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Wor kpi ece inspection and handling Field of Invention Thi s invention
concerns apparatus and net hods for inspecting circular workpieces such as
di sc-1i ke wafers of sem conductor material, prior to and after nachining.
The inventi owoig9sem®! | cabl e to apparatus and net hods of griPar/EGBINMAEOedge
of such a workpiece, and assists in placenent of the wafer on a grinding
chuck, adjustment of machining tools, andchecking the accuracv of the
machi ned edge.

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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Background to the Invention US Pat ent 4638601 descri bes a systemfor
rotating a circular disc in a first station so as to align the disc in a.
particul ar manner so that it can then be transferred linearly w thout
rotation into a second station for nounting on a vacuum chuck for

machi ni ng.whig- first station the disc is rotated so asp¢mGBEIORSMI ne any
eccentricity of the disc relative to the centre about which it is rotated, °
and this eccentricity is then aligned weth the |inear transfer path. Having
achieved this alignment the centre about which the disc was rotating and
the geonetTHEr AT Y SAEUAFIERF &MndRiah giEF WivRs CRePLRACHRERY &%is. By
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wheel . 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
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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many situations in which this type of placenent is insufficient, since it

does not allow discs to be positioned at the second station so as to

acconmodate all desired forns of rotation and grinding. Thus_for @)@,gpl eit
S

may be desi r‘ggl Z’ﬁ%ﬁg ually to nount the disc eccentrically rRFEEDY7 as to
accommodat e if ged region of the periphery of the disc. By locating-the

disc so that a damaged region is at a gredter radius fromthe geonetric
centre than is the undamaged remai nder of the periph ariaRgohhe
di sc about tIfeomcceﬁtrrstcl&ﬁP@?‘:h"ﬂeﬁFﬂ?%‘BniE°f%r§$e‘%,n%;?‘lgg$%‘%ﬁ %P.ta Y
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Iy, on conpletiaqn,af. the [
geonetri c cermnoghet, t HeeRMWCdi 8832 Por né:c?%yr%%em iﬁglén process. ghgre
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b
there are Onl&’rt%o%gﬁgieéif&é%st,hﬁbt% dgnmgedh 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 reans 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 workpiece holder or chuck in the said second station.

Preferably the computing means is adapted to compute the
translation needed to shift tle 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 c.iisc
displaced from the azis of rc=ation of the chuck by a desired

known distance and angular c-ientation.



peripheral region will lie at one end or the other of the dianeter of the
original disc which has to be aligned with the transfer path in the prior

art rmet hod. It is an object of the invention to provide a workpiece
alignment and shifting system which enables a disc to be nounted in the
second station for rotation about any chosen axis. | t PCT/GBB7Q1E70

under st ocoWQ K525t he i nvention is not limited to situations in which the
edge of the disc is damaged, but can of4 course be enpl oyed in all

situations, provided (as intended), it is possible to nmount.th i for
rotati on ayoutispdpcarythe SePRatadc FENGESTEE FRe AT &° ?é%%eeetcﬁd s%‘)%

Summary ofgdihe bevepbts¥ion | Bfacenedaneconit hchnekasmect 20fPaHEGURAENt i on a
workpi ece al i gnment .and Shiaht ' Bg SYRd €8 @R%pI8cehesy| ahd Wiy ies
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 ~oration of the insgection 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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3 {froma first inspection station to a second nmachining station, conprises
wor kpi ece hol ding nmeans for attachment to the face of a disc workpiece to
nove the latter fromone position to another, robotic means cont zol i ng

thé positi oy, b74gess Wor kpi ece hol di ng neans and adapt ed t o PEREBTMSA | cast
two orthogonal directions, both of which are parallel to the plane of the
disc when it occupies the first station, 2>neans for rotating the disc in the

I nspection station and in.the machining station. in ' JBa
det er ni ni nglﬂﬁee_ﬁﬁéPPi%ﬁt&P“tﬁ% 0 Frg’lng g&n rg%ngfgﬁoﬁ%?:hioéshc as’niatl flig{;’s
rotated in herddststfistatdompromigec IRHesRy FERRSTLRY EBF CYAZRT n‘@"fFEFﬁ dat a

b hogone FAIBHECRREL oI dtheLtEshun oy fusring, megessDioeonc
geonetric c@EFB-of THESRAIOTEo ‘%\h?é%o%%mr&%ﬂ (Ség gggﬁﬁ%%&mn%isl@ﬁ&ethe
co- or di nat epeaiiphempwet ti¥ etvefaply the dRRAY nglhewhs the ndeddberAtRor y
nmeans for g idnR¢iths) faiséneOoer h8ak@5er 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



Preferably the means for rotating the disc workpiece in each of the first
and- second stations conprises a vacuum chuck and notor neans associ ated

t herew t h. Preferably the workpi ece hol ding neans i s vacuum oper at ed.
Typically the co-ordinates are those of the centre of rotation of the

wor kpi ece ‘Rﬁl ﬂgs §r chuck in the said second station. ARCIEBHILISOt he
conputing 2 23 adapted to conpute the translation needed to shift the
di sc workpiece fromthe first station aéong one, or other, or all three, of
t hree orthogonal axes, so as to position the disc with its geonefric centre
© coi nci dentpwi*hlqthéhaﬂ%ﬁﬁﬁe et 58?0“38Frt Ae EREEAISHOf HPtaEdeRdCEt T on, or
wth the s Hick GeNidakinfg ttige diewe Grsptizusdyf conpoied ashsits

rotation o ara L& uck by, agdggiyr efl s kDowy dishpoee erthAQU! ffom the

orientati of . , .
x.nspectJ.on 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 thereny 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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4 By displacing the geonmetric centre of the disc relative to the axis of
rotation of the second chuck, so a particular eccentricity, equal to

said displacenent and initial orientation will be introduced intsg?the

rotati on of wiewasssc, thereby enabling it to be ground so RECHEPIR}
geonetric centre to a new position determ ned by the said displacenent.
In a preferred embodi ment of the inventidn a three axis robot is enpl o
to pick and place disc-1ike wafers of. sem nduct or rraterlal %r g

BF o b,

gri ndi ng.
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conput ed,

t lgaerPRbAGatl ntrol.

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. .

"Manual control" is also 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 drives to the rcbot operational,

adjusting the positiorn 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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ted



di stances, neasured parallel to the X and Z axes, through which the
geonetric centre of the wafer needs to be shifted to coincide with the
centre of rotation of the inspection station, and using the robot, the
wafer is then transferred to a grinding chuck and is positioned thereon by
nmeki Ng CoORpSPsakisons in the X and Z directions so as to PETIGEIENSThe (now)
known geonetric centre of the wafer accurately relative to the axis of
rotation of the grinding chuck. Thi s et hod does not require the wafer to

be rotated so that the line joining the axis of rotation o he i pspection
station to%fhéiﬁéﬁﬁ%??ivtayc'msofgfﬁé‘% ti?"'f FeVareRT °[f£) t%‘ﬁerf’gﬁgf X
axis, in order to nmake the conpensation, as is required in the nethod

descri bed irﬂeu§ngaaé£'.{otf"m%n_ ma?*i RE8o lincY RWMRESS| fi© dekeshihinghe
wafer so as_to

nove the geomptric centre thereon to any .desired position
fel ative t ShenaPIckBESE Py gF‘Foh"’Sf{pl"ﬁgegr{]% Ho chHeE _,"htqhe aggéﬁ&%a&
adj ust ment $nformetponaten ben usede ta raakeecpreciee tddgustpents 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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station chuck, allows a "best fit" conprom se between centering the wafer
on the grinding chuck and unnecessarily renoving nmaterial fromthe notch.
Furthernore where danage is identified around the periphery of p@ﬁﬁﬁ,‘}m er,

the nmethod gidgugszkhe deliberate eccentric placement of th c the
grinding station chuck so that where peripheral damage has occurred as
during slicing, the wafer can be re-groun& about a new centre, so as to
renove the unwanted danmaged perlpheral regi on. such, faci

|
general witheachspagek skgiad IMLME; ﬁ@tﬁg‘ré‘rﬁsaé‘l’dé&ﬁ BRiP rT'htehtg c&¥ad)®

in

af orenenti oned WhePahepdction tsyilssesf. course possible to rotate the disc to

any desired orientation by rotating the vacuum chuck in the inspection

station'and transferring the disc a h
By storing geach frame }.nt s%tccoer Is%.'?::tna,tls%n J.é) L&b ep&@éfl@‘f@dto

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



According to another aspect of the invention, the exact distances neasured
parallel to the X and Z axes between the inspection station axis of
rotation and the grinding station chuck axis of rotation, can be conputed
in accordance with a further nethod which arises fromthe use of a nmultiple
axis roboty o bithis method the X and Z co-ordinates of RCH/GBYIPES570

I nspection U8 axis and the grinding chuck axis are first determned to
a first approximation and stored, theregjter a circular wafer is picked up
by the holding neans and is placed on the inspection chuck and rotated so
as to det ethenacthelgposition cfntthe td¢hgeofannbearidentkfiath perbgengt he
Wa](‘jer, i St Lm?(w&{, Zﬁ'ézévgéé'neQPQaQKSEOpE.H@;.hﬁla@ii?@ Efﬁaharwlf c’adjoustaﬁen*sfda:ﬁ
made in the_X an | rections as.to centr e er.re e e

i nspect i on°8t 5REoRTABT LI ARSt %'(t)“r?e "'g“e"orFet%%eelce% rt\é@’if's ':_Ffawl'gsd%e}c\ﬂgn

al i gned wi thet behexisidsf ofothei rapsichenindpdagi shestatitdRnaad VReCX and z
co-ordi nat peakifhal Pigad pREiddan F10é edrithret Dhateans ofhenei pikelict ed

to nove thgigg;frv;{&@ tAh%'[rldpggltlon to the grinding station chuck so as to

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 disc can be dezarmined, with
referenée to a fixed point arsund 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
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of rotation of the grinding chuck by making the two previously conputed
shifts parallel to the X and Z axes to achieve transfer fromthe inspection
station axis to the grinding chuck axis, whereafter the wafer | {%&
rotated thr owgbn482Y err] by the grinding chuck, transferred’q"ﬁﬁsﬁ"i’ 2
grindi ng chuck back to the holding neans and returned to the inspection
stati?n by retracing the novenments previokbsly executed to achieve the first
transfer, back to the noted co-ordi.nate that the wafer_ ca

transferred GRESSFoPRSHFHIRT KETREF TS %géﬁgm%ﬁ?f°F8rfhé i%%ﬁggfsg%?sfgtion
chuck, and | sompptehthevd 8redardimagiesd (Knihgeonepsici erntdieaef dihenddsc-
rechecked (in manner known per se) for any eccentricity (ie. displacenent

of "its geonetr.ic centr elative t [ fi I [ ' ' i on
station). %r‘h'/‘c cggﬁtﬁi%f??}é\%?ae%eoscéﬁ%%? cdgfn\c}:élret %gl&n&c}t}:}?s‘% ac‘_lclamrr%gltﬁ gk
al ong the X &tdtREeaidspentdornssatien axe KNPy Addetba® isorhe MitiS1@PeYtf r om

as 'the case wiche)thd NEi e &0y castyarpipebedtXngnd thes ittt demmutesdag
necessary to %%‘é%ﬁé SRt P WL SE L UL H: RS YAcBlin (dHudi'3RES! ' ON

station 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 the axis (X;Z;) 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



grinding chuck axis, to thereby determ ne the exact distances (measured
parallel to the X and Z axes) through which the robot nust nove so as to
accurately relocate a wafer fromthe one station to the other. Thi s

met hod may be enpl oyed both during initial setting up of the machi ne and

al so at fr&@gﬁ%ﬁ ntervals during the life of the machi nPQRGRITQH™® a check
to be made € alignnment and relative positioning of the inspection

station and the grinding station. Therpet hod may further conprise a

| earning step in which the robot is adjusted under manual control froma

first posithoenéntiviciott véeobdi hhencamsrias willilghedchpIar {59e EhRs PERFI on

sLat I on, dF thnﬁﬂﬁgnge ;gé%tdﬁ)ridﬁbh&'&&hdiﬁé Eﬁ\hebnas ﬂm&nb:analeaggec}twi th

t he grinding chuck, anhd durin s mode,_t ooy S t ot ¢al ong

bt | onst 68 Khandiistarudindand | t8 TrEea: a_geP”EHL-.‘ ehe ,ng{ be
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 digiz=issd and stored in 3 £frame store
and the- digital vaiues in the ZIrame store 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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Its Y axis, are noted and stored in a nenory sociated with a conputer

controlling the robot, and su gungETaHAS)mEN operation thereof is
effected by instructing the CF ute’EPLRQéU)I | owla path det e{(ﬁ%&ﬁ%ﬂi’wt he
\

co- ordi nat egoobagasl i n the sajd ne y-5o-as—t@ replicate vVenent s
previously effected under manual control. The manual ly inputed start and
finish positions can be corrected using th& nethod descri bed above, and the
true positions of the inspection station axis_of, rotatiopn_a ringing
chuck axis otheotwafeR @Sﬁebelgub%tl?tlﬁ"é‘bp‘f%‘?rtrf%"sa?d'ﬁ?'qxf?m?g’ttﬁggﬁgi oﬁ

obt ai ned undepprapribtebntsddressiByg "wRaustorentevitaindnge it REAGSFFH
noving the rghgt,ckhrough a prescribed path with the relevant robot drives
di sabl ed except 1 n so far as encoders associated therewith are still
operable to indicate the novenent of the robot. "Manual contraol” is also
i nt ended to irhel ptefilehof thes dirdsi tcan 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 region of the disc
measured circularly around its circumference.

The camera shutter may be cperated in synchzor_xism 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 possibility of taking over the control of the robot by a manually
control |l ed device such as a keyboard or joystick or other control, and with

the drives to the robot 0peraﬂh9@ﬂ5€ﬁ%%$%ﬁEﬂg the position of the robot
I i'gn tthe hol ding neans with a

using its drives first of al|l so 3& ﬁﬁbfﬁ

vacuum chygk ol leishe inspectilon.st P —-and thereafter eﬂﬂQﬁﬁFﬁﬂ“Fﬂ% hol di ng
means with a”vacuum chuck in the grinding station. In each case the encoded
signals fromthe various drives are usé& in known manner to define the
co-ordinate positions of the robot at different tipes _and to regor he
shifts paree elinventhen xwiylafpy PepstesSetPed it rd’&?r%c? aglsl i%ae{e
manual Ccond¢Sbmpaiwiiingh dreahsgsayn behprbyi ded, under the control of the
operator, to enable the latter to identify to the conputer when the

wor kpi ece hol ding neans is approxinmatel y aligpe 1t h.each ke & end ‘

poi nts, icfigpees ndped i ¥ cShut r%x?%"’é‘nd%tﬂw_eggg}lﬁ%% ng gt%ucﬁg a%i's. _drxﬁe sanme

switch neagspemyide empPayert t Bppbiocatiohe fddegr Mangugssently 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
ated, as it is viewad by the

¢t

about which the disc is being rc
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 digital values in the range 1-10
attributable to different pixels 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 illumination signal processing

system.
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di fferent way-points througho t he robot. The i nspection
\?\/E)aLI on ma%/ a:c SO)I ncl gdeh_meanzI THIE SHBEEr MASIBEENtlhe t hi ckness of the

rkpiece (wafer), and this additi orggpLACHDOr mat ijon can be used t e
preci se adj wpd opdasss to the axi machi ni ng CJW'%@WQZ&S( a
grooved grinding wheel for engaging an edge of the workpiece at the
wor kst ati on. The optical inspection devige is preferably |ocated at the
inspection station with its optical axis parallel to the Y axis (ici. t he
axi s of rotatFiigmref 1t FROWSr RpFRRRti® FYETPRsFEL: MSAILERT | ThculgfgPate”
preferably wittilket heatters adgessinidde sgpechdliyzolR@l opl dAemm dyweeteer or

wor kpi ece di r.c % ri i ;
adjust i ng thg'@g%rt’i %ﬁdo?!' re€ri e IRANS Lsrpk8pshabty miqureded terio

acconmmodat e %%S‘F%Eﬁ’idéinggi%‘;‘%ﬁls%égfggg%éggt g%%éggaéegn@%%i ecane
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 supporting sleeve at 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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The optical inspection device preferably conprises a CCD canmera the |ens of
whith forns an optical inage of the edge of the disc on the CCD chip. Means
for illumnating the edge regiq i ' d by the canmera nay be
provi ded so that the edge regign SWMEET HWAS BEEX fneras is backlit, and is
therefore W{)mﬁ)y the latter {i n si REBLASEDe. he CCD RGTBYPHRal |y
contains a large nunber of pixels ina rectamgutar array. Typically an
addressabl e array of 768 x 576 pixels iséenployed. Electric circuit means
receptive of signals obtained by scanning the CCD array in manner known per
se, may bewadipeed io pbareraf tihe BRARICYS oAk fop gEL"?PIhe CCD array
into a digital value according to whether a pixel is shaded by the inmage of

é.“s. disc eqge of) f10he aphPlefaddd CUnIUME! pRhrRL X6} Sor ! BEeLREE CEaRl 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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signal value determnes up to a point the acecu of the inspection
system By storing each frame imlglg}{gﬂstﬂkSﬁBEEN) it is possible to conpare
pi xel dependent signals from on frarT?EpBAggme next{, and to determ ne from
that conpar iwom7essange in the v ot—the—prxet—Tdependent REHEBIFBm one
frame to the next, indicative of any shift in the position of the inmage.of
t he edge brought about by nmovenent of the ®dge of the disc in the field of
vi ew due to ecceptric ugting .f the disc.for rotation. The edge of the
di sc appears 3,%, ggfr%lnaslet_ ?é?\'_bé’?’\ﬁeg‘ﬁ%ﬂrg 37T a¥REAMY cf‘ﬂ@f‘e?'brwg‘q'tcﬁetb?xel
dependent si gA&scv#3BedPiEBMLiEn&oeks ehespartedt 4si ipdapthdr bexthentaguhme,
as between sheatiueg 208 &b =madiong. In a sinple arrangenent in which the
output fromeach pixel is digitised as a binary signal and is either high
or low, the '

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.

This is achieved using the <=schnique described hereinafter
i_ing and inspectiocn system of

using the robotic wafer hand
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

This Sheet Has Been Relilaced
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maxi mum resol uti on may be as | ow as the size of one pixel. I f the pixel

sighals are digitised on a scale fromn=A (corresponding to a fully shaded
(bl ack) spot) to n=B (where B corresponds to no shading), digital analysis
can be applied to nore accurately determnm ne where the edge of theg@i sc

i mge |ies in7r4§.lggtion to the pixels, since if this happeRSVEEI Bt a
pi xel (as bt cUr) the particular value of n, attributable to a bisected
pi xel on the scale A->B, will indicate til8e percentage of the pixel which is

covered by the disc inmage (and therefore shaded) and the 1{J)‘Ier‘_gx_ﬁntt__aag“ee i ch

i s unshadedimagé NoRneres rairsger2dst dsh s#RRhPYhEhgi £EP FBLBIR i BIF iT SuUch t hat
an "edge" ¢ 48%'," ehhe idid@a%abyen pbtatednberticit adpatiah #g2pixetss
signal s corfesponding to, pixels arg. fgeabky,. interrogated in groups

si mul t aneousdge %-}%I%é‘ 'tf‘ggﬁ@me'\:/%l ﬁ’é%{g ?gt Plg'l bitable inter alia to noise
etc.) are disregarded, and. the true edge is identified as being where a

maj ority of yLNg;gnad] §1 BhdlIsihadd si@nahoval Lidewiisedicogrespands % thep
this case 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 Figu:::e
5. However iZ the disc is mounted off-centre, the eccentric
movement oi the disc will cause the edge 406 of the shad?d
region tc move over the surface of the CCD chip. The SO]..ld
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 :.s usually
important that when the disc is mounted for machz.m.'ng, the
geometric centre of the disc is co-incident with the axis abox’n:
which the disc is rotated 32T machining purposes, or 1s
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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10 ~ the actual position of the edge can be identified as bei ng m dway

bet ween the | ast 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
transition, veepmg@stshe position at which the signal val ue | FCREGROUUSTY he
arithnetic nean of the pixel signal values A and B. By taking into .
account the fccal length of the |ens errpllo%/ed the size of the CCD array
and the nunber and therefore siz so a scali ngﬁf actor _can be

el
ot er M nod { SPeaPGPUERT RARIPE) RN SEBABARAF, GHATBF SRS (ESHTRpHa, ERPEER 1
of the "truedfedde Idisc ioxdies detenminagfiavedyt @acgukaheby oY seefping othe mm

The advant aganthtabenbay@mds)rbﬂ &ﬂ@&t-srcea.ekia{tiwlwadael fhotBR &00WhDER
orrentation g}‘gt he dl SG €8 det th refer to a fixed

around its ci nucse %ugﬁa%esma 1?\gotnecf'nf V%ha fﬁmﬁgeengg?%eog F8E" ha%ggl "

applied to tnempuéweq H (and therefores XH).

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 calculatas 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.



surface a small distinguishable mark/spot or a machine detectabl e narKki ng,
such as a nmagnetic patch. The rotated position of the disc can then be
determ ned by visual or canmera inspection or by a suitable sensor such as a

magneti c sensor, as appropriate. By rotating the disc, the mark (eg
not ch) wi | woatrassase stage cross the field of view of the PenGB/01570
particul ar signal pattern will be generated, and signal processing and

conputi ng apparatus supplied with the cadera output can be programred’to
| ook for that pattern and note the_an uI ar osition of the disc, froman
encoder as¥B& FABETR CRLPhE2R; BE JhPysh 3%e2 JFectilinagrapEgay anf
m sal i gnmemlghet sexsidtive devieésiclaselty eparfkéchendl srrargkd ﬁ.ﬁ rousS and

rotation i h& gnspqu&nssg Li,9Npad | L = appear hifk ge of
t he di sc o% tlhenCCD not |ﬁng the val ue o‘?ﬁ %? at a ﬁltstt‘}?g y of
angul arly four of the co umns 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 =f the order of i00mm 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 discarnable rzlative to the matrix of rows and
columns of pixels. However iZ we consider the curvature in the
region of the notch for ezampls the knuckle 414 in Figurs 4,
the curvature of the sjilhouezt= image in the region of the
knuckle 41+ might well equate tc that shown in Figure 6.

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

Q

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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11 ° spaced positions determ ned by the encoder, it is possible to conpute

the X Z coordinates (X S[err]) geonetric centre of the disc.

Si nce the

X,Z coordinates (X[err]Zerr]) of the axis of the vacuum chuck at the
i nspecti on sy@by/Eszare known, and that is the axis about \ROTERYMEMi sc is
actually rotating, the shift in X and Z needed to align the geonetric
centre with the vacuum chuck axis at a pa¥ticular angle of the inspection

R_) Si nce
he X, ge WA ch™®he
disc is to bentirafstios textoanee gpanidd@hinquid bes substanpiallmither sape as

station can be computed from (X[err]-Zlerr]), (Y[err]-Z[err

the X, Z coor BEF&PRs df etk g iTit e (X[ RIF M &he) FR

det erm ne t hepdi sLances tb@gfi'ﬂﬂﬁn#:'i chrfdievdige oFUshebeizevedeppr abyghito

theé X and Z
Its geonetri

axes after huck, so

I t . ' i
BUERREr BSogr At (HF ROGR (X BLRFHL SAD SETERS RorRchadt ofnd "

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.



A second canera may be positioned so as to view the edge of the disc
tangentially, with the optical axis of the canmera in or parallel to the

pl ane of the disc. This pernmits the profile of the edge of the disc to be
i nspected to an enlarged scale by displaying an enl arged i mage of what the

canera see i o5 CRT. Theoretically it shoul d be possPGI/EeBEISIOND| y
take the vI'deo Ssignal froma CCD canera and display this on a CRT in a
closed circuit television |ink. Inyrxractice the inage of the edge in

such an arrangenent is very obscure since the canera has tqg be | ocated a
consi der abtRe débdatriealr ovhgrwl poiitaigied hpemphepgh atre@ﬁl’SHtt h2%%pt i cal
o Cons dor GEN T BEr o e e Ol e, gl - Bt TP 2 814, ooVl oW
and will cBﬁF??-E‘ER%“QeocPHeﬁ?'fggvea% {]%e:q %djmc i ?ﬁxef ﬁn‘x‘ggr"%i gtjlqér{osi nce
t hi s unwanaesagamtmofalue e b?) t Aerdidsc unshad%d 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 transpvosed 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 shewn in Figur2 &6, and because
of electrical imperfections and sc-called electrical 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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; e fie of view of the canera will be closer to the |l ens than the

region of interest, the imge of this unwanted [ i
, _ : part of the disc wll
to appear larger than the region of interest, and attenpts to obvi g}etteﬂg
1570

probl em by % lens with a sho
!W‘s s rt depth of focus have nBET/GEEID
successful . ﬁ:as been found that this problem can be corrected

optically by using a Telecentric |lens su@h as supplied by Melles Giot -of

Canbri dge, Engl and, which produces an in focus im e '
. . !
obj ects at @i EberebledlithrasbeddftonthfeSianal Vaﬂ%%&%gﬁ% haeﬁ%\%evé?’hﬁgtsognl y
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canera si gndViddedsd P atljézei%éggfa?%m%%:ﬂél@ brafioef omsalchhbbodenehe
by disregarding any digitislgg 5Yx8 gigr&l Aldel BghliSey¥RYr
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



the imge of the edge profile of the CRT is sharp and unaffected by the
presence of the disc between the region of interest and the canera. The
invention therefore also lies in a conbination of a telecentric lens, a
CCD canera, digitisation of the video signal and signal processing as

af oresai d @pd/udgsdi spl ay of the processed signal on a COPQIIGBY7/0A8YAi t or as
opposed to processing and di splaying the video signal fromthe canera in a
closed circuit television system Meastirenents nay be nade on the digital
vi deo signal using the described nuner.i cal anal‘ysi,s teﬁ’gni qQyes ,$Qe38,.1 0

obt ai n nea¥besRest OB PIhERREILS ATY RRRAPSR TFRITED T ANRPE Bhe M 6rd&r to
facilitatedokt s8henalymmoskish nigndimh e dtcengive shat healupriesdmt Ainren of
the edge prQfil €i LN di spip the 4 deanddndNadisdt aligadlby

r eadi ng th(e"q%?mxe‘ﬁﬂégo%gtgnéé‘c% gﬁ_%,are ﬁlrﬁgf e?flbl gi:&iztised ance& staog?d in a
frame stor ®TREMCLRE 8iPdla “PaPEESIPNVE Eef?'ﬁr@’%‘? r% %l 8 hrot&s§8d7 7 and
re- st or ed, waist lter octua, seoomteirding pirel orarhper sgeactndiaviee av¥R4ES | n
the origi ngle fpaghs Siie®s 2RE ddid RASARY @ReOline 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



13 the wafer edge in the conputer display is obtained by appropriately
addressing the store containing the processed val ues. The profile of the
di sc can be checked at a nunber of points around the circunference and this
can be achieved either by rotating the disc between a nurrbgr @JB%IH@IIJ onary
positi ons ambewssesi ng an i nage of the edge of the disc to EREBLNEI A chi p
at each position and storing the processgg signal from each said stationary
position, or alternatively the canera nay~be operated so as to produce a

vi deo si gnal , correspondi n a (@ | SarddEaes sandwieh@dsCc
rotates, eactt" |gcr?"cc§’8’ret§glﬁgn§s% ?Iom?hgﬁﬁﬁ%nof aadxfirf eLEM 4 §9in of
the di sc nmedmbwaercte st FeLERS T §W N9t YtdRS1c8T *® PRe“Camera o
shutter may it oper abed valusynchramdiysmini t frhehe Lpstari Givest t¥REM sEheo
obtain thi S’ir%efn@%i%%g tglpgnﬁ'i‘mﬂdBWbe retained for influerncing 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



be set to take a larger number of high speed exposures as the disc rotates.
The invention will now be described with refrence to the acconpanying
drawings in which:  Figure 1 is a perspective view of a circular disc
IOQQ|ng_anq unl oadi ng mechani sm which is adapted to be mounted to one side
of a_grlndgﬁgwmﬁﬁp!ne; Figure 2 is an opposite perspect PGRCHBIFEf t he

| oadi ng and unl oading mechanism of Figure 1 which also shows disc

i nspecti on appar at us; Figure 3 is a p¥¥spective view fromthe opposite
end of the disc inspection apparatus shown in Figure 2, to an enlarged

scal e; _FiguFéQEI¢IMQStrates the i mage presented to a CCD canera chi p when
a notch in the periphery of a circular disc occupies the

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
each position and storing and

(4]
il

the disc to the camera chip
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



14 field of view of the canera; Figure 5 illustrates how the i mage of
the disc will shift across the field of view of a distance H due to any
m sal i gnment of the geonetric centre of the disc with the axis about which
the disc is being rotated, as it is viewed by the canera,; Figure 6

i1l ustrateswWipsdgks | mage of the edge region of a circul ar PEFEBITMESr sect s
pi xels in a CCD canera chi p; Figure 7 is a table show ng digital val ues
in the range 1-10 attributable to differe€ht pixels in the 4 colums and 10

rows of Flgggg 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.



Fi gure ng revi sed val ues of signal values for Figure 7;

F| gure § Imm m“mgﬁl i mage present on the CCD camera chip of a wafer
ure I*s a di agrrmgagH | WKSiBEENNI nation signal processing

systen1 Figure 1 sho ar h system.f or handling circular

pl ate- |ikgowakgsprs of silicon Omm di aneCREBY01§78r ger .

The system conprises a base 182 and structural framework generally

designated 184 extending upwardly ther2Bromto provide a support for a

| i near slideway generally designated 186 al ong which a carriage housing 188

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

from

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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188 at rrght angles to the slideway 186 and a sliding nenber

he hou
194 S H ereal opg..in the di+eet+agn of the arrow 196. An
arm 198 ﬂﬂ! !u"mmune nmenbpTHIBOSHEETAHAS BEENE att ached thereto and

shown at 200 pr ovi de5 for novengnt ofagplmcmm 198 in the di re f the
arroyv 202. \woamss2s pover for the—tve—200—amd The dri vesPGH 'H?B’ usi ng
188 is provided via a nulti-way unbilical 204 which is retained in the
flexi bl e safety harness 206 attached to £he linear track 186. At the

| ower end of the arm 198 i s acuum chuck 208 d
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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 inspection station, the wafer is
rotated zrcund the inspection station axis and two dimensions
X1 and Zi are computed, thess peing 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 of the inspection station, and using the

robot, the wafer is then transierred to a grinding chuck and
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Movenent of the carri mg 194 further out towards the sleeve 212 positions

'Lge FPWMEKMNN!!Q f an un?EmgngngSqﬁ@N 38, and after picking this

! dinto fhe’i n stdti
machi ni ny Savitr onment of th ) l’%ﬁ S ion and thereafter to the
e ki ne Rk attdchment to the yacuum chuck

ig' th?t \M\?\A_r 83@&5531 place of the previous wafer for grindifgc®”
The track o1 appreci at ed thaft a plurality of sleeves can be provided on
cont redC groﬁngndi ﬁ!slpetctledmrlépl eces | d®ated therein can be renoved

a, d, 11 ed an re_turned t hereto in r ’ '
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. of the Iwnafelrggéceusraztea@d ~231at@v@N2Bl €he 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
¥ 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

This Sheet Has Been Reilaced




t he gjmﬂmﬁlmr"“mm thg wafer to be determ ned, dand thia[ eby all gw It
to be oned o f Or i ndi ng ter grinding,

the wafer cmay again be | ocat TﬁISCEHEFBERS ﬁEN of the edge profile of the
wafer before it is returned 0|tsR L esle ve. Figure 2 is an
overal | vi eWs91#8525g where the inspection apparatus sits PEVGBIHISYNn to
the grinding machine 300 and the robotic wafer handling systemof Figure
1. As before the same reference nuneral3tare used throughout. The
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| anp and projection | ens arrangénent eneral |l y designate rted
at the uppel'=’°(§|‘18-"-81l F%eth%r%ﬁ’@tln%@t%—f% SENGhETR FWAohaeshEien | ek 236
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t he rear of notor _drives & vac
di sc e X and Z axes to achieve transfer f"om the .mspect:.on

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
necessary to move between the notad 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

“’ﬁli’iiﬁ‘fiiifﬁﬂi“m i




238 wh ect ed is planted by the vacuum chuck 208
mm |on of - otates the wafer 238.
By p05| that t NeTHBgSHEERt kAS 8EEN |t he fiel d of view of the

caner a Iens 236 eI ectrl cal signals mmeDderl ved fromthe canera out put
for feedi ngoy4sszs cabl e 242 t d—stgmat—amatysis—appar at us ¥EQIGBNOtE8si ng

data obtained fromthe signals. A second canera 244 may be nounted on the
support plate edge 228, with its opticdF axis tangential to the disc 238
(or at | east rallel to the tan ent thereto), to view the edge of the disc

238 gener a9 ft g?«fﬂ'PF’éWySt%"o" “to obtain information on the profile of
the edge. The disc edge is backlit by |lanp
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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fzg? ?Eg DW'W&.@M%@FI%W 244 are supplied along cable 248. Power
- . I s supplied-as—+egtiteq al ong cables 250 and 252
respecti Sy 254 || BHIS USHAETedASWBEEN i gnal s from the cameras

234 and 244 via cables 242 and {248 argtPtAGED ol s tlhe caneras '

_ ; | anps
232 and 246 Wio7/agd2er N si gnal t+hs—atomyg—22Z and 248 and v‘f"gf}g&%'}f"g?"zsonp
and 252 respectively. The output of canera_244 can be displayed on a

g{)nizégrtZSGt ﬁs requihred. The profile of t Ré edge of the wafer 238 is shown
_ oget her t conmputer IS 2e 51 Ok e h
i deal angle f‘b?e%lmh'éc’si%&éé'n f t?‘ﬁeg‘g?oéﬁggangeBrﬁ%%@meﬁgpge%g{ wene
grindi ng machdi&faranat simagl @nd i TeGF G CHE B VR BT %tfﬁﬁ%é-@ echnt qué’ ¥
descri bed hergidaf tysotSiaggst he robotic wafer handling and inspection

systemof Figures 1 to 3, using signals fromcanera 234 obtained as the

circular workpiece wafer is rotated through its field Vi . '
4 the shaded 22gi oh WOid6r Pésﬁéﬁélg‘etioit"hg"lﬁil"hcﬁjlaﬁt% wlick! &' raci LA

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.

27. 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
n of =he workpiece in the inspection

0

(ie. the axis of rotati

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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PCT/ Ggm,m"" i 525 _ | mge of the
di sc CCD ch g % 34, Wnere the di sc has been
rotated s6 thatwa 402 in ||E‘L§§ g%r% lhe canera field of view
In Figure 5 the shaded area 404 lik ALELr responds to the silhouette

i mage of t{e ossss 238 as seen by the CCD chip, but this tPEHGBYHMS®he notch

out of the field of view of the canera. Since the notch only occupies a
tiny percentage of the circunference of3the disc, for the npjority of the

time the inage presented to the cane be .a
However if tPhaceEPRredatengiit BPIFIL ?aljf % Pf?\’ée'é%cen Sd?gﬁ)ﬁ\g\/&gngﬁ?%g%ﬁe o
disc will wawkpitbesedge 406 of the shaded

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 signal value derermines 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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regi on surface of the CCD chip. The solid Iine 406
correspﬂmmmﬁ’vu ﬁ |on of di sc edge on the CCD chip
in a postticontwneres onet|riHis SHEER HAS BEERL | di sc has been rotated until

it-is displaced to the Ieft ofl t he eREPEA{}Bﬂout whi ch the disc is being
rotated, andweB®4as2g ted outli 408—stoms~TTe position of tRCI/GRINBINYG

after the disc has rotated through 180[err], so that the geometric centre
(and therefore the imge of the disc) ha§°now shlfted to the right. The

shift H sho [ e qu t he e entr|C|t f the
di sc where \tA%e eg% r#ts%:é%ll rél%ﬁg %gtﬁrg d#st bel?%eé'r? %‘%«3 289% oql
geonetry of %€ dRBRENR| “‘F’neﬁl céﬁ?ﬁﬁl’ab@nt b\ﬁmW@I?nt Hel adtits @nids dgaknd nr dthet ed.
I'n practice iﬂi@ge/abﬂésé}ftdﬂ vid |the eoBl lcdiddrd,l aifd UShedd sbrie"RO Hilxdihat

uhen the i SieoddidULSAACUTLN NG L SRONELL el 4 REARD ng
pur poses, or®¥ S Yadied BF ReRrRRm Taring aredgne Hadéngr adi us, rel ative

to the machining axis, to acconmpdate a damaged region of the disc edge

and al | ow regy i ngi 0 Pdm GRCiffad 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
being midway between the last zizel having a value of B on one

side of the transiticn and the first pixel to have the value

A on the other side c=
which the signal value is nearsst the arithmetic mean of the

the transition, being the position at
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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19 " Th and apparatus 1e geonetric centre of the
disc t pm,mlm ery adg th‘ﬂ%ltsé‘lE?T k;'g\lé EE@I\L; t he angul ar positions of
the disc relative to the notdh at REPACEBhe vafious di spl acenents of the
| mage edgewerguis2sand conput i H (and theretore [err]H). PCT/GB@IEOHNI que
Is sinplified if the optical axis of the canera (and therefore the centre
of the CCD chip) is in the sane horizoni@&l plane as the axis about which
the disc is rotated. This ensures that however the disc is m saligned,
shift of tHhENFoEMRIBFDLLN: HRe | TRIRr2dgeN e s 17 bhenFpP \@umayyendnthe

hor i zont aI ngsher. afiditharefoewsize Bifgthe Dixelldowbyerhidh Talneappareatdoes

not "see" LherEBed MW apsy & idGEMROLNES ek st B8n8SE ubkeh i & REnaRRpar ent

shift will ,not be
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 istinguishable 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-rmlred =+ <the encoder, and means for
computing therafrom the X Z cccrdinates (X42.' cZ 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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hori zon it is necessary for the image analysis software
to: makel I“‘au“ "m‘lﬂlﬁe viewed inages to a sine wave and then calcul ate

the eccentr¢city *of sthe wafer| tHid SHEEE HRS afpEnclont @i ni ng the axis of
rotation and the optical axisjof t a ls jot horizontal i!f L Sperely
necessary towbaHassehi s into ae i ng the r esuF¢HG §7H’&%the

di stance H neasured in a horizonal sense will not then be precisely equal
to twice the eccentric shift betvveen the tWo centres. Al t hough the edge
of the disc is curved, the siz ddd ledaneery
smal | rel ati VPUF At ERTRETE °cne so aft% i rhl A '

| SC al t houg trg?e | i r}% 406
has been showxiss aheurerhieh FERe rdl s %?r]é%“ih‘%]ajmr‘?‘iﬁtl"'lngbe ad %l e
in the i mge Qp ¥ BRaGFlAechen e@(hnirgm UNe alebimetiri ct hentiraviith tiaes R

e o nehp K P45 85 bR dFEial 8 4&5@% Nghd heopabeloAnsk A i i t

on the workh accura he accuracy with which the disc
is |ocated athmtmatlilrnmngxﬂ‘tzahoh’fw%l) be dependent at least in part on
the accuracy to which the dinensicn H can be neasured.

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 i=s 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
displaying an snlarged image c= zhe optical image presented to

the cameraz on a CRT.

47. A svsten 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 cthe camera an¢ <cignal processing means for
producing a signal for display z=n a computer mcnitor.

48, further comprising means

49. A svstem as claimed in cl
for making measurements on =z2he d.x.gJ.tal videe signal using
numerical analysis techniques as described herein so as to
obtain measurement of the image croduced cn the CCD camera.

_—
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n be thopglt I near array of |ight
sensjmlwéﬂﬂﬂluuﬂmmutel y pack H@ng éfigéé rows and columms. Figure 6
shows part of Such an array an i 11 uB fnu of the colums and ten of
the rows % 3_5,@3 %n array. The 1 ndi vi dual pi xel s cont r iBREGBYXE157he

resol uti on' ¥ % the row and columm direction and are nade as snall as

possible. Typically a canmera chip havimga dianeter of approximately lcm
wi Il have in excess of 100,000 such Iight sensitive el enents | s as

or
they are cSARDA \SYsaemcey cladiecs IRsChatmuAloniBPreict "EARS E?"g‘f’egl xel s
to exceed 399 QQ n&l grakessinfoindieniamncéyent hef pheckspresemitgtionsodi | | be

i dentifi ed i o ChHRS t
i dentified® y re eréﬁﬁﬁl nétjrrergﬁﬁé)%ﬁﬁ%ln gwfng;%r ?Xy? pi ?{)gle‘:%e%s gﬁdplt)rigl

pi xel desi gﬁ&?@étsyar’eidéf’eﬁéinﬁﬁn’%\‘ Feadynghhe °1“e "3t PN cch enip)

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 esach 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, whsrn ZSitted 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.

-
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t her ef or ,Hmﬁmm"mmﬂm pixel 3:10. If the diameter of the disc is of

t he order (asq1 |§%n E‘PtHA%nBEEW the case of silicon discs
for the sem -~ condlictbr % ndustry) éih ture f the line 412 in Figure

6 will be barely discernable rellati vehE et X of rows _and col umms of

pi xel s. HoWMQAM4852S we consi der the curvature in the regi oFGfCRHESAYGt ch

for example the knuckle 414 in Figure 4, .t e curvature of the silhouette
image in the region of the knuckle 414 nmi'ght well equate to that shown in

Figure 6. 3be MMeRan YR Harer0D Ghich s i datuih eta&e bﬁx%t he!
eciri ca

each exposu er all o xels are

char ged. Thégar%”iyé o"“sj'ﬁf;xgl ’ga?%l?ﬁeﬂse%ﬁ‘éﬂﬁd R a%&é oPS17 g3 i a
brief period28fo¥i¥ and at the end of that period each of the pixels is

i nspected very rapidly and an electrical signal is generated for each of
the pixels, the value of which is determ ned by the anmount of charge needed
to replace any which has dissipated during the exposure interval. The

| ight sensitive elenments are such that during the exposure

-U

_
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21 - 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 begi nning.
The value of the electrical signal during read-out for suc%{ﬁc bRt 7oW | |

t heref ore bWaf7¥Bs28nd ni ght be digitised to a val ue 10. the ot her hand
I f a pixel has been exposed to sone |ight during_the expestre—tqgrval,
some of the charge will have beconme dissipated ahTHISh8HEETaHAR %Nui red to
repl enish the pixel to its original charge will pener RrPLAGERI ect rfi cal
signal the value of which is dependentigpon the tt—of—Ccharge whi ch has
to be supplied to replenish that which s been | ost due to exposure to
light. If nore than a certain quantity of light falls on a pixel

12 204 /

182

_— ) -
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/
during the exposure period, the original charge will be substantially
di ssipated and any |ight |evel above that threshold will not increase the
el ectrical signal for that pixel during read-out. For this reason the
quantity of light falling on the pixel array is controlledpppisenase ri s or
neutral denWQ%748535t er and/ or appropriate |lighting, so that saturation as
it is called does not occur. This neans that the electrical signal value
for each pixel during read-out will be proportionag @o b grﬁgmy of
i ght which has fallen on the pixel duzi ng the exp é r%ifﬁhgg%a . The
exposure interval is very short and th hﬁrmato read_o f Lxel si can be
atiny fraction of the exposure ipterval and typically a chip can be
exposed and read out 50 tines d, although higher rates are possible.
By -using a conventional shutt/#r syncN\onised to the operation of the chip
or nore preferably an el ectrg@nic shut@er inplenented by the electrical
operation of the chip, so nojgenent of 3q object is effectively arrested as

far as each exposure is concgrned. l N
t
194
A
198 400
72Y
1
208
20 =
[ —
] 42
218~ -
M\ _1es
—_ -
il | -
182 12

i

Fig. 2



WD 97/ 48525 PCT/ GB97/ 01570 The
electrical signal obtained during each read-out and generated by the

el ectrical current needed to reinstate each pixel change can thus vary from
O (for a pixel such as 1:1) to a nmaxi mum val ue (say 10) for (alzm?%;ggged
pi zel such W037/4852% n the case of a pixel which is partly Jiaded an partly
unshaded, such as 2:1, the anount of light falling thereon will be | ess
than that of 3:1 and nore than that of 1:1. If 50% of the pixel area is
shaded, then approxi mately 50% of the |ight which woul d have produced a
signal value of 10 on a read-out w | galve been received by the pixel
during the exposure interval, and the élfgitised electrical signal value
typically will be 5 when that pixel is r€ad out. Figure 7 shows a table
of "typical digitised values of the electrical si gna£ during read-out of the
pi xels in the array shown in Figure 6. 447

ol 248

224 238

232

226-\\ 246 250

30

254



The arrangenent of rows and columms in the table of Figure 7 are transposed
rel‘ative to the position of the rows and colums in Figure 6, nerely for
conveni ence. I f during a subsequent exposure interval, the image of the
di sc has noved to the right so that the edge 414 is now in the osigion
shown by theW@87M88 |ine 416 in Figure 6, the values in trfé:'[(%‘&'”gls?
Figure 7 will be different, and m ght be as shown in Figure 8. Since it
is the lateral displacenent of the Iine 414 across the array of pixels
which is of interest, the electrical QQ¥¥ﬂ from each read-out of the array
must be interpreted so as to determn far to the right the edge of the

I'ms has been i ntercepted.
Since at the pixel level, the e i 1y not be a sharp
continuous |ine such as sho Fi g and bedquse of electrical

i nperfections and so-cal |l ey e Z( | ow vaNue signals can be
obt ai ned during read-out ¢ el s which have Neen fully shaded, it
is usually necessary to #




WD 97/ 48525 PCT/ GB97/ 01570 a
so-cal l ed threshold to the S|gnal val ue before a decision is taken as to
whet her or not the imge of the disc edge has invaded a particular colum
of . pixels or not. This can be done by disregardi ng any digitJ lxel

si gnal val ué”%MP o or greater than 5, and equating that iﬁl%gg'g{isﬁ on
which no light has fallen and treating all pixels for which the digitised
output signal is less than 5 as having been fully exposed and therefore
havi ng a val ue of 10. As applied to 5 ure 6, this nmeans that pixel 1:2
woul d be di sregarded, whereas pixel uld be treated as being "the

disc" . Pixels 3, 4, 5 and 6 I n colunn 2 are all wholly shaded and the
signal value for all of thosle |% showl as 0. g4ifgwever in the sinple
t hr eshol di ng S|tuat|on desgri the partial invasion of colum 3 by the
edge of the disc woul account _at _all since none of the
signal values in coﬂu 34’ e, Kow {5. ~

2 //// ‘l

3 LA

b AN

s A/

s 1!

7 /]

8 /)

9 ////f; /

10 VN

J;
A VA ! .
416 412 F'g6

COL/ROW| 11213 |4 ({5}|617]|8]91{10

coLt J|oJoJloJoJo]ololololz.

COL 2 512 [0]J]0|J0|O0O]|1|4/{7]|9

CcoL 3 10198887 }]9(10]10]10

COL 4 |10|10]10|10(10 {10 }10]10 (10 |10
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Usi ng this approach, the maxi mum accuracy in the horizontal direction is
therefore equal to the size of one pixel. Wilst this can be very snall, it
i s neverthel ess not necessarily accurate enough to allow the «centre

the disc to be accurately |located at the machining. % the

t hreshol d w97 Iz@%z Shel p since this nmeans that eventually pF 'F?%@gﬁgas 3:3
wll be treated as disc. A nore accurate assessnent of the position of
the edge 414 can be made since if the actual digitised values are taken

into account . The main problemis thaﬁ/smal | changes in value from10 to
9 or 8, (such as.for pixel 3.3 coul d bheMconfiised as.ar by electrical

. . Si ; t des 11 - al |
gflgflgl S calnn(t;: (A% ,tR PP2; hrfy*f[ ngic A Ch P9y | ow val ue
COL 1 0l0]l0lo]olololololo

coL2 j2(ofofojololo]2]4]s
COL 3 917 15|45 ]|6]8]|9 1010

CoL 4 f0{10j10]10 |10 |10 |10]10 |10 |10

Fig.8
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WD 97/ 48525 \aﬁ A IR Pt;r/ Gng-ois-m whet her or
not therg is an | ng aﬂ ong-:t-he- | i fasOresdowa* t ke col umm_ whi ch

. indicates h%é; value is in line with the change or not. Thus

i f {- ol se signal -producing a s | change in value of pixel 4:2
(s to 8 or 9) was to occur, the preceding pixel can be seen to have a
val ue of &geandagafes(gdéé]e r}gxttl.;g x%o@ W Oy dd 'E‘y ha_,_g aoggggﬁehes .t han

‘that of 4:2 the reg tion.,n Si, formed in plXel "4:2 |sreggrded
O the of REPRERUSEREY. Ao eRilE the\ BEasen SR AistRG, e Brecanacs vol

7 3:3, is fehluesd in.colum 4 by a pixel having a very |ow or zero val ue.
In this event, the signal value in colum 3 at row 3 can be conS|dered to

be a valid S|gnal and can be taken into account.
The profile of the disc can be checked at a number of p01nts

" around the circumference and this can be achieved either by
rotating the disc between a number of statlonary'pOSLtlons 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 region 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 to take a larger number of hlgh speed exposures as the

disc rotates.

The invention will now be desch.bed with refrence to the

accompanylng drawzngs in whlch

Figure 1 is a perspective view of a circular diselloading'and
‘unloading mechanism which is adapted to be mounted to one side

of a grlndlng machine;

Figure 2 is an Opposite perspective view of the loading and
unloading mechanism of Figure 1 which also shows disc

inspection apparatus;

Figure 3 is a perspectlve view from the opposite end of the
disc inspection apparatus shown in Figure 2, to an enlarged

scale;

Figure 4 illustrates the image presented to a CCD camera chip
when a notch in the periphery of a circular disc occupies the

o



It will be see that colum 4 is thifirststaPlumi &t ai fiddg*al | high val ues
and colunpn 1 contains pixels all *hati ng <feré or *v€r’ys1 owwalues and col-um
. 2 has generally low values in the region of the higher value signals in
col um 3. Looki ng row by row, the pregise position of the edge in for
exanple row 4, can be said to be 20% across the wi dth of pixel 3:4 measured

fromthe Ifgklldheafdvedgeodf thBecamseh.; As wll be seen fromthe dotted

line 416, at the and of the next exposure interval, due to the eccentric
movenent of the disc, the edge could now be said to perhaps be 50% across
the w dt hFagugiexdd 3Bllustr&iesechowe thee igfageacdf pithel disdrmidl f sbafthe

geometry gkrbs CBhE. EHOI@I X6 AFfdlfACe Of ot g HOSMLL Ol Olaudeh® cedogpgan
t.herefore be determ ned_reasonably accurately even i n_the presence of

el ect ri caMif@ldEnERERaPS. the WRREEHLE eeBFgRt PEcthei Hetr HWiFhaltheaPHids nust
t her ef or egbgueoRhidRr €Hei AigE0UBSbeiAYl roteded,y ayndta ideeieved bgkehet O '
reject oEa%gggw through small changes for consideration

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

‘Figure 7 is a table showing digitaliGalues in the range 1-10
attributable to different pixels in the 4 columns and 10 rows

of Figure 6;
Figure 8 is a table showing re?ised.?élues of sigﬁal values for
Figure 7; '

.Figﬁre 9 illustrates the image present on the CCD camera chip
of a wafer edge; and ' -

Figure 10 is a diagramatically illumination signal processing

system.



PCT/ GB97/ 01570 WD 97/ 48525 depéndl ng op- vyhet,her;;or not,:t,he smal | change
I s sandwi ched between two | ow val°ues or W dhi gltedfdleares, «31"ed’n bet ween a
_hlgh and “a | ow val ue. Only in the latter event would the

|nterned|ate signal val ue be retained for influencing the decision on the

firnal position to be attr| buted to the g%sc edge. The sane procedure can

be adopt ed Jor |er ad] n I
-excl'usive; ’ﬁ% |1gna oud F i ]11?0%?% & %’g%?e f(lgrotrg\ll?a %\ﬁﬂénb&gﬁpgapagggggsratshe
cont ri but ildikef rmfepr&ebe almmvpmal;éw r B9Q pP¥el209mm \@igmerr or

:\slglalsggléﬁtl%% hladho?{lézgﬁyghéhos?%m §1§fest ?18 Bded 182r edrid | Bekyctagedr ate
| O
framework generally s:.gnat‘?eg 184 eex%e%%. e

to provide a support for a linear slideway, generally des:.gnated
186 along which a carriage housing 188 can slide in the
direction of the arrow 190. A second slide 192 protrudes from
the housing 188 at right angles to the slid'eway 186 and a
sliding member 194 J.S adapted to move therealong in the
dlrectlon of the arrow 196. An arm 198 protrudes from the
member 194 and a drive: attached thereto and shown at 200
‘provides for movement of the arm 19_8 in the direction of the
arrow 202. Electric power for the drive 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 attached to the

ing upwartﬁy therefrom

linear track 186.

At the lower end of the arm 198 is a vacuum chuck 208 and by
suitable manceuvring of the carr:.ages 188 and 200 and the arm
198, so the vacuum chuck 208 can be pos:.tloned in front of a
wafer or disc workpiece 238 which is held upright in a
supporting sleeve 212. An empty supporting sleeve at 214 is
 also shown ready to receive a processed wafer. |

After a machining operation in machine 300 a finished wafer
workpiece 238 can be picked up from the workstation, and to
this end the transfer mechanism of Figure 1 is operated so as .
to pos:Lt:Lon the chuck 208 opposite the wafer 238 on the
- workhead, so as to retrieve the finished wafer 238 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 238,
and after picking this up, it can be. transferred into the .
inspection station and thereafter to the machining environment
of the machine 300 for attachment to the vacuum chuck on the
workhead in place of the previous wafer for grinding. \g&\
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still be made using the digiti secf's.iignal' v'al.u'es ffrizﬁ‘n pi, Xeiis S 4 and 3:5.

A simlar,techni que can be enpl oyed sin c@rnact i CmeWieth skdriat’s obt ai ned
-fromthe second canera 244 shown in Figure 1 which is set to view the edge
of the disc. ‘Ideal |y 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
s an i deajd spd11emeesaAld el EhseedgeptuLhecd Sor | g oblhgutie  The
edge profile of the dis¢ is typical gf eval Bate I n“person by fhe operﬁor

“al though REVFASDnORayFhse pEaskni2le and prad: ithe t Werkpigeess karatetye is
not as shaMerain-icgnrbe Tendited 5 MRS Gifdurid NGB spleteaBad Aafuddade

| ocated a %Oé}.sét%eri lt% di stance fromthe point on the periphery at which )
t he opticaﬁ axis intergacts the disc edge, is to be brought into focus, and
~a considerable part of the edge of the disc (see 239 in Figure 10), will be

in the figlfkdd défrﬁ\gﬂgl% will contribute to the inage on the CCD chip.
Thi s unwanted part . of the disc wll tend to appear | arger :

As an intermediate step before grinding, (preferably 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 to be accurately pOSitioﬁed on a chuck 30 for
grinding. After grinding, the wafer may again be located for
inspection of the edge profile of the wafer before it is
returned to its storage sleeve. | '

Figure 2 is an overall view showing where the inspection
apparatus sits in relation to the grinding machine 300 and the °
robotic wafer handling system of Figure 1. As before the same
reference numerals are used throughout. |

Th_e_ inspection apparatus comprises a stand 218 on which is
located a support framework which comprises a base 220 and an
upright plate 222 (see Figure 3). 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
backlit by the lamp 232. |

As seen in Figure 2, a motor 240 is mounted on the rear 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 208

@&
| @‘3& 1
&



" than and obscure the region of irit'e'Eest V\trl Qh ;,3 de:not ecl..l:y"241 WO
97/ 48525 I odee & PCTLCBOY 016700’ .
26 in JFigure 10. If a Telecentrlc | ens such as supplied by Mel les Griot:

of .Canbridge, Engl and, is used for the nmera lens, it produces an in focus
image to the same size of objects at different distances fromthe lens, and
i f the el ggt bi-mahogignals fromthe camera are subjected to processing
before they are used to generate a.display on a visual display unit an
i mge of the edge profile i's obt ai ned.on the VDU which is sharp and cl ear,
ang uEaffaetadibyz tb€é ptheenascof theodi sstaeéseectrhée hewatsyr 01236f. i nt Byest
and the nggﬂgioning this so that the edge intersects the field of view

of the camera lens 236 electrical s1gnals 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 moﬁﬁted on the support plate edge
228, with its optical axis tangentlal 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
346 and signals from the camera 244 are supplied alorng cable
248. Power for the lamps 232 and 246 is supplied as required
along cables 250 and 252 respectively.

A computer 254 is supplled with signals from the cameras 234
and 244 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 displayed on a monitor 256 as requlred The
profile of the edge of the wafer 238 is shown at 258 together
with a computer generated template 260, 262 showing eg the’
ideal angle for the sides of the profile.

Centering workpiece onto grinding machine work spindle

- This is achieved using'the technique described hereinafter
using the robotic wafer handling and inspection_system of
Figures 1 to 3, using signals from camera 234 obtained as the
circular wqupieee wafer is'rotated through its field of view,

In Figure 4 the shaded regioﬁ 400 corresponds to the silhouette



: H
y- b Y !—l tachi KPMIL canera |:s used V\/OTCJ‘I ha;s ia:'chl.p wh.l't.h will allow a
pixel read out resolutiors. ¢ Figdee 210 §hdwb.ﬂ|ag¢annat|cally t he

. SI gnal SI'HH'HWM mmul;ancement of the recresentation of the edge profile
for dis l-ay The VI €0 S|¥3ﬁ égﬁqﬁ¢ﬂ§§5€/ readi ng the
val B |

Typlc Li

‘pi xel s of the &cD chlp ‘of camera 244. e ca tised and
- stored ig % fbrsh frame store 420. The digit ACRDt he flane store
are proc_é dd processor 420 using a conputer programme stored in nmenory
424, and re- stored in a second frane .store 426. A representation of the
mafer edge aiffisd conputer VDU nmisplay is obtained by addressing the second -
frame stGTe—ZZB via the conputer bus 428 and- video driver 430 for producing
RGB signals for a VDU 432. The profile of the di sc can be checked at a
nunber ofi.poi f swarlopietd t altgnmenteramd e shi ftdirg | aystew dosc MRYIREN a

nunber of staglon E%ﬁ gg%bfgé gngrgﬁpgskg an ;b ggtggntgga@ggg &b 4he

disc to CHESHaRE eaeH posTti on and stor processi ng the
si gnal fsenbad:MaQMMnlsgastQNapp p@gmpnmsxngtﬂerﬁps%ce hol AN MeIRFy t he

camera ”%}be toc%f‘cfrﬁ&e%cé 2 3hd OfQEQdEEe é theo w%:gdpaleceortroesmwlﬂget o

each of Succession of 1nmages as - disc. rqtates cont t#ﬂg each

i mage coﬂﬁ§§§§nérﬁ§ ore (RRSiddQR HrofPed hﬁr%1§ﬂbFF@féWFaP§g?% di sc
measur ed t@a'er ﬁélsifidnadf)lﬂh@ waskpnéeenﬁenamng méanshamd addpted 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 any

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 machine for edge grinding circular workpieces, discs or
wafers of silicon or the like, when fitted with an alignment -
and workpiece shifting system as claimed in claim 1.

3. A method of aligning and shifting a circular wafer for edge
grinding wherein the wafer is placed in the inspection station
so that its geometric centre aligns approximatelyVWith the axis
of rotation of the inspection station, the wafer is rotated
around the 1nspect10n 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 geometrlc centre of the
wafer needs to be shifted to coincide with the centre of
rotation of the 1nspectlon station, and us1ng the robot, the
- wafer is then transferred to a grlndlng chuck and is positioned
thereon by making compensatlons in the X and 2 directions so
—-__inj§L£§§EP10n the (now) known geometric centre of the wafer
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‘accurately relative to the axis of rotation of the grinding

chuck.

: _ ' 7 . .
4. A method as claimed in claim 3, wherein damage exists around

the periphery of a wafer and the*wafer in deliberately placed
"eccentrically on the grinding station chuck so that where
peripheral demage exists the wafer is re-ground about a new
~ centre, so as to remove the unwanted damaged peripheral region.

5. A machine as claimed in claim 2, Wherein. an'_optical
inspection device is located at the inspection station with its
optical axis parallel to the Y axis (ie. the axis of rotatlon_
‘of the workplece in the 1nspect10n station).

6. An optical inspection system for use with a machine as
claimed in claim 5;'comprising a CCD camera the lens of which
forms an optical image of the edge of the disc on the CCD ghip,_
and means for illuminating the edge region of the disc viewed
by the camera so that the edge region viewed by the cameras is
backlit, and is therefore viewed by the camera in silhouette.

7. A system as claimed in claim 6, wherein the CCD array
contains a large number of addressable pixels in a rectangular

array.

8. A system as claimed in claim 6 or 7, 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 accbrding'
_to whether a pixzel is shaded by the image of the disc edge or

not .

9. A system as clalmed in any one of claims 6 to 8, whereln
for a fixed number of plxels, the degree of dlgltlsatlon of
each pixel 51gnal value determlnes the accuracy of the

“Iili’iiﬂ‘li‘iilﬁiﬂ“i‘llill R
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28 CLAIMS 1. A workpi ece ali gr;n-emt and,'sbvfj;l-ng-sys; émtof novi ng _
Y rcqmu!Hmy'm’mmﬁgs froma fir8t inRSpecti oM.St'ad"i onetdee® second .
. machi ri sing workpiece holding means for_attaeqment 'to the
face of a di'sc"wotkpiece to move the Latter f r PYy@NeHERTSHAS BEENG anot her,
robotic means controlling the p05|t|o?\ of the vvorkg# Cﬂ_:]pl di ngl means and
-adapt ed Io m)velllf] sﬁ}esleaSt t wo orthogonal dir rrlnne petth—of~Whi ch are
paral | el 1IR%PITe efm ‘the disc when it occupies the first stati on, means
for rotatlng the disc in the inspection station and in the nmachining
station, 4 NSPECLYSPediaDSc] indlf! £ Ny NBnke P elialindn 60fed! e fpeeiel | C

centre the disc as 1t 1s rotated 2 irst statian .

conput i rRPIRIEEFINY Rans| kN SR 1 29 oﬂ?ﬁ&t r&E‘Pl & SPISFIHET nglﬁg&sl on

: rr]?atnﬁ tf%t%m:vslméd By QQMbheﬂtaiﬁ@oéélfbDéth@gmm@arle ricte o iependentement
o} e robo ans, move ,t e

second ¥ rf%fis S |°c§’he %’F@éﬂe &Sof 5’% %ﬁ es ‘ar e‘&ﬁ{H&e o I??’osd r’%geﬁ"eans

bei ng adaptdetexminspitan tthat rmmpanmnneaﬁeshﬁ@gesm tthlehé’aéi@c

wor kpi e%ﬁg &ﬁn@aeflh%ege&lagn%t @EFHQlafi?Bﬂ ShE f?ém@t@@rthé’rné’}iﬂ ithe@@pyof

"three or , SO_as osition t wth i eorretrl centre
coi nci de¥R pHadnae @ §iPBasdf lP@%ﬁPFbﬁeo?ftﬂBYcﬁm:ﬁ |+Pt1hl?ee & & on, or

Wi : htthet1§e?|ﬁn£j@?ﬁ khe 68gkrBrohghtcabbtt By Sibeement rofn i eadges odf
rotation o c{z.sec %.nu%lr(xeb¥1elgesf r\%qevl:( 3 e gc': Setéagecr?tﬁqg mountlng of the

disc for rotation.

11. A system as claimed in claim 10, 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.

~12. A system as claimed in claim 11, wherein the pixel s:.gnals
are dlgltlsed on a scale from n=2A (correspond:.ng to a fully
shaded (black) spot) to n=B (where_ B corresponds to no
shading), digital analysis is applied to more accurately .
determine where the edge of the disc image lies in relation to -
the pixels, whereby if this happens to bisect a pixel the
particular value of n, attributable to a bisected pixel on the
scale A»B, will indicate the percentage of the pixel which is
covered- by the disc image (and therefore shaded) and the
percentage which is unshaded.

13.- A system as claimed in claim 12, wherein the pixel
resolution is such that an "edge" can be "seen" in the values
of a number of adjoi-ning pixels, means is provided whereby
signals corrésponding to pixels are interrogated in groups
simultaneously, pﬁlse selection means identifies single "rogue™"
values (attributable inter alia to noise etc.) and these are
removed from the signal and means is provided for determining
— S
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: |nspeet|"on 'station to a second machi ni ng station, c
.-lhgltfll ngf means for attachnent to the fade of a disc mrkﬁ@b&‘%
er fromone position to another, robotic neans control]ing the
of the wen&pteee édyeliawy besagsvwhateadaBRIATLSYnBFetPR aH] ?’e’h’s’?g dpsttion -

orthogongkgﬂgieggl 8s. i h@idaed Whigh wee parallel to the plane of the disc

when it pres t eflrst station, neans f i : .
or. rotating th
i nspection station and in the g ed'sc'”the

nmachi ni ngg . stgtgﬁtemla{gpﬁm tmanny boe ofetdmiins Agtot kb ﬂH&qIﬁ’d’n of

P e CHILL &bl SGrg%nd b SchleeBekhabicehé domditian.  and

centre of the disc and J.ts axis of rotation in the inspection
station, will appear as a shift of the image of the disc on the

CCD.

: angmw . A macm-ﬁé for édge g#l r!dbng. &J Eg«[ar wor kpi eces,

15. A system as claimed in claim 14, further comprising means
for storing the value of the shift at .a plurality of angularly
spaced positions determined by the encoder, and means for
computing therefrom the X 2 coorch.nates (X1Z ) of the geometrJ.c '

centre of the disc.

16. A system as claimed in any of claims 6 to 15, wherein a
second camera is pos:.t:.oned so as to view the edge of the disc
tangentially, with the optlcal 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 inspected to an enlarged scale by
dJ.splayJ.ng an enlarged image of the optical image presented to

the camera on a CRT.

17. A system as claimed in claim 16, wherein the second camera
dlsplays a Telecentr:.c lens th.ch produces an in focus ‘image
to the same size of objects over a range of dJ.stances from the

lens.

18. A system as claimed in claim 17, comprising in combination
a telecentr:.c lens, a CCD ‘camera means for dlgltlSlng the video
_s:.gnal from the camera and signal processing means for
_produc:.ng a signal for display on a computer monitor.

19. A machine for edge grinding circular discs (wafers) of a
material such as silicon, when fitted with or adapted to
operate in conjunction with an inspection system as claimed in

any of claims 6 to 18 :
\ . .
- . . %es
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‘needed to shift the disc workpiece frdfthe first statl

data,gelivered by the Tnspecti oni%thns foﬁé“:\i/o h& qm-l'ed al ong the
orth ﬁ ”IMF of m)vemenf o} the:.uo ot'i Lb’Habve the

m,]q) ﬂhe disc to a second desired posit qgﬁ,\/\/gggg i SrBEE'N

] t he

are’ knovvn thd cénputi ng neans bei ng adapted to conput ¢ | tion

~other, or all three, of three orthogonal a 0 g di sc
i eom ikl ReRCBronad

with its2@eonBafeEs cefitrateniaki &t ation of the chuck
in the S?fﬂi‘é'héaaﬁsmg Ometiidd olre as aiatviooeas elained dibRNhON & |
di spl aced fron1# %% ﬁ{ rotation of the chuck by a desired known. 3. A
met hod of %}?ﬁn %tlng a circular workpiece for edge grinding
wherein the mafer is placed in the inspection station so that its geonetric
centre aligns approximately with the axis of rotatjon of the inspection
station, the wafer is rotated around the inspection station axis and two

di nensi ons X1 and Z1 are conputed, these being the distances, neasured
parallel to the X and Z axes, through-which the geonetric centre of the
wafer. needs to be shifted to coincide with the centre of rotation of the

i nspection station, and using the robot, the wafer is then transferred to
a grinding chuck and is positioned thereon by making conpensations in the
X and Z directions so as to position the (now) known geonetric centre of

the wafer accurately relative to the axis of rotation of the grinding

chuck, wherein the wafer is noved so that the-

\\l|\|ih‘iﬁ\'ﬂ°\\°i‘\|ﬁ““ B
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geometric centre thereof is shifgw@ito. & desi’redl ppoi tigpijelative to the

Sxis of rotation of the grindingdchiick, jahet gb’y:)g' and Z aYlustnents are

i ncorporated in the transfer fromthe first i nspection station to the

“ second ‘grinding station chuck to allowa "best fit" conpronmi se between

céntering the wafer on-the grinding chuck and unnecessarily renoving
materi al therefrom and wherein exact distances neasured parallel to the X
and Z axes between the inspection stdz'on axis of rotation and the grinding’
station chuck axis of rotation, are.c Ebuted -

30 first by determining the X and Z co-ordinates of both the inspection
station axis and the grinding chuck axis to gefmgSt approximtion and
stored, thereafter picking up a circular 3/?r by\ he hol di ng neans,

placing it on the inspection chuck and rotgti it\so as to determ ne the

‘geonetric centre thereof, then transferrirg 1 wafler back to the hol ding

nmeans and adjusting the wafer along the X{pnd ¥ dirlect20@ so as to
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ﬂent re the wafer relative to thet |'n:spect Iy &n °st.ax [ b:r‘aXI's.Sd‘I hat its

% geonetri¢ centre is now correctlgl ali gnaﬁ.vxlth taat’aXi s «et’awbt ati on of the
A i nspection station. and the X and Z co- ordinates at that aligned position,
- thereafter instructing the robot to nove the wafer fromthat position to

the grinding station chuck so as to position the centre of the wafer on the

- axis. of rotation of the grinding chué}é6by maki ng the two previously

conputed shifts parallel to the X an axes to achieve transfer fromthe

i nspection station axis to t nding chuck axis, thereafter rotating the
waf er through 180[err] by t gr 'R ng chuck, transferring the wafer from
the grindi ng chuck back toffthe hol &\ng neans, and thereafter to the
i-nspection station by retffaci ng t hgl novenents previously executed to .

achi eve the first transferffback to ~noted, co- ordinates, the wafer can
be transferred once nore fiffomthe K g ans back to the inspection
stati on chuck. 4. A netfjod as cIQi i n&laim3, wherein damage exists
around the periphery of a and thejwaffer in deliberately placed
eccentrically on the gringding statijopn cjuclg so that where peripheral denage
exists the wafer is re- d about ngw centre, s to renove the
unwant ed damaged peri phgridl )y egi on. b. ¥he as clained in claim 2,
wherein an optical inspicii/Zn devidelip at the inspection station
withits '
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opti cal aX|s |baraIIeI tothe Y axis (ie. t
wor Kpi ec I on station). 6.
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A system as clairred in clal ‘Q»S}? ra
contains a Iarge nunber of addressabl e pix rﬁ&ﬂi eet-et *fjg ;\%m ¢
1. A workplece alignment and sh:.ft:.ng system for mov:.ng

c1rcular disc workp:.eces from. a f:.rst 1nspect:.on stat:.on to a
second mach:.n:.ng stat:.on, cornpr:.sing ‘workpiece hold:.ng means
for attachment to the face of ‘a disc workp:.ece to move the

1atter from one pos:r.tn.on to another, robotic means controlln.ng'

the position of the workpiece holding means ‘and adapted to move
in at’ least two otthog'onal directions, both of which are

'parallel to the plane of the.disc when it occupies the first

statlon, means for- rotat:.ng the d:.sc in the inspection station

and 1n the. mach:.m.ng statlon,' :Lnspecta.on weans for determining’

the pos:.t:s.on of the geometr;c ‘centre of the disc as it is
rotated in the first stat:Lon, ‘arid computing means for

calculating -fxom data dellvered by the J.nsnect:.on means the two

shifts requlred along the ort:hogonal directions of movement of
the robotic means,. to move the geometric centre of the disc to

a second des:.red pos:.t:.on whose coordinates are known, the

(X3

comput:mg means being adapted to compute the translation needed
to. shift the disc workp:.ece £rom the first statlon along one,
or other; or all three, of three ‘orthogonal axes, so as to
position the disc with its geometr:.c centre con.ncn.dent with the
axis of rotation of the chuck in the second station, or with
the said geometric centre of the disc dlsplaced from the axis
of rotation of the ‘chuck by a des:.red known distance and

angular orientation.

2. A machine for edge grinding ‘circular workpieces, discs
(wafers) of silicon or the like, .when f:.tted with a .workpiece
allgnment and shifting system for mov:Lng such workpieces from
a first inspection station to a'.second machining station,
comprising workpiece holding wmeans for attachment to the face
of a disc workpiece to move “the latt:er from one position to
another, robotic weans 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

This is the replacement sheet
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8. A s stema in claim6 or 7, further conprising electric circuit
rreans i'i“m al s obtained by scanning the CCD array, adapted to
conver each addressed pixel in the CCD array into a

di gi tal” vaI ue accord| ng to whether a pixel is shaded by the i mage of the

di sc edge or not. 9. A systemas cR&inmed in any one of clains 6 to 8,
wherein for a fixed nunmber of pixels, the degree of digitisation of each

pixel sighah; Mg Q@E@E%neslﬁ%ﬁe&?féﬁa(‘tﬂeéﬁsthfor'%é’@é‘frh%ﬁg tene 10-

A systemas C In an al s o’%eQ further conprising nean
f or storP‘hﬁlEh@ﬁ Pfaﬁﬁel ﬁegﬂ%EEé%l%?Pt’ﬁ%aﬁ% RE RR Yy %l’ﬁ‘h"??e@s

]ICOOSSIhbl €% Ot k@ PEFSL pstz@&:.&e,pwmebmpugﬂﬁgméﬁnm foe éamlaﬂm@efﬁ@a(t
urther geans.is.,provi c ein
the val Ue*5F ‘?‘Fli g §3ﬁi%’gpée}ﬁden Sk gna r%ngogéefg%&%fE?ﬁapg%&{@ggher eby
to produakongsitieal orrhibaonal edireanionsni P impveReosPi dheofrebetiemge of

the edge, éRQQhanl?Me ke riQi‘ ddreelasE ot heh@idics&d ma tégcdhgl d of
vi ew due eccentri.c .nountin f di,sc for rptation.
es;red ‘position whos% "COOT: 1nates are %n own, the comput:mg

means being adapted to compute’ the translatlon needed to shift
~ the disc workp:.ece from the first station ‘along one, or other,
.or all three, of three or_thogona__l axes, so as’to -position the
'dis.c with its- geometric centre coincident ‘with. the axis of
rotation of the chuck in the second station, or with the said
geometr::.c centre of the disc dlsplaced from the axis of
rotation of the chuck by a desired known.

3. A method of aligning and shifting a circular workpiece for
" edge grinding 'whereiz_'i the wafér is placed in the inspection

station so that its. géometric centreé aligns approximately with

the axis -of rotat:.on of the 1nspect:.on stat:l.on, the wafer is
- rotated around the a.nspectlon station axis and two dlmens:.ons
X1 and. 21 are computed ‘these be:.ng the distances, measured
parallel to. the X and Z axes,. through which the .geometric
centre’ of the wafer néeds to be shifted to coincide with the
centre of <rotation of .the a.nSpectlon station, and. using the
robot,. the wafer is then tra_nsf_er:_ced to a grinding chuck and
is positioned thereon by making compensations in the X and Z
directions so -as to p‘osit’i‘on the (now) known geometric centre
of the wafer accurately relative .to the axis of rotation of the
grinding chuck, wherein the wafer is moved so that the
geometric centxe therecf is’ shifted to a desired position
relative to the axis of rotation of the gr;Lnd:.ng chuck, whereby
X and Z adjustinents are incorporated in the- transfer from the
first inspection station to the -seC'ond-grind.ing station chuck
to allow a "best '.fit"'- compromige between centering the wafex

on the erndlng chuck and unnecessarily removing material
therefrom, and wherein exact d:.st:ances measured parallel to the
X and Z- axes between the :Lnspectlon station axis of rotat:.on
and the gr:l.nd:Lng station chuck axis of rotat:.on, are computed
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11. _A-systemas clainmed in claim10, wherein the edge of the disc appears
as a tr n light and dark in the i mge presented to the CCD
came mt‘@ mnm‘et he pi xel dependent signal varies fromone extrene
vaIu | hes extrene val ue, as_between shading and no shadi ng.

12 A systemas clainmed in clai 91011 wherein the pixel signals are
d| gitised on a scale fromn=A (correspondl ng to a fully shaded (bl ack)

spot) t%f&r&(wer&e&ﬁﬁﬁ POEHS wmsﬁa@dl@)rdﬂia@efsa'oﬁnbbﬁhl THS

applied to nore accurat el eIe %where dgu t edlsc mage lies

in rel at}RFPEOCIAR BFIELQT &5‘9{] e gran éﬁﬁeﬁ ?’g LRk £ pﬁ t he

parti culappxrcakimabion aatdt rs&mtadal etheraaﬁtsncpedﬂq;melumnat helsoalaxr A- >B,

will %gﬁ%g BPSEIRE PN Rbehg 0l CBnl & MRS OYoA Nametie

I mage (an erefore ci&%e B erc ntage which i s uns

rotating it. s0 as to etermine. the geometr:.c centre

thereof then transferr:.ng the wafer back to the holding means
and adjustlng the wafer along the X and Z directions so as to
centre the wafer ;relat:LVe to the 1nspect3.on station axis so
that its geometr:.c centre is now correctly aln.gned 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 pOSltlon the centxe of the wafer on the
ax:.s of Trotation of the grlndn.ng chuck, by maklng the two
previously computed shifts parallel to the X and Z axes to
achieve transfex 'frem the inspec'tion station axis to the
gr:md:.ng chuck ax:.s, thereafter rotat:.ng the wafér through 180°
by the gr;nd:.ng chuck, transferring the wafer from the grlnd:.ng
chuck back to the- hold:mg means, and thereafter te the
lnspect:.on station by retrac:Lng the movements previously
executed to achleve the first transfer back to the noted.co-
ordlnates, the ‘wafer can -be’ transferred ohce more from the
holdz.ng means back’ to the :Lnspec.t:.on station chuck.

4. A method as claimed in claim 3, wherein damage exists around
the periphery of a wafer and the wafer in deliberately placed
eccentrically on the grinding station chuck so that where
peripheral demage exists the wafer is re—-ground about a new

(X3

centre, so as to remove the unwanted damaged peripheral region.

5. A machine as claimed in c¢laim 2, wherein an optical
inspection device is 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).

6. An optical inspection system for use with a machine as
claimed in claim 5, comprising a CCD camera the lens of which
forms an optical image of the edge of the disc on the CCD chip,
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-
A s st e d in claim 12, wherein the pixel resolution is such
that “@“ﬂvﬁ seen” in the values of a nunber of adjoining pixels, -
rreans e¥ eby signals corresponding to pixels are i nterrogat ed
in groups S|nultaneously, pul se selection neans identifies single "rogue"

val ues (attributable inter alia to ndilse etc.) and these are renpved from
the signal and neans is provided for determning the true edge as being

where a OREORbLYsOkoLNe) thPhBL BEgPRE! eﬂé&‘ai'e?%ﬁe§f"E'Hécai§ci*hét9e§e
14. A systemas clainmed in any oné of claifps 6 wherein as the, disc

i s rotat BH, thAyCATSER| IAfBRT ThawasFe ? HeegiBRelVirWede Ry EhEt CRRET RS siSand

i ts axispakxl@tdt @l i8 therefspecviewesl &y Ofhe WhheAppEArsibheusttét of
the i mage of the disc on the CCD. 15. A systemas clained in claim14,
further conprising neans for storing the value of the shift at a plurality
of angul atly spagetieposist icdesinet eini neldaiy 6he whenein, thed C@Pansrfay

conputi ng.thec 661 gm { he. X fusaosl Wl &6 2L81E] Fagenb) 161 at PecOEagEL L e

centre o
array.

8. A system as claimed in claim 6 or 7, 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 by the image of the disc edge or

not.

9. A system as claimed in any one of claims 6 to 8, wherein
for a fixed number of pixels, the degree of digitisation of
each pixel signal value determines the accuracy of the

inspection systemn.

10. A system as claimed in any one of claims 6 to 9 further
comprising means for storing each frame in succession, means
is provided by which it is possible to compare pixel dependent
signals from one frame to the next, further means is provided

to determine from that comparison any change in the value of

IR

the pixel dependent signal from one frame to the next, thereby
to produce a signal 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.

11. A system as claimed in claim 10, 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.
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16. A systemas ctaimed in any of clains 6 to 15, wherein a second canera

y
IS pOSjihi view the edge of the disc tangentially, with the -
optica”lmm lﬂmmlgmﬂa in or parallel to the plane of the disc, to
e In *

permt ¢ Pro €s0 he 33 edge of
the disc to be inspected to an enlar@@d scale by displaying an enl arged
I mge of the optical imge presented to the canera on a CRT. 17. A system

"ane whi Th prbAIaEEL RS FLEHRCE higeerh The Casbosr Dol Eigiels ' 2

range ofasiéstidngiesistdoont ke dagie frams. niAsyccenrespendingdtonacEaldyl7,

conpri Sisr'lgaciigdcomg'ﬁ{)i OI%pot) to n=B (where B corresponds to no
shading), digital analysis is applied to more accurately
determine where the edge of the . disc image lies in relation to
the pixels, whereby if this happens to bisect a pixel the
particular value of n, attributable to a bisected pixel on the
scale A»B, will indicate the percentage of the pixel which is
covered by the disc image (and therefore shaded) and the

percentage which is unshaded.

13. A system as claimed in claim 12, wherein the pixel
resolution is such that an "edge" can be "seen" in the values
of a number of adjoining pixels, means is provided whereby
signals corresponding to pixels are interrogated in groups
simultaneously, pulse selection 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 it to be.

14. A system as claimed in any one of claims 6 to 13, wherein
as the disc is rotated, any misalignment between the geometric
centre of the disc and its axis of rotation in the inspéction

. Station, will appear as a shift of the image of the disc on the
CCD.

15. A system as claimed in claim 14, further comprising means
for storing the value of the shift at a plurality of angularly
spaced positions determined by the encoder, and means for
- computing therefrom the X Z coordinates (X,Z,) of the geometric
centre of the disc.

16. A system as claimed in any of claims 6 to 15, wherein a
second camera is positioned so 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
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a tel ece camera neans for digitising the video signal

from t hen‘m mmi“'mﬁmn proceSS| ng neans for producing a signal for
di spl ay oR ac cowrput ers nonitor . A machine for edge grinding circular
di scs (wafers) of a materi al such as silicon, when fitted with or adapted

to operate in conjunction with an i nggction systemas clained in any of
clains 6 to 18. 20. Wafers of material such as silicon when edge ground

ande' n'é@&é ¥ Nghé BBEROEPIpa Madpastad Gtal ald dilaryedngcaliecimy ms 2
to or dlsplaylng an enlarged image of the optical image presented to

the camera on a CRT.

17. A system as claimed in claim 16, 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.

18. A system as claimed in claim 17, compfising in combination
a telecentric lens, a CCD camera means for digitising the video
signal from. the camera and signal processing means for
producing a signal for display on a computer monitor.

19. A machine for edge grinding circular discs (wafers) of a
material such as silicon, when fitted with or adapted to
operate in conjunction with an inspection system as claimed in
any of claims 6 to 18.

20. Wafers of material such as silicon when edge ground and
finished using a method or a machine as claimed in any one of

claims 2 to 5 or 19.

[X3
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(57) Abstract

A workpiece aligoment and shifting system for moving circular workpieces 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 controls the position of the workpiece holding means and is adapted to move in at Jeast two orthogonal directions, both
of which are parallel to the plane of the disc when it occupies the first station. The disc is rotated in the inspection station and in the
machining station and inspection means determines the position of the geometric cenire of the disc as it is rotated. Computing means
calculates from data delivered by the inspection means the two shifts required along the orthogonal directions of movement of the rcbotic

means, to move the geometric centre of the disc to a second desired position whose coordinates are known. The computing means includes
memory means for storing the said coordinates. The coordinates are those of the centre of rotation of the workpiece holder or chuck in the
said second station. The workpiece holding means is vacuum operated. A three axis robot is employed to pick and place disc-like wafers
of semi-conductor material for edge grinding, and movement along two of the robot axes, X and Z, is used to control the centering of the

wafer on a vacuum chuck in the second grinding station.




