z notor and achi eves the
desired notion through coordination between the notors. 25 As used herein,
"Dual Frog-leg style arni shall include an armthat has eight nenbers L1A,
LI B, L2A-1, L2&A&ed thBinl“Ld:aprirag-éaghtmeﬁdhaéﬁhe]mﬂemarnT Het bacoght | i nk

i memBerer o L 1ot 2o LT Eg 282 i e dufefielre R m hovever
faci ng 'M%@MPLI& aﬁamstar@@ach%oﬁﬁécvﬁ&%e%fqie%otﬁfs%bﬁaﬂlﬂﬁfw the sane
as for a 30 single frog arm -27- used herein, "Leap Frog-I'eg style arnt

shal | i néhaimieentans, aather than by\amreilsjﬁtendar’ﬂn@rssccmdﬂmlmapmeA -1 pEi- 2, L2B-1,

L2B-2 an end eff.e S re each
connett eg‘zﬁa\,\i}gﬂ’é”o?m ?r fegrsgyrf% @?ﬁrﬁ’aﬁlt ?/3659“ ﬁ% H@Sﬁt%a ther t han
by their 1gigs? also Gtelfa sihbR f&%-wg%he Bl IRARSESIakdAH tiEm® dirdBidn f2or m a

singl e Frog-|eg SI\@Yl e arm ereas the second |ink nenbers L2A-2 and L2B-2

al so f or gixe &r Fpg gun sxydeyhesaain as opaslaglerfige@hg in the same
direction. A drlve for a dual frog ann may be the sanme as for a single frog
arm Al patents, patent applications and other docunents referenced herein
are 10 her ebyll patentg@athesppbivaticrisand other defunedntDesaencpt hereirvdret he Mur es
FIG 1 shows equi pnen{_ architectures for a variety of manufacturing

equi p]?‘ren 1\%@5@@0 orated by reference.

Brief Description of the Figures

FIG. 1 shows equipment architectures for a variety of manufacturing
equipment types. '
15 _
FIG. 2 shows a conventional, cluster-type architecture for handling itemsin a_

semiconductor manufacturing process.

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

20 between two and six process modules.

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

handling items in a manufacturing process.

25 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.

30 FIG. 7 shows reach and containment charactéristics of a SCARA arm.



is FIG 2 shows a conventional, cluster-type architecture for handling itens
in a semconductor manufacturing process. FIGs. 3A and 3B show a series of
cluster-type systens for accommopdating 20 between two and six process

modul es. FIG 4 shows high-1evel conponents of a |inear processing
architecture for handling itenms in a manufacturing process. 25 FIG 5 shows
a top view of a linear processing system such as one with an architecture
simlar to that of FIG 4. FIG 6 shows a 3-1ink SCARA armand a 4-1ink
SCARA arm 30 FIG 7 shows reach and-2®ntai nnent characteristics of a SCARA
arm 28 FIG 8 shows high-level conponents for a robot system FIG 9 shows
conponents of a dual-armarchitecture for a robotic armsystem for use in a

handl i ng systemg.3 SE%)\%S h%iﬁbﬂ‘%mﬁoﬁﬁéiﬁs %EQISI%}%?%%EW[ capabilities of a

4-1ink SCARA arm shows“I'nterference tharacteristics of a 4-1ink
SCARA arm 10 FIG 12 shows a side view of a dual-armset of 4-link SCARA

arns using b as the transm ssi pon, nechani s FIG 13.shows side view
of "o dual Sar m Bt 95RoWS ErRO R kT PG Pt DR RS TR

transm ssfpRsdRGIRNEERS sysfent! G 14 shows an external return systemfor a
handl i ng system having a linear architecture. FIG 14a shows a U shaped
configuration for a linear handling system 20 FIG 15 shows certain

det a_' I's of an I?’f& ?bgﬁclwvg 1eetagl:rt anf gosnttaqnn%n];n rcaSab?ﬁt?éjsl dﬂ%-lh}k SCARA arm.
FIG. 11 shows interference characteristics of a 4-link SCARA arm.

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

belts as the transmission mechanism.

FIG. 13 shows a side view of a dual-arm set of 4-1ink SCARA arms using a
spline link as the transmission mechanism.
15
' FIG. 14 shows an external return system for a handling system having a linear

architecture.

FIG. 14a shows a U-shaped conﬁguiation for a linear handling system.
20 | 7
FIG. 15 shows certain details of an external return system for a handiing -
system of FIG. 14.

FIG. 16 shows additional details 6f an external return system for a handling
25 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.

30



systemof FIG 14. FIG 16 shows additional details of an external return
systemfor a handling 25 systemof FIG 14. FIG 17 shows novenent of the
output carrier in the return systemof FIG 14. FIG 18 shows handling of
an enpty carver in the return systemof FIG 14. 30 29 FIG 19 shows
novenent of the enpty carrier in the return systemof FIG 14 into a |oad

| ock position. FIG 20 shows the enpty carrier |owered and evacuated and
novenent of the s gripper in the return systemof FIG 14. FIG 21 shows an
enpty carrier receiving material as a2full carrier is being enptied in the
return systemof -FIG 14. 10 FIG 22 shows an enpty carrier brought to a

hol ding position, starting a new return cycle in the return systemof FIG

14. FIG 23 shows. Brshokehidweatoit ef the emptyhainddriin thd @airh isysterh OF FEG. 14
manuf acturing, process, with a dual-armrobotic armsystemand a return

syst em i n 0 Rioaddpck posifiehi t ecture. FIG 24 shows an al ternative embodi nent
of ~an overall systemarchitecture for a handling nethod and system of the
present invention. 20 FIG 25 shows a conparison of the footprint of a

| i near system &8Gcnghansdhd anpiy camivy dowwdredald elausited asd/sibeemerftloGthe?26 shows a
| i near architectyre de Io¥ed .t h oversized process nodules in a handling
systenti n%ﬁ%r“ﬂﬁﬁ’&@ Grdffts of the invention. 25 FIG 27 shows a
rear-exit architecture for a handling systemin accordance wth enbodi nents
of the invention. FIG 28 shows a variety of |ayout possibilities for a

f abri cati on fatIGiilyshows an empty carrier receiving material as a full carrier is being

emptied in the return system of FIG. 14,

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

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

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

a handling method and system of the present invention.

20 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.
25
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
30 - employing linear handling systems in accordance with various embodiments of the

- invention,



30 enploying linear handling systens in accordance with various enbodi nents
of the invention. -30- FIG 29 shows an enbodi nent of the invention wherein
a robot may include nultiple drives and/or multiple controllers. 5 FIG 30
shows transfer plane and slot valve characteristics relevant to enbodinents
of the invention. FIG 31 shows a tunble gripper for centering wafers. 10
FIG 32 shows a passive sliding ranp for centering wafers. FIG 33 o
illustrates a fabrication facility including a md-entry facility. FIG 34
illustrates a fabrication facility in80uding a md-entry facility froma 15

top view FIG 35 illustrates a fabrication facility including the placenent
of optical sensors for detection of robotic ann position and materials in
accordance with enbodiments of the invention. 20 FIG: - 36 illustrates a

fabrication facility in a cross-sectional side view showing optical beam
pat hs and al t eFKat2%sbewh emmmpadinsnt &f e iBZntion whenctt @wbobmagppalwd sensors
can be used,t eterm.pne the center. of 25 the material handled by a robotic:
arm FI Gmggipi%g%es é@ﬁ%ﬂi‘ﬁ%ﬁ%ﬂu@ﬁ’é&i s robotic vacuum drive architecture
FIG 39 shows a novel 3-axis robotic vacuumdrive architecture in accordance

so with enmbodinents of the invention. -31- FIG 40A_illustrates a vertically
arranged | oad FB&ROsbewstragstenplanscandddatiyelvewhamclerisiingitpleran tof t he

i nvention, Fl 40B.1. l.ustrates a vertically arranged | oad | ock assenbly at
bot h si de%mg(?cﬁgmmg%\ﬁg%eelp ?:%118?1 cation facility in accordance wi th enbodi nents

of the invention.

FIG. 31 shows a tumble gripper for centering wafers.
10 FIG. 32 shows a passive sliding ramp for centering wafers.
FIG. 33 illustrates a fabrication facility including a mid-entry facility.

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

15 top view.

“FIG. 35 illustrates a fabrication facility including the placement of optical
sensors for detection of robotic arm position and matetials in accordance with
embodiments of the invention. '

20 '
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 cenfer of

25 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

30 with embodiments of the invention.



FIG 41 shows a vertically arranged |load | ock and vertically stacked process
nodul es in accordance with enbodi nents of the invention. 10 FIG 42 shows a
| inearly arranged, two-level handling architecture with vertically stacked
process nodules in a cross-sectional side view in accordance with

enbodi nents of the invention. FIG 43 shows the handling | ayout of FIG 42
inatop view 15 FIG 44 shows an instrunented object on a robotic arm

Wi th sensors to detect proximty of e object to a target, in accordance
wi th enbodi nents of the invention. 45 illustrates how t he novenent of
sensors over a target can allow the 20 robotic armto detect its position

relative to the cle. FIG hows how i nstrunment ed obj ect can use
radi o frequency Q’o Wﬁﬁ‘is@ﬁ§“}°ﬂﬁ%ﬂ{?3§?}ﬁﬁ?‘gﬁﬁ? 0 REOWBRFUNI cat e
posi ti on t ayith &ediBdnts GO #19ddieh. 25 FIG 47 illustrates the output of a
series of sensors as a function of position. FIG 48 illustrates how

heating el ements can be placed in a |oad | ock for thermal treatnent of

obj ects in accorsanam i‘IﬁlM&te‘ém_@ﬁicMrﬁngéd IbfErock ﬁgﬁﬁﬁl Q{‘b éﬁjgdes?t%a FIG 49

shows an end effector tapered in two dinensions, whic ces active

vi brati én rdedabrratioelagiity infeescdapee with wb@mnglﬁmfstthMemtl cal tapering of
robotic armelenents for a robot planar s armcan be used to reduce
vibration in the armset, without significantly affecting vertical stacking
height. FIG 51 FIG] dishpws escrticalyalraiged dparicdoand S@ARALy wioked prosesen - 10 FI G

52 ill ust r%(fedmeg lgg cordgﬁé%%ﬂlee%bo%%% Jf?t?%ve%nar m FIG 53 illustrates a
frog-leg style XTC
10 - FIG. 42 shows a linearly arranged, two-level handling architecture with
vertically stacked process modules in a cross-sectional side view in accordance with

embodiments of the invention.

FIG. 43 shows the handling layout of FIG. 42 in a top view.
15 ‘
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

20  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.

25 '
FIG. 47 illustrates the output of a series of sensors as a function of position.

. FIG. 48 illusfrates how heating elements can be placed in a load lock for
thermal treatment of objects in accordance with embodiments of the invention.

30



FIG 54 illustrates a dual Frog-leg style robotic arm 15 FIG 55A
illustrates a 4-Link SCARA arm nounted on a noveable cart, as well as a
4-Link S CARA arm mounted on an inverted noveable cart. FIG 55B illustrates
atop viewof FIG 55A. 20 FIG 56 illustrates using a 3-Link single or
dual SCARA armrobotic systemto pass wafers along a substantially a |inear
axis. FIG 57 illustrates a 2-1evel vacuum handling robotic system where the
top 25 and bottom process nodul es are accessible by nmeans of a vertical
axis in the robotic arns. FIG 58A s#3ws a two | evel processing facility
where substrates are passed along a substantially linear axis on one of the
two levels. 30 -33- FIG 58B illustrates a variation of Fig. 58a where

substrat es ar e FIGRY sHdws' A BndlcfRctbaperell it teo SMSdnSidhs, Wifieh Rd8éesshows a _
manuf acturing facility which acconmodates very |large 5 processing nodules in

a subst angftife Kibiatipe grodgxinsthe sed ¢fifestorspace is made available to allow for
access to the interior of the process nodules. FIG 59B illustrates a nore
conpact |ayout for 4 |arge process nodul es and one small process nodule. 10

FIG 60 ill ust FiGes0 shotksdowva@ticdl epetity bErabolie hint eltRithizfbvd fobotvblahar
substrates on the sane side_of the system Detailed Descriptionis FIG |

shows &quipwest basedite seduge sibratisman s arm sghithopt signifispibeaitesingg  equi prent
t ypes. Eaggﬁgmgﬁcgnmg{tgcturi ng ‘equi prent handl es itens, such as

FIG. 51 illustrates a dual independent SCARA robotic arm.
10 FIG. 52 illustrates a dual dependent SCARA robotic arm.
FIG. 53 illustrates a frog-leg style robotic arm,

FIG. 54 illustrates a dual Frog-leg style robotic arm.

15
FIG. 55A illustrates a 4-Link SCARA arm mounted on a moveable cart, as

well ag a 4-Link SCARA arm mounted on an inverted moveable cart.

FIG. 55B illustrates a top view of FIG. 55A.
20 o
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
25 and bottom process modules are accessible by means of a vertical axis in the robotic

arims.

FIG. 584 showé a two level processing facility where substrates are passed
along a substantially linear axis on one of the two levels.

30



sem conductor wafers, between various processes, such as chem cal vapor
deposition processes, etching processes, and the |ike. As sem conductor
manuf acturing processes are typically extrenely sensitive to contam nants,
such as particulates and 20 vol atil e organi c conpounds, the processes
typically take place in a vacuum environnent, in one or nore process

nmodul es that are devoted to specific processes. Seniconductor wafers are
noved by a handling system anong the vgyious processes to produce the end
product, such as a chip. Various configurations 1000 exist for handling
systens. A prevalent systemis a cluster tool 1002, where process nodul es 25
are positioned ragH . | ] tem. suc S a robotic
arm In other eﬁ@dg?%é%‘?sé?%ggH%ﬁagﬁﬁhéﬁgy@?%e%%%b% B 1331318@ Iﬁ%’f‘i zontal |y,
such as in theeearefiiedystent 1004. An inportant aspect of each type of tool is
the "footprint," or the area that the equi pnment takes up in the

sem conduct or manufacturing facility. The l|arger the footprint, the nore
space required tBIChSeArhowas manufhdtiggefadibiiywhidsactomaodeshH @by lugat i on
facility. Al so, larger footprints typically, are associated with a need for

| arger vAcuBMCEYLELmdnles acﬁ‘bﬁﬁ’&tﬂaélﬁilgeaé%lﬁtsl%“‘?eﬁpﬁm made pHEEbIE ftr ease i n

si ze. The - 3dow &irabicteotity BictiBP4f thopratsmbligss in a "lazy susan” facility.
The architecture in 1006 noves itenms in and out of a process nodul e where
the process nodul es are arranged next to each other. The architecture 1068
posi tions procespiGregek@krhis Ambdihphct 1500 foak 14 prBQRs mihibs d-pe di fference
that the central robot handles two wafers side by s side. Each of these

syst ens shaPessadliyowss mAdilehal | enges of cluster tools, including
significgnt swap tine delays as one wafer is noved in and another out of a

given process nodule, as well as considerable difficulty maintaining the
cl eanl i ness of tH&. 64 dguietpendual Srgdree stife rabgjloveanipiyoryith subdedies, as nore

and nore mﬁl@&ﬁgs%gsig‘pg@ﬂ“}s%npugh the system 10 FIG 2 shows a
c

conventi ona uster-type architecture 2000 for handling itens in a
sem conduct or manufacturing process. A robotic arm 2004 noves itens, such as

Detailed Description
15 FIG. 1 shows equipment architectures 1000 for a variety of manufacturing

equipment types. Each type of manufacturing equipment handles items, such as
semiconductor wafers, between various processes, such as chemical vapor deposition
processes, etching processes, and the like. As semiconductor manufacturing
processes are typically extremely sensitive to contaminants, such as particulates and
20  volatile crganic compounds, the processes typically take place in a vacuum
. environment, in one or more process modules that are devoted to specific processes.
- Semiconductor wafers are moved by a handling system among the various processes
1o produce the end product, such as a chip. Various configurations 1000 exist for
~ handling systems. A prevalent system is a chuster tool 1002, where process modules
25 are positioned radially around a ceniral 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 fype of tool is the “footprint,” or the
area that the eﬁuipment takes up in the semiconductor manufacturing facility. The
larger the footprint, the more space required to accommodate multiple machines in a
30 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



waf ers, anong various process nodul es 2002 that are positioned in a cluster
around the robotic arm 2004. An at nospheric substrate handling

m ni - envi ronment chanber is 2008 receives materials for handling by the
equi pnent and holds materials once processing is conplete. Note how
difficult it would be to add nore process nodul es 2002. Wiile one nore
nodul e 2002 woul d potentially fit, the practical configuration is limted
to five process nodul es 2002. Adding a sixth nodule may significantly

i npact the serviceability of the equif¥ent, in particular the robotic arm
2004. 20 FIGs. 3A and 3B show cluster tool nodul es, atnospheric

m ni -envi ronnent handl i ng chanbers, vacuum handl i ng chanbers and ot her

conponent g, 380Qufe 1004 Fotafel Géillifa 26 P bisaRt wcﬂitg.y%@mcﬁﬁéct@rem@mm based
manuf acturing process. Different nodules can be assenbl ed together to

faci | i t at snavenueme inatdmyt of a gradess medilpwbereshe pcessanerbilesgre aEagedxanpl e, a

gi ven chi r | re.chem.cal, va deposi tion of | f.ferent chem cal
const i tueﬁf@%ga‘gl%%efrt _ iaﬂ?]r"!“ﬁ‘:l?lf‘? g@,% PRGHGEE B’f??esé;tl%c.’%ug‘?sﬂn&icﬁfsi‘?rent process
nodul es, gmmitehd 1662, ¥iethe giffoferRt HRt: 1Y RAREISIOBBtIhERs tTH §af@ssigase of the
processes in the di ff er ent process nodul es produces a uni que end product.

G ven £ he sidenEpenef thescouaisme shargs wrng ehihe shellrpges ofcdwibenteslssincludings of t en
desi r abl . ; ' e . t . fact t
2dd more. SEBIRA R iind 68N Dr8 il Nl A asBineP U ST UL e O

space- | i mptgess thbdulefaeimell dstcondilerbible ddficuliyaifiibing thoclegdingsy of the ocess
nodul es, neaning that in order to conplete a nore _ conpl ex sem conduct or
waf er it NASHYE! PIESRRSHL of asiye proqess modiis, AF FgTe Fdmetecniers ¢ meved tool . As

seen in F %ﬁh +«&hG 3B, cluster tools can include configurations wth
two 3002, htﬂ;ﬂ‘r1 e gggs4 four 3006, five 3008, 3010 or six 3012 process nodul es

5 witheostaged vacuumisolation. Qher conponents can be supplied in
OO A BE By e DR e U SRR ARl o2
process. Jhgsdhiebdulfor WiRuBRAFinsWRoQks. MR rEhotic arm 2004 moves items, such as
wafers, among various process modules 2002 that are positioned in a cluster around
the robotic arm 2004. An atmospheric substrate handling mini-environment chamber
le 2008 receives materials for handling by the equipment and holds materials once
processing is complete. Note how difficult it would be to add more process modules
2002. While one more module 2002 would potentially fit, the practical configuration
is limited to five process modules 2002. Adding a sixth module niay significantly
impact the serviceability of the equipment, in particular the robotic arm 2004.
20 _
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
25 technology. For example, a given chip may require chemical vapor deposition of
different chemical constituents (e.g,, Titanium Nitride, Tungsten, etc.) in different
process inodules, 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 semicoﬁductor components, it is often desirable to have a
30 flexible architecture that allows the manufacturer to add more process modules.

‘However, the cluster tools described above are space-limited; therefore, it may be



to stationary robots 4002 arranged in a linear fashion. The robots 4002 can
be either nounted in the bottomof the systemor hang down fromthe chanber
lid or both at the same tine. The linear system uses a vacuum chanber 4012
around the robot. The system could be conprised of nultiple connected
vacuum chanbers 4012, each with a vacuum chanber 4012 containing its own
robot arranged in a linear fashion. In is enbodinents, a single controller
could be set up to handle one or. nore sections of the architecture. In
enbodi nents vacuum chanbers 4012 sectgens are extensible; that is, a

manuf acturer can easily add additional sections/chanbers 4012 and thus add
process capacity, much nore easily than with cluster architectures. Because

each sect 4 he

t hr oughpu% S?/ﬁgetsto ahﬁﬁﬁgaﬁgggsfﬁg&gé&ﬂ{ona?mégc |Ig§§togzﬁg@‘ﬁ€g%}05 ots are
added. Bycamoplex amLconduo@derant tmagle neuﬂ&eaiy td\ﬁovermanﬁﬁcmlﬁng to adetangr ocess
chanbers 2002 stem. ncrea or the robot, even if
t hat robo?uﬂrt@aﬂ n\lﬁlﬂf}a{"}dﬁ‘&f é‘fﬁ'@?ﬁ' q%‘ﬂ@“‘iﬁ)&%’%gﬁawflﬁe r obot
can becong;h he bnm 8 3004 :64r 30 @ﬁv@m}sﬂ@m SV 56 & Proadddhesitidshi S

pr obl em byladd?ng a ]é&tlona ot arns 4002 |?¥to a si ngl e drive. Oher 25
manuf act uwih stagai/eaumaedlsdaﬂemxﬁ)ﬁler otmoponentsitan be sepplist ét ednpectidewidhdent ar ns
such as dual SCARA or dual Frog-leg robots. The linear system discl osed
herei n may"CHBEPTEBY | i nited by robot capacity, since each section 4012
contains a robot, so each section 4012 is able to transport a nuch | arger

vol ume of material than with cluster tools. 30 In enbodi nents the conponents
of the syst em E¥n 4doshows ringholeweld:ompoaerﬁaﬂf plinear prasessing drekifechive 4600 n

enbodi nen cent ont r.aol | s 36-

conponent °§hm ge ng u%eh%:rb % ﬁogrr%nﬂ%ﬁ?urﬁé%qgm |gng system
under 10 comﬁcﬂiarplfobbtsetomfaﬁwged,m\aﬂmea fakidos Ofhe\welits 400H ¢=0ltR: citheh robot to
hand of f anaterlal to anot her robot, or into a buffer for picking up by

the next Wgpyed lnﬁe&ﬁﬁ%uﬂhﬁgsmor@@gmp@%m 9"5111@% bath at ecogni ze
the addi tﬂaQ@arﬁEhﬁme”ePﬁeq s%é‘ﬁ BadRinforntleP 46 E5 RS 8ot qﬁgt when

t hat conponent i's fo the s ystem such as recogn|2| ng t
conponent sysiear ccmlahbe mﬁnsedwcf Indipla cbﬁ&cteﬂt\iraemm tharhbaredd 12 gach with

a vacuum chamber 4012 containing its own robot arranged in a linear fashion. In

15 embodiments, a single controller could be set up to handle one or more sections of the
architecture, In embodiments vacuum chambers 4012 sections are extensible; that is,
a manufacturer can eésily add additional sections/chambers 4012 and thus add process
capacity, much more easily than with cluster architectures. Because each section uses
independent robot drives 4004 and arms 4002, the throughput may stay high when

20  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 smbodiments, systems address this

problem by adding additional robot arms 4002 into a single drive. Other

25 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.

20 7 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



Bl uet oot h, 802.11 a, 802.11 a, 802.11g or other network. In such

enbodi nents, as soon as the next robot, process nodul e, or other conponent
is plugged in a software scheduler for the flow of a material to be

handl ed, such as a wafer, can be 10 reconfigured automatically so that the
materials can be routed over the newlink in the system In enbodinents the
software scheduler is based on a neural net, or it can be a rule-based
schedul er. I n enbodi nents process nodul es can nmake t hensel ves known over
such a network, so that the software €éntroll er knows what new process

nodul es, robots, or other conponents have been connected. Wen a new
process nodule is is plugged into an enpty facet, the system can recogni ze

it and al IcQHx‘PbﬂenB? TR et chbOndnBiobh AViRbb IR sydRAfAdg. | N
S

enbodi nent he software system may include an interface that pernmts the
user to rgenteolsi thel sefiveme, ofherdibe sglswenmconinels eanbaobeice haad offlaestedaluser to

view the 20 | inki and _configur.ati.qn.of yard ous.|links, ragbotic aLns and
ot her con%%ﬁlé‘jﬁl?eg o 5’ OF fol %@%g%r_ﬁlﬁaﬁgggﬁgﬁhe(%e&apbgg W"ﬂ%?@frﬂamf fl ow of
nat eri al s sbfkae@bntirélldydidin mePrERORErS Sie aliditioR 9f RHew 6MmpbRsHY) sesh agBVi NY

robots, or the like), and to determ ne what configuration to purchase from
a suppbi eProcess rapdide preabos whea thah cempeneat ippjugged isfobpsysimaspdees 25 The

ot ween 1 ApsRERETELATpARA oW TeyER iR s PRISHERMerfl BRSSP 0
i s techniBhadtdath,r8i2el idj $63. Thd, 802.01 @t dthérzetwadid Inewdhcnttodinsnts, we robot s,

because they would both have to be avajl able at the sang ti to do a
handof f, #PAOCES thene reboioptieesss madpiey of PtheRPOmPOnRRtys ehﬁgg%&ﬁ%%waaﬁ a dumy

| ocation 44.L3ujkp: 50 ora st § L hen&t @hpick up when it is
r eady. The&%uliEI Pgtrb??&)l aloso%g?[ mﬁ? gher - §f7‘c'h a%%?’gétfglﬁput , because the
syst em doesonbgurhdwetomatiegllyt softbat thomateriolsans bt coused ovar thanaw lilbircthe
Furthernore, the buffers 4Q10 al so.gf fer a.good opportunit o perform
Sone < P Bt hefiRab s e spuf oL batted iRl SBsiHRbE a0 | gni no.
rule-based scheduler. In embodiments process modules can make themselves known
over such a network, so that the software controller knows what new process modules,
‘robots, or other components have been connected. When a new process module is

15 plugged into an empty faéet, the system can recognize it and allow it to be scheduled

into the flow of material handling.

In embodiments the sofiware system may include an interface that permits the
user to run a simulation of the system. The interface may allow a user to view the
20  linking and configuration of various links, robotic arms and other components, to
optimize configuration (such as by moving the flow of materials through vaﬁous
components, moving process modules, moving robots, or the like), and to defermine
what configuration to purchase from a supplier. In embodiments the interface may be
a web interface. | | '
25
The methods and system disclosed herein can use optional buffer s{ati'ons
4010 between robot drives. Robots could hand off to each other directly, but that is
technically more difﬁcuit 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
I_ 30 resfﬁctive than if they cén deposit to a dummy location 4010 in-bstween them where
the other robot can pick up when it is ready. The buffer 4010 also allows higher '



i nspection, metrol ogy, testing or cleaning. 5 In enbodi nents, the nethods
and systens disclosed herein use optional vacuumisolation valves 4006

bet ween robot areas/segnents 4012. Each segnent 4012 can be fully isolated
fromany other segment 4012. If a robot handles ultra clean and sensitive
materials (e.g., wafers) in its segnent 4012, then isolating that segnent 10
4012 fromthe rest of the system may prevent cross-contam nation fromthe
dirtier segnent 4012 to the clean segnent 4012. Al so the nmanufacturer can
now operate segnents 4012 at differefi¥- pressures. The manufacturer can have
stepped vacuum |evels where the vacuum gets better and better further into
the machi ne. The big advantage of using vacuumisol ation val ves 4006

bet ween s aga®ibhst, ﬂ%&@@&et%gsﬂsﬁ%eééothﬁw{d Wit &r RUCRILERIth befngan vaf ers
(created after cleaning stéps and needi to be transported between process
nmodul es wavaileble. Emmeammrmthechuffermlﬂhm 50 elberraegrod oppartumer td@esfomint hout

out - gassi from materi al fer ar t he system entering
the isol a?‘gﬂe%ﬂ%{hﬁré)f’ o Slfcrl? aéﬁﬁ%tb‘r%ﬂ? 9];%% i sol ation
bet ween I‘ﬁ@gé&mhsmaﬁﬁﬁ |t@s %rb§aﬁqﬁger| al bufferi ng bet ween robots, such

as using a uffer nodule 401 a mni-process nodule or an inspection
nodul es4010. FI G 5 shows a top view of a linear processing system 4000,

Bi 1 erent 1 or nit PRt e B g SR ety SRl uri ng

equi pment wacmhmhb@an@ ﬁdluéstZE]Oﬂﬂ@lreeﬁli'o]ﬁ)ﬂatda%égn@ém%lS Egcmwgbiene such as
di sclosed in connection with FIGS. 4 and 5, 6 shows a 3-1ink

SCARA ar nf'éGoznsdully isolateskfrenamy othersenteat 4%?e Ifa tqbﬁkh%}dlﬁ‘& Yirghelest ns 6002,

ndustry. R e B R ety BB g ARy e e (R uoed 10

10 4012 from the rest of the system may prevent cross-contamination from the dirtier

segment 4012 to the clean segment 4012. Also the manufacturer can now operate
segments 4012 at different pressures. The manufacturer can have stepped vacuum
levels where the vacuum gefs better and better further into the machine. The big
advantage of using vacuum isolation valves 4006 between segments 4012may be that
15  handling of atomically clean wafers (created after cleaning steps and needing to be
transported between process modules without contamination from the environment)
can be done without out-gassing from materials or wafers in other parts of the system

entering the isolated chamber segment 4012.

20 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

25  alinear 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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not optim zed in that the reach-to-containnent ratio is not very good. Thus,
the 5 vacuum chanbers need to be bigger, and since costs rise dramatically
with the size of the vacuum chanber, having a 3-1ink SCARA arm 6002 can

i ncrease the cost of the system Also the overall footprint of the system
becomes bigger with the 3-1ink SCARA arm 6002. Moreover, the reach of a
3-1ink SCARA arm 6002 is less than that of a 4-link arm 6004. In sone cases
a manufacturer may wish to achieve a |large, 10 deep handoff into a process
nodul e, and the 4-1link arm 6004 reach&% nuch farther beyond its contai nnment
rati o. This has advantages in sonme non- SEM -standard process nodules. It

al so has advant ages when a manufacturer wants to cover |arge distances

bet ween Segnenﬁm.ésﬁo%aséﬁﬂ]&s@mwalﬁp@dbziﬁd%éﬁ%&sgmmmtsbdi@t@é folds in

a nmuch smaller containnment ratio than a 3-lin CARA arm 6002, but it

reaches a3dlivk of ddinkerms HEOZ, £004 arevbiven byalroBotidrivk. BeARKnk@na 6002 ist he sane

contai nnent di aneter. .l onbjnat i on .. W e abil ity t ave a second
drive and“SEU8HY uﬁe({linﬁﬁ&gﬁ%%%gﬂ%w&m fidé’z lgo/'lJS h@le§3}/’§?§r’r§ it may
al | ow f or n@ dpfififizedh €Hat e re¥EAPoLddntANENEt PRRSIE nBPHH Good Mehds, 8 | 1 nk SCARA
ann 6004 may be nounted, for exanple, on top of a stationary drive as

i || usty at wafuarchambers peest todberiggampandzsincerchsts rige diaidisallhwith gz ofsi on of

the rotar noti o t uat e n o | ther ca the 4-1ink
ann 6004, %SHFP%Q?%“QD%?&%&&"@%ﬁ%%@ﬁgsﬁ fwb@rggér%t 669_5, Oﬁﬁﬁ? provi de a
conpact, &Rt aacihe avefall edtpritiest tBOsstnObEonies %l‘%k:i‘ withehé BdinkW t hout
colliding. wwth the edges of the opening. 25 FIG shows reach and

cont ai nneRCARAIELGUZ; Moreavess thy repchiof R 3 SindsFAA R Anarn 92 is legs thesodi nent s,
he 4-11 - i i
the ! %aﬁ&%%}% é!%%r? t@g(ﬁ!é gllrl] L ‘35&%% DSnaRhBefPd: AP RIhE ? flev s% lsa%%fens |

optim zatio alnment ratro as in-“sone o
Opt i moz at dewp hafiddffimto &prleetsanaduie,aind tised-link hind 6064/ reaelped rinechafagisrond ar m

menber that 30.is too |ong,. en.the armreaches thr a slot valve that
S "ol acedbiong it antitamepl o EF bt RRRRES A A0HE SO AR amet er . Lhi s
second ar FRoBRE BRIGuER It §8b hh§iSdvaRfipes when a manufacturer wants to cover large

distances between segments.

15 The 4-link arm 6004 is advantageous in that it folds in a much smaller
containment ratio than a 3-link SCARA arm 6002, but it reaches a lot further than a
conventional 3-link SCARA 6002 for the same containment diameter. In combination

- 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-

20 Iﬁﬂc 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.

25 _

~ 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
éq 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

-



with the inside edges of the slot valve. Thus the second (and third) Iinks
may be di mensi oned based on collision avoidance with a slot valve that the
ann is designed to reach through. This results in very different ratios
between LI, L2 and D. The Ilength of L2 may constrain the length of U An
equation for optimumarmlength's nmay be a 4"' power equation anenable to
Iterative solutions. FIG 8 shows high-level conponents for a robot system
8002, including a controller 8004, a drive/notor 8008, an arm 8010, an end
effector 8012, and a material to be-3&ndled 8014. 10 FIG 9 shows
conponents of a dual-arm 9002 architecture for a robotic arm systemfor use
in a handling system One armis nounted fromthe bottom 9004 and the other

from t he AR {RG88de bdyes BPARISIR ViR DO} tRE Socfind (A k) MMAEbe Mounting the

second armon the top is advantageous. |In sone other 'systens arns 15 have
been conndisrcasionssl kasett dweoltisian aveidmeamitice slot cligrtheiibe pop ivdesigned thanber ,

but the |lo an er dri.ves are. convent. onal | hani |y coupled. In
enbodi ner{fag(\f%ﬁ e 8 I Wﬁ%ﬁ%&?ﬁ t&ﬁﬁ@c‘ﬁ%ﬁ%ﬁ’@éﬁ?@%%@% dri \F;es in
the |i nedength SfeMm4li ®abesie thd [Bn@ROAES! ARRBqWMtoR bl dptinfurdRein Rddpth 5; 1 nst ead,

the coordination,of the two arnms (to prevent collisions) may be done in a

sof t war e B§EbPeaArtoPoTehequetiprrmerble pGtesdivesalutipap) arm 9008 may optional |y
be included only if necessary for throughput reasons. Another feature is
that only two notors, just like a conventional SCARA arm nmay be needed to
drive the 4-1iFiG. drshowBRighdevel chid@ofdnts foRy rotiit BYsaém 8pa2,dhdledingm 25
Parallelismor other coordi hated novenents may .al so be achi eved, for

exanpl e, afrader 8041 friye/mgios 8POR B AP hancad efisrior 8013 and Re use of only

two not or.§.8RY BHRY goubstantial cost advantage. At the sane‘ting,
three motors may prg@lﬁ%’g a functional advantage in that the last (L4) link

maybewi ndependent |y steered, however the additional belts, bearings,
o addi t 1 on' ¢ HRCeYehamb ePRTraly ofaser o OB AR ER HEae P HE ar
system for use in a handling system. One arm is mounted from the bottom 9004 and
the other from the top 9008. In embodiments both are 4-link SCARA arms. |
~ Mounting the second arm on the top is advantageons. In some other systems arms
15 have been connected o a drive that is mounted through the top of the chamber, but
the lower and upper drives are conventionally mechanically coupled. In embodiments,
there is no mechanical connection between the two drives in the linear system
disclosed in connection with FIG. 4 and FIG. 5; instead, the coordination of the two
arms (to prevent collisions) may be done in a software system or controller. The
20  second (top) arm 9008 may optionally be inciuded only if necessary for thronghput

reasons.

Another feature is that only two motors, just like a conventional SCARA arm,
may be needed to drive the 4-link arm. Belis in the arm may maintain parallelism.

25 Paraﬂelism 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 advaﬁtage. 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 re;ldér the system much

30  more expensive. In addition the extra belts may add significant thickness to the arm



-40- mechanism making it difficult to pass the armthrough a (SEM

standard) slot valve. Also, the use of fewer notors generally sinplifies
rel ated control software. Another feature of the 4-link S CARA arm discl osed
herein is that the wist s maybe offset fromcenterline. Since the ideal
system has a top-nmount 9008 as well as a bottom 9004 nount 4-link arm the
vertical arrangenent of the armnenbers may be difficult to adhere to if

t he manufacturer also nmust conply with the SEM standards. In a nutshell
these standards specify the size and-4each requirenents through a sl ot

val ve 4006 into a process nodule. They also specify the | evel. above to
centerline on which a wafer has to be carried. Many existing process nodul es

are CcoONphéchBhisi hldkindii6distmda pess the asy Bir6iEh 4 Béteh ) fRRAlVeant . the

sl ot valves 4006 are of very simlar shape al though the opening size m ght
be sl i ghtAlyo,dh¢ pserafifewersmoiord gengeallyisanplifasneleted soptrolise8waransf er pl ane. The
SEM standard di nensional restrictions require a very conpact packagi ng of
the arns. Using an offset wist allows the top is 9008 and bottom 9004 arns

to get closer Amgkédtedtureofthelink SEAR L brdh @fsclobeihdreinAg gt thelWrwgh the sl ot
val ve 4006. If the wist is not offset, then the arns need to stay further

apart Svermpaxhs ojschfgmpentarlins Sines fessidpal pystamdapa tep-monat 9098 vedl ashe dri ves

need to nyy i R |.C ' ' ' of the top
ar m doas F OGP A Bt Nt Bl B Ao RO BN R 1
advant agéewificult sl ndieer 26 if te thanufaotiet also piust doenply stitkithe 8BNIal | ows for a

better nechanical arm/|ayout, so no interferences aoccur, FIG 10 shows
reach andtaRgpds Iﬁr?éHFSb@ﬁptng?q %f%qdacls(sre#nt{l? SRk AHCBEYs. 25 FIG 11

shows i niell6h 6Re vﬁlgétﬁgéé% gﬁ%& Pfo%éss%@d%l&fﬂﬁﬁg{skgﬁé‘ci Vel $Bo9g04.  The

wist offset may he he armin a s space than woul d
ot herwi seechterlinsamsiiick 2 v@ferfHatio UPcahedd/Ianysixikingipeasess madalesirear m set  of
4-Tink S%%ﬁgﬁtn\%tﬁ 81934 standard. In systems that are non-compliant, the slot valves 4006
are of very similar shape although the opening size might be slightly different as well
as the definition of the transfer plane. The SEMI standard dimensional restrictions
requirc a very compact packaging of the arms. Using an offset wrist allows the top-
15 9008 and bottom 9004 arms to get closer together, making it easier for them to pass
through the slot valve 4006. If the wrist is not offset, then the arms need to stay
further apart vertically and wafer exchanges may take more time, because the drives
need to move more in the vertical direction. The proposed design of the top arm does
not require that there is a wrist offset, but a wrist offset may advantageously reduce
20  the turn radius of the system, and allows for a beiter mechanical arm layout, so no
interferences occur. ' '
FIG. 10 shows reach and containment capabilities of a 4-link SCARA arm
6004. |
25
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.

30 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



Because of the packaging constraints of particularly the top arm it may be
necessary -41- to construct an ann that has sone uni que features. In

enbodi ments, one link upon retracting partially enters a cutout in another
armlink. Belts can be set in duplicate, rather than a single belt, so that
one belt is above 12004 and one bel ow 12008 the cutout. One solution, which
I s i ndependent of the fact that this is a 4-link arm is to s nmake L2
significantly | ower 12002, with a vertical gap to LI, so that L3 and L4 can
fold inside. Lowering L2 12002 may al-#bw L3 and LA to reach the correct
“transfer plane and may allow a better containnent ratio. Because of the
transfer plane definition, the |owering of L2 12002 nay be required. 10
FIG 13 shpuws, S o i nkages is
used. The traﬁ?ﬁ?ggFgﬁ %%%#%%&?ﬁﬁ{%gﬁﬁﬁFm§%%82 andsf_glll may be
acconpl i stedcting mrhaibfelniers arwgtoat bednother amm Holal Boléd ¢andxersahgtefmhbate I n

rechant oAl g PP sng el boue TN A58 op oefer AR angonent

maybe t hapueRcbAs setuiioh, %ﬁcl?ﬁﬂnée’imeﬁ&n%ﬂ%%ﬂt Hat EReliGRALhR 8y 85 td cal
di nensi on of the arm assenbl y that may allow an armto nore easily pass

t hr ough amsEWIB sigaittranidlly biverr 13802 avithri vertigad g@lhmﬂsl,an thottldrand L4 emnur n syst em
for a ha y. a lin 14000.  The return
mechani s ng’&% %%%%EFI% %%T?Q]@ gng P%gﬁ%ill ne % ﬂi‘/eacﬁ{?ﬁji %‘Fﬂi‘ﬁﬁ;er

convent i oplahe walC iy R i @ et @hﬁe&tﬁﬂ&trﬁﬁiﬁBﬁa@dﬂéé of @@tthnk®r plahen thr ough the
sane area_as _ the entry path, This opens up the possibility of cross

cont am nafsimition,thednweting PELAARMOZMaR Re 1HEPS t hat are noving bet ween
process steps get contam nated by residuals entering the systemfromdirty
wafers that are not' yet cleaned. It also nmakes it necessary for the robot
4002 ti® handl eFitatl8ishaivs agembgdintenPn wisichva lcbmbimatian efﬁ:ﬂts&ngdnhh@a@us and it

Syst om at Bee s RRL e h b 0R BREES uapfmikbeo The front i an
al 1t unnelocdahdheddyeitetd fin ram%umau&m&%aage{ﬁaﬁag@éonutaaethea'r return may

relatively cheap to”i nplenen the air return Aay free up the vacuum
motion transmlssmn in 12 13004 may be accomplished by a mechanical linkage

(spline) 13010. The advantage of such an arrangement may be that enclosed joints can
15 beused which reduces the vertical dimension of the arm assembly that may allow an

arm to more easily pass through a SEMI standard slot valve.

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

architecture 14000. The return mechanism is optionally on the fop of the linear

20  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 cl.ea.n 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

a5 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 becaﬁse’they do not have io handle materials going out; and the air return

50~ 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



robots 4002 because they do not have to handle materials going out; and the
air return 30 may keep clean finished materials out of the incom ng areas,

t hereby | owering cross- contam nation risks. Enploying a snmall | oad | ock
14010 in the rear may add sonme -42- costs, and so may the air tunnel 14012,
So in systens that are short and where vacuum |evels and cross

contam nation are not so inportant, an air return may have |ess value, but
in long systens with many integrated process steps the above-systemair
return could have significant benefi-#3 The return systemcould also be a
vacuum return, but s that would be nore expensive and nore conplicated to

i npl ement. It should be wunderstood that while in sonme enbodi nents a | oad

| ock 1401 i t i icted in
PRI i i ST B S i b T L SR
m ddl e of leyéle asy stoeswontaminaién sue nehixoiipociatit, amair mefnof mey baverlgssivam, coul d

enter or I.t .the system,at such another pojnt,.in.the system i0 such as to
oxi ¢ the GO0 UiRA TS AR Bl mRee Slhh Fiebout B G LB exi
poi Nt Maychid hiARtsidiifiCaas Bt TRkt sysiém @d Abd b 8vadhfrchahShtr waf ers
can be recovered. The advantage of a md-systementry point may be that

waf er s cafhabeould beenare gxpansivglanil prase pimaplécatdadrio implesest.elishenld bai ng for a

signi ficant > flexible process flow ffect m d systementry or
oxt't pos o el Boliils R Spalriedieria et SGATAIE inP SBANEIRETR e
ni d- syst eflleRAs bf 4 BAcar8dtaa] Asdpicted inRigau] 1 164l IBEEMOIOStd B |t shoul d
al so be understood that whjl e the enbodi nent of FEIGl4 and . subsequent

figures iRosiioped glsgivhere; syeh ag i bamiddle of fhesyptemy In sushean grabosimends 4 | i near ;
that is, . . . \/- - e, or a
conbi nat i%ﬁ&%{rﬁ{.ﬁ%&%ﬁ%&;ﬁg%{’%{; Eg%lygﬁrsylgﬁaégéﬁpaoﬁéﬁpﬁn&ﬁgp g\%iér? ormat the
manuf &ct usueh ad eséxitthe sPers tmth thasait teidrt Thhedvmidge @i hanidesystefn exitf abri cati on
facility. I.n eac ase the syste optionally includes_an entry point and an
exi t ol RO P Ha0R FoEHal | PHEA(SPERIAONS DBEPER S REABERIS] r b ght 11 ne)
from the Q@aivefed ThBhdvdabtide OF@lnhid-dyNemPnkry Rt mihy 1Rl A Pafetsh@n bbem f rom t he

exit point to the entry point. Opfionally“the systemcan include nore than
one exit ipsdrted.in nilidgplc lacesia thteystaogilowing fos 2 digwifidabdyintose Bexiblean assist in

process flow. In effect a mid system entry or exit position behaves like two machines

15 - connected together by the mid-system position, effectively eliminating an EFEM

position. It should also be understood that while the embodiment of FIG14 and
- subsequent figures is a straight line system, the linear system could be curvilinear;

that is, the system could have curves, a U- or V- shape, an S-shape, or a combination
of thbse or any other curvilinear path, in Whatever format the manufacturer desires,

20 such as to fit the configuration 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

25 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 _
30 ofthe systeni, 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



25 efficiently noving itens down the |ine, wthout the problens of other

| i near systens. FIG 14A shows an exanple of a U shaped |inear system
Referring still to FIG 14, an enbodi nent of the systemuses a dual carrier
mechani sm 14008 so that wafers that are finished can quickly be returned to
the front 30 of the system but also so that an enpty carrier 14008 can be
pl aced where a full one was just renpved. In enbodinents the air return
will feature a carrier 14008 -43- containing N wafers. N can be optim zed
dependi ng on the throughput and cost -4¥equirenents. In enbodiments the air
return nmechani smmay contain enpty carriers 14008 so that when a full
carrier 14018 is renoved fromthe vacuum | oad | ock 14010, a new enpty
carrier lédfinimngN wafees)Natal be dpeinfibaldgenditly bodet thaouighfutGihl costn s evacuat ed
to receive npre materi In enbodi ments the air return nechanismmay be

| s.
able to nﬁﬂ%ﬂ%@g?-slnt%nahqsﬁlénﬁméﬁxe agf TetiR mephanism mey CORBIHFBRY GAITIEHI nt  a
verti cal 1( o%.solﬁﬁ%%egrﬁéfﬁﬁ%ﬁgpk%§ﬁs %&&@Worﬁﬂﬁw%@ﬁ -lqri_l?%dtlgﬁgﬂr(ﬁ\ée' wher e

t he EFEM ( Equi pnent - e) robot can reac oall | ock

poi nt (s) 4 hewvempty catied 14008 tddidimediatel ) tevpacadangiledd lack b#fi0ycanarri er 14008
fromthe load | pck. 10 In enbodi WEETLS {:hcﬁ air return mechanismmy feature a
storage aF@staabirepdye marsngterals, fnprabadipsats the PRI MFRANSY MY ¢ he very
end and beliyidid Higvd Rk @hOFoAll thd ﬂéférﬂ.oﬁhhé‘ﬂi?cﬁﬁoff%ﬁﬁlt hGRARA] fRT this is
that when the [oad | ock 14010 rel eases a carrier 14018, the gripper 14004
can grip t484eeaybhesmplapabiodosentbe eartier foor lemeldviege thei BRM{Eqdibmegt i pper

14004 can_th  the full .carri 018, . all,.t back and
erri evo EAREHRS SEERS rept irtisactt At dueclond o5k ol Bueepical B Blee "A (s

poi nt t hecanaflel ©GHcdADdRpigRarrRY 34008 Rom thelogd Idiker 14004 can now go back to
the fall carrier 14018 and nove it all the way to the front of the system

Once the carrier 14018 has been enptied by the EFEM it can be returned to
t he very back : | cle. ' sible to
put the 1 ire i oy o el echiffec Bty kel sirbes Bef 1361 PRE

empty carriers 14008, probably located at the very end and behind the location of the

load lock 14010. The reason for this is that when the load lock 14010 releases a

carrier 14018, the gripper 14004 can grip the carrier 14018 and move it forward

15 slightly. The gripper 14004 can then release the full carrier 14018, move all the way
back and retrieve an empty carrier 14008, place it on the load lock 14010. At this
point the load lock 14010 can evacuate. The gripper 14004 can now go back to the

full carrier 14018 and move it all the way to the front of the system. Once the carrier
14018 has been emptied by the EFEM, it can be returned to the very back where it

20  waits for the next cycle.

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

25  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 fora
handling system of FIG. 14.

30



notion in the gripper, but that would be nore costly. It would al so be
slightly less flexible. A manufacturer nay want a vertical novenent of the
carrier 14018 in a few 25 places, and putting it in the gripper 14004 woul d
be nore econom cal because the manufacturer then only needs one vertical
mechanism FIG 15 shows certain additional details of an external return
systemfor a handling systemof FIG 14. 30 -44- FIG 16 shows additi onal
details of an external return systemfor a handling systemof FIG 14.

FIG 17 shows novenent of the output -dd&rrier 14018 in the return tunnel s
14012 of FIG 14. FIG 18 shows handling of an enpty carrier 14008 in the
return system 14012 of FIG 14. to FIG 19 shows novenent of the enpty

carrier 14008 jyi.t15enb&% Widitibrdl Welails dfH ext@haFiethm dtdh 66 Ahdnfiffl | Ock 14010
position. FIG 20 shows the enpty carrier 14008 | owered and evacuated and

nmovement system oEFIgT.ilgper 14004 in the return systemof FIG 14. 15 FIG 21
shows an enpty carrier 14008 receiving material as a full carrier 14018 is
being enptied in the return tunnel 14012 of FIG 14. FIG 22 shoews an enpty

carrier 14008 PrRudhhoe nidveRksl sT3hPORpid QRierIUd1§ illie fetutGuagy return cycle
in the return tunnel 14012 of FIG 14. FIG 23 shows an architecture for a

handl i hg 14H21afFYGf b+ a manufacturing - process, with a dual-armrobotic arm
system 23002 and a return systemin a linear architecture. 25 FIG 24 shows
an alternative enbodi nent of an overall systemarchitecture for

FIG. 18 shows handling of an empty carrier 14008 in the return system 14012

of FIG. 14.

10 FIG. 19 shows movement of the empty carrier 14008 in the return tunnel
14012 of Fig. 14 into a load lock 14010 position.

FIG. 20 shows the empty carrier 14008 lowered and evacuated and movement
of the gripper 14004 in the return system of FIG. 14.
15
FIG. 21 shows an empty carrier 14008 receiving material as a full 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
20  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 sj/stem in a linear
architecture.

25
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

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



a handl i ng nethod and system of the present invention. FIG 25 shows a
conpari son of the footprint of a |linear system 25002 as 30 conpared to a
conventional cluster system 25004.. Note that with the linear system -45-
25002 the manufacturer can easily extend the machine with additional nodul es
w t hout affecting systemthroughput. FIG 26 shows a linear architecture
depl oyed with oversized process nodules s 26002 in a handling systemin
accordance with enbodi nents of the invention. FIG 27 shows a rear-exit
architecture for a handling systemin4accordance w th enbodi nents of the
invention. 10 FIG 28 shows a variety of |ayout possibilities for a
fabrication facility enploying linear handling systens in accordance with

various ephadith®Hafubutdi®an LA HxtRR thdthiehidSwih ANGitiBRaIGARRM eNt of the

i nvention wherein a robot 29002 may 15 include multiple drives 29004 and/ or
mul ti pl e withowtaffeeting $3to8throwghpnbodi ments a  control | er 29008 may control
mul tiple drives 29004 as well as other peripheral devices such as sl ot

val ves, vacuum gauges, thus a robot 29002 may be a controller 29008 with

nul tiple driveBi@2MhoRE aMichd Abtennt ddRdSvidPORBsived Probask hdduksdr i ves
29004. 20 FI G, 30 shows transfer plane 30002 and sl ot val ve 30004

char act er 2600248 a headlingsystenvinaeperdpaaeith gnbadimentswé tha igventipnG, 31 shows a
tunmbl e gri pper 31002 for centering wafers. The advantage of 2s the tunble
gri pper 31002 over the passive centering gripper 32002 in FIG 32 is that
there is |ess FELafishowsatrearexiieivgRoutdtor b hatdlpsysito0a asestdidte back- si de
of the wafer 31008. The tunblers 31004 nay gently nudge the wafer 31008 to
be cent er Wih emgodimengsRf the fYERPL supporting it on both sides as it noves
down. In certain manufacturing processes it nay be desirable to center
waf ers 31008, such as in a

10 FIG. 28 shows a variety of layout possibilities for a fabrication facility

employing linear handling systems in accordance with various embodiments of the

invention.

FIG. 29 shows an embodiment of the invention wherein a robot 29002 may .
15 include multiple drives 29004 and/or multiple controllers 29008, In embodiments a
controller 29008 may conirol multiple drives 29004 as well as other peripheral
devices such as slot valves, vacuum gauges, thus é.robot 29002 may be a controller
29008 with multiple drives 29004 or multiple controliers 29008 with multiple drives
29004, ‘
20
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
25 the tumble gripper 31002 over the paséive 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 31 008 lto be centered
on the end effector, supporting it on both sides as it moves down. In certsin
manufacturing pfocesses it may be desirable to center wafers 31008, such asina

| 30 vacuum environment. The tumble gripper 31004 may allow the handling of very



30 vacuum environnment. The tunble gripper 31004 may all ow t he handling of
very -46- fragile wafers 31008, such as when enploying an end effector at
the end of a robotic arm because it supports both ends of the wafer during
handling. Fig. 32 shows a passively centering end effector 32002 for hol ding
‘wafers s 31008. The wafer 31008 is typically slightly off-center when the
end effector lifts (or the wafer 31008 is |lowered). This results in the

waf er. 31008 sliding down the ranp and dropping into the cutout 32004. This
can result in the wafer 31008 abruptl-46- falling or noving, which in turn can
create particles. to The nethods and systens di sclosed herein offer many
advantages in the handling of materials or itens during manufacturing
processes t th} ] lSAl-al | oralol y be

possi bl e, ﬁg mi&]eﬁggg%tsg!ﬁl?%lswgﬁr}/%’#%g%gg? &/ggﬁctrggg\gtﬁggn% man%? g%t urer can
return fianmsbechmaitenppostsdottt ¢ralsto fheofafehduringdteedlingyi t hout goi ng t hr ough
vacuum which can be a very substantial advantage, requiring 15 only half

t he necessary handling steps, elimnating cross contam nation between
finished and upil 50 SRR SRsEVEIF cenidRfg BRITEHASB 200 B HOM B Waldls eXi sti ng

cl ean room designs. When a mahufacturer has relatively difty wafers

ent er ing 3HW8sTha waier 8 HYS indtynidaliytsligktly effcenienwhenthesod sffectohkifis (arom t he

rest of the chi i]e .are . heing cle ,awhich is.usually the

e st st ofie g 2088 idbu b hileR S ioiiet H0E0 SRR shed or
parti al | yadd dibpieg idie e dutdus 32064/ Thisdh té&e1tGh G wakr PIOUS M the machine.
O her advant ages maybe provi ded by the nethods and systens discl osed

herei n. ThEingpmaedng Whdpnismraasretrpasielesm nount ed) may work in
coordinated 25 fashion, allowing very fast material exchanges. Regardl ess
of the exact armdesign (3 link, 4-1ink or other), nmounting an armin the
lid that is noThemethads aal dyytenmrdistdsed héein dffie naany ddwaithgesintiieom can be

~advant ageous,. The link lengths af the 4-1ink SCARA ann provided herein can
‘be quite aﬁ%@g?lsggv R idREng BRRIBPTIHRG Progesies-t ABPIZOLher #P8% ni ned by

the mechapisgah itdiMidnSheRiechl 1Bbotd Rhaéast (RBELRNARE! ad Rdiehial buiging- | | Nk

between robots. A manufacturer can return finished wafers over the top of the system

without going through vacuum, which can be a very substantial advantage, requiring
15 only half the necessary handling steps, eliminating cross contamination between |
finished and unfinished materials and remaining compatible with existing clean room
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
20 to keep finished or partially finished materials away from the cleaning portion of the

machine.

Othér advantages may be provided by the methods and systems disclosed
herein. The dual arms (top mounted and bottom mounted) may work in coordinated
25  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 i3 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
30 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. _



so SCARA anus disclosed herein are al so advantageous 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 where materials exit in the
rear may offer substantial benefits. Another inplenentation naybe to have
both the entry systemand exit systeminstalled through two opposing walls.
5 The 4-1ink SCARA arm di scl osed herein nay also allow link L3 to swing into
and over link L2 for the top robot drive. This nay not be easily done with
the 3-1ink SCARA, nor with eX|st|ng'€@WS|ons of 4-1ink SCARA arns, because
they have the wong link |l engths. 10 The gri pper for carriers and the
multiple carrier locations in the linear system my also offer substanti al
benefits in-naterials'handling in a linear manufacturing architecture

I ncl udi ng verti novenent in the and/or in the I 0a I ock rmay
of fer benefits ?%YQGU“@E?YW@QIT%%‘ ‘E@g‘rﬁ (R theygatpay o

connectio i :gggbc VERS &ﬁﬂchy avaror iy skl I,I in the
art will ?%ﬂgggﬂ‘??ﬂ%eth‘g? B?%]iq) ﬁgﬂ[a artgﬂ:éérzconpassed h:é?%ti n. 20 FIG
33 ill ustﬂ@teasmataﬂacbthrcwghtwmdmosmgm&lls ncluding a mid-entry point 33022. In
an enbodl ment, the fabrication facility may include a |load | ock m d-stream
33002 ® where vvafers 31008 can be taken out or entered. There can be

si gni ficant adma@ﬁﬁ%cm%ﬁﬁ%@low@h&anma'fﬁly&hm;vﬂmamdbBﬁuﬁ;ﬁfoocesm ng
facility that provides ﬂhet mgr ocessing capabilities (e.g. connecting two
Qp

nmachi nes wuhovedliskEA for ot drivey ﬁﬂsméﬁﬂothﬁm@é@@mme -link an

e m apor - asg85vih Shiifle FEiREbE AR S 8 s thos SRV B2, shoge 1o,
top vi ewswedngdinkdbsigthati on facility with md-entry :

10

The gripper for carriers and the multiple ca1;rier locations in the linear system
may also offer substantial benefits in materials haﬁdling in a linear manufacturing
architecture. Including vertical movement in the gripper and/or in the rear load lock
may offer benefits as well.

15

‘While the invention has been described in connection with certain preferred

embodiments, one of ordinary skill in the art will recognize other embodiments that

are encompassed herein.

20 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 -

25 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
30  effectively functions to eliminate one of the EFEMs 34002.



poi nts 33002. The figure also illustrates how the conbination of a md-entry
point 30 effectively functions to elimnate one of the EFEMs 34002. -48-

FIG 35 illustrates a fabrication facility including a series of sensors
35002. In many fabrication facilities such sensors 35002 are commonly used
to detect whether a nmaterial 35014 is still present on a robotic arm 35018.

Such sensors 35002 nmaybe commonly placed at each vacuum chanber 4012 entry
and exit point. Such sensors s 35002 may consist of a vertical optical beam
either enploying an emitter and deteégor, or enploying a conbination
emtter/detector and a reflector. In a vacuum handling facility, the
training of robotic stations is commonly acconplished by a skilled operator

who views the Preisiftisttest @bl failyanchudig @ kbidsofadtkoafi 3002 St he  robot
position to ensure that the material 35014 is deposited in the correct

| ocat i on. Maay Rbriesiion facititigesich|synsorre: 0B erd ednynenlyvsed tordetagt whethata to
observe, angd.. I her ical I S Lagnj.f i cant
obst acl esﬂ‘ldr‘f”orosgielﬂ%ﬁﬁp R trt]angr Ootggta?xg ﬁ?@%t%‘%ﬁ S%Kesﬁlésggggo?raryrheng procedur e

can consug@niiedly plagd 9t edcheguinpieEimite ol 2 sftry SeMadippoiftuSadhbdetisbrs r ai ni ng
applications have been devel oped, but they may _is involve running the
robotit a?iRORmeay epnsislef yertiel optieal beamyaithgserpplpying agremitigraandThi s appr oach

has si gni fi ' o1 oo ' [ e 0 an

obst acl e &ét?s éog%g%g,ﬂ% éeo?&tlmutéaruo?%{rto gltt%ggrr%pﬁleargg%c{t%é e'?p or exanpl e many
robot endhzidlieg faility, the ératmimpséirabétaoktatiing ¢s emmaonly acedmeslisabdéby hat are
brittle, hu hat are able to w {hstand ery high wafer t erat ures.

Si il arl ygﬂﬁfr‘s’imféafﬂramo iene APt dane WX‘% ergs Pﬂ‘gt_%&?téh%r y
fragile apgofasniton 1 2AREE that Eierrhﬂagmrsem {stdcBBMteA P HRGoRRSSb&Rn! © enpl oy

these auto-training procedures wth certain materials, such as a wafer 31008

presemt oHowheery epiendy thesé pesitians ardviary difficylt tchebsdeecand praallasrandf verti cal

osition i re difficult because rd ar do rd.forc n the arm
P osed byt sl ftRbists BresoR SR Gnt B e th pf o et b g™t et - 25 11
the syst egiteff $Tntd e Gali@igprocedurs@in R8s he HRAT Bowrs 35 6QApR ot ddwilimd, ncl ude

Several automated training applications have been developed, but they may

15 involve running the robotic arm into a physical obstacle such as a wall or edge. This
approach has significant downsides to it: physically touching the robot to an obstacle °
risks damage to either the robot or the obstacle, for example many robot end effectors
are constructed using ceramic materials that are brittle, but that are able to withstand
very high wafer temperatures. Similarly, inside many process modules there objects

20  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.

25 _

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 ahan_dled object. The vertical

3 sensor 35002 may be placed slightly outside the area of the wafer 3 1008 when the

robotic arm 35018 is in a retracted position. The vertical sensor 35002 may also, or



hori zontal sensors 35004-35010 and vertical sensors 35002. This comnbination
of sensors 35002-35010 may al |l ow detection, for exanple through optical
beam breaking, of either a robotic end effector, arm or a handl ed object.
The vertical 30 sensor 35002 may be placed slightly outside the area of the
waf er 31008 when the robotic arm35018 is in a retracted position. The
vertical sensor 35002 nmay al so, or -49- instead, be placed in a location
such as a point 35012 within the wafer that is centered in front of the
entrance opening and covered by the wiPer when the robot is fully
retracted. In this position the sensor may be able to tell the robotic -
controller that it has successfully picked up a wafer 31008 from a

per i pher alinstoadBeeplacedtio bilg@Kiba budeR G0t 350 02 withiiliBe MRYerahst 0s &@itered
advant ageouisrl yté)efrrpl o%{ed. In _vacuum cluster tools, horizontal sensors

35004- 350 ibiraR aperonRieandicossred by the waterwhen thgaobntinillsr of t he

vacuum ch Wﬁ]ﬁ 2 tﬁgﬁkﬁ i } rs

35004- 350%%%' co |0?i?§?e i Fé:ldrt Iglg s%%gﬁgglgg%ec@?‘g%%%y%&ﬁ t he chanber
si ze may hes suechssfally piced b @ardfen3 1008 Genmayeriphiceal miodmieact i cal to incl ude
one or nore horizontal sensors 35004-35010. FIG 36 illustrates other

possi bfe | ocations of the horizontal sensors 35004- 35010 and verti cal

sensors 35002, i _ 36008
HOHSOntaSsedd:a5 St mge?;ﬁag{agsg) %%%%%Wd I )

and/or through mrrors 36006 place FIG 37
i Il ust r at escuanpdssenibels dibrimonial sensdrs 350@A4-3010ee semsttne3bpitichl dyiet | y

out si de the fer . 37001 di_us when the robot arm.s . fully refracted. During
oot 1 act BT AFEEL oh 85 vSutt Pt Ecy BoR SRR THSPEOGRe b wat er
37001 at RBé&Yiztntal 8enséfd ﬁb@@%sammbf@coﬁﬁsgﬂichﬂeﬂg Ie#eeystbmB dbdtribe®aboy€004. These
results may indicate that the wafer 37001 was successfulvigi/ retrieved, but

by tyithg thechsmhergizessapbe sdyersd signifieandly, thne sy meakeitpraetiost to iselude her
position - ' ohfhc drive, one can also calculate if
t he waf er S%%%@B%ﬁ@gﬁrﬁgfrsgg&vﬂg ?ﬁOdﬁes pég’t to the end effector. The m dpoint
of the line segnent "a-b" 37002 37004 shoul d correspond to the center of
FIG. 36 illustrates other possible locations of the horizontal sensors 35004-
35010 and vertical sensors 35002, such as straight across the chamber (36002 and

15 36008) and/or through mitrrors 36006 placed inside the vacuum system.

FIG. 37 illustrates a possible advantage of placing the sensor 35002 slightly
outside the wafer 37001 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”

20 37002 and the trailing edge at .po.int “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

25  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
30 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



25 the end effector because of the circular geonetry of a wafer 37001. If
the wafer 37001 slips on the end effector, inconsistent |ength nmeasurenents
may reveal the slippage. Additionally, during a subsequent rotation and
novenent, a second line 30 segnent "c-d" 37008 37010 may be detected when
the wafer 37001 edges pass through the sensor. Again, the m dpoint between
"c" 37008 and "d" 37010 should -50- coincide with the center of the end
effector, and nay pernmt a neasurenent or confirmation of wafer centering.
The above nethod nmay all ow the robot 0 detect the wafer 37001 as well as 5
determne if the wafer 37001 is off-set fromthe expected | ocation on the
end effector. The conbination of horizontal and vertical sensors

35002- 3504 Qn &Y with 18 entdd @ BB HeRi0B Sankl A PerhiRDdmERARtMcht BST N9
non-contact nethods: the robotic armand end effectors may be detected

opt i cal | ycwifirhation efwafeeesnidring. nechani cal contact. io Furthernore, the

opti cal beans can be used during real-tinme wafer 37001 handling to verify
that wafers 37001 are in the correct position during every wafer 37001
handl i ng nove. Tid bovdtdthdduahy alle the ©BOMS WeteeNRb WaAGBTIVL RS WeNWst h two
rotary axes 38020 1s and 38018 and a vertical (Z) axis 38004. A bellows
38016 smaydettnmine fidhe whlsr §20Q]; is iff-sef fran the srpptedieeation. onshe pacheffgstarl cyl i nder
38024 affixed to the bottom of the bellows 18016 may provide a vacuum
barrier between the rotor and the stator of the notors 38010 and 38014.

Thi s arrangeneTke ¢oaybihgipn dfthorizonataidvepicat sseats 36002-380M0 BeyRORENt S:

el ectrical wres and feedt hroughs, encoders, signal LEDs and pick 20 ups

38008, betheisryen b trughinter ey 4188008 conagieelods trsrobaiiashang 38012,
wres a”delﬁp&&%}@&ﬁ%béﬁ&e&@ﬁ%gﬁéﬁlfﬁ%o%‘?th%ﬁﬁfchr'n%cﬁaﬁi@alrc%ﬁtagf‘a' processing
onment . urtne

gasses present 1 n the vacuum envi rnore, It may be difficult
t o r enovebyzseaere, theaplied bieams kan bottedriudhyg tdad-timed wale3 7 180Adlingte t he

gasses iy e {ak O o RISkl SRt NudB0ZA e 3B 2 o

handling move.

FIG. 38 illustrates a conventional vacuum drive with two rotary axes 38020
15 and 38018 and a vertical (Z) axis 38004. A bellows 38016 may allow for the vertical
" Z-axis 38002 motion. A thin metal cylinder 38024 affixed to the bottom of the
bellows 18016 may provide a vacuum barrier between 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-
20  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 envirotiment. Furﬂleﬁnore, 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.
25
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 _61* all of these components may be positioned
30 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



25 FIG 39 illustrates a vacuumrobot drive that nay be used with the
systens described herein. The rotary drive forces maybe provided by two
notor cartridges 39004 and 39006. Each cartridge nmay have an integral
encoder 39008, bearings 39018 and magnets 39020. Sone or- att of-these
conponents may be positioned 30 outside the vacuum envel ope. A concentric
dual -shaft rotary seal unit 39016 nay provide vacuumisolation for the
rotary notion using, for exanple, lip-seals or -51- ferrofluidic seals. This
approach may reduce the nunber of comppnents inside the vacuum system It
may al so permt servicing of the notors 39004, 39006 and encoders 39008

wi t hout breaking vacuum thereby increasing serviceability of the drive
unit. 5 F . : I - entering
mat eri al sfegpﬂté%‘:;&\%taé% 1}31 }n ﬁﬁ%r%glrﬁlnagﬁg m&g&%%:&%&?gﬁeé%qgﬁm%%engi ng wafers
31008 i ntwmcaum\systemmlisysy elso permiheersiprgcbiithd fotohd 29004h20006aakdl ock can be
evacuated to_hi vacuu |f the load, | ock,is punped,too.fas condensati on
may occure“icﬂd"?rﬁgg%grmﬂ?’f”{t Eﬁag@gwgggprp,ot@ﬁre hiERerng seviperbiliy ?é}thﬁr eci pi tation
of nucl eigpR doe waf er 31008 surfaces, which can result in particles and
can cause defects or poor device performance. Custer tools may enpl oy two
| oad Isocks side by side, each of which is alternately evacuated. The

punpi ng speed of, each | oad l.ogck can th e (o] esylting in .inmproved
Per T o mante. of I d0SyRYERSacREr e oddort e 45l HERHa PRRgial Lol 15
stack, t hgtPaid iR Ynvireheti Oheﬁhﬁﬂ@ﬁ@fo}‘oﬁ'ﬁﬁhﬁinFWeﬁgl@@Sﬁﬁd he benefit of
sl ower punping speed. In enbodi nents, the |oad ock 40004 can be added as

an opt i orvachym sgsteds therspecd: Widh Pl the laad deckamo be gwarwatedde highh each access
ith [ t ; N oent s th CCt
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10 load lock chamber, resulting in precipitation of nuclei on the wafer 31008 surfaces,

which can result in particles and can cause defects or poor device performance.
Cluster tools may employ two load locks side by side, each of which is alternately
evacuated. The pumping speed of each load lock can thus be slower, resulting in
improved performance of the system. With two load locks 4008 40004 in a vertical

15 stack, the equipment footprint stays very small, but retains the benefit of slower
pumping speed. In embodiments, the load lock 40004 can be added as an option. In
embodiments the robotic arms 4004 and 40006 can 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.
20
-FIG. 40B shows another load lock layout. In this figure wafers 31008 can be y

entered and can exit at two levels on either side of the system, but follow a shared

level in the rest of the system.

25 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 t}iroughput.

30



FIG 40B shows another load | ock 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 25 FIG 41 details how the

previ ous concept of stacked |oad | ocks 4008 40004 can be al so inplenented
t hroughout a process by stacking two process nodul es 41006, 41008. Although
such nodul es woul d not be conpliant with the SEM standard, such an
architecture may offer significant benefits in equipnent footprint and

t hroughput. 30 -52- FIG 42 shows a sygtemw th two handling | evel s 4008,
40004, 4010, 42004: wafers may be independently transported between nodul es
using either the top link 40006 or the bottomlink 4004. Optionally, each

handl i ng | evel gyl _ . [ t t of reduced
evacuati on spee?no@éﬁggggggﬁ%ﬂt&sﬁ%%g%% %&n%‘tt@ ﬁg’f%?%;hr?gg‘t og'd | ocks,
t wo hand| wafgrs magbs indepehdepily traapbsted betweantmpdtles hisiag eftloar ks topdinkl so

oad | boi g ipaingt ik ad Sasneins <an i el FRLTe DRIt om of
FI G 42. 10k f frovidé ﬂﬁ%‘vﬁtﬁa@oﬁ@&fdeé|evédﬁﬁ6ﬁ’§ﬂ’e@ﬁﬁgteﬁlﬁb§\?é T4 such as a

wafer. One or 'nore sensors 44010 maybe integrated into the object 44014,
and ey beswtsnewith fodanpuitioahlockso e haralling devels; sndoptiondily Forobjpsét 44014. The

sensors 440 y. jnclude proximty.sensors.,.such as capacitive,,optical or
Tmanet o RSNy a8 olPEr B v iR R0 Siagh Beinly pEB TRy BAELD an

anpl i fi er iddigsam dati 86 ckdHa Han iletelgmy use battery power to transmt radio
frequency or other sensor signals, such as signals conformng to the 802.1

| b standard, to a receiver 44004. In many instances it nmay be difficult or

| npossible to %53%5%gg§(ﬂ§aﬁ%%%@ﬂ9&ggé%@I@jﬁpt 44014 used to train a

robot, because wires 't are ne power and
10 :

FIG. 44 depicts a special instrumented object 44014, such as a wafer. One or
more sensors 44010 may be integrated into the object 44014, and may be able to
detect environmental factors around the object 44014. The sensors 44010 may

~ include proximity sensors such as capacitive, optical or rﬁagnetic proximify sensors.
15 The sensors 44010 may be connected to an amplifier/transmitter 44012, which may
| use battery power to transmit radio frequency or other sensor signals, such as signals

conforming to the 802.11b standard, to a receiver 44004,

In many instances it may be difficult or impossible to put instrumentation on
20  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,

25 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
tré.nsient signals from the sensors 44010, for example sensor 1 and sensor 6, it can be

30 determined if the object 44014 is approaching a target 44008 at the cotrect

orientation. If the target 44008 is not approached correcily, one of the two sensors



communi cate to the instrunents and sensors interfere with proper robotic
notion or wth the environnent that the robot noves through. By enploying a
wirel ess connection to the object, the problemof attached wires to the

obj ect may be resolved. 25 The object 44014 can be equi pped wi th nunerous
sensors of different types and in different geonetrically advantageous
patterns. In the present exanple, the sensors | through 6 (44010) are laid
out in a radius equal to the radius of the target object 44008. In

enbodi ments these sensors are proxi m-p3 sensors. By conparing the transient
signals fromthe sensors 44010, for exanple sensor 1 and sensor 6, it can be
+ .30 determned if the object 44014 is approaching a target 44008 at the

correct Mdl@fiﬁ%?sjh@%%a _Ifelifaglﬁe bR RL B ARSI ﬂ@lﬁp&%ﬁ&ﬁ&ﬁ'ﬁﬁﬂ%@;’ér ectly, one

of the two sensors - 4010 may show a premature trigger. nmoni t ori ng
mul ti pl e systesomgy daiendinetifithe objest €401 fas/prdpenly eintered Abaviechotarget #4A08010 i s
properly nt er.ed.aboye arget 4, efore affecting a handoff. The
sensors 4&%‘1’6 %%ﬁ“%aﬁﬁégﬁgﬁeﬁ%saﬁfﬁgg‘?fa& ATLANES H%?'}B'Ra%?mf or exanpl e,
ef fi ci encycchidifg @A eRABHNSEFicREcRDYsiAlal 8hal$a96# 48] dthércoRstasts 0 frequency
signal s al so advantageously operate in a vacuum environnent. FIG 45 shows
t he syst eRadie fieg@ncy sigoalsalsi adwaningeonslgoperats injapsicyemiengirartmenton- cont act

nature of orienting the instrunented object 44014 to a target 44008. The
sensors 44010 may include other sensors for measuring properties of the

target 44008, FIQ 45shbwathelsysal FRIGe44 Ml {xiddbrietmist ifustading the @guency
communi cation with one or npre sensors. A Eradi o frequency sensor signal

44016 maytatact paug afiosienting i instr@mented Abirsb 496 e 4 targe 8ndheappr opri at e
sel ecti.on I ' ' | ' ] ' fully
metallic %/eg%:ourtgj\?hx@nc g%ﬂ%é@¥%£§é%¥§fﬁglglﬁ?gp g éﬁg&%ﬁég?}gé%g %@g ation

wi th an estckantdmpeexdaiever and controll er may provide significant advant ages.
For exanple; this technique may reduce the tine required for operations
such as finding the center of a target, and information fromthe sensor(s)

may be enpl oyegld. asRIRtsd8dio G dhcy| BRARAG K HOR vith G serRbrst Q4 aut omat e
certain operations using a robotic arm

radio frequency sensor signal 44016 may be fransmitted to an antenna 46002 within a
vacuum. Appropriate selection of wavelengths may improve signal propagation with -

15 afully metallic vacuum ericlosure. The use of sensors in wireless communication
with an external receiver and controller may provide significant advantages. For
example, this technique may reduce the time required for operations such as finding
the center of a target, and information from the sensor(s) may be employed to provide
visual feedback to an operator, or to automate certain operations using a robotic arm.

20  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). |

25 _

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 thé Sensors are prdximity sensors. The signals can be individually or collectively

30  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



20 Furthernore, the use of one or nore sensors may permt neasurenents
within the chanber that woul d otherwi se require rel ease of the vacuumto
open and physically inspect the chanber. This nmay avoid costly or tine
consum ng steps in conditioning the interior of the chamber, such as
depressurization and baking (to drive out noisture or water vapor). 25 FIG
47 illustrates the output frommnultiple sensors 44010 as a function of the
robot novenent. Wen the robot noves over the target 44008 the notion nmay
result in-the sensors providing infoe¥mation about, for exanple, distance to
the target 44008 if the sensors are proximty sensors. The signals can be

I ndividually or collectively 30 analyzed to determne a |location for the
target 440ff8entalirtiivie 4nd thodtdRRSen®r sighdgtwidvout physsddipeotmyiihetheesol ved in
difference directions by noving the sensor(s) in two -54- different
'directioﬁ@gﬁﬁ@09§nitoring sensor signals, wthout physically contacting the
target 44008. FIG 48 depicts a technique for inserting and renoving wafers
48008 froma s vacuum system One or nore heating el enents, such as a set
of heating el #i€&nd& depi8Sa2echhBfi@4or inpatiddaibrenmmyingeweiorsl 48068 fronnali vi dual |y
or in conbination, tq heat a chanbfr 4008 and a supstrate material 48008 to
an el évatvetPumipEit &P@ oppraspheating elemsatsesysh aggsgt offeating glemsai§e in starti ng

~ tenperat Hg@oﬂ&%o@ﬂ,%&%@o@%?%@%ﬁ{pﬁ%dtiH@iRridu bAlinQldAfiMALRSR, RO o aS

pressure decreases In the chanber, dmay allow for a o nbre rapid punp
down sequbmmpkert4008 redbeubstzabcmaterialMBoa8 heat ddvatad EnpesB@edL40TC tooved to t he

| oad | ock _40Q8 by the.robotic, arm.4002, they may be signi,ficant war mer
than sher@leC ssBime. Tht B esdiomTHR eaini 00y g SO B FODETEGPL OB ne

waf ers oRyduDb@Etwisdodtanhd PlsOyBEcrsdeih ¥hdBaniRf Whd ey Ry REQVi ded to the
shel ves 48004 48006 to nmaintain a desired tenperature for the shelves

and/ o wakae gapidpusp daPnseaeenga teerar a yacwe.i Bihen beated wabne #8008 a18004, 48006

TRy ¢ esulloel d B8 1SXPHER0BERE HIUIBLAM il 60b D5 I AR LarangeS:

resultingi pPOSSI
warmer than shelves 48004, 48006, such that shelves 48004, 48006 may cool the

wafers on contact. A heating power sui)ply may regulate heat provided to the shelves

48004 48006 to maintain a desired temperature for the shelves and/or wafers. A

15 suitable material selection for the shelves 48004, 48006 may result in the system
reacting quickly to heating power changes, resulting in the possibility of different
temperature settings for different conditions, for example a higher temperature setting
during pump-down of the chamber 4008 and a lower sefting during venting of
chamber 4008. |

20 , '

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,

25  and external femperatures of about 50° C degrees or less may, for example; nieet 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 -
30 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



tenperature settings for different conditions, for exanple a higher
tenperature setting during punp-down of the chanber 4008 and a | ower
setting during venting of chanber 4008. 20 Preheating the wafers 48008 may
reduce condensation and particles while reducing process tine. At the sane
time, the wafers 48008 may be too hot when exiting the system such that

t hey present a safety hazard, or nelt handling and support materials such
as plastic. Internal tenperatures of about 80 to 1001 C degrees, 25 and
external tenperatures of about 50 C dé@'rees or | ess may, for exanple, neet
these general concerns. FIG 49 illustrates a robotic end effector 49002.
The robotic end effector 49002 nay be tapered so that it has a non-uniform
t hi cknes seffféutard§bi0nat the same d¢ime3 8 relatiw:ly Rorove casphestionaleprofledivhen end

ef fector 49002.may, have, a taper when viewed fromthe de.or.fromthe top.
The t aperVIRRGS PR (5 S0} HEY REITE GHT SSHECT e RRG IRavales. ThPSIeraRY 49002, At

the sane Eab&%na;abé&Jh?év%ﬁ%ﬁr%ﬁﬁ&ﬁz{g‘b%’n?icﬁﬁ;ﬁig?8%%9@@4@@&%&6:&@01(%@9” vi ened

fromthe side) 'may permt”€asi er maneuveri ng between wafers. The side-view

t aper nmayeffestardRPed withiatapari Miteriplosuchms Ailwiningm Silicoy Carkids(A1SHC BY ocess of

t he effectohg4&%00g Wit??fa éﬁﬁe . %/%te{ial 18 ch as, Al um .num Si.licon Carbide

(A'Si ¢ 9)™8 hegoveatesronsty Gk lfgs thabetq Aeld firendRtimaciyma P plet Lbsequent

nmachi ni nofigishiOf BRps. A EitARbRGeSH FTREs the adiSbhalhdRARELSHaithE Yagert he addi ti onal

advant age that the wafer squort mat eri al s 49004 can be cast into the nold
R

duri ng t h#ppes maigyialy 41004 san bhspst o thesnoldiduging e engtingprosesselsbiient s t hat
! 3 . ; L ar T ochh b
Lol cd PRUBHERHCARABEPLY comforShs TR PR Aber T .00 Gamponing. ef fct

may be achieved to attenuate resonant vibrations in the arm segnents 50002

50004 as descri bed above. e. tapered shape may he achjeyed using a variety
of kn¥wn proced&how F’ag&aﬁ Wp’fe%al@%wd)er%vgﬁ%mm Alde #Ft e preci se

control  oyefhefts™s066 bdd 900020 Al GaRE TuRBEHIES bifect may be achieved to attenuate

resonant vibrations in the arm segments 50002 50004 as described above. The

tapered shape may be achieved using a varicty of known processes, and may allow
more rapid movement and more precise control over a resulting robotic arm segment.
15 | _
FIG. 51 shows a dual independent SCARA arm employing five motors 51014,
Each lower arm 51002 and 51008 can be independently actuated by the motors 51014.
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.
20
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
25 52008) may be extended intd the processing modules, whereas 'thé 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,
30  such as semiconductor wafers, from arm-to-arm in a series of such anizs, such as to

move workpieces among semiconductor process modules.



15 FIG 51 shows a dual independent SCARA arm enploying five notors 51014.
Each | ower arm 51002 and 51008 can be i ndependently actuated by the notors
51014. The arns are connected at the distal end to upper arns 51004 and
51010. The configuration gives a relatively small retract radius, but a
somewhat limted extension. 20 FIG 52 shows a dual dependent SCARA arm
enpl oying 4 notors 52010. The |inks 52002 and 52004 may be common to the
end effectors 52006 and 52008. The notors 52010 nmay control the end

ef fectors 52006 and 52008 in such a wi9-that during an extension notion of
the | ower arm 52002, the desired end effector, (say 25 52008) may be
extended into the processing nodul es, whereas the inactive end effector
(say 52006) may be pointed away fromthe processing nodule. Fig. 53 shows a
frog-leg style _robotic arm The armcan be used in connection  wth various

enbodi ment s~ de5td Weshows pelupl fragrieg s the) cen hpeaplysd ity PnavisbRik eces, 30
such as SEMEPMAUELOI RIS fncal T AL SsREM delbBed B 18PiRlogHEN ar ™, such
e Wor uc ures.” -56-

as to no pi eces anong se€m con rprocess nod FIG 54
shows a dual frog-leg ann that can be enployed in a planar robotic system
such as one ofﬁgge linear, armtq-armsystens described in this disclosure.

S FIGS555A ill rafeldlugirates 3 flideRRARALY ayas Qfé%l?qdﬂééluﬁ ﬁlsf’#ﬁ’ﬁ‘é".edi sclosure
rount ed Botuf6a » $509%00. 46k FofPhy TRNCTRY RS Btk 678 dhRBRiipn, by 2 oui de

rail or nmagnetic levitation track 5 8 an tor 55002
i nt er nal megssticdevitation track hiE)(8yamtleinved by adndtonkSOCARArmi or ¢xdsnelte advant age

that it fgld into nal.| retract radius, than -1ipk S arm while
achi evi ng%ﬁsyg?@e?ﬁ%%&gﬂ%ﬁ;%?ﬂlaﬁaﬁ%é 6@‘@&%&%&*%@ &HUeH As a process
modul e al fetdabieraiitis HRn@VRLHik M AR Ak, $ihflB a¥hitving B eargORERdmbnikRla t he arm has
to reach through. An inverted cart 55006 coul d be used to pass substrates

over tihe perirhesdopdulespch assproserswsodile gptheivdlervoidies & pellisiensdichebed in
A opening that the arm has to reach through. An inverted cart 55006 could be used to

pass substrates over the cart 55004.

FIG. 55B shows a top view of the system described in FIG. 55A.
15 |
FIG. 56 illustrates a linear system described in this disclosure using a
combination of dual independent and single SCARA robotic arms. Such a system may

not be as compact as a system employing a 4-Link SCARA arm robotic system.

éo | 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
' approkimately 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

25 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 illustrates a variation of FIG. 57; where the bottom level 58002 Qf
30 the system consists of a plurality of robotic systems as described in this disclosure and

the top level system 58004 employs process modules S002 oriented at a 45 degree



15 FIG 56 illustrates a linear systemdescribed in this disclosure using a
conbi nati on of dual independent and single SCARA robotic arns. Such a system
may not be as conpact as a system enploying a 4-Link SCARA armrobotic
system 20 FIG 57 denonstrates a vertically stacked handling system
enploying a 4-Link SCARA robotic arm where the ann can reach any and al

of the peripheral process nodules 5002. By rotating the process nodules in
the top | evel 57004 by approximtely 45 degrees and nounting the top | evel
conponents to the bottom | evel chanbéfs 57002, the top and bottom of each

of the process nodul es may remai n 25 exposed for service access as well as
for nmounting conponents such as punps, electrodes, gas lines and the I|iKke.

The proposfglelditRihaifBysiah!QW. mpﬁogeseaqmumanm@fm@ie SRNRatRnAFasEe nodul es
5002 in a very corrpac%os ace. FIG 58A illustrates a variation of FIG 57,
05%9@2\’

wher e t he PESEORPTER B CRPAChEAESst em consi st's of a plurality of
robotic systens as described in this disclosure and the top | evel system
58004 enpl oys process nodul es 5002 oriented at a 45 degree -57- angle to the

mai n syst em axiFG. JWilhisapies e dati@ionuw! FiG| 8% withrthe bee efanieiraitii load of ni ne
process mi)(gl#l es. 5002 in a very con‘gact space. FIG_58B illustrates a

vari at pon [ogK Treilify togpmaye spbspates sich gs sepicenducter walpis frpm the ysiR aci ity to
renove substrates such as sem conductor wafers fromthe system FIG 59A
shows a |inear handling system accomobdating | arge substrate processing
nmodul es 59004 BlGI56Asthiokts adircavhandlifipsystoar a¢oomrandating 1&r80Ohstraied

si mul taneously.still proyidi | ocatj ons for two stan Si zed process

modul e 508 .ceglsﬂgllaf’@ﬂe%g@(%e }Fssct‘&]aéd@é“%g §?I§fﬁela§9?§ﬁggé®e%ﬁ%mdati ng four

~large progcgpafiantRiy Q11 ﬁ%@%galﬂéatﬁﬁ E‘(ﬁ'ﬁ%@%ﬁhﬂ%e@&ﬂ%§mﬂﬁﬁi’é|ﬁoﬁ9002 whi | e
still allow ng service access to the interior of process nodul es 59002. is

FIG 60 shows a dual frog robot with arns substantially on the sane side of
FIG. 59B demonstrates a system layout accommodating four large process

modules 59004 and a standard sized process module 59002 while still allowing

-service access to the interior of process modules 59002.

15 FIG. 60 shows a dual frog robot with arms substantially on the same side of
the robotic drive component. The lower arms 60002 support two sets of upper arms
60004 which are mechanically coupled to the motor set 54010.

Having thus described several illustrative embodiments, it is to be appreciated
20 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 6r structural elements, it should be understood that those functions and
25  elements may be combined in other ways according to the present invention to
accomplish the same or diffe_rent 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

30 limiting,



the robotic drive conponent. The |ower arns 60002 support two sets of upper
arns 60004 which are nechanically coupled to the notor set 54010. Havi ng

t hus described several illustrative enbodinents, it is to be appreciated 20
that various alterations, nodifications, and inprovenents will readily occur
to those skilled in the art. Such alterations, nodifications, and

i nprovenents are intended to forma paf8-of this disclosure, and are

i ntended t6LABMW thin the spirit and scope of this disclosure. Wile sone
exanpl es pf esen ed herein_.i.nvol ve specific conbinations of functions or
struct ural el enefV¥MPMBHYUEd be understood that those functions and 25

el ements may bex glarpi rbébs§th BodWiRY, SacCHotdbing nivduleiRriBiBmedhe bAVeENtion to
acconplish the same or different aobjectives. In particular, acts, elenents,
and f eat ur@gre fabricatien prpcpsierhm BetkpiRsesine Arogersingmnstiiesarengaddonot i nt ended
to be excl : I r i t - I 3
Accor di ngl %ﬁﬁgﬁ‘fé‘r@%%% r?gﬁ{ e‘g{gﬁﬁ %{;%e%r? sggﬁcgg?lgcahe tl%?%\?mghgg{bgﬁg t%?/ way of
exanpl e onlast,preaesking modde; andt ended to be 30 limiting. -58- CLAIMS 1. A
system conprising: a plurality of.processi nodul.es ch ocessi ng nodul e
perforning one %?easﬁﬂf&émfiéeﬁlﬁp’\égmtBgtwﬁ?'b%;@%é’r%cﬁssén%ﬁ‘a? Qg‘gt,rheﬁ?’i processi ng
modul es argrasgsidg hiidulesRafigibd & atiéLCaRDFAGI e Wdtkpivey ts PheeQuénde angequence
froma first processing npdule to a |ast processing nodul e; and at | east
one ni d- erfeMpVBietTorkRieREpm threserienee atthe BULENEY,PBHUl e and the | ast
processi ng nodul e configured to at | east one of add the workpiece to the
sequence and renove the workpiece fromthe sequence at the md-entry point.
2. The sysi.em oFheclysiem of claimrl, Aather comprisérgragcaatrobert footdngrollingrthe ont r ol | i ng
the sequential. processing. 3. The systemof claim2, wherein the controller
is integr astegléen\gxﬁaﬁ?{o%les\s/lflg'ual i zation software program

3. The system of claim 2, wherein the controller is integrated with a visualization
software program.
4, The system of claim 1, further comprising one or more mid-entry points, each

mid-entry point positioned between two of the plurality of processing modules.

5. The system of claim 4, further comprising an air-based delivery system for

delivering items to and from at least one of the one or more of mid-entry points.

6. The system of claim 4, wherein the workpiece is processed in a selected,

sequential subset of the plurality of processing modules.

7. The system of claim 4, wherein at least one of one or more mid-entry points
includes a load-lock facility having a heating element for heating the load-lock to

mitigate condensation on the workpiece.

8. The system of claim 7, wherein the plurality of processing modules are

configured to maintain a vacuum environment, the heating element operable to heat the



4. The systemof claim1, further conprising one or nore md-entry points,
each md-entry point positioned between two of the plurality of processing
nodul es. 5. The systemof claim4, further conprising an air-based delivery
systemfor delivering itenms to and fromat |east one of the one or nore of
m d-entry points. 6. The systemof claim4, wherein the workpiece is
processed in a selected, sequential subd8et of the plurality of processing
nodul es. 7. The system of claim4, wherein at | east one of one or nore
md-entry points includes a Ioad-lock facility havi a heating el enent for
heating t h&OTKBIEAe fou iemPsratyie clogefiie 2R GRYRMEEMBH2REe PHEC XBTUA ece. 8. The
system of glvidohmént. Wherein the plurality of processing nodul es are
configured to naintain a vacuum environnent, the heating el ement operable to
heat the -59- workpiece to a tenperature closer to an operating tenperature

of the vacgum V%y&@ﬂmtlaim% ]wmlf‘eié%é ﬁﬁ‘&lﬁ? ofgl%kégsi?lg nRRI&lR the plurality
of processi’ng nbdul’es are conifigured to maf ntain a vacuum envi ronnment, the
heat i ng el emfigtired penmabitsin hovacom edvienment; theibeating cdemerit epgreblatieicenl del ow an

operating terIT(Eera ure of tthe vacuum eny. r?nrrent agﬂ) above an .anbi ent

t enper at ur WORRECS R L {HPSTANIE RO Al RpEralng FARRSFaiey obhe VRFYl FRVINBIERL s ng
nmodul es,  eahbbikphsiepite@psatfg nodul e capabl e of performng one or nore
fabrication processes on a workpiece, and the plurality of Iinkable

processi ng nodul es |inked together to nmaintain a controlled environnment
wherein a {4rst gggaﬂ%o&_ﬁggzurality of |inkabl e processing nodul es provides
~an entry polnt ‘?‘o processi ng of the workpiece and a second one of the
plurality of |4 plkabiteofinkebls provgssimgiubdidesy eavhilioiéabla proerssingpoodude f or
processi ng OflthF mﬁ%ﬁfiece; and ibgl%ralit of robot .mjthi$ t he controlled
envi r onment@Patls 8T BRTTrHiing QR MR Sbrication frpeesses gn AV KRIge? A2 W€ wor kpi ece to
onﬁ ang_t heplurlaﬂiﬂy. of Thalsly pteBasitig 1GbAi1es lidkedi@edicitotAdintadéchirolledl of f to each
other directly.

envirgnment wherein a first one of the plurality of linkable processing modules provides

an entry point for processing of the workpiece and a second one of the plurality of

linkable processing modules provides an exit point for processing of the workpiece; and

a plurality of robots within the controlled environment, the plurality of robots

configured to handoff the workpiece to one another,
11.  The system of claim 10 wherein the robots hand off to each other directly.

12.  The system of claim 10 wherein the robots hand off to each other using a buffer

station.

13.  The system of claim 12 wherein the buffer station performs a processing step
including one or more of heating, cooling, aligning, inspecting, testing, or cleaning the

workpiece.

14, A semiconductor fabrication facility, the semiconductor fabrication facility
including a plurality of linear semiconductor handling systems, the plurality of linear

semiconductor handling systems arranged side-by-side so that the loading ends of the



12. The system of claim 10 wherein the robots hand off to each other using a
buffer station. 13. The systemof claim 12 wherein the buffer station
perfornms a processing step including one or nore of heating, cooling,
aligning, inspecting, testing, or cleaning the workpiece. 14. A

sem conductor fabrication facility, the sem conductor fabrication facility
including a plurality of linear sem con@fictor handling systens, the
plurality of linear sem conductor handling systens arranged side-by-side so
that the | oading ends of the -60- plurality of linear sem conductor handling
systens f apgraltefliegiotemisonduelosiapdinmanstentsifaceragoriidoriof dif seausandegior 15, A
sem conductgfichRrig@yl on facility, the sem conductor fabrication facility
including a plurality of |inear sem conductor handling systens, the
plurality of linear sem conductor handling systens arranged end to end,
each one of:the ' [ . 1.C .. handl ing syst ens

i ncl udi ng Lst I e%g%rﬂfgﬁié&l}r%%g%bricg{r}grg%ﬁ%’?ﬁ nrgﬂg‘nJ %Hl\?\éé?lé%?t%rc%&magﬁg f%‘%,lltVeast one of

t he pl ur al intlpding alplurebty of¢intacamivohductdrdnadlingGysyms,ahs pleilipgof ehensi bl e
such that a yser, can add one or nore additiopal ,vacuym chambers to increase
capaci ty BRI e PSHTATE Er GOy S PR I PP ot e

processi NGseii&dn@ieteh IRRARRE systend iAtIRSHhA R leadt biXe JobBERF hafiih AW Rkhier, having a
| oadi ng end and an exit end; and a noR-vacuumreturn systémfor refurning an

i t em f r om et brstione pf theeplwralityl oS e gemisnuducior harHingsystewabeifige| ai m 16
further COéQPéﬂsﬁﬂé‘stcHH%t%séF%ﬁa%cf&fé}]& npﬂré RidlichaY 9&4H hﬁﬂﬂéé{s%‘b’ﬁ%{é& of the

vacuum processi ng system eac e "TWoor BT & ro%%is opéra *to hand
of f a workqpadiy.to at | east one other one of the two or nore robots. 18. The
system of claim 16, wherein the vacuum processing systemincludes a m d-
entry point disposed between the |oading end and the exit end, and wherein

the non- 16, A semiconductor handling system comprising:
a vacuum processing system disposed in a substantially linear configuration
having a loading end and an exit end; and
a non-vacuum return system for returning an item from the exit end to the loading

end.

17.  The system of claim 16 further comprising two or more robots within a vacuum
environment of the vacuum processing system, each of the two or more robots operable

to hand off a workpiece to at least one other one of the two or more robots.

18.  The system of claim 16, wherein the vacuum processing system includes a mid-
entry point disposed between the loading end and the exit end, and wherein the non-

vacuum return system is connected to the mid-entry point.

19. The system of claim 16, wherein the non-vacuum return system includes a slide
mechanism and a gripper for moving the item from the exit end to the loading end, the

item inclhuding one or more of a workpiece, plurality of workpieces, and a carrier.



vacuum return systemis connected to the md-entry point. 19. The system of
claim 16, wherein the non-vacuumreturn systemincludes a slide nechanism
and a gripper for noving the itemfromthe exit end to the |oading end, the
itemincluding one or nore of a workpiece, plurality of workpieces, and a
carrier. -61- 20. The system of claim 16, wherein the | oading end includes a
| oad-1ock with a work piece heating fafiltity for heating a work piece from
an anbient tenperature to a tenperature closer to an operating tenperature
of the procgessing system 21. The system of claim 16, wherein the exit end

i ncl udes aZPoadthedistest phelaimbh phepsinthe leading srd mcdedes pdgadrloek pigbiaiwpska wor k
piece fro”gf%ET H@dﬁﬁé‘?ﬂcﬂﬁ#f&fﬁ%ﬁﬁ Q%l;%ﬂieéet}fom YRGB PERGESRIOE gyStem to a
tenperature closer to ah anbient tenperature. 22. The system of claim 16,
wher ei n t héemperdtwe athserttoan vaerdtingigmppstureof he prbessingt sysleeast one sensor
comuni cating with a controller for the purpose of detecting an item wthin
the handling system 23. A nethod conprising: providing a robotic drive, an

end effector. foThemiicplbBdlaifgld, wheRin thedxiaetidinolides a Radildédkatvitlcomddact s t he
robotic drive to the end effector, the robotic arm.including fQur or nore
links; conPlegf W%g?%ftatf?r&?o RE £ Werk BBt frem ap pperatipg ioperasie phibeer | t he

control | er yadynkn§Rbakrs Wstdh & ¥ichipalahgatiossd 1M ABikht tEmBeaaie. and
i nterconnecting the four  or nore I'inks to each other such that the end

effector noves in a substantially linear direction under control of the

robotic driye, e ofd G . a Malel} 11 r..all t .of the

end ef fect gr " 25T FRERE0A el Rl s SuRon Ao b8l S BRTERS oP

i ncl udes f teast one semsoecdmmitcatingSvithlheonetlérddr e patpasen2tectihg agitamt he

robotic dri Vtﬁ' iﬁ gi sdPosed in a renovable cartridge. 26. The nmethod of claim
Rdhe Banapt

23, wherei ! PESYSYR al i gnnent i ncl udes a sensor for sensing an
alignnment of the end effector.

23, A method comprising:

providing a robotic drive, an end effector for manipulating items, and a robotic
arm that connects the robotic drive to the end effector, the robotic arm including four or
more links;

controlling operation of the robotic drive with a controller, the controller
integrated with a visualization software program; 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 a facility for alignment of the end effector.
24.  The method of claim 23 wherein the plurality of links includes four or more links.

25.  The method of claim 23, wherein the robotic drive is disposed in a removable

cartridge.

26.  The method of claim 23, wherein the facility for alignment includes a sensor for

sensing an alignment of the end effector.

27.  The method of claim 26, wherein the sensor is used to train the robotic arm.



27. The nmethod of claim 26, wherein the sensor is used to train the robotic
arm -62- 28. A system conprising: a robotic conponent positioned in a
vacuum mai ntained in a chanber of a vacuum manufacturing process; one or
nore drives for actuating novenent of the robotic conponent, the one or
nore drives positioned outside the vacuum and the one or nore drives

i ncluding notor drive hardware; and a-$3acuum seal ed i nterface coupling the
robotic conmponent to the one or nore drives. 29. The system of claim 28,
wherein the notor drive hardware includes one or nore facilities for

det er ni ni ng§8-at ASYEEMEABPHLING: posi ti on and a speed of the notor drive

hardvare. 30 ThRBHELARhGlenFb@ bR SORLERIEASAGHMATRKEAE U1 | O

process is a linear OCess. e systemo alm rein the notor
dri ve har dwamem samdifaposedreésssii n a renovabl e cartridge. 32. The system of

claim 28, wherein the claanbe% i nﬂqltudes a setnsfg% f§r .determ nti at | east
one of a posi ti oW GAYS %%Se T &g e POBEETe enrp? ARG FOMPPRenty >P§F8Fn
conpri si Nginoge drpRe bbLtiGRARAMBEN the 0SdulimOARIthe Bn@oMaeik WiveRindkudinpatbtbn a

chamber of a vacuum manufacturing process; one or nore drives for actuating
movenent ofYHRATdBHE13% conponent, the one or nore drives including notor

drive hardware a : : i wher ei n
the notor dri ve§ﬁ%’;lcr%(rifv?\llgﬁlregltegéll?lt %c\é%g%\iﬁgéﬁ?g}gﬁqﬂét E% @gttg(? ?lzéézlyn(%gﬁg%t wi t hout

br eaki ng t #@vesacuum -63- 34. A systemfor driving a robot in a vacuum based
sem conduct or handling system

29.  The system of claim 28, wherein the motor drive hardware includes one or more
facilities for determining at least one of a position and a speed of the motor drive

hardware.

30.  The system of claim 28, wherein the vacuum manufacturing process is a linear

process.

31. The system of claim 28, wherein the motor drive hardware is disposed within a

removable cartridge.

32.  The system of claim 28, wherein the chamber includes a sensor for determining at

least one of a position and a speed of the robotic component.

33. A system comprising;

a robotic component positioned in a vacuum maintained in a chamber of a
vacuum manufacturing process;

one or more drives for actuating movement of the robotic component, the one or
more drives including motor drive hardware external to the vacuum; and

a removable cartridge, wherein the motor drive hardware can be removed from

the robotic component without breaking the vacuum.



conprising: a drive cartridge that provides rotary drive force to a drive
shaft for a robot; a rotary seal unit, wherein the rotary seal unit seals
the drive cartridge having notor drive hardware outside the vacuum while
the drive shaft is disposed in the vacuum and a renovabl e cartridge,
wherein the notor drive hardware can be renoved from the robotic conponent
wi t hout breaking the vacuum 35. A syst-édrfor handling a materi al,
conprising: a four-link SCARA robotic arm di sposed in a vacuum handl i ng
system so_that the four-link %%ARA roboti c %rnlgan handl e a material in
the vacuun?handfisHems et Eingerobphit aAcEmbated spaiconducionfrading syl handl i ng
systemis g handling system 37. The systemof claim35, wherein the
handl i ng systemincludes a plurality of process nodules for a sem conductor
manuf act uri ng pt ddesertrigge thrhprogigdes wotarpilrive fren 8%, drivashadl forahebaty st em

i ncl udes a plural i i T n of__.cl.aj further
conpri sing one %‘#o‘t&r ? ‘gafl 3@?\%@@8r%ﬁerz}g)gaﬁ%%%Hémp%%l\%éﬁn%%&eo{anﬁﬁgé E%)vﬁlr?gl i nk SCARA
roboti c ar tiptok devohedeareromtsddedhe vasiuposhitd the édve shaftds diepdsee irvihe wadaulignd! i ng
system and coupled to the robotic armthrough a vacuum seal ed interface.

40. A conp r-based systemfor controlling a sem conductor handling system

conprising: a rpRaidvablb _RHidggwhaein thé ot UribeRsdlivaR @n BEMHRORAYRPT tem a
process nodul e for processing an item a software controller for the robotic
handl i ng fteiohotip compenengwithgyi tiregkinerthe vacumt he sof tware control ler, so that
the controller recognizes at |east one of the robotic handling facility and
the process nodul e when the sane is connected to the sem conductor handling
system 4135.A cAnpitre foilimadiingrembrdal oomprisitg:ol | i ng a sem conduct or handl i ng
system 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.
36.  The system of claim 35, wherein the handling system is a linear handling system.

37.  The system of claim 35, wherein the handling system includes a plurality of

process modules for a semiconductor manufacturing process.
38.  The system of claim 35, wherein the system includes a plurality of robotic arms.

39.  The system of claim 35, further comprising one or more drives for actuating
movement of the four-link SCARA robotic arm, the one or more drives positioned
outside the vacuum handling system and coupled to the robotic arm through a vacuum-

sealed interface.

40. A computer-based system for controlling a semiconductor handling system,
comprising:

a robotic handling facility for handling a semiconductor item;

a process module for processing an item; a software controller for the robotic

handling facility; and



conprising: providing a robotic handling facility for handling a
sem conductor itenm providing one or nore |inkable process nodul es for
processi ng the sem conductor item providing a software controller for the
robotic handling facility; and providing an interface to the software
controller, so that the controller recognizes at |east one of the robotic
handling facility and the one or nore |6Akabl e process nodul es when the
sanme is connected to the sem conductor handling system 42. The method of
claimd4l, wherein at | east one of the one or nore |inkable process nodules
i ncl udes at | eastinterfecsiortbosofivare pagiollennd thgt thheotentler ravdgitesrat ldagim i n t he
process nodul .., 4 T st em.Qf _cl al wher el n the sem conduct.or
handl i ng sg%togfr%lq rgéb%tl i aﬁ?ﬁlrlg ?aé:i,lfst? %nrﬁ{ %ﬁ@&%ﬁén%cs@% Vé’fr}ﬁmo © &Y Pﬁ%’flec\(t/:ﬁ%r ein the
i nterface foahd fgnisafduetdr Rargiding s@idrer i ncl udes one or nore sensors for
detecting at |east one of the robotic handling facility and one of the one
or nore |inkable process nodul es when the sane is connected to the
sem conducior hRRgnbigr-8YRH &BthdiYor Ant@IRYLAEMRBRGEL GBI he SRUTR, 1 S1 NT:
providing a software systemincluding an interface that perm'ts a user to
simul ate eMEBIEN based handling systemfor a material, the vacuum based
handl i ng system -65- | i . oI hot i ¢ ¢ onents..and one or
nore |inkabl e g?8§§€§aﬁ%bﬁﬂ@%gdﬁ§§%8%¢ggF§F%@£§a&&?qﬁggéﬁ?ﬂ%%$face for the
si mul ati on, whegrevidingloae @0 fiovaligkabletyesdeacodyiey for pocéRmguBe senticonduetor
alternate configurations of the vacuum based handling systemin order to
optim ze a'raracteristic of the handl i ng system 46. The nethod of claim45
wher ei n Vi ew NgyatitiRipRabawar donteN@tboms rdudbit HaRRing YAENdNshd he configuration
of at |east one link or at |east one robotic arm

providing an interface to the software controller, so that the controller recognizes

at least one of the robotic handling facility and the one or more linkable process modules

when the same is connected to the semiconductor handling system.

42.  The method of claim 41, wherein at least one of the one or more linkable process
modules includes at least one sensor for positioning the semiconductor item in the

process module,

43.  The system of claim 41, wherein the semiconductor handling system is a linear

system.

44,  The system of claim 41, wherein the interface to the software controller includes
one or more sensors for detecting at least one of the robotic handling facility and one of
the one or more linkable process modules when the same is connected to the

semiconductor handling system.

45. A computer-based method, comprising:
providing a software system including an interface that permits a user to simulate

a vacuum-based handling system for a material, the vacuum-based handling system



47. The nethod of claim45, wherein the user can optimze the one or nore
robotic conponents of the handling system 48. The nethod of clai m 45,
wherein the user can optimze a flow of materials through the system 49.
The net hod of cl ai m45, wherein the vacuum based handling systemis a |inear
handl i ng system 50. A sem conductor manufacturing systemconprising: a
plurality of vertically stacked | oadi ng6stations; and a plurality of
vertically stacked processi ng nodul es, each one of the plurality of
vertically stacked processing nodul es associated with at |east one of the
verti cal | yincludingloae of math nebotess eomiponents eirbonsi o nepre Enkabdapraetss modulesif act ur i ng
mat eri al iﬁ‘ldpassed in a vacuum between the processing nodul es. 51. The
system of Cl'aim 50 wherein the manufacturing systemis a |linear system 52.
The system of giravidingQ softesss intctfae: foy gieaimulnidn) cdsrein REAGRwareih et | C
conponent for,passing materials between the. process noduyles, -66- 53. The
syst em of Reithibegs 8 Visvhakarate canfighraningg of dhs vacupmchaseq handbipmpetanBot i ¢
arm 54. ThEersY dpeMiRla hhabf) sl duhd ReklicORISI Ng at | east one robotic arm
adapted to passes materials anong the process nodul es. 55. A handling

met hod, conprising: providing a workpiece with a sensor for detecting a
condi tion jn prﬂ%&'rﬁ%&ﬁé(d beekifess \}gﬁ{r&ﬂ'v‘?&ﬁn &Hﬁéh&%élpa%io\ﬁgfnléﬂ{d%ge 'n a
handl i ng system and recel ving data from ¢ he Sensor 8h order 1o detect a
condi ti on vielapelt dconfigaratbi nfjatdéast driedinkar lepicest enbyobbtieammandl i ng system 56.
The net hod of claim55 wherein the workpiece is a sem conductor wafer. 57.
The nmet hod of claim55 wherein the sensor is at |east one of a proximty

Sensor, a 47.  The method of claim 45, wherein the user can optimize the one or more robotic

components of the handling system.

48.  The method of claim 45, wherein the user can optimize a flow of materials
through the system.
49.  The method of claim 45, wherein the vacuum-based handling system is a linear

handling system.

50. A semiconductor manufacturing system comprising:

a plurality of vertically stacked loading stations; and

a plurality of vertically stacked processing modules, each one of the plurality of
vertically stacked processing modules associated with at least one of the vertically
stacked loading stations, wherein a semiconductor manufacturing material is passed in a

vacuum between the processing modules.

51.  The system of claim 50 wherein the manufacturing system is a linear system.

52.  The system of claim 50 wherein the system includes a SCARA arm robotic

component for passing materials between the process modules.



capacitive sensor, an optical sensor, a thernoneter, a pressure sensor, a
chem cal sensor, a radiation detector, and a nagnetic sensor. 58. The

nmet hod of claimb55 further conprising transmtting radio frequency data
fromthe sensor. 59. The met hod of claim55 further conprising comunicating
data fromthe sensor to the handling system 60. The nethod of claim55
further conprising using the sensor to-d#étect a proxinmty of the workpiece
to a feature of the handling system

53. The system of claim 50 wherein the system includes a four-link SCARA robotic

artt.

54.  The system of claim 50 further comprising at least one robotic arm adapted to

passes materials among the process modules.

55. A handling method, comprising:

providing 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.

56.  The method of claim 55 wherein the workpiece is a semiconductor wafer.

57.  The method of claim 55 wherein the sensor is 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.

58.  The method of claim 55 further comprising transmitting radio frequency data

from the sensor.

59.  The method of claim 55 further comprising communicating data from the sensor

to the handling system.

60.  The method of claim 55 further comprising using the sensor to detect a proximity

of the workpiece to a feature of the handling system.



