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METHOD AND APPARATUS FOR GRINDING A WOR..T<PIECE 

BACKGBOQNQ Ql=' THE TNYENTIQN 

1. ~ield or th= Invention 

5 The present imrention relates to a method and an apparatus 

for grinding a workpiece, specifically, for grinding an outer 

peripheral edge of a workpiece formed of a circular thin plate 

such as a semiconducto~_wafer. 

2. Desc~~ption of .the Related Art 

10 Conventionally, in a case where this type of workpiece 

formed of a circular thin plate is ground, a grinding method such 

as··the one shown i::i Fig. 16 has been adopted. Namely, in this 

conventional method, a workpiece 71 is rotated about its center 

as an axis Ll, and a for.ming grinding wheel 72 is moved so as to 

15 be "fed toward an cuter peripheral edge portion 7la of the workpiece 

71 while being rotated about an axis L2 which is parallel to the 

central axis Ll of the workpiece 71. As a result, the outer 

pe~ipheral edge portion 7la of the workpiece 71 is ground by a 

recessed wheel surface 72a of the outer periphery of the forming 

20 grinding wheel 72. 

However, with this conventional method of grinding a 

workpiece, since the outer peripheral edge portion 7la of the 

workpiece 71 is arranged to be ground at one time .by the recessed 

wheel surface 72a of the forming grinding wheel 72, the recessed 

25 whee:!. surface 72a of the forming grinding wheel 72 has been liable 

to become worn, and the deformation of its profile has been liable 

to occur as a result. For this reason, particularly in finishing, 
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it is extremely difficult to maintain consta.~t tha machi~ing 

accura=y of the p=ofiles of the outer peripheral edge po=tions 

71a of a multiplicity of workpieces 71 by a single fonning grinding 

wheel 72, and it has been necessary to replace the fa.tining grinding 

5 wheel 72 frequently, so that there have been problems in terms 

of the machining accuracy and machining cost. 

SUMMARY Q'li' TH'\'; Il:ll4-l\l'T!ON 

The invention has been devised in light of the above-

10 describedp.!:'cblems.which are present in the conventional art. Its 

object is. to provide a method of and an apparatus for grinding 

a wo.!'kpiece which make it possible t.o grind outer perip.."'rieral edge 

portions of workpieces while maintaining constant machined shape 

accl:.ra.cy, a:id which :make it unnecessary to replace the g::-inding 

1 -_.:i wheel frequently. 

To solve the above object, according to a first aspect 

of the invent~on, there is provided a method of grinding a 

wo!:'kpiece, a workpiece fo::med of a circular thin plate is rotated 

about its center as an axis, and each of the disk-shaped rotating 

20 grinding wheels, while being rotated about an axis substantially 

parallel to the plane of the workpiece, is made to undergo relative 

feeding movement on both obverse and reverse surface sides of the 

workpiece along the outer peripheral edqe portion of the workpiece. 

Consequently, t~e outer peripheral edge portion of the workpiece 

25 is g=ound by the oute~ peripheral wheel surface of ·each of the 

rotating grinding wheels. 

In this connection, the wording "the rotating grinding 
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wheel" includes a pad, and the wording 11 grinding 11 includes 

polishing. Jmd, these wordings are used as well in the below 

description. 

In addition 1 the above relative feeding move.~ent is 

5 performed such that the grinding wheel continuously moves on at 

least one part of a predetermined configuration of the edge portion 

to be ground along a thickness direction of the workpiece. 

For this reason, as coma_ared with the conventional 

grinding method in which the outer peripheral edge portion of the 

10 workpiece is ground by a forming grinding wheel, the profile of 

the wheel surface of each of the rotating grinding wheels is less 

prone to de:-or:mation, so that it becomes unnecessary to replace 

the·rotating g~inding wheels frequently. Accordingly, it is 

possible to reduce the material cost ot the rotating gri~ding 

15 wheels, and hence the machining cost. Furthermore, since the 

20 

profile of the wheel surface of each of the rotating grindi~g 

wheels is less p~one to def onnation, the outer peripheral edge 

portions of the workpieces can be ground into constant machined 

shapes with high accuracy. 

In addition, the edge portion of the workpiece can be 

finished into an arbitrary shape by the same grinding wheels 

through the relative feeding control of the workpiece and the 

rotating grinding wheels. 

In the method of g=inding a workpiece according to the 

invention, the axis of the rotating grinding wheels is disposed 

in such a ~anner as to be perpendicular to the radial direction 

of the workpiece. For ";.his reason, the rotation of the workpiece 
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is effected so as to traverse the outer peripheral surface of each 

of the :-otating grinding wheels. In ot..>ier words, the workpiece 

23 undergoes relative movement in t.}J.e widthwise direction of the 

rotating grinding wheels. Accordingly, it becomes possible to 

5 effectively grind all over the outer peripheral edge portion of 

the workpiece by making e::fecti ve use of the overall width of the 

outer peripheral wheel surfaces of the rotating grinding wheels. 

In the ?n.ethod of grindin__g a ~orkpiece accordL,g to the 

inve..~tion, the rotating grinding wheels consist of the two 

10 grinding wheels for rough grinding and finish grinding, and rough 

grinding and finish gzindi:ng are performed by the grinding w!'leels, 

respectively. For this reason, the grinding of the outer 

peripheral edge portion of the workpiece can be. effected 

separately for rough grinding and finish grinding and 

15 continuously and efficiently with high accuracy. 

In the method of grinding a workpiece according to the 

invention, the rough grinding and finish grinding of the outer 

peripheral edge portion of the workpiece are performed by the same 

station. For this reason, it becomes unnecessary to transport 

20 the workpiece into another station or shift the holding of the 

workp~ece, and it is possible to continuously perfor.m. rough 

grinc!.ing and finish grinding for the o'ute:r peripheral edge portion 

in the state of being disposed in the same station. Hence, it 

is possible to maintain the positional accuracy of the wor}~piece 

25 and improve the operating efficiency. Further, stations for 

rough grinding 2nd finish grinding need not be provided separately, 

the arrange..TTI.ent of the grinding apparatus can be simplifif:d, and 
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the grinding apparatus can be made compact. 

!n the method of qrL~cing a workpiece according to tee 

invention, a rotating grinding wheel which is formed .by binding 

the grains of silicon dioxide into fixed abrasive qrains is used 

5 as the rotating grinding wheel for finishing. For this reason, 

the outer peripheral edge portion of the workpiece can be ground 

with good finish-ground surface roug.l:"i..ness by virtue of the 

chemical action based on .. the redusinq action of silicon dioxide. 

In the method of grinding a workpiece according to the 

10 invention, after the outer peripheral edge portion of the 

. workpiece is subjected to rough grinding and finish grinding by 

·using the rotating grinding wheels; final finishing is pe:-formed 

by using t..":l.e disk-shaped polishing pad and slurry. For this 

·reaso~, the relatively soft polishing pad are applied, and the 

15 ·slurry always cools the machined portion of the workpiece. Hence, 

it is possible to further enhance the ground surface roughness 

of the outer peripheral edge portion of the workpiece and effect 

super-finish grinding. 

In the :method of grinding a workpiece according to the 

20 invention, an outer peripheral edge portion of the workpiece is 

ground. 

25 

Accordingly, it is possible to obtain the aforementioned 

operational advan~ages :n the grinding of the outer peripheral 

edge portion. 

In the method of grinding a workpiece according to the 

i~ven~ion, an inner peripheral edge portion of the work-piece 

having a circular hole in its center is ground. 
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Accordingly r it is possible to ob't:ain the afore."tl.entioned 

op~~ational advantages in the g=inding of th~ i~ner peripheral 

edge portion. 

In the method of grinding a workpiece according to the 

5 invention, a rotating gr.:nding wheel for cylir..drical qrinding is 

rotated about an axis parallel to the central axis of the workpiece 

in a process preceding the grinding by the disk-shaped rotating 

grinding ~heel, so as t? effect_the rough cutting of the edge 

portion of the workpiece by cylindrical grinding.· 

1 O Accordingly, since rough cutting by cylindrical grinding, 

which .!Llakes it possible to secure a large amount ot grindi~g per 

unit t~me i? a preceding process,·is adopted, the grinding can 

be perfor.m.ed efficiently. Moreover, since this cylindrical 

grinding is rough cutting, even if the profile of ·the outer 

15 peripheral surface of the rotating grinding wheel for cylindrical 

.. grinding is slightly .broken, machining accuracy remains 

substantially unaffected. 

20 

In this connection, the rotating grinding wheel for 

cylindrical grinding includes a forming grinding wheel. 

In a second aspect according to the invention, there is 

provided a method of grinding a workpiece, characterized in that 

a workpiece formed of a circular thin plate is rotated about its 

center as an axis, that a rotating grinding wheel for cylindrical 

g=inding is concurrently rotated about an axis parallel to a 

25 central axis of the workpiece so as to effect the· rough cutting 

of a edge portion of the workpiece by cylindrical grinding, and 

that a disk-shaped rotating grinding wheel, while being rotated 
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. about a.."1. axis extending in a direction substantially parallel to 

a p~ane of the wo.::-kpiece and perpe??-dicular to a radial direction 

of the workpiece, is subsequently made to undergo relative :::eeding 

.rr.ovement on both obverse arid reverse surface sides of the workpiece 

5 along an edge portion o= the workpiece, so as to grind the edge 

portion of the workpiece by an outer peripheral surface o: the 

disk-shaped rotating grinding wheel. 

Accordingly, since the e9ge portion of the workpiece is 

subjected to rough cutting in advance _in the pre.ceding process, . 
10 the subsequent grinding of the edge portion of the workpiece can 

be perfo!'"Ined efficie:itly. Furthermore, the wheel surface of the 

disk-shaped rotating grincing wheel is difficult to be worn, so 

~hat it is U..11.necessa=y to replace the rotating grinding wheel 

f.requently, and the edge portion of the workpiece can be g:::-ound 

15 into a constant machined shape wit.~ high accuracy. 

In the method of grinding a workpiece according to the 

invention, two grinding wheels including one for rough g=inding 

and a..TJ.other for finish grindinq are provided as the disk-shaped 

rotating grinding wheel, and ~ough grinding and finish grinding 

20 are performed after the rough cutting. 

Accordingly, the grinding of the edge portion of the 

workpiece can be effected efficiently with high accuracy by being 

divided into ~ough grinding and finish grinding, and the 

a~rangement of the apparatus can be made simple and compact by 

25 the joint use of the machining station. 

Furthermore, 2.Ccording to a third ~spect of the invention, 

there is provided an ~pparatus fo~ grinding a workpiece, 
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ch.aracteriz~d by comprising~ workpiece holding means fo::: holding 

kp . .c: ' .:: • , ..... • • , t d .c: ... ..... • t' a wo:r iece ..!.Onnec o_ a circu_ar i...!l::!..n p_a e an J.Or roi..ai...ing n.e 

workpiece about its oW?l ax.is; and grinding means having a 

disk-shaped rotating grinding wheel and for causing the rotating 

5 grinding wheel, while being rotated about an axis substantially 

parallel to a plane of t..'1.e workpiece, to undergo relative feeding 

movement onbot..>i obverse and reverse surface sides of the workpiece 

lO 

along an edge portion of the wor~iece, so as to grind the edge 

portion of the workpiece. 

Accordingly, it is possible to realize an apparatus in 

which the wheel surface of the grinding wheel is difficult to be 

wo:!::l, it is '1.i.J.Ti.ecessary to '.!:'eplace the g::::-ind.ing wheel frequently, 

and. the outer peripheral edge portion or the inner peripheral edge 

portion of the workpiece can be ground into a constant machined 

15 shape with high accuracy, as described eiliove. 

In addition, the edges of the workpieces ca.'rl. be finished 

to arbi t:::ary shapes by the same grinding wheel through the relative 

feed control of the workpiece and the rotating grinding wheel. 

In the apparatus for grinding the workpiece according to 

20 th.e invention, a guide mechanism for guiding the relative movement 

of the workpiece and the rota~ing g=inding wheel for performing 

the processing is =armed by a hydrostatic bearing. 

--.. c. ..... _ 

Accordingly, when the grinding wheel and the workpiece 

relatively moved, for instance, in a Z direction along the 

25 ro':ational axis of the workpiece and in a Y direction perpendicular 

thereto, the rela~ive movement of the grinding wheel and the 

workpiece is effected smoothly by the guide mechanism including 
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the hydrostatic bearing. Accordingly, it is possible to prevent 

vibrations from occurring during the relative movement of the 

grinding wheel and the workpiece, thereby making it possible to 

improve the processing accuracy of the ground surf ace of the 

S workpiece. 

FUrther, according to a fourth aspect of the invention, 

the rotating grinding wheel, while being rotated in one directionr 

is :moved to be fed towa!'d the edge p_9rtion of the workpiece starting 

with its obverse surface side and the.n toward i'ts tip side, to 

10 thereby grind the obverse surface side of the edge portion, and, 

subsequently, the rotating grinding wheel, while being ro~ated 

~n the opposite direction, is moved to be fed toward the edge 

portion of the workpiece starting with its reverse surface side 

and then to~1ard its tip side, to thereby grind the reverse surface 

15 side of the edge portion. 

In accordance with this grinding method, since grinding 

is per for.med by bisecting an allowance for the obverse and reverse 

surf aces of the edge portion of the workpiece in such a ma-tiner 

as to depict sym.'Ti\etrical loci of movement: on the obverse surface 

20 side and the reverse s~face side, grinding can be performed by 

the sa:me change of the grinding conditions for both the obverse 

and reverse surface sides in correspondence with the angle of the 

crystalline face appearing at the edge portion, and it is possible 

to prevent 'the occurrence of variations in the roughness of the 

25 g~ound surface be~ween the obverse surface side and·the reverse 

su:-f ace side of the edge portion. Hence, the edge portion of the 

wo=kpiece can be ground uniform ground surface roughness wi ":h high 
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accuracy. 

Fig. l is a partially fragmentary plan view illustrating 

5 an e.i.ilbodiment of a grinding appa~atus; 

Fig. 2 is an enlarged plan view of an essential portion 

and illustrates in enlarged for a portion of the grinding apparatus 

shown in Fig. l; 

Fiq. 3 is an enlarged cross-sectional view of the 

10 essential portion of the grinding apparatus shown in Fig. 1; 

=igs. 4A to 4C are explanatory views illustrating the 

nethod of g:?:inding an. outer peripheral edge portio:i in the orde!:' 

of processes; 

Figs. 5..~ and SB are a front elevational view and a plan 

15 view illust~ating a rough cutting process: 

20 

Fig. Sc is a side view illustrating a modification of a 

rotating grinding wheel for the rough cutting process; 

Figs. 6A and 6B are a front elevational vi"ew and a plan 

view illustrating a rough grinding process; 

Fig. 7 is a side elevational view illustrating in enlarged 

form the rough grinding process shown in Figs. 6A and 6B; 

Figs. SA and BB are a front elevational view and a plan 

view illustrating a finish grinding process; 

Figs. 9A and 9B are partial side elevational v!ews 

25 il~ustrating in enlarged form the finish grinding process shown 

in Figs. SA and 8B: 

Fig. 10 is an enlarged cross-sectional view of a 
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modification of a workpiece holding mecha~ism of the gr~nd.:.~g 

app?ratus shown in Fig. l; 

Fig. 11 is an e..~larged plan view of a modification of a 

gri~ding mechanism of the grinding apparatus shown in Fig. l; 

5 Figs. 12A to 12C are plan views illustrating 

modifications of a grinding wheel head; 

Fig. 13 is a cross-sectional view illustrating.a 

modification of the grinding pr~cess; 

Fig. 14 is a front elevation~l view illustrating a 

10 modification of the grinding apparatus; 

Fig. 15 is a plan view illustrating the modification of 

the g=inding apparatus shown in Fig. 14; and 

Fig. 16 is an explanatory diagram illus~rating a 

conventional method of grinding a workpiece. 

m:TATT.ED UESCRIPTTON Q-i::' 'i''HE PREFERRED EM50QIMENTS 

Referring now to Figs. 1 to 9B, a description will be given 

of an e..rnbodiment of the invention. 

As shown in Figs. 1 to 3, a column 22 is provided uprightly 

20 on a bed 21 of the grinding apparatus, and a workpiece holding 

mecha~is~ 24 serving as a workpiece holding means for holding a 

workpiece 23 formed of a circular thin plate such as a 

semiconductor wafer is disposed on the colu.'tln 22. A grinding 

mechanism 25 serving as a grinding means is disposed on the bed 

25 21 in correspondence with the wor.kpiece holding·rnechanism 24. 

This g:rinding :mechanism 25 is provided with a rotatL-ig grinding 

wheel 26 fo:::: cylindrical grinding for ":he rough cutting of an outer 
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peripheral edge portion 23a of the workpiece 23 as well as two 

disk-shaped rota~ing grinding wheels 27 and 26 for the rough 

grinding and finish grinding of the outer peripheral edge portion 

23a of the workpiece 23. 

It should be noted that, in this embodiment, a rotating 

grinding wheel which is formed by binding the grains of silicon 

dioxide {Si02 ) with a bond to form the silicon dioxide into fixed 

abrasive grains is used as the af2rementioned rotating grinding 

wheel 28 for finishing. 

On the left side of the grinding mechanism 25, a 

carrying-in station 29 is disposed en the bed 21, and a casse.tte 

30 accom."':\Odat~ng a plurality of u~..machined workpieces 23 is · 

carried i.nto this carrying-in station 29. A first working robot 

31 is ins~alled in the rear of the ca=ryinq-in station 29, and 

15 the un.i.~achin~d workpieces 23 are fetched one by one from the 

casset~e 30 by the first working robot 31, and are delivered to 

the workpiece holding mechanism 24. 

As shown in Fig. 1, a thickness measuring sensor 202 of 

a contact type for measuring the thickness of the workpiece 23 

20 is disposed above the carrying-in station 29. By using four 

sensor elements 202a, 202b, 202c, and 202d, the thickness 

measuring sensor 202 :meas-.ires the thickness of an outer periphery 

of one work?iece 23 at a time, and detects defective workpieces. 

Further, on the basis of ~he measured thickness, a controller 

25 201 computes the center in th~ thicknesswise direction of the 

workpiece 23, and determines a reference position for feeding the 

workpiece 23 in a Z direction. 
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en the right side of the grinding mechanism. 25, a 

carrying-cu-:. statior. 32 is disposetj on the bed 21, and a cleaning 

:nechanism 3~ is provided in its lower portion. JI_ second wo:rk.:.ng 

robot 34 is installed~in the rear of the carrying-out station 32, 

5 and the machined wo~kpieces 23 are received by the second working 

robot 34 from the workpiece holding mechanism 24 and, after going 

through the cleaning mec..~anism 33, are accoitL~odated in the 

casse~te 30 on the carrvina-out station 32. - ~ - .. 
A.~ outside-diameter measuring sensor 206 is disposed 

10 above the carrying-out station 32. It should be noted that, in 

E'ig. :, the outside-diameter:measuring sensor 206 is illL:.strated 

r..oi: above the carrying-out station ·32 but in a different position 

for the sake of description. The outside-diameter measuring 

sensor 206 measures the outs:...de dia..'tl.eter of the workpiece 23 by 

15 causi::ig an abutting plate 206a and an pushing plate 206b provided 

wi~h a sensor ele...~ent to come into contact with the workpiece, 

the abutting plate 206a and the pushing plate 206b beir.g 

respectively provided at two points located in correspondence 

with the diameter of the workpiece. On the basis of the measured 

20 outside diameter, the controller 201 confirms the finish of the 

workpiece 23. 

Next, a detailed de.scription'will be given of the details 

of the arrange~ent of the workpiece holding mechanism 2~. As 

shown in Fig. 3, a work head 31 is supported on a side surface 

of the colu..r.m 22 in such a manner as to be movable in the Z-axis 

direction (in the vertical direction) through a guide rail 38 via 

rolling bea=ings. A rotating shaf~ 39 is sLlpported on the work 
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head 37 in such a manner as to be rotatable about the axis Ll 

extending in the z-axis di!"ection, and a suction pad 40 for sucking 

a.-"ld holding the workpiece 23 is provided at a lower end thereof. 

A workpiece rotating motor 41 is disposed on top of the 

5 work head 37, a..TJ.d the :roi:ating shaft 39 is rotated by the motor 

4l, which in turn causes the workpiece 23 sucked and held onto 

the suction pad 40 to rotate about its center as the axis LL A 

Z-axis moving motor 42 i.s dispos~d on top of the colmnn 22, and 

a ball screw 43 is rotated by the motor 42, which in turn causes 

10 the work head 37 to rnove in the z-axis direction through a 

connecting ann 4.5 at::ached to a nut 44. 

Next, a descrip~ion will be given of t~e details· of the 

axrangem~nt of the grinding ?:Lechanism 25. As shown in Fiqs. 2 

a~d 3, a supporting table 47 is disposed on the bed 21 in such 

15 a man.."ler as to be movable in the X-axis direction {in a longitudinal 

direction) along a pair of guide rails 48 via rolling bearings. 

20 

A saddle 49 is supported on the supporting table 47 in such a 

manner as to be movable in the Y-axis direction (in a transverse 

direction} along a pair of guide rods SO via rolling bearings. 

Jl.n X-axis moving motor 51 is disposed on the bed 21, and 

a ball screw 52 is rotated by the motor 51, which in turn causes 

the supporting table 47 to move in the X-axis direction through 

a nut 53. A Y-axis rnovi~g motor 54 is disposed in the rear of 

the supporting table 471 and a ball screw 55 is rotated by the 

25 rooto~ 54 to move the saddle 49 in the Y-axis direction through 

a nut 56. The X-axis moving motor 51, the Y-axis moving motor 

54, and the Z-axis moving motor 42 are subjected to nurrarical 
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control, and penn.i.t automatic cont=ol en the basis of an NC 

progra.n-.. 

A first-grind.:..ng-wheel ::-otat:.ng motor 57 is disposed on 

top of the supporting table 47 on the left-hand side thereof, and 

5 ~he aforementioned rotating grinding wheel 26 for cylindrical 

grinding is tr.ounted on a motor shaft 58 projecting from its upper 

surface. This rotatinq qrinding wheel 26 for cylindrical 

grinding is rotated about the axis_L2 parallel to the central axis 

Ll of the workpiece 23 by the !irst-griI?-ding-whee.l rotating motor 

10 57. 

Jt second-grinding-wheel ::-otating motor 59 is dispos;;d on 

the saddle 49, and the afo=ementioned disk-shaped rotating 
. 

grinding wheel 2 7 for rough grinding and rotat:..ng grinding wheel 

28 for finish grinding are mounted on a motor shaft 60 projecting 

15 on a left side surface of the second-grinding-wheel rotating motor 

59 at .a predete.!11'.ined interval therebetween. The rotating 

grinding wheel 27 for rough grinding and the rotating g~inding 

wheel 28 for fi!lish grinding are rotated about an axis L3 parallel 

to the plane of the workpiece 23 by the second-grinding-wheel 

20 rotating :motor 59. 

The grinding ~echanism 25 is provided with a 

workpiece-outside-diameter measuring sensor 203 of a contac-: type 

for measuring the outside diameter of the workpiece 23 after the 

rough cutting process, a grinding-wheel-diameter measuring 

25 sensor 204 :or measuring the diameters of the rotating grinding 

wheel 27 for rough grinding and the rotating grinding wheel 28 

io:: finish grinding, and a Z-direction position measuring sensor 
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205 fer detecting the position of the workpiece 23 in the Z 

direction. 

The workpiece-outside-diameter measu=ing sensor 203 is 

disposed in the vicinity of the first-rotating-wheel rotating 

5 motor 57 so as to ~.easure the outside diameter of the workpiece 

23 after the rough cutting process. On the basis of the measured 

outside diameter of the workpiece 23, the controller 201 detects 

the amount of wear of the rota~i;.:~g grinding wheel 26 for 

cylindrical grinding. The controller. 201 adj us ts the a."'Uount of 

1 o feed of the g:::-inding wheel 2 6 in the x direction so that the depth 

of cut into the workpiece 23 becomes constant in the ro~gh cutting 

process. In addition, if the workpiece 23 is not :grou..Tld by a 

predeter-nined a.""nount, the controller 201 deter:mines t:..11.at the wear 

of the g=indingwheel 26 is large, and warns the operator to replace 

15 the grinding wp.eel 2 6. Further, a mounting base for mounting the 

sensor 203 as well as the wo.!"kpiece holding mechanism 24 including 

the rotating shaft 39, the suction pad 40, and the like expand 

cue to heat generated during the grinding process, exerting 

adverse effects on the measurement. For this reason, to 

20 compensate for their displacements caused by the thermal 

expansion, zero adjustment is performed for adjusting the 

relative positions of the sensor 203 and the suction pad 40. ·This 

zero ~djust...uent is effec:ed by causing the sensor 203 to abut 

against an outer peripheral edge portion of the suction pad 40. 

25 The grinding-wheel-diameter measuring sensor 204 is 

disposed radially outwardly of the rotating grindinq wheel 27 for 

ro11gh grinding or the rotating grinding whael 28 for finish 
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grinding so as to neasure the outside diameters of .:he g.::inding 

wheels 27 and 28. The controller 201 detects the amounts of wear 

of the qrinding wheels 27 and 28 from the measured outside 

diameters of the grinding wheels 21and28, and adjusts the a:mount 

5 of feed of the grinding wheels 27 and 28 in the Y direction and 

the amount of feed of the workpiece 23 in the Z direction. Further, 

if it is determined that the amounts of wear of the grinding wheels 

27 and 28 are large, the contro:l;,_ler 201 warns the operator to 

replace the grinding wheels 27 and 28. In the.case of the 

10 grinding-wheel-diameter measur.L~g sensor 204 as well, to 

co~pensate for displacements due to the thermal expansion of a 

mounting base for mot:.nting the sensor 204, the :r:ioto= shaft 60 for 

mo:ir..ting the grinding wheels 27 and 28, and the like, zero 

adjusti.-nent is perfonned for adjusting the relative positions of 

15 the sensor 204 and the gri!lding wheels 27 and 28. This zero 

adjustment is effected by causing the sensor 204 to abut against 

a block provided on a bearing housing of the motor shaft 60 fa~ 

mounting the grinding wheels 27 and 28. 

The Z-direction position measuring sensor 205 is disposed 

20 on the housing side of the motor 59 so as to face the lower surface 

of the suction pad 40, and measures the Z-direction position of 

the suction pad 40 at its reference.position in a non-contact 

manner as the Z-direction position measuring sensor 205 is 

posi t.'...oned in such a manner as to oppose the lower surface of the 

25 suction pad 40 in a state in which the workpiece 23 ·is not fitted 

to the suction pad 40. on the basis cf the Z-direction ;>osition 

of t~e workpiece 23, the controller 201 detects the elongation 
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in -che Z di:-ection of the workpiece holding :mechanism. 24 including 

the rotati~g sha:t 39, the suction pad 40, and the like due to 

their thermal expansion, and adjusts the reference positio::n. for 

feeding the workpiece 23 in the Z direction. 

5 In addition, to maintain the relative positional 

relationship in the Y direction between the workpiece 23 and the 

grinding wheels 27 and 28 constant, a Y-direction position 

:measuring sensor may be p;ovided r_Edially outwardly of the suction 

pad 4 O so as to compensate for the relative dispiacem.ents due to 

l O the thermal expansion of the Y-direction feeding mechanism for 

-:he grinding wheels 27 and 29-and the workpiece holcinq mechanism 

2~. - In this ~ase., the Y-di!:"ectioii position at the Y-direction 

=e=erence position is measured in a non-contact man.~er with 

respect to a reference point p~ovided on the saddle ·49.or the 

:s housing of the motor 59. Alternatively, the Y-directionposition 

neastring sensor may be disposed on a side of the saddle 49 or 

the housing of the motor 59. on the basis of the Y-direction 

position of the workpiece 23, the controller 201 detects the 

elongation in the Y. direction of the Y-direction feeding mechanism 

20 and the workpiece holding mechanism 24 due to their thermal 

expansion, and adjusts the reference position for feeding the 

workpiece 23 in the Y direction. 

Next, a description will be given cf the method of 

grinding in the case where the outer peripheral edge 23a of the 

25 lrlorkpiece 23 is ground by using the grinding apparatus having the 

above-described construction. 

In the method of gri:iding a wor~~piece, as shown in Figs. 
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4A to 4C, the outer periphe=al edge 23a of the workpiece 23 is 

ground separately in three proces~es. Na."nely, first, the oi.:.ter 

peripheral edge portion 23a of the workpiece 23 is subjected -=o 

rough cutting by the rotating grinding wheel 26 for cylindrical 

s qrinding, as shown in Fig. 4A. Next, as shown in Fig. 4B, the 

outer peripheral edge portion 23a after its rough cutting is 

subjected to roug'h grinding by the disk-shaped rotating grinding 

wheel 27 for rough grindl:ng. Subsequently, the outer peripheral 

edge portion af~er its rough grinding is subjected to finish 

10 grinding .by the rotating grinding wheel 28 for finish grinding, 

as shown in Fig. 4C. 

Accordingly 1 a detailed de:scripticn will be given of 'the 

rough cutting process. As shown in Figs. SA and SB, the workpiece 

23 is moved and disposed at a heightwise pos~tion corresponding 

15 to the rotating grinding wheel 26 for cylindrical grinding by the 

z-axis moving ~otor 42 in a state in which the workpiece 23 is 

being sucked and ~eld onto the suction pad 40 of the workpiece 

holding mechanism 24. In this state, the workpiece 23 is rotated 

about the axis 11 by the workpiece rotating motor 41, and the 

20 rotating grinding wheel 26 for cylindrical grinding is rotated 

about the axis :.,2 parallel to the central axis Ll of the workpiece 

23 by the first-rotating-wheel rotating motor 57. At the same 

time, the rotating grinding wheel 26 for cylindrical grinding is 

moved to be fed toward the outer peripheral edge portion 23a of 

25 the workpiece 23 by the X-axis moving motor 51. Consequently, 

the oute:- pe!'ipheral edge portion 23a of the workpiece 23 is 

subjected to rough cutting by cylindrical grinding, as ~hewn ·by 
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the chain lines in Figs. 4A and SE. 

In the ~ough cutting process, a forming grinding wheel 

as shown in Fig. SC can be used as the rotating grind~ng wheel 

26 for cylindrical grinding so as to reduce the grinding ai.ilount 

5 in the following rough grinding process. 

Subsequently, in the rough grinding process, as shown in 

Figs. 6A and 6B, the rotating grinding wheel 27 for rough grinding 

is moved and disposed .by_ ~he X-ax.:h._s moving motor 51 at a position 

corresponding to a line L4 passing t~rough the.a.xis Ll of the 

10 workpiece 23 in the X direction while the workpiece 23 is sucked 

and held onto the suction pad 40. In this state, the workpiece 

23 is rotated by the workpiece rotating motor 41, and the rotating 

g~inding wheel 27 for rough grinding is rotated about the axis 

13 extending in a direction parallel to the plane of the workpiece 

15 23 and perpendicular to the radial direction of the workpiece 23 

by the second-rotating-wheel rotating motor 59. 

At the sarr£ time, the workpiece 23 is moved in the Z­

axis direction by the Z-axis moving motor 42 on the basis of a 

predetermined NC program, and the rotating grinding 1.Jheel 27 for 

20 rough grinding is .moved in the Y-axis direction by the Y-axis 

moving .motor 54. Through this s:'.J:n.ultaneous two-axes control, the 

rotating grinding wheel 27 is moved to be fed with respect to the 

workpiece 23 in such a manner as to depict a predetermined locus 

of movement between the obverse and reverse surf aces of the 

25 workpiece 23 along the outer peripheral edge portion 23a of the 

work.'"Piece 23, as shown in Fig. 7. Consequently, as shown by the 

chain lines in Figs. 4B, 6B, and 7, the outer peripheral edge 

- 20 -



po~tion 23a of the workpiece 23 is subjected to rough qrindi~g 

by the outer peripheral wheel surface of ~he rotating grinding 

wheel 27 in the sa'TI.e station as that for the above-desc::-ibed rough 

cutting process in such a manner as to form a 'tape.red profile with 

S an arcuate peripheral edge portion in its cross section. 

Further, in the finish grinding process, as shown in Figs. 

SA ar..d SB, the rotating grinding wheel 28 for finish grinding is 

moved and disposed by the X-axis 1t1.oving :motor 51.at a position - . -
correspondin9 to the line 1..4 in the X-di;i:-ection while the workpiece 

10 23 is sucked and held onto the suction pad 40. In this state, 

the workpiece 23 is rotated by the workpiece rotating mqtor 41, 

and the :-otating grinding wheel 28 for finish grinding is rotated 

about the axis L3 by the second-grinding-wheel rotat~nq motor 59. 

At the same time, the workpiece 23 is moved in the Z-

15 axis direction by the Z-axis 1t1.oving :motor 42 on the basis of the 

p::edeterm:.ned NC program, and the rotating grinding wheel 28 for 

finish grinding is moved in the Y-axis direction. by the Y-axis 

moving :motor 54. Through this si."!tlultaneous two-axes control 1 the 

rotating grinding wheel 28 is moved to be fed with respect to the 

20 workpiece 23 in such a manner as to depict a predetermined locus 

of moveme~t between the obverse and reverse surf aces of the 

workpiece 23 along the outer peripheral edge portion 23a of the 

workpiece 23, as shown in Figs. 9ll. and 9B. Consequently, as shown 

by the chain li:ies in Figs. 4C, 8B, 91\, and 9B, the outer peripheral 

25 edge portion 23a of the ~orkpiece 23 is subjected to finish 

grinding into a desired profile by the outer peripheral wheel 

surface of the rotating grinding wheel 28 in the same station as 
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tha~ for the above-described rough cutt:ng process and rough 

grinding process. 

In this case, as shown in Figs. 9A and 9B, crystal 

orientation 23b extends in the workpiece 23 substantially in 

5 parallel with the obverse and reverse surfaces of the workPiece - . -
23, and different a_-rigles of the crystal face appear in the outer 

peripheral edge portion 23a of the workpiece 23 from both obve=se 

and reverse surface sides to the_ tip of the edge portion. For 

this reason, it is necessary to effect grinding.by changing the 

10 grinding conditions {the feeding speed in grinding movement, the 

1 ... _;:, 

~otating speeds of the workpiece 23 and the grinding wheel 28, 

e:c.) in accordance with the angl~s of the crystal face. By 

adopting a grinding method in w~ich a .machining step over the 

obverse and reverse surf aces is bisected as shown in Figs. 9A and 

SB, and the feed-moving direction of the rotating grinding wheel 

28 "for finish gr:.nding and the rotating direction of the rotating 

grinding wheel 28 are changed with respect to the outer peripheral 

edge portion 232 of the workpiece 23 so as to depict mutually 

symmetrical loci of movement, it becomes possible to effect 

20 grinding by the same change of the grinding conditions for both 

the obverse and reverse surface sides, and it is possible to 

prevent the occurrence of variations 1n the rouqhness of the ground 

surface between the obverse surface side and the reverse surface 

side of the edge portion. 

25 Specifically, the outer peripheral edge portion 23a of 

the workpiece 23 is not grou."Tld continuously between the obverse 

and reverse surface~ sides thereof, and finish grinding is 
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effected separately for the obverse surface side and the reverse 

surface side. N.3lt'.ely, as shown :.n Fig. 9A, first, the rotating 

grinding wheel 28 fo::: finish grinding, while being rotated in one 

direction, is moved to be fed toward the outer peripheral edge 

5 portion 23a of the workpiece 23 .starting with its obverse surface 

side and then toward its tip side, thereby subjecting the obverse 

surface side of the outer peripheral edge portion 23a to finish 

grinding. Subsequently, as sho~ in Fig. 9B, the rotating 

grinding wheel 28, while being rotated in the opposite direction, 

10 is moved to be fed toward the outer peripheral edge portion 23a 

of the wo:::kpiece 23 starting with its reverse surface side and 

i:!len toward its tip side, thereby subjecting- the reve.!'se surface 

side of the outer peripheral edge portion 23a to finish grinding. 

Further, after the outer peripheral edge portion 23a of 

15 th:; workpiece 23 is subjected to finish grinding as described above, 

the workpieces 23 in a state of being accommodated in the cassette 

30 are transported from the grinding apparatus to another station. 

In this othe~ sta~ion, the final finishing of the outer peripheral 

edge portion 23a of the workpiece 23 is effected by using an 

20 unillustrated disk-shaped polishing pad and slurry. Namely, an 

outer peripheral sur=ace of the disk-shaped polishing pad is 

caused to abut against the outer peripheral surface of the 

workpiece 23 in the same way as the totating grinding wheels 27 

and 28. Jtt the same time, slurry which is prepared by mixing 

25 abrasive grains i~to a dispersant is supplied to ~ gap between 

the polishing pad and the workpiece 23. By so doing, the edge 

portion 23a of the workpiece 23 is SLbjected to super-finish 
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gri~ding by the grains in t~e slurry. 

{Modifications} 

It should be noted.that.this embodiment may be embodied 

by making the following modifications. 

{a) In the grinding apparatus of the above-described 

~'"t'.bociiment, the work head 37 and the saddle 49 are respectively 

movably supported to the guide cylinder 140 and the guide rod 50 

by means of hydrostatic.bearing~l42, 146 and 180. 

A description will be given of .the work holding mechanism 

10 24 including the hydrostatic bearings in detaiL As shown in Fig. 

10, the guide cylinder 140·rs attached to a side of the col)liun 

22 in such a ~anner as to extend in the vertical direction tin 

the z direction). A supporting cylinder 141 is supported in the 

gt:.ide cylinder 140 by means of hydrostatic bearings 142 l.n such 

15 a manner as to be movable in the z di:rectio.n, and a pair of bearing 

cylinders 143 and 144 are disposed in the supportinq cylinder 141. 

A supporting shaft l4.5 is supported in the bearing cylinders 143 

and 144 by means of hydrostatic bearings 146 in such a :manner as 

to be rotatable and liftable. An air passage 145a is fonned in 

20 its center, and the air passage 145a is connected to a vacuum pump 

{not shown} through a hose 145b. 

A suction pad 147 is :'ixed to a lower end of the supporting 

shaft 145 by means of bolts {not shown} . In the center of the 

suction pad 147, there is formed an air passage 147a communicating 

25 with the air passage 145a of the supporting shaft 14S. Further, 

in the lower surface thereof, there is formed a plurality of 

suction grooves 147b com..Ttl.unicating with the air passage 147a. ll. 
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Ir.otor 148 for rotation is disposed within the supporting cylinder 

141, a stator 148a the=eof is f~xed to the suppor~ing cylinde= 

14!, and a rotor 148b thereof is fixed to the supporting shaft 

145. The suction pad ;i-47 is rotated by the motor 148 for rotat:..cn 

5 via the supporting shaft 145. 

A motor 42 for movement is disposed above the column 22, 

and a ball screw 43 is proj ectingly provided on a lower portion 

of the motor 42. A conn.ecting a;.nt 45 is projectingly provided 

on an outer periphery of the supporti~g cylinder 141, and a nut 

10 44 meshing with the ball screw 43 is attached to a distal end of 

the connecting a=:m 45. As the ball screw 43 is rotated by the 

~otor 42 for movement, the supporting cylinder 141 is moved 

ve:::tically by means of the nut 4.4, thereby :moving the suction pad 

147 vertically. 

15 For this reason, when the workpiece 23 is moved at least 

in the z direction, the relative movement of the disk-shaped 

rotating grinding wheels 27 and 26 and the workpiece 23 is effected 

smoothly by the ~uicie mechanism including the hydrostatic 

bearinqs 142 and 146. Accordingly, compared with a guide 

20 mechanism including rolling bearings, it is possible to prevent 

~he vibrations from occurring during the relative :movement of the 

disk-shaped rotating grinding wheels· 27 2nd 28 and the workpiece 

23, thereby maJ:ing it possible to improve the processing accuracy 

of the ground surface of the workpiece 23. 

25 The guide mechanism including the hydrostatic bearings 

180 is also provided in the arrangement for r.i.oving the grinding 

rrechanism 25 in the Y dir~ction. For this reason, when the· 
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rotating grinding wheels 27 and 28 and the workpiece 23 are 

relatively moved ~n the Y ~irec~ion wit_~in the plane incl~ding 

the rotational axis of the disk-shaped rotating grindi~g wheels 

27 and 28, the relative mov~"t'l.ent of the rotating gri:iding wheels 

5 2.7 and 28 and the workpiece 23 is effected smoothly by the guide 

mechanism including the hydrostatic bearings 180. Accordingly, 

it is possible to prevent the vibrations from occurring during 

t.'1e re:i.ative movement of. the rot'l,ting grinding wheels 27 and 28 

and the workpiece 23 in the Y direction as well; thereby ma.king 

10 it possible to further improve the processing accuracy of the 

ground su~face of the workpiece 23. 

The hydrostatic bearings 146 are also provided in the 

.mechanis.:.--n fo:::: supporting the rotation of the workpiece 23. For 

this reason, the workpiece 23 is supported so as to rotate smoothly, 

15 thereby making it possible to furt~er improve the processing 

accuracy of the ground surface of the workpiece 23. 

{b) In the grinding apparatus of the above-described 

embodiment, as shown in Fig. 12A, the second-grinding-wheel 

rotating motor 59 is supported on the saddle 49 by means of a 

20 supporting shaft 63 in such a manner as to be capable of undergoing 

indexed rotation, and the rotating grinding wheel 27 for rough 

grinding and the rotating grinding wheel 2 8 for finish grinding 

are respectively mou~ted on the motor shafts 60 projecting from 

left and right opposite side surfaces of the mo~or 59. 

25 In -chis arrangement, since the·second-grinding-wheel 

ro":ating motor 59 is made to undergo indexed rotation, ei the= one 

of the rotating grinding wheel 27 :or rough grinding and the 
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rotating grinding wheel 28 for finish grinding is disposed at the 

position corresponding to the axis Ll of the workpiece 23. Then, 

in this state of corresponding displacement, the rough grinding 

and finish grinding of the outer peripheral edge portion 23a of 

5 the workpiece 23 can be performed consecutively by the sa.~e 

station. 

{c) In the grinding apparatus of the above-described 

embodiment, as shown in.Fig. 12B~ the disk-shaped rotating 

grinding wheel 27 for rough grinding and rotating grinding wheel 

10 28 for finish grinding as well as a polishing pad 64 are mounted 

at predetermined intervals on the motor sha:!t 60 projectin __ q from 

the left side surface of the second-rota~ing-wheel rotatin~ ·. 

motor 59. 

If such an arrangement is provided, after the outer 

15 peripheral edge portion 23a of the workpiece 23 is subjected to 

rough grind:..ng and finish grinding by using the rotating grinding· 

wheel 27 for rough grinding and the rotating grinding wheel 28 

for finish grinding, the final finishing of the outer peripheral 

edge portion 23a can be performed in the same station as that fo!'" 

20 these grinding operations by using the polishing pad 64 and slurry. 

(d) In the grinding apparatus of the above-described 

embodiment, as shown in Fig. l2C, the second-rotating-wheel 

rotating motor 59 is supported on the saddle 49 by means of a 

supporting shaft 63 in such a :ua.nner as to be capable of undergoing 

25 indexed rctation, and the rotating grinding wheel· 27 for rough 

grinding, the rot2ting grinding wheel 28 for finish grinding, and 

the polishing pad 64 are :!Il.ounted on the motor shafts 60 projecting 
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from the left and right opposite side surfaces and rear surface 

of the motor 59. 

In this arrangement, since the second-rotating-wheel 

rotating moto~ 59 is made to undergo indexed rotation, any one 

5 of the rotating grinding wheel 27 for rough grinding, the rotating 

grinding wheel 2a for finish grinding, and the polishing pad 64 

is disposed at the position corresponding to the axis Ll of the 

workpiece 23. Then, in t~is state_of correspondinq displace..Ttl.ent, 

the rough grinding, finish grinding, ~""ld final finishing of the 

10 outer peripheral edge portion 23a of the workpiece 23 can be 

perfor.ned consecutively by· the sa...~e station. 

{e) In the grinding apparatus of the above-described 

ezr.bodiment, as the rotating grinding wheel 27 fo!" rough grinding 

as well, it is possible to use a rotating grinding wheel which 

15 is formed by binding the grains of silicon dioxide into fixed 

abrasive grains in the same way as the rotating grinding wheel 

28 for finish grinding. 

(f) As the fixed abrasive gra.:.ns of the rotating grinding 

wheel 28 for finish grinding, silicon carbide or the like which 

20 is generally used is employed. 

{gJ In the grinding apparatus of the above-described 

embodiment, the rough grinding of the oute~ peripheral edge 

portion 23a of ~he workpiece 23 by the rotating grinding ~heel 

27 for rough grinding is also perfonned separately for the obverse 

25 surface side and the reverse surface side c_f the outer peripheral 

edge portion 23a in the same VJay as finish grinding shown in Figs. 

9A and 9B. 
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(hl In the grinding apparatus of the above-described 

ei'!lbodiment, a f o::Ining g:::indinq wheel is used as the rotating 

grinding wheel 26 for rough cutting. 

(i) AZ-axis direction moving mechanism is provided en 

5 the grinding wheel 27,28 side, and the outer peripheral edge 

portion 23a of the workpiece 23 is ground by the feed movement 

in the Z-axis direction and the Y-axis direction of the grinding 

wheel 27, 28 side without~oving th~ workpiece 23. Alternatively, 

the workpiece 23 side is movable in the X-axis direction and in 

10 the Y-axis direction, while the grinding wheel 27, 28 side is made 

movable in the Z-axis direction. 

{j} As show:r. in Fig. 13, a woz-kpiece havinq."a c.:...rcula::: 

hole 23c in its center is used as the workpiece 23, a peripheral 

edge of the circular hole 23c, i.e., an inner peripheral edge 

15 portion 23d, is ground in addition to the outer peripheral edqe 

portion 23a .. Namely, the workpiece 23 is sucked onto the suction 

pad 40 having a space 40a in its central portion, a smaller rotating 

grinding wheel 27 for rough grinding o.'.!:' rotating grinding wheel 

28 for finish grinding is relatively moved ":o be fed between the 

20 obverse and reverse surf ace sides of the workpiece 23 in the same 

way as the above-described grinding of the outer peripheral edge 

portion 23a, thereby making it poss1ble to grind the inner 

peripheral edge portion 23d. In this case, it is possible to 

co~tinuously perfo=m the grinding of the outer peripheral edge 

portion 232 and the inr.e= peripheral edge portion 23d of the 

workpiece 23 by using the same grinding wheel in the same machining 

station, so that the arrange..11.ent of the apparatus is ma:le compact, 
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a~d the machining shape accuracy can be improved. 

(kl rn the grinding method of ~he above-described 

embodiment, the rough grinding process and the finishing grinding 

process can be performed in a grindinq apparatus shown in Figs. 

5 14 and 15. 

In the grinding apparatus shown in Figs. 14 a."ld 15, a pair 

of bases 121 a..~d 122 are connected to each other. A workpiece 

holding mechanism 24 antj..a qrindi~q mechanism 25 are disposed on 

the first base 121, so that an outer periphery of a workpiece 23 

10 as a circular thin plate, which is sucked andheldbythe workpiece. 

holding mechanism 24, is ground by the grinding·mechanis:n 25 . 

1 -_;:, 

. A wafer carrying r.iechanism 129 including a first :moving 

table 133 and a second :moving table 134 is disposed on the second 

base 122. The first moving table 133 is disposed in such a rnanner· 
. . 

as to be movable between a processing position ?3 corresponding 

.. to the workpi~ce holding :mechanism 24 and a retreated position 

P2 at a distance t:ierefro:m. Further, the second moving table 134 

is supported on the first moving table 133 in such a manner as 

to be int~grally and rela.ti vely:movable with the first moving table 

20 133. llJJ. unprocessed wo::kpiece 23 is carried onto the workpiece 

holding nec.hanism 24 by the first moving table 133, and a processed 

workpiece 23 is carried out from the workpiece holding mechanism 

24 by the second moving table 134. 

A cover 135 is provided over the two bases 121 and 122 

25 in such a manner as to cover the various mechanism sections on 

their upper surfaces, and a shutter 136 is disposed in a 

substantially intermediate portion thereof in such a manner as 
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to be capable of being lowered or raised. During the grindi:cg 

of the workpiece 23, the shutter 1.36 is closed so that the portions 

on the first base 121 a:i.d the portions on the second base 122 are 

separated, thereby preventing a coolant and the like from being 

5 scattered to the portions on the base 122. In addition, the 

shutter 136 is opened when the workpiece 23 is carried in or carried 

out by the wafer carrying mechanism 129. 

In the grinding.mechani~ 25 of this modification, as 

shown in Fig. 15, a supporting base 160 fer shiftir{g is disposed 

10 on the first base 121, and a pair of gµ.:.de rails 161 for shifting 

a.!'e laid on an upper surface··of the supporting base 160 in such 

a manne= as to extend within a horizontal plane in a diagonally 

s.hifting direction S from the front on the left-hand side toward 

the rear on the right-ha.."ld side. A shifting base 162 is shiftably 

15 supported on the guide rails 161 for shifting, and a pair of 

X-direction guide rails 163 extending in the left-and-right 

direction (X direction) within the horiz.on~al plane are laid on 

an upper surface of the shifting base 162. 

A moving base 164 is movably supported on the X-direction· 

20 guide rails 163 by means of a pair of rolling units, and a pair 

of Y-direction guide rods 165 extending in the Y direction within 

the horizontal plane are disposed on an upper portion of the moving 

base 164. A saddle 166 is movably supported on the Y-direction 

guide rods 165 by means of hydrostatic bearings. In addition, 

2 processing head 167 is supported on an upper portion of the 

Y-direction quid.a rods 165 through a supporting shaft 168 in such 

? ~anner as to be capable of swiveling about a vertica: axis by 
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means of a motor a~d a ball screw. A pair of :rota.ti:ig shafts 169 

ar.d 170 are p=-ojectingly provided on both sides of the p:-ccessing 

head 167 in such a manner as to extend in a horizontal direction 

perpendicular to the axis of the supporting shaft 168, anci the 

5 .rotating shafts 169 and 170 are rotated by a motor 171 accol'C'.rnodated 

in the processing head 167. Then, the rotating grinding wheel 

27 for rough grinding is mounted en the rotating shaft 169, while 

the rotating grinding w.t?.~e.l 28 fo_E finish grinding is mot:.nted on 

the other rotating shaft 170. It sh~uld be noted·that the 

10 hydrostatic bearings are used only for the Z and Y axes related 

to processir..g for the purpose of the reduction of cost. Bt!t, the 

hydros~atic bearings may be used a1so at the time of relatively 

:=;..oving the rotating grinding wheels27 and 28 in the X directio~ 

and in the S direction. 

15 A description will now be given of the advantages which 

can be expected from the above-described embodiment. 

In the method of grinding a workpiece in this embodL'ltl.ent, 

the workpiece 23 for.med of a circular thin plate is rotated about 

its center as the axis 11, and each of the disk-shaped rotating 

20 grinding wheels 27 and 28, while being rotated a.bout the axis 13 

substantially parc.llel to the plane of the workpiece 23 r is made 

to undergo relative and continuous feedingrocve.ment along at least 

one part of both obverse and reverse surface sides of the workpiece 

23 on the ot:.ter peripheral edge portion 23a of the workpiece 23. 

25 Consequently, the outer peripheral edge portion 23a of the 

~"orkpiece 23 is ground by the outer peripheral wheel surface of 

each of the rotatjng grinding wheels 27 and 28. 
F 
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For this reason, as compared with the conventional 

grinding method in which the cu:.er peripheral edge portior. of the 

workpiece is ground by a forming .grindin~ wheel, the profile o~ 

the wheel su::face of ea::h of the rotating gri?iding wheels 27 and 

S 28 is less prone to deformation, so that i~ beco."tl.es unnecessa:y 

to replace the rotating grinding wheels 27.and 28 frequently. 

Accordingly, it is possible to reduce the material cost of the 

rotating grinding wheel!?. 27 and 2 ~' and hence the machining cost. 

Fu=ther.more, since the profile of th~ wheel surface of each of 

10 the rotating grinding wheels 27 a...TJd 28 is less prone to deformation, 

"the ot:ter pe:dpheral edge po:rtions 23a of the workpieces 2~ can 

be ground into cotstan~ machined ·shapes with-high. accuracy . 
. 

In addition, the edge portion 23a of the wo.!"kpiece 23 can 

be finished into an arbitrary shape by the same grin.ding wheels 

:!.5 27 and 28 through the relative feeding control of the work.piece 

23 and the rotating grir-ding wheels 27 and 28. 

In the method cf grinding a workpiece in this e..lD.bodiment, 

the axis 13 of the rotating grinding wheels 27 and 28 is disposed 

in such a manner as to be perpendicular to the radial direction 

20 of the workpiece 23. For th:'..s reason, the rotation of the 

workpiece 23 is ef=ected so as to traverse the outer peripheral 

surface of each of the rotating grinding wheels 27 and 28. In 

other words, the wcr.i<.piece 23 undergoes relative movement. in the 

widthwise direct:on of the rotating grinding wheels 27 and 29. 

25 Accordingly, it becomes possible to effectively grind all over 

the outer peripheral edge portion 23a of the workpiece 23 by making 

effective t.:.se of the overall width of "the outer oerioheral wheel . . . . 

- 33 -



si:.rfaces of the rotating grinding wheels 27 and 28. 

In the method of grinding a workpiece in this embodiment, 

the rotating grinding whee~s consist of the two grinding wheels 

27 and 28 for rough gr~ndinq and finish q=inding, and rouqh 

5 grinding and finish grinding are performed by the grinding wheels 

27 and 28, respectively. For this reason, the grir.ding of the 

10 

outer peripheral edqe portion 23a of the workpiece 23 can be 

effected separately for _rough gr~ndinq and finish qrinding and 

continuously and efficiently with high accuracy. 

In the method of grinding a workpiece in this embodiment, 

the rough grinding and finish gri~ding of the outer periphe=al 

·edge portion 23a o: the wo=kpiece·23 a~e perfor.med by the sa."!l.e 

station. For this reason, it becomes unnecessary to transport 

the workpiece 23 into another station or shift the holding of the 

15 workpiece 23, and it is possible to continuously perform rough 

grinding and finish grinding for the outer peripheral .edge portion 

23a in the state of being disposed in the same statio:i. Hence, 

it is possible to maintain the positional accuracy of the workpiece 

and improve the operating efficiency. Further, stations for 

20 rous-h grinding and finish grinding need not be provided separately, 

the arrangement cf the grinding apparatus can be simplified, and 

the grinding apparatus can be made compact. 

In the method of grinding a wo!"kpiece in this embodiment, 

a rotating grinding wheel which is formed by binding the grains 
' 

?r -=> of silicon dioxide in~o fixed abrasive grains is used as the 

rota~ing grinding wheel 28 for finishing. For this reason, the 

ou::.e.r peripheral edge portion 23a of the wo=l<:piece 23can1:-e ground 
c:. ., 
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with good finish-ground surface roughness by virtue of the 

che.'!l.ical action based on the reducing action of silicon dioxide. 

In the method of grinding a workpiece in this e."tlbodiment, 

the rotating grinding wheel 26 for cylindrical qrind.inq is rotated 

5 about the axis 12 parallel to the central axis Ll of the workpiece 

23 in the pr9cess preceding the grinding by the disk-shaped 

rotating grinding wheels 27 and 28, so as to roughly cut the outer 

peripheral edge portion_23a of t_!:e workpiece 23 by cylindrical 

grinding. For this reason, sine~ the outer peripheral edge 

10 portion 23a of the workpiece 23 is subjected to rough cutting in 

advance int.lie preceding process, the subsequent grinding of the 

oute~·periphe=al edge portion 23a of tbe workpiece 23 ca~ be 
. 

performed efficiently, thereby making it possible to improve the 

ef=iciency of the overall operation. Moreover, cylindrical 

15 grinding produces a large amount of grinding per unit ti.me, the 

rough cutting· can be performed efficiently, and since cylindrical 

grinding is rough cutting, even if the outer peripheral surface 

of the rotating grinding wheel 26 is slightly broken, machining 

accuracy remains substantially unaffected, so that the frequent 

20 replacement of the grinding wheel is un.~ecessary. 

In the method of grinding a workpiece in this embodiment, 

after the outer peripheral edge portion 23a of the workpiece 23 

is subjected to rough grinding and finish grinding by using the 

rotating grinding wheels 27 and 28, final finishing is performed 

25 i~ another station by using the disk-shaped polishing pad and 

slurry. :or this reasoil, the pliability of the polishing pad 

contributes to high-accu:-acy machining, and the slurry cools· the 
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machined portion of t:he workpiece 23. Hence, it is possible to 

=urther enhance the g=cund surface roughness of the outer 

peripheral edge portion 23a of the workpiece 23 and effect 

super-finish grinding. 

In the :me:.hod of grinding a workpiece in this embodiment, 

the rotating grinding wheel 28 for finish grinding, while being 

rotated in one direction, is moved to be fed toward the outer 

peripheral edge portion .~3a of th~ workpiece 23 starting with its 

obverse surface side and then toward.its tip side, thereby 

1 o subjecting the obverse surface side of the outer peripheral edge 

portion 23a to finish grinding. Subsequently, the rotat~ng 

grinding wheel 28, while being rotated in the opposite directior.., 

is moved to be fed toward the outer pe:-ipheral edge portion 23a 

of t..~e workp~ece 23 starting with its reverse su~face side and 

15 ·t..11.en toward its tip side, thereby subjecting the reverse surface 

side of the outer peripheral edge portion 23a to finish grinding. 

For tr.is reason, it is possible to change the grinding 

conditions corresponding to the angle of the crystal face 

appearing in the outer peripheral edge portion 23a on the obverse 

20 surface side and the reverse surface side of the outer peripheral 

edge portion 23a ot the workpiece 23, and it is possible to prevent 

the occurrence o: variations in the roughness of the ground surface 

between the obverse surface side and the reverse surface s.i.de of 

the outer peripheral edge portion 23a. Hence, it is possible to 

25 grind the cuter peripher2l edge portion 23a of tae workpiece 23 

with uniform gro~d surface roughness and with high accuracy. 

!n the method of grinding a workpiece in this embodiment, 
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the rotating g:rindingwheel, while being rotated in one direction, 

is ~oved to be ::ed toward the edge p~rtion of -:he wo?:"kpiece starting 

with its obverse surface side and then toward its tip side, to 

thereby grind the obverse su.?:"face side of the edge porti"on, and, 

5 subsequently, the rotatinq grinding wheel, while being rotated 

in the opposite direction, is moved to be fed toward the edge 

portion of the workpiece starting with its reverse surface side 

and then toward its tip s~de, to th_ereby grind the reverse surface 

side of the edge portion. 

10 In accordance with th.is grinding method, since grinding 

is performed by bisecting an allowance for the obverse and reve.!"se 

s~rf aces of the edge po!:'~ion of the workpiece in such a manner 

as to depic~ syni.:metrical loci of :moveme.."lt on the obverse surf ace 

side and the reverse surface side, grinding can be performed by 

15 . the same c.h.ange of the grinding conditions for both the obverse 

and reverse surface sides in correspondence with the angle of the 

crystalline face appearing at the edge portion, and it is possible 

to prevent the occurrence of variations in the roughness of the 

ground surface between the obverse surface side and the reverse 

20 surface side of the edge portion. Hence, the e.dge portion of the 

workpiece can be ground uniform ground surf ace rouqhi'"less with high 

accuracy. !t should be noted that the dividing method is not 

confin;d tc the bisection, and various dividing methods are 

conceivable including such as trisection into the obverse· surface 

25 side, the reverse surface. side, and ·the tip side, and a di vision 

into five parts of the obverse surface side, the reverse surface 

side, the ti.p side, ? region between the obverse surfaca side -and 
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the tip side, and a region between the reverse surface side a.~d 

the tip side. In such cases as well, the g=ound S'C.!'face roughness 

of the obverse and reverse su:face sides can be made unifor~. 

The present disclosure relates to the subject matter 

5 contained in Japanese Patent application Nos. Rei .11-220019 filed 

on August 3, 1999 and Hei.11-91947 filed on March 31, 1999 which 

are expressly incorporated herein by reference in its entirety. 

While only certa~n e:n.bodi~ents of the inven'ti_on have bee..."1. 

specifically described herein, it will apparent.that nume=ous 

10 modifications may be made .thereto without departing from the 

spirit a.~d scope of the invention. 
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WHAT TS CLAIMED TS: 

1. A method of grinding a workpiece, comprising the 

steps of: 

rotating the workpiece formed of a circular thin plate 

5 about a center axis thereof; 

rotating a disk-shaped rotating grinding wheel about an 

axis thereof disposed substantially parallel to a plane of the . 

workpiece; and 

performing a relative feeding movement between the 

10 workpiece and said grinding wheel such that said rotating grinding 

wheel moves along at least one part of an edge portion of the 

1 -_::> 

workpiec.e in a thickness direction of the workpiece, while · 

concurrently rotating the workpiece and said rotating grinding 

wheel, 

whereby an outer peripheral surface of -said.· rotating 

grindi~g wheel grinds the edge portion of the workpiece. 

2 . The method according to claim 1, wherein the axis 

of said rotating grinding wheel is disposed in such a manner as 

20 to be substantially perpendicular to a radial direction of the 

workpiece. 

3. The method according to claim 1, wherein said 

rotating grinding wheel includes a rotating grinding wheel for 

25 rough grinding and a rotating grinding wheel for finish grinding, 

whereby rough grinding and finish grinding are performed. 

I lllllll llllf J 11111 fllf I fl f Ill 
* c l " s * 
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4. The method of grinding a workpiece according to 

claim 3, wherein said rough grinding and said finish grinding are 

performed in a same station. 

s 5. The method according to claim 3, wherein at least 

said rotating grinding wheel for finish grinding is formed by 

binding grains of silicon dioxide into fixed abrasive grains. 

6. The method according to claim 3, wherein final 

10 finishing is perfonned by causing a disk-shaped polishing pad to 

abut against the workpiece while rotating the disk-shaped 

polishing pad, ·and by supplying slurry formed by mixing ·abrasive · 

l·S 

grains in a dispersant into a gap between said polishing pad and 

the workpiece. 

7. T.he method according to claim l, wherein an outer 

peripheral edge portion of the workpiece is ground. 

8. The method according to claim 7, wherein a 

20 rotating grinding wheel for cylindrical grinding is rotated about 

an axis thereof disposed substantially parallel to the central 

axis of the workpiece in a process preceding the grinding by said 

disk-shaped rotating grinding wheel, so as to effect the rough 

cutting of the edge portion of the workpiece by cylindrical 

2 5 grinding. 

I lllflll llllll llH 1111111111 
* C L M S * 

9. The method according to claim l, wherein an inner 
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peripheral edge portion of the workpiece having a circular hole 

in a center portion thereof is ground. 

10. A method of grinding a workpiece, comprising the 

5 steps of: 

rough cutting an edge portion of the work.piece fo.rmed of 

a circular thin plate by means of cylindrical grinding, said rough 

cutting step being obtained by rotating a first rotating. grinding 

wheel for cylindrical grinding about an axis thereof disposed 

10 substantially parallel to a center axis of the workpiece, while 

rotating the workpiece about the center axis of the thereof;. and 

grinding the edge portion of the workpiece·by an outer 

peripheral surface of a second rotating grinding wheel, said 

grinding step being obtained by performing a relative feeding 

15 movement between said second grinding wheel ·and the workpiece such 

that the ·second grinding wheel moves along. at least one part o'f 

the edge portion of the workpiece in a thickness direction of the 

workpiece, while rotating said second rotating grinding wheel 

about an axis extending in a direction substantially parallel to 

20 a plane of the workpiece and substantially perpendicular to a 

radial direction of the workpiece. I lllllll lllllf Ill~ 11111111111 
* C L M S * 

11. The method according to claim 10, wherein said 

second rotating grinding wheel includes a rotating grinding wheel 

25 for rough grinding and a rotating grinding whee~ for finish 

grinding, and said grinding step includes rough grinding and 

finish grinding, which are performed after the rough cutting. 
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12. An apparatus for grinding a workpiece, 

comprising: 

a workpiece holding unit·holding the work.piece formed of 

5 a circular thin plate and rotating the workpiece about a center 

axis thereof; 

a grinding unit having a disk-shaped rotating grinding 

wheel, said grinding unit grinding an edge portion of the workpiece 

by performing a relative feeding movement between said rotating 

10 grinding wheel and the workpiece such that said rotating grinding 

wheel moves along at least one part of the edge portion of the 

15 

20 

workpie~e in ·a t:,hickness direction thereof, while rotating said · 

grinding stone about an axis thereof disposed substantially 

parallel to a plane of the workpiece. 

13. The apparatus according to claim 12, further 

comprising: 

a moving mechanism performinq the relative movement 

between said rotating grinding wheel and the workpiece; and 

a guide mechanism guiding the re la ti ve movement of said 

mov~ng mechanism, said guide mechanism being constructed by a 

hydrostatic bearing. 
I tlltll ltllll lllll llltl 11 tlll 

* C L M S * 

14. The apparatus according to claim 13, wherein 

25 said moving mechanism comprises: 

a first moving mechanism performing a first relative 

linear movement between the workpiece and said rotating grinding 
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wheel; and 

a second moving mechanism performing a second relative 

linear movement between the workpiece and said rotating grinding 

wheel perpendicular to said first relative linear movement. 

15. The apparatus according to claim 14, wherein 

said guide mechanism guiding the first relative movement of said 

first moving mechanism is constructed by said hydraulic bearing. 

16. The apparatus according to claim 15, wherein 

said guide ·:mechanism guiding the second relative movement of said . 

s-econd moving :mechanism is constructed by said hydraulic bearing. 

17. The apparatus according to claim 14, wherein 

15 said workpiece holding unit includes said first moving mechanism, . 

. and 

said grinding unit includes said second moving mechanism. 

18. The apparatus according to claim 17, wherein 

20 said workpiece holding unit includes: 

25 

a pad holding the workpiece; 

a rotating shaft attaching said pad at one end thereof; 

a cylindrical member rotatably supporting said rotating 

shaft; and 

said hydrostatic bearings disposed between said rotating 

shaft and said cylindrical member. 

I llltlll llllll 1111111111 \I lilt 
* C L II S * 
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19. The apparatus according to claim 12, wherein 

said grinding unit includes: 

a rough cutting unit having the other rotating grinding 

wheel for cylindrical grinding, said rough cutting-unit cutting 

5 the edge portion of the workpiece by performing a relative linear 

movement between the other qrinding wheel and the workpiece, while 

rotating the other grinding wheel and the workpiece in the· 

substantially same plane. 

10 20. The apparatus according to claim 19, further 

comprising:·. 

a workpiece-outside-diameter measuring sensor measuring 

a~ outside diameter of the workpiece cut by said rough cutting 

unit, 

15 ··wherein said relative linear movement between the other 

grinding wheel and the workpiece is determined in accordance with 

-the measured outside diameter of the workpiece. 

21. The apparatus according to claim 20, wherein 

20 said workpiece-outside-diameter measuring sensor performs a zero 

adjustment for adjusting- a relative position between said sensor 

and the workpiece for measuring. 

I flllll lfflll 11111lllrt111111 
* C L M S * 

22. The apparatus according to claim 12, further 

25 comprising: 

a grinding-wheel-diameter measuring sensor measuring 

the outside diameter of said rotating grinding wheel, 
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wherein said relative feeding movement is determined in 

accordance with the outside diameter of said rotating grinding 

wheel. 

23. The apparatus according to claim 22, wherein 

said grinding-wheel-diameter measuring sensor performs a zero 

adjustment for adjusting a relative position between said sensor 

and said rotating grinding wheel for measuring. 

24. The apparatus according to claim 12, !Urther 

comprising: 

· · a vertical position measuring sensor for measuring a 

·vertical elongation of said workpiece holding unit. 

111111~ lfllff lllf J f Jiil ll f llJ 
* C L M S * 
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