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Workpiece inspection and handling
Field of Invention

This invention concerns apparatus and methods for inspecting
circular workpieces such as disc-like wafers of semi conductor
material, prior to and atter machining. The invention is
applicable to apparatus and methods of grinding the edge of
such a workpiece, and assists in placement of the wafer on a
grinding chuck, adjustment of machining tools, and checking the
accuracy of the machined edge.

Background to the Invention

US Patent 4638601 describes a system for rotating a circular
disc in a first station so as to align the disc in a particular
manner so that it can then be transferred linearly without
rotation into a second station for mounting on a vacuum chuck
for machining. In the first station the disc is rotated so as
to determine any eccentricity of the disc relative to the
centre about which it is rotated, and this eccentricity is then
aligned with the linear transfer path. Having achieved this
alignment the centre about which the disc was rotating and the
geometric centre of the disc ars now aligned with the transfer
axis. By so alignirng the disc, any error in placement at the
first station (which typically can be of the order of a few
millimetres) as between the geometric centre and the actual
axis of rotation in the first station, is converted into an
adjustment in the linear shift along the path from the one
station to the other. This enables the disc to be centred
accurately at the second station so that the geometric centre
of the disc is aligned with the axis of rotation of the vacuum
chuck in the second station, thereby enabling accurate grinding
of the edge of the disc by a grinding wheel.
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There are many situations in which this type cf placement is
insufficient, since it does not allow discs to be positioned
at the second station so as to accommodate all desired forms
of rotation and grinding. Thus Zor example it may be desirable
actually to mount the disc sccentrically relative so as to
:-:\ccoxmnodate a damaged region cf the periphery of the disc. By
locating the disc so that a damaged region is at a greater
radius from the geometric centre than is the undamaged
remainder of the periphery and rotating the disc about the
eccentric axis, a new disc is fcrmed, albeit slightly smaller
than the original disc, but in which the damaged region is
ground away in the process. The eccentric axis about which the

disc is rotated in the second staticn eventually, con completion

o

of the grinding becomes the gecmetric centre of the new disc,
formed by the grinding process.

" Where an alignment method is emplioved such as disclosed in US
Patent 4638601, there are onlv 2 chances in 360 that a damaged
peripheral region will lie at cne end or the other of the
diameter of the original disc which has to be aligned with the
transfer path in the prior artz msthod.

It is an object of the invention to provide a workpiece
alignment and shifting svstem which enables 2 disc to be
mounted in the second staticn for rotation about any chosen
axis.

It is tc be understood taat, the invention is not limited to
situations iz which th2 =dgs <f ctha disc is damaged, but can
of course be emploved in aXll situations, vrovided (as
intended), it is possible to nmount the disc for rotation about

any axis (including the gecmec=ric centre of the disc).

Summarv of the Inventicn

In accordance with one aspec:t <Z the invention a workpiece
alignmenz and shifting systex Zor moving circular workpieces
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from a first inspection station to a second machining station,
comprises workpiece holding means for attachment to the face
of a disc workpiece to move the latter from one position to
another, robotic means . controlling the position of the
workpiece holding means and adapted to move in at least two
orthogonal directions, both of which are parallel to the plane
of the disc when it occupies the first station, means for
rotating the disc in the inspection station and in the
machining station, inspection means for determining the
position of the geometric centre of the disc as it is rotated
in the first station, and computing means for calculating from
data delivered by the inspection means the two shifts reguired
along the orthogonal directions of movement of the robotic
means, to move the geometric centre of the disc to a second
desired position whose co-ordinates are known. '

Preferably the computing means includes memory means for
storing the said co-ordinates.

Preferably the means for rctating the disc workpiece in each
of the first and second stations ccmprises a vacuum chuck and

motor means associated therewizth.
Preferablv the workpiece holding means is vacuum operated.

Typically the cc-ordinates ars those of the centrs of rotation
of the workpieces holder or chuck in the said second station.

Preferably the computing means is adapted to compute the
‘translation needed to shift the disc workpiece from the first
station along one, or other, <T all three, of three orthogonal
axes, so as to position the disc with its geometric centre
coincident with the axis of r==a-ion of the chuck in the second
station, or with the said geometric centre of the disc
displaced from the azis of rc=ation of the chuck by a desired
known distance and angular s-ientation.
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By displacing the geomatric centre of the disc relative to the
axis of rotation of the second chuck, so 2 particular
eccentricity, equal to the said dispiacenent and initial
orientation w#ill be introduced into the rotaticn of the disec,
thereby enabling it to be ground so as to shiIz the geometric
centre tc a new position determined by the said displacement.

In a prefaerred embodiment of the invention a three axis robot
is employed to pick and place disc-like wafers of semi-
conductor material for edge grinding. Movenent along two of
the robot axes, X and 2 is usad to control the centering of the
wafer on a vacuum chuck in the second grinding station.

In one method according to the invention the wafer is placed
in the inspection station so that its geometric centre aligns
approximately with <te axis of rotation ci the inspection
station, the wafer is rotated arcund the insgection station
axis and two dimensions X1 and Z1 are computed, these being the
distances, measured parallel to the X and 2 axes, through which
the geometric centre of the wafer needs to be shifted to
coincide with the centre oI rotation oZ the inspection
station, and using the robct, +he wafer is then transferred to
a grinding chuck and is positioned therson by making
compensations in the X and 2 directions so as toc position the
(now) known geometric cantre of the wafer accurately relative
to the axis of rotation of the grinding chuck.

This method dces not requirs the wafer to be rotated so that
the line joining the axzis of rozation of the inspection station
to the geometric centre of the wafer is parallel to the robot
X axis, in order to make the ccompensation, as is required in
the methed described in US Patent 4638601.

Since it is now possible to shift the wafer so as to move the
geometric centre therson o0 any desired position relative to
the axis of rostation of the grinding chuck, the X and 2
adjustments incorporated ir the transfer Zrom the first
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inspection station to the second grinding staticn chuck, allows
a "best fit" compromise between centering the wafer on the
grinding chuck and unnecessarily removing material from the
notch. Furthermore where damage is identified around the
periphery of the wafer, the method allows the deliberate
eccentric placement of the wafer on the grinding station chuck
so that where peripheral damage has occurred as during slicing,
the wafer can be re-ground about a new centre, so as to remove
the unwanted damaged peripheral region. No such facility
exists in general with a single axis shifting system as
describeZ in the aforementioned US Patent.

It is of course possible to rotate the disc to any desired
orientation by rotating the vacuum chuck in the inspection
station and transferring the disc at that orientation to the

workhead.

According to another aspect of the invention, the exact
distances measured parallel to the X and Z axes between the
inspection station axis of rotation and the grinding station
chuck axis of rotation, can be computed in accordance with a
further method which arises from the use of a multiple axis

robot.

In this method the X and Z co-ordinates of both the inspection
station axis and the grinding chuck axis are first determined
to a first approximacion and storead, theresafter a circular
wafer is picked up by the holding means and is placed on the
inspection chuck and rotated so as to determine the geometric
centre thereof in manner known per se, the wafer is then
transferred back to the holding means and adjustments are made
in the ¥ and Z directions so as to centre the wafer relative
to the inspection station azis so that the geometric centre is
now correctly aligned with =the axis of rotation of <the
inspection station and the X and Z co-ordinates at that aligned
position noted, the rcbot is then instructed to move the wafer
from that position %c the griading station chuck so as to
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position the centre of the wafer on the axis of rotation of the
grinding chuck by making the two previously computed shifts
parallel to the X and Z aXxes to achieve transfer from the
inspection station axis to the grinding chuck axis, whereafter
the wafer is then rotated through 180° by the grinding chuck,
transferred from the grinding chuck back to the holding means
and returned to the inspection station by retracing the
movements prsviously executed to achieve the Zirst transfer,
back to the noted co-ordinates, so that the wafer can be
transferrad once more from the holding means back to the
inspection station chuck, and lastly the wafer is rotated in
the inspection station and rechecked (in manner known per se)
for any eccentricity (ie. displacement of its geometric centre
relative to the axis of rotation in the inspection station).

Any eccentricitvy noted can be converted intc displacements
along the X and Z axis and these values can be added to (or
subtracted from as ths case may be), the previously computed
X and 2 shifts computed as necessary to move between the noted
co-ordinates position of the inspection station axis and the
grinding chuck axis, to thereby determine the exact distances
(measured parallel to the X and Z axes) through which the robot
must move so as to accurately relocate a wafer from the one

station =o the other.

This method may be emploved both during initial setting up of
the machine and also at frequent intervals during the life of
the machine to enable a check = be made on the alignment and
relative positioning of the insgection station and the grinding
station.

The method may further compriss a learning step in which the
robot is adjusted under manual control from a first position
in which the holding means is aligned with the inspection
station, to a sscond positicn in which the holdings means is
aligned with the grinding chuck, and during this mode, the
movements of the robot along az least its X and Z axes as well
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as its Y azis, are noted and storad in a memory associated with
a computer controlling the robot, and subsequent automatic
operation thereof is effected by instructing the computer to
follow a path determined by the co-ordinates stored in the said
memory So as to replicate the movements previously effected
under manual control.

The manually inputed start and £finish positions can be
corrected using the method described above, and the true
positions of the inspection station axis of rotation and the
grinding chuck axis of rotaticn can be substituted for the
approximate rositions obtained under manual control.

By "manual ccntrol” is meant manually moving the robot through
a prescribed path with the rslevant robot drives disabled
except in sc far as encoders associated therewith are still
operable to indicate the movement of the robet. .

rManual centrol" is aiso intended to include within its ambit
the possibilisy of taking over the control of the robot by a
manually controlled device suck as a keyboard or joystick or
other control, and with the driwves to the rcbot operational,
adjusting the positicr of the robot using its drives first of
all so as to align the holding means with a vacuum chuck in the
inspection station, and thereaZfter aligning the holding means
with a vacuum chuck in the grinding station. In each case the
encoded signals from the various drives are used in known
manner to define the co-ordinace positions of the robot at
different times and =5 record =he shifts parallel to the X, Y

and Z robot axes.

In order to facilitate manual control, switch means may be
provided, under the cecntrol cI cthe operator, to enable the
latter to identify to the ccmpusar when the workpiece holding
means is approximately aligned with each of the two end points,
ie. the inspeczion chuck azis and the grinding chuck azis. The
same switch means may be emglcved to record the co-ordinates
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of different way-points throughout the movement of the robot.

The inspection station may also include means for determining
the thickness of the workpiece (wafer), and this additional
information can be used to make precise adjustments to the
axial movement of a machining tool such as a grooved grinding
wheel for engaging an edge of the workpiece at the workstation.

The optical inspection device is preferably located at the
inspection station with its optical axis parallel to the Y axis
(ie. the axis of rotation of the workpiece in the inspection
station), and preferably with the two axes in the same
horizontal plane.

Where workpiece diametzr can vary, Vernier means is preferably
provided for adjusting the position of the optical inspection
device sc as to accommodats any substantial differences in
diameter between workpieces.

The optical inspection device preferably comprises a CCD camera
the lens of which forms an optical image of the edge of the
disc on the CCD chip. Means for illuminating the edge region
of the disc viewed by the camera may be provided so that the
edge region viewed by the cameras is bac)clii, and is therefore
viewed bv the latter ia silhouette.

The CCD array typically contains a large number of pixels in
a rectangular array. Typically an addressable array of 768 x
576 pixels is employed.

Electric circuit means receptive of signals obtained by
scanning the CCD array in manner known per se, may be adapted
to convert the signal from =ac: pixel in the CCD array into a
digital value according to whether a pixel is shaded by the
image of the disc edgs or nc:.

For a fixed number of pixels, the degree of digitisation of
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each pixel signal value determines up to a point the accuracy

of the inspection system.

By storing each frame in succession, so it is possible to
compare pizel dependent signals Zrom one frame to the next, and
to determine from that comparison change in the value of the
pixel dependent signal from one frame to the next, indicative
of any shift in the position of the image of the edge brought
about by movement of the edge of the disc in the field of view
due to eccentric mounting of the disc for rotation.

The edge of the disc appears as a transition between light and
dark and therafore the pixel dapendent signal varies from one
extreme value to its other extreme value, as betrween shading
and no shading.

In a simpls arrangement in which the output from each pixel is
digitised as a binary signal and is either high or low, the
maximum rasolution mav be as lcw as the size of one pizxel.

If the pixel signals are digitised on a2 scale from n=A
(corresponding to a fully shaded (black) spot) to n=B (where
B corresponds to no shading), digital analysis can be applied
to more accuratelv determine whare the edge of the disc image
lies in relation to the pixels, since if this happens to bisect
a pixel (as can occur) the parcicular value of n, attributable
to a bisected pixel on the scale Aa=B, will indicate the
percentage of the pizal which is covered by the disc image (and
therefore shaded) and the percsntage which is unshaded.

In an arrangement in which the pixzel resolution is such that
an "edge” can be "seen" in the ~alues of a number of adjoining
pixels, signals corresponding to pixels are preferably
interrogated in groups simul:aneously,' single "rogue" values
(attributable inter alia to nclse etc.) are disregarded, and
the true edge is identified as being where a majority of the

adjoining pixel signal values indicate it to be. In this case
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the actual position of the edge can be identified as being
midway between the last pixel having a value of B on one side
of the transition and the first pixel to have the value A on
the other side of the transiticn, being the position at which
the signal value is nearest the arithmetic mean of the pixel

signal values A and B. ' '

By taking into account the fccal length of the lens employed,
the size of the CCD arrav and the number and therefore size of
the pixels, so a scaling factor can be determined for a given
camera/lens combination, by which an apparent shift of the
ntrue" edge by x pixels can bs sguated to a linear distance of
C mm.

The advantage of the invention is most readily realised if the
angular orientation of the 4disc can be derermined, with
reference to a fixed point arcund its circumference, such as
a notch, or a flat, or the Zisc has applied to the viewed
surface a small distinguishable mark/spot ¢r a machine
detectable marking, such as 2 magnetic patch. The rotated
position of the disc can then be determined by visual or camera
inspection or by a suitable sensor such as a magnetic sensor,
as appropriate.

By rotating the disc, the mark {(ag notch) will at some stage
cross the field of view of the camera. A particular signal
pattern will be generated, and signal processing and computing
apparatus supplied with the camera output can be programmed to
look for that pattern and ncte the angular position of the
disc, from an encoder associazsd with the disc drive.

As the disc is rotated, any miszlignment between the geometric
centre of the disc and its axis cf rotation in the inspection
station, will appear as a shiZz c¢f the image cf the disc on the.

CCD.

By noting the value of the skiZz at a pluralicy of angularly



WO 97/48525 PCT/GB97/01570

11

spaced positions determined by the encoder, it is possible to
compute the X Z coordinates (X.Z,) geometric centre of the disc.

Since the X,Z coordinates (X,Z,) of the axis of the vacuum chuck
at the inspection station are known, and that is the axis about
which the disc is actually rotating, the shift in X and 2
needed to align the geometric centre with the vacuum chuck axis
at a particular angle of the inspection station can be computed
from (X,-2;), (¥,~%;).

Since the X,Z coordinates of the workstation chuck (X,Y¥;) to
which the disc is to be transported are also known, it is a
simple martter to determine the distances through which the disc
must be moved parallel to ths X and Z axes after leaving the
inspection station chuck so as to align its geometric centre
with thg axis (X;2;) at the werkstation.

A second camera may be positioned so as to view the edge of the
disc tangentially, with the cptical axis of the camera in or
parallel to the plane of the disc. This permits the profile
of the edge of the disc to be inspected to an enlarged scale
by displaying an enlarged image of what the camera sees on a
CRT.

Theoretically it should be pcssible to simply take the video
signal from a CCD camera and display this on a CRT in a closed
circuit television link.

In practice the image of the edge in such an arrangement is
very obscure since the camsra has to be located a considerable
distance from the point on thes periphery at which the optical
axis intersects the disc edgs, and which is to be brought into
focus, and a considerable part of the edge of the disc will be
in the field of view and will contribute to the image on the
CCD chip.

In particular, since thig unwanzed part of the edge of the disc
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in the field of view of the camera will be closer to the lens
than the region of interest, the image of this unwanted part
of the disc will tend to appear larger than the region of
interest, and attempts to obviate the problem by using a lens
with a short depth of focus have not been successful.

It has been found that this problem can be corrscted optically
by using a Telecentric lens such as supplied by Melles Griot
of Cambridge, England, which produces an in focus image to the
same size of objects at different distances Irom the lens.

Preferably however not onlyv is the camera fitted with a
Telecentric lens, but the elec=rical signals from the camera
are subjected to processing such as aforesaid kefors the camera
signal is used to gensrate a display cn a CRT, and in this way
the image of the edge prcfile of the CRT is sharp and
unaffectad by the presence of the disc between the region of
interest and the camera.

The invention therefore alsc lies in a combination of a
telecentric lens, a CCD canera, digitisation of the video
signal and signal processing as aforesaid and the displav of
the processed signal on a computer monitor as cpposed to
processing and displaying the video signal from the camera in
a closed circuit television systen.

Measurements may be made on tha digital video signal using the
described numerical analysis <techniques s¢ as To obtain
measurement of the image produced on the CCD camera.

In order to facilitate the signal processing and enhancement
of the representation o the edge profile in the final CRT
display, the video signal cbtained by reading the pixels of the
CCh chip are preferably digizised and stored in a Zrame store
and the 2digital vailues in thes ZIrame stcore are processed, and
re-stored, either in a second Zrame store, or by replacing the
values in the original f£rame stors, and the rspresentation of
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the wafer edge in the computer display is obtained by
appropriately addressing the store containing the processed

values.

The profile of the disc can be checked at a nunber of points
around the circumference and this can be achieved either by
rotating the disc between a number of stationary positions and
exposing an image of the edge of the disc to the camera chip
at each position and storing the processed signal from each
said stationary position, or alternatively the camera may be
operated so as to produce a video signal corresponding to each
of a succession of images as the disc rotates, each of which
corresponds to the profile of a different re ion of the disc
measured circularly around its circumference.

The camera shutter may be operated in synchronism with the
rotation of the disc to obtain this, or instead the camera may
be set tc take a larger number of high speed exposures as the

disc rotates.

—_—
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The invention will now be described with refrence to the
accompanying drawings in which:

Figures 1, 2 an 3 corraspond to Figures 8 to 10 of our
copending UK Patent Application filed concurrently herewith
under reference C412/W;

Figure 4 illustrates the image presented to a CCD camera chip
when a notch in the periphery c¢i a circular disc occupies the
field of view of the camera;

Figure 5 illustrates how the imgae of the disc will shift
across the field of view of a distance H due to any
misalignment of the geometric centre of the disc with the axis
about which the disc is being rctated, as it is viewed by the
camera;

Figure 6 illustrates how the image of the edge region of a
circular disc intersects pixels in a CCD camera chip;

Figure 7 is a tabla showing dig ital values in the range 1-10
attributable to different pixzels in the 4 columns and 10 rows
of Figurs 6;

Figure 8 is a table showing revised values of signal values for
Figure 7;

Figure 9 illustrates the image present on the CCD camera chip

of a wafar edge; and

Figure 10 is a diagramatically *l‘umlnat101 signal processing

system.
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Figure 1 shows a robotic system for handling circular plate-
like wafers of silicon typically 100 or 200mm diameter oOr
larger, and Figures 1, 2 and 3 correspond to Figures 8 to 10
of our copending Patent Application reference C412/W. The
system comprises a base 182 and structural framework generally
designated 18¢ 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 192 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 hcusing 194 and a drive attached
thereto and shown at 200 provides for movement of the arm 198
in the direction of the arrow 202. Electric power for the
drives 200 and the drives in the housing 188 is provided via
a multi-way umbilical 204 which is retained in the flexible
safety harness 206 at=ached to the linear track 186.

At the lower end of th2 arm 158 is a vacuum chuck 208 and by
suitable manoeuvring of the carriages 188 and 200 and the arm
198, so the vacuum chuck 208 can be positioned in front of a
wafer 210 which is held upright in a supporting sleeve 212.
An emptv sunoorting sleeve a= 214 is also shown ready to
receive a processed wafer.

After a machining operaticn in machine 400 a finished wafer
workpiece 36 can be picked up IZrcm the workstation and to this
end the transfer mechanism of Figure 1 is operated so as to
position the chuck 208 opposits the wafer 36 on the workhead,
so as to retrieve the finished wafer 36 and transfer this to
the empty sleeve 214.

Movement of the carriage 194 fur=her out towards the sleeve 212
positions the chuck 208 in fronz of an unground workpiece 210,
and after picking =ais up, it <an be transferred into the
inspection station arnc thereaZ=zr to the machining environment
of the machine 400 fzr attachment to the vacuum chuck on the

\
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workhead in place of the previous wafer for grinding.

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

wafer centering

As an intermediate step before grinding, (prefsrably during the
grinding of another wafer), each of the wafers is positioned
in the inspection apparatus shown in Figures 2 and 3, to enable
the geometric centre of the wafer to be determined, and thereby
allow it %o be accurately pcsitioned on the chuck 30 for
grinding. After grinding the wafer may again be located for
inspection cf the edge profile of the waisr before it is
returne& to its storacgce sleeve.

Figure 2 is an overall view showing whers the inspection
apparatus sits in relation to the grinding machine 400 and the
robotic wafer handling svstem of Figure 1. As before the same
reference numerals are used thrcughout.

The inspection apparatus comprises a stand 218 on which is
located a support framework which comprises 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 2228 of the plate 222 is a support
bracket 230, and a2 lamp and projection lens arrangement
generally designated 232 is suzgpcrted 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

backlit by the lamp 232.

AS best seen in Figur2 9, a mcwcr 240 is mounted on the rear

S
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of the plate 222. The motor drives a vacuum chuck on which the
disc 238 which is to be inspected is planted by the vacuum
chuck 2068 of arm 198.

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 for processing data obtained from the
signals. '

A second camera 244 may be mcunted on the support plate edge
228, with its optical axis tangential to the disc 238 (or at
least parallel to the tangent thereto), to view the edge of the
disc 238 generally tangentially, so as to obtain information
on the profile of the edge. The disc edge is backlit 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 camera 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 of camera 244 can
be displaved on a monitcr 256 as required. The profile of the
edge of the wafer 238 is shown at 258 together with a computer
generated template 250, 262 showing eg the id=al angle for the
sides of the profile.

ing and inspecticn system of
Figures . to 3, using signals Zrcm camera 234 obtained as the

circular workpiece wafer is rctated through its field of view.

In Figure 4 the shaded region 477 corresponds to the silhouette
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image of the disc 238 as seen by the CCD chip in the camera
234, where the disc has been rotated so that a notch 402 in its
edge lies in the camera field of view.

In Figure 5 the shaded area 104 likewise corresponds to the
silhouette image of the disc 228 as seen by the CCD chip, but
this time with the notch out of the field of view of the
camera.

Since the notch only occupies a tiny percentage of the
circumference of the disc, for the majority of the time the
image presented to the camera chip will be as shown in Figure
5. However iZ the disc is mounted off-centre, the eccentric
movement oi the disc will cause the edge 406 of the shaded
region tc move over the surface of the CCD chip. The solid
line 406 corresponds to the position of the image of the disc
edge on the CCD chip in a posiction where the geometric centre
of the disc has been rotated until it is displaced to the left
of the axis about which the disc is being rotated, and the
dotted cutline 408 shows the position of the line 406 after the
disc has rotated through 180°, so that the geometric centre
(and thereifore the image of the disc) has now shifted to the
right.

The shift H shown in Figurs 5 is equal to twice the
eccentricity of the disc where the eccentricity equals the
distance betweaen the centre cZ geometry of the disc and the
centre about which the disc 1is being rotated.

In practice the value of H will be small but it is usually
important that when the disc is mounted for machining, the
geometric centre of the disc is co-incident with the axis about
which the disc is rotated 32T machining purposes, or is
displaced by a known amount alsng a given radius, relative to
+he machining axis, to accommocate a damaged region of the disc
edge and allow regrirding of =2 disc.
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The present method and apparatus enables the geometric centre
of the disc to be determined very accurately by noting the
angular positions of the disc r=lative to the notch at which
the various displacements of the image edge occur, and
computing H (and therefora %H).

The technique is simplified if the optical axis of the camera
(and therefore the centre of the CCD chip) is in the same
horizontal plane as the axis about which the disc is rotated.
This ensures that however the disc is misaligned, shift of the
position of the image edge on the CCD chip will be in a
horizontal sense. This is shown in Figure 5.

However if the camera does not "see" the maximum and minimum
points of the eccentricity, the apparent shift will not be
horizontal. In this event it is necessary for the image
analysis softwars to make a best fit of the viewed images to
a sine wave and then calculate the eccentricity of the wafer.

If the plane containing the axis of rotation and the optical
axis of the camera is not horizontal, it is merely necessary
to take this into account wken computing the results since the
distance H measured in a horizonal sense will not then be
preciselv equal to twice the eccentric shift between the two

centres.

Although the edge of the disc is curved, the size of the CCD
chip in the camerz will be very small relative to the
circumference of the disc, and although the line 406 has been
shown as curved in Figure 35, the curvature will be barely
visible in the image on the CCD chip and the curvature in the
drawing has been exaggerated. Provided the mechanism for
moving the wafer and locating it on the workhead can do so very
accurately, the accuracy with wnich the disc is located at the
machining station will be dersndent at least in part on the
accuracy to which the dimensicn H can be measured.
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The camera chip can be thought of as a rectilinear array of

light sensitive devices closelyv packed and arranged in rows and

columns. Figure 6 shows part ¢f such an array and illustrates
four of the columns and ten of the rows of such an array.

The individual pizxels contribut2 to the resolution in both the
row and column direction and are made as small as possible.
Typically a camera chip having 2 diameter of approximately lcm
will have in excess of 100,000 such light sensitive elements
(or pixels as they are commonly called), and it is not uncommon
for the number of pixels to exceed 300,000 or more.

For simplicity, the pixels in Figure 6 will be identified by
reference to the row and column they occupy so that the pixel
identified by reference numeral 410 can be described as pixel
4:1, ana the pixel designared by reference numeral 412 can
therefofe be described as pixel 3:10.

If the diameter of the disc is cZ the order of 100mm or 200mm
(as is ccnventionally the case of silicon discs for the semi-
conductor industry), the curvature of the line 412 in Figure
6 will be barely discarnrable rzlative to the matrix of rows and
columns of pixels. However iZ we consider the curvature in the
the knuckle 414 in Figure 4,

region of the notch for ezampl
the curvature of the silhou

knuckle 41+ might well equate tc that shown in Figure 6.

'

M

-
-

= image in the region of the

The mechanism of a CCD chip is such that at the beginning of
each exposure period, all <f the pixels are equally
electrically charged. The arrzv of pixels is then exposed to
a pattern of light Zcr a brieZ seriod of time and at the end
of that reriod each of the pix=is is inspected very rapidly and
an electrical signal is generatad for each of the pixels, the
value of which is determined =7 the amount of charge needed to

-
replace a2nv which has dissipat=s2Z during the exposure interval.

The light sensitive eiemenzs arz such that during the exposure
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period, if no light has fallen on a pixel, the charge at the
end of the exposure period should be substantially the same as
that at the beginning. The value of the electrical signal
during read-out for such a pixel will therefore be high and
might be digitised to a value 10.

Oon the octher hand if a pixel has been exposed to some light
during the exzposure interval, some of the charge will have
become dissipated and the charge required to replenish the
pixel to its original charge will generate an electrical signal
the value of which is dependent upon the amount of charge which
has to be supplied to replenish that which has beern lost due
to exposure to light.

If more than a certain quantity of light Zalls on a pixel
during the exposure period, the original charge will be
substam.:ially dissipated and any light level above that
threshold will not increase the electrical signal for that
pixel during read-out. For this reason the guantity of light
falling on the pixel array is controlled using an iris or
neutral density £ilter and/or appropriate lighting, so that
saturation as it is called does not occur. This means that the
electrical signal value for each pixel during read-out will be
proportional to the quantity c¢f light which has fallen on the
pixel during the exposure interval.

The exposurs interval is very short and the time to read out
the pixels can be a tiny fraczicn of the exposurs interval and
typically a chip can be exposed and read out 50 times a second,
although higher rates are possible.

By using a conventional shutter synchronised to the operation
of the <chip or more preZfsrably an elactronic shutter
implementad by the electrizal operation oI the chip, so
movement cf an object is effsctively arrestad as far as each

exposure is concernec.
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The electrical signal obtainad during each read-out and
generated by the electrical current needed to reinstate each
pixel change can thus vary from 0 (for a pixel such as 1:1) to
a maximum value (say 10) £for an unshaded pizel such as 3:1.
in the case cf a pixel which is partly shaded and partly
unshaded, such as 2:1, the amount of light falling thereon will
be less than that of 3:1 and mcre than that o 1:1. If 50% of
the pizel area is shaded, then aporozimately 50% of the light
which would have produced a signal value of 20 on a read-out
will have been received by the pixel during the exposure
jntervai, and the digitised elactrical signal value typically
will be 5 when that pixel is resad out.

Figure 7 shows a table of typical digitised values of the
electrical signal during read-out of the pizxels in the array
shown in Figures 6.

The arrangement of rows and cclumns in the table of Figure 7
are transposed relative to the position of the rows and columns
in Figure 6, merely for convenience.

If during a subsequent exposurs interval, the image of the disc
has moved to the righz sc that the edge &id is now in the
position shown by the doctred line 416 in Figure &, the values
in the table of Figurs 7 wiil be diiferent, and might be as

shown in Figure 8.

Since it is the lateral displacement of the line 414 across the
array of pixels which is of Interest, the electrical signal
from each read-out of the array must be intarpreted so as to
determine how far to the right the edge of the image has moved
and therzfore which of the cclumns has been intercepted.

Since at the pixel level, the =dge of the image mav not be a
sharp continuous line such as shown in Figur2 &8, and because
of electrical imperfections and so-called elecz=rical noise, low
value signals can be obtained Zuring read-out aven £rom pixels
which have been fully shadecd, 1T Is usually nacassary to apply
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a so-called threshold to the signal value before a decision is
taken as to whether or not the image of the disc edge has
jinvaded a particular column of pixels or not. This can be done
by disregarding any digitised pixel signal value equal to or
greater than 5, and equating that to a pixel on which no light
has fallen and treating all pixels for which the digitised
output signal is less than 3 as having been fully exposed and

therefore having a value of 10.

As applied to Figure 6, this means that pizel 1:2 would be
disregarded, whereas pixel 2:2 would be treated as being "the
dise". Pizels 3, 4, S and 6 in column 2 are all wholly shaded
and the signal value for all cf those is shown as 0. However
in the simple thresholding sizuation described, the partial
invasion of column 3 by the edge of the disc weculd not be taken
into accourt at all since ncne of the signal values in column
3 are below 5.

Using this approach, the maxizmum accuracy in the horizontal
direction is therefore equal tc the size of one pixel. Whilst
this can be very small, it is nevertheless not necessarily
accurate enough to allow ths centre of the disc to be

accurately located at the machining.

Merely raising the threshold will not help since this means
that evenrually pixels such as 3:3 will be treated as disc.

A more accurate assessment of The position of the edge 414 can
pe made since if the actual digitised values are taken into

account.

The main problem is that smal. <hanges in value from 10 to 9
or 8, (such as for pizel 3:3,, could be ccnfused as or by

electrical noise.

Since noise tends to pe randcx and short-lived, "rogue" low
value signals can be isziateq and ignored by considering
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whether or not there is any change occurring along the line or
down the column which indicates that the small value is in line
with the change or not. Thus if a random noise signal
producing a small change in value of pixel 4:2 (say to 8 or 9)
was to occur, the preceding pixel can be seen to have a value
of 10 and unless the next pixel along the line has a value less
than that of 4:2 the reducticn in signal formed in pixel 4:2
can be disresgarded.

on the other hand the small change in value as between pixel
2:3 and pixel 3:3, is followed in column 4 by a pixel having
a very low or zero value. In this event, the signal value in
column 3 at row 3 can be considered to be a valid signal and
can be taken into accounct.

It will be see that column ¢ is the first column containing all
high values and column 1 contains pixels all having zero or
very low values and column 2 has generally low values in the
region of the higher value signals in column 3.

Looking row by row, the precise position of the edge in for
example row 4, can be said to be 20% across the width of pixel
3:2 measurad from the lef:t hand adge of the pixel.

2s will ba seen from the dottad line 416. at the and of the
next exposure interval, due tc the eccentric movement of the
disc, the edge could ncw be said to perhaps be 50% across the
width of pixel 3:4.

Since the size of each pixel is known from the geometry of the
chip, sub-pixel accuracy of the position of the edge can
therefors be determined reascnably accurately even in the
presence of elsctrical noiss signals.

To do so the digitised videc signal values must therefore be
considered in groups simultaneously and a decisiorn taken to
reject or allow through small changes for consideration
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depending on whether or not the small change is sandwiched
between two low values or two high values, cr in between a high
and a low value. only in the latter =esvent would the
intermediate signal value be retained for influercing the
decision on the final position to be attributed to the disc

edge.

The same procedure can be adopted for pizels in adjoining rows.
In this event if the process was exclusive, the signals finally
available for evaluation would have lost the contribution from
pixel 3:3, but the value from pixel 3:4 would be available as
would aiso that of 3:5, so that a relatively accurate
assessment ci the horizontal position oi the edge 414 could
still be made using the digitised signal values from pixels 3:4
and 3:5.

A similar technique can be employed in conneczZon with signals
obtained from the second camera 244 shown in Figure 1 which is
set to view the edge of the disc.

‘Ideally the tangential view of the edge profile should be as
shown in Figure 9 where the shaded area 417 of the circular
field of view is an idealised representation oI the edge of the
disc in silhouette. The edge profile of the disc is typically
evaluated in person by the operator although automation may be

possible.

In practice the image of the edge is not as shown in Figure 9,
but is verv obscure since the camera has to be located a
considerable distance from the point on the periphery at which
the optical axis intersects the disc edge, is to be brought
into focus, and a considerable part of the edge of the disc
(see 239 in Figure 19, will k&= in the field of viaw and will

contribuce to the image on the CCD chip.

This unwanted part 239 of the <disc will tend to appear larger
than and cbscura the region of iaterest which is denoted by 241
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in Figure 10.

If a Telecentric lens such as supplied by Melles Griot of
Cambridge, England, is used fcr the camera lens, it produces
an in focus image tc the same size of objects at different
distances from the lens, and if the electrical signals from the

camera are subjected to processing before they are used to

generate a display on a visual! display unit an image of the
edge profile is obtained on the VDU which is sharp and clear,
and unaffected by the presence of the disc between the region
of interest and the camera.

Typically a Hitachi KPM1 camera is used which has a chip which
will allow a 768x576 pixel read out resolution.

Figure 10 shows diagrammatically the signal processing and
enhancefnent of the rapresentation of the edge profile for
display on a VDU display. The video signal is obtained by
reading the pixels of the CCD chip of camera 244. The camera
output is digitised and stored in a first irame store 420. The
digital values in the ZIrame store are processad by processor
420 usipg a computer programme stored in memory 424, and re-

stored in a second frame stors £26. A representation of the’

wafer edge in a coemputer VDU display is obtained by addressing
the second frame store 426 via the computer bus 428 and video
driver 430 for producing RGB signals for a VDU 432.

The profile of the disc can te checked at a number of points
around its circumference by rz=tating the disc between a number
of stationary positions and szposing an image of the edge of
the disc to the cameraz chip az each position and storing and
processing the signal frcm eack said stationary position of the
disc. Alternatively the camera may be operated so as to
produce a video sigral corressonding to each of a succession
of images as the disc rotates continuously each image
corresponding to the edge prcfile of a different region of the
disc measured circularly arsung its circumference. To this end
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the camera shutter may be operated in synchronism with the
rotation of the disc to obtain this effect or the camera may
be set to take a large number of high speed exposures as the

disc rotates.
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CLAIMS

1. A workpiece alignment and shifting system for moving
circular workpieces from a first inspection station to a second
machining station, comprising workpiece holding means for
attachment to the face of a disc workpiece to move the latter
from one position to another, robotic means controlling the
position of the workpiece holding means and adapted to move in
at least two orthogonal directions, both of which are parallel
to the plane of the disc when it occupies the first station,
means for rotating the disc in the inspection station and in
the machining station, inspection means for determining the
position of the geomerric centre of the disc as it is rotated
in the first station, and computing means for calculating from
data delivered by the inspection means the two shifts required
along the orthogonal directions of movement of the robotic
means, to move the geometric centre of the disc to a second
desired position whose coordinates are known.

2. A system as claimed in claim 1, wherein the computing means
includes memory means for storing the said coordinates.

3. A system as claimed in claim 1, wherein the means for
rotating the disc workpiece in each of the first and second
stations comprises a vacuum chuck and motor means associated
therewith.

4. A system as claimed in claim 1, wherein the workpiece
holding means is vacuum operated.

5. A system as claimed in claim 1, wherein the coordinates are
those of the centre of rotation of the workpiece holder or
chuck in the said second station.

6. A system as claimed in claim 1, wherein the computing means

_—
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is adapted to compute the translation needed to shift the disc
workpiece from the first station along one, or other, or all
three, of three orthogonal axes, so as to position the disc
with its geometric centre coincident with the axis of rotation
of the chuck in the second station, or with the said geometric
centre cf the disc displaced from the axis of rotation of the
chuck by a desired known distance and angular orientation.

7. A system as claimed in claim 6, wherein the geometric
centre of the disc relative to the axis of rotation of the
second chuck is displaced, so & particular eccentricity, equal
to the said displacement and initial orientation will be
introduced into the rotation oZ the disc, thereby enabling it
to be ground so as to shift the gebmetric centre to a new
position determined by the said displacement.

8. A system as claimed in claim 1, wherein a three axis robot
is emploved to pick and place disc-like wafers of semi-
conductor material for edge grinding and movement along two of
the robct azes, X and Z is used to control the centering of the
wafer on a vacuum chuck in the second grinding station.

9. A machine for edge grinding circular werkpieces, discs
(wafers} of silicon or the like, when fittad with an alignment
and workpiece shifting system as claimed in any of claims 1 to

8.

10. A method of aligning and shifting a circular workpiece for
edge grinding wherein the wafer is placed in the inspection
station so that its geometric csntre aligns approximately with
the axis of rotation of the izspection station, the wafer is
rotated zrcund the inspection station axis and two dimensions
%1 and 21 are computed, thess being the distances, measured
parallel o the X and 2 axes, through which the geometric
centre of the wafer needs to te shifted to coincide with the
centre of rotation cf the inspection station, and using the

robot, the wafer is then transierred to a grinding chuck and
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is positioned thereon by making compensations in the X and 2
directions so as to position the (now) known gecmetric centre
of the wafer accurately relative to the axis of rotation of the
grinding chuck.

11. A method as claimed in claim 10, wherein the wafer is
moved so that the geometric ceantre thereof is shifted to a
desired position relative to the axis of rotation of the
grinding chuck, whereby X and Z adjustments are incorporated
in the transfer from the first inspection station to the second
grinding station chuck to allow a "best fit" compromise between
centering the wafer cn the grinding chuck and unnecessarily
removing material therefrom.

12. A methed as claimed in claim 11, wherein damage exists
around the periphery of a wafer and the wafer is deliberately
placed eccentrically on the grinding staticn chuck so that
where peripheral damage exists the wafer is re-ground about a
new centre, so as to remove the unwanted damaged peripheral

region.

13. A method as claimed in claim il or 12, wherein the disc
is rotatad by rotating the vacuum chuck ir the inspection
station and transferring the disc at that orientation to the
workhead.

14. A method as claimed in claim 11, 12 or 13, wherein exact
distances measured parallal TS -he X and Z axes between the
inspection station axis of rotation and the grinding station

chuck axis of rotation, are cocmputed first by determining the

o

¥ and 2 co-ordinates of bcth tThe inspection station axis and
the grinding chuck axis to a2 Sirst approximation and stored,
thereafter picking up & circuiar wafer by the holding means,
placing it cn the inspection <huck and rotating it so as to
determine the geometric centre -hereof, then transferring the
wafer back =o the holding means and adjusting the wafer along
the X and 2 directicns so as =3 centre the wafer relative to
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the inspection station axis so that its geometric centre is now
correctly aligned with the axis of rotation of the inspection
station and the X and Z co-ordinates at that aligned position,
thereafter instructing the robot to move the wafer from that
position to the grinding station chuck so as to position the
centre of the wafer cn the axis of rotation of the grinding
chuck, by making the two previously computed shifts parallel
to the X and 2 axes to achieve transfer from the inspection
station azis to the grinding chuck axis, thereaftsr rotating
the wafer through 180° by the grinding chuck, transferring the
wafer from the grinding chuck back to the holding means, and
thereaftar to the inspection station by retracing the movements
previously executed to achieve the first transfer back to the
noted cc~ordinates, the wafer can be transferred once more from
the holding means back to the inspection station chuck.

15. A method as claimed in ciaim 14, wherein the wafer is
rotated in the inspection station and rechecked for any
eccentricity.

16. A method as claimed in claim 15, wherein any eccentricity
noted is converted into displacements aiong the X and Z axis
and these values are added tc /[or subtracted from as the case
may be), the previously comput2d X and Z shifts computed as
necessarv to move between the noted cc-ordinates position of
the inspection staticn axis and the grinding chuck axis, to
thereby determine the exact diszances (measured parallel to the
X and Z axes) through which zhe robot must move so as to
accurately relocate a wafer f£rzm the one station to the other.

17. A method as claimed in claim 16, which is emploved during
initial setting up of a machinz as claimed in claim 9.

18. A method as claimed in <laim 16, which is employed at
fregquent intervals during ths cperating life o0f a machine as
claimed in claim 9, ¢ =snak’ls a chack to be made on the
alignment and relative positicning of the inspection station
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and the grinding station.

19. A method of setting up a machine as claimed in claim 9,
includes a learning step in which the robot is adjusted under
manual control from a first position in which the holding means
is aligned with the inspection station, to a second position
in which the holdings means is aligned with the grinding chuck,
and during this mode, the movements of the robot along at least
its X and Z axes as well as its Y axis, are noted and stored
in a memory associated with a computer controlling the robot,
and subseguent automatic operation thereof is effected by
instructing the computer to follow a path determined by the co-
ordinates stored in the said memory so as $to replicate the
movements previously effscted under manual ccntrecl.

20. A method as claimed in claim 19, wherein manually inputted
start and £finish positions ars corrected using the method as
claimed in any of claims 10 to 15, and the true positions of
the inspection station axis of rotation and the grinding chuck
axis of rotation are substituted for the approximate positions
obtained under manual control.

21. A nethod as claimed in claim 19, wherein manual control
involves manually moving the robot through a prescribed path
with the relevant robot drives disabled, except in so far as
encoders associated therewith are still operable tc indicate
the movemant of the robot.

22. A method as claimed in claim 19, wherein manual control
includes within its ambit the steps of taking over the control
of the robot by a manually contzroiled device such as 2 keyboard
or joystick or other contrcl, and with the drives to the robot
operational, adjusting the posizion of the robot using its
drives first of all sc as to z2lign the holding means with a
vacuum chuck in the inspection station, and thereafter aligning
the holding means with a vacuum chuck in the grinding station,
in each case the encodad signalis £rom the various drives being
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used to define the co-ordinate positions of the robot at

different times and to record the shifts parallel to the X, Y

and 2 rcoot axes.

23. A machine as claimed in claim 9, in which to facilitate
manual control, switch means is provided, under operator
control, to enable the latter to identify to the computer when
the workpiece holding means is approximately aligned with each
of the two end points defined by the inspection chuck axis and

the grinding chuck axis.

24. A machine as claimed in ciaim 23, wherein the said switch
means is employed to record the co-ordinates cf different way-
points throughout the movement of the robot.

25. A machine as claimed in any of claims 9, 23 and 24,
wherein the inspection staticn also includes means for
determining the thickness of the workpiece (wafer), and means
is provided responsive to this additional information to make
precise adjustments TO +the azial movement of a machining tool
for engaging an edge of the wcrkpiece at the werkstation.

26. A machine as claimed in any of claims 9, 23, 24 or 25,
wherein =he machining tocl is 2 grooved grinding wheel.

37. A machine as claimed in any of claims ¥, 23, 24 or 25,
wherein an optical inspection device is located at the
inspection station with its opzical axis parallel to <he Y axis
(ie. the axis of rotaticn of zihe workpiece in the inspection

station).

28. A machine s claimed in claim 27, wherain the two axes are
e

in the same horizontai plane.

29. A machine as claimed ir any of claims 9 or 23 to 28,
further comprising Vernier means which is provided for
adjusting the position c=Z the =rtical inspection device so as
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to accommodate any substantial differences in diameter between

workpieces.

30. An optical inspection system for use w#ith a machine as
claimed in claim 27 or 28 or 29, comprises a CCD camera the
lens of which forms an optical image of the edge of the disc
on the CCD chip, and means for illuminating the edge region of
the disc viewed by the camera sc that the edge region viewed
by the cameras is backlit, and is therefore viewed by the
camera in silhouette.

31. A system as claimed irn claim 30, wherein the CCD array
contains a large number of addressable pixels in a rectangular
array.

32. A system as claimed in claim 30 or 31, further comprising
electric circuit means receptive of signals obtained by
scanning the CCD array, adapted to convert the signal from each
addressed pixel in the CCD array into a digital value according
to whether a pixel is shaded bv the image of the disc edge or

not.

33. A system as claimed in claim 30, 31 or 32, wherein for a
fixed number of pixels, the degree of digitisation of each
pixel sigrnal value determines the accuracy cf the inspection

system.

34. A system as claimed in any of claims 30 to 33 further
comprising means for storing each frame in succession, means
is proviced by which iz is gpossible to compare pixel dependent
signals from one frame tc the next, further means is provided
to determine from that ccmpariscn any change in the value of
the pixel dependent signal from one frame to the next, thereby
to produce a signal indicazive <f any shift in the position of
the image of the edge brought about by movement of the edge of
the disc in the field of view due to eccentric mounting of the

disc for rotation.
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35. A system as claimed in claim 34, wherein the edge of the

disc appears as a transition between light and dark in the

image presented to the CCD camera, and therefore the pixel

dependent signal varies from one extreme value to its other
extreme value, as between shading and no shading.

36. A system as claimed in claim 35, wherein the pixel signals
are digitised on a scale from n=iA (corresponding to a fully
shaded (black) spot) to n=B (where B corresponds to no
shading), digital analysis is applied to more accurately
determine whers the edga of the disc image lies in relation to
the pixels, whereby if this happens to bisect a pixel the
particular value of g, attributable to a bisected pixel on the
scale A»B, will indicate the percentage of the pizel which is
covered by the disc image (and therefore shaded) and the
percentage which is unshaded.

37. A system as claimed in claim 36, wherein the pixel
resolutizn is such that an "edgs" can be "seern" in the values
of a number cf adjoining pixels, means is provided whereby
signals corresponding to pizels are interrogatad in groups
simultaneously, pulse selaction means identifies single "rogue®
values (attributable inter alia to noise etc.) and these are
removed from the signal and means is provided for determining
the true edge as being where a majority of the adjoining pixel
signal values indicate iz to be.

38. A system as claimed in claim 37, wherein the edge position
determining means identifies the actual position of an edge as
izel having a value of B on one

4]

being midway between the last z
=)

side of the transiticn and the first pixel to have the value
A on the other side cZ the transition, being the position at
which the signal value is nearsst the arithmetic mean of the

n
pixel signal values A and B.

3%9. A system as claimed in claim 38, wherein means is provided
for computing a scaling factocr from the focal length of the
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lens employed in the camera, the size of the CZD array and the
number and therefore size of the pixels, by which an apparent
shift of the "true" edge by x pixels can be equated to a linear
distance cf r mm.

40. A system as claimed in claim 39, including computing means
adapted to determine the angular orientation cZ the disc with
reference to a fixed point arcund irs circumfsrence, such as
a notch, or a flat, c¢cr the disc has applied to the viewed
surface a small distinguishable mark/spct or a machine
detectable marking, such as a magnetic patch, and the rotated
position of the disc is determined by visual or camera
inspection or by a magnetic sensor.

41. A systen as claimed in claim 40, further comprising means
for 1"».'31:a‘t:.'.n::r the disc so that the mark (eg notch) crosses the
field of view of the camera, thereby generating a particular
signal pattern and signal processing and computing apparatus
to which the camera output signal is supplied is programmed to
identify that pattern, and a signal indicative of the angular
position of tha disc, is derived from an enccder associated
with the disc drive, and is stored.

42. A svstem as claimred in anv of claims 30 zc 41, wherein as
the disc is rotated, any misalignment between the geometric
centre cof the disc and its axis of rotation in the inspection
station, will appear as a shift of the image of the disc on the
CCD.

43. A system as claimed in claim 42, further comprising means
for storing the value cf «he shiZt at a pluraiizy of angularly
spaced positicns det-:-.rm.red =+ <the encoder, and means for
computing thersfrom the X Z cccrdinates (X,Z,' cI the geometric
centre oI the disc.

44. A system as claimed n clain 43, wherein means is provided
for storing the X,Z cocrdinatss {X,Z,) of the axis of the vacuum
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chuck at the inspection station which also corresponds to the

axis about which the disc is actually rotating, and the shift

in X and Z needed to align the geometric centre with the wvacuum

chuck axis at a particular angle of the inspection station is

computed from (X,~2,), (Y,=2;).

45, A system as claimed in claim 14, wherein means is provided
for storing the X,Z coordinates of the workstation chuck (X,Y;)
+o which the disc is to be transported, and computing means
determins the distances through which the disc must be moved
parallel ts the X and 2 axes after leaving the inspection
station chuck so as to align izs geometric centre with the axis
(X,25) at the workstation.

46. A system as claimed in anv of claims 30 to 45, wherein a
second camera is positioned sc as to view the edge of the disc
tangentially, with the optical axis of the camera in or
parallel to the plane of the disc, to permit the profile of the
edge of the disc to be inspectad to an enlarged scale by

isplaying an snlarged image cZ the optical image presented to

the cameraz on a CRT.

47. A systenm as claimed in claim 46, wherein the second camera
displays a Telecentric lens which produces an in focus image
to the same size of objects over a range of distances from the

lens.

48. A system as claimed in claim 47, comprising in combination
a telecentric lens, & CCD camerz means for digitising the video
signal £from the camera anc cignal processing means for
producing a signal for display z=n a computer mcnitor.

49. A system as claimed in clzin 48, further comprising means
for making measurements on =z2he digital video signal using
numerical analysis techniques as described herein so as to

s
obtain measurement of the image croduced cn the CCD camera.
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50. A system as claimed in claim 49, wherein means is provided
for signal processing and enhancement of the representation of
the edge profile in the final CRT display, means operates to
generate a video signal by reading the pixels of the CCD chip,
the videc signal is digitised and stored in a frame store,
processing means acts on the digital values in the frame store,
and to re-store the new values either in a second frame store,
or bv replacing the values in the original frame store, and
means is provided to generats a signal Zor producing the
representation of the wafer edge in the computer display by
appropriately addressing the store containing the processed
values.

51. A systsm as claimed in claim S0, wherein the profile of
the disc is checked at a naumber of points around its
circumfe*ence either by rotating the disc between a number of
sta.t:.ona*v gositions and exposing an image cf the edge of the
disc to the camera chip at sach position and storing the
processed signal from esach said stationary positica, or the
camera is operated so as tTo produce a video signal
corresponding to each of a succession of images as the disc
rotates, each of which corrssponds to the profile of a
different region of the disc nmeasured circularly around its
circumference.

52. A system as ciaimed in claim 51, wherein the camera
shutter is operated in synchrsnism with the rotation of the
disc, or instead the camera is set to taks a large number of
high speed exposures as the disc rotates.

53. A machine for edge grinding circular discs (warfers) of a
material such as silicon, whern Zitted with or adapted to
operate In conjunction with an ;nsnect;on system as claimed in

any of claims 30 to 3Z.

54. Wafers of material such as silicon when edge ground and
finished using a methcd as claimed in any of claims 10 to 22.

I
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55. Wafers of material such as silicon when edge ground and

- finished using a machine as claimed in any of claims 9, 23 to
29 or S3.
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