1. Title: |Inprovenents in and relating to grinding and poli shi nf®#genfftes

* This invention concerns grinding and polishing nmachines and net hods of
grindi ng and pollshlng di scs such as wafers of silicon for use in the
construction of sem -conductor devices,iand discs of glass or other brittle
materials on which magnetic material is to be deposited for form ng
magneti c nenory di sks for conputer disk drives and the |ike. Backgr ound
to the invention When grinding discs for either of the above purposes, it
I's inportant that the outS|de di aneter of the dISC J s, . finished to a hlgh
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case of nﬁaangnggsk a circul ar open| ng is aI So reauired again to an
accurately controlled dianeter and circularity. In the case of silicon
wafers, registration in

This invention .concerns grinding and polishing machlnes and

methods of grlnda.ng and polishing discs such as wafers of
silicon for use in the construction of semi-conductor devices,
and discs of glass or other brittle materials on which magnetic
material is to be deposited for forming magnetic memory disks
for computer disk drives and the like.

Background to the invention

When grinding discs for either of the above purposes, it is
important that the outside diametexr of the disc is finished to
a high level of accuracy and often to a particular cross-
sectional form. In the case of memory disk a circular opening
is also required again to an accurateély controlled diameter and
circularity. In the case of silicon wafers, registration in
later manufacturing steps requires registration devices to be

formed around the periphery of the disc such as the formation
of flats and notches. '

Conventionally edge grinding and polishing machines have
incorporated 1linear slideways for all axes. Whether
incorporating re-circulating rolling element- bearings or air
bearings, zll such axes share a common failing when grinding
and polishing brittle material namely they permit significant
relative motion between grinding wheel and component. This
arises from the need to provide for orthogonal movements of
grinding wheels usually obtained by stacking one linear axis
above another. This motion reguires the use of hard wearing
grinding wheels to minimise loss of form due to wear, but such
wheels tend to produce poor gquality surfaces with deep damage.

When grinding silicon wafer workpieces, the depth of sub-
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| at er manufacturing steps requires registration devices to be formed around
“the periphery of the disc such as the formation of flats and notches.
Conventionally edge grinding and polishing machi nes have i ncor porated
linear slideways for all axes. Whet her incorporating re-circul ating
roII|ng el ement bearings or air bearings, all such axes share a conmon
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Summary of the Invention

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

Preférably the housing parts are formed from a clear plastics

material such as polycarbonate, to allow the grinding process
to be viewed.

Preferably the two housing parts are sealed by means of an
inflatable sealing ring which extends around the joint between

the two housing parts when they are positioned so as to form
the enclosure.

Where a two part enclosure is provided which when closed and
sealed forms an enclosure, and the grinding wheel and workpiece
are contained within the enclosure at least Eiuring grinding,
the housing parts are prefeir:ably mounted on a slideway and are
movable parallel to the axis about which the grinding wheel
‘rotates, so as to permit axial travel of the workhead when
moving between one wheel groéve and another, or moving SO as
to engage a forming wheel with the grinding wheel, without the

need to deflate and re-inflate the seal. This feature reduces
grinding cycle time.

According to another aspect of the invention, means may be
provided to aim a jet of cleaning fluid at the overhanging lip
of a wafer whilst the latter is still being rotated. This
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_a wafer nust be delivered with zero damage for use in subsequent

" manuf acturing steps. Wen sub-surface danage has arisen, this neans a post
grinding step of acid etching before polishing. Both processes are
expensive, and the | ess the damage theAihorter the polishing tinme that is
needed. Summary of the Invention cording to one aspect of the
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Brief Deééri tion of the D_raw' s

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

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
2;

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-assemblies;

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



are contained within the enclosure at |east during grinding, the housing
" parts are preferably nounted on a slideway and are novable parallel to the
axi s about which the grinding wheel rotates, sg as to permt axial travel
of the workhead when novi ng between one wheel groove and another, or noving
so as to engage a form ng wheel with th® grindi ng V\/neel wi t hout the need

to deflatg.,and re-inflate the seal. This feature uces grjndji.ng c %
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the encl O?’!ﬂ&ﬁr%nds isogny o%ersail{e pergp%c%%}eosgigw' 2£° ltﬁzseEdCOmponent
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 in_spe'ction apparatus shown in Figure 9, to an enlarged
scale;

Figure 11 is a view of 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 by camera 234;

Figure 13 is & side view of the rear of the assembly of Figure
10, showing the drive between the motor and vacuum chuck, and
also showing where a thickness measuring probe can be

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

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

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

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

Figure 17 is a side view of a wash station which can also serve
as an intermediate wafer store.



Brief Description of the Draw ngs The invention wll now be described by
- way of exanple, with reference to the acconpanying draw ngs, in which:
Figure 1 is a perspective view not to scale of a grinding machine enbodying
the invention as viewed fromthe position nornally occupied by an operator;
Figure 2 is a side view again not to sc&8 e, of the machine shown in Figure
1, again fromthe S|de on Wmch t he operator normal | y stands; Figure 3 is
an end vi Getdiléed desdiipltiomnog e DISand 2; Figure 4 is a

cross-section to a sllghtly Iarger scale through the flexure mounted
sub- assenbljes as vie
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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 platform 14 includes an integral suppoft structure or base
22 which carries a workhead 24 which is slidable axially along
a slideway 26 mounted on an upper surface of the base 22 and
which includes a spindle drive motor 28 and vacuum chuck 30 for
carrying wafers to be 'ground.

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

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

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



visible in Figure 4; Figure 6 is an enlarged cross-sectional view through
t he upper right hand end show ng the camdrive and foll ower and the spring
| oadi ng of the sub-assenblies; Figure 7 is a side view of the
sub-assenbly end of the machine shown in Figure 2 to an enlarged scale and
partly in section; 4 Figure 8 is a
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perspectiye view of, a workpi ece | oadi ng and un] oadi n chanismwhich is
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shown i n ifitgeduc®d.part of which is visible in Figure 8; Figure 9 is an

opposite perspective view of the conponent handling apparatus of Figure 8

whi ch al so shows di sc_ i nspecti on apparatus and the right hand end of the
machi ne Fuwddisrant ﬁr@m gmgl on tl'Pep other side of tl?e 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 spiﬁdle 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 56 or 58 to engage in the appropriate grooves in the
grinding wheel 32.

Lateral movement of the grinding wheel or notch grinder as
required is achieved by tilting the support structures 42 and
48 as appropriate relative to the platform 14. To this end
both of the structures 42 ana 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 (see Figure 3) prevent excessive outward
movement. -

In accordance with the invention, the pivoting is provided by



Figure 10 is a perspective view fromthe opposite end of the disc
-inspection apparatus shown in Figure 9, to an enlarged scal e; Figure 11
is a view of the nonitor screen showi ng the notch as viewed by canera 234;
Figure 12 is a view of the nonitor screen showing a flat in a wafer -edge as
vi ewed by canera 234; Figure 13 is a gide view of the rear of the
assenbly of Figure 10, .showi ng the drive between the notor and vacuum
chuck, andhesinso efioviTegcurtesr e(as twilkndse rdeeeribedpr oihécbarldewofori oned
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machi ne; describe an arc as denoted 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 approprlate
forward movement of the workhead 24 in the direction of the
arrow 60 as aforesaid.

An inflatable xring seal 78 around the closure 76 (or
alternatively around the internmal 1lip of the opening 74)

provides for z 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 allow the housing 72 to
move in a continuing sense in the direction of the arrow 60 to
allow for the grooves in the grinding wheel to be formed.
Movement in the opposite sense is also accommodated by the
bellows 80 and 82 so that the closed housing 72 can also follow
the workhead 24 as it moves in an oppésite sense to that of
arrow 60 to allow for the edge of the disc 36 tc be engaged by
one of the grinding grooves such as 34.

Coolant fluid is sprayed onto the workpiece through nozzles 84



Figure 16 is a side view of a workpiece vacuum chuck and dressi ng wheel
"assenbly; and Figure 17 is a side view of a wash station which can al so
serve as an internedi ate wafer store.

5 Detailed description of the Draw ngs Figures 1, 2 and 3 illustrate
pictorially part. of an overall nmachine 8tation for edge grinding circular
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housing 72 is closed and sealed by the closure 76.

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

Wheel forming/dressing

Wheel forming can be performed initially before any workpiece
has been mounted, in which case the housing 72 is closed by
appropriate movement of the workhead 24 and closure 76 without
first mounting a workpiece such as 36 on the chuck 30. Wheel
forming is performed by appropriate axial movement of the
workhead 24 and lateral movement 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 t_:he seal 78 as before mentioned. After mounting a
workpiece 36 the assembly can be closed again and grg.nding
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.



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 nmounted centrally before the base
region 22 and is shown in dotted outline in Figure 1, and the third can be
seen at 20 in Figure 3. The platform 18 includes an integral support
structure or base 22 which carries a workhead 24 which is slidable axially
al ong a sI¥eEehing6 nounted on am upper surface of the base 22 and which

i ncludes a spindle drive notor 28 and vacuum chuck 30 for carrylng waf er s
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Polishing

In an alternative arrangement, a polishing wheel may be mounted
on the wheel spindle as well as the grooved grinding wheels,
and by axially shifting the workpiece spindle, so the polishing
wheel can be brought into engagement with the edge of the
workpiece 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 a2 hand-held control unit 98 is connected via
a flying lead 100 to a connection plug 102. An operator can
remove the unit 98 and walk to the machine with the unit 98 in
his hand, and by pressing 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.



to the machi ne base 22. The function of the plate 44 is to increase the
- rigidity of the platform 14 relative to the base

6 22 and resist transverse vibrations which m ght otherw se be introduced.
Equi di stant fromand on the other side-of the plate 44 is a second support
48 which carries a sli deway' 50 on whi @R is nounted a second spindle drive
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m nute, the edge grinding spindle typically has a speed range up to 6000
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to 70, 000 rgvgi_‘gt chzlépgf n 'Of"Vh€ corner of the control unit containing
the  computer screen and keyboard, 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 y

resolution position coder to provide smooth motion during axis
move interpolation.

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

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

prevents grinding swarf from runnlng 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 sensoxr 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



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 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 @3 allows the disc 36 to clear the
end face 62 of _the grlndlngawheel assenbl
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wheel wear.

Damping

In order to reduce unwanted wvibration and resulting grinding
damage to the minimum, the structural components making up the
grinding machine are filled at least partially with polymer
concrete, particularly sections of the base 22 and the bed 12
and if desired also the platform 14.

Subassemblv flexure mounting

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 of which are shown
at 102 and 104. A second pair in line with the two shown in

) Figure 4 are provided towards the other end of the structure_s
42 and 48 nearer to the machine base 22.

As shown in Figure 5 to an enlarged scale, each flexure
comprises a metal plate, a central region of which is necked
to form a 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 bolted 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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flexures (as will be described) which allow for pivoting

axes close to the centre line of the platform

structure 42 can describe a small arc such as denoted by arrow

ucture 48 can describe an arc as denoted by reference nuneral
s for achieving the pivoting q@venent w |l be described with
to later figures. Attached to the base 22 is a clear
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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 5, they
do not readily permit any other movement of the structures 42
and 48 relative to the platform 14 about any other axis.

Consequently the coupling of the structures 42 and 48 to the

platform 14 is very stiff in all directions except about the

hinge axis generated by the reduced section regions 106 108
etc.

-

Infeed drive to sub-aggemblieé

Movement of the structures 42 and 48 is achieved by means of
a cam and follower arrangement aéting 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



The housing 72 is slidable relative to the base 22 and bell ows seals 80 and
‘82 are provi ded 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 provided to-the rear of thea3®ellows to allow the housing 72 to
move in a continuing sense in the direction of the arrow 60 to allow for
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and sim|l atréa{:\lg'zz erg are provided for spraying simlar fluid onto.the

form ng wheel s when requi'rgd. An interlock is provided to prevent cool ant
fluid bei ngHeetrethrinFe26et 1 provided by spring means acting between the

structure 152 and the structure 42.

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

For seimplicity, 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 component 160 of the structure 48 and the
spring 162 is housed within a cylindrical recess 164 formed in
the structure 154. A reduced diameter end region 166 prevents
the spring from leaving the chamber 164 and a captive washer
168 at the outboard end of the thrust rod 156 holds the spring
captive. Movement of the structure element 48 in the direction
of arrow 170 results in compression of the spring which
‘provides a restoring force to return the item 48 to its normal
uprig_ht 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



housing 72 is closed and seal ed by the closure 76. After a grinding
-operation has been conpleted and after a final wash with fluid, the housing
72 can be opened by deflating the edge seal 78 and withdrawi ng t he wor khead
24 in a direction opposite to that of arrow 60 to the position shown in
Figure 2. The finished workpi ece 36 cam4hen be demounted and a fresh

wor kpi ece installed. Wheel form ng/dressing Wheel form ng can be-

per f or med datig |<a’n I t;/hé)esm'\mtan;e o kandcd.shawotbeshownuin cBignre vhi chTkese
the housing, ¢d16y AP Al cHY 8T off thlGambre hRatardsmnd
cl osure 76 out I rst nounting a workpiece such as 36 on the chuck 30.

Wheel form ng I's perforned by appropriate axial novenent of the workhead 24
and | at er #igmsenendlsé shgworthel Xws ofl eaureasiowitirnigs atothesbasetafn,

o 5a- coqtn Rt 4% EQ%??,%‘L&Q%’ ) 3‘9@%"’-‘1 PoRLFRCedTES) g Rl °0

g
Af ter ini tinhoawdong d?%fﬁg 22 yray. be separated by breaking the
seal 78 as before ment!on_ed After nounting a workpiece 36 the assenbly can
be cl osed @%Pe@fgu ﬁrt]tgén onhe eretaffél: o tl-lfg fg.{u% g:?:s.&er 'al?:e:dangements 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 ..‘:'rornr the end of the
base 22: ' '

Also visible in Figure 7 is the motor 176 for driving the chuck
178 froﬁ\ 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 50 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 transfer

The handling of circular plate-like wafers of silicon typically
100 200 or 300mm diameter or larger is provided by a robotic
handling means shown in Figure 8. This comprises a base 182
‘and structural framework generally designated 184 extending
upwardly therefrom to provide a support for a linear slideway
generally, designated 186 along which a carriage 188 can slide
in the direction of the arrow 190. A second slide 182
protrudes from the housing 188 at right angles to the slideway
186 and a sliding member 194 is adapted to move therealong in
the direction of the arrow 196. An arm 198 protrudes from the
housing 194 and a drive attached thereto and shown at 200
provides for movement of the arm 198 in the direction of the



Typically re-formng of the groove is perfornmed during machi ne downti ne
.after one workpi ece has been renoved and before a subsequent workpi ece has
been installed, but in a devel opnent of the machine in which edge profile
checking of the workpiece 36 is perfornedin situ on the workhead, it may
be advantageous to allow for re-form nga®i th the workpiece in place.

9 Notching If a workpiece is to be notched, the suppor'tl_":élzJ LS gg\_/ed
| at er al | y axray tiragEkentnicepovenfencther Ryives 200,& ﬁb&r A¥eps

nmoved | at el gie | &G ABESid OrFRERIES t 8 ac @y mulit i-Hwaywamtildécel 380ky t he
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‘ pl ece.
Pol i shi ng the linear track 186..

The lower end of the arm 198 is a vacuum chuck 208 and by
suitable manoeuvring 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
réc_eive a processed wafer.

L4
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The base 182 is positioned close to the machine bed 12 part of
which is visible in Figure 8. After a machining.operation, the.
two parts 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 214.

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 workiiug 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 cassettes
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



In an alternative arrangenent, a polishing wheel may be nounted 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
engagenment with the edge of the workpiece 36. A drive for shifting the
wor khead 24 al ong the slideway 26 is prlgi ded at 88. As shown in Figure
3, a drainpipe 90 conveys fluid fromthe housing 72 to a storage tank 92
and a punp8@nots sEERRGTraklYr borweed Witdwn cthet enpdosurg: d oM 151 % ank.
Ahfi I ter asabﬁlie;goraaéﬁlledni rari hepéﬁmhgolrtheréhn.l i De lgﬁbwgadt :te taﬂl@‘agd

t he punp. e nt ugin 3 I si on display an
keyboar d §%e§ﬁ}?§%ﬁ%§hg§dﬁ%og{’%§+’£§§i gg@ :laes‘ﬁo:‘}o%éct ed via a flying |l ead
100 to a connection plug 102. An operator can renove the unit 98 and wal k

to the nagRifs- Wdrtdiaqunit 98 in his hand, and by pressing appropriate

buttons instigate or arrest operation of the machine. The housing 10
houses a conputer based control systemfor supplying control signals and
power to @z atr intermediate netodp e fowe fand reftoew i gixiinm| {prebexrably

transducelgey. 5 (G U ndf 1Y ROHHLWRPEER! | @AchOUENthe wafers is
positioned in the inspection apparatus shown in Figures 9 and
10, to enable the centre of the wafer to be determined, and
thereby allow it to be accurately positioned on the chuck 30
for grinding, and afterwards to enable the edge profile of the

wafer to be inspected after grinding, before it is returned to
its storage sleeve.

Workpiece ingpection

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 before the same
reference numerals are used throughout. The robotic wafer

handling system is more fully described in our copending Patent
Application GB-A-2316637.

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

Spaced from vertical edge 228 of the plate 222 is a support
bracket 230, and a lamp and projection lens arrangement
generally designated 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.



etc signal generating sensors on the machine.

.10 A conputer keyboard and di splay may be used to enter data for initially
setting up the machine functions, and for determ ning the spindle speeds,
feed rates, stroke and sequence of events. Si nce cl ean room conditions
may be required, the whole machine withithe exception of the corner of the
control unit containing the conputer screen and keyboard, may be housed
within an Mtlmsialseenchnsﬁx@#ré'k%@amtnal 240cissmounted i toBoWAAY of he

drawi ngs. aziré a4y %ﬁeOiao%kCaﬁ%M Kheasdid |dHiR% (nhotpvekoBley, and

h khead d h |
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the robotic arm 198 and vacuum chuck 208.

Rotation of the motor 240 rotates the wafer 238. By
positioning this go that the edge intersects the field of view
of the camera lens 236 electxrical signals can be derived from
the camera output for feeding wvia a cable 242 to signal

analysis apparatus (not shown) for processing data obtained
from the signals.

r
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A second camera 244 is mounted on the support plate edge 228,
to view the edge of the disc 238 tangentially, so as to obtain
information on the '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 required along cables 250 and 252 respectively.

A computer 254 is supplied with signals from the cameras 234
and via cables 242 and 248 and controls the cameras and their
lamps 232 and 246 via return signal paths along 242 and 248 and
via cables 250 and 252 respectively. The output camera 244 can
be displayed on a monitor 256 as required, and the profile of
the. edge of the wafer 238 is shown at 258 together eg with a

computer generated template 260, 262 showing the ideal_angle
for the sides of the profile.

Workpiece centering

This is achieved using the technique described in our cépending
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.



Ginding.infeed is achieved as previously described by tilting the
"structures 42 or 48 as required to bring the grinding elenent carried

t hereon into engagenent with the edge of the workpiece 36. Although the
nmovenent ‘is not truly linear, but arcuate, this can be accommpdated in the
control signals generated by the contrcﬂBSysten1housed wi thin the housing

10. Wi | st the jets sugh as §4 and 86 can be used to supply cutting fluid
during gr%ﬂi&y—%#—m%?—]-g%y be used to direct jets of cleaning

fluid at the overhanglngllp of the wafer whilst it is still belng r ot at ed
but ‘after gg 1 £NisS V&Y CBES 19id ”ﬂ?ﬂ&t%‘éﬁrisﬁroifhw”'% th tge
back face of the vvafer as It_1s renoved f |ng process

Typi cal | y Sd@pdayatheyPutRnt | from (Gaexa ge34r ovhen aspekrhedvakges 4Fi i
roughi ng ege¥idliion odndhe ¢e6@mf dHutlge(bt Néhbwhi $h p;vghae Woi) cbni miuﬂes a.
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used to miatortheherdteokaisand tbeefsielsd t 6t vilew rmﬁethml camanaced The
notch is visible at 264 and a computer generated template
(shown dotted at 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.

Figure 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 denoted by reference numeral 276 and the flat by 278
and the required radii at the ends of the flat is described by
a computer generated template line 280.

Wafer thickness measurement

Figure_13 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 286.

A 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 that the axial shift required of the
workhead or workspindle to bring the appropriate grinding



11 per finish cut cycle is kept constant. Ginding wheelfornms are
mai nt ai ned by using netal bonded di anond form ng wheels pernmanently nounted
on the workhead chuck, The reform ng process can be fully automatic and
can be programmed to occur every nth wafer, or whenever the ground edge
profile becones unacceptable (as deterni®ed by optical inspection of the

di sc edge profile% or when the touchdown point indicates excessive wheel
wear. DoFFPRYe therein@caugatedycintmnenaagsnerbiviih khe £682/9f the

grindi ng dagsge tantbe tlﬂlétfé:miﬂ‘ied g aﬂue:%wlaakoap@g@nemt andedppxbpii altlee
or 1% 00, "RebYRcs el el Bbeb AL TR e Mk BBEA T BE0HESRD
pl at f or m 18he regwirednidigtanesur e Theurthihgknebisguks sdetexmingd Msibor at e
how the tweréebeUgblr@Ric @ea¢BidlCon a spindle 298 slidable in guides
300, 302 and movable under air pressure via a pipeline 304 into
engagement with the face of the wafer 238. The distance
travelled from a fixed home position is noted.

By perfqrnﬁ.ng 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 thg.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 controlling the axial shift of the workhead or
work spindle assembly. ]

Multiple grinding wheel assemblv

- 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.



mounted for hinging novenent to permt wheel infeed. As shown in Figure 4,
the inboard edges of the two structures 42 and 48 are connected to the ’
pl atform 14 by neans of flexures (sonetinmes referred to as strip-hinges)
two of which are shown at 102 and 104. A second pair in line with the two
shown in Figure 4 are provided towards t3ee other end of the structures 42
and 48 nearer to the machi ne base 22. As shown in Figure 5 to an enl arged
scal e, eacHhel primaryowpeededla dst al yssin, bandedt CBN vheebrhayinghisdx i s
necked to b&&ﬁuangeg#ss%w @hhiéﬁcbkiﬁrﬁi_}.@léé'ltéﬁrfééé, Oéné | & Uaf cH03 And
108 in the case o exu(r}_%a,.loz}. T thicker ugger anﬂ J ower .regi ons of
each pl at e SHOMB: 8 $1211FRiBq1i81%he Wheed cgectipn WBiGh £5 HFed o Srgnd
respecti velthel eddec cfase waffeld which Metnairebobhdy bylitthe widtemiels tuch

as 118 a”db%ZQ-eH&Jeﬁebﬁﬁé‘Eeohﬁléﬁiﬁ&. 102 on the one hand to a
12 '

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 lis an optional wheel which can be
used to rough grind a wafer edge before the softer resin bonded
wheel 310 is brought into play.

Wheel section 322 is a further 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.

Notch grinding wheel

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 dressing procedure

As shown in Figure 16, the dressing/forming wheel(s) are
mounted on 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:



flange 122 which fornms an integral part. of the structure 42 and on the

-other hand to a netal block 124 itself bolted by nmeans of bolts such as 126
and 128 to the platform 14. In the same way the flexure 104 is secured to
a flange 126 which extends fromand forfrs an integral part of the structure
48. The metal block 124 is spaced ver®fcally fromthe flanges 122 and 126

and the necked region 106 _an 0§.of each ,of th exures m t.S. 8, 0Cki ng
of the strﬁ% ur e24 3521487 ?)%c&@@??aab%?eihg’%qggﬁ F@S’%’n ST 108
respect i vegyooves hinf the uCBN whemiraectiome330; uofuFdghrenilé heard at f or m 14.
Whilst the flexures 102 and 104 permt tilting of the structures as

ot her movafeht b mERE cprated blenent hewl , 854 Phicho 1pRETpRYRTeR ek
about any shaklezXidiamEvexeqmeit, yatde izoupbiapged tde findsbt grénciXlend 48
axi s gener SroaVEy phih 84\, ial ehR Bl WieRd Ltk o BROMIgLAE 1Y 107
to sub-assenblies _
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 £finishing (diamond)
grinding wheel: |

Intermediate wafer store

As shown in Figure 17, below the thickness measuring probe
location shown in Figure 13, 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 towards the face and edge region of wafers
mounted on the chuck. One such wafer is shown at 340. A drain



Movenent 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 nmounted to the platform 14 and the end of the machi ne 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 122 itself carried in bearings 138 and
140, and is driven by an electric notor 142 through a torsion rigid - '
coupl i ng 342 convieylsl evey anp surples &hudSshaft (not shown) is carried in
bearings 148 and 150 is nmounted to the structure 142. The drive and
beari ng assenmbly containing the cam134 is . :

13 suppo&?’@d%ﬁ”@ 275 JPFUUR, GRugk, PYeRHAGE R Sgﬁg‘r%l P?”‘é%a’é?g%%?%% 152
and this iforsepdietse wriths haved beeomedge rgcounfl and sreuvwaitingtaobe hat
the latt eé:}l dBHCLhe ! lduif ERukbRC288S88DE He 1PBsBECE 61 dippdr@Yushefor
novenment the cam 134 and fol |l ower_ 146. . : o

edge profile inspection, or have been inspected and are waiting

to be returned to their sleeve such as 214 in Figure 8.



The return force is provided by spring neans acting between the structure

- 152 and theg%w unit 48 is driven in a simlar manner by a
simlar ass y contai ned a structure 154 shown generally in the .

cut-away re ‘\M“Emmre 48 in Figure 4', For sinmplicity, detail

of the retim“ﬂ in connez¥ion with structure 48 but no

at t enpt has beent mdde " o showthls in the structure 42, ¢ H'erﬁ @Btrgﬂ'jSt rod
156 is secured by neans of a threaded and bolted end 158~ 7604r d

T
structural conponent 160 of the structure 48 and t hie sorlinﬂ"lﬂﬁ'_Ls hdused

within a MI cal recess 164 forned in the structure 154. A reduced
di anet er lon 166 prevents the spring fromleaving the chanber 164
and a .captive washer 168 at the outboard end of the thrust rod 156 hol ds

of Cartow 170, Peoiethod BITERUIS LIS g 87 oL Eble BE M Ce uSingCH! on
restoring gromding, ?‘%‘E%"ﬁ? nﬁ@"?"flgm“l&?’?’be t%% %pﬁFgﬂYeﬁogirﬁ'Pgﬁnﬂ/nen
t he canmm nehded ,ceins whichvearhe eBgeurpréfilewsof hehepparownl wafete tBit 42
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parked :Ln a2 housing, on a vacuum chuck.

2. A method as claimed in claim 1, wherein the housing
includes a jet and fluid under pressure is directed towarlls a
wafer on the chuck in the housing.

3. A grinding machine for edge grinding disc-like wafers which
includes a wvacuum chuck workhead carrying wafers to be edge
ground, a grooved grinding wheel carried on a wheelhead adapted
to be moved to engage the edge of a wafer in the groove,
transport means for mounting and demounting wafers before and
after grinding, an inspection station containing a second
vacuum chuck on vhich ground wafers are mounted for inspecting
the edge of the wafers after grinding, a housing containing a
third vacuum chuck intermediate the workhead and the inspection
station to which the transport means conveys the ground wafers
after grinding for mounting of the said third vacuum chuck in
the housing, a jet in the housing supplied with fluid under
pressure for directing the £fluid towards the face and edge
regions of a wafer mounted'on the said third chuck, and the
transport means serving to transfer the wafers from the housing

to said second vacuum chuck in the inspection station after
being subjected to the jet of fluid.

4. A grinding machine as claimed in claim 3, wherein the fluid
is water.

5. A grinding machine as claimed in claim 4, wherein a drain
is provided for carrying away surplus water from the housing.



“in section in Fi gure 4, albeit to a slightly reducéd ST alerT "?\%S\Aﬁffdl he
other views, it is shown partly cut-away so as to reveal pth%r«p@m rive
mechani sm general |y desi gnat'éd 170 whi ch

14 acts on the structure 48 and is not 24hown in Figure 4. The captlve

washer 168IMPROVEMENES INECANDOREDATING TO i GRINBINGANDN POLISHING 7 al so
shows the MACHINESuUre nountings at the base of the unit 48, the outboard

one being designated 104 and the inboard one being designated 172. As
previ ousl yagephpeped each of the camdrive arrangenents is

Cam drive Figure 7 is a side view of the end of the.machine shown partly

A grinding machine for grinding the edge of a disc or wafer
comprises a grooved grinding wheel 308, means for transporting
the wafers before or after grinding, and a housing 332 in which
wafers 340 are parked on a vacuum chuck 336 awaiting
inspection. A jet 338 protrudes into the housing and directs
water or air towards the face and edge of the wafer on the

chuck. The transport means then transfers wafers to an
inspection station.’

FIGURE 1



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
protruding plate fromthe end of the base 22: Al so visible i-n Figure 7 is
the motor 176 for driving the chuck 178 from which the notch grinding
spindle 180 protrudes. The notor 176 is carried within a housing 52
previously described in respect of Figure 1, and the housing 52 slides

al ong a slideway 50 as previously-d ?i bed. Figure 7 shows the bell ows
seal 82 attaching the housing 52 sea Egly to the opening in the casing 72

t hrough which the notor 176 and spindl e protrude. Wy kpi ec fer

The handling of circular plate-like wafers of siliconTtypic y 104 200 or
300mm di ameter or larger is.provided by a robotic handji ns shbwn in
Figure 8. This conprises a base 182 and structuggl fra enerakly
desi gnated 184 extending upwardly therefgpomto :fovide a t fol a

| i near slideway generally, _desi gnated 18&. al ong- wgi ch/a cgArijlhbe 184 can
slide in the direction of the w 190. sec 1 pr ot rudes

fromthe housing 188 at rig Ry to - ewa
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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 200 pr.ovides for novenent of the arm 198 in
the direction of the 15 arrow 202. Electric power for the drives
200 and the drives in the housing 188 iz rovided via a nmulti-way unbilical
204 which is retained in a flexible saf ETSar ness 206 attached to the
| i near track 186. The | ower end-of the arm 198 is a vacuum chuck 208 and
by suitabl e manoeuvring of the carrjages 188 and 200 and the arm 198 o
t he vacuum cl osure 208 can be posi whoned i ront of a wafer 210 whi cCRS4S
hel d upright in a supporting sl eeve}2 /N4 gnpty supporting sl eeve e— 14
- The base 182 is &=
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which is visible in Figure 8. After a machining operation, the. two parts
of the housing 72 are separated as previously described with references to
Figures 1 to 3, and this |eaves the finished workpi ece 36 exposed and
avai l abl e to be picked up by the arm 198 and vacuum chuck 208. To this
end the transfer nmechanismof 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 enpty Vqsge 214. Movenent of the
carriage 194 further out towards the sleeve=212 positions the chuck 208 in
front of an unground workpi ece 210, and after picking this up, it can be
transferred into the inspection station and thereafter the working

envi ronnment of the grinding machine for attachnment to the vacuum chuck 30
in place of the previous waf ef036, for gri ndi ng. 68t will be appreci at ed
that a plurality of sleeves or\cassettes can be:ﬁcwﬁded on the track 216
and all the workpieces |ocat rein can ved, centred, ground,

i nspected and returned thereto in turn. Were an overall enclosure is

provi ded for the apparatus as previously described, the transfer nmechani sm
i ncluding its base = '




16 182 is preferably |l ocated within the enclosure, and a self closing door
.in an opening therein, is provided to allow cleaned wafers to be inserted
and renoved. Wafer centering As an internediate 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 to be determned, and thereby allowit to
be accurately positioned on the chuck qg & r grinding, and afterwards to
enabl e the edge profile of the wafer to 6 %nspected after grinding, before

It is returned to its storage sl eeve. Wor kpi ece i nspectioned*Figure 9 is
an overall view showi ng where the inspection .

138
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apparatus sits in relation to the grinding nmachine and the robotic wafer
handl i ng system of Figure 8. As before the sane reference nunerals are used
.t hroughout . The robotic wafer handling systemis nore fully described in
our copendi ng Patent Application GB-A-2316637. The inspection apparatus

. conprises a stand 218 on which is |located a support framework conprised of
- a base 220 and an upright plate 222. A triangular stiffening plate 224
extends fromthe rear of the plate 222€gnd both 222 and 224 are welded to
“the plate 220 ‘as at 226. Spaced fro e&SicaI edge 228 of the plate 222
~is a support bracket 230,13pd a lanp and projection |ens arrangenent

~general ly designated 232 I3 supported at the upper end ofe k3 bracket 230.
A first camera 234 havingfa |ens 236 is nounted on tgg,pd;Lg\222 to view
t he edge of the disc whi is back lig by lamp 232.
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As best seen in Figure 9-a notor 240 is nounted on the rear of the plate
»222. The notor drives a vacuum chuck (not visible) on which the disc 238
which is to be inspected is planted by the robotic arm 198 and vacuum chuck
208. Rotation of the notor 240 rotates the wafer 238. By
positioning this so that the edge intersects the field of view of the
canera lens 236 electrical signals can be derived fromthe camera out put
for feeding via a cable 242 to signg anal ysi s apparatus (not shown) for
processi ng data obtained fromthe S|gl s. A second canera 244 is nounted
on the support plate edge 228, to view the edge of the disc 238
tangentially, so as to obtain information on the profile of the edge. The
disc edge is back Iit by lanp 246 and signals fromthe canera 244 are
suppl i ed al ong cabl e 248. Power & th | anps 232 and 246 is supqlied as
required al ong cables 250 and 252{respgctively. A conputer 254 1} s

suppl i ed w pnal s f ” ' SlAnd
controls nﬁgggzggras a f , ' )15
al ong 242 anf/448 and vi bl es 250 and 252 respegls y. The out put
canmera 244 C'?/be1dbspla ' D 7 profil e
of the edge Nee ~Waf e T gshown 25B a conpujar
generated tefyllat e 26%8 shohﬁng t he idepll a ) £
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for the sides of the profile. Wor kpi ece centering This is achi eved
-usi ng the techni que described in our copending application filed
concurrently herewi th under reference C403/W using the robotic wafer
handl i ng system of Figures 8 to 10 and the signals fromcanera 234,
obtained as the circular wafer is rotated through its field of view

18 Display of notches and flats Figure 11 is a view of the nonitor 256,
this time set to display the output from canera 234, when a notched wafer
is in position on the vacuum chuck (nd?ég wn in Figure 10) on which the

- wafer 238 is nmounted, where the wafer h een rotated so that the notch is
in the field of view of the canera. The

180 178 o5 52




notch is visible at 264 and a conputer generated tenplate (shown dotted at
266 and 268) is al so shown displayed, superinposed on the picture of the
notch, to indicate the required angles for the two sides of the notch. -Two
additional tenplate lines are displayed at 270 and 272 to show the require
. radii at the entrance to the notch and a further tenplate line 274 is
- di splayed show ng the required radius at the bottom of the notch. Fi gure
12 is a simlar view of the nonitorg2b6 this tinme displaying one end of a
- flat peripheral region of a circuléa er if viewed by the canera 234.
Here the display of the wafer is denoted by reference nuneral 276 and the

- flat by 278 and the required radii at the en the flat is described by
a conputer generated tenplate |ine 280. fer tN\i ckness neasurenent
Figure 13 shows the rear of the assenbly ir. ure\ 10 and shows the plate
222 and notor 240 driving a vacuum chuck a aljdrive 286. Afluid
line 290 with jet 292 ser'vqs to deliver afj et r 20Q| ean and dry the
edge of the wafer 238 and the flow i r - val ve 294.
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It is inportant to know the thickness of the wafer 238 before it is nounted
on the vacuum chuck 30 on the workhead (see Figures 1 and 2) so that the
axial shift required of the workhead or workspindle to bring the
appropriate grinding 19 groove therein accurately into engagenent
with the edge of the disc, can be determ ned by the control system and )
appropriate drive signals generated fO@;gDvlng t he wor khead or work spindle
the required distance. The thickness is qﬁ§rnined usi ng a probe 296 which
is carried on a spindle 298 slidakle in guides 300, 302 and novabl e under

238. The distance travelled 7
perform ng the same di stance
pl ace, given the distance fr

ed hone position is noted. By
pasurenment without the wafer in
Y hone position to the face of the

chuck 284, and since the waf:: ~1 t
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I's held against that face when in position, the difference between the two
‘di stance neasurenents is equal to the thickness of the wafer. The

di stance noved hy the probe is sensed by an accurate position sensing.
encoder and the signals supplied along cable 306 to the conputer 254, and
t he thickness di mension may be displayed on the nonitor (if desired). The
. conputer 254 may form part of the conputer based control systemin housing
- 10 (see Figure 1) and/or signals genervg by the conputer 254 nay be

. supplied to the conmputer based control S?SISm in 10, so that the thickness
. dimension is available for controlling the axial shift of the workhead or

. work spindle assenbly. Mul tiple grinding wheel assepd), In order to

. save nmachi ne downtine, the grinding wheel may be nade up?bf a sandwi ch of

- different grinding wheels each dedicated to a particul acfpurpose. Such a
wheel is shown at 308 in Fi gurertg—rmwnrch a sandwWewh of r bl
sections is shown. t
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20  The primary wheel 310 is a resin bonded CBN wheel having six grinding
.grooves in its cylindrical surface, one of which is shown at 312. This is
t he wheel section which is used to grind the edge of a wafer which requires

only alittle material to be renoved before finishing. Wheel section 314
is a dianond wheel containing three grooves, one denoted by reference 316.
This section is used for finish grindi glthe waf er edge. It is to be
understood that both wheel s can have any er of grooves typically in

t he range 1-10. Wheel section 318 is a netal bonded CBN or di anond wheel
with a single groove 320, which is an optional wheel which can be used to
rough grind a wafer edge before the softer2ggsi2g8onded

"
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wheel 310 is brought into play. Wheel section 322 is a further optional
Wwheel 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
appropri ate speed. Not ch gri ndi ng wheel Figure 15 shows to an
approximately simlar scale,- a notch grinding wheel 324 nounted at the end
of a spindle 326. Its "concave" annular grinding surface is typically
di anond pl ated. \Wheel dressing pfocedU\E/'gfs shown in Figure 16, the
dressing/ form ng wheel (s) are nounted on tﬂ sane spindle as the vacuum
chuck 30 to which the workpiece(s)/wafer(s) 36 are to be attached.
Typically the dressing/formng wheel is a two part assenbly of:
. o)
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21 (a) a netal bonded di anond wheel 328 for rough grinding grooves in the
CBN wheel section 310, of Figure 14, and (b) a nmetal bonded di anond wheel
330 which incorporates nuch snaller .diameter -grit, and is adapted to finish
grind the grooves such as 312 in the CBN wheel section 310 of Figure 14.
CBN gri ndi ng wheel such as section 310 ﬂB E?ure 14 are normally supplied

W t hout grooves such as 312, and after np ng 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-34Bgure31@ an3léhen wlegg 330. After wear
has occurred in the grqqves i{n 310, eel 0 is | oyed to dress and
- re-formthe grooves ad equy red. ot h_fOr nj wheel s have access to both
- grinding wheels. Convention Hl flor Hifhd| liheel s are used to form both
. the roughing (CBN) grinding | tihe} §fll ¥ Fhi ng (di anond)
| , ‘ 1l - .
o
o
o
o
c
o
o
o
. Fig. 14
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"~ grinding wheel; I nternedi ate wafer store As shown in Figure 17, bel ow

4 he thickness neasuring probe |ocation shown in Figure 13, is situated an
open top.rectilinear housing 332 into which wafers can be | owered 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 .
r ot at ed. Drive to the spindle 334 nax be obtained for exanple fromthe

. nmotor 240. Protruding into the Rousi é1j%§ais a jet 338 which can be

- supplied with fluid under pressure such a ter or air, and the jet is

~directed towards the face and edge regi on of wafers nmounted on the chuck.

. One such wafer is shown at 340._¢ dnﬁin




22 342 conveys away any surplus fluid. The housi ng and vacuum chuck
‘provi des a useful parking 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 sleeve such as 214 in Figure 8.

P23 23 d ains 1. A nmethod of

grinding the edge of a disc or wafer usingﬁa gri ndi ng machi ne havi ng
nount ed thereon a rotatable grooved grindi glgpeel, conprising the steps
of : -
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(a) nDVing the rotating grinding-wheel so that the wafer edgetiay-2

engaged by the groove in the wheel thereby to grind the edge of the
waf er; (b) after grinding transparting the wafer and nounting

it to a rotatable vacuum chuck in an insgection station; and

(c) inspecting the wafer as it is rotated3by the vacuum chuck—2. A

nmethod as clainmed in claiml, in which the edge p ' aund
wafers is inspected after grinding and wafers am’"',lumlm#m,ﬁ!ﬂare
~parked in a housing on a vacuum chuck, wherein the*hotsing m ngl udes a j et
cand flui dChadmes pressure is directed towards a wafer on the chuck in the

' housi ng.

1. A method of grinding the edge of a disc or wafer using a
grinding machine having mounted thereon a rotatable grooved

grinding wheel, comprising the steps of:

(a) moving the rotating grinding wheel so that the wafer
edge is engaged by the groove in the wheel thereby to
grind the edge of the wafer;

(b) after grinding transporting the wafer and mounting
it to a rotatable vacuum chuck in an inspection station;

and

(c) inspecting the wafer as it is rotated by the vacuum
chuck.

2. A method as claimed in claim 1, in which the edge profile
of the ground wafers is inspected after grinding and wafers
awaiting inspection are parked in a housing on a vacuum chuck,
wherein the housing includes a jet and fluid under pressure is
directed towards a wafer on the chuck in the housing.

-
-
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24 3. A grinding machine for edge grinding disc-like wafers which includes
a vacuum chuck workhead carrying wafers to be edge ground, a grooved
grinding wheel carried on a wheel head adapted to be noved to engage the

edge of a wafer in the groove, transport neans for nounting-ard-denounting
waf ers before and after grinding, an inspection station cont 'Wuiﬁ a:second
ﬁﬁ! c

- vacuum chuck on which ground wafers. are2ffount ed fﬂm‘wm“ edge of
~the wafers after grinding, a housing containing a \ Kk
.internedi ate the workhead and the inspection statidn fo which the transport-
means conveys the ground wafers after grinding for nounting of the said

lthird vacuum chuck in the housing, a jet in the housing supplied with fluid
‘under pressure for directing the fluid towards the face and edge regi ons of

a wafer nounted on.the said third chuck, and,the transpart neans serying to

T er ! e Snftns i e s AP ae AR e RARR R L R

i nspecti on $healudesaat eactemnghaly ectrkiheadt kaxymtingf Wdfiemk to 4beAedge
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112} al ne n clal \ ere

grindi ng NI ne as In-adrain s provide or
carrying awkg & praredwct@r epgage: Hehfopdgy. of a wafer in the groove,

transport means for mounting and demounting wafers before and
after grinding, an inspection station containing a second
vacuum chuck on which ground wafers are mounted for inspecting

the edge of the wafers after grinding, a housing containing a
third vacuum chuck intermediate the workhead_az'zd the inspection
station to which the transport means conveys the ground wafers
after grinding for mounting of the said third vacuum chuck in
the housing, a jet in the housing supplied with fluid under
pressure for directing the fluid towards the face and edge
regions of a wafer mounted on the said third chuck, and the
transport means sexrving to transfer the wafers from the housing
to said second vacuum chuck in the inspection station after
" being subjected to the jet of fluig.

4. A grinding machine as claimed in claim 3, wherein the fluid
is water.

5. A grinding machine as claimed in claim 4, wherein a drain
is provided for carrying away surplus water from the housing.

REPLACEMENT SHEET
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25
IMPROVEMENTS IN AND RELATING TO GRINDING AND POLISHING
MACHINES

ABSTRACT

A grinding machine for grinding the edge of a disc or wafer
comprises a grooved grinding wheel 308, means for transporting
the wafers before or after grinding, and a housing 332 in which
wafers 340 are parked on a <vacuum chuck 336 awaiting
inspection. A jet 338 protxudes into the housing and directs
water or air towards the face and edge of the wafer on the
chuck. The transport means then transfers wafers to an
inspection station.

FIGURE 1
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