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Workpiece inspection and handling 

Field of Invention 

This invention concerns apparatus and methods for inspecting 
circular workpieces such as disc-like wafers of semi conductor 
material, prior to and after 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 

OS 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 are now aligned with the transfer 
axis. By so aligning the disc, any error in placement at the 
first station (which typically can be of the order of a few 
millimetres) as between the geometric centre and the actual 
axis of rotation in the first station, is converted into an 
adjustment in the linear shift along the path from the one 
station to the other. This enables the disc to be centred 
accurately at the second station so that the geometric centre 
of the disc is aligned with the axis of rotation of the vacuum 
chuck in the second station, thereby enabling accurate grinding 
of the edge of the disc by a grinding wheel. 
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There are many situations in which this type of placement is 

insufficient, since it does not allow discs to be positioned 

at the second station so as to accommodate all desired forms 

of rotation and grinding. Thus :'.or example it may be desirable 

actually to :nount the disc ec;:entrically relative so as to 

accommodate a damaged region cf the periphery of the disc. By 

locating the disc so -chat a damaged region is at a greater 

radius from the geomet~ic ce!'ltre th.an is the undamaged 

remainder of the periphery and rotating the disc about the 

eccentric axis, a new disc is !crined, albeit slightly smaller 
than the original disc, but i~ which the damaged reqion is 

ground away in the process. The eccentric axis about which the 

disc is rotated in the second si:a-:icn eventually, on compl-etion 

of the grinding becomes the gecmetric centre of ~he new disc, 

formed by the grinding process. 

Where an alignment met~od is employed such as disclosed in us 
Patent 4638601 1 there are only 2 chances in 360 ~hat a damaged 

peripheral region will lie at one end or the other of the 

diameter of the original disc which has to be alic;ned with the 

transfer path in the prior ar~ illethod. 

It is an object of the inve~~ion to provide a workpiece 

alignment and shifting system which enables a disc to be 

mounted in the second statior. tor rotation abou~ any chosen 

axis. 

It is to be understood t~a~, ~~e invention is not limited to 

sit:uations i:i which -.;ha edge c::: "Cha disc is damaged, but can 

of course be employed in all situations, provided (as 

intended), it is possible ~o ~o~~t the disc for rotation about 

any axis (including tha gecme~=~~ centre of the disc). 

Summarv of the Inventicn 

In accor..i.ance with or.e aspe-::-: '='::: the invention a workpiece 

alignmen~ and shifti~g syst:s~ ---- _,_ moving c~rcular workpieces 
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from a first inspection station to a second machining station, 

comprises workpiece holding means for attachment to the face 

of a disc workpiece to move the latter from one position to 

another, robotic means controlling the position of the 

workpiece holding means and adapted to move in at least two 

orthogonal directions, both of which are parallel to the plane 

of the disc when it occupias 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 centra 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 movemen-; of the robotic 

means, to move the geome~r~c centre of the disc to a second 

desired position whose co-or:inates are known. 

Preferably <;he computing means includes memory means for 

storing the said co-ordinat:.as. 

Preferably the means for rotating the disc workpiece in each 

of the first and second stat:..ions comprises a vacuum chuck and 

motor means associated therewi~h. 

Preferably the workpiece holding means is vacuum operated. 

Typically 1:he cc-ord.inat:es ara t:hose o:f the centre of rotation 

of the workpiece holder or c~uck in the said second station. 

Preferably the comput:.ing means is adapted to compute the 

translation needed to shift ~~e disc workpiece from the first 

station along one, or other, er all three, of three orthogonal 

axes, so as to posit:.ion the disc with its geometric centre 

coincident with the axis of ?:'j-=a~i:m of the chuck in t:.he second 

station, or with the said ;eometric centre of the disc 

displaced from t:.he azis of r~-=a~ion of the chuck by a desired 

known distance and angular ~r~snt:.ation. 
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By displacing the geometric centre of the disc relative to the 

axis of rotation of the second chuck, so a particular 

eccentricity, equal to the said displacer.ten-:. and initial 

orientation ~ill be introduced into the rotaticn of the disc, 

thereby enabling it to be ground so as to shi=~ the geometric 

centre to a new posi~ion determined by the sa~d displacement. 

In a preferred embodiment of the invention a t~ree axis robot 

is employed to pick and place disc-like wafers of semi­

conductor material for edge grinding. Moveoen~ along two of 

the robot axes, X and Z is used to control the centering of the 

wafer on a ,,acuum chuck in the second grindinc; station. 

In one me~~od according to the invention the ~af er is placed 

in the inspection station so that its geomet=~= centre aligns 

approximately with the axis of rotation ci -:he inspection 

station; the wafer is =otated around the inspection station 

axis and two dimensions Xl and Zl are computed, ~~ese being the 

distances, measured parallel to -che X and Z axes, through which 

the geometric centre of the wafer needs to be shifted to 

coincide with the centre of rotation o:: :he inspection 

station, and using tt.e robct, the wafer is then transferred to 

a grinding chuck and is positioned thereon by making 

compensa'Cions in the X and z directions so as to position the 

(now) known geometric centre of the wafer accu~ately relative 

to the axis of rotation of ~he grinding chuck. 

This method does no'C require the wafer to be rotated so that 

the line joining the axis of ~otatior. of the inspection station 

to the geometric centre o~ the wafer is paral!al to the robot 

X axis, in order to make the compensation, as is required in 

the methcd described in US ?a~ent 4638601. 

Since it is now possible ~c s~i=~ the wafer so as to move the 

geometric centre thereon ~o any desired posi~ion relative to 

the axis of ::-otati::m of the grinding chuck, the X and Z 

adjustments incorporated ir. l:.he transfer !=om the first 
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inspection station to the second grinding station chuck, allows 

a "best fit" compromise between centering the wafer on the 

grinding chuck and unnecessarily removing material from the 

notch. Furthermore where damage is identified around the 

periphery of the wafer, the method allows the deliberate 

eccentric placement of the wafer on the grinding station chuck 

so that where peripheral damage has occurred as during slicing, 

the wafer can be re-ground about a new centre, so as to remove 

the unwanted damaged peripheral region. No such facility 

exists in general with a single axis shifting system as 

describe= in the aforementioned US Patent. 

It is of course possible to rotate the disc ':o any desired 

orientation by rotating the vacuum chuck i.?l -:.he inspection 

station and transferring the disc at that orientation to the 

workhead. 

According to another aspect of the inven~ion, the exact 

distances measured parallel to ~he X and z axes between the 

inspection station axis of rotation and the g~inding station 

chuck axis of rotation, can be computed in accordance with a 

further method which arises f rcm 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: approximat:ion and s~ored, thereaf.:er 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 adjust:ments are made 

in the X and z directions so as to centre the wafer relative 

to the i~spection station axis so that the geometric centre is 

now correctly aligned with ~he axis of rotation of i:he 

inspection station and i:he X and Z co-ordinates a~ that aligned 

position ~oted, the rcbot is then instructed to move the wafer 

from thac pos!-:ion tc the gr!..:iding station chuck so as to 
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position the centre of the wafer on the axis of rotation of the 

grinding chuck by making the two previously computed shifts 

parallel to the X and Z axes to achieve transfer from the 

inspection station axis to the grinding chuck axis, whereafter 

the wafer is then rotated through 180° by the grinding chuck, 

transferred from the grinding chuck back to t~e holding means 

and returned to the inspection station by retracing the 

movements pre•riously executed ~o achieve the !irst transfer, 

back to the noted co-ordinates, so that the wafer can be 

transferred once more from the holding means back to the 

inspection station chuck, and lastly the wafe= is rotated in 

the inspection station anc rechecked (in manner known per se) 

for any eccen~=icity (ie. displacement of i~s geometric centre 

relative to ~he axis of rotation in the inspec~ion station). 

Any eccen"t:ri=ity no-r.ed can be converted in-cc displacements 

along the X and Z axis and these values can be added to (or 

subtracted f=om as the case may be), the previously computed 

X and Z s~ifts computed as necessary to move between the noted 

co-ordinates position of the i~spection station axis and the 

grindinq chuck axis, to thereby determine the exact distances 

(measured parallel to the X and Z axes) through which the robot 

must move so as to accurately relocate a wafer from the one 

station :o the other. 

This method may be employed bo~h during ini~ial set~ing 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 posi-:ioning of the inspection station and the grinding 

station. 

The method may further comprise a learning step in which the 

robot is adjusted under manual control from a first position 

in which the holding means !. s aligned with the inspection 

station, to a second pos{ticn .:..n which the holdings means is 

aligned with the grinding chu::k, and during this mode, the 

movements of the robot along a~ leas~ its X and Z axes as well 
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as its Y axis, are noted and stored in a memor-1 associated with 

a computer control ling the robot, and subsequent automatic 

operation thereof is effected by instructing the computer to 

follow a path determined by the co-ordinates s~ored in the said 

memory so as to replicate the movements pre•liously effected 

under manual control. 

The manually inputed start and finish positions can be 

corrected using the method described above, and the true 

positions of the inspection station axis of rotation and the 

grinding chuck axis of rotation can be substituted for the 

approximate positions obtained under manual control. 

By "manual central" is meant manually moving t!le robot through 

a prescri:Oed path wi -th the relevant robot drives disabled 

except in sc far as encoders associated therewith are still 

operable to indicate ~he movement of the robot. 

"Manual cont::ol" is also intended to include within its ambit 

the possibili~y of taking over the control of the robot by a 

manually cont:rolled device sue~ as a keyboard or joystick or 

other control, and wi~h the d=~ves to the robot operational, 

adjusting the position of the =obot using ics drives first of 

all so as to align the holdinq means with a vacuum chuck in the 

inspection stacion, and t:herea!~er aligninq the holding means 

with a vacuum chuck in the grinding station. In each case the 

encoded signals from ehe various drives are used in known 

manner to define the co-ord!.r-aee positions of the robot at 

different times and :~ record ~he shifts parallel to the X, Y 

and Z roboc axes. 

In order to facilita-ce manual. control, switch means may be 

provided, under the control c:: t:he operator, to enable the 

latter t~ identify to the ccrnp~~er when the workpiece holding 

means is approximately aligned .,,i-:~ each of the two end points, 

ie. the inspec-=ion ch.1.!=k axis a::.:: -::he grinding chuck axis. The 

same swi~=h means may be emplcyed to record the co-ordinates 
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of different way-points throughout the movement of the robot. 

The inspection station may also include means !or determining 

the thickness of the workpiece (wafer), and this additional 

information can be used to make precise adjustments to the 

axial movement of a machining ~ool such as a qrooved grinding 

wheel for engaging an edge of the workpiece at -che workstation. 

The optical inspection device is preferably located at the 

inspection station with its optical axis parallel to the Y axis 

(ie. the axis cf rotation of the workpiece in the inspection 

station), and prefarably wit!!. the two axes in the same 

horizontal plane. 

Where workpiece diame't.ar can vary, Vernier means is preferably 

provided for adjusting the position of the optical inspection 

device so as -=o accommodate any substantial differences in 

diameter ~etween 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 ~he edge region 

of the disc viewed by the camera may be provided so that the 

edge region v~ewed by ~he ca.~eras is backli~, and is therefore 

viewed by the latter in silhoue~te. 

The cco array typically con~ains a large number of pixels in 

a rectangular array. Typically an addressable array of 768 x 

576 pixels is employed. 

Electric circuit means recep~ive of signals obtained by 

scanning the CCD array i~ manner known per sa, may be adapted 

to conver~ the signal from eac~ pixel in the CCD array into a 

digital value according to ~he~her a pixel is shaded by the 

image of ~he disc edg~ or nc~. 

For a fixed number of pixels, ~he degree of diqitisation of 
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each pixel siqnal value determines up to a point the accuracy 

of the inspection system. 

By storing each frame in succession, so it is possible to 

compare pixel dependent signals :rom 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 ~~erefore the pixel dapendent signal varies from one 

extreme value ~o its o~her ex~=eme value, as be~ween shading 

and no shading. 

In a simple arrangement in which the output from each pixel is 

digitised as a binary signal and is either hiqh or low, the 

maximum resolution may be as lcw as the size of one pixel. 

If the pixel signals are d.igitised on a scale £rom n•A 

(corresponding to a fully shaded (black) spot) to n=B (where 

~corresponds ~o no shading), diqi~al analysis can be applied 

to more ac:ura1:ely da~ermine whera the edge of the disc image 

lies in relation to the pixels, since if this happens to bisect 

a pixel (as can occur) the par-.:.:.cular value of n, attributable 

to a bisected pixel on the scale A~B, will indicate the 

percentage cf the pix-el which is covered by the disc image (and 

therefore shaded) and the pe=c=~~age which is unshaded. 

In an arrangement in Nhich the pixel resolution is such that 

an "edge" can be 11 seen 11 in ~he ·:alues of a number of adjoining 

pixels, signals corresponding to pixels are preferably 

interroga1:.ed in groups simul-:a:leously, single "rogue" values 

(attributable inter alia to ~c~se etc.) are disregarded, and 

the true edge is iden:ified as being where a majority of the 

adjoining pixel siqna~ values ~~d~ca~e it ~o be. In this case 
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the actual position of the edge can be identified as being 

midway between the last pixel having a value of B on one side 

of the transition and the first pixel to have the value A on 

the other side of the transi -.:ion, being the position at which 

the signal value is nearest the arithmetic mean of the pixel 

signal values A and B. 

By taking into account the focal length of the lens employed, 

the size of the cco array and ~he number and therefore size of 

the pixels, so a scaling fac~o= can be datermined for a given 

camera/lens combination, by Nhich an apparent shift of the 

"true" edge by A pixels can be equated to a linear distance of 

1: nun. 

The advantage of the invention is most readily realised if the 

angular orientation of the disc can be de1=ermined, with 

reference to a fixed point a=ound its circw:Ltarence, such as 

a notch, or a flat, or the ::iisc has applied to the viewed 

surface a small distinguishable mark/spo~ er a machine 

detectable marking, such as a magnetic patch. The rotated 

position of the disc can then be determined by visual or camera 

inspection or by a sui~able sensor such as a magnetic sensor, 

as appropria-c.e. 

By rota~ing tha disc, the ma~k (eg notch) will at some stage 

cross the fiald of view o! ~~e camera. A particular signal 

pattern will be generated, and signal processing and computing 

apparatus supplied with the ~a.~era output can be progranuned to 

look for that pattern and n::~e the angular position of the 

disc, from an encoder associa~ed with the disc drive. 

As the disc is rotated, any mi.salignment between the geometric 

centre of the disc and its a:-:.:..s cf ?:ota'l:ion i:-. the inspection 

station, will appear as a shi::~ cf the image ct the disc on the 

CCD. 

By noting the value of ~he s~i=~ at a plurali:y of angularly 
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spaced positions determined by the encoder, it is possible to 

compute the x z coordinates ex.:~) geometric centre of the disc. 

Since the X, Z coordinates cx2z2 ) of the axis of the vacuum chuck 

at the inspection station are known, and that is the axis about 

which the disc is actually !'."otating, the shift in X and z 
needed to align the geometric centre with the vacuum chuck axis 

at a particular angle of the i.:ispection station can be computed 

from (X1-Z2 ), (Y1-Z2 ). 

Since the X,Z coordinates of the workstation chuck (~Y3 ) to 

which the disc is to be transported are also known, it is a 

simple ma~ter to determine the distances through which the disc 

must be ~oved parallel to th: X and z axes after leaving the 

inspection station chuck so as to align its geometric centre 

with th~ axis (~Z3 ) at the wc:::-kstation. 

A second camera may be 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 th~ disc. This per.nits 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 possible to simply take the video 

signal f=om a CCD camera and display this on a CRT in a closed 

circuit ~elevision link. 

In practice the image of the edge in such an arrangement is 

very obscure since the camera ~as to be located a considerable 

distance from the point on the periphery at which the optical 

axis intersects the disc edge, and which is to be brought into 

focus, and a conside~able pa=~ of the edge of the disc will be 

in the field of view and ·,1i!: contribute to the image on the 

CCD chip. 

In particular, since "Chis unwa~~ed part of the edge of the disc 
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in the field of view of the camera will be closer to the lens 

than the region of interest, the image of this unwanted part 

of the disc will tend to appe.a::- larger tha:-. the region of 

interest, and attempts to obviate the problem by using a lens 

with a short depth of focus have not been successful. 

It has been found tha~ this problem can be corrected 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 from the lens. 

Preferably however not only is the camera fitted with a 

Telecentric lens, but the elec~~ical signals from the camera 

are subjec~ed t.o processing suc!'l. as aforesaid before the camera 

signal is used to generate a display on a CRT, and in this way 

the image of the edge profile of the CRT is sharp and 

unaffected by the presence of ~he disc between ~he region of 

interest and the c&,era. 

The invention therefore also lies in a combination of a 

telecentric lens, a CC!> carne=a, digitisation of ~he video 

signal anc siqnal processing as aforesaid and the display of 

the processed siqnal on a computer monitor as opposed to 

processing and displaying the video siqnal f=om ~he camera in 

a closed circuit ~elevision sys~ern. 

Measuremen~s may be made on the digital video signal using the 

described numerical analysis techniques so as t:o obtain 

measurement of the i~aqe produced on the CCD camera. 

In order to facilitate the s~gna! processing anc enhancement 

of the representation o: tne edge profile i:l the final CRT 

display, the video signal ob-:ained by reading the pixels of the 

CCD chip are preferab~y digi~ised and stored in a ==ame store 

and the digital values in :h: ==ame seora are processed, and 

re-storec!, either in a seconC: ==ame store, or by replacing the 

values in the original f=ame s:~re, and the representation of 
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the wafer edge in the computer display is obtained by 

appropriately addressing the store containing the processed 

values. 

The profile of the disc can be checked at a number of points 

around the circumference and this can be achieved either by 

rotating the disc between a number of stationary positions and 

exposing an imaqe of the edge of the disc to the camera chip 

at each position and storing the processed signal from each 

said stai:ionarf 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 aro~~d its circumference. 

The camera shutter ~ay be operatad in sync~ronism with the 

rotation of the disc ~o obtain -:his, or instead the camera may 

be set tc take a larger num}:)er of high speed exposures as the 

disc rotates. 
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The invention will now be described with refrence to the 

accompanying drawings in whLch: 

Figures l, 2 an 3 correspond to Figures a to 10 of our 

copending UK Patent Application filed concurrently herewith 

under reference C412/W; 

Figure 4 illustrates the imaga presented to a CCD camera chip 

when a notch in the periphery cf a circular disc occupies the 

field of view of the camera; 

Figure s illustrates how the imqae of the disc will shift 

across the field of view 0£ a dist:ance li due: to any 

misalignment of the geometric centre of the disc with the axis 

about which the disc is being =ctated. as i~ is viewed by the 

camera; 
-. 

Figure 6 illustrates how the image of the edge region of a 

circular disc intersect:s pixels in a CCD camera chip; 

Figure i is a tabla showing digital values in the range 1-10 

attributable to different ?ixels in the 4 columns and 10 rows 

of Figure 6; 

Figure 8 is a table showing re•ri.sed values of signal values for 

Figure 7; 

Figure 9 ~llus~rates t~e imag~ present on the CCD camera chip 

of a wafar edge; and 

Figure 10 is a diagramatically illumination signal processing 

system. 
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Figure l shows a robotic systec for handling circular plate­

like wafers of silicon typically 100 or 200mm diameter or 

larger, and Figures l, 2 and 3 correspond to Figures 8 to 10 

of our copending Pat:ent Application reference C412/W. The 

system comprises a base 182 and structural framework generally 

designated 184 extending upwa::-dly therefrom to provide a 

support for a linear slideway generally designated 186 al~ng 

which a carriage 188 can slide in the direction of the arrow 

190. A second slide 192 prot=udes from the housing 188 at 

right angles to the slideway 196 and a sliding member 194 is 

adapted to move therealong in ~he 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 cii.reci:ion of i:he arrow 20 2. Electric power for the 

drives 200 and the drives in ~~e housing 188 is provided via 

a multi-way Ul!lbilical 204 whic~ is retained in the flexible 

safety harness 206 a"t:~ached to ~he linear track 186. 

At the lower end of th~ arm 198 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 uprigh"t: in a supporting sleeve 212. 

An empty supporting sleeve a~ 214 is also shown ready to 

receive a processed wafer. 

After a machining operation ~~ machine 400 a finished wafer 

workpiece 36 can be picked up ==om the worksta~ion and to this 

end the ~ransfer mechanism of Figure 1 is operated so as to 

position the chuck 208 opposite 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 f'.l=-:her out towards the slee~1e 212 

positions ~he chuck 209 in fror-~ of an unground workpiece 210, 

and afte= picking ~!lis up, :.-: i::an be transferred into the 

inspection s~a~ion ar.d therea=-:~~ ~o the machining environment 

of the machine 400 f=r ai:~ach~=~~ to the vacuum chuck on the 

This Sheet Has B 
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workhead in place of the previous wafer for grinding. 

It will be appreciated that a plurality of sleeves can be 

provided on the track. 216 and all the workpieces located 

therein can be removed, centred, ground, inspec-:ed and returned 

thereto in .... ,, .... ,.. __ ....... . 

Wafer cente::-ing 

As an intermediate step before grinding, (preferably during the 

grinding of another wafer), each of the wafers is positioned 

in the inspection apparat:us shown in Figures 2 and 3, to enable 

the geometric centre of the wafer to be determined, and thereby 

allow it t::> be accurately positioned on t:h.e chuck 30 for 

grinding. ~f~er grinding the wafer may again be located for 

inspection cf the edge profile of the wafer before it is 

returned to ~ts storage sleeve. 

Figure 2 is an overall view showing where t.he inspection 

apparatus si~s in relation to the grinding machine 400 and the 

robotic wafer h.andlinq system of Fiqure 1. .~s before the same 

reference nl!merals are used th=cuqhout. 

The inspection appara-eus compri.ses a stanci 118 on which is 

located a support framework which comprises a base 220 and an 

upright plate 222. A ~riangular stiffening plate 224 extends 

from the rear of the plate 222 and both 222 and 224 are welded 

to the plate 2:0 as at 226. 

Spaced from ve~ical edge 228 of the plate :22 is a support 

bracket 230, and a lamp a~d projection lens arrangement 

generally designated 232 is S~?~crted at the ~pper end of tne 

bracket 230. A first camera 234 having a lens 236 is mounted 

on the plate :~2 to view ~he edge of the disc 238 which is 

backlit by the lamp 232. 

As best seen in Figure 9, a ~c~~r 240 is mounted on the rear 
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of the plate 222. The motor d::-i ves a vacuum chuck on which the 
disc 238 which is to be inspected is planted by the vacuum 
chuck 208 of arm 198. 

Rotation of the motor 240 rotates the ";tafer 238. By 

positioning th~s so that the edge intersects the field of view 
of the ca.•era 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 mcun~ed on the support plate edge 
228, with its optical axis ~angential to the disc 238 (or at 
least parallel to the ~angent '=hereto) , to view the edge of the 
disc 238 generally tangentially, so as to obtain information 
on the profile of the edqe. 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 wi-:!l siqnals from the camera 234 and 
via cables 242 and 248 and cont=ols the cameras and their lamps 
232 and 246 via return siqnal pa~hs along 242 and 248 and via 
cables 250 and 252 respec~ively. The output of camera 244 can 
be displayed on a moni-.:cr 2.So as required. The profile of the 
edge of ~he wafer 238 is shown ae 258 ~oqether with a computer 
generate~ template 260, 262 shewing eg the ideal angle for the 
sides of the profile. 

Centering workpiece onto gri~di~g machine work soindle 

This is achieved using the ~e-chnique described hereinafter 
using t~e robotic wafer hanc:ir..g and inspection system of 
Figures : to 3, using siqnal.s :::-om camera 234 ob~ained as the 
circular workpiece wafer is :-~~a-.:ed through its field of view. 

In Figure 4 the shaded regior- .; : C corresponds ~o the silhouette 
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image of the disc 238 as seen by the CCD chip in the camera 

234, where the disc has been rotated so· that a notch 402 in its 

edge lies in the camera field of view. 

In Figure 5 the shaded area ~04 likewise corresponds to the 

silhouette image of the disc 23S as seen by the CCD chip, but 

this time with the ~otch 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 presen~ed to the camera chip will be as shown in Figure 

5. However i: the disc is mounted off-centre, the eccentric 

movement of the disc will cause the edge 406 of the shaded 

region to move over t~e surface of the CCD chip. The solid 

line 406 corresponds ~o the position of the image o! the disc 

edge on the CCD chip in a posi~ion where the geometric centre 

of the disc has been ro~ated until it is displaced to the left 

of the axis about which the disc is being rotated, and the 

dotted outline 408 shows the position of the line 406 after the 

disc has rotated through 180 ° , so that the qeometric centre 

(and ~herefore the image of ~hs disc) has now shifted to the 

right. 

The shift H shown i:i Figura 5 is equal to twice the 

eccentricity of the disc where the eccentricity equals the 

distance between the centre c:: geometry of the disc and the 

centre about which the disc is being rotated. 

In prac~ic2 the value of H "N'ill be small but it is usually 

importan't that when ~he disc .i.s mounted for machining, the 

geometri.= centre of the disc is co-incident with the axis about 

which the disc is roi:a"C.ed :!:>r machining purposes, or is 

displaced by a known amoun~ al~ng a given radius, relative to 

the machining axis, to accommoC.ai:e a damaged region of the disc 

edge and allow regrir.ding of ~~e disc. 
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The present method and apparatus enables the geometric centre 

of the disc to be determined very accurately by noting the 

angular positions of the disc relative to the notch at which 

the various displacements of the image edqe occur, and 

computing H (and therefore ~H). 

The technique is simplified if the optical axis of the camera 

(and therefore the centre of the CCD chip) is in the same 

horizontal plane as the axis about which the disc is rotated. 

This ensures that however the disc is misaligned, shift of the 

position of the image edga on the CCD chip will be in a 

horizontal sense. This is shown in Figure s. 

However if the camera does no-c 11 see 11 the maximum and minimum 

points of the eccentricity, the apparent shift will not be 

horizontal. In this even"C i 'C is necessary for the image 

analysis software to make a best fit of the viewed images to 

a sine wave and then calcula~a the eccentrici-cy of the wafer. 

If the plane containing the axis of rotation and the optical 

axis of ~he camera is not horizontal, it is merely necessary 

to take "=his into account wl:.en computing the results since the 

distance H measured in a horizonal sense will not then be 

precisely equal to ~~ice ~he eccentric shift between the two 

centres. 

Although che edge of ~he disc is curved, the size of the CCD 

chip in the camera will be ~Tery small relative to the 

circumference of the disc, and although the line 406 has been 

shown as curved in Figure 5, 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 i-: on the workhead can do so very 

accurately, the accuracy wi~h ~hich ~he disc is loca~ed at the 

machining station will ba dependent at least in part on the 

accuracy to which the dimension H can be measured. 
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The camera chip can be thought of as a rectilinear array of 
light sensitive devices closely packed. and arranged in rows and 
columns. Figure 6 shows part cf such an array and illustrates 
four of the columns and ten of the rows of such an array. 

The individual pixels contributa to the resolution in both the 
row and column direction and are made as small as possible. 
Typically a camera chip having a diameter of approximately lcm 
will have in excess of 100,000 such light sensitive elements 
(or pixels as they are commonly called), and i~ 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 c~lwnn ~hey occupy so that the pixel 
identified by reference nu.~eral 410 can be desc=ibed as pixel 
4 :.1, and the pixel designated. by reference numeral 412 can 
therefore be described as pixel 3:10. 

If the dia.~eter of the disc is :: the order of lOOmm or 200mm 
(as is conventionally the case of silicon discs for the semi­
conductor industry), the curvature of the line 412 in Figure 
6 will be barely discarnable relative to the matrix of rows and 
columns of pixels. Howevar !.! we consider the curvature in the 
region of the notch for example the knuckle 414 in Figure 4 1 

the curvature of the silhoue-:-:e image in the region of the 
knuckle 41~ might well equate ':O that shown in Figure 6. 

The mechanism of a CCD chip ~s such that at the beginning of 
each exposure period, all of the pixels are equally 
electrically charged. The ar~ay of pixels is then exposed to 
a pattern of liqht for a b~ie= ?eriod of time and at the end 
of that ;:eriod each of the pixels is inspected very rapidly and 
an elect~ical signal is genera~ed for each of the pixels, the 
value of which is determined "="! ~he amount of charge needed to 
replace any which has dissipa~sd during the exposure interval. 

The light sensitive elemen~s a~a such that during the exposure 
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period, if no liqht has fallen on a pixel, the charge at the 

end of the exposure period should be substantially the same as 

that at the beginning. The value of the electrical signal 

during read-out for such a pixel will therefore be high and 

might be digitised to a value 10. 

On the o~he~ hand if a pixel has been exposed to some light 

during the exposure 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 t~at which has been lost due 

to exposure to light. 

!f more than a certain quanti-::y of ligh't. falls on a pixel 

during the exposure period, the original charge will be 

substant~ally dissipated and any light level above that 

threshold will not increase the electrical signal for that 

pixel during read-out. For this reason the quantity of liqht 

falling on the pixel array is controlled using an iris or 

neutral density filter and/o::- 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 of light which has fallen on the 

pixel during the exposure interval. 

The exposure interval is very short and the ~ime to read out 

the pixels can be a ~iny frac~~on of the exposure interval and 

typically a chip can be exposed and read ou't. 50 t:.imes a second, 

although nigher rates are poss~ble. 

By using a conventional shut't.er synchronised to the operation 

of the chip or more pre=e::-ably an electronic shutter 

implemem:ed by the elect:.ri::al operation o: the chip, so 

movemen~ an objec-: is eff sc~~vely arrescad as far as each 

exposure is concernac. 
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The electrical signal obtained during each read-out and 

generated by the electrical c~rrent needed to reinstate each 

pixel change can thus vary fro~ O (for a pixel such as 1:1) to 

a maximum value (say 10) for an unshaded pixel such as 3: 1. 

In the case cf a pixel wh.ich. is partly shaded and partly 

unshaded, such as 2: 1, the amoun1: of light fal!.ing thereon will 

be less than ehat of 3:1 and more ~han that o! 1:1. If 50% of 

the pixel area is shaded, then approximately 50% of the liqht 

which would have produced a signal value of !O on a read-out 

will have been received by ~he pixel during the exposure 

interval, and the digi-=ised electrical signa! •ralue typically 

will be 5 when that pixel is read out. 

Figure 7 shows a -:able of typical digitised values of the 

electrical signal during read-out of the pixels in the array 

shown in :igure 6. 

The arrangement of rows and cclumns in the cable of Figure 7 

are transposed relative to the position of the rows and columns 

in Figure 6, merely for convaniance. 

If durinq a subsequent exposure ini:erva.l, the image of the disc 

has moved to the ::-igh-: so -:ha:c the edqe 41~ is now in the 

posi~ion shown by the dct~ed ~~ne 416 in Figure 6, ~he values 

in the table of ?igur-e 7 wi:: be different, and might be as 

shown in Figure a. 

Since it is the lateral displacemen~ of the li.::e 414 across the 

array of pixels which is of interest, the electrical signal 

from each read-out of ~he ar~a7 must be in~e=preted so as to 

determine how far to the righ~ -:he edge of tt:e .image has moved 

and there!ore which of ths =~lt.:.rnns has be-an inte=cepted. 

Since at the pixel lev~l, ~~e edge of the image may not be a 

sharp continuous line sue~ as shewn in Figure 6, and because 

of elect:-ical imperfect.ions a:i-:: so-called elec:.=ical noise, low 

value signals can be Qb~alne~ =~r~ng read-out even from pixels 

which have been fully sha~ec, ~~ !s usually nacassary to apply 
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a so-called threshold to the signal value before a decision is 

taken as to whether or not the image of the disc edge has 

invaded a particular column of pixels or not. Th.is can be done 

by disregarding any digitised pixel signal value equal to or 

greater than 5, and equating that to a pixel on which no light 

has fallen and treating all pixels for which the digitised 

output signal is less than 5 as having been fully exposed and 

therefore having a value of 10. 

As applied to Figure 6, this means that pixel l: 2 would be 

disregarded, whereas pixel 2: 2 would be treated as being "the 

disc". Pixels 3, 4, 5 and 6 ir. column 2 are all wholly shaded 

and the signal value for all cf those is shown as o. However 

in the simple thresholding si-:uation described, the partial 

invasion of column 3 by the edge of the disc wculd no-c be taken 

into account at all since none of the signal values in column 

3 are below 3. 

Using this approach, the maxiillum accuracy in ~he horizontal 

direction is therefore equal to the size of one pixel. Whilst 

this can be very small, it is nevertheless not necessarily 

accurate enough to allow -che centre of the disc to be 

accurately located a~ the machining. 

Merely raising the threshold w!21 not help since this means 

that even~ually pixels such as 3:3 will be treated as disc. 

A more acc~rate assessmen~ of ~3e position of the edge 414 can 

be made since if the actual d!gitised values are taken into 

account. 

The main problem is tha~ sma!: ~hanges in value from 10 to 9 

or a, (such as for pi.xe 1 3: 3, , could be confused as or by 

electrical noise. 

Since noise tands to De ra~d.c:: and short-lived, "rogue" low 

value signals can ba is::lla~ec and ignored by considering 
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whether or not there is any change occurring alonq the line or 

down the column which indicates that the small value is in line 

with the change or not. Thus if a random noise signa~ 

producing a small change in value of pixel 4:2 (say to 8 or 9) 

was to occur, the preceding pixel can be seen ~o have a value 

of 10 and unless the next pixel along the line has a value less 

than that of 4:2 the reduction in signal formed in pixel 4:2 

can be disregarded. 

on the other hand the small change in value as between pixel 

2:3 and pixel 3:3, is followed in colu.~n 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 accoun~. 

It will be see that column 4 is ~he first column containing all 

high vaices and column 1 con~ains pixels all having zero or 

very low values and col\!ltln 2 has generally low values in the 

reqion of the higher value siqnals in column 3. 

Lookinq 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 

3:4 measured from the lef~ hand edge of the pixel. 

As will be seen from ~he dot~ed li~e 416. a~ the end of the 

next exposure interval, due ~c the eccentric movement of the 

disc, tha edge could new 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 

therefore be determined reasonably accurately even in the 

presence of electrical noise s~gnals. 

To do so the digitised videc signal values must therefore be 

considered in groups simul~a~sously and a decision taken to 

reject or allow through smal!. changes for consideration 
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depending on whether or not the small change is sandwiched 

between two low values or two high values, er in between a high 

and a low value. Only in the latter :vent would the 

intermediate signal value be retained for influencing the 

decision on ~he final position to be attribu~ed to the disc 

edge. 

The same procedure can be adopted for pixels 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 also that of 3:5, so that a rela~ively accurate 

assessmen~ cf the horizontal position of the edge 414 could 

still be made using the digitised signal values f=om pixels 3: 4 

and 3:5. 

A similar technique can be employed in connec~~onwi~h signals 

obtained from the second camera 244 shown in :igure l 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 of -::he edge of the 

disc in silhouette. The edge profile of the disc is typically 

evaluated in person by ~he operator although automation may be 

possible. 

In practice ~he image of i:he edge is not as shown in Figure 9, 

but is very obscure since the camera has ~o be located a 

considerable distance from the point on the periphery at which 

the optical axis ini:arsects the disc edge, is to be brought 

into focus, and a considerable part of the edge of the disc 

(see 239 in !igure 10}, will ~s in the field o: view and will 

contribu~e ~o ~he image on the CCD chip. 

This unwanted part 239 of the disc will tend ~o appear larger 

than and obscure the region of .:..:iterest which is denoted by 241 
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in Figure 10. 

If a Telecentric lens such as supplied by Melles Griot of 

Cambridge, England, is used =er the camera lens, it produces 

an in focus image tc the same size of objects at different 

distances f:-or.t the lens, and !.:f -:he electrical signals from the 

camera are subjected to processing before they are used to 

generate a display on a visua~ display unit an image of the 

edge profile is obtained on ~he VDU which is sharp and clear, 

and unaffected by the presence of the disc between the region 

of interest and the camera. 

Typically a ~itachi KPMl camera is used which has a chip which 

will allow a 768x576 pixel raad oui: resolu~ior.. 

Figure 10 shows diagranunatical.ly the 

enhancement cf the rapraseni:a~ion of 

display on a VDU display. '!'he video 

signal processing and 

the edge profile for 

signal is obtained by 

reading the pixels of the CCD chip of camera 244. ~he camera 

output is digitised and stored in a first frame store 420. The 

digital values in the =rarne s~ore are processed by processor 

420 using a computer ?rogra~..T.le stored in memory 424, and re­

stored in a second frame stors 426. A representation of the· 

wafer ecige in a compu~ar ~TDC :isplay is ob~ained by addressing 

the second frame store 426 via ~he computer bus 428 and video 

driver 430 for producing RGB signals for a VDU 432. 

The prof i!e of the disc can =e checked at a number of points 

around its circumference by r=tat~ng the dis= between a number 

of stationa~ positians and exposing an image of the edge of 

the disc to the camera chip a~ each position and storing and 

processing ~ne signal frcm eac"!: said stationary position of the 

disc. Al eerr.ati vely -:he car.'le=a may be operated so as to 

produce a video signal corres?onding to each of a succession 

of images as the disc r=~a~es coneinuously each image 

corresponding to the edge prc=~:e of a different region of the 

disc measured ci:-cularl:r arou::C. i ~s circumference. To this end 
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the camera shutter may be operated in synchronism with the 

rotation of ~he disc to obtain this effect or the camera may 

be set to take a large number ~f high speed exposures as the 

disc rotates. 
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1. A workpiece align.'l\ent 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 f o~ rotating the disc in the inspection station and in 

the machining station, inspection means for determining the 

position of the geome~ric 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 i:i 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 l, wherein the workpiece 

holding means is vacuum operated. 

5. A system as claimed in claim l, 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 

i11ii1Bi1ilinr SUBSTITUTE SHEET (RULE 26) 
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is adapted to compute the translation needed to shift the disc 

workpiece from the first station along one, or other, or all 

three, of three orthogonal axes, so as to position the disc 

with its geometric centre coincident with the axis of rotation 

of the chuck in the second station, or with the said geometric 

centre cf ~he disc displaced f=om the axis of rotation of the 

chuck by a desired known distance and angular orientation. 

7. A system as claimed in claim 6, wherein the geometric 

centre of the disc relative to the axis of rotation of the 

second chuck is displaced, so a particular eccentricity, equal 

to the said displacement and initial orientation will be 

introduced into the rotation o: the disc, thereby enabling it 

to be ground so as to shift ~he geometric centre to a new 

position determined by the said displacement. 

a. A system as claimed in clai~ l, wherein a three axis robot 

is employed to pick and plaee disc-like wafers of semi­

conductor material for edge gri~ding and movement along two of 

the robe~ a.."'<es, X and z is used ~o control the centering of the 

wafer on a vacuum chuck in the second qrindinq station. 

9. A machine for edge grindi.:ig circular workpieces, discs 

(wafers) o~ silicon or ~he !ike, when fittad with an alignment 

and workpiece shifting system as claimed in any of claims l to 

8. 

10. A method of aligning and shi!:ting a circular workpiece for 

edge gri~ding wherein the wafer is placed in the inspection 

station so ~hat its geometric c~ntre aligns approximately with 

the axis of rotation of the i~spection station, the wafer is 

rotated around the inspec~ion s~a~ion axis and two dimensions 

Xl and ~l are compu~ed, ~hese being the distances, measured 

parallel ~o t:.he X and Z axes, through which the geometric 

centre of the wafer needs to =s shifted to coincide with the 

centre of rotation cf the i~spection station, and using the 

robot, tha wa=er is then trans=erred to a grinding chuck and 

, -
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is positioned thereon by making compensations in the X and Z 

directions so as to position the (now) known geometric centre 

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

grinding chuck. 

11. A method as claimed in claim 10, wherein the wafer is 

moved so that the geometric centre thereof is shifted to a 

desired position relative to the axis of ro~ation of the 

grinding chuck, whereby X and z adjustments are incorporated 

in the trans£ er from t:he :firsi: inspection station to the second 

grinding station chuck to allow a 11 bes1: fit" compromise between 

centering t~e wafer en t~e grinding chuck and unnecessarily 

removing material therefrom. 

12. A method as claimed in claim 11, wherein damage exists 

around the periphery of a wafer and the wafer is deliberately 

placed eccentrically on the q:-inding staticn chuck so that 

where peripheral damage exists 1:he wafer is re-ground about a 

new centre, so as to remove the unwanted damaged peripheral 

region. 

13. A me~hod as claimed in claim ~l or 12, wherein the disc 

is rotated by rota~inq the vacuum chuck ir. the inspection 

station and transferring the disc a~ i:hat o~ientation to the 

workhead. 

14. A method as claimed in claim ll, 12 or 13, wherein exact 

distances measured paralle: ~~ ~he Z and Z axes between the 

inspection station axis of ro~a~ion and the grinding station 

chuck axis cf rotation, are co~puted first by determining the 

X and Z co-ordinates of be~~ ~he inspection s~ation axis and 

the grinding chuck axis ~c a =~~s~ approxima~ion and stored, 

thereafter picking up a circu~a~ wafer by ~he holding means, 

placing it on the inspection c~~ck and rotating it so as to 

determine the geometr~c centr~ ~hereof, then ~ransferring the 

wafer back ~o the holding means and adjusting the wafer along 

the X and Z direction~ so as -:.~ centre the wafer relative to 
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the .inspection station axis so that its geometric centre is now 
correctly aligned with the axis of rotation of the inspection 
station and the X and z co-ordinates at that aligned position, 
thereafter ins~ructing the robot to move the wafer from that 
position to the grinding station chuck so as to position the 
centre of the wafer en the axis of rotation of the grinding 
chuck, by making the two previously computed shifts parallel 
to the X and Z axes ~o achieva transfer from the inspection 
station axis to ~he g~incing chuck axis, thereaf~er rotating 
the wafer through 190° by the grinding chuck, transferring the 
wafer from the grinding chuck back to the holding means, and 
thereafter to the inspection s~a-:ion by retracing the movements 
previo~sly 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 met~od as claimec in ~laim ., .• 
.a."=' I wherein the wafer is 

rotated in the inspection s-::ation and rechecked for any 
eccentricity. 

16. A method as claimed in claim 15, wherein any eccentricity 
noted is converted in~o displacements along the X and Z axis 
and these values are added to {or subtracted f~om as the case 
may be), the previously compc~ed X and Z shif~s computed as 
necessary to move be~ween ~he ~oted cc-ordinates position of 
the inspection station axis a.:id the grinding chuck axis, to 
thereby determine the e:-cact dis-::ances (measured parallel to the 
X and z axes) through whic~ ~he robot must move so as to 
accurately relocate a wafer fr:o the one station to the other. 

17. A me~hod as claimed in cla~m 16, which is employed during 
initial setting up o~ a machi~s as claimed in claim 9. 

18. A method as claimed in -=laim 16, which is employed at 
frequent intervals during th~ ~perating life of a machine as 
claimed in claim 9, tc anac.:.-s a check to be made on the 
alignment and relative pcsi~i=~ing of the inspection station 
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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 i~s Y axis, are noted and stored 
in a memory associated with a computer controlling the robot, 
and subsequent automatic operation thereof is effected by 

instructing the computer to follow a path determined by the co­
ordinates stored in the said memory so as to replicate the 

movements previously effec~ed under manual ccn~rcl. 

20 • A me-ehod as claimed in c!ai:r.1. l 9 1 wherein manually inputted 
start and finish positions are corrected using the method as 

claimed in any of claims 10 to 16, 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 cethod as claiaed in claim 19, wherein manual control 
involves manually moving the robot through a prescribed path 

with the relevant robot crives disabled, excep~ in so far as 
encoders associated therewith are still operable to indicate 
the movement of the robot. 

22. A ma~hcd as claimed in c:aim 19, wherein manual control 

includes within its ambit the s~eps of taking over ~he control 

of the robot by a manually cont::-olled device such as a keyboard 

or joyst:_ck or other control, an.d with the drives to the robot 

operational, adjusting the posi -cion of the robot using its 
drives firs~ of all so as to align the holding means with a 
vacuum c!luck in the inspection s-:a;:ion, and thereafter aligning 
the holding means with a vacuu~ chuck in the grinding station, 
in each case tha encoded signals ::rem the va:::-ious dr:_ves being 
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used to define the co-ordinate positions of the robot at 

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

and Z robot axes. 

23. A machine as claimed in claim 9, in wh~ch to facilitate 

manual control, switch means is provided, under operator 

control, to enable the latter ~o 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 claim 23, wherei:? the said switch 

means is employed l:O record the co-ordinates cf different way­

points throughout the movement of the robot. 

25. A machine as claimed ir.. any of claims 9, 23 and 24, 

wherein · the inspec~ion sta~ion also includes means for 

determining the thickness of the workpiece (~afer), and means 

is provided responsive to this additional information to make 

precise adjustments -:.o the axial movement of a machining tool 

for engaging an edge of t:he wc=kpiece at the wcrkst:ation. 

26. A machine as claimed . 
2.Il 

wherein ~he machining tool is 

any of claims 9, 23, 24 or 25, 

a grooved grinding wheel. 

27. A machine as claimed i~ any of clai~s ;, 23, 24 or 25, 

wherein an optical inspec~ion device is located at the 

inspection station wii:h i t:s o;r~ical axis parallel to ~he Y axis 

(ie. the axis of rotaticn of ~he workpiece i~ ~he inspection 

station). 

28. A machine s claimed in clai::n 27, wherein :he two axes are 

in the same hor~zontal plane. 

29. A machine as claimed ir. any of claims 9 or 23 to 28, 

further comprising Vernier ~eans which is provided for 

adjusting ~he position c! t:he ~pt:ical inspec~ion device so as 



W097/48525 

THIS SHEET HAS BEEN 
REPLACED 

34 

PCT/GB97/01570 

to accommodate any substantial di£ferenees in diameter between 

workpieces. 

30. An op~ical inspection system for use with 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 illuminatinq 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 i~ si!houet~e. 

31. A system as claimed in claim 30, wherein the CCD array 

contains a large numbe= of addressable pixels in a rectangular 

array. 

32. A system as claimed in claim 30 or 31, further comprising 

electric circuit means recep~ive of signals obtained by 

scanning -che CCD array, adapted to convert the signal from each 

addressed pi:-cel in the CCD array into a digital value according 

to whether a pixel is shaded by the image of the disc edge or 

not. 

33. A system as cla!med in claim 30, 31 or 32, wherein for a 

fixed nt:.'=lber of pixels, -:he degree of digitisation of each 

pixel signal value de~ermines ~he 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 provicad by which i~ is poss~~le to compare pixel dependent 

signals :ro~ one frame te ~he ~ex~, further means is provided 

to determine from tha~ ccmpa~ison any change in the value of 

~he pixel dependent signal f ror. one frame to the nex~, thereby 

to produce a signal indica~ivg :::f any shift in the position of 

the image of the edge brcugh~ about by movement of the edge of 

the disc in the field of view due to eccentric mounting of the 

disc for rotation. 

----·-----------
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35. A system as claimed in claim 34, wherein the edge of the 
disc appears as a transition between light and dark in the 
image presented to the CCD camera, and therefore the pixel 
dependent signal varies from one extreme value to its other 
extreme value, as between shading and no shading. 

36. A system as claimed in claim 35, wherein the pixel signals 
are digi~ised on a scale from n=A (corresponding to a fully 
shaded (black) spot ) to n=B (where ~ 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, -,.,hereby if -chis ;iappens to bisect a pixel the 
particular 7alue of ~' attribu~able to a bisected pixel on the 
scale A~B, will indica~e the percentage of the pixel which is 
covered by ~he disc image (and therefore shaded) and the 
percentage which is unshaded. 

37. A system as claimed in claim 36, wherein the pixel 
resoluti:::n is such that an 11 edqe 11 can be 11 seer. 11 in the values 
of a number cf adjoining pixels, means is provided whereby 
signals corresponding to pixels are inter::-oqated in groups 
simultaneously, pulse selec-eion means identifies single 11 roque 11 

values (attributable inter alia 'eO noise etc.} and these are 
removed from ~he signal and means is provided for determining 
the true edge as being where a majority of the adjoining pixel 
signal values indicate i~ to be. 

38. A syst:em as claimed in clai=t 37, wherein the edge position 
determining means ide~~ifies the actual position of an edge as 
being midway between ~~e las~ pizel having a value of B on one 
side of ~he t=ansiticn and the first pixel to have the value 
A on the o~he~ side. c= ~he ~ransitian, being the position at 
which the signal value is nea=est the arithmetic mean of the 
pixel signal values A and B. 

39. A system as claimed in clai::i. 38, wherein means ·is provided 
for compu~ing a scali~g facto= from the focal leng~h of the 
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lens employed in the camera, the size of the CCD array and the 
number and therefore size of the pixels, by which an apparent 
shift of the 11 true 11 edge by x pixels can be equaced to a linear 
distance of ~ mm. 

40. A system as claimed in claim 39, including computing means 
adapted to determine the angular orientation c! the disc with 

reference to a fixed point around i~s circu.aierence, such as 
a notch, or a flat, er the disc has applied to the viewed 
surf ace a small dis~inguisha.ble mark/spot or a machine 
detectable marking, such as a magnetic patch, and the rotated 
position of the disc is det:.ermined by visual or camera 
inspection or by a magnetic sensor. 

41. A system as claimed in cla~m 40, further =omprising means 
for rotatinq the disc so that ~ha mark (eq not:h) crosses the 
field of view of the camera, thereby genera~i~g a particular 
signal pattern and signal processing and compu~ing apparatus 
to which the camera ou-:.put signal is supplied is programmed to 

identify that pattern, and a siqnal indicative of the angular 
position of the disc, is der.:..ved from an enccder associated 
with the disc drive, and is s~~red. 

42. A system as claimed in any of claims 30 :o 41, wherein as 
the disc is rotated, any misalignment between the geometric 

centre cf the disc and i~s axis of rotation in the inspection 
station, will appear as a shif1: of the image of the disc on the 
CCD. 

43. A system as claimed in cla.:..m 42, further comprising means 
for stor~nq the value of ~he s~!=t at a plu=al!~y of angularly 
spaced positions determir.ed '!::":/ ~he encode:-, and means for 
computing therefrom the X z ccc:-dinatas (X1 Z~' ~= the geometric 
centre o= the disc. 

44. A system as claimed n cla.:..~ 43, wherein means is provided 
for storing the X,Z cocrdinatas ~X2Z2 ) of the ax:.s of the vacuum 
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chuck at the inspection station which also corresponds to the 

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

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

chuck ax~s at a particular angle of the inspection station is 

computed from {X1-Z2), (Y~-Zz)· 

45. A sys'!:em as claimed in claim 4.4, wherein means is provided 

for storing the X, Z coordinates of the workstation chuck ( x3y3) 

to which the disc is to be transported, and computing means 

determine the distances through which the disc must be moved 

parallel to the X and Z axes after leaving the inspection 

station chuck so as to align i-:.s geometric cen~re with the axis 

(~Z3 ) at the workstation. 

46. A system as claimed in a~y of claims 30 to 45, wherein a 

second camera is positioned sc as to view the edge of the disc 

tangentially, with the optic a.!. axis of the camera in or 

parallel t.o the plane of the a.:.sc r to permit the profile of the 

edge of the disc to be inspec~ed to an enlarged scale by 

displaying an enlarged image c= ~he optical image presented to 

the camera on a CRT. 

47. A system 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. 

~8. }. syst:em as claimed in c.!.air.i 47, comprising in combination 

a telecentric lens, a. CCD came=a means for digitising the video 

signal f ron t:he camera anc signal processing means for 

producing a signal fer display ~~ a computer mcnito=. 

49. A system as claimed in cl:!~ 48, further comprising means 

for making measurements on -=.he digital video signal using 

numerical analysis techniques as described herein so as to 

obtain measu~ement of the ima;~ ~reduced on ~he CCD camera. 
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50. A syste:n as claimed .in cla!rn 49, wherein means is provided 

for signal processing and enhancement of the representation of 

the edge profile in the final CRT display, means operates to 

generate a ·1ideo signal by reading the pixels of the CCD chip, 

the video signal is digi t:ised and stored in a frame store, 

processing means acts on the digi ta! values i!l the frame store, 

and to re-store the new values either in a second frame store, 

or by replacing the values in the original :frame store, and 

means is: provided t:o genera-cs a signal !er producing the 

represen~ation of the wafer edge in the computer display by 

appropriately addressing the store containing the processed 

values. 

51. A sys~em as claimec in claim so, wherein the profile of 

the disc is checked at a :l.umber of points around its 

circumference either by rotating the disc between a number of 

stationa:y positions and expos~ng an image cf the edge of the 

disc to the camera c!li? a-:; each position and storing the 

processed signal from each said st:a-cionary position, or the 

camera is operated so as -:o produce a video signal 

correspondinq to each of a succession of images as the disc 

rotates, each of which corresponds to the profile of a 

different raqion of ":he disc ceasured circularly around its 

circumference. 

52. A system as claimed in claim 51, wherein the camera 

shutter is operated in synchr~nism with the rotation of the 

disc, or ins~ead the camera is set to take a large number of 

high speed exposures as the dis= rotates. 

53. A nachine for edge qrindi~g circular discs (wafers) of a 

material s:.:c:i as silicon, ·,1her:. !itted with or adapted to 

operate ~n =~njunc"Cio~ with an ~~spac~ion sys~am as =!aimed in 

any of clains 30 to 52. 

54. Wafers of naterial such as silicon when edge ground and 

finished using a method as cla~med in any of c~aims 10 to 22. 
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55. Wafers of material such as silicon when edge ground and 

finished using a machine as claimed in any of claims 9, 23 to 
29 or 53. 


