H GH TEMPERATURE ANTI - DROOP END EFFECTOR FOR SUBSTRATE TRANSFER
BACKGROUND OF THE I NVENTION Field of the Invention pool] Enbodi nents
of the present invention generally relate to handling and transfer
sem conduct or substrates during sem conductor processing. Mre

Crtectors for HiGH TRWRERATRIRE Mol iRt s EReeroReRR <lpSTHare,
Description of the Related Art [O0002fRARSFER of robot arns is a well
est abl i shed nanufacturing expedient in applications where human

handling is, de |red. For exanple, in the
sem conduc & oYt ns are used to handl e substrates

b -_J. = :L-n _.- T facees
during and .bet arli steps to provide speed and reduce
cont am nat Fbﬁdvé’? E?)!ﬁ‘{fng
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ﬁ%‘strate handl er used in sem conduct or

processi ng er al i r I

P oaT obot IBFGE > EosdHACSr 800 piselEiichlith SEhBRIY Blaid 16 hafORHY and
ef fect ors #mesfeonsemincaductor ssyfistiatesa duripgt sgmicengductny guibesssiige  More

robor arm PatHALY PP bSGFEER Ehins FREFENERR BIRIEBNARIRIR R ubg vt
t o accommodabsotfopharidiingtsgnitoruere sabstgatesianber s, and _
| oadi ng/ unl oadi ng ports. During processing, the robot armin the

t f nmber first, | bstrate to th d effect f
| oah ng polbscaPtioh 136 FBWRR Ae substrate to the transier chamber,
the T 0bol pyf eedoliicy HHIdh Ameti@ Rl AEHHLA FAIRSI A BESIGeht in

to the tra charnber. e ropbot armdrops t
substrat e spplipations whereehymen basiling is medequaterahd/aturidesized.t Rer exanple, in

effector. en the prqcess i onpl et.ed in the processi chapber, .
Che roboi HienperbicanBigyaaepyfaelifBe (et Aums 0S LRad &6 abfiF SHESHates during
substrate ghdrbaveciNdhrios Sifsttberélige splisd ad Rduee ¥BAtMGRatisrRCESSI NY
chanber for the next processing step. (0004] Some conmon transfer

chanbers have facets t ?Pg onﬁodate four to six processi na cha@erf.
The proces8%Y ch ra 535‘ el H%Féj {n3RCe | PTRFRRRRE PREFTR {priudes
chanbers, BRY Yr Gidre EHRPEHEANRS hisoUhoWn\VAd aGBBGSIE e o?*&eéﬂrﬁéﬂ, attdaedd to a

deposition (CVD) chanbers, and etch chanbers. nos]Figure 1
schemat i carabpt aimudiheanskefiediensare gonfiguied fesupmprea subsgiate @uriog substrate

handl i ng s S i ! :
el udes t {8THRATEF ¢ df drt Fdpafle SeRBuctd VroRkaghy Bk RchT At blt i i
to a rotat gegerptly dispasddin &dransfertchambie having facets Wb stcarnmosiatesa @lurality
t he end effﬁct or 14. The,end effector, 14 has a fiﬁd.end 27 att ch%g)

to a mount PhBOCR$YRY Shambers, andaading{pajoading Rortss Duing %"’F?%sén%%e ot
confi gur edafng irstherdrisfér haRsidr Tirst |6dtRr £ OubstrBife td thecerRnefetiiorom Ra¥sding
substrate sensing hole 15 configured to | et through a sensor beam

used to dePedt Aleesatriewing theysubmikate i the transfeloh niheyrobet aipy Eeedsibe
d effect i 1

hand er - 10tiptats (0! Fobdody Kl o rReied RECAR I B’ [Pl robot

processi ngawhairops thensspIateconl aediikattate supporprin dhe gprocéssirg skarabed and

limtations,.Fjrs h d.eff r .exhihi droop. .(i.,. €. .2 .
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of “the: subdtaares i s e oubeliae: 6 2ot isEReiag pamPELL hedex
a partial geebism@pbiepl de 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 | oaded thereon. An increased droop in
the end ef P8¥ or PAMECUNHRA teansiar shampbgrs haye fapeisdogscommedate four to six
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[ 0007] Hi gh precision is critical in sem conductor processing. It is
critical for a substrate handler, therefore, an end effector, to have
hi gh precision alignnment. The end effectors are generally aligned and
tightly secured on the robot armto prevent any unwanted noves, which
may cause distortion due to thermal expansion. During sone high

t enperature processes, such as rapid thermal annealing, the end

ef fect or mpgoesteed Rigurer fArghematicdIgt ilgstRaés at sulttrat® hapalet®® tonfRyufed for
chanber. The tenperature nm to 350C_ The tightly secured end

b
of fectof mignNYESLHDBIS ol tRBsler ShamBRfaTheasRERishdadiar 1 nsfugies two
tenper at ur enqiddfds 345?(%??@& k& ah! afm ééééﬁ#tﬂf"q ] 2%%1%8@&? ﬁdé berlﬁ’ta%g ?gﬁt{)ﬁ%

effector 14 secured on t mounting Interface arma
16. The fi kagingd@ngfering, tehaubstratesitseen the amd effeciouttyl Yhe iendedfebtor iddvas

when ¢ he e dPErr Ul 37 AP 1d, RrfborBiB aube PERPR oM peeBlal 18/ dna =
thermal exheesEnadr29 edrdigurethtot suppoetesalatrats thelreonoTing freg eindt29 hag dave a
7 sehms. S5CHA sEBNBo S A5 Bt SRk oo e
i ncreases teddngloF alRMBRERL UTIR aﬁﬁ’@@ééﬁhsl?effGQﬁ@veé b@rﬁn({ gﬁéctar%em Fefially

apparatus and nethods for transfer a subsfrate at hig nper at ure

wi t hout dr 88pvaid feam andeinviasd todhe supsitate Septiery 0o insert |avsestrateyinto or
nos] The pr I i r : to apparatus and net hods
for transf g%ﬁg\tles%%}sﬂﬁér}g%tngﬁﬁéﬁ%%wgghg uré‘s. Particul arly,

embodi ments of the present invention relates to high tenperature

anti - dr oop[e9pg] ef fldet end dftectars aaispriarrarh dave rseveral UtitatiopabsFirstt e end

for Using ATERCE il b Bralinare: <L ataFial sheSordctufien doty B
substrate soppharidengndphveight obttie gulsstchtd.o Dsogpbetoraes wiage madsomed as the
posi ti oned thaitff substrat e %iag‘?'fel rst angl e relative to a hori t al

bl ane. and©Ad SITeEla BAACHE Ahigiercle 20oeBe dRBsRIY PACKeS PufsteiRand as the size
handl er, whengé RsubBRaRRdbeEdREIAFgerS FRIGRS XA ts@hém;atiéamsnm@ﬁ@teggél%ﬂa|

at a position that the substrate supporting plane is at a secon _
angl e rel ase&ti®nab sidgevigwr P Hhia @ndpﬂ&@l’m}ﬂr&r\m u§ B substrate; sFigusp@Beis a

on Lhe 1 eecililaicAbebtiohBl Lok SlieRdH @ﬁgénpdj'bﬁé&'b?ﬁh W8 KD6tRSS Ml loaded

angle. [00 er enno resent invention provi
end effect therémr. Asiingeased deoopuinstheatre biferddret4 (osipowrs idng te eight ofribe

ther eon._aRib e A8 ROBRAnRA T 182 B3 sFBEl BHoAtet B Hitele BaRBaGRd R
the fixed fied et dodp3udtanmgngigif ace of the substrate handl er, wherein

the bottomplane is forned at an angle relative to the substrate

supportin | ane. , £ Q0121Yet another .enbodi nent of the present .
Choont i on BB e biah BiRcion o CHRR I SORIRBR NP R BracRsBor L 4 iRl for?

a nmount i nggsitate hé‘ﬁ@e@’ﬂhﬁ'@ﬁ)frf@f 5@656’@%&8?,&8%'&1%’%’1‘9% ﬁr’éEEWnta\l/lI@%negt. The

substrate, wherein the en ector conprises a free end ha

substrat e sippbeetorgals generalbhaliignedeand dghllysecured: ore they ot arm tatprevent
first 3 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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angle relative to a horizontal plane, and a fixed end nounted to the
mounting plate of the nmotion arm wherein the end effector is nounted
to the nounting 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 fromthe second angle. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0013] So 1 hathtidkse VWHEMthe! dhaBfiédion 18 is3haye fffoﬂﬁtlrrta@@hél%tvwgeé id?@erttﬁérmai

present i nvention can be understood in detail, a nore particul ar

descri pt i ogxpansiorerate tham themmatsrialafthe menning ntarfagedife th&rﬁ&'ado@‘dﬁﬂobtﬁe
reference f e fo@t [

appended d%gemeérﬁégﬂirnf&tﬁa% %%S?&nﬂb%a%vgr e %tﬁt ﬁ'gd 5%8[’#‘% %eformed
dr awi ngs i dembnaltyedmﬂpyng alpocMreaasd&nilhlg;m'iemperamre. i nvention and

are therefore not to be consi dered Iim'ti ng of its scope for the

I nvention adm

[ 0014] Fi gu?@x‘?ﬂ (pri iquféc Bt P%F%@t“?ﬂ?ﬁ@ sSt for, gansfer a
handl er cosglibgitatedt high témpéfatun@ \suumnt daic@sng or cﬂhemmsesﬁeformtm@nber :
[Ouns] Figures 2A-B (prior art) schematically illustrate parti al
sectional side views of a drooping end effector. [0016]Figure 3

(prior art Hﬁtes a top view of an end effector

t hat def or == . —[0017] Figure 4 schematically
illustrate ex d f [
accordanceﬁwaét]h o?ggeﬁ%sgrﬁlﬁrﬁhg tﬁﬂgrﬂzs%ﬁté% rﬁ@e tl OJMS [aﬂ'nd methods for
8] Fi gur es 5Anﬁeserse:batrm@aatl hygh tarumramres sBEﬁicbth gmbedimanis obthet present

end effectqr F.aur c

T uct r ot e dvaRiais PRlatedso B! Rrdoarnfie rATELAEE, Srd lfRorh Ry ¥anstering
4. [ono] Fi gemeonddetBr sutistratéd.cal |y il ust rat es an end effector in
accordance with

[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
3



one enbodi nent of the present invention. [0021]To facilitate
under st andi ng, identical reference nunerals have been used, where
possi ble, to designate identical elenents that are comon to the
figures. It is contenplated that el ements disclosed in one enbodi nent
may be beneficially utilized on other enbodi nents w thout specific
recitation. DETAI LED DESCRI PTI ON [0022] The present invention

general |y pahpl@htideRdaddizoatd pERkhafd hoixeld HSMBIA %o IRETHANING (ke
substrates. Enbodi nents of the present invention provide an end

ef f ect or wiof heafmotion @sapmhgreindheiegd aftesinsismauntedh pmihie moueting plateata
enbodi nent " r bonent i on. f

ot o pr odePariiof Tt £8 Aol e Hidhind Qi 5 5C4 8o bob ARETE he
t he subst r bszantal/pdang Whernd sebteate ds dispssd on the foeeerdint thredirst angle is
slope is fqrpaed . qn a. nounti end of the end effector to facilitate
an angl ed ﬁﬁgﬁ?ﬂtﬁf m W? %?ﬁ&"@%ﬂa ‘ment of the present invention, an
end effector is nounted to a robot armw th side tolerance to all ow
ther mal ex BRIEF @ESCRIRTIONOB THEDRAWINGSNd effector is secured to a
robot armnear a center of a fixed end of the end effector. In one
enbodi ment [0813]t he Sor thedde imanneriiowhich dhea@pove recited features wof dherpresant

ffect t g i e 4 h ti [, il t
Sn! otod v uBnfdiPein BRTngbridetl b GEE ArdRd BERblEE dederlptRl BT it fbefiton,
enbodi ment boéfiyt édwnr}n?m?abiu%mﬁyhmhaﬁf bﬁraenégeé fl@f@ﬁ’@bd'mﬁt Qﬁmd@pﬁhich
coO rr ses an e e r and.. Cla cO | gur e 0O Ssecure
P ot Btk e sles " e 3R0PRGF Rinon JEus s ke MM Nower. lat the
robot arm apferRid éfmﬂﬁdmm&trafehgnImymélngmﬁbé‘lﬁ%n%%f thi3ein9Btion aric:l)) gre

effector 110 and the clanp 130 are” stacked together using screws 13!
t hr ough cotheselptharhiy boicessidared limigng pBits scopeaiortiee drvgntion geryoadmit do

has a free L ﬁ% 11 configured for nounting the
end effectgﬁagfég’{m é’ﬂ"n%ﬁﬁ’??ﬁg pt%ite 140. The fixed end 111 and the

clanp 130 have sinilar shape of the cavity 141 so that both the fixed
end 111 anf@o1d)e cFigue 13prigi art) schermatically tystietds a [s0bsistEantiee eonfiglired

124 has t fi f.i oyt er _ogpposi ng edges 128 and i nner
faci ng ed\é\%g “i@%{g?%@%g'ﬁge%éb%g‘gi'gferfﬁéﬁwgg a substrate sensing

cutout 118 at a standard |ocation for permtting a sensor beam such
as an infrpots) belBiguréso2Ad fuior tiip s¢hersativatdy dustibletpaatial seotitis sedviews
ef fector 11f0. The.end effector 110 al so has a center-finder hole 114.
An oper at of ?TﬂSPOBB]@ne & er and insert a pininto the

center-finder hole 114 to calibrate the center of the end effector
110, so thmb1e)he EipureBi(paboartilithematicaty ilepstesya p gewoivdrt Bnd Refector
chanber Wn@n grfo ing off or picking up a substrate in the chanber.

[ 0026] The Bt ?OB’B% high tempeEtd™®s curve in a uni que hour gl ass shape
starting with the fixed end 111 of the end effector 110 and then

taper out fogi7] OF NFigREe IS Sehemtally IRIstbfy B SPURRd1AEWCHf ¥R 4P akbstor
to forma recess that extends into the area of the substrate sensing

cut out 1183sSpAwbly BcacsoEdance wikeonsmembedimans pf themresentinvendiorass of
the end effector 110 to achi eve |ightweight and strong support for a
substrate. [oﬁﬁ?zg]ngigﬁré%n@Aeéf ScHePfatibdly MAStrates Retfonk? JidP VIREs M athe! B5d

fixed end 111,
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.
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shel ves 126 forned near tips of the fingers 115. The shelves 125, 126
are configured to support a backside of a substrate and provide

cl earance for the backside of the substrate above the | evel of the
main part of the free end 124. The shelves 125, 126 forma substrate
supporting surface 125a configured to support the backside of the
substrate. The end effector 110 al so has end shoes 117, 116

confi gur ed doof) | atwey @akhiatés @RESisRindthe? idenBalNBictehdenGnBralsREvd blerPlSed,
enbodi ment of the present invention, the end effector 110 i s nounted

at a predet@efs pessikiagiodesignatr identieal elemnertp thaj are gamawmia-the figures, Itis

schemati ca ' r LaNal .si i - fac _
schernt| Cabbbh sl S EFLAGTALRAE L GHE Al ) S S
110 i s " santiidedrorddthbeembedimends witbioutispgcifit aecitaliad. and t he cl anp 130.

Dashed |line 150 indicates a desired angle that a substrate is to be
handl ed on the end effector 110. Usually, the desired angle is about

zero degreQEfE'legﬁgéhﬁiﬂow a horizontal plane. In one enbodi nent,
the end ef _ d such that the substrate supporting
surface 12p@:21S afThd Rreat ShizMem Qj%(lﬂlla&llff:”rélﬂb@t bfaratud ddeséthed for

angl e marked by the dashed |ine 150." In one enbodi nent, the ) ]
pr edet er i HaBsfeHHge semicondyetor rsHbskrateso Fonpedisgnts &f oibgi AEesent timention
end effect 0. iGkt : kD
substr at o PovEScarHid ofebar il #iirGbnig a1 Hid Plefrlak NP Loditilieh  n Bre
paral | el tembldinkdhel the meeds0. inFemticy, sarefeindc effettor pnayl dieemmiundeld at a

angle (3 S ight and. size of the trate. nroperties of
the mat or | BTeTETTAE alBler Rt Bl ftetdd rBppid Featised; b i SE e, iBstfate
%égéo?lnd aah@fnpngfeg@mu effétttolgl\mm Tr?eseahsbqﬁmem,iha%lbpg ﬁ@grm@d&fngaA feflinting
n one enbodi ment, the angled nounting shown in Figure ma

be achi eveBNGyf s ﬁ?%@%ﬁc@f EPpg"C itatg apANGRA 8'\9!“!‘3'&533 i’lgn%ﬁmW"T‘?M the
end 111. Asrc3BAWMRvERi d,ga‘r'lr&uﬁ@ﬁ%étbﬁisbr%ﬁﬂgﬁ o RSt A vﬁfh ﬂa@ thlerse to
end 111 may be sloped so that the bottom surface 119 and the

substrat e slipptharmayexpansitie ID2B® embodioenpanaendeffegtor istearradito a robot

Fi gure 5B, t d tt I :
cubst rat o SR e gPRsH bt AdRehesh B} Bkand BRclh AT ERBpdiichy L iRe
The bot t onpEisantintdriioni, atctarse &t ssedhte seomeaarn emdefiéctoetol® idbot Arral opi ng
angle y, which is defined between the bottom plane 119a and an

original b m syr.f ac : o} eterm.ned,correspondi ng. t e
Snore a5, (e Eleb e SeaetnaiRfy sales, ThSRIGHd FRR°f ol el giefior
shape wi t hagsentlily 900fiacrcdrfanpartt ehe letnBdimentpethel presehtaneedtipd The
and the OI’IﬁJI nal bottom plane 119a, and the bottom surface 119 forns

an angl e off§ &ffectery aes ¥y s1RG gomprises ampEne| pHeelRe 18P0 8af nd ntlampn 30
| . . !
angl e y may,dguAet i%rs.*@cﬂgé} ¥ ehddimRtGoaEERG q&fg.,tygﬁgofe é}@%e@@ggﬂsﬁeﬁg%f

a substrate 1S position thereon. For exanp
may be forasebdtiaret Wianeckmbedigleshdhe maunding plate iduthiecend effectanti10 and

mount od_ sUBEIATBAE A il GARP bR seli 133 BtofoE sitfnd g s
substrate té3h M8, pd%iti oned on the free end 124 and a total

di spl acenent of the free end 124 fromthe horizontal plane may be
measur ed. | op l,e \ e 1 rrect, th tal..

di spl acerre[r-gt’].f4 ] [ 0035?%3%%%?%&@%% éi{eg'r%%g}ifﬁ@g&fﬁ(ggn?nqemgﬁwf@yred
may be cusfopmduntihg tivé &id effegtes 100 talihkfmoentingarigteet 40. fTie tikdd @11 and
process paraneters, such as.processi t enper.at ure i ght and size
of subst raﬁ’@ggﬂﬁprﬂéopmﬁ’@e?wgf SW%PF&P Qf%yﬁgfllﬁ?c L@%Sg‘ {rﬁeﬁ]’@ﬁoe"d L
effector. dnbthRsdampa30andh e clitgN4as a robot, may avoid drooping at
di fferent processes by using différent end effectors. [0033]In

anot her enbodi nent, a slope may be formed on_a top surface of the

mounti ng plP8#k 140he dresoeid 12fdasrwocingsss di 5 Hefingd by oterepResing edges
128 and inner facing edges 127. The end effector 110 has a substrate sensing
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[0034] I n one enbodi ment of the present invention, alignnent between
an end effector and a nounting plate of a substrate handl er nmay be
obt ai ned using constraints near a center of a nounting region of the
end effector. Referring back to Figure 4, alignnent of the end
effector 110 may be achi eved using an aligning notch 112 forned near
a central line 152 of the fixed end 111. A centering hole 132 on the

clanp 130 'cﬁto@l H 08 @t aVdts ftlatd ¢eaHtien ifegpdifliting 42sdnRbPBEa®) shitte asaHNhfrdted
pl ate 140. dowel pin 121 is used to thread the centering_hole

132
of the cl alli‘ﬁaTB@ d?tﬁﬁt theijasenseedstraioon the ard effgcter 48+ dpe Pﬂd eftegtor
the centeripg ahQl rf‘aslé‘%egf:g tleGer"%Ié‘ﬁ AY Ap! @de?at@a?fﬁ'léftf‘d'bnt A 8h&MBer and insert

effector 110 is nounted Figure 6 schematic l'ustrates
top vi ew of piméntethe een lndera e rii#yto vabibrate thegq;&réemowhemmeﬁecéor 110,

I 130. t

O S0 DR 18, BB, iy B HOSh S U o Ehdodbgen

wal |'s 144 dfodpirey of®unpickigg pipad subist@teindhé ekafmbged end 111 of the end

effector 110. The relief seanms 122 and the aligning notch 112 forned
th t t he  f d end t.he fi.xed end 111 .

end of fect B0 10" (55 SHRTRPACRERGEOFR 2B VNN A RO orars s eI REng

Thi's is papfthahe fiked eHg afyl ofwhe Rnt kefetidd 180 fRE then 1d6kr suti@fsmPfecasses.
material with greater thernmal _expansion rate than the material of the

mount i ng piTHe dTNeT0agiAg/_sIGEBHIRTc Pu® fagmher ISofETER dpcassoligh exigndirp the
pin and a Qﬂatac&tﬁé'sﬂﬂ Es'eﬁsﬂ %ﬁdef?quS' "The%@&é%c,gg g‘,é’\éﬁ&]eﬁ@&orHOhmlt

present invention, SUIta i gnnent I gni ng an end

ef fect or ntwr mass exittbe er@geiﬁept@rr 180 fto astiewa dighbveigsioanb streng Isappatt for a
[ 0037] End ffﬁ?’%iﬁors of the present invention nay be nade from any

sui tabl e % iral” that conpatible with sem conductor processes to be
performed in correspondi ng processi ng chanbers. I n one enbodi nent,

t he end ef foeerjor iTHe remdeeffecton HElCumashaishelf n25rfm1ﬂmfnmrt1bdifm19ndt1hé and

end effecto W th Jcke t ed her

materi al s ﬁéﬁ} ?% 1&§dgoarme[damaa PS¢ 4 H?%J@QEE Zﬂg B?qg 12'55u %fab are
Simlarly, cédiguedcan® sippoRea rBadRsitieosn §udubabhie ﬁﬁﬁeﬂil‘o&idé §lééhan@§ for the
titanium alum nur’rtjé stal nl ess steel and ceram c. fnlgl n one

embodi ment baghsidecoihp substrats phone the level elghginaia P}?A‘OO ¢ fise epdit24.  Hiae
the sane n@ﬁ Vds 2559 2B16im E%bgfrﬂ%gﬁﬁ?%lggérﬁﬁcé ﬁ‘ﬂ@@%ﬂfﬁ?tﬁé@% éL@R’bH‘?he

cavity 141 of the nounting plate 14 n one e ment
ef fect or ibacksitie of the slbstratem Thenieind effedtemp1® @isarbasténdgsides éhd, 116

effector ip i te is. fr.o i um pacuFigures 7A-B
scherratica??rsr'gwqtéﬂftgf Fag?%begﬁnﬂgmgg%ﬁt e%&“n accordance with
anot her enbodi nent of the present invention.

[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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[00411The end effector 210 having a free end 224 and a fixed end 211
configured for nmounting the end effector 210 to a nmounting plate. The
fixed end 211 is simlar to the fixed end 111 of the end effector 110
and may be nmounted in a simlar way. The fixed end 211 has an
aligning notch 212 forned near a central |ine 252 of the end effector
210, and a plurality of through holes 213 for nounting screws.

(0042) The Liestra8ds DoditioAd LoW e RAET Sffetldr ded,| MRAsibstRlE 85 RIPAIRS it Ghe

edges 228 and i nner facing edges 227. The end effector 210 has a

2
substrate §ashgchinsdpe. ﬁ@t%g%ff% el pFefetrine b ANglSr B penFPMPFEe Meight

sensor bea | :

Substrat o and Ses AT Shetae Brgteec Rl e mAleliptlr the 8 gRaFRE 118 stoture
cent er - f i nabrthérotrel 2figctoant theand ;v tewperiere aheviitlartber sabsdratnderto be
pininto tgsn%nggr-fi nder hole 214 to calibrate the center of the
end effect 8°%so that the end effector 210 may be properly .
aligned with dropping off or picking up a substrate in the chanber.

[ 0043] The oso}r opposhegnedghimedtharangedbsivantingshywhiinddguraedA ntdyebe
center portian form.ng a relative ropbust free d 224, . which

orovi den. seanpe by oo slthangt ¥ HEOM BHGAR #8 iePRaER 1310 As
has three Bréwn WPPQFGI 5B28 Batfompdu@icd e bf B8R BRd i1 11ThRytHY §6ped so
bunp supports 226 forma three-point substrate support configuration

for ni ni nutiaédhe Rottom sHrface o8t aed dhe sHbstRIgSUPRBPHC: sufae Aga isee not
machi ned o f ; r QWA

subst rat e P2ishel (AEENBAR 1% Ayl oB Y 6 SARARE F1$ Birefis 6 boRont Mane
shoes 216 fib8hni Mgexubsiratessuppoding suriace o 25abmderatsetoba snppdrtiog plaaer H5b.
The end shggs ,216 are confq,gured for, | ateral.l at chi bst r at
Cherein i niBraPhBrChBnecliss S aaine RuBhgtind e 1280, SIoBTikahde v
226 and t h@hiehds shfined Altwaaly the bobrrglank t h1Jzounglem 6GgingIr Sottodn avifface
scratching the substrate, thus, reduci ngg;t(gart i cl e contam natj on.

[ 0046] Whi | &19henehbegatainingd forrespenting 1o Msoanglat s bonerrmpedivent the
i nvention, figddheRd aNY fnal sk sffgﬁ&bﬂeéﬁa%e%itﬁ Ret¥EACLA20ArARI to the

devi sed wi thout departi fromthe basiC scope thereof, and the scope
t her eof i sSgosling plete B2 dbrandcihg originah dotterl plane 11REFERENCELOtvERAHSCE

Substrate hadl&k 2h%ngle 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.



End effector 14 Substrate sensing hole 15 Arm assenbly 16 Rotating
portion 18 Fi xed end 27 Mounting interface 28 Free end 29 Substrate

30 Sidewal fs 31

[0033] In another embodiment, a slope may be formed on a top surface of the
mounting plate 140 to mount the end effector 110 in a predetermined angle. In
another embodiment, the mounting plate 140 may be positioned in a predetermined
angle on the robot arm so that the end effector mounted on the mounting plate 140

is angled,

[0034] In one embodiment of the present invention, alignment between an end
effector and a mounting plate of a substrate handler may be obtained using
constraints near a center of a mounting region of the end effector. Referring back to
Figure 4, alignment of the end effector 110 may be achieved using an aligning notch
112 formed near a central line 152 of the fixed end 111. A centering hole 132 on the
clamp 130 is aligned with a centering hole 142 formed on the mounting plate 140. A
dowel pin 121 is used to thread the centering hole 132 of the clamp 130, the aligning
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



Seans 32 End effector assenbly 100 End effector 110 Fi xed end 111
Al'igning notch 112 Hole 113 Center-finder hole 114 Fingers 115 End

shoe 116

plated aluminum. Other suitable materials may include titanium, stainless steel, and
ceramic. Similarly, the clamp may be made from suitable materiais such as

titanium, aluminum, stainless steel and ceramic.

[0038] In one embodiment, the clamp 130 and the mounting plate 140 may be
made from the same material so that the clamp 130 may be snuggly fitted in the
cavity 141 of the mounting plate 140.

[0039] In one embodiment, an end effector is made from atuminum, while a

clamp for mounting the end effector in a mounting plate is made from titanium.

[0040] Figures 7A-B schematically illustrates an end effector 210 in accordance
with another embodiment of the present invention.

[0041] The end effector 210 having a free end 224 and a fixed end 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 plurality 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 substantiaily linear near the center
portion forming a relatively robust free end 224, which provides stabie support to a
substrate.



End shoe 117 Substrate sensing cutout 118 Bottom surface 119 Oi gi nal
bottom pl ace 119a Bottom pl ane 119b Top surface 120 Dowel pin 121
Rel i ef seans 122 Free end 124

[0044] The end effector 210 has three bump supports 226 formed on the free end
224. The three bump supports 226 form a three-point substrate support
configuration for minimum contact with a substrate. The bump supports 226 may be
machined an the free end 224 to provide clearance for an edge of the substrate from
the free end 224. The end effector 210 also has end shoes 216 forming a circle
larger than a substrate being transferred. The end shoes 216 are configured for
laterally catching a substrate therein in emergency.

[0045] As shown in Figure 7B, the bump supports 226 and the end shoes 216
' may be formed with rounded corners to avoid scratching the substrate, thus,

reducing particle contamination.

[0048] While the foregoing is directed to embodiments of the present invention,
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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Shel f 125 Substrate supporting surface 125a Supporting plane 1256
Shel ve 126 I nner facing edges 127 Quter opposing edges 128 C anp 130
Hol e 131 Centering hole 132

REFERENCE NUMERALS

Substrate handler 10
End effector 14
Substrate sensing hole 15
Arm assembly 16
Rotating portion 18
Fixed end 27
Mounting interface 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
Sheive 126
Inner facing edges 127
Quter opposing edges 128
Clamp 130
Hole 131
Centering hole 132
Screws 133
Mounting plate 140
Cavity 141
Centering hole 142
Hole 143
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Screws 133 Mounting plate 140 Cavity 141 Centering hole 142 Hol e 143
Side walls 144 Dashed line 150 Central |ine 152

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
Outer opposing edges 228
Central line 252
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End effector 210 Fixed end 211 Aligning notch 212 Hol es 213
Center-finder hole 214 Fingers 215 End shoe 216 Substrate sensing
hol e 218 Free end 224

What is Claimed is:

1. 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 fo 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, the fixed end
having a top surface substantially parallel to the substrate supporting plane of the free
end, and a bottom surface having a slope relative to the top surface, wherein degree of
the slope is corresponding to the difference between the first angle and 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 free end comprises three supporting
bumps configured to support the substrate thereon without contacting an edge of the

substrate.

4, 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, and 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.
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Bunp supports 226 Inner facing edges 227 Quter opposing edges 228
Central line 252 What is Clained 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 horizontal
pl ane; and a fixed end configured to be nounted to the
substrate handl er, wherein the end effector is nounted to the
substrate handler at a position that the substrate supporting pl ane
is at a second angle relative to the horizontal plane when no
substrabe i sAdiesdeifedtoprion being fvitha suhdiratenichridher, Eomptisiaggl e i s

different fromthe second angle, the fixed.end vin t op, surface
subst anti al I?/r?ﬁ%ﬁ aq"]d:ﬁ]af’!b"gt ﬁef‘g%aq?a?léopé)unﬁlﬁ)ﬁl ﬁﬁep&{ﬁ'@u d (ReSyRRoLt a
end, angutstie®d G MRGEInAY IsiBsiPate! sUBBo iR alHYee bRidhaS tb ARirStHIARS @ind
wherein degree of the slope is corresponding to the difference

bet ween t he @ifixgfl elifyhavingda theuniingondfansgrenfigued theseshte #ig epdogffastor
lai m 1, .t i f he. f
claim Lo tihg b 3Lg§tf—‘5tg$a%tewn lteﬁ}ﬁtegéeﬁr‘]nébnﬁ%%ﬁ&%%ﬁ%@éﬁcgggc%lgne,

IS predaégtlermne structure o e r, m 1 al
end ef fand the first planaridtersdah theofeddne Hahst thatfized @nddper atopngurface parallel

tenperature.. 3. The end effector,of claiml erein the free end
conpr | ooInBi b plain 474 e Giriedn oyt & w8 qpRLIe [opesliie the
t her eonanyglé e dbtet@IMRCbY R pMteRsisit (Tfihé MeeSeibvhahe substrad® i€Afkposed on
effector for using with a substrate handl er, conprising: a free

end havihggubskalsdiangles. supporting pl ane 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 nmounted to
t he subBt r atAn hadéffector ras#Fgwitine seibdiratefrerter, cempmisinged to t he

substrate h | er at Qsitio hat the substrate supporting plane
Te 2t secohdrengty PePE oeSthrele SHReBHR shfafe g o RubRort o
subst r agubstratedihepsese dvhereih hite Bulsstras @ugp@dng karfatd sktendgtealfigst plane; and

different fromthe second angle, and the fixed end has an aligni %
notch near &£ &8 ed havieg & Maeuntieg gswtacecediioutad tq isecuils e REd rtester

i's configiidtthd QuidttA8 hbR&leR Wh&biPReGhothting dhtice WBEHR!UE Dedr @ plane,
and the first plane intersects the second plane, and the fixed end has an aligning notch
formed near the central line of the end effector fixed configured to align the end effector

with the substrate handler.

7. The end effector of claim 6, 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.

8. 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:
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5. An end effector for using with a substrate handl er, conprising:

a free end having a substrate supporting surface configured to

support a substrate thereon, wherein the substrate supporting surface
extends to a first plane; and a fixed end having a nounting
surface configured to secure the end effector against the substrate
handl er, wherein the nounting surface extends to a second plane, and
the first plane intersects the second plane, the fixed end has a top
surface parallel i ANkt FRBH }

angel with the to%@rgtu{%g:g?ﬁg %Ithe rgﬁég]?lé S %P&ﬁ%@rﬁ@%}r{é&fﬁu&ﬁbn the
di spl acenent suifstratreat 2 §est angdlevikiativa ts alfvrizantal plandj apbsed on t he

h;ﬁgf re?f ecgﬁg(rj: glr nd: a S ma it 5 . r r’o .
; e S Wlrfed B ¥ miglinE At AL 0, ReBL Bl b fereip the
surface confemgliefdcton is mpRmtéd do Shdsho@itingt platecana pdetict thdtlthe substrate

substrate supporting surface extends to a first plane; . and

fixed end hal n?@ﬂa’%w?ﬁq%@ a\ PRRAD® GelpEe ffgtf@elacan@n_i%@l%wﬂen no
ef fect or agad afrald'® aipatePh hanreeendVaRE Qh@_fﬁ-&eaﬁﬁ?é'% idi¥eerett frafethe
extends to a second plane, and the first plane intersects the second
pl ane, and tsreohixatglenthentixechend| hayingh@ oot sirfdasr sekitaetiallyt pryalle! to the

central |ine_of e r e C i, Qur j t.he.

C e B S L 00 Y S B B S B e
wher ei n t he relatied tertteitsp carfbcguwherelro dbgredi sipibeeslopean isacomespanaing to the
cavity of a mpuntin | ate of_ the substrate handler with all owance to
accommodat e ¢ %rteﬁﬁ?%@B’b%ﬁ{Hh&ﬁrﬁli ?’?Qi‘? @Hé@”‘%%?‘?ﬁé’éir?"t% mounti ng pl ate
and the end effector, and the fixed end is aligned to the nounting
plate by inserting a dowel pin throu?h an aligning notch forned near
the cenral Thehsukstratebaedigr ef cletp & Tuter coputising o glamp menyperaenfigured
t he nount i t bstr ] , LSl ng; i

navi ng. 3 'madnf IS ffector HiPHe AofiiRT AL  WAGHERY v By el 13 bAtEd
suppor tbaelweabdhe abep meatber mnthiee enainéing @Ater conpri ses: a
free end having a substrate supporting plane configured to support

the substrate at a first angle relative to a horizontal plane; and

a fixedi@nd ATHBIEHstr etlRdMRUSHhpEsiRg:at € of the notion arm wherein
the end effector. is nmounted to the rmuntir;g plate at a position that

t he subst r at&metigparmihaying s meaeting plateanigbcond angl e relative to the
hori zont al te | | t : n

the first anyl & e rpeoBHEs & HapalrEROSEbetile Werdifi1nEneno Hector
havi ng eonopsesur f ace substantially parallel to the substrate
supporting plane of the  free end, ,and a bottom s%rgace havi ng s?upsblo?tpt R

relative to the th e%&ﬂf’a!?é’,‘”%eﬁ“&? at(‘]—’eﬂfpé)émgfg? Sqogaguriegi

cor r espondi ngibkRateht ikt aiigloeelatved weg hokiRenthi plste;am@ e and the
second angle. 9. The substrate handler of claim@8, further

conprising a cl argffsherd mosRtadyierba merntingrRiaterrf thaationearmy rwhsreindbe

mounting pl e85 e I iRt int K

nenber and the l?munti ng plua% e. & %J Wﬁgb?ﬁ%?%a?gxﬁgﬁﬁr%t thE stbéfie

conpri si ng: swppottingrswtaceliaat agsexond iamglencelativet to; thartwrizontal plane when no
substrate is disposed on the free end, and the first angle is different from the
second angle, wherein the fixed end has an aligning notch formed near a central
line of the end effector, the aligning notch is configured to align the end effector

with the mounting plate.

11.  The substrate handler of claim 8, wherein the mounting plate has a mounting

plane configured to receive a bottom surface of the end effector, the mounting plane is
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an end effector configured to support a substrate, wherein the end

effector conprises: a free end having a substrate supporting
pl ane 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 nounted to the
nounting plate at a position that the substrate supporting surface is
at a second angle relative to the horizontal plane when no substrate
i's di spasgdsa Hdigohf=Rg, &R, tHNBokbR szFfﬁEe 389418 é& r€|afnt/srﬁmh§ [SiBstrate
t he second angle, wherein the fixed en an a Igning notch forne
near a 8eppartihg plane. of the end effector, the aligning notch is
configured to align the end effector mﬁth the nmounting plate. 11.

The substrate handl er of claim8, wherein the nmounting plate has a
mount i ng2,pl afiee cabétrater ieghdier ofeclainy s, amﬁmbtrpmesufohaﬂ@g platé h@seadnountmg
effector, the nDuntlngggeane IS d|$ﬁosed hori zont al

an
bot t om BEPE£OBNgWred) tg fereive raqtiamn sufasR of tissendie e%tei;a'a? mﬁlt'agam@e Is
12. Thesi%HQéfrélﬁﬁ\?e tbaa%ﬁ&o%l Glafb Tk tw@sgﬁ%rﬂ sfu%c@?y Béﬂangu # RkSUBafate
a nounting plane configured to receive a bottomsurface of the en
ef f ect osUpPRAféngwlanei ng pl ane is sloped relative to a horizontal
pl ane, and the bottom surface is parallel to the substrate supporting
pl ane. 13. The substrate handler of claim8, the end effector is
made of 1&l unimesulsstchté handizuof iclams, ahe angl ¢ffabtordl madeof alminum and the

mounting plate is made of titanium.
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