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Vaf er edge polishing nethod and appar at us Field of invention Thi s

i nvention concgpns fbe polishing of the edges of semi - condug@ghﬁwﬁhgﬁﬁ
such as silicon mafers and apparatus therefor. Background to

i nvention Wien silicon has been crystallised into |arge boul es, mhlch are
generally cylindrical over nost of their length, the crystalline mat eri al
is sliced into thin circular discs known as silicon wafers, the diameter of
each of which cgg be ﬁnythl . After nmounting
in a vacuum chd edges of the
di scs are accurately ground so as to produce an accurate circul ar shape
centered on tkeet@nbf eiwferidiendi Sc and a precisely fornmed edge profile, and
are often notched at one: position around the circul ar periphery. Wher eas
over the majority of the area of disc the thickness is uniformand the two
faces are par Zhiisl invaatper pPReSET ShehpPeiishing cofr bimdeddea oF i 88MRA ar
section in whiphahbeoRRREeRE slieh tad anQliectald fwss ha SppLrdtet chésemser of
the wafer and is normally | ocated m dway between the two parallel faces of
t he di sc. In order to optimse the manufacture of sem -conductor devices
usi ng such a Baskgrownd <t¢ /ey fiaventhen t he surface which is to be exposed

to photo-lit hwaéﬁ%mi&rﬂﬁaag@éﬂ @Q—y@&dmﬁlswem@é 1 YebSU RSSO RhE chi & Of
the mcrocircuits m@ich ar g éﬁ%n%# mg grs, gangge near to.the

ci rcunf er ent i F7FFAe- Het Féet t he ? at"eF ¥ cuf FHacel WdYhs Witth
the inclined suyétabliradiatgnialt A sparedcintg|gmin|ciaraulparr didace kimwn

number of devigesgiicth CadEd¥es MBgRe f IBnidi@ MBS Ll each! NofTBGhE 86S WA Gl do

not produce aagg 1§§aL£EX1§r°h§dr££Sé595 - 300mm. After mounting in a

vacuum chuck in an edge grinding machine, the peripheral edges
of the discs are accurately ground so as to produce an accurate
circular shape centered on the centre of the disc and a
precisely formed edge profile, and are often notched at one
position around the circular periphery.

Whereas over the majority of the area of disc the thickness is
uniform and the two faces are parallel, the periphery of such
discs are ground to a triangular section in which the apex of
the triangle defines the outermost diameter of the wafer and
is hormally located midway between the two parallel faces of
the disc.

In order to optimise the manufacture of semi-conductor devices
using such a disc, it is important that the surface which is
to be exposed to photo-lithography is damage free and in view
of the microscopic size of the microcircuits which are formed
on the wafers, damage near to the circumferential line between
which the flat circular surface merges with the inclined
surface leading to the apex, can significantly reduce the
number of devices which can be made from the wafer.

In machines which do not produce a good quality ground finish



2 to the inclined surfaces of the tri angul ar section |eading to the apex,®
It Is necessary to etch and then polish the edges of the wafer before it

can be used {vggg,gﬁ,sgon_struction of sem - conductor devicespercNififsd good
qual ity groun Inish is produced on the inclined surfaces leading to the -

apex, it is only necessary to etch and polish a small quantity of materi al
In order to obtain an undamaged edge. It is an object of the present
i nvention tto pheyiideldnednpuoiace sreithddenrtd iapgailat useddompdkeadhnggta

finely gfotﬂ&e’e ; & ¢H9€s nec@é@ﬁ‘?/tef cthe aﬁa/edﬂénoaouéi@ct@fe%agggoopne

aspect of esent invention there is.provided a net h%d of ﬁ e grl ndi ng
and pol i shithe atan BefRsrkpFeERR RAi BASEr &7t FRRSTTEE S APuPh P8™4"

grindi ng stednductior wewifteshe ederef at lppatbr dpilidy | graprountiiniaid &$t er
grinding, té&%awe‘&o' CRpHeS ihERDSEQT £8AraGe s TRHdBlg TOkBeablR! fbejgext

wor kpi ece i's conveyed to and | qcated in,the qgrinding_station for grinding,
whi ch furt HLY: SIRGESSaEY tHR §n§f P?@%%‘Fi%%‘“lagrg ﬂg?’k‘b’r%é’%i Wa’fﬁg"%ﬁf fer
store and engapdey theobtgintdrerneuiamagead ®dgel-i shing wheel, to polish its
peri phery whil st the next workpiece is being ground, and after polishing,
the polished workpiece is renoved and the sajd next wafer is- . transferred
fromthe grithdiengn<PRite<nof ot PISFE L 1§Y8?'él‘?‘3)rt°p8r?'§+é$6nt O"BF PR a

further WordgdIRRE ahf &pparmatse dornpbhishingdi fgneflxt goound walferweddei eces
awai ting grinding may be contained in a first store and the ground and

pol i shed wor kpi eces may be contained in a second store. The first and

second stor&%ﬁﬂ%ﬁ%tions of a single storage device. The

invention is particularly applicable to circular sem - conductor wafers.
According to one aspect of the present invention there is
provided a method of edge grinding and polishing circular
workpieces which are transported in turn to a grinding station
in which the edge of the workpiece is ground, and after
grinding, the workpiece is transferred to a buffer store whilst
the next workpiece is conveyed to and located in the grinding
station for grinding, which further comprises the steps of
rotating the workpiece in the buffer store and engaging the
edge thereof with a polishing wheel, to polish its periphery
whilst the next workpiece is being ground, and after polishing,
the polished workpiece is removed and the said next wafer is-
transferred from the grinding station to the buffer store for
polishing to allow a further workpiece to be located in the

grinding station.

The workpieces awaiting grinding may be contained in a first
store and the ground and polished workpieces may be contained
in a second store. The first and second stores may be
different sections of a single storage device. '

The invention is particularly applicable to circular semi-

conductor wafers.

The buffer store conveniently comprises a wash station and in
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The forming and reforming of the groove in the wheel may be
effected by means of a groove-forming wheel having a triangular
cross-section peripheral rim, defining in cross-section the two
slanting frusto-conical edges which converge in an apex, and
after polishing one or more wafers, relative movement is
effected between the groove-forming wheel and the polishing
wheel whilst both are rotating about their respective axes,
thereby to form or reform the cross-sectional shape of the
groove in the polishing wheel ready for polishing the edges of-
further wafers.

According to another aspect of the invention, apparatus for
grinding the edges of circular wafers of semi-conductor
material comprises a store within which disc-like wafers of
semi-conductor material can be stored, a grinding station,
means for conveying the wafers one at a time to the grinding
station for effecting edge grinding thereof and after grinding
conveying each wafer in turn to a buffer store and locating the
wafer on .a storage chuck therein, said conveying means
selecting the next wafer from the store and conveying it to the
grinding station to effect edge grinding thereof, a polishing
wheel in the buffer store, means for rotating it and the wafer
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eel
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selecting the next wafer fromthe store and conveying it to the grinding
station to effect edge grinding thereof, a polishtng wheel in the buffer

store, means w@begésati ng it and the wafer PCT/GB99/01928
4 therein, nmeans for effecting relative novenent between the wafer and the

pol i shing wheel to polish the edge of thg wafer whilst the next wafer is
bei ng ground, and said conveying neans serving to renove the polished wafer
fromthe buftheredhor eneand Selrecef frrtaidar tébat ivas anotementt NeetSdeme wied

conveyi ng 'twatf%rt ?ﬁdgﬁh@%maﬁ@@ Wheka! ¢ Sdﬂﬁlgie d mgapg%%% b&JPefxe

noving to the store t ecover th from ere|

Preferably 4 Fh I piRber udsehsd ARchisakd eemyeNing i s
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compliant and 1s forned froma material such as urethane or serium oxid
Typi cal |y t FOVPYLRG IohpriRe granddpRaptatiPrfognedgr gréndbny Wieyaats .

The net hod befble mowient conchmpyufifeirestbly toadlecdeet hthe pol hshed wyE s
effecting ag E'Bﬁkl:ﬂ dpyement between the polishing wheel and the wafer edge
by rocking et the wheel or the wafer about an axis, coincident with or
parallel to a tangent- which intersects the point of contact between the
waf er and t peepetalshy nin wiketHods amd aapgpaafatiuse embbdpige NEnd ileentabar, and

Lhe JroovedaPalisht i vBaeLyad L Gike! o f%@ﬁeda%nagew&eﬁog' dopearly

spaced apart para axes 'S sup a vacuum chac
rotated by anfrithe mRldshinge Whaslshefg %e‘é? pSSESt ViR ither madtishdngy a
second drivecteanms, |inear drive neans is. provided to advance and retract
t he polishing wheel relative

Typically the polishing wheel is compliant and is formed from

a material such as urethane or serium oxide.

Typically the slurry comprises an alkali solution, preferably
of pH11l.

The method of the invention may preferably include the further
step of effecting a rocking movement between the polishing
wheel and the wafer edge by rocking either the wheel or the
wafer about an axis, coincident with or parallel to a tangent-
which intersects the point of contact between the wafer and the

polishing wheel.

In a preferred arrangement the wafer and the grooved polishing
wheel are mounted for rotation about horizontally spaced apart
parallel axes, the wafer is supported on a vacuum chuck and is
rotated by a drive motor, the polishing wheel is driven in
rotation by a second drive means, linear drive means .is
provided to advance and retract the polishing wheel relative
to the wafer, and oscillatory drive means acts on the assembly
of polishing wheel and associated drive so as to rock the wheel
about a vertical axis so that the two side cheeks of the groove
in the polishing wheel alternately engage the inclined edges



to the wafer, and oscillatory drive means acts on the assenbly of polishing
wheel and associated drive so as to rock the wheel about a vertical axis so

that the two 51'”699 hrgks of. the groove in the polishing wheelpgld Bﬁ&@ly
engdge the inc ing edges : of the edge region of thP 4 I?B

an alternative arrangenent the wheel and itgs rotational drive remains
stationary except for the rotation of the wheel about its axis, and |inear
transl ati on meaN%hes efgeVvirdgioh o6 f atheanedifey t he waf er and associated drive
and support neans towards and away fromthe grooved polishing wheel to
engage the edge of the wafer in the groove, and oscillatory drive neans
serves to rockm R walePrRII t 2EFRAIRIET oF RSt WBeRAT @ndt Hese ivtabaanad

vertical axis dydvesrefafhedscsr iditan) tediaedit fprengegeseat ibetorahet haeel
external periphely thst Q% yaf Sﬁgaﬂgnégﬁ sLdfS18L 5 %Qemgér?% IV} o%*lﬁeéé’aﬁsg
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I nvention, 1t |s t nder.st o t ec q 8]
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groovedl n the gmff bn &BotiOla Iverﬂta@aQOaﬁmsaédsaé@ﬁi&@iroaucéhm@ diterwat ehgi s
mounted in a huffer store on associated wit an e rin I ne.
ount 20 11 2 REEErShe" S lve OB SRELBLE] YLL Lyl SU0B 01 I NG el
edge pol i shi ng!lnlséhpﬁethﬂ groere eﬁﬁ Hare Mademmpad polikbingcdiegdaroete.
adapted to be rocked alternately in one direction and t hen the ot her about

an appropriat%%x g)ﬁ ngeﬁélogth refore al so, |es |n aratus for
waf er edge poRtafrRgcrR CREHHEPROTY ‘E’F’o’\’ﬁ JaPMR st e g9 Yef er ,
a polishing waedl driviesgwhighosetathefdratf dn m@orﬂm%:ﬂ:mg ahé phen phise al
rimof the wafRher"™BBBEtf&Isingle axis.

According to a further aspect of the invention, it is to be
understood that the technique of rocking the wafer or the wheel
whilst rotating so as to alternately engage the two inclined
faces of the periphery of the wafer with the corresponding
faces of the groove in the wheel, is not 1linked to an
arrangement in which the wafer is mounted in a buffer store on,
or associated with, an edge grinding machine. This further
aspect of the invention can be J'..ncorporated into any wafer edge
polishing machine in which either the wafer or the wheel can
be adapted to be rocked alternately in one direction and then
the other about an appropriate axis.

The invention therefore also lies in apparatus for wafer edge
polishing in which there is provided means for rotating a
wafer, a polishing wheel having a groove therein for
accommodating the peripheral rim of the wafer, means for
rotating the wheel, drive means for effecting relative movement
between the wheel and the wafer to effect engagement of the
wafer in the groove, and further drive means to effect relative
rocking movement between the wafer and the wheel such that



rotati.ng the wheel, drive neans for effecting relative novenent between the
wheel and the wafer to effect engagenent of the wafer in the groove, and
further driveg®rasssto effect relative rocking novenent betpw@ggg,hgzsmfer
and t he wheel such that _ opposite-
faces of the peripheral rimof the wafergare engaged alternatel y by :
opposite regions of the surface of the groove in the wheel during the

pol i shing peppesste fdcesamf thet heripberal usimofifthecvatfer a@rd eingageki ce i s
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for directin rds,the.regi on of engagenent at” | east
during the bgl ?Eﬁl%e%]f c?tdj'\%\ég t ﬁc&ﬂ’ﬁ?hifq RS fer feature of the

invention, in any of the apparatus as aforesaid, a groove-form ng wheel (a

gr oovi ng t ogh) aﬁ§ Jﬁ)l&'ﬁtaegpéé’fa@fy%egﬁgke%ﬁa thJéH QRYeiéd £§1qo@a£!eah' ng
wheel either groovin t owar

oF
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to formor whéeim fhe ghisecbing wheflourd astunfy t hewavrselthe Yeient bé

grooving t oghahSefest St 1elSt! ahiShg MBYe BSo TR piecLhe rear of the wafer
support for rotatlon therewith, and the form ng step s perforned by noving

t he grooved wheel into engagenent with the grooving tool and rotating both
so as to fohavordimf dranaduehgrofeetimet b€ wheelinventiun, nweaniyopbfakhe |ies

N any of g uRLiIAN1SagS asbPLERM I af Wildile- ffem&hél @fiedle (5 8oBling

proj ecting lurr rrﬁiiom%rds th oi nt. of e enent between
grooved poIF%‘Pﬂ%gl\ﬁhe@?u% t 8’:pe‘?rfl FUe f"l’r& 3F°‘P\§%stlr’duFFﬁg
pol i shi ng epghpsimeny wheel ebidthseehy modérentnwdnthegmosdngitesol roaaydsf t he
methods as gforgaabd LB WheChiaeldr Ahd¥hd oeﬁe(qssgveaﬁ&rfbpgnwgﬁsﬂy' S

| ocated in proximty to the groqved polishin f or _engagenent
rotating both wheel and tool so as to form or reform the groove

in the surface of the wheel.

Where the grooving toocl is a disc, the latter may be mounted
to the rear of the wafer support for rotation therewith, and
the forming step is performed by moving the grooved wheel into-
engagement with the grooving tool and rotating both so as to
form or reform the groove in the wheel.

The invention also lies in any of the methods' as aforesaid-
further comprising the step of projecting a fluid slurry
towards the point of engagement between the grooved polishing
wheel and the periphery of the wafer at least during polishing
engagement therebetween.

The invention also lies in any of the methods as aforesaid in
which a grooving tool (groove—forthing wheel) is located in
proximity to the grooved polishing wheel for engagement
therewith to form and reform the groove in the wheel as

required.

According to a further aspect of the invention, the polishing
wheel has a significant axial depth, and two or more parallel



therewith to formand reformthe groove in the wheel as required.
According to a further aspect of the invention, the-polishing wheel has a
signi ficant ax{yR) eofi h, and -fwo or nore parallel . PCT/GB99/01928

7 grooves are forned therearound, so that as one ‘groove becones worn and
needs reform ng, the wheel can be indexed $0 as to use another of the
grooves for polishing the edge of the wafer and the process of noving from
one groove to0gadevker aganfdemed ttiensed-aumtd,| sal that abeoys apvesehbeeohesn
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polishing slurry is supplied to the zone of contact between the polishing
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feed workpiece having previously been formed around its polishing
surface with a groove the cross-section of which is the
complement of the edge profile of the disc, a polishing slurry
is supplied to the zone of contact between the polishing wheel
and the edge of the workpiece, and the polishing wheel is
rotated so that relative movement exists between the polishing
wheel and the disc edge.

Typically the polishing wheel is rotated contra to the
direction of rotation of the workpiece in the zone of contact.

Typically the synthetics plastics material is polyurethane.
Typically the polishing slurry is colloidal silica.

Whereas with edge grinding, the grooved grinding wheel is
advanced during the grinding process with a controlled feed
rate, it has been found more preferable to advance a synthetic
plastics polishing wheel in such a manner as to engage the edge
of the workpiece in a so-called plunge mode and under constant

force.

A polished surface has been obtained in a matter of a few
minutes, typically of the order of 2 to 4 minutes.



rate, it has been found nore preferable to advance a synthetic plastics
pol i shing wheel in such a manner as to engage the edge of the workpiece in
a so-cal l'ed 8@eggode and under constant force. A poli e has
been obt ai ne (iyn a matter of a few mnutes, typically of t?g%&%%}éﬁ%}? 2 to-
4 m nutes. 8 8 The method may be -
perfornmed as a nodified edge grinding machi ne which thereby permts the
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wheel ‘axis so. that its direction of rotation is contra that of the.

‘rotation of the workpiece in the region in which they will: make
- contact, drive means for advancing and retracting the polishing
wheel mounting means to enable the polishing wheel to make
-contact with the edge of the workpiece for polishing purpcses,
and means for adjusting the polishing wheel relative to the
mounting means or the mounting means relative to the remainder
of the apparatus, or both, to ensure that the groove in the-
surface of the polishing wheel accurately aligns with the edge
of the workpiece, the apparatus further comprising means for
supplying a polishing slurry to the zone of contact between the
workpiece and the polishing wheel.

Preferably the apparatus further includes a forming wheel
mounted for rotation about its central axis typically in a
contra sense to the rotatibn of the polishing wheel where the
two will come into contact, and means is provided for effecting
relative movement between the polishing wheel and the forming
wheel to engage the edge of the forming wheel with a surface
of the polishing wheel to form a groove therein, the external
periphery of the forming wheel corresponding to the external



nmounted for rotation about its central axis typically in a contra sense to
the rotation of the polishing wheel where the two will cone into contact,
and nmeans i s pP&LAV for effecting relative novement between,dihs heshi ng
wheel and the -ofﬁgﬁ§4mheer'to engage the edge of the formng mﬁegpeg?fh a
surface of the polishing wheel to forma ggoove therein, the external

peri phery of the form ng wheel corresponding to the external

9 edge p& of i bggef ﬁﬂ&%&%r kot ]?Ellilesﬁndfﬂ‘)ﬁiiﬁéée §60Q¥at Nchdegpeblehiing thweel
corresponds to _the, e rofile o e wWor kpi ece; I.n rat s .as

af oresai d, t hBof)b’P]i‘%rFﬁ ngﬁ'\ﬂ%«%el cﬁﬁ§eﬁ%?/réé§'i gt f :Eg’gnt SATF alPTSK lg%t %’# t%ée
formof a cyl wodkpjeoder eby as one grooved region thereof wears away as a
result of the polishing activity, one or nore further grooves can be forned

at axially spaced positions_thereal ong by ropri.ate _i ndexi ng of ei,ther
the form ng whBel2BRAHARE S0P T it j—'e\ﬁﬁ‘g&' o?ggottgo,hf &n?h.e"%i%%ar Tpys Jave
further prograbgeificanntaxidlcextenht ivchaqdorimegibatewkindeye wbenehy asheel

and pol i shi ngoubegroandabatasaem (tifetads evedhd LRAYWRKPLEGRsEO! At dile
appropriate grooy€é jn the surface of the poltshlqg%mheel i S enp#oyfd to
pol i sh the edBlbfhitR AT RFTE e PReMAEANS T ISR FH5IRYEFg BBl PEhTHgred
slurry to theapaxisiilng spesedppes &y aiy thesleadeongaby | apmstoparie trozudexing
directing the, gl dfine.t QURr fsrhiiey 4R 10bxt ke WIIKNMRGE whedl RICBbEY, tHH
nozzl e or nozzles direct the slgrrg t owar ds the anall rggégf of contact

whi ch exists PREWEERAEREUF0IHS hF WHEHRE e PrRATIRES wdik piRTePauce skt v
pol i shi ng whethdeximf esesween f thanttoymiagt evheellarandh epaloirdtyiingc esheiell remd
assist if thepslydy ire ddO@dLbdOBIANI DS 3B hatOPhAChpSFoESi 4t e
noving in the sanme direction as the er*gher .0f ,the ﬁ0| shi ng wheel at the
poi nt of contFEPOVE HRetRRSYFHRTR At AR PREIFBIRG Y ﬁF%m%%| TRANED tSal |
reservoi r w tholihsh edye eafget lof whekpoekpieben the two are .

The means for supplying polishing slurry to the polishing zone
preferably includes at least one nozzle for directing the
slurry towards the edge of the workpiece.

Typically the nozzle or nozzles direct the slurry towards the
small region of contact which exists between the polishing

wheel and the workpiece.

Where the polishing wheel rotates significantly faster than the
workpiece, it may assist if the slurry is directed towards the
region of contact so as to be moving in the same direction as
the periphery of the polishing wheel at the point of contact.
Since the groove within the polishing wheel forms a small
reservoir with the edge of the workpiece when the two are
engaged, the rotation of the workpiece and polishing wheel may
be selected so that the perimeter of the polishing wheel is
moving in a downward sense at the point of contact so that the
slurry can be projected down inte the junction between the
polishing wheel and the edge of the workpiece from above, so
that a puddle of slurry is maintained in the small reservoir
as aforesaid times during polishing.



engaged, the rotation of the workpiece and polishing wheel may be sel ect ed-
so that the perineter of the polishing wheel is noving in a downward sense

at the point b efi@gisact so that the slurry can be project eq,#%/j) t he
junction between the polishing wheel and the edge of the workpiece trom
above, so that a puddle of slurry is maipgained in the small reservoir as
aforesaid times during polishing. 10
Pref er abl yt tﬂi@ﬂa@hbw %eacﬂdmrﬁ(i@YSCM&:Hl @c@u&gnafﬁhh?h@ fﬁetrall t
envi ronnmen a urr | ) ere e.rotati ar S
i s coll ect etfsl%Ste h%“‘\?b “Ye ts%etié%%l%@%% e c}m\pﬁ%l C?P‘ﬁrptteggﬁ ?ﬁ’?ﬂ'n‘p

col l ection Qh?prOtaPiéﬁ@%Hﬂ%/ igegRd lestefoondehe fealldr aifnthg shckasude om

the sunp intfeom WASERVOL ledd @Padhi Ghtbt acabibeceiah nrghpQr punped for

di sposal or recovered for re-use. Filtering means is preferably provided
to renove particles fromthe slurry which are greater than a given size if
the recover &refeypbjyimeans be prestded for draiaing shunry fxoprihe deud or

sensing the 1&1EQWaofre§éwasZrtbfawgdﬁhme Dezzhf WBi @hainkd Wie mpeldnteyd ock
for retractlngpthe poI| th%r e dlgengage it fromthe workpiece in

t he event rry - t8ade or drops below a

predet er m ned flom/rate I n apparatus as aforesaid, where the polishing

wheel s p@Iﬂué@i mﬁean@ ﬂégfz@freaﬁb&wfaviae@% pifisle ﬁhktﬁ@les fPom
preferred el is polyureth The a ap aratus

as aforesalng %’aral %IWP% Qre ﬁgreatgf\r,\\g ARG A ERS1FE Eh FEDE

gri ndi ng \/\h@éhgrnresammmuaﬁder conputer control into engagenent vmth
the workpiece to effect an initial (or finish) grinding of the edge, and on

whi ch Preferably means is provided for sensing the flow of slurry

through the nozzle which includes an interlock for retracting
the polishing wheel to disengage it from the workpiece in the
event that the slurry flow ceases or drops below a
predetermined flow rate. '

In apparatus as aforesaid, where the polishing wheel is
polyurethane, a preferred slurry is colloidal silica.

A preferred material for the polishing wheel is polyurethane.

The apparatus as aforesaid may comprise a wafer grinding
machine in which one or more grinding wheels are advanced under
computer control into engagement with the workpiece to effect
an initial (or finish) grinding of the edge, and on which
machine the polishing wheel is also mounted, and the polishing
wheel again under computer control, is advanced into contact
with the edge of the workpiece after the grinding process has
been completed, to perform a polishing stage. '

Where the polishing wheel is located on the grinding machine,
the grinding wheel and polishing wheel may be mounted on the
same wheelhead assembly for rotation by a common drive means
such as an electric, hydraulic or pneumatic motor.



machi ne t he polishing wheel is also nounted, and the polishing wheel again
under conputer control, is advanced into contact with the edge of the

wor kpi ece aft egyddagrddli ndi ng .process has been conpl eted, to pRflcHPDD28

pol i'shi ng st age. VWhere the polishing wheel is |ocated on the grinding
machi ne, the grinding wheel and polishingheel nmay be nounted on the sane
wheel head assenbly for rotation by a common drive nmeans such as an

el ectric, hydwhetecthe pamendricendsomsed, the speed of rotation may be

11 \Where th | ' sed.: ~gheqS d ; i ; i ed as
bet ween gri ng‘ié\g{%% ép\c%esﬁeﬁggggnggg?ogﬁiaa?giléﬂlzﬁér tﬁ;ra%g,gg\%\%g%é t he
sane advance and retract nechanismis used for advancing and retracting the
gri ndi ng wheeFuatitenreshiwhprshedle stave coivencer ang frettrhet pecgraimwred s o
alter the feedsChalRe! Sdslidind oMW LR 0 RO IR NS S ARURNGE 1O
a constant force, plunge node for when the poliShing eel 1sTto be used.
Since the gripetiRfibodiesly GheCoIReEex donSUFERER BTagEmITed ¥ ke
and spatter duléndgekde charsbueyiptdeessfrome whenndilg geonéhsg i shpekf dsably
carried out WahidodySi Wl 3 RIS 85rbs YLl fbREI 2l APEIE R, Of
t he polishing Step,, and where the sanme enclosdre I's used, preferably @&
washi ng st ep PRliskiimetrasdt wdefiot B8 ¥#PAdi ng and polishing steps so as to
wash the interior of the enclosure and nore particularly at |east the
surface of thg, iL.shi Q. L ces o Lndin r.f
before the po }s% ﬁ%gsggﬁ%%gﬁgsﬁ%@i/ﬁ I%r?égg{[t?ocnoq%srl%le%s gg%fa\gﬁ:lty
protective sl@R\a¥agit REAsFRALHRY B iR Fhgearinding RYA9e§ sy hehe @risiding
V\ﬂeel _exclept ?\f@&béé’laé ?ﬁaeﬁaﬁlyodaera&d_eoavawliah&ﬁ_ bosiRol 48 Nilostet hat
there is little o c r inding.ts way onta-
the surface o?stﬁée g%?igﬁug%r%%ﬁ%%ﬁérﬂ;‘ga%fe%%% ?ilhoulsnlgnga' &Ry 0 G
pol i shi ng whégmegﬁ“ﬁhﬁgsame enclosure is used, preferably a washing step is

included between the grinding and polishing steps so as to wash

t he

the interior of the enclosure and more particularly at least
the surface of the polishing wheel, to remove any traces of
grinding swarf, before the polishing step is performed.

In addition or instead, a protective sleeve or housing may be
provided for covering the polishing wheel except when the
latter is to be made available for polishing, so that there is
little or no chance of any grinding swarf finding its way onto-
the surface of the pelishing wheel.

Where a sleeve or housing shrouds the polishing wheel during
the grinding step, the shrouding enclosure is preferably
openable and movable under control of the computer after the
grinding process has ceased and any washing step has been
performed to expose the polishing wheel and allow the latter
to move into its polishing position. '

The invention will now be described, by way of example, with
reference to the accompanying drawings in which:

Figure 1 is a diagrammatic elevation of a pelishing wash



the grinding step, the shrouding enclosure is preferably openabl e and
novabl e under control of the conputer after the grinding process has ceased
and any washiwgogidgzéa has been performed to expose the poli sirRgovbes and
allow the latter to nove into its polishing position. The invention wll -
now be described, by way of exanple, wtip reference to the acconpanying
drawi ngs i n whi ch_: Figure 1 is a diagrammatic el evation of a polishing
wash station for use in combination wifB astwaifieon ddoe UpEiriding

conbi nati on f%gpa@ugafer edge grinding apparatus; ~ Figure 2 is a

di agrammatic top plan vi ew of apparatus such as shown in Figure 1; and
Figure 3 is a diagrammatic view in elevation, showing a nodified rrechanl sm
for causi ngFtigereo? imim@iwbeemaoiexmptglm s lofasppgramisd guch aghe

i nvention |ghgggliﬁaggi?géalthgngol|sh|ng of sem -conductor wafers which
have been edge ground an edge grinder such as described in UK Patent
Speci fication No. 2317585 The apparatus illustrated diagrammtically
in Figure Figonprilsess aahodbagupmiatiid hiviiewhiioh elevaiciatred showedrey 42

mount ed on g, gi%fi’é&ﬁn 22862 cd ek 160" Bhd QLI ha A S ol dxelfed

ur et hane po ee nounted for~ rotation about par al axi s
A shal | ow Va§h85 ‘Hﬁ\?em§§lf’§ formed around the periphery of the
pol i shi ng wheel 16. The wheel and the wafer are rotated as relative

movement brirfgs; {: g diWh | S ANIBIAERL 8 $&Pishing of semi-conductor
wafers which have been edge ground by an edge grinder such as
described in UK Patent Specification No. 2317585.

The apparatus illustrated diagrammatically in Figure 1
comprises a housing 10 within which is located a wafer 12
mounted on a vacuum chuck adapted for rotation about an axis
14, and a urethane polishing wheel 16 mounted for rotation
about parallel axis 18.

A shallow V-shaped groove 33 is formed around the periphery of
the polishing wheel 16. The wheel and the wafer are rotated
as relative movement brings the two into engagement, so that
the triangular section periphery of the wafer enters the groove:
33 around the wheel. Both the wheel and the wafer are rotated
clockwise, as shown by the arrows, so that there is contrary
motion at the point of eangagement.

A jet 20 projects a fluid polishing slurry downwards in the
direction of motion of the peripheral region of the wheel 16
which will engage the wafer 12. The slurry may typically be
an alkali solution of pH1l with colleidal silica having a mean
particle size of 30-50nm: for example a slurry known as
Klubesol 50R50 manufactured by the company Clariant and diluted
10:1 with water.

Remote from the wafer is located a groove-forming wheel 22



the triangul ar section periphery of the wafer enters the groove 33 around
the wheel. Both the wheel and the wafer are rotated- cl ockwi se, as shown by

the arrows, soubhg ere is contrary notion at the.point of R5
A jet 20 projects }gm%Fui d polishing slurry dowwards in the di rec% Fon of
notion of the peripheral region of the whegl 16 which will engage the wafer
12. The slurry may typically be an al kali “Solution of pHLl1 wth coll oi dal

silica havi n%&é@‘a@ie"ﬁbbh@ §nsal>¥1€‘s Qf4 30R§95.‘£Tlv$ QhovhTR Seé‘wééﬁ”f&k&i& d
as Kl ubesol R5 uf ctured ¥ ﬁ Enggné ari ant and di| uted :

with water. RO SRAPEr VPESE oL 8t BETAIG BRS 2497 7 gt%é" 2
13 rotatabl ezaabmp aonbxels w2’14:h Rbeavieel M emdninbet vhee grbora 1Y) avomald 22
and pol i shi ng yhegleeh, brmwspéﬂepwém (Hhéﬂ'ée Ie8le 220l GRRLACHW;N

t he wheel 16 and .into thg ]gr d the vx/neell The gg ]{)her al shape
of the form FHHEE 22 t0e E?HP%?]:? ‘EW%&%C&?&% EPaRe- Lkt matesFape
of the waf ersstmh:haaslzz whtiicbh saree t® be poiliisihed by t tize ggooves | tint kthe

pol i shi ng whegl n%ndn@élf Qe Rgdt B WRSing? dHOMraNaRY HBLar La a%ad

t he polishing vvheel 6 froma Ci))g%lll ant material_ such as urethane, t
groove 33 ar GpETRd RREeFDGi PP W eSS 1% froMhedcamet 1k H‘@terlal
engagenent betuatenst iretiame nghehgedbowad 3 keroymndovbe i whdele wdll i isdhifegmetieel .

As an al terngfi ug, | tf?é, =l fd%.EmthtWQe‘éhggé ﬁéﬂ@rﬁe eﬁ’et}géott zgﬁ‘lgalwhee

non-rotatabl e profi turning t 1N al n-
whi ch in operd®td &he §roPVEabRetht R‘Ppelsﬂ?lr%t“fl@ﬁlof arrow 25 into engagerrent
with the wheel 16 for formng or re-formng the groove 33. Figure 2 shows

the appar at u%&s()f aEi %."irt%rl'xait'ivgmt% d@fléi lf&rﬁﬁrfcgr %é‘é’fv‘éz, there may be
provided a non-rotatable profiled turning tool 23, (shown in
chain-dotted outline), which in operation is slidable in the

direction of arrow 25 into engagement with the wheel 16 for
forming or re-forming the grocove 33.

Figure 2 shows the apparatus of Figure 1 in more detail and
from above.

The wafer 12 is shown mounted on a vacuum chuck 26 carried by
~a spindle 28 driven in rotation by a motor 30. Optionally
mounted on the shaft 28 (in place of wheel 22) is a groove--
forming wheel 32 having a profiled periphery adapted to form
the V-shaped groove 33 in the cylindrical face of the polishing
wheel 16.

Polishing wheel 16 is carried by a shaft 34 driven in rotation
by a motor 36.

The motor 36 is mounted on a slideway and is laterally slidable
therealong under the action of an air cylinder 38 so as to
effect engagement of the wafer 12 with the groove 33 or by
appropriate axial movement by means of another drive 40, in the
direction of the arrow 42, to effect engagement between the
groove 33 and the groove-forming wheel 32.



The wafer 12 is shown nmounted on a vacuum chuck 26 carried by a spindle 28
driven in rotation by a notor 30. Optionally nounted on the shaft 28 (in

pl ace of wheglodugradss @ groove-- form ng wheel 32 having a 3
periphery adapted to formthe V-shaped groove 33 in the cyli r| c face of-
t he polishing wheel 16. Pol i shing whegly 16 is carried by a shaft 34
driven in rotation by a notor 36. The notor 36 is nounted on a slideway

and is | at erhél yosbi da| £ tririrald e rupdentiale maeibanasfunr @d’neﬁ:‘j&h.ﬂ.ﬁ}der 38
so as to effepl; Qﬂagf:[@n}eﬁétit\rée ygf &%1&@&@?956 %Oé(elév?%:?rél Yis oo

appropriate axial nove y heans of anoft
of the arrofP@Wn X endiag: LM ApsEHCHOEWEER PREOYMOUFENg RatiRE OReby

groove-f or m:vmg piesin 334 cyllnder drive arrangements 46 and 48 which4aréhe

notor 36 is 4P I i b r | .axis

relative to |ts )ﬁ%&féé@bY?é% wa’%\ﬁgplg g‘lg%hs 0\%?1‘9 @J[Ae%dyﬁjé\; r%?)’m %ne si de
of the not ol i ed on by two piston and cylinder drive arrangenents
46 and 48 which are selectively supplied with fluid such as air via a val ve

S0 froman g faideihadesy %ﬁbglhg @ilhﬂiytém ¥nBOiddLla  Shiphie gyl Nen

t he ot her | stons are Iven 1n Fst
direction oA ha8otdRLDe P%‘P%n%ﬁﬁq Flaﬂg§nt:ﬁbfllé§er°f@4dlraﬁﬁlon
tBerefoLe tal&&i rrmlheh aﬁﬁacbeﬁefhere}rfnss?mnhwsodme a.la{reﬁléwczlg nghd On
about the | | V. n I in el._an i ve
assenbly i s car ri é'% t%é ﬂmr:c>r g%ﬁg\féreh q:kp%)"lét%har%%m@ [ (t:: prrabrﬁ{sufcgr %he

pi voti ng nO¥QVFHID “}9"?183& §b9\}h? &P%)&’@rﬁjs°fslmé{°gﬁpﬁal ly through the centre
of the polishing wheel in a generally verti cal sense To thi s end the notor

housi ng may; d and .| pr.otrud
therefromi n@%}f’ig}’@h% t?\%g?g%g%g%]hdgﬂglg e po k ﬁ%%ﬁ?eﬁéxand
vertical | y YRRgMHetmP| \J‘GWeBeQFVﬁﬁénar RS0\ Vikeh aﬁﬁw% oriveringeel to

which the motion to an axis which extends substantially through the
centre of the polishing wheel in a generally vertical sense.
To this end the motor housing may be mounted between upper and
lower arms which protrude therefrom in a forward sense above
and below the polishing wheel 16 and vertically aligned pivot
bearings are provided above and below the wheel to which the
arme are attached and about which the arm assembly can swivel
to effect the rocking motion of the wheel 16 relative to the
wafer 12, about the vertical axis.

The rocking motion polishes the flanks of the triangular cross-
sectional edge region of the wafer 12.

Figure 3 shows in elevation a modified arrangement for causing
the polishing wheel 16 to ‘execute an oscillating motion
relative to the wafer (not shown). The wheel is provided with
two grooves 33 A and 33 B so that when one becomes wdrn_ the
other can be utilised.

Here the wheel 16 is mounted on shaft 34 and supported by
trunnions 60, 62 on a slideway 64 which is mounted horizontally
parallel to the rotational axis of the wafer. The shaft 34 is



arns are attached and about which the arm assenbly can swivel to eéffect the
rocking notion of the wheel 16 relative to the wafer 12, about the vertical
axis. The r oG &gs7odat | on polishes the flanks of ;the trlanguhgﬁGgﬁﬂﬁﬁm
sectional edge region of the wafer 12. Figure 3 shows in elevation a
modi fi ed arrangenment for causing the polishing wheel 16 to execute an
oscillating notion relative to the wafer (not shown). The wheel is provided
with two groowemidddpiesd 33 Posatidmtbynhemarre: heeemesower N the other can
be utilised. Here the wheel 16 is nounted on shaft 34 and supported by
trunni ons 60, 62 on a slideway 64 which is mounted horizontally parallel to
the rotati onalPredesténat Aewnuards trem shef elideyvay 64 is a spigefi6é shpsen

||n (r]I otati 82 byppoaiter siaes ahevengagedr 8] €6Ehigi MR WY %éshr ?Baéhes /lo
sl i deway i s f s ngaged aiternative
by push rods %5a1§8bgggresp%g? e¥¥§§E¥§ ﬁiﬁdgﬁé %@ 5 2 ith 858 FﬁPﬁtﬁﬁe
mount ed vi a s¥PposUPPPItEn7a SR dapléd h%epyﬁtek@ﬁlzo%m%ﬂzqn@aénmpweménthe

plate, and herge tble phateyl aAdehénce Sof Obhé OéirEﬂn@Hré‘ m%t %n@&medC%
such as an eccentrl Qgpngle th rotatable cam ower s 0S

spi ndl es 84, 35%8Fe dcrolnnect ed“t% t hEYSPat® 787 ecFlengﬁé?at FBﬁag?]%]t%t Y’bﬁhof
the cam 78 cal¥§(§§t§blgotC866 follnvesrgaged £2 evhesel ppiipdiés 8o rexdsase,

70. The air pressdeeel t6 the gldddder.s is regulated such that the |ateral
force exerted on the wafer flanks is constant, regardless of the actual

di spl acenent of the cylinder rods.
If operation, rotation of the cam 78 causes spigot 66 to be

engaged alternately by the two rods 68, 70. The air pressure
P in the cylinders is regulated such that the lateral force
exerted on the wafer flanks is constant, regardless of the
actual displacement of the cylinder rods.



CLAIM5. 1. Apparatus for wafer edge polishing in which there is provided:
nmeans for rotating a wafer, a polishing wheel having a groove therein for

accommodat i ngwbheesess | pheral rimof the wafer, neans for rmmLmof IS
wheel , drive neans for effecting relative novenent between the and .

the wafer to effect engagement of the wafer i further -
drive neans to effect a continuous rocking m)m mnmmm e wafer the
t he wheel such that opposite faces of the per LITHN G e wafer are

engaged al t l'y by opposite regions of the surface of the groove in the
wheel durin pol i shing process. 2. Apparatus according to claim1 in
which a jet orifice is |located near to the region of engagenent between the
waf er and the wheelethbar odi p8CikAUng Fhui dagbupEyat ex\@édﬁﬁéﬂ%r&%lgeeﬁ

engagenment at | eagt. durin the oI i shin r ar at us accor di ng
Loclalm1 SECEFEm3 PoF TBAYDITRE frserorat B GTeHs L8ty | o
mount ed f or cengagendm whidh the E{gﬂ@@h@-nm vheebobifsEynghehdée| pdiashecsby

movenent of phbBergspoM '?ﬂroh?ﬁ{: 18 bnddie whes 22 ztol%%tw.h §6tadOWd tiet he
tool, and rreangefor rrutu }X ]gtatln bot h vvhe and to o as to . tformor
Fof of mt ne BPERRLSFS, taddrbest atiy, eRanabRety Hen KGhned areume s Rl ng 1 o
claim3 in phitehite syrfecenyitbok gxoeveliths anosst edctmn et wldecholst he
waf er suppothef %xﬂﬁfe%hen dherpw t bg @%f&ﬁ:tfeorar NEhat Shorti i %fefofged by
novi ng the g 9oved whg into enﬁig %e th the roowag t ool a

rotating boPRLEFHIRS uFSYn’r%PuP P ER™ &5’98? PRES etéeft.weenS‘Fhe
Appar at us awbeeliang tuheamggenet ofhe|worspieqsn 4ndnthaiwiedlhdspebtatedg
wheel has aggi gRaE i feTlit e AovaRBhE, edBdtEWBelleen the polishing wheel

and the said edge.

2. A method according to claim 1 in which the polishing wheel
is rotated contra to the direction of rotation of the workpiece

in the zone of contact.

3. A method according to claim 1 or claim 2 in which the
synthetics plastics material is polyurethane.

4. A method according to claim 1 or 2 in which the polishing
slurry is colloidal silica.

5. A method according to any one of claim 1 to 4 in which
polishing wheel engages the edge of the workpiece in a so-
called plunge mode and under constant force.

6. A method according to any one of claims 1 to 5 in which
the workpiece is first edge ground on a chuck and then polished
while still mounted on the same chuck, by withdrawing the
grinding wheel and advancing the polishing wheel.

7. A method according to claim 6 in which the different
method steps are under the control of a computer programmed to
instigate the steps of the process.

This Sheet Has Been Rep.
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17 nore parallel grooves are formed therearound, so that as one groove
beconmes worn and needs reformng, the mﬂﬁﬂ!ﬂlﬂlm mmm d so as to use
anot her of thewg, for potishing th ry}?; o/ffoR €SS
of nmoving from onggéo(rggove to another can be continuel until al %B{?
grooves have been utilised and need reforgkgg before the process is
arrested and a reformng process is perfo d on the polishing wheel
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wheel to makect@ittiant addt t hesedgataklt heximf ep fudratpoltshdbgepti@oses,

and means for. Gausi agléeé&;efsetﬁqhu§fr@m RRL4E %%&P%r@bb%ﬁ%?gc%’fﬁf"thénd

t he nounting rreans to ensure roove I n e surface t he

pol i shi ng wheé&@gigsc utat djcl i BRY wwifhlt fRakeygSontarhe WHi¥e means for
Appar at us accaavﬂmgngomﬂyrmcﬁlng &hespdlishing rwhddlc hoaat iind uddaiey tdri ve

roans | PLOWGE Pynalpl £AMANGRELE €Y P onk IR SRS LAGINERRES
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grindi ng and flatibiengasdpusmaitdutieawesal ethewpali sirieigl r @RéeDr tadl | Bheur n
to a grindi ng.o | edge0 | r

wafer is then t§1 r%g%f? errn%%a!{l%&@n ‘%‘e er E‘F o?lelg\/\ﬁr %{@@ %hg %&'P\Ag#cee?%%sﬁ:ﬁg
conveyed to &elisbiagediee} h@quridedy spratlons f"b’rtl‘grltﬁél ngdgehiath £het her
conpri ses thevorikpRece! tipd appagathe fwfter eoinbeibihg eleansof6r m@pewagi ng
e Cgf or P Lo Borthlnd PGl 0%MEYRe bF B0 20 bRk &bee%nga 8L the

next wafer i< Bein
and the pollsh:l.ng wheel.

9. Apparatus according to claim 8 further comprising a
forming wheel mounted for rotation about its central axis in

| 'a contra sense to the rotation of the polishing wheel where the
two will come into contact, and means is provided for effecting
relative movement between the polishing wheel and the forming

' wheel to engage the edge of the forming wheel with a surface’
of the pclishing wheel to form a groove therein, the external
periphery of the forming wheel corresponding to the external
edge profile of the workpiece so that the groove in the
polishing wheel corresponds to the edge profile of the

workpiece.

10. Apparatus according to claim 9 in which the polishing
wheel has a significant axial extent in the form of a cyiinder,
whereby as one grooved region thereof wears away as a result
of the polishing activity, one or more further grooves can be
formed at axially spaced positions therealong by appropriate
indexing of either the forming wheel or the polishing wheel or
both, and the apparatus is £further programmed to introduce
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and after polishing, the polished wafer is renoved and—the-next wafer is
transferred fromthe grinding station to the buffer store for polishing to

allow a furtyoe@dsgr to be located in the grindi ngmml t he
polishing step is effected by a rocking novenent be ”'IF"' Flm .
wheel and the wafer edge by rocking eithegs the wheel or t He waf er out an
axis, coincident with or parallel to a tangent which intersects the point

of contact beuweﬂetﬂﬁem&@rbmérh@haotbﬁmﬁ@ wﬂml and alléhﬂeé lwéel

according t | g ch th |t| |nd|n on i ned in
a first sto(r&e&anén{:‘ﬁee r ound aﬁ&geoll %datﬁ ers a le@Snt%‘? tﬁ‘ai econd
store. 10 aPPRCREL Ak Q&W%llﬁg tfl'éﬁ c-?‘é\lrﬁﬁ@emfmhh%hmh@hfmsswh&n& decond

stores are diplieyeattsasdlionms tok adge NGt ethé O idR¥. ce. 11. A nethod

according to any one of clains 8 to 10 in which the buffer store conprises
a wash station and further conprising the step of washing the ground wafer
before the pdki shPPRFatwsp according ket R tfdidigimos any ldndrowhdkhi ns 8

to 10 in whigb rﬁé‘&ag\léffcﬁ'r suppwﬁrgzqmafltseﬁngt smasrpetfm thel psIeshing J:éneA

met hod accor di Q 2 furt cludin step
of form ng éﬂﬁf'?% FOr ?’% %groggvngz%f? hfeélf)#L é%l qﬁﬁ%’ g g? nor e
pol i shi ng st‘-bQSEMR/eOﬁoééW workpiaed . 14. A rret hod according to claim13
in which the form ng and reform ng of the groove in the polishing wheel is

effected by ans, of_a .groove-for.nmng whe havi,ng. a trjgngul ar cross-
section per?'gﬁerazrplrlrﬁ (Tef‘_’llcncfonrg gcr%sg(i?r]-jctréL g’[‘\‘/vo g*%ht%h nozale

f rust o- coni @are@dg@semltemmng@ ithearsregplel , regidrafofecopbhet hwhiclone or
nor e waf er sexi st 8thetavd@Y eRBNbol Ssieide Girack Daine @het RErigs e f or m ng wheel

and t he polishing wheel whil st
13. Apparatus according to any one of claims 8 to 12 which
the slurry is directed towards the region of contact so as to
be moving in the same direction as the periphery of the
polishing wheel at the point of contact.

14. Apparatus according to any one of claims 8 to 13 in which -
the groove within the polishing wheel forms a small reservoir

" with the edge of the workpiece when the two are engaged, and
the rotation of the workpiece and polishing wheel are selected
so that the perimeter of the polishing wheel is moving in a
downward sense at the point of contact so that the slurry can
be projected down into the junction between the polishing wheel
and the edge of the workpiece from above, so that a puddle of
slurry is maintained in the small reservoir as aforesaid times

during polishing.

15. Apparatus according to any one of claims 8 to 14 in which
the polishing action occurs within an enclosure so that'slurry
which is spattered away from the rotating parts is collected
on the walls of the enclosure from which it can drain into a

collection sump.
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AVENDED SHEET both are rotating about their respective axes,

thereby to formor reformthe cross-sectional shape-ofU"mLm ' e
pol i shi ng wheekyd &a@ysqf Or pol #shing the edges of furth MFH'WMHMA
met hod according to any one of clainms 8 to 14 further cbnpfri ging ep
of projecting a fluid slurry towards the I nt of engagenent between the

grooved polishing wheel and the periphery of the wafer at |east during

pol i shing engpgemappatr-iehehedodiafing tbclAiREidAh GREER didighd §saporidDf
claims 8 to 15 in which a roovigg tog%(%rloove-fé)r m.n mhgel) I S Ivﬁ,lc.aé’ed
in proxinity tO tHPGHEE EaUpSYi EhPRg AR ot M EAFadERERY Ot Ret B0 (%
form and ref oitn ¢dre hy dowdned ohepwhpedl Eorrdtgpesal or rzcoyened hivkr re-
according to g&y. one of clains 8 to 16 in which the polishing wheel is nade
of synthetic plastics material and is brought into contact with the
rotating edge of the wafer, said wheel having previously been formed around
i ts polishinglaur Aeparaituls acgroding tie aanoonesoft fbaing SMiochsi tn twigich

conpl enent  of £{ \e 290P mREALI 1 £ pRoviBRAVBS SFemdtrd Plalrs R8s Fridnl ¥hé Ss1uHR) | ed
to the zone of cqontact between'the pol.shing wheel and the edge of the
vafer. and t R %0 AESRREE| HaP thEHVER SYZENAE TOF ASCOTSRB0eRLMT B! s

bet ween t he podilshirepasdsel and the sai d edge.

18. Apparatus according to any one of claims 8 to 17 in which
means is provided for sensing the flow of slurry through the
nozzle, which includes an interlock for retracting the
polishing wheel to disengage it from the workpiece in the event
that the slurry flow ceases or drops below a predetermined flow

rate.

19. Apparatus according to any one of claims 8 to 18 in which
the polishing wheel is made of polyurethane.

20. Apparatus according to any one of claims 8 to 19 further
comprising a wafer workpiece grinding machine in which one or
more grinding wheels are advanced under computer control into
engagement with the workpiece to effect an initial (or finish):
grinding of the edge, and on which machine the polishing wheel
is also mounted, and the polishing wheel is advanced under
computer control into contact with the edge of the workpiece
after the grinding process has been completed, to perform a
polishing stage.

21. Apparatus according to claim 20 in which the polishing
wheel is located on the grinding machine, and the gfinding
wheel and polishing wheel are mounted on the same wheelhead
assembly for rotation by a common drive means such as an
electric, hydraulic or pneumatic motor.

22. Apparatus according to claim 21 in which the speed of
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rotation of the drive means is varied as between gri ndi ng and polishing as

appropri at e. _aﬂ_’ﬁp_g_LaLusaaefordi ng to any one of clainms 20 to 22 in

which the s vance and retract mechanismis used for agMaEsdhaend _,
retracting t “ mﬁ“ poI i shing wheel, under conputer control,
which is progra mm f eed ge from V\/nen the grinding wheel is
advanced, to a c nttfotce plunge no e for when the polishing wheel is

to be used., %é‘;orﬁwrt%uarﬁeé%égﬁ@ 1 I < @ s0be Ered iy ARl g 23nd@S
dependent on ¢l al e 15 in which the grinding process is carried out within

the sane enBPLLERRHSE GPPFﬁBrb%'f?’shl ng stage, and further conprising neans
for washing the interior of the enclosure and at | east the surface of the

pO: I SEI ng \/\5'§e| Ap k%ré‘éﬂyvé‘cc%ﬁﬁlh £8Sa9f dHd B BUasHa o, tbei:prm whech
pol i shi ng.

ar-at us ac E g 0 an one of Cﬂsaédmf ﬁazéli@
dependent oﬁhélﬁ?’% ?Ldo"’ainr?evﬁf’ hT&“prote ?c 3R ol 1 provi &
covering then@otésiiaminghedle exdéagingheheeheandt pelishing wheekndunds®il abl e
for polishi egm e N@indBer ewhich asl ﬁregraﬁms@aw&nm‘exarﬂﬁeglfeadl Hedswar f

flndlngltswa onto he surface alJ.shin tus
accor di ng t BreP ham e, IFAPSHE ‘@" c?l?pa 34 5’5&%&\,\? nr?%\%gﬁﬁggﬁé\%er
control of phengemmdesfoaf WBenttﬂeegm]rﬂeﬁh@QJrV@@@islﬁagommdand any

washi ng step has been perforned to expose the poI i shing wheel and aI | ow t he

|atter to nove into its pO|IShIg ositian. . clrgetgo%actcor g to
cl ai m 1 whePéi n, PRPREALEH 2EGTE BReA™Yr &ﬁ’ﬁd ft grenditng St | on t he
wor kpi ece i aepémaiﬁa phedl4ioms 15uih erhistho tbewtir indind praesss vicy Rpreded | s

conveyed to 3 gghel Qa&Qeeﬂéw&hﬂg & FJrORhEOpo L dHidid Bragay am ch

further conprises e stg) rotati t he nor Kpi g‘ce 'nrt':etl-gﬁrb‘gé pStore

and engagi 28“?W%d5@m?ﬁ R WFFHS fg%l | CAFRGPINEEE, ¥

peri phery wehébdsude andx atwbekpt cche | sunfsasy ofr @l}ﬁdpollshmg wheel, to
remove any traces of grinding swarf, before the polishing.

25. Apparatus according to any one of claims 20 to 24 as
dependent on claims 15 in which a protective shroud is provided
for covering the polishing wheel except when the latter is to
be made available for polishing, so that there is little or no
chance of any grinding swarf finding its way onto the surface

of the polishing wheel.

26.- Apparatus according to claim 25 in which the shroud is
openable and movable under control of the computer after the
grinding process has ceased and any washing step has been
performed to expose the polishing wheel and allow the latter

to move into its polishing position.

27. A method according to claim 1 wherein, after the edge has
been ground at a grinding station, the workpiece is transferred
to a buffer store whilst the next workpiece is conveyed to and
located in the grinding station for grinding, and which further
comprises the steps of rotating the workpiece in the buffer
store and engaging the edge thereof with a polishing wheel, to
polish its periphery whilst the next workpiece is being ground,



21 énd.after pol i shing, the poli kpi ece is renoved and the said
next wafer is transferJWHH r|nd| ng station-to the buffer store for
polishing to Mt to be located in the g

station. %kgwg'?‘at us ac ’ Ia| m 8 further conprising a ?‘%st
store withln which a plurality of the wor kpi eces can be stored, a grinding
station, neans for conveying the wafers one at a tine to the grindi ng

station for effeaking E@ﬂf‘skﬁfﬂd"d't'?ﬁ bbﬂﬁﬁédaﬂdr}eéiéﬁe Q%l PehdEed YREYHRY
each wafer in turn to a buffer stor cati

£.2 Hg gva er_on.a storgg
chuck t herei r‘?aléiaPEXEo‘Yﬁ/‘eeﬁ r’rﬁ REMS %’é’FPe%t Y FRE FERCAREr BFRF M HEDS  or e
and conveyi ngpufifetro stheegfondpelgi shiatg dre tad lof ectfustiber grovidiimyet ter bef , a
pol i shing whagl.jkRat B PHEfSFiMUS stBaBH for rotating it and the wafer
therein, nmeans for effecting relative novenent between the wafer and the
pol i shing wheel to polish the edge of the wafer whilst the next wafer is
bei ng ground,28sai Appanveys rFamediings sovehginoes rbnhier hempol sigipcd Wdkst

fromthe buffgl, gt Qiﬁﬁ%ﬁ@tﬁﬁt%fﬂrﬂiw thl‘e'i:hWS{-kﬁ{éH@sf eaﬁtbéfs@gﬁeand
conveying it to the ation faor edge gri.nding thereof ore

I ndi ng st
moving to thé IgRimEE %gt 8y cBE7EF (0E ’ﬁ d3In&hEr VREBET t RRR e, 2
29. Appar at uxisecorali npet cgxcdralimeB statianmizZfr | affidctcing hedgel igsinddngheel

has a groove Ghereien far aeeeenaeféﬁamg ESEYQFH hes &l vfa!f'@'.r:Oflnt RErHeLsT o

neans for rotating the whe driye nean fecting relative m)verrent
bet ween the WYELe aﬁW?ﬁéﬂﬂa}a@Fanngf?}é%tw affFagBn REOFRIE YR shergipne
groove, and fsmﬁhebndeywagmemstsebééwgrﬂhatmmet ogfidd &trong thevegepe

bet ween t he £ el.su s .af er ral
rimof the wa er are ga ggealﬁirggfer@}% o %o%?tagi?% |tgnséée$e#h EHQ% ace
of the groov&@%iRdiRg V%%EW%IUﬁ RS Pﬁ&lﬁﬁl g”brtt?@e yifer gyore, Ameapehod
of edge grifedi Mptaarithgpdld sAmdigthei wafkar t\lmrleﬁnecmeambl €brak€fecting

transported 'f%l%'ﬂ&@et ﬁo@er%A@@ngle%haEhgnwéﬁeM@ thidp&f86h Qg Whkel to

wor kpi ece i s ground
polish the edge of the wafer whilst the next wafer is being

ground, said conveying means serving to remove the polished
wafer from the buffer store and selecting a further wafer from

first store and conveying it to the grinding station for edge
grinding thereof, before moving to the buffer store to recover
the polished wafer from therein.

29. Apparatus according to claim 8 or claim 28 in which the
polishing wheel has a groove therein for accommodating the
peripheral rim of the wafer, means for rotating the wheel,
drive means for effecting relative movement between the wheel
and the wafer to effect engagement of the wafer in the groove,
and further drive means to effect relative oscillating movement
between the wafer and the wheel such that opposite faces of the
peripheral rim of the wafer are engaged alternately by opposite
regions of the surface of the groove in the wheel during the

polishing process.

30. A method of edge grinding and polishing circular
workpieces which are transported in turn to a grinding station
in which the edge of the workpiece is ground, and after



grinding, the workpiece is transferred to a buffer store whilst the next
wor kpi ece is conveyed to and | ocated in the grinding statron Tor grinding,
whi ch furt hekyeéevipssdases the steps of rotating the mork e buffer
store and engagi ng the edge thereof with a polishing ' ‘l ﬂl}ﬂ ts =
peri phery whilst the next workpiece is bBging ground, a

t he polished workpiece is renoved and the said next wafer |s trans erred
fromthe grigtdnagngt athewokrkpidee hisf teansfereell o pobustmgtbse aJHﬂWta
further vorkplergst dubpcatal od anbQﬁa(\Erté‘déﬁ@ fé@att'eanm ugel A ARLged

according to clarm 3 | eces awal t1ng
cont ai ned i §tatipPpsiodt Grdndingt hythBur’?d‘raﬂ?&rp(ﬂq"%éée%Fkﬁr ééeﬁsapé

cont ai ned i rogaseagnthet workpied@?. in Aclet bafif &€ Cototia1garid égRigingl the whi ch

the Tirst agdsscepafest isth Ppdid MLEPLRNe15o8h 800100 A5 100lGHBL0" 200

devi ce. accor to an one of Ych the
buf fer stor yheéﬁbrqfs%eatmrwl 6% BP9 grened. i 3rd aftay nAldsbdag. of
washi ng thetgéopamlmdxm@ﬂ@ﬂeeborle trlemopedi ahtinghet 89id ne3dt wAreet hgd
according ! 0 8R4 QR QMo AL i 10813 dlhMihf bd B Qﬁevr;umxe Hod pgahed

after it has been po accor t'0 any Fai ns
30 to 34, fBPLRSRLAHCFRACRREY e Syehen ‘YQ)‘F]‘FﬁJrﬁfearRP r@fdﬁﬂﬁﬁgdalgmbee in
t he polishi gginbited sddtdiomane or nore polishing steps have been perforned.
36. A method according to claim35 in which the formng and reform ng of
the groove in the polishing wheel is effected by neans of a groove-formng
wheel havi ndla tAi BREDPAr 2EFRRILNG Q | BRI HhER a¥highntheeMorkngeras

cr gssf sect i aWaivinglaindaggf atsicontannedl i dgEI rvbi SorR0aANE IR kRodRd apex,
and after

and polished workpieces are contained in a second store.

32. A method according to claim 31 in which the first and
second stores may be different sections of a single storage

device.

33. A method according to any one of claims 30 to 32 in which
the buffer store comprises a wash station and further including
the step of washing the ground workpiece before the polishing
step.

34. A method according to any one of claims 30 to 33 in which
the workpiece is washed after it has been polished.

35. A method according to any one of claims 30 to 34, further
including the step of forming and reforming a groove in the
polishing wheel after one or more polishing steps have been

performed.

36. A method according to claim 35 in which the forming and
reforming of the groove in the polishing wheel is effected by
means of a groove-forming wheel having a triangular cross-
section peripheral rim, defining in cross-section two slanting
frusto-conical edges which converge in an apex, and after



23 polishing one or nore wafers, relative novenent is -effected between the
groove-form ng wheel and the polishing wheel whilst-both are rotating about

their respecti ﬁﬁg thereby to form or reformtheﬁcroﬂm IL ul "1

of the groove e|('n ? pol i shing wheel ready for polishing Il ﬂm mﬁ |f ﬂﬂ
further workpieces. 37. A nethod accordégg to any one of cfai'rs 0% 0*36
I n which the circul ar workpi ece are sem nduct or wafers. 38. Apparat us

for grindi ngeF?‘ﬁ q_lnlgfnfyr%g%%&%g%ﬂrsd' SPeIaﬂ:‘!\}%e W%??CQ% FHeheaa

ci rcul ar waf ctor mater] al nErlsm rst store wthin
whi ch the di ﬂeqweleél fhe groaye -£erming kR brata b be i Rl ishingowheet wailgt
grindi ng st atbcdh affeapstioing @boey nheliberaspecsivaaxais, athernebyt ad ffierm

grinding statdon Lot LRS! Idbsalaecaibndh AUl gk aad ;ﬂ?[gzto%[yegri,?dkﬂg

conveyi ng eac I'n turn er store and | ocati er on a
st or age chucqulﬁérhé-lnﬂ wheel cBﬁ%@ljl H%’rrreaﬂé’-%]é’r%%t ithg tefgefexef wirEEherom
the store andecsxdpi®yerqg it to the grinding station to effect edge grinding
t hereof, a polishing wheel in the buffer store, neans for rotating it and
the wafer therein, neans for effecting relative novenent between the wafer
and the pol i ¥ .ngBwReshod RGRATAIRS ke BBYeCBE PhEIAiMer 3QhEP 516 time whigh
waf er is bei nthedlcauehl agaivereSiamy iage Rads cridtictert Rafer®ve the pol i shed
wafer fromthe buffer store and selecting a further wafer fromthe first
store and conveying it to the grinding station for edge grinding thereof,
before nmovi ng&-o Appagarperfer Frindine ek poliehisgi Sheddageoff déar -

t her ei nd 3&#]{@6\%@3}@3@90(&%1*{19& Octlraulags warfe\ivﬁl oF %édlu%ﬁdhgt% I
conveyed to t Qint of conta ween i.shin ee
e{D e “BOFT %lnr% lrS% Stt%j:(? Shify lé}éc or (ﬁlis o] ?

so as to assidt paral’
clai ns 39 in wefiests tdfe qﬁm-ﬂwindgcméemai:greéﬂmkzlaantbeaﬁ@orsdf oprrgermdma

mat eri al suchy@s iWnct RRRAsOEkos eEbRPXigleche wafers one at a time to the
grinding station for effecting edge grinding thereof and after
grinding conveying each wafer in turn to a buffer store and
locating the wafer on a storage chuck therein, said conveying
means selecting the next wafer from the store and conveying it
to the grinding station to effect edge grinding thereof, a.
polishing wheel in the buffer store, means for rotating it and
the wafer therein, means for effecting relative ‘movement
between the wafer and the polishing wheel to polish the edge
of the wafer whilst the next wafer is being ground, said
conveying means serving to remove the polished wafer from the
buffer store and selecting a further wafer from the first store
and conveying it to the grinding station for edge grinding
thereof, before moving to the buffer store to recover the
polished wafer from therein.

39. Apparatus according to claim 38 in which a slurry is
conveyed to the point of contact between the wafer and the
polishing wheel so as to assist in the polishing action.

40. Apparatus according to claims 39 in which the polishing
wheel is compliant and is formed from a wmaterial such as

urethane or serium oxide.



24 41. Apparatus_according to claim39 or claim40 in which the slurry
conprises an al kali solution, preferably of pHll.- 42. A nethod according

to claim37 whedk Mm B I her step of effecting ayg, venent
bet ween the poli sm”ll ﬂﬂl" ﬂll l”lll waf er edge by rocking ei tﬂdﬂg}ﬁhfeg)v\h el :
or the wafer about dn &xis, '*toimnci*dent wyjh or parallel to a tangent which
i ntersects the point of contact between the wafer and the polishing wheel.

]fl3 dAppaL ad s ag@gaéae@stabd‘dz&hrﬁg?»&ol almlnCidb td¥e chaliinshé r!%%%&h bee
ormed wit [.QOV Ius accordin m in which the
waf er and thsg1 g oV °31p FI &hf nggi:\%g ok Sa°rlé“ct oGt Bg %Slfact?]?}f &5 Sfldpout

hori zontal | y spaced apart parallel axes, the wafer is supported on a vacuum
chuck andbl Sq7 Ot aﬁﬁgédlﬁbdaadébﬂ@lﬂi@tw clhh‘!g poldisinn gndhesd s lbﬁgdfbyﬁib% n
rotation y seco iV, ans r drive vi ded, t 0, advance
and retract é’ po |sg|£%gte\ﬁ emf’ge{"ﬁ %Fg‘e’ee% EE%SBP sk

drive means whasl @nd Wéleas‘@éﬁb’l FGSIE M |r§¢i1ﬂggmﬁé§heanuhasube¢ht®d tz:l're ve so
as to rock t‘&wfé&h%buabaﬁta:ale/erddlcrﬁhd@ﬂtsws.ehtBat pdAE 110 £ 8 Qet&mé{i;s of

t he groove i ishin eel t er nat i ncl i ned s of
the edge redf q&?qbf"g?ﬁﬁsec :ﬁh poﬁgé of g?éfz&%@& Eﬁﬁ éc? . pad q"%s

whi ch t he padlsishigowwheeland its rotati onaI drive remains stationary
except for the rotation of the wheel about its axis, and | i near translation

means i s proyj ded for vanC| n er, and ssom support
means t owar % and% P3nfEH % %]oar’i"éﬁ’ ng it 5{"% %Jg’ésq}lﬁffedge'
of the waf ewheelt Ae §evosd, wihid aog;iclol"&t ory drive rreans serves to rock the

waf er support and therefore the waf er t hereon about a vertical ~axis so as
to produce the al rnatkﬁg ment betwaen he_ex ‘f% her of the
hFR

waf er and t H& si d AL §4 & Jv%'“}ar an® ?‘? aI""tSitate

the grooved pollshlng wheel are mounted for rotation about

horizontally spaced apart parallel axes, the wafer is supported
on a vacuum chuck and is rotated by a drive motor, the
polishing wheel is driven in rotation by a second drive means,
linear drive wmeans is provided to advance and retract the
polishing wheel relative to the wafer, and oscillatory drive
means acts on the assembly of polishing wheel and associated
drive so as to rock the wheel about a vertical axis so that the
two side cheeks of the groove in the polishing wheel
alternately engage the inclined edges of the edge region of the

wafer.

45. Apparatus according to claim 43 in which the polishing
wheel and its rotational drive remains stationary except for
the rotation of the wheel about its axis, and linear
translation means is provided for advancing the wafer and
associated drive and support means towards and away from the
grooved polishing wheel to engage the edge of the wafer in the
groove, and oscillatory drive means serves to rock the wafer
support and therefore the wafer thereon about a vertical axis
so as to produce the alternating engagement between the
external periphery of the wafer and the sides of the groove as

the wafer and polishing wheel rotate.



25 46. _Apparatus according to claim45 in which said oscillatory drive

nmeans conprises a rocking drive or a drive which rot ' '
direction and then(khpg other about a single axis. . mmlﬁmum””'mmw waf er
edge” pol i shi ngwfon"’9 h there is provided neans for rotating a wafer, a :
pol i shi ng wheel having a groove therein f%s accomodati ng t he peri pheral

e

rimof the wafer, neans for rotating the el, drive neans for effecting

rel ative noveggnt Agtaveaind Recwhaehgaps dikamabesntyhfdH el dCHSEHEIERBrof
the wafer in thexgr oove, and f.urther dr.ive ré%ans to

! effect relative
oscil | ating nBYEEATSHE IS At EFCRIRP ¢ é‘vﬁhg’élas{fclﬁ'et Wg‘ig%p‘b%ﬁtteés
faces of the férsphitm ane idhrectibn apd thery hengbiged abawy masadhgleiaxis.
opposite regions of the surface of the groove in the wheel during the

pol i shing progess. 48. agatus_according to. one_of . ¢l ai 38 t.o 47
in which a je?gon f‘?%%aﬁ%tA‘P%c ?‘éd"’%g%\‘r' £ 9?h8°?é§ﬂ%ﬂgofmeﬁ’§‘é§§ THethfeen
t he waf er andprhvided@cheatimrion modEitiggaaf vafer slaimol ishingdwhedl hasgingn of
engagenent at 5l gasbvdUth8feiRCEHP| ASdbnitbddta®eSthe pdPiphePA At SXCGLAI NY
to any one of clainms 38 tq 48 in .|cqﬁg ?100 e-%ormn vvhegl (a %Fg%w ng
tool) is mounFEioF orSH g He AP RF PR (HEE JPS8Te TREYHASRRE SRF ng

ei ther by novesdativé wrhvegenbvbeatween|thevihes! tand vihe | vafen o witksct
towards the t@ahag@RénéesTH walkdiUsh |thd girabiyay Hed eurierh: apthvd aRlarso as

to formor refor he, gropve. in th urface of th el . 0. ar at us
according to %Pag#'iﬁt ?ﬂ%"r’cﬂe t%éﬁéﬁ'gg\wﬁgm?%%t?elf%s\g%%a’fagﬁ tﬁ’ﬁu‘ﬁ? %ta& he
rear of the wiherwkepbaeruch shaterResite Faresiah thegnperiphdralririn of dihe s
performed by wa¥eRg d4e ghgayed \wheeknhbéDy RFAGSHEEE Y t hedivhdr 88VivHe

tool and rotating both . o,as to formor reformthe qroove in the wheel.
51. A met hod 585%? ?ngofotg?ai%ofyef ut? h&PSc oh ereTHSi ﬁ‘ﬁri‘ﬂ% §g§p poliEhing

process.

48. Apparatus according to any one of claims 38 to 47 in which
a jet orifice is located near to the region of engagement
between the wafer and the wheel, for directing a fluid slurry
towards the region of engagement at least during the polishing-

process.

49. Apparatus according to any one of claims 38 to 48 in which
a groove-forming wheel (a grooving tool) is mounted for
engagement with the groove in the polishing wheel either by
movement of the grooving tool towards the wheel or the wheel
towards the tool, and means for mutually rotating both wheel
and tool so as to form or reform the groove in the surface of
the wheel.

50. Apparatus according to claim 49 in which the grooving tool
is a disc, mounted to the rear of the wafer support for
rotation therewith, and the forming step is performed by moving
the grooved wheel into engagement with the grooving tool and
rotating both so as to form or reform the groove in the wheel.

51. A method according to claim 37 further comprising the step



26 of_ projecting a fluid slurry towards the point of engagenent between
t he grooved poli shi ng wheel and the periphery of tThe wafer at |east during

pol i shing en t her ebet ween. 52. A nethod one of
claims 30 to 0 in which a grooving tool iﬂmﬁjlﬂﬁiﬁ“ ﬂlmme :
| ocated i n proxi mty to the grooved poli s I ng V\/ne ngegesrent
therewith to formand reformthe groove n the wheel as reqwred

Appar at us aggfog, QcEPné‘né/ sﬁlﬁgﬂ‘%cﬁéﬁd@ §ﬂe para %]-?%ag%ol EQ' ng

wheel has a_si I cant™ axi al _ de 5’6 or ves are
f or med ther?&FUﬁﬁH thy gFRAVesd Fﬁﬁe‘ G & Séoﬁﬁg RB‘?rP%ﬁcPhﬁ?é’d@fr &h6r ni ng,
t he wheel camfbe atldbam simrdagt pomsshan@témgagﬁmdﬁtetgenehemém pol i shi ng
the edge of the wafer and the process of noving fromone groove to another
can be continued until-all of .the grooves have been utilised and need

ref orming b&Ror e tMRFAGCAEEETALNG, R &Y ORRdoh FHAMISBAGERr L e S5P0sin
performed owhibk polgrslviggwiieel gigwoss- forﬁdngAwheehbdlacaebdté@ iAa claim
30 in whi chotBe; paly SQ'ongtK% t rdrdB 800k s ¥H§h%~l 1P Eéi ﬁEhg' and

i s brought Pnto co act e .rotating e wor , sal

wheel haV| nEheFevitRisk9 HETT f Jrtedeirsting ecsgﬁﬁ?Y%hFﬁgtél?rf% i 88 a
groove the geqgatre@cti on of which is the conplenent of the edge profile of
t he workpi ece, a polishing slurry is supplied to the zone of contact

bet ween t he polishi ng wheel and the edge of the V\Dl‘ké)l ece, and the

pol i shi ng wﬁgel App gFH?e%F%‘de EPeRAY QR Ofv ERRHES S8 §PsSharwhECR he

pol i shi ng whkel pehikting whedlebge.a signifippartatudaicdastt NGndotwbabin 38 or
claim47 co a u f e upRo g.th

o kpi sce. DEy b ke B e e A PEr EbEak B e
about its cBRPPYE RESPAREY oFOFRuAPENJSeYs m's %y WHRsH g3 Potati on
about its cetndexdd ad sissoot hae ancther exft ivhe gffooves for polishing the

edge of the wafer and the process of moving from one groove to

danother can be continued until all of the grooves have been
utilised and need reforming before the process is arrested and
a reforming process is performed on the polishing wheel

grooves.

54. A method according to claim 30 in which the polishing
wheel is made of synthetic plastics material and is brought
into contact with the rotating edge of the workpiece, said
wheel having previously been formed around its polishing
surface with a groove the cross-section of which is the
complement of the edge profile of the workpiece, a polishing
slurry is supplied to the zone of contact between the polishing
wheel and the edge of the workpiece, and the polishing wheel
is rotated so that relative movement exists between the
polishing wheel and the said edge. '

55. Apparatus according to claim 38 or claim 47 comprising a
vacuum chuck for receiving and supporting the workpiece, drive
means for rotating the chuck and therefore the workpiece about
its centre, means for mounting a grooved polishing wheel for
rotation about its central axis so that its direction of



27 }ot ation is contra that of the rotation of the workpiece in the region
in which they will make contact, drive nmeans for advancing and retracting

the polishing unting neans to enabl e the pqhgafuky Mgk e
contact with t e%glhggpof t he wor kpi ece for polishi qulﬂ rllml (ﬂ rﬂm ans
for causing relative adjustnment between the polishing wheel andsthe

nmounti ng neans to ensure that the groove? the surface of the polishing

wheel accuratgly glLgng cyzsgct}aﬁ bRaedge 9fe &ta@a%%ﬁpasﬁf&e 58 2hUfhe

further conprising neans o1 '-"supprl ng.a paqlis )

. ; : g Rﬂ S urrdxa,to t he zone of
contact bet weEFitRe ior Mhicke Hhify t WalhoIMaE nGORRRET- 3¥e ARDSat £

accordi ng t o advanadidg, ahd »traktiagdtherpdbi shiing evheed nsowrst jrigpcheand by at

| east one air kin LASSWhSel F IMHGR Lentsgtl@ledrge 4 thepd orce
on the opposiF"tlﬁ(e‘%flgcggéoé‘-htqhsg11 if er ?s cons?t ant fleg rd"ﬁess o? t%’?o ]

di spl acenent V@p:kpﬁgcew fo¥lepolishing purposes, and means for causing

relative adjustment between the polishing wheel and the
mounting means to ensure that the groove in the surface of the
polishing wheel accurately aligns with the edge of the
workpiece, the apparatus further comprising means for supplying
a polishing slurry to the zone of contact between the workpiece
and the polishing wheel.

56. Apparatus according to claim 47, in which said further
drive means is produced by at least one air cylinder the
pressure to which is regulated so that the force on the
opposite faces of the wafer is constant regardless of the
displacement of the cylinder.



