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_Title: Inprovenents in and relating to grindi ng machi nes Thi s inJ@ﬁF?%ﬁ&_“
relates to grinding machines and to grinding wheels for use in such\ﬁﬂtqvv&
machi nes for grinding notches in the edges of discs such as wafers of
silicon for use in the construction of sem -conductor devices, and to

met hods of grinding edge regions of such discs so as to form notches
therein. Since the notches are of relatively small dinensions relative to
the size of the wafers, grinding wheels uysed to form such notches are
commonly referred to as grinding pins. Background to the invention A
grinding machine for grinding discs is disclosed in W97/48522 and

i ncorporated herein by reference. W97/48522 di scl oses use of a

nmet al - bonded CBN or di anond wheel on a grinding nmachine to rough grind the
edge of a difsge: SHERdvaRerds BOMIGORHRE tOsriNEhemachiaésor e use of a softer

resi n-bonded CBN wheel for finish grinding the disc edge and further
describes an in situ technique for formng and re-formng a groove in the
resin bonded(Bihghadidifle iR elindify dhidithel NaCRY bfidingS NARAs Fo0UALd Beerdi sc
edge. The machi ne al S0 | ncl gdes & sma Ianetér grinding pin for

grindi ng a mwmcbirenfor griediag eowhascul tipradges ¢f dises sugtoasnehferhef sideps fof usene thgr ound

di sc. The use of. a resi.n-bonded CBN wheel for .notch grinding. h

di sadvant ag éoflﬁ%“%%?#%'égﬁl clor ge‘flg‘fsa?fl@gq ?e&Sflsf © C%Wg}ge% g\%\f%ﬁ&%%f Sl

net al - bonded;EBb 94 tofori B BelEh. Since 8 riches WRaJT rélaivetll smandinraddnsd o be
repl aced frequently. Therefore such wheel s have tended not to be used in
such appl i caelsyss taltkhsizgroft he Valgise cringintgeicely uspd IPIDi Welk TPEEEN Bieng
fromthe us : hat it is desirable if they could be
used for no?@ﬁE§§§ﬁ§$%§%q£%%%gﬁ%§§§§%f invention ains to provide a formabl e
grinding pin for notch grinding which can be used for |onger before it has

to be replaced, and to, a. nethod of form ng such a
P CBackground to the invention 9

A grinding machine for grinding discs is disclosed in WQ97/48522 and incorporated
herein by reference. W(Q097/48522 discloses use of a metal-bonded CBN or diamond
wheel on a grinding machine to rough grind the edge of a disc, such as a semiconductor
wafer, before use of a softer resin-bonded CBN wheel for finish grinding the disc edge
and further describes an in situ technique for forming and re-forming a groove in the resin

bonded CBN grinding wheel to grind the correct shape around the disc edge.

The machine also includes a small diameter grinding pin for grinding a notch of

predetermined proportions around the edge of the ground disc.

The use of a resin-bonded CBN wheel for notch grinding has the disadvantage that such
wheels are relatively soft compared with metal-bonded CBN or diamond wheels, and as
such wear rapidly and need to be replaced frequently. Therefore such wheels have tended
not to be used in such applications although the reduced damage to the workpiece resulting
from the use of such wheels means that it is desirable if they could be used for notch

grinding.

The present invention aims to provide a formable grinding pin for notch grinding which

can be used for longer before it has to be replaced, and to a method of forming such a



2 notch grinding pin and to an inproved nmethod of notch grinding.

Sunmary of The inention According to one aspect of the present invention,
there is provided a gr inding machine having a work spindle,_a grinding = =~
spi ndl e having nounted thereon a small di aneter notch-formnm ngg FYdHs Been R face g
having a cylindrical region containing a notch-formng gr ooveL/ A i
with an edge region of a workpiece carried by the work spindl gl '
form ng wheel on the nmachine and rotatable by a spindle, which when
with the cylindrical region of the notch grinding pin, will forman
addi ti onal motchlgrindingi piig agt woareinhievedanethod ohsoice gundiagl. The form ng
wheel may be nounted on the sane spindle as the workpiece, and the notch
forming pinis noved as required to engage the form ng wheel or the

wor kpi ece edgewnard ohaf ibe@fiohound that formable notch grinding pins, forned
on the machine (in situ), produce a better finish in, and | ess sub-surface
damage around, the notch. Preferably the grinding naterial is

resi n- bonde i g n Vi, t N t Bk

Pr et or ably CHED RN ofi abEE! B WACHRCE enibny’s SRS METOPAER STNRY s
anot her aspeompofestangytindricahtegion, of tfitvarabld gindingvietedalaingrhieidisdgropdir greevenot ch

grinding, fqr use in.the above described agrindin chi ne e arinding pin
conpri si ng 33’;’7‘5iaﬁﬂ%?lﬁﬁﬁl‘ﬁ%ecﬁfr&??‘)f}% ‘P&gﬁéiﬁgée‘igfgf ?‘fgf’% °E6P8‘F¥‘ ghbe flgﬁcedmh%ng his
formed a graeeeeiRanNd BHaReRERTIf tRe \WilihicBOFda@mPRNVGH titt tiidtier gesuveethal e an
edge of a notch to be forned, and wherein the axial extent of the

cylindrical fresgdonbregueniyrihemia asithe fire and thrsaash ehmeHsher GFORVES BirBTeY RNt | v
therein as t\{!ﬁ'gftb %gtca%pg 5nfgbgﬂlger%§?m%, 5@er69§ela_er grooves becones too worn to

be capable o el ng refror and reused.

The invention thus provides a notch grinding pin, or wheel, whose axial width is such as
to ensble a plurality of grooves successively to be machined therearound for notch

grinding.

The advantage of the invention is obtained if the formable pin is mounted in a spindle of

a grinding machine and is initially formed, and re-formed as required, in situ.

Desirably the formable material comprises a resin-bonded material, or a vitreous-bonded

material, such as grinding grit bonded by a resin or vitreous material.
Preferably the grinding machine is a CNC grinding machine.

Using a wide (cylindrical) pin and forming and re-forming the grooves in situ, allows
more grinding operations to be performed before the pin has to be replaced. Thus after
each groove formed around the cylindrical surface of the pin is no longer capable of being
reformed to accurately grind notches, a further groove can be formed at an axially spaced
location across the width of the pin, so increasing the useful life of the pin and reducing
the number of times the more complex operation of replacing the pin (involving

considerable machine down-time) is required.

The length of the cylindrical region is typically of the order of 10mm, preferably 6mm,

THIS SHEET HAS BEEN
REPLAGED




The invention thus provides a notch grinding pin, or wheel, whose axial
width is such as to enable a plurality of grooves successively to be
machi ned therearound for notch grinding. The advantage of the invention
is obtained if the formable pin is nounted in a spindle of a grinding
machine and is initially formed, and re-formed as required, "in situ:
Desirably the formable material conprises a resin-bonded
vi treous-bonded material, such as grinding grit bonded by pggs
vitreous material . Lblng a wide (cylindrical) pin and ﬂ‘
a

re-formng tahg iQreMBSidritid it typililyomsmnore grindi ng oper hlé
performed before the pin has to be replaced. Thus after each groove forrred
around the cylindrical surface of the pin is no |onger capable of being

reformed to Iggﬁp&a&@byn&éﬂ %‘i’ncﬂﬁ’% ﬁqhﬁé ré@m_fe%&m{e AQOYE £AR gﬁmwmﬂ%ﬁt an

axi al l'y spac ocaton ac of the pin, so incfeasin
useful 1ife apbunthe cplindraald regéaiuof mgfqrmeblnugmehﬂg)matqrﬁbgsmhéﬂ BIROUC-EBMYIZE X

ST aqui red. e gc Rah g e F i BeERA AfEhRe; SarpRP R e k)

order of 10mwe @ @beraduies6ois eoadirkd,Sthe itkad-fordingn@beve ﬂssrefdymed:aklhg( tdemm
In a nmethod of notch gri ndi ng in accordance wth the invention, a first
groove is f GRMEdORANIURY fareipe vhael el i BB ROBIOIGLOREFITRBY e dPTTH Hie gEpove.

material using, @/hgzrhoaoéﬁ%?écqgéﬁ‘ ggpgo%rik RSt WDeGhi ! ﬁ%ﬂgpﬂﬁﬁx@(é?%rkﬂlesu%@

grinding machine, and a ng to formone or nore notches, or as
required, theljaettahe fiost,nforpgrgit dlmeveotels griediog pemtessgpregniitie. sane, or anot her,
form ng wheel , until it is not possible to accurately re-formthe groove,
after which a subsequent groove is formed in a simlar manner in the

cylindrical murdreefedehBs@mbntidiehd invérion! deReNMkrical dagion OF b g@inding iptomay
process to conti nue. 4
comprise the formable grinding material region, and a metal-bonded grinding material
region, wherein the metal-bonded region is provided with a groove for rough grinding a
notch, and the formable grinding material region is formed with a groove to permit finish
grinding of a notch previously formed by the groove in the metal-bonded region of the
pin, and the axial extent of the formable grinding material region is sufficient to permit

additional grooves to be formed therein as each groove becomes unusable.

According t0 a further aspect, the invention also relates to a machine having a work
spindle, a grinding spindle having a small diameter notch-fornqing grinding pin as
aforesaid mounted thereon and engageable with an edge region of a workpiece carried by
the work spindle, and a forming wheel mounted on and rotatable by a spindle which when
engaged with the notch grinding pin, will form a potch-forming groove therearound as

required.

The notch grinding pin is preferably formed from formable grinding material but may also
comprise a first region of metal bonded grinding material also formed with a notch
grinding groove, to allow rough grinding of the metal to be performed first, and thereafter

the formable region to be used to finish grind the notch.

The forming wheel may be mounted on the same spindle as the workpiece, and the notch

forming pin is moved as required to engage the forming wheel or the workpiece edge.

THIS SHEET HAS BEEN
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In a preferred-enbodi.nent of the invention, the cylindrical region of the
grinding pin may conprise the forimable grinding material region, and a

met al - bonded gr i He S Habedn @b Ledi on, wherein the netal -bonded region is
provided with a g ‘.‘;:Jj‘; gph grinding a notch, and the formable
grinding materi al rred with a groove to permt finish grinding
of a notch previously % the groove in the netal-bonded region of
the pin, and the axial extent of the formpble grinding material region is
sufficient to permt additional grooves to be forned therein as each groove
beconmes unugahiésebeen fEei hat edrmgble nebidhggPading $irdl edreediohythé arankide {inasin),
formable grinding material but may al so conprise a first reqgion of netal
bonded gri ndFPRpCRatEHElRI gloa?%?%%&i%%rf?cad%%wr@mdn&?e t‘g\' oove, to allow
rough grinding of the metal to be perforned first, and thereafter the
formabl e region to be used to finish grind the notch. The invention al so
lies in a metrplsthblf theogunding immedhriag is yelimfonded dibword. dustesintwadesy TN, ney
machi ne, Vm%t?.cr&s%ogtieﬁsr;lat Lgove is formed around a cylindrical region of a
formabl e grinding nmaterial Using a groove-form ng grinding wheel and after
grinding using the groove to formone or nore notches, the groove is
reformed using the fornmong grinding wheel, until it is not possible to
accur at el y ridiefipysaipmalsqlicsgdiscshansd WoRkRisces Withis4 leati SRt n‘@}?‘b%\%nq Qeif 6¢8fed in
a simlar maRogL dnintddea QAbé BAIRIE FbrrhROhORA  in QMBI L2 %ﬂnﬁ@wgﬂﬁ@ﬁﬁml
proximal to the first groove, to permt the notch grinding process to

conti nue. IEmMegiargrindinggromiel formesinhbreindeis b situcidrhipg wa yheomadeenyl & formingh

reference tq ,the_accompanyi drawin i ich: ..Figure 1 is a
per spective ‘%ﬂgﬁf,m}"n@?wog g %ﬁg on eo‘r"ﬁg%%mglle\é\'@ Ugér}ma hl‘rg a user normally

stands of a grinding machine incorporating a formable grinding pin carried
on a spindle;  Figure 2 is a side view, not to scale, fromthe side on
whi ch a userltiSoinvantiqp stlhmeew dre desstibect fyn @2 nefusxamplei gtithereferengiqio the
illustratin = . :h-

4 A Figur e%@?@%xﬁgﬁ% s\/’vi%fwﬁl%hé machi ne shown in Figures 1 and 2;
Figure 4 is a side view of the sub-assenbly end of the machine to an

enl arged scal.e and oo . :
g ail:xgu:eq 1s a perspective view, not to scale, from the side on which a user normally stands

of a grinding machine incorporating a formable grinding pin carried on a spindle;

Figure 2 is a side view, not to scale, from the side on which a user normally stands of the

machine shown in Figure 1, and illustrating a sub-assembly;
Figure 3 is an end view of the machine shown in Figures 1 and 2;

Figure 4 is a side view of the sub-assembly end of the machine to an enlafged scale and

partly in section;
Figure 5 is a perspective view of the formable pin;

Figure 6 is a perspective view, not to scale, of the formable pin with a first groove for

notch grinding; and

Figure 7 is a perspective view, not to scale, of a combined formable material and metal-

bonded material grinding pin.




partly in section; Figure 5 is a perspective view of the formable pin;
Figure 6 is a perspective view, not to scale, of the formable pin with a
first groove for notch grinding; and Figure 7 is a perspective view, not
to scale, of a conbined formable material and netal - bonded materi al

grindi ng pin. 5
Descri ption Figures 1, 2 and 3 illustrate pictorially part of an overal
machi ne station for notch grinding circulsar discs (wafers) of silicon or
simlar material. The machine shown in Figures 1 to 3 conprises a contro

cabi net 10 from which extends a machine bed 12 which carries a floating
platform 14 carried on three vibration absorbing feet, one of which can be
seen in Figure 1 at 16 and the second part 18 is nounted centrally before
the base regkgg%ﬁgnand is shown in dotted outline in Figure 1, and the
third can be seen at 20 in Figure 3. The platform 14 includes an integral
support structure or base 22 which carries a workhead 24 which is slidable

axially alo Y. unt.ed .on an _u surface ase 22 and
Wi oh | nl uatei® L, s R RifErehs T U ot ARk RS o' r BEmeng
waf ers to berigdiageitcular distg@wafets) dif BUicbs oA clithiBy eshtdtial.means of a grinding
wheel 32 containing a nunber of annul ar grooves such as 34 for engagi ng the

edge of a wafer workpiece designated in
The machine shown in Figures 1 to 3 comprises a control cabinet 10 from which extends

a machine bed 12 which carries a floating platform 14 carried on three vibration absorbing
feet, one of which can be seen in Figure 1 at 16 and the second part 18 is mounted
centrally before the base region 22 and is shown in dotted outline in Figure 1, and the

third can be seen at 20 in Figure 3.

The platform 14 includes an integral support structure or base 22 which carries a
workhead 24 which is slidable axially along a slideway 26 mounted on an upper surface
of the base 22 and which includes a spindle drive motor 28 and vacuum chuck 30 for

carrying wafers to be ground.

Edge grinding is achieved by means of a grinding wheel 32 containing a number of
annular grooves such as 34 for engaging the edge of a wafer workpiece designated in
Figure 2 at 36.

The grinding wheel spindle (not shown) carried in bearing assembly 38 is rotated by an

electric motor 40.

Items 38 and 40 are carried on a support generally designated 42 which is mounted close
to the centre line of the platform 14 to one side of a rigid strengthening plate 44 which is
bolted through flanges to the platform 14 along its base and is secured at its upper end by
bolts through another flange 46 to the machine base 22. The function of the plate 44 is
to increase the rigidity of the platform 14 relative to the base 22 and resist transverse

vibrations which might otherwise be introduced.



Figure 2 at 36. The grindi ng wheel spindle (not shown) carried in bearing
assenbly 38 is rotated by an electric notor 40. Itens 38 and 40 are
carried on a support generally designated 42 which is nounted close to the
centre line of the platform14 to one side of a rigid strengthening plate
44 which is bolted through flanges to the platform 14 along its base and is
secured at its upper end by bolts through another flange 46 to the nachine
base 22. The function of the plate 44 is to increase the rigidity of the
platform 14 relative to the base 22 and resist transverse vibrations which

m ght ot her \eq‘é\ﬂizﬁﬁxt ikt AdUHARe other side of the plate 44 is a second support 48 which carries
6 Equidista fromand on the other side of the plate 44 is a second

support 48 whslidgwanopi @s whicg| i d’é%@&ﬁdS@ seFPIAIPENG grlYﬁ)a%t"\él“ﬂFhacaéé%ﬁd‘%cﬁl ndl e
drive 52 whi md@gwpm 37 RVt g; aadérn@ r?é)hgldb?atlsgneh@n ¥l fd 3sBoLEh sgirnundl ng

pin 53 at orre e a5500| Axi al nmovenent of

spi ndl e driwectb25%.s provi ded by a drlve unit 54 (see Figure 2). The spindle
drive 52 can also be used to grind the internal dianeter of an annul ar

di sc. The wor khead edge grinding and notch grinding spindles are nounted

in air beariggs méenichEoMeY dnemcdriR 920k rd WdidWy! d dtiveanit 34 $Re Fhuramgeref 2
to 1000 revs per mnute, the edge grinding spindle typically has a speed

range up to SBUGE drivgci2ran@ke bsaredimgried tedniemal dismeisr of an ARUISIES- gr i ndi ng
spindle 53 is typically up to 70,000 revol uti ons per m nute. On the

wor khead spindle to the rear of the chuck 30 are nounted form ng wheels
best seen i ITHeivgerkiead eage SrfnddmprhnidSotdbngléndimgsitiesvane floeteld Rvaii beatings and

direction of _the ar in Figure 2 allows t pi ece dIS

engaged by O OrHEHETRTS yPicalR Tae Sarttatired g ton ol G ige 5e. e Ak her
movement i n de@ird Jpfeild gﬁlcgifly hﬂea %ée@"i"a% & k@@@d RQoIAHISH p36 nlifuelag@knet he
end face 62 of the grin asse ‘Ty and to allow the form ng wheels

56 or 58 to speasaefethe nottch@na@pg @mndiatsé ig tycadly upniot MOGrTEYRIRtRGS REfeBINUS2

On the workhead spindle to the rear of the chuck 30 are mounted forming wheels best
seen in Figure 2 at 56 and 58. Indexing the workhead 24 in the direction of the arrow 60
in Figure 2 allows the workpiece disc 36 to be engaged by one of the slots such as 34 in
the grinding wheel 32 and further movement in the direction of the arrow 60 allows the
disc 36 to clear the end face 62 of the grinding wheel assembly and to allow the forming

wheels 56 or 58 to engage in the appropriate grooves in the grinding wheel 32.

Lateral movement of the grinding wheel or notch grinder as required is achieved by tilting
the support structures 42 and 48 as appropriate relative to the platform 14. To this end
both of the structures 42 and 48 are pivotally attached to the platform 14 near the centre
line thereof and two stops 64 and 66 respectively (see Figure 3) prevent excessive outward

movement.

The pivoting is provided by means of flexures (as will be described) which allow for
pivoting movement about two parallel axes close to the centre line of the platform 14 so
that structure 42 can describe a small arc such as denoted by arrow 68 and structure 48

can describe an arc as denoted by reference numeral 70.

Drive means for achieving the pivoting movement will be described with reference to later



Lateral novenent of the grinding wheel or notch grinder as required is
achieved by tilting the support structures 42 and 48 as appropriate
relative to the platform14. To this end both of the structures 42 and 48
are pivotally attached to the platform 14 near the centre line thereof and
two stops 64 and 66 respectively (see Figure 3) prevent excessive outward
novenent . The pivoting is provided by neans of flexures (as wll be
descri bed) which allow for pivoting novenent about two parallel axes close
to the centre line of the platform 14 so that structure 42 can describe a
smal | arc sdighreas denoted by arrow 68 and structure 48 can describe an arc
as denoted by reference nuneral 70. Drive neans for achieving the

pi voting novenent will be described with reference to |ater
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direction okedl loéf amerapmzﬁg Tauwpafi apgspiiste forviid Inﬁtfvlemfeﬁbdfahé woekheg&nb4 78 ther ound
the cl osure 764 ternatlvel¥ around the internal |ip of the opening 74)
provi des f ofECHINR d ¢ pPEPY S0 1aT5esaieen the cl osure 76 and the opening 74.
The housing 72 is slidable relative to the base 22 and bell ows seals 80 and
82 are provided between the spindle drives 38 and 52 so that after the seal
has been mada BEenbleringhssalcThagned 6 domdrd Aé (opatermgvaly arauneé theonsirmg lip2
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nove in a c@\tinuing sense in the direction of the arrow 60 to allow for
the grooves in the grinding wheel to be formed. Movenent in the opposite
sense is al so accommpdated by the bellows 80 and 82 so that the closed

nousi ng 72 a%e 1l 120k okl e1aRL 19188 %%ﬁgfa%dib%u&%’s%ﬁlsia@ 2B PRR PR ViGeaS e e

to that of arrow 6 toa low for t
between the spindle drives 38 and 52 so that after the seal has been made between the

closure 76 and the opening 74, the housing 72 will in fact move axially with the workhead
assembly 24. Sufficient clearance is provided to the rear of the bellows to allow the
housing 72 to move in a continuing sense in the direction of the arrow 60 to aliow for the
grooves in the grinding wheel to be formed. Movement in the opposite sense is also
accommodated by the bellows 80 and 82 so that the closed housing 72 can also follow the
workhead 24 as it moves in an opposite sense to that of arrow 60 to allow for the edge of

the disc 36 to be engaged by one of the grinding grooves such as 34.

Coolant fluid is sprayed onto the workpiece through nozzles 84 and 86 and similar nozzles
are provided for spraying similar fluid onto the forming wheels when required. An
interlock is provided to prevent coolant fluid being jetted unless the housing 72 is closed

and secaled by the closure 76.

After a grinding operation has been completed and after a final wash with fluid, the
housing 72 can be opened by deflating the edge seal 78 and withdrawing the workhead 24
in a direction opposite to that of arrow 60 to the position shown in Figure 2. The finished

workpiece 36 can then be demounted and a fresh workpiece installed.



the disc 36 to be engaged by one of the grinding grooves such as 34.
Coolant fluid is sprayed onto the workpi ece through nozzles 84 and 86 and
simlar nozzles are provided for spraying simlar fluid onto the form ng
wheel s when required. An interlock is provided to prevent coolant fluid
being jetted unless the housing 72 is closed and seal ed by the closure 76.
After a grinding operation has been conpleted and after a final wash with
fluid, the housing 72 can be opened by dgflating the edge seal 78 and

wi t hdrawi ng the workhead 24 in a direction opposite to that of arrow 60 to
t he positi oWigborming/drésgimge 2. The fini shed workpi ece 36 can then be
denounted and a fresh workpi ece install ed.

8 Wheel form ng/dressing Wheel forning can be performed initially before
any wor kpi e a e I8 I S by
appropri at e%{@e%‘%ﬁ gﬁ‘aﬂlt)dﬁgs ﬁ/oﬁ)rnli1 d;éﬁﬁﬂ §e %ﬁ?'tem%é 95t %‘%&t ltﬁlregif %i
mounting a wbmhma@céesmahng&?.ﬁciosﬁdtbeeap;bmpd(atemov\éhemlofftm morigzeadszpend or med

support a2, Segn bl SR bdrigit B RPEG el eesgro g0 dhgtiok SR gllEA by
t he appr opr foadnngf 1 perfogmed @@l apptiphia@Sa:68 AbvéaSent @@Qh@%rﬁﬂ“éﬂ d4 1294 NE@Mt ded
during the wheel formng ‘ﬁsratlon After initial wheel formng, the

assenbl y na‘}f“’tﬁ%m"s”éﬁéls‘éﬁpéﬁ s thh ReGHOT the gseayes, mechmas greper . riv prdagerbbly
Af t er nount o S:
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groove is pwhéadferodngiapdratipnmachi ne downt i ne after one morkplece has been
renoved and before a subsequent workpi ece has been installed, but in a
devel opment of the machine in which edge profile checking of the workpiece
36 i s perfoafedidial Sidetl RAmidRE MOIKBERY, mi b@%apﬁe@@/%ﬁﬁgg%séapw'aé ow

for re-formng with the workpiece in place.
before mentioned. After mounting a workpiece 36, the assembly can be closed again and

grinding undertaken as before described.

Typically re-forming of the groove is performed during machine downtime after one
workpiece has been removed and before a subsequent workpiece has been installed, but
in a development of the machine in which edge profile checking of the workpiece 36 is
performed in situ on the workhead, it may be advantageous to allow for re-forming with

the workpiece in place.

Notching

If a workpiece is to be notched, the support 42 is moved laterally to disengage the wheel
from the workpiece and support 48 is moved laterally instead so as to engage the edge
of the workpiece 36 by the notching pin 53. After notching, the support 48 is moved in

an opposite sense so as to disengage the pin from the workpiece.

Polishing

In an alternative arrangement, a polishing wheel may be mounted on the whee! spindle as
well as the grooved grinding wheel, and by axially shifting the workpiece spindle, so the

polishing wheel can be brought into engagement with the edge of the workpiece 36.



If a workpiece is to be notched, the support 42 is noved laterally to

di sengage the wheel fromthe workpi ece and support 48 is noved laterally

i nstead so as to engage the edge of the workpiece 36 by the notching pin
53. After notching, the support 48 is noved in an opposite sense so as to
di sengage the pin fromthe workpi ece. Pol i shi ng In an alternative
arrangenent, a polishing wheel nay be nounted on the wheel spindle as well
as the grooved grinding wheel, and by axiqlly shifting the workpiece
spindl e, so the polishing wheel can be brought into engagenent with the
edge of the AVBrk®FRGRIfEO: the workhead 24 along the slideway 26 is provided at 88.

9 Adrive for shifting the workhead 24 along the slideway 26 is provided
at 88. As shown in Figure 3, a drainpipe 90 conveys fluid fromthe
housing 72 t : [ re\i eledhk
recircul ate ﬁ%ofallh S{i gg%%%%nét(%%%tp gir%%oacgﬁwggr?@%g?hgiﬂ%ﬁ%%%etg\éisn the tank
or in the |iRRandetpueprnetsbowvank peavitet e rgpingplate therfieid deom Weltanko s filigy may

i ncludes a tel evi.si pn di ay .9 nd Kk Q 9 d-hel d contro
uni 168 1 CEeLRehm L ERAT B TN EEEE R B e C 102 e
operator can renove the unit 98 and walk to the machine with the unit 98 in

hi s hand, and by pressing appropriate buttons instigate o rres eration
of the machi He.¢ %1_ hysise 4§ ingu @§%1§V1§110861|‘19ﬁ@’e% 36‘5%@@"@511?56@ %@@ﬁ@ﬁ{ or
SUPPl i NG CORLER1 urhl SNRIcSnARAARBNE Biylrd 1LRLIG fo\eEnfitibh puiEPvohi nen gfarbior
receiving signals fromtransducers, "switching and other -

posi t i on/ operatrennyd thecinite?& asd gl togidinenachinegwithe theowrdt 9% int his hapdhindedy

The slideway 26.0n which the warkhead slides, i

workhead | o RFRpgoRpgRe otk RER s et s B B e, A28 b 10
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Ginding infeed is achieved as previously described by tilting the
structures 4rivgp onghggachine and for receiving signals from transducers, switching and other

position/operation/touch etc signal generating sensors on the machine.

The slideway 26 on which the workhead slides, is preloaded, and the workhead is driven
by server motors and fitted with a high resolution position coder to provide smooth motion

during axis move interpolation.

Grinding infeed is achieved as previously described by tilting the structures 42 or 48 as
required to bring the grinding element carried thereon into engagement with the edge of
the workpiece 36. Although the movement is not truly linear, buf arcuate, this can be
accommodated in the control signals generated by the control system housed within the

housing 10.

Whilst the jets such as 84 and 86 can be used to supply cutting fluid during grinding, they
or other jets may be used to direct jets of cleaning fluid at the overhanging lip of the wafer
whilst it is still being rotated but after grinding. This prevents grinding swarf from

running down the back face of the wafer as it is removed from the chuck.

Grinding process

Typically edges are ground in a two-stage process using a plunge grind roughing operation



required to bring the grinding elenent carried thereon into engagenment with
t he edge of the workpiece 36. Al though the novenent is not truly |inear,

but arcuate, this can be acconmobdated in the control signals generated by
the control system housed within the housing 10. Wil st the jets such as
84 and 86 can be used to supply cutting fluid during grinding, they or
other jets may be used to direct jets of cleaning fluid at the overhangi ng
lip of the wafer whilst it is still being,rotated but after grinding. This
prevents grinding swarf fromrunning down the back face of the wafer as it
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order to reduce unmant atron and res r|n |ng damage t

m ni munt t hewdgdatea ekeassive wbcquaant s maki ng up the gri ndi ng machi ne are
filled at least partially with polyner concrete, particularly sections of
t he base 22 and the bed 12 and if desired also the platform 14.

Damping

In order to reduce unwanted vibration and resulting grinding damage to the minimum, the
structural components making up the grinding machine are filled at least partially with
polymer concrete, particularly sections of the base 22 and the bed 12 and if desired also

the platform 14.

Subassembly flexure mounting

Figure 4 illustrates how the two structures 42 and 48 are mounted for hinging movement
to permit wheel infeed. As shown in Figure 4, the inboard edges of. the two structures 42
and 48 are connected to the platform 14 by means of flexures (sometimes referred to as
strip-hinges) one of which is shown at 104. A second pair of flexures are provided

towards the other end of the structures 42 and 48 nearer to the machine base 22.

Whilst the flexures 102 and 104 permit tilting of the structures about one axis, they do not
readily permit any other movement of the structures 42 and 48 relative to the platform 14
about any other axis. Consequently the coupling of the structures 42 and 48 o the

platform 14 is very stiff in all directions except about the hinge axis of the flexures.

Cam drive



Subassenbly fl exure nounting Figure 4 illustrates how the two structures
42 and 48 are nounted for hinging novenent to permt wheel infeed. As shown
in Figure 4, the inboard edges of the two structures 42 and 48 are
connected to the platform 14 by neans of flexures (sonetines referred to as
strip-hinges) one of which is showm at 104. A second pair of flexures are
provi ded towards the other end of the structures 42 and 48 nearer to the
machi ne base 22. Whi | st the flexures 2 and 104 permt tilting of the
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ment i oned ebgihg désngmedd@madd iiheeinboardroge peinggichignated Hided within a rigid
housi ng 110 and the latter is nore clearly visible in Figure 4 as is the
hori zontal |eg 120 by which it is bolted to a protruding plate fromthe end
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Also visible in Figure 4 is the motor 55 for driving the chuck 122 from which the notch
grinding spindle 124 protrudes. The motor 55 is carried within a housing 52 previously
described in respect of Figure 1, and the housing 52 slides along a slideway 50 as

previously described.

Figure 4 shows the bellows seal 82 attaching the housing 52 sealingly to the opening in

the casing 72 through which the motor 55 and spindle carrying pin 53 protrude.

The formable grinding pin, or wheel, 53 shown in Figure 1 is now discussed on more

detail in relation to Figures 5, 6 and 7.

The formable cylindrical grinding pin 53 shown in Figure 5 is carried by a smaller
diameter cylindrical metal core 130, 132 for fitting to the spindie (not shown) of a
grinding machine. The cylindrical grinding pin 53 is of approximately 4mm diameter by
6ram axial extent in which a first groove 140 is formed in situ by a forming wheel (not
shown). The cylindrical nature of the pin 53 allows a series of adjacent grooves such as
142, 144 to be machined into the grinding material region as each groove becomes worn

and ceases to be operational as shown in Figure 6.

The pin is formed of resin-bonded diamond, resin-bonded grinding grit or vitreous-bonded



Figure 4 shows the bell ows seal 82 attaching the housing 52 sealingly to
the opening in the casing 72 through which the notor 55 and spindle
carrying pin 53 protrude. The formabl e grinding pin, or wheel, 53 shown
in Figure 1 is now discussed on nore detail in relation to Figures 5, 6 and
7. The formable cylindrical grinding pin 53 shown in Figure 5 is carried
by a smaller dianeter cylindrical netal core 130, 132 for fitting to the
spindl e (not shown) of a grinding machiRg. The cylindrical grinding pin 53
is of approximately 4nm di aneter by 6nm axial extent in which a first
groove 140 rhgefigirmed in situ by a form ng wheel (not shown). The
cylindrical nature of the pin 53 allows a series of adjacent grooves such
as 142, 144 to be machined into the grinding material region as each groove
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seni-conduqﬁ@k,dlsc (not shown) to grind a notch in the disc edge. To this
end, the pin 53 is rotated at speeds of the order of 30,000 rpmor nore.
After several notch grinding operations (and re-formng to the extent
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occurring |zﬁomg]§heg;m 34 beéprefit kasetorhst mlaced st use of a cylindrical pin permits

several grooves to be cut, increasing the axial length to ailow even more grooves 1o be
cut, increases the risk of whip, and the risk of errors occurring in the grinding of the

notch.

The use of an elongated resin-bonded or vitreous-bonded pin thus allows for a succession
of different grooves to be formed in the pin as each groove in turn wears out, and this
reduces the number of times the pin 53 must be replaced. Each groove can be reformed
a few times before it becorhes too deep, and/or break-through occurs into the core material
130. |

Although not shown, the groove-forming grinding wheel may to advantage be mounted on

the workspindle carrying the workpiece in which a notch is to be ground.

When the pin is being used on a CNC grinding machine, the latter can be programmed
automatically to calculate the diameter of the root of the groove in the notch grinding
wheel and compensate by interpolation to produce the desired form of notch during the

grinding process.

A further embodiment of the invention is shown in Figure 3, where a composite grinding

pin 150 is provided. Here the resin-bonded diamond section 152 is integral with or simply



The use of an el ongated resin-bonded or vitreous-bonded pin thus allows for
a succession of different grooves to be formed in the pin as each groove in
turn wears out, and this reduces the nunber of times the pin 53 nust be
repl aced. Each groove can be reforned a few tinmes before it becones too
deep, and/or break-through occurs into the core material 130. Al t hough
not shown, the groove-form ng grinding wheel nay to advantage be nounted on
t he morksplndle carrying the workpiece |Q3mhich a notch is to be ground.
When the pin is being used on a CNC grindi ng machine, the latter can be
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A CNC grinding machine such as described in W(097/48522 may be used to mount the |

notch grinding pin and the groove forming wheels.



notch grinding pin and the groove form ng wheels.
14 d ai ns 1. A grinding machi ne having a work spindle, a grinding
spi ndl e havi ng nounted thereon a snall diameter notch-form ng grinding pin
having a cylindrical region containing a notch-form ng groove engageabl e
wi th an edge region of a workpiece carried by the work spindle, and a
form ng wheel on the machine and rotatable by a spindle, which when engaged
with the cylindrical region of the notchygrinding pin, will forman
addi ti onal notch-form ng groove therearound as required. 2. A grinding
machi ne according to claim1, wherein the form ng wheel is nounted on the
same spindle as the workpi ece, and the notch-form ngmg ME”[%MH@J
required to engage the form ng wheel or the workpiecei il i ndi ng
machi ne accengding to claim1l1 or claim?2, wherein the gri ndi'ng "maéhi he is a
CNC gri ndi ng machi ne. 4. A nethod of notch grinding using the grinding
machi ne of any of clains 1 to 3, wherein a first groove is fornmed around a
cylindrical .;region .of a formable grindin terial using a,groove-formng
71 hai ng. andei R S8 28 fog APaieR e e AT PO T B R S ) it
not ches, theo@HaBRY @rih@ing ShAEAR WS\ Righ t Befdr@EM NGréve NEivig Whashile Whichl 1t
is not possible to accurately re-formthe groove, after which a subsequent
groove | s f6piesonds tg thatrdesiapd fanrdnendge of rmotdyio; prdformed. andgvhsreinfhef aistal
grindi ng mater.i L Q¥ filhsSk. O P 1.t
grindi ng pr tgg{gggéft @" ggfﬁ@lﬁ:ﬁfegghgg? S%hgélfnn@?ﬁé’e%rloh%socghn@gtfgﬁ&grs{ag%ﬁﬁe& ly for
use in the gidreidianthenfachamiahaf eaahpf dfe @heai grsovks becodnes tdvewgini ta de rgpaplerof
conprising a cylindrigcal region of formable grinding material, in which is
fornmed a grg8W6rW§9FﬁgzﬁdﬁﬁgFgle whi ch corresponds to that desired for an
edge of a notch to be forned, and wherein the axial extent of the
cylindrical region is such that

2. A grinding pin according to claim 1, wherein the cylindrical region has a length of

10mm.

3. A grinding pin according to claim 1, wherein the cylindrical region has a length of

6mm and a diameter of 4mm.

4. A grinding pin according to any of claims 1 to 3, wherein the formable grinding

material comprises grinding grit bonded by a resin or vitreous material.

5. A grinding pin according to any of the preceding claims, wherein the cylindrical region
comprises the formable grinding material region and a metal-bonded grinding material
region, wherein the metal-bonded region is provided with a groove for rough grinding a
notch, and the formable grinding material region is formed with a groove to permit finish
grinding of a notch previously formed by the groove in the metal-bonded region of the
wheel, and the axial extent of the formable grinding material region is sufficient to permit

additional grooves to be formed therein as each groove becomes unusable.

6. A method of notch grinding, wherein a first groove is formed around a cylindrical
region of a formable grinding material using a groove-forming grinding wheel and after
grinding using the groove to form one or more notches, the groove is reformed using the

forming grinding wheel, until it is not possible to accurately re-form the groove, after
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15 further grooves can be formed subsequently therein as the first and
then each of the other grooves becones too worn tobe capable of being

ref ormed, and reused. 6. A grinding pin accordi ng;hdeClal.m 5, wherein the
cylindrical region has a length of 10mm 7. A grinig, 5ﬁj‘ﬂﬂgg@§ ng to
claim5, wherein the cylindrical region has a | ength ofc S 4 anet er
of 4mm 8. Agrinding pin according to any of clains 5 to 8, Wwhérein the
formabl e grinding material conprises gr&gding grit bonded by a resin or
vitreous material . 9. Agrinding pin according to any of clains 5 to 8,
wherei n the,gul %%95%3 nt sBHVENs GOIRGT 95 sinfi®ir frnfABD|nethe rdynadritgl Faaicar ofal
region and a netal - ndeé grinding material region, wherein the

met al - bondefdrmagrioding saagarisl proetnahiia e firsjrasoans. foorerme WO HHAHG POt ch,
and the formable grinding material region is forned with a groove to permt
finish gridQiRY"BF a notch previously formed by the groove in the

net al - bonded regi on of the wheel, and the axial extent of the formable

grinding material region is suffici ent_Bé]lo ernm.t addj.tional r opy.es to be
formed therki f B8998 MCHING 57ENH R HREEP! 6555‘1‘ ling spjglle #['ﬁs"é‘?go? g‘éa g%ll?rﬂ?ﬁ:rng pi n
accor di ng tr&t?ﬁ%g@frﬁg%r%[@ n%intaeco‘?dihg tb Gy HRNKE agintr Bt bt thereReshd

wor kpi eces W east notch around their edge. ) .
engageable with an edge region of a workpiece carried by the work spindle, and a forming

wheel mounted on and rotatable by a spindle which when engaged with the notch grinding

pin, will form a notch-forming groove therearound as required.

8. A grinding machine according to claim 7, wherein the forming wheel is mounted on
the same spindle as the workpiece, and the notch-forming pin is 'moved as required to

engage the forming wheel or the workpiece edge.
9. A grinding machine including a grinding pin in accordance with any of claims 1 to 5.

10. A grinding machine according to any of claims 7 to 9, wherein the grinding machine

is a CNC grinding machine.

11. Use of a grinding pin according to any of claims 1 to 5 in the manufacture of disc-

shaped workpieces with at least one notch around their edge.

12. A grinding pin and associated method of grinding as described herein with reference

to and as illustrated in the accompanying drawings.
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