; ef ghe3ef #f | pD6zT(x2 8 0 C T 2002 METHOD AND APPARATUS FOR GRI ?@m ZﬁUZ
VVORKP E OF THE. I NVENTION 1 _FIELD OF THE | NVENTI ON

pr esent ‘ﬁﬁmmn ates to a nethod and an apparatus for grinding a

wor kpi ec cally, for grinding an outer peripheral edge of a

wor kpi ece f ol of a circular thin plate such as a seni condm
Description of the Related Art 10 Conventionally, in a case w”mmm&‘ﬂ&pe
of workpiece formed of a circular thin plate is ground, a grindifg,nethod
such as the one shown in Fig. 16 has been adopted. Nanely, in this
conventional nethod, a workpiece 71 is rotated about its center as an axis
L1, and a form ng grMBAHRE MR hPEARATISTHPRIGERENBENE oA ORKPTESE t oward an

outer peripheral edge portion 7la of the workpiece 71 while being rotated
about an axis h2 which is parallel to the central axis L1 of the workpiece

71. As aresult, the outer peripheral edge portion 7la of the workpiece 71
is ground by a recessed mheelnm&w%n phery of the
formng 20 gri ndlp wheel  72._ However, with this conventional method of
grinding a \A&rkprég%d-—%%-t-@é{%ﬂ-%" per i pher al edge portion 7la of the
wor kpiece 71 is arra dtob rou at_o by the recessed whee
surface 72a of the f %n%nv nﬁ/ﬁ?@e’f % ﬂe %%“&Dsdeﬁnégn\ﬁﬁ@érragﬂﬁface
72a of the fa 40 bleg to becnevvorn

the defor m':ltli{(r)nrEl %""?ltdé %r Ofl Etzi %selc 'IL{L?) oﬁoc'Ur énrgegﬁl?mﬁ)r
this reason, ﬂ)eazrltp!h%lflaﬁr E&génof'i“w'%lilkﬂgece flormed of a circular thin plate

such as a semiconductor wafer.
5. T s - 1 ] !

10 Conventionally, in a case where this type of workpiece

formed of a2 circular thin plate is ground, a grinding method such
as-the cne shown in Fig. 16 has been adopted. Namely, in this
conventional method, a workpiecé 71 is rotated abcut its center
as an axis L1, and a forming grinding wheel 72 is moved so as to
15 be fed toward an outer peripherzal edge portion 71a of the workpiece
71 while being rotated about an axis L2 which is parallel to the
central axis L1 of the workpiece 71. As a result, the outer
peripheral edge portion 7la of the workpiece 71 is éround by a
recessed wheel surface 72a of the outer periphery of the forming
20 grinding wheel 72.

However, with this conventional method of g¢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 whesl 72, the recessed

25 wheel 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,



''280CT?2002 it is extrenely difficult to nmaintain constant I??& 12002
machi ni ng accuracy o. the profiles of the cuter perinheral edge por 9% @
7la of a multiplicity of workpieces 71 by a single form ng grindi ng wheel
72, and it has been necessary to replace the formng grinding S wheel 72
frequently, so that there have been problens in terns of the nmachining
accuracy and nmachining cost. SUVMARY OF THE | NVENTTON The invention has
been devised in light of the above- 10 descri bed probl ens which are present
in the conventional art. Its object is to provide a nethod of and an
apparatus for grinding r: workpi ece which nmake it possible to grind outer
peri pheral i2dge portemmky ofi ffrdkditetesmahnt 2imatartssianitmgheonstantimmchi ned
shape accuracy, and which make it unnecessary to replace the grinding 15
wheel frecaentigycy Tof ddlev@roifd labove Ui ectterapenidnagzl edyd postiaspect of
the invention, there is provided a nmethod of grinding a workpiece, a

wor kpi ece T &7 PEd? L1 1pLeciE Helitr TkRilemes Thbrat atrgl afomning sTép@ing as an
axis, and each_ of the disk-shaped rotating 20 grindi ng wheels, while being
rotated abBRESan 2axdRd dGARETAPRGeHEFEY %@I T qR)-ad5et pF ARETHRI BRENGERK i ece,

is made, to undergo rel ative feedi movenent on poth obverse and reverse
surfacg5 si H’é@eﬁf‘gfh‘er%lrsk'ﬁ ces8l gﬁﬁt (R TGUTEN SRR PP HRT AU L g & NpBe ¥ DN of
t he wor kpi

egeJ,P Conse uentl%% t he outgr erLgheraI %gge portion of the

wor kpi ece 25 4% gPoutt B3P & HBafter *p r?%ﬁ%+ PSS sur f ace of each of the
rotating grinding wheels. In this connection, the wording "the rotating
grindi ng 2 8 0 CT 2002 wheel" includes a pad, and the wording

"grinding" includes p°|i5hin@ﬂMﬁ?ﬁiJﬁ%EﬁﬁLﬂﬂﬁﬂ#ﬁ@ﬁmaxe used as well in the
bel ow description. In addition, e above rerative feeding novenent is S
performed such thatyshengddidhasheekbnCaBYL BHQUSL V1 MMMES fORKBL 1hSRASE one

part of a predeterm ned configuration of the edge portion to be ground

al ong 1@ t hilekaessedptrebl eAB wOfi chhar oF direC en ther cddientieasortas cedpar ed
wi th the conventional grinding nmethod in which the outer peripheral edge
portion of obhectl Ol svork girese des agnetingt byt andoeni agpgrdng nMprwheehditde
profile of the wheel surface of each of the rotating grinding wheels is

| ess proneztwpdaf@ad dhion mae ihavsetibbecongsindnedesspey e aedpidge t he
rotating grinding wheels frequently. Accordingly, It is possible to reduce
t he mat eri BPTEHR®ES O vYREKP 2GRS Hglg@ MRdigining constant machined shape

accuracy, and which make it unnecessary to replace the grinding
15 wheel frequently.
To solve the above object, according to a first aspect
of the invention, there is provided a method of grinding a
workplece, a workpiece formed of a carcular thain plate is rotated
about 1ts 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 mace to undergo relative
feeding movement on both obverse and raverse surface sides of the
workplece along the outer peripheral edge portion of the workpiece.
Consequently, the outer peripheral edge vortion of the Wworkpiece
25 is ground by the outer peripheral wheel surface of each of the

rotating grinding wheeals.

In this connection, the wording "the rotating grinding



15 wheel s, and hence the machining cost. Furthernore, since the prof Iod]@’:ﬁﬁ
t he wheel surface oz each of the rotating grinding wheels is less p 0
def ormati on, the outer peripheral edge portions of the workpieces can be
ground into constant nmachi ned shapes with high accuracy. 20 In addition,

t he edge portion oz the workpi ece can be finished into an arbitrary shape
by the sanme grinding wheels through the relative feeding control of the

wor kpi ece and the rotating grinding wheels. In the nmethod of grinding a

wor kpi ece according to the 25 ivention,the axis of the rotating grinding
wheel s is di spgseﬁblir;pfuch a manner as to be perpendicular to the radial
direction or VhesWbrkpileck:s Ropathi snd egsOnodne s otat | f wor kpi ece
2 80CT 2002 is effected so as to traverséjfﬂgﬁgu%g%hgg? ph%%%ﬁ'§ﬁrface

of each of theckbtlainqg gnindimgsahesldisigs kRreohbes yords, t,-fgletwgrﬁg%ece 23
under goes rel ative nmovenent in the w dthw se directicn of the rotatl N

gri ndi ng wheef8scaiselorati-ngly, it becomes possible to 5 effectively grind
all over the outer peripheral edge portion of the workpiece by making
effective use of the Bvedditighdt hhefaldes atler iper ifpbeial wmbheslergurkaces

of the rotsati n%g_gri ndj ng wheels. In the nmethod of grinding a workpiece
accor di ng™t o RHe-TTRAEhEP6R, the thst ax i nring iwhdiedge oot ousdnsinste oford he t WO
10 grinding (§§§ f or rgugh grinding and finish grinding, and rough

grindi ng and TinisA gPPAGITTY? BF 89 et FHmRsHe oL ki agriiondi hekedek Sortion
respectively. this reason, the grinding of the outer peripheral edge
portion of thtec%:%\/\e/orgl%lﬁiﬁggec ahI @'fjfcé@teé& géﬁﬂ?‘é%@myoﬁ dihe owgtkpgetadi ng and
finish grinding and %@rcgﬂﬁgnygggl and eificientléhmjth hi gh accuracy. In
the method of grinding a Workprece accordrRGIEe Theh i Mhemarsentinaatough
grindi ng and ddim i t he ter. peripheral _.edge portion of the
wor kpi ece ar egJf peP?gsgﬁe%ﬂgdy&]?ﬁgjhslgr%eug%gﬁtgﬁ.p?—%rp%terjﬁas" ¢ %%gﬁftil?nt%fcﬁh@s
unnecessaly tartkbaR8ROL unkieb Lece i 0 r.station or shirt the
hol di ng of tf]cﬁej vvogkpi ece,&gnd ity?)isiﬁ%ggglﬁgl g*%b@%%%ﬁﬁ US%?{E EePffc}iI% ?Hugh
gri ndi ng and thienvisée grsurdizrg dHeathe OULEr-periRher Al ad iqn {n.the
state oz being disposed in the sane station. ﬁEnEﬁ%ﬁ?% gﬂgﬁgg%%%ggt%ess
mai ntai n t hePpESFt ForfA-caretiasy of thhe wordereee 26napssdany e, Lhe. o
operating eff'hci ency. Further, stations for rough grinding and finis

gri ndi ng need“fotChat ravidad sepahaess vir¢duesar nangreestd g tyhe -gr i adi ng
appar atus can bhe, ;nplified, and 2" 8 0 CT 2002 the grinding apparatus
can be nade E8 é%t? Lo reduce the material cost of the retating grinding

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

profile of the wheel surface of each of the rotating grinding

wheels 15 less prone to deformation, the outer peripheral edge
portions of the workpieces can be ground into constant machined

shapes with high accuracy.

20 In addition, the edge portion of the workpliece 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 grinding a workpiece accordiné to the

25

invention, the axis of the rotating grinding wheels »s disoosed

1n such a manner as to be perpendicular to the radial direction

OL the workpiece. For this reason, the rotation of the workpildce



In the nethod of grinding a workpiece according to the invention, ih
rotating grinding wheel which is forned bar binding the grains of PFL&NZ
dioxide into fixed abrasive grains is used 5 as the rotating grindi ng wheel
for finishing. For this reason, the outer peripheral edge portion of the
wor kpi ece” can be ground with good finish-ground surface roughness by virtue
of the chem cal action based on the reducing action of silicon dioxide. In
t he net hod of grinding a workpiece according to the 10 invention, after the
outer peripheral edge portion of the workpiece is subjected to rough
Ginding and finish grinding by using the rotating grinding wheels; final
finishing iis peféotedolys using vche «dilsk onhapedt yiehieshl o ffadcamtl eskhrry.
For this reason, the relatively soft polishing pad are applied, and the 15
slurry al wanfstbeofosatireg nadhidhed ywordlion oh dtreemevkpisecehe Wdetpegcet 1S
possi ble to further enhance the ground surface roughness of the outer
peri pher al Zédgadpogeé¢pmredh e nuordapingcénaiitk ef fiboyiseperetitacspgthadi ng.
In the nmethod of grinding a workpiece according to the 20 invention, an
outer peri pifdEalngdgeipeing ofhasl st hehoepkpintley i & tgbeandes AITridilegky, it
is possible to obtain the aforenmentioned operational advantages in the
gri ndi n§ ofehiiRctdyedy peindRdlapveddedportrsnpeniPhat alhadaetPRI-18" §Fi ndi ng
a worl pi ece according to the invention, an inner perigheral,eggggpogtion of
t he wor kpi 68 HAVFRYSSe SVrRMF b9 RoFECFAVE S cahtdre PESERbuiddth & theo g o
CT 2002 Accordi ngl it _is possible to obtain the aforenentioneg
oper at i onaloHFaRTATRETH FRES T AT 0F T CHE THIRY T pHEraY -CHges-
portion. In the method of grinding a workpiece according to the

invention, the rotating grinding wheels consist of the two

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

grinding and finish grinding are performed by the grinding wheels,

respectively. For this reason, the grinding of the outer

peripheral edge portion of thelworkpiece can be effected

separately for rough grinding and finish grinding and

15 continuously and efficiently with high accuracy.

In the method of grinding 2 workpiece according to the
invention, the rough grinding and finish grinding of the cuter
peripheral edge portion of the workpiece are performed by the same
station. For this reason, it becomes unnecesszary to transport

20 the workpilece into another station or shift the holding of the
workprece, and it i1s possible to continuously perform rough
grinding and finish grinding for the outer peripheral edge portion
in the state of being disposed in the same station. Hence, 1t
1s possible to maintain the positional accuracy of the wér}:plece

25 2nd improve the operating efiiciency. TFurther, stations ifor

rough grinding and finish grinding need not be provided separately,

the arrangement of the grinding apparatus can be simplified, and



In the nmethod of grinding a workpiece according to the 5 invention, 8
rotating grinding wheel for cylindrical grinding is rotated about Lgh0&ki082
parallel, to the central axis of the workpiece in a process preceding the
grinding by the disk-shaped rotating grinding wheel, so as to effect the
rough cutti.ng of the edge portion of the workpiece by cylindrical grinding.
i 0 Accordingly, since rough cutting by cylindrical grinding, which makes It
possi ble to secure a |large anount of grinding per unit time in a preceding
process,is adopted, the grinding can be performed efficiently. Moreover,
since this cylindrical grinding is rough cutting, even if the profile of
the outer 15:pergphgdahg sapdaca @f chhRepeohalie Ngorsddtdi ng wheel for
cylindrical grinding is slightly broken, machining accuracy renains
substanti al |y unaff echethe nethhids ofoaneating,a e kbokaki Acgydingi ng wvheel
for cylindrical grinding includes a formng grinding wheel. 20 In a second
aspect accordinrgntoothex imoventngngr irdirey iwheplovhied ia fethed byzbgndivs ng a
wor kpi ece, characterized In that a workpiece fornmed of a circular than

pl ate is rot ahedyabing oift s:tirnrediagida bxis fikhdtabraotvat gnglimgs ilsdamed
wheel for cylindrical. grinding is concurrently rotated about an axis

paral |l el $o &s?SheerptaiinaxpsibiinhenfmkrecElssEHgId.0 BPT ddtist heasough
cutting of a edge pore on of the workpiece by cylindrical grinding, and
what a di sk-§lli‘§v‘é‘éf€$-*€)1P§trilﬁ§e§?i- RASFgPREEEPD %5?45 Wi Ry 96t adedpe 9pound 2 g
0 CT 2002 aboyt ,an axis. extending jn a_directicn substantially parallel to
a pl ane of t Hé ROPRPReCER HRT P PEndFCaPSF FOLaPRarh dIY diFECE Bh T1 she

wor kpi ece, is,subsequent.l de.to der rel atiyve feeding. novenment ,on
bot h' obver se CART-Feverse BUPTacs B HAS T S MBTKITeEE & i oycan bige
portion of the workpkec 0 {o-0ri . e Lon.. . rkpl ece
by an outer periphergﬁ gﬁ??ﬁ%gﬁg%gghékgﬁgtgiﬁhgggkgg%%%i%Ef%ﬁ%#% iﬁg gﬁ%el.
Accordinghy, :shReeibhe £8de R IRRf pbheMRLADI £&f iR rtyRRheskechd o rough
cutting In advance in the precedi ng process, |0 the subsequent grinding of
the edge por ticempekcthes workpicees €atRrrpeti QaiRg eff keheah lgtinding by

F' urthernore, the wheel surface of the disk-shaped rotating grindi ng wheel
is difficult dsdnberiworptasing hatindingswikkwecessaay f:nirséphaces phefontadi ng
grindi ng wheel frequently, and the edge portion of the workpiece car. be
ground 15 i ntay asdogstaatdimictihzgddsipape shiit hagharat cunaey.- | Toxt Hdiret hod
of grinding a workpiece according to the Invention, two grinding wheels

i ncl udi ng on&eR&EMr oilyh Tpliatdivied Yasd fanee hethinar PRidnpsh Ppphidichg2afethe
provi ded_as the disk-shaped rotating grinding wheel, and rough grinding and
finish g?‘f"ndisrjrglriﬁ S Y5 IO nEe BREBERERSOFGLGR it hgT¥PEeot di APFS t he

i ndi f t.he.ed ti f Kpi b ff d efficientl
W th hi gh acclr deyPay Heihg afUFGBRT] R SUaH g fr AP RGr ke 07 APRREnens
grinding, andd be. a1TANOEEEI, o { NACBPORLAIUS oG, Do TRAE S I €: 200k

conpact by 2 e joint use ni ng station.

accordl ng tos%p%Qngn§§pe§giﬂglA§uai nvention, there is provided an
apparatus for grinding a workpl €ece, ~z a ocT noon characterized by

conprising: workpi ecenhghdinaHRaRs §05nhohgiNe3 WeEKR 8E& FPIPE00FNna
circular thin plate and for rotating the workpiece about its ow axis; and

grindi ngz2 oeansveaxiog, adlicskeshapetbl ot Al icdigegpb A dtd omherk wdikpiekeCcasisi Ng
the rotating 5 grinding wheel, while being rotated about an axis
substanti al | yround.

Accordingly, 1t is possible to obtain the aforementioned
operational advantages in the grinding of the outer peripheral
edge portion.

25 In the method of grinding z workpiece according to the

invention, an inner peripheral edge portion of the workpirece

having a circular hole in its center is ground.



parallel to a plane of the workpiece, to undergo rel ative needi ng VE'
gent on both obverse and reverse surface sides of the workpiece algﬁb g%ﬂMZ
edge portion of the workpiece, so as to grind the edge portion of the
wor kpi ece. 10 Accordingly, it is possible to realize an apparatus in which
t he wheel -surface of the grinding wheel is difficult to be worn, it is
unnecessary to replace the grinding wheel frequently, and the outer

peri pheral edge portion or the inner peripheral edge portion of the

wor kpi ece can be ground into a constant machi ned 15 shape with high
accuracy, as described above. In addition, the edges of the workpieces can
be finished to arbitri¢gorhiapsy byt tiepsasts by kB whesel atﬁgfrgﬂgt} 1084
relative feed control of the workpiece and the rotating grinding Mﬁeel. In
t he apparatus°P8FaB%?¢ﬁﬁrﬁ?ﬁﬁﬁéa@BEkpmeﬁmeegrd@ﬁdh@gofotﬁg)ﬂdﬂ%:iBge ié%? a
gui de nechanisg1for uiding the relative noverment of the workprlece an '%he
rotating grina A9 ©T-or performing the processing is fornmed by a
hydrostati c bearing. f@ rdingly, when the grinding wheel and the workpl ece
are relatively noved, ™hdrS R§taREeS L igrindingi rewtiomi etong o185 to the
rotationals axig,9 tﬁﬂ? morﬁgjece and in a Y direction perpendicul ar
thereto, the rélative nbve 106k 9 HeAYRT WBEARY Sweellandribel wenkpigge s S
ef fected snnong%?g§€££@i HLﬂe mechani sm i ncl udi ng g_ ' 280CT 2002
the hydrostatic bearin C YR Rt 3154 CP Shegsantnad auiprétdrst wan yriatdeons

from occurring duk | ati ve, novenent of the grinding wheel and the
wor kspi ece, ther egli/-bggf(i; %gre{cfeag'g‘§5| }BT‘ 1 r%Veﬂi%élﬁMéé%EﬁgQﬁ@cﬂm@cy

of the groundgsindagewdbethesy yorkpi Further, according to a fourth
aspect of the inveﬁ%fon, thesro¥§t$ﬁd§%ﬁ%q%ﬁ; § GRBER, “WhilRd 184 fger edaeed
in one directpartidrs ofovRe erhsided ¥ > _edge_portion of the
morkpiecg@starting wthits ob@%ﬁse s&??%@gnggggggng*?ﬂ%ﬁ“ibmard its tip
side, to+®0 thereby dgcicnddihel phbeense roichats Si d ortion,
and, subsequent|y, the rotating grinding “wheel n\j\‘%}?%y%ﬁ%%%g‘tgpé@ﬁr}?'t he
opposi te d|ré@ﬁfﬁh@akgsﬁ@MEdSSDbbetﬁﬁdetﬂmakﬂJEBQeQQQQHHPEE'QHn%h_EPS?I
wor kpi ece starting with its reverse surface side and then toward 1ts"tTp
side, to ther8by riRdiR He Dr@recsaaspréaess 15 siadepabd| henedge Renbi ehy 1N
accordance mﬁ%h LQLSEganding met hod, since grinding is perforned by
bi secting an al FORARTEST of t t e BBver s darrb Yeverssacsuithas esy Dind e adge
portion of t@eiwgghgifge iqgg%%l a_manner as _to depict symetrical |oci of
v C

novenent on t'he o rse sut NGy dBVERd: ¥ hieh ¢ darafdd esurtf ahe stk

grindi ngisanphe;pgefor ned by t same change of the grinding conditions for
both the obverseEand revergéeéﬁfF%%éo§Fgé§ 9% 106 RE fee cwil hdtheaangl e
of the cryst@thha@néaggsgggﬁﬁﬁj h e portion, and it is possible
to prevent the occurrence 0z vg?%g?%gﬁégT%F Q?WQMﬁﬂﬁ$5§§yoFe@ﬁén?5 ground
surface betwsehstaet:pdivier s@a34t-aeg side and the reverse surface side of

t he edge portion. Hence, the edge portion of the workpiece can be ground
uni form ground surf ate tmughreseceibh, high 21 [ 02 accuracy. BRIEF
DESCRI PTION OF THE DRAWNG Fig. 1 is a partlfoaﬁ I yl%g(r)a?grg@% lélgng?%#‘ @%’ew

i |l ustratingSslandeydrddigrentiiof angldeBfHJﬁﬁﬂﬁ%h%tg§ﬁn5%g nd S an enl arged
pl an vigﬁﬂof an essential portion and illustrates i'n en a?ged‘?dT a portion

of the drinding appalafusecond aspect according to the invention, there is

provided a method of grinding a workpiece, characterized in that
a Workplece formed of a circular thin plate is rotated about 1ts
center as an axis, that a rotating grinding wheel for cylindrical

grinding 1s concurrently rotated about an axis parallel to a

Central axis of < t
OL the workpiece so as to effact the rough cutting

O: & eage portion of the workpieca by cvlindrical grinding, and

that 2 disk-shaved rotating grinding wheel, while being rotated



shown in Fig. 1; Fig. 3 is an enlarged cross-sectional view of th?ﬁi%TZGZ
essential portion of the grinding apparatus shown in Fig. 1; Figs. tg 9C

are explanatory views illustrating the nmethod of grinding an outer

peri pheral edge portion In the order oz processes; Figs . 5A and 5H are a
front el evational view and a plan 15 view illustrating a rough cutting
p=ocess; Fig. 5c is a side viewillustrating a nodification of a rotating
grindi ng wheel for the rough cutting process; Figs. 6A and 6H are a front
el evational view and a plan view illustrating a rough grinding process; 20
Fig. 7 is a side elevational viewillustrating in enlarged form the rough
grindi ng papoessarshews éntdidishg 6A Ard r6BLiEh 3ubstAnaRd]1 8B e 1afrent

el evational view and a plan view illustrating a finish grinding process;

Fi gs. 9A ampdpS&harss pastiatkmicde ehetairpenal cul ens:-c?2 tidisl Bateogidm
enlarged formthe finish grinding process shown in Figs. 8A and 6B; Fig. 10
is an enl ardethewoskpbect i onalubsicgwentlamadito un@eByHrel F- PO Zeeding

nodi fication of a workpi ece hol di ng mechani sm of the grindi ng appar at us
shown i n Frgvementiog bath pevensephdrgydrpkanrfpew ofdes obtlh¢ Woakpbacof a
grindi ng mechani smof the grinding apparatus shown in Fig. 1; 5 Figs. 12A
to 12C are2pPaf 9N &&I§ PPESELPat Phd-NfodPEKRRR¢DNSDESatgrdmidichgh e head:;

Fig. 13 is _a cross-sectional viewillustrating a
portion oI the workplece by an outer peripheral surface of the

disk-shaped rotating grinding wheel.

Accordingly, since the edge portion of the workpiece is

subjected to rough cufting 1n advance in the precéding'process,
10 the subsequent grinding of the edge portion of the workpiece can

be performed efficiently. Furthermore, the wheel surface of the

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

that it 1s unnecessary to repléce the rotating grinding wheel

frequently, and the edge portion of the workpiece can be gzound
15 into a constant machined shape with high accuracy.

In the method of grinding a workpiece according to the
invention, two grinding wheels including one for rough grinding
and another for finish grinding are provided as the disk-shaped
rotating grinding wheel, and rough grinding and finish grinding

20  are performed after thne rough cutting.

Accordingly, the grinding of the edge portion of the
workpiece can be effected efficiently with high accuracy by being
divided into rough grinding and finish granding, and the
arrangement of the apparatus can be made simple and compact by

25 the joant use of the machining station.
Furthermore, according to a third aspect of the 1nvention,

there is provided an apparatus for grinding a workpiece,



modi fication of the grinding process; Fig. 14 is a front el evati oifa$ pgj
illustrating a 10 nodification of the grinding apparatus; Fig. 15 1s a plan
view illustrating the nodification of the grinding apparatus shown in Fig.
14; and Fig. 16 .s an explanatory diagramillustrating a conventi onal

met hod of grinding a workpiece. 15 DETAI LED DESCRI PTI ON OF THE PREFERED
EMBODI MENTS Referring newto Figs . 1 to 9B, a description will be given of
an enbodi ment of the invention. As shown in Figs . 1 to 3 ( a colum 22 .is
provi ded uprightly 20 on a bed 21 of the grinding apparatus, and a

wor kpi ece hol di ng nmechani sm 29 serving as a workpi ece hol di ng neans for

hol di ng a wotkpi et i3 Fob PRdn@fr 8164k o D itdenh Pl @lrey REEAs @B =8holding

sem conductor wafer is disposed on the colum 22. A grinding nechani sm 25
serving as azgiduidiirgentansed 2 dbsqinsed aanththephek 2bd?omreaetespotitence
wi th the Wrkpi ece hol di ng mechani sm 24, This grinding mechanise 25 is
provi ded wi thonkpotat iampugr indi ngnwhees; 261d orrigydingdmeenk gevimh reg for the
rough cutting or an outer 11 2 8 0 CT 2002 peripheral edge portion
23a of the woikprScraBrasabhend wsncwpydibielshagetbr orasing tde neltaintheel s
27 and 20 for the rough grinding and finish grinding of the outer

peripherdl edgen@HRy |W@|¢eg3a"”'é)¥lQ W@M@rk@l—%’é@‘gz@mﬁ" 2B BHEuPYepBaRBI ML %t hat |
in this enbodinent, a rotating grinding wheel which is forned by_binding
the grains oP35RHebiodt @%ﬁ-as TR W - %5 ot W FEPm ¢S FRY g

di oxide into _fixed abr rains |%ﬁused as t e af orenentjoned rotatlng

gri ndi ng wheBPVSEERHPE Oﬁ .15 oY R T 6FF iFﬁélngt t%ﬁVﬂH*
gggg?;zmﬁ‘%%&%%dgédﬁg %&f}&'ﬁnt%g wgrggs ose o2 theecfgr%.%dz he &l ea

urality of Un morkpl Fs carri ed

into this Ca%ﬁ¥£99ﬁi&f§5ﬂ¥u%@kégecé firs. morklng robot. 31 is installed in

the rear e carrying-in station 29, and 15 the unmachi ned wor kpi eces 23
are fetched one by ope-dFrHmdiRe @@%@Hﬁ@séﬁ@al@ytbh?e&liﬁ MDEkbAgat@botn 31,

and are delivered to the workpi ece hol'ding nechani sm 2
which the wheel surface of the grinding wheel is difficult to be
worn, it is vnnecessary to replace the grinding wheel frequently,
andtheouterperipheraledgeporfimuortheinnerperipheraledge
portion of the workpiece can be ground into a constant machined
15 shape with high accuracy, as described above.

In addition, the edges of the workpieces can be finished
to arbitrary 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  the invention, a guide mechanism for guiding the relative movement
of the workpiece and the rotating grinding wheel for performing
the processing i1s formed by a hydrostatic bearing.

Accordingly, when the grinding wheel and the workpiesce
are relatively moved, Ifor instance, in a Z direction along the

25 rotat:ional zxisof the workplece and inaYdirectionpervendicular

thereto, the relative movement of the grinding wheel and the

workpieca 1s eifected smoothly by the guide mechanism including



As shown in Fig. 1, a thickness neasuring sensor 202 of a contact téHFUEPQWZ
nmeasuring the thickness of the workpiece 23 20 is di sposed above th
carrying-in station 29. By using four sensor elenents 202a, 202b, 202c, and
202d, the thickness neasuring sensor 202 neasures the thickness of an outer
peri phery of one workpiece 23 at a tinme, and detects defective workpieces.
Further, on the basis of the neasured thickness, a controller 25 201
conputes the center in the thicknesswi se direction of the workpiece 23, and
determnes a reference posltion for feeding the workpiece 23 in a Z
direction. - 12 280CT 2002 In the right side of the grinding
mechani sm 25 kydarsbatig- betrstat | ancd2disgly spases pen stbhéebedp2dyemnd a

cl eaning mechanism 33 is provided in its |lower portion. A second work-ng
robot 34 i yibmstabhedfrim dadmimeag diirfhe theryela:-iow mstvameoh 82,tHe and

t he machi ned workpi eces 23 are received by the second working robot 34 from
t he wor kpi ezensndi wheechanFaem 24 pigceal theT gy mgkihgoligpasisé bdkretmi ng
mechani sm 33, are accommodated in the cassette 30 on the carrying-out
station 321TRACHEt SREILEREHTIANT #EESGRFHQOE ezDrITINEd Sugifdpesed e above
the carrying-out station 32. It should be noted that, in Fig. 1, the

out si de? di ¥REEBAERBasuring sensor 206 is illustrated not above the

carrying-out statign 32 but in a different position for the sake of
description. The ogPEFH%EtﬁﬁﬁﬁﬁF nﬁé%%&?FHBEEQH%%HEC§08fﬁ§§%&P¥§HFh%“0utside

di h Kpi 3 by 1 | b i ng, pl .206a. and

T e SRR ST R B RO
e Wor | - e : n

e vorkD ses,c)hec UL tJe Al o, 208030 e pushlag oL, Q0B bel v

di ameter of,jthe; ordpi&cs SRrhbe Dagd SRl difte 'EB%P&H%@Q HE$HEE to

di aneter, the controller 201 confirns the finish of the worKkpiece 23. Next,
a det aid ed tdesebi/piia Whkl o @iV eir0icé e debaidise eagk o Afilangsnent of

t he wor kpi ece hol di ng nechanism 29. As shown in Fig. 3, a work head 37 is
supported enbazguhdetsyr ftace rd35aatng her codimgn wRA2elln siutle dgimanestased o be
novable in the Z-axis direction ( in the vertical direction) through a
gui de rail 186thiracppbsity dieadings. Asrmoued ngp sheffed3@oivsrduppersdrk: on t he
work - 13 2.8 0 CT 2002 head 37 in such a manner as to be rotatable
about the BRF§1p2 ekitdRdragPhethst2rasing Wi tedilisoRevante swdeceonidmd 40
for sucking gq_ hol di ng the workpiece 23 is provided at_a | ower end thereof
. A wor kpi 888 THTafPHEThoter L4 SEee ditopbRetrioy IXEBP W TR SWSHKIRGRd 37,
and thf rotgtingfs ft%§9 is raotated by the notor al, which in turn causes
the workpi &28°2 ke EhdHer ' ont o the suction pad 40 to rotate about

its center as the i :#ﬁ. -géi Vi) LS di.spo op of
t he col um 22, and§§ “ﬁ% dsaéfr%eevz\‘/da ?gq%o%g?%%ﬁ%ﬁ)i%}eﬁéoﬁﬁp%ﬁ%zgggﬁ?gﬁéi n

turn causeg sl thework, bead 31ng %nr@l"l%da%cteh§o;'tﬁé'o%@ﬂs%céﬂ@ge%gfgé’gh a
connecting arm45 attached to a hut 44. Next, a description wll be given

of the detauksagbsthe e %Q@%”Eﬂkt%n tdre 10fd RErRg: BBS hai KIBR23. mASn&hown i n
Figs. 2 and 3, a supporting table 97 is disposed on the bed 21 in such 15 a

manner as ke be depvahl eyiufletiie-aX- a¥ks off eEbheAt (or fha dWwngiddidentdge
direction) along a pair of guide rails 98 via rolling bearings . A saddle
49 i s Zupperntedamd tHee reuppoetsunfdcabkeddy gmrsiicly aanetwererdoriedbey
novable in the Y-axis direction (in a transverse directionl along a pair of
gui de rods the wime radidnigegolieand rggsnd26gAnend xi s ardeir nigo Ninttdre Shvesse
di sposed on the bed 21, and .

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 ground surface between the obverse surfzce side and the reverse
surface side of the edge portion. Hence, the edge portion of The

workplece can be ground uniform ground surface roughness with nign



a ball screw 52 is rotated by the notor 51, which in turn causes, the
supporting table 47 to nove in the X-axis s direction through a rd§ 068 200A
Y-axis nmoving notor 59 is disposed in the rear of the supporting table47,
and a ball screw 55 is rotated by the ?5 rotor 54 to nove the saddle 49 in
the Y-axis direction through a nut 56. The X-axis noving notor 51, the
Y-axi s noving notor 54, and the Z-axis noving notor 42 are subjected to
nunerical - la 2 8 0 CT 200? control, and permt automatic control on
the basis of an NC program A first-grinding-wheel rotating nmotor 57 is

di sposed on top of the supporting table 47 on the |left-hand side thereof,
and 5 the atecesentioned rotating grinding wheel 26 for cylindrical
grinding is nounted on a notor shaft 58 projecting fromits upper surface.
This rotating grinding wheel 26 for cylindrical grinding is rotated about
the axis L2 parallel to the central axis L1 of the workpiece 23 by the
first-grindi ng-wheel rotERIZR IASCRIPTAOS70F AT CpRA#IgIdsndi ng- wheel rotating
notor 59 is disposed on the saddle 99, and the aforenentioned di sh-shaped
rotating grinding Whgell 2% # prrioaghy diragiiengaand lect ut¢ng lgusadehgnaheel
28 for finish grinding are nounted or. a notor shaft 60 projecting 15 on a
| eft side &b FRPRASRRhOS oG RAdRAB2WRERS/ rotating nmotor 59 at a
predeterm ned interval therebetween. The rotating grinding wheel 27 for
rough grindi ng andfifie 7 dtSaBingPtATIRA RG2RNEESY 25 FBreFIS SR lgPPREIAY are
rotated about, an axis L3 parallel t he pl.ane of the workpiece 23 _by the
second- gr i ﬁ&firféﬁ\ﬁr?gélatfﬁ %‘?ﬁﬁf@geﬁg)?ﬁ ARFTEERE pﬁ%ﬂﬁ@“%ﬁﬁ&ﬁ?@ﬁ?%%gi s
provi ded mﬁgh a rggieqﬁ;outside-dianeter measuri ng sensor 203 of a

cont act tyS F8r Heasdri ‘g the outside di-aneter of the workpiece 23 after

t he rough cutting ptqcess, rindi_ng- -di ISUri.ng sensor
204 for neasuring ?%g'd?dﬁ%?@?§£g$H¥%§M?g§%fi%gg%ﬁfﬁﬁﬁﬁi§%&hggltgg for rough
grinding andsthe;pot @bl 0rd MdiHag g\e/@ﬁehng%ﬁriﬂd@ otk Bdi pgy. and a
2-direction position neasuring sensor - 1 ~ 80 C1 2002 20 for
detecting the posi Figs. odathe Mcrkpi e&e123atdr{ heididineatshearifhetne

wor kpi ece- out si de-di anet er neasuring sensor 203 is disposed in the vicinity
of the firstkthotatf ngindeéal Folatiengpdr Ifrora5Zdse my ttienneasilreect er
out si de di aneter of the workpiece 23 aft.er the rough cutting process . On

t he basis off phecaeasst ed outsi de di aneter of the workpi ece 23, the
controller 201 detects the anount of wear of the rotating grinding wheel 26
for cylindrical grFrEFngA FRe eBna¥old éronrdle eijalkichalhelanmnt 20P130 f eed

of the_grinding wheel 26 in the x direction so that the depth of cut into
the wotkpi &¢&%231pEebhesiRbristZanali FUER&n? obfPrettt i ng process. In

ddition, if th K pi 23 i t, d a det 1 ned. t, th
ont r ol | r' 201 det BFAY e it LHE WAES L0 HE G Iha: ROChRLET 28 PL Far go.
d i, ndi , t her,
mount g bECE ParCnBUR Ty (R Sorce: obs e et A e rhl oce hol di ng

mechani sm 29 i ncl ugipg. tee o 3pi N $halkbng%) J0e sSHch! 90eRath4Q a0 the

| i ke expand due to héat generated during the grinding process, exerting
adverse ef fgels 10nuthea fBRs W el gFQhdiAhSpr&asan. to 20 conpensate for

=

their displacenments caused by the thernmal expansion, zero adjustnent is
perforzed for adjustgng {Ha Jielaélyeapasidl onss of 1t er SENEPIn 283228ddt he
suction pad 90. This zero adjustnent is effected by causing the sensor 203
to abut agdiorst the poteh @elridiber alrcedge phowh oin dfidshe ssuehdosBpad 40. 25
The grindi ng-wheel -di aneter neasuring sensor 204 is disposed radially
outwardly of the rdtgsi ngp grichdBngraveedro?? ébevatnigh lgriadiand er plhe
rotating gandinq wheel 28 for finish

view illustrating a finish granding process:

Figs. 9A and 9B are partial side elevational views
25 illustrating in enlarged form the finish grinding process shown
in rigs. 8a and §B:

Fig. 10 1s an enlarged cross-sectional viaw of a

- 10 -



- 16 2 80 CT Z002 grinding so as to nmeasure the outside diaqipptpg®i
the grinding wheels 27 and 28. The controller 201 detects the anounfs

wear of the grinding wheels 27 and 28 fromthe nmeasured outside dianmeters
of the Ginding wheels 27 and 28, and adjusts the ambunt 5 of feed o: the
grinding wheels 27 and 28 in the Y direction and the anmount of feed of the
wor kpi ece 23 in the Z direction. Further, if it is deternm ned that the
anounts of wear of the grinding wheels 27 and 28 are | arge, the controller
201 warns the operator to replace the grinding wheels 27 and 28. In the
case of the 10 grindi ng-wheel -di anmeter neasuring sensor 204 as well, to
conpensat e fapddifsphacenesnt s dia kpd etheht heln@l mexPanshoB f0tha goimdimg
base for nounting the sensor 204, the notor shaft 60 for nounting the

gri ndi ng wheebpaz2ZtandsR8yn aird ftikke Ni;ke, zero adjustnment is perforned for
adjusting the relative positions of 15 the sensor 204 and the grinding
wheel s 27 and 28. ThisgzeYlb iadpus¢mrngdcs pébheclied diy acmodi Higratiensensor
204 to abut against a block provided on a bearing housing of the notor
shaft 60 for gmonAthagnedeamgrimdihdghehaeksdPyg aarpa&tuEhehzwdi trcfion 1/
positron neasuring sensor 205 is disposed_20 on the housing side of the
nmotor 59 80 as to faEeIFheldDdvET G Pa&GePoENt HeewickiBIFFadiag, and
measures the Z-direction position of the suction pad 40 at its reference
posi tion in A°ASALEBALARE Marh&E BE1PHe“REtr re®tdon position measuring

sensor 205 is positigned such a manner  as_to oppose the | ower surface of
the 25 suction pad 46%Fn Lgs%%liaﬁﬁ?ﬁﬁﬂsgﬁtfﬂEngYig%e§i§%§§rﬁ§lﬁ8tafitted to

t he suction - h Si S . -direction position of the

wor kpi ece 23?%%ﬁ§958§¥?%lfgsgf%fugéﬁéggsgfﬁ%‘%gbngation - 17 ~280CT
2002 in the Z directi of 4t e ' chanism Lagludi ng the
rotating sha=t 39, tﬁgaéué%igﬁ %g? &,ggﬁggkﬁgﬂg}gg' UQJ?ESE%SF?ﬁ h%rnal
expansi ofg an@qadiiust sohher referpneRipeskbpor£@s; feeding the workpi ece 23
inthe Z direction. SIn addition, to maintain the relative positional
relationship In the ¥idireshisoa peimeeawt helworiiiegetl3 modl e tgbhnsf ng
wheel s 27 and 28 constant, a Y-direction position nmeasuring sensor may be
provi ded raditilel grontwag déyrafathise shoehi on pag. 44 semas to conpensate for
the relative displacenents due to 10 the thermal expansion of the
Y-direction feeding Féehahfshs far «4pd agieitadl ndl sdest st PusAandtiggaad t he

wor kpi ece hol di ng nechanism 29, In this case, the Y-direction position at
the Y-directiCORVFEféPRALEPTIT it Fr4nARATUR T FPEEGFoN- cont act manner with
respect ig a reference point provided on the saddle 49 or the 15 housing of
the nmotor~59. Alternatively, the Y-direction position nmeasuring sensor nay

d ntroll er

the basis oz the Y- oH Py ,
201 detects the el ongatipp, he JYrdi L egtd of. 0 =i I j
mechani sm 20 and theg%%%Eg%% gkhg¥hfg%§hgé%%%?én1 Eﬁﬁ&gkfgﬁtjggfafﬁg?%gl
expansi on, ang a¢j Usbsaihent ef£rence peskiben for feeding the workpiece 23
inthe Y direction. Next, a description wll be given of the nmethod of
grinding in the caseawhelfud D€ redken el pheralingdge; 232005 1t8@p20ghtly
wor kpi ece 23 is ground by using the grinding apparatus having the
above- descri kedacesdtzucii ahe brhbendgreidiod Afusgr kAdi H0ver WOrddRl B6Ed1RG
shown in Figs . - 18

mechanism 24 serving zs a workpiece holding means for holding a

workpiece 23 formed of a circular thin plate such as a
semiconductor wafer 1s disposed on the column 22. A grinding
mechanism 25 serving as a grinding means i1s disposed on‘the bad
25 21 1n correspondence with the workpiece holding mechanism 24.
This grinding mechanism 25 1s provided with a rotating grinding

wneel 26 for cylindricel grinding for the rough cutting of an outer



Z 8 0 CT 2002 4Ato 4C, the outer peripheral edge 23a of the wqy$gtpgm223
is ground separately in three processes. Nanely, first, the outer

peri pheral edge portion. 23a of the workpiece 23 is subjected to rough
cutting by the rotting grinding wheel 26 for cylindrical 5 grinding, as
shown in Fig. 4A. Next, as shown in Fig. 4B, the outer peripheral edge
portion 23a after its rough cutting is subjected to rough grinding by the
di sk-shaped rotating grinding wheel z7 for rough grinding. Subsequently,
the outer peripheral edge portion after its rough grinding is subjected to
finish 10 grinding by the rotating grinding wheel 2B for finish grinding,
as shown i pefFilghe9€]l &dgormbimgloy, 2aadef attedvaddsdeicpt EBnapivdlbasr tven of
the rough cutting process . As shown in Figs . 5A and 5B, the workpiece 23
i s noved andsdi-spesed abtzrirgy griwdsegpesetisn2taEnesigorfdinnghebroosh he
rotating grinding wheel 26 for cylindrical grinding by the Z-axis noving
mot or 42 i wrandtavernichiwhish arhadipglgd ébe 23 €rspdminne mickdde ardthend onto
t he suction pad 40 of the workpi ece holding mechanism?2a . In this state,

t he workpi €& 23 itherdeufRE AR the axis L1 by the workpi ece rotating
motor 91, and the 20 rotating grinding wheel 26 for cylindrical grinding is
rot at ed>about the ake¥hPRlPhhEanPercidiathe Bkt FnIemRRAINERL ofd FREIROPR i ece

23 by the first-rotati - | . ti t 57. At th tige, th

23 by Lhe Listrolaing el Lol alio Lor, BT, AL Lhe sane, (Lge, Lhe

t dth t i ph . ed t 3 f.25 th kpi 23 th
overd {he SuLer pREIane L, sl pocton, 338 O, 20,1 e erkplece 23,y Lhe
of e or e, 8% 0oL s st ough AL g ex! ok Galacindi no

In the rough Gyt bkng,pPrecessyify formng grinding wheel. as shown in Fig. 5C
can be used 53 she r%tating d??%ding wheel 2 6 for cylindrical grinding so

as to geduce the gohnghBglafPustds dm thike ghohbowg Ngedroidhrgras)diang process.
Subsequently, ,n the rough grinding process, a5 shown in Figs . 6A and 6B,

t he rotati ngrgyindrng sheelor?2Z9f0s dispgkegremdhegbés ampveddandadisaposed by
the X-axis noving notor 51 at a position corresponding to a |line L4 passing
t hr ough t hestaveicso@bodtihe 4 worddpitece f28nnach tredX whimiadtdcas @RI 1e t he
wor kpi ece 23 is sucked and held onto the suction pad 90. In this state, the
wor kpi ece carried into this carrying-in station 29. A first working robot
31 is installed in the rear of the carrying-in station 29, and
15 the unmachined workpieces 23 are fetched one by one from the
cassette 30 by the first working rokbot 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 dispcsed above the carrying-in station 29. By using four
sensor elements 202a, 202b, 202c, and 202d, the thickness
measuring sensor 202 measures the thickness of an outer periphery
of one workoiece 23 zt a time, and detects defective workpieces.
Further, on the basis of the measured thickness, a controller
25 201 computes the canter in the thicknesswise direction of the

workpiece 23, and determines a reference position for feeding the

workoiece 23 1n a Z direction.



23 is rotated by the workpiece rotating notor 41, and the rotatinp BqﬂﬁqﬂMng
wheel 27 for rough grinding is rotated about the axis L3 extending ina
direction parallel to the plane of the workpi ece 15 23 and perpendicular to
the radial direction of the workpiece 23 by the second-rotati ng-wheel
rotating .notor 59. At the sane tinme, the workpiece 23 is noved in the Z
axis direction by the Z-axis noving notor 42 on the basis of a
predeterm ned NC program and the rotating grinding wheel 27 for 20 rough
grinding is noved in the Y-axis direction by the Y-axis noving notor 59 .
Through this s=nul taneous two-axes control, the rotating grinding wheel 27
is roved to be fedom theresgectsitde blfe ther kpigeen@hddh=pdeh aspaaner as to
depict a predeterm ned | ocus of novenent between the obverse and reverse
surfaces okarbgiRo-9wt kjriaederZs? alsofigsgdeeduherhdBed [@ier ahdedgeeporid on 23a
of the workpiece 23, as shown in Fig. 7. Consequently, as shown by the chap
n ? fines techegssm ¥Bis6B)oanikd inthes dvlver pertipher ah sdgad?orkind a o0 C
r 200z portion 23a of the workpiece 23 is subjected to rough grinding by

t he outer pebpph#t dls el lsid fadeheotethefr thatdargygnigrdihgtatdeh 22,7 in
the sane station as that for the above-described rough cutting process in
such a yanpad e rechsoned wnkpieced 37 ek klrecfivedd v har secrns! perkipher al
edge portion in its cross section. Further, in the finish grinding process,
as shown i AoPP§s34 fRATAHE BRI kPhece §rafi-ng RpGFALss wthaer, 2 Y61 9914 sh
grinding is _noved and dj sposed by the X-axis noving notor 51 at a position
correspondFﬁ§°P8htﬁ%el?+ﬁ§QE?q|$qFﬁén¥§Hi?%ct?¥ﬁl%Mﬁqmgoﬁﬁéeﬁanp@E%e 10 23

is sucked and _hel d to the suction pad _40._In thjs state, the workpiece 23
is rotatedcﬁﬁthgemgﬁk%?e{hﬁr?ﬁﬁﬁyﬁﬁa ABE et “#41°Thnd 't he rotating grinding

wheel 28 for finish_ gripdi i.S raQtat t i 3 _hy

second-grinding-mhggls?g %é%ﬁéf%%ﬁ%ﬁ% %gagggyﬁ?hggggﬁié¥kné? F%gg%%ﬁipiece
23 is ywvedybet Pge 4 X I Lesti N asby therd a4 S mw or; 42 on
t he basis of tﬁe p?eéﬁ%@?ﬁ?ﬁ%ﬁgNdE%%ég?aﬁl aﬂg t g ?d?gtlnéﬂgﬁﬁgglndlwhee

28 for finksh.ar) rdiengut S ARt M 61a%Iny diKest OB Dy ithesYravds
nmovi ng notor 59 . Through this sinultaneous two-axes control, the rotating
gri ndi ng wheelz2i228-d shaoyettiagbeut et Miildh B2IpACin 20d1 heeR2éhtWpbs pigce 23
in such a manner as to depict a predeterm ned | ocus of novenent between the
obver se andorevbeseasardéacis ofipthenworkp ecssi8eabivmgetde roaeser ipgri pher al
edge portion 23a of the workpiece 23, as shown in Figs . 9A and 9H
Consequent Sgnsas showeaspreRetedaivtsiidsedidme gyt the w@Epighe aAdYH, the
outeth ri pheral 25 edge portion 23a of the workpiece 23 is subjected to
finis %ri AEHAGRE Mb2RUHESTY &4 2pf0t 9% 2B A MBS RY PRéfrpHE P dfeesd

surface of tng rotatin qrindLng wheel 28 in the sanme station as, 2i
wWith a sensor element To come inte contact with the workpiece,

the abutting plate 2062 and the pushing plate 206b being
respectively provided at two points located in correspendence
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 description will be given of the details
of the arrangement of the workpiece holding mechanism 24. As

shown in Fig. 3, a work head 37 is supported on a side surface

[N
w

of the column 22 1n such a manner as to be movable in the Z-axis
direction (in the vertical direction) through a gquide rail 36 via

rolling bearings. A rotating shart 39 is supported on th= work

- 13 -



28 0CT 2002 that for the above-descri bed rough cutting procesg eanng mzjgh
grl T prcess . In this case, as shown in Figs. 9A and 9B, crystal
orientation 23b extends in the workpiece 23 substantially in 5 parallel

wi th the obverse and reverse surfaces of the workpiece 23, and different
angles of-the crystal face appear in the outer peripheral edge portion 23a
of the Wworkpiece 23 fromboth obverse 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
novenment, the rotating speeds of the workpiece 23 and the grinding wheel

28, etc.) ineadcaor dansechi & midiesangl es ok thea€iysd alpdiaceneByxadopiing a
grinding method in which a nmachining step over the obverse and reverse
surfaces i axtiesechedrashslowribniifie@sion9Anangd st 98n pardid her lseediAgvi ng
direction of the rotating grinding wheel 28 for finish Ginding and the
rotating diangchodding tHeewookat ¢awy 26r L adb gy wikeleht 28 lawe rcédred ghdrebth
respect to the outer peripheral edge portion 23a of the workpiece 23 so as
to depict nutual |l yAsyengprécalrdtetingfmoovedénts disdrecohes pogssitbteet o
effect 20 grinding by the same change of the grinding conditions for both

t he obver sefoarﬂfdhﬁéde{’ée aqgr thgersialeisny ahd Lkt 39 sipaosiebey 2y Yheewmenort he
occurrence of variations in the roughness of the_ground surface between the
obver se suffackbirfelAntliheavisesr sBesupfiaieas dé8 shckped agydeper enbn. 25
Specifically, the Quter peripheral edge portion 23a o, the workpiece 23 Is
not ground "CEnFPAGLTRIRA é‘tO\AE%rFottl‘?é:eo Dersd ThaeRrEGErae e PRt dlsi dds

h f, d _Ei.ni sh i ndi IS :_22 280CT ff I
For the obvered siPTSee ST 98 4AqTe e FRISRE st dde tEFdeo ! Mliey S48 shown
in Fig. 9A. fi oo DY for fimi i nding.

:/\Ei I ;gbei nga %(%?Jgtsé%{% L%gégiﬁl T e(:t[%lrcfolr%,gI |! S \ﬁn@\?gé %‘g’ ﬁ%rlféhyézé\kal%gkgﬁéggut er

periphgsal 8d96o2KkPAELEOST 233 fvd NS WRLKPLESEs 2&%%?&2%1% Bn its

obverse surface side and then toward its tip side, y subjecting the

obverse surbagecsidg ginthe oL pekbpherat g4ge portion 23a to finish
grindi ng. Subsequently, as shown In Fig. 9B, the rotating grindi ng wheel

28, while being roNaked & ddsreipppesi el diveegtvom,ol@hesd8byElk oF beef ed
toward the outer peripheral edge portion 23a of the workpiece 23 starting
with its reversgcsenfact Shelagramdingencchamwarmd AX.s 25 psisdwe,int Regsby?
subjecting the reverse surface side of the outer peripheral edge portion
23a to finiPSH dri AdFaRpOTLimhdrblsf féris Hlsnpsed perthhdred Zddge peeki on
23a of %5 the workpiece 23 is subjected to finish grinding as described
above, 1 ?he av%?lk'iﬁreég§°i%e PAVEbE] AP &NEX R iR BRI At ed Londikedinadet t e

30 are transported fromthe grindi apparatpys to another, station. In this
ot her stat i %,ecicﬁgn% T ianggﬁFn‘bP%Pll%Eer%hf%rqspgﬁflpﬁ%f{ﬂn%gﬁérbﬁ??'r on 23a
of the workpi . is eff i an_20 _unjil | ustrat .di sk- shaped
pol i shi ng p‘g\hggﬁagglﬁfrly; S%%#é%g aogglotu er® ﬁé’rol‘rgﬁ%?afa s%er f‘g/géng%‘ufﬁeap

di sk- shapegaRoklShL N, Badpdsabalsgdifo vallyl ;Agal St dhg 10Ul RLaReLLpOer al

surface of the workplece e Same way as er I'ng grinding wheel s

27 and 28. AretReciaNBILAd e 3l bY W gh Iio%sprs@paigdraﬁlelrﬂ%};iegﬁggaébrasi ve

grains into a dispersant is supplied to a gap between t _ pad end
the wozdpiecs 23. By %0=%0i Rewvihbenedae 5@0I§|d1%§3§§d0$n e Mo kNl eggq23 is

subj ected to super-finish - 23 2 80Ct Z002 grinding by the grains in
the slurrya phbili §dat iSGNS$ rotated by the motor 51, which in turn causes
the supporting table 47 to move in the X-axis direction through
2 nut 53. A Y-axl1s moving motor 54 is disposed in the rear of
the supporting table 47, and a ball screw 55 is rotated by the
25 motor 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 notor

54, and the Z-axis moving motor 42 are subjected to numerical

- 14 -



It should be noted that this enbodi nent may be enbodi ed by nakinggjqumz
followng nodifications. 5 (a) In the grinding apparatus of the
above-descri bed enbodi nent, the work head 37 and the saddle 49 are
respectively novably supported to the guide cylinder 190 and the guide rod
50 by neans of hydrostatic bearings 142, 196 and 180_ A description wll be
gi ven of the work hol di ng mechani sm 10 24 including the hydrostatic
bearings in detail. As shown in Fig. 10, the guide cylinder 190:-s attached
to a side of the colum 22 in such a manner as to extend in the vertical
direction (in the Z direction) . A supporting cylinder 191 is supported in
the gui de eynityder 196 byrmeansiteimaiydr @dhatbt bearidgsslid? dfnagugd 15 a
manner as to be novable in the Z direction, and a pair of bearing cylinders
143 and l44rargeradi.sposed in the supporting cylinder 147.. A supporting
shaft lay is supported in the bearing cylinders 143 and 144 by neans of
hydrost ati ¢ beari ngsfidé:+grsubncgawmmerieroastirgy betpot&t all @ispasdd £habl e.
An air passage 145a is forned in 20 its center, and the air passage 145a is
connect ed tteracYddiumsupoapt {motczbhewh) oohtveigleia-hese sligbthareet eod pad
147 is fixed to a |l ower end of the supporting shaft 195 by means or bolts
(not shewn)the gfopengahieredfretat e Uirdndpad 1hgel stfarkon swWépgedcah air
passage 147a communjcatin 5 with the air passage 145a or the supporting
shaft 145. Fircher, l?ﬁ“otuﬁgeéo%na Bertaceafhe %BF,gJFﬁ‘é%%gifsmF‘b%%&gger
plurality of ctio rooves . 147b co nicatin i t.h thc.air_passage 147a.
M- 24 PUEIECEC WROGEIRGE STABTOF TOTH & brf os CULLBOEEE b Lhi n the
supporting gyl inder. t.at 8a_t her L j xed .t o ting
vl nder 16E5 A% T 8P sp el et SO S Bete FhHL e SUDSSHET fSongr

195. The suyct ] ad. 147, i t - e 14 ‘ F ia the
supporting%ghgfﬁjﬁbg?' %%§%?QX§I?Q?Q%6%E %?haén%ig%%%%éeg%g%ggﬁﬁgo%olunn
22, angpa ball screw 43 is projectingly provided on a | ower portion of the
notor 92. A connecting arm45 is projectingly provided on an outer

peri phery of the sappetdndrgipldindenhtdl, radtagnibtdio 544 Smasbpogedbhh t he
ball screw g3 is attached to a distal end of the connecting arm95. As the
bal | screw@® issdddeatiéd bydtthe raftcareré2 tiionenpuesenihzddre uppanti ng
cylinder 141 is :noved vertically by neans of the nut 44, thereby noving

t he sucti orfpadirg7vwheel iZdafy rorshFarindging radsora Wiren gt hedvry kipeede 23
is noved at_least_in the Z direction, the relative novenent of the,

di sk- shaped & 6P&tT ¥y Fr PRIV WREE| ROTTE &h @noB gk gt Hea Wo PR R eecinps

effected snoothly b he gui de hani sm i ncl udi.ng the hydrostatic_bearings
T2 a0 26 ACESEA I §oT T G 15 G DG HERA S AL AEFEaPRg |
rolling beard ngs,, it _is,.possible to prevent the xibrati ns _fromoccurring
during theasl’;éelrllgct ia\/?&%\%%émn%n 35 ’tzhteezgliag‘k-%gﬁgﬁgatr%?%ti gg‘engﬁafnh%gVWeel s 27
and 28 and r.Kpi , i t i.b -' -t he
processingg%?%ﬁ%@%gQgggﬁh%$§?%ﬂ%§%§¥rgggggg?étﬂgpaﬁfkéﬁgégééggﬁ%§%+hg gui de
mechani sm iddidb G drheihysh g8t ali€g Beari Higs: d BO oSt ahsox P e¥iged 1ha)t he

arrangenment for n noving the grinding nmechanism 25 in the Y di'rection. For

this reasoro wWhien pihge 025the Wokfieeel 22002 tatakbbendtdNdidiGigwhaeks 27
and 28 and the workpiece 23 are relatively noved in the Y dlrection wthin
t he pl ane indatdimygoibherr 66ati onal axis of the di sk-shaped rotating
grinding wheels 27 and 28, the relative novenent or the rotating grinding
wheel s 5 27 and 28 Tared grhedwoy kpeeteni28n 1255 éfsf pebeddsdoet thh ya by t he gui de

workplrece-outside-diameter measuring sensor 203 of a contact type

for measuring the outside diameter of the workpiece 23 after the

rough cutting process, z grinding-wheel-diameter measdring

25 sensor 204 for measuring the diameters of the rotating grinding

wheel 27 for rough grinding and the rotating grinding wheel 28

for finisn ¢rinding, and a Z-direction position measuring sensor

_15_



mechani smincl uding the hydrostatic bearings 160 . Accordingly, it2B89CT 2002
possible to prevent the vibrations fromoccurring during the relative
novenent of the rotating grinding wheels 27 and 28 and the workpi ece 23 in
the Y direction as well, thereby making 10 't possible to further inprove
t he processi-ng accuracy of the ground surface o the workpiece 23. The
hydrostati'c bearings 146 are al so provided in the nmechanismfor supporting
the rotation of the workpiece 23. Far this reason, the workpiece 23 is
supported so as to rotate snmoothly, 15 thereby nmaking it possible to
further inprove the processing accuracy of the ground surface of the

wor kpi ece 23.2d)roln dbiecHLhH0E NG ppalidnus rothkhfs AboME-descrihbede 7
enbodi ment, as shown in Fig. 12A, the second-grindi ng-wheel rotating notor
59 is supportedtithe saddl e 99 by neans of a 20 supporting shaft 63 in
such a manner as to be capabl e of undergoing i ndexed rotation, and the
rotating grindi ng whael 27rfptetugitgrdendiingegnd rndwsur-anat sagsgr i20di heg
wheel 28 for finish grinding are respectively nounted on the notor shafts
60 projecti ngifspomeldefih ahd viginimppdsithe sidetsuefaitiesy-ofheeiernbabind9.
25 In this arrangenent, since the second-grindi ng-wheel rotating notor 59
is made t& umgErgo Si7nslexast trorat$arg tiet hotsbde drandierr ofathngogikphdtag
wheel 27 .or rough grinding and the - 26 ~ 8 0 CT Z002 rotating

grindi ng wheed3 28tesrthg AP8Gh githdRaPIecisspoSedha bepes pdsFhe sasured
corresponding :,0 the axis L1 of the workpiece 23, Then, in this state of
cerrespondi n@WHisdpicad e#Rete T PhethOUGH X GirREITYy 2RE J9°HESR 1G5 Al AGEBETE he

out er peripheral edge portion 23a of 5 the workpiece 23 can he perforned
consecut i vel y* By af[}?g”%aﬂé g?%?i%,tqﬁ)roltﬁ%ﬁ—ﬁg SEH 1) “ﬂ’ﬁ&:lrthu °br the
above-descri bed . di_ment s sho in Fig., 128 he,.di sk- shaped rotating
grindi ng V\heeﬁ%ﬂzl’?{g%grc arl o%fg%no‘glrr}%'di )rége and* érolz:aLteirn‘ao raldr?gllsﬁgf ﬁﬁ%e&oﬁﬁﬁz £f or
£ini sh ot _ i 4 ;  ned
| nish g5bndi NG ASsuald ga_sén?nggmégu% RAd: 08 X8 £ D eg; & aQrﬁ?{’gg%E% ne

intervals on the notor Shaf projecting fro t side s f

the second-rofathRgdnmMieehe LOLRLE BG MBS Atk s LbnSHSR: 3R @Hd 2BggReRktisg
provi ded, after the outer 15 peripheral edge portion 23a of thé workpiéce

23 i s subj ectbdegsr.ouph gHdindiodg amdthenishxgyddwiasg iy nysi -agotde Hyotzat i ng
grindi ng wheel 27 for rough grinding and the rotating grinding wheel 28 for
fini sh gri ndipgdstleent nadlarfounits ilngcohtthilaubel dqesrirpheral tredgengpoest on
23a can be perfornmed in the sane station as that for 20 these grinding

oper ati ons byfishegrihdipahhshi @ padabde anddsiarmsythq dperstethec gephdcag
apparatus _of the above-described enbodi nent, as shown in Fig 12C, the
second- r 6Pat i Hif: WieefirHHEERAY frot BRTEBCT s asTpipptitstbane thes Baerfi i@ mbhpy

means of a supporti shaft. 63 in sucﬂ%)a manney ,as to be ca gl,e f
Under goi ng 5 4T PO TARATHE YOrats 1T FRERAY. Whadlites sfispe
rougn gri ndi the rotatin ryndi wheel 28  or, finish_grindin and the
ol P hi'ng. padlst "AT-RBAnt SO O Tnc Mot oF CARARY 60 pPoabtt e 95pER g
0 CT 2002 fr theplett ;and. Light, anpesicke sidegsur faces and tear. syurface
of the notor Cg'gg I'n t%i sgz?lrrranfgerrenl{]:l,[l i nce ?ﬁe’ sec%r%—cor o‘tsgspi r?g'-gvvhlerz
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 adjustment 1s effected by causing the sensor 203 to abut
against an outer perivheral edge portiorn of the suction pad 40.
25 The grinding-wheel-diameter measuring sensor 204 :is

disposed rad:ally outwardly of the rotating grinding wneel 27 for

rough grinding or the rotating grinding wneesl 28 for finish
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rotating notor 59 is made to undergo indexed rotation, any one 5 pf§ g(Te)0]
rotating grinding wheel 27 for rough grinding, the rotating grindi ng wheel
28 for finish grinding, and the polishing pad 69 is disposed at the
position corresponding to the axis L1 0. the workpiece 23 . Then, in this
state of correspondi ng di splacenent, the rough grinding, finish grinding,
and final finishing of the to outer peripheral edge portion 23a of the

wor kpi ece 23 can be perforned consecutively by the same station. (e) In the
grindi ng apparatus of the above-described enbodi nent, as the rotating
grindi ng wheel 27 for rough grinding as w211, it is possible to use a

rotating grigdi\agrnyhesls WMricChedouis hQr gﬁésp&e tm%e@.@rtsﬂsf 9l BeiRbisk!icon

dioxide into fixed abrasive grains in the same way as the rotating grinding

wheel . 28 f ahekilBi 3N zai p8li nGne(ddnis ke foXeibrabrastve abahts af wbhe
rotating grinding whéel 28 for finish grinding, silicon carbide or the |ike

whi ch 20 is cfenteabkyndsed viseenplooyedd £§) fiomttie: gidapdirrg appaidd us of
t he above-descri bed enbodi nent) the rough grinding of the outer peripheral
edge portiomi2B8atetstdietmerdipinedeg2shdnl st he anat 28 | agdgrd jnditisgtivdhembu f or
rough grinding is also perfornmed separately for the obverse 25 surface side
and t he peverfséesdrdadassigdending hehanitse? 7pand pherial tedge Qigractann28adi n
the sanme way as finish grindin shown in Figs . 9A and 9B, - 28 280C
T 2002 ( h) G ameungy $hdeag odpiges weir vice h2 iatdyeet désectberl. efbothaent, a
formng grinding wheel is used as the rotating grinding wheel 26 for_rough
cutting. (r)yiAZisdetumised Bhbie RgoRBERaT SRPT 9 fpkey PEERAEI BhERES
grindi ng Wh%ell a%Zl’ % gégelaragned, ttrll’x% %%Erlgcogférl: p?&[ aullarendsgethe operator to
replace the grinding wheels 27 and 28. In the case of the
10 grinding-wheel-diameter measuring sensor 204 as well, to
compensate for displacements due to the thermal expansion of a2
mounting base for mounting the sensor 204, the motor shaft 60 for
mounting the grinding wheels 27 and 28, and the like, zero
adjustment is performed for adjusting the relative positions of
15 the sensor 204 and the grinding 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 for
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 2s the Z-direction position measuring sensor 205 is
positioned 1n such a manner as to oppose the lower surfacé of the
23 sucticn pad 40 in a state in which the workpiece 23 is not fitted

TO the suction pad 40. On the basis of the Z-direction position

of the workviece 23, the controller 201 detects the elongaticn



portion 23a of the workpiece 23 is ground by the feed novenent iz_/et(g‘[g 2002
Z-axis direction and the Y-axis direction of the grinding wheel 87si de
wi t hout noving the workpiece 23. Alternatively, the workpiece 23 side is
novable in the X-axis direction and in to the Y-axis direction, while the
grindi ng wheel 27, 28 side is made novable 1n the Z-axis direction. (3) As
shown in Fig. 13, a workpiece having a circular hole 23c in its center is
used as the workpi ece 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
peri pheral edge portion 23a. Nanely, the workpiece 23 is sucked onto the
suction padit@hbaviihgear spaee URavdrkpisccrOldlg REEREODNsm 24SFRI LR
rotating grinding wheel 27 for rough grinding or rotating grinding mﬁeel 28
for finish gtd nditeging srkAti¥e wheowedtionbead ed ,behdeenct higk=2@uebyer se
and reverse surface sides of the workpiece 23 in the sane way as the

above- descrifreidc ghendebhge:gfartshenouted pordsgsethd redge epaet posi t 23afother eby
making it possible to grind the inner peripheral edge portion 23d. In this
case, it isferolgidhltbet sorbplfneolls|in deref @r githetfpnnding of the outer
peripheral edge 25 portion 23a and the inner peripheral edge portion 23d of
t he wor Rpi ece 23 bynugidag tipa. sbﬁnmiﬁﬁﬁﬁﬂnu}hﬁhééﬂathverEDS%ﬁﬁ@nﬁéchlnlng
station, so that the arrangenent of the apparatus is nade coggact -

2 8 OC T XOELEMSERE W en’#r@l%ﬁﬁﬁ@na%e Ry LHaNVHER s dand(kyael n t he
8%22;2%2";&{‘1%%1%%# BRERG o1 PP Freosasstean Det AT oI RosREA0r | ndi ng
B e I g%%}sroro@a%%si‘—"av%% i R RER RS segiﬂgﬁ?h'ei‘_
A wor kpi ?Cg%é}gh@' Eng ﬁ%@%&%&%&”%r%ﬂ &Q?hery &'a%%}géété” fgposed

on the fir ase So t an oufer perrp pi éce 0 as a

circul ap thim &In%tzﬁalwk%&mﬁsW%ﬂea@ddbfé&l% EQ%d!‘H&krPé@.tﬁ%lQ&' 9599

nechani sm 24, is ground t he grindi ng nmechani sm 25. fer carrying

nechani sm 12 gmghaﬁm@gzh@cnlsrm 2BV figntatLwd BRp Btk ﬁoi@Qﬁg%e@!hﬂgmt abl e
139 is disposed on the second base 122. The first noving table 133 is

di sposed i R&uchnathbnnesse,5 the Yodbeetoi@blpe shiet wreat atips ateSengipRsi tion
P3 corresponding to the workpi ece hol ding nechani sm 24 and a retreated
posi tion reference position 1s measured in a non-contact manner with
respect to a2 reference point provided on the saddle 49 or the
15 housing of the motor 533. Alternatively, the Y-directionposition
neasuring sensor may be disvesed 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 ¥ darection 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 perivheral edge 23a of the
25 workpiece 23 is ground by using the grinding apparatus having the

abpove~described construction.

In the method of grinding a workpiece, as shown 1n Figs.
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P2 at a distance therefrom Further, the second noving table 13a,§$ 0CT 2002
supported on the first noving table 133 in such a manner as to be
integrally and relatively novable with the first noving table 20 133. An
unprocessed workpi ece 23 is carried onto the workpi ece hol di ng nmechani srn
24 by the first nmoving table 133, and a processed workpiece 23 is carried
out fromthe workpi ece hol di ng nmechani sm 24 by the second noving table 13a.
A cover 135 is provided over the two bases 121 and 122 25 gin. such a
manner as to cover the various nechani smsections on their upper surfaces,
and z shutter 136 is disposed in a substantially internediate portion

t her eof i n4duth & mMmEenvasr- pdbipherd &dyeC2Ba2002th o verledpakl 230fs bei ng
| ow=red or raised. During the grinding of the workpiece 23, the shutter
136" is cl gseungdosdfzatattele porithoes poncehectir Manedys fRdstandht=heuperti ons
on the second base 122 are separated, thereby preventing a coolant and the
| i ke from berhaprsrakatdas eertoothBpeft tbasvonknirsehasel 4 2210 lestaddiei on,
the shutter 136 is opened when the workpiece 23 is carried in or carried
out by theT®REFBrCEE MG Ry et RAHESHNE29r 1@ R hehgeilndf nP IsoRARAERE 25 of
this nodification, as shown In Fig. 15 a supporting base 160 for shifting
i s di sposed*ipdondt IS TN BAEsELT21% 2 and' ¥ tparf FMOGUi db &1 4816812 or
shifting are _laid on.an upper surface of the_supportin ase_160 in such a
nmer s PHtERt R R b e Bor o B o e PR R O 1 e

di [ . he f . | eft- . sid d th . . _th

i ght - hand SPABCEA IR FOTRD BACELE801 £ BN KTy Pora St SALBN The
ght - han S 1R S 'SHITY BTYF 15" Subpti{ 88" B the

T e R e R

hori zont al eg%énﬁpﬁff’oﬂ al £k N 131 %9%& SHIA of s the sehickhi B9 Paser62. A
novi ng base 169 is novably supported on the X-direction 20 guide rails 163

by means ofgranpahg wf thel bbHgo iy tgginandgawpael 26f £¥rdifecdH origuifg, rods
165 extending in the Y direction w, thin the horizontal plane are di sposed
on an upperspshbtmniofFride 4amvi ng base 169. A saddle 1'06 is novably
supported on the Y-direction guide rods 165 by neans of hydrostatic
bearings. In additRopor@hnalyr ecéssiingchdasc 107t ion suppdre gdiven centupper
portion of the Y-direction guide_rods 105 through a supporting shaft 108 in
such a manAer9asTHd1HE vEpedie ofssliordl imgigbowr? anddi i g waxkeiege- 31
2" 80C 12§002 neans of a notor and a ball screw. F pair of rotating

shafts 169%any® FRYS4 BPPr O RAISTYEY HritRs ey iR BB%ht%?ZH@rgﬁsPﬁﬁding
Dot poni? QU8 15 “PE-aA8 S 0P e Re BUBoRPi T HLTEOI6%, ARAPPHES &% bacing
shafts 159 zand; 170,806, @k ed by, a nmtar, 171 acepmmdalfd o cce 23 is
being sucked and held onto the suction pad 40 of the workpiece
holding mechanism 24. In this state, the workpiece 23 is rotated
about the axis L1 by the workpiece rotating motor 41, and the
20 rotating grinding whsel 26 for cylindrical ¢rinding 1s rotated
about the axis L2 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 cvlindrical grinding 1s
moved to be fed toward the outer peripheral edge portioﬁ 23a of
25 the workpiece 23 by the X-a2x1s moving motor 51. Consequantly,
the outer peripheral edge portion 23a of the workpiece 23 1s

subjectad to rough cutting by cvlindrical grinding, as shown by
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in the processing head 167. Then, the rotating grinding wheel 27 f rocrzd@h
grinding is nounted on the rotating shaft 169, while the rotating gr rI g
wheel 28 for finish grinding is nounted on the other rotating shaft 17D. it
shoul d be noted that the 10 hydrostatic bearings are used only for the Z
and Y axes related to processing for the purpose of the reduction of cost.
But, the hydrostatic bearings may be used also at the tinme of relatively
noving the rotating grinding wheels27 and 28 in the X direction and in the
S direction. 15 A description will now be given of the advantages which can
be expected fromthe above-described enbodinent. In the nethod of grinding
a wor kpi ece ldmet t@h@ignmgﬂégreﬂg,_rltdfgq war kpiheeg 23 forned of a circular thin
plate is rotated about its center” as the axis L1, and each of the

di sk-shaped rotating130tpeifsligly citeehs Broddwk 28, rebhleghaiingiihgt ahed)
about the axis L3 substantially parallel to the plane of the workpi ece 23,
is made to urdesgowhelatFue &W ceanbe Nt fLetiengotBy emPdridldang @heépast
one hart of both obverse and reverse surface sides of the workpiece 23 on

t he outer peritgplieratykidge jmarlt gonn@Beg afo Bhetowarddhiceceh2 Jri2BiGgnarequent | y,
the outer peripheral edge portion ?3a of the workpiece 23 is ground by the
out er per?¥phéralthghéel lowitaceousgh gadhdehigt heocesati ng gri ndi ng wheel s 27
and 2B. - 32 Z 8 0 CT 2002 For this reason, as conpared with the
ccnventional grindi n§YREEAGERTHY wARCH S Feuehterinsimipobeeedssedge SB@HRi on of
t he wor kpi ecg_.i S gézgund, %y a formng grinding wheel, the profile or the
wheel surfacé *6Ff et AGreR hEPF SRIFAGIFT RARG TRt 87 Lrtafeldh g8indingss
prone to deformati econes unneces,sar%/\ato repl ace the

on, so that it b t .
rotating grindi fﬂa"%@éﬂ%dﬁp%%& 28 Fhequantry o REEOFarngIY, 2Ft2 PSSpbtbl e
hence the meR A as RoLE Tt ettord, Deread: ARG R aRi frut i e

hence the machi ni Ng COSt: Her nore,

surface pp ?%Qk@&eé@ ihe.ropati Iagrleéwslﬁ g Waeels v?oéé&ggc%%i Sl Eéék@cﬁone

to deformation, the outer peripheral edge portions 2 t he wor kpi eces 23

can be groundnidnhelgustArheMBEAL DG p:AROS Wi RrisgB- €L U@ wotBoiece
addition, the edge portion 23a of the workpiece 23 can be finished into an

arbitrary shapeibyotheecdanpetres ivaaikpaewvbeeltstlip oo tdid4 28 ahlrtighot heing
relative feeding control of the workpiece .23 and the rotating grinding
wheel s 27 andr28dihg whee 8t hddrofoggh nolt inglimgmdsk poegted retduits tRabaxt sent ,
the ails L3 of the rotating grinding wheels 27 and 28 is disposed i-n such a
manner as tolfe=pesTpindi tulaadirectinn pade bl e Hitrethts phaRe off thheonbpkpiece
23. For this reason, the rotation of the workpiece 23 is effected so as to
traver sel  he 25utR? ReePepRdFal a5 T abe tidisalc RisRCEhen dt AR MPIIPiLReRN?
wheel s 27 and 28, _1n_other rds, the workpiece 23 undergoes relative
novenent in Pﬁegﬁedfﬁwgg W@%%ﬂ%h’%?fﬁ%gf‘%’f%?iwogfr %r?di ng wheel s 27 and
28. 25 Accordingly, i 0 siblLe to effectively grind.all over, the
out er peri pheral edg}é{:pgﬁ%i%%g@ﬁ“o@r t"ﬁg \‘XBF&%‘}%%% lbymﬁgﬁfinéne %c%i ve
use or the owgral gt hn Pl REOULEL; o] egh - 2.a,0CcT
2002 surfaces 8f t:ﬁe F ot at | gqgrei Edl %bgﬁl%\gﬁq?%l?t\ag%d'28énﬁet gsrgnsat%gdaof

donsi st of 1 he tae e e AR oA B TR o o
grindi ngzo angougHgfrinding is moved in the Y-axis direction by the Y-axis
moving motor 54. Through this simultaneous 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 surfaces of the
25 workpiece 23 along the outer peripheral edge portion 23a of the

workplece 23, s shown in Fig. 7. Consequently, as shown bv the

chain lines in Figs. ¢B, 6B, and 7, the outer peripherzl edge



5 grinding and finish grinding are perforned by the grinding “hEQUEU@VFWTd
28, respectively. For this reason, the grinding of the outer periphera

edge portion 23a of the workpiece 23 can be effected separately for rough
grinding and finish grinding and continuously and afficiently with high
accuracy. 10 In the method of grinding a workpiece in this enbodi nent, the
rough grinding and finish grinding of the outer peripheral edge portion 23a
of the workpiece 23 are perforned by the sane station. For this reason, it
beconmes unnecessary to transport the workpiece 23 into another station or
shift the holding of the 15 workpiece 23, and it is possible to

conti nuously merfiorm2eugh gid ndirgpiare DEnishsgijdedicdgtborotifie QURILng
peri pheral edge portion 23a in the state of being disposed in the sane
station. Hencey tdHe iomtpasséblimhdme Imahekadi But hecpasi tthenabtacord axy naffintghe
wor kpi ece and i nprove the operating efficiency. Further, stations for 20
rough gri ndi nghanld 2fiimi She grinads tef iveeds ndta theopitbei ated esejgacat bk g r olgé
arrangenent of the grinding apparatus can be sinplified, and the grinding
appar at us cancztitTeripreoapact. suah elenretrhed tof Loy rdizpe zedworkpi e eiith
this enbodi ment, a rotating grinding wheel which is formed by binding the
grains 2550f & |3xorptd PerdEhentd 99 PHEBRS V& gFai BEOTS IREdAs t he
rotating grinding wheel 28 for finishng. For this reason, the outer_

peri pheral edge port i P%& ot the IwBiRBIEABI2BIRH? S Sgrisuplown 3R Figs.o g

T 2002 surf ' i.ndj. 27 and 28. In. th hod
of orinding cEhGPEDPBec T P hF ELCHASUPREAE, VLR P61 S0% g g n B e VHbare.
ist of th i ndi wheel 5,27 ,and.28 f h _gri ndj d.f.i ni sh
G ndi ng. and TEIGRTS ALFRAPRG ShaTFI i S TRUT N T8 =per] OF by CRE
grinding mee&%mersﬁdﬁg&é@ﬁ E’ﬁé’ﬁ%%g' ¥ tF%rX—tdEE :£§8‘1§9:§§1'ehc%e€wd

g -Of
the outer peri portron € WOrKpieceé can be erfected

separ at ehyy f 033 rolah Gelindhaghang Hdy shegsipdiog sd cont rAuensd eand,
a=ficiently with high accuracy. 10 In the nmethod of grinding a workpiece in
this enbodi mefie ddikpiewgh2grindbagraddy idhieShogkp N NG Rt Rg MeteF 41,

peri pheral edge portion 23a of the workpiece 23 are perforned by the sane
station. For &id $heeastrtind gbacdires wHaae S Sar \f ind sthr anspdimg § eromartdepi ece
23 into another station or shift the holding of the 15 workpiece 23, and it
i s possible tebountiravous] §3 portior seconghggrnddigryleasd o singnondr 3§ .f or
the outer peripheral edge portion 23a in the state of being disposed in the
same station. Hence, A% Ghe 588Si biBet ot aiRIAPE SCRe 2f0sF tROYRA gt dtady of
t he workpi ece and jnprove the operating efficiency. Further, stations for
20 rough gri ¥y da‘?(%cﬁ:ilﬁpskw 5?‘%@?{@1 ey RGt™ "eg’br‘l&vi’ﬂeﬁ‘%?ﬁéﬂét%q y¥Pet he
arrangenment of _the andinQC%B%@ratus can be_sj ified, .and th

t ; h I e.grindi_ng
appar at us canp%éj%%fé'fﬁﬁ%ac Fﬁthéﬂﬁetﬁddr%T£%¥FhaFhgdépﬁﬁwfﬁﬂe%%%%ﬁ

this embodieply: & IALaiAgG OLiAid0 ehealk Wibel, s Joied By Dioding.he
grains 25 Of silTicom dioxide into fixed abrasive grains is used as the
rotating grindbpg. yheebr23 f ofnfdyySANDs ,sEEﬁElEQhéoxﬁ?%@%xé??oﬂ%‘éi, the
peri pheral edge portion 23a of the workpiece 23 can be ground - 3~ ~Z a
ocl zooz rotating grinding wheel 28 is moved to be fed with respect to the
20 worxpiece 23 in such a manner as to cdepict a predetermined locus
of movement between the obverse and reverse surfaces of the
workpiece 23 along the outer peripheral edge portion 23a of the

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

by the chain lines in Figs. 4C, 8B, 93, and 9B, the outer peripheral

(AN
wn

edge portion 23a of the workpiece 23 1s 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



machi ned portion of the workpiece 23 . Fence, it is possible to fu gqﬁ{
enhance the ground surface roughness of the cuter peripheral edge % rUGT JA02
23a of the workpiece 23 and effect super-finish grinding. 5 In the nethod
of grinding a workplece in this enbodinent, the rotating grinding wheel 28
for finish-grinding, while being rotated in one direction, is noved to be
fed toward the outer peripheral edge portion 23a of the workpiece 23
starting with its obverse surface side and then toward its tip side,

t hereby 10 subjecting the obverse surface side of the outer peripheral edge
portion 23a to finish grinding. Subsequently, the rotating grindi ng wheel
28, while betmgt rivateet iabotilhedoppeshie td @R S t fe
toward the outer peripheral edge portiqugxa é%ﬁfﬁgbmggg%?g%égﬁg%§F§gting
with its reversedsy fraceesisde and 15 then toward its tip side, thereby

subj ecting the reverse surface side of the outer peripheral edge portion
23a to finish grindily.thiEer celes eeaslowniin iﬁggqsgb\bhﬁdt%ph@fi%atlhe
grinding conditions corresponding to the angle of the crystal face
appeari ng i reI¥Rnt@ien gébi phteads edydporordpizda b $HesOIMErSe y29n
surface side and the reverse surface side of the outer peripheral edge
portion 23a RAT3NE WL kpi e oyeraadend nayersesibt Badas prfevkatudhi@icce
occurrence varig%igﬂs in the_ roughness of the ground surface between the

obverse surfate %8¢ F FHe 2PEVRF < $hef gEestiddact apreautiartipecupker al

edge portio . nce, it is.possible to 25 grind the cuter peripheral
edge porti o}%g%ngggllh%d%Pﬁﬁi%égﬁ 2}? th%%ﬁﬁ%?#ﬁ%ﬁ 88ntr subb blc ®bvetghness
and with highaGqur ol e method of grjnding a workpiece in this
enbodi ment, - 3&% e?gé §{1gf‘¥lel' %1(5%2g t“ﬁetclhgﬂléﬂj JHen&rFA§ MmAEEion whibe

bei ng rotat eghiisnreRg.AI rHCi 0N, dta.b2 =ed toward the edge portion
of the morkpieé%rsta?tlﬁgpafkﬂef%gs%ﬁzgfggggﬁfFéﬁﬁjgpﬂg B CRIH Y oWRR d it s
tip sidep tartiheiagycdidind d-ie oy el381 sy ide .of..the edge portjon,
and, 5 subsequently, the relating grinéi%dﬁaﬁgﬁﬁbqﬁﬁ¥¥%}%%?ﬁﬁg? tt in
the opposit ecdiaténti opeeds abvwed Lerksiéed 1pward hbe edae porkion 9f the
wor kpi ece starting with its reverse surface side and %hen toward its tip
side, to thefteby gniadcehdaneyenise suef aaglskder ofnd he adge partiom,, ' 10

I n accordance with this grinding nethod, .since grinding is perforneg by

bi secting af9@PléRdnt e Hrdimte relihods énanlli ceversaswihacesepf ot be wdge
portion of tge wor kpi ece in such a manner as to depict symetrical 10ClL O
movenent on°PHETBBVEISES¥EF Faceirdpgesati bikeckederssehsun fiacei 84 d@a gd ndi ng
can be Qgrfgﬁneqlb% 15 th_sane change of the grinding conditions for both
the obver se-and Feverse SHMAtedsiieect ¥ 6T Espardensagwtinding angile of

the crystal bgng, facg. lng a' e edge portjon, and it is possible to
prevent the occur?éﬁégﬂgﬁ%&gﬁggffg%é‘FH”? ]Fﬁhéhﬁ%§§16¥Otﬁéwgrébﬁﬁmshrface

bet ween t hegobMelS& s Lde s revers o surface side of the
edge porti on. Henc%, t%g@gﬁaééggr ?igg%%ecqﬁees%&kgi’é%e A HREH DR

uni f or m gr ogade spisF O BHIRIFESS oW, ' acy. .Lt ;shoul d be noqted
that the dividing method is not con%?ﬁ%%g$%%?ﬁ§%b%§egfi8ﬁ?lﬁﬁdi§Fﬁ3Js

di vi di ng nmesodst £ €alcanegi vabhevinshtdi NY 13iGh «as ShL| ion into the
obverse surface 25 side, the reverse surface si %,pg%%EE%% ?FF '§£§, and a

di vi si &P i ngoLfdavey iy theofatidienabyer S8 iy b268dh%oddig LRLCESE R ace

side, the tip side, a region between the obverse surface side and -L§7
the obverse and reverse surface sides, and 1t is possible to
preventtheoccurrenceofvariationsintheroughnessoftheground

surrace between the obverse surface side and the reverse surface
side of the edge portion.

25 Specifically, the outer peripneral edge vortion 23z of

- . .
LN& worxolece 23 1s not ground continuously betweean the obverse

and reverse surfaces sides thereof, and Ffinish grinding 1is

- 22 -



280 CT 2002 the tip side, and z region between the reverse supfgge @pzde
and the tip side. In such cases as Well, the ground surface roughness

t he obverse and reverse surface sides can be made uniform The present

di sclosure relates to the subject matter 5 contained in Japanese Patent
application Nos. Hei .11-220019 filed on August 3, 1999 and Hei. 11-91947
filed on March 31, 1999 which are expressly incorporated herein by '
reference inits entirety . whit a only certain enbodi nents of the

i nvention have been specifically described herein, it WIIl apparent that
nunmerous 10 nodifications may be nmade thereto wi thout departing fromthe

spirit and geeper&d stherbAYePtiANthe 3RerseZsSrPake §i4R02BInE lrdisesl. A
nmet hod of grinding a workpiece, conprising the steps of rotating the

wor kpi ece foppedcofsidiCi neatary t Risnspbat e ralkoyt. aacent.est axhe fheienly
rotating a di sk-shaped rotating grindi ng wheel” about an axi s thereof

di sposed subgtaath@hgeparatbel rira s ot aneief, Whelwydipiceeetatde 18airk
rotating grinding wheel includes a rotating grinding wheel for rough
grindi ng andigetbiai,) Ng govedi hg wdherld towatintisd griexdiprgiphbes Ebyagsough
grinding and finish grinding are perforned; and performng a relative
f eedi ng hovenehniobhe3aeeh thhevaydrkiFiceces atdrsand wirimdtagphveeesle swucfradehat
said rotating grinding wheel noves along at |east one part of an edge
portion of shdevarkpherdoward 1 Eknesidledi Eeerdlon soblenting s eeeersthil e
concurrently raqotating the workpi ece and said rotating grinding wheel ,
surface side of the outer peripheral edge portion 23a o finish
rinding. Subsequently, as shown in Fig. 5B, 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 workpiece 23 starting with its reverse surface side and
then toward its tip side, thereby subjecting the reverse surface
side of the outer peripheral edge portion 23a to finish grinding.

Further, after the outer peripheral edge portion 23a of

15 ' theworkpiece 23 is subjected to finish grinding as described above,
the workpieces 23 in a state of being accommodated in the cassette
30 are transpoxted from the grinding apparatus to another station.

In this other station, the final finishing of the outer peripheral
edge portion 232 of the workpiece 23 i1s effected by using an

20 unillustrated disk-shaped polishing pad and slurry. Namely, an
outer peripheral surface of the disk-shaped polishing pad is
caused to abut against the outer peripherzal surface o the
workplece 23 in the same way as the rotating grinding wheels 27
and 28. At the same time, slurry which 1s prepared by mixing

25 abrasive grains into a dispersant 1s supplied to a gap batween

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

portion 232 of the workpisce 23 1s subjected to super-finish

- 23 -



whereby an outer peripheral surface of said rotating grinding mhgpgogfbwfs
t he edge portion of the workpiece. 2. The nethod according to claiml1,
wherein the axis of said rotating grinding wheel is disposed in such a
manner as to be substantially perpendicular to a radial direction of the
wor kpi ece? 3. The nethod of grinding a workpiece according to claiml,
wherein said rough grinding and said finish grinding are performed in a
sane station. 4. The nethod according to claiml, wherein at |east said
rotating grinding wheel for finish grinding is fornmed by binding grains of
silicon dioxide into fixed abrasive grains. 5. The nmethod according to

claiml, wheradingi bal ché ndsihg iins tggrggﬁg‘gg_ by causing a di sk-shaped
polishing pad to abut against the workpi ece while 2 80 CT 2002 40
rotating theEodiskcahapes) poli shing pad, and by supplying slurry forned by
m xi ng abrasive grains in a dispersant into a gap between said polishing
pad and the workpi 8ceshdulAbzehbodd afhayr ehds ngukso ditekpti mee becenpodsedg t he
steps of: rotating the workpiece forned of a circular thin plate about a
center axi byt hekén§; thetftlimag ovatifngagremsli ng wheel for cylindrical
grindi ng about an axis thereof disposed substantially parallel to the
central®axis of thdéawikpteeesBindiaaq arettatusthe trugbasrdeagroped he edge
portion of the workpiece by cylindrical grinding, whereby an outer

peri pher al eBREEIPBREI dhoMortehopd ki apd the giasiddg; 4P orer inegracli skl ¥haped
rotating grind'Eg wheel about an axis thereof disBosed substantiallg

paral | el tﬁogab NMRACH RS RO kit SRddsf eerindre FANRPE e fgide rod 50

by means of hydrostatic bearings 142, 146 and 180.

Adescriptionwill be given of the work holding mechanism

10 24 including the hydrostatic bearings in detail. As shown inFig.
10, the guide cylinder 140 is attached to z side of the column
22 1n such a manner as to extend in the vertical direction (in
the Z direction). A supporting Eylinder 141 is supported in the
guide cylinder 140 by means of hydrostatic bearings 142 in such

15 a manner as to be movable in the Z direction, and a pair of bearing
cylinders 143 and 144 are disposed in the supporting cylinder 141.
A supporting shaft 145 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 1s formed in

20 its center, and the air passage 145a is connected to a vacuum pump
(not showm) through a hose 145b.

A suction pad 147 1s fixed to a lower end of the supporting
shait 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 145. Further,
in the lower surface tnereof, there is formed a plurality of

suction grooves 147b communicating with the air passage 147a. 2

_24_



and; performng a relative feedi ng novenent between the workpi ece ?@@ ?%@ﬁ
grindi ng wheel such that said rotating grinding wheel noves on at g e
part of both obverse and reverse surface sides of an edge portion of the
wor kpi ece al ong a thickness direction of the workpiece, while concurrently
rotating the workpiece and said rotating grindi ng wheel, whereby an outer
peri pheral surface of said rotating grinding wheel grinds the edge portion
of the workpiece. 7. A nethod of grinding a workpiece, conprising the steps
of : rotating the workpiece formed of a circular thin plate about a center
axis thereof; rotating a disk-shaped rotating grinding wheel about an axis
thereof di spasgth:substavit tatdyiqataldiebdsedawplranerpé suhecweikpi€Lender
performng a relative feedi ng novenent between the workpi ece and said

gri ndi ng wheel4luch sthabrsai ga ridieateofgi gr £ dédg-ovteiel suppest ahpraylandeeast
one 2 8 0 CT 2002 41 part of an edge portion of the workpiece in a

t hi ckness di retti amdof rbhtonwolddh eberewfii Le Lomnxirtcethkysuppatting tsheft

wor kpi ece and said rotating grinding wheel, whereby an outer peripheral
surface of sal4broffaeingrtgroinpidddiheerogetaeddut hee sddgerpbtt fon mftattien

wor kpi ece and an inner peripheral edge portion of the workpiece having a
circul ar Bol evia HhecswpePrpondi sreithardéof is ground. 8. A nethod of
grinding a workpi ece, conprising the steps of: rough cutting an edge
portion of the workpifeRetPHritedosfmay gieritut ardiInases! apev oy ireapL Ut 22/

| i ndrical i ndi id h tt St bei t ai b tati
/st rotati fPUm RAHhGETiRb I OF ESAATHETEDY BFPRAFTY odul *HEe BAGoR
th f di : ti,all || t I f_t Kpi ,
uni o rotat ) g LR Br e dze ShRMTERE-REntaD GRS BOTREPLBILY HF Gread: ng

the edge por?ér?%n%ué.@? gﬁ%}iﬁ:‘e}ie‘%cfo?yt@@. .%&tﬁﬁgio&zﬂr?dezs%fl?c%a&";)ay%ut

second rotating grindin sald grinding st el ng obtai ne

perform ng a §ehalkhvyaql eedi R TBY IR e Bee Sdiadhsacond dhikedi nehavdeel
and the workpi ece such that the second grindi ng wheel noves al ong at | east

one part of tHige edgmepanihigoaraf43 herworkpi BEE) idr@u BBCkBesst gt s Wy @neof
the workpiece, while rotating said second rotating grindi ng wheel about an
axi s ext endi ngoior a&2difcechboamsnbstan isaidpprpanal belitder Pllans abvehe

wor kpi ece and substantially perpendicular to a radial direction of the

wor kpi ece. 9. v gedtlyody ase@sdphghieonet #idm Bhexdly wonisgitthesevohiom gdt i ng
grindi ng wheel includes a rotating grinding wheel for rough grinding and a
rotating grindf hg’ste&2eyr finish grinding, and said grinding step

i ncl udes _rough grinding apd finish grinding, whjch are_perforned after the
rough cutting. 10. Aﬁkgbﬁg
.ece_forned

_ _ ! LAARESROr g Phdvg e Wt kit écets Eoms 8F fgask

Dl ate and rotti T thé MGFkAFBce: RbO o SenFer <ARrs Tharbert: Pesrateic 1

2002 rotating grinding wheels 27 and 28 and the workpiece 23 is effected
smoothly by the guide mechanism including the hydrostatic
bearings 142 and 146. Accordingly, compared with a guide

20 mechanism including rolling bearings, it is possible to prevent
the vibrations from occurring during the relative movement of the
disk-shaped rotating grinding wheels 27 and 28 and the Workpiece
23, thereby making 1t possible to improve the procassing 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 moving the grinding

mechanism 25 in the Y dirsction. For this reason, wnen the

_25-



42 a grinding unit having a di sk-shaped rotating grinding wheel, saixg 0CT 2002
grinding unit grinding an edge portion of the workpiece by performng a

rel ative feedi ng novenent between said rotating grinding wheel and the

wor kpi ece such that said rotating grinding wheel noves al ong at | east one
part of the edge portion of the workpiece in a thickness direction thereof,
while rotating said grinding stone about an axis thereof disposed
substantially parallel to a plane of the workpiece; a noving nmechani sm
perform ng the relative novenent between said rotating grinding wheel and

t he wor kpi ece; and a gui de nechani sm guiding the relative novenent of said

novi ng mChaniﬁrﬂatﬁﬂbdeEﬁgﬁnWss@7b‘§%1'392@09ﬁ&5\ﬁ?é %lb&ﬁi,%g@ygﬁpﬁ'@ti c

bearing. 11. The apparatus according to claim 10, erein sald nmoving

nmechani sm comrdi1$8S vedyf héSta MYithg Feghastsivperfronfl fgedp fidstintebathye

| i near novenent between the workpiece and said rotating grinding wheel; and
a second novi ng,dMeebati s penfier 0 thaa dsekoBHap et aldted ihighgal ndine Bt s
bet ween the workpi ece and said rotating grinding wheel perpendicular to
said first relatene 19 néae mvermert notdneThe fapharadtis: jaecor thdithd ehekhs m
11, wherein said guide nmechanismguiding the first relative novenent of

sai d firstSnmovihgnoezhamdshe svamimtecac? 2di Dy ffacteysvaiinly bgariengnids.
The apparatus according to claim 12, wherein said guide nmechani sm gui di ng
the second relmedheaismviemehtdiofy $he hwbosid thovbegr yershdfPs mAcsoganstituct ed
by said hydraulic bearing. 14. The apparatus according to claim1l, wherein
sai d wor kpi ece-thdiSdPA§S il 2 §ShEreTestshre YivmAtinsdi AgoRetf@diBiiy d4ging2 8
0 CT 2002 43 said grinding unit includes said second novin chani sm _15.
The appar at us 'S OFARRETE CRISTTALLEL THorGA ARA HAKGIBECRRAP &f hg Gntt

i ncludes:, a pad, hol ding the r.kpi ece; rotafing shaft. attaching said pad
at one end the%rédoft,neaw% Ifln%‘fe}ﬂggl Qﬂe{%éer‘fa%f'gf JD?€ assuﬁjﬁg}ti%%e%e&iygmligf‘ﬂ?i ng
shaft; anggsai: r.osh at | i ngs 4 S b £, ' i,Ng=S t
N R e
wherein sai d gARidnguuabtei pel ydes; aeughogutting unit having the other

rotating grinding wheel for cylindrical grinding, said rough cutting unit
cutting the edge portiter afqtbery@rkpacanky pesf argi ausa gelvdldede ihi agar
novenent between the other grinding wheel and the workpiece, while rotating
t he ot her gri ndiawgniseetoanchidee tdngkphecedat ibheos uttsd antrikab bye szie pbane.
17. The apparatus according to claim 16, further conprising:. a

wor kpi ece- out sifde thaamet ethawaskpiace 83 nsorupmadied Fy2arn ool tsi tees i cenndtve r

of the workpiece cut by said rough cutting unit, wherein said relative

| i near noveénerth<¥ebieBakiRe b HYShileditAg TWEEBRT aFPEHE \idiek pregessisng
determ ned in accordance with the asured outsjde dianeter of the

wor kpi ece. 18.2°fE2a¥paratis AETHYISY 86 ScPai Mt 7w EiS Fai d

8] St ng arel ative BU Tlon ettt Ca PrREALar Bha™ T ReROAIEEePEr
measuring. 19...He;3RRar AL USsAGGOT ] M9 of 016ha1 Phd0s LA A LAMRLLRL DS
rotating motor 59 is supported on the saddle 49 by means cf a
20  supporting shaft 63 in such amanner as to be capable of undergoing
indexed rotation, and the rotating grinding wheel 27 for rough
grinding and the rotating grinding wheel 28 for finish grinding
are respectively mounted on the motor shafts 60 projecting from

left and right ovprosite side surfaces of the motor 59.

(O
n

In thas arrangement, since the second-grinding-wneel
rotating motoxr 59 is made to undergo indexed rotation, either cne

of ths rotating grinding wheel 27 Zor rough grinding and the



2 8 OCt Z00? 44 a grindi ng-wheel -di aneter neasuring sensor measura gqlct]%m
outside dianeter of said rotating grinding wheel, wherein said rerative
feedi ng novenent is determned in accordance with the outside dianeter of
said rotating grinding wheel. 20. The apparatus according to claim19,
wherein sai"d grindi ng-wheel -di aneter neasuring sensor perfornms a zero
adj ustnent for adjusting a relative position between said sensor and said
rotating grinding wheel for nmeasuring. 21. The apparatus according to claim
10, further conprising: a vertical position neasuring sensor for measuring
a vertical elongation of said workpiece holding unit. 22. An apparatus for
grinding a wortkpiegeyricnipg shagl 28 for Kpneek Jrdndiing Lidi shokding the
wor kpi ece fornmed of a circular thin plate and rotating the workpi ece about
a center axippstheépeafgresgonddngganht dald by & dhskeoshapeder i at Then,
grinding wheel, said grinding unit grinding an edge portion of the
wor kpi ece byrpehfsrstiate afretatdsperfded dgspbyesmant  btheeerngaigdindtagi ng
grinding wheel and the workpiece such that said rotating grinding wheel
moves al ong 2ad Feassh arringdng of fltre cudge porintmradf edhe merkiireedaiafa
t hi ckness direction thereof, while rotati ng said grinding stone about an
axi s thefeofth§i &PE5RHeSHLET FRT &9 PEFAPATEE| CPRS LI difd Yo Yt RE2WBRRDI ece;
said grindi ng_t#ni t further includes a rough cutting unit having the other
rotating gris@i-ng™wheel for cylindrical grinding, said rough cutting unit
cutting the edge portion_of the wor.kpiece_b erformng.a relative |inear
novenent bet ween thécgt ﬁ%rt%?i?ﬁﬁrﬁ& é‘é’Paé%ngh%I vﬁ?gﬁb€cv§,_qmFFéb?8t ating
the other grjndin ee dth K pi i he substantial Ly, sage plane.
2'5 0 C 1 3602 sat e The i arUe Secor o ng't o A2 PO ERLED
conpri si ng: \Wor: k pi -0yt S z I ¥ N I o PR {
outside dia tl\grglgl? t %lmg?kfpéjlggghggﬁ yndslgﬁsj%%lr}g)rﬁggtﬁ% %g unllﬁ'[d, m&ﬁg?ei n
sai d rejativg kbpeaim iy erenl hetween1t hes ot E@Iiﬁﬂir&ﬂlp@gi vhegle aBdnthe
wor kpi ece is determ ned in accordance with the nmeasured outside dianmeter of
t he wor kpi ece. p2dde Jdreniappat at dsvals onhdt g rotot! shaf2$0 phef it rsardom
wor kpi ece- out si dedi anet er nmeasuring sensor perfornms a zero adjustnent for
adj usti ng a el dkiftespdsi snwindretofeehhs as ek gehsmt adndgt Reewbr kel atiend or
measuring. 25. An apparatus for grinding a workpiece, conprising: a
wor kpi ece ha@adiong>dni t hol di ng the workpiece formed of a circular thin
plate and rotating the workpi ece about a center axis thereof; a grinding
uni td_havi ng addi sk-érlgaﬁéﬂh][%lfﬁ%’-ﬁﬁ’qkﬁﬂeﬁﬁi ﬁg Rﬁ@%ﬁ?e%fai#@rﬁ nﬁﬁe[lguﬁﬁfﬁ i
grinding_an edge. portion o e workpi ece. by perform a relative feeding
ToveTentS boRRiaR BERY TS ETG G ik 1 THELTS SRl 197 ot Rt el S aeh s hat
said rotati arindi ng wheel Jmove ng a ! e part.of the edge
portion of ?%é‘%?iﬁ%cn ?ﬁddﬁ\k{if‘sg‘k e&ﬁﬁ#%&ﬁ%@hg%ﬁ 28?,5“1:\1/\%%‘;51?%%%% ng
sai d grindi ng,stope L Sat her & | . sibsianiial | ragl el
to a pl ane ﬁ‘%ﬁeam?ﬁgﬁ%@ gl?ifi#dllsng?&v\h%e%- ?g%ﬁgrﬁnﬁtﬁ r%eggngor
nmeasuring the 08l side Ghiaaehe! @e $ahdl rotditdaq0sf RleNgurbeeripREEEL N
said relative feeding novenent is determ ned in accordance with the outside
di amet er of esRiedpoot odrh PGagtamdienge Wieahad 26. tHhaApPRf At ascezt Hert 0
cl aim 25, wherein said grinding-wheel -di aneter neasuring sensor perforns a
zer 0 adpQst rentsef @riradingsdperp @ onal at Lyenpasetdodd shehvwesd 6akdd sénser . and
said rotating grinding wheel for measuring. 2 8 OC 1200

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

empodiment, as shown in Fig. 12C, the second-rotating-wheel
rotating motor 59 is supported on the saddle 435 by means of a
supporting shaft 63 in such a manner as to be capable of undergoing
25 indexed rotation, and the rotating grinding wheel 27 for rcugn
grinding, the rotating grinding wheel 28 fcr finish grinding, and

the polishing pad 64 are mounted on the moter shafts 60 projecting

- 27 -



46 27. An apparatus for grinding a workpiece, conprising: a morkpieéﬁ

hol ding unit hol ding the workpiece fornmed of a circular thin platd &7 2002
rotating the workpi ece about a center axis thereof; a grinding unit having
a di sk-shaped rotating grinding wheel, said grinding unit grinding an edge
portion of tfhe workpiece by performng a relative feedi ng novenent between
said rotating grinding wheel and the workpi ece such that said rotating

gri ndi ng wheel noves along at |east one part of the edge portion of the
wor kpi ece in a thickness direction thereof, while rotating said grinding
stone about an axis thereof disposed substantially parallel to a plane of
the workpi ecefrémweret Lledt posidtichn oppsSsytdgisenserifods measueing@face
vertical elongation of said workpiece holding unit.
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grinaing wheel 26 for rough cutting.

(2) A Z-axis direction moving mechanism is provided on
the grindirng wheel 27,28 side, and the outer peripheral edge
portion 23z of the workpiece 23 1s ground by the feed movenent
in the Z-axis darection and the Y-axis direction of the grinding
wheel 27,28 side without moving the workpiece 23. Alternatively,
the workpiece 23 side is movable in the X-axis diréction and in
the Y-axis direction, while the grinding wheel 27,28 side is made
movable in the Z-axis direction.

(3) As shown in Fig. 13, a workpaece having'a circular
hole 23c in its center is used aé the workpiece 23, a peripheral
ecdge of the circular hole 23c, i.e., an inner peripheral edge
portion 23d, is ground in addition to the outer peripherzl edge
portion Z23a. Namely, the woerkpiece 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 or rotating grinding wheel
28 for finish grinding is relatively moved to be fed between the
obverse and reverse surface sides of the workpiece 23 in the same
way as the above-described grinding of the outer peripherzl edge
portion 23a, therepy making it possible to grind the inner
peripharal edge porticn 23d. In this case, it is possible to
continuously pveriorm the grinding of the outer peripheral edge
portion 232 and the inner peripheral edge portion 23d of the
workpiece 23 by using the same grinding wheel 1n the samemachining

station, so that the arrangement of the apparatus is made compact,
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of bases 121 and 122 are connected to each other. A workpiece
holding mechanism 24 and a grinding mechanism 25 are disposed on
the first base 121, so that an outer periphery of a workpiece 23

10 as acircular thinplate, which is sucked and held by the workpiece
holding mechanism 24, is ground by the grinding mechanism 25.
A wafer carrying mechanism 129 including a first moving
table 133 and a second moving tabie 134 is disposed on the second
base 122. The first moving table 133 is disposed in such & manner
15 as to be movable between a processing position P3 corresponding
to the workpiece holding mechanism 24 and a retrezted position
P2 at a distance thexefrom. Further, the second meving table 134
is supported on the first moving fable 133 1n such a manner as
tobe integrallyand relativelymovable with the firstmoving table
20 133. An unprocessed workplece 23 is carried onto the workpiece
holding mechanism 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 1n such a manner as to cover the various mechanism sectilons on
their upper surfzces, and a2 shutter 136 1s disposed in a

substantially intermediate portion thereof in such a manner as
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In the grinding mechanism 25 of this modification, as
shown in Fig. 15, a supporting base 160 for shifting is disposed
10 on the first base 121, and a pair of guide rails 161 for shifting
are laid on an upper suriace-of the supporting base 160 in such
a2 manner as to extend within az horizontal plane in a diagonzlly
shifting direction S from the front on the left-hand side toward
the rear on the right-hand side. A shiftingbase 162 is shaiftably
15 supported on the guide rails 161 for shafting, and a pair of
X-direction guide rails 163 extending in the left-and-right
direction (X direction) within the horizontal plane are laid on
an upper surface of the shifting base 162.
A moving base 164 is movably supperted on the X~direction
20 guilde rails 163 by means of a pair of rolling units, and a pair
of Y-direction quide 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 1s movably supported on the Y-direction
guide rods 165 by means of hydrostatic bearings. In addition,
25 2 oprocessing head 167 is supported on an upper portion of the
Y-diraction guidas rods 165 through a supporting snaft 168 in such

a manner as to be capable of swiveling about a vertical axis bv
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means of a2 motor and a ball screw. A pair of rotating shafts 163
and 170 are projectingly provided on both sides of the prccessing
head 167 in such a manner as to extend in a horizental direction
perpendicular to the axis of the supporting shaft 168, and the
5 rotating shafts 163 and 170 are rotatedby 2z motor 171 accommodated

in the processing head 167. Then, the rotating grinding wheel
27 for rough grinding is mounted on the rotating shaft 169, while
the rotating grinding wheel 28 for finish grinding is mounted on
the other rotating shaft 170. It should be noted that the

10 hydrostatic bearings are used only for the Z and Y a2xes related
to processing for the purpose of the reducticn of cost. But, the
hydrostatic bearings may be used 2lso at the time of relatively
moving the rotating grinding wheels27 and 28 in the ¥ direction
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 1in this embodiment,
the workpiece 23 formed of a circular thin plate is rotated about
i1ts center as the axis L1, and each of the disk~shaped rotating

20 grinding wheels 27 and 28, while being rotated about the axis L3
substantially parallel to the plane of the workpiece 23, is made
to undergo relative and continuous feeding movement along at least
one part of both obverse and reverse surface sides of the workpiece
23 on the outer pveripheral edge portion 23a of the workpiece 23.

25 Consequently, the outer verivheral edge portion 23a of the
workpiece 23 1s ground by the outer peripherzl wheel surface of

each or the rotating grinding wheels 27 and 28.
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workpiece is ground by a forming grinding wheel, the profile of
the wheel surface of each of the rotating grinding wheels 27 and
5 28 is less prone to deformation, so that 1t becomes unnecessary
to replace the rotating grinding wheels 27 and 28 frequently.
Accordingly, it is possible to reduce the material cost of the
rotating grinding wheels 27 and 28, and hence the machining cost.
Furthermore, since the profile of the wheel surface of each of
10 the rotatinggrindingwheels 27 and 28 is less prone to deformation,
the outer peripheral edge portions 23a of the workpieces 23 can
be ground into constant machined shapes with high accuracy.
In addition, the edge po-rtlon Z23a of the workpiece 23 can
be finished into an arbitrary shape by the same grinding wheels
15 27 and 28 through the relative feeding control of the workpiece
23 and the rotating grinding wheels 27 and 28.
In the method of grinding a workpiece in this embodiment,
the axis L3 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 this reason, the rotation of the
workpiece 23 is effected so as to traverse the outer peripheral
surface of each of the rotating grinding wheels 27 and 28. 1In
other words, the workxpiece 23 undergoes relative movement in the
widthwise direction of the rotating grinding wheels 27 and 28.
25 Accordingly, it pecomes possible to effectively grind all over

the outer peripheral edge vorticn 232 of the workpiece 23 bvmaking

effective use of the overall width of the outer verioheral wheel
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the rotating grinding wheels consist of the two grinding wheels
27 and 28 for rough grinding and finish grinding, and rough
grinding and finish grinding are performed by the grinding wheels
27 and 28, respectively. For this reason, the grinding of the
outer peripheral edge portion 23z of the workpiece 23 can be
effected separately for rough grinding and finish grinding and
continuously and efficiently with high accuracy.‘

In themethod of grinding z workpiece in this embodiment,
the rough grinding and finish grinding of the outer peripheral
edge portion 23a of the workpiece 23 are performed by the same
station. For this reason, it becomes unnecessary to transport
the workpiece 23 into another station cr shift the holding of the
workpiece 23, and 1t 1s possible to continuously perform rough
grinding and finish grainding for the outer peripheral edge portion
23a in the state of being disposed in the same station. Hence,
it is possible tomaintain the positional accuracy of the workpiece
and improve the operating efficiency. Further, stations for
rouch grinding and fanish grinding need not be provided separately,
the arrangement of the grinding apparatus can be simplified, and
the grinding apparatus can be made compact.

In the methnod of grinding a workpiece in this embodiment,
a rotating grinding wheel which 1s formed by binding the grains
of silicon dioxide inzo fixed abrasive grains is used as the
rotating grinding wheel 28 for finishing. For this reason, the

outer peripneral edge portion 23a of the workpiece 23 can be ground
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with good finish-ground surface roughness by virtue of the
chemical action based on the reducing action of silicon dioxide.
In the method of grinding a workpiece in this embodiment,
the rotating grinding wheel 26 for cylindrical grinding 1s rotated
5 about the axis L2 parallel to the central axis Ll of the workpiece
23 in the process preceding the grinding by the disk-shaped
rotating grinding wheels 27 and 28, so as to roughly cut the ocuter
peripheral edge portion 23a of the workpiece 23 by cylindrical
grinding. For this reason, since the outer peripheral edge
10 portion 23a of the workpiece 23 is subjected to rough cutting in
advance in the preceding process, the subsequent grinding of the
outer paripheral edge portion 23a of the workpiece 23 can be
performed efficiently, thereby ﬁ\aking it possible to imprcve the
efficiency of the overall operation. Moreover, cylindrical
15 grindaing produces a large amount of grinding per unit time, 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 freguent
20 replacement of the grinding wheel is unnecessary.
In the method ¢of grinding a workpiece in this embodiment,
after the outer peripheral edge portion 23a of the workpiece 23
1s subjected to rough grinding and finish grinding byv using the
rotating grinding wheels 27 and 28, final finishaing is performed
25 in another station by using the disk-shapad polishing pad and
slurry. For tnis reason, the pliability of the polishing pad

contributes to high-accuracv machining, and the slurrv cools the
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machined portion of the workpiece 23. FHence, it is possible to
further enhance the grcund surface roughness of the cuter
peripheral edge portion 23z of the workpiece 23 and effect
super-finish grinding.

5 In the method of grinding a workpiece in this embodiment,
the rotzting grinding wheel 28 for finish grinding, while being
rotated in one direction, is moved to be fed toward the outer
peripheral edge portion 23a of the workpiece 23 starting with its
obverse surface side and then toward its tip side, thereby

10 subjecting the obverse surface side of the outer peripheral edge
portion 23a to finish grinding. Subseguently, the rotzting
grinding wheel 22, while being rotated in the opposite directiorn,
is moved to be fed toward the outer peripheral edge portion 23a
of the workpiece 23 starting with 1ts reverse surface side and

15 then toward its tip side, thereby subjecting the reverse surface
side of the outer peripheral edge portion 23a to finish grinding.

For this 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 surtface side and the reverse surface side of the outer peripheral
edge portion 23a of the workpiece 23, and 1t is possible to prevent
the occurrence of variations in the roughness of the ground surface
between the obverse surface side and the reverse surface side of
the outer peripheral edge portion 23a. Hence, it is possible to

25 grind the cuter peripheral edge portion 23a oI the workpiece 23
with uniform ground surface roughness and with high accuracy.

In the method of grinding a workplece in this embodiment,
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the rotating grinding wheel, while being rotated in one direction,
is moved to be fed toward the edge portion of the workpiece starting
with i1ts obverse surface side and then towzard its tip side, to
thereby grind the obverse surface side of the edge portion, and,
5 subsequently, the rotating 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 side, to thereby grind the reverse surface
side of the edge portion.

10 In accordance with this grinding methoed, since grinding
is performed by bisecting an allowance for the obverse and reverse
surfaces of the edcge portion of the workpiece in such a manner
as to depict symmetraical locx of movement on the obverse surface
side and the reverse surface side, grinding can be performed by

15 the same change of the grinding conditions for both the obverse
and reverse surface sides in correspondence with the angle of the
crystalline face appearing 2t the edge portion, and it is possible
to prevent the occurrence of variations in the roughness of the
ground surface between the obverse suriace side and the reverse

20 surface side of the edge portion. Hence, the edge portion of the
workpilece can be ground uniform ground surface roughness Wwithhigh
accuracy. It should be noted that the dividing method is not
confinaed to the bisection, and variocus dividing methods are
conceivable including such as trisection anto the obverse surface

25 side, tne reverse surface side, and the tip side, and a division

into Iive parts of the obverse surface side, the reverse suriace

side, the tip side, a region between the obverse surface side and
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the tip side, and 2 region between the reverse surface side and
the tip side. In suchcases as well, the ground surface roughness
of the obverse and reverse surface sides can be made uniform.
The present disclosure relates to the subject matter
S contained in Jezpanese Patent application Nos. Hei.11-220019 filed
on August 3, 1999 and Hei.11-81847 filed on March 31, 1999 which
are expressly incorporated herein by reference in its entirety.
While only certain embodiments of the invention have been
specafically described herein, it will apparent that numercus

10 modifications may be made thereto without departing from the

spirit and scope of the inventicn.
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thereof;
rotating a disk-shaped rotating grinding wheel about an axis thereof
disposed substantially parallel to a plane of the workpiece, the said rotating
grinding wheel includes a rotating grinding wheel for rough grinding and a
rotating grinding wheel for finish grinding, whereby rough grinding and finish
grinding are performed; and
performing a relative feeding movement between the workpiece and said
grinding wheel such that said rotating grinding wheel moves along at least one
part of an edge portion of the workpiece 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 grinding 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 to be substantially perpendicular to a

radial direction of the workpiece.

3. The method of grinding a workpiece according to claim 1, wherein said

rough grinding and said finish grinding are performed in a same station.

4. The method according to claim 1, wherein at least said rotating grinding
wheel for finish grinding is formed by binding grains of silicon dioxide into

fixed abrasive grains.

5. The method according to claim 1, wherein final finishing is performed by

causing a disk-shaped polishing pad to abut against the workpiece while



Ih (@10%5p5& ()-! SH10%5u5& () -3 ! pS#10% 5] 5& () - 3 0CT 2007
SH109B& ()-f! ~SH109K5k5& ()-f3 "109B& ()-}irg\: !l 940%' & ()- 105 {8

105> 1096& () -

|/ SHLO%p5P5& () -s! / SKLO%p5P5& () -5 ((@FL0%& () -2zX6g\: e, f

T#10%1 & ()-1w f T#IO%e& ()-!, g#L0%& ()-!, g#10% ] & ()-3 "10%: ()-y!wa
'109%& () - y<yw>EFGHz[ PE: | 10 10
10>' 10% ()-! e@f #10%08& ()- 1 @f #10%e& () @ (SH10% ()-! n@

Covore & O RAEES gisk hanar bolidsibe pa 480y uprying iy Yortne by

"109BB&' () - z!
I ~L3g#10% X & (
I S#109BB&’ () -

Ch TANEREA o d GEBISEAN) o BLATANERN ponafig BaBe ()-

10B 10B 10B>&19%Pie(Woildpiddel 9-\ =

6.

A method of grinding a workpiece, comprising the steps of:

rotating the workpiece formed of a circular thin plate about a center axis

thereof;

rotating a rotating grinding wheel for cylindrical grinding about an axis

thereof disposed substantially parallel to the central axis of the workpiece so as to

effect

the rough cutting of the edge portion of the workpiece by cylindrical

grinding, whereby an outer peripheral edge portion of the workpiece is ground;

rotating a disk-shaped rotating grinding wheel about an axis thereof

disposed substantially paraliel to a plane of the workpiece after the rough cutting;

and;

performing a relative feeding movement between the workpiece and said

grinding wheel such that said rotating grinding wheel moves on at least one part of
both obverse and reverse surface sides of an edge portion of the workpiece along a
thickness direction of the workpiece, while concurrently rotating the workpiece
and said rotating grinding wheel,

whereby an outer peripheral surface of said rotating grinding wheel grinds

the edge portion of the workpiece.

7. A method of grinding a workpiece, comprising the steps of:
rotating the workpiece formed of a circular thin plate 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;
performing a relative feeding movement between the workpiece and said

grinding wheel such that said rotating grinding wheel moves along at least one
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whereby an outer peripheral surface of said rotating grinding wheel grinds
the edge portion of the workpiece and an inner peripheral edge portion of the

workpiece having a circular hole in a center portion thereof is ground.

8. A method of grinding a workpiece, comprising the steps of:

rough cutting an edge portion of the workpiece formed 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 substantially parallel to a center axis of the workpiece, while
rotating the workpiece about the center axis of 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 movement between said second grinding wheel and the
workpiece such that the second grinding wheel moves along at least one part of 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 a plane of the workpiece and substantially perpendicular to

a radial direction of the workpiece.

9. The method according to claim 8, wherein said second rotating grinding
wheel includes a rotating grinding wheel for rough grinding and a rotating
grinding wheel for finish grinding, and said grinding step includes rough
grinding and finish grinding, which are performed after the rough cutting.

10. An apparatus for grinding a workpiece, comprising:
a workpiece holding unit holding the workpiece formed of a circular thin

plate and rotating the workpiece about a center axis thereof;
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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 grinding wheel and the workpiece such that said
rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece;

a moving mechanism performing the relative movement between said
rotating grinding wheel and the workpiece; and

a guide mechanism guiding the relative movement of said moving

mechanism, said guide mechanism being constructed by a hydrostatic bearing.

11.The apparatus according to claim 10, wherein said moving mechanism
comprises:
a first moving mechanism performing a first relative linear movement
between the workpiece and said rotating grinding 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.

12.The apparatus according to claim 11, wherein said guide mechanism
guiding the first relative movement of said first moving mechanism is

constructed by said hydraulic bearing.

13.The apparatus according to claim 12, wherein said guide mechanism
guiding the second relative movement of said second moving mechanism is

constructed by said hydraulic bearing.

14. The apparatus according to claim 11, wherein said workpiece holding unit

includes said first moving mechanism, and



109%& ()- L % 10%& ()-f#f 10%& ()- +BxmbC 10!x' Y109%F& ()- 10z 10z

102" @10%¢& ()-6S 10%& ()- 310%& ()-LF110%& ()- 5SdEMbC 10! xYLGPA8CT It
, 10907& () - 10907& () - 109%F& ()-109%& ()-, 1097& ()-' qcdEmbC 10! x109%4& () -
109@& ()-SI 109%& ()- !109@& ()- 10%& ()-& 109F& () - HadEMbC 10! x" *

10967& () - (10967& ()- !!109%& ()- & 10%&'%)-‘10%&' ()-11097& ()- Xa)dEnbC
10! x610967& () - 410967& ()- 310947& ()- Y1' 10967& ()-/10947& ()-- 10967& () -

said grinding unit includes said second moving mechanism.

15.The apparatus according to claim 14, wherein said workpiece holding unit
includes:;,
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.

16. The apparatus according to claim 10, wherein said grinding unit includes:
a rough cutting unit having the other rotating grinding wheel for cylindrical
grinding, said rough cutting unit cutting the edge portion of the workpiece
by performing a relative linear movement between the other grinding wheel
and the workpiece, while rotating the other grinding wheel and the

workpiece in the substantially same plane.

17. The apparatus according to claim 16, further comprising:
a workpiece-outside-diameter measuring sensor measuring an outside
diameter of the workpiece cut by said rough cutting unit,
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.
18.The apparatus according to claim 17, wherein said workpiece-outside-
diameter measuring sensor performs a zero adjustment for adjusting a

relative position between said sensor and the workpiece for measuring.

19. The apparatus according to claim 10, further comprising:
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diameter of said rotating grinding wheel, wherein said relative feeding
movement is determined in accordance with the outside diameter of said

rotating grinding wheel.

20. The apparatus according to claim 19, 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.

21. The apparatus according to claim 10, further comprising:
a vertical position measuring sensor for measuring a vertical elongation of

said workpiece holding unit.

22. An apparatus for grinding a workpiece, comprising:

a workpiece holding unit holding the workpiece formed of 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 grinding wheel and the workpiece such that said
rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece; said
grinding unit further includes a rough cutting unit having the other rotating
grinding wheel for cylindrical grinding, said rough cutting unit cutting the edge
portion of the workpiece by performing a relative linear movement between the
other grinding wheel and the workpiece, while rotating the other grinding wheel

and the workpiece in the substantially same plane.
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diameter of the workpiece.

24.The apparatus according to claim 23, wherein said workpiece-outside-
diameter measuring sensor performs a zero adjustment for adjusting a

relative position between said sensor and the workpiece for measuring.

25. An apparatus for grinding a workpiece, comprising:

a workpiece holding unit holding the workpiece formed of 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 grinding wheel and the workpiece such that said
rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece;

a grinding-wheel-diameter measuring sensor measuring the outside
diameter of said rotating grinding wheel, wherein said relative feeding movement
is determined in accordance with the outside diameter of said rotating grinding

wheel.

26. The apparatus according to claim 25, 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.
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27. An apparatus for grinding a workpiece, comprising:
a workpiece holding unit holding the workpiece formed of 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 grinding wheel and the workpiece such that said
rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece;
a vertical position measuring sensor for measuring a vertical elongation of

said workpiece holding unit.



