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SELF ALI GNI NG WAFER CHUCK DESI GN FOR WAFER PROCESSI NG TOOLS (1) Techni cal
Field This invention relates generally to wafer transfer and handling
apparatus and nore particularly to a nmechani smfor rel easably hol di ng and
supporting a wafer in a wafer processing machine. (2) Description of the
Prior Art The followi ng three docunments relate to nmethods dealing with

waf er handling. U S. Pat.No.5, 643,366 issued July 1, 1997 to Sonekh et al.,
di scl oses wafer handlirg withi'n a vacuum chanber usi ng vacuum The

i nventi on shows a robot insertion blade suppi)r_ts a wafer to be processed in

a recess_having conically s|opi ng wafe q ich touch the
wafer only at its outer pgﬁﬁﬁﬁﬁé&mﬁﬂgé Egﬂzgkﬁiﬁﬁﬁgwghanber, a set of
three transfer finger with sl - orted froma "C'
shaped support assenbly raise%Eﬁg“&§&é$§g9§§§§ﬁ@gﬁgigﬁgusceptor bot t om
surface. U. S.Pat.No.4, 724,621 issued February 16, 1988 to Hobson et al.,

di scl oses a wafer processing chuck using slanted clanping pins. The

i nvention shows lifting pi'ns that receive a wafer froma transport device
and |l ower the wafer to the surface of a chuck. C anping pins | ower and hold
t he wafer by : argenents on the ends of the clanping pins.

G ooves on tﬁgqg%$$§%g$%? the chuck and internal channels in the chuck are
used to supply gas to the back of the wafer for tenperature control. - 2-
U. S. Pat. No. 4,619, 573 i ssued Cctober 28, 1986 to Rathmann et al., teaches a
waf er transport i Thishevention vlaeopérepdllyad waferardnsfen indihamiling appayates sadg
machi ne that is acconplished by neans of an inproved transport nechani sm

Wth the exisiopnpatioflafly gha meclmisnp ir reloasabiyttiobdipg endsupperingmeafer in 2
automatic

wafer processing machine.
(2) Description of the Prior Art

The following three documents relate to methods dealing with wafer handling.

U.S.Pat.No.5,643,366 issued July 1, 1997 to Somekh et al., discloses wafer
handling within a vacuum chamber uéing vacuum. The invention shows a robot insertion
blade supports a wafer to be processed in a recess having conically sloping wafer holding
surfaces which touch the wafer only at its outer periphery. Once positioned in the
chamber, a set of three transfer finger with sloped contact surfaces supported from a "C"

shaped support assembly raise the wafer adjacent to a susceptor bottom surface.

U.S.Pat.No.4,724,621 issued February 16, 1988 to Hobson et al., discloses a wafer
processing chuck using slanted clamping pins. The invention shows lifting pins that
receive a wafer from a tranisport device and lower the wafer to the surface of a chuck.

Clamping pins lower and hold the wafer by means of enlargements on the ends of the

clamping pins. Grooves on the surface of the chuck and internal channels in the chuck

are used to supply gas to the back of the wafer for temperature control.



wafer handling is nost essential. The need for higher yield—inthe

manuf act ure of semi conductor devices has driven the devel opment and use of
more hi ghly automated sem conductor wafer handl i ng appar atThis ShéetidsBesnReplaced
the need to reduce particulate levels in the processing are d
t he use. of controlled wafer contaihment in which wafer tran Hﬂmm‘t
I s desirable that sem conductor wafer processing machines b

reconfigurable to suit the needs of a particular manufacturing facility.
Finally, any nechanical systemwhich is to be part of a sem conductor wafer
processi ng machi ne nust be extremely reliable- Fhis is due to the
relatively high cost of down tinme in sem conductor facilities. The prior
art has failed to pyewad®oa §8f 73 iséwab&weaa&tw%s\e@kﬁmgla%n%t AP t€achidli ch
reduces particulate generation, which is forgiving of the robotics handler
posi tioni ng erwafestrardpert ibitevabunt psition oﬂﬂBﬁﬁﬁa&&%ﬁ?&@é&in@%ﬁc&xﬁi&&ﬁéﬂ@”5
of the machine in which it operates. The wafer transporting robot nust be
exacting in i tactplidhed by adean$6f dnf ingprbeededngporbmdclimem.r es frequent
calibration. Horizontal positioning is difficult to control as distances

i ncrease particularly with increasing wafer sizes and chanber dinensions.
Degradati on of the robot's precision wll generate particul ate

cont am nates (sili cWith¢ig existemng ofrigh) theaughput automafivProdessdxpiiprhénty asgmatic
skewi ng the process. The prior art chuck does not provide sufficient

tol erance for Wafeshandling jsanest sssenti@lb dthe seed;fordbighenyicid inheimanuthetureeic h

tenperature set point, king. it extrenely_ inconvenient Internal -3- and
envi ronnent al S\W‘E‘i"&ﬂ?‘aﬁr que%@a%ggv e development ard wsecof mpre highly sgomatedi ng

| ocating pins there enerating. silicon dyst,. DESCRI PTI OF THE |.NVENTI ON

vt ol ¢ neeogRcil water hailipg ppaietis FagisTBE, B ReRd Kpiedugn BN ER | on

ooy e 2N LV BAFE R WAL dembfed e 24 ol el Eibinment in
which wafer transfer occurs. It is desirable that semiconductor wafer processing

machines be easily reconfigurable to suit the needs of a particular manufacturing facility.
Finally, any mechanical system which is to be part of a semiconductor wafer processing
machine must be extremely reliable. This is due to the relatively high cost of down time

in semiconductor facilities.

The prior art has failed to provide a wafer chuck apparatus which is simple,
which reduces particulate generation, which is forgiving of the robotics handler
positioning errors, and which is easily adaptable to various configurations of the machine
in which it operates. The wafer transporting robot must be exacting in its handling of the
fragile wafer and requires frequent calibration. Horizontal positioning is difficult to
control as distances increase particularly with increasing wafer sizes and chamber
dimensions. Degradation of the robots precision will generate particulate contaminates
(silicon chips and dust) within the PVD chamber thereby skewing the process. The prior
art chuck does not provide sufficient tolerance for thermal cxpansion. Robot alignment

- must be done for each temperature set point, making it extremely inconvenient. Internal
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waf er ‘processi ng machine. A further object of the present invention is to
provide an efficient and reliable neans for receiving the wafer froma

waf er transport device while facilitating wafer alignnent. It is another

obj ect of' the present invention to provide an efficient and reliabl e neans
for presenting and releasing the wafer to a wafer transport device w thout
generating particulate contanm nation. It is still another object of the
present invention to provide a wafer chuck apparatus that is nore forgiving
of the robot's positioning errors. It is yet anpther object of the present
invention to easily reconfigure the wafer chuck’ apparatus to neet .the needs
of the parti @Bﬂ&ﬂv%q iV#?jaﬁ%wﬂh@user s\a@r}suotp@@s?xgcqﬁga{q% Re NS 197AtRgq
ot her obj-ects, features and agvanta es to becone apparent as the

speci ficati orP“}ﬁﬁS@'F%%%%@”&F’@S E’(?Bﬁ"ﬂ&l shed by the invention, according to
which, briefly stated, a group of lifting pins receives the wafer fromthe
-4- transport device and |owers the wafer to the chuck surface while

banki ng the wafer against stationary |ocating pins on the chuck surface.
These and further constructional and operational characteristics of the

invention will be nore eviden m@ﬂ.@%m tion given
hereafter with reference to t?(g%%%)res of the accorrpz?nlsi ng draw ngs whi ch
illustrate preferred enbodi nents and alternatives by way of non-limting
exanpl es. DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic side view of a
waf er chuck of t hdniviehest the prioFdrEifisiaprivcild 6bieit of theopresaneivehtich 10airévide
chuck of the invention. FIG 3 is a schematic side view of a wafer inits
ext ended posigniimprovet @huckeapparatus for releasably holding and supporting a wafer within a

wafer processing machine.

A further object of the present invention is to provide an efficient and reliable
means for receiving the wafer from a wafer transport device while facilitating wafer

alignment.

It is another object of the present invention to provide an efficient and reliable
means for presenting and releasing the wafer to a wafer transport device without

generating particulate contamination.

It is still another object of the present invention to provide a wafer chuck

apparatus that is more forgiving of the robot's positioning errors.

It is yet another object of the present invention to easily reconfigure the wafer

chuck apparatus to meet the needs of the particular processing machine.

These objects of the invention and other objects, features and advantages to
become apparent as the specification progresses are accomplished by the invention,

according to which, briefly stated, a group of lifting pins'receives the wafer from the



| ocati'ng pins of the invention. FIG4 is a schematic side view of a wafer
inits internmediate position relative to locating pins of the invention.
"FIG57s a schematic side view of a wafer in its final position relative to
| ocating pins of the invention. FIG 6 is a schematic top view of a wafer in
its extended position relative to locating pins of the invention. FIG7 is
a schematic top viewof a wafer in its internediate position relative to

| ocating pins of the invention. REPLACEMENT SHEET -5 - FIG8 is a
schematic top view of a wafer in its final pgpsition relative to |ocating

pins of the invention. FIG9 is a schemati ¢ top view of a wafer chyck

simlar to t lanspesudtvinsiand dowers thepvafpptpahe cvolsuripserwdppanking the WfSTERRED
EMBODI MENT The fabrication of sem copduct :ﬁl%evi ces is nornmally carried out
at the waf er agaipststationay locating RS ®Fh B8ffduct or material conprising a
relatively | arge nunmber of individual devices proceed through the various
manuf acturi ng processes before being separated into individual die which

heed for hi gher yi et i Aufdien oy idpl AR PpEspuShel Tl ORERTS Y Re bfion "
processing s Xﬁil?or%?t\é@ 'ggi}aeﬁtaﬁ]org Wec&?n@e%éoegn%rﬁg{op%wgg%ﬁ&hemtﬁ refeRfte fAthe and

within a clea SS envi ronne process step as a

t effecti ' |WhiGHi iferipdd 4
cost eff ect !\ AR i@g@ﬁ@@p@%ﬁ% whiGHilkubate prdfédeéd drhbodief8aid

operating ele g system
alternatives by way of non-limiting examples.

DESCRIPTION OF THE DRAWINGS

FIG.1 is a schematic side view of a wafer chuck of the invention.
FIG.2 is a schematic top view of a wafer chuck of the invention.

FIG.3 is a schematic side view of a wafer in its extended position relative to

locating pins of the invention.

FIG.4 is a schematic side view of a wafer in its intermediate position relative to

locating pins of the invention.

FIG.5 is a schematic side view of a wafer in its final position relative to locating

pins of the invention.

FIG.6 is a schematic top view of a wafer in its extended position relative to

locating pins of the invention.

FIG.7 is a schematic top view of a wafer in its intermediate position relative to

locating pins of the invention.



waf er ‘processi ng nmachi ne. Conventionally, during an automatic PVD_
process, arobot,, not shown, is programmed to transfer a wafer 10 froma

waf er s ueue, not shown, to a wafer chuck apparatus 20 Csﬁi?@ﬁasigg?gmlaced

PVD pro * anber, not shown. The robot enters the process ¢
th O at its periphery and precisely positions the wafer 10 mm%‘muw
apparatus 20. A plurality of extended wafer lifting fingers !
extended to receive the wafer 10 at a prescri bed di stance above a wafer
platform 12. After feedback sensors verify the precise position of the ro
swaf er handl er blades 30, 31 relative to the W e} lifting fingers, the
wafer is The f diICRNsAFchgmatic taaNiew ol getinal P&“E‘Sﬁ%ﬁ?ﬂ‘%&ﬁiﬁ"’aﬂﬁg hod
used in the senm conductor industry. During an automatic PVD process, a

robot is progh¥ eiyeRHOhster a wafer froma wafer storage queue to a
waf er chuck apparatus |ocated in a PVD process chanber. The robot enters

the process chanber _grippipg the water at its peripher d eci sel
positions the waf eEIGgR/’éraSF i tep V&%Eﬁa yﬁ%ﬁPﬁ‘é@mﬁdﬁPgﬂ%ﬁ“ﬁ%ﬂ%@Fn er
lifting fing re extended to receive the wafer at a prescribed distance
above a wafer*‘Support platform After feed back sensors verify the precise
position of the robot's wafer handler blades relative to the wafer lifting
fingers, the wafer is released fromthe robot's handl er blades to conme to
rest against the plurality of extended wafer lifting fingers. The wafer is

Fingers o & nest e HER A EL BRI B it PREFERE EMROBATENTY 1onver

and the PVD process is set to begin. At the conpletion of the PVD process

cycle, the robot rg-enters.th roce chanber . and i recksel osidl oned
ozer t he waf er chu@ke fébﬁ%"ﬁlgf‘d’gs THean ‘?cﬁ?r Viegs gfno\%g.]?@ &}rp%ci Sﬁtgé‘#)en‘gé%l are
si mul t aneousl X d to.lift the f RRQAL
o1 atform o ety FRIEHRs bt dtiseiolBiipl mabRE Rt £ AP e a Rkt
eri phery of : I

por L phery of 8¢ BaNRR! e pRIBNER) A HE o Har ARAB oo ST
I nvention, howsy@fed ihtdSndivifubl @Gt Whikh each contain a single device, such as a memory or

microprocessor chip. The need for higher yield manufacturing steps leads to more
automated wafer processing systems which can process a larger number of wafers per
day and within a cleaner process environment. Completing each process step as a cost
effective operation depends greatly on the reliability of each operating element within the

processing system.

FIG. 1 reveals a side view of a wafer chuck apparatus 20 for use in an automatic
wafer processing machine. Conventionally, during an automatic PVD process, a robot,
not shown, is programmed to transfer a wafer 10 from a wafer storage queue, ﬁot shown,
to a wafer chuck apparatus 20 located in the PVD process chamber, not shown. The
robot enters the process chamber gripping the wafer 10 at its periphery and precisely
positions the wafer 10 over the wafer chuck apparatus 20. A plurality of extended wafer
lifting fingers 26, 27, 28, 29 are extended to receive the wafer 10 at a prescribed distance
above a wafer support platform 12. After feedback sensors verify the precise position of

the robot's wafer handler blades 30, 31 relative to the wafer lifting fingers, the wafer is

SHEET HAS BEEN |
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between themis sumarized in the follow ng detailed description. - 6-
rel eased fromthe robot's handl er blades 30, 31 to cone tci_gr tt aggi Nt He
plurality extended wafer lifting fingers 26, 27,28,29. Wafé&p

| owered by sinultaneously retracting the plurality of waf eru ﬂ‘ia“&miﬂmrs
26, 27,29 to a nested wafer support platform 12. The robot

chanber and the PVD process is set to begin. At the conpletion of the PVD
proces cycle, the robot re-enters the process chanber and is precisely

posi tioned over the wafer chuck apparatus 20, The plurality of wafer

lifting fingers 26, 27, 28, 29 are sinultaneously extended tg Iift th
waf er 10 11 orfelensedzen die ThpthasdlpBledessi s 60 Aorae tQ st againgt e PTBHY O or

pi ck up position., The_rqQhot ¢la t he_peri phe .wafer 10 and renoves the
waf er for tr%WJW@%&@@&%@M&%@%W&&@1 Ch hg sequence
Is the sane as oytlined in t.he prior. .art owever .t he di.sid Retd bet ween
themis sum"ra'?ﬁn?g@qoﬂsy ﬁ?@hﬂ%&%ﬂ%&&%ﬁ%‘%@% ;ﬁngerg?rh, y , ??1 %?s){&raalfeéyég
schematic side_an ' ectivel f '

crbod es. a noRer SurpSf Yt 4T DR Gefs eV bl VD e st
apparatus sh ebfacl udes a self aligning notion that noves a wafer 10

agai nst waf er balking pins 13, 14 as it is |owered onto a wafer support
platform 2. The lifting device, which dry," toahs At0 includes driving
means 50 acts on the wafer when it rests on the support platformto nove
the wafer relativeat@elhbfphiion OF the® VI PRI dycR, Rhafoddt fB-értérs i pravay from
the support platform The lifting device includes two pairs of retractable
and ext endi bl ¢hafbepsind isfpréci@ly posiiiuned d%er the wafen dhiddk apparatis@in Therpluralitytdfei r
extended position. A first pair 26, 27 rigidly passing, wthout contact,
t'hr ough hol eswafr liffihgi fingets2 6027 18, 29 mve simybtan¢dusiyraxtehded toelifll ithet widfery 1 (pframe d

with respect to the wafer banking pins 13, 14, and disposed at an angle
rel ati ve to tthe nested wafer support platform 12 to the prescribed wafer pick up position. The robot

clamps the periphery of the wafer 10 and removes the wafer for transport to a process
completion queue. The operating sequence is the same as outlined in the prior art,
however, the distinction between them is summarized in the following detailed

description.

FIGs. 1 and 2 illustrate a schematic side and top view, respectively, of the wafer
chuck 20 which embodies a number of improvements over the prior art. The particular
apparatus shown includes a self aligning motion that moves a wafer10 against wafer
banking pins 13, 14 as it is lowered onto a wafer support platform12. The lifting device
acts on the wafer when it rests on the support platform to move the wafer relative to the
support platform in a biased direction away from the support platform. The lifting
device includes two pairs of retractable and extendible wafer lifting fingers 26, 27, and
28, 29 shown here in their extended position. A first pair 26, 27 rigidly passing, without
contact, through holes 23, 24 in the wafer support platform 12, are distally placed with
respect to the wafer banking pins 13, 14, and disposed at an angle relative to the
horizontal plane of the wafer support platform 12 forming an angle away from its

“banking pins 13, 14. A second pair 28, 29 are formed having a radius of curvature to

THIS SHEET HAS BEEN
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hori zontal plane of the wafer support platform 12 form ng an angl e away
fromits banking pins 13, 14. A second pair 28, 29 are formed having a
radi us of curvature to -7- nmove curvilinearly and rigidly, through

enl ar ged ‘hol es passing through the wafer support platform 12, are placed
proxi mal the wafer banking pins, and coupled to be synchronous in novenent
so that at the beginning of the wafer lifting sequence, the second pair

|l ags the first pair in lifting because of its near vertical radius of
curvature, refer to Figs. 3 through 8. Figs.3, 74 and 5 show the | owering

Show the | ot TRy Aol Genen ralaraedimes ressite fidhih i whtes Siorie
show t he (0] .
T out POt NS BlatRemt Lh SEe bibed pifainl e WEtel ARG ahd bt adShcebionst L1
and 1 : . prns : ne

Lhe vaper S ouaiGoveiclitid BAEA R, eeiding Bl laflr 1iing sdgilncel theSEeAMPUIEAT
| . i i f i 1
and second patt Srskpfin SR YcbAR: B RELRE Bltlbal AaRRGT LTBAS refBo RS L2 nd
pair and the wafigh 8259 Irﬁrea ﬁdﬂfg{ov@gﬁ'm%goﬁﬁéwems_ gn%agsﬂnmsiamew

| onering, the second p precedes e fir palr assuri er contact

W th the waf eper§btive)Gigdi 6157, ahd 8ishBwithé FwePiiof B WABHOSedient® KB a fohe
wafer is firstly pushed agai nst banking pin I4 and rotates to make contact

wi t h banki ng yiewingperspbetive. aTlsis laggingcddtion paraditsahé firsnpair efjwnfer liftidgfengstsape
conbi nations of the two pairs of lifting fingers 26,27 and 28,29. A first
opti on woul d tilaerd pdi the pafersavealy frant thengafer bapding piss k3, 1didghing thetwafet ifhng
maki ng its conbi ned vertical and horizontal notions nore synchronous. A
second opt i orseguence. Simultaneously, as therwafer is isstitilfet iamgy fionythe svaférisupport adi us
of curvature. The conbined vertical and horizontal notions would al sg be
nor e synchr orid@gorsy @ harizental tavistgf the wafsr lifting fingetsialse ratatesthe wafenaway fram

(;re PE); a;r ? ?(i fibaﬁﬁin?;ep?r? 55 ggc? fhe%n q|4$ A; Ha\éefﬂ'tsti a%g sgg)_sndspgyrecggtlin&dt\é?&[, %%e 1rst0 ;Ya?rr the
catches up with the second pair and the wafer assumes a near horizontal position.
Conversely, when lowering, the second pair precedes the first pair assuring wafer contact
with the wafer banking pins. As the first pair continues to lower, the wafer is firstly
pushed against banking pin 14 and rotates to make contact with banking pin 13.

There are two additional options regarding the slope combinations of the two
pairs of lifting fingers 26,27 and 28,29. A first option would have both pairs of lifting
fingers as straight but tilted, making its combined vertical and horizontal motions more
synchronous. A second option would include all four of the lifting fingers with a radius
of curvature. The combined vertical and horizontal motions would also be more

synchronous but with a slight rotational motion about the wafer’s central axis.

As described, this invention has several advantages over the prior art. It
eliminates the need for a highly precision handling robot needing frequent maintenance
and calibration due to position drifting particularly with the ever increasing wafer and

chamber sizes. A wafer's edge damage can be attributed to a robot's faulty position



el'imnates the need for a hi ghly precision handling robot needing frequent
mai nt enance ‘and cal i bration due to position drifting particularly with the
ever increasing wafer and chanber sizes. A wafer's edge danage can be
attributed to a robot's faulty position -8- control. |nproper wafer
positioning on a wafer chuck within a PVD chanber can cause a skewed etch
rate map that can affect process reliability as well as production yield.
An alternate wafer chuck 40 is shown in FIG 9. having a pair of |inear and
bi ased wafer lifting fingers 26, 27 disposed distally relative the wafer
banki ng pins 13, 14 and working i.n conjunctjon Wth. a single cyrvilinear
waf er Iifter SPRtFRYerMPIORE ¥3éRs PAsiPRIRE PRI2 Waferehugk within *&N D chgzmher AR FAUSS .
The three liftjn ingers 26 7,28, .substantial.l.y divide the, suppor

't form 12 ke sBERiemap tul Girarest pipearohailty 3 elas sptBEPiait g
lift of the wafer. The operating sequence of the alternate chuck 40 is the
sane as that for chuck 20. While the invention has been particularly shown
and described wth.,r aEer\ﬁ 18 0f]] ; : bt will
be under st ood by Oagtfgﬁ{s I %&%‘%ﬁgﬁgg %%%ﬁ?égrﬂ%@%ﬁgkgggﬁ%@%rm and
details may fys:Tal '-hﬁ@ﬁ ; : J it L é}&ﬁ" .

i nvention. Bf:a&LAI ﬁ‘/fgl‘"h ng@ﬁ%ﬁ 2 Hi%p&e‘&'&nét%lﬁlgx%_mt thﬂhea\\?\gf 12? C ngégn%g?’ 14

posi tioni ng aRdlwofligPmAdtnjuncRbr it a3inidé QirvRER Wit Bfter¥irpePP® lisp&edt f Or m
havi ng an upper surface neans for recelving positioning and supporting

thereon the pRix@hal relative the wafer banking pins. The three lifting fingers 26, 27, 28
substantially divide the support platform 12 into three equal segments to provide a three
point balanced lift of the wafer. The operating sequence of the alternate chuck 40 is the

same as that for chuck 20.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.



5" ' waf er banking pins affixed to said support—platfoerm-used for
positioni-ng said wafer; a lifting device acting on the wafer when it rests

on the support platformto nove the wafer horizantall y,mup((m i"’ﬁ"ﬂmm
support platformin a slanted direction away from sai d '$
said lifting device having a plurality of 10 ' waerLIiFtiﬁg*

fingers, said wafer lifting fingers cooperatively extending in two pairs in

a slanted but substantially vertical direction, a first pair noving in a
| i near slanted direction, a second pair rmvigg in a curviliear direction,

said two pairs extefeA¥§ synchronously substantiall opl anar lifting
notion, said wafer i-i“ft"{"fﬁj‘:g}‘abé'?O%?l%B%é’&éﬁ?ﬁeasgbly%d%ﬂpg”"ﬁfeé pattern to
be supportive of sai.d wafer, each of said wafer Iifting fingers having an
end portion noYBPE &l ative to said support platform between a first

%Z? é"ELSEOPE’ ol att of %uﬁﬁ%*ﬁlaéfé%%ﬁa%@é’?éﬁﬁ%%rs%%%e?ﬁ%?@%? RRlton e 1Sl ceo
| 20
a<’ to engage. e war 40 PR BB RBED, P P Bhort piat form

and, -a drgving nean@aféggfgﬁﬁ}égﬁhggﬁ{%gqggaggu%g&gﬁhf&ﬁg&egffoﬁai d pairs of

wafer lifting fingers ng sald pairs of wafer lifting fingers
between said first apgdsifigfiapdai@weifrt ons, wherein said driving means is
di sposed so as to be effectrvely associated with the distal end portions of

said wafer 25 a lifting devideiabting om@erwafePwheh itedsesroncthe skppaetosiatforng t o
Claiml1l, wherein said wafer chuck incl udes - 10 - at least tw pairs of
wafer lifting finger somoat thepmifesretative do said suppprigiiatforouinlabiased direttion ed
direction, said slanted direction is substantially vertical with a
hori zont al away from said support platform said lifting device having a plurality of
10 wafer lifting fingers, said wafer lifting fingers cooperatively extending
in two pairs in a biased but substantially vertical direction, a first pair
moving in a linear biased direction, a second pair moving in a
curvilinear direction, said two pairs moving synchronously and in a
substantially coplanar lifting motion, said wafer lifting fingers disposed
15 in a pattern to be supportive of said wafer, each of said wafer lifting
fingers having an end portion movable, relative to said support platforn_l,
between a first retracted position at which it is lowered from the upper
surface of said support platform and a second extended position at
which it is raised beyond the upper surface of said support platform so
20 as to engage the wafer for lifting it relative to said support platform; and
a driving means to collectively engage distal ends of said pairs of wafer
lifting fingers for moving said pairs of wafer lifting fingers between séid
first and second positions, wherein said driving means ié disposed so as

to be effectively associated with the distal end portions of said wafer

25 lifting fingers.

2. A wafer chuck according to Claim 1, wherein said wafer chuck includes

R —
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30 conponent which tilts and rotates the wafer t owar-ds—sai-d-banki-ng—pins
when | owering the wafer and away from sai d banki ng pins when raising the
wafer. After |owering the wafer onto said 3. A vvafer CTullmﬂﬂﬁnlﬂ"nHH“I
Caim2, wherein orizontal support platforma conponent

lifting fingers slideably drives the wafer against said 35 ¢ thaf®r barking
pi ns thereby establishing a wafer hone position relative to said of the
waf er onto said wafer support platform 4. A wafer chuck according to Claim
3, whereby said wafer honme. position establ | shed at the wafer support
platformby the engagenent of the wafer £010 i nst.said fer anki ng

pi ns al so provi %ié%ash?%P%\‘s qﬁwaferdgﬂa&ﬁna?r&ﬁa@ma GE"a‘iTFVGH Syng ?‘Fﬂé‘s %Pénded
position, for nech ni zed fer andl ng a

according to C Wﬁ’é?‘bls FF‘ét’(mdéFH %t S‘éqm?qlf"‘f‘&%gﬁ?rﬁ?&é?s are
di d | d huck di

a ZP%Sﬁl ot :ej?n %‘9{?031' BEh “Bar*?é( R atte P A pEPUSE P RO
Pherein sad seRueg %?‘B*WY%°“‘AS¥YEP?5MBEW§5@?§%®?%4 fafe 2 M L

substantially vertical and curvilinear direction lags the first pair of
lifting fingers noving in a substantially vertical and linearly slanted
-path during the wafgra Wafdrichi ]@&?Hﬁﬂfgetot Sinsh wﬁ@&msgﬁlmz@n@prl zont al
component of the first pal rco?c ftdljlng f’lyngers to pull the wafer away
from sai d waf er cdimpuienCofthiswater Hﬂﬁgbﬁ%&ﬁ%hﬂ&bg drives theelvgfer hgdinist 84id
sequence. 55 8. A wafer chuck according to aim1 wherein said second
pair of wal®r |whfer bankingpias thersbyiesgblishing & wafer pracess pogitioarduriogl and
curvilinear direction path

lowering of the wafer onto said wafer support platform.

4. A wafer chuck according to Claim 3, whereby said wafer process
position established at the wafer support platform by the engagement of the wafer
40 against said wafer banking pins also provides a wafer pick-up and drop-off

location, at the extended position, for 2 mechanized wafer handling apparatus .

5. A wafer chuck according to Claim 1 wherein said first pair of wafer
lifting fingers are disposed distally said wafer banking pins.
45
6. A wafer chuck according to Claim 1 wherein said second pair of wafer

lifting fingers are disposed proximal said wafer banking pins.

7. A wafer chuck according to Claim 1 wherein said second pair of wafer
50 lifting fingers moving in a substantially vertical and curvilinear path lags the
first pair of lifting fingers moviﬁg in a substantially vertical and linearly biased
| path during the wafer lifting sequence theréby permitting the horizontal
component of the first pair of wafer lifting fingers to pull the wafer away from

said wafer banking pins at the begihning of the wafer lifting sequence.
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precedes the first pair of lifting fingers noving in a subst anti al | y
vertical -and linearly slanted direction during the wafer

thereby permtting the a 60 hori zontal conponent of the(,mmmﬂ”lmmﬂﬂ“"
wafer - lifting fingers to gently push the wafer towards sai d *waffer thamkifng «
pins as the wafer approaches said wafer support pl atforWAWerW
for positioning and rel easably hol ding a wafer 65 conpr|5|ng su port
pl at f orm havi ng an upper surface neans for positioning arildhls ePlaced
t hereon the wafer; wafer banking pins affixed to said supp

ed
for positioning sai d wafer; 70 _34 Lfting device. a “
waf er whed5it rests on the support platformto nmove the wa er vertlca y

Copport I at 1 orm salA Wi diycaciarBiog 50 R »g%rre%?stai CRBERL O REC g
f

Q;ngiie ?hfe;r e B AGVipEIR & oy oS gﬁ*@ﬁf&? Hfag B
irection and in ¢

(inger, “said sd=% é‘;ﬁpﬁ‘ tgeggyfhﬁf@%%@%gg !ﬂééﬁ%ﬁgﬁﬁi@f@lkﬂ%{"‘éﬂg. g in
a slanted su Stané‘]lf a%gd\faéﬁhfrﬁr t‘ﬂé%{f&ll eﬂuér{b@‘%ﬁ‘e Fermiittibg theo

fi nge(rjs substzﬁr‘hnie support rm I nto three equal segnent s
provi ding thr z&gbl'g ﬁﬁﬁfiﬂﬂﬁﬁf fi via fpenithy Muis
pr oduci ng6§ balhg)ﬁce anﬁ@%‘?ﬂo@rﬁ%ﬁ& églp%mt | gn of gt hr{ege\r/\s/afegr% }fsal d three

wafer 1ifting fyfeeowvafists@iadivaTer SanRaly pinoasthy wafer-approaches 3aid weéresupport t i ng
fingers disposed in a pattern to be

platform.

9. A wafer chuck for positioning and releasably holding a wafer

65  comprising;

a support platform having an upper surface means for positioning
and supporting thereon the wafer; |

wafer banking pins affixed to said support platform used for
positioning said wafer;

70 a lifting device acting on the wafer when it rests on the support platform
to move the wafer relative to said support platform in a biased direction
away from said support platform said lifting device having a set of three
wafer lifting fingers, a first and second wafer lifting fingers disposed
distally relative the wafer banking pins, moving in a linear biased

75 direction and in conjunction with a single curvilinear wafer lifting
finger, said set of three wafef lifting fingers cooperatively extending in a
biased but substantially vertical direction, said three wafer lifting
fingers substantially divide the support platform into three equal
segments providing a three point distribution contact under the wafer for

80 a balanced and uniform lifting motion to the wafer, said three wafer

lifting fingers moving synchronously and in a substantially coplanar
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supportive of said wafer, each of said wafer lifting fingers |
portion rnovable, relative to said support platform between a[ ' ml | W”““‘
retracted position in which it is lowered fromthe upper surf s %
support platformand a second extended position in which it is raised

beyond t he upper surface of said support platformso as to engage the wafer
for lifting it relative to said support platform and a driving neans to

col l ectively engage distal ends of said wafer 90 lifting fingers

for moving said pairs of wafer lifting fingees-between said first and

e chuck 1ot utes BoPFSE fimdanies s of i EHTRCIS AR o
tS|h:'?t (rargvgi reﬁtei 3/2]: Ief I%Q}BQ‘BH}&Y’?@ﬁ? a&g?ﬁ/%@swp?ﬁ%é tﬁogx}nr tz){')tﬁ';éali' Q(li:ligﬁponent
away from®ai d banki ng%ﬂ%aﬁ@h&tg\?@%g% Wﬁﬁ%ﬂ%mtg?ﬁﬁﬂér?%ﬁ%%\%? teirer cﬁﬂgk
according to O aim 10, y&(rﬁﬂtfbni%%‘ﬁ a@%l#m&{dc@g{mﬁ&?ﬂtwlﬁéh fa ghiseaf er

lifting fingers slidea roves e wafer agaln sal d waf er banki ng pins

t her eby establi shing Beyt %%Ws&ﬁggbf%dﬁﬁﬁﬁﬂgﬁnﬂga,vgrtbeﬂggg’etﬁdﬁe waf er

onto said wafer support” pla 12. A wafer chuck according to Caim?9,

wher eby said wafer pregafsforlfiRg RRclafvd {0 saftl suppéardplatfond; amd t he waf er
support platform by the engagenent of the wafer 13 - _

a driving means to collectively engage distal ends of said wafer

90 lifting fingers for moving said pairs of wafer lifting fingers between said
first and second positions, wherein said driving means is disposed so as
to be effectively associated with the distal end portions of said wafer

lifting fingers.

95 10. A wafer cﬁuck according to Claim 9, wherein said wafer chuck
includes at least three wafer lifting fingers, said wafer lifting fingers are driven
synchronously in a biased direction, said biased direction is substantially vertical
with a horizontal component that moves the wafer towards said banking pins
when lowering the wafer and away from said banking pins when raising the

100  wafer.

11. A wafer chuck according to Claim 10, wherein said horizontal
component of said wafer lifting fingers slideably drives the wafer against said
- wafer banking pins thereby establishing a wafer process position during

105  lowering of the wafer onto said wafer support platform.

12. A wafer chuck according to Claim 9, whereby said wafer process

position established at the wafer support platform by the engagement of the wafer
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agai nst sai d wafer banking pins also provides a wafer pick- up and drop-off—
110 location, in the extended position, for a wafer handl

waf er ‘chuck according to Caim9, wherein said first and s ﬂg""m,”m
lifting fingers are disposed distally said wafer banking pihs.c 11

14. A wafer chuck according to Cdarm9, wherein said other wafer lifting
finger i's disposed proximl said wafer banking pins. 15. A wafer chuck
according to Claim9, wherein said other wafer lifting finger noving in a
curvilinear and substantially vertical di r-edBi-en | ags the first and 120
second waf er I|ft|ng fingers which nove |n tant. al | erti and
linearly sl ant cgaigistsaid W@ﬁfbmf?&ﬂﬂﬁélswﬁf%ﬂ |af W@‘%‘%Hﬂéﬁ%é" eby

perm tting a haorizontal nponent of the firs d se ond wafer lifting
fingers t |9u||°?4’4’@nm§ftb"r ’%Wﬁ{}gprSHPg fi2 Y @ ins at the

begi nning of the wafer lifting sequence. 125 16. A waf er chuck
according to Caim9, wherein said single curvilinear wafer lifting finger

{15t Jand cecond 11 fE: RyeRenge Rkl CHEh), Klendh A R Balsele? €
linearly slanted, fg*fl@%%fﬂ*@egonen?l’&?&dﬁ%?rsa*%*W“‘Wﬁme t her eby

permttlngahorl irst and second wafer lifting
fingers to gently push the vvafer 130 towards said wafer banking pins as
t he waf er approaches said wafer support platform 17. A nethod for aligning

a sem condygt or waf ef4. W whfef cluck agepttinge Ot % evierdin saig otHee waferflifting :
providing a robort; providing a wafer chuck lifiting device; -14- 135

sai d robot pOSlﬁmgbﬁis dispusédproninmi gaid-weferebankingginsi t hi n sai d vacuum

15. A wafer chuck according to Claim 9, wherein said other wafer lifting
finger moving in a curvilinear and substantially vertical path lags the first and
120  second wafer lifting fingers which move in a substantially vertical and linearly
biased path during the wafer lifting sequence thereby permitting the horizontal
component of the first and second wafer lifting fingers to pull the wafer away

from said wafer banking pins at the beginning of the wafer lifting sequence.

125 16. A wafer chuck according to Claim 9, wherein said other wafer
lifting finger moving in a curvilinear and substaﬁtially vertical path precedes the
first and second lifting fingers moving in a substantially vertical and linearly
biased path during the wafer lowering sequence thereby permitting the horizontal
component of the first and second wafer lifting fingers to gently push the wafer
130  towards said wafer banking pins as the wéfer approaches said wafer support
platform.

17. A method for aligning a semiconductor wafer within a vacuum

chamber comprising the steps of:
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chanbér; said wafee lifting raises in a substantially vertical and slanted

e o et o el 1e e e AR g
M S *

dévice of said wafer chuck; said lifting device of said wafer ¢huék t

| oweringn a substantially vertical ~and slanted direction while tilting and
rotating said wafer relative to a horizontal plane, theree by positioning
sai d waf er agai nst wafer banking pins affixed and projecting above a wafer
support platformof said 145 waf er 104hl_,1Ck; retracting said wafer
lifting dev$§e to bel ow surface of f@r suppart Iatf.l‘grmg{9 sai d waf er
chuck; aft &2 pr ocessiTRBOtPISHONRL 3rwalgs aboxg Adyaten chupk Within Saldvaghullaj 4 waf er
chuck - ses to tilt and rolt)a'ge said wafer away from sai d wafer banking

pi ns, thereon |ifting SHAAPH50 wafer to said extended level to be

taken by said robot . The .nmet hod, accor di to Clai 7.. wWherein sgid
lifting device incl uéﬁﬂﬂg NCH '*@Mﬁﬁ@ﬁ%&@sﬁnﬁﬂ?Fﬁ@%@@??@fﬁ%&ﬁ@aat ivel y
extending and retracti |ﬂ'£8' '
substantially verti calﬁgsle?eét |%@ﬁ%gmﬁ%%g%é’?él%%@%&ngé#g\Q/Ptﬂséﬁrr‘ggéﬁgﬂ )
extend and to retract {fy@dpde> curvilinear direction, a second pair

\ d§a %b ; . \ . .
having nmeans to extend and rétract in a linear but slanted direction said

two pairs gymchr onoushyotirBlessing’aid Wafer onto said lifting device of¥kid wafer chuck;
I e drectioi lifting direction, said wafer lifting fingers disposed

in a pattern to be suffiing dévice 6 safbwvafeyBiuifk loweriny @fa substantiullyertidal 4nd1g
fingers having an end portion novable, relative to said support platform
between a first retrachiestdpiettiorowhié tilkingandirbtatisg saidveafed rélative ta aupper
surface of said support platformand a second 160 ext ended position at
which it is raised beylritontabplapgdherson pasitiorihg said Wafen pgainst wafer banking

pins affixed and projecting above a wafer support platform of said
145 wafer chuck;
retracting lifting device to below surface of wafer support platform of
said wafer chuck;
after processing said wafer, lifting device of said wafer chuck raises to
tilt and rotate said wafer away from said wafer banking pins lifting said

150 wafer to said extended level for pick-up by said robot.

18. The method according to Claim 17, wherein said lifting device
comprising a plurality of lifting fingers cooperatively extending and retracting in
two pairs in a biased but substantially vertical direction, a first pair moving ina

155  curvilinear direction, said two pairs moving synchronously and in a substantially
coplanar lifting motion, said wafer lifting fingers disposed in é pattern to be
supportive of said wafer, each of said wafer lifting fingers having an end portion
movable, relative to said support platform, between a first retracted position at
which it is lowered from the upper surface of said support platform and a second

160  extended position at which it is raised beyond the upper surface of said support
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REPLACEMENT SHEET - 15 - platformso as to engage the wafer for lifting it

e R LA ) T 1T
el i m nat es edge damage to said wafer. 165 20. The nethod accordirng tto € atms *

17, wherein said wafer banking pins establishes a wafer processing
position. 21. The net hod according to Claim 17, wherein said wafer banking
pins 170 also establishes a robot's wafer dellvery and pick-up position at
the el evated | evel. - 15 -

platform so as to engage the wafer for lifting it relative to said support platform.

19. The method according to Claim 17, wherein said tilting and rotating
said wafer by said lifting device eliminates edge damage to said wafer.
165 |
20. The method according to Claim 17, wherein said wafer banking pins

establishes a wafer processing position.

21. The method according to Claim 17, wherein said wafer banking pins

170 also establishes a robot's wafer delivery and pick-up position at the elevated level.
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