Tactile Wafer Lifter and Methods for Operating the Same BACKGROUND [ 0001]
In the fabrication of sem conductor devices such as integrated circuits,
menory cewbpiozmeiothe |i ke, a series of manufacturing opeTAS2@NOSERBE
performed to define features on sem conductor wafers ("wafers” or
"substrates"). The wafers include integriated circuit devices in the form of
mul ti-level structures defined on a silicon substrate. At a substrate
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connected to the transistor devices to define a desired integrated circuit
devi ce. Also, patterned conductive |ayers are insulated from ot her
conductive layers by dielectric materials. [0002] The various wafer

manuf acturing operations require hgapdling and novenment of the wafer. For
i nstance, sone nmanufacturing operaagbﬁggiéﬂﬂﬂﬁe vertical novenent of the
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W thout regard to potential interference or collision along the vertical

pat h of tseanv@indudtor wales (Wehiers” mariafbachtas’’) nbhesysesnmecluddhertergeditidcuedevidesr
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interference or collision could result 1 n breakage of the wafer lifting
devi dé, trhetaltiomponiers arnpafeueed and eteegricaldy bommieoted tatid/tonsistoe deatertoidefind &,
if present on the wafer lifting device or conBonent at the time of th
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pr oduct kg@§$§$?%%%ﬁﬁﬁﬂh59&ﬂkhﬂﬁnmﬁpwwARY [ 0003] In one enbodi nent, a

tactile t'i ng "apparatus 1s disclosed. The tactile wafer lifting
appar at u§0002j| Tidesarpup eddat mhnahdudny eptiatieds eyuire handlingcireldmboerhdre of the
pedestal. The vertical drive is defined to provide controlled upward and
downwar d W FEHNSBACS §eMp syetagfuringippeRbens TeguiiaF @ticalinqVemsnapiie Ml 24) so
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activation of the tactile. o o )
another vertical level, without regard to potential interference or collision along the vertical
path of travel. In some wafer manufacturing systems, there could be other moving components
that may enter the vertical path of travel of the wafer lifting device, thereby creating a
20  potential for interference or collision along the wafer lifting path. It should be appreciated that
such an interference or collision could result in breakage of the wafer lifting device, the
component involved in the collision, and/or the wafer itself, if present on the wafer lifting

device or component at the time of the collision. As expected, such breakages can be
extremely costly in terms of product loss and system downtime.
25 SUMMARY
[0003] In one embodiment, a tactile wafer lifting apparatus is disclosed. The tactile wafer
lifting apparatus includes a pedestal and a vertical drive connected to the pedestal. The vertical
drive is defined to provide controlled upward and downward movement of the pedestal. The
tactile wafer lifting apparatus also includes a wafer support member disposed over the
30  pedestal. A tactile switch is disposed between the wafer support member and the pedestal such
that sufficient downward force on the wafer support member causes activation of the tactile

switch. The tactile switch is connected to the vertical drive so as to interrupt upward



switch. The tactile switch is connected to the vertical drive so as to

i nterrupt upwardnovenent of the pedestal and wafer support nenber di sposed
t her eoverwopon/@etozvat i on of the tactile switch. [0004] PCh/Usp@wios287

enbodi nent, a wafer handling systemis disclosed. The wafer handling system
includes a wafer carrier defined to nove horizontally within a processing
chanber. The wafer carrier includes an open region having a nunber of wafer
support tabg&nslingBp %I%dpe%l@é)cbﬂt arfdl Wafel Bﬁ!ﬁfo)‘t &Emﬁ)&edi@l&%@d tEPERRr uﬂ_&? aéB&boh 8! ONn
of the wafer carrier 1s sized to accommbdate a wafer when positioned on the
waf er suppofactikeabstchThe waf er handling systemal so includes a tactile wafer
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wafer lifter also includes a vertical drive connected to the pedéstal. The
verti éal el wefer sartief inchdlet anpipor iregoic hatinglal wanhep we rveh famshpgomrtalay disposed

novenent of the pedestal and wafer suypport menber di sposed thereover, such
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tactile wafer ter. e tacti waf er ter further 1 ncludes a tTacti

swi t ch didposethdbeh wseite tMacerviitee rdipopgbirt a fiznd@osidod withén deddsindler bslweha

that sufficient dowward faqorce on the wafer support nenber causes
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support I spose eover upon activation tactile switch.
[ 0005] | nveativat dere ecihadicdent the pedatdothd sedicsicdideed defihed pe padviidigeantiodled i | e
wafer lifting apparatus. The method includes lifting a wafer support nenber
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on the warer su sponse"to activatin

the |iftiggonfof tiewwf edrristippen then®afee tartisr Byioondhed abdvg thartetilelpifedliftand
the wafer support nenber is lowered to a bottom position. [0006] O her
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DESCRI PTI@hsehctiVib oRAMNGStile switch. The tactile switch is connected to the vertical drive so

as to interrupt upward movement of the pedestal and wafer support member disposed
thereover upon activation of the tactile switch.

20 [0005] In another embodiment, a method is disclosed for operating a tactile wafer lifting
apparatus. The method includes lifting a wafer support member of the tactile wafer lifting
apparatus. The method also includes activating a tactile switch in response to application of a
sufficient downward force on the wafer support member. In response to activating the tactile
switch, the lifting of the wafer support member is automatically interrupted, and the wafer

25  support member is lowered to a bottom position.

[0006] Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Figure 1A is an illustration showing a wafer wet processing chamber that incorporates
a wafer handling system as described herein, in accordance with one embodiment of the

present invention;



Figure TAis an illustration show ng a wafer wet processing chanber that

i ncorporates a wafer handling system as described herein, in accordance

wi t h one wotzotiaversz of the present invention;Figure |B iPSTAIS2000/0898T ati on
showing a top view of the wafer carrier with a wafer positioned thereon, in
accordance with one enbodi nent of the prZsent invention; Figure 1C
illustrates that the wafer lifer is operated to extend a wafer support

menber thr Oungl%lhﬁ P& ah %Hhé?ﬂu@ﬁ shb®in ‘gﬂ«i &bp i 'oPrthe WARH LRGrVRfRra Gafri er
is positioned above the wafer fter; Figure IDillustrates that the wafer

is pl ace@oemionérbthﬂwbermsaugpdmce maﬁrbme enfbodheentaf de pr¢$nenvwi®n, t he wafer
support nenbe fer carrier; re IErllustr tes

r nded abov
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conmes to res on the fer support tabs of the wafer carrier; Figure

i |1 ustratvedet lfatr; t he wafer lifter | owers the wafer support rrenber to a
fully lowered position, i.e., home position, ere_the wafer suppo nber
resi des as thd' grgréb Wirtates Py Bl 4 rlﬁchraﬁgwﬁfe SHpROTL P Epe I&Prtrw”%%

Pr 0Cess! e PRAANHANSer Spdbi Sndffek 4 ARl 8503 REGRRE Lribft whi ch Lhe open
regi on of t carr| ris msaligned with wafer l'ifter, thereby
resul ting i n &FigatlliEsillostritet hae aft¢rhecairihe rthes wafeoron the mager sapport henvief,ehe
carrier durrn a Iiftig:gr operatron to renove the wafer fromthe wafer
carrier; feroia operatee P Ipye tha (e YRBON MFmbet sugh that theMefen qopes fg rest

devigg, | tg%fega&g&]wﬁf)pofqﬂgwgf@ge et of the present invention; Figure

2B is an 1l lustrat oW ng a si vi'ew of the tactile lifter of Figure
2A, with the Vi&gae 16 ﬁlpGISa&éis thhetheomafer lftacioordathe evafert suppoe nedtitieed itorarfull pf
t he present inventijon; gure 2Cis an illustration show ng an expl oded
vi ew of tiRwWeled fopitian] -1 h@me PASISER OV BRAR CBE WiLcH SBPROT MBI TrEIh s iifawater

present | a cl ose-up
Cross- secéta%lr%glioﬁg?net@}gt% Iﬁ%@tggﬁ pi‘e d:ulhﬁg é{O%lggr?ﬂgno%g%\s{\fgﬂ led form in
accordance w tHgwael@rhodiamni sofnatibeinpvaiR@nthei speantepion; ofFibguwer 2kl iar e

illustrations show n%geu parti al ln% assenbled tactile lifter with the top
sur f dée dnisplignedarigh theuppisk diftep tbeeb tgsubing ipopcalisipadetverentthe WabkIksuppeit

exposed, Illé}nber and the wafer carrier during a lifting operation to remove the wafer from the wafer
carrier;

Figure 2A 1is an illustration showing a tactile wafer lifting device, in accordance with
one embodiment of the present invention;

20 Figure 2B is an illustration showing a side view of the tactile lifter of Figure 2A, with
the wafer disposed thereon, in accordance with one embodiment of the present invention;

Figure 2C is an illustration showing an exploded view of the tactile lifter, in
accordance with one embodiment of the present invention;

Figure 2D is an illustration showing a close-up cross-sectional view of the tactile lifter

25  in an assembled form, in accordance with one embodiment of the present invention;

Figures 2E-2F are illustrations showing a partially assembled tactile lifter with the top
surface of the wafer support member hub and top surface of the lock plate exposed, in
accordance with one embodiment of the present invention;

Figures 3A-3B illustrate operation of the tactile switch, in accordance with one

30  embodiment of the present invention;

Figure 4 is an illustration showing a cross-sectional view of the tactile lifter that

depicts the coiled cable extending through the pedestal, in accordance with one embodiment

of the present invention; and



accordance with one enbodi nent of the present invention; Figures 3A-3B
illustrate operation of the tactile switch, in accordance with one

enbodi mrerwoabiwdeelopr esent i nvention; Figure 4 is an il | BETABLIVOSERRDW Ng a
cross-sectional view of the tactile lifter that depicts the coiled cable
ext endi ng through the pedestal, in accordlance with one enbodi nent of the

present invention; andFigure 5 shows a flowhart of a method for operating
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respective drive magnets within an interior cavity of the drive rail 109.
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101 is dahicRedos L1098 rd\@fixd@0s el dtiviistdai oF thdQaRy @&8RE 1 00 HBARPESsitidked to
contact the exterior drive surface of the drive rail 109. A pair of guide supports 107A/107B are
affixed to the guide side of the wafer carrier 101, and are positioned to interface with a guide
track of the guide rail 111. Handle magnets within the drive trucks 105A/105B are

20  magnetically coupled to respective drive magnets within an interior cavity of the drive rail
109. Therefore, linear movement of the drive magnets within the drive rail 109 will cause a
corresponding linear movement of the wafer carrier 101 along the drive rail 109, as indicated
by arrow 135. Therefore, the wafer carrier 101 is defined to move horizontally within the
processing chamber 115.

25  [0009] A motor 125 is mechanically coupled to a drive mechanism within the interior cavity
of the drive rail 109 to provide for controlled movement of the drive magnets within the
interior cavity of the drive rail 109, along the length of the drive rail 109. The motor 125 is
connected to a computer system 137 by way of a control link 139. The computer system 137 is
defined to control the motor 125. In one embodiment, the computer system 137 operates a

30  GUI 141 defined to provide for manual specification of the velocity profile to be applied by

the motor 125 to the drive magnets within the interior cavity of the drive rail 109. As



[0009] A notor 125 is nechanically coupled to a drive mechanismw thin the
interior cavity of the drive rail 109 to provide for controlled novenent of
the dri vewoagreamsioai thin the interior cavity of the dri yeTnseé0908287 al ong
the length of the drive rail 109. The notor 125 is connected to a conputer
system 137 by way of a control link 139.5 The conputer system 137 is defined
to control the nmotor 125. In one enbodi nent, the conputer system 137

operates Iﬁex%ﬂslﬁ-ﬁﬂenﬁ@ﬁéd“% @roﬂfﬁﬁﬂo@ﬁé g&(:lff@rhu@élocﬁ@e&ﬂ fhe GRive ARaBietst f€ach
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drive rail 109 and the guide rail 111 exte onti nuously through” each
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the travel path of the wafer carrier 101. LOOll The processing nodul e 131
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verti cal BOSItlon of the drive rail 109 and a vertical position of the
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t he processing head 127. The processing solution is formulated to react
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one position of the guide rail 111. The processing head 127 is defined to expose the wafer present

20  on the wafer carrier 101 to a processing solution. In some embodiments, the processing head
127 is defined to dispense a meniscus of processing solution onto the wafer surface as the
wafer traverses beneath the processing head 127. The processing solution is formulated to
react with the wafer surface to achieve a particular wafer processing result. In one
embodiment, the processing head 127 is equipped to perform multiple wafer processing

25  operations as the wafer is moved under the processing head 127 by the wafer carrier 101. For
example, in one embodiment, the processing head 127 can be equipped to process the wafer
surface, rinse the wafer surface, and dry the wafer surface, as the wafer traverses thereunder.
Also, in another embodiment, multiple processing heads 127 can be mounted to the drive rail
109 and guide rail 111, such that the wafer carrier 101 moves the wafer under each of the

30  multiple processing heads 127.

[0012] Once the wafer carrier 101 moves through the processing module 131, the wafer
carrier 101 arrives at the output module 133. The output module 133 includes a wafer lifter

119 defined to move vertically through the open region 103 of the wafer carrier 101, when the



enbodi nent, the processing head 127 is equipped to performnultiple wafer
processi ng operations as the wafer is noved under the processing head 127
by the waWverowa9sioer 101. For exanple, in one enbodi mTenPCTIUSR0POOVETSI NY
head 127 can be equi pped to process the wafer surface, rinse the wafer
surface, and dry the wafer surface, as the wafer traverses thereunder.
Al so, in another enbodinent, nultiple processing heads 127 can be nounted

to the drjMer &didr 195 2B5eHiGERE in hElusiHGibdutal33 *I%e"x\@aff&rhﬁé@rlrw %Em 301
noves the wafer under each of the nultiple processing heads 127. [0012]
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handlrnglgﬁy?ggrﬂ) gﬁmgl mafer is retrieved off of the wafer lifter 119,
the wafer ter 9 can be lowered to clear the travel path of the wafer
carrier J0013]THgue IBhs anaiflestratianrshewinkGiltopsviem\oé thdbaafer carriehe01 mpthta wafdul e

129 to retrieve the next wafer for processrn%@ [0013]. Figure IBis. an
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i nventi on. e waf er car 101 1's dispose exten in a su stantral

hor i zont ahil d09 &s the@idermainitl h ETIeh wfer ézfrhl:r [@%ntladébe genteidlyriacatedldpkn ra'g’len
waf er carrier 101 incl udes the centrall%hlocated open regron 103 having a

nunber of lOgdREEAUBEher of 3igter pumpat @pbstidiaprrad ahoyarRepiRBeRY obthe ¢ppengpeAn

bost 1 onconiE 3R TeAGPBE 5 ed T Bt uEBROTIRFDE G MBI Eed 8F dhEer
Cr 0ss- seovafensuppew tAbA 143, Eigﬁ)rleCIIEdlslol’thmtngs% crbGs-3datioh QRebd |A-Al gid@sictdLin

through I F depict a series of operations perforned by a wafer |ifter 147,
such las vdgwees I€flers 117 and 119 descrrbed above. Figure 1C |IIustrates
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t hrough t region r-carrier t'he’ Wa
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that the wafer 104 is placed on the wafer support nmenber 145 of the wafer
lifter 147 is operated to extend a wafer support member 145 through the open region 103 of the
wafer carrier 101, when the wafer carrier 101 is positioned above the wafer lifter 147. Figure
20 1D illustrates that the wafer 104 is placed on the wafer support member 145 of the wafer lifter
147 when the wafer support member is extended above the wafer carrier 101. Figure 1E
illustrates that after receiving the wafer 104 on the wafer support member 145, the wafer lifter
147 is operated to lower the wafer support member 145 such that the wafer 104 comes to rest
on the wafer support tabs 143 of the wafer carrier 101. Figure 1F illustrates that the wafer
25  lifter 147 lowers the wafer support member 145 to a fully lowered position, i.e., home
position, where the wafer support member resides as the wafer carrier 101 horizontally
transports the wafer 104 during processing operations.
[0015] To remove the wafer from the wafer carrier 101, the wafer lifter 147 is essentially
operated through a reverse sequence of the operations of Figures 1C-1F. It should be
30  appreciated that as the wafer support member 145 is lifted through the open region 103 of the
wafer carrier 101, proper alignment of the open region 103 to the wafer lifter 147 is necessary

to avoid a collision between the wafer support member 145 and the wafer carrier 101. For

example, Figure 1G illustrates a scenario in which the open region 103 of the wafer carrier



147 when the wafer support nenber is extended above the wafer carrier 101.
Figure IE illustrates that after receiving the wafer 104 on the wafer
support meEoRzero/dd? the wafer lifter 147 is operated toPCOwSzoWe28af er
support nenber 145 such that the wafer 104 cones to rest on the wafer
support tabs 143 of the wafer carrier 10L. Figure IF illustrates that the
wafer lifter 147 |l owers the wafer support nenmber 145 to a fully | owered
position,ig].i¢ misJPi%H@d RRRithd Qfer WASF €41, fﬂﬁ‘er&@ feSulaHPRPA EollBRR Vet R iHe s
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101, the fer lifter. 147 .is essenti oper at ed t hrough g .reverse
sequence ft%?f@ thf)é?Yaé?ri ‘Eﬁ’i’%erowllzis[bg‘?oé’ié %—apgrﬁga@ %‘%?HCE ao&gl}ib‘ﬁ? EMEe8ALE hat
as the wafgt, %@Bﬂr&eﬁﬁéﬁo% 14D teSwhiel tegdiet NOPUALY T8It aRHRASG! B tk0Raff
the wafer carrier 101, proper alignnment of the open region 103 to the wafer
lifted 1&dmies 10écths seafsr fuppay maantser ddb .| the imaifierbldkvicseH, dihanywaihdringioppbertof,

nmenber 145 and the wafer carrier 101. For exa e, Figure IGilluystrates a
scenari o PAIHHPR P PREntET¥ Hamaging ptheg SorgponeRts %rlgfﬁ%?roezsgﬁngéhilﬁherﬂsl mi sal i gned

with the redel 147, sgl.t L Li 5l t
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oper at i orproess empwembinginal Bstwiéid tHerwafet hed wad dre macessiap htdd 127 tas sivowhfdr be
appreci ated that such a colljsion between the wafer sugport menber 145 and

t he waf ercafigr i trangpprisdhe walep |94 benepthatlig REpeeting hrad igf el thigremberimey. the he
waf eggsugpgg} A RIOR) iéléefr'nehg8b¥‘@$tﬁrthi% d stif§ e th @ 0¥ ﬁ@ﬂ@éﬂ@boﬂ& Lbgeor
in addition to potentia fy anagi ng ot her conponents of 't he procesgl ng
chanmber Jahfunnfii@k&] cdsior bermebe thel wafen@ppoid adhinitent 45 tltetheafadsr caater iler wiidl
is defined to ensure that a process gap i s maintai ned between the wafer 104
and the plBeEssitHglyfante rogkage of the waagearticad Pi.end voder }04rik pispans thepromwaf er

104 b . i d 1| j i h f i
191 PenSablre BRSSO ERT shTey 4 bl PROELT biark SrF hpd fiple o
Consequeniohponéit, bivh 4J Badveen calféd Bft@8 gIMeemd he wakelcasiepaon} theepibesmt 145

and the wafer carrier 101 wll alnost certainly cause breakage of the wafer
carrilér lpventigh@repadasra tagrie iwafgyrldtes gP0 thae sedphined goserpe Teolhision gad ecachte the
effects of ch a callisi] t we a fer difter,an not her .c nent ,
e e R T e e T

present ithyesikion. PhowtEieSyaet @fdrid0e dai®ed hedetrefan20utiied foiseithef biesth oo
sense a collision and react to the collision so as to prevent breakage of

t he tact ithe wags difters Fli/eand2lg@ deneried ipdnengessl torihoprpsepsing ahambeinl 15 &f lHaureThe
Lgf Li L? V\faAf—FI‘E} lAidE}tl%lﬁal 39, Cl’t sqlimsl dI lg)esl?rgdeps?oroedi HaCAL tzpc?ﬂeuvtvg eir ﬁﬁgr i(ﬁf digci:lgsrg:%rhe%)erin
20  can be used in essentially any other system in which it is necessary to vertically move, i.e.,
lift/lower, a wafer or substrate.
[0018] Figure 2A is an illustration showing a tactile wafer lifting device 200 (“tactile lifter”
200 hereafter), in accordance with one embodiment of the present invention. The tactile lifter
200 in defined to vertically raise and lower a wafer support member 201 in a controlled
25  manner. Moreover, the tactile lifter 200 is defined to sense a collision between the wafer
support member 201 and an interfering object during lifting of the wafer support member 201,
and respond to the sensed collision in a manner that immediately and automatically stops
vertical movement of the wafer support member 201. The immediate and automatic stopping
of the vertical movement of the wafer support member 201 is performed in a manner so as
30  avoid breakage of wafer support member 201, breakage of the other object involved in the

collision, and/or breakage of the wafer if present on the wafer support member 201 at the time

of the collision.



the wafer lifters 117 and 119 described with regard to the processing
chanber 115 of Figures IA- I1G Additionally, it should be understood that
t he tactiwe 2omfmsi0ki fter 200 di scl osed herein can be usedTius2@sse87 al |y
any other systemin which it is necessary to vertically nove, i.e.,
lift/lower, a wafer or substrate. [0018]8Fﬁgure 2A is an illustration
showing a tactile wafer lifting device 200 ("tactile lifter" 200
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Figures 2A and 2B includes three arns 201 A with respective wafer_ engagenent
nmenbers 2Grtsal peyepert ofithe wafstsuppeE mgaks: 206 Sorgheparais ¢fdhe @ﬁﬁ@d}f??ég

the waf oW UrQHf?{ ih tﬁﬁgir)p%hgég ﬁeﬂf%X]t 1&189%&1‘? CSvaf ’b4td‘&\k§§ec?tﬁlgi%o§0' A
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201 nmay \{eozo]fmgm:vmaﬁs bf iBX{dtaticn tsh&wﬂ@pzhrﬁ%ﬁp“lodkﬁf @i, ofs thel BEleasttdrEONH er
support nenber 201 is capable of safely engagi ng and hol ding the wafer 104
at a lposiacrydangsovehtone embediment jof tthe prergnt snneRtiethakiguesr EPcisl amdlhestagion of
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wll resu ¢orrespon ng vertical novemen posed

t hereon. Jc88dceRiigLsR &%ddsman of kheUusitdent inQBntiSdThOWh@ b1 RV i RX Pk Q6idn V4 @wan;
the tactile lifter 200, in accordance with one enbodi nent of the present

i nvent i ortPPH¢aple o qth iFguaq&f; 3¢ pg 2PatThe tactile lifter 200 includes a base 203 secured in a

substantially vertical orientation. A pedestal 205 is disposed within a vertical channel formed
20  inside the base 203. In one embodiment, the pedestal 205 is defined to have an outer
cylindrical body that extends through the vertical channel inside the base 203.
[0021] Generally speaking, the tactile lifter 200 is defined to move the pedestal 205 in a
carefully controlled manner up and down the vertical channel of the base 203. To this end, the
pedestal 205 is mechanically connected to a vertical drive system. In one embodiment, an
25  electric motor is included within the vertical drive system to provide for controlled vertical
movement of the pedestal 205. The vertical drive system may further include a drive means
such as a lead screw, chain, belt, or track, along with associated mechanical components such
as gears and sprockets, as necessary to transfer mechanical motion from the electric motor into
vertical motion of the pedestal 205. Although the above-described vertical drive system
30  embodiment utilizes an electric motor, it should be understood that other types of vertical
drive systems can be implemented to provide controlled vertical movement to the pedestal
205. For example, in another embodiment, a pneumatic-based vertical drive system may be

utilized.



showi ng a cl ose-up cross-sectional view of the tactile lifter 200 in an
assenbled form in accordance with one enbodi nent of the present invention.
The fol | owonglodivswassi on is equal ly applicable to both PFCcgarse®d®28nd 2D
The tactile lifter 200 includes a base 203 secured in a substantially
vertical orientation. A pedestal 205 is 9lisposed within a vertical channel
formed inside the base 203. In one enbodi nent, the pedestal 205 is defined
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i nside the base 203. [0021] Cenerally speaking, the tactile lifter 200 1s
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2A- 2B. Theembdrel01SuRfos to tepeaestA QD51 To dhspe sied akimuthas Whkimnhiladd pincastier ed
manner over the gedestal 205. A lock plate 217 is secured to a top surface

of the pefeyedwithpmn oier siger wall slihpdeck nitaBéer- Inene pabadimspe dhe leckdipe? Ibrige| y

in a vert] i i i 0 |l oc I . Al fer
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provide a hard stop to upward novenent of the wafer support nenber 201. The

upwarld st%sg fermedavithi ertoB ppare ohtheblard 201C 18§ thavafes slapperameenpbey 29dcat 8 at
an interf . 210, . e llly, the lock plate 217 is defined to

azinuthaﬂ?%gfg g”?%%gégbgﬁggﬁ}ﬁ%r 7henber 201 relative to the pedestal 205.
To enabl oo FigatdDENH aré AGkKiri@bns&hbWik PpaitiAldasksmISIEE ticBT: 1¥ter 200 vath et er

side wall of the lock plate 217. In one enbodinment, the lock pin 215 is

top surface of the wafer support member hub 201C and top surface of the lock plate 217
exposed, in accordance with one embodiment of the present invention. As shown in Figure

20  2E, the channels 233 are defined to receive the lock pins 215 which protrude radially outward
from the outer side wall of the lock plate 217, as shown in Figure 2F. The lock pin 215 and
corresponding channel 233 are defined to prevent substantial rotation of the wafer support
member 201 about the lock plate 217. The embodiment of Figures 2E-2F shows use of three
lock pins 215 and corresponding channels 233 at radially equidistant locations about the lock

25  plate 217 periphery. However, it should be understood that a different number of lock pins 215
and corresponding channels 233 can be utilized in other embodiments.
[0025] The tactile lifter 200 further includes a tactile switch 207 disposed within the center
open region of the lock plate 217. The tactile switch 207 is secured within a tactile switch lock
nut 211, such that a trigger end of the tactile switch 207 is oriented upward. The tactile switch

30 207 is defined as a normally closed switch that, upon being depressed to an activation point,
opens to interrupt a circuit connected thereto. As discussed below, a number of components

are attached to the wafer support member 201, such that downward movement of the wafer

support member 201, e.g., by way of a collision, will cause the tactile switch 207 to be



secured to the lock plate 217 by a threaded connection. In another

enbodi nent, the lock pin 215 is an integral part of the |lock plate 217. The
| ock pi n OR0im9siozed to fit within a channel 233 for me@Crushiog/05028Dp
surface of the hub 201C of the wafer support nenber 201, at a | ocation
proximate to the |lock plate 217. [0024] 1Bi gures 2E-2F are illustrations
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20  205. The sleeve 405 provides for smooth travel of the coiled cable 231 as it is extended and
retracted within the pedestal 205. In one embodiment, the wafer support member 201 is
capable of traveling over a vertical range of about 100 mm. Therefore, in this embodiment, the
coiled cable 231 is defined to provide for extension and retraction over at least a 100 mm
distance.

25 [0028] The tactile lifter 200 also includes a threaded adapter 209 defined to allow for
transition from a larger feedthrough hole within pedestal 205 to a smaller hole associated with
tactile switch lock nut 211. The larger feedthrough hole within the pedestal 205 facilitates
assembly of the tactile wafer lifter 200. Specifically, the larger feedthrough hole within the
pedestal 205 allows for insertion of the coiled cable 231 through the top of the pedestal 205, as

30  opposed to threading the coiled cable 231 up through the bottom of the pedestal 205.

[0029] An elastically compliant member 213 is disposed between the wafer support member
201 and the pedestal 205. Also, a cover plate 219 is secured to a top surface of the wafer

support member 201. A seal 227 is disposed between the cover plate 219 and the top surface



of the pair of electrically conductive wires within the coiled cable 231 is
respectively coated with an electrically insulating material. The pair of

el ectri cavbyoooeeweti ve wires is disposed within a jackeCTafS2eéasi2st
material. The jacket includes a coiled portion 407 to provide for extension
and retraction of the coiled cable 231 44 the wafer support nenber 201 is
rai sed and | owered by way of the pedestal 205. [0027] In one enbodi nent,
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cabl e 231 up through the bottom of the pedestal 205. [0029] An elastically
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t he wafer support nmenber 201 is transferred through the cover plate 219 to

t he el astdodiianbeswegn thamafarsnprort membend0d eing ap gpferfering object.

[0031] The elastically compliant member 213 is defined to act in a spring-like manner when a
20  sufficient downward force applied to the wafer support member 201. Compression of the
elastically compliant member 213, due to downward force applied to wafer support member
201, allows for corresponding depression and activation of the tactile switch 207. The
elastically compliant member 213 force is set such that the wafer support member 201 will
move downward upon contact with an interfering object within the travel path of the wafer
25  support member 201, and thereby activate the tactile switch 207. Also, the elastically
compliant member 213 force is set to allow for downward movement of the wafer support
member 201 before a breakage force is exerted on either the wafer support member 201 or
interfering object.
[0032] In various embodiments, the elastically compliant member 213 can be essentially any
30 type of elastically compliant member that provides adequate spring characteristics. For
example, in one embodiment, the elastically compliant member 213 is a coiled spring. In
another embodiment, the elastically compliant member 213 is defined by multiple coiled

springs. In another embodiment, the elastically compliant member 213 is defined by an



[ 0030] More specifically, the elastically conpliant nmenber 213 is defined
to provide upward force on wafer support nenber 201, by way of the cover
pl ate 219vetoinIs®2secured to the wafer support nmenber POT/USTHO/ 0592821 d
force exerted by the elastically conpliant nenber 213 nmintains the wafer
support nmenber 201 in an upwardly di spod@d position relative to tactile
switch 207 during normal conditions, i.e., in the absence of an abnornal
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collision between the fer support nmenber 201 and .an interfering object.
[0031] TrPé)tf‘éuﬂa%tnitf‘éﬁﬂrun V‘\%lfﬁbllil |At ew%%lglﬁn? fgsﬂil@ncféi%l%wa{éa CHEeT Siclyas Water

spring-like. e Gl EF d.far

support rrééﬁ%ég?@g’olrlep y%%ﬁn%?lgiq%ﬂr%ﬁggﬁtﬁg&e|Easr][gcéa @ﬁc‘g&%*l?lgg{ {hg%é g?aq%g{
due to dameastitaflpcemphppnabet @1 vaf dafingd pp arspring otaetan? @1thired rangs extonding
correspondi ng depression and actjvation of the tactile switch 207. The

el asti calffgmcOapM 2ake 2hewne} poumlst s dach. dnswethep ¢ariatest of Has gaPedingsippbe t
A : : v . he : '
et ikl P AP PR 2830 JARLEE 5 phl B0 I8 18P0 i

acti vat e fidie abaa B0Ite alsait 50 porfds.peAirt, the el astically conpliant nenber 213
force is set to allow for dowward novenent of the wafer support menber 201

bef ore a [BP3HkEydastde bftey 200:3leq mghdenancadimdmentsrayg £k definsgdde engpapmath the1
o . . . . ; .
o ani SR 95 AP LRGSR TR by U2 s,

menber t hatdepiesyvihd @sctidd efidat 20Bwhemg seffidfeat ewhwhidBrce fOEx@wedipos thd Wafene
enbodi nent, the elastically conmpliant nmenber 213 is a coiled spring. In
anot Hér ewbeit meatber 2Rk adds tiapdpired Bweyshi haconesrmee 23930 ithe abpstRent wyew

mul ti pl elé;z?i hfd (SR Pﬁ%r‘ 2dd‘fu%ﬁ‘18{ ek é*%f?dhrﬁ%%em h08 Gk t%a;{réé’en? QR @t
menber 2 i s detined y anannul ar--s aped”ru er conponént. Tn yet another
enbodi nenbratibhef eheasdjhgmkehtysce@mbi antdifBABY, ar bdjustndhefstReOdcdi¥r 225 bt Keadf

annul ar - shaped rubber conponents that together provide adequate spring
char act erd28targprovided to protect the adjustment screw from exposure to wafer processing materials,
e.g., fluids, chemicals, by-products, etc.
20 [0035] A vertical position of the adjustment screw 221 relative to the cover plate 219 controls
an amount of vertical travel of the adjustment screw 221 required to depress the tactile switch
207 to its activation point. More specifically, the adjustment screw 221 allows for adjustment
of a gap 208 between the adjustment screw 221 and the tactile switch 207. Adjustment of the
gap 208 provides for adjustment of how much downward movement of water support member
25 201 is required for tactile switch 207 activation, i.e., provides for adjustment of tactile lifter
200 sensitivity. In one embodiment, the adjustment screw 221 is set to just contact the tactile
switch 207, such that the gap 208 is set to essentially zero. In another embodiment, the gap
208 1is set such that a vertical distance between the top of the tactile switch 207 and the
adjustment screw 221 is within a range extending from about 0.01 inch to about 0.015 inch. In
30  yet another embodiment, the gap 208 can be negative such that the adjustment screw 221
actually depresses the tactile switch 207 to a position within its dead band, i.e., to a position

that does not yet reach the activation point of the tactile switch 207.



[0033] It should be appreciated that a required spring constant of the

el astically conpliant nenber 213 is defined based on a force required to
break thewoabmvosswpport nenber 201 or potential interfePChgSewonss2s87 1 n one
enbodi nent, a silicon carbide wafer carrier, such as wafer carrier 101
represents the potentially interfering dBject. In one variation of this
enbodi nent, the elastically conpliant nenber 213 is defined by a spring

constant gpid)i Hgited 3ROTH el see @rﬁtfoﬂ%@tﬁ%@ Yhcti20 s AciRBOutin 6R-AANILSY RE one
inch. Inanother variation of this enbodinment, the elastically conpliant

menber 2Xkmbodimdefti nedhbyprasemprinmgntmonstlanttaomld iwitch P8hge defiredditechafve om
about 30 .to .about 50 pounds per, inch. [0034] The tacti ifter 200 als
i ncl udes gAY u&lﬁg?@dstes%eﬁéasua Fﬁ?%@ SBY© haRGROH ?#Hﬁ? :h%m@B %rfcag-ﬁlwsg 219

at a pOSitI'i;lg%éé ARWE daige HRChEHE sSch %@7 20 TnovENR Al &S TR iﬁqcﬁ%t?&lép(%iﬁt.

defined to press the tactile swtch 207 when a sufficient downwar orce
i s exért eétheupiore, b hiewnahst fecppartd mandider @0the veate dngaganaims hemiteds 20irB wglh

the cover plate 219 to the adjustnment screw 221. The tactile lifter 200
further iABICUEESTIgRFr £ RSt the fct oBHRIILE0H 30t ew%%f;@nTh%mm %@é% mah of

the adj usl,eqh aﬁl%[lfgt‘é\bdf?ct?e%d bAAALAL D P Hs T AHIRE g?gﬁvivofﬁi A& RMESn é&tﬁté god

seal 229 are provi 0 protect the adjustnent s rom exposur

waf er pr dadissed by medoer 3@l Sheaadile siitch @87 iscireivhiedvehenbieppes edubimgh etsalead
[ 0035] A vertical position of the adjustnent screw 221 relative to the
cover pl d8d 1S SHeroN ROl anpunt of vertical travel of the adjustnent

bo . Che. . . it . :
ot " PSP e oFRERE R T RELL o) SUCHRDg S0 i 'l peRheane o
a gap 20&chedtme®s dndethadiafat Jippdrt Stanther 201 defifles freall@edbld eowiviudhmetEment

Adj ust nent of the gap 208 provides for adjustnment of how nmuch downward
novenent '3ngenaf gic walsporpPare msarbep 3P 1 1glatizg ip rthel Pedistal 209i iThe sqapt 24 Boset

Sonet o b Mesdioty, 10RO RS, T ekl S TRy Inch Bk S5 Yot RipdfP member 201

contact tbRtiv@es bbdesBI208 sk hatste Radtit@bwittte 20AwiR A8 depreedd tooiteasbatioal |y
zero. In another enbodi ment, the gap 208 is set such that a vertical
di st diice nodttwEenta the wagg sepparhacmaet 10 1aeashingthe pedestghd0t-he adj ust ment screw

221 is W i range extendi .rom out 0.01 inch.to about . Q15 inch.
Fol et anibois] iR BADS D Lt SB0 LY Badh RS0y (Rl a0 Yindd %

adj ust menfec&imenate A13ACHHAWater 08 PEGis slesei g @t U Qs S W &lin 201AnE® eending
position within its dead band, i.e., to a position that does not yet reach

the acti veam aopoPAR ioeh thabeetcd Db dnewi Incimosuy cxenaBly Fgadiewng MogR. wafer
HTustr ats%pScﬁ?&%Hb%P 2(?1f detflhn(:E‘:dttgJl gct:ciolm%lg&gtet g 90(? %?n wiaper,az{: & ic(:ja %%Egh)tMoft g?ap%% is

20  set at about 0.04 inch. Also, in one exemplary embodiment, for a wafer support member 201
defined to accommodate a 200 mm wafer, a vertical height of gap 204 is set within a range
extending from about 0.01 inch to about 0.05 inch. In another exemplary embodiment, for a
wafer support member 201 defined to accommodate a 200 mm wafer, a vertical height of gap
204 is set at about 0.03 inch.

25 [0039] The tactile lifter 200 is further defined such that a gap 206 exists between the lock
plate 217 and the cover plate 219, when the wafer support member 201 is pushed upward to
stop against the lock plate 217 at the interface 210. The gap 206 has a larger vertical height
than the gap 204. Therefore, downward movement of the wafer support member 201 relative
to the lock plate 217 will stop prior to contact between the lock plate 217 and cover plate 219.

30  [0040] As previously mentioned, Figure 4 shows a cross-sectional view of the tactile lifter
200, in accordance with one embodiment of the present invention. As the wafer support
member 201 is moved vertically upward by way of pedestal 205 upward movement,

essentially any portion of the wafer support member 201, cover plate 219, or adjustment screw



enbodi ment of the present invention. The tactile switch 207 is defined to
have a hem spherical -shaped trigger end, such that pressure at any point of
t he hem swbepicombrghaped trigger end will cause the tacPCrassaonsd?8207 to
nove downward toward its activation point. Therefore, a downward force
exerted on either of the wafer engagenend nmenbers 20IB will cause the
trigger end of the tactile swtch 207 to be depressed. The tactile switch

207 may have: as AUt HaadroARg i@y ehetbPmdE GibhyaRhondath RaShL ! on

to its activation point, as indicated by arrow 301.” The tactile swtch 207
is activavder srup@nrtdn@nbfa’s?é)d tb icovgh thet tactdeamtbhtﬂmthn drteseralmidimentti te tpailet .

[ 0037] In.on nbodi nent, acti I 200 defined such .t hat gap
204 bet wgbfPFr ?H@ lsp%g]é’g&éﬁmzéigt k) %W‘E‘ﬁ Uﬁb% H%W%FX@ZE‘&} Getithed tg?m

al | owabl g, %E’m@iﬁvﬁgﬁﬂérs reNge a@flnélbﬁem ecfrro%&’g@?rfs ARRaekt t%oajctllifgtleathéve
to the pedestal 05. The gap 204’is set sufficiently large to allow for

enough dawrtilaswitcio@esuth afdowaferd Suppaor tithvevbére WiXer erdagtmere honipes el

205, such that the tactile svmtc 207 wi e. depresse S ac atjon
poi nt pri®# %IS?H@ B FURPGHpBF T Oftert el téb&@%@&éﬁ.%l@? étaggﬁiﬁavél 56l by

[ 0038] | e (A7 ﬁ@ﬁn r gr‘qgr 0 ed
to accomr"%loﬂgg%a él% g}} %@%I%P%% ver %ﬁ{(?aﬁ el g%t §g Hgaetf)lalgig4 I's hs%e%ia%ﬁa]h?n a
range extoenglingt rhemhuab]dutAlﬂz @2 ohereinbddineho ulie Qcl6 liftec BO0 Endadimetl Bech that a
exenpl ary. enbodi nent, for a wafer support menber 201 defined to accommodat e

a 300 nm%mn@fard forgeopt 3t degst hé.P@HtldScﬁxegafbatztba adjgstgent sprevy SOYRT 287 o 1Pﬁ111€ﬁted
Al'so, 10! N W ENP 6@51})%8%0[9 'a@@\;htte th%%ctl‘?ﬁ é’*ﬁl <§1r @UR@H&EM %ggg& rst%gc]' h%%\fe'v

to acco ate a 200 nmwafer, a vertica is set wt na
range extteadh n;ghe‘rreﬁmoabmits ﬂlc&jmnglcharhae@hmsltof ﬂmoaasmalﬂy cdriplaamonle@tber 213

exenpl ary enbodi nent, for a wafer support nenber 201 defined to acconnodate
a 200 nmeAafhsrset suchethat ghel WhisT gRRPOSE MGEBen Ul i moxgablg topRKSE agthgiop riithe

90951, TR HPELER: kot Fylo AP Ao SRy gop 200 exi ot

bet ween t a e Co waf er support

menber 2400414 Fpgnsrh &cshepwar fllowehasit ¥ dghod $br dteatingektaplilatveaf@lifttiak apperatus
interface 210. The 8a 206 has a | arger vertical height than the gap 204.
Ther dPor e(tacalﬁwfmr?@ hob epgaidanse witheongerehodimpp ot tthevpienent ipentipe| b wethed

e ook LR 37kl 85RO RSO IS A e
Cross- SthdatﬁdStwalsW @vlugés bﬂQ)pEﬁﬁbMﬂ)ﬂ for tRtivating a tactile switch 207 in response to
application of a sufficient downward force on the wafer support member 201. The tactile
switch 207 is a normally closed switch. Application of the sufficient downward force on the

20  wafer support member 201 causes the tactile switch 207 to be depressed to its activation point
at which the tactile switch 207 opens to break an electrical circuit used to control lifting of the
wafer support member 201. In one embodiment, the sufficient downward force required to
activate the tactile switch 207 is within a range extending from about 0.5 pounds to about 2
pounds.

25 [0042] In response to activating the tactile switch 207, the method includes an operation 505
for automatically interrupting the lifting of the wafer support member 201. In one
embodiment, momentum of the tactile lifter 200 motor may result in continued travel of the
wafer support member 201 over a distance extending from about 3 mm to about 4 mm after
cutoff of the tactile lifter 200 motor. The wafer support member 201 is sufficiently compliant

30  so as to prevent component breakage over the continued travel distance of the wafer support
member 201 following cutoff of the tactile lifter 200 motor. Also, the tactile lifter 200 is tuned

to stop the upward movement of the wafer support member 201 upon activation of the tactile



200, in accordance with one enbodi nent of the present invention. As the

waf er support nenber 201 is noved vertically upward by way of pedestal 205
upwar d nowermerwodswssenti ally any portion of the wafer sepparseoomosdzer 201,
cover plate 219, or adjustnent screwcover 225 may contact an interfering
obj ect, thereby causi ng downward novenens of the wafer support nenber 201
to activate the tactile switch 207. In one enbodinent, the tactile lifter
200 is defyjiprdboyushd Tpﬂéf t@pﬁlﬂy}\‘g’a&fjthfeq{a@@ sf?)fp & thk &gl QwﬁclPQU’?‘q'éelﬁxtﬁéﬁeBF_ on
ei ther of the wafer éngagement enbers 201 B, as indicated by arrow 401,"is
suf fi ci ermretenting lamagegottinetatt@etswiteh 8.t ch 207. Such a downward force on
ei t her of f er engagenent menbers 201 B nay cause the wafer suppor.t
member zdﬂ&i}ﬁ Kollopinge nger &op Of ihfe WA S8RRAT S oL CH{N PP 09.
Such ti | t409GPfowelifg W I RhfeP Y B mdRHRN 120} bofio@NRARIRA, Y, tbm%%@gésmﬁil y
conpl i ant nenber 21%. so, I'n one enbodinent, the tactile lifter 200 is
defi néd silehm¢thad may dbennadodt droopeeatoh fat sdttdeasd sehsBivixg ofids tectde tifer 200 duble

adj ust ment screw cover 5, as indicated by arrow 403, is sufficient t

acti vat e PHdN Hctile Wil ¢ Reppries quréﬁfﬁ’magaw{m%% Qegwder WpRey gem iabl i n
ot her e [ ry I .SLl the elastically conpliant
menber gt}gqcsgﬁ@%geésogﬁdcgegcﬂﬁqg%gftgﬁet&%gép%q‘%%ﬂ@%gggit menber 201 is noveable to
cause act[004¢]i Whilefhit evehdo hhebsan destriz@d7inuadey ofl sdveail entbollimanes, iagill bedes
t han those nentioned above., [0041] Figure 5 shows a flowhart of a method
for oper aPPIFgided; thatthess skitedrin therdrt yrpnaispirathereceding specificationp apdeydying
accor@dan - I i - on.

el Udos e M GACRRY PR Bl L ETARYs. pREAAA 0d W FFRE ncrgor
tactil e |THetdore2@0is ihtadertthodhabigerntnalemdies acuopeilatsucna@aidml additions,
activating a tactile switch 207 1 n response to application of a sufficient
downwar d Heﬁfﬁ%fétlﬁl?ﬁ,ﬁ%e%Yaé?nt%%ﬁfﬁBﬁYlt%ﬁ’@éWezﬁmt argh scapg Of thednegijtiorh 207 is a
normal Iy cl osed iteh, . l.ji.cation of the sufficient dowward force on the
waf er support mwg%%fgfﬁggﬁ%es the tactile switch 207 to be depressed to
its activation point at which the tactile swtch 207 opens to break an
electrical circuit used to control lifting of the wafer support nenber 201.
I n one enbodi nent, the sufficient dowmmward force required to activate the
tactile switch 207 is within a range extending from about 0.5 pounds to
about 2 pounds. [0042] In response to activating the tactile switch 207,
the nmethod i ncludes an operation 505 for automatically interrupting the
lifting of the wafer support nenber 201. In one enbodi nent, nonentum of the
tactile lifter 200 notor may result in continued travel of the



waf er support nenber 201 over a distance extending fromabout 3 nmto about
4 mmafter cutoff of the tactile lifter 200 notor. The wafer support nenber
201 i s suvbi2eioenesiog conpliant so as to prevent conponenChhrisatagso28ver the
continued travel distance of the wafer support nenber 201 foll ow ng cutoff
of the tactile lifter 200 notor. Also, tibe tactile lifter 200 is tuned to
stop the upward novenent of the wafer support nenber 201 upon activation of
the tactileswitch 207, and prior to plgpg{ig on the hard stop of the
tactile switch 207 itself, thereby preventing damage to the tactile switch
207. [0043] Fal.| ow Aguciiket eafeubpltingappdratuheomwmpiiemgsupport |ifting, the nethod
i ncl udes an oper%tlon 507 for lowering the wafer support nenmber 201 to a
bot t om posi ti dnPef , to a home position. The nethod may al so include an
operation forz§%£ﬁk9@dﬁv§Q£ﬁh&k&it&tﬁﬁgk&%uﬂaﬂkJk@m&bﬁHﬁGezﬁﬁnéng]ﬁbﬁhethe
tactile switch 207 activates prior to breakage of either the wafer support
nmenbes 2@bnoollal wiwand bud éoveondrdct@dneyt ofitbe pedestal:support nmenber 201. [ 0044]
Wiile this invenH%on has been gescrlbed int g& of. several enbodinments, it

wi |l be appreci %HEHUPRAT MIRIEE SERPICHEYT e PAESEt2dpon reading the
precedi ng spegj %m@tswa%dgpgseatb@%eﬂghé gzgfegt Qﬁeﬁ%ér anfi G }sea%ﬁmagru Ryt

alterations, It1ons nmut at1 ons and equi ents t her eof erefore, it
is int encba&ithdd\hﬁvqnd efsmat on e mtafernsuppaoilt udembat tauserc hetalatien adfi thestactile
addi tions, ernutatlons and equjvalents as fall within the true spirit and
scope of spieh; wWhert B Haiieswitch is|copgsied t©: the Xpiigalidrivg sozsttp |iateptappward

liTtig ‘%Hg\fe‘h% 3 tROPRIL f  wafeP SOk BhemBer 8 69&|théiléd\>éf g@t‘@&ﬁﬁaﬁgn P

t he pedest e vertica |ve defi'ned to pro e contro upward and
domnmardth@u@ﬁbmhamﬁ.the pedestal ; a mafer support menber di sposed over the
pedestal; and a tactile switch disposed between the wafer support nenber
and t he pedestal such that sufficient downward force on the wafer support

menber causes Activathgne Qf NG CE a?atﬁ aECtJQ it ‘éiaﬂntf‘ hachl e ‘Qfe ch
| ca? driv In I“a]

is connected to the ver erru novenen

t he pedesmppmaﬁﬁnmefﬁmhﬂup@&ﬁﬁmnhmmemiﬂnmnbaﬁﬂahh§Eﬁ@Mﬁﬁgupmnhaﬁmwma&hﬂm of
the tactile swtch, 2. Atactile wafer lifting apparatus as recited in
cl ai o1, thhepmrah huhewieieby cagh 56 is teranBaed byl GdREStiNe SaffrroRZagayien menber

number Ofdeﬁh&? toegﬁtgg&dt'hg gvalfeq‘qlt %Béiu&%ﬁ’t% (tjhé {eRh1 hub and the number of arms.

3. A tactile wafer lifting apparatus as recited in claim 1, further comprising:
an elastically compliant member disposed between the wafer support member and the
20  pedestal such that a sufficient downward force applied to the wafer support member causes
compression of the elastically compliant member and corresponding activation of the tactile

switch.

4. A tactile wafer lifting apparatus as recited in claim 3, further comprising:

25 a cover plate secured to a top surface of the wafer support member, the cover plate
defined to resist an upward force exerted thereon by the elastically compliant member,
wherein the cover plate and wafer support member are secured together such that a force
exerted on the wafer support member is transferred through the cover plate to the elastically
compliant member, vice-versa.

30

5. A tactile wafer lifting apparatus as recited in claim 4, further comprising:
an adjustment screw defined to engage with the cover plate at a position above the

tactile switch, the adjustment screw defined to depress the tactile switch when a sufficient



the central hub, wherein each armis termnated by a respective wafer
engagenent nenber defined to engage the wafer at a position above the
central hwbamdostee nunber of arns. 3. A tactile wafer [PCTiUSe@9apyar at us as
recited in claim1, further conprising: an elastically conpliant nenber

di sposed between the wafer support nenbdf7 and the pedestal such that a
sufficient downward force applied to the wafer support nenber causes

conpr essi PRyrfard M&celi@skd il ﬁp’onC@lgmvéf@f"suﬂH%ﬁb&Em@&da&pEsr £8Pl @rough the
activation of the tactile swtch. 4. Atactile wafer lifting apparatus as

recited icovel plam 8 tlﬂmradjmetrrnamc)rsplremsl\mltgprela T ovsrcablsettieg s cthe edljusomentt @pew

surface of the wafer support nber .. the _cover plate deflne to resi st.an
upwar d f GPBBCEA8r IRA Y R sﬁwaﬂfyaﬁi@f i Reny SEHBrq e ¢ s GHATHE n
t he covers“pgcﬁtt@uagtqn)ég&pgoﬁupport menber are secured together such that a
force exerted on the wafer support nenber is transferred through the cover
pl ate5to the elastlcally conpliant nenber, vice-versa. 5. Atactile wafer

LD P05 LS LRSS e T3RRL AT ™
tactile swtch ot a?e%le‘%%@?d‘& topGufe G thO kel A, %ﬁf&ﬁ@etll?& 1t héhm%ﬁ"t&cr‘

when a suff|C|entd rce i s exerted upon the wa port nmenb
and is traosflearhad sthp oaghwhiemovaraent pif alicewhfer tstygp oadinasibeaneat the ovatey, su‘pp«mt ein

a vertical setting of the adéust ment screw control s an anount of verti cal
travel ofMEHRETal] RIS APWaE: &Y the Jaice etketted doptesWalehsUpRRt inednbsf frem the

its tivy ting apparatus as recited in
cl ai %(64 %P?ﬂey%lnﬁ}ha?%?lﬁaéﬂﬁﬁug H%Iogtéeﬂlg%cured to a top surface of the

pedestal, wherein the lock plate is defined to provide a hard stop to

upward novenent of the wafer sup port nenber as the wafer support menber is
pushed upward by t He Bdile wagskdif %amr%t%%ﬁcéﬁd 3 51381 10 hierraR herk%tﬂlfé

el asti cal;| y,Qnphil, 304, JBIREE d0Q 5 CQYELs t*Ble c% e, AatBdLihGn
fitp dn Oyt heriphctal sy

lifting apparat as reci I'ncC erein ock I'nc es a
pi n secursagdpot ehibeinclidéLd chipdnelpdeginad tdSﬂedﬁV@fhetlhﬁ Wm&n ﬂieqhﬁ‘ an@ﬁlﬁhn\ﬁbl&frél n
the wafer ort menber includes a channel defined to receive the pin,
wher dPn tcwémﬁf P RIBYENE FehiRetialgprtige Pf Hedvale sypreré membghatoahihedpck platst i on of
t he waf er support nenber about the lock plate. 8. Atactile wafer lifting
apparatus as recited in claim1, further conprising:

8. A tactile wafer lifting apparatus as recited in claim 1, further comprising:

a coiled cable defined to include a pair of electrically conductive wires in electrical

connection with the tactile switch, wherein the coiled cable is disposed within a channel

20  defined within the pedestal, wherein the coiled cable is defined to extend as the vertical drive
is operated to move the pedestal upward and retract as the vertical drive is operated to move

the pedestal downward.

0. A tactile wafer lifting apparatus as recited in claim 8, wherein each of the pair

25  of electrically conductive wires is respectively coated with an electrically insulating material,
and wherein the pair of electrically conductive wires is disposed within a jacket of elastic
material, wherein the jacket includes a coiled portion to provide for extension and retraction of

the coiled cable.

30 10. A tactile wafer lifting apparatus as recited in claim 1, wherein the tactile switch
is defined as a normally closed switch that opens to interrupt an electrical circuit upon

activation.



a coiled cable defined to include a pair of electrically conductive wres
in electrical connection with the tactile switch, wherein the coiled cable
i s di sposw0 2eidesrw2a channel defined within the pedest alPCTiiseoogiom28he
coiled cable is defined to extend as the vertical drive is operated to nove
t he pedestal upward and retract as the JU8rtical drive is operated to nove
the pedestal downward. 9. Atactile wafer lifting apparatus as recited in

claim8, wherejn each.af nhh@idaliedf cGhpsdifd.cally conductive wires is
respectively coated with an el"eCtri cally insulating material, and wherein

the pair of elewtfer calriey delvmduot mves Wonastally \mt]slp@swdcwmglqinambplacdh@ewaf@f
elastic materi.al, wherein the, jacket inclydes oil ed porti ovi de

n to
for exterfd5h BAYINgAnaRaNoITEN hayingginy CEQBIV@% er PRt il Sﬁoﬁﬁi&f%f)m a

l1Tting GRAPHEY 4 RSoScRGbLBH, i ferEinAhden WORNSL Gizkd'® d6hrkl R L6fR: bihen
defined as normal 1y cl osed switch that opens to interrupt an electrical

ci rcuidt ypeitioaed ow ticivorierlsbppdit whb:eamdhandl i ng system corrprl sing: a wafer

carrier defined to ori zont IIy hin.a pr S|n t he waf er

carrier includi@ ﬂseiv%epsé{ﬁl °F digPRNT H%@nfﬁ’fﬁé BotipbBH R h Eg&gm%h%@gw?

di sposed t?a%fé%&?@fﬂh@%% cQIfmﬁ*}ﬁe&Eﬁfé\&a?&'l H!“ﬁdlﬁ n the open region is
a on t

sized to acco te a wa en positione fer support tabs; and
a tactile wafer |ifamxedalsposed in a fixed position within the chanber

bel ow a horizontal traversal path of the wafer carrier, the tactile wafer
lifter including, & Weaespaertmenber dispassdoart theprdrstaldi sposed over the

pedespal , a verticg vé?ﬁéa‘f%rl%'a@ﬁfetc?e tb % dé@%d&gtag‘rﬁ? @rticdl G WY S Fﬁheﬁiaﬂ p;%h&@

defined to provi de control upwar novenent o dest al
and waf ercoattplal tipweidbed dbS/ﬂQ’aﬁﬂ ntohrennemvef tis pbddshidtantl hwafee degfoat neentber
waf er sumort menber are noveabl e through the open region of the wafer
carrier WHBesehderRararsuehtat g pedestd apd Wéfrééumb@emh@r yra8gveRblgdreyeh the

lifter, apd ?%%@ﬁto h}f‘e @We# ?enngf %991?% \98%}"‘8%@?% Ielepo‘é\ﬁ{ ﬁéd agcg%?&lé 6&%@@5&?“‘1

t he pedesta at suffticrent downward
menber cdifegsandctivation of the tactile switch, wherein the tacti I e switch
'S ColgneCt ed tot hea ‘¥1§triltels%v?tlchddrislp\(/)(saeds‘t?et\%zer'{ Sc)heI vrv]zgfgrr gulil)%E)rt member and the pedestal
such that sufficient downward force on the wafer support member causes activation of the
tactile switch, wherein the tactile switch is connected to the vertical drive so as to interrupt
upward movement of the pedestal and wafer support member disposed thereover upon
activation of the tactile switch.
20
12. A wafer handling system as recited in claim 11, wherein the wafer support
member includes a central hub and a number of arms extending radially outward from the
central hub, wherein each arm is terminated by a respective wafer engagement member
defined to engage the wafer at a position above the central hub and the number of arms.
25
13. A wafer handling system as recited in claim 11, further comprising:
an elastically compliant member disposed between the wafer support member and the
pedestal such that a sufficient downward force applied to the wafer support member causes

compression of the elastically compliant member and corresponding activation of the tactile

30  switch.

14. A wafer handling system as recited in claim 13, further comprising:



upward novenent of the pedestal and wafer support nenber di sposed thereover
upon activation of the tactile switch. 12. A wafer handling system as
recited iwochavayw®m2, wherein the wafer support nenber i rcrise®onseent ral
hub and a nunber of arns extending radially outward fromthe central hub,
wherein each armis termnated by a resf@ctive wafer engagenent nenber
defined to engage the wafer at a position above the central hub and the
nunber of arms, A3y %)ﬁté’\@éc%fedh@néﬂdpnﬁlrﬁlé@ e @B@&zafc@%hﬁ embkAi @&verfﬁi'a[té her
conprising: an elastically conpliant nember disposed between’the wafer
support nbﬁhedtandmmhalp@aasiébmsunhﬁhhaMﬂanBb&ﬂmcHﬁmmcdhmnmmmﬂmﬁom@emen
applied to the fer s ort. ne causes conpressi n of the sti aI
conpl i ant™hfs etﬁ,aéﬁtﬁercﬁ?‘r%ef’é‘&ow eﬁd“%&?nr‘i PgmbEh Akt SACHE tta&%t}“fr S‘%ﬁn ‘ﬁ%tha %r&e
waf er handkidfos it §MefSug rp%?ﬂ hedbéiis Ct}aﬁ'sf@}ré@ thrbtH ﬁ%%o@&%ﬁﬂe% e aaﬁﬁﬁﬁf

pl ate secured to a top surface of the wafer support nenber, the cover ate
def i néd tconmpéisntshermberupwedversh.orce exerted thereon by the elastlcally
conpliant nenber, wherein the cover plate and wafer support nenber are
secured together such that a force exerted on the wafer support member is
transferred tiys0uoh (g ¢ayd ga&a ds9edildf iPLARh 16 Al iHe RN, sﬁ@t menber,

vi ce-versa. 15. A wafer systemas recited in further
conpri si ng: amnadi]mmmrﬁrmrm tdefmezliefol oedot evithnthagevei platet dtea pomtewn phakehat a
position above the tactile switch, the adjustnent screw defined to depress
Phe t act iPRIISWMER WAGHINATAN PFEPRATIBWAVIEES i BTl Wuiehy whenp SHt oot

waf er| oS URRQHy o THE V\;l 1800 fIANGEaLAEd sﬁﬂyoﬂuﬁgmi)ﬁea&p%e{rargkéﬁe% tIhPou\%ﬂethe

adjustnent Screw, ereln a vertical settin adj ust nent scre

contr ol s camerapunto alie \aejutsﬁnmt st:ll’eﬁwedfh@émt:hefeﬁd:jallsétﬁﬁgltofsthé emtjusaqentr @gew o
depress the tactile switch to its actlvatlon point. 16. A wafer handling
syst em asSOPERISABAMHNE |0§|Vﬁ4it1f&1 trmf# ©hdhe aHYIERY EEW dequbiEr tB1d5PiEsS @@Jﬁ@&et 0

a top sur |, wherein the lock plate is defined to provide
a hard sf%g&ﬁtgtsaaglggggéﬁgnt of the wafer support nenber as the wafer

support nenber is pushed upward by the force exerted on the wafer support
menber fromthe elastically conpliant nenber through the cover plate. 17. A
waf erlShandl i ngl6systAiafs hapdlingsystem asregied 15 claigm t uthenrompsigiagpl at e

i ncl udes a lock plate secured to a top surface of the pedestal, wherein the lock plate is defined to

provide a hard stop to upward movement of the wafer support member as the wafer support
member is pushed upward by the force exerted on the wafer support member from the
elastically compliant member through the cover plate.
20
17. A wafer handling system as recited in claim 16, wherein the lock plate includes
a pin secured within an outer peripheral side of the lock plate, and wherein the wafer support
member includes a channel defined to receive the pin, wherein the pin and channel are defined
to prevent substantial rotation of the wafer support member about the lock plate.
25
18. A wafer handling system as recited in claim 11, wherein the tactile switch is

defined as a normally closed switch that opens to interrupt an electrical circuit upon activation.

19. A method for operating a tactile wafer lifting apparatus, comprising:
30 lifting a wafer support member of the tactile wafer lifting apparatus;
activating a tactile switch in response to application of a sufficient downward force on
the wafer support member; and

in response to activating the tactile switch,



a pin secured within an outer peripheral side of the |ock plate, and
wherein the wafer support nenber includes a channel defined to receive the
pi n, wherwOnrotm@ePn and channel are defined to prevent PEThst@asER7
rotation of the wafer support nenber about the |lock plate. 18. A wafer
handl i ng systemas recited in claim11, 206herein the tactile switch is
defined as a normally closed switch that opens to interrupt an electrical
circuit upon acti V%’t&ﬁhtlcl 11&1{3{3)&19%%6‘1%@8?&1%%&?& @ipp &€ tlehfpelahgr |ifting
apparatus, conprising: lifting a wafer support menber of the tactile wafer
lifting apparatus; lastiivathe vqier suppdri member tochbattony pesgaomse t o appl i cati on
of a sufficient dowmmward force on the wafer support nenber; and in response
to activating the tactile switch,automatically interrupting the lifting of
the wafer suppgyt nerher.q fRd &%ﬁg h@&:tﬂ@@af@?iﬁﬁngﬁﬂ%@ﬁws J¥BOERRY ihQ1AmbE@ t om
position. 20. A nethod for opgratlng a tactil fting apparatus as
recited ifarthdéraiompiiQingf urt her conprising: setting a sensitivity of the

tactile wafer liftin par atus such that the tactile s ch_actiyates
prior to breakaBBect SREhGY o iBe Rl 8 PEYRS ARAMURS & VM@& fgdeie switch

cont act edacﬁyatésh%bmt) %'fea%ggeogfr &ithdP %afe']zsjtfpf% %%g of st ﬁfe%o?{hgaelﬁe%ﬁ& ile

wafer lifting apparatus recited in cla reln t e su

downwar d Wwadeiceippeduienegdrt 0 activate the tactile switch is within a range
extending from about 0.5 pounds to about 2 pounds. 22. A nethod for
operating a tactile wafer lifting apparatus as recited in claim 19, wherein

the tiactile swtch I of
e O ont onh e POEELAE 26 AL B 0 SR0 hphho.
tactil e swhdreh thosdfficidepd@asentd facarqotd \‘/caidtﬁ'ﬁtepbd: nictikt switkthdh within 4 apike | e

switch opens to break an electrical circuit defined to control lifting of
t he waf erexfﬁﬁlﬁ%r rorpaheyd 0.5 pounds to about 2 pounds.

22. A method for operating a tactile wafer lifting apparatus as recited in claim 19,

15  wherein the tactile switch is a normally closed switch, and wherein application of the
sufficient downward force on the wafer support member causes the tactile switch to be
depressed to an activation point at which the tactile switch opens to break an electrical circuit

defined to control lifting of the wafer support member.



