H GH TEMPERATURE ANTI - DROOP END EFFECTOR FOR SUBSTRATE TRANSFER BACKGROUND
OF THE I NVENTION Field of the Invention [0001] Enbodi nents of the present

i nvention generally relate to handling and transfer sem conduct or
substrates during sem conductor processing. Mdxre particularly, enbodinents
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and between various steps to provide speed and reduce contamination.

[0003] A substrate handler used in semiconductor processing generally includes
one or more end effectors, also known as a robot blade or a carrier, attached to a
robot arm. The end effectors are configured to support a substrate during substrate
transferring.  For an integrated semiconductor processing system, a robot arm is
generally disposed in a transfer chamber having facets to accommodate a plurality
of processing chambers, and loading/unloading ports. During processing, the robot
arm in the transfer chamber first loads a substrate to the end effector from a loading
port. After retrieving the substrate to the transfer chamber, the robot arm feeds the
substrate to a processing chamber connected to the transfer chamber. The robot
arm drops the substrate on a substrate support in the processing chamber and
retrieves the end effector. When the process is completed in the processing
chamber, the rocbot arm is employed to retrieve the substrate from the substrate
chamber and to shuttle the substrate to another processing chamber for the next

processing step.

[0004] Some common transfer chambers have facets to accommodate four to six
processing chambers. The processing chambers may include rapid thermal
processing (RTP) chambers, physical vapor deposition (PVD) chambers, chemical
vapor deposition (CVD) chambers, and etch chambers.



processi ng chanbers. The processing chanbers may include rapid thernal
processi ng (RTP) chanbers, physical vapor deposition (PVD) chanbers,

chem cal vapor deposition (CVD) chanbers, and etch chanmbers. [00051 Figure
1 schematically illustrates a substrate handl er 10 configured for handling
substrates in a transfer chanber. The substrate handler 10 includes two end
effectors 14 attached to an arm assenbly 16 attached to a rotating portion
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thermal a
of the substrates become larger. Figure 2A schematically illustrates a partial

sectional side view of the end effector 14 without a substrate. Figure 2B is a
schematic sectional side view of the end effector 14 with a substrate 30 loaded
thereon. An increased droop in the end effector 14 is shown due to weight of the
substrate 30 positioned on the end effector 14. After the substrate 30 is loaded, the

free end droops to an angle a.

[0007] High precision is critical in semiconductor processing. It is critical for a
substrate handler, therefore, an end effector, to have high precision alignment. The
end effectors are generally aligned and tightly secured on the robot arm to prevent
any unwanted moves, which may cause distortion due to thermal expansion. During
some high temperature processes, such as rapid thermal annealing, the end effector
may need to transfer a hot substrate or to operate in a hot chamber. The
temperature may be up to 350°C. The tightly secured end effector may become
deformed due to thermal expansion at such high temperature. Figure 3
schematically illustrates a top view of the end effector 14 secured on the mounting
interface 28 of the arm assembly 16. The fixed end 27 of the end effector 14 is
snuggly fitted between sidewalls 31 of the mounting interface 28 to prevent any
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may need to transfer a hot substrate or to operate in a hot chanber. The
tenperature may be up to 350C. The tightly secured end effector may becone
def ormed due to thermal expansion at such high tenperature. Figure 3
schematically illustrates a top view of the end effector 14 secured on the
mounting interface 28 of the armassenbly 16. The fixed end 27 of the end
effector 14 is snuggly fitted between sidewalls 31 of the nounting
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transferring sem conductor substrates. [0010] One enbodi nent” of the present

I nvention provides an end effector for using with a substrate handl er

conprising a free end having a substrate supporting plane configured to
support ammm that substrate at a first angle relative

to a horizontal plane, and a fixed end configured to be rmunﬁﬁd tt%pt he
subst r at e [908%)d1 er TheuwREpERH IWENHPKRY gaTeER o FelRtesiR APREratyst ard Jneldeds: for

handl er alafciel2PLibdatt M hidh feribOatiaL e Fthanahy nBbafifers é{%g%gggﬁfeggd he

angle relative to pl"ane when no s rate 1s

free end, irveatibherdlatest tanggle tesnpetaturer anti-droapn ¢rve effentord dorg Itransfedinig |
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[0010] One embodiment of the present invention provides an end effector for
using with a substrate handler comprising a free end having a substrate supporting
plane configured to support a substrate and positioned that substrate at a first angle
relative to a horizontal plane, and a fixed end configured to be mounted to the
substrate handler, wherein the end effector is mounted to the substrate handler at a
position that the substrate supporting plane is at a second angle relative to the
horizontal plane when no substrate is disposed on the free end, and the first angle is

different from the second angle.

[0011] Another embodiment of the present invention provides an end effector for
using with a substrate handler comprising a free end having a substrate supporting
plane configured to support a substrate thereon, and a fixed end having a bottom
plane configured to secure the fixed end on a mounting surface of the substrate
handler, wherein the bottom plane is formed at an angle relative to the substrate

supporting plane.

[0012] Yet another embodiment of the present invention provides a substrate
handler comprising a motion arm having a mounting plate, and an end effector
configured to support a substrate, wherein the end effector comprises a free end

having a substrate supporting plane configured to support the substrate at a first
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pl ane configured to support a substrate thereon, and a fixed end having a
bottom plane configured to secure the fixed end on a nounting surface of
the substrate handler, wherein the bottomplane is forned at an angle
relative to the substrate supporting plane. [0012] Yet another enbodi nent
of the present invention provides a substrate handler conprising a notion
arm having a nounting plate, and an end effector configured to support a
subst r at eangleenetitivetthea bodzedtabplane, andy fisst end fmeenteddo the\mognmgsplasé rate
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BRI EF DESGH "@gherﬁé PR RES [0013] So that the manner in which the
above reC|ted features of the present invention can be understood in

detail, agREs PRSCRIPTRONDGE THERDRAWNIGEhe i nvention, Dbriefly sumari zed
above, may D€ had Dy reference to enbodi nents, some of which are

i [l ustrat g@3n t 8o apgene thahn@wi indehich ttheSalicveb fedietiefbativeserfethe piadlent he
appended drawi ngs illustrate only typical enbodinents of this invention and

are ther &vgnomganthe padersinadier @efalli amaragpasticylasdesepriont gfitheHeventigent i on
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other equally effective embodiments.

[0014] Figure 1 (prior art) schematically iilustrates a substrate handler configured
for handling substrates in a transfer chamber.

[0015] Figures 2A-B (prior art) schematically illustrate partial sectional side views
of a drooping end effector.

[0016) Figure 3 (prior art) schematically illustrates a top view of an end effector
that deforms at high temperature.

[0017] Figure 4 schematically illustrates an exploded view of an end effector

assembly in accordance with one embodiment of the present invention.

[0018] Figures 5A-B schematically illustrate sectional side views of the end
effector assembly of Figure 4.

[0019] Figure 6 schematically illustrates a partial top view of the end effector
assembly of Figure 4.

[0020] Figures 7A-B schematically illustrates an end effector in accordance with

one embodiment of the present invention.



[0017] Figure 4 schematically illustrates an expl oded view of an end
effector assenbly in accordance with one enbodi nent of the present

i nvention. [0018] Figures 5A-B schematically illustrate sectional side views
of the end effector assenbly of Figure 4. [0019] Figure 6 schematically
Illustrates a partial top view of the end effector assenbly of Figure 4.

[ 0020] Figures 7A-B schematically illustrates an end effector in accordance
wi th one[oepdjodi Menfaciitatehengerstamding, ienticabreferenice0firherads havé beeatuzsed,
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terrperatub ' Ei ne enbodi ment of the present invention, an
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a clanmp 134 of the end effector to facilitate an angled mounting. In one embodiment of the

present invention, an end effector is mounted to a robot arm with side tolerance to
allow thermal expansion. In one embodiment, an end effector is secured to a robot
arm near a center of a fixed end of the end effector. In one embodiment of the

present invention, a clamp is used to secure an end effector to a robot arm.

[0023] Figure 4 schematically illustrates an exploded view of an end effector
assembly 100 in accordance with one embodiment of the present invention. The
end effector assembly 100 comprises an end effector 110 and a clamp 130
configured to secured the end effector 110 in a cavity 141 of a mounting plate 140 of
a robot arm. In one embodiment, the mounting plate 140, the end effector 110 and
the clamp 130 are stacked together using screws 133 through corresponding holes
143, 113, 131.

[0024] The end effector 110 has a free end 124 and a fixed end 111 configured
for mounting the end effector 110 to the mounting plate 140. The fixed end 111 and
the clamp 130 have similar shape of the cavity 141 so that both the fixed end 111
and the clamp 130 sit in the cavity 141.

[0025] The free end 124 has two fingers 115 defined by outer opposing edges
128 and inner facing edges 127. The end effector 110 has a substrate sensing
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configured to secured the end effector 110 in a cavity 141 of a nounting
plate 140 of a robot arm In one enbodi nent, the nounting plate 140, the
end effector 110 and the clanp 130 are stacked together using screws 133

t hrough correspondi ng holes 143, 113, 131. [0024] The end effector 110 has
a free end 124 and a fixed end 111 configured for nounting the end effector
110 to the nmounting plate 140. The fixed end 111 and the clanp 130 have
sim | ar shatpet 618tata standayd béadtiso fonperntititng a kensoxbearandudi 3s asmidfrahed

| 130, sit | t it 141. 025] The, f d. 124 t i 115
Gori pod bySam, b delEE B piesence a Sulitihe Ghing RA SReu0E 4102 T ind (8GR
effector 311§ a@shas alehiérlirdieraitié N194. Arrdpérdtorlh8y Hpeh & LRAMDEH ab@?ﬁéeérpn

for permtting a sensor beam such as an infrared "beam to detec
presence a pubydorthecenterfingdestlefifidcoonalibiaie thacepirer eff thecend effestor 41180 has
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when dropping off or picking up a substrate in the chanber. [0026] The

outer opposing edges 128 curve in a uni que hour glass shape starti nt% wth
the fixedlo§p@ 1111Tsr outes oppasisprasigesri2Biourigdn andinuehenr @gass shapeptarting
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substr at eggbstvstet he | evel of the main part of the free end 124. The shelves
125, 126 form a substrate supporting surface 125a configured to support the

[0027] The end effector 110 has a shelf 125 formed near the fixed end 111, and
shelves 126 formed near tips of the fingers 115. The shelves 125, 126 are
configured to support a backside of a substrate and provide clearance for the
backside of the substrate above the leve! of the main part of the free end 124. The
shelves 125, 126 form a substrate supporting surface 125a configured to support the
backside of the substrate. The end effector 110 also has end shoes 117, 116
configured for laterally containing a substrate therein.

[0028] In one embodiment of the present invention, the end effector 110 is
mounted at a predetermined angle to counteract drooping. Figures 5A-B

schematically illustrate sectional side views of the end effector assembly of Figure 4.

[0029) As shown in Figure 5A, the end effector 110 is “sandwiched” between the
mounting plate 140 and the clamp 130. Dashed line 150 indicates a desired angle
that a substrate is to be handled on the end effector 110. Usually, the desired angle
is about zero degree, i.e. parallel, to a horizontal plane. In one embodiment, the end
effector 110 is mounted such that the substrate supporting surface 125a is at a
predetermined angle B relative to the desired angle marked by the dashed line 150.
In one embodiment, the predetermined angle B is determined to compensate
drooping of the end effector 110 due to the weight of a substrate so that when the
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backsi de of the substrate. The end effector 110 al so has end shoes 117, 116
configured for laterally containing a substrate therein. [0028] In one
enbodi ment of the present invention, the end effector 110 is nounted at a
predeterm ned angle to counteract drooping. Figures 5A-B schematically

Il lustrate sectional side views of the end effector assenbly of Figure 4.

[ 0029] As shown in Figure 5A, the end effector 110 is "sandw ched" between
t he nounStiubB;ramedSepdsfmbradj onhther leadpetia@or DdShdbe | sutstbt® is mhrabele® e
desired a rat t o be handl e
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that the substrate supporting surface 125a is at a predetermned angle a
relative ob théeentseffedtonridile and kadebperatarelaathadich Hbe1sabstrata isnto be
enbodi rrenha Hﬁ EBr edeterm ned angle Ris determned to conpensate drooping
of the enH2BF'FE 110 due to the weight of a substrate so that when the 6
substrate is positioned on the end effector 110, the substrate is parallel

to the dpshad |ing JeDenftRefimEent, ahkesiglédendirtiet shownad Hﬁg&eesR ey be
conprise weight and size of the substrate, gropertles of the material of
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surface 119 of the fixed end 111 may be sloped so that the bottom surface
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which is defined between the bottom plane 119a and an ori gi nal bottom

surface whish isndgfimed hetween tbe kadtane Nlnriiligat and we aﬁgnn@l pottpm swdace

enbodi memﬂgé,h%ay be determined corresponding to the angle B. In one embodiment, the
fixed end 111 may have a tapered shape with a top surface 120 parallel to the
supporting plane 125b and the original bottom plane 119a, and the bottom surface
119 forms an angle of y with the top surface 120.

[0031] In one embodiment, the angle y may be determined by a displacement of
the free end 124 when a substrate is positioned thereon. For example, the end
effector 110 may be formed first without a slope on the bottom surface 119 and
mounted on the mounting plate 140 so that the fixed end 111 is mounted
substantially horizontal in a processing environment. Then a substrate can be
positioned on the free end 124 and a total displacement of the free end 124 from the
horizontal plane may be measured. The lope angle y may be determined to correct
the total displacement.

[0032] As such, end effectors of the present invention may be custom built with
slopes of different angle y for different process parameters, such as processing
temperature, weight and size of substrates being processed, material and structure
of the end effector. A substrate handler, such as a robot, may avoid drooping at
different processes by using different end effectors.



fixed end 111 may have a tapered shape with a top surface 120 parallel to
the supporting plane 125b and the original bottom plane 119a, and the
bottom surface 119 forns an angle of y with the top surface 120. [0031] In
one enbodi nent, the angle y may be determ ned by a di splacenent of the free
end 124 when a substrate is positioned thereon. For exanple, the end
effector 110 nmay be forned first without a slope on the bottom surface 119
and nounfgesd3jon tlheamathet empaquliment, M 6lope miagtbe Fernfeckod ®nab suffacs ofdodt ed

substantially horizontgl. jn a prqocessi envirgnment. Then a.substrate can
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determned to correct the total di'splacenent.” [0032] As such, end effectors
of the prasgle on tvenebatramugo hatdhetend effédtor wiounted boghe radunting platmi4@ngl e
y for different process paraneters, such as processing tenperature, weight
and size 6120969t rates bei ng processed, material and structure of the end
effector. A substrate handler, such as a robot, may avoid drooping at

di fferent guqresspsomy enshatdmint iof teatpregshtahi@stic, salighnldi betwben aERer
enbodi ment, a slope may be forned on a top surface of the nounting plate

140 to noéffectdicarthda enpesdtiog plate iof a shsiraterhander ey oe (abtainadt hing

anal e on cReTERR A SaReR of annidu o BQE3L ieraifielBodn RELSHBO Rtk
pl at e 140 Figrean@lligAmen?@8te nd effeciriadi menbedichidedrigingan dligriif netoh
al i gnnent between an end effector and a nounti nghpzl ate of a substrate

handl er mdyl2derropd aicaea agsitiadline 42 of thefixedead 13 1c eentesng ol a2 opghe

regi on of ef f. . Re Lin c ' 4 i t he
end of f eca 300 &GRS biin T LEHEHNE O 42 RorminsEoh o o SOTERG B0, AT
central |igevelbth 21 id@sdd wethreadlthieldentérig® AbRY 1 SWohMleecidmd 18D, the alighipgp
130 is aligned with a centering hole 142 formed on the nounting plate 140. A
notch 112 of the end effector 110, and the centering hole 142 of the mounting plate

140 when the end effector 110 is mounted.

[0035] Figure 6 schematically illustrates a top view of the end effector assembly
100 of Figure 4 without the clamp 130. Because the alignment is obtained using the
aligning notch 112 and the dowel pin 121, relief seams 122 may be made between
side walls 144 of the mounting plate 140 and the fixed end 111 of the end effector
110. The relief seams 122 and the aligning notch 112 formed near the center of the
fixed end 111 allow the fixed end 111 of the end effector 110 to expand inside the
cavity 141 without distortion. This is particularly useful when the end effector 110 is
made of a material with greater thermal expansion rate than the material of the

mounting plate 140 and/or the clamp 130.

[0036] Even though, a dowel pin and a notch alignment is described in
accordance with the present invention, other suitable alignment methods aligning an

end effector near a center region of a fixed end is also contemplated.

[0037] End effectors of the present invention may be made from any suitable
material that compatible with semiconductor processes to be performed in
corresponding processing chambers. In one embodiment, the end effector is made
from aluminum. In another embodiment, the end effector may be made with nickel

8



dowel pin 121 is used to thread the centering hole 132 of the clanp 130, the
aligning notch 112 of the end effector 110, and the centering hole 142 of
the nounting plate 140 when the end effector 110 is nmounted. [0035] Figure
6 schematically illustrates a top view of the end effector assenbly 100 of
Figure 4 without the clanp 130. Because the alignnent is obtained using the
aligning notch 112 and the dowel pin 121, relief seans 122 may be nade

bet ween piatis alimisuv 40tfertsudabieumaterigipimalyanddde ditahiutme stainleds etk ldrd of

th d effect. 1Q. . Th | f 122 th | i i h 112
o ren et BRe . Silangf e, ST, BaRg Tedtaiobn, sfabi Baelal B4a 28 ¢ ne

end eff ecflﬁhlul‘ﬁoalhﬁllma%lﬁl@ﬁ 8Rel BRd ceAdthfcy 141 without distortion. This
is particularly useful when the end effector 110 is nmade of a material wth

greater thermal expansion rate than the material of the nDuntlg% pl ate 140
and/ or t h@oddlanp In3me podesjmentkihe ietargh, 13 aaddhe ghauating platetidy maydrerent
I s descri bed t|on at her

al i gnnment Wtehﬁag]a Cor%ﬁ%ﬁg%gﬁgr}agﬁbh@@?éﬁsenérﬂg ar a”@é{np%rsnrugngﬁlt%f'rh%q xed

end is al éQ\nﬁpﬂi’ﬁﬁpﬂh@trﬁdun{uﬁ@P&e Bagd effectors of the present invention nmay
be made fromany suitable erial that conpatible with sem conductor

processes to be perforned in corresponding proceSS|n? chanbers. In one
enbodi menfo039lhe éndoraer fesepediment rafeend edfectaruisi made fremAdMBNTSYHEe rent |

mt or 1l SCREYP (oh el PRt ' Etno BB s il (ol 0 ©

the clanp may be nade from suitable materials such as titanium alum num

st ai nl ess[opamel aﬁgum@r'amBisclﬁélﬁaﬁdallynllmﬁatemdemmraiﬁectheZ‘rﬂ macdadfance t he
mounting plate 140 ma made fromthe sane material so that the clanmp 130

may be anﬁBl%ﬂOﬁtht@HgQWﬂ% of ¢ prapentinventiohe nounting plate 140. [00391
In one enbodi nent, an end effector is made fromalum num while a clanp for

mount i ng jdagyend fﬂé SHL ettt TR haVIAg Ph 3frée | EndTesiEs TN Iik@l! ¥Ry 211
configured for mounting the end effector 210 to a mounting plate. The fixed end 211
is similar to the fixed end 111 of the end effector 110 and may be mounted in a
similar way. The fixed end 211 has an aligning notch 212 formed near a central line
252 of the end effector 210, and a piurality of through holes 213 for mounting
SCrews.

[0042) The free end 224 has two fingers 215 defined by outer opposing edges
228 and inner facing edges 227. The end effector 210 has a substrate sensing hole
218 at a standard location for permitting a sensor beam, such as an infrared beam,
to detect the presence a substrate on the end effector 210. The end effector 210
also has a center-finder hole 214. An operator may open the chamber and insert a
pin into the center-finder hole 214 to calibrate the center of the end effector 210, so
that the end effector 210 may be properly aligned with dropping off or picking up a
substrate in the chamber.

[0043] The outer opposing edges 228 are substantially linear near the center
portion forming a relatively robust free end 224, which provides stabie support to a
substrate.



[ 00401 Figures 7A-B schematically illustrates an end effector 210 in
accordance wth another enbodi nent of the present invention. [00411 The end
effector 210 having a free end 224 and a fixed end 211 configured for
mounting the end effector 210 to a nounting plate. The fixed end 211 is
simlar to the fixed end 111 of the end effector 110 and nmay be nmounted in a
simlar way. The fixed end 211 has an aligning notch 212 fornmed near a
central | i[ood4] 257The entieffentbreXldrasothréd bumpralippopts B24 forpedfont thedreghetad| es

213 f ti . 100421 The f d 224 h two fi 215
def i ned b2ut ofNBpUBFn TCSUPRES 475 1D & JBISRPELeSUBITRIS TRUPaS
ef fector 2Ziffid\aatién ifimuen 86MRLDGiItR @l Substhte.athe bilﬁﬁﬁ‘gﬁﬁﬁoﬂtéjggéé ey hor

permtting a Sensor beam such as an infrared beam to detect t presence
a subst r ateaahinechen ¢helfreéfemck 224 1provitieccleardneé fferamedge ®f the swbsteate from

ter-find hol . th h i t i
Chto the et ennged: e Gl R0 AR Nabeetd APBRS 1Y tin 2cfiret o,
210, so  i4tger tHh Q%@tﬁa@é?ﬂéﬁn%%n%r&ﬁ ThePerd %haks Ihes ard cBnflg@Rai fag of f
or pickin substrate in the chanber. [00431 The outer opposing edges

up a . 14
228 are s?ﬂjgtaﬂ[ﬂtda@hllyg piswbstratecthereindn estargencyportion formng a relatively
robust free end 224, which provides stable support to a substrate. 9 [0044]

224, The. (98 bu/5 L0FBLPE BB 7L AT B 3uPAGie 228 Rud e Hha 20
confi gur aphan YeoforMed AR GOUNAEH MdrhBrsa te Ubid adctatchiiy RNEDsuBERES [ thid26
may be machined on the free end 224 to provide clearance for an edge of the

subst r at e redwsing pagicle eentamiination. The end effector 210 al so has end shoes
216 formng a circle larger than a substrate being transferred. The end

shoes 216 confi,g lat.er t ching. t.[at r.el 0
ener gency.loq{‘@o45] W@'*ﬂ;ﬁ%wfqoqléﬁmbgdgr@egﬁfﬁh%aggﬁbrﬁ%@gﬁrtb g @E% ar{ﬁb%}maorﬁ end
shoes 216 other and further embodiments of the invention may be devised without departing

from the basic scope thereof, and the scope thereof is determined by the claims that
follow.
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may be formed with rounded corners to avoid scratching the substrate, thus,
reduci ng particle contam nation. [0046] Wile the foregoing is directed to
enbodi ments of the present invention, other and further enbodi nents of the
i nvention may be devi sed without departing fromthe basic scope thereof,
and the scope thereof is determned by the clains that follow 10 REFERENCE
NUMERALS Substrate handler 10 End effector 14 Substrate sensing hole 15
Arm assenbly 16 Rotating portion 18 Fixed end 27 Munting interface 28
Free end 29 Substrate 30 Sidewalls 31 Seans 32 End effector assenbly 100
End effector 110 Fixed end 111 Aligning notch 112 Hole 113 Center-finder

hole 114 Fingers 115 End sREFERENCENUMERALS 17

Substrate handler 10
End effector 14
Substrate sensing hole 15
Arm assembly 16
Rotating portion 18
Fixed end 27
Mounting intetface 28
Free end 29
Substrate 30
Sidewalls 31
Seams | 32
End effector assembly 100
End effector 110
Fixed end 111
Aligning notch 112
Hole 113
Center-finder hole 114
Fingers 115
End shoe 116
End shoe 117
Substrate sensing cutout 118
Bottom surface 119
Original bottom place 119a
Bottom plane 119b
Top surface 120
Dowel pin 121
Relief seams 122
Free end 124
Shelf 125
Substrate supporting surface | 125a
Supporting plane 125b
Shelve 126
Inner facing edges 127
Outer opposing edges 128
Clamp 130
Hole 131
Centering hole 132
Screws 133
Mounting plate 140
Cavity 141
Centering hole 142
Hole 143

i1



Substrate sensing cutout 118 Bottom surface 119 Oiginal bottom place 119a
Bottom pl ane 119b Top surface 120 Dowel
end 124 Shelf 125 Substrate supporting surface 125a Supporting plane 125b
Shel ve 126 |Inner facing edges 127 CQuter opposing edges 128 C anp 130

Hole 131 Centering hole 132 Screws 133 Munting plate 140 Cavitl141l
Centering hole 142 Hole 143 11 Side walls 144 Dashed |line 150 Central

line 152 End effector

210 Fi xed end 211

pin 121 Relief seans 122 Free

Side walls 144
Dashed line 150
Central line 152
End effector 210
Fixed end 211
Aligning notch 212
Holes 213
Center-finder hole 214
Fingers 215
End shoe 216
Substrate sensing hole 218
Free end 224
Bump supports 226
Inner facing edges 227
Quter opposing edges 228
Central line 252
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Al'igning notch 212 Holes 213 Center-finder hole 214 Fingers 215 End shoe
216 Substrate sensing hole 218 Free end 224 Bunp supports 226 |nner
faci ng edges 227 CQuter opposing edges 228 Central |ine 252 12 Wat Is
Claimed Is: 1. An end effector for using with a substrate handl er,
conprising: a free end having a substrate supporting plane configured to
support a substrate and positioned that substrate at a first angle relative
to a hori ¥hatls Qlakmed Isand a fi xed end configured to be nounted to the
substrate handler, wherein the end effector is nbunted to the substrate
handl er at a position that the substrate supporting plane is at a second

I | gti to t hor i t al I bstrate .is di d th
Froeend Jand: Anend BEEcr Etdisho BrEsdiTrats Bandlht WilbfthSang: o 5. The
end effector of gkai Ehémé\hﬁ% obb dusaace shpbvRma blel cofigared & algpbica

second angle is predeterm ne y structure of the end effector, material of

the end eétbsitaterandpesitianed tratgvbstrate aka ditgiangle eglative tparharizagtal plane;
terrperatured 3. The end effector of claim1l, wherein the fixed end having a
top surf a@® substantially parallel to the substrate supporting plane of the

free end, and @ fdd eAY comfibaRsl RBENHoanteoBetheed @stidte hantRe, WABr&iHthace.
end effector is mounted to the substrate handler at a position that the substrate
supporting plane is at a second angle relative to the horizontal plane when no
substrate is disposed on the free end, and the first angle is different from the second
angle.

2. The end effector of claim 1, the difference between the first angle and the
second angle is predetermined by structure of the end effector, material of the end

effector, size and weight of the substrate, or operating temperature.

3. The end effector of claim 1, wherein the fixed end having a top surface
substantially parailel to the substrate supporting plane of the free end, and a bottom
surface having a slope relative to the top surface.

4, The end effector of claim 3, wherein degree of the slope is corresponding to
the difference between the first angle and the second angle.

5. The end effector of claim 1, wherein the free end comprises three supporting
bumps configured to support the substrate thereon without contacting an edge of the
substrate.

B. The end effector of claim 1, wherein the fixed end has an aligning notch near
a central line of the end effector, and the aligning notch is configured to align the end

effector with the substrate handler.

7. An end effector for using with a substrate handler, comprising:

13



4. The end effector of claim3, wherein degree of the slope is correspondi ng
to the difference between the first angle and the second angle. 5. The end
effector of claim1l, wherein the free end conprises three supporting bunps
configured to support the substrate thereon w thout contacting an edge of
the substrate. 6. The end effector of claim11l, wherein the fixed end has an
aligning notch near a central line of the end effector, and the aligning
notch is confi guired eral hlavinyg a8hsutesttite esfuppotting autface lenfigbeid & subpod| @1 .

7. A d effect f i LLh trate handl i,sing: 3
(et emn nibnig Shelin WHeSe bbb Begh R S e o005 s e’
substrat eghhereon, wherein the substrate supporting surface extends to a

first plane; and a fixed end having a nounting surface configured to secure
the end eff ect arfixedgand savingea sumsttingt surfasedtanfiguvec teisacyiecthecentd effgetor
surface extendgtto a secong @Iane and, the first §Q ne intersects the

. P

h
second pl 2dans hel'ﬁﬂbﬁwi’jtee Brwf(ﬁre&r} H?‘?nmf?“'\m& qehgxtﬁngg °e‘ﬁ(§eﬁ‘é’%d an

al i gni ng ﬁ@rféhanﬁ%é‘ﬁ%t@ﬂﬁﬁe ifierseefithalsekbAg pdnd he end effector fixed
configured to align the end effector with the substrate handler. 9. The end

effector of claim@8, wherein the fixed end is configured to be disposed in
a nounting cavi of \a nt i | ate of t.he.supstrate handl er .w.th

al | owance™t o agbén%%aﬁ@o#?{ef’ﬂgla? xzaWE‘FB%"SH“Ff@’Feeq[]_égﬁb@wé‘nal‘%“m?'? ng
pl at e andféieceReartie ceiral i€ dritfeféncdffebdrifieal éanTRliré® to f‘eﬂigﬁl)wét efd
plate by inserting a dowel pin through an aligning notch fornmed near the

central | effector witheheswbystratechandlend a centering hole forned in the
nounting plate. 10. A substrate handler, conprising: a notion armhaving a
nounting plate; and an end effector configured to support a substrate,

wherein the endhef ERgt éffector of claim 8, wherein the fixed end is configured to be
disposed in a mounting cavity of a mounting plate of the substrate handler with
allowance to accommodate thermal expansion difference between the mounting
plate and the end effector, and the fixed end is aligned to the mounting plate by
inserting a dowel pin through an aligning notch formed near the central line of the

end effector and a centering hole formed in the mounting plate.

10. A substrate handler, comprising:
a motion arm having a mounting plate; and
an end effector configured to support a substrate, wherein the end effector
comprises:
a free end having a substrate supporting plane configured to support
the substrate at a first angle relative to a horizontal plane; and
a fixed end mounted to the mounting plate of the motion arm, wherein
the end effector is mounted to the mounting plate at a position that the
substrate supporting surface is at a second angle relative to the horizontal
plane when no substrate is disposed on the free end, and the first angle is
different from the second angle.
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conprises: a free end having a substrate supporting plane configured to
support the substrate at a first angle relative to a horizontal plane; and
a fixed end nounted to the nounting plate of the notion arm wherein the
end effector is nmounted to the nmounting plate at a position that the
substrate supporting surface is at a second angle relative to the horizontal
pl ane when no substrate is disposed on the free end, and the first angle is
di f f erent 1r onTheessextratd bandler cf4claim Thefistiest canpribiagdheclaoip chambed O,

furth I fi d t t the.epd ef t
the. mount PARTGHER g0 Fughot &b SPR & Hastorain L P ni BRLe eegit fiseind fEegPan
menber a”ﬁ; ét?&(éH)H@M?wm ﬂhbﬂil@mp,]rﬁem%?aﬁa@ﬁé hfdlﬁ\ti*ﬁg"ﬂé@ of claim 10,

e ti1xed end has ig

wherein t an a ning notch torned near a central |ine of
the end effector, the aligning notch is configured to align the end

effector w.th e untin late. 13, T subst.rate handl er, of claim 10
Ther ot ot 4" modhei spsgiae hefheBrior fRim( 1% whPia The frLeed fes Pocalaring,
bottom su tar W?% } i i

hori zont apf:t;/%{hefgﬁﬁe{jE‘%aﬁdrh?%%ﬁ@glh@aogetﬁ??ngl ope Qggkﬁ@@n%@ﬁ??};&oﬁggﬂ%‘% e
suppor t i ntp pliginthe drd effaetos witbtthetmeountingl plateof cl ai m 10, wherein the

nmounting plate has a nounting plane configured to receive a bottom surface
of the end effector, the nounting plane is sloped relative to a horizontal

pl ane, andq3t heThat EQpatpate’ AGRdIe? oM Ql0, TWhérdtn SHBS MAIMIngURPRAEt had a
pl ane. 15. The substrate handler of claim 10, the end effector is made of

al umi num mauntingeplapanconfigusediite feseiveds bottart surfage oizhe end effector, the
mounting plane is disposed horizontally, and the bottom surface is sloped relative to

the substrate supporting plane.

14. The substrate handler of claim 10, wherein the mounting plate has a
mounting plane configured to receive a bottom surface of the end effector, the
mounting plane is sloped relative to a horizontal plane, and the bottom surface is

paralle! to the substrate supporting plane.

15.  The substrate handler of claim 10, the end effector is made of aluminum and

the mounting plate is made of titanium.
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