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DUAL ARM VACUUM ROBOT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
61/731,755, filed November 30, 2012. The entire disclosure of the application

referenced above is incorporated herein by reference.

FIELD
[0002] The present disclosure relates to robots and more specifically to dual arm

robots used in substrate processing systems.

BACKGROUND
[0003] = The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as aspects of the description
that may not otherwise qualify as prior art at the time of ﬂliﬁg. are neither expressly nor
impliedly admitted as pridr art against the present disclosure.

[0004] Different types of tools are used to perform processing operations on
substrates such as semiconductor wafers. The processing chambers may be arranged
about a central hub. The central hub and the processing chambers may be kept at low
pressure,

[0005] Substrates may be introduced into the processing chambers by substrate
handling systems. The substrate handling systems transfer the substrates from a

factory floor to the processing chamber. The substrate handling systems may include
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[ 0002] The present disclosure relates to robots and nore specifically to
dual armrobots used in substrate processing systens. BACKGROUND [ 0003] The
background descri ption provided herein is for the purpose of generally
presenting the context of the disclosure. Wrk of the presently named
inventors, to the extent it is described in this background section, as
wel|l as aspects of the description that may not otherw se qualify as prior
art at the tinme of fiIing, are neither expressly nor inpliedly adnitted as
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period of time, is affected by the process time, the number of wafers that are processed

at a time, as well as timing of the steps to introduce the wafers into the vacuum

processing chambers.

SUMMARY
[0006] A dual arm robot for a substrate processing system includes a base and a

first atm having extended and retracted positions. The first arm includes a first arm
portion having one end rotatably connected to the base, a second arm portion having
one end rotatably connected to another end of the first érm portion, and an end effector
having one end rotatably connected to another end of the second arm portion and
another end configured to support a first substrate. A second arm has extended and
retracted positions. The second arm inciudes a first arm portion having one end
rotatably connected to the base, a second arm portion having one end rotatably
connected to another end of the first arm portion, and an end effector having one end
rotatably connected to another end of the second arm portion and another end .
configured to support a second substrate. When the first and second arms are
arrangéd in the retracted position, a connection between the second arm portion of the
first arm and the end effector of the first arm is located over the second substrate, a

connection between the second arm portion of the second arm and the end effector of



- . load locks to bring the substrates from atnospheric conditions to the
| ow pressure conditions and back. Robots are often used to transfer the
substrates. Substrate handling systems may utilize robots that operate at
anbi ent conditions and at | ow pressure. Throughput, which refers to the
nunber of substrates that are processed in a period of tinme, is affected by
the process tine, the nunber of wafers that are processed at a tine, as
well as timng of the steps to introduce the wafers into the vacuum
processi g séramders. is KidaldaRyhded oS TirsPsuhsiiaten and theb fitst Substates shet lavated
processi ng systemincludes a base and a first arm having extended and

r et r act ecveotbe tseooryd subistrafe.r st armincludes a first arm portion having one
end rotatably connected to the base, a second arm portion having one end

r ot at abl Joa0fnedn ether featureshthe festdsubstratealces mot passropsrthe secorahsubstratend
effector having one end rotatably connected to another end of the second
arm por t iagrat &adt ane bhihe fiestcarnood thg iseeshd ams mopes betwelenrthé retractdd positiorA
second arm has extended and retracted positions. The second arm i ncludes a
first ar@ngohé extendwipoitionne end rotatably connected to the base, a second
arm portion having one end rotatably connected to another end of the first

ar m por t i[po08] andn athet febtafcsewhen tiefiist grm pertdncbfribe fitstiany areinthe dirstcartno
anot her end of the second arm portion and anot her end configured to support

a second pationtof #eesecdhdarini@efin tretretbcted positioh, 1) tive filsEami ponipn &f tie firbe
retracted position, a connection between the second arm portion of the

first ar@mfnghdt ihe fMedared E@ﬂfoﬂrof(lﬁetdéeoﬁd- afh ané Bollinehn Gmded) eiréumfefentiapcond
substrate, a connection between the second armportion of the second arm
and the @pfbridyes iofthefirst substrate and the second substrate are located within a circle
defined by radially outermost portions of the first arm portion of the first arm and the first
arm portion of the second arm.
[0009] In other features, a drive mechanism is configured to couple rotation of the
first arm portion of the first arm relative to the base in a first rotational direction to
rotation of (i) the second arm portion of the first arm relative to the first arm portion of
the first arm in a second rotational direction opposite to the first rotational direction and
(ii) rotation of the end effector of the first arm relative to the second arm portion of the
first amm in the first rotational direction.
[0010] In other features, the drive mechanism is further configured to couple rotation
of the first am portion of the second arm relative to the base in the second rotational
direction to rotation of (i) the second arm portion of the second arm relative to the first
- arm portion of the second arm in the first rotational direction and (ii) rotation of the end
effector of the second arm relative to the second arm portion of the second arm in the

second rotational direction.



the second armis | ocated under the first substrate, and the first
substrate is not |ocated over the second substrate. [0007]1n ot her
features, the first. substrate does not pass over the second substrate as at
| east one of the first armor the second arm noves between the retracted
position and the extended position. [0008]In other features, when the first
armportion of the first armand the first armportion of the second arm
are in the retracted position, (i) the first armportion of the first arm
the second arm .0- | i near, and
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ot her f rive nechanismis further configured to couple
rotati Oh[0012] In other features, the drive mechanism includes one or more pulleys and one

or more drive belts to rotationally couple rotation of the first arm portion of the first arm,
the second arm portion of the first arm and the end effector of the first arm and
rotationally couple rotation of the first arm portion of the second arm, the second arm
portion of the second arm and the end effector of the second arm.

[0013] In other features, when the drive mechanism rotates the first arm portion of
the first arm by a first angle relative to the base, the drive mechanism (i) rotates the
second arm portion of the first arm by a second angle relative to the first arm portion of
the first arm and (ii) rotates the end effector of the first arm by a third angle relative to
the second arm portion of the first arm. A magnitude of the first angle is greater than a
magnitude of the second angle, and the magnitude of the second angle is greater than
a magnitude of the third angle. The magnitude of the second angle is one half of the
magnitude of the first angle and the magnitude of the third angle is one half of the
magnitude of the second angie.

[0014] Further areas of applicability of the present disclosure will become apparent

from the detailed description provided hereinafter. It should be understood that the



of the first armportion of the second armrelative to the base in the
second rotational direction to rotation of (i) the second arm portion of
the second armrelative to the first armportion of the second armin the
first rotational direction and (ii) rotation of the end effector of the
second armrelative to the second armportion of the second armin the
second rotational direction. [0011]ln other features, the drive nechani sm
includes a first notor, a second notor and a conmon notor. Rotation of the

first nmagegiledybsdiplionadd spédific efarhples bid intendad fergnapesesrofillusahiidr gyt o t he
base, rotation of the first notor and the second notor all ows extension and

retract apd afdf ndthtehdédfo infinthelscopeortié Ardiogiid. rel ative to the base, and
rotation of the common notor rotates the first armand the second arm

relative to the base without extension or retraction. [0012]In ot her

features, the drive neg ggg b?ﬂﬂ@d?”ﬂ-l@b@ﬂlﬁﬂ(?gl | eys and one or nore
n-o he

drive belts to rotationalTy couple rotatio : rrst armportion of the
first a[0815] he Thequesbnhdisclosute will ecomeembier &illy andetstabdt fnemdhel defdiledt or  of
the first armand rotationally couple rotation of the first arm portion of
t he secdaskription ahdh thesaocompaaying deawings) whiergifte second arm and t he end
effector of the second arm [0013]In other features, when the drive

mechani §0016pt afFtGE. 1 isa perspactine mepofta robotafccotding torthe peasenbgisclosurest angl e
relative to the base, the drive nmechanism (i) rotates the second arm

porti on[af7] he FIG.raks arerpinded peespectiveaviglv ©f adlasé iof thet robbthaccbrdieg toethen
portion of the first armand (ii) rotates the end effector of the first arm
by a thpredeatgitcloswéati ve to the second armportion of the first arm A
magni tude of the first angle is greater than a magni tude of the second

angl e, §0048] he FIGOBii§ utheexploddie pampoctiveavigweofi sn @rmaassenithanf shereghutt ude of
the third angle. The magnitude of the second angle is one half of the

magni t udecardling fethel présertd@cdsaregd t he magni tude of the third angle is one

hal f of the magnitude of the second angle.
[0019] FIGs. 4-7 are plan views illustrating the arm assembly of the robot in a fully
retracted position, partially extended positions, and a fully extended position;
[0020] FIG. 8 is a functional block diagram of a controller configured to control the
arms of the robot according to the present disclosure; and

[0021] FIG. 9 is a flowchart illustrating a method for controlling the arms of the robot

according to the present disclosure.

DETAILED DESCRIPTION
[0022] Referring now to FIG. 1, a robot 10 includes a base 20 and an arm assembly

22 including a first arm 24A and second arm 24B. The first arm 24A includes a first am
portion 26A rotatably connected to the base 20, a second arm portion 28A rotatably

connected to the first arm portion 26A and an end effector 32A rotatably connected to



[ 0014] Further areas of applicability of the present disclosure will becone
apparent fromthe detail ed description provided hereinafter. It should be
understood that. the detailed description and specific exanples are

i ntended for purposes of illustration only and are not intended to limt
t he. scope of the disclosure. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] The
present disclosure will becone nore fully understood fromthe detailed

description and the acconpanying draw ngs, wherein: [0016]FIG 1 is a
per Specijy E?dﬂgﬂ‘éérﬂfpd?‘tlcf% A%Béﬁ'ét@ %ek%ubh Bs B KHABdndilickst Watel i€ shdw® 1 7] FI G

IS an ex perspective view of base of the robot according to the
positioned on the end effector 32A.
[0023] The second arm 24B is similar to the first arm 24A. The second arm 24B
includes a first arm portion 26B rotatably connected to the base 20, a second am
portion 28B rotatably connected to the first arm portion 26B and an end effector 32B
rotatably connected to the second arm portion 28B. A substrate 36B such as a
semiconductor wafer is shown positioned on the end effector 32B. The end effectors
32A and 32B extend from the base 20 in substantially opposite directions.
[0024] In FIG. 1, the end effector 32A, the substrate 36A and the second arm portion
28A (associated with the first arm 24A) are arranged above the end effector 32B, the
substrate 36B and the second arm portion 28B (associated with the second arm 24B).
The end effector 32B and the substrate 36B (associated with the second arm 24B) are
arranged above the first arm portion 26A of the first arm 24A.
[0025] Referring now to FIG. 2, the base 20 may include a base plate 102, which
may be used to mount the robot 10 within a processing chamber or tool. A support
structure 103 may be rigidly connected with the base plate 102 and may be used to
provide support to the arm assembly 22, as well as other components within the base
20.
[0026) The support structure 103 may, for example, be rigidly connected with rails
(not shown) along face 105, which may allow for z-axis or vertical movement of a motor
support 106. The motor support 106 may include glides or other hardware which may
be slidably engaged with the rails and that may prevent the motor support 106 from

moving in directions other than along the z-axis. The motor support 106 may be moved



present disclosure; [0018] FIG 3 is an exploded perspective view of an arm
assenbly of the robot according to the present disclosure; [0019]FIGs. 4-7
are plan views illustrating the armassenbly of the robot in a fully
retracted position, partially extended positions, and a fully extended
position; [0020]FIG 8 is a functional block diagramof a controller
configured to control the arns of the robot according to the present
di sclosure; ‘and [0021]FIG 9 is a flowchart illustrating a nethod for
cont r ol lintie zdarisalinstiaf by he-axihdiveat@®or theng-akis drive 194 asaynbe dosexamplec.
a linear drive assembly using a lead screw driven by a rotational motor (both not
shown). The motor support 106 may support a first drive motor 107, a second drive
motor 108, and a common drive motor 109. The first drive motor 107, the second drive
motor 108, and the common drive motor 109 may be similar or different motors.
[0027] The base 20 may also inciude a first drive shaft 110, a second drive shaft
111, and a common drive shaft 112. The first drive shaft 110 may be rotationally driven
by the first drive motor 107. The second drive shaft 111 may be rotationally driven by
the second drive motor 108. The common drive shaft 112 may be rotationally driven by
the common drive motor 109. The first drive shaft 110, the second drive shaft 111, and
the common drive shaft 112 may be coaxially arranged and may all rotate about the
same axis.
[0028] The first drive shaft 110, the second drive shaft 111, and the common drive
shaft 112 may all pass through a tri-axial ferro-fluidic seal (not shown). The tri-axial
ferro-fluidic seal allows for three independently driven axles to pass through the seal
without loss of seal integrity. This allows the majority of the base 20 to be operated in
an environment different from the low pressure environments observed in the hub or the
processing chambers and within which the arm assembly 22 will function. A base cover
115 may be attached to the base 20 to prevent damage to the internal components of
the base 20. While a ferro-fluidic seal is used in this implementation, other types of

seals may be used in place of, or in addition to, a ferro-fluidic seal, such as a magnetic

coupling or a friction seal.



DETAI LED DESCRI PTI ON [ 0022] Referring nowto FIG 1, a robot 10 includes a
base 20 and an arm assenbly 22 including a first arm 24A and second arm
24B. The first arm.24A includes a first armportion 26A rotatably connected
to the base 20, a second arm portion 28A rotatably connected to the first
armportion 26A and an end effector 32A rotatably connected to the second
armportion 28A. A substrate 36A such as a sem conductor wafer is shown
positioned on the end effector 32A. [00231 The second arm24B is simlar to

the fi rstoo?gg]nwme TRELSRCANGe AEtE a2 Fe sstbmdfseré td first drivehater 162 '?h%ﬂ'?

rotatably ected to the base 20, a second armportion 28B rotata
connect edaddhgt ﬂ@ef bt 10BMHROESHMABN 2AF FSor oS NHe qfréted}rversh%ﬁ& 10t ably

connected to t second arm portion 28B. A substrate 36B such as a

sem condygddiy dffé Shaft 515 HAAhPEShinbRARTe Skl 112 SBAIRLERSIWIE (lga?tﬁ-otﬂ_é}?_ end

effectors 32A and 32B extend fromthe base 20 in substantially opposite

di recti ofie divaOstahs tndy fachlbe GircougRduméd ?&F}Iﬁgrhrg%ctiﬁé‘Gri@élhﬁdrélfaﬂd A and

the second arm portion 28A (associated wt first arm 24A) are arranged

above t h@rseRifive hidtsrt 107, B setdit divRshbl A0855hAIE édiimdR WriEl nidtor MEY t i on
28B (associated with the second arm 24B). The end effector 32B and the

subst r at aeg®Rot(brscuariapivisl edth Bthkhelinsaelk Bl araAyehént, heqirive hislgenadsy/ e t he
first armportion 26A of the first arm 24A. [0025] Referring nowto FIG 2,

t he basecailem thélE tddpéctive BAse sidfitvia BANS or binet BriveeeBifanied to nmount the
robot 10 within a processing chanber or tool. A support structure 103 may

be rigi d[QOSOﬁnnRéfeﬁ%g\Mdvhtd RIG. B8 ahhbassehibl 20 thayaiciide theelstiimpz4pvi de
support to the armassenbly 22, as well as other conponents within the base
20. and the second arm 24B. The first arm 24A and the second arm 24B may operate in a
similar manner and utilize many common components, although the two arms may differ
slightly in construction to allow for operating clearances and particular arm assembly
configurations. The first arm 24A may include the first arm portion 26A, the second arm
portion 28A, and the end effector 32A. The second arm 24B may include the first arm
portion 26B, the second arm portion 28B, and the end effector 32B. The end effectors
32A and 32B can be any type of end effectors including paddles, forks, grippers, and
the like. In some implementations, the robot 10 may be provided without end effectors,
but with interfaces which accept end effectors, to a customer.
[0031] One end of the first arm portion 26A may be rigidly coupled with the first drive
shaft 110 such that when the first drive shaft 110 is rotated by the first drive motor 107,
the first arm portion 26A rotates with respect to the base 20 about the rotational axis of
the first drive shaft 110. For example, a plate with an first drive shaft hole pattern 142

may be bolted to the first drive shaft 110 and joined to a load transfer plate 147 via an

upper first arm bellows coupling 146. This allows for a substantially rigid rotational



[ 0026] The support structure 103 may, for exanple, be rigidly connected with
rails ‘(not shown) along face 105, which may allow for z-axis or vertical
movenent of a notor support 106. The notor support 106 may include glides
or other hardware which may be slidably engaged with the rails and that may
prevent the notor support 106 fromnoving in directions other than al ong
the z-axis. The notor support 106 may be noved in the z-axis direction by
a z-axis drive 104. The z-axis drive 104 may be, for exanple, a linear
drive assenbly using a lead screw driven by a rotational motor (both not
shown) . couplingohelween ths first idyige nshaftslithand tee ffirstsarmy ppdiennfifo while atilla second
drive notor 108, and a common drive notor 109. The first drive notor 107,
the secahewing foraninor arial Toisalignmentsduringrassemblyi iherptberrenthef thefirsbemai ni | ar

or different notors. [0027] The base 20 may al so include a first drive
shaft 1portion 26écmayl berrpiatiorallviqoupled withneneaerchahibhe secP@ agn aprtion128A. The
first drive shaft 110 may be rotationally driven by the first drive notor
107. Thdheathsi@ndaf the sarend atmiportign 2RA may.dinitenabe yotationaliy caypledwitBecond
drive notor 108. The common drive shaft 112 may be rotationally driven by

t he comWimentteffestard@dr 109. The first drive shaft 110, the second drive
shaft 111, and the common drive shaft 112 may be coaxjally arranged and may
al | rot #0432} poSimilady enenendif the ﬂ[SG)GQBP‘Pﬁ'@"fzﬁgé'f‘a)dPﬁ? vigidyrgoupled with thee second
drive shaft 111, and the common drive shaft 112 may all pass through a
tri-axi &ecqngrdrivershafigl t segh tf@hwegﬂmﬁyconﬂhéﬂweﬁhaéwm is tatgd fb|Yu""€I| c seal
allows for three independently driven axles to pass through the s

wi t hout Seeand drivegealor i108.dheifirst armypartion PeRsotales wWitl) taspest tarthe hesebage 20 to
be operated in an environnent different fromthe | ow pressure_environnents
obser vedbeyt thadotatipnalraxis,ef theosecosd fivehwBiel'd. afiar #xamplg. e Bst e arm
assenbly 22 will function. A base cover 115 may be attached to the base 20
to preveftion28EJeay be belted ﬁﬁ‘ttﬁ? sefondshive $Eaft ¥'acﬁec9%d6‘éﬁsﬂ’%°lﬁ/ﬁ?ﬁ%"

ferro- f|UI diic seal is used in this inplenentation, _ other pes _of seals may
be used 1% Jihgcdthesrendopf the fist amm; m'qrb%%rrfaarbeorqmtmnal%cw&d with OReas a

magnetic coupling or a friction seal
end of the second arm portion 28B. The other end of the second arm portion 28B may,

in turn, be rotationally coupled with the end effector 32B.

[0033] The first arm portion 26A and the first arm portion 26B may also be
rotationally coupled with each other via an upper arm bearing 153. The rotational axis
of the upper arm bearing 153 may be substantially coaxial with the rotational axes of the
first drive shaft 110 and the second drive shaft 111.

[0034] The first arm portion 26A of the first arm 24A and the first arm portion 26B of
the second arm 24B may both rotate about a common drive pulley assembly 131, which -
may be housed between a first recess in the first arm portion 26A and a similar first
recess in the first arm portion 26B. The common drive pulley assembly 131 may rotate
about an axis substantially coaxial with the rotational axes of the first drive shaft and the

second drive shaft with respect to the first arm portion 26A and the first arm portion 26B.



[0029] While the base 20 depicts a drive systemwhere the first drive notor
107, the second drive notor 108, the common drive notor 109, the first
drive shaft 110, the second drive shaft 111, and the conmon drive shaft 112
are all coaxial with each other, the drive shafts nmay each be directly
coupled to their respective drive notors and the first drive notor 107, the
second drive notor 108, and the common drive notor 109 need not be coaxi al
wi th each other. In such an arrangenent, the drive notors may be coupled to
t hei r r eJphedommorddrives palteyf hssenitdy eyt Biclode Gt kemnuni drivenplateanss with[ 8030]
Referring nowto FIG 3, the armassenbly 22 may include the first arm 24A
and t he semmof davesBafBhole ipattémriSt. dhenc3minanndtive lshaft bolerpditternt 4Bayrby
operate in a simlar manner and utilize nmany conmon conponents, although

t he two aomfiguraly taliallbwverthel capinhory drive cplatet 1368 td dve tigidlyl tawekted wijllerthe i ng

cl earances and particular arm assenbly configurations. The first arm 24A
may i ncl eommmohadrive rshift dréh suoh tthatrotaien of the comvoonl devershaft 412 0a@®4, thand t he
end effector 32A. The second arm 24B may include the first arm portion 26B,
t he secoordmatom drivetputiey a8&emiiynd 31 He retatd atidubdhieorot@Bal ki obthe edrhmobor s 32A
and 32B can be any type of end effectors including paddles, forks,

gri pper sdrienshafttd2l i ke. I n some i npl enentations, the robot 10 may be

provi ded without end effectors, but with interfaces which accept end

ef f ect or §0035p aTbe coomeon dii@0pdllepnassemblyofi3t imayf alsstinclude pdirst com®@eA nay be
rigidly coupled with the first drive shaft 110 such that when the first
drive shdfive paieyi t32r anchaegchyd commonrdrive duiley: 13t which @ rigidly dannectedr m
portion 26A rotates with respect to the base 20 about the rotational axis
of the f witbthelcammeon Heve plateOt36-or exanple, a plate with an first drive
shaft hole pattern 142 may be bolted to the first drive shaft 110 and

j oi ned t §0036] oadhe secideamp bartion 2Z8A may includepp drivein pultey a6y mbidhowbesoupl i ng
146. This allows for a substantially rigid rotational coupling between the
first driheesedonfitarinl @odiod 23 i$ irotatablyr ponnectedowitt? die kst | arms poition 226A0wi ng
for mnor axial msalignnments during assenbly. The other end of the first
ar m por t pmtrugéhintma seconchregessinghe first aup ipedioni2bA. oihe driven pulleyhtbz@epnd ar m
portion 28A. The other end of the second arm portion 28A may, in turn, be

r ot at i onhelrigidyoconinectediwith thérsecond ashfpedtionr262 An spmeExpoples| afirsyratioed end of
the first armportion 26B may be rigidly coupled wth the second drive
shaft 11thesdiametenaf theheommios drive autlexii 82/ to teadiameter of ther driveneplliey 168e
second drive notor 108, the first armportion 26B rotates with respect to

t he basem&y kebiodhe rangeriseratd. 2ihto 3idi singtherrxamplasnthediirstiatia figflessithan For
exanple, the first armportion 26B may be bolted to the second drive shaft
vi a secod1drWhen dhextliametercof tag cemmonairive pHieYolzeis lessdthan therdiametertof ar m
portion 26B may be rotationally coupled with one end of the second arm
porti on Hesdrivenepuendb2 and twp mﬁ@fsséd-brﬁ'aﬁ 6PHMEB MEeteRhand; thentirst of $eaEndin, be

rotationally coupled with the end effector 32B. )
motor) are used to move an arm, the torque load on each motor is reduced.

[0037] A drive belt 141 may be stretched over both the driven pulley 162 and the
common drive pulley 132. The drive belt 141 may be made from steel or some other
material with a relatively high tensile elasticity, such as 301 high-yield stainiess steel.
Various belt tensioning systems may be employed to help eliminate rotational slop

between the common drive pulley 132 and the driven pulley 162. A pair of channels

10



[0033] The first armportion 26A and the first armportion 26B nmay al so be
rotati‘onally coupled with each other via an upper arm bearing 153. The
rotational axis of .the upper arm bearing 153 may be substantially coaxi al
with the rotational axes of the first drive shaft 110 and the second drive
shaft 111. [0034] The first armportion 26A of the first arm 24A and the
first armportion 26B of the second arm 24B nay both rotate about a common
drive pulley assenbly 131, which may be housed between a first recess in
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reduced. ive may’ be stretched over both the driven

pul | ey 19%3%;‘@0;5@@ faal RodhayBeRidbyey 132. The drive belt 141 may be nade

from stee sone’ otEEFr% mateYi al with arelatively high tensile
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syst ens e enploye m nat e rotati onal between t he
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featuring the driven pulley 162. The end effector 32A may include an end effector
driven pulley 182 (under a cover plate 181 in use) which is rigidly connected with the
end effector 32A, i.e., rotation of the end effector driven pulley with respect to the
second arm portion 28A causes the end effector 32A to rotate with respect to the
second arm portion 28A as well. A drive belt 161 may be stretched over the end
effector driven pulley 182 and a drive pulley 145. The drive pulley 145 may be rigidly

connected with the first arm portion 26A, and may be approximately one half the
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connecting the first recess and the second recess of the first armportion
26A al'lows the drive belt 141 to span between the conmmon drive pulley 132
and the driven.pulley 162. [0038] For exanple, assumng that the first
ratio is 0:5:1, when the first armportion 26A is rotated through an angle
2X with respect to the common drive pulley assenbly 131 and, consequently,
comon drive pulley 132, this causes the drive belt to circulate within the
first recess and the second recess of the first armportion 26A, as well as
t he channel s connecting those recesses, and al so causes the driven gulley

162 to beliarpetst aitheiend sffectgedivenpuliew 182, Althoughother fafios,mag Re ysed. (Thet he

0.5:1 dianmeter ratio be en the. common ive Iley 13 nd the driven

pul | ey 165ive el may b&@ﬂéﬂvg?mﬂ?éer s{nliar Wﬂf'?té?egg"l,th%g"‘(ﬁé?qqt J-the second
armportion 28A rigidly conpected w the driven pulley 162,.may b

ol ou tPalon VibehfiglseSont strhRertio 28R & Giald IFeudh %016 i eeeSStot at i on
of the first arm portion 26A t he novenqent of the, drive bel 141. As can
be apr odp dbe el g dorioR 46k WHISH HRnsHRUALY [k herVe miller F4k (o otats . oo
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cause t h?&r} dngideend Ef;%t%@f %‘—%r wobiak: a‘eefvf ?Pgmegﬁi}s?a@écﬁoﬁ’fwitil\/ résgecitd fhe’ ESPECT

to second arm portion exanp I Irst armportion 26A is

rotated DcBPaiiipdibh 28A. A oA bb aPprebRfba>8fBNBE fah Belusa. 284 woul d

rotate 300 1 n a second or opposite direction wt pect to the first arm

portion ﬁE&ZIan@hE%c&Waﬁrf E@ﬂsoéong?r&twwQm%ﬁﬁ&t\%gkéﬂlgéﬂotthé’ B‘fed.nhéit in

direction wth respect to the second arm portion can

appreci atygden ekt 5Ah 228 iERYNERCHRE ithdddPAWith $5Re IAfROsLRT n“"?élg?‘%o?’gt arm

constructed In a manner very simlar to tthe manner in which the

24A 1S cOfin fatidreo8B PlayNARLIGHE Widrilers pRy di7hl RhRRCKRen HeCsetB8R@AFn PoMoROT ti on
28B may include a drivén pulley 172, which, when the second arm portion 28B

I s ot at aypy isCRIMEEIY Sbnibéted With e first afrM dRRidn! 268, 26Btrudés iritd! G Seddhtio @
second recess in the first armportion 26B. The driven pulley 172 may be

rigidly cersGh e fiktdim pdiforS 28 NThedrleA Pulléyp 7 2By Bk dighiysdbtmetted ¢ith Whi ch
may of fset the second armportion 28B fromthe first armportion 26B
sufficiently far enough to cause the second arm portion 28B and the second
arm portion 28A to be co-planar. A drive belt 151 may be stretched over
both the driven pulley 172 and the connon drive pulley 133. The drive belt
151 may be nade from nmateri al sinilar 2o that used for the drive belt 141.
A pair of channels connecting the first recess and the second recess of the
first armportion 26B allows the drive belt 151 to span between the common
drive pulley 132 and the driven pulley 172.



[0043] When the first armportion 26B is rotated through an angle 2X with
respect to the common drive pulley assenbly 131 and, consequently, conmon
drive pulley 132, this causes the drive belt to circulate within the first
recess and the second recess of the first armportion 26B, as well as the
channel s connecting those recesses, and al so causes the driven pulley 172
to be rotated with respect to the first armportion 26B. Due to the 0.5:1
di aneter ratio between the common drive pulley 132 and the driven pulley
172 in this exanple, the driven pulley 172, as well as the second arm
portion 28R ddcondlbim poMios 2B8Biad spaddnd 78 rwhiietnmay |dffest the Becamlyartveportidrat ed

t hrough an angle of X and in the opposite direction of the rotation of the
first ar megBrfton®ithe? ifst aymtgortioro 26Besnfiiciehtly feer ehougk tbadausd e secMd4armrhe end
effector 32B, as nentioned above, nay be rotationally coupled with the end
of the sepomion 28B1gpdrthe eacahdBaropmotiont 28A teebe nckplainat. hA dsiee bl 181 maydse | on
28B featuring the driven pulley 172. The end effector 32B may include a
dri ven pubiretghedavef othethe airivew pullayl B2aartithe icomows)driveipsliey $33.i Theldsive
connected with the end effector 32B, i.e., rotation of the driven pulley
wi t h respeelt 15bniahdegeadenforanmrateral simdlar @3Batomsed éor théndriveebelt t41. o8 par oB2B t o
rotate with respect to the second armportion 28B as well. Drive belt 171
may be st chdarpielscconnectingithe first vangspand the segond ratess otithefisst@nm| pegtions6B The
drive pulley 155 may be rigidly connected with the first arm porti on 26B,
and may belleyspthexdrivabelt yISbite span betwien theaeamrpen dfive pelleyrid¢eandghe deyen 92,

[ 0045] When the second armportion 28B is rotated through an angle Y with
respect toulldyed7irst arm portion 26B, which consequently causes the drive
pulley 155 to rotate with respect to the second armportion 28B, this
causes dr [0043pe| Whenthe first ame porioe 2GB isiotated threughoaryanglendgovith repped ® and

al so causes the driven pulley 192 to be rotated with respect to the second
arm por t i 18 cgamem dgve)Rullaynassemblyeldingnd copseaugpie cemmgnydriveipyligy tise.
opposite direction of the rotation of the second arm portion 28B. %0046]
Because t Hus equses fhecdriverbell 3g cirquiate withioribe fiishiesess anshthe secondrgcessofthe st arm
portion 26B may be |inked with each other by the various pulleys and belts
descri bedfigsb @, pariara2bB.gas mellfasy the channels raonpecting ghesh BFgRSesn 28A RIE 2X
with respect to common drive pulley 132 may cause the second arm portion
28B t o rotaysesthg dingn Palle iy to kherrotaled vitthrespeql de thefisstian martian 268 PYRor ti on
268, and to cause the end effector 32B to rotate through an angle of % X
wi th resplethe5:d ciametenratip Retwaesnhe sammes, drive puliew 132 g"‘l’ He grivesPulieyn
portion 26B is rotated hy 60 in first direction, the second arm Ea?rtion
28B woul d 1/&inihis exgmple. flervsRpulsy Hifpas well 2@ thetacrpd alin PRTPR LBBOIdY, t he

first armportion 26B, and the e effector 3 woul d rotate 150 .in the
firet a rebamesteawi e stiicn polay T maydon Qe d Mo &) 5Gi of Xongh s
appreci ated, other ratios my.be ed 0047] Wi le the precedin xanpl es
describe RBUEHEeRtanof the Jotrion of fe GrabamPHIIPR 205 o e TRAGRT SRS SS e my

al so be rgt.ateq ig1 the sane tinme. When the common notor is rotated in the
same dire@MOPEEEY he first or second motor, the pulleys will be

[0044] The end effector 32B, as mentioned above, may be rotationally coupled with
the end of the second arm portion 28B opposite the end of the second arm portion 28B
featuring the driven pulley 172. The end effector 32B may include a driven puliey 192
(under a cover plate 191 in use) which isv rigidly connected with the end effector 32B,

i.e., rotation of the driven pulley with respect to the second arm portion 28B causes the
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driven by an anount that adds to the rotation caused by rotation of the
flrst 'motor. In the preceding exanple, if the comon notor is rotated 150
and the first armis rotated 60, the second armw || rotate an additional
30 in the second direction (for a total of - 60) and the end effector wll
rotate an additional 15 in the first direction. As can be appreciated, when
nmoving the first arm the first notor may be used al one or in conjunction
with the conmmon notor. The first notor and the common notor may be turned
on and okhd dffectog32Bio rotate with redpecktbfitiee Secoind atinfpoetionr8R 3pwsll. oDriveohedhrent  of
the first arm The second notor nmay be rotated in the opposite direction to
keep t he 13t maydbastreched beerstheadrives ipuiley 195and lanodrdver pulley i 1861 ofte drive
contenpl ated. 0048] Referring nowto FIG 4-7, the armassenbly 22 is shown
in diffepaligy p6Simayhe. rigidlyFtdanedtedt with fthe sfirstaann sertiond 26Bpand dhaprize 24B
are arranged in a fully retracted position. The substrates 36A and 36B are
spaced apppiioximatelpbhe halfkireddiametee ofihesirivert pulkyA92s not | ocat ed over the
substrate 36B. The arms 24A and 24B and the substrates 36A and 36B are
| ocat ed i[0045] veWhenhcthp detorat aranpetien28B Theotatad shroaglean abgleandith oéspesly have
a first diameter. Quter edges of arns 24A and 24B are |located within a
second dtathet first @b podien 2B, dicheeonsaquet®P canseLBR) driveypuliey dd§ds rotate
substrates 36A and 368 are |ocated within a third dianeter 230 as can be
seen at ¥ith respéctibzhe €t drm pdrfibn 28B,tthis chusest driverbeR4K1its cidrdate withira i r st
partially extended position. Note that the first arm 24A extended w t hout
al | owi ng tiehsecont strmopartior8 288 aamd AB6Bcausepdbe daven peleyh132 tocbe rdtateBIvath 6, t he
first arm24A is shown in a second partially extended position. In FIG 7,
t he firstrespeot td4he secondamm portien 288 throagt, imthisdexansplé,i amangi® okt Yhahd irhe
first arm 24A extended wi thout allow ng the substrates 36A and 36B to pass
over eackheodbgposite disectian obtheaptatios bhithedectrat armi partibn 28B. and second ar ns nmay
be noved at the sane tinmes or different tines. [0050] Referring nowto FIG
8, a con{0046] sy Beeans2(be ead effeetor 328} tharsacomicamdpartian 28Bpand: thet firstl areay 204
that controls novenent of the first notor 110, the second notor 111, and a
common mpbrion 288 may bedinked Withcedchrotheresy thepasiots pulleys dntebdlisrddscrigdor 101.
Encoder 216 determ nes a position of the second notor 111. Encoder 220
det er m nabove, potatid the firkt e poien26Bnthtough HhSandh® 2% wittargspest, to @dmnton nor e
of the encoders are absol ute nunerical encoders.

drive pulley 132 may cause the second arm portion 28B to rotate through an angle of -X

with respect to the first arm portion 26B, and to cause the end effector 32B to rotate
through an angle of %2 X with respect to second arm portion 28B. For example, if the
first arm.portion 26B is rotated by 60° in a first direction, the second arm portion 288
would rotate 30° in a second or opposite direction with respect to the first arm portion
26B, and the end effector 32B would rotate 15° in the first direction with respect to the
second arm portion 28B. As can b_e appreciated, other ratios may be used.

[0047] While the preceding examples describe movement using the first or second
motor, the common motor may also be rotated at the same time. When the common

motor is rotated in the same direction as the first or second motor, the pulleys will be

14



[0051] Referring now to FIG 9, an exanple of a nethod 250 for controlling
t'he robot armis shown. At 254, a controller determ nes whether one arm or
both arns need to be noved. If one arm needs to be noved, control continues
at 258 where the controller controls the first, second and common notors.
In sone exanples, the controller rotates the first (or second) notor
corresponding to the desired armto be noved and the common notor. The
second (or first) notor corresponding to the armthat is not noved nay be

rotated Jgﬂe%rbgpé’rpgﬁiohﬁt bt 5644 ﬁﬁmgq ofafldh chli@dNB roRtlof i Bk grs JerRiRs in a

fully retract osition and t rst arm portions 26A an 6B rotate
t th
whet he?%h%}‘*sﬁlﬁ BAIEF neocrfin e s (eI 167 andthe KPR dp SR Tl

tC(r)\ gt g 2 geg ﬁeP%er%%Ea Caﬁﬁ-\ \ﬁﬁﬁotaﬁeoam éﬁﬁmcﬂﬁi {Smﬁltllmé( s@&fnfdclfu‘@éu?rp(f&pg féthi gn Wi th

eaving a sub n a proce55|ng

charber . a%ZQh {)& %"ffeEtBowﬂPr%‘(ﬁé 'a‘ﬁ”addﬁlgﬂﬁf ] é—“‘ﬂﬁ%’e fPsS%uré&lo%CtRQ rﬁ}a' S

returned a fu refracted position by reversing irections o

TOLOT S Mo Blhed® WHehChnodRb SHE! A1ES amil Ble ey gxtg%.s%ﬂ%f%ﬁs%a%ubﬁe i i

desi red paos true cont returns t contro

returns &&é&%ﬁgr} Wqﬁb John?@f Fmo%r”ETHéegr? Yn@ct:oﬁ{mgr? ﬁ'lot&r by Bk

conti nues he cont er contr Irs secon connDn

motors. ?fg%deas?m &t dhﬁﬁ‘q %%B\S’Arﬁﬁ{t t&Eﬁ?{]ﬁtéhﬁf&é}ﬁ t;fdersséf 1moil%|ﬁfé’ﬂi’ cormon

notors in e same direction so arns nove 'in o 8|rect|ons

[0054] AfeoP8tn CPM & l:orﬁlieg%'iép M5y &@hf‘ottél ih e %@ES%%feeﬁur HigR 1BReEp! HBCNEd

their correspondl ng eS| r p05| i ons. not , conti nues' w th 282.

At 286, %&Eﬁ%m%’{ﬂe‘&%‘%é %osri)tf'o(nf Qéti'if%tlfé? quﬁ’aGHoﬂE bﬂé“% 1 Rpi8ida. ©f both of the

end effectors such as aving a su I'n a processing

chanber . [oahag%a?@tﬁngepwe R TINE rny)f?ra‘seé,ﬁsg gg ey Fligyiray be

ret ur ned rac ed pOSItIOﬂ revers Irections o

rotors. @Bsﬂ?o?é ?Fc? 04 tﬂétfﬁétrﬁdaes?ec\yﬂgtaﬂ% 2uR%me ﬁ?@%?%gﬁéﬁ%d% lfl.gwt he

fully retracted posi true, control retur

cont r ol {e%’al:'{eﬂ oEﬁ’ogml'he[ gugéﬁaltlé‘ﬁeﬁ%rnﬁ%lar&e%éﬁd BpdrPNin GthEEWE, the
|IIustra|ve| nature and 1s 1n no way
substrate 36A is not located over the substrate 36B. The arms 24A and 24B and the
substrates 36A and 36B are located in a very compact arrangement. The substrates
36A and 36B may have a first diameter. Outer edges of arms 24A and 24B are located
within a second diameter 210 (as can be seen at 220 and 222). Outer edges of
substrates 36A and 36B are located within a third diameter 230 as can be seen at 240
and 242.
[0049] In FIG. 5, the first arm 24A is shown in a first partially extended position.
Note that the first arm 24A extended without allowing the substrates 36A and 36B to
pass over each other. In FIG. 6, the first arm 24A is shown in a second partially

extended position. In FIG. 7, the first arm 24A is shown in a fully extended position.

Note that the first arm 24A extended without allowing the substrates 36A and 36B to
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intended to limt the disclosure, its application, or uses. The broad
t eachings of the disclosure can be inplenented in a variety of forms.
Therefore, while this disclosure includes particul ar exanples, the true

scope of the disclosure should not be so linmited since other
will

modi f i cati ons
beconme apparent upon a study of the draw ngs, the specification,

and

the followi ng clainms. For purposes of clarity, the sane reference nunbers

will

be used in the drawings to identify simlar el enents.
the phrase at | east one of A,

onstrued to nean a

ld b
| ogi cal PASDPVES &geh G}heruﬁsn‘@"ab%mrﬁ%%tpasg‘?u}%%%ﬁﬁﬁn ggeonf@ms SNAYP e

under st ood that one or_ nore qr%s within a nmethod nay be executed in

di f f er enfypd 8F thegamedines oret

present disclosur

is cl

substr at @%Obceggfqﬁ@n%gg\yé%FYgoﬁp cap syge@ag(g] for the Hbot A in s 4

robot controller 204 that controls movement of the first motor 110, the second motor
111, and a common motor 109. Encoder 212 determines a position of the first motor
101. Encoder 216 determines a position of the second motor 111. Encoder 220
determines a position of the common motor 109. Some examples, one or more of the
encoders are absolute numerical encoders.

[0051] Referring now to FIG. 9, an example of a method 250 for controlling the robot
arm is shown. At 254, a controller determines whether one arm or both arms need to
be moved. If one arm needs to be moved, control continues at 258 where the controller
controls the first, second and common motors. In some examples, the controller rotates
the first (or second) motor corresponding to the desired arm to be moved and the
corﬁmon motor. The second (or first) motor corresponding to the arm that is not moved
may be rotated in an opposite direction so that the non-selected arm remains in a fully
retracted position and the first arm portions 26A and 26B rotate together and remain
generally co-linear.

[0052] At 262, control determines whether the selected arm has reached a desired
position. If not, control continues with 258. At 266, control optionally performs an
operation with the end effector such as picking up or leaving a substrate in a processing
chamber. At 270, after the operation is performed, the selected arm is returned to a

fully retracted position by reversing directions of all motors. At 274, control determines
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a first armhaving extended and retracted positions and including: a first

arm portion having one end rotatably connected to the base; a
second arm portion having one end rotatably connected to another end of the
first armportion; and an end effector having one end rotatably

connected to another end of the second arm portion and anot her end
configured to support a first substrate; and a second arm havi ng ext ended
and retracted positions including: a first armportion having one end
rotatably connected to the bas second arm&%rtion havi ng

one end mhethestheselestetbameis i é%éﬁ@%ﬁﬁ*"&'?d 'Uf"aq' gentfql returng ta2gdy HifdJe. and an

end effector having one end rotatably connected to another end of the
control returns to 270.
[0053] If both arms need to be moved at 278, control continues at 282. The
controller controls the first, second and common motors. For example, the controller
may rotate the first, second and common motors in the same direction so.that both arms
move in opposite directions.
[0054]) At 284, control determines whether the selected arms have reached their
corresponding desired positions. If not, control continues with 282. At 286, control
optionally performs an operation with one or both of the end effectors such as picking
up or leaving a subsfrate in a processing chamber. At 290, after the operation is
performed, the selected arm may be returned to a fully retracted position by reversing
directions of all motors. At 274, control determines whether the selected arms are in the
fully retracted position. If true, control returns to 254. If false, control returns to 270.
[0055] The foregoing description is merely illustrative in nature and is in no way
intended to limit the disclosure, its application, or uses. The broad teachings of the
disclosure can be implemented in a variety of forms. Therefore, while this disclosure
includes particular examples, the true scope of the disciosure should not be so limited
since other modifications will become apparent upon a study of the drawings, the
specification, and the following claims. For purposes of clarity, the same reference
numbers will be used in the drawings to identify similar elements. As used herein, the

phrase at least one of A, B, and C should be construed to mean a logical (A or B or C),

using a non-exclusive logical OR. It should be understood that one or more steps within
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second arm portion and another end configured to support a second
substrate, wherein when the first and second arns are arranged in the
retracted position: a connection between the second arm portion of the
first armand the end effector of the first armis |ocated over the second
substrat e; a connection between the second arm portion of the
second arm and the end effector of the second armis | ocated under the
first substrate; and the first substrate is not |ocated over the second
substrate.

docs. not & ARS8 BV phcesisd i AtbreRk ofaef B ontBFrflf s aleihe B T 0

| Eggi f?gﬁgrgnc?p{lég mxggrelgghv@g&ogd?g retracted position and the extended
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3. The dual armrobot of claiml, wherein when the first armportion of the
first ‘armand the first armportion of the second armare in retracted
position, (i) the first armportion of the first armand the first arm
portion of the second armare co-linear, and (ii) circunferential outer
edges of the first substrate and the second substrate are |ocated within a
circle defined by radially outernost portions of the first armportion of
the first armand the first armportion of the second arm 4. The dual arm
robot of claim1, further conprising a drive mechani smconfigured to couple
rotation of the first arm portion of c{t%%irst armrelative to the base in
a first rotational direction to rotat f (i) the second arm portion of
the first wheliselathedis: to the first armportion of the first armin a
second rotational direction opposite to the first rotational direction and
(i1) rotation of the end effector of the first armrelative to the second
ar mporti oft of A dig birk RboRfofaisbdtie piobedsingdydlepBampeirgct i on. 5. The
dual armrobot of claim4, wherein t drive nechanismis further
configured to guagke rotation of the first armportion of the second arm
relative to the base in the second rotational direction to rotation of (i)
the second ar madpsttarMmading iekfended andlretratted pbsitionsaandandiirding:i r st arm portion
of the second armin the fgirst rotational direction and (ii) rotation of
the end effector of afiReamepeortion Raving eneéndretdtably fsnnsetledtsitherbasgor ti on of
the second armin the second rotational direction. 6. The dual armrobot
of claim 1, wherei natsbeondrarreportarhbanirgonenendiaéatably connestedntotapotheaes@cond
notor; and a common not or, wherein rotation of the first notor

ext ends anef thefirstamspdrtien;fandst and second arns relative to the base,
rotation of the first notor and the second notor allows extension and
retraction of the famend effentarhaving arecandcrotatably ednaected to enother énskef theind
rotation of the comon notor rotates the first armand the second arm

rel ative tsecohdatapertian ahdanotbert entdonfigused tocsuppent Adirst substrate; and

a second arm having extended and retracted positions inciuding:
a first arm portion having one end rotatably connected to the base,
a second arm portibn having one end rotatably connected to another end
of the first arm portion; and
an end effector having one end rotatably connected to another end of the
second arm portion and another end configured to support a second substrate,
wherein when the first and second arms are arranged in the retracted position:
a connection between the second arm portion of the first arm and the end
effector of the first arm is located over the second substrate;
a connection between the second arm portion of the second arm and the
end effector of the second arm is located under the first subsfrate; and

the first substrate is not located over the second substrate.
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7. The dual armrobot of claim®6, wherein the drive nechani smincludes: one
or nore pulleys and one or nore drive belts to: rotationally
couple rotation of the first armportion of the first arm the second arm
portion of the first armand the end effector of the first arm and
rotationally couple rotation of the first armportion of the second arm
the second arm portion of the second armand the end effector of the second
arm 8. The dual armrobot of claimb5, wherein when the drive nmechani sm

rotates the first, armportign,of fhe first arm first angle relative to
e base.2t he TF Y8 bER &) T Miekeih Te e LBéuRs doeh npBPRCovelt™ he
first armb econd angle relative.to the first m portion of the first
ot and. (PN SRERTBE 358 ledt Be ALINECTSCarm Srahe sBtart A Boves Bebeah ey o
relative tpo the second mportion of the first arm 9. The dual arm

r obot of'Eﬁ%?ﬁ&g?gmﬂk?gﬁ%eggﬁﬁaﬂfPﬁﬂ¥”bf the first angle is greater than a
magni t ude of the second angle, and the nagnitude of the second angle is
greater than a magnitude of the third angle. 10. The dual arm robot of

cl ai m 9, dher dhe dudlarmagphpt efcRiaimf 1, whereie whra thetinskbam pegtien ok the fisst amfe
magni tude of the first angle and the nmagnitude of the third angle is one
hal f of tand thadistiarmepertion 9 thassegend At are inretracted pasitien.al)nthe b ardy cl ai m
1, wherein the first armextends in an opposite direction than the second
arm portion of the first atm and the first arm portion of the second amm are co-linear, and (ii)
circumferential outer edges of the first substrate and the second substrate are located
within a circle defined by radially outermost portions of the first arm portion of the first

arm and the first arm portion of the second arm.

4. The dual arm robot of claim 1, further comprising a drive mechanism configured
to couple rotation of the first arm portion of the first arm relative to the base in a first
rotational direction to rotation of (i) the second arm portion of the first arm relative to the
first arm portion of the first arm in a second rotational direction opposite to the first
r_otational direction and (ii) rotation of the end effector of the first arm relative to the

second arm portion of the first arm in the first rotational direction.

5. The dual arm robot of claim 4, wherein the drive mechanism is further configured
to couple rotation of the first arm portion of the second arm relative to the base in the
second rotational direction to rotation of (i) the second am portion of the second arm
relative to the first arm portion of the second arm in the first rotational direction and (i)
rotation of the end effector of the second arm relative to the second arm portion of the

second arm in the second rotational direction.
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12. The dual armrobot of claimb5, wherein when the drive nechani smrotates
the fi'rst armportion of the second armby a first angle relative to the
base, the drive nechanism (i) rotates the second arm portion of the second
arm by a second angle relative to the first armportion of the second arm
and (ii) rotates the end effector of the second armby a third angle
relative to the second armportion of the second arm 13. The dual arm
robot of claim 12, wherein a magnitude of the first angle is greater than a

magni tudegof tHig &%Qﬁﬁir@?ﬁ%ﬁclalw th'é%ur'i@ﬁWnVé‘%cﬁémérh@nc%ﬁé@”d angle is
greater than a magnitude of the third angle. . The dual armrobot of

claim 13, whergjiit fBfrmagni tude of the second angl e is one half of the
magni tude of the first angle and the nmagnitude of the third angle is one

hal f of the nmaggédondendiér; bh@ second angl e.
a common motor,
wherein rotation of the first motor extends and retracts the first and second arms
relative to the base, rotation of the first motor and the second mofor allows extension
and retraction of the first arm or the second arm relative to the base, and rotation of the
common motor rotates the first arm and the second arm relative to the base without

extension or retraction.

7. The dual arm robot of claim 6, wherein the drive mechanism includes:
one or more pulleys and one or more drive belts to:
rotationally couple rotation of the first arm portion of the first arm, the
second arm portion of the first arm and the end effector of the ﬂrét arm; ahd
rotationally couple rotation of the first arm portion of the second arm, the

second arm portion of the second arm and the end effector of the second arm.

8. The dual am robot of claim 5, wherein when the drive mechanism rotates the
first arm portion of the first arm by a first angle relative to the base, the drive mechanism
(i) rotates the second arm portion of the first arm by a second angle relative to the first
arm portion of the first arm and (ii) rotates the end effector of the first arm by a third

angle relative to the second arm portion of the first arm.
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9. The dual arm robot of claim 8, wherein a magnitude of the first angle is greater
than a magnitude of the second angle, and the magnitude of the second angle is

greater than a magnitude of the third angle.

10. The dual arm robot of claim 9, wherein the magnitude of the second angle is one

half of the magnitude of the first angle and the magnitude of the third angle is one half of

the magnitude of the second angle.

11.  The dual arm robot of claim 1, wherein the first arm extends in an opposite

direction than the second arm.

12. The dual arm robot of claim 5, wherein when the drive mechanism rotates the
first atm portion of the second am by a first angle relative to the base, the drive
mechanism (i) rotates the second arm portion of the second arm by a second angle
relative to the first arm portion of the second arm and (ii) rotates the end effector of the

second arm by a third angle relative to the second arm portion of the second arm.

13. The dual arm robot of claim 12, wherein a magnitude of the first angle is greater
than a magnitude of the second angle, and the magnitude of the second angle is

greater than a magnitude of the third angle.

14. The dual arm robot of claim 13, wherein the magnitude of the second angle is
one half of the magnitude of the first angle and the magnitude of the third angle is one

half of the magnitude of the second angle.
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