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GRI NDI NG MACHI NE SPI NDLE FLEXI BLY ATTACHED TO PLATFORM This invention

concerns grindi. nd polishi'ng machi nes and met hods' of gri nQicicRyIfbis6o
pol i shi ng &%@gg&gﬁgh as wafers of silicon for use in the construction of

sem - conduct or devi ces, and discs of gIasg or other brittle materials on
whi ch magnetic material is to be deposited for form ng magnetic nenory

di sks for conputer disk drives and the |ike. Background to the invention
When grinding discs for either of the above purposes, it is inportant that
the outside dianeter of the disc is finished to a high |level of accuracy
and often to a parGRINDING MACHINE SRINDLE FLEXIBLYTATITACHEDIT® RLASEORM nenory di sk
a circular opening is also required again to an accurately controlled

di ameter-and circularity. In the case of silicon wafers, registration in
| at er manufacturing steps requires registration devices to be formed around

the peri phepy s0fi dhentiss sdaBedhs! NeriRaiRY AP pbl 85RiA§InAChERRS and
méthcds of grinding and polishing discs such as wafers of
silicon for use in the construction of semi-conductor devices,
and discs of glass or other brittle materials on which magnetic
material is to be deposited for forming magnetic memory disks
for computer disk drives and the like.

Background to the invention

When grinding discs for either of the above purposes, it is
important that the outside diameter of the disc is finished to
a high level of accuracy and often to a particular cross-
sectional form. In the case of memory disk a circular opening
is also required again to an accurately'contfolled.diameter and
circularity. 1In the case of silicon wafers, registration in
later manufacturing steps requires registration devices to be
formed around the peripherv of the disc such as the formation
of flats and notches.

Conventionally edge grinding and polishing machines have
incorporated = linear slideways for all axes. Whether
~incorporating re-circulating rolling element bearings or air
bearings, all such axes share a common failing when grinding
and polishing brittle material namely they permit significant
relative motion between grinding wheel and component. This
arises from the need to provide for orthogonal movements of
grinding wheels usually obtained by stacking one linear axis
above another. This motion requires the use of hard wearing
grinding wheels to minimise loss of form due to wear, but such
wheels tend to produce poor gquality surfaces with deep damage.

.When grinding silicon wafers, the depth of sub-surface damage
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this means a post grinding step of acid etching before polishing.

@_ﬁ_@@@l‘@fE}f@@éﬁf%@e aBoedias | ess the damage the shorter the
g tinme that 1s needed. umrary of inventive aspects

Machine construction

According to one aspect of the present invention, a grinding
machine as aforesaid comprises a rigid platform on which a
workhead spindle and a grinding wheel spindle are located, and
wherein the grinding wheel spindle is mounted on a sub-assembly
which is attached to the platform by means of flexures which
permit limited movement oZf the sub-assembly in a direction
generally parallel to the direction in which the wheel has to
advance to achieve grinding or polishing of a workpiece mounted
on the workhead spindle, the £flexures generally inhibiting
movement of the sub-assembly in all other directionms.

Where two grinding wheels are to be mounted on the platform,

- preferably two sub-assemblies are provided, one £for. each

grinding wheel, andéd each sub-assembly is attached to the
platform by flexures as aforesaid.

Axis reversal hysteresis can cause damage during the grinding
of a disc or wafer as the grinding axes are reversed after
spark-out. By mounting the suk-assemblies cn flexures which
provide very smooth mction and only permit movement in one
direction, axis reversal hysteresis is much lower than is the
case where conventicnal linear axas are used.

According to another feature of the invention, the positions
of the flexures mounting the sub-—assemblies to the machine base
are selected sc as to reduce the effect of torsional vibration



Machi ne construction According to one aspect of the present invention, a
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sub-assenbly in.a directiqn generally parallel .to the djrection in i ch

t He wheel h¥dthdn,Rie ARG PRTE &Fﬁpn‘ﬂ‘i‘ﬂgsb‘P’ﬁﬁﬁ% e%fcﬁrﬁb‘??\é\ggc&he
nmount ed on Ehexwamelshead spindle, the flexures generally inhibiting novenment
of the sub-assenbly in all other directions. Where two grindi ng wheel s
are to be nounted on the platform preferably two sub-assenblies are

provi ded, oREeferabiyh Hhe#iNe gnANERLing (Bodils sghea ReHisAR LY s9eReRadlvo
the platforgebtralens eshasnaéniasaidhd aid Spre¥eradllyh) iRl Sofa8iehege
damage duri ng t he _gri ndi ol of .a S_ri[.sc or ggfer as éhe ?ri ndi ng axes are
reversed af Pefesfir RISUE %35 MUt R gPERE -2 ehBI £28%6n f1 exures whi ch
provi de very snooth notion and only permt novenent in one direction, axis
reversal hy I5S, o r I §¢t kv co n %3@{,

|'i near axesiégé%ésggj. %o”}%@gb&}éﬁ aét%@g%otaﬁe?%ééat ure o’f'&t}he&?{%vfe% | on?stﬁrel
posi ti ons oWhikd f theur sUbndsserRd 1 AR asBeHBLeds t $hemsedielsi neapaske

are sel ect edeg@chedt Orheducess heael haels ,Of grusépaBlyVi Bbath®Ring polymer
concrete and preferably forming part of the base of the
machine. In this way any motion of the sub-assembly or
carriage is highly damped.

According to a further preferred feature of the invention,
hollow cavities within selected parts of the machine may be
filled or at least partially £illed with polymer concrete so
as to raise the natural frequency of vibration of the machine
parts with the objective of providing minimum mass with optimum
‘distribution of the damping/stiffening material.

The flexures typically comprise stress relieved steel links
which are directly jointed to the platform on the one hand and
spindle bearing sub-assemblies on the other.

Spindle mountin

The grinding wheel and workpiece spindles preferably are

mounted in air bearings.

Workhead mountin

Preferably the workhead is mcunted upon a preloaded slideway
driven bv servo motors and Iitted with a high resolution

position encoder.
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3 wthin the machi ne base on the sub-assenblies carried by the flexures.

Prefera-bl«,f i€ nmounting points are preferably general | pcanthermisef the
machi ne ang are preferably |located on either side of and close to the
machi ne centre |ine. According to.another aspect of the invention, the:
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machi ne parts with the objective of providing mninmumnmass with optinmm
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platformogntpe 29 2Re base and are spaced apart, the bracket
immediately extends on the centre line of the machine between
the two sub-assemblies. |

So-called coulomb damping is obtained by forming the bracket
from three pieces and bolting them together.

Mounting for platform

In a preferred arrangement the platform is itself mounted
through vibration absorbing means to a fixed machine base.

The machine base may be a single piece fabrication, but where
vibration isolation is to be optimised it may comprise a two-
part structure with vibration absorbing means between the two
parts.

In a two-part structurs in which one part is mounted above the
other by the vibration isolation (absorbing) means, the upper
of the two parts may be a metal fabrication which contains or
is at least in part formed from polymer concrete so as to
provide a direct, highly damped link between the mountings for
the cams which move the spindles and the sub-assemblies and the
workhead spindle guideway means. ' '

Preferably the effect cf torsicnal'vibfatiqns of the machine .
base on the grinding wheel stability is reduced by mounting
the 'grinding wheel carrying sub-assemblies in a central
position on the machine base. At that point in the machine
base there is preferably includsd a section of polymer concrete



spi ndl e bearing sub-assenblies on the other. Spindl e mounting  The

grindi ng wheel and workpi ece spindles preferably are nounted in air

beari ngs. ‘P%? d nount i ng Preferably the workhead is nopgfggotemses a
S e

prel oaded way driven by servo notors and fitted with a high resol utlon
posi tion encoder. WO 97/ 48526 .5
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are mount ed¥BA<R RFAVAGeSal hdghe AARRLRY Fﬁe%rﬁ%mbkm ds one end
of the mass of the machine, rigi dlty of the horizontal extension may be

i mproved bygipuRting. 13 Li-gi,d t between the extension and an end of

t he remai ni ; Where the sub-assenblies are nounted

symmetrically about the centre line of the base and are spaced apart, the

br acket According to another aspect of the present invention, drive
means whereby each sub-assembly is movable to advance or

retract the grinding wheel spindle towards and away from a
workhead spindle, comprises cam means. '

Preferably solid cams' are emploved.

The cam means may operate in cne sense only in which event
return spring means may be provided for providing a restoring
force ir the opposite sense.

Alternatively the cam means may operate in bcth senses so that
positive drive is provided to both advance and retrac: the sub-
assembly towards and away from the workhead spindle. '

In one arrangement the two sub-assemblies are spring loaded
apart and the grinding feed is provided by appropriate inward
movement of the cam arms. This fesature of the invention allows
rapid interpolation around the corners of silicon wafer flats,
since the maximum sub-assembly acceleration forces act
outwards, towards the cams. '

Conventional machines use ball scraw feeds which are inherently
noisy as the recirculating balls engage and disengage the ball
mount. The noise appears as imperfections in the grinding
process. Bv driving the sub-assembiies through solid cams and
mounting the cams between two pairs of high precision angular
contact bearings, additional stiffness is introduced into the
assembly. A machine constructed thus will not introduce

mechanical rumble during grinding.

By mounting the cams very closs tc the workhead axis bearing
rails and directly linking ths by polymer concrete, a very
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in the maghvRetiancthler By i erPhehgr fialey Subrladedns 65 L Bfh RUNE™ the
concrete motor drive can be switched between position and torque control
without the need to disconnect any drive since the cams can be
back driven. This is of significant advantage since it can
allow a grinding machine to function as a polishing machine
without any adjustment other than altering the drive to the

canms.

Combined cam drive and flexure m ounting

By using cam driven sub-assemblies mounted on flexures attached
to a common platform as aforssaid in accordance with the -
invention, a short stiffness loop is created between grinding
wheel and workpiece, thereby reducing the risk of relative
movement between wheel and workpiece during machining.

G;' inding wheel selection and dressing

Normally the edge of the disc is machined so as to create a
generally triangular or trapezcidal edge profile to the disc.
In order to achieve this the surface of the grinding wheel is
formed in a complementary manner so that as the wheel is
engaged with the workpiece the ccmplementary form is generated
around the edge thereof.

The edge profile will only bs generated accurately if the

i
complementary form of <he sgrinding wheel does . not alter.
Clearly as the grinding whesl wzars, this profile will change

and periodically such wheelsz have to be re-formed using a
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and retract t ‘asse towards and a from the, wor khea i nd] e. -
. _ machine" since hard wearing grdincx\fXg wgeeas have tengeép{:o Le

used.

By constructing a2 grinding machine in accordance with the
invention, so as to rastrict if not eliminate unwanted relative
motion between workpiece and grinding wheel, it has been found
‘that softer grinding wheels can be used.

Resin bonded CBN or diamond wheels may be employed, although
optimum efficiency may ke cktaired by using a harder grinding
method such as a metal bonded CBN or diamond wheel in a
preliminary rough grinding step and then using the softer
wheels to ginish grind. The different wheels can of course all
' be mounted on the same spindle.

Each grinding wheel may be provided with a plurality of
grooves, which can be used in turn, as each in turn becomes
worn, until all the grooves nesd re-forming.

Resin bonded wheels have been found to produce very low sub-
surface damage when used to grind edge forms, and can be formed
in situ using a suitable forming wheel.

A grinding machine constructed in accordance with the invention
therefors preferably includes at least one forming wheel which
is mounted so as tc be capable of being engaged with the main
grinding wheel to allcw a groove in the latter to be formed and

reformed as required.

This obviates problems which can arise when a grinding wheel
is initiallv formed off machine and/or has to be removed to be

reformed.




In one arrangenent the two sub-assenblies are spring | oaded apart and the
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be dlsconnecte a secondary ne hanls e engage
spindle reduces grinding wheel run-out to a minimum, reduces

wheel chatter, and also ensures that even if imperfectly
mounted, a true circular disc or wafer will be ground by the
grinding wheel since the forming wheel, and reforming wheels
are both mounted about the sams axis as the workpiece.

Using one forming wheel for roughing and one for finishing both
grinding wheels produces an identical form in both the roughing
and finishing wheel grooves, thereby minimising asvmetric wear
of the finishing wheal form.

Using siightly difizrent Zorms in the two forming wheels
ensures that a constant depth cf material is removed from
around the edge profile du*'J.ng £inish grinding.

Mounting two completely different forms, allow rapid changeover
between cne form type and the other, withcut the need to change
formers.

The use cf a resin bonded C3N wheel for rough grinding wafers
and discs as aforesaid represents an important advantage. If
a coarse diamond grain grinding wheel were to be used it would
be wvirtually impossib_le to fcrm or reform the wheel using
diamond formers.

Coarse and medium grain CBN Is very easy to form using a
diamond forming wheel. However fine grain CBN such as required

for finish grinding wheels will nct grind silicon. Finish
grinding is thereforz preferak.y achieved using a fine grain
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t hrough cans, the notor .drive can be sw tched between position and torque
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on a workpiece.

Protection of edge grinding environment

According to another aspect of the invention, the grinding
wheel and workpiece may be lccated in a two part housing, which
are closed to form a sealed enclosure during grinding.

Preferably the housing parts are formed from a clear plastics
material such as polvcarbonate, to allow the grinding process

+0 be viewed.

Preferably the two housing parts are sealed by means of an
inflatable sealing ring which extends around the joint'between
the two housing ?arts when they are positioned so as to form
the enclosure.

" Where a two part enclosure is provided which when closed and
sealed forms an enclosure, ancd the grinding wheel and workpiece
are contained within the enclosure at least during grinding,

lv mounted on a slideway and are

the housing parts are preferakz
movable parallel to the axzis about which the grinding wheel
rotates, so as to permit axzisl travel of the workhead when
moving between one wheel grsc.vé and another, or moving so as
to engage a forming wheel with the grinding wheel, without the
need to deflate and re-inflac==z the seal. This feature reduces

grinding cycle time.



Clearly as the grinding wheel wears, this profile wll change and
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wearing grinding wheel s have tended to be used. By constructing a
grinding L ordance with the invention, so as to restrict if not
elimnate unwant ed relative noti on bet ween wor kpi ece and grindi ng wheel, it
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Where the grinding is performed in a sealed enclosure, the jet
of cleaning fluid is preferably introduced into the enclosure
and is onlv operable if the enclosure is closed.

According to a further preferred feature of the invention, a
polishing disc may also be mounted on an edge grinding spindle.

A machine incorporating this facility would permit a three
stage p';:ccess to be performed on the same machine withcuﬁ'
demounting the workpiece na.mel*_) rough grinding io lowed by
£inish grinding, followed by pclishing.

Method of edge grinding

The invention additionally provides a method of grinding the
edges of discs comprising the steps of providing a grinding
wheel and a forming wheel on a stiff mounting, moving the
grinding wheel and forming wheel into engagement so as to form
a groove around the edge of the grinding wheel corresponding
in cross-saction to the complement of the shape to be formed
around a disc edge during grinding, engaging the grinding wheel
with a disc which is alsc stiffly mounted relative to the
" grinding wheel, grinding the edge thereof into the desired
shape, and after the disc edge has been ground (or after a
successicn of disc edges have been ground), re-engaging the
grinding wheal and the forming wneel to re-form the groove in
the grinding wheel tc correct Zor wear. '

A grindirg process for grincding <he edge c¢f a silicon wafer



worn, until all the grooves need re-form ng. Resi n bonded wheel s have
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gri ndi ng A& Constructed in accordance with the invention therefore
referably includes at |east one fornmng Weel which is nmounted so as to be
capabl e of belggeeng ed with the nmain grinding wheel to allow a groove in
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PCT/ GB97/ (psgferably a resin bonded diamond wigze by ci erasbtancadl tion £inish

accor danceg 48 eﬂet be asafﬁhoaght hahd m&e@éhemont K& TYeMNch;Waeele S Bh 28
nmount ed on”t he wor khea SPI ndl e tyg caély the rear of the workpiece
support . process and an ferent gr:.nd:Lng steps may be

incorporated into the process set up teo.grind any paricular
workpiece.

In accordance with the invention the method also includes the
steps of forming and reforming both grinding wheels in situ on
the machine by plunge grinding the desired form in the edge of
each grinding wheel using a forming wheel.

Where bcth internal and external diameters are to be finish
ground, a two-stage grinding preccess may be emploved for both
internal and external grinding, in which a rough grind using
a pre—formed metal bonded wheel precedes a finish grind using
a formed CBN resin bonded wheel which is formed and reformed
in situ on the machine.

Apparatus for ad indin

The invention also lies in apparatus for performing the above
method com;;rising a grinding wheel and drive means therefor,
a forming wheel, support means for the grinding wheel and
forming wheel which is stiff to restrict unwanted relative
movement therebetween, means for axially shifting the grinding
wheel into alignment with the forming wheel, means for
effecting relative movement between grinding and forming wheels
to plunge grind the edge of the grinding wheel to form a groove
therein of precise cross-secticn, a workpiece spindle on which
a circular workpiece can be mcunted, said spindle also being
carried pv the stiff support msans, drive means for moving the
grinding wheel towards and away from the workpiece spindle, to
bring tha wheel intc engagement with a circular edge of a
circular workpiece when mountsd cn the spindle to edge grind



Two form ng wheels may be nmounted on the workhead, one for form ng grooves
I n new wheels and one for reform ng grooves on existing wheels. Form ng and
ref or m Qg §i4s8sk Ng wheel grooves on the machi ne and nount pPOYGBI®0I56% i ng
wheel s on the workhead spindle reduces_grinding wheel run-out to a

mi ni num reduces wheel chatter, and al $6 ensures that even if |rrperfect.ly
nounted,, .a true circular d| s¢c.or wafer e oun di ng_wheel
'since t He'Y SIIRHRESGRre PRYaRE V& BISATY %r exl.th %’B 5% %85?%’
sane axishasfermingrihsadcds alsd rmpwnteflopm rt@e\/\lnee'kpiecerspghdhg fod one
for Tinisiyg;bRtEngrding wheel s produces an identical formin both the
roughi ng and %I ni shi ng ‘wheel grooves, thereby m nimsing asyrretrl c wear of
the finishing wheel form Using slightly different forms in the two
form ng nﬂeeésalenysutbe vbekpiecenwmindlieptimaifudes e i cuwn remmledfdrom

around tx{l:%*r?gﬂr?g %H_&Ml‘ggﬁ{(bglegé HuLALOH- Mounting two conpletely

differe orns ow rapi d changeover between one formtype and the
ot her, W|thout the need to change forners. The use of a resin bonded CBN
wheel T Gi-d OuP8 0y 1 Nl 4 "‘@f&r%%‘sﬂ;ééacs £3% at:ah%a%mgr ephesed] fcdlar

|rrportant advantage. |If a ¢oarse di anond 1%ral grinding wheel, were to be

used it Wﬂl%‘é“v??t'ﬁﬁﬁylfiﬁp&%”ﬁ% 18 n@rd AT %l{%me‘i’ £ ushag
di amond yofpiéce spindle.

Preferably the workpisce cenctering means is remote from the
workpiece spindle and comprises an alignment vacuum chuck and
associated detection system by which a workpiece can be
rotated, to determine its true centre bv detecting any
eccentricity in its rotation due to misalignment and the said
alignment chuck, pick and place robot. arm means having a
travelling vacuum chuck, robct drive means for positioning the
chuék adjacent the alignment chuck to permit ‘transfer of a
workpiece from one to the other, and for moving the chuck and
workpiece through precisely known distances along one or more
known axes, so as to position the workpiece adjacent the vacuum
chuck on the workpiece spindle for transfier thereto, the
movement of the traveliling chuck being under the control of a
control svstem having programmed therein the coordinates of the
alignment chuck axis and the workpiece spindle axis to permit
accurate movement of the travelling chuck therebetween, and
therein & correction is made to the final position of the
travelling chuck in front of tzthe workpiece spindle chuck by
taking into account any scczntricity detectad in the position
of the workpiece on the alignment chuck by the detection
system, whereby the workpiece is accurately csntred relative
to the werkpiece spindle azis.

The detection system may ccmcrise a videc camera adapted to
view the disc edge tangentialliv and a signal processing and

computing system receptive of the video camera cutput signals,



Coarse and nmediumgrain CBN is very easy to formusing a dianond form ng
wheel . However fine grain CBN such as required for finish grinding wheels
wi 'l not  griyerosaigsiecon. Finish grinding is therefore pref er pPOTAEBRYBIS6Y ed
using a fine grain WO 97/ 48526

PCT/ GB97/ 01569 , 13 9 djanond wheel which can be -

fqQqrmed and re sing ormn ventlonthus al so
Ilqes in the Fdﬁb gﬁgofiqs Jht St FFnessSF‘oop bat gggng St an
and wor kpi e@@lamﬁ tdwqm@ﬁsbhef edige| prpfdle Gxﬁmihaarvtomqmetd)cnmtﬂwbr

gri ndi ng \m%fat(ﬂ L 9apEhgk Whddnd ISl Agn thee! dmlachraﬁxtfﬁ%wwsd Sk i b8

wheel head spin ch can he broug into play as _and when require
These feat uP&ES, %n %Bnﬁﬂ-ﬁEHrlﬁPllovF%mB gisqn 1 YLth fﬁ,srplg.ﬁagngap:@wdenved
sub- sur f ace fdemmdheddget antderpredtcedtongyanepake ecass GF of£LT iigmdl aslge

grinding enV|r nnent Acgcor di {0 another aspect of the invention, the
grindi ng wh&el® mcaf rﬁ%ﬁ%ygesq'r%%‘bb | ocated in a two part housing, which

are closed to forma seal ed encl osure during grinding.

Flat/notch indin

The invention is also applicable to grinding machines capable
of grinding a registration region around the periphery of a
circular workpiece, such as a £lat or a notch.

A flat is most simply formed on the peripheral edge thereof,
by moving the grinding wheel spindle synchronously whilst the
. workpiece rotates, under computer control, so that the same
region cf the periphery is subjected to a different grinding
treatment during each rotating so as to remove more metal
thereover and describe a non-circular straight line region

thereon.

A grinding machine adapted to grind notches includes a further
grinding wheel spindle positioned so that a small diameter
rotatable grinding de7ice mountad thereon, whilst being rotated
can be engaged with one region of the periphervy of a circular
workpiece component tc grind a notch <therein, wunder
numerical/computer control.

Workpiece handling and checking

Robotic workpiece handling means is preferably prcvided for
replacing a finished workgisce component with a further

workpiece ready to be ground.

Means may also be prcvided for <dstecting wear of the profiling
groove in the grinding wheel <=2 interrupt the grinding of
workpieces and allow for re-fcrming of the groove. To this end



Preferably the housing parts are formed froma clear plastics material such
as pol ycarbonate, to allow the grinding process to be viewed. Pr ef er ably.
t he twowdymaesrg parts are seal ed by neans of an infl at abl BCHEB97/01569 | ng
.whi ch extends around the joint between the two housing parts when they are
" Dositioned so as to formthe enclosuret® \Were a two part. enclosure is

ool aREAS BoEe VISR ARERPIRLY S RS CHAF CATPEC BT R VO | TG

gri ndi ngxnaﬁdmcamm the twonk espiadden b yd niingine RAVNang es | iitd vyt et are

movabl efB%ﬁJrJ%ebh@élt Beraxea ehaveoMite) dile xgarammhw&kaféééesczaﬁo as
to perm t axia

e gf t he wor khead ghi bet ween ope V‘\A&P gr oove
and anofRELOTg Snén Sgs IEG¥ R EFE 2t +Br T Q? W%W’tq’\‘é ¢4t ng
wheel , without the need to deflate and re- |nflare the seal. This feature

reduces %@gw‘ﬁggllediéﬁgte? wear Y€ t(?tysdteg%%plg derermiped from the

pCT/ GBo T
_position at which tcuchdown occurs as the grinding wheel is

~advanced towards the workpiece. Electric and/or acoustic
sensing may be emploved ifor '_this 'purpose, and linked to
position transducer for generating information related to the
position of the grinding wheel as it is advanced towards the
workpiece, to output the position of the wheel when touch-down
is sensed.

Other types of wear may be detected by inspecting the edge of
the workpiece after grinding and -determining from the
dimensions and/or the shape of the edge profile, whether the
grinding wheel groove needs to be re-formed, or if an axial
shift of the workhead is required so as to reposition the
profila across the thickness <i the waisr. '

Preferably therefore in a machine adapted for grinding silicon
wafers, edge inspection means is provided capable of on-line
inspection of the wafer edge cross-sectional shape.

Edge inspection may be performed on each wafer, or on every nth
wafer to be ground. ' '

The edge inspection means is preferably opto-electric and
produces elactrical signals for processing and/or display in
a digital display and/or on a CRT or the like, to reveal to an
operator the dimensions, and/or the shape of the edge profile
of the finished disc. '

Optical inspection of the wafzr edge profile is preferably
cerformed with the wafer mcunted in a vertical plane on a
rotatable platen, tyzically a wvacuum chuck.



Accordi ng to another aspect of the invention, neans may be provided to aim
a jet of cleaning fluid at the overhanging lip of a wafer whilst the latter

is still bW&gﬁteq. ~Thi's prevents grinding swarf from runpgmepsmsest he
rear of the water as it is renoved fromthe support platen. Where the
grinding is perforned in a sealed enclosuré&Sthe jet of cleaning fluid is
preferably I ntroduced, into the encIosu;g and is only operable if the

r

entl osure | SX| RIRLTLIONAFr fithg RELCRAT t FREASERSEPRedmeaRS urad e He the
i nventi on, avqmtptém:agspisdlaray tdles cetigenmuind £dl 1en o #dgeoghiid Nndidgg may be

spi ndl e. 8¢a 920hBRE eRbUY Py THd | Yo RHL RS el pkl LBl A

process to b or ned sane nuac ne wt enoun
wor kpi ece néifel 9hP6ug‘-hf gFF HRAKBIf GTheRbd IRPIYRI Ifeay i nénﬁgo*f dnaskeptaple

polishing. qdf ﬂl&éoﬁﬁ'@@t 9 P8R T0i ng Thez | n&/ﬁatl édq'st'@él@éixwupé&w %%
a_met hod ofé_{l%% the%f es of di sc conprisin ne steps of providing a

gri ndi ng wh yhe QRLR| MBY. Bf FFTFO and the egkedgce edge
grindi ng whesd— wnhﬂcbrmtigome@énonnniamag@eewbrk@md Erdom the gookhead.
around the edge of the grinding wheel corresponding in cross-section to the

conpl ement of the shape to be fornmed around a disc edge during grinding,
engagi ng t h&dge ndeng Wade|bg cAmpagiet Whitéh Kgralmmqfanq subseguently

relative toddhgaFdddrith phectet 96ENELHRS i e t e.ges
shape, and af ter the disc dgee has been gr oungdqgg hQ%ra Q k'e'ﬁ 2rbiicehls EHSQ
a refarence workp:.ece. :

The optical inspection means (whether on line or off line) may
comprise a video camera =£for producing a video signal for
processing, and positioned tc view the edge of the workpiece
substantially tangentially. Typically the camera is positioned
so that its optical axis is tangential to the perimeter of the
disc, so that the top of the cross sectional sh‘épe of the edge
profile is in the middle of the field of view ¢f the camera.

If this results in too little of the profile occupying the
field of view, the camera can be shifted from that position so
that the tip of the profile is shifted across the field of
view, so that the cptical axis now intersects the wafer.

The edge inspection may be automated by processing the signals
from the edge viewing camera and generating contrcl signals
therefrom after comparison with stored data, eg to generate a
warning signal and/or initiate a re~forming step. |



successi on of di sc edges have been ground), re-engaging the grinding wheel
and the formng wheel to re-formthe groove in the grinding wheel to .
correct s olMuste A grinding process for grinding the ePOHGBY7/61569 | i con
waf er ' WO 97/ 48256 .

PCT/ GB97/ 01569 1s 11 workpi ece may conprise-two
s ages, first in | ch. t resin .honded CBN wheel i s advanced to
r{)ugh griq'rtll(f t"hréVé ?%\é{])élléj'gég]égg‘gwang adgéc?%%g’eséjagg PRYWA c F42MPS n ed
CBN, or mefepsnderth|yhen aecompaordng dizawirgshedh , whictadvanced to finish
grind the edge, although the invention is not Iimted to this process and

any nunber, of different 8ri ndi ng .St eps, may be incorporated into the process
set up t8XGHER AnySpdt | REFEPEROAYS e¥eSY A9f a&@or%ﬂﬂ?e *Ft B tFFadHt i on

t he net hedchlise | embediesng hehet dpsverdt fonniay whewedf Groinngheotgbsit it ng

wheel s i | ; [ inding the desired formin the
Beads AL i obupdese v, 19, (e tesne] T

edge of ea usi ng orm g wheel . Where both internal
and external dianeters are to be finish ground, a two-stage grinding

process gyt espkeyad didfe DPLbw! RIgUIR! ndRd X1 SEARL, U5k NEHAT mddhithd o 2
roug. grls%ow%SIir}? Figure 1, again from the side on which the operator

normally stands;

Figure 3 is an end view of the machine shown in Figures 1 and
2; '

Figure ¢ is a cross—section tc a slightly larger scale through
the flexure mounted sub—assemblies as viewed end-on in Figure
. 3’- )

Fiqure 5 is an enlarged scale view of two of the flexures
visible in .Tigure 4;

Figure 6 is an enlarged cross—sectional view through the upper
right hand end showing the cam drive and follower and the
spring loading of the sub-assemblies;

Figure 7 is a side view of the sub-assembly end of the machine
shown in Figure 2 to an enlarged scale and partly in section;

- Figure 2 is a perspective view of a workpiece loading and
unloading mechanism which is adapted to ke mounted on the right
hand sida of the end of the machine shown in Figure 3, part of
which is visible in Figure 8;

Figure 9 is an opposite persgective view of the component
handling apraratus cf Figure 8 which also shows disc inspection
apparatus and the right hand sad of the machine as shown in

Tigure Z;



a pre-formed netal bonded wheel precedes a finish grind using a forned CBN
resin bonded wheel which is forned and reforned in situ on the nachine.
Appar at us fQio #e@s2e0r i Ndi Ng The invention also |lies in appapPeriGBHX7HL1569
perform ng the above nethod conprising a grinding wheel and drive neans
therefor, a form.ng wheel, support means fdf the grinding wheel and forming
eel mhlch .S Stlff t.0 restr want e .reI t|ve venent thereb t wee
Vnwl}ans f or aﬁ?‘glulrf $f A ny EE?‘FS%‘F}?% di'ig Wi Fﬁf“o ‘_g}oﬁ SIRRAAL &G ? 3t the
form ng whedisonenspdaiat faRPARG LS aﬁmwnrrmm@ngunet @eemgramdengaaged
form ng whegkg1le® plunge grind the edge off the grinding wheel to forma
groove therein of preci se cross-section, a workpiece spindle on which a
circul ar workpi ece can be nmounted, said spindle also being carried by the
stiff supporigueenyl dsi sevieans £f ehemmdrnlzdhesgreadi 8§owbrg| theVas6haad
away fron1tggew%rk@;e%% %thgl .to bring the wheel into engagenent with a
circul ar edg i rcuar wor plece when nmounted on the spindle to edge

grind WD 97/ 48526 PCT/ GB97/ 01569
12 t he wo e, r “pggn r r t
form ng mhegFBPg%allgg&%D%n?gg on Stﬁ@ mé%ls'gtggqgsp‘%ﬁ%?ﬁp% q\@llgjh& bﬁ a

therewi t h. wafer edge as v1ewed bv camera

FPigure 13 is a side view of the rear of the assembly of Figure
10, showing the drive between the motor and vacuum chuck, and
also showing where a thickness measuring probe can be
positioned for determining wafer thickness before transferring
the wafer to the workhead.

- Figure 14 is a side view cf a multiple grinding wheel assembly
such as may be used in the machine show iz Figure 1 et seq;

Figure 15 is a side view of a notch grinding wheel such as may
be employed in that machine;

Figure 16 is a side view of a workpiece vacuum chuck and
dressing wheel assembly; and '

Figure i7 is a side view cf & wash station which can also serve
as an intermediate wafer store.



Preferably the workpi ece spindle includes a vacuum chuck for nounting a

circul ar workpi ece thereon. Preferably neans is provided for centering
the circuyglo7agdkpi ece so that its centre is aligned with trea/cByI®IsH t he
wor kpi ece spi ndl e. Preferably the workpi ece centering neans is renote

from the workpi ece spindl e and conprised3an alignnent vacuum chuck and
associ at ed det ectiqn system by whi ch a, wor kpi ece can be rotated, to

dét ernin S L eccentricity in its rotation
due 'to msalignnent and the said alignnment chuck, pick and place robot arm

h | |
The chuok Sgnlel! 3:7g Wi ¥ adSbELe PURQLIANE, BRIP of aR GteLR
from one lt‘%)cilhéeo?ﬁéFl°ané°F0|edﬁﬁ/|%ﬁl{‘ﬁén&uﬁ:krwmi@ﬂ%ceﬂzfﬁmghof

preci sel ysfnﬂaenoblstﬁmqaraheaerqm or wmfé@é\m&i@%ngsenaﬁeéeleasaﬁaon
t he workpi ece adhacent%h vacu EUCK on the rkpi ece iﬁ
transfer THRFEFHRI: HRC ° QTP RASY i t&’r?u(??(eﬁé gmﬁﬁBePethBt

contr ol oh..‘alcdsér(ﬂesms.wa ha\i.img prefipmened tber elacdheviensd nat eshef
the alig cff #ck axis and the workpiece spindle axis to permt accurate
novenent 0 tﬁe favel ling chuck therebetween, and therein a correction is
made to the final position of the travelling chuck in front of the

wor Kkpi ec%ﬁéiﬂ@éﬁlﬁg%&iﬁh&*"% rd¥ O %&%‘@onﬁfbﬁ.seé‘sc%mﬁhﬁhﬁ &'&'Efﬁé@d in
the position_of the qvggtrel‘}gl ece on the ali g&ﬁﬂt chuck b e detectron

system wHrEEHRR MR rBAS AsMacHINA cehWheFhl SPSFF% aoflepting

wor kpi ecepb@t f6tm B4iSarried 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 includss an integral support stfucture or base
22 which carries a wcrkhead 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 grcoves such as 34 for engaging
the edge of a wafer workpiece designated in Figure 2 at 36.

The grirnding wheel spindle (ncot shown) carried in bearing
assembly 38 is rotated by an electric motor 40.

Items 38 and 40 are carried on a2 support generally designated
42 which is mounted close to the centre line of the platform
14 to one side of a2 rigid strengthening plate 44 which is
bolted through flanges to tne platform 14 along its base and
is secured at its upper end bv Zolts through another flange 46
to the machine base 22. The Zfunction of the plate 44 is to
increase the rigiditv of the platform 14 relative to the base



The detection system nmay conprise a video canera adapted to view the disc
edge tangentially and a signal processing and conputing systemreceptive of
the' vi deo Cqpéugssy Put signals, - WO 97/ 48526 PCT/GB97/01569
PCT/ GB97/ 01569 13 and a visual display

devi ce such as a CRT for producing an enl atged di splay of the edge profile -
of .t he wor kpi ece and/ oy data storage me,ans containing data relating to

debired profRid AR TeFEtt r FEARSYBRES: iVSnr AFLRNS Hhigh d&%%%’%éﬁ@%‘ﬂ“f?%?ke

t he edge undattitsdicedo generate a pass or fail signal or a shape quality
si gnal . Fl at/notch grinding The invention is also applicable to

grindi ng nachi nes capabl e of grinding a registration region around the
periphery ofquidistant kAkprRdeOns dte asthey atide afnshehplata Matis sa
nost si nply Sfidme SUppbee Pasi piieh edaeriber e9f s1iveWY b tHR Fhiikd Nds
wheel spindl e sync r_onouslﬁ V\:hl|a§) tae.wor pj ece rotates, upder conput er
control, so teh& SEABPPHPHRASP BREVSeA DAY & 2o5Gh; BELRYLRQ spindle.
different gawidilngndvensnerif dive nspindber dmive gs 3 0iasptavided 1y drdrive
metal theregyar and de3CHiBER 397 Cne! ik d 8ok BS £§9' o be used

to grind the internal diameter of an annular disc.

The workhead edge grinding and notch grinding spindles are
mounted in air bearings and the workhead spindle typically has
a speed range of 2 to 1000 ravs per minute, the edge grinding
spindle tvpically has a speed range up to 6000 revolutions per
minute and the notch griding 'spindle speed is typically up to
70,000 revolutions per minute.

On the workhead spindle to the rear of the chuck 30 are mounted
forming wheels best seen in FTigure 2 at 56 and s8. | Indexing
the workhead 24 in the direction of the arrow 60 in Figure 2
allows the workpiece disc 36 to be engaged by cone 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 cf the grinding wheel asseinbly 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 aporopriate relative =z the platform 14. To this end
both of the structures 42 and 43 are pivotally attached to the
platform 14 near the centre lins thereof (as will be described
in more detail in relation tz later figures) and two stops 64
and 66 respectively (see Figurs 3) prevent excessive outward

movement.

In accordance with the inventicn, the pivoting is provided by



t her eon. A grinding machi ne adapted to grind notches includes a further
grindi ng wheel spindle positioned so that a snmall dianeter rotatable

gri ndi ng,¢l@nigess nount ed thereon, whilst being rotated canpbg/gugnsd W th '
one region of the periphery of a circular workpi ece conmponent to grind
a notch therein, under numerical/cotuter control.  Wrkpiece handling

gnd checki ngf Obré:fi'c wor kpi ece h Edl.i ngvﬁsreans.i S s)referabl y Erovi ded for

r epl aci BG2RS | Af sHe P TS £8F c‘dr‘rg neRt VFERCELIPEHY hathidy kplicy rERBY to

be groupdvotivkpmeveEmenl sbdis: prwei pacafldre ldedees i skpaeado afhd heemptpéi | i Ng
groove §B th rd gl Lo idt e t . ndi rkpnji.eges and

al | ow f%?n%eﬁ%r%m;gﬁg?%gﬁgfgovg ‘Eréu{ehiés%]%Ehpg. 4 n\é\%ﬁﬁ!ﬁ%e £

PCT/ GBO$M@idspr< such as denoted by arrow £8 apdnstrugtusepddicrul,

r espaonséggcird behand airec aisO i etfo édr by 0 re®d rdnde Shikdrdnezgwor k spindl e and
then advance it so that a form ng wheel carried thereon to the rear of the

wor kpi ece, can
Drive means for achieving the pivoting movement will be

described with reference tc later figures.

Attached to the base 22 is a clear Polycarbonate rectilinear
housing 72 through which the grinding wheel spindle protrudes.
A large, generally oval opening 74 in the face of the housing
72 allows a similarly shaped closure 76 mounted on the workhead
24 to enter and seal off the opening 74 upon appropriate
forward movement of the workhead 24 in the direction of the
arrow 60 as aforesaid. '

An inflatable ring seal 78 around the closure 76 (or
" alternatively around the internal lip of the opening 74)
provides for a fluid tight seal between the closure 76 and the
opening 74.

The housing 72 is slidable relative to the base 22 and bellows
seals 8C and 82 are provided 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
allow fcr the grooves in the grinding wheel to ke formed.
Movement in the opposite senss is also accommodated by the
bellows 8C and 82 so that the closed housing 72 can also follow
the workhead 24 as it moves in an opposite sanse to that of
arrow 60 to allow for the edge of the disc 36 to be engaged by

one of the grinding grocves such as 34.

Coolant Zluicd is spravsd onto the workpiece through nozzles 84



re-formthe grinding groove profile around the grinding wheel. Gi ndi ng
wheel dianeter wear is nost sinply determ ned fromthe position at which
t ouchdown ogfdefiagase t Ne grindi ng wheel is advanced towards theCweBI0ess.
El ectric and/or acoustic sensing nmay be errp7l oyed for this purpose, and

|l i nked to position transducer for generati rTg1 I nformation related to the

pqQsition of th I ndiyng. . l.as 1i,l vanced t rsthevvor.kic.t-
03t put the p%%‘?t géngg‘fd f l\gl\efl{%erel&\’/\#l%%égo%%ﬁ ﬁﬂvﬁg\é\ge §&d SPTagt &, t?‘;?/"plelsa%
of wear may Hbuiidt eptedtby Erspdog wheaks cdfenoiragvd nast kpidecdntgil@ck is
g(rji ndi ngf_?rpk%ﬁsgﬁamﬁngrépegx ébsxd}:&enﬂqaa aﬂgiﬁ t5 tﬂ@?@n?é%.‘; hehe
edge profi et he ne grindi,ng wheel grqoye needs fo be re-forned, or
't an axial HWFEG! g?hésmgﬁﬁﬁsgd%ifglrseﬁ%f?‘gd%é’o TS % on t he
profile across the thickness of the wafer:  Preferably therefore in a
machi ne ada 0 1 Nk | 08l i IS e
provi ded ca%gﬁ?}o% %ﬁ#n’g@ioﬁéﬁleﬁ%%gémgg\%a 8?“32%%&(:?‘8%?’2{5{ iaogépal
shape. Edgeashspbehi Hhuidy HRe pfeprsingd 7én canrtbawirenedbydedlating the
vafer to be gigendeal Hae Afipasi AEALEWINY NEABS ok KH&IE AP ¥n OR! Qig'_lag_@iﬁkxc
|

and produces elTecirical sbgnal % for CE)[o €SSl ngt and/ or ,di sgl ai; in a ita
di spl ay and/REPRPLECCRE GRELHET i3&FCY 0%PeFhith® BASAEAPR: 8ROVRein Figure
di mensi ons, andile tHimishegewolkidiceeslg3s (tahi tRenf bé Ntehdunsde dnd 2C fresh

workpiece installed.

Wheel fcrming/dressinag

Wheel forming can be performed initially befcrs any workpiece
has been mcunted, in which case the housing 72 is closed by
appropriate movement of the wcrkhead 24 and closure 76 without
first mounting a workpiece such as 36 on the chuck 30. Wheel
forming is performed by 'appropriate axial movement of the
workhead 24 and lateral movement cf suppcrt 42, so that each
of the grooves in turn, such as groove 34, is engaged by the
appropriate forming wheel such as 56 or 58. Coolant fluid is
provided during the wheel forming operation.

After initial wheel forming, the assembly may be separated by
breaking the seal 78 as before mentioned. After mounting a
workpiece 36 the assembly can be closed again and grinding
undertaken as before described.

Typically re-forming cZ the grocve is performed during machine
downtime after one workpiecs 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 con the wocrkhead, it mav be advantageous
to allow for re-forming with the workpiece in place.
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Optical inspection of the wafer edge profile is preferably perfornmed with
the wafer nounted in a vertical plane on a rotatable platen, typically a
vacuum chiveforagsze . WO 97/ 48526 _ PCT/GB97/01569

PCT/ GB97/ 01569 By positioning an optical inspection- neans adjacent
t he wor kpi ece Spindle, the edge profile of a ground edge nay be inspected

| t hout dw the workpiece fromthe spindle, so that if grinding
eel gro ., and/ or unaccept abl e damage/i ncorrect profiling of the

edge is determ ned, the grinding wheel groove may be re-fornmed and the
wor kpi ece rgdge mRyrplleed WMshay ﬁwtbﬁ@dt JNether kRighed roN 4Re moved

khead. Edge d t b d wit t d.and sub tl
Conpar ed WATPE S Wot 81 BRARAGRGP: | Beied L At et G o
refer encesmpqmte@@ is ﬁb&edpt.laméramernsuaamansa_éwbet angage thecedge of f
1ne) MY oGOUHe §BrftpY kB3 6AE! Enef flerB5ad SR IR SYRY
3 P p E)stan{ ﬂy

processi ng, posi ti oned Vi ew t iece su
t angent i aPPVChWrceﬁhey E’tlfﬁi’%’aﬁeﬁé il r!'é%??—ﬁioﬁé’d atp artpasiites sensec o s s

i's tangentpaldilsge @%Mﬂn@fetheoﬁl The Skotkpietde top of the cross
sectional shape of the edge” _

Polishing

In an alternative arrangement, a polishing wheel may be mounted
on the wheel spindle as well as the grooved grinding wheels,
and by axially shifting the workpiece spindle, so the polishing
wheel can be brought into engagement with the edge of the
workpiece 35. ' '

A drive for shifting the workhead 24 along the slideway 26 is
provided at 88. ‘

As shown in Figure 3, a drainpipe 90 conveys fluid from the
housincj 72 to a storage tank 92 and a pump (not shown) is
provided to recirculate the fluid from the tank. A filter may
be provided in the tank or in the line between the tank and the

pump.

The control housing 10 includes a television display 94 and
keyboard 96 and a hand-held control unit 98 is connected via
a flying lead 100 to a connection plug 102. An operator can
remove the unit 98 and walk to the machine with the unit 98 in
his hand, and by pressing apcropriate buttons instigate or
arrest oparaticen of the machine. The housing 10 houses a
computer based contrcl system Zcr supplying control signals and
power to the drives cn the machine and for receiving signals
from transducers, switching and scther positi-o'n/operation/touch

etc signal generating sensors cn the machine.



profile is in the mddle of the field of view of the camera. If this
results intoo little of the profile occupying the field of view, the
camera can g oshgdaked fromthat position so that the tip of tRET/GBITPISE| s
shifted across the field of view, so that e optical axis now intersects

t he wafer. The edge inspection nmay be autdnmated by processing the signals

f th d i_ew ot . : :
conpari son i CET B, gt e Ap1IY SRt) B SLOTLS, LAELE haARWTeoR
initiate a ieitdddiliysetspng up theyprghings fainctions, and for determining

PCT/ GB97/ 01863 spiiRilienspekie) Weldd nawede, deseoikedndy segyuentecsanplirants.
with reference to the acconpanyi ng drawi ngs, in which: Figure 1 is a
perspective view not to scale of a grinding nmachi ne enbodyi ng the-invention
as viewed fsdmctehelpasi room aondiltiors cupy cdebyeguniged,atbe; whokegnachines
a side vie i ot.., e h L"?oe‘ﬁﬁé"”éi 194k S EQs
fromthe si 2Q§ng\1/1\/%i %ﬁE?ﬁEE%%e?g%?éng?%%:”y st ands; ot £ lcoﬁﬂéh.ﬂlng
the computer screen and kevboard, may be housed within an
external enclosure. The external enclosure is not shown in the

drawings.

The slideway 26 on which the workhead slides, is preloaded, and
the workhead is driven by server motors and fitted with a high
resoluticn position coder to crovide smocth motion during axis
move interpolation.

Grinding infeed is achieved as previously described by tilting
the structures 42 or 48 as regquired to bring the grinding
element carried therzen into engagement with the edge of the
workpiece 36. Although the movement is not truly linear, but
arcuate, this can be accommodated in the control signals
generated by the control system housed within the housing 10.

Whilst tha 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 orocass

Typically edges are ground in a2 two-stage process using a
plunge grind roughing operation and a second plunge grind
finish cycle which includes 2 rapid advance of the grinding
wheel until a touch senscr detscts contact with the workpiece
wafer. The grinding wheel azis position at touchdown is used
to monitor wheel wear and to ensura that the material removed



Figure 3 is an end view of the machine shown in Figures 1 and 2; Figure 4
IS a cross-section to a slightly |arger scale through the flexure nounted

sub- asserjhbfigssaé Vi ewed end-on in Figure 3, Fi gure 5 i spaiighoharsged
scale view of two of the flexures visible in Figure 4, Figure 6 is an
enl arged cross-sectional view through t4re upper right hard end show ng the
camdriveg _and.foello he, ' oading of .the sub-assenblies;
. Figure 7S|eg gléf?‘aé‘ %ﬁéwgg JZ%-h"es éﬁ%gg%% g?n nd SFLPRED g}ﬁeﬁ’?‘)’éﬁﬁmﬁrﬁn
Fi gure 2madnieiagdar §¥d ysing ametgdrt bendedecdiamond Mogmiags wheals
per spect buemdnd¥tdly andRALEECGh | AW NJodRGJHY 08 LEﬂ.neoifﬁwi Gl S
adapt ed Fo g% nnun?égFggaﬁq$h2%ﬁ?t handoside of tﬂe end o thggggghgﬁg
shown i nPEPGESE §2% iFIRaLisi g iSRIFRLPFOFTammery§Pe OGCHE an
opposi t eeperypetth wafidmw af whenewveportsnd §aodhdngdgpperetise obebogese 8
whi ch al 11SC | t t ri . _hand apd qf. -t he
whi ch a zﬁiga?%%:%%a%%§ﬁ(§%fg%§eﬁﬁmaﬁ9 83e321' 14090108288 2Rd ghst
edge profile) or when the touchdown point indicates excessive

wheel wear.

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, particulariv sections of the base 22 and the bed 12
and if desired also the platform 14.

Subassentclv exure mouncinec

Figures 4 and § illustrate how the two structures 42 and 48 are
mounted for hinging movement toc permit wheel infeed. As shown
in Figure 4, the inboard edges of the two structures 42 and 48
are connected to the platform 14 bv means of flexures
(sometimeé referred to as strip-hinges) two of which are shown
at 102 and 104. 2 second pair in linre with the two shown in
Figure 4 are provided towards the other end of the structures
42 and 48 nearer to the machine base 22.

As shown in Figqure 5 to an enlarged scale, each flexure
comprises a metal plats, a central region of which is necked
to form a reduced width secticn 106 in the case of flexure 102
and 108 in the case of flexurs 104.

The thickasr upper anc lower raglions of each plate denoted by
110 and 112 in the case of 102 and 114 and 115 respectively in
the case of flexure 104 are bclted by means of kolts such as
118 and 220 in the case of £l=zure 102 on the one hand to a
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17 Figure 10 is a perspective viewf romthe opposite end of the disc

i nspect i oRy@PRasaé Us shown in Figure 9, to an enl arged scal eCT/GBA7H8568 11
is a view of the nonitor screen show ng the notch as viewed by canera 234;
Figure 12 is a view of the nonitor screen“thomnng a flat in a wafer edge as

£L0u Y FRARER 154 Eh MO s BB M eyl ohd g, ane

assembly o uré~Io ri ve cuum
chuck, andonl tbes nG\hﬁﬂ‘g handr §°aat métﬁ@?esblﬂe&s H2i4n g gsredife bodrtr ede byo ied@nsed

for deternppi peyeaf auichhiagkness ahef orrs t eanehey g1t £dven af.er to the

wor khead. Figure 14 is a side view of a nultiple grinding wheel assenbly
‘'such as may be used in the machine show in Figure 1 et seq; Figure 15 is
a side vi emnofthe nsams$ gay ntheg filheekreudlo Asisnsdouredpltayesl Ebahbet 126
mchi ne; which extends from and forms an integral part of the structure

48.

The metal block 124 is spaced vertically from the flanges 122
and 126 and the necked region 106 and 108 of each of the
flexures permits a rocking of the structure 42 or 48
respectively about the necked region 106 and 108 respectively
of the flexures supperting the structure from the platform 14.

Whilst the <flexures 102 and 104 permit tilting of the
structures as denoted by arrows 130 and 132 ir Figure 5, they
do not readily permit any other movement cf the structures 42
and 48 relative to the platform 14 about any other axis.
Consequently the courling of the structures 42 and 48 to the
platform 14 is very stiff in all directions except about the
hinge axis generated by the reduced section regions 106 108
etc.

Infeed drive to sub-assemblies

Movement of the structures 42 and 48 is achieved by means of
a cam and follower arrangement acting between each of the
structures and rigid assemblies mounted to the platform 14 and
the end ¢f the machine base 22. One such drive is shown in
Figure 4 as provided within ths structure 4£2. Here a cam 134
is carried by a shaft 136 itself carried in bearings 138 and
140, and is driven bv an electric motor 142 through a torsion
rigid coupiing 144. A follcwer 146 carried on a shaft (not
shown) is carried in bearings 148 and 150 is mounted to the
structurs 142.

The driva and bearing assembly ccntaining the cam 134 is



Figure 16 is a side view of a workpiece vacuum chuck and dressi ng wheel
assenbly; and Figure 17 is a side view of a wash station which can al so

serve as%? i,,ggﬁgmadi ate wafer store. WO 97/ 48526  pcTiGB97/01569
PCT/ GB97/ 56 18 Detail ed description of
t he draw ngs Figures 1, 2 and 3 il Iust—r"ate pictorially part of an overall

chine station ed rinding cifcular LScs (wafers) of silicon, or
rsrfilm | ar n%'t‘%??g'eg F’kgﬁége ﬁanﬁgﬂ‘?'dll n%ﬁegﬁ BHaén\(ljv%Egﬂ? PFhg FERFFRLLEs
al so fordeaignetetihd5dvend [thishisesepandte aad desacedefron tthe efesence
to later ypeyReid: i ffS WIS thald & HBCIA PEe SNONR r&JbJ:h:Qg!’aE?.vé 58 V\ghe

conprises_a control cabinet 10 fromwhich extends a machin

carries @FF88PIHg1FPalforAPLeRr P¥d e t RP¥EMEPSr i Shealssdt i1y aedt
one of whfsblewarbe4seen in Figure 1 at 16 and the second part 18 is
nmounted centrally before the base region 22 and is shown in dotted outline

in Figure 1, and the third can be seen at 20 in
The return force is provided by spring means acting between the

structure 152 and the structure 42,

The unit 48 is driven in a similar manner by a similar assembly
contained in a structure 154 shown generally in the cut-away
region of the structure 48 in Figure 4.

For simplicity, detail of the return spring is shown in
connection with structure 48 but no attempt has been made to
show this in the structure 42. Here a thrust rod 156 is
secured- by means of a ‘threaded and bolted end 138 to the
inboard structural com'donent’ 150 of the structure 48 and the
spring 162 is housed within a cylindrical recess 164 formed in
the structure 154. A reduced diameter end region 166 prevents
the spring from leaving the chamber 164 and a captive washer
168 at the outboard end of the thrust rod 156 holds the spring
captive . Movement of the structure element 48 in the direction
of arrow 170 results in compression of the spring which
'prova.des a restoring force to return the item 48 to its normal
upright position when the camming force is removed.

Figure 6 shows the upper end of the unit 42 to a larger scale
and the same reference numerals have been usad throughout to
denote similar parts.

Cam drive

Figﬁ.re 7 is a side view of the =nd of the machine shown partly
in section in Figure 2, albeit <o a slightly reduced scale.
As with the other viaws, it 1is shown partly cut-away so as to
reveal the cam drive mechanism generally designated 170 which



Figure 3. The platform 14 includes an integral support structure or base
22 whi.ch carries a workhead 24 which is slidable axially along a slideway
26 nount ed svoam48seper surface of the base 22 and which incl uBET/GBIIRISER| e
drive notor 28 and vacuum chuck 30 for cargying wafers to be ground. Edge
grinding is achieved by neans of a grinding wheel 32 containing a nunber of"

gn;nl“ ar g(r]I 0@&& seishthe d4rheeueegas ns::ghaseag@tofsnawua}‘lw w:&@heﬁe The
esignated il T | e not. shawn).
carried in 5&% |%§é g’%agse?soﬁ %@§8J'ssgrelot At %d’ %&e\gﬁr%eié e5}¥r tg'e nBtbYe fieC apﬁ%’?ﬁs
38 and 40 are carried on a support generally designated 42 mhlch is nount ed

close to they éevlaréooéhws eh@t feQFdM éfekar%n%,oﬁhﬁ% & base of
strengthenlggge ate 4 bolted throu flan es. t the E atform 14
along its b afBiFs §eCLFrh§d %‘ttP‘PérEipﬁPee esigrARedighO4ndikerthe
fl.ange 46 tdrbdsarddniaodane ddsigiateliuncta.on of the plate 44 is to
increase the rigidity of the platform 14 relative to the base WO
97/ 48526 : - PCT/ GB97/ 01569

19 As previcusly mentioned each of the cam drive arrangements is

carried within a rigid housing 152 and 154 and the latter is
more clearly visible in Figure 7 as is the horizontal leg 174
by which it is bolted to a protruding plate from the end of the
base 22. '

Also visible in Figure 7 is the motor 176 for driving the chuck
178 from which the notch grinding spindle 180 protrudes. The
motor 176 is carried within a hcusing 52 previously described
in respect of Figure 1, ancd the housing 52 slides along a
slideway 50 as previously described.

Figure 7 shows the bellows seal 82 attaching the housing 52
sealinglv to the opening in the casing 72 through which the
motor 176 and spindle protrude.

Workpiece transfer

The handling of circular plate-like wafers of silicon typically
100 200 or 300mm diameter or larger is provided by a robotic
handling means shown in Figure 8. This comprises a base 182
and structural framework generally designataed 184 extending
upwardly therefrom to provide a2 support for a linear slideway
generallyv designated 185 along which a carriag2 188 can slide
in the direction of the arrow 190. A second slide 192
protrudes from the hcusing 183 at right angles to the slideway
186 and a sliding member 194 1s adapted to move therealong in
the direction of the arrow 1%5. An arm 198 protrudes from the
housing 194 and a drive attached thereto and shown at 200
provides for movement of the arm 198 in the direction of the
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22 and resist transverse vibrations which m ght otherw se be introduced.

Equi di stant from and on the other side of the plate 44 is a second support
48 whi ch w@fgre85Hed S!ideway 50 on which is nounted a seconGcaptRstoised | ve
52 for a notch grinding spindle. Axial novenent of the spindle drive 52 is
provided by a drive unit 54 (see Figure2®). The spindle drive 52 can al so

be used to gri n% tzhe Lnternal diameter of an apnular disc. The wor khead

edge gri ridFhg¥and notg e§F°rr§cﬁ RPEPT ndFEs tg}ee ‘Rﬁ’dﬁ?%dz?ﬂ apd BRSr PRgZeSNd.

the workheadtbpi hdiugingpil@dl |is hesouidpde Fangemol t 2-vay 1GABi L twalpans

monute, tHe;efoesorsfai Agdsph ndl & bxpheal by _qxc?&wg; 29895 clchd 6@Q0
I ndl e spee

revol utions per mnute and_the notch griding s IS typrcally up
to 70, 000tR@vdiLALRENETRER APAut e. On the workhead spindle to the rear of
t he chuck 30 are nounted form ng wheels best seen in Figure 2 at 56 and 58.

| ndexi ng jhe workhead 24 n_the diregtjon.of the arrow 60 in_Figure. 2
allows th h%o\ry%ﬁliléécee%dlgs%k3g o %Iéme%glaageﬁgbf oh3“ 8™t fr ug}"olzeagﬂfi aB¥34
in the grswiltablehsahoguvahdgf aft rive mamnbagesn18Readidr 200i andothéharar r ow
60 all ows e dis 6 ealy n ace H63.0f 1 L hdi

assenbly %%é&,tgbaﬁpngt‘é%gﬁ Q?’Irﬁc;néfrvﬁeg é E%nor%§8p %%f%%%%%g ﬁ fggﬁl; of
appropri & /3EeByai0i ¥higR &Fi Reldg uldghioin a| guppertingcateevef 2LRe
grindi ng aheeimpyy Nehpbogtingersrsevequit edlis aghigvasl Biokh! tiddiy heo

support structures 42 and 48 as apzpropriate relative to the platform 14.
To this &fgceive a processe watfer. ,

The base 182 is positioned close to the machine bed 12 part of
which is visible in Figure 8. After a machining operation, the
two parts cf the housing 72 are separated as previously
described with references to Figures 1 to 3, and this leaves
the finished workpiece 36 exposed and available to be picked
up by the arm 198 and vacuun chuck 208. To this end the
transfer mechanism o Figure 8 is operated so as to position
“the chuck 208 opposite .the wafer on the workhead so as to
retrieve the finished wafer 36 and transfer this to the empty
sleeve 214.

Movement of the carriage 134 further out towards the sleeve 212
positions the chuck 208 in front of an unground workpiece 210,
and after picking this up, it can be transferred into the
inspection station and thereafter the working environment of
the grimnding machine for attachment to the vacuum chuck 30 in
place of the previous wafer 36, for grinding.

It will be appreciated that a pilurality of sleeves or cassettes
can be provided on the track 216 and all the workpieces located
therein can be removed, centred, ground, inspected and returned

thereto ia turn.

Where an overall enclosure is provided for the apparatus as
previously described, the transZer mechanism including its base
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both of the structures 42 and 4§ pol Hched to the platform 14
near the centre |ine thereof (a‘; §| é%gg’gég edjlin nore detail in
rel ati on e dmdsess fi gures) and fluo st B @ respect i PENGRFOASE; qur e

3) prevent excessive outward nmovenent. ,4n accor dance with the invention,

the pivoting is provided by WO 97748526

PCT/ GB97/ 93569 5 pre*'erabl}( loccated within2@hd®eRg18&ufd eXHhQS a(aﬁewﬂ |
‘be descri bed) .whi a or p|v oti.n ﬁmen.t abqut tvvo LZ' X BSw
close to FHESINE °‘F‘Fné'"0f aPhCREREPY, ?rfo“i'hal"sst?iﬁ:‘f ©ca

descri be eleamdd arafexiscitoadbalcimsedtegd ambw:'%oued structure 48 can
descri be an arc as denoted by reference nuneral 70.. Drive -neans for
achieving the pivoting novement will be described with reference to |ater
figures. Hafemagenteranthe base 22 is a clear Polycarbonate rectilinear
.housing 72 through which the gri ndi ng wheel spindle protrudes. A large,

dhaped o b8uRB SHERSERALEEBNSERR KRBT FECeR riatPdaentetaaly

openi ng 7durpoe ae ayrimiing ommaadauhearmafei:)t,heam:r Idiea:hé&afet@els

di rect'i Onpgfsittli%ned in the inspection apparatus shown in Figures 9 and
10, to enable the centre of the wafer to be determined, and
thereby allow it to be accurately positioned on the chuck 30
for grinding, and afterwards to enable the edge profile of the
wafer to be inspected after grinding, before it is returned to
its storage sleeve.

Workoiece insvectiosn

Figure $ is an overall view showing where the inspection
apparatus sits in relation to the grinding machine and the
robotic wafer handling system of Figure 8. As before the same
reference numerals are used throughout. The robotic wafer
handling system is more fully described in our copending UK
Patent Application Ziled concurrently herewith under our

reference C403/W.

The inspection apparatus comprises a stand 218 on which is
located a support framework ccmprised of a base 220 and an

upright plate 222. A triangular stiffening plate 224 extends
from the rear cf the plate 222 and both 222 and 224 are welded

to the plate 220 as at 225.

Spaced from vertical edge 223 c¢f the plate 22 is a support
bracket 220, and a lamp &and projection lens arrangement
génerally designated 232 is supported at the upper end of the
bracket 2306. A first camera 234 having a lens 236 is mounted
on the plats 222 to view the edge of the disc 233 which is back

lit by lamp 232

-

eet Has Been Replaced

i




arrow 60 as af oresai d. An inflatable ring seal 78 around the closure 76
(or alternatively around the internal |ip of the opening 74) provides for a

fluid ti bet ween the closure 76 and the opening 74. i ng
ol rexEighids

72 is sli el ative to the base 22 and bell ows seals 80 an are
provi ded between the spindle drives 38 ahdl 52 so that after the seal has
bgen nmade_between the closure 76 and the opening 74, the housing 72 will in

fact novePExPEPFySRRRNIN tIIWERkRe2dPISE O 28 mountedfonithr rexefince
i S provi detet plabe eear ofhehmolrelr cisivesald avaduian g nbt tidiyEej N a

conti nuing_s i hedir ' t ow_6 lLlaw.for .th oves
T the greRdr i, ne Fades 2 Mhelp, 13 6 OB dnsbel el s paatt A Y oo
acconmpdatBe B@bpRiécharmohl8sanshy s carck RO&{ osed housing 72 can
also follow the workhead 24 as it noves 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
gri ndi ng %?BB%éQnSUE%I ah“%4 xgc""&”,‘Bol 70 1 IRRtAtESspFRfed”dFeD 138 wor kB¥ce
t hrough npasitiofidng this s ©7AU8ERE@ edge intersects the field of view

PCT/ GBQ?/QQ‘S@Re camera lens 236 electrical s%.]gnals can be derived from
the camera oiitput for feeding via a éable 242 to signal
analysis apparatus (not shown) for processing data 6btained
from the signals.

A second camera 244 is mounted on the support plate edge 228,
to view the edge of the disc 238 tangentially, so as to obtain
information on the prcfile of the edge. The disc edge is back
l1it by lamp 246 and signals from the camera 244 are supplied
along cable 248. Power for the lambs 232 and 246 is supplied
as requirad along cables 250 and 252 respectively. .

A computer 254 is supplied with signals from the cameras 234
and via cables 242 and 248 and controls the cameras and their
lamps 232 and 246 via return signal paths along 242 and 248 and
via cables 250 and 252 respectively. The output camera 244 can
be displayed on a monitor 258 as required, and the profile of
the edge of the wafer 238 is shown at 258 together eg with a
computer generated template 260, 262 showing the ideal angle
for the sides of the profile. '

Workpieca centering

This is achieved using the tschnique described in our copending

application filed concurrently herewith under reference C403/W,
using the robotic wafer handling system of Figures 8 to 10 and
the signals from camera 234, cktained as the circular wafer is

rotated through its £f£ield cf 7lew.



and 86 and simlar nozzles are provided for spraying simlar fluid onto the

form ng wheels when required. An interlock is provided to preyv nt
fluid bei ng¥P&V#86 unl ess the housing 72 is closed and seal ea’cﬁlf}ﬁ?%gﬁm

cl osure 76. After a grinding operation has been conpleted and after a
final wash with fI UI d t he hou5| ng 72 can be opened by deflating the edge
seal 78 an@igRisd eSVRRACRE3RE in a direction opposite to that of
arrow 60 to the p05|t|on shovvn in Figure 2. The fi mshed vvorkpl ece 36. can

t hen be de nt ed. .a fresh work e installed. for m ng/dreSS| ng
Weel form g 38 13r He§Y n??lg:l B‘@fﬁﬁ?%nﬁs\%r ’Esceth'ﬁg F&h

mount ed, i nlnﬂp]cdy e ot ulto Fgiom cmnelsa ck34edwhenappnopched ewabgenkat inf

t he workheg,h usaﬁt %Qﬂér Saliull Wity f 41&5& gng%' Bg ﬁgﬁfépi@ge ﬁ%@iéﬁ

36 on the formng I s perforne y approp ate
movenent oftheh&afa PR3 i maunted oruhers aha uppdrheerp ragatedtso

each of then@ooMes hotéhrfis SUChtRe @Fieavwe 84, eru?r@ﬁgﬁﬂeb?éah@Q'a. The
appropriate formgg V\/nee such as, o6 or 58, Cool a
r ifi

flu
during t he "F&H &ﬁer%'f 4 apf o ﬁﬂ“f?"é?eV\hSEPeFBFEante’EH’Jeate
assenbly rm;hlaﬁrrsepamteed ay bzeaklangdt heéseal 188 aisbef shewnemdispkdlred,

AT RS BRI 55, dh B1RRREE Ne hd sIEC iR v

per f or med g-ggqqg:-qﬂagngﬂgs for the two sides of the notch. Two additional
template lines are displayed at 270 and 272 to show the require
radii at the entrance to the nctch and a further template line
274 is displaved showing the required radius at the bottom of
the notch. '
Figure 12 is a similar view cZ the monitcr 255 this time
displaving one end of a £lat peripheral region of a circular
- wafer if viewed by the camera 234. Here the display of the
wafer is denoted by reference numeral 275 and the flat by 278
and the required radii at the ends of the flat is described by
& computer generated template line 280.

Wafer thickness measurement

Figure 13 shows the rear cf the assembly of Figure 10 and shows
the plate 222 and motor 240 driving a vacuum chuck 284 via a

drive 286.

A fluid line 290 with jet 292 sarves to deliver a jet of air
to clean and dry the edge ©Z the wafer 238 and the flow is
controlled by a valve 294.

1t is important to kncw the thickness of the wafer 238 before
it is mounted on the vacuum chuck 30 on the workhead (see
Figures 1 and 2) =o =that z=he azial shift required of the

-

workhead or workspindle tc kring the appropriate grinding



downtinme after one workpi ece has been renpved and before a subsequent
wor kpi ece has been installed, but in a devel opnment of .the machine in which

edge prof W‘f*"’m?%' ng of the workpiece 36 is perfornmed in sbﬁwdw-,,aﬁg,
wor khead, I y be advant ageous to all oy\vﬁ)f or re-formng wt t he
wor kpi ece in place. WO 97/ 48526 - ==
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as the gr d @5 G Sy W ax] Shifil he.wor kpi ece

spi ndl e, ??\bte'h(ﬂ)zo:&?fghﬁﬁgagﬁéeffgg% %e' “_bﬁ:fﬁ%ﬁ“? %t%iée%gégﬁéﬁf‘eﬁéﬁ I HeP
_edge of t ROEIRTERRE o WAL the face of the wafer 233. The distance

travelled from a fixed home position is noted.

By performing the same distance movement measurement without
the wafer in place, given the distance from the fixed home
position to the face of the chuck 284, and since the wafer 238
is held against that face when in position, the difference
between the two distance measursments is equal tc the thickness
of the wafer. '

The distance moved ty the probe is sensed by an accurate
position sensing encoder and the signals supplied along cable
306 to the computer 254, and the thickness dimension may be
.displayed on the monitor . (if desired). '

The computer 254 may form part of the computer based control
system in housing 10 (see Figure 1) and/or signals generated
by the computer 254 may be supplied to the computer based
control system in 10, so that the thickness dimension is
available for controlling the axzial shift of the workhead or
work spindle assembly.

Multivle grinding wheel asserblwv

In order to save machine downtime, the grinding wheel may be
made up of a sandwich of diffsrent grinding wheels each
dedicated to a particular purgpose.

Such a wheel is shown 2t 308 irn Figure 14, in which a sandwich

of four wheel sections 3is shown.



A drive for shifting the workhead 24 along the slideway 26 is provided at

88. As shown in Figure 3, a drainpipe 90 conveys fluid fr I ng
72 to a WOPHY826ank 92 and a punp (not shown) is provi ded l’t()%a'#gc|1Jrlgéublsate
the fluid fromthe tank. Afilter may be®provided in the tank or in the
| i ne between the tank and the punp. The control housing 10 includes a
t el evi si dhhei pplimprys weelkddbaie 986 re®im handeleCBNc ohieedl harvinhgd&is

‘connect edy¥i Aqdn l)é'r'ag:vlegaQ.nloﬂzéOc@Tci‘?'@l%.CééPnthEchozog oﬁpﬁh%ﬁ{ j;a“

renove the unit to the pe W th
and by pr3RSVRg2Eppiepr TS it (IR WHRE gBeEtdPnavhish bpatsad &o erime
machi ne. thé&hedgeusifng W fextisedsiahcrrutiaredasatlycantiek 1ey abesrianl to-

suppl yi ngogopg;nﬁbegrggg 3289 AUBM O the drives on the machine and for

recei ving signals ransducers, switching and ot her
posi tion/ operation/touch etc S|gnal generating sensors on the nmachine.

WO 97/ 48380eel section 314 J.S a dz.anond wheel coDrEE{ﬁi% 3}&@% grooves,
23 A conputer keybgard Eeaiﬁé be used to, enter Initially
‘fo

setting Wre h@eﬂﬁﬁﬂﬁin’éyf{ﬁﬁﬁ?% Thdet F9FTRORY kshalses fercfipisds,
feed rat eprisdingeth8dwacqrecaageqf events.

It is to be understocd that both wheels can have any number of
grooves - typically in the range 1-10.

Wheel section 318 is a metal bonded CBN or diamond wheel with
a single groove 320, which is an optional wheel which can be
used to rough grind a wafer edge before the softer resin bonded
wheel 310 is brought into play.

Wheel section 322 is a further cptional wheel typically of
cerium oxide, which can be used to polish the wafer edge after
finishing by wheel section 314, bv running the wheel spindle
at an appropriate speed.

Notch grinding wheel

Figure 15 shows to an apvrcximately similar scale, a notch
grinding wheel 324 mounted at the end of a spindle 326. Its
"concave® annular grinding surface is typically diamond plated.

Wheel dressing procedure

As shown in Figure 16, the dJdressing/forming wheel(s) are
mounted cn the same snindls as the vacuum chuck 30 to which the

workpiece(s})/wafer(s) 26 ars =z be attached.

Typically the dressing/forming wneel is a two part assembly of:



Since clean roomconditions may be required, the whole machine with the
exception of the corner of the control unit containing the conputer screen
and keyboard may be housed within an external enclosure. ggonal

encl osuM@I748536 " shown in the drawings. The slideway 28 On whi ch t he

wor khead slides, is preloaded, and the3workhead is driven by server notors
and fitted with a high resolution position coder to provide snooth notion
Yuring ak®% noPe Mehdr pBPREPHN. d1akpRly; WaePAf 328 | SORCcHMAY FELPRADIouUs] y
descri begirbyvesl LhnghéheBNt whelellr eeck2ion 3803S ofeqiigued te,bandg the
grinding elenent carried thereon into engagenent with the edge of the

wor kpi ece 36. Al though the novenent is not truly linear, but arcuate, this
can be atebmmadmetali hondedcdimmendiheel FeAewhich byconpocanesomusystem

housed wihhi Debh@uihaietidyd &Pix, Vsmastlé hadagiseSUEd 23n8énangd B Caﬂebe
usedtos&g%cuttlggflyld dirj gr in t hey, or other ets maX
used to FFPL¥ES| BECR TS Fam Rgt F E’ﬁ‘?a i1g Pifp sFUERe ﬁefer

whilst it is still being rotated but after grinding. Thi s prevents
grindin rf fromzru q dgyn.thg back h BLL8S ity
renoved 3 “"Iﬂté Q'a IgC—Ir %ggn g?o?esgéf $yg§|%éal ﬁ'f S &4 raﬁﬁd I n

a two- stw@mplbyewmlmﬂ awpmh\fgé'— grqrmpveegmu@ opsr a31on amd aaﬁ'eennd

pl unge Qﬁéﬂﬂtlng a new CBN wheel section 310, the first step is the
formation of grooves such as 312 thereon. This is achieved
using wheel 328 of Figure 16, and then wheel 330.

After wear has occurrad in the grooves in 310, wheel 330 is
employed to dress and re-form the grooves as reguired.

Both forming wheels have access to. both griading wheels.
Conventionally, both forming wheels are used to form both the
roughing (CBN) grinding wheel and the finishing (diamond)
grinding wheel. ' - '

Intermediate wafer store

As shown in Figure 7, below the thickness measuring probe
location shown in Fiéure 13, 1is situated ar open top
rectilinear housing 322 into which wafers can be lowered by the
arm 198.

Extending into the housing is a spindle 334 and vacuum chuck
336 on which wafers can be planted and held, and by which such
wafers can be rotated. Drive to the spindle 334 may be
obtained for example from the mctor 240.

Protruding into the hcusing 322 is a jet 328 which can be
 supplied with fluid under prsssure such as water or air, and
the jet is directed towards the face and edge region of wafers
mounted cn the chuck. One such wafer is shown at 340. A drain
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fi.nish cycle which includes a rapid advance of the grinding wheel until a
touch sensor detects contact with the workpi ece wafer. The %Ei‘.;},déggm%eel
axi s posiwom7/48526t ouchdown i s used to nonitor wheel wear and to ensure that
the material renoved - WD 97/ 48526 35 ;
PCT/ GB97/ 01569 per finish cut cycle is _kept constant. Ginding wheel forns
are mai nt 3$2dCOBYeYEsPHEY ABYaSUIRMMRJIEL#ihond forning wheel s
permanent |y nounted on the workhead chuck. - The reform ng process can be
fully aut tig and can_he_nr 1.0 . QC ery nt fer. .or enever
the gr oungﬁgﬁgéﬂ%%flpl g?geg%r‘r:eng‘{zgn@agggﬁt a‘i)'lcgy{'gggdgt é‘rsrﬁr}r?\gg 'Q%fkcl)'gﬁ ‘é%aﬂ:ee

I nspecti ortar vaéeuﬁsvnéégehp"(ﬁ iregnopdgRrdrasndoaded ane b’@ilﬁ?-nignd-'!oc:h%s
excelstS! ve awss%qvmrtne vla%tmnnt ﬁ:hudl@_ﬁ@l%fL@hé?ﬂHﬁ,{Beéﬂ}i\@ﬂt%é&%@é J ql?zand
resul ting i ndi ng. damage to the mnimum the structural .conmponents .maki ng
Lo the o iSRERETET he tans Gt 1m0 O Hake: PReh LAEPYCRe-ARg A pai ting
concrete, ymrpécpésurpedecdi cheiaf sheebassuzh asl 21he tredildhmnd@.i f
desired also the platform 14. ©= Subassenbly flexure nounting



Figures 4 and 5 illustrate how the two structures 42 and 48 are nounted for
hi ngi ng 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
means of fwexarr4eseé(-sonetines referred to as strip-hinges) tvRCOGBIINISG ar e
shown at 102 and 104. A second pair in line with the two shown in Figure 4
are provided towards the other end of th86structures 42 and 48 nearer to '
t he machi ne base 22. As shown in Figure 5 to an enl arged scal e, each
flexure conprises a netal plate, a central region of which is necked to
forma reduced width section 106 in the case of flexure 102 and 108 in the
case of fl s104. The "t hi cker upper and.l ower regions of each plate
denot ed bfsgé%ﬁand 112 in the case of 102 and 114 and 116 respectively in
the case of flexure 104 are bolted by nmeans of bolts such as 118 and 120 in

the case of,flegriadidy e¢ pHeignenl ﬁécnﬁ:?e MAP Y 48948 platf
PCT/ G897/ 0LE6S: To ¥ 82 porignent? 5O fprJL 52 V\/nélg'ch forms an

|ntegralgﬂﬂtw5f°Ph€ vorkbeare spingle ﬁn?hétﬂqﬁﬂ dheel sRinfls) are
124 itsel flbohted, bgndearterdibdiie goihdingl #heald spa&du@ isempuatedr enls.

a sub-assembly which is attached to the platform by means of
flexures which permit limited movement of the sub—assembly in
a direction generally parallel to the direction in which the
wheel has to advance to achieve grinding or polishing of a
workpiece mounted on the workhead spindle, the flexures
generally inhibiting movement of the sub-assembly in all other
directions.

2. A machine as claimed in claim 1, wherein two grinding
wheels are mounted on the platform, one on each of two sub-
assemblies, and each sub—assembly is attached to the platform
by flexures as aforesaid.

3. A machine as claimed in claim 2, wherein the sub-assembly
mounting flexures provide smooth motion and only permit
movement in one direction so that axis reversal hysteresis is
much lower than is the case where conventional linear axes are
used. |

4. A machine as claimed in claim 1, 2 or 3, wherein the
positions of the flexures mounting the sub—-assemblies to the
machine base are selected so as to reduce the effect of
torsional vibration within the machine base on the sub-
assemblies carried by the flexures.

5. A machine as claimed in claim 4, wherein the flexure

~mounting points are located generally centrally of the machine
and are located on either side of and close to the machine
centre line. |

—
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In the same way the flexure 104 is secured to a flange 126 which extends

fromand fo integral part of the structure 48. The ne Qﬁﬁ 24
i s spaced ver ?@a.#§ fromthe flanges 122 and 126 and the neckgéwgégloﬁé106

and 108 of each of the flexures permts a r®tking of the structure 42 or 48

respectivel y_about thﬁ&necked rsgjon 106 and 108 respectively of the
fl exures supPort PN ASc CAAEMTDMRhBRY AF Siams 2 i3 stwhegein the
flexures 102fametur@s parwhich ithe mplofassenbdiliec! Wres maandAOLLE Hlyensé DVes

130 and 132 | [ h ead; rm y Gt her venment. o
t he structurggtggﬁ% t}B %elgétl?\%eq?%s.tgﬁed%{’g?ggﬁéﬂggbc?%t h?fhe.y”%‘?ﬁsr °£<i§?‘e
Consequent | yP#RBiIBSupFPnEh8F 2R% BPELONUOS tre Fwb4sssenbhy of atdoriage is

very stiff inighllydidamgedons except about the hinge axis generated by the
reduced section regions 106 108 etc. Infeed drive to sub-assenblies
Movenent of the. structures 42 and 48 is achi eved by neans of a cam and

fol | ower arrangedemachine@dethetnedacin otinlim sé j uvhar@gnaglerl is@ldd mass

assenbl i es o) a and the end of the nachi ne base 22.
One such drrgge?gggﬁoaéﬂgﬂgkigéggq] §§ provided within the structure 42.

Here a cam 134 is carried by a shaft 136 itself carried in bearings 138 and

140, and is griven A¥cBIné! gt IdXaimea’ ik 2ahi %‘ﬁhciax.ati&%Si ondi19ideyarein
r. 146 .c n a shaft (not shown) Ts Carried 1R

coupling 144, follo rried

bear i ngs 14ém%%£by56ay% ﬁﬁﬁn?@ﬁ%Fd1tﬁﬁge°ted parts of the machine are at
least partially filled with polvmer concrete so as to raise the
natural frequency of wvibration of the machine parts with the.
objective of providing minimum mass and distribution of the

damping/stiffening material.

9. ;A machine as claimed in any of claims 1 to 8, wherein the
flexures comprise stress relieved steel 1links which are
directly jointed to the platform on the one hand and spindle
bearing sub-assemblies cn the other.

10. A machine as claimed in anyv of claims 1 to 9, in which the
sub—-assemblies are mounted on a horizontal extension of the
machine base, towards one end of the general mass of the
machine and rigidity of the hcrizontal extension is improved
by mounting a rigid bracket between the extension and an end
of the remaining mass of the machine.

11. A machine as claimed in claim -10, wherein the sub-
assemblies are mounted symmetrically about the centre line of
the base and are spaced apart and the bracket extends along the
centre line of the machine between the two sub-assemblies.

12. A machine as claimed in claim 10 or 11, wherein coulomb
damping is effected by f£orming the bracket from three pieces
and bolting them together. '

* [ L M s *



structure 142. The drive and bearing assenbly containing the cam 134 is
WO 97/ 48526 PCT/ GB97/ 01569  supported
within a ri structural framework generally desi gnapgg:cBozomes this
i.s separWO7, @spaced fromthe rest of the structure 42 so that the latter
can nove relative to the assenbly 152 as*®lictated by the novenent of the

cam 134 and foll ower, 146. The return force i rovided by spri rreans
dcting betdeen® t'ﬂ%cgf?ﬁc?%rcelijé’fgnﬁ tﬁ%"sf’r‘ué‘ﬁlﬁ?‘é“ﬁé e 'e“ﬁ’fﬁ
driven i npaasifoirimarisreiteal Hymeustedl dhzseghbvi oertiann edsbrbi ngt nueems e

154 shown. gegeteghlay; hgcthlj_gecga@vay region of the structure 48 in Figure 4.

For sinplicity, detall of the return spring is shown in connection with
structure 48 but no attenpt has been made to show this in the structure 42.

Here a thiast Xashdbiné $§eqwl@cbd>ymr&ammf 13,t bheeded sl daRiniatk Pabel58
to the inbgarg sicuctural; compopent 190 of, the strygiure 48 and the -

structure with vibration absorbing means between the two parts.

15. A macline as claimed in claim 14, wherein one part of a
two part structure is mounted above the other with the
vibration isolation means in between, the upper of the two
parts is a metal fabrication which contains or is at least in
part formed from polvmer concrete so as to provide a direct,
highly damped link between the xriountings for the cams which
move the spindles and -the sub—assemblies and the workhead
spindle guidewayv means.

16. A machine as claimed in any of claims 1 to 15, wherein the
effect of torsional vibrations of the machine base on the tool

stability is reduced by mounting the tool spindle and work -
spindle carrving sub-assemblies in a central position on the

machine base.

17. A grinding or polishing machine having workpiece spindle
means, +tool spindle means mounted on sub-assemblies which
permit limited relative movement in one direction to effect
tocl and workpiece engé.aement and cam drive means whereby each
sub—assembly is movable to advance or retract each tool spindle
towards and away from the workhead spindle.

18. . A machine as claimed in claim 17, wherein solid cams are

employed.

19. A machine as claimed in claim 18, wherein the cam means
operates in cns ssnse only in which event return spring means
is provided for providing a restcring force in the opposite

sense.
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spring 162 is housed within a cylindrical recess 164 forned in the
structure 154. A reduced di aneter end region 166 prevents the sprin

| eavi ng t "WRIABE® 164 and a captive washer 168 at the out bBGFEB 'Hglsg t he
thrust rod 156 holds the spring captive. Mwenent of the structure el ement
48 in the direction of arrow 170 results in conpression of the spring which
provi des a B@st orA mepdiinee ds0 glkdimedt ha idbaik8160 wh%raﬁhmheupahghteans

Posi tion msggyaete%aw mtaogsﬁgeégn dsfam@gt rrgo@ QU G Sns g%ow%%r

of the unit to a larger_sca erence NUNEr a have een
used t hr oughett! FevaéﬁSt@%urrﬂtlrérC*{oatrh% subTafFembly torpgds e javay fnwn

vi ew of thethRadweirkheadrephind@eshown partly in section in Figure 4, albeit
to a slightly reduced scale. As with the other views, it is shown partly
cut-away so as to reveal the camdrive nmechani sm general ly designated 170
whi ch 200 9A 485F6ine as claimed in claim 20, wherein P€Hé CBRg/ LR

27 acts onythe gtlg_ggt Lér,.% q.g%i Abgshaug-kn 4.5 1he captive.
washer 168 |s sﬁ %Ig' f E gr ve ﬁecﬁ?r??tm?e grmcpz.ng Peed®is
provid ed by apnroo*' iate J.nward movement of the cam arms, which
allows rapid interpolation arcund the corners of silicon wafer
flats, since the maximum sub-assembly acceleration forces act

outwards, towards the cams.

22. A machine as claimed in any of claims 17 to 21, wherein
the cams are mounted close to the workhead axis bearing and are
directly linked by polymer concrete so that a tight and damped
stlffness locp is vroduced.

23. A machine as claimed in any of claims 1 to 22, for
grinding the edge of silicon discs'(wa'fefs)' in which the
grinding wheel is resin bonded CBN, or diamond or metal bonded
CBN.

24. A machine as claimed in claim 23, wherein different types
of grinding wheel are mounted on the same spiadle.

25. A machine as claimed in claim 23 or 24, wherein each
grinding wheel is provided with at least one and tvpically a
plurality of grooves, which can be used in turn, as each
becomes worn, until zll the grcoves need re-forming.

26. A machine as claimed in any of claims 23 to 25 further
comprising a forming wheel mcunted in the region of the
grinding wheel, and means for effecting relative movement to
permit the grinding wheel to be formed or re-formed in situ.

27. A machine as claimed in claim 26, wherein the forming
wheel is mounted cn the workhzad spindle, toc the rear of a

* € L M S *



Figure 7 also shows the two fl exur

t he outboard one Bis§ eﬁﬁﬁﬁi’ﬁ‘i ﬁeiog* i nboard one bei ng desi gnat ed
172. As previousl ‘WMch dri've arr ' ’
car i ed WP PSS ¢ ul I8 and 154 and the Iatte?pﬁ@gi@sﬁearl y
visible in Figure 7 as is the horizontaicleg 174 by which it is bolted to a
protruding plate fromthe end of the base 22.  Also visible in Figure 7 is
t he not oWOrk@iese @UPHATF -t he chuck 178 from which the notch grinding
spindl e 180 protrudes. The notor 176 is carried within a housing 52
previousé¥ des ribeg.in respegt.of Fi,gure, 1, and the housinggSZ sl i des

al ong a &PidevBy™8GRARS) AR, SletTeHeddt i DA™ 48 .q rReZeLhotkot ARTREPBows
seal 82 wheeadls et mounkesi N 3thseedrRgepd eoilmellepeni ng in the casing 72
t hrough which the notor 176 and spi ndl e protrude. Wor kpi ece transfer

The handling of circular plate-like wafers of silicon typically 100 200 or
300nm di dftet erRoRacChid® 3% FLaIME@Sd By &Lt 28, huhereig maensoEhshe in
Fi gure 8foFhiihocnpdlses s hsed 482ranth yrowhas abnf hawewRek) gengaakhy
designateg 184 e§tendi%% u%Mardl thprefron1 0 provide a support for a

li near sPFRE&fay S GORBSAGPoYES S S8R ¥ i"ch a carriage 188 can

slide in the direction of the arrow 190. A second slide 192 protrudes

fromtheshousi Non188: Ak 91 SWLES 4O L1818 iz%e,mvyherein one Iorming
wheel is used for roughing and another for finishing both
grinding wheels to produce an identical form in both the

roughing and finishing wheel grooves, so asymetric wear of the
finishing wheel form is reduced.

31. A machine as claimed in claim 28, wherein the two forming
wheels have slightly different Zorms '_so that a constant depth
of matérial is removed from around the edge profile during
finish grinding. |

32. A machine as claimed in claim 28, wherein the two forming
wheels have different forms therebv allowing rapid changeover
between cne form typ2 and ancther.

33. A machine as claimed in anv of claims 26 o 32, wherein one
of the grinding wheels is a fine grain diamond wheel and one
of the fcrming wheels is a diamond wheel.

34. A method of grinding the sdge of a disc using a machine
in which a grinding wheel and a forming wheel are carried on
a stiff mounting, comprising the steps of moving the grinding
wheel and forming wheel into engagement so as to form a groove
around the edge of rvas grinding wheel corresponding in cross-
section 5 the complsment of =2e shape to be formed around a
disc edges during grinding, engaging the grinding wheel with a
disc which is also stifflv ncunted relative to the grinding
wheel, grinding the edge therecf into the desired shape, and

I ———
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186 and a sliding nﬁ,rgtsgeetﬁ&%eexﬂlﬁdapt ed to nove therealong in the d| rection

of the arrow 196 An desJTgmriie—mousi ng 194 and a drive

attached zgnd H enent of ther/eByweIsSe®d i n

t he directlon ‘the 485'- |

PCT/ GB97/ 01569 =4 28 arrow 202. Electric power.

for the dr V) e g rovide La.a
E\fec%rz %ea%gz#;'ee%lé t?é egg gmé{?ﬂgffem%#é ga?‘e? ed5fo8 366

mul ti-way unbilic a| ne ar ness
attached t€isse erdg@%whw%tclkeg% groumles | owereagagiing mehargrmwmg wheel

vacuum chuahﬁ%@néobeuﬁe;n /8Bl NEGOLELIEI YR Oth&hgrfawe' qq#stﬂé%@ﬂﬂﬁgaa

and the ar @ﬁ' SO the vacuum cl osure 208 can be sitioned 1n ffont o
waf er 210 %‘F %‘Tﬁ WR3%-supporting sleeve 212. An enpty
supporting sl eeve at 214 is also shown ready to receive a processed wafer.

The base 1g3 is gositigned Ghaseola e "BERLOG A A2 8865 8t {11 on

vi sible |n i gure amac I ni Ng op@ratl on, arts of
housi ng 72waje& Yepkpieee ‘a@mEFé-\ﬁ-thltWQje%@g%%d i firstefier which aometal

Figures 1 §8 3residl Wiindddcadsf tuiebi nlﬁe%d%ﬂ%&%o%&%@?sg@@ad the

avai |l abl e to be picke the arm 198 and yacuum chuck

end the tr‘aﬁH‘Br‘-eﬁecﬁgHFsﬁ'ng aFﬁ@ﬁQé“% $%29Be+Bt WRiSH asresipoeonrdes CBN,

or more preferably a resin bcnded diamond wheel, is advanced
to finish grind the edge.

36. The method of claim 34 in which the step of forming or
reforming beth grinding wheels is performed with the wheels in
situ on the machine by plunge grinding the desired form in the
edge of each grinding wheel using a forming wheel. |

37. Apparatus for edge grinding or polishing a disc workpiece
compfising a gfinding' wheel and drive means therefor, a forming
wheel, support means for the grinding wheel and forming wheel
which is stiff to restrict unwanted relative movement
therebetwesn, means for effecting relative movement to cause
the grindig whe=l to align with the forming wheel, means for
effecting relative movement between grinding and forming wheels
to plunge grind the edge cf the grinding wheel to form a groove
therein of precise cross-secticn, a workpiece spindle on which
a circular workpiece can be mounted, said spindle also being
carried by the stiff support means, drive means for moving the
grinding wheel towards and away from the workpiece spindle, to
bring the wheel into engagement with a circular edge of a
circular workpiece when mounted on the spindle to edge grind
the workpiece, and drive means £for rotating the spindle,
wherein the forming wheel is also mountad on the workpiece

spindle for rotation 'cnerm izh

38. Apparatus as claimed in claim 37, wherein the workpiece
spindle includes a vacuum <tzuck for mounting a workpiece

A



t he chuck 208 opposite the wafer on the workhead so as to retrieve the
finished wafer 36 and transfer this to the enpty sl eeve 214. Movenent of

t he carriwegriBéef urther out towards the sleeve 212 positi operEBensssck 208
in front of an unground workpi ece 210, and after picking this up, it can be
transferred into the inspection station &3d thereafter the working
eQV|ronma# € &he grinding machine for attachnent to the vacuum chuck 30
in place o h&°h pfevi ous wafer 36, for grinding. ~ It will be appreciated
that a plurality of sleeves or cassettes can be provided on the track 216

and al | thes vorkppeessud el {Reaein €28 1R° JSTALN GRRLEEY. o8hBUILes

|nspect ed and re%urned thereto in re an overal encl osure’i s

provi ded TP ReAppRTALTA2SE "br“e’v{"‘oﬁgﬁy YOIk RiRae Shéhatadsserentafadissm

i ncl udi ng atsghedewith the axis of the workpiece spindl29 182 is
preferably |located within the enclosure, and a self closing door in an
opening therein, is provided to allow cleaned wafers to be inserted and
removed. 40. Apparatus as claimed in claim 39, wherein the workpiece

centering means is remote  from the workpiece spindle and
comprises an alignment wvacuum chuck and associated detection
system by which a workpiece can be rotated, to determine its
true centre by detecting anv eccentricity in its rotation due
to misalignment with the said alignment chuck, pick and place
robot arm means having a travelling vacuum chuck, robot drive
means for positioning the chuck adjacent the alignment chuck
to permit transfer of a workpiece from one tos the other, and
for moving the chuck and workpiece through precisely known
distances along one or more known axes, So as to position the
workpiece adjacent the vacuum chuck on the workpiece spindle
for transfer thereto, the movement of the travelling chuck
being under the control of a control system having programmed
therein the coordinates of the alignment chuck axis and the
workpiece spindle axis to permit accurate movement of the
travelling chuck thersbetween, and therein a correction is made
to the final position of the travelling chuck in front of the
workpiece spindle chuck by taking into account any eccentricity
detected in the position of the workpiece on the alignment
chuck by the detection system, whe_reby the workpiece 1is
accurately centred relative =0 the workpiece spindle axis.

41. Apparatus as ciaimed in claim 40, wherein the detection
system comprises a videc camera adapted to view the disc edge
tangentially and a signal prccessing and a computing system
receptive of the video camera cutput signals, or a digiiised
form thereof and a visual display device such as a CRT for
producing an enlarged display of the ecige profile of the
workpiece and/or cdata storage means containing data relating
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Waf er centering As*mashejemaesemm,ﬂiceds and after grinding,
(preferably during t anoﬂ‘u p er)l, each of the wafers is
posi t i onedwonMEs26i nq tus’ j i gures 9 anBCTAEBIT/01S6Mabl e
the centre of the wafer e determ ned, 4and thereby allow it to be
accurately positioned on the chuck 30 for gr| ndi ng, and afterwards to

gnabl e the gge @epivee piok heh&ataergé Ouhaelrn%ﬁ. gdeaf ehopht8dhngadieipr €
0.lts,stora |nspect|on Figure 9 1s

:';1 I()\S/e:ai][lur ed%\f%h%w]r\fﬂh%g%h?s?\%eﬁﬁ?ﬂ'éc‘ﬁ oﬁEQBB ratus sits in relation to

the grinding machi ne and the robotic wafer handl i ng system of Figure 8. As
before the gane hsi:ss:seag &B@Efééée 2 JURE oﬁhE’ %sm,@t sf8g§£1n%dw8£ 0

handl i ng system 1S no y destTri copendi n I catlion
GB- A- 23166FAaim ;r&'a‘efﬁl? FPRRHLE ARG mw-geyoakeﬂaﬁe Qeadéhn@hman%
l ocated a mmqoorépiaeﬁﬁgvoak fdmipHeddwolirkp Dese Ldmppnéndn iy 08t FRrdHr
222. Atria ff nlncg | at e Zzaextendsfromtherear of the plate

| a
222 and bot'f’ acf"le are ?d‘é‘d B84 he pl ate 220 as at 226. Spaced
‘fromvertical edge 228 of the plate 222 is a support bracket 230, and a

ggﬁghgngpggg LChbBAra2NS 25" AIWAEA" 1883 A % &P e BRp §1 0P RS
for detecting wear of the profiling groove in the grinding
wheel to J.nterrunt the grinding of workp::.eces and allow for re-

forming the groove.

44. Apparatus as claimed in claim 42, which includes drive
means responsive to the detection of wear, to azxially shift the
work spindle and advance it so that a forming wheel carried
thereon to the rear cf the workpiece, is positioned to re-form
the grinding groove profile around the grinding wheel.

45. Apparatus as claimed in claim 43 or 44, wherein electric
and/or acoustic sensing is employed to detect the point of
touchdown, which is 1linked to position transducer for
generating information related to the a position of the
g_rinding wheel as iz is advanced .towards the workpiece, to
output the position of the wheel when touch-down is sensed.

46. Optic electronic inspection means for use with apparatus
as claimed in any of claims 37 to 45, for viewing the edge of
a ground disc workpiece (whether on line or off 1line)
comprising a video camera Zor producing a video signal for
processing, and positioned to view the edge of the workpiece
substantially tangentially, in which the camera is positioned
so that i*'s optical azis is tangential to the perimeter of the
disc, so that the top cf the cross sectional shape c¢f the edge
profile is in the middle of the field of view of the camera.

47. Opto-electronic inspecticn means as claimed in claim 46,

U 0
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bracket 230. A first canmera 234 having a lens 236 is nmounted on the plate
222 to view the edge of the disc 238 which is back lit by |lanp 232.

WO 97/ 4 PCT/ GB97/

30 As g‘gét%g‘gsezﬁ in Figure 9 a notor 240,is mounted on thepér'lggrgg-{) 1569

plate 222. The notor drives a vacuum chuck (not visible) on which the di sc
238 Wwhi chp '%ﬁﬁ:l@eth@SQ?éiﬁéxda' isolaaseeé%we sroobeﬁae - 2hd Jéi% ag¢ ‘@ L
chuck 208. Rot ati o r]Tﬁa‘I' t % 238. By
posi t i onPREEHEs b thmcfi deﬂ&e ‘f’rf’?‘ér §§ct§h{' EeTll éFH°6‘F ﬂ’%wf&]e%é’f
caner a | ehewl3Goeltdetr thal opgrad s ambsbhaaverinveer$eos tite canfizm. out put
for feeding via a cable 242 to signal analysis apparatus (not shown) for
processing data obtained fromthe signals. A second canera 244 is nounted
on the sﬁBporPpbpaﬁeeéﬁﬁ'EHQQBEdg@ nEpefeiengaegnst as Ghaimeridn claim

tangentiakl ¥r #0, ashich qla aut o Vsd by re&erseqﬁaj ehél engﬁawefﬁ%%éf he
di sc edge is back.it b anp. 246 and si nals fr he .ca 44 a

suppl i ed®3F6ng &MY £ ezﬁ)v@? fSF“tarTea dsi‘ﬂé‘ar§ S
requir edaﬁtem'g i arsi R0 wmdchSQtoeeﬁecdatal,y. to generate a’ warning

signal and/or initiate a re—-forming step, depending on the
signal generated from the comparison.

49. Disc workpieces when ground cr polishing using machines
or apparatus or by a method as claimed in any of the preceding
claims.

* [ L M s *



A computer 254 is supplied with signals fromthe cameras 234 and via cabl es
242 and 248 and controls the caneras and their |anps 232 and 246 via return
si gnal pat kgo 874838 242 and 248 and via cabl es 250 and 252 r e®QFGBITOLSES
The out put canmera 244 can be di splayed on a nonitor 256 as required, and
the profile of the edge of the wafer 238 is shown at 258 together eg with a
computer generated tenplate 260, 262 showing the ideal angle for the sides
of the profile. Wr kpi ece centering This is achieved using the

t echni que described in our copending apLI] ation filed concurrently
herewi t h under reference C403/W using the robotic wafer handling system of
Figures 8 to 10 and the signals from canera 234, obt ai nedys t he

“wafer is rotated through its field of view WO 97/ 4832
PCT/ GB97/ 01569 Di splay of notches and flats Figure 11 i{s of the
nonitor 256, this tine set to display the output fr;Fncaner 2 en a
notched wafer is in position on the vacuunlg?uck (n sho I n e 10)
on which the wafer 238 is -nounted, where the fer begn r t so t hat
the notch is in the field of vie e caner
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notch is visible at 264 and a conputer generated tenplate (shown dotted at
266 and 268) is also shown displayed, superinposed on the picture of the |
not ch, W{}gmﬁgzg the required angles for the two sides of pcireaBIanses Two
addltlonal e lines are displayed at 270 and 272 to show the require
radii at the entrance to the notch and a further tenplate line 274 is
dlsplayed showi ng the required radius 22 the bottom of the notch. . Figure
12 is a similar view of the nonitor I s tinme displaying one end of a
flat peripheral region of a circular mafe if viewed by the canera 234.
Here the display of the wafer is denoted by reference nuneral 276 an@N\{}he
flat by 278 and the required radiisdat the ends of the flat is described by
a conputer generated tenplate |indf280 ™\f er thickness neasurenent &N
Figure 13 shows the rear of the asdefbly} fFi gure 10 and shows the gRate
222 and notor 240 driving a vacuum \Cerps ~Jz8f via a drive 286 Afluid

line 290 with jet 292 serves to dell ? Jt of air to I ?,\o OTvi t he
Vlled by a Z;‘ﬂqz% — It]is
i nportant to know the thICk eSq-or 238 L nuntedLon

t he vacuum chuck 30 on the wals T €6 Fis\ 1)‘,;”JH 2) ii iat th
: lcr wor kSpL e to qfl i h
I

axial shift required.of the g
appropriate grinding i‘ |
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WD 97/ 48526 PCT/ GB97/ 01569
32 groove therein accurately into engagenent with the edge of the disc, can
be det er m newro9y/488e8 control system and appropriate drive signﬁéfm%@ﬂ@ﬁ@ged
for noving the workhead or work spindle the required distance. The

thi ckness is determ ned using a probe 296 which is carried on a spindle 298.
sl tdabl e in guides 300, 302 and novabl e. under air pressure via a pipeline
304 into engagenent with the face of the wafer 238. The di stance
travelled froma fixed home position is Q?ted. By perform ng the sane

di stance novenent neasurenent w thout th ﬁﬁier in place, given the
distance fromthe fixed honme position to the face of the chuck 284, and
since the wafer 238 is held against that face when in position, the

di fference between the two di stance neasurenents is equal to the thickness
of the wafer. The di stance ved by the probedéé sensed by an accurate
position sensing-encoder and e signals supplie | ong cable 306 to the
computer 254, and the thicknessydinension may be~di spl ayed on the nonitor

(i f desired). The conput er y form t he conputer based
control systemin housing 10 (see Figure 1) and/or signals generated
—
L




by the conputer 254 may be supplied to the conputer based control systemin
10, so that the thickness dinension is available for controlling the axial
shift of t%w;sgikead or work spindle assenbly. Mul ti pl e grdmGBSWDIREEE!
assenbly ' order to save nachi ne downtine, the grinding wheel may be
made up of a sandwi ch of different grinding wheels each dedicated to a

pgrticUIar pur pose. Such a wheel is shown at 308 in Figure 14, in which a
sandw ch of four-wheel sections is shown. WD 97/ 48526

PCT/ GB97/ 01569 lﬁ 3 The primary wheel 310 is a
resin bonded CBN wheel having six grindi éﬂSrooves inits cylindrica
surface, one of which is shown at 312. This is the wheel secti which is
used to grind the edge of a wafer which requires only a little terial to

be renoved before finishing. Wheel section 314 is a di anond giel
containing three grooves, one denoted by reference 316. This EEEtiO” S
‘used for finish grinding the wafer edge.
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It is to be understood that both wheels can have any nunber of grooves -

typically in the range 1-10. Wheel section 318 is a netal bonded CBN or

di anond- wh Jhighss @ singl e groove 320, which is an optional pehasherdisedh

can be use to rough grind a wafer edge before the softer resin bonded

wheel 310 is brought into play. Wheel section 322 is a further optional

wheel typically of ceriumoxide, which can be used to polish the wafer edge

~after finishing by wheel section 314, by running the wheel spindle at an
appropri ate speed. Not ch gri ndi ng mheel Figure 15 shows to an
approximately simlar scale, a notch gri q wheéel 324 nounted at the end

of a spindle 326. Its "concave" annul ar gl Ehlng surface is typically

di anond pl at ed. Wheel dreg3Png procedure As shown in Figure 16, the

dr essi ng/ f or ni ng wheel (s) ape nounted on the same spindle gl3Be vacuum

chuck 30 to which the morkgzece(s)/mafer(s) 36 are to bﬁgaLszgggg.

Typically the dressi ng/4rm ng eel is a tyw part assenbly of:
\\\\ / .
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WD 97/ 48526

nmet al

section 3
I ncor pora

grindi ng wheel
wi t hout grooves such as 312,

310, the first step is the formationej
I s achi eved usi ng wheel

R ofdaste

bonded di anond wheel 328 for
gure 14, and
smal | er dianeter grit,
grooves such as 312 in the CBN wheel section 310 of Figure 14.

(b) a netal

deis

PCT/ GB97/ 01569 (a) a
rough grinding grooves in the CBN wheel
bonded di anond
and is adapted to

y Whi ch

grind the

CBN

such as section 310 in Figure 14 are normally supplied

and after nounting a new CBN whee
grooves such as 312 thereon.
and t hen wheel

328 of Figure

has occurred in the grooves in 310, whee
re-formthe grooves as required.

gri ndi ng wheel s.
the roughing (CBN) grinding wheel

wheel .

re —

160

Conventional ly,

330.

section

Thi s

After wear

330 is enployed to dress and

Bot h form ng wheel s have access to both
both form ng wheels are used to form both
®d the finishing (dianond) grind

ng
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I nternedi ate wafer store As shown in Figure 17, bel ow the thickness
measuring probe location shown in Figure 13, is situated an open
top rectiliwepgy4asassi ng 332 into which wafers can be | ower ed PgT/GBI7/01569
198. Extending into the housing is a spindle 334 and vacuum chuck 336 on
whi ch wafers can be planted and held, and by which such wafers can be
r ot at ed. Drive to the spindle 334 may be obtained for exanple fromthe
not or 240. Protruding into the housing 322 is a jet 338 which can be -
supplied with fluid under pressure such ?3 water or air, and . the jet is:
directed towards the face and edge regio /o[swafers nmounted cn the chuck.
One such wafer is shown at 340. A drain
PCT/ GB97/ 01569 WD 97/ 48526 342 conveys away any surplus fluid. The
housi ng and vacuum chuck provi des a useful parking place for wafers which
have been edge grb&@d d48 are mti ng tcsfe
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pl aced on the vacuum chuck 284 of the inspection apparatus, for edge
profile inspection, or have been inspected and are waiting to be returned
to their slwovedssaeh as 214 in Figure 8. WO 97/ 48526 pCTIGBY7/01569
PCT/ GB97/ 01569 36 CLAIMS 1. A grinding
or polishing machine conprising a rigid platformon which a workhead

spgi ndl e and a grinding wheel spindle are |ocated, and wherein the grinding
wheel spindle is nounted on a sub-assenbly which is attached to the
-platform by neans of flexures which perﬂil $i m ted novenent of the
'sub-assenbly in a direction generally paré‘ el to the direction in which

t he wheel has to advance to achieve grinding or polishing of a workpiece
nount ed on the workhead spindle, the flexures y inhibiting novenent
of the sub-assenbly in all other directions. . A nQchine as clainmed in
claim1l1, wherein two grinding wheels are noun ﬁﬂ t pl atform ‘one on
each of two sub- assenblies, and each sub-ass “fgfli tt%&ﬂsd to the

pl atform :

194 190
206 192 3\\ \C
- 202
1188|1198 186
Y ol
=5 V> |
— ¢ 208
22 ,
s/ | 3
2/ [ 42 L /. 184
12 204
182

Fig. 8




by flexures as aforesaid. 3. A machine as claimed in claim2, wherein the
sub-dssenblyvﬁyyg%#g% fl exures provide snmooth notion and only permt
t

novenent i n one ion so that axis reversal hysteresis is gﬁgaﬁﬁéﬁﬁﬁ -
than is the case where conventional |inear axes are used. 4. 6%e
as claimed in claiml1, 2 or .3, wherein the positions of the flexures

mounting the sub-assenblies to the machi ne base are selected so as to

reduce the effect of torsional vibration é?in t he machi ne base on the

sub- assenblies carried by the flexures. A machine as clained in

claim4, wherein the flexure ng oints are |ocated generally
centrally of the machi ne and e | oca on either side of and close to the
machi ne centre |ine. 7/ 48526

PCT/ GB97/ 01569 37 6. A machine as clained in

any of clains 2 to 5, wherei t he20O0 eflles on which the sub-assenblies are

mounted are thensel ves attadhed t oNa{sql s, formng part of the base
of the machine, so that any ‘juiﬁl(ﬁ tthp Jsuly assenbly or carriage is
hi ghl y danped.
194
g
- 198
72il
208
K [ - .’-
240 —
218~ 42
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184




7. A machine as clained in claim®6, wherein the solid nmass i ncludes

pol ymer concrete. 8. A machine as clained in any of clains 1 to 7,
wher ei n blﬁ,w;sggw ties within selected parts of the nachi pe-rm-missgl east
partially filled with polyner concrete so as to raise the natural

frequency of vibration of the machine Darts with the objective of
roviding mni mum mass and di stribution of the danping/stiffening

mat eri al . 9. A machine as claimed in any of clains 1 to 8 wherein the

fl exures conprise stress relieved ste p | inks which are directly jointed

to the platformon the one hand and sg J beari ng sub-assenblies on the

ot her. 10. A nmachine as clained in any of clains 1 to 9, in which the
sub-assenblies are nounted on a horizontal extensio “the machine base,
towards one end of the general nass of the nmachine igidity of the

hori zontal extension is inproved by mounting a rigid byacket betmeen t he

extension and an end of the reg k
machi ne as clained in claim 104 wherein the sub- egsenbll S\ar e ﬁstnted
symmetrically about the centrejline of the base ard |are |sga apart and
the bracket extends along the Jcentre line of the rfadhin etyeen the two
sub- assenbl i es. 12. A machihe as capred in claifhilo dgr Ji1,> “wher ei n
coul onb danping is effected by} form Ag the bracket fr t hree pieces
224
228~ 238
234 236
232
) (=]
226~ \ - 6 250
220 . , 30
252
260~ 258 = 242 250
AR f 5
256 ~282 fF g
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an.d“ bol ti ng them t oget her. WD 97/ 48526 '
PCT/ GB97/ 01569 38 13.. A nachi ne_as_clai rmed

in any of yehaikg@zd to 12, wherein the platformis itself mRFVEE TS ugh
vi bration absorbing neans to a fixed machi ne base. 14. A machi ne as

claimed in claim13, wherein the machine base is a single piece
fabrication, or conprises a two-part structure with vibration absorbing
'means between the two parts. 15. AcL chine as clained in claimi14,
wherein one part of a tw part struct 55' nount ed above the other with
the vibration isolation nmeans in between, the upper of the two parts is a
nmetal fabrication which contains or is at least in part fornmed from
‘pol-ymer concrete so as to provide a direcRgg 288! y danped |ink between the
nmountings for the cams which nove the Splﬁdb@'S and t he sub-assenblies and
t he workhead spindle ' A $6i ne as clained in any of
clains 1 to 15, wherei 1 naI vi brations of the machine
base on the tool stabillty |s redu»c‘éd b){ DlNt i the tool spindle and

wor k  spindl e car gy il e-rff)j S in ¥ E£RM position on the nachine
base. 290" J’ g

Fig. 1

Fig. 12



17. A grinding or polishing nmachi ne having workpi ece spindle neans, tool

spi ndl e neans nounted on sub-assenblies which permt limted relative .

novenent h@oaﬂ&sg%rection to effect tool and workpi ece engpoemotemsgs cam
' re

drive nea y each sub-assenbly is novable to advance or retract
each tool spindle towards and away fromthe wor khead spindle. 18. A
machine as clained in claim17, wherein solid cans are enpl oyed. 19. A

hachine as clained in claim18, wherein the cam neans operates in one
sense only in which event return sprin’27?gps is provided for providing a
restoring force in the opposite sense. WO 97/ 48526

PCT/ GB97/ 01569 39 20. A machine as clained
“in claim19, wherein the cam neans operates in both senses so that positive
drive is provided-to both adwsnce and retract the sub-assenbly towards and

away from the workhead spindlg@. 21. A npchine as clained in claim 20,
‘wherein the two sub- assenblF@§\<11?1ﬂﬂEé§i] oaded apart and the grinding
feed is -
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provi ded by appropriate i nward novenent of the camarns, which allows rapid
i nterpol ati on around the corners of silicon wafer flats, since the maxi mum
sub- assenbivo emssstéer ati on forces act outwards, towards the cRGE/GBI7/HIS69 A
machine-as claimed in any of clains 17 to 21, wherein the cans are nounted
close to the workhead axis bearing and _gre directly |inked by polyner
goncrete so that a tight and danped stﬂ%ﬁ;gfs | oop i s produced. 23. A
machine as clained in any of clains 1 to y for grinding the edge of
silicon discs (wafers) in which the grinding wheel is resin bonded CBN, or
di anond or netal bonded CBN.,-3184. A3¥hi nd14s cl aiy in claim?23
wherein different t of qrindi ng/wheel ~are ed on the same spindle.
25. A machine as cl | ai 3 or #Z4, rein each grinding wheel is

an

provided with at |east ong 4l e Y IE rality of grooves, which can
be used in turn, as each RQeq ! Ut Il the grooves need
re-form-ng. 26. A machi ne (i ; i i\ clains 23 to 25 further -
conprising a form ng wheel e h f the grinding wheel, and
means for effecting rel atijve 3 ' ne t] tHe grinding wheel to be
formed or re-formed in sitju. Hi Yo gl ai med in clai m 26,
wherein the formng
o
o
o
o
°
o]
o
_ Fig. 14
320 \'312 T
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wheel .is nmounted on the workhead spindle, to the rear of a

40 wor kpi ece support. 28. ‘A machine as clainmed in claim26, wherein two
f orm ng wWhg) 465 nount ed on t he wor khead spindle. 29.  ApoRciBotie1ses
clainmed in claim28, wherein one of the formng wheels is used to form
grooves in new wheels and the other reforns grooves on existing wheels.

3D. A machine as claimed in claim28, wherein one form ng wheel is used
for roughing and another for finishing both grinding wheels to produce an
identical formin both the roughing a (f i shing wheel grooves, so
asynetric wear of the finishing wheel f ]&?is reduced. 31. A machine as
claimed in claim28,. wherein the two form ng wheels have slightly different
forns so that a constant depth of material is removed fromaround the edge
proflle during finish grlndlngJ - '

ey

) O O O 0O

30/ 328 Fig. 16




32. A machine as clainmed in claim28, wherein the two form ng wheel s have
different forns thereby allow ng rapid changeover between one formtype and
anot her. wodraghedgrachi ne as clained in any of clainms 26 o 32CTWBITARIS69 ONne
of the grinding wheels is a fine grain dianond wheel and one of the form ng
wheel s is a di anond wheel . 34. A method of grinding the edge of a disc
yusing a machine in which a grinding wheel and a form ng wheel are carried
on a stiff nmounting, conprising the steps of noving the grinding wheel and
form ng wheel into engagenment so as to, orma groove around the edge of the
grindi ng wheel corresponding in cross- 1 ig:on to the conpl ement of the
shape ‘to be fornmed around the di sc edge i ng grinding, engaging the
‘grinding wheel with the disc which is also stiffly nounted relative to the
grindi ng wheel, grinding the edge thereof into the desired shape, and

41 after the disc edge has been ground (or after a succession of disc
edges have been ground), re-engaging the grinding wheel and the form ng
wheel to re-formthe groove in the grinding wheel to correct for wear.

332

Fig. 17




35. A grinding process fo.g,rg\t‘r@&ng the edge of a silicon wafer workpiece
* COPPrisgiang t @ fmr‘e-t Tn which asgetal or.ir ad’n boltad*CBN whitfal«*®,
7 ' anced g&

i's adv H‘nd the ‘wor kpi ece -8d¥el and § seednd St 3g2* Ln.vhdh.'d’. -
»resin b or more preferably a redin bondedeadtasnnd wfifale’ i s ee® oo’
advance o finish grind the edge. =~ 38. The nethod of claim35 in which
the ste for I . grindi.ng wheels is performed with the
wheel s | SI%% gkggﬁ%ablgdﬁégé¥£%; SR B P HRSYES T r 88 & 5% t he
edge of cdaxding i ddbmg ;wheeln uspetguagfcthemg.mmeels pravidéppacat akldwr edge -

grindin | a grinding wheel and
drive n%a%anﬁ?eri%kor' a o%i%%g e%featg&u)g%%&rl?&%gans for the grindi ng wheel
and formng wheel which is stiff to restrict unwanted rel ati ve novenent
therebemmggﬁ,dgﬁgg%#%g effecting relative novenent to cause the grinding
wheel to altgn wth the form ng wheel, neans for effecting relative
nmovenent - bet ween grinding and forming wheels to plunge grind the edge of

t hekgrl K 1eh \Mﬁ(teélmte@ufagtrmws&e@r gaferbhaf(xal afebrpgeehaengs, 0$§r§€§i'%l@Dy aOII
WOor KpiI e n e on I | S WOr plec can e al spi n e
e b i e Gr e il OF SnREnsR “Rests HATE TRaFRS! BATRESI B [ne
gri ndi n@dﬁmloneﬂvamlstmmmp@cﬁdrm agifpamtkqgl shewapn.ndt-‘egutresbsi agdt he

wheel h

mount od By che. SERRAFe T8 SRER (Th The dHEeR S p e L 4R RO CHEET
for rot auhengehxheabbmmdi'e tehbeeiarcuratedynipas itisaied soml sbenobuckd3dn t he
wor kpi e;fmsp% (Hd“:u{%’e drfd aéft%}dé]:‘a'se%t Rnab13Pthe RAYLLID A9 Lo ERE 1N

claim3 wor kpi e
wafer to be J.nsnected af er grinding, before it is returned to

its storage sleeve.

Workpiece inspection

Figuré 9 is an overall view showing where the iﬁspection_
'apparatus sits in relation to the grinding machine and the
rb_botic wafer handling system of Figure 8. As before the same
reference numerals are used throughout. The robotic wafer
handling system is more fully described in our copending Patent
 Application GB-a-2316637. | |

The msnectlon apparatus comprises a stand 218 on th.ch is
located a supnort framework comprised of a base 220 and an
upright plate 222. A triangular stiffening plate 224 extends
from the rear of the plate 222 and both 222 and 224 are welded
-to the plate 220 as at 226. '

Spaced from Vertiéal edge 228 of the plate 222 is a support.
bracket 230, and a lamp and projection lens afrangement
génerally designated 232 is supported at the upper end of the
bracket 230. A first camera 234 having a lené 236 is mounted
on the plate 222 to'view,the:edge of the disc 238 which is back _'
lit by lamp 232.° | .
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%pindle i ncl udes a vacuum chuck for nmounting a workpi ece
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PCT/ GB97/ 01569 ve o832 toleredBa.  «"33.4°Apparattuse®’e
as claimed in claim38, which further congri®skés nedns %8recenteed®i’vgea’ess o*°o

- circular workpiece so that its centre js al i ghed wisbhebhie alded Gfe®the oe® *os’

wor kpi ece spi ndl e. "40.. Apparatus as claimed in claim39, wherein the

mnrkpiegsagﬁgi éénguﬁﬁéPé.is renote fromthe workpi ece spindle

conpri ses al 1 gnne

and

vacuum chuck and associ ated detection system by

whi ch a workpi ece can be rotated, to deternmine its true centre by detecting

any eccesgliCial Ynddhides A0t @biQmadiie; £ Ocihsal BN MiD LIS Sel%grqx

al i gnnent chuck, pi | ace_robot arm neans having a travel

in
ng 9écuum

ck and _p
chuck, répeelsrare RRuRtedoPRpsar: MoRRGathSdRddie -adj acent the al i gnnent

chuck to permt transfer of a workpiece fromone to the other,

and for

nmovi ng the chuyck and, wor kpi ece through precjsely known di stances al ong one
%ﬁo $og Bgecggéj

wn 2axBICRERE 585t FIAmed o™y e Rt k

or nore

Feddeing hety &8um

chuck onfeoheimgrwheete ipi ndedt ftay formsdesovder £honewrh@heevemamd @het he

travel | i ng, chuck

ing under the contral o gntrol system havi ng

b f
or ogr amBEEheF SFAT IR IEQRT BEn2he S¥4F RS oS hRent chuck axis and ¢ he

wor kpi ece spindle axis to permt accurate novenent of the

30. A machine as claimed in claim 28, wherein one forming
wheel is used for roughing and another for £finishing both
grinding wheels to produce an identical form in both the
roughing and finishing wheel grooves, so asymetfic wear of the
finishing wheel form is reduced. | -

31. A machine as claimed in claim 28, wherein the two forming
wheels have slightly different forms so that a constant depth
of material is removed from around the edge profile during
finish grinding. '

32. A machine as claimed in claim 28, wherein the two forming
wheels have different forms thereby allowing rapid changeover
between one form type and another.

33. A machine as claimed in any of claims 26 o 32, wherein one
of the grinding wheels is a fine grain diamond wheel and one
of the forming wheels is a diamond wheel.

34. A method of grinding the edge of a disc usihg a machine
"in which a grinding wheel and a forming wheel are carried on

é stiff mounting, compriSing the steps of moving the grinding
wheel and forming wheel into engagement so as to form a groove
around the edge of the grinding wheel corresponding in cross--
section to the complement of the shape to be formed around the
disc edge during'grinding, engaging the grinding wheel with the
disc which is also stiffly mounted relative to the grinding
wheel, grinding the edge thereof into the desired shape, and

| T DEDSHaﬁ
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'travelling chuck therebetween, and therein a corr

N oa, ECtLQ” is madeg to the
final position of the travelling chuck inmefront of

t*hes workpeege spip

d

|.e.'.
L ] se

i chuck by taking into account any eccentri;cfty detgctge in < he epogi tiorsof ¢
* the workpiece on the alignment chuckggy trhe <eteetpomesyst em waerebyset hee
wor kpi ece is accurately centred relative to the workpi ece spindle axis..
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out put aagnths, formindi gitdededcd orer fdem eeheantowwa siml tHespirayuddryi ce
such as,;@, 53050 %ngckgg ggagnlarged di splay of the edge profile of the
\nd/ or~ da &

wor kpi ece” an

profile for electrical conpari-son with simlar

43 datgg derizved.from th ugder : er ass <ok :f.ail
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workpiece edge and a second stage in which a resin bonded CBN,
or more preferably a resin bonded diamond wheel, is advanced
to finish grind the edge. '

36. The method of claim 35 in which the step of forming or
reforming both grinding wheels is performed with the wheels in
situ on the machine by plunge grinding the desired form in the
edge of each-grinding wheel using a forming wheel.

37. Apparatus for edge grinding or polishing a disc wofkpiece
comprising a grinding wheel and drive means therefor, a forming
wheel, support means for the grinding wheel and forming wheel

which is stiff to restrict unwanted relative movement

therebetween, means for effecting relative movement to cause

‘the grinding wheel to a;ign with the forming wheel, means for

effecting relative movement between grinding and forming wheels
to plunge grind the edge of the grinding wheel to form a groove

-therein of precise cross—-section, a workpiece spindle on which

the disc workpiece can be mounted, said spindle also being
carried by the stiff support means, drive means for moving the
grinding wheel towards and away from the workpiece spindle, to

bring the wheel into engagement with the circular edge of the

disc workpiece when mounted on the spindle to edge grind the
disc .workpiece, and drive means for rdtating the spindle,
wherein the forming wheel is also mounted on the workpiece
spindle for rotation therewith. ' '

- 38. Apparatus as claimed in claim 37, wherein the workpiece

spindle includes a vacuum chuck for mounting a workpiece

- T
(T

a storage neans containing data relating to a desired
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*43. Apparatus as clained in claim37, furdhes corg::ri.si-r.\g rr?arls.d‘-or LT
détecting wear of the profiling groove”iriﬁbﬁé gri ndi ngewheel ggyd.ngebggpioo.
..the grinding of workpieces and allI'ow for 4 e-eformieng dhe groove, o 44 oo o
Apparatus as claimed in claim43, wi%h ihcl ddes dri Ve “means responsi Ve t0
t he detection of ar,,. to axially shift the work spindle and advance it so

that a %FﬁiﬂﬁrhﬁégleSWri Fﬁgéuﬂ? &F t1RST eaf® oFSPRE2RSr RPPRES, OF s
posi ti ofetllt9igraloom ahehgpenduagigyosiegnglafil e around the grinding
wheel . 45. Apparatus as clainmed in clai'm43 or 44, wherein electric
and/ or acoustic sensing is enployed to detect the point of touchdown, which
is |inked.to Mosaravust meansdlabmedoingembaini 13§ ,i nfornher ocomprasédgt o t he

a positj t R | ndi ng l; . [t 1S n rds_t i ece,
o out preCe BeS pon anies S HHBRT ol hlah, HETRH1RIA e  1ntEHR
Appar at WerSBiefai reemponeRy oiahof acifimshey wexdpisns udeagvomd cbe
eIectro&fguﬁagpection means for view ng the edge of a ground disc workpi ece
whet her “on line or off line, conprising a video canera for producing a

video signal for processing, and positioned to view the edge of the

wor kpi ege . sulisdardtas |36 lanrderid ahl ¥1aif 3 chuftiee £ aiBHipri $i dPmebihgned so
t hat |t§ optjcal axis is tangenté_,lrél to tre 8er|meter pf the disc, .so that

the topfBF ARFSGTIY BREF oAl PRISFLL AR FFOY S or R e TPE iGTIRAERG ddl e

of the ¥#hekll o6 imesroipt theyrdmiing 4 wOrkpiekest aadi gllow it rer neans

as clai gpdel B ocl @M A8ove. |

44. Appératus as claimed in claim 43, which includes drive
means responsive to the detection of wear, to axially shift the
work spindle and advance it so that a forming wheel carried
thereon to the rear of the workpiece, is positioned to re-form
the grinding groove profilé around the grinding wheel.

45. Apparatus as claimed in claim 43 or 44, wherein electric
and/or acoustic sensing is employed to detect the point of
touchdown, which is linked to position transducer for
generating information related to the a position of the
grinding wheel as it is advanced towards the workpiece, to
output the position of the wheel when touch-down is sensed. .

46. Apparatus as claimed in any one of claims 37 to 45
including optic electronic inspection means for viewing the
edge of a ground disc workpiece whether on line or off line,
comprising a video camera for producing a video signal for
processing, and positibned to view the edge of the workpiece
substantially tangentially, in which the camera is positioned
so that its optical axis is tangential to the perimeter of the
disc, so that the top of the cross sectional shape of the edge
profile is in the middle cf the field of view of the camera.

47. Opto-electronic inspection means as claimed in claim 46,

£l
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(54) Title: GRINDING MACHINE SPINDLE FLEXIBLY ATTACHED TO PLATFORM

(57) Abstract

A grinding or polishing machine comprises a rigid platform on which a workhead spindle and a grinding wheel spindle are located.
The grinding wheel spindle is mounted on a sub-assembly which is attached to the platform by means of flexures which permit limited
movement of the sub-assembly in a direction generally parallel to the direction in which the wheel has to advance to achieve grinding
or polishing of a workpiece mounted on the workhead spindle. The flexures generally inhibit movement of the sub-assembly in all other
directions. Two grinding wheels are mounted on the platform, one on cach of two sub-assemblies, and each sub-assembly is attached to the
platform by flexures as aforesaid. The flexure mounting points are located generally centrally of the machine and are located on either side
of and close to the machine centre line. In a grinding or polishing machine having workpiece spindle means, tool spindle means mounted
on sub-assemblies which permit limited relative movement in one direction to effect tool and workpiece engagement cam drive means is
provided whereby each sub-assembly is movable to advance or retract each tool spindle towards and away from the workhead spindle.




