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CKGROUND OF THE | NVENTI ON 5 The present i nveny ig@h200L
relate m , an apparatus and a nmethod of chanfering a wafer,
particu sen1conductor waf er, an apparatus and a net hod of chanfering

a sen1cond or waf er, in which notch groove of the sem conductor wafer is
chanfered using a dISC shape grindstone so as to forman edge 14 of the
wafer into a con e do nner._In a conventional apparatus
and process for mgtfépwﬁ?{m&ﬁ’&%ro Foy SHARME ERING W ER: oove | s
formed by cutting a portion of the periphery of a sem conductor wafer 15
into a V-shape or a circular-arc shape in order to easily align the

orientation of crystal é§¢ 9d¥&# igygg& The V-shape notch groove
is widely enployed due to ggﬁ&ﬁg’% géﬁof the wafer to
eff|C|enthy ﬁ gaegg Eﬁ hEV|ng excel l ent | ocating accuracy. 20 In such a
process f conduct or device, the periphery of the

sem conduct or wafer sometinmes cones in contact with a portion of an
apparaius for UiBe pneséptninvéescion i relgrexess.a seeten, contandarcaiiges dust
and a crack to be occurred. In order to prevent such a contact, 25 the

per i pher yapfl a hetsediodorithmteringa srafie , st trelar by gesemialonductdx 2 0 C T
2002 A conventional nethod of chanfering the notch groove is shown in Figs.
15 and 16%2fRTFian appazRduseand Femethedafc chamfierdngla ragmiconduomat er ;

3, notch groove; 10, a forned grindstone 10; 11, a 5 grindstone shaft.
wafer, in which notch groove of the semiconductor wafer is

chamfered using a disc shape grindstone so as to form an edge
10 of the wafer into a concave-shape in a pseudo manner.
2. T ot f the Re) 3
In a conventional apparatus and process for
manufacturing a semiconductorx device, a notch groove is formed
by cutting a portion of the periphery of a semiconductor wafer

15 into a V-shape or a circular-arc shape in order to easily align
the orientation of crystal of the semiconductor wafer. The
V-shape notch groove is widely employed due to enabling a
limited area of the wafer to efficiently be used and having
excellent locating accuracy.

20 In such a process for manufacturing the semiconductox
device, the periphery of the semiconductor wafer sometimes
comes in contact with a portion of an apparatus for use in
the manufacturing process. Such a contact causes dust and
a crack to be occurred. In order to prevent such a contact,

25 the periphery of the semiconductor wafer is chamfered in

general.
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"~ formed grindstone~~ neans a grindstone having a grinding surface a
cross-section which is substantially the sanme as the ground portiﬁgogﬁ @Te
wafer 3 after grinding operation, as shown in Fig. 15. At this tinhe, ﬁ
formed grindstone 10 10 is formed into a hand-drum shape. As shown in Fig.
15, the forned grindstone 10 is a rotatable grindstone having a bus |ine
10a and rotates around grindstone shaft 11. The bus line 10a of the forned

i ndst 10 is f i nt h [ t 15
us |1 ne of & GARKPRCHES LRt BovenanPor kad 14 Aok TUBEPaRE o | y

v..shape i [ EQprocess. ¢ rises straight portions 3a, a groove bottom 3b,
and orifi csgbdo‘@c %%ﬁﬁﬁmqﬁgaﬁ%gisla The notch groove 3 is chanfered by the

f d grind h ' ig . . di

craneter o) ?quﬁﬁ%gﬁ?é? ke E%? ngﬁ%egﬁﬂ@si%ﬁfﬁi‘%%i 5 ST than ha
3 T ' [

per of mod by SHEE &ri RGCERGSRBTLS dhliove L9 TIE LSRRG COERLAr 1 bbr f ocus 13

shown tn Fig. t ormed grindstone 10 while the grindstone shaft 11
25 is dl%;& é%%%m%uﬁﬁ%ﬁ?in&in parallel. wth the center line of the wafer

.2 220¢C, :ﬁqg% / ; f
ghamc ering is p-eIJ-"r or mérPg?ggéﬁo%gﬁgg_é%Z%%%}ga% t:“%eﬁlg?g‘gﬂ‘gr?eélﬁ{dﬁ ‘ﬁf.’gA
su=face 3f;glelhe av‘@r%rsfs]--s%_l&%%n' Bnkkg- ié@h%ﬁﬁ%ﬁ%@%ﬁ% Wefﬁéﬂ@das

grindstone 10 so as to rm chanf erings Cl, as shown 1 n Fig.

18. Since it FoRORbrRebh 8P i Haddie BHQEEErQQQQQ«{@iﬁ%i SpdFLUOEY , i nto

contact with a locating pin having a dianeter of "about nm and the groove

bottom 3b dsrawiiMah! Feyl viad Ur gl egi &Ss iddle Wi Felrakeddgeinibecher ned
grindstone 10 is about 10 2 mm Therefore, the grindstone is rotated at

about 1000, 0cdpmed oinenld zeindedyumedhgpiendi ng speed. Further, since the
di aneter of the grindstone is snmall, a netal -bond di anond grindstone is

enpl oyed as theangrstwiat e Fig .priéyenhealivamiedn gafintdseocgei ndstisna. The
metals bondrotatable grindstone having a bus line 10a and rotates around
grindstone shaft 11. Thebus line 10a of the formed grindstone
10 is formed into a concave shape corresponding to a convex
15 bus line of the wafer. The notch groove 3 formed into a
substantially V-~shape in preprocess comprises straight
portions 3a, a groove bottom 3b, and orifices 3¢ as shown in
Fig. 16. The notch groove 3 is chamfered by the formed
grindstone 10 as shown in Fig. 16 . A cuxvature radius r (a
20 diameter d)inthe center of the formed grindstone 10 is smaller
than that of a groove bottom 3b of the notch groove 3.
The chamfering process is perfoxmed by chamfering the
notch groove 3 as drawing such a tool locus 13 shown in Fig.
16 by the formed grindstone 10 while the grindstone shaft 11l

25 is being maintained to be in parallel with the center line

of the wafer 1.



15 grindstone, however, has a maxi num surface roughness Rrax of 1 ,(.gym

whi ch causes the wafer to sustain danmage of about 10 ,cc min th ZgﬁﬁqMQf a

czack layer and polishing such as buffing, which is per:~orned a

foll owi ng process, takes about ~.0 mnutes, 20 Mdreover, in order to

subject the mrror-surface polishing/finishing process into the chanfered

portion of the notch groove simlar to the chanfered portion of the

peri pher al sid§ surface of the disc shape wafex, surface roughness of the

chanfered porttBR METhILAVES §Fobhe r Pefiorqffftereghamigeing gri ndi ng
d to.realize surface roughness of about_ 0.1 a m A

t b f
;n(;:i no?dPgéngégg?ﬁag?oWéei YR FEPIHAVEHEe HotBdSyr dov it Thanfered to 3
220CT ZEEZ reg%iz$ Ehe su fa e r.oughness_.of 3gout 0.1 ,ccm, However,
the use ofFhB°Fedt nBt =P T Mt S ESGvelly 1aGPeRIgTeds ¥ of the
i ndst d i bl e def ti f th h f.th i ndst
Scor di nofgEhra ShmESIa 10 SR e Hh R GhER SR 2888 T br i naORMARY OF
THE | NVE ingly, bject of th t o ti ist id
vt o BRI iR 1 et g of Cchantering a 10 motch groove of o -
fer, in which; i s to.h tisfied f
Foughness of tRERre PBG Yt BE e I0n, Sn0h 0 Enl e s o 1 2o
i ndst i i i { . 1 . j i ,th i
or ovi ded BrRRBfE hRY fohfacs e MAHeL AL B O S Tnd & BTehBhead i o o
disc_shapge L0MpEiHR0ahlce Sl Prbdfe HiTdh 3pVRIE"a N0 3, 0akelc0r 0Ove

surface, neans for Ing the wafer, a grindstone frane inCorporating a

gri ndst onga§9p8ede 8t D fndki SC SBRPERENEL ShéY ﬂ&‘aiséﬁw (hals anshadi ng end
of 'a radi al -directional cross section of an 20 peripheral side surface

obt aiyed PymmUt thErdfdre A 1A indEtedend s2 xriadst Qe piuk has a
curvature radius smaller than & m ni num curvature radius of the notch
groove andoopuo0grpRans weaTizé Sreqpiddd SFid@lngisgdeqoving the wafer and
the grindstone along the notch groove of the wafer on a plane which 25 is
in parallel w Fartherprsinteahepd baretér tdfe thaf F indsttré als walay 1yovi ng
substantially along the chanfering shape of the wafer on a pl ane

i nt er sect amptdle-lpamdienopigeindstonz 2sGenployilas(tHe grimidistgniehe

central line of the wafer and the central line of the grindstone to
i nt er sect teapkheventr ab¥agign cefist g ghindgtonist oMhe med@l-dbonche notch
groove

15 grindstone, however, has a maximum surface roughness Rmax of
1 p#m which causes the wafer to sustain damage of about 10 u
m in the form of a crack layer and polishing such as buffing,
which is performed as a following process, takes about 10
minutes.

20 Moxeover, in order to subject the mirror-surface
polishing/finishing process into the chamfered portion of the
notch groove similar to the chamfered portion of the
peripheral side surface of the disc shape wafer, surface
roughness of the chamfered portion of the notch groove must

25 Dbe inmproved, that is grinding must be performed to realize
surface roughness of about 0.1 um. A resinoid-bond

grindstone is used so that the notch groove is chamfered to



such that a locus of a tool is drawn on a plane which is in 5 parallel with
the principal plane of the wafer to relatively nove the grindstone angbing
waf er al ong the notch groove to perform chanfering along the notch groove;

( 3) relatively noving the grindstone and the wafer on a pl ane
intersecting the plane in accordance with a chanfered 10 shape of the notch
groove to allow the grindstone and the wafer to correspond to the notch
groove in a portion excegt for the chanfered portion; ( 4 ) causing the

gri ndst one* ¢3! 528 ¢ FRELASE APWHIRSS B 2bPIafe Iwkimch Hoviewegar theéel with
the plane which_isg in 15 parallel, with the principal plane of the wafer and
which is d‘i‘??e‘?%n’ish‘? rﬁﬁ%’ﬁ’é%b&ﬁ’@ GFRAstone, X558 19ely CEMSESs drawn to
relatively gnve.the:ﬂrhndstons ﬁnd t he. waf er |, Ion% t he notch groove to

f urt her nor PP IR A GPENSRFRISHERGI MY CRESAGEIRPFo8FECTBg Lo oL

rel atively_povi,ng the, qrindst.one and the wafer qn a plane intersecting the
pl ane in a@&%rﬁé%% o %ﬁ"ﬁ 1333 ed Aﬁ?ﬁﬁgl&ﬁaﬁhéhﬁoﬁmpﬁ Sdvéhe al'l ow

t he gr%ndséﬁnefand t he wafer %p correspond to the notch groove in a portion
except f ox° PHL et R b A8 TR (6) sinilarly chanfering the notch
groove into a polygonal shape. 5 2 20 CT 2002 According to a second
aspect of the present invention, there is provided a nethod of chanfering a

notch groove of a wafer foggﬁﬂAthBFaT FS§N§EQBTONC°”priSing the steps of:
using a wafer having a notch groove surfacCe, neans for 5 holding the wafer,

a grindstone frg0@dfEArRAT A BBRc bRdthang LOLEd1hhkRr oAl 3¢ phape and

structured such that a ing e Irectional "crosSs section of

an periphegaby sddes siface QbLabaedthy aukt Enﬂe%ﬁtﬁhgfp&ﬁgﬁﬂe?ﬂ&ydgng a

grindstone axis has a curvature radius snaller an a mnlnmunrcurvature

radi ugof AGECHY b E IV RBHeFPVIAGHBAN L NG &rS 1 62RARKEPEar gbati vel y
novi ng the wafer  and the grindstone along the notch groove of the wafer on

a pl ane whaghtd shdve pardldfaledvstult fobe RPouBBnRaE BFapReOFotheaVabLEnaNd
relatively noving substantially along the chanfering shape
groove and reduced abrasion of the grindstone.
According to a first aspect of the present invention,
there is provided a method of chamfering a notch groove of
15 a wafer formed into a disc shape, comprising the steps of:
using a wafer having a notch groove surface, means for
holding the wafer, a grindstone frame incorporating a
grindstone formed into a disc shape and structured such that
a leading end of a radial-directional cross section of an
20 peripheral side surface obtained by cutting with a plane
including a grindstone axis has a curvature radius smaller
than a minimum curvature radius of the notch groove and moving
means which is capable of relatively moving the wafer and the
grindstone along the notch groove of the wafer on a plane which
25 is in parallel with the principal plane of the wafer and

relatively moving substantially along the chamfering shape

of the wafer on a plane intersecting the parallel plane;



15 of the wafer on a plane intersecting the parallel plane; ( 1 )ﬁﬁﬁﬁlﬁ
the central line of the wafer and the central |ine of the grindst /

i ntersect each other; ( 2 ) causing the grindstone to act on the notch
groove such that a locus of a tool is drawn on a plane which is in 20
parallel with the principal plane of the wafer to relatively nove the
grindstone and the wafer along the notch groove to perform chanfering al ong

L i I
not ch grogégea?falcbgs %Fgﬁggéfgcéntl?gggsécﬁ 3a(bh @ﬁh%oz t he chanfered

Chant or ed por an; g2+ 73 Phe SR BT AR o) "G Het R 656 o7 oove
The ol ane WA CREEE T peraITer wrh the bt hcrea B VA SR and

whi ch §s %iaEfaﬁﬁ.@TFw{f}??}HaéggrEh@riﬁa gpigfr%f‘yef:}tﬁ%_aﬂ%f%f% P99 4138 Jot ch

groove at "a position a nt to-t ) rélatively“noving

the gri ndﬁb@_@etﬁadgfﬁgda@é@é Nl %@aeawakéﬁeaiaﬁggﬁﬁﬁﬁﬂoﬁ%ﬁ [bgr R Ve N

accordance with the chantf eyed shape of the no | ow t he

gri ndStO“?e&E@ﬂnh@h\ﬂﬁféi—ihe §9bh§SPREnS Bchh hersob&h groove at a position
adj acent to the chanfered portionh such that portions of the grindstone and

the wafer overlgp tie1s8avbeyefovid ity g2daE20nt) afliMhahyr&h 3K ering
the notch groove into a pol ygonal shape. "According to a third aspect of the

present i rav?n&ﬁ@mqﬂéiereetimgptmipi%daeaiﬂadmdﬁn@aﬂﬁr121 Rt ffedie@h groove
of a wafer torned into a disc shape, conprising the steps of: 20 using a
waf erlhavishgpe abthe mgytoty ersuvéareal hearthd grihds tong Antethafeitera
grindstone frane incorporating a grindstone forned into a disc shape and

st ruct ur etosachrésiponad Heedtienyoeehl gxfocwer ani alpatitient esnaptcfosisecti on of
an peripheral side surface obtained by cutting with a plane 25 including a
gri ndst onehagiferkdspartipenat ure radi us smaller than a mini num curvature
radi us of the notch groove and noving neans which is capable of relatively
nmovi ng t he waf éft)anganféng the gripdstprde geitndstbhe RetoHy dUROVYot ch
groove of the wafer on,a plane which is in parallel with the principal

pl ane of ORe3wRLBP<aliBirR| 4% ¥BIBRFRA SRy B ttdif iRlane A thfe ihanfering

ki b nERERTTEd YR he: Bt TR PRI RE EBR: YREeF i A8 GPATR 4 ntist one
to int ers%%.tff%%%pxtokpgxﬁ ‘the plane such that a locus of a tool is drawn
to relatively move the grindstone and the wafer along the notch
groove to furthermore performing chamfering along the notch
groove;
20 (5) relatively moving the grindstone and the wafer on
a plane intersecting the plane in accordance with the
chamfered shape of the notch groove to allow the grindstone
and the wafer to correspond to the notch groove in a portion
except for the chamfered portion; and
25 (6) similarly chamfering the notch groove into a

polygonal shape.



( 2 ) causing the grindstone to act on the notch groove and a circul ar

peri pheral side surface such that a locus of a tool is drawn on a?plg7€002
which is in parallel with the 10 principal plane of the wafer to relatively
nove the grindstone and the wafer at a position corresponding to the notch
groove of the wafer and add rotation of the wafer such that the position of
the grindstone is fixed at a position corresponding to the peripheral side
surface of the, wafer,.to 15 perform chanferi al ong the notch groove and
the circul az pBFFBh&FEP é?o%smé%lec h@ \%H%rp, SERT IAVARNOTNY novi ng
the grindgstone and _the.wafer on_a plane intersecting the plane in

accor danc%a’\ﬁrﬁhJ‘Ehaﬁ?g?‘ﬁgdsﬂdﬁ%%h%‘ﬁ) Th&haR Jd}%cﬁ/g‘%%‘ HEWVE OF ar

peri pher al 2 ace,to_all ow the grindstone and.the wafer to

i f
correspond %%ggﬁegﬁiﬁéﬁ P58V AHEF tHPRS r SHURT 15 D it tRFe ©Lir f ace of
th f i ti t 1. th hant d {] : 4 i th
et one. 1o uadhy SR EEEEHa) Mo WIBoSBRTLEL SR PRIt dRS  elads RS S, (o°
f t: | i i i i . | whi ch
Su o8 OhondindhRe RR:.D ANGRLEIORS LPaRE! BhcBLpdblLinba P e L O

8 22 04¢i[4200 effeﬂ\é@%,m@aegﬁg%% ra%dl QEPEcPhr8q Al thadr awn to

rel atively nove the grindstone an at a positron corresponding to

the notchgneawengf ehReowaker gandl 24d-68t 16001 tPEs¥iELt SEChoENgL the

position of the grindstone is fixed at a position 5 corresponding to the

peri pher aly i gg o34 f 8680kl REcWAEBEa LRl UbY NERERL g PELER! AN gf@ﬂé ering
al ong the notch groove and the circul ar perl pheral %lde surface of the

wafer; ( Snkiu@lial YehyifB¥toget AR rile Aig-AthAd e BfeY a1ady ane
intersecting the plané in accordance with the 10 chanfered shape of the

not ch1gr o@hanaathinfituii ¢ € atuperiagiasad f shdenStEl ag@ove add mw ilnke
grindstone and the wafer to correspond to the notch groove and the circular
peri pher amesindewb ueh acecapabhe afifred aitivalygandvibng edteceptufborandehehant er ed
portion; and 15 (6) simlarly chanfering the notch groove into a pol ygonal
shape. Acgorddsgone aldrmuthe respEtgrobve vd phesw@fied onenplane whhiate i s
provi ded a wafer conprising:. a notch groove fornmed in a sem conductor wafer
formed i ntié dndipggadhgpewikhetbenpzdnehpahoptangrobveheswehianfanéd into a

pol ygonal shape. Note that a golygonal shape generally means a shape which
relatively moving substantially along the chamfering shape

15 of the wafer on a plane intersecting the parallel plane;
(1) making the central line of the wafer and the central
line of the grindstone to intersect each other;
(2) causing the grindstone to act on the notch groove
such that a locus of a tool is drawn on a plane which is in
20 parallel with the principal plane of the wafer to relatively
move the grindstone and the wafer along the notch groove to
perform chamfering along the notch groove;
(3) relatively moving the grindstone and the wafer on
a plane intersecting the plane in accordance with a chamfered
25 shape of the notch groove to allow the grindstone and the wafer

to corxespond to the notch groove at a position adjacent to



conprises at least three straight |lines. However, in this specification,

t he pol ygonal shape conprises at |east three slightly curved bus éz%ﬁf 00
each of which defines the chanfered 25 surfaces as clearly shown 'a 6
According to a fifth aspect of the present invention, there is provided a
waf er according to the fourth aspect, 9 2z o c T 200z wherein chanfering
of the notch groove is performed such that a plane which is in parallel
with a cen of the wafer is included. |n other mords as shown in
Fig. 6 a § b %Eﬁﬁ9e8°55%oplﬁ8cﬁe? ?ﬁrﬁ???&??ﬁn%ﬁa surface
C3 5 of the er 1.s substanti ended in parallel mnth t he center
line of tR& &r WRLeR CYRYILAR Fg F% ﬁrﬁngBth?nihe present invention,

there is provided a wafer ording the fourth aspect of the fifth aspect,
wherein the poll %onglauél’rgﬁetﬁﬁsg%{f?‘fsarc%%e &Rt GR oFNGRUMCR IGWHRd i nto a

h h he ab d_obj be_achi eved b
chant er ﬁgﬁgﬁpaﬁé%heeiefﬁaeaﬁ e rf”“ SHHEN Sy BORLSNECER OR ek (0 t b
oLt hol f th
ot oh Br 0018 Lo T ISR Y (ARLAS 12 rHabattret e ndhpes”
gri ndst ong, Jhe o8 EHQS& PE:- N Neh 2P Bll.efl':f%%:eﬁltdfr HERE S Rlnd 4820 NY

end in It |rec 1 on as a curvature ra a Cr 0Ss-section

smal I er t 2 nerge %g?eﬂrpaaﬁeﬁgreﬂguaoeaht gfoe%catgso xsnapﬁ cross

section o cutting w'th a pllane cdontarnrng t e cenfer axis of

the grindg %@%%en&h%ocﬁﬂkléhahfg§lﬁ .the wafer and the central |ine of the
grindstone defining a skewline re ationshi p; nmoving menber capabl e of

relatively novimng t he1waliee19ntot g KRS GSIRNE AL ARG BReNGS £8 A pOVeE Of
the wafer on a 25 parallel-extending plane which is in parallel wth the

principal PlAare eofinteerhahgafter ﬁh.athQhYaEEMkaSnéébﬁﬁ_ﬁHt takly along the
chanfering shape of the wafer on an 10 22 0CT 2002 intersecting plane
i nt er sect iohanifee depsalipel cextieadisigplaneval ta pledet efigdioethanges and
and the wafer to correspond to the notch groove at a position
adjacent to the chamfered portion such that portions of the
grindstone and the wafer overlap the chamfered portion; and
15 (6) similarly chamfering the notch groove into a
polygonal shape.
Accoxding to a third aspect of the present invention,
there is provided a method of chamfering a notch groove of
a wafer formed into a disc shape, comprising the steps of:
20 using a wafer having a notch groove surface, means for
holding the wafer, a grindstone frame incorporating a
grindstone formed into a disc shape and structured such that
a leading end of a radial-directional cross section of an
peripheral side surface obtained by cutting with a plane
25 including a grindstone axis has a curvature radius smaller

than a minimum curvature radius of the notch groove and moving

means which is capable of relatively moving the wafer and the



a controllercontrollable the relative novenentshetween the wafer and the
grindstone on the parallel-extending plane 5 and the intersecting plggﬁ
wherein the controller causes the grind stone to act on the notch W0z
while relatively noves the grindstone and the wafer in such a manner that a
contact position therebetween is noved along the notch to groove while a
first tool aning | ocus is drawn on a first parallel plane which is in

paral lel with ri cipal | ane, of the fer, to thereby perform
chanf eri ng951R ?‘E‘P’Q I‘?gr BSFFP&F%%\é%tW WBEBR Y BRASDS BhaEhvel y

noves the qrind ston d f he fer in such 15 a manner that the cont act
posi tion tgﬁréﬁePﬁﬁiﬁl? dg? GP%@Q91Q¥(ﬁi%ﬁ%% Hebe of the

not ch groove.sp.as.to allom1 cont t ition to correspond to a second
chanf ered 58}?Fbﬁe%¥ PRE DL ﬁﬂﬁqqiéi%giiy? 50 RBOPRGTEEGuEhRBEdr awn on

first int ti I t [l el di I t
The. predet BEnERECARG a”f%;p a&eorm%ﬁc&w it pa:;aaeueﬁg ant i al | y
di ff t f f nf t h
or i ndstone. 1o mbtT orfeRens shf%? ARLGREIE PERA I SRS CERER gL ndst one
and the waig{lﬁeoﬁotjg arl n0E er 5?*{#&&%82%9% |t|on t herebetween i s

noved al ong roove Hiocus is drawn on a

second parall el (plang, i gh %, gh%s B! W L0 1P e RELRA ghdove? 2 © ©

T zoo2
and a circular peripheral side surface such that a locus of

a tool is drawn on a plane which is in parallel with the
10 principal plane of the wafer to relatively move the grindstone
and the wafer at a position corresponding to the notch groove
of the wafer and add rotation of the wafer such that the
position of the grindstone is fixed at a position
corresponding to the peripheral side surface of the wafexr to
15 perxform chamfering along the notch groove and the circulax
pexripheral side surface of the wafer;
(3) relatively moving the grindstone and the wafer on
a plane intersecting the plane in accordance with chamfered
shapes of the notch groove and the circular peripheral side
20 surface
to allow the grindstone and the wafer to correspond to the
notch groove and the circular peripheral side surface of the
wafer in a portion except for the chamfered portion;
(4) causing the grindstone to act on the notch groove
25 and the circular peripheral side surface of the wafer on a
plane which is in parallel with the plane which is in parallel

with the principal plane of the wafer and which is different



pl ane of the wafer and is different fromthe first parallel plane, to

t hereby perform chanfering the second chanfered portion al ong the%pgt¢Qw2
groove; and relatively noves the grind stone and the wafer in suc a
manner that the contact position therebetween is noved in accordance with

t he chanfered shape of the notch groove so as to allow the contact position
to correspond to a third chanfered portion of the notch while a fourth tool
noving locus is, drawn on a second intersecting_plane i ntersecting the 10
pazal | el - XATHEPRPLHRe=PSh TRAE 3 et 8F @ healdfyileavhn e ¥l ¢ebnt er ed
portion being substantially different fromthe first and second_ chanfered
portions tMRIEE CRSNTEIRIE LRI 2RE USR] WIS IGRT RIPPSAE 1D SRETRFPIMRLEDL ch

groove while relatively noves the grindstone and the wafer in such a nmanner
15 that tHe® &1t BOTCPosFPPER 2her b et and Aoderasiongtt ke MR LM gr oove
' paral | c10Gh ERSERBSPPRLT DR o) T SGEPCRBoRS! BT TaA84 3¢ &\ BYBHEHR 1 om 1 he
20 chad er Gt RRITHTE ERGRPESHIRIFTo6380 FRETRDS ThaleePPREX(HR not ch
aroove | MR RO BL ORGP LR IO RPRR By B
et e p S DA e e SR aop s, e
o 1) SO SRR bl QRO P a0 8L
a plane intersecting the plane in accordance with the
10 chamfered shape of the notch groove and the circular
peripheral side surface to allow the grindstone and the wafer
to correspond to the notch groove and the circular peripheral
side surface of the wafer in a portion except for the chamfered
portion; and
15 (6) similarly chamfering the notch groove intoc a
polygonal shape.

According to a fourth aspect of the present invention,
there is provided a wafer comprising: a notch groove formed
in a semiconductor wafer formed into a disc shape, wherein

20 the notch groove is chamfered into a polygonal shape.

Note that a polygonal shape generally means a shape which
compxrises at least three straight lines. However, in this
specification, the polygonal shape comprises at least three
slightly curved bus lines, each of which defines the chamfered

25 surfaces as clearly shown in Fig. 6.
According to a fifth aspect of the present invention,

there is provided a wafer according to the fourth aspect,



that the first and second chanfered portions ate partially overlapped with
each other, and also the second and third 5 chanfered portions gz0CT 2001
partially overl apped with each other. Furthernore, in the chanfering
apparatus, it is preferable that the controller controls the noving nenber
in such a manner that each of the first, second and third chanfered
portions is continuously provided on the notch groove and a 10 circul ar
peri pheral .side _su

I f f fer. hi i_fi ion, h
O oove | peIEaTCE B FEe? oF FEMESGbATPPAE Shass S25 N Fush THE \- shape
bt or, an BUATE: tELT8 Shd e PRERROR oF: ER RT3 L15: Bh YOSVERH a var
wafer, an-a t : : ol a ( 00 a wafer
i anet er “dsn \BEINGRH: {1 MTEE HEESF 176 YN HESORAScaR S TH TNt 1y be
I d. h ) hayi hape/ ] h
§aﬁ”2§&2yscu§8f%%m§8i%9e%éﬁnﬁfnq e R o BB 8 BB A st one.
. ' f. . ' f [ el h
Cr oss. Sectitonlr EHEpE10H A taty a1y, SREpREL AN Bard g b ERR oA 0%y
cutting ale LR & HL%@ﬁo& %hgdggge%hg_grindstone shaft, has a size such that

n
the cross sectional shape thereof can contact with the bottom of the notch
groove of the Waf@fraifg 30 a2s?xPhGdpd@P2:f the present invention,

there is provided a wafer according the fourth aspect of the
fifth aspect, wherein the polygonal shape has surfaces each
10 of which is formed into a concave shape.
Further, the above-mentioned object can be achieved by
a chamfering apparatus for a wafer with a notch groove,
according to the present invention comprising:
a holder rotatably holding a wafer with a notch groove;
15 a grindstone frame rotatably supporting a disc shaped
grindstone, the grindstone having a peripheral side surface
at a leading end in its radial direction which has a curvature
radius in a cross-section smaller than a minimum curvature
radius of the notch groove, the cross section obtained by
20 cutting with a plane containing the centex axis of the
grindstone, the central line of the wafer and the central line
of the grindstone defining a skew line relationship;
moving member capable of relatively moving the wafer and
the grind stone along the notch groove of the wafer on a
25 parxallel-extending plane which is in parallel with the
principal plane of the wafer and relatively moving

substantially along the chamfering shape of the wafer on an

10



(3) Since the problemof deformation of the formed grindstone (having a
smal | dianeter) adaptable to the cross sectional shape of chanferidd 0{d€s0?
not arise, the lifetime of the grindstone can be el ongated and the cross
sectional 5 shape of chanfering can always be obtained stably. ( 4 ) The
conditions under which grinding is perforned to realize required surface
roughness of the chanfered portion are not severe as conpared with

t he~condi tions_of gri nd'én req%;red when a forned ~ grindstone 51 havi ng a
smal | di amER P otHE P ﬁgFOVb LSRRI FRE RAFAHL i ard SNHinenPhanBy mirror
surface polishinglfinishing process can be perforned. ( 5 ) A chanfering of
the peri ph%#a‘-l‘ %ﬁg%%eg%ﬂ%% cﬁngtclr?e' r can be al so performed by grinding
continually after_cha rin f e.notch grooye. 15 BRI EF DESCRI PTI ON OF
THE DRAW NGS Fi%F°TQF§ES‘3}5|%}{’Q‘\ﬁ"é@a?ﬁ&/ﬁﬁ?}%gggﬁéﬁéfﬁ PR FIPhBRFERPAG i s
perforned; Fidg. I S | an vi ew,showi ng .t he shape .of a not.ch groove 20 of
t he waf er 5%?g?aéfzefhaﬂ?eﬁ?%gf%l@%ﬁélof‘&r%&h%ip ralislyextanding g@va‘éﬁovm' ng

t he shape of ;the ve of, the wafer after chanfering is perforned;
Fi g. 4%Ios ﬁ%l&he&r%%%%évt‘ow chleanreeI ationship between the wafer and a

gri ndstone; 25 K 5 [ showi ng an apparatus for chanfering
the notch groov"éA%ejfrhe&véf%#nﬂOﬁe?N

causes the grind stone to act on the notch groove while
relatively moves the grindstone and the wafer in such a manner
that a contact position therebetween is moved along the notch
10 groove while a first tool moving locus is drawn on a first
parallel plane which is in parallel with the principal plane
of the wafer, to thereby perform chamfering a first chamfered
portion along the notch groove;
relatively moves the grind stone and the wafer in such
15 a manner that the contact position therebetween is moved in
accordance with a chamfered shape of the notch groove so as
to allow the contact position to correspond to a second
chamfered portion of the notchwhile a second tool moving locus
is drawn on a first intersecting plane intersecting the
20 parallel-extending plane at the predetermined angle, the
second chamfered portion being substantially different from
the first chamfered portion thus chamfered;
causes the grindstone to act on the notch groove while
relatively moves the grindstone and the wafer in such a manner
25 that the contact position therebetween is moved along the
notch groove while a third tool moving locus is drawn on a

second parallel plane which is in parallel with the principal

11



14 2 2 0 CT 2002 Fig. 6 is a cross sectional view showi ng a chanfered
shape of the notch groove of the wafer; Fig. 7 is a plan ViGMIShO?Qanqu
Locus of a tool; Fig. 8 is a vertical cross sectional view showi ng a too
passage; Fig. 9 is a vertical cross sectional view show ng a chanfering
process; Fig. 10 is a vertical cross sectional view show ng the chanfering
process; Fig. 11 is a vertical cross sectional view showng the 10

cross _sectional  view showi ng the

chanfering.,process;,Fig._12 a vertic

chanferi n%%c@%s?hﬁi g@f%} and d-svgll%ﬁégﬁn& 5TEMskRe | Hhedt \RaA Llifwi ng t he

chanferin rocess; .15 Fig. 14 _is a plan view show ng the ] ocys of the too

in contin &%@ebhiﬁf&%Fﬁ&bgrBEEgngfcgﬂ@EﬁBFEﬁ §B80§@gaﬂﬁ thamberedher al

side surface,of the wafer; Fig.,15 is a vertical cross sectional view
3088 ShenBeteh

showi ng aPe&H#ER A e9FB8PVEhafiP8ri ng the notch groove of 20 the

rater PO o Sehi AR e EY SO ARL SUNCILRRL TEELRY Pl AT ering

t he notch groo &
5 a manner that the contact position therebetween is moved in
accordance with the chamfered shape of the notch groove so

as to allow the contact position to correspond to a third
chamfered portion of the notch while a fourth tool moving locus

is drawn on a second intersecting plane intersecting the

10 parallel-extending plane at the predetermined angle, the
third chamfered portion being substantially different from
the first and second chamfered portions thus chamfered; and
causes the grindstone to act on the notch groove while
relatively moves the grindstone and the wafer in such a manner

15 that the contact position therebetween is moved along the
notch groove while a fifth tool moving locus is drawn on a
third parallel plane which is in parallel with the principal
plane of the wafer and is different from the first and second

parallel planes, to thereby perform chamfering the third
20 chamfered portion along the notch groove, thereby chamfering

the notch groove into a polygonal shape.

In the chamfering apparatus, it is preferable that the
first intersecting plane is different from the second
intersecting plane.

25 In addition, in the chamfering apparatus, the

predetermined angle may be about 90 degrees.

12



Fig. 17 is a perspective view showi ng the wafer having the notch groove
before chanfering is perfornmed; 25 Fig. 18 is a perspective viemqu@@fnmE

t he wafer having the notch groove after chanfering is performed. "I. 2
0 C T 2002 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Referring to

t he acconpanying drawi ngs , enbodi nents of the present invention will now
be described. [First Enbodinment] 5 Fig. 1 is a plan view of a wafer which
has been subjected to a gre i ous process and whi ch nmust be subjected to
process for chamfBriltff a*Rdt cﬁ?’g%‘%’él%? PR ERYS r atl ISR AGCRAC IR GS

enmbodi nent . Fi% 2 shaqws .the notch rogve of, the wafer. A wafer 1 is forned
nto a flaitAnEhe SRl G IRE b pAFNTEINERFRBREAD BRGRETAnRET o

has | over S unaet sulacss LaRREah bt Ll Sach gller) g s copyer 1 ne
9, ok oo A SRS LBlegal l12,00 LS vabeol ae gyl o
pae! 103t M1 GEDLE00 e A LIS O0YE D e OBl Bty sheve
eTbodi et +he el etechoh] o5 S QS Gy QUpatlogase Emybe erpl oved
chant o110 et eaped RIS ook D013 Lo e, NI Wil 8o512P°

surfacel perdlihdamdle chitafh 3F e ERPSROIERMLORNE h A% SHaHBelal 0. -

is formed perpen ar to the principal plane 25 1 n the previouSs pzocess.

As shown i nydi; {1 o Vv cQparid t4 i ght ' 3g which
e it 1o e Pt T PSR T BrdySatR of oS SRS SR V2

bott om3b forramat Per gHuieat isidet Rarraeesiorakalt wBgkli ons 3a to each
other and orifices 3e enabling the notch groove 3 to snoothly be connected

with the periphezpltisidegyitficatlonfaeheonctd gireeve hoichede3bsand the
orifices 3c 5 is forned into a circular arc which is projection arc in

opposi ti on chXeni aonoeheht ot hex £1akesgapeves elliloas Hnawy-shapko[s@flei Nto a
concave curve facing outwards when it is viewed fromthe wafer 1. The
orifices 3owhmty dfmpervediatitcm dncdmdexd )curve faci ng outwards when it is
viewed fromthe wafer 10 1. A pin 4 for deciding a |location has a
cylindrical shageeariomis thechrirtmenticned aswpfieght apo2ppanatda as
shown in Fig. 3 drawing the chanfered wafer 1. Note that the edges of the
edge s@rfacthBaimegthedoishamianing Govetah FLOqVeefc VadGrcaarPedings c1,
c2, C3 are forned omﬁqgﬁ}o chanfering in a state shown in Fig. 3 as

conpar ed with RF&SSR% SWRRFIM Fig. 2

(1) Since the grindstone having the large diameter can
be used, the lifetime of the grindstone can significantly be
elongated.

20 (2) Notch grooves having the same shape/predetermined
shape can always be formed by controlling the outer diameter
of the grindstone regardless of curvature radius of the
leading end of grindstone, if the cross sectional shape of
the leading end of grindstone, which obtained by cutting at

25 a plane including the grindstone shaft, has a size such that
the cross sectional shape thereof can contact with the bottom

of the notch groove of the wafer.

13



After the chanfering process has been conpleted, the width F between the
two orifices 3c is 3 mmand the depth H 20 of the notch groove 3 ispréTn to
1.5 mmas shown in Fig. 3. Fig. 4 shows a positional rel ationshi;??a mhe
waf er and the grindstone, and the shape of the grindstone. The groove
bottom 3b of the notch groove 3 of the wafer 1 subjected to a

previ ous/ precedence process is forned into a circular 25 arc having a
radius RL in this embodinent. The grindstone 5 is forned into a di sc shape
and has a ci zcull3 S SFobd efin @ fs dedogmationt péndhsh foxmeds | i ne of

t he peripheral 17 2.2 Q CT 2002 side of the grinding portion of the

gri ndstonegl?Js“C{fétqu}?edhwlé‘GnBierjerﬁhﬁmqw)ciatd%lﬂf@bl% EopbPei BFCPSA at its
peri pheral side and the straight portion 5b and a body Eorti on. The

it cul ar - A PR P hEPS O GHABASAING GPPRAPAG PBLEFORLRPt HECHHIEN ¢ he
notch groove s chanfered. The strajght portions 5b are provided for
gradual |y %ﬁ&%%ﬂ%t@rﬂeafﬁpnget ﬁégwagﬁdof‘“ hEhﬁr‘FW%goﬁ%c’fb%ﬁl t he

f he ci | ar - i 5a. . \b , i i
cet abl Psnoth i 1RUSR i PR ALORY Ssha BEERG"Bdag TRbE ons 10 50 s
flat plat di [ llel with h,oth . Th ' | ar - ti
5a serves as. a G ARCTECRATS HEE® SISt B LA LE R . ReF L oBER) €9 Chan
h di h .. The. l e B2
mde by { T Ao gRe o Srrrane b ede e ShE AR RN G 1

oY cove por TSP U 20 BhobBEdnALER ha0NERALeI0RST8E HE i gL 1 0e

groove bott om e notc roove ar ger. e center

line of r (@%ﬂ;@fwmeagféﬂﬁ%&%@@g NhafANLE Lhf) Ohzddiecdpier 1

i nt-er sect ( separate each o e ey are not in

the sage plangwpidiadd. s e bi . i r £
rot ati onal centperé}laéi ne ng?§£°§§| n%issfﬂg%e gﬁﬁsfgﬁ%ﬁg%jg% g? ﬁaEfg%gi onal

position vmi:hfarﬁQﬁmigrﬁﬁd?&iﬁanghgaE&%c@fs_st b@_n%%egeie-fo(rhl%a, "torsional
position” nmeans a physical relation ich lies in a da.rection 25 at an

angl e of staggersi @ chandereali 60 the tdeer igaded]l @4ide shrirheevwafethd but
does not cross the center axis of the wafer 1). 18 22 0CT 2002
wafer can be also perxformed by grinding continually after
chamfering of the notch groove.
15
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view showing a wafer before chamfering

is performed;
Fig. 2 is a plan view showing the shape of a notch groove
20 of the wafer before chamfering is performed;
Fig. 3 is aplanview showing the shape of the notch groove
of the wafer after chamfering is performed;
Fig. 4 is a plan view showing the relationship between
the wafer and a grindstone;
25 Fig. 5 is a front view showing an apparatus for chamfering

the notch groove of the wafer;

14



In this enbodi nent, the angle of stagger/intersection is 90. (Wafer used
for Chanfering Notch G oove, and Means for 5 Relatively Mving forpginie
Gi ndstone and Means for Rotating Wafer) As shown in Fig. 5, in an
apparatus For chanfering the wafer according to this enbodi nent, a wafer
sucki ng nmechani sm 22 and a chanfering and grindi ng nechani sm 23 are

di sposed 10 on a frane 21. The wafer sucking nmechani sm 22 sucks and hol ds
"the wafer 1 as_a W%rk and the chapferj naﬁ%nd grj ndi %mechani sm 23 grinds
the peripheral S}%e betfy@ FOSHhECTRt R VRV QWIRG BKEHRRIRF SR FA2BY t he
waf er sucki pg_pechanism 22. As shqoqwn in Fig. 5, in the wafer sucking
mechani sm ?g,'&h?ﬁn%ﬁ?laeg?ﬂﬁ‘f%ﬁ e (waL{%iached to the frame 21 in such a
manner that the_guid cgllin er 24 can elongate vertically (in the Z-axis )
"IN the qui de BYFT niet® 2 PLAR JEWRH (SRRiTUG 1R84S Qughdiaid o be
novabl e in the dire%i,on of the g—axi S. A support shaft 26, el ongat d
vertically i.s SUPpdt £8P VRTERE220°E0PD I ANy eY5S RS 2ot 8P4bI e

t her ei A suction pad 27 ~.s fixed to the |ower end of the support shaft
26. whre%n tR8S88PPort shaft 26 has been rotated by a notor (not shown) , the

ti d 27 | f 21, Z- axi f eedi it 28
For vert! cal 1y FE9- h-t b SUBPUITL SHA A e ik NerBbyF (LI rove
th ti T, t fo t: ' i ndi hani
23w |1 nos B goL89; B et ot 18 S € s I8 PO g AP e
2002 ext engi pg éHo&f)ﬁg{'ﬂﬁéréﬂaﬂéPﬁ{é cﬁh{é direction of the X-axis) on

r

the horizontal plane e Taid on the franme 21 through a plate. A novable
frame 31 i s novabky A - Ee 58X i Hhe i i Lr of

Y- axi s guide ro%ng gg?%ﬁgi ﬁgriegctsgeclf%ﬁét%w&s%ﬂcﬁ% e‘{;ﬁ@}do%h(%?ﬂﬁg%d??}gcti on of
the Y-mxi schamferDfghgréde&sd al plane is disposed above the nmovable franme
31. A saddle 33 is novably supported by the Y-axis guide rod 32. A
grindstone franeig4 i3 suppetied idrdde dPEloRAr tdi hokdiddecraddl e 33

t hrough a vertical support shaft 35 in such a manner that the grindstone
frane 34 cehamdepairgappemskss he vertical. axis. The grindstone frane 34
includes a nmotor 36. Gindstones 5 and 5a attached to the both ends of the
gri ndst one shafFighi L s asiventtiedlatrass osexituimialposiiaw ehmovBing ther espect
to a support shaft 26 are disposed on the both sides (that is, right and

| eft si desChamfeging)pePcesiei gri ndstone frame 34 to grind the peripheral
side portion 2 of the notch J(?roov_e 3 of the wafer 1. The grindstones 5 and
Sa ar et tached? 18-t He ifppoplanaftewshoyengtde Becus ?ﬁetq'ﬂ) @G dst one
shaft. In this, enbodinent, the shaft of the grindstone 5 is dispased in the
hori zont al CAPFERYPBS GRAMEGEHRS REACITR Jhfptt (MU t9DBPD aRtkehe ri ght

angle. The grindstone_ b.can be replaced with the other grindstone 5a by
rotating tﬂg’%ﬁ ﬁB?E §h%?ts‘é%§%‘§/e &2% er, although in this

Crbodi e e PIAIUTACRE SRNELER A AR Ml SPetRgy sy e Dot
conventional grindstone for chamfering the notch groove of
20 the wafer;
Fig. 16 is a plan view showing a conventional method of
chamfering the notch groove;
Fig. 17 is a perspective view showing the wafer having
the notch groove before chamfering is performed;
25 Fig. 18 is a perspective view showing the wafer having

the notch groove after chamfering is performed.

15



2 20CT 2002 sides thereof in Fig. 5, it is possible to nodify the
structure in such a manner that a pair of grindstones 5 and Sb arX) pEpded
only one s ide of the grindstone frane 34 ( that is , in addition to the
grindstone 5 provided is a grindstone 5b which is 5 defined at the left
side of the grindstone frame 34 with a dot line in Fig. S and is provided
instead of the right-side grindstone frane 34 ) . At this tinme, each of the
grindstones 5 and 5b are placed so as not to interference with the grinding
operation of t%T%mlhePngP@@%P&-m PREFERRER: SMBRP UHENTR7 i s
provided to feed the novable frane 31. A Y-axis screwfeeding unit (not
shown) is proviRRERFGING $04FRE IFRPRARY B rawisngsof ephediBealisf@Bdi ng
units 28, 37 and the Y-axis screw.feeding unit has a servo notor which is
control | ed™ By RESRART i W eRiGRn o1 ldnifew B AfFSIidedool passage (the tool

| ocus) or iﬁhe#\%ositi op, of the tool to be described |ater can be changed.
(Gindi ng oft %t tMhen the center of the grindstone 5 is center O
(OL to.20 05), the qri ndstines 5 _arg m)vef% sulc}h yﬁat the center 0 of each
gri ndsPones S driw tatf GcBLABFVEEY 841 2 SR EeLIVAAGPi R3S beeh sRREeGhedh are in
parallel with the principal plane of .the wafer 1, as shown in Fig. 6 so as
to form c#la%faepirﬁé@oﬁfcg 9cg%)%l‘?rﬁi gbéth?‘BﬁL?%e S R BER é S manner
that the - -.ax f e i tone 5 _are cantral.led, by the

chanf eri nSP %%cf hgarq&neélglgqe %eg gﬁpsﬁé%ygm;?fea t"ﬁéﬁ\?gf 8Fcfr§&@ﬁe5°t5hfﬁe
suction p \qmlrggl £ xed e i - Ve 2 C T 2002
st at eas sﬁ%“\/\%&?:lh 1 0. ?.‘.Lfg\ixlngnsg1 ggpgggaggggﬁoég%ﬁ{éétggl ghgréafgggfesent ed by
point T which i nt. :ChbCUl @R =ar t] E L f h eadi ng
end of the peri%h%%%lcgi cf%r g%frt e d‘%:t%dgt g%g%SEéﬁgéi Eﬁﬁggﬁﬂﬁ%c{‘hga%af er 1

as shawn ipaFifiel %ﬁm@i?ga(sﬁ@g%ﬁe% gri.teqqlﬁa@&%szlaﬁ@uE%%:SEe%aé@s Ei 9. 7.

The passages for the too the tools) are not Changed at the

center ( ainipAkANIEThiith 88ENREACR )IAHAt hofepedd 8 nbigis 3ind BRrGigRdst one,
and a plane perpendicular to the rotation center |liné of the grindstone

passi ng t heonigdr Oivea POipairpEhdiGuobrithe thkl Mesh DN sheether efndice), rie passage
fox the tool at the center of the grindstone 5 is used to described this
enbodi nentl M4 tbety dyasinaf t DreppesiplesrdPlside TR fthe th€ekodl Bass able
to continuously chanfer the orifices 3c, the straight portions 3a, the
groove botacm3langeripheppodsside W riticai ght theraenrer 3f ahdchhis opposite
orifices 3c at opposite side wth respect to the symmetrical center sL
shown °n Filge c2ntigsr bive Paseady et $hementrr pBk-f ok mot§hagEoeveti ng are
di sposed on each of the two sides of each passage for the tool

respect i vet yiD Xherforgy phdat Ynelanse of RIRYVIRGREor & Bop&dPn 8fcbhgpart
fromeach ot her at ihe_ nds QL' -03' -05" (which are ends of the passage TFA
for the tOdFYIRRErE l‘% ROTHAT #'ed with two-dot chain |ines shown in

oSty oy oo nd P oo DS SRR REsheg g8 meronce o
previous process may be employed regardless of whether or not
20 the finish of its principal plane and chamfering of the
peripheral side portion 2 have been performed. The shape of
notch groove 3 is not restricted to the V-shape. A edge
surface/peripheral side surface 3f of the notch groove 3 as
shown in Fig. 2 is formed perpendicular to the principal plane
25 in the previous process.
As shown in Fig. 2, the notch groove 3 comprises straight

portions 3a which are cut to be formed a V-shape together,

16



220 CT 200Z The chanfering nethod will now be described. When the x- and
Y-axes are controlled to align the center of the grindstone 5 togjmgm of
the end sides of the tool passage TPl, fox exanple, the left end am
in Fig. 7, the 5 grindstone center OL is at a position corzesponding to the
position at which chanfering C1 is forned, as shown in Fig. 9. Wen the X-
and Y-axes are controlled to feed the grindstone 5 to the right along the
tool passage TP1 as 10 indjcated with an arrow shown in Fig. 7, stock Sl in
the cross-9 iFFEYE LPERCBHARNIOTH SMAPLIY §OPERGFdAdaFBRGEVRAS EEREIRE t he

not ch groove 3 passing through air-cut tool passage TPA of |eft side. Thus,
chanf er i nPEt tans élarrgﬂ. eaik Ot hEeANE IRE &f 1¢e% th En@lddes BReIQEERr- cut

t ool passage TPA of J.5 right side and th rindstone center reaches the
end of " of AR i TSI LInDE EONFECERE Bi-FRGEREHECELPRSERY T 1BRed apart

f th fer, 1 i ndi cat ith two--d in | hown,in Fig. 9.
then, the BREb 2nd FREDSPEAHE GPEOUBRTFPRQBGEhaRe: RELOAFEF 1<) s moved
upvvardg and the 20d gjh{etndstone f rane 3% ii%r;f tracted.. Tt&e am)ugt .of the
upwar d>no IR Qe SLEFYST 32Cs rSFPGCIECHRE 24 &8t i onal

Sizf; e%ﬁ?i?ﬁ%ff'ﬁﬁﬁﬁﬂr’f Hrid & 2&?&%’%%?285@8%:«1??%%%2 §ErdF JE T a”dh
Y- di i j DY. : 1. TP2

o 1 5 shorre TORGE T gty ST ey oA g s T e -
and Y- axes, e WdPchedbfel P bhie OLhodsLent. P peokfibl 2405, he

t ool passage cated wth an arrow s cross line

stock S2 S%g\#?lvjegc &idye %Qc}i.gﬁrmms%ﬂﬁﬁ iithes eAQR RS LOR t}Y Ghraroove 5

3. Thus, c ering C2 is med. Next, en the grindstone center has
reachqg the,end 02 ' of left side shown in Fig. 7 , the grindstone 5 is
positioned apart fromthe wafer 1 as indicated with a two-dot chain |ine

shown in Fig. 10.pithanfokheedtiditis aabdedt axhshae & egninaklied 1t shupear ds
nove the wafer 1(? 1 and the grindstone frane 34 is retracted. The anount of
t he upwar damdwestesd iof coneasvaf eith tite stxrmiyivin porthiogs 3@, ashghown
Z-directional difference DZ2 between the grindstone center 02 and 03 or

bet ween 02inahilg 033 . dddweiragroie afamfestresk tadrerofl .t he grindstone frane 34 is
the Y-directional 15 difference DY2 between the tool passages Tp2 and TP3
each of which iNosdowat the gdgds sHowhegedagl anr faew. 3 Sndh thgengtchnd
Y-axes are controlled to nove the grindstone 5 to the right along the tool
passage TPIre’ve ndli ¥%g cererdas Andrhonterdmysi Flr §2/7C3cRE8sEPFREDst ock 53
20 shown in Fig. 11 is renpved al on% t he d%e of the notch groove . Thus,
chanf er i ngP¥8nY st¢ FhRRLeriRg i@ Stavg E80W2 dBpEidnt PafPy PRB2ZSfe as the

cylindrical ,surface, the center line of which is the center |ine of the

waf er 1. }/M%‘ﬁl_'lt?nesbﬁﬂdil?%% i l‘?as reached the end 03 ' of right side
o et e e e SHMELENE, T et i el e L
i's positiofedAty Ofctwed'®he kRS ¥r2¥ise8N8c2fs 3 mm and the depth H
20 of the notch groove 3 is 1 mm to 1.5 mm as shown in Fig. 3.
Fig. 4 shows a positional relationship among the wafer
and the grindstone, and the shape of the grindstone. The
groove bottom 3b of the notch groove 3 of the wafer 1 subjected
to a previous/precedence process is formed into a circular
25 arc having a xadius Rl in this embodiment. The grindstone

5 is formed into a disc shape and has a circular-arc portion

5a and straight portions 5b. A bus line of the peripheral
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2 20CT 2002 Z-axis are controlled to upwards nove the wafer 1 and the
grindstone frane 34 is noved forwards. The anount of the upward gFWﬂZ of
the wafer 1 is, as shown in Fig. 11, the Z-directional difference

bet ween the grindstone center 5 03 and 04 or between 03" and 04'. The
anmount of forward novenent of the grindstone frame 34 is the Y-directional
di fference DY3 between the tool passages TP2 and TP3 each of which is shown
in Fig. 7_show pl_.an uvi ew. axes are controlled to

move the 26 Sr?ﬁggﬁ%ﬁlg%‘dﬂ'&gt Hg}/%g%togf&% gﬁgnﬁéapnsagéb‘efw &

15 6t enGUBR BRg A Bh PE AR e ToF A CAEE B SR S 35T THAR PetHaRedIng o1 |5
S de shows i RRG"ehaCsBka aRE ORSEEER *Ln 0380 | ST Sh e E8Bpo i ned at
Viaxts andisehifrars BontTor Ren P or ol o fodbibRinaution M the
105 g e AR Th SR o L SR et

or! t | ' Q5! Th t
of Torwar domavenbae anenael iqkh A A AN bR epe e A"
di fferencg;B¥4 Bet %gr3Hﬁdgeghigéévﬁ%%‘gstﬂ@c@ﬁ‘gggﬁfr&ﬁ‘%gf which is shown

in Fig. 7 showing a plan view the X- an axes are controlled to

move the ghi-8d3henare perthenrs4ht w8 dhe dpRlrbassane ciy as i ndi cated
with an arrow shown in"Fig. 7, cross |line stock SS 25 22 0CT z002

shown in Eisﬂab_lish%drmﬁﬂeéﬁﬁ%.gtﬂtGESQﬂEpﬂé o HAHeCHo Gy PR idnslhus,
chanfering C5 is formed. Next, when the grindstone center” has reached the

end G ofcraghflst qa ateewdispofed. in pdded legntvarhobatheothendste 5 is
positioned at 05' as 5 indicated with a two-dot chain Iine shown in Fig .
13 . Thengitrkal¥raars pottZemxds sereresoastr al getnd Dng pnar ficaheritdte wafer 1
and the grindstone frame 34 is noved forwards . The upward novenent of the
waf er 1 i s radiusud wirichl i emaddfear thanetbbasadiyoRilt bfintled garnicste t he
wafer 7. can be changed. Fig. 8 shows 10 the above-nentioned tool passages
i n chanf ebongopr 3bes$. tRaenoethogrmfves Banf a@hiengnghe Ad adady agvetaccor di ng
to this enbodinment results in chanfering in the formof a pol ygonal shape.
Tn this efvodstraighthporhasherimgiy smeddfen rmbdn dhitoangdeplrit agalwal shape
and s %@E{j Cﬁ| shape. 7.5 In ,the estipatjon, the | ongest_distance between
a carve, i SR SES PRt CBRELLP M th Bhchl€i RREChf9EACKeoF - chanfering CL to
C5 obtained by _cutti i.th | ane per pendi cul ar t he edge of the notch
groove 3, and Fﬁ’g B3 %/:Rtle% gfﬂgﬂ?gﬂrﬁg"ﬁ%t# %@el Eoﬁﬁgqr&ﬂv%en
nonagonal ,c ering i,s.fo the 20 | ongest distance between a curve,

whi ch congsn‘lﬂrgftcgr?t gé? b hgfg%rglegé of each of chanfering ClL to C9, and

the edge of ea%eoéeﬁ@égggﬁ@fq?egéigﬁ {sﬁ aﬁ}eegk%dEQSEQfef&d@ﬁi g

required to round the e performng c ring which s poli
such as bugkhicRg, 1YHe Tt the RAIfY TBthBSr FePOJLERI. O sPHOFLES1 ¢ 2 Aok APout one

mnute in this enbodinment . Hence it follows that tie required to conplete
the ppst eelaeh PERELWiQ¥NLREy are not in the same plane, that is, they
are skew lines. In other words, the rotational center line
of the grindstone 5 is situated at a torsional position with
respect to the center axis of the wafer 1. (Here, “torsional
position” means a physical relation which lies in a direction
25 at an angle of stagger to the direction of the center axis

of the wafer 1 but does not cross the center axis of the wafer

1).
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2 20 CT 2002 considerably be shortened as conpared with the conventi onal
nmet hod. Note that it is preferable to nmake the nunber of the surfggﬁﬁ T
constituting the polygonal chanfering configuration 5 nine or noreée, % Qﬁge
the posterior process can be nmade easier and as increasing the nunber of
the surfaces. The apparatus and nethod according to this enbodi nent enabl es
a grinding conditions of a mrror-surface polishing/finishing process to be
obt ai ned, by using _a. 10 resinoi d-bond grindstone. Therefore, surface
roughnessl Zmax &f Egbﬁte@b‘ldl;’ﬂﬁﬁ%aﬁ-% IH e £dd Stagger /dad@rrestd onf

chi ppi ng and c¢racking can be prevented. Since a grindstone having a | arge
di aneter caf g@ used, the shape of the surface which is ground by the
grindstone 15 can relatively easily be mairntained if a soft grindstone is
used ~rhich is required to realize the mrror-surface polishing/finishing

G i mdst one "RESRaUSBHer OBt §AREEEBY T B PR B 0 5 UOT ofihness of t he
v or Havi Rg R eRinrePEa trt eV TRE IS AhodE RN WERCh |5 | ess
than 1 ~’C§bE§@iR8 &g§5£§ed. Further, although it is possible to realize
As shown in Fig. 5, in an apparatus for chamfering the
wafer according to this embodiment, a wafer sucking mechanism
22 and a chamfering and grinding mechanism 23 are disposed
10 on a frame 21. The wafer sucking mechanism 22 sucks and holds
‘the wafer 1 as a work and the chamfering and grinding mechanism
23 grinds the peripheral side edge of the wafer 1 which is
sucked and held by the wafer sucking mechanism 22.
As shown in Fig. 5, in the wafer sucking mechanism 22, a
15 guide cylinder 24 is attached to the frame 21 in such a manner
that the guide cylinder 24 can elongate vertically (in the
Z-axis). In the guide cylinder 24, a support cylinder 25 is
supported to be movable in the direction of the Z-axis. A
support shaft 26 elongated vertically is supported in the
20 support cylinder 25 to be rotatable therein. A suction pad
27 is fixed to the lower end of the support shaft 26. When
the support shaft 26 has been rotated by a motor (not shown),
the suction pad 27 is rotated. The frame 21 has a Z-axis
screw~-feeding unit 28 for vertically moving the support shaft
25 26 to thereby vertically move the suction pad 27.
The structure of the chamfering and grinding mechanism

23 will now be described. A pair of X-axis guide rails 29
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surface roughness Rmax of about 0.1 ,c,Cnwth the present 25 invention if
needed, the surface roughness | ess than 0.5,cl mis preferable and 0. 2,

is nmore preferable in view of a difference of the grindstone to b%ZdHEdMHZ?
2 20CT 2002 (Ginding Conditions) The above-nentioned gri ndi ng
conditionsare,for exanple, as follows: 5 Gindstone dianeter of grindstone
(diameter): 100 nm grinding speed using grindstone: 2000 nimn grinding

articles di anon rticl l.ze #3000 nd:,.type. resinojd 10
E?lndstoneﬂﬁgﬁaﬁﬂﬁ §ﬁe§g giaﬁﬁrﬁgoalﬁﬁggéag (gg nﬁfﬁéﬁt¢ﬂﬁ 950§éenentioned
t ool passage Ln I cat ag exa order i Banfer Cl ~ A -~
2 ~ C3 ndy e nﬁP0§§8 ROX{ ngﬁéﬁ EEPFFn@r?s Ba fBPnE ﬁEaFFnﬁlln t he
above- nentloned apg@ggodlnents cutting may be perforned several tines.

Al't hough tHEF 45 §es TPL, TP5 and TP2, TP4 and TP3 are the sane, the

t ool passages TP TP4 and, TP3 a e to be different from
each gt hergso gﬁ\rﬁgi hgﬁFBFe 1sﬁﬁp’§°‘f£b d%“%%oﬁfse‘? Orbetl??]é‘{'l

d f h 0 d I
bt ai nid SRR, G-t b BELLAT V-338. IR nsggeé‘ n%@é)%ré %?S& Hed f or
th Y-
fegd;sggpgfél}%'ﬂggé?ﬁ'gé%%r%l% téggﬁﬁ l}éatj‘.bfgo #al n he tx(])ioslesng egesaxll'g
obtain tnéd;30)orR33s 98 se 22 di; %é@n@}ﬁo@%bﬁ@lh:%ﬁggaf' gpllis a

perspective view s ng t efore chanterin 28
saddle 33 is movably supported by the Y-axis guide rod 32.

A grindstone frame 34 is supported in the upper portion of
10 the saddle 33 through a vertical support shaft 35 in such a
manner that the grindstone frame 34 can rotate around the
vertical axis. The grindstone frame 34 includes a motor 36.
Grindstones 5 and 5a attached to the both ends of the
grindstone shaft which is situated at a torsional position
15 with respect to a support shaft 26 are disposed on the both
sides (that is, right and left sides in Fig. 5) of the
grindstone frame 34 to grind the peripheral side portion 2
or the notch groove 3 of the wafer 1. The grindstones 5 and
5a are attached to the motor shaft of the motor 36 as the
20 grindstone shaft. In this embodiment, the shaft of the
grindstone 5 is disposed in the horizontal direction and
intersects the support shaft 26 to make a right angle. The
grindstone 5 can be replaced with the other grindstone 5a by
rotating the support shaft 35 by 180°.
25 However, although in this embodiment the
grindstones 5 and 5a are respectively disposed on the both

sides of the grindstone frame 34 (that is at right and left
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2 20 CT 2002 perspective view show ng the notch groove of the wafer after
t he above-nenti oned chanfezing process. [Second Enbodi nent] 5 The ??WUUZ
enbodi ment is arranged to chanfer both of the notch groove and the

peri pheral side surface as well as the notch groove of the wafer according
to the fizst enbodi nent. The base which nust be ground and the apparatus
are simlar to those according to the above-nentioned (first 10 enbodi nent.
Therefore, oply different structures will now be described. In second
enbodi nentS148etBeFephdmal 19 de BbAS oS ikke tRanq@i &Y the) StEffYFRIOUS| y
chanfered such fhat the sanme chanfered shapes as _those indicated with
synbol s CI-R §UEB aPRRRed 5hak apair of qrinastonas §\ansbbh ace prp\Cired
chanfering of the notch groove _3% are used. As for the chanfering, the
portion Wi PRetHeiRPL the IFPAISAORS TFrame g4 Tthatiite N3 Pake® ng of
the grindstone 5. As shown in the tool passage shown in_ Fi % 14 ( the X-
and Y- axestAhe FHIGSTERS @ AR ICRE §5i AdITARESIONCeRbeFIAFEMifNhe

oot ORLFRRER 8 3 beoEheh s Peall£5cd 8] 6T
e P e R S N
T
Thus: o o6 SHEPRCHR Ceds of e 06 gortnd O LT NG i B 51er )
30, o, St S dhd ShigidleoHd Lespect {0 he ol nding surfece of

Y-axi goi s startgdy Wien s8pewafstding %Ji!‘trﬁheﬁergéxte%\w&@d ed Feam {he start

3cl of the orifice 3c, the grindstone 5 1s nov a position

cor r espondidigh i = a¥iie3 1St aft y 3625 Hfsdhir-FHedd Gy 3nief (A6t nodh&dhn groove 3.
At this portion, rotation of the wafer 1 is stopped. 10 Then, the center of

the grindsionerdvidedofiad flcedinPhd @adaaer 8SRONEABE 66 the sepéwpassage
TP2 and the grindstone 5 is noved to the |eft along the tool passage TP2 so
t hat chanffzedindandftst R8, ndUCAngrdoy & -2xis perfew-feddihenniteedasng of the
grindstone 5 is stopped at the start 3cl of 15 the orifice 3c. Then, the
waf er 1 i s2 sewmwpenctarciohiisd incansdobye8bly pmemat ezl Soawmrolmiiy, 14 so
that chanfering C2 is provided for the peripheral side portion 2 of the

waf er 13 i iThug ed@ 8AOLrbAFS2GE t StIsx tosd Eﬁ‘é‘-‘%hi% dhggposdtilea sfakke3c2.
Thus, the grindstone 5 is retracted while passing through the 20 notch
groove 3 YRRt ke dasIdbed kdescan bSc£hérISe orifice 3c in an air
cut manner. When the grinding surface has coincided with the start 3cl of

the left-hand orifice 3c, that is, when the wafer 1 has been rotated by 360
after Chan{(?fix?@in%z 001_1 I\{ohcechncgrco%ve)
When the center of the grindstone 5 is center O (01 to
20 05), the grindstones 5 are moved such that the center O of
each grindstones 5 draws a locus of a tool on a plurality of
planes which are in parallel with the principal plane of the
wafer 1, as shown in Fig. 6 so as to form chamferings Cl-
C5 . Such a operation is performed in such a manner that the
25 X- and Y-axes of the grindstone 5 are controlled by the
chamfering and grinding mechanism 23 while the wafer 1 sucked

to the suction pad 27 which is fixed thereto in non-rotative
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25 groove 3 has been conpleted, the grinding surface is again brought to
the start 3cl of the orifice 3c. Then, the wafer 1 is stopped aq?zmb¢2w2
grindstone 5 is retracted to nove the 30 2 2 0 CT 2002 grindstone center
such that the grinding surface is noved to a position corresponding to the
chanfering C3. Then, chanfering C3 of the notch groove 3 is forned
corresponding to the tool passage TP3. Then, feeding of the grindstone 5 5
is stopped at the start 3c2 of the orifice 3c. Then, the wafer 1 is

cl ockwi se péeieas shown sinafFégshown WihenFihe passages dwirdtherzed ks iaxe C3 for
the peripheral side portion 2 of the wafer 1. Chanfering C3 is conpleted in
a portion TEPRESERLEALYWRPERTIT WHLABI Hes e centee ofr theioig osuaadacand t he
start 3cl of to the orifice 3c. Then, a simlar process is perforned to
conti guousPPTHLER d8 hatierlianfios shd ef £Be PeRelimberdl OB thHad t he
peri pheral side portion 2. The above-nentioned met hod fox grinding both of
t he peri ph&raRdsitgaesyr falrk i&nBepRethdthdh YBLeF doRE FREVBaiRS i évanpl e.

If the eriBheraI si de gurface can bepﬁ;ound continuously, from grindi ng of

the notth §RGoPBSSBERE IPHAOPLS HFfeLFiay-baFarph8YBdIN Thig he’ se
nbodi t, th tch 3, hanf h that th f 1i
ot opped whERSERESS: FRESEDReRore LR SHOhE SR Sy SIS
tated while_th i ndstone .5 d, f ds/ ds in t di ti
of the Y-afistDREFRTE AORCTHSSrE 29N BEEHERP &f GF CARAPeeTh TGt difhe

2&22?2&23%359&% : %%QPOE%%%%%& REAEPorRAF SO WO S0 BE AR such
It er sect 2%2*%@??‘3%@%8&?%? ﬁ%ﬁ%%*?%@é%ﬁ%ﬁ{ﬁ%%ﬁ%%ﬂé% Aanes
necorarng o8 PRE ABOIRT AN Moot vATEs” oril BT oF ShAr ST T ag a ot ch

groove of anpwatenhtaccekrdicng LPiRASEEAL & L8VEBLEORe @edc)iSkAcenibe
grindstone having the large dianeter ran be used, the lifetine of the

gri ndst one eg@ddim@nitl.i crpth Yarie oplkOBgatiosl. pdsHadad alp19L00YRS fowitie t he
sane shapel predet erm ned
tools is able to continuously chamfer the orifices 3c, the
straight portions 3a, the groove bottom 3b, and the opposite

15 straight portions 3a and the oppositeorifices 3c at opposite
side with respect to the symmetrical center SL shown in Fig.
2. Moreover, tool passages TPA for performing air-cutting
are disposed on each of the two sides of each passage for the
tool respectively.

20 The grindstones 5 and the wafer 1 are positioned apart
from each other at the ends 01'-03'-05' (which are ends of
the passage TPA for the tool)(see Fig. 7)as indicated with
two-dot chain lines shown in Fig. 8. The ends 01'-03'-05"

of the passage TPA of the tools corresponds to centers 01 to

25 05 of the grindstones.

(Chamfering Method)
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10 shape can al ways be formed by controlling the outer dianeter of the
grindstone regardl ess of curvature radius of the |eading end of grindstone,
if the cross sectional shape of the |eading end of grindstone, £08CT 202
taken along a plane including the center axis of the grindstone shaft, has
a size 15 such that the cross sectional shape thereof can contact with the
bottom of the notch groove of the wafer. (3) Since the probl em of

def ormati on of the Borged_grindstone (having a smal |l  dianeter) adaptable to
the cross sect irg‘ﬁaF SRABELAF BERRIG MG I bsodegrribeds hdihén dthgre 20 of
the grindstone can be el ongated and the cross sectional shape of chanfering
can al waySb@nchiad¥es eEgocpntrosledrhe éthPtFBﬁsCEHHGF i ERegrindi.r~g

is perforned to realize reqajred sur face %oughness of the chanfered portion

are not s&FEMESIONEAPEP RPN PhetRERAT i THESDPIGENRIFAR: BRTRAR red when
a fornmed gri.ndstone having.a smal | di.aneter i s.enpl oyed, Therefore,
chanferin%EFVnﬁ§ﬁiﬁﬁgﬁwﬁ§'nghﬁoi9§5rF&éeoﬁélFE%WHQ}?rﬁigﬁiﬁg bhBcess can be
perforped. 32 220 CT?2002.( 5 ) Achanfering of the peripheral side
surfacgEofgﬁlﬁ‘éls\ﬁé’fn& CER e © I%é BEr# PARYCHYD FTTRIRP 9 meRIthR after

chanf ering qof..t.he notch.groove. (Al fhouygh .t he invention_has been, descri bed
T Tte prdeEeed AR Edh G AL G o Sl ] "SSP TR Y
particulargty, it is understood that the present disclosure of the
preferred formcan be changed in the details of construction and in the

Che scope of t REorhan fon 20 RePkPE,Frer CdhsFRETel;R0 Kbam the spiTit and

grindstone 5 to the right along the tool passage TPl as

10 indicated with an arxow shown in Fig. 7, stock S1 in the
cross-line portion shown in Fig. 9 is removed along the edge
of the notch groove 3 passing through air-cut tool passage
TPA of left side. Thus, chamfering Cl is formed. Next, when
the grindstone center enters air-cut tool passage TPA of

15 right side and the grindstone center reaches the end 01' of
right side shown in Fig. 7, the grindstone 5 is positioned
apart from the wafer 1 as indicated with two-dot chain line
shown in Fig. 9. Then, the Y-axis and the Z-axis are
controlled so that the wafer 1 is moved upwards and the

20 grindstone frame 34 is retracted. The amount of the upward
movement of the wafer 1 is, as shown in Fig. 9, the Z-
directional difference DZl between the grindstone center Ol
and 02 or between 0l1' and 02'. The amount of retraction of
the grindstone frame 34 is the Y-directional difference DY1

25 Dbetween the tool passages TPl and TP2 each of is shown in Fig.

7 showing a plan view.
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220CT 2002 34 WHAT IS CLAIMED IS 1. An chanfering apparatus for a wafer
with a notch groove conprising: a holder for rotatably holding a T?qmqgmﬂth
a notch groove; a grinds~rone frame rotatably supporting. a disc shape
grindstone capable of grinding a surface with a surface roughness of Rmax
O S~-.cmor less, said grindstone having a peripheral side surface at a
|l eading end in its radial direction which has ~a curvature radius in a
crosssection snmaJ.ler than a mninmum curvature radi us of said notch, groove,
sai d cross-sect "BRNoENG hedahy ETRXERATRt PoRtHP hhed comt Beed nghehe cent er
axis of the grindstone, said central _|ine of sand wafer and the central
line of sai9¥*PAFha8€onetBetifi heTh akedd | the FePhtPamsa9p; TRAVERg nmenmber
capabl e of ,movi n aid grindstone relatjve to said wafer, al ong said notch
groove of &g‘l%&cﬁgﬁ rwbﬁge?rbéFépP’ere‘ﬂPdﬂiFﬂ@-pl7an§rﬂlﬁﬁc:hlil§ SYPHasA | el
with the prhgcipalfplang of said fer and relgtivel¥ novi ng at | east one
of said gr SRPPoNR T8t L$%ilF TEPEVedRLANT SheseIt ATdtYRi Rektmroove
substantially ong the chanferjn hape ,of said wafer on an intersecting
pl ane i%t er”secﬂ“‘ﬁ@' élaﬂ‘fﬁir%lgl é# -’%x?@ﬁ’g?ﬂg fiefe ¥Ped Phe dFHOSHtE angl e;
and a contraol | er ontroIH%§;€ﬁ1 ' venments betweep said wafer and
I

|
sai d gri ndSEOTETOAT HEFAt eﬁﬁ%én@#kéﬁ%l ﬁﬁgetﬁﬁoVﬂt%?égﬁliﬂb pl ane,
wh i i .L.al c id.qrind id tch
Wil o mov el dhdsrBhe 8 16 ROE 1R RhTEE ERR RO LR Toide Yl hat a
g s . ; "
Fom ! s i RGNSy 10 TR g A

paral | el Wity ySa4k fs %rnidnﬁ:iiégis Eké%ﬂﬁéﬁiéjd %f@é]waf(ﬁs &ty e faf‘afszeg! A

chanfering a first chanfer portion al ong said notch groove;

2002 3Bor ehakindehnemaYeadstb e Of FARSt PhEi NFe S T 4@ ermﬂ'deg aMbdhtd Jenner

that the contact position therebetween is noved 1n accordance wth a

chanf ered sh@papehraahdvamteh Gf AN aFeds 1t 9sal heVsr@is LORArt 1RESi tion
to correspond to a second chanfered portion of said notch groove while a
second tookhe-ddreettisnat dif¥erenca D22 Shethéer SERE | FEiRdSHEne
intersecting said parallel-extending plane at the predeterm ned angle, said
second charfesrted Par endnoBebngbsteeant? al 4yd dos f er eMie fanearsaiak fir st
chanfered portion thus chanfered; causes said grindstone to act on said

not ch gr oovetsRictdoppPfnthe agriinds teke cicane| 34 e the Yaiddneaftdonal such a
manner_that the contact position therebetween is noved al ong said notch

gr oovel dhi [ddtferengs-P¥2 thegiwariy thg FeelPasSagesuTienaadsERIgarhatal | el

pl ane which is_ in parallel with said principal_ plane of said wafer and is
di fferent FdmhsdSdSPPIEt 1PaFaft el PRAWBNTtd PHeR eBYeWerform chanfering the

second chanfere ortion_al on aid notch groove;_relatively noving said
gri ndst one and g@%& &é?e%‘iﬂ“ ugﬁgxﬁsnﬁﬁﬁego?ﬁﬁ?l%ﬁg %%HT%E¥ B%%it?on

t her ebet .' dei | t d sh f id notch
A A e S TR
chanfer ed BofdilcaR & u3eh G AreRuILABYR 1A & 2 OUELDS! Pohe MoK 2 | OCLS

is drawn on a second intersecting plane intetsedting sard parallelextending

pl ane 24 t e RHEIRtEIT m@di@%h.svefa?éﬁoﬁ&itr o) &Bgﬁf@f e H ePRE RNy LRIV

substantially different fromsaid first and secdond cham-'"ered “portions

~Lhus chanfer edhyaNdcKANEESLHAI B Ofd NEASHARE, t @ndCthapredidgneschsgr oove
while noving said grindstone Telative to said wafer in such a manner that

t he cont actsupRahnitaa 1t peflebehwecds &&er@%pﬂn@fm SRird aket,chh8amemhi l e a
fifth tool nmoving locus is drawn on a third parallel plane which is in 2
T 0 CT 2004An®6 of which is the center line of the wafer 1. When the
grindstone center has reached the end 03' of right side shown
25 in Fig. 7, the grindstone 5 is positioned apart from the wafer

1 as indicated with a two-dot chain line shown in Fig. 11.

Thus, the center is positioned at 03'. Then, the Y-axis and
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parallel with said principal plane of said wafer and is different from said
first and second parallel planes, to thereby perform chanfering tfu[e t[:l"nﬁi
chanfered portion along said notch groove; relatively noving said 0CT 200
grindstone and said wafer in such' a manner that the contact position
cnerebetween is noved in accordance with the chanfered shape of said notch
groove so as to allow said contact position to correspond to a fourth
chanfered. portion of said notch groo.ve while a sixth tool nporing |ocus
is drawn ofr@%iHidErR | FAERghFplumands doyecttihensafeg d and the

paral | el extendi ng pl ane at the predeterm ned angle, said. fourth chanfered
portion bedRHNSTERR TN |34 dis mavast Horyarssi-d Thesamoyasond the third
chanfered portions thus chanfered~~ and causes said grindstone to act _ on
sai d not chiBY36 e - dvthg-vadel 1 i Afstdiedn A8 Adidvello 8BRd waf er
in such, a. pner that the contact pq@sition therebetween. is noved al ong
sai d not ch2 TR 56t PR3l LLLRFENIF Odd| PRhyerA-thEc 851 PESEPRRNCBATEL f ourt h

B i 2o [92rEnd OF co Dt 03 CambhiPlina TREr AGAPEl P8I ZFARES. 1o
ot ch. gf OBVESRPEY ST JEHS AR RAARIGEANE A Cal P o o SGER T manner
chan or od ShepEaree iy RetURer EAE IRy ReRAS8e) Br? cfh BohEatt Bosi'i on
ci ghin toolbresi ny Il 18" Blin TorP g e b Pt ARcr B8 ng i ane

intersecting sajpdepar@l I,g_l extendi 50|a|aj%elc?ftna.‘ﬁ%§l@dqu Q{{Ory'en%ql&angl e, said

fifth chanfered portion being substant erent Tfromsaird first,

second,g t h aecd-fout ty chandt ' Ltf&ﬁ?;a_grg 04 220CT
2002 370 Ca%iégrsx sairgggéi%dstone%%da%g%dn% d notcCh gr oe\egipvl\l/nﬁ%e novi ng

sai d grindsh@i€at&d At ant QreabbN@Rhelid RigUCh, ay@dderi ddatobiesgont act
position therebe~tween is' noved~al ong said ™ notch groove while a ninth tool
nmovi ng | ocsiSows i B . aIp asfiéidvédiadlong tRé aryeBifChhe idtthpgrablbel W th
said principal plane of said wafer and is different fromsaid first,

second, thBrd =k, thamferpagadd ¢k fdanes., Nexthewiedy ter foindsbanéeri ng
the fifth chanfered portion along said notch groove, thereby chanfering

sai d not chcgnbewehdntreaahed yhenemd DRpeft hafti side panivagam Fag-~r @at er.
'~h.e chanfering apparatus according to'~ claim1l, wherein said first

i nt er sléct | ke ptaneer sof dtig egwindsfaonen S disd pesddridneadhtady $Hct iasg pl ane. 3.
~'"he~ chanfering apparatus according to claim1, wherein the predeterm ned
angl V i s abbdicateddgrtdea tyo-dorehaimidfide Aouppir Ak ddcor 8hAR-to claim
1, wherein said controller controls said_npving menber in such a_nmanner

that said FRESt-3AF 2BE @ *TanT 8 R tEoreiegn ko gtpé’aﬁéiﬁFaVFf}tﬁlgﬁFﬁﬁped with

each other, an | so_sai.d._second and, third ch ered portions_axe partially
over | apped i SsC RS R Fone e 34, 15 RaF PR T TR s TRECOIANRG o

ver| apped VIt "C g ] BPdrRy
mannor {nadt cceh Sheanf AR ORI AR 1 T8 A8, ERRRR A r 2N S

n . ST S nart SFed part Tons is
cur o of ) T e o PR Nl i Al s haltpee, T
wher ei n t hgegtbP&ut 8RE 5! fgaert%te%tr?@ﬁya%'rhp@?ri' A Aaflbifit ofzfg%:ga?d-r 2002

38 shaped gri ndstone capa of c~rinding a surface wth a surface
roughness pbvERExXt Oot Ut O§ri@ssStdne Arrind Ny o whardarifarwiomiler with a
not ch gxoove, in a chanfering apparatus including a holder for rotatably
hol di ng a dafeervhéd EYNbletve@hotie; tdol pIssrGRisONR4f & AAErY DicRicrbby
supportin.g~ a disc shaped grindstone capable of grinding a surface with a
surface rouwghobssioofshewmXn) Figh 8 mhewingss, prasandegri ndst one having a
peri pheral side surface at a leading end in its. radial direction which has
a cur\aft ure radWhenihha X+ ozsd et+axes samd |aynttdidred tm momanthe

curvature, ~radi us of said notch gxoove, said cross section obtained by
cutting wi ghindptane Sobteatm npighle demertiexitwalf pdssage MRS @, said
central line of said wafer and the central |line of said grindstone defining
a skew | i néndaratedreitip anmevicny seoberinc fdahl @, ofreeyi hine sitdckgEbndst one
relative to 'said wafer along said notch groove of ~said~~ wafer on a

paral | el -extendi ng plane which is in parallel with the principal plane of
said wafer and nmoving at |east one of sgid grindstone and said wafer so as
to nove said grind stone relative to saird wafer substantially along the
chanfering shape of said wafer on~ an intersecting plane intersecting said
paral | el -extendi ng plane at a predeterm ned angle, and a controller
controlling the relative novenents between said wafer and said grindstone

. o, .



220 CT 2002 39 thereby performchanfering a first chanfered portion

al ong said notch groove; relatively noving said grindstone and sqi Uwpﬂm[
in a manner that the contact position therebetween is noved in accordance
with a chanfered shape of said notch groove so as to allow said contact
position to correspond to a second chanfered portion of said notch groove
whil e a second tool noving Locus is drawn on a first intersecting plane

intersecting said paral]el -extendi pl ane at {he predeterm ned angle, said
second chaﬁg8?'%d1’bgr1f3i' B&i AERSYH ?aa}ﬁt“igaFP? 9% Ofehhe MR gracyer st

chanfered portjon thus chanfered; ausi ng said grjndstone to act on said.
not ch. grog\7e mﬁ'ecﬁ'ﬁwgﬁ‘g'lg‘gi‘gsddﬁ—ﬁ%@ﬁ%e Mextty VReR FR&PIIREFEPTRN such a
manner that the_contact_ posjtion ther tweez~ is noved al ong sai.d notch
groove Wwhi nggﬁrt%ﬁ &5 em%gengo g 5 N sdﬁleasgxgg@ngn Fig-

Il el ~~pl whi LS ] |j i th i d i.nci pal . pl f id
fafer and 16 Bier SPENEE (7bnr 88 F1TISToe S 1% 0 Hrsias AnefbyiSer f or m
et vely hOSPREE A A L BoE SRR e P EPR P A4S T mr PR har ¢ ne
chape of "oing Dapti ARAZAREL L T A LA IRRRS b Yeiqhe g ©

corresponds tgng ffil i GRaEbAECE: éf‘ﬂor}.sofnox?é‘jidf%ﬁhé’w I Ab@urhh tool

noving J.ocus 1Is wn on second intersecting ane 1 ntersecting said

parallelex ] r;m : I i ered
portion begnggdgggg{Haiﬁ'tﬂ%ﬁhﬁ%g%ﬁ%@%ggﬁﬁg‘%@dﬁf ?crhsets‘g%g?i;:ge(%gﬁghgﬁfam ered
porti ons - hNuss Fhiadil @cedhidhi the #ivedl Saidl bl bRMALRAS 191Gl Qopal d noteh
groove whil e noving said grindstone relative to safd wafer” 1 n such a nmanner
that ti® ceRkagbopPeshéhOlonédetSPEIRAIRdSS w%ﬂﬁﬁ@iﬁdﬁéﬁl groove
while a fifth tool noving locus is drawn on a third parallel 220CT
20U2 40 pl ane whhehméshéod chlan@erdnghtRai fopsh nEddiale Rlcaid@ddihgsabd waf er
and is different fromsaid first and second parallel planes, to thereby

per f orm chanfier embodimenti rdsehtant o6 ashqmfér g alonthes aigkmai£he gr oove;
relatively noving said grindstone and said wafer in such a manner that the
cont act poppilyganaheshape vween iWimembe dimends otdencdawifelr inlge ishant er ed
shape of said notch groove so as to allow said contact position to
correspondregfnrnedrte Hranfepeatpernpdnsipe dint symEetiicaleshapsi xt h

.tool noving locus:-is drawn on a third intersecting plane intersecting said
par al 1’e? - exBeih RFEIPRERER att kORI C4EAPRER REHTRED 8 FROUMPACBhanT er ed
port~. ~on being substantial lLy differentVfra first, second and

~said_,
Dhird chanFEREd Pordamme  His icRank GrtEs Stdeaahst e haltPEinads she Lo
t [ t ch. il i id i ndst lative.tq 'said
Marer in SicE B bt fa RGN A SR AT R Fodie Fofoved
along sal dogolfd QY& M2 Sy G Ralaoh s MOMRGe Aiihrer holkdun on a
fourth parallel _ plané which _is in parall wth sa

e , _princi pal plane of
said wafer .;a I hf en o] J § r d i l'le

pl anes, tot?hg?egé g%r gpn1§h%%f§%?%gg?%% ?%ﬁ??ﬁfgﬁgdg%b$%£ﬁé%?P?%%~_alon~
sai d npd chioGgesyedist L be@wked VaevrvR9d Wi ¢h @omdsi AncorivitkSalidnwafer in
such a manner that the contact position therebetween is noved in accordance
with the chaefeiéd chepehodf saianfntitly gnooy e B0 aa8 tReddd@v Riedc@ont act
position to correspond to a fifth chanfered portion of said notch while a.n
ei ght tool o#o¥hBRLLOEHS ¢5 A@vey Oy 28 fPUr tihdralfRneectkiine Rledn8red
intersecting said parallel-extending plane at the -predeterm ned angl e,
said fifthtoheodred tdepmide by deeifiey reimlgst mant et 1 1yg dhfitar Enpoflricmingi,d
first,, second, third and fourth chanfered portions thus chanfered; and
causi ng sasuclr andsubhiengp wiichnis gar fvotmedd grsoav @osttielrd omopiregesai d
grindstone relative to said wafer in 2 2 0 CT 2002 41 such a manner

that' 4he dsmbeut pasinimi-e Aordbia ambadisendbyedenamdtstdlows thagr oove
while a ninth tool noving locus_is drawn on a fifth parallel plane which is
in paral | eFifet Feguigepr FACFPEPLPTAnEh®fPeHY & iRl PLGRES sCal fferent from
said fixst, second, third and tour'Lh parallel~planes, to thereby perform
chanfering the fifth chanfered portion along said notch groove , thereby
chanfering said notch groovy into a polygonal shape that is a pentagon or
greater. 8. The chanfering nethod according to claim'~, wherein said first
intersecting plane is different from saigd second intersecting plane.



9. 'The chanfering nmethod according to claim'1l , wherein said
predeterm ned angle is about.90 degrees. 10. The chanfering nethod
according to claim1 , wherein parts of said first and second charifTed0Z
portions are overlapped with each other, and parts of. said second and
third chanfered portions are overl apped each other. 11. The chanfering

nmet hod according to claiml, further conprising the steps of: continuously
chanfering a circul ar peripheral side surface of said wafer to provide at

| east one efnsiderablyibe shoat@neddashtompahediwit ther cooMenthenadn. 12.
The chanferina nethod according to claim'~, wherein ~Lhe grindstone frane
rot at abl y Beppedti ng a_di sc shaped grindstone capable of _c~rinding a
surface .with- _a surface roughness of Rrnax O0.l,umor less 13. A

di sc- - shaped seNPEBNEIRT ot T Wit PTrERIEIIE thRe Mt JhadeBhPd chgd ai nl |
-said | ~~~ev~ ,conprising: , 2 2 0 C T 2002 42 a_notch groove fornmed at a
peri phery ®Rripgefnsoanst igont ke pelygerplghrnker ing rantéoegatieos a

pol ygonal shape in a cross sectjon taken along a plane containing the

cent er “axi 318 FalaT RaRGC2uRfeFRE POSSF 153 HEBRSFS dRtbeimade gagstsdon
or_greater.the waf er according to claim13 , wherein said pol ygonal shape

i s~ defi ned®B§ AP nENOF SHDIRI cHBGHT RIBRLS 7Y &dHs SUELaS8R wafer according to
Which s or mediha PREEEHER AL MEidod 3 PRt et Shieo FAPAEPETE o m 1o
Formed 1 nt SR tBRCH SEEY PPeOa s BF HoBdr HoSFE 16FE m 13 . wherei n
the cent er P ErehefoPRLFLREDs ARG SHS B Abndd WG4 5™ Therei n
st face T onghanas or Pl B e e R B 1 5

o mum S SRS UG RACRS a1 DB go L T SRS BRI TS: D

accordi ng kfedckahBkingWbgheb8 sabdemiss. shaped grindstone conprises at
| east two grindstone elenents which are co-axially and 22 0CT 2002 43

rotata, bly suppsihed dyrisiddt@nientdatone 4 nareaddaneterephmaralaksedy th one
another. 21 . The ,c_~anfering apparatus according to claimzo , wherein
said at | etbe shepgrofidshensuetameMisicr dspronouwtel] bpnehsl de iobissane
grindstone frame. 22. The chanfering nethod according to claim |, wherein
sai d pdl ygeanl rehapively defs et beymaiintadnedot§ 2 eaffegwadskongcds. 23.
The chanfering met hod according to claim f , further conprising:.

used which is required to realize the mirror-surface

polishing/finishing process.

Note that in the conventional technigue utilizing the

formed grindstone, it has been only possible to have a surface
20 roughness of the ground surface higher than 1 um, whereas
with the present invention a wafer having the chamfered

surface the surface roughness of which is less than 1 4m can

be realized. Further, although it is possible to realize
surface roughness Rmax of about 0.1 u#m with the present
25 invention if needed, the surface roughness less than 0.5u

m is preferable and 0.24m is more preferable in view of a

difference of the grindstone to be used.
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replacing said grindstone with the other grindstone, wherein sa-~.

grindstone and said other grindstone are coaxially and rotatablyj Eqﬁpqmﬁed
by said grindstone frame. 24. The chanfering method according to "claim’l
wherein said causing steps and said noving steps arc continuously conducted
in such manner that said contact . position is noved so as to draw a

reci procating continuous |line. 25. The chanfering nethod according to claim
~~ , wherein said causing steps and said noving steps are continuously
conducted fromthe upper position of the wafer towards the | ower position.
26. The di sc-shaped semn conductor wafer according t.o claim13 , wherein

sai d pol yg&Hindingp£qndiddoingdd by nine or nore chanfered surfaces.

. A(E. AyE. AY[ 2. A

JE. A A@. AE. Aulther apive ApenE Joned gEiRd IR0 @RTIARIE iRFE aF & v IayERREIle, A@. A A
S2. A Af2. AH. A5S2. ALE. Al 2. A AfE. AQYE. A@ . Af. A u. A5. A; 9. A A y. A AOL. AE

@ 28RO | @5 follows:
{vqgl gblLX] calca ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<aU]c<a]ca]ca]ca]ca]ca]
ca] ca] a]ca# %§§]E§ ca]caU]ca]ca]cTaI

e }aessaﬁw
Il R

a] caigifca] ca]() Jcna nas]_ Z%] a% }‘"g%] %%}ng]]sgg}‘%g] gg & ’ﬁ? 11‘?9%]08?];3][ 5312331332143
ca] ca] cal ca] 22]6% Xffﬂi ZUE?@*?%%} sl caashepboal sl ol s3bey sal 2l ol oo

?*?2a?? @AA0Ag snl @] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caj ca ca] ca]lg%{icacflca] ca] caj ca] caj ca] ca] ca! BBCBCCnDDD! EXEEEF
G, Gc GggGH

HYHHHI M } I IG‘Fijif}}o%gmfgegﬁ‘gafg T% ] cas] cé']"é:é] ca] ca] ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caI JJ4Kv KKKLLDLONMp MMIWVVNVN
NNO,
QOO0 PAdPPPPPOR Jdnesii-thedkli 6akaat 661 G Sl falindlicales] al &xdmgi&ea] ca cal ¢

aJ cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal ca] ca] ca! QQR5RI 5SWESSST: T
_TTTTT, UK QA NhEE AL flg E1]-eat § a} ced en]ealc dcmd ¢ RlCalwBd ad ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caI YYZ[ h] n
1}] n"_@ exkdroighieattigBEgigpkifqrybi mafkdapch) tapczhoed amdrajendda] ca] ca)
caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] cal hh3iri vi|i
i i Kj ePSmmremuiosyvericlauts(ing may wewpentorfued sereda] kémksal cal cal cal calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]calca]ca]ca]ca]ca]ca]c
a] cal 4{ & AytiamRvItins$ap Zﬁ%%&]%%]’-@é]rc%}’éa?@é] B c e pod] TBBca¥ea] ca] cal
cal ca] ca] ca] cal ca] cag ‘E,Jaca] cal ca] ca a] ca] caj cagcaI +‘£TqAI RXg™+i : yAl wr mhc
AY] ] ca] ca]dH éé‘]’tea] t g’f] P@éFéQFEaT T aPdafR AaTRA] 258 ca] ca] ca

e g R IR e
]Sca] ca] cll] calJ ca ca% caE] ﬁ quc %a]s %%Igﬁle%g] %E] (Ei}? ?nglt?hcggfggfggfg

2] cal o8] cal cal < >p& M &%ﬁcik%%] R paRE AL oaf & PE f L o ool
ca] ca] ca] cadwd Al 3L-a3leeal Cﬁhcéhféhéf‘] Q]Cﬁeaﬁ’ri[ 49b] X] ca]
ca]ca]ca]cAa]ca]ca]ca]]ca]ca]ca ca] ca] ca] ca] ca] ca] ca ca] ca]ca ca]ca]ca]c

a] ca] ca] cageplndrd & i dHdPPE d ko 18YE&E) thd BcdDion o]fo%ﬁe(x):aféfio‘y& ()-
0409 ()- fS100& ()-2qdE+10%&' S, " 10% ()-$ 100& ()-s""109& ()-! 109%& ()-3

10%& () - SI0%nd )+ reNCIDk ¥Relling of the rlndstone 5 to each other

10s$: 109&' ()- @ 10%& ()- 7GLOY%& ()-5! 10%& ? 10%&' () - BRAEYNCL0%&

@OL0%t| & (§o obdHPM | e )tdBl0 %% ades .3 TG‘de&aﬁ.h-‘Eﬁ@‘%ﬂb&l(ﬁ:a&:&g&@%ﬂfl & ()-
25 a cam mechanism may be employed. Fig. 17 is a perspective

view showing the wafer before chamfering. Fig. 18 is a
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O dEYNCL09%& 10%#| & ()- 10%4| & ()-F, 10%t| & ()-39 10%t| & ()-FY 10%4| & ()-
yT10%| & ()- ]  AJEYNCLO%& +"10%}| & ()-F $- 10%| & ()-"110%| & ()-Y

109 & ()-F- 109 & ()-F- 10% & ()-Ax( g w dEYNCLOY%& 22 0CT 2002

YI 7@0%| & ()-15"10% & ()-13 10%| & ()- Y1 10%| & () -

/£10%| & ()-F-10%4| & ()-wy z { | {~\=10%"10%& ()-!fl"10%

& ()-111"10%& ()-%rl0%& ()- 104| 104

104 y<s109%}| & %m](g‘gg S\ =l x| 10% /& () -5l <] - 100BB@ () - SYS" 109! () - SIyY$" 1
0% & ()-3peq ¢ MieihsRorIng the fotchagrooygopt &he walfesatter

the above-mentioned chamfering process.

[Second Embodiment]

5 The second embodiment is arranged to chamfer both of the
notch groove and the peripheral side surface as well as the
notch groove of the wafer according to the first embodiment.

The base which must be ground and the apparatus are
similar to those according to the above-mentioned first

10 embodiment. Thexefore, only different structures will now
be described.

In second embodiment, the pexripheral side portion 2 of
the wafer 1 is continuously chamfered such that the same
chamfered shapes as those indicated with symbols C1 to C5 shown

15 in Fig. 6 (the same symbols Cl to C5 of chamfering of the notch
groove 3) are used. As for the chamfering, the portion which
is the air-cut TPA shown in Fig. 7 is free from passing of
the grindstone 5. As shown in the tool passage shown in Fig.
14, the X- and Y-axes are controlled to move the grindstone

20 center from the position corresponding to the start 3cl of
the orifice 3c of the notch groove 3 (in Fig.l4 , the symbol
of the chamfered portion is parenthesized) , ie., original
point OP along the tool passage TP1 as indicated with an arrow.
Thus, chamfering Cl is formed. Next, feeding of the

25 grindstone 5 is stopped at the start 3c2 of the other oxifice
3c and then the support shaft 26 is operated to clockwise

rotate the wafer 1. Thus, also chamfering Cl is provided for
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L1 ) [ I-\BA SI begngm Yef@ﬁac%)aﬁwﬁf(a)ﬂ@?calo%ﬁ the@ubfdee(Jc @ 128 ()-@" 10
o8 () - #f $3$ S04\ : LLLE" 100& () - S&mil Qw&agr 10m 10m ,
10nB< 10%%& WLt @&EP?C’l@ r(l)u fefeset. the @rindstonsog () - !

0% () -1 18R O LU Gh hLL 102788, £ (5L et ibhoLs 0% he O
10z 1OZ

)10?; =S >% s &.sigéé‘m(.édsl Whleorg/qgt‘hg wa'lf%(z):o & é)furthérmore GPot_alfle?; 10%hé& (
) IR LIRS (g RO L SORORERY, S
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10%| & ()
3c of the notch groove 3. At this portion, rotation of the

wafer 1 is stopped.

10 Then, the center of the grindstone 5 is moved to a
position corresponding to the tool passage TP2 and the
grindstone 5 is moved to the left along the tool passage TP2
so that chamfering C2 of the notch groove 3 is performed. Then,
feeding of the grindstone 5 is stopped at the start 3cl of

15 the orifice 3c. Then, thewafer 1 is counterclockwise rotated
by 360° in a state shown in Fig. 14 so that chamfering C2 is
provided for the peripheral side portion 2 of the wafer 1 in
a region from starts 3cl of the orifice 3c to the start 3c2.
Thus, the grindstone 5 is retracted while passing through the

20 notchgroove 3 fromthe start 3c2 tothe start 3cl of theorifice
3c in an air cut manner.

When the grinding surface has coincided with the start
3cl of the left-hand orifice 3¢, that is, when the wafer 1
has been rotated by 360° after chamfering C2 of the notch

25 groove 3 has been completed, the grinding surface is again
brought to the start 3cl of the orifice 3c. Then, the wafer

1l is stopped and the grindstone 5 is retracted to move the
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109%& ()-!'~ "2109& ()-!'t"10%& ()-9:i;<<<<<<wXMB7!! 10G 10G
10G@x 1098 INdSHPTIQ GRIE R Jigh Mdvaicthe) gribndingoixfade §'sl0ofed) tec<<<+=h==
dEMB7!! 10G 1yGlO% h&' ()-Y - 10% h& ()- f10% h& ()-110% h& ()-1 10% h&' () -
'110% h&' (3 -Resigen@aRAaspongidnyy-tol ¢feh&hanfering K& .() TN& , 10% h&' () - YL-
10% h& ()- . 1f10% h& (3) - %/]&10% h& ()-> ?*?a??@REMB7!! 10G 1+! 10%
h& ()-1s$ aAmmirring '©310% hle (Hotch MR vR3( Lsyiosmad ¢prredpysding
h& ()- G\OAgAAABIEMB7! ! 10G , _
tfo the tool passage TP3. Then, feeding of the grindstone 5
S is stopped at the start 3c2 of the orifice 3¢. Then, the wafer
1 is clockwise rotated in a state shown in Fig. 14 to provide
chamfering C3 for the peripheral side portion 2 of the wafer
1. Chamfering C3 is completed in a portion in which the wafer
1 coincides with the grinding surface and the start 3cl of
10 the orifice 3c.
Then, a similar process is performed to contiguously
provide chamfering C4 and C5 for the notch groove 3 and the
peripheral side portion 2. The above-mentioned method for
grinding both of the peripheral side surface and the notch
15 groove indicates an example. 1If the peripheral side surface
can be ground continuously from grinding of the notch groove,
other tool passages may be employed.
In the second embodiment, the notch groove 3 is chamfered
such that thewafer 1 is stopped when the grindstone 5 is moved.
20 The wafer 1 may always be rotated while the grindstone 5 is
moved forwards/rearwards in the direction of the Y-axis when
the notch groove 3 is chamfered and feeding of the grindstone
5 may be stopped when the peripheral side portion 2 is
chamfered.
25 Although the above-mentioned embodiments are structured

such that the wafer support shaft and the shaft of the

grindstone are intersected at right angle and in different
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109 ()-Y %gggﬁé)fight angle.

According to the above-mentioned a wafer and a method
of chamfering a notch groove of a wafer according to present

5 invention,

(1) since the grindstone having the large diameter can
be used, the lifetime of the grindstone can significantly be
elongated.

(2) Notch grooves having the same shape/predetermined

10 shape can always be formed by controlling the outer diameter
of the grindstone regardless of curvature radius of the
leading end of grindstone, if the cross sectional shape of
the leading end of grindstone, which is taken along a plane
including the center axis of the grindstone shaft, has a size

15 such that the cross sectional shape thereof can contact with
the bottom of the notch groove of the wafer.

(3) Since the problem of deformation of the formed
grindstone (having a small diameter) adaptable to the cross
sectional shape of chamfering does not arise, the lifetime

20 of the grindstone can be elongated and the cross sectional
shape of chamfering can always be obtained stably.

(4) The conditions under which grinding is performed to
realize required surface roughness of the chamfered portion
are not severe as compared with the conditions of grinding

25 required when a formed grindstone (having a small diameter)
is employed. Therefore, chamfering finishing by a

mirror-surface polishing/finishing process can be performed.
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wafer can be also performed by grinding continually after
chamfering of the notch groove.
Although the invention has been described in its preferred form
5 andstructurewith a certaindegree of particularity, it isunderstood
that the present disclosure of the preferred form can be changed in
the details of construction and in the combination and arrangement
of parts without departing from the spirit and the scope of the

invention as hereinafter claimed.
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1. &an chamfering apparatus for a wafer with a notch
groove comprising:

a holder for rotatably holding a wafer with a notch
groove;

a grindstone frame rotatably supporting. a disc
shaped grindstone capable of grinding a surface with a
surface roughness of Rmax 0.5um or less, said grindstone
having a peripheral side surface at a leading end in its
radial direction which has a curvature radius in a cross-
section smaller than a minimum curvature radius of said
notch groove, said cross-section obtained by cutting with
a plane containing the center axis of the g¢grindstone,
said central line of said wafer and the central line of

said grindstone defining a skew line relationship;

moving member capable of moving said grindstone
relative to said wafer along said notch groove of said wafer
on a parallel-extending plane which is in parallel with the
principal plane of said wafer and relatively moving at least
one of said grindstone and said wafer so as to move said
grindstone substantially along the chamfering shape of said
wafer on an 1intersecting plane intersecting said
parallel-extending plane at a predetermiped angle; and

a controller controlling the relative movements
between said wafer and said grindstone on the parallel-
extending plane and the intersecting plane,

wherein said controller '

causes said grindstone to act on said notch groove while
moving said grindstone relative to said wafer in such a manner
that a contact position therebetween is moved along said notch
groove while a first tool moving locus is drawn on a first
parallel plane which is in parallel withvsaiciprincipal plane
of said wafer, to thereby perform chamfering a first chamfered

portion along said notch groove;
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predetermined angle, said second chamfered portion being
substantially different from said first chamfered portion

thus chamfered;

causes sald grindstone to act on said notch groove
while moving said grindstone relative to said wafer in
such a manner that the contact position therebetween is
moved along said notch groove while a third tool moving
locus is drawn on a second parallel plane which is in
parallel with said principal plane of said wafer and is
different £from said first parallel plane, to thereby
perform chamfering the second chamfered portion along

said notch groove;

relatively moving said grindstone and said wafer in
such™’a manner that the contact position therebetween is
moved 1in accordance with the chamfered shape of said
notch groove so as to allow said contact position to
correspond to a third chamfered portion of said notch
groove while a fourth tool moving locus is drawn on a
second intersecting plane intersecting said parallel-
extending plane at the predetermined angle, said third
chamfered portion being substantially different from said

first and second chamfered portions thus chamfered; and

causes said grindstone to act on said notch groove
while moving said grindstone relative to said wafer in
such a manner that the contact position therebetween is
moved along said notch groove while a fifth tool moving

locus is drawn on a third parallel plane which is in
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y ég g} I accordange with the chamfered shape of said
notch groove so as to allow said contact position to
correspond to a fourth chamfered. portion of said notch
groove while a sixth tool moving locus is drawn on a
third intersecting plane intersecting said parallel-
extending plane at the predetermined angle, said. fourth
chamfered portion being substantially different from said
first, second and third chamfered portions thus
chamfered; and

causes said grindstone to act on said notch groove
while 'moving said grindstone relative to said wafer in
. such. a manner that the contact position therebetween. is -
moved along said notch groove while a seventh tool. moving
locus 1is drawn on a fourth parallel plane which is in
parallel with said principal plane of said wafer and is
different from said first, second and third parallel
planes, to thereby perform chamfering the “fourth
chamfered portion along said notch_groove;
J relatively said grindstone and said wafer in
such a manner that the contact position therebetween is
moved in accordance with the chamfered shape of said
notch groove so as to allow said contact position to
correspond to a fifth chamfered portion of said notch
groove while an eighth tool moving locus is drawn on a
fourth intersecting plane intersecting said parallel-
extending plane at the predetermined angle, said fifth
chamfered portion being substantially different from said
first, second, third and fourth chamfered portions thus

chamfered; and
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causes sald grindstone to act on said notch groove
while moving said grindstone relative to said wafer in

such a manner that the contact position therebetween 1is

moved -along said notch groove while a ninth tool moving
locus is drawn on a fifth parallel plane which is in
parallel with said principal plane of said wafer and is
different from said first, second, third and . fourth
parallel planes, to thereby perform chamfering the fifth
chamfered portion along said notch groove, thereby
chamferinq said notch groove into a polygonal shape that

2. The chamfering apparatus according toclaim 1,
wherein said first: intersecting plane is .different from
said second 'intersecting plane.

3. The chamfering apparatus according to claim 1,
whereln the predetermined angle is about 90 degrees.

4. The chamfering apparatus according to claim 1,
wherein said controller controls said moving member in
such a manner that said first and second chamfered
portions are partially overlapped with each other, and
also said second and third chamfered portions are

partially overlapped with each other.

5. The chamfering apparatus according to claim 1,
wherein said controller controls said moving member in
such a manner that each of said first, second and third
chamfered portions is continuously provided on said notch
groove and a circular peripheral side surface of said

wafer.

6. The chamfering apparatus according to claim 1,

wherein the grindstone frame rotatably supporting a disc

dtfnl
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groove,

a -grindstone frame rotatably supporting' a disc
shaped grindstone capable of grinding a surface with a
surface roughness of Rmax 0.5um or less, -said grindstone
having a peripheral side surxface at a leading end in its
radial direction which has a curvature radius in a cross-
section smaller than a minimum curvature 'radius of said
notch groove, said cross section obtained by cutting with
a plane containing the center axis of the grindstone,
said central line of said wafer and the central line of
said grindstone defining a skew line relationship,

moving member capable of moving said' grindstone
relative to said wafer along salid notch groove of said
wafer on a parallel-extending plane which 1s in parallel
with the principal plane of said wafer and moving at
least one of said grindstone and said wafer so as to move
sald grind stone relative to said wafer substantially
along the chamfering shape of said wafer on: an
intersecting plane intersecting said parallel-extending
plane at a predetermined angle, and

a controller controlling the relative movements
between said wafer and said grindstone on the parallel-
extending plane and the intersecting plane,

wherein said method comprising the:

causing said grindstone to act on said notch groove
while moving said grindstone relative to said wafer
in such a manner that a contact position therebetween is
noved along said notch groove while a first tool moving
locus 1is drawn on a first parallel plane which is in

parallel with said principal plane of said wafer, ¢to
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in accordance with a chamfered shape of said notch groove
so as to allow said contact position to correspond to a
second chamfered portion of said notch groove while a
second tool moving locus is drawn on a first intersecting
plane intersecting said parallel-extending plane at the
predetermined angle, said second chamfered portion being
substantially different from said first chamfered portion

thus chamfered;
~_ causing sald grindstone to act on said notch.groove
while moving said grindstone relative to said wafer
in such a manner that the contact position therebetween
is moved along -said notch groove while a third tool
moving locus is drawn on a second parallel - plane which is
in parallel with said principal plane of said wafer and
is different from said first parallel plane, to thereby
perform . chamfering the second chamfered portion along
said notch groove; and
relatively moving said grindstone and

said wafer in such a manner that the contact position
therebetween 1is moved in accordance with the chamfered
shape of said notch groove so as to allow said contact
position to correspond to a third chamfered portion of
salid notch while a fourth tool moving locus is drawn on a
second 1intersecting plane intersecting said parallel-
extending plane at the predetermined angle, said third
chamfered portion being substantially different from said
first and second chamfered portions thus chamfered; and

causing said grindstone to act on said notch groove
while moving said grindstone relative to
said wafer in such a manner that the contact position
therebetween 1is moved along said notch groove while a

fifth tool moving locus 1is drawn on a third parallel
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plane which is in parallel with said principal plane of
said wafer and is different from said first and second
parallel planes, to thereby perform chamfering the third
chamfered portion along said notch groove;

relatively moving said grindstone and said wafer in
such a manner that the contact position therebetween is
moved in accordance with the chamfered shape of said
notch groove so as to allow sald contact position to
correspond to a fourth chamfered portion of said notch
while. a sixth tool moving locus 1s drawn on a third
intersecting plane' intersecting said parallel-extending.
plane at the predetermined angle, said fourth chamfered
portion being substantially different. from 'said. first,
second and third chamfered portions thus chamfered; and

causing saild grindstone' to act on said notch groove
while moving said grindstone relative to 'said :wafer in
such a manner that the contact position therebetween is
moved along said notch groove while a seventh tool moving
locus 'is drawn on a fourth parallel plane which is in
parallel with said principal plane of said wafer and is
different from said first, second and third parallel
planes, to thereby perform chamfering the  fourth
chamfered portion’ along said notch aroove;
rg\or\"\vq,\y v\nov'\vuj said grindstone and sald wafer in
such a manner that the contact position therebetween is
moved 1n accordance with the chamfered shape of said
notch groove so as to allow said contact position to
correspond to a fifth chamfered portion of said notch
while an eight tool moving locus is drawn on a fourth
intersecting plane intersecting said parallel-extending
plane at the predetermined angle, said fifth chamfered
portion being substantially different from said first,
second, third and fourth chamfered ©portions thus
chamfered; and

causing sald orindstone to act on sald notch groove

while moving saild grindstone relative to said wafer in
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locus 1is drawn on a fifth parallel plane which is in
parallel with said principal plane of said wafer and is
different from said first, second, third and fourth
parallel -planes, to thereby perform chamfering the fifth
chamfered portion along said notch groove , thereby
chanfering said notch groove into a polygonal shape that

is a pentagon or greater.

i
8. The chamfering method according to claim 7,
wherein saild first intersecting plane 1is different from

sald second intersecting plane.

9. 'The chamfering method according to claim 7T,

wherein said predetermined angle is about. 90 degrees.

10. The chamfering method according to c¢claim 7,
wherxein parts of said first and second chamfered portions
are overlapped with each other, and parts of said second
and third chamfered portions are overlapped each other.

11. The chamfering method according to claim ™,
further comprising the steps of:

continuously chamfering a circular peripheral side
surface of sald wafer to provide at least one of said
first, second and third chamfered portions thereon.

12. The chamfering method according to claim ™1,
wherein the grindstone frame rotatably supporting a disc
shaped grindstone capable of grinding a surface with a

surface roughness of Rmax 0.lum or less

13. A disc-~shaped semiconductor wafer made by the
method according to claim™, said wa}er comprising:
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14. The wafer according to claim )3, wherein said
polygonal shape 1s defined by nine or more chamfered
surfaces.

15. The wafer according to claim \3 , wherein said
polygonal shape is defined by surfaces each of which is
formed into a concave shape.

16. The wafer according to claim W, wherein said
polygonal shape' is defined by surfaces reach of which is
formed into a concave shape.

17. The wafer according to claim \3 , wherein a bus
line . 0of the outermost chamfered surface is extended in
parallel with the center line of the wafer.

18. The wafer according to claim 13 , wherein each

of chamfered surfaces defining said polygonal shape has a

maximum surface roughness of less than 0.5 p m.

19. The wafer according to claim \%, wherein each

of chamfered surfaces defining said polygonal shape has a

maximum surface roughness of about 0.1 p m.

20. The chamfering apparatus according to claim 1,
wherein sailid disc shaped grindstone comprises at least

two grindstone elements which are <co-axially and
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rotatably supported by said grindstone frame and are

replaceable with one another.

21. The chamfering apparatus according to claim 20,
wherein said at least two grindstone elements are
provided one side of said grindstone frame.

22. The chamfering method according to claim 7T,
wherein said polygonal shape is defined by nine ox

more chamferred surfaces.

23. The chamfering method according to claim 1,
further comprising:.
replacing said grindstone with the other grindstone,
wherein sald grindstone and sald other grindstone are co-
axially and rotatably supported by said grindstone frame.-

24. The chamfering method according to '‘claim 1,
wherein said causing steps and sald moving steps are
continuously conducted in such manner that said contact .
position is moved so0 as to draw a reciprocating

continuous line.

25. The chamfering method according to c¢laim 2% ,
wherein said causing steps and sald moving steps are
continuously conducted from the upper posltion of the
wafer towards the lower position.

26. The disc-shaped semiconductor wafer according
to claim 13, whereln said polygonal shape is defined by

nine or more chamfered surfaces.



