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Title: ovements in and relati to _grinding machines

This invention concerns grinding machines and methods of
grinding for grinding 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 form magnetic memory disecs for computer
disc drives and the like.

a und to

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

Conventionally edge grinding 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 brittle material such as discs
as aforesaid, namely they permit significant relative motion
between grinding wheel and component. This arises from the
need to provide for crthogonalmoveménts of grinding wheels
usually obtained by stacking cne 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 quality surfaces with deep damage.

When grinding silicon wafers, the depth of sub-surface damage
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means post grinding steps of acid etching and polishing. Both
processes are expensive. The lesser the damage the shorter the
polishing time needed.

Su ' the inve

According to one aspect of the presant invention, a grinding
machine as aforesaid comprises a rigid platform cn which a
workhead spindle and a2 grinding wheel spindle are located and
wherein the grinding wheel spindle is itself mounted on a sub-
assembly which is attached to the platform by means oi flexures
which permit limited movement of the sub-assembly parallel to
the direction of advance of the grinding wheel spindle to
achieve "'grinding of a workpiece mounted on the workhead
spindle, the flexures being such as to inhibit movement of the
grinding wheel spindle sub-assembly in all other directionms.

Where two grinding wheels are to be mounted on the platform,
each is preferably independently mounted on a sub-assembly and
each sub~assembly is attached to the platform by flexures as
aforesaid.

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

According to another aspect of the present invention, each sub-
assembly is movable to advance or retract the grinding wheel
spindle towards and away from a workhead spindle by cam means.

The cam means may operate in one sense only in which event
return spring means may be provided for providing a restoring

force in the opposite sense.

Alternatively the cam means may operate in both senses so that
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a common failing when grinding brittle material such as discs as aforesaid,
nanmely they permt significant relative notion between grindi ng wheel and

conponent. This arises fromthe need to provide for orthogonal novenents of
grindi ng wheel s usual ly obtai ned by stacking one |linear axis above another.

This notion rgﬂy}ﬁﬁ ,the use of hard wearing grinding wheel sp¢ncnymiLsEsse
| oss of form due f Wear, but such wheels tend to produce poor quality

surfaces with deep danage. Wien grinding 3ilicon wafers, the depth of
sub-surface damage o i 2 .arising during
grindi ng shouP@spEiNeATiveedsprREldes o hoth advance and retract the sub-

assembly towards and away from the workhead spindle.

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

Normally the edge of the disc is formed during the grinding
operation so as to create a generally triangular or trapezoidal
edge 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 component, the
complementary form is generated around the edge of the
component /workpiece. '

The edge profile will only be generated accurately if the
complementary form of the grinding wheel does not alter.
Clearly as the grinding wheel wears, this profile will change
and periodically such wheels have to be re-formed using a
suitable forming wheel. Hitherto the initial forming of the
grinding wheel complemantary profile has been done off machine
since hard wearing grinding wheels have had to be used.

By constructing a grinding machine in accordance with the
invention, so that the low grinding wheel/component relative
motion is exhibited, softer grinding wheels can be used and it
has been realised that such wheels can be formed in situ using
a suitable forming wheel. A grinding machine constructed in
accordance with the invention preferably includes a forming
wheel which is mounted so as to be capable of beirg engaged
with the main grinding wheel to allow the latter to be reformed
- as required.

Preferably and in accordance with another aspect of the
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I n subsequent manufacturing steps, a wafer nust be delivered with zero
damage. \When sub-surface danage has arisen, this neans post grinding steps
of acid etching and polishing. Both processes are expensive. The | esser the
damage the shorter the polishing tinme needed. Summary of the invention
According to one aspect of the present invention, there ispgf@nbidisssa

met hod of gr'WQ814#§2% he edge of a disc using a grinding machi ne havi ng
nount ed thereon a grooved grinding wheel 4 in which the groove is forned in
situ-using a form ng wheel also nounted on the grinding machine, conprising
the steps ofinmentignthéher fndimhggwwbeklamayf denimepniiedeloni the wagkhea®nt so

as to form aginawe agfindiile eslgenal Adi- 9beNAHHY WORESidcR/cBRmBORERRT i N
cross-section to the conpl enent of the shape to be forned around a

wor kpi ece edPRRFti'ng grindi ng, engaging the grinding wheel with at |east
one

According to a particularly preferred feature of the invention,
it has been found that bv using suitably soft grinding wheels,
the latter can be formed and reformed in situ. This obviates
problems which can arise when a grinding wheel is initially
formed off machine and/or has to be removed toc be reformed.

Preferably soft resin bond wheels ar= employed. Such wheels
are found to produce very low sub-surface damage when used to
grind edge forms. This aspect of the invention thus lies in
the combination of a tight stiffness loop and the use of a
relatively compliant resin bonded grinding wheel together with
a forming wheel which can be brought into play as and when
required. These integers, when combined, produce a high
surface finish and low sub-surface damage edge in the disc
being ground.

The invention therefore additionally provides a method of
grinding the edge of a disc comprising the steps of providing
a grinding wheel, providing a forming wheel and moving the
grinding wheel and forming wheel into engagement so as to form
a groove around the adge of the grinding wheel corresponding
in cross-section to the complement of the shape to be formed
around a workpiece edge during grinding, engaging the grinding
wheel with at least one workpiace and grinding the edge thereof
into the desired shape, and after the workpiece has been ground
or after a succession of workpieces have been ground, re-
engaging the grinding wheel and the forming wheel to re-form
the groove in the grinding wheel to correct for wear. '

The invention also lies in apparatus for performing the above
method comprising a grinding wheel, drive means therefor, a
forming wheel and drive means therefor, means for moving the
grinding wheel so as to plunge grind the edge of the grinding
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wor kpi ece, -grinding the edge thereof into the desired shape, and after the
wor kpi ece has been ground or after a succession of workpieces have been
ground, re-engaging the grinding wheel and the form ng wheel with the
grinding wheel remaining in situ, to re-formthe groove in the grinding
wheel to corregh offdssyear. The invention also lies in appakpgiiaeieises
perform ng the above method conprising a grinding wheel, drive nmeans
therefor, workpiece spindle and drive neansg therefor, and a form ng wheel .
wherein the form ng wheel is nounted on the morkplece spi ndl e. Means may be
provi ded for ddmrintionformc grpbyei herein cufh prerilse e:esmani@mt, meais a

further workpigse m@aeﬁé&ﬁ@ RE Y FheelV2IBR FRY f”éﬁﬁrﬁe | dggla for
detecting wearg égiﬂgyiner %é Bagéﬁng iéfé;rééggeﬁ%nt w1th JL gtgg to

|nterrupt t he grl ng “pr
circular workplece component to edge grind the latter,
wherein the forming wheel is mounted on the workpiece spindle

for rotation therewith.

Means may be provided for replacing a ground workpiece
component with further workpiece components to be ground.

Means may also be provided for detecting wear of the profiling
groove in the grinding wheel to interrupt the grinding process.

Means may be provided, responsive thereto, to again re-engage
the grinding wheel and forming wheel to reform the grinding
profile in the edge of the grinding wheel.

The invention is also applicable to grinding machines which
additionally grind registration regions around the periphery
of a workpiece component such as a flat or a notch, and in
accordance with another feature of the invention, a machine
embodying the invention inciudes a grinding wheel spindle on
which a grinding wheel can be mounted for engaging a disc
workpiece for forming a fiat on the peripheral edge thereof.

According to another feature of the invention, a grinding
machine includes a grinding wheel spindle on which a grinding
wheel can be mounted for engaging the periphery of a circular
workpiece component, for grinding a notch therein.

According to another feature of the invention, the grinding
wheel arnd workpiece spindles are mounted in air bearings.

Preferably the workhead is mounted upon a preloaded slideway
driven by servo motors and fitted with a high resolution
position encoder.
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3 Means may be provided to re-engage the grinding wheel and form ng wheel
to reformthe grinding profile in the edge of the grinding wheel in
response to the interruption of the grinding process. According to
anot her aspect of the invention, in a nmethod of grinding a disc-like

wor kpi ece havi B?( lgyth i nternal and external edges whi ch hayeridheeises ound,
and wher ei n WOPH4M ernal and ext er nal edges al so have to be finish ground,

a two-stage grinding process is enployedgor both internal and external .
grinding, in which a rough grind using a pre-forned
The flexures typically comprise stress relieved steel links
which are directly jointed to the platform on the one hand and

the spindle bearing sub-assemblies on the other.

Preferably in a machine adapted for grinding silicon wafers,
inspection means is provided capable of on-line inspection of
wafer thickness, diameter and cross-section.

Where a notch is to be formed in the external periphery, the

inspection means is preferably adapted to check the notch angle
and depth.

Where a flat is to be formed around a periphéry, inspection
means is preferably adapted to check the flat length and the
Y-diameter together with the flat corner radii.

The inspection means may be brought into operation so as to
check each wafer or more typically will be brought into play
after every nth wafer has been ground.

Optical inspection of wafer is preferably performed with the
wafer mounted vertically on a vacuum platen which is rotated.

Optical inspection of wafer diameter, roundness and
measurements of notches and flats is preferably performed with
the wafer mounted vertically on a rotating platen.

Optical inspection means may be mounted so as to point towards
the face cf the wafer when so mounted, and means is provided
for indexing the platen and wafer so that measurements can be
made at a plurality of discrete points and compared with those
derived from a reference component or template.

Optical inspection of the edge dimensions and profile of a
wafer during grinding is preferably undertaken by an inspection
device which is pointed towards the edge to inspect its profile
as the wafer rotates. Edge data can be compared with (or
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net al bonded wheel precedes a finish grind using a formed CBN resin bonded
wheel which is fornmed or reformed in situ on the machine. The invention
al so extends to an edge groundi ng nachine conprising a rigid platformon
whi ch a workhead spindle and a grinding wheel spindle are |ocated, wherein
the grinding Wygshgpi ndle is istelf nounted on a sub- assenblpmfdmwhus
nmounted to permt m)verrent thereof parallel to the direction of advance of
the grinding wheel spindle to achieve edge7grinding of a workpiece nounted
on the workhead spindle, but so as to inhibit novenent thereof in other
directions, wigoses ere gHPRRRYRPEHeAoNRATSS MR tth Sty S0 PeaaNBERentS 5
wor kpi ece engagiken sircmaohe tdigecrafssa seefevente sbapponénthiadkdieckehe A

conpl enent of y | Sunffa D& mﬁ@rgfmhah@haeré@ae%os Mmeecsr@y

grinding when the wheel 1s endaged with perl ry and
rel ative rmveriﬁ?ﬁfeﬁ'ép\?%eﬁh&ﬂ‘ i ﬁ@d\/\,ffe%?%ﬁﬁflﬂﬂ asfainape and
engagenent of dimengiobndi ng wheel and form ng wheel vmthout the grinding
wheel being denmounted from
According to another aspect of the invention, means may be
provided to aim a jet of cleaning fluid at the overhanging lip
of a waZer whilst the latter is still being rotated. This
prevents grinding swari f£rom running down the rear of the wafer
as it is removed from the support platen.

According to another aspect of the invention, the grinding
wheel and workpiece component are contained within a sealed
enclosure during grinding and preferably the jet of cleaning
fluid is introduced into the anclosure.

Preferably the enclosure is formed from a clear plastics
material such as polycarbonate. '

Preferably the enclosure is sealed by means of an inflatable
sealing ring which extends arcund the enclosure.

As previously indicated, 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
meéns between the two parts.
. -

In a two-part structure in which one part is mounted above the
other by the vibration isolation (absorbing) means, the upper
of the two parts mav 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.

A grinding process for grinding the edge of a silicon wafer
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Its spindle. O her features of the invention are defined in the appended

cl ai ns. Bri ef description of the draw ngs
4 The invention will now be described by way of exanple, with reference to
t he acconpanyi ng draw ngs, in which:
WO 97/48522 _ PCTIGBY7/01568
8

workpiece may comprise two stages, a first in which a resin
bond CBN wheel is advanced to rough grind the workpiece edge
and a second stage in which a resin bonded diamond wheel is
advanced to finish grind the edge.

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

Preferably the effect of torsional vibrations 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 included a section of polymer concrete
which provides high damping to the sub-assemblies.

Where both internal and external diameters are to be finish
ground, 2 two-stage grinding process may be employed for both
internal and external grinding, in which a rough grind using
a pre-formed metal bonded wheel precedes a f£inish grind using
a formed CBN resin bonded wheel which is formed and reformed
in situ on the machine.

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

Figure % is a perspective view not to scale of a grinding .~
machine embodying the invention as viewed from the position
normally occupied by an operator;

Figure 2 is a side view again not to scale, of the machine

shown in 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;
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Figure 1 is a perspective view not to scale of a grinding machi ne enbodyi ng
the invention as viewed fromthe position normally occupied by an operator;
Figure.2 is a side view again not to scale, of the machine shown in Figure
1, again fromthe side on which the operator nornally stands; Figure 3 is
an end vi ew of ‘g,ag.”mi ne shown in Figures 1 and 2; PCTIGBY7/01568

9 :

Figure 4 is a cross-section to a slightly larger scale through
the flexure mounted sub—assemblies as viewed end-on in Figure
3;

Figure 5 is an enlarged scale view of two of the flexures
. visible in Figure 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-assamblies;

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

Figure 9% is an opposite perspective view of the component
handling apparatus of Figure 8 which also shows disc inspection
apparatus and the right hand end of the machine as shown in
Figure 2;

Figure 10 is a perspective view from the opposite end of the

disc inspection apparatus shown in Figure 9, to an enlarged
scale;

Figure 11 is a view ¢f the monitor screen showing the notch as
viewed by camera 234;

Figure 12 is a view of the monitor screen showing a flat in a
wafer edge as viewed bv camera 234;

Figure 13 is a side view of the rear of the assemblv of Figure
10, showing the drive between the motor and vacuum chuck, and
also showing where a thickness measuring probe can be
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5 Figure 4 is a cross-section to a slightly larger scale through the

fl exure nounted sub-assenblies as viewed end-on in Figure 3; Figure 5 is
an en| arged scale view of two of the flexures visible in Figure 4; Fi gure
6 is an enlarged cross-sectional view through the upper right hand end
show ng the camgs*z e and follower and the spring | oadi ng e¢ricBerorsss

sub- assenbl QY igure 7 is a side view of the sub-assenbly end of the
machi ne shown in Figure 2 to an enlargediggcal e and partly in section;

positioned for determining wafer thickness before transferring

the wafer to the workhead.

Figure 14 is a side view of a multiple grinding wheel assembly
such as may be used in the machine show in Figure 1 et segq;

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 17 is a side view of a wash station which can also serve
as an intermediate wafer store.
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Figure 8 is a perspective view of a workpi ece | oading and unl oadi ng
mechani sm whi ch is adapted to be nounted on the right hand side of the end
of the machi ne shown in Figure 3, part of which is visible in Figure 8;
Figure 9 is an opposite perspective view of the conponent handling

appar atus of Kyg@#msss Whi ch al so shows disc inspection appar aCusBaTISEéhe

ri ght hand end of the machine as shown in Figure 2; Figure 10 is a
perspective view fromthe opposite end of 8he disc inspection apparatus
shown in Figure 9, to an enlarged scal e; Figure 11 is a view of the
noni tor scree X £ the wings

Figures 1, 2 and 3 illustrate pictorially part of an overall
machine station for edge grinding circular discs (wafers) of
silicon or similar material. Workpiece handling inspection and
centering facilities also form part of the overall machine but
will be described with reference to later views in the
drawings.

The machine shown in Figures 1 to 3 comprises a control cabinet
10 from which extends a machine bed 12 which carries a floating
platform 14 carried on three vibration absorbing feet, one of
which can be seen in Figure 1 at 16 and the second part 18 is
mounted centrally before the base region 22 and is shown in
dotted outline in Figure 1, and the third can be seen at 20 in
Figure 3.

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

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

The grinding wheel spindle (not shown) carried in bearing
assembly 38 is rotatsd by an slectric motor 40.

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

—_—
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vi ewed by canmera 234; Figure 12 is a view of the nonitor screen showi ng a
flat in a wafer edge as viewed by canera 234; Figure 13 is a side view of
the rear of the assenbly of Figure 10, showi ng the drive between the notor
and vacuum chuck, and also showing where a thickness neasuring probe

can be  woomes 6 PCT/GBY7/01568
12

22 and resist transverse vibrations which might otherwise be
introduced.

Equidistant from and on the other side of the plate 44 is a
second support 48 which carries a slideway 50 on which is
mounted a second spindle drive 52 for a notch grinding spindle.
Axial movement of the spindle drive 52 is provided by a drive
unit 54 {see Figure 2). The spindle drive 52 can also 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 revs per minute, the edge grinding
spindle typically 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 Figure 2 at 56 and 58. Indexing
the workhead 24 in the direction of the arrow 60 in Figure 2
allows the workpiece disc 36 to be engaged by one of the slots
such as 3¢ in the grinding wheel 32 and further movement in the
direction of the arrow 60 allows the disc 36 to clear the end
face 62 of the grinding wheel assembly and to allow the forming
wheels 55 or 58 to engage in the appropriate grooves in the
grinding wheel 32.

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

In accordance with the invention, the pivoting is provided by
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positioned for determ ning wafer thickness before transferring the wafer to
t he wor khead. Figure 14 is a side view of a multiple grinding wheel
assenbly such as may be used in the nachine show in Figure 1 et seq;
Figure 15 is a side view of a notch grinding wheel such as nay be enpl oyed
in that machi nggeyadspaure 16 is a side view of a workpi ece vacmenviasek and
dressi ng wheel assenbly; and Figure 17 is a side view of a wash sation
whi ch can al so serve as an internedi ate wafi @ store
means of flexures (as will be described) which allow for
pivoting movement about two parallel axes close to the centre
line of the platform 14 so that structure 42 can describe a
small arc such as denoted by arrow 68 and structure 48 can

describe an arc as danoted by reference numeral 70.

Drive means for achieving the pivoting movement will be
described with reference to 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 1lip 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 80 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 allcw 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 be formed.
Movement in the opposite sense is also accommodated by the
bellows 80 and 82 so that the closed housing 72 can also follow
the workhead 24 as it moves in an opposite sense to that of
arrow 60 to allow for the edge of the disc 36 to be engaged by
one of the grinding grooves such as 34.

Coolant fluid is spraved onto the workpiece through'nozzles 84
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7 Detailed description of the draw ngs Figures 1, 2 and 3 illustrate
pictorially part of an overall nmachine station for edge grinding circular
di scs, (wafers) of silicon or simlar material. Wrkpiece handling
bnspection and centering facilities also form part of the overall nmachine

but w | beﬂ&?ﬁ&kﬂed with reference to later views in thepgf/andingsss
14 '

and 86 and similar nozzles are'provided for spraying similar
fluid onto the forming wheels when required. An interlock is
provided to prevent coolant fluid being jetted unless the
housing 72 is closed and se2aled by the closure 76.

After a grinding operation has been completed and after a final
wash with fluid, the housing 72 can be opened by deflating the
edge seal 78 and withdrawing the workhead 24 in a direction
oppesite to that of arrow 60 to the position shown in Figure
2. The finished workpiece 36 can then be demounted and a fresh
workpiece installed.

Whe orming/d si

Wheel forming can be performed initially before any workpiece
has been mounted, in which case the housing 72 is closed by
appropriate movement cf the workhead 24 and closure 75 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 of support 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 of the groove is performed during machine
downtime after one workpiece has been removed and before a
subsequent workpiece has been installed, but in a development
of the machine in which edge profile checking of the workpiece
36 is performed in situ on the workhead, it may be advantageous
to allow for re-forming with the workpiece in place.
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The maci ne shown in Figures 1 to 3 conprises a control cabinet 10 from

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

and is shown i %‘ﬂﬁstsf‘zd outline in Figure 1, and the third capchpspassyt 20
in Figure 3. ? e platform 14 includes an integral support structure or

base 22 which carries a workhead 24 which i1g slidable axially along a :
slideway 26 nmounted on an upper surface of the base 22 and which includes a
spi ndl e drive N8kgRing and vacuum chuck 30 for carrying wafers to be

gr ound. Edge grinding I s achi eved by neans of a grinding wheel 32

contai ning a nygb r%¥¥?gzﬂ éﬂ@gvg§ suq? as 34t£gr engagéng the e%g%dof
a mafer morkplece deS| gure
aterallV' to dlsengage the wneel from the workpiece and
support 48 is moved laterally instead so as to engage the edge
of the workpiece 36 by the notching spindle (not shown). After
notching, the support 48 is moved in an opposite sense so as

to disengage the spindle from the workpiece.
Polishi

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 36.

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
housing 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 ccnnection plug 102. An operator can
remove the unit 98 and walk to the machine with the unit 98 in
his hand, and by pressing appropriate buttons instigate or

. arrest operation of the machine. The housing 10 houses a
computer based control system for supplying control signals and
power to the drives on the machine and for receiving signals
from transducers, switching and other position/operation/touch
etc signal generating sensors on the machine.
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The grindi ng wheel spindle (not shown) carried in bearing assenbly 38 is
rotated by an el ectric notor 40. Itens 38 and 40 are carried on a support
general ly designated 42 which is nounted close to the centre line of the
platform 14 to one side of a rigid strengthening plate 44 which is bolted
t hrough flanges to %he platform 14 along its base and i s Seqguicub7oises t S
upper end by DITHES2 hr ough another flange 46 to the machi ne base 22. The
function of the plate 44 is to increase filge rigidity of the platform 14,
relative to the base

A computer keyboard and display may be used to enter data for

initially setting up the machine functions, and for determining
the spindle speeds, feed rates, stroke and seguence of events.

Since clean room conditions mav be required, the whole machine
with the exception of the corner of the control unit containing
the computer screen and keyvboard, 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
resolution position coder to provide smooth motion during axis
move interpclation.

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

Whilst the jets such as 84 and 86 can be used to supply cutting
fluid during grinding, they or other jets may be ussd 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 swarfi from running down the back face of the
wafer as it is removed from the chuck.

Grinding process

Typically edges are ground in a two-stage process using a
plunge grind roughing operation and a second plunge grind
finish cycle which includes a rapid advance of the grinding
wheel until a touch sensor detects contact with the workpiece
wafer. The grinding wheel axis position at touchdown is used
to monitor wheel wear and to ensure that the material removed
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8 22 and resist transverse vibrations which m ght otherw sw be introduced.
Equi di stant from and on the other side of the plate 44 is a second support
48 whi.ch carries a slideway 50 on which is nounted a second spindle drive
52 for a notch grinding spindle. Axial novenent of the spindle drive 52 is
provi ded by avﬂ%bﬁﬁsﬁnit 54 (see Figure 2). The spindl e drivech@nsrmsesl so
be used to grin e Internal dianeter of an annular disc. The wor khead
edge grinding and notch grinding spindles ave nounted in air bearings and
the workhead spindl e tgplcally has a speed range of 2 to 1000 revs per

m nute, the e®Rpr Finhghmpspyaliecis WartarPpshadta Fdadirdgrifealformscavd

revol uti ons pafaintained by using metal bonded diamond forming wheels
permanently mounted on the workhead chuck. The reforming
process can be fully automatic and can be programmed to occur
every nth wafer, or whenever the ground edge profile becomes
unacceptable (as determined by optical inspection of the disc
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 Zfilled at least partially with polymer
concrete, particularly sections of the base 22 and the bed 12
and if desired also the platiform 14.

] Se (e]

Figures 4 and 5 illustrate how the two structures 42 and 48 are
mounted for hinging movement to permit wheel infeed. As shown
in Figure 4, the inboard edges of the two structures 42 and 48
are connected to the platform 14 by means of flexures
(sometimes referred to as strip-hinges) two oi which are shown
at 102 and 104. A sescond pair in line 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 plate, a central region of which is necked
to form a2 reduced width section 106 in the case of flexure 102
and 108 in the case of £flexure 104.

The thicker upper and lower regions of each plate denoted by
110 and 112 in the case of 102 and 114 and 116 respectively in
the case of flexure 104 are bclted by means of bolts such as
118 and 120 in the case of flexure 102 on the one hand to a
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m nute and the notch griding spindle speed is typically up to 70,000

revol utions per m nute. On the workhead spindle to the rear of the chuck
30 are nounted form ng wheel s best seen in Figure 2 at 56 and 58. | ndexing
the workhead 24 in the direction of the arrow 60 in Figure 2 allows the

wor kpi ece dé@ﬁyégs{o be engaged by one of the slots such apciéssmisése
grindi ng wh Znd further novenment in the direction of the arrow 60

allows the disc 36 to clear the end facey#$2 of the grinding wheel assenbly
and to allow the form ng wheels 56 or 58 to engage in the appropriate

grooves in tflamge ad2nthidieEbrSl. an ilnviegrall pavrensfithef stihetgriendzngnaheel

or notch gridiflehedoehedUhifdl 15 AnaieaieB1B¥k! hblyi D8sd1E FHHRRAT by Shé ks Ur €s
42 and 48 a%ggqproprlatg rel at ve(%o t he pLgtfo&n1%4. I? this end both of
the structurds H3TEn888 %ﬁeﬁ%ﬁ\ﬂﬂ 43P &6t Z0RBLBETPRR btatform 14 near the
centre line thereof (as will be described

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

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 supporting the structure from the platform 14.

Whilst the flexures 102 and 104 permit tilting of the
structures as denoted by arrows 130 and 132 in Figure S5, they
do not readily permit any cther movement of the structures 42
and &8 relative to the platform 14 about any other axis.
Consequently the ccupling cf 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.

fee rive 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 of the machine base 22. One such drive is shown in
Figure 4 as provided within the structure 42. Here a cam 134
is carried by a shaft 136 itself carried in bearings 138 and
140, and is driven by an electric motor 142 through a torsion
rigid coupling 144. A follower 146 carried on a shaft (not
shown) is carried in bearings 148 and 150 is mounted to the
structure 142.

The drive and bearing assembly containing the cam 134 is
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in nmore detail in relation to later figures) and two stops 64 and 66

respectively (see Figure 3) prevent excessive outward novenent. I n
accordance with the invention, the pivoting is provided by '
9 means of flexures (as will be described) which allow for pivoting

nmovenment aboutytwheddsy al | el axes close to the centre |ine of PCIEBITISEOr m

14 so that structure 42 can describe a small are such as denoted by arrow

68 and structure 48 can 19 :
supported within a rigid structural framework generally
designated 152 and this is separate and spaced from the rest
of the structure 42 so that the latter can move relative to the
assembly 152 as dictated by the movement of the cam 134 and
follower 146.

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 bv 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 158 to the
inboard structural ccmponent 160 of the structure 48 and the
spring 162 is housed within a cyvlindrical 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
provides 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 used throughout to
denote similar parts.

Cam drive

Figure 7 is a side view of the end of the machine shown 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 cam drive mechanism generally designated 170 which
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describe an are as denoted by reference nuneral 70. Drive means for
achieving the pivoting novenent will be described with reference to

| at er, figures. Attached to the base 22 is a clear Pol ycarbonate
rectilinear housing 72 through which the grinding wheel spindle protrudes.
A large, geRghgdsiagoval opening 74 in the face of the houspoycBZIESBows a
simlarly shaped closure 76 nounted on the workhead 24 to enter and seal

off the opening 74 upon appropriate forxard novenment of the workhead 24 in
the direction of the arrow 60 as aforesaid. An inflatable ring seal

78 around adks an dder strugturer 48| apdnasi nety showouds FhAgureit €r naThe|ip

of the openidiptifeé) waskwt 488 iorsitovi Wirdthegbidsant thetdebre maehghoshre 76
and the opening 74.
Figure 7 also shows the two flexure mountings at the base of
the unit 48, the outboard one being designated 104 and the
inboard one being designated 172.

As previously 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 housing 52 previously described
in respect of Figure 1, and the housing 52 slides along a
slideway S0 as previously described.

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

Workpiece t sfer

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 cémprises a base 182
and structural framework generally designated 184 extending
upwardly therefrom to provide a support for a linear slideway
generally designated 186 aliong which a carriage 188 can slide
in the direction of the arrow 190. A second slide 192
protrudes from the housing 188 at right angles to the slideway
186 and a sliding memper 194 is adapted to move therealong in
the direction of the arrowv 196. An arm 198 protrudes from the
housing 194 and a drive attached theretoc and shown at 200
provides for movement of the arm 198 in the direction of the
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The housing 72 is slidable relative to the base 22 and bell ows seals 80 and
82 are provided between the spindle drives 38 and 52 so that after the seal
has been made between the closure 76 and the opening 74, the housing 72
will in fact nove axially with the workhead assenbly 24. Suf fici ent
clearance is wonmeed to the rear of the bellows to all ow t ECHGBAIOLES 72
to nove in a continuing sense in the direction of the arrow 60 to allow for
the grooves in the grinding wheel to be foRkAed. Myvenent in the opposite -

sense is al so acco ted..by the bell ows 80 and 82 so that the cl osed
housi ng 72 canaﬁf"’smo 1 0\51’[%@:&& RRE¥ST f&ra§%Ft drdyes 2RO AP pptsiddvesnse
to that of arrbw bbetkousingyi®gr ishprovgded§ vilae adimud t36wey webidigagedody
one of the griwHicly 0¥ @@¢ASnEdCIh 35 fAdxibl1e0chadtyl hatkbdsS 268" Sveskryy ¢ot he

wor kpj ece thr OHQQ f'ﬂ%ezalreﬁ:r%ék 186.

The lower end of the arm 198 is a vacuum chuck 208 and by
suitable manceuvring of the carriages 188 and 200 and the arm
198, so the vacuum closure 208 can be positioned in front of
a wafer 210 which is held upright in a supporting sleeve 212.
An empty supporting sleeve at 214 is also shown ready to
receive a processed wafer.

The base 182 is positioned close to the machine bed 12 part of
which is visible in Figure 8. AaAfter a machining operation, the
two parts of 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 vacuum chuck 208. To this end the
transfer mechanism of 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 2i4.

Movement of the carriage 194 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 grinding machine for attachment to the vacuum chuck 30 in
place of the previous wafer 36, for grinding.

It will be appreciated that a plurality of sleeves or éassettes
can be provided on the track 216 and all the workpieces located
therein can be removed, centred, ground, inspected and returned
thereto in turn.

Where an overall enclosure is provided for the apparatus as
previously described, the transfer mechanism including its base
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10 and 86 and simlar nozzles are provided for spraying simlar fluid
onto the form ng wheels when required. An interlock is provided to prevent
coolant fluid being jetted unless the housing 72 is closed and seal ed by
the cl osure 76. After a grinding operation has been conpleted and after a
final wash Weldbrfagsdhd, the housing 72 can be opened by def |mtIvGRyWi5€8 edge
seal 78 and withdrawi ng the workhead 24 in a direction opposite to that of
arrow 60 to the position shown in Figure22 .

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.

wWafer centering

As an intermediate step before and after grinding, (preferably
during the grinding of another wafer), each of the wafers is
positioned in the inspection apparatus shown in Figures 9 and
10, to enable the centre of the wafer tc 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 rsturned to
its storage sleeve.

Figure 9 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 befors the same
reference numerals are used throughout. The robotic wafer
handling system is more fully described in our copending UK
Patent Application £fiied concurrently herewith under our
reference C403/W.

The inspection apparatus comprises a stand 218 on which is
located a suppdrt framework comprised of a base 220 and an
upright plate 222. 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 2rtical edge 228 of the plate 222 is a support
bracket 23: and a lamp and projection lens arrangement
generally d:z.ignated 232 is supported at the upper end of the
bracket 230. A first camera 234 having a lens 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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2. The finished workpiece 36 can then be denounted and a fresh workpiece

I nstal | ed. Wheel form ng/dressing Wheel form ng can be perforned
initially before any workpi ece has been nounted, in which case the housing
72 is closed by appropriate novenent of the wor khead 24 and closure 76

Wi thout first peesAdg a wor kpi ece such as 36 on the chuck RCT/CRATOL68
formng is perforned by appropriate axial novenent of the workhead 24 and
| at eral nmovenent of support 42, so that ea@h of the grooves in turn, such
as groove 34, is _engaged by the appropriate form ng wheel such as 56 or_58.
Cool ant fl uid#% Faey ’dhrmﬁg“'ﬁhé AHERYOF #A4A AF FpupLed AP thepFeaf of
initial wheel tHher plage 2h2. asBenimotoradriigesepavateun bghinkedhotgvisibbenl

78 as before mti3R8dthePhigé PPNGhih dis to be inspected is planted by
the robotic arm 198 and vacuum chuck 208.

Rotation of the motor 240 rotates the wafer 238. By
positioning this so that the edge intersects the field of view
of the camera lens 236 electrical signals can be derived from
the camera output £for feeding via a cable 242 to signal
analysis apparatus (not shown) for processing data obtained
from the signals.

A second camera 244 is mounted on the support plate edge 228,
to view the edge cf the disc 238 tangentially, so as to obtain
information on the profile of the edge. The disc edge is back
lit by lamp 246 and signals from the camera 244 are supplied
along cable 248. Power for the lamps 232 and 246 is supplied
as requirad along cabies 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 displaved on a monitor 256 as required, and the profile of
the edge cf 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.

Workpiece centering

This is achieved using the technique 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, obtained as the circular wafer is
rotated through its field of view.
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wor kpi ece 36 the assenbly can be cl osed again and grindi ng undertaken as
bef ore descri bed. Typically re-formng of the groove is perforned during
machi ne downtinme after one workpi ece has been renoved and before a
subsequent wor kpi ece has been installed, but in a devel opnment of the

machi ne in WQ%&Q gﬂpe profile checking of the workpiece 36pcwGBerNdgisesned i n
situ on the i ad, it nmay be advantageous to allow for re-formng with
t he workpi ece in place. 24

Displav o otche lats

Figure 11 is a view of the monitor 256, this time set to
display the output from camexra 234, when a notched wafer is in
position on the vacuum chuck (not shown in Figure 10) on which
the wafer 2382 is mounted, where the wafer has been rotated so
that the notch is ir the field of view of the camera. The
notch is visible at 264 and a computer generated template
(shown cdotted ar 266 and 268) is also shown displayed,
superimposed on the picture of the notch, to indicate the
required angles 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 notch and a further template line
274 is displayed showing the required radius at the bottom of
the notch.

Pigure 12 is a similar view of the monitor 256 this time
displaying one end of a flat peripheral region of a circular
wafer if viewed by the camera 234. Here the display of the
wafer is denocted by raference numeral 276 and the flat by 278
and the required radii at the =nds of the flat is described by
a computer generated template line 280.

Wafer i SS _measurement

Figure 13 shows the rear of the assembly of Figure 10 and shows
the plate 222 and movor 240 driving a vacuum chuck 284 via a
drive 286.

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

It is important to know the thickness of the wafer 238 before
it is mounted on the vacuum chuck 30 on the workhead {see
Figures 1 and 2) so cthat the axial shift required of the
workhead or workspindle to bring the appropriate grinding

This Sheet Has Been Reﬂlaced _

TR




11 Not chi ng If a workpiece is to be notched, the support 42 is noved
| aterally to di sengage the wheel from the workpiece and support 48 is
noved.l aterally instead so as to engage the edge of the workpiece 36 by the.
not chi ng spindle (not shown). After notching, the support 48 is noved in an
opposi te sensayeons2t 0 di sengage the spindle fromthe wor kpPEHEBYTN1IS68

Pol i shi ng In an alternative arrangenent, a polishing wheel may be nounted
on the wheel spindle as well as the grooved®grindi ng wheel s, and by axially

e PG B n521°5 BOL' S Dendie 14" RE SIS ER chD O
disc, can bs determined by the control system and appropriate
drive signals generated for moving the workhead or work spindle
the required distance. The thickness is determined using a
probe 296 which is carried on a spindle 298 slidable in guides
300, 302 and movable under air pressure via a pipeline 304 into
engagement with the £ace of the wafer 238. 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 measurements is equal to the thickness
of the wafer.

The distance moved by 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 contrclling the axial shift of the workhead or
work spindle assembly.

Multiple indi wheel assembl
In order to save machine downtime, the grinding wheel may be
made up of a sandwich of different grinding wheels each

dedicated to a particular purpose.

Such a wheel is shown at 308 in Figure 14, in which a sandwich
of four wheel sections is shown.
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wor kpi ece 36. A drive for shifting the workhead 24 al ong the slideway 26
I's provided at 88. As shown in Figure 3, a drainpipe 90 conveys fluid
fromthe housing 72 to a storage tank 92 and a punp (not shown) is provided
to recirculate the fluid fromthe tank. A filter nmay be provided in the
tank or in gp okhgds between the tank and the punp. The cecTiGE7#86si ng 10
I ncl udes a television display 94 and keyboard 95 and a hand-hel d control
unit 98 is connected via a flying lead 1®® to a connection plug 102. An
operator can renove the unit 98 and walk to the machine with the unit 98 in
his hand, arfd®HPP™esYi nheapp?tPriata Betinnkonded | Bl ovhaelahpingopd¥ati on
of the machigmindifige giroosesmgiiOitisusebimkirical surface, one of which is

shown at 312. This is the wheel section which is used to grind
the edge of a wafer which requires only a little material to
be removed before finishing.

Wheel section 314 is a diamond wheel containing three grooves,
one denoted by reference 316. This section is used for finish
grinding the wafer edge.

It is to be understood 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 brougkht into play.

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

Not indi W

[pnad

Figure 15 shows to an approximately similar scale, a notch
grinding wheel 324 mounted at the end of a spindle 326. 1Its
"concave" annular grinding surface is typically diamond plated.

Wheel dressin re

As shown in Figure 16, the dressing/forming wheel(s) are
mounted cn the same spindle as the vacuum chuck 30 to which the
workpiece(s)/wafer(s) 36 are to be attached.

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

e
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conput er based control systemfor supplying control signals and power to
the drives on the machine and for receiving signals fromtransducers,
swi tching and ot her position/operation/touch etc signal generating sensors

on t he machi ne.

keyboard and qj¢

12 A conputer
Pha¥xey be used to enter data for initiall yrewGBIMYSEp t he

machi ne functlons and for determ ning the spindle speeds, feed rates,
stroke and sequence of events. 27

{a) a metal bonded diamond wheel 328 for rough grinding
grooves in the CBN wheel section 310, of Figure 14, and

(b) a metal bonded diamond wheel 330 which incorporates much
smaller diameter grit, and is adapted to finish grind the
grooves such as 312 in the CBN wheel section 310 of *igure 14.

CBN  grinding wheel such as section 310 in Figure 14 are
normally supplied without grooves such as 312, and after
mounting 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 occurred in the grooves in 310, wheel 330 is
employed to dress and re-form the grooves as required.

Both forming wheels have access to both grinding wheels.
Conventionally; both forming wheels are used to form both the
roughing (CBN} grinding wheel and the £inishing (diamond)
grinding wheel.

I

ermedi W 3

As shown in Figure 17, below the thickness measuring probe

location shown in ¥Figure 113, is situated an open top

rectilinear housing 332 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 motor 240.

Protruding into the housing 332 is a jet 338 which can be

supplied with fluid under pressure such as water or air, and

the jet is directed tcwards the face and edge region of wafers

mounted cn the chuck. One such wafer is shown at 340. A drain
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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, nay be housed within an external enclosure. The external
encl bsure is not shown in the draw ngs. The slideway 26 on which the

wor khead slides, is preloaded, and the workhead Is driven bgriesymasesnot ors
and fitted \W‘?ﬂ'}"és?ﬁ gh resolution position coder to provide snooth notion
during axis nove interpolation. Gindi rg infeed is achieved as previously
described by tilting the structures 42 or. 48 as required to bring the
grindi ng el etbhtCURFGYSe @VEKe RO SR b ehent with the edge of the

wor kpi ece 36. Al though the novenent is not truly linear, but arcuate, this
can be accorgp ﬁ%&gsoidsg{‘r?g.'&ia{%%hﬁoEhﬁhﬂ“ékﬁv@&@%ré‘t G AN1 {EGRY pRacaystem

housed wi t hin u .
for wafers which have been edge ground and are waiting to be

placed 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 sleeve such as 214 in Figure 8.
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Wil st the jets such as 84 and 86 can be used to supply cutting fluid

during grinding, they or used to direct jets of cleaning
fluid at the overhangi ng ﬂmm) |I‘ﬂ“““mH“1Wh| st it is still being rotated
but after grinding. Th I's prevents'grﬁndrng swarf fromrunni ng down the
back face of Ghsom@éer as it is renoved fromthe chuck. GRCRIEPRIOBBcess
Typically edges are ground in a two-stage process using a plunge grind
roughi ng operation and a second plunge gri3®l finish cycle which includesa
rapi d advance of the grinding wheel until a touch sensor detects contact
wi th the workpi ece wafer. The grinding wheel axis position at touchdown is
used to nonitor wheel wear and to ensure that the material renoved

CLAIMS

1. A method of grinding the edge of a disc using a grinding
machine having mounted thereon a grooved grinding wheel, in
which the groove is formed in situ using a forming wheel also
mounted on the grinding machine.

2. A method as claimed in claim 1, 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 a workpiece edge during grinding, engaging
the grinding wheel with at least one workpiece, grinding the
edge thereof into the desired shape, and after the workpiece
has been ground or after a succession of workpieces have been
ground, re-engaging the grinding wheel and the forming wheel
with the grinding wheel remaining in situ, to re-form the
groove in the grinding wheel to correct for wear.

3. A method of grinding the edge of a silicon wafer workpiece

comprising two stages, a first in which a resin bonded CBN

wheel is advanced to rough grind the workpiece edge and a

second stage in which a resin bonded diamond wheel is advanced
. to finish grind the edge .

4. A method as claimed in claim 3, wherein the method includes
the further steps of forming and reforming both grinding wheels
in situ on the machine by plunge grinding the desired formed
around the grinding surface of each grinding wheel using a
forming wheel.

S. A grinding machine for performing the method of any of
claims 1 to 5, comprising a grinding wheel, drive means
therefor, a workhead and workpiece spindle and drive means
therefor, a forming wheel and drive means therefor, means for
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13 per finish out cycl e_l_s kept constant—& i ndi ng wheel fornms are

mai nt ai ned by using tal bonded dianmond formng wheels pernmanen
nount ed on the vvorkhead ch ” eI ﬂu mltg process can be fully
automatic and can be progr ry ntn wafer, or whenever

around edge

I nspect ion O

\?63%{@5& becones unaccept abl e (as determ ned by pepicBorbé1S6s
sc edge profile) or when the touchdown point indic

excessi ve wheel wear. Danpi ng 30

moving the grinding wheel so as to plunge grind the edge of the
grinding wheel to form a groove therein of precise cross-
section, means for effecting relative movement between the
grinding wheel and the forming wheel to enable the grinding
wheel to engage with the edge of a circular workpiece component
mounted on the workpiece spindle to edge grind the component,
wherein the forming wheel is alsc mounted on the workpiece
spindle for rotation therewith.

6. A grinding machine as claimed in claim 5, £urther

comprising means for demounting and replacing a ground
workpiece component with a further workpiece component to be

-ground.

7. A grinding machine as claimed in claim 5 or 6, further

. comprising means for detecting wear of the profiling groove in

the grinding wheel and adapted to interrupt the grinding
process if wear is detacted.

8. A grinding machine as claimed in claim 7, further
comprising means to re-engage the grinding wheel and forming
wheel to reform the grinding profile in the edge of the
grinding wheel, in response to the interruption of the grinding
process.

9. A grinding machire as claimed in any of claims 5 to 8,
adapted additionally to grind a registration region such as a
flat around the periphery of a disc workpiece which comprises
a further grinding whe2l spindle on which a further grinding
wheel is mounted, said further wheel being movable to engage
a disc workpiece for forming a flat on the peripheral edge
thereof as the workpiece is rotated relative thereto.

-10. A grinding machine as claimed in any of claims 5 to 9,

which comprises a further grinding wheel spindle on which a
grinding wheel is mounted for engaging the periphery of a
circular workpiece £cr grinding a notch therein whilst the
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In order to reduce unmanted”vaTarfUﬁ‘aﬁd‘régﬁlting grindi ng damage to the

m ni mrum the structural the grinding machi ne are
filled at |l east partially Wﬂmﬂmm” r“ te, particullarly sections of
the base 22 and the bed 12 esmr o the platform 14,
Subassenbly f\gRydsf@szaounting Figures 4 and 5 illustruate REFEBIOISES
structures 42 and 48 are nounted for hinging novenent to permt wheel
infeed. As shown in Figure 4, the inboard3tdges of the two structures 42
and 48 are connected to the glatfornl 14 by nmeans of . flexures

(someti mes ref%PTRR{EGSS 48 SEAFIOMATHres) two of which are shown at 102 and

104. A second pair in line with the two shown in Figure 4 are provided

towards the otfer 9ngrehaiff midiiteUh8Sclgindd AP MBARankOof NG dRENsNEo

base 22. 10, wherein optical inspection means is mounted so as to point
towards the face of the wafer when the latter is mounted for
rotation, and means is provided for indexing the platen and
wafer thereon so that measurements can be made at a plurality
of discrete rotationally different points and compared with
those derived from similar points around a reference component
or template.

12. A grinding machine as claimed in any of claims 5 to 11,
wherein optical inspection of the edge dimensions and the edge
profile cf a wafer is undertaken by an inspection device which
is pointed tangentially towards the edge as the wafer rotates.

- 13. A grinding machine as claimed in claim 12, wherein the
edge inspection is undertaken while the wafer is mounted on the
workhead spindle.

14. A grinding machine as claimed in claim 12, wherein the
edge inspection is undertaken while the wafer is mounted on a
separate vacuum platen adapted to be rotated.

15. A grinding machine as claimed in claim 13 or 14, wherein
edge data obtained during edge inspection is compared with (or
stored and subsequently compared with) a set of corresponding
measurements taken from the edge of a reference component
workpiece.

16. In a method of grinding a disc-like workpiece having both
internal and external edges which have to be ground, and
wherein both internal and external edges also have to be finish
ground, & two-stage grinding process is 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

This Sheet Has Been Replaced

IR




As shown in Figure 5 to -an—enlarged—scale, each flexure conprises a netal
plate, a central region of which to forma reduced wi dth section
106 in the case of flexure mwgmm case of flexure 104. The
t hi cker upper and | ower re te denoted by 110 and 112 in the

case of 10ﬁ§§ﬂ§“§%4 and 116 respectlvely in the case of flryecBy7Hi568are
bol ted by bolts such as 118 and 120 in the case of flexure 102 on
the one hand to a 32

in situ on the machine.

17. A machine for performing the method of any of claims 1 to
5, wherein there is a short stiffness loop between tool and
component thereby reducing the risk of relative movement
between tocl and component (workpiece) during machining, and
the tool is a grinding wheel which is formed with a groove in
its external cylindrical surface, the cross—sectional shape of
which is the complement of what is to be formed around the edge
of a component workpiece by grinding when the wheel is engaged
with the workpiece component.

18. A machine as claimed in claim 17, which includes a forming
wheel which is mounted so as to be capable of being engaged
with the grinding wheel to allow the latter to be formed or
reformed as required, without being demounted.

19. A grinding machine as claimed in claim 18, wherein the
forming wheel is mounted on the workhead spindle.

20. A grinding machine as claimed in claim 19, wherein the
forming wheel is mounted to the rear of a workpiece/component
support.

21. A grinding machine as claimed in any of claims 17 to 20,
wherein the grinding wheel is a resin bonded wheel.

22. An sdge grinding machine comprising a rigid pilatform on
which a workhead spindle and a grinding wheel spindle are
located, wherein the grinding wheel spindle is itself mounted
on a sub-assembly which is mounted to permit movement thereof
parallel to the direction of advance of the grinding wheel
spindle o achieve edge grinding of a workpiece mounted on the
workhead spindle, but so as to inhibit movement thereof in
other directions, whersin the grianding wheal is formed with a
groove around its workpiece engaging surface, the cross
sectional shape of which is the complement of what is to be
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14 flange 122 which fornms an iIntegral part of the structure 42 and on the

ot her hand to a netal block ' | by means of bolts such as 126
and 128 to the platform 14, m “ “ e flexure 104 is secured to a
flange 126 which extends fronm*and florms &n tntegral part of the structure

48. The net Yo Pl 124 is spaced vertically fromthe fl ar%ﬁ!ﬂ@lﬁéﬁd 126
and the necked region 106 and 108 of each of the flexures permts a

rocking of the structre 42 or 48 respéctively about the necked region

106 and 108 respectively of the flexures supporting the structure fromthe
pl at f or m 14. formed around the periphery of a workpiece by grinding when the

wheel is engaged with the workpiece periphery, and relative
movement between grinding wheel and forming wheel enables
engagement of the grinding wheel and forming wheel without the
grinding wheel being demounted from its spindle.

23. A grinding machine as claimed in claim 22, wherein the
forming wheel is also mounted on the rigid platform.

24. A grinding machine as claimed in claim 23, wherein the
forming wheel is mounted on the workhead spindle.

25. A grinding machine as claimed in claim 24, wherein the
forming wheel is mounted to the rear of a workpiece/component
support.
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Whilst the flexures 102 and 104 permt tilting of the structures as
denoted by arrows 130 and 132 in Figure 5, they do not readily permt any
ot her  nmovenent of the structures 42 and 48 relative to the platform 14
about any other axis. Consequently the coupling of the structures 42 and
48 to the pl alfysiaeshd is very stiff in all directions exceptPCHsEOINR

hi nge axis generated by the reduced section regions 106 108 etc. I nf eed
drive to sub-assenblies Moverent of the structures 42 and 48 is achi eved
by neans of a cam and foll ower arrangenent acting between each of the
structures and rigid assenblies nounted o the platform 14 and the end of
t he machi ne base 22. one such drive is in Figure 4 as provided
within the structure 42. Here a cam 134 is carried by a shaft 136 itself
carried in bearings 138 and 140, and is driven by an el 68tric

t hrough a torsion \
‘r\\ SRR ”&K \
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rigid coupling 144. A follower 146 carried on a shaft (not shown) is
carried in bearings 148 and 150 is nounted to the structure 142. The
drive:- and bearing assenbly containing the cam 134 is

15 supported within a rigid structural framework generally designated 152

and tnhs is se rZ}afsz?nd spaced fromthe rest of the struct urgeriche30iss$at
9 .
the later can ve refative to the
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assenbly 152 as dictated by the novenent of the cam 134 and fol |l ower 146.
The return force is provided by spring neans acting between the structure
152 and the structure 42. The unit 48 is driven in a simlar manner by a
simlar assenbly contained in a structure 154 shown generally in the
cut-away regi QRo9iugske structure 48 in Figure 4. For si npl pcresp7/aisesai |

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 thrust rod
156 is secured by neans of a threaded and bolted end 158 to the inboard
structural conponent 160 of the structure 48 and the spring 162 is housed

within a cylindrical recess 164 formed ifg the structure 154. A reduced
di aneter end region 166 prevents l15 :
70 68
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the spring fromleaving the chanber 164 and a captive washer 168 at the

out board end of the thrust rod 156 holds the spring captive. Mvenent of
the structure elenent 48 in-the direction of arrow 170 results in .
conpression of the spring which provides a restoring force to return the
item 48 to itgoRudds UPright position when the canmmng f or PETIGBIV/ASER, ed.
"Figure 6 shows the upper end of the unit 42 to a |arger scale and the sane
ref erence nuneral s have been used throughout to denote simlar parts. Cam
drive Figure 7 is a side view of the end of the nmachine shown partly in
section in Figure 4, albeit to a slightly reduced scale. As with the other

views, it is shown partly cut-away so asl{.ﬁsreveal the cam drive nechani sm
general ly designated 170 which
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Wi

152

138
134
140
36
144
\

1

-
: -
. f
JN = L&T-_-._——.

——-—N_
A
i 5
N = '§
\ P A — ‘/
- i g {
© -
:*_[_\_/ ~ T 77 7
8 1B llloal T T ¥
~N T (1]
AN SRR N . N N
v H
w0~ 1
o
= : 3
o .0 L 1\ 3 =4
3
o~
) |
& o ©

14

SUBSTITUTE SHEET (RULE 26)



16 acts on the structure 48 and is not shown in Figure 4. The captive
washer 168 is shown at the side of the drive mechani sm Figure 7 al so
shows 'the two flexure nmountings at the base of the unit 48, the outboard
one bei ng designated 104 and the inboard one being designated 172.

WO 97/48522 PCT/GBY7/01568
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132 130
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As previously mentioned each of the camdrive arrangenents is carried
within a rigid housing 152 and 154 and the latter is nore clearly visible
in Figure 7 as is the horizontal leg 174 by which it is bolted to a
protrudi ng plate fromthe end of the base 22. Also visible in Figure 7 is
the notor 176 Wwarezdssayi ng t he chuck 178 from whi ch the not ch mrfvesbiogses
-spindle 180 protrudes. The notor 176 is carried within a housing 52

previ ously described in respect of Figure 1, and the housing 52 slides
along a slideway 50 as previously descri bed. Figure 7 shows the bell ows
seal 82 attaching the housing 52 seallngly to the opening in the casing 72
t hrough which the notor 176 and spindle ??grude
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Wor kpi ece transfer The handling of circular plate-like wafers of silicon
typically 100 200 or 300mm di aneter or larger is provided by a robotic
handl.i ng means shown in Figure 8. This conprises a base 182 and structural
framework generally designated 184 extending upwardly therefrom to
provide a SUpRAsbydsssz @ | i near slideway general ly desi gnat edPCBEBIINUHE
which a carriage 188 can slide in the direction of the arrow 190. A
second slide 192 protrudes fromthe housing 188 at right angles to the .
slideway 186 and a sliding nenber 194 is adapted to nove therealong in the
direction of the arrow 196. An arm 198 protrudes fromthe housing 194 and

a drive attached thereto and shown at 2007frovides for novenent of the arm
198 in the direction of the 15
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17 arrow 202. Electric powder for the drives 200 and the drives in the
housing 188 is provided via a nulti-way unbilical 204 which is retained in
a flexible safety harness 206 attached to the linear track 186. The | ower
end of the arm 198 is a vacuum chuck 208 and by suitabl e manoeuvring of the
carriages 188 grsbiagéd2and the arm 198, so the vacuum cl osur erGfiéBeraIs6dE
positioned in front of a wafer 210 which is held upright in a supporting

sl eeve 212. An enpty supporting sleeve at 214 is also shown ready to ,
recei ve a processed wafer. :

815
196
200
194
206 192 3\‘_:190
' 1 202
188 | I-—198 186
Y bl
)1
ZZ 2
= 208
22
48 42 184
12 204
182

Fig. 8
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The base 182 is positioned close to the machi ne bed 12 part of which is
visible in Figure 8. After a machining operation, the two parts of the
housi ng 72 are separated as previously described with references to Figures
1to 3, and this | eaves the finished workpi ece 36 exposed and avail able to
be picked up byWdh%Mas2n 198 and vacuum chuck 208. To this end the transfer
mechani sm of Figure 8 is operated so as to position the chuck Eﬁﬁﬁwﬁm%§$te
the wafer on the workhead so as to retrieve the finished wafer 36 and
transfer this to the enpty sl eeve 214. Movenent of the carriage 194
further out towards the sleeve 212 positigps the chuck 208 in front of an
unground wor kpi ece 210, and after pickinég?h%s up, it can be transferred
into the inspection station and t ter the working environnment of the

grinding machine for attachnent /o th acuum chuck 30 in place of the
previous wafer 36, for grindin

200
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— 1] |
196
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198
= 72l
208
%0~ A% =
218~ 42
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\134
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Fig. 9
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It wll

be appreciated that a plurality of sleeves or cassettes can be
provided on the track 216 and al

the workpiece s |l ocated therein can be

renoved, centred, ground, inspected and returned thereto in turn. Wher e
an overall enclosure is provided for the apparatus as previously described,
the transfer Wmm I ncluding its base PCT/GB97/01568
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182 is preferably located within the enclosure, and a self closing door in
an opening therein, 1is provided to allow cleaned wafers to be inserted
and renoved. Wafer centering As an internmedi ate step before and after
grinding, (preferably during the grinding of another wafer), each of the
wafers is pOSiW(PﬁﬁQsﬁ” the inspection apparatus shown in Fi gpeseddonssd 10,
to enable the Centre of the wafer to be determ ned, and thereby allowit to
be accurately positioned on the chuck 30 for grinding, and afterwards to
enabl e the edge profile of the wafer to be inspected after grinding, before
it is returned to its storage sl eeve. V‘qrf}pi ece inspection
15

266 268
—~71_~256

270 t—-~272

— 264

Fig. 11

276—

Fig. 12
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Figure 9 is an overall view showi ng where the inspection apparatus sits
inrelation to the grinding machine and the robotic wafer handling system
of Figure 8. As before the sane reference nunerals are used throughout.
The robotic wafer handling systemis nore fully described in our copending
UK Pat ent Appl‘{“ﬁg_”gg{} filed concurrently herewith under our PET/GBEIMIEES
403/ W The |.I) I on apparatus conprises a stand 218 on which is

| ocat ed a support framework conprised of a base 220 and an upright plate -
222. Atriangular stiffening plate 224 extends fromthe rear of the plate
222 and both 222 and 224 are welded to the plate 220 as at 226. Spaced
fromvertical edge 228 of the plate 222 ]Qshg support bracket 230, and a
lanp and projection |ens arrangenent
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general ly designated 232 is supported at the upper end of the bracket 230.
A first canera 234 having a lens 236 is nounted on the plate 222 to view
t he edge of the disc 238 which.is back lit by |anp 232.

19 As best seen in Figure 9 a notor 240 is nounted on the rear of the

pl ate 222. Thew;g;%szgri ves a vacuum chuck (not visible) on widinéndrlesssli sc
238 which is to be 1 nspected is planted by the robotic arm 198 and vacuum
chuck 208.
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Rotation of the nmotor 240 rotates the wafer 238. By positioning
this so that the edge intersects the field of view of the canera | ens 236
el ectrircal signals can be derived fromthe canera output for feeding via a
cable 242 to signal analysis apparatus (not shown) for processing data
obtai ned fromthe signals. A second canmera 244 is nounted on the support
pl ate edge 228, WOST#$2% t he edge of the disc 238 tangentiall y,"“s’"(F%’“F%s
obtain information on the profile of the edge. The disc edge is back |it b}/
| anp 246 and signals fromthe canera 244 are supplied al ong cabl e 248.
Power for the lanps 232 and 246 is supplied as required al ong cables 250
and 252 respectively. A conputer 234 is_ supplied with signals fromthe
cameras 234 and via cabl es 242 and 248 and fgtrol s the canmeras and their
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| anps 232 and 246 via return signal paths along 242 and 248 and vi a cabl es
250 and 252 respectively. The output canera 244 can be displayed on a
nonitor 256 as required, and the profile of the edge of the wafer 238 is
shown at 258 together eg with a conputer generated tenplate 260, 262

show ng the iQﬁg;ﬂ@gﬂle for the sides of the profile. VWr kipepesymessser i ng
This is achieV|eJIu5|ng the techni que described in our copending
application filed concurrently herewith under reference C403/W using the
robotic wafer handling systemof Figures 8 to 10 and the signals from
canmera 234, obtained as the circular wafer is rotated through its field of
Vi ew.
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20 Di splay of notches and flats Figure, 11,is a «iéaw of the noNi tor «£56¢s

this tine s m ﬂrmﬂ moutput from ch‘rrér’a 2?4 when aonotc'h-ed vvaf?f_..
is in posHﬂ " ,iﬂ,ﬁmw chuck (not shpwn?i n. Figguree 10)som whi chi t hes :
wafer 23 is nolnté&d, "whtre the wafer has beefl rot ed so that the not ¢h i
inthe field of viewof the camera. The @etch is vi at 264 and a

conputer generated tenplate (shown dotted at 266 = '
DCE'p BEEN e t he
enpl afe -

shown di spl ayed, superinposed on the picture of th
required angiﬁsf@fc(w he two sides of the notch. Two
| ines are displayed at 270 and 272 to show the require

'CLAIMS

1. A method of grinding the edge of a disc lusi_rig a grinding
machine having mounted thereon a grooved grinding wheel, in
which the groove is formed in situ using a foming wheel also
mounted on the grinding machine.

.' _ 2. A method as claimed in claim 1, 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 a workpiece edge during grinding, engaging
the grinding wheel with at least one workpiece, grinding the:
edge thereof into the desired shape, and after the workpiece
has been ground or after a succession of wofkpieces have been
ground, re-engaging the grindirig wheel and the forming wheel
with the grinding wheel remaining in situ, to re-form the
groove in the grinding.wheel to correct for wear.

_ . ' 3. A method of grindi'ng' the edge of a silicon wafer workpiece
comprising two stages, a first in which a resin bonded CBN
wheel is advanced to rough grind the workpiece edge and a
second stage in which a resin bonded diamond wheel is advanced
to finish grind the edge. | '

4. A tethod as claimed in claim 3, wherein the method includes
the further steps of forming and reforming both grinding wheels
in situ on the macﬁine by plunge grinding the desired formed
around the grinding surface of each grinding wheel using a

forming wheel.
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radii at the entrance to the notch and a further tenplate |iee 294 isS oo oo

di spl ayed sho uﬁ uﬂ radi us at tlg*pott df of ,t he shofcha ﬁ ure. -
12 is a si mlmlmlu mmmlan nitor 256 tihgis ginme @i spl ayl iy dnesend o .a- .
flat periheral *re§ioh df & cifrcul ar wafer i f viewed®by the c’érrer‘é'234 °*

Here the display of the wafer is denoted fy refere ] the
flat by 278 and the required radii at the ends of thEHISISHEES W\&BEE]‘tped by a
conput er generated tenplate |ine 280 . Vaaf er -t hi knessREEla'HlBDerfEnt

Fi 13 sh he m i
223 and ot O 20 SFLORHRSTGEBATE T 1oSksobiuhg TR TRt P! Bk

claims 1 to 4, comprising a drinding wheel drive means

therefor, workpiece spindle and drive means therefor, and a
forming wheel wherein the forming wheel is mounted on the
workpiece spindle.

6. A grinding machine as claimed in claim 5, further

comprising means for demounting and replacing a ground
- workpiece component with'é further workpiece component to be
. ground. '

"" 7. A'grinding machine as claimed in claim 5 or 6, further
comprising means for detecting wear of the profiling groove in
the grinding wheel and adapted to interrupt the grinding
process if wear is detected. o '

8. A grinding machine as "'claimed in claim 7, further
comprising means to re-engage the grinding wheel and forming
wheel to reform the grinding profile in the edge of the
grinding wheel, in response to the interrupcion_of the grinding

process.
9. A grinding machine as claimed in any of claims 5 to 8,
() adapted additionally to grind a registration region such as a

flat around the periphery of a disc workpiece which comprises
a further grinding wheel spindle on which a further grinding
wheel is mounted; said further wheel being movable to engage
a disc wofkpiece for forming a flat on the peripheral edge
thereof as the workpiece is rotated relative thereto.

10. A grinding maqhine as claimed in any of claims 5 to 9,
which comprises a further grinding wheel spindle on which a
'g:inding wheel is mounted for engaging the periphery of a
circular wofkpiece for grinding a notch therein whilst the
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groove“t‘her_e‘l“ “accuratel y y I nto engagenent with t he edge of the disc, can be
detern1 system and appropriate drive signals generated -or
novi ng |‘ ﬁuﬂm ““Dr k spindle the required distance. The t.hickness

i s det err® ned wsi*ngsa probe 296 ch is carried on a spindle 298 slidable
I n gui des 300 302 and novabl e under air pressure via a pipeline 304 into
engagenent with the face of the wafer 238. The di stance trave om a
fi xed hone position is noted. By performng the sa

measur enent w t hout the

iy Gt ven the dist
honme position to the fai‘eREﬂWﬁﬁfﬁﬂﬁngyz%, and since

agai nst that face when ifn rtion, theld| fference bet
measurenents is equal tq hest‘mlm(w bf | t he wafer.

5. 2 grinding machine as claimed in claim 4, further
comprising means for demounting and <replacing a ground

workpiece component with a further workpiece component to be

ground.

N
6. E grinding machine as claimed in claimg4 or 5, Ifurther
comprising means for detecting wear of the profiling groove in
the grinding wheel and adaptaed to interrupt the grinding
process if wear is detected.
7. & grinding machine as claimed in claim 6, Zfurther
comprising means to re-engage the grinding wheel and Zorming
whesl o reform the grinding profile in the edge of the
rinding wheel, in response to the interruption of the grinding
process.

\_/ 8. Ek grinding machine as cliesimed in any o©if claims 4 o 7,

adapted additionally <o grind & registration regior such as a
lat around the periphery oi =

f,

isc workpiece which comprises

on which a further grianding
wheel is mounted, said furcher wheel being movable

a Iurther grinding whe

)
'_‘
n

g
je
ry
nl
1
(1Y

To engage.

a disc workpiece for Zforming a2 Zflat on the peripheral edge

9. E grinding machine as clazimed in any coi claims 4 o 8,

which comprises a further grinding wheel spindle on which a
grinding wheel is mounted for engaging the periphery oi a

circuls r workpiece. Zcr grinding a notch therein whilst the



The di stance noved b umpLguauRﬂTlsHaﬂhsed by an accurate

ORI

cofiput er* 254 fay”for
10 (see Figure 1) an
supplied to the conp
di mensi on i S aideahlest
wor.k sp|n3|§“%é§enbry st NUItlﬁle grindi ng wheel assenbl

)g {cabl e 306 to the
lyeéd on the nonitor
[put er based contro
rdted by the conput
based control gystemin 10, soltha
'the axial shift o

3 1AOGHES

er

save machi ne downtine, the grinding wheel may be nade up of a sandmnch of

different g nei gg:wheshSmeashndediccatian {ds a pact i onl Ay Y ROSE;

tP&ims 4 o

9 whereirn D‘.::.cal -..spect:.o:: means is mounted so a8 TO DO"n"

face of the wafer when the lattzer is mcocunted for
rotaticr, aznd means is provided for indexing the rlaten and

waZer thereon sc that measurements can be made at 2 piurality
of discrete rotationally different points and compared with

those derived from similar points around a reference component

cr template.

11. & grinding machine as claimed in any of claims 4 to 10,

dimensions and the edge

afer is undertaken bv an inspection device which
is pointed ztange

wherein optical inspection cf the edge

rofile of

m
5

tially towards the edge as the wafer rotates.

12. L grinding machine as cizimed in claim 11 wherein the
edge inspection is undsrtaken while the wafer is mounted on the
workhead spindle.

13 A grinding machine a2s clzimed in claim 11, wherein the

edge inspection is undertaken while the wafer is mounted on &

seperate vacuum platen adapted tO be rotated.

14

. rin

nding machine as claimed in claim 12o0r 13 ,
edge data obtained during edge inspection is compared with (or
stored and subsequently compared with) a setr of

e
W

wherein

cecrresponding
measurements taken ZIfrom the edge of

a2 reference component
workpiece.

15. Zn 2 method of grinding =z disc-like workpiece naving both
internal and external edges which have =o be ground, and

wherein both internal and external edges a2lso have To be :;nlSF
ground, & z:wo-stage grinding process is emploved for both

internal and external grinding, in which a rough grind using
a

pre-formed metal bonded wheel precedes a finish grind using

& Zcrmed CBN resin bonded wheel which is formed and vefcrmed



ET“TT?TV@EQJ—WTQGEEBQM aREﬁEN@EMENf“SH%E? 14, in which a sandw ch of four

|n*|

AR AN <4

s cylimdrscal su

section which is usedfte_grind the edpej of a wafer whijc V @
little material to : 32

x@? S ﬂcﬂ"e

-8PVES

_hg_eu

elg n bonded GBN wheel havi ng
1 39%h| ch i s shown at

in situ on the macéhine.

/

16. 2 machine for periorming the method of any of claims 1 :o
3, wherein zhere is & short stifZness loopr between tool and
component thereby reducing the risk of relas:
between Tool and component (workpiece) during machining, and
the tool is & grinding wheel which Is Zformed with a groove in
1ts external cylindrical suriace, the cross-sectional shape of
which is the complement of what is =0 be formed around the edge'
of a2 component workpiece by grinding when the wheel is engaged
with the workpiece component.

17. A machine as claimed in claim 16, which includes a forming
wheel which is mounted so as to be capable o3 being engaged
with the grinding wheel to allow the latter <c be formed or

reformed as required, without being demounted.

18. 2 grinding machine as claimed in claim 17, whereir the

forming wheel is mounted on the workhead spindls.

12 1 grinding machine as claimed in claim 18 , wherein +he

forming wheel is mounted
suppor:.

ot
O
ot
5]
m
5
M
)
H

of a workriece/component

20. A grinding machins as claimed in anv of cizims 16 <o 19

!
wherein the gri dinq wheel is & resin bonded wheel.

"2l. An sdge grinding machine comprising a Tigid ptatiorm on
which a workhead spindle and a grinding whee: spindle are
iocated, wherein the grinding wheel spindle s itself mountegd-
on a sub-assembly which is mounted to permi

N

parallel o the direction of advance of
spindle <o achisve edgs
workhead spindle, buv:r sc as

other directions, whersin the grinding wheel is

groove around 1its workpiece engaging surface, +he cross

sectional shape of which is the complement of what is to be

1 wheel



be removed before finishing Wheel section 314 is
cont ai one denoted by reference 3j
used fqﬂﬂlw H“wﬂlltmmg the wafer edge. It is to |

V\heel section 318 is a netal bonded CBN pr di anond
groove 320, which is an optional wheel which can be

nchave anys nunber of grooves - typically init

vaf er edge, BRdQ1E- e sgétsérrSﬁénvba&dgdwwhﬁ%he%%pbwsgbiﬂwgng “hkA @héy

Wieel sectlon 322 is

whi ch ca"BREtsed FBCE)%?‘%JsHlt"ﬁ‘e § eWOFFF&H % e

t i onal_ wheel glcagexvo cerlu ox| de,

rip and ative’
movement between grinding wheel and forming wheel enables

engagement of the grinding wheel and forming wheel without the
grinding wheel being demounted Zrom its spindle.

22. 1 grinding machine as claimed in claim 21, wherein the
forming wheel is also mounted cn the rigid plazform.

23. 2 grinding machine as claimed in claim 22, wherein the
forming wheel is mounted on the workhead spindle.

24.. R grinding machine as claimed in claim 23, wherein the
forming wheel is mounted to the rear of a workpiece/component
support
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B’Descnptlon
finiFshing by wheel section 314, by running the v,mmmm nd
appropri ate speed. Not ch gri ndi ng wheel Fi Lm@r&él
approximately simlar scale, a notch grinding

of a spindle 326. |Its "concave" annular grindi ng sur
di anond pl at ed. Wheel dressing procedurd 3
dressing/form ng wheel (s) are nounted on the lsan® Y1) e

chuck 30 t Anksng t¢eriRg kprseding / sheeld by %naméss?é Banget @h.

in subsequent manufacturing steps, a wafer must be delivered
with zero damage. When sub-surface damage has arisen, this
means post grinding steps of acid etching and polishing. Both.
processes are expensive. The lesser the damage the shorter the

w—

polishing time needed.

Summary of the invention

According to one aspect of the present invention, there is
'provided a method of grinding the edge of a disc using a
grinding machine hav:‘yng ‘mounted thereon a grooved grinding
[\ wheel, in which the groove is formed in situ using a forming
wheel also mounted on the grinding wmachine, 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 a workpiece edge during
grinding, engaging the grinding wheel with at least one
workpiece, -grinding the edge thereof into the desired shape,
and after the workpiece has been ground or after a succession
of wofkpieces have been ground, re-engaging the grinding wheel
and the forming wheel with the grinding wheel remaining in
situ, toc re-form the groove in the grinding wheel tc correct

for wear.

The invention also lies in apparatus for performing the above
method comprising a'grinding wheel, drive means-’ therefor,
workpiece spindle and drive means therefor, and a forming wheel
wherein the forming wheel is mounted on the workpiece spindle.
Means may be provided for demounting and replacing a ground
workpiece component with a further workpiece components to be

ground.

Means may also be provided for detecting wear of the profiling
groove in the grinding wheel and adapted to interrupt the

grinding process if wear is detected.
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Typircal ly the dressing/formng wheel is a two part assenbly of:

23 (a) a netal bonded di anond wheel 328 for- rough grinding grooves in
the CBN wheel section 310, of Figure 14, jand (b) a netal bonded di anond
wheel 330 which incorporates much snaller dianmeter grit, and is adapted to

f1i4”i sh gri pdahe POoNES p2ichaed e kB-EhgagsN t‘.’l‘fl@%;r;%ﬁ&iﬁ&”w%%%l?%fé gure
' forming wheel to reform the grinding profile in the edge of the
grinding wheel in response to the interruption of the grinding

process.

According to another aspect of the invention, in a method of
grinding a disc-like workpiece having both internal and
external edges which have to be ground, and wherein both
internal and external edges also have to be finish ground, a
two-stage grinding process is employed 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 or reformed in situ on the

o machine.

The invention also extends to an edge grounding machine
comprising a rigid platform on which a workhead spindle and a
grinding wheel spindle are located, wherein the grinding wheel
spindle is istelf mounted on a sub-assembly which is mounted
to permit movement thereof parallel to the direction of advance
of the grinding wheel spindle to achieve edge grinding cf a
workpiece mounted on the workhead spindle, but so as to inhibit
movement thereof in other directions, wherein the grinding
wheel is formed with a groove around its workpiece engaging
surface, the cross sectional shape of which is the complement
of what is to be formed around the periphery of a workpiece by
grinding when the wheel is engaged with the workpiece
periphery, and relative movement between grinding wheel and
forming wheel enables engagement of the grinding " wheel and .
forming wheel without the grinding wheel being demounted from

its spindle.

Other features of the invention are defined in the appended

claims.

Brief description of the drawings
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CBN*gri ndi ng wheel such as section 310 in Figure 14 are nornally supplied

W t hout grooves such as 312, and after nounting a new CBN wheel section

310, the first step is the formation of grooves such as 312 thereon. This

i s achi eved using wheel 328 of Figure 16, and then wheel 330. After wear

has occurred in the grooves in 310, wheel4 330 is enployed to dress and

re-formtne _grooves as required. Both form ng wheel s hgve access toQ both
Q%A@él‘%aiér%

grindi ng Wi sinveRkian ivhih | 3oV pBeh deschiRg uSEAMP LR § oVt Bot h
t he roughi g f(GRNcey o @heg avhembanyd nigh@dawiirtfs ,ngn (hiztwnd) grindi ng
wheel . I nternedi ate water store
Figure 1 is a perspective view not to scale of a grinding
machine embodying the invention as viewed from the position

normally occupied by an operator;

Figure 2 is a side view again not to scale, of the machine
shown in 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

N 2; .-
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As ishown in Figure 17, bel ow the thickness neasuring probe |ocation shown
in Figure 13, is situated an open top rectilinear housing 332 into which
-waf ers can be | owered by the arm 198. Extending into the housing is a
spi ndl e 334 and vacuum chuck 336 on which wafers can be planted and hel d,
and by which such wafers can be rotateds Drive to the spindle 334 may be
obt ai ned for exanple fromthe notor 240. .Protruding into the housing 332

is a jet -3§§-zém i GAR R SUDDLE £6h V%é h féﬂgheweia-péés%laaa & 4h-Rrnnat er

or air, Is directed towards the Tace and edge reqi on of vvafers
mount ed 8RSt ALSE uEk"‘°’éi‘|ee§uEH°w§F§Pm <i8FoRT atisyRs eRdgemy #n Figure

3;

rigure £ is an enlarged scale view cf two of the flexures

visible in Figure 4;

Figure € is an enlarged cross-sectional view thrcugh the upper
right hand end showing the cam drive and Zfollower and the
spring loading of the snb-asssnblies;

FPigure 7 is a side view o ths sub—-assembly end of the machine
(2 shown in Figure 2 to an enlarged scaie and partly in section;

Figure 8 is a perspective view of a workpiece loading and
unloading mechanism which is adapted to be mournted on the right
hand side of the end of the machine shown in FTigure 3, pa~t of
which is visible in Figure 8;

Tigure % is an opposite perspective view of the component
handling apparatus of Figure 8-which also shows disc inspection
apparatus and the right hand end of the machine as shown in
Figure 2;

Figure 10 is a perspective view from. the opposite end of the

disc inspection apparatus showa in Figure 9, to an enlarged

Figure 1ii is a2 view cf the monitor screen showing the notch as
viewed by camera 234

Figure 12 is 2 view of the morizor screer showi ing a Zlat in &

igure i3 is a side view oi the rear of the assemblv of Figure
10, showing the drive betweern the motor and vacuum chuck, and
2lsc showing where =& <hickness measuring probe can be

REPLACEMENE ﬂEET




24, 342 conveys-away any surplus fluid. The housi ng and vacuum chuck
provi des a useful marking place for wafers which have been edge ground and
.are waiting to be placed 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 sleevegsuch as 214 in Figure 8.

positioned for determining wafer thickness before transferring
the wafer to the workhead.

Figure 14 is a side view of a multiplie grinding wheel assembly

such as may be used. in the machine show in Figure 1 et seq;

5 is a side view of a notch grinding wheel such as mav
be emploved in that machine;

Figure 16 1is a side view o©f a workpiece vacuum chuck and
ressing wheel assembly; and '

Figure 17 is & side view of a wash station which can also serve
as an intermediate wafer store.
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25, CLAI M5 1. -A method of grinding the edge of a dISC using..a-

grinding nmachine having nounted thereon a grooved g ng»&m
-which the groove is formed in situ using a form ng é Qf
he grlndln

the grinding machine, conprising the steps of novin

and form ng wheel into engagenment so gs to forma ggo v@‘;ﬁr}Wna
of the grinding wheel corresponding in cross-sectio

the shape to be fornmed around a workpi ece edge duri
Detziled descr

igures 1, 2 and 3 ililiustra c
machire station £for edge grinding ¢ nlar discs (wafers) of
-silicon or similar material. Wworkpiece handling inspsction and
cenzering facilities also form part of the overazll machine but
will be described with refersnce <to later views in the
drawings.

The machine shown in Figures 1 to 3 comprises a contrcl cabinet

10 from which extends a machine bed 12 which carries a2 floating
\_ platform 14 carried on three vibration absorbing feet, one oI
which can be seen in Figure 1 at 16 and the second part 18 is
mounted centrally befcre the base region 22 and is shown in
dotted ourline in Figure 1, and the third can be seen at 20 in
Figure 3.

The platio D 14 includes an intesgral support structure or base
22 whickh carries a workhead 24 which is slidable axis 1ly along
a slidewzy 26 mounted on an upper surface oif the base 22 and
which includes 2 spindlie drive motor 28 and vacuum chuck 30 for
carrying wafers to be ground.

Edge grinding is achisved by mneans of a gr:.ncu.ng wheel 32
A containing a number of annular grooves such as 34 for engaging
the edge o 2 wafer workpiece desicgnatzed in Figure 2 at 36.

<&

The grinding wheel spindle (net shown) carried in bearing
assemblv 38 is rotatsc by an siectric motor £0.

tems 38 and 40 are cerried on & suppcrt generally designated

_ 42 which is mounted close to the centre line of the platiorm
1
2

i4 to one side of a rigid strengthening ate 44 which is
bolted zhrough flanges o the platiorm 14 =2long its base and

is secured at its upper end bv bolts through another flange 46 .

cf

o the machine base 22. The Zfunction of the plate 44 is to

increase the rigidity oI the plilztferm 14 relative to the base



the grinding wheel with at | east one workpi ece, grindi eyt er eof
into the desired shape, and after the workpiece ha$ ajter

. successi on of workpi eces have been ground, re-engadi gri ndi ng eel

and the form ng wheel wth the grinding wheel renainingoﬁkgpxsgnﬁ
re-formthe groove in the grinding wheel to correct)f

stages, a first in which a resin bonded CBN' wheel s

grind thezwokkpi eeeigdyerafdvarseeeangd -liagas IwhiWh Chi-gtrt<5Eh
di.amond wheel i.s advanced to finish grind the edge. 3. A nethod as

cl ai med i AP&F8 S-wherein the nethod includes the further st eps of
form ng and refornlng bot h gri ndi ng wheel s

Equidistant from and on the other side of the plate 44 is a2
'second support 48 which carries a slideway 50 on which is
mounted & second spindle drive 52 Zor & notch grinding spindle.
Axiz! movement of the spindie drive 52 is provided bv a drive

T 53¢ !see Figure Z);. The spindle drive 52 can also be used
to grind the internal ciamezer oZ an annular disc..

The workhsad edge c¢rinding and notch grinding spindles are
mounted in air bearings and the workhead spindle tvpically has
a_speed range cf 2 to 1000 revs per minute, the edge grinding
spindle typically has a speed range up to 6000 rsvolurtions per
minute and the notch griding spindie speed is typically up to
70,000 rsvolutions per minuts.

On the workhead spindle tg the rsar

0

£ the chuck 30 are mounted
zc:mlng wheels best seen in FPigure 2 at 56 and 38. Indexing
the worknead 24 in the direction oi the arrow 60 in Figure 2
allows the workpiece disc 36 to be engaged by one of the slots
such as 34 in the grinding wheel 32 and further movement in the
direction of the arrow 60 2liows the disc 36 to clear the end
face 62 oI the grinding wheel assembly and to allow the forming
\_ wheels 35 or 58 to sngage in the appropriate grooves in the
inding wheel 32.

Lateral movement of the grinding wheel or notch grinder as
required is achieved by tilting the support structures 42 and

4B as appropriate relative tc the platform 14. To this end
both ¢f the struct

s ures £2 and 4z z=re pivotally attached to the
platiorm 14 near the cs= g 1ins thereoif (as will be described

in more detail in reiazion to iater figures) and two stors 64
anc 65 rsspectively (sse Figure 3) prevent excessive outward
movement.

!
)
(11}
'J
)
<
1]
o}

3
|.l
o)
o}
rt

the pivoting is provided by



in Situ on the machine by plunge grinding the desired |f ggpeCENENGUSRERT h
grinding surface of each grinding wheel using a formjng-wreet~—"" 4] A
grinding machine for performng the nethod of any of clalag ﬁ

conprising a grinding wheel, drive nmeans therefor, m& e Q% a?e and
drive neans therefor, and a form ng wheel wherein thef Ll&i@pm¢m&%~+s
nmount ed on the workpi ece spindl e. 26

<D

means oI Zliexures (as will  be described)  which =2llow. for
pivozing movement about two parallel axes close to —he centre
iine of the piatform 14 so that structure 42 can aescribe a
small arc such as denoted bv. arrow 68 and structure 48 can
escribe an arc as danoted by reference numeral 70.

Drive means ZIor achieving <the pivoting movement will be

described with refersnce to later £igures.

Atzached to the base 22 is a clear Polycarbonate ractilinear
“housing 72 ::.:cugh which the grinding wheel spindle protrudes.
‘A large, generally oval opening 74 in the face of <he housing

| = =
72 allows z similarly shaped closure 76 mounted on the workhead
24 o ernter and seal off the openinc

upon appropriaze
forward movement oF the workhsad 24 in the direction of the
arrow 60 as zforesaic.

An < nflatable ring seal 78 around +the closurs 76 (or
alternatively zround the internal 1lip of the opening 7¢)
.provides Zor a fluid tight seal between the closure 76 and the
"opening 74

The housing 72 is siidable relative to the base 22 and bellows
seals 80 ang B2 are provided between the spindle drives 38 and
52 so that aZter the seal has been made between the closure 76
and the opening 74, the housing 72 will in fact move axially
with the wockhead assembly 24. SuZiicient clearance is
provided tc the rear of the beilows to ailcw the housing 72 %o
move in a continuing sense in the dire =ion of the arrow 60 to
allow Zor the grooves in the grinding wheel to be formed.

M Tt izt : e i '
oveément 1n the opposite sense is also accommodated bv the

bellows EC a2nd 82 so that the closed housing 72 can also fcllow
;ne werkhead 24 as it moves in an opposite sense to ‘thar of
arrow 60 zc z2llow for the edge of the disc 36 to be engaged by
one cI thes crinding grooves such as 34, o _

- - {.

C -~ "= = faes 2 3 —aay - S
Oclant Z:iuvld is spraved onto +he workpiece through nozzles 84



5.« A grinding machine as claimed in claim 4, further conprising

means for dermounting and replacing a ground workpiece conponent with
-a further workpi ece conponent to be ground.

10

and 86 and similar nozzles are provided for spraying similar
fluid onto the forming wheels when required. an interiock is
provided to prevent coolant IZluid being ijestted uniess the

housing 72 is cliosed and ssaled bv the closurs 75.

2Zter a grinding operztlion has been completed and aft a2 Zinal

sh with fivid, the housing 72 can be opened by deil ting the
dge seal 78 and withdrawing the workhead 24 in a2 direction
oppcsite to that of arrow 60 <o the position shown in Figure
2. The finished workpiece 26 can then be demountzed and a fresﬁ
workpiece installed.

‘Wheel forming/dressing
Whesl forming can be performed initially before any workpiece
has been mounted, in which case the housing 72 is ciosed by

appropriate movement of the workhead 24 and closure 76 without
£irst mounting a workpisce such as 36 on the chuck 30. Wheel
z’o:ming is periormed by appropriate zaxzizl movement of <he
workhead 24 and laterai movement of support 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 £luid is
provided during the wheel forming operation.

N After initial wheel Zorming, the assembly may be separated by
breaking the seal 78 as before mentioned. 2after mounting a

workpiece 36 the assembly can be closed agair and grinding
undertaker as before described.

0

Typically re~forming of the groove is performed during machine

downtime after one workpiece has been removed and before a

subsequent workpiece has been instzl lea. bu:— irn & develcpment

"0f the machine in which e edge profile che
on

36 is performed in situ

the workpiece

0
.
o]
n
(8]
"t

<he workhead, iz may be advantageous

b
to zllow for re-forming with the workpiece in place.
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6. : Agrinding machine as clained in claim4 or 5, further conprising neans
for detecting wear of the profiling groove in the grinding wheel and
-adapted to interrupt the grinding process if wear is detected. 7. A
grinding machine as claimed in claim 6, further conprising neans to
re-engage the grinding wheel and form ngywheel to reformthe grinding

profile in the edge of the grinding wheel, in response to the interruption
of the grinding process. 8. A grinding machine as clained in any of
claimts 4 to 7, adapted additionally to grind a registration region such as
a flat ar < Speri phery of a di sc workpi ece which conprises a further

grindi ng wheel spindle on which a further grinding wheel is nounted, said

further wheegl being novable_tq engage g disc workpiece %g__r forming a flat
on the periphét a‘f'o'e’aﬁ‘e"ﬁergof"’asg?hé’%?rk%?écetk?eg Totrared r’gl at \g/%m'e“
t hereto. . laterzllvy =<c cdisengage the wheel £rom <the workpiece and

support 4B 1s moved laterally instead so as to engage the edge
of the workpiece 36 by the notching spindle (nct shown). AZter

notching, the support 48 is moved in an opposite sense SO as

-

£0 disengages the spindle from the workpiece.

— Irn an alternetive arrangement, a polishing whessl may be mounted
on the wheel spindle as well as the dgrooved grinding wheels,
and by axialliy shifting the workpiece spindle, s5 the polishing
wheel can be brought into engagement with the edge of the
workpiece 3£,

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

. As shown in Figure 3, a drainpipe 90 conveys Zluid from the
housing 72 = a storage tank 92 and a pump (not shown) is
provided to racirculate the fluid from the tank. A filter may

U, be provided in the tank or in tThe line between the tank and the
pump.

The control housing 10 includes a television display 94 and
keyboard 95 znd a hand-heid control unit 98 is connected via
a flying leacd 100 to & ccnnection plug i02. &n operator can
remove the unit 98 and walk to the machine wich the unit 98 in
is hand, and by pressing appropriate buttons instigate oOr
rrest operation oi the machine. The housing 10 houses &
computer based contrel system for supplving conizol sigfxals and
power to the drives on the machine and for receiving signals
Zrom transducers, switching and other position/operation/touch
etc signal generating sensors on the machine. | REPLACEMENT SHEET

09 MAY 25i0




9. . A grinding machine as clained in any of clai WREHLAC&N@NTM
conprises a further grinding wheel spindle on whidh@Tgrind ng wheel{ is

-nmonnt ed for engaging the periphery of a circular NKph@c ouslr ilndi ng a
notch therein whilst the b% ﬂAX? worlkgdi ece i s

stationary. 10. A grinding nachine ag,claimed inj claim-afy aijme 4 to

A computer kevboard and display may be used to enter data for
initially setting up the machine Zunctions, and for determining
the spindle speeds, feed rates, stroke and sequence oi events.

Since clean room conditions may be required, the whole machine
with the exception oi the corner of the control unit containing
the computer screen. zné keyboard, may be housed within an

extearnzl enclosure. The exXternzl enclosure is not shown in the

The slideway 26 on which the workhead slides, is preloaded, and

N the workhead is dr-iven by server motors and fitted with a high
resclution position coder to provide smooth motion during axis
move interpolation.

Grinding infeed is achieved as previously described by tilting

s
+he structures 42 or 48 as rsquired %o bring the grinding
_element carried thereon into engagement with the edge ol 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.

Whilist tke jets such as 8% and 86 can be used to supply cutting

fluid during grinding, thev or other jets mav be used to direct
g g a, ). J ¥

jets of cleaning £luid at thes overhanging lip of the wafer

I~ th

whililst it is still being rctared bur after grinding. This

prevents grinding swarZ Zrom running down the back face ci the

-adw

waier as it is removed Zrom the chuck.

Crindingc process

cround In & tTwo-stage process using &
rind roughing operation and a second plunge grind

th
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apid advance o the grinding
a2 touch sensor detects contact with the workpiece
wafer. The grinding wheel

*is positdion at touchdown is used
10 monitor wheel wear znd ©o ensure that the materizl removed



9 wherein optical inspection neans is nounted so a k PBQKN%NT
face of the wafer when the latter is nounted for rd

t
‘provi ded for indexing the platen and wafer thereonis
be made at a plurality of discrete rotationally difif

n
n

gy

a referenre

conpared wi h those derived from sinilaggpoints arou
or tenpl ate. 11. A grinding nmachine as clainmed .
wherein optical inspection of the edge di nensions a

wafer is undertaken. b ectjon, device which pi nt entlally
towards th&® edgé’%?h %e“ \ﬁé'fc«l,}reprét iéré% congzyant-a Sr%ﬂgr?\% ‘”’ﬁ’aﬁn%‘és

cl ai med i nmelizizaibkd whpr eksinde redyel | rsprdedondismomd e ricaivdm avh Whe etlise
wafer is mpuibed it e WHdead SRRl Gorkhead chuck. The reforming

rocess can be fully automatic and can be programmed +o occur
1% Drog

every nth waZer, or whenever the ground edge profile becomes
unacceptable {as determined bv optical inspection of the disc
edge proifile’} or when the touchdown oiint indicates excessive
wheel wezar.

Damping
N In order tc reduce unwanted vibration and resulting grinding
damage t© the minimum, *he structural components making up the
| grinding machine are zilled a: ieast partialliy with polymer
concrete, particularly sections o the base 22 and the bed 12
and if desirsd also the platform 14.

* Subassembiv flsxure mounting

Figures 4 and 5 illustrzte how the two structures 42 and 48 are
" mounted for hinging movement to permit wheel infeed. As shown
in Figure 4, the inboard sdges of the two structures 42 and 48
are connectsd to the platicrm 14 by means of Zlexures
. (sometimes reisrred to as strip-hinges) ;wo oi wnlch are shown
~ at 102 and 104. A sscond pair in line 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 3in Figure 3 <to an enlarged scales, sach flexure
comprises & metal plate, 2 central rzcion o which is necked
to form z reduced width section 106 in the case of flexure 102

ancé 108 in the case oi Ilexure 104.

The thicker uppér and lower regions cf each plate denoted by

2 and 114 and 116 respectively in
the case cf Ziexure 104 are beclted by means of bolts such as

1i8 and 120 irn the case of fliexure 102 on the one hand to a



13. A grinding machine as clainmed in claim11, V\:h“l’ﬁpl[l_Aéﬂﬁppﬂdg EEW pecti on
I s undertaken while the wafer is nounted on a sepaja -aten
-adapted to be rotated. 14. A grinding nmachine as}clainmed in claijm]l2or13
, wherein edge data obtained during edge inspectioh |s8& r &B0wi it N (or

stored and subsequently conpared withyga set of cofrgspondi ng_neasurlenents
taken from the edge of a reference conponent workpi ece. 15. In a pethod
of grinding a disc-like workpi ece having both intelLnal —and.exterpal~kdges

whi ch have to be ground, and wherei.n both jnt ey_gal and ext er naI 02ges%j:al SO
have to beﬁé"r‘?l‘i’%h%g? SRAGR ZOFRD AN AFEFTHHI BT provddE FE

bot h i nt ersml thadoext¢erieald go &dmegaldi rblxmi:)chlaérﬁmgh:grﬁdicte@smvgnaeans
pre-f OrnedoHEfdﬁbgogd&?haV!ﬂ%% RREades & FLALSpigekpnupi g @ formed CBN
whi ¢

reS|n bonded formed "or reforned

In the same way the flexure 104 is secured <o.a Zlange 126
which extends Irom and forms an integral par:

O
I

the sTructure

‘The metal block 124 is spaced vertically from the Zlanges 122
and 126 and the necked region 106 and 108 cf each of the
flexures permits & rocking of the structure 42 or 48
D respectively about the necked region 106 and 108 respectively

of the flexures supporting the structure Zrom the platform 14.

Whilst the Zflexures 102 and 104 permit <ilting of the
structures &s denoted by arrows 130 and 132 :Ia Tigure 5, they
do not fead:‘.ly permit any cther movement of ths structures 42
and 48 resiative to the piatiorm 14 about any sther axis.

Conseguently the ccupling cf the structures 42 and 48 to the

platform 14 is very stiff in zll directions except about the
hinge axis generated by the reduced section ragions 106 108
tc.

' Infeed drive zo sub-assemblies

N
Movement ©I the structures 42 and 48 is achieved bv means of
a cam and Zollower arrangement acting between each of the
‘structures and rigid assembliess mounted to the platform 14 and
the end of the machine base 22. One such Grive is shown in
Figure ¢ as provided within the structure 42. Here a cam 134
is carriad by a shafr 136 itself carried in bearings 13B and.

..140, and is Zriven by &n electric motor 142 thrpugh a '..c*-:sion
2

144, . Tollower 146 carried¢ cn 2 sha :’: (not

- x TR -
rigid couwpiin
X

1

shown) is car

-

and 150 is mounted to the

H

o
ied in bearings

s
0]

structure 1<Z2.

The drive =and bearing assembly containing the cam 134 is



28. in situ on the nmachi ne. 16. A machi ne
any of clains 1 to 3, wherein there is a shor
-and conponent thereby reducing the risk of
t ool and conponent (workpiece) during machini

wheel which is formed with a groove ingts exter cylind ical surface,
the cross-sectional shape of which is the conpie of what is &o be

formed around the edge of a conponent workpi.ec by_gLLﬂdLngﬂmﬂéﬁ t he wheel

I s engaged o L
supported within a rigid szructural £ramework gener

r.mmgHEHe net hod of
BﬁWfi,ﬁsswkﬁUﬁ\b t ween too

rerati ve no ht } bet ween

g, apq WAE ZBYI iig a grinding

designated 132 and this is separate and spaced Irom the res:

cf <he structure 42 sc “hat +he latter can meve relazive o the

1

assembly 132 a2s dictated by the movement of the cam i34 and

LA T N )

fellower 12

12 return Isrce is provided by spring means actiing between the
structure iz and the structure £2.

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

N region of the structurs 48 in Figure 4

For simplizizy, detail of the return spring is shown in
connection with structure 48 but no attempt has been made <o
show this in the structure £2. Here a thrust rod -156 is
secured by means of a threaded and bolted end 138 to the
inboard structural ccmponent 160 of the structure 48 and the
spring 162 is housed within a cvlindrical recess 164 formed in
the structurs 154. 2 reduced diameter end region 1656 prevents
the spring Zrom leaving the chamber 164 and a captive washer
168 at the ortboard end of the thrust rod 156 holids the spring
captive. Movement of the structure element 48 in the direction
of arrow :70 results in compression of the spring which
provides a restoring force to rerturn the item 48 to ~*s normal
upright position when the camring force is removed.

Figure 6 shows the upper end oI the unit 42 o a larger scale

-

and the same reference numerals have been used <hroughout <tc
denote similar parts.

Cam drive

Figure 7 is 2 side view of the end of the machine shown partly

"in section iIr Figure ¢, albeit to a slightly raduced scale.
As with the cther views, it is showrn: partly cut-away so as to

reveal the cam drive mechanism generally designated 170 which



w th the workpi ece conponent. 17. A machine as cl
I ncl udes a form ng wheel which is nmounted so as to b

e of bei pg\

-engaged with the grinding wheel to allow the latter to\be éa;‘
reformed as required, wthout being denounted. 18. A grQ ng mac as
claimed in claim17, wherein the fornypg wheel is nount

spi ndl e. 19. A grinding machine as-clainmed in clai
form ng wheel is nounted to the rear of a workpiece/c

20. A grindi machi ne_as_cl ained in any of cI i ns 16 LQ 19 erein the
grindi ng %B‘%Ig‘? st‘éerﬁm‘hcb‘dnﬁegg YY 8 CLRTR 13 ¢ e WL

captive washer 168 is shown at :he side of the drive mechanism.

igure 7 also shows the two flexure mountings at the base of
the unit 48, the ouiboard one being designated 104 and the
..nnoa*c one being designated

s previously mentioned each of the cam drive arrangements is
carried withip a rigicd 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
i . 22
W base 22.

Also visible in Figure 7 is the motor 176 for driving the chuck
178 from which the nctch grinding spindle 180 protrudes. The
motor 176 is carried within & housing 52 previously described
in respect of Figurs i, and the housing 32 slides zlong =&
slideway 50 as previously described.

Figure 7 shows the beilows seal B2 attaching the housing 52
sealingly to the opening in the casing 72 through which the
moter 176 and spindle protrude.

Workniece transfer

(4

The nandling of circular plate-iike wafers of silicon typically

10C 200 or 300mm diameter or larger is provided by & robotic
handling means shown in Figure 8. This comprises a base 182
and structural framework generally designated 184 extending
upwardly therefrom <o provide & support for a linear slideway
generally designated 185 along which a carriage 188 can slide
iAn the cdirection cof <he arrow 190. A second slide 1192

—

protrudes from the housing 128 a2t right angles o the silidewav
3

-t Amds

1B6 and a sliding member 194 is adapted to move therealon

0
'.J-
o

the direction of the arrow 1925. 2an arm 198 prezrudes

f£rom the
housing 124 and & drive attached thereto and shown at 200
provides for movement of the arm 198 in the direction cf the

- [ S



21. An edge grinding machine conprising a rigid

| a&EPbAGﬁMﬁNTwﬁH%ﬁT

wor khead spindle and a grinding wheel spindle ar¢ [jocated, whereiln|{the
-grinding wheel spindle is itself nounted on a sub} sgqb“xyvﬁmgh i 4 nmount ed
to pernmt novenent thereof parallel to the directjon of advance gf jthe

jurjt ed on

grindi ng wheel spindle to achieve edge .gri ndi ng
t he workhead spindle, but so as to inhrbit novengnt thereof in othgr
di rections, wherein the grinding wheel is forned wih a groove around its

wor kpi ece £RGAPI TR, Slﬂ.fe%%%:.ct RRwes! 068> S8kl @Raleshape ahaWhheh dxsidde
conpl enent of What is 1o q%

is provided via a multi-way umbilical 204
which is retzined in & flexible safety harness 206 attached to
the linear tr-ack 186.

The lower =xd of the arm 198 is a wvacuum chuck 208 and by
suitabie manoeuvring cI the carriages 185 and 200 and the arm
98, so the vacuum closure 208 can bes positioned in front of
a wafer 230 which is held upright in a suppecrting sieeve 212
An empty sz:pporti_hg sleeve at 214 1is also shown ready to
receive a prccesse'd wvafer.

The base 182 s positioned ciose to the machine bed 12 part of
which is visible in Figure 8. After a machining operation, the
two parts cZ <the housing 72 are sepa:ated 2s previously
described with references To FTigures 1 o 2, and this leaves
the finished workpiece 36 expoéed and available to be picked
up by the arm 198 and vacuum chuck 208. To this end the
transfer mecianism of 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 transier this to the empty
sleeve 214,

Movement oi the carriage 194 further out towards the sleeve 212
o/ positions the chuck 208 in front of ar unground workpiece 210,
and after picking this up,

it can be zransferred into the
inspection station and thersafter the working environment of

the grinding machine for attachment to the vacuum chuck 30 in
- place of the previous wafer 38, for rinding.
It will be appreciated that 2 plurality cof sieeves or cassettes
] 6 and all the workpieces located
o

ground, inspected and Yeturned

Where an ovsrall encicsure is provided for the apparatus as

previousiv dsscribed, the transier mechanism including its base



29.

spi ndl e.

formed around the periphery of a'morkpiece by g
Is engaged with the workpi ece periphery, and rel ati
.grinding wheel and form ng wheel enabl es engagenent} o

~the. grinding eel
and form ng wheel w thout the grindi ng wheel being Mookt RAYT zgam ift
22. A grinding machine as qlgai med in cljaijm 21, wherein it
formng wheel is also nounted on the rigid platfor 23T A—grT™di g

machi ne as cl ai ned |n cIa|n122 wherein the -form ng

wheel is nountedijon the

wor khead .spi ndl e. A grlndlng machi ne as claimed in clalg123 ereln

t he formrﬁf%mé§lPF§ ﬁﬁﬂﬁ%ﬁleﬁaFﬁ?r¥§whﬁ? ENforsds & Eo

“Spaced frorm vertical edge 222 of the plate

nt S&pport .

closing door in an opening therein, is provided <to allow
cleaned wafers o0 be inserted and removed.

wWafer centering

As an intermediazte stiep before and after grinding, {preiecr
during tas gr

|..l

y

ab
another waier), each of the waiers is

e
o]
[« B
[
ja)
n
8]
th

positioned in the inspection apparatus shown in Figures 9 and
10, to enabie the centre of <he wafer to be determined, and
+hereby =zlliow 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 gr-inding, beiore it is returned to

its storage sieeve.
Workpiece inspection

Figure % is an overall view showing where <the inspection
apparatus sits in reslation to the grinding machine and the
robotic waier handling system of Figure 8. As befcrs the same
reference numerals  arz2 used <chroughout. = The robotic wafer
handling system is more Z£fully described in our copending UK
Patent Application £iled concurrently herswith under our
reference C403/W.

The inspaction apparatus comprises a stand 218 on which is
located a support framework comprised of a base 220 and an
upright plate 222. A_**ianau‘af stifiening plate 224 extends
from the rear of the plate 222 and both 222 and 224 are welded
<o the plate 220 as at 226.

222 is

m

suppcr

ot

bracket 23C, and & lamp =&and projection lens =z

grrangemen
generally designated 232 is supported at the upper end ©% <he

A first camera 234 having a lens 236 is mounted

ot

on the plate 222 <o view the edge of the disc 238 which is back



30.

o/
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As best seen in Figure 9 a motor ‘240.is mounted on_the rear cf

Y

the plate 222. The motor drives a vacuum chuck (nct visible)

- ad

on which the disc 238 which is <o be inspected is planted by

-

+he robotic arm 1928 and vacuum chuck 208.

Rotation <I the motor 240 rotates the wafer 2z38. By

ositioning this so that the edge intersects thz field of view
of the camerz lens 236 electrical signals can be derived from
the camsra cutput Ior feeding via a cable 242 =To signal
analysis appa:atus (not shown) Zfor processing data obtained
from the sigasls.

A second camera 244 is mounted on the suppeort plate edge 228,
to view the edge cf the disc 238 tangentiallv, so as to obtain
information oz the profile of the edge. The <isc edge is back
lit by lamp 246 and signals Irom the camerz 244 are supplied
along ca able 248. Dower for the lamps 232 and 246 is supplied
as requirsd ziong cables 250 and 252 :espec:ively;

A computer 254 is supplied with signals from the cameras 234
and via cables 242 and 248 and controls the cameras and their
lé’mps 232 and 246 via return signal paths along 242 and 248 and
via cables 250 and 252 re‘snectively. The output camera 244 can
be displaved on a monitor 256 as required, and the rrofile of
the edge c©Z 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. '

Workpiece cerntering

This is achieved using the technigue described in our copending

-

_application Ziled concurrently herewith under rsisrence C403/W,

the signals Zrom camera 234, o] a?.ned as the circular wafer is
rotated through its Zisld o

view.



5. A gri
means for
-with a fur

machine as clained in claim4 or 5, further

det ecting

~to interrupt the grinding process it wear is jdq

grindi ng

re-engage the grinding wieel and _fornng whe
profile |@+$éf%eg%—é%¥ﬁ§§ﬂ&w% wheel , i

I nterrupti

nding machine as clained in claim4, further conpri sing
denounting and replacing a ground wor kpi ece conponent
t her wor kpi ece conponent to be gr oupee- 6 A_gri ndi ng

o REPLAC ¢
fgﬁi. VEMENTEQBSET ¢

wear of the profiling groove,pn th

t : A
machine as claimed in claim 6, furtherqﬁbﬁgﬁﬁﬁﬁm%i gfnmeans:to

response to the F

on of the grinding pr ocess.

Figure 1iI is a view ocf the monitor 256, this *time set to
display the output ZIrom camera 234, when a notched wafer is in
position on the vacuum chuck (net shown in Figure 10) on which
the waier 23%¢ is mounted, where the waifer has been rotated so
that the notch is in the Zield o view of the camera. The
notch is visible at 264 and a computer generated <*emplate
{shown cdotted at 266 and 268) is also shown displayved,
superimposed .on the picture of <the notch, to indicate the
required angies for the <wo sides of the notch. Two additional

template lines are displaved at 270 and 272 o show the reguire

‘radii at the enrrance to the notch and a further template line

274 is displsyed showing the reguirsd radius at the bottom of
the notch.

‘Figure 12 is a2 similar view of +the monitor 256 this time

controlled bv a valve 294,

displayving one end of

fn

flat peripheral region of z circular
wafer if viewed by the camera 234. Here the display of the
wafer is denoted by reference numeral 276 and the £lat by 278
and the required radii at the snds of the flat is described by
a computer generated template line 280.

Wafer —hiskness measurement

Figure i3 shows the rear of the assembly of Figure 10 and shows
the plate 222 and motor 240 driving a vacuum chuck 284 via a
drive 285.

A fluid iine 290 with jet 292 serves to deliver a jet cf air
2

to clean and drv the =2dge of the wafer 238 and the fiow is

- N
-

is impcriant to Kknow the thickness of the wafer 238 before

-

12

t is mounted on <the vacuum chuck 30 on the workhead (see

*1)

igures I and 2) so that the axial shif:t resguired of the

a
workhead cr workspindle to bring the appropriate grinding

and adapt ed

reform th rindi ng



8.. A grinding machine as clained in any of clains 4RE%LAﬁEMENT SEEpt pd
additionally to grind a registration region such as tlat aroupd|the
. periphery of a disc workpiece which conprises a ghy @ﬁ np wheel
spindl e on which a further grinding wheel is nnhn e said her
wheel bei ng novabl e to engage. sc wor kpi ecef f or—formng—a—H af on
t he peri pheral edge t her eof ‘as th rkplece I s{rotated relative

t her et o. 9. A grinding machine as clainmed in any of clarns & to 8,

mi C|h conpy *&ctﬂﬁedaef'icéﬂetﬂhe"ac&‘u”%;i'ﬁng' \Aﬁaﬁ@h e%l%'a%@nf‘e;&n WARnCBha edce?é* g
eel is npunted for, enga e er circul ar,
morkpleceq¥ gﬁﬁﬂh?ﬁ;%%é%ﬁ%%? i TP ST %ér PfeSystem and appropriate

drive signals generatad for moving the workhead or work spi na’e

the reguired distance. The :thickness is determined using a

" probe 295 which is carried on a spindle 298 slidable in guides

300, 3G2 and movable under &ir sressure via a pipeline

engagement with <the face oI <he wafer 238. . The

travelled Zrpom a £irxed home pcsition is noted.

By pericrming the same distarnce movement measurement

30¢ into

distance

without

the wafer in place, ¢given the distance from the fixed home

position to the face of the chuck 284, and since the

waier 238

is held against that face when in position, the difference

between the two distance measurements is equal %o th
of the wafer.

The distance moved by the probe is. sensed by an

positicn sensing encoder and the signals supplied

e thickness

accurate

glong cable

306 to the computer 234, and the thickness dimension may be

displayed on the monitsr (if desired).

‘The computer 254 may Iorm 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

S control system in 10, so that the thickness dimension is

available for contrclling the zxial shif: of the workhead or

-——

work spindie assembly.

Multipie inding whesl

In order <o save nacna

:J
1
0.
o]
g
'3
it
'v
g
1]

the grinding wheel may be

made ur of a sandwich of different ¢rinding wheels each

dedicated to a particular purssse

Such a wheael is shown &t 308
s

cf Zour wheel sections shown.

in Figure 14, in which a sandwich



31. workpiece is stationary. 10. A grinding mac
any of clains 4 to 9, wherein optical inspection
.to point towards the face of the wafer when the

rotation, and neans is provided for indexing the p]alen and wafer jt hereon

so that neasurenents can be nmade at a géurality of fdiIrscrete rotational ly

different points and conpared with tho derived ftomsimlar

naint

ar ound

a reference conponent or tenpl ate. 11. A grinding machi ne as cl ai ned

in any of

dinensiongggﬁéqgﬁérégwégél B%GGE%i%(¥né$§“°°n§ggcéﬁﬁnwgee£ GESQQS six

rinding g*coves in its cvylindrical surface, one of which

is

shown at 312. This is the wheel section which is used to grind

the edge oI &z wafer which reguires only a little material

be removed before £inishing.

-
o}
o
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[

0
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0
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n
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To

iamond wheel containing three grooves,

one denoted by reiference 31&. This sectiorn is used fcr Zinish

=
[

L grooves ~ tvpically in the range 1-10.

is to be understood that both wheels can have any number of

A
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 & waier edge before the softer resin bonded
whesl 310 is brought into piav.
Wheel section 322 is a Zfurther optional wheel typically oZf
cerium oxide, which can be used to polish the wafer edge after
finishing bv wheel ssction 314, by running the wheel spindle
at an appropriate spesd.

crinding wheel

\/’

Figure 135 shows tO &an approximately similar scale, a notch

grinding wheel 324 mounted a2t the end of a spindle 2326.

ts

"concave" annular grinding surface is typically diamond plated.

As shown in Figure 6, the dressing/Zorming wheel(s)

mounzed cn the same spindle as the vacuum chuck 30 to which

workoliece(s)/wafer(s) 36 are =o bes attached.

Tvpically the dressing/forming wheel is a two part assembly

- aa

fu
L]
{1}

rt
vy
Ly



edge data obtai ned dur

o030 ~0T
=
>
«Q

profile of a wafer is undertaken by an inspection dgv -

tangentially towards the edge as the wafer rotates. hWM%QTow ng
‘machine as clainmed in claim1l, wherein the edge iIngpection is un
while the wafer is mounted on the workhead spindl ¢. | 09 MAY 2800gr
machine as clained in claim1l, whereig,the edge ijngpection is ung
while the wafer is nounted on a sepafate vacuum plfaten adapted to b
r ot at ed. 14. A grinding machine as clained in |

subsequent {3 corfhaP8Hwi PRPC dse‘ili FORSr G Dhdittg IREaSFERe T RS

from

t he gxiopvesf im ridleeCaic whesipemition Wikpi efeFigure 14, and

() a metal bonded diamond whe2l 330 which incorpcrates much
smaller cdiameter grit, and Iis adapted %to Zfinish grind <he

L
grooves such as 3

5]

2 in the C3N wheel section 310 of Figure 14.

C3N grinding wheel such as section 3i0 in Figure 14 are
normally supplied without grooves such as 312, and after
mounting a new CBN wheel section 310, the first step is the

formation of grooves such as 312 thereon. This is achieved
using whe2l 328 of Figure 15, and then wheel 330.

Afrer wear has occurred in the grooves in 310, wheel 330 is

emploved to dress and re-iorm the grooves as reguired.

Both ferming wheels have access to both grinding wheels.
Conventionally, both forming wheels are used to form both the
roughing {CBN) grinding wheel and the Zinishing (diamond)
grindinc wheel.

Intermediate wafer store

As shown in Figure 17, below the thickness measuring probe
locazion shown in PFigure 13, is situated an open <top
rectilinear housing 322 into which wafers can be lowered by the
arm 198,

Extending into the housing is 2z spindle 334 and vacuum chuck
336 on which wafers can be planted and held, and by which such

waiers can be rotated. Drive to the spindle 334 may be

- obtained for example from the motrocr 240.

truding into the housing 322 is a jetr 338 which can be

0
[=
g
"

’..)
' 4

M

2
€

'-l

¢t

o

t
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uid under pressure such as water or air, and
the jet is directed tcwards the face @nd edge region oi wafers

mounted cn the chuck. One such wafer is shown at 34C. A drain

in edge, i pspecti.on is conpared with (or st ored and



15. In a nethod of grinding a disc-like workpi ece having both i nternal
and external edges which have to be ground, and wherein both internal and
. external edges also have to be finish ground, a twg

process is enployed for both i nternal and external {gr gﬁ %@ﬁéﬁgﬂ Tcr a
rough grind using a pre-fornmed netal pgpnded wheel pyecedes a finish grind
usi ng a fornmed CBN resin bonded wheel which is forngdl agd MalYozlE8d
REPLACEMENT SHEET 32 n situ on the

‘machine.  3:2 conveys away any surplus fluid.

The housing and vacuum chuck provides a useful parking place
for wafers which have been edge ground and ares waiting to be

" placed on the vacuum chuck 284 of the inspection apparatus, for
edge proiile inspectior, or have been inspected and are waiting
to be returned to their sleeve such as 214 in Figure 8.



16. ‘A machine for performing the nethod of any of clains 1 to 3, wherein

there is a short stiffness |oop between tool and conponent thereby

(vwor kpi ece) auk llllﬂﬁﬂllﬂlllﬂﬂﬂflllﬁﬁd”?ﬁi”?% T G nai| A CEMERh O

formed with a giroove'in"it% external cyjgndrical surfac¢, the
cross-sectional shape of which is the conpl enent of ay 09 tpayeadeer ref
around the edge of a conponent workpiece by grinding n the wheel ip
engaged with the workpi ece conponent. 17. A machi ne|jas crarmed—+m—el aj m

16, which diaghyedes a form ng wheel which is nounted

as_to be capabl
bei ng engaged with the grinding wheel to allowthe latter to be

reformed as required, wthout being denounted. 18. A grinding nmachi ne as

claimed in.cla Methode Y dd€ng the edoe of a disc usin
g dge of isc 5 a

machine having mounted thereon = grooved grin

[=3

achine _ _-*“ding.wheeiy
wnich The groove is formed in sity using a forming wheel

33
crlnc

hg

in
-l

also

: o - c . ‘s -
nount or Tahe grinding machine compr:sing the steps of

moving the grinding wheel and forming wheel into engagement

v

s to form a groove around the edge of the

0

orresponding in cross—section to the complement of
to:be Zormed around & workpiecs =4 3

nT so
rinding wheel.

the shape

e ecge during grinding, engaging

Ay the ¢rinding wheel with ar least one workpiece,

grindinc the

- - - -~ £ - - > . N
€ageé Thereo: into the desired shape, and after the workpiece

has Seen ground or after a succession of workpisces have been

grounz, re-engaging the grinding wheel and +he forminc wheel

wit: the grinding wheel remaining in situ, to re-form
| L] — — e d

groove in the grinding wheel %5 correct for wear.

the

R - < - <y s
2. i method of grinding the edge of a silicon wafer workpiece

comprising two stages, a firse

wheel is advanced t5 rouch cring

p L

in which a resin bonded CBN

the workpiece edge and a

" seccnd st & resi
U sTade in whi & resin bonded diamond wheel is advanced

©o Zinish griad the edge,

3. kmethod as claimed in claim 2, wherein the method
the further steps of forming and resf forming beth grin

in situ on the machine by plunge grinding <
arcund the grinding surface of 2ach grinding whee?
forming whez: | )

he desired

using

includes
ng wheels

Formed

[+

4. Ak grinding machine for PerZorming the method of ez
claims 1 to 3 risi & indi v .
: o 2, comprising & grinding wheel, drive means
theresf

Or, workpiece spindle and drive means therefor, and a

forming wheel wherein the forming wheel is mounted on the
workpiece splndle



form ng wheel is nounted on the workhhead splndle 19. A grinding
' aim I's mounted to the

rear of a workpi t support ~ 20. A grindng machi ne as cl ai ned
in any of cl ‘&Bm!mmi erein the gri ndi ng wheel is a resin bonded

wheel . 21. $ Ngr machi ne copgrising a r g | whi ch
a wor khead splndle and a grindi ng mhee?asplndle ar ‘H aﬁkgtﬁﬁﬁgrn t he

grinding wheel spindle is itself nounted on a sub- s$enb|y whi ch i 5 pounted
to permt novenent thereof parallel to the directidnjofgadymn@egliof|the
grindi ng wheel spindle to achieve edge grinding of tajworkpi ece noupt &d on

t he workhead spindle, but so as to inhibit novenentf threreof~TTh Ot her
directions, wherein the grinding wheel is forned with a

5. %2 grinding machine as claimed in claim 4, further
comprising means Zor demounting and replacing a ground
workpiece component with a2 further workpiece component <o be

~— ground.

6. E grinding machine as claimed in claim 4 or 5, £further
comprising means for detecting wear of the profiling groove in

the grinding wheel &and adaptad to interrupt the grinding

7. 42 grinding machine as claimed ir claim 6, <further
comprising means t® re—engage the grinding wheel and Zormming
whesl o reform the grinding profile in the edge of the
grinding wheel, in response to the interruption of “he grinding
process.
8. L grinding machine as claimed in any ocf claims 4 zo 7,
adapted additionally <o grind &z registration regiorn such as a
flaz a*-ound the periphery of & disc workpiece which comprises
e on which a further grinding
wheel is mounted, said furzher wheel being movable to engage.
2 disc workpiece Zor Zorming z Zlat on the periphera) =edge

theress 25 the workpiece is rozated relative there:o.

9 & g::mc:_ng machine as clazimed in any of claims 4 1o 8,
wnich comprises a Zfurther rinﬂing wheel spindle on which a
Grinding wheel is mounted Zfor engaging the periphe-y oi a

Circular workpiece Zcr grinding 2 notch therein whilse the



gr eove around—i—%s——wef—lqﬁﬁ%eﬁgagl ng surface, the crpss—seetianal shape of

which is the is to be _ REPLACEMENT SHEET

<33 forned arq ‘ISEEE of a workpi ece by gr wheel

I s engaged wit erl phery, and rel ative

grinding wheel and form ng V\:hEE| engbl es engagenerjt wheel

and form ng wheel w thout the grinding V\/neel bei ng de : '
spi ndl e. wggkpieéaé grg rgil cma.‘p,m ne as clainmed in cllaim 21 vvherel nthe

16. % grinding machine as claimed in claim any of clzaims 4 o
9, whereir optical inspection means is mounted so as to point
+owards the face of the wafer when the latzer is mcunted for
rotaticr, and means is provided for indexing the platen and

waZer therson so that measurements can be made at a pluralit

- o V

of discrete rotationally diffsrernt points and compared with
those derived from similar points around a reference component

&

CT TehXr.ate.

_ 11. & grinding machine as c¢laimed in anv of claims 4 to 10,
g . R . 2 o s . .
wherein optical inspection of the edge dimensions znd the edge

profile cf & wafer is undertaken bv an inspection device which

is pocinted zangentially towards the edges as the wafer rotates.

12. 1 grinding machine as claimed in claim 11 wherein the

edge inspection is undsrtaken while the wafer is mounted on the

workhead spindle.

13. A grinding machine as clzimed in claim 11, wherein the
edge inspection is undertaken while the wafer is mounted on &

separate vacuum platen adapted tTo be rotated.

-

x indipc machine as claimed in claim 12o0r 13-, wherein

N 14 .

Q
H

edge data obtained during edge inspection is compared with (or
stored and subseqguently compared with) a set of corresponding
measurements taken ZIrom the edge of a reference component
wo*) viece.

15. In =2 method of grinding a disc-like workpiece naving both
internal znd external edges which have zo be ground, anc
wherein beth internal and external edges aliso have to be finish
ground, & zIwo-stage Grinding process is emploved for both
internzl and external grinding, in which a rough grind using

a pre-formed metal bonded wheel precedes a finish grind using

-~

a Zcrmed CBR resin bonded wheel which is formed or ~efcrmed



form ng wheel 1s also nounted on the rigid platfo~m _23. A_grinding

machi ne as cl wherein the form n@r‘%ﬂegmﬂ
vorknead pt g TEMH THTLlor s rechi ne o' cila mec s kot
t form ng wheel ¢i st nountsed*to t he regr of a wor{kpi eﬁslﬁxrrponen

he

in situ on the machine.

t.
veer B R el

1

16. 2 machine for periorming the method oI anv of claims 1 o
3, wherein there is & short stiffness loop dbetween tool and
component therepy reducing the risk of relsztive movement
betweenr tTool and component (workpiece) during machining, and
the tooli is =z grinding wheel which 1s formed with a groove in
its external cylindrical surface, the. c'r'ose-s"::ional shape of
which is the complement of what is zc be formed zround the edge'
of a component workpiece by grinding when the wheel is engaged

with the workpiece component.

17. A machine as claimed in claim 16, which includes a forming
wheel which is mounted so &s to be capable oF being engaged
with the grinding wheel to allow the latter c be formed or

reformed as regquired, without being demounted.

18. 2 grinding machine as claimed in claim 17, wherein the
forming whesl is mountad on the workhead spindls.

0
fout
2,

19 A gzinding machine as aimed in claim 18 , wherein <he

forming wheel is mounted

vt
&)

the rear of a workziece/component
support.

20. A grinding machine as claimed in any of cizims 16 <o 19,
wherein the grinding wheel is & resin bonded wheel.

"21. 2An =dge grinding machine comprising a -igid platform on
which a workhead spindle and & grinding wheel spindle are
iocated, wherein the grinding wheel spindie is itseli mounted-
on a sub-assembly which is mounted o pe::m.it mocvement thereof
parallel o the directiocn oI advance of the crinding wheel
spincdle o achieve edgs grinding of & workpiece mounied on the
workhead spindle, br:t sc as to inhibit movemsnt <hereo? in
other directions, whe:ein the grinding wheel is Zormed with a
groove gazround itis workriece engaging surface, the cross

sectional shape oi which is the conmplement of what

d on the
31 wherein



e

I

29
formed arounc the periphervy cif. 2 workpiece by grinding when the
wheel is engaged with the workpiece periéhery, and relative
movenment betwsen grinding wheel and Zforming wheel enables
engagement of the grinding wheel and forming wheel without the
grinding wheel being demounted Zrom its spindie.

22, » grinding machine as claimed in claim 21, wherein the
forming wheel is also mounted cr the rigid platform.

23, &k grinding machine as claimed in claim 22, wherein the
forming wheel is mounted on the workhead spindle.

24. 2 grinding machine as claimed in claim 23, wherein the
forming wheel is mounted to the rear of a workpiece/component
Suppor:.
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