, e3e~x{4(6$TxSY) _1_ 08 Novenber 2002 WAFER CHAMFERI NG METHOD AND APPARATUS
'The pres rel ates generally to a wafer chanfering nethod and
apparatuB u M mmﬂaw@garticularly to a wafer chanfering ' nethod and
apparatu ing a wafer in which an orientation flat or a notch is
forned at th®%8@tiphery thereof. A conventional mafer chanfering apparatus
Is constructed in such a way that a wafer table, m@ng W@ gi
chanfered is nounted, is supported in ajdmanner to nov QWEW . XIS
and that a periphery grinding wheel is placed on the Y-axis. To chanfer a
circular part of the wafer by the above-nentioned chanfering apparatus, the
circular part WAFERCCHAMEPERING METHOD AND oS! ¥
grindi ng wheel. To chanfer an orientation flat part of the wafer, the
orientation flat part of the wafer is pressed against the rotatlng
peri phery grinding wheel, and the wafer is slightly rotated and is slightly
fed along the Y-axis, so that the orlentatlon flat part can be chanfered. A
notch part of a waf er wi t BAGKGROUND OF MAHE. & DN same manner. The
notch part of the wafer is pressed against a rotatlng notch grindi ng tool,
and the wafer is slightly rotated and is slightly fed along the 08
Novenber 200§€ El g]aﬁisi so that the notch part can be chanfered. In the
above-nentio chanfering nmethod, it is extrenely difficult
to control the novenent and rotation of the wafer, when the orientation

flat part or the ngotch part is chanfered. Thus, the straightness of the
orientation flat pdMme BFeseRk lﬂﬁfﬁwfbé?]tat%egéﬁﬁ@udeﬁ(éra dvafee chamfering

method and apparatus, and more particularly to a wafer chamfering

method and apparatus for chamfering a wafer in which an orientation flat

or a notch is formed at the periphery thereof.

Descrintion of Related A

A conventional wafer chamfering apparatus is constructed in such
a way that a wafer table, on which a wafer to be chamfered is mounted, is
supported in a manner to move along the Y-axis, and that a periphery
grinding wheel is placed on the Y-axis.

To chamfer a circular part of the wafer by the above-mentioned
chamfering apparatus, the circular part of the wafer is pressed against the
rotating periphery grinding wheel. To chamfer an orientation flat part of
the wafer, the orientation flat part of the wafer is pressed against the
rotating periphery grinding wheel, and the wafer is slightly rotated and is
slightly fed along the Y-axis, so that the orientation flat part can be
chamfered.

A notch part of a wafer with the notch is chamfered in the same
manner. The notch part of the wafer is pressed against a rotating notch

grinding tool, and the wafer is slightly rotated and is slightly fed along the
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The present invention has been :devel oped in view of the abovedescri bed

+ circumstances, and has as its object the provision of a wafer chanfering
nmet hod and apparatus for accurately chanfering the wafer which has the
orientation flat or the notch at the periphery thereof. To achieve the
above-nenti oned object, the wafer chanfering nethod of the present
invention for chanfering a periphery of a wafer whic I r part,
an orientation flat part and orientation flat cornertbpé;@@s@m\g\)/hg?gdl)% t he
wafer is supported in such a manner as to rotate and to nove in an X-axis
direction and a Y-axis direction which are perpendicular to one another, a
peri phery grinding wheel is rotatably placed on the Y-axis, conprises the
steps of: ¢ i C| I ant aof the fer by bringing the

circul ar pa??[g’ﬁ%’og&g@%m’cetﬁ%g#ﬁghh@np@a}ﬂ'\'@%ﬂgﬁ ndi ng wheel, which is
rotating, and by nrQtafl I : i .en I I part
of the wafer by brIﬁngféngg?ﬁg?%%gﬁ{egt ?%?@tngga%htqg}tgflggcg%{dé@@ &tn?% t he
periphery gréxneimaywdifeicultWy ebnirsl 1l FhdvidnedNand ol RRH B9 thBewwader in
the X-axis direction; and chanfering one of the orientation flat corner
parts of thewhef e¢he yicmtatrayi figt paet entheofotchepart ieohamfersdf | Fhusptier parts
into contact with the periphery grindi ng wheel, 08 Novenber 2002 -3 which
i s rotating,steaightagss odhitthagorinataligne fladnpamteedi thg tmetchwapart becarhes X- axi s
direction and the Y-axis direction so that the one of the orientation flat
coner parts @dRraraless be in contact with the periphery grinding wheel .
According to the present invention, the wafer is supported in such a manner
as to rotate and to nove in the X-axis direction and the Y-axis direction
whi ch are perpendicular to gne another, and the periphery grinding wheel is
rotatably placed on the Y- &dMMARYUMTHE IRVENTIONar part of the wafer,
the circular part is pressed against the rotating periphery grindi ng wheel,
and then the wafer is rotated. To chanfer the orientation flat part of the
waf er, the orienta&heprédeat inwenpromshas bagaidestlopkd inoview of therabolver y
grinding wheel, and then the wafer is fed in the X-axis direction. To

chanf er eachdescribed ¢ircunstancess andahag @s rity opjact shofprovisiamfodra wafer

orientation flat_corner part i ressed agai nst the rotatjng periphery
ori ndi ng wheehamEaTing jaethod and,abparatis for aceuralsly Phamicaingn the,avatety s

e s B KB pE Ay B BN SBRbEa! oo et Par
above- nmenti oned obj : r lﬁﬁ,g_ i t r nyention
for chanfering a E@icép%é‘?‘g/é/\@@aawa e%e%%&?yi&g’ glﬁ?cu g’? ggﬁ,&eﬂéﬂgotch
part and not gletlsed AT theapieSsentMiffeationt 8 Mnelering & RBIPheed dfna Sygflra
manner as to rotate and to nove in an X-axis direction and a Y-axis
di recti on whinhiickahas petrsulatipaat, an argendatéomflot pant and oienitatiar flacomeir ng
wheel and a notch grinding tqol, are rotatably placed on the Y-axig,
conpri ses thBaﬁﬁ,e‘ﬁgqﬂ“:‘ theé, ater isrsyppeEtediinsuch mannepas (o gotaty and {9
bringing the_circul ar_pa i.Nt Q. tact with e .perj. pher rdndi ng wheel ,
which is rot fﬂqvﬁg,lnanﬂpbg'?%l?aﬁlﬁ%gﬁpﬂe%\gifear;?gmﬁf éfﬁ%ﬁgoghgvl?ﬁ?ﬂcﬁgﬁart of
t he waf er by Malal t .l t geit, v 0 08
Novenber ZOOBPfﬂge?h ?El‘g?%ltg ritsogl?g, %gpﬁ’ ias B?@Pgﬁ?ngﬁhgmﬁ E‘Yfﬁ%gegi %gﬂa%%béywaf er
in the X-axi platetest thnYanes! bemprised theditepe bf-athanefetingt thehdradicpapart can
al ways be in contact with the notch grinding tool; and chanfering one of
t he notch copfi¢he peafes byfbrimgingethe rcitopldr paryiinty comtacnwithf thehperiplterii cor ner
parts into conta¢ct with the notch grinding tool, which is rotating, and by
hegb Whigh 15 R R

feeding the GHMEMg W taRg,i wdotatingythecwater; chamferngo t hat
t he one of the notc

or 1 ndi g oofie ARt AR PR CmECRARr B Brfgine i8Rl Salior  oa

in such a mapner Fos | j ' [ d the
Y-axis di rec%ncﬁﬁ?%%@eﬁ%gg%'%é‘?gtﬁr@ﬁ?%%%%?’aﬁg@elfs, wz&%@%’h%mpgpi phery
grinding whegbediig {Hee wadsiClin Ghe RLDEs tAIRdctRNG drft @hakiferifg asrd ofnthehe
Yaxis. To chanfer the circular part of the wafer, the circular part is
pressed agai nsientdtéonr dlat compepeyarishef ythgr wadkimbywbeagingatite tdnen of hthewaf er
is rotated. To chanfer the notch part of the wafer, the notch part is
pressed agai wstentatéon fateoungr patts ntgraontaci gvitto tie, peripheryi @iindieg wdiegl, i s f ed
in the X-axis direction and the Y-axis direction so that the notch part can
al ways be in contact with the notch grinding tool. To chanfer each of the
notch corner parts of the wafer, the notch corner part is pressed agai nst
the rotating notch grinding tool, and then, the wafer is fed in the X-axis
direction and the Y-axis direction so that the notch corner part can al ways
be in contact with the notch grinding tool. The nature of this invention,

- . o " o Y




08 Novenpber 2002 -s the sane or 'sim’lar parts throughout the figures and

"wherein: Fig. 1 is a side viewillustrating an enbodi nent of a wafer
chanfering apparatus according to the present invention; Fig. 2 is a plan
viewillustrating a wafer feeding apparatus; Fig. 3 is a view taken along a

line A-A of Fig. 2; Figs. 4(a), 4(b), 4(c), 4(d), 4(e) and 4(f) are views
of assistance in explaining a nethod of chanfering a fler w

orientation flat; and Figs. 5(a), 5(b), 5(c), 5(d) angﬁﬁ%\ﬁe\ﬁé@%ﬁb&/\s of
assi stance in explaining a nethod of chanfering a wafer with a notch. This
I nvention wll be described in further detail by way of exanple with

reference to the acco dra Jde view il ] ust ratlng
an embodi nentVigeh4s \KB F‘#@Hﬂ%ﬁa é%lfy éBécﬁE&‘r‘i’@ the waferping

i nvention harrf us .10 orrprl ses
a waf er feeﬁ-é&%ﬁg#@g{éﬂ&%@%ghgmﬁ %& 1??5 SPot &%p%‘%gf’t?‘elﬁ“e% 1on
description t

appar at us 12“%&5(:&&6&”?\5 n tai\@z_j[fé"?)g {’P%%g@?t ﬁlt%ﬁﬁgﬁﬁﬁe&?l@l n?gsi gr ovi ded
on a hori zontgghdel- arr anged base 16. A Y-axis table 22 is slidably supported
on the guide rails 18 via sliders 20. The Y-axis table 22 is driven by a
feed screw mechani gwcowdingttoithe poesent invedions tie safebisdsuppooted iAssuhown i n

Fig. 2, a ball screw 24 is provided in parallel with the gwde rails 18 on
the base 16. aTM&Ngar AS §@ﬁ@%t‘24“d§0éﬂ@‘éﬁgé@tbﬁ fragisrdirectiomend e Xwaxish i s

iﬁgzﬁ‘égt 0 onBraction, WiiRR G PRTPANGACIAS 40, ORG SIheH oAtk ¢ SRR BB Rar o

. . 4

the nut - menoariBibgyiie i fotbly BRCEH B ne Y53 L r Bhamll Be Gkl 31 o
ble 22, V\:h 1084 gpégg d

£:| Ig 18. A recttslton |§é}(/vﬁfé ﬂ&ﬂgﬁgfé}g ﬁaé%&sﬂﬂeﬁx‘?ﬁ é’PQHE 'ltjerebe

referred to agmedlﬁ el Jand tHenOfe \%’f@r?sﬁitﬁt@tlghffo' ¢Hh@nf€!@'tﬁé‘okfén%f0ﬂ | el

with the Y-dlrectlon and’ goes through the center of the Y-axis table 22
wi || be referfletdpand ofstheheaferashies oriénfation flat tuprssedialgai3d the ptatinigded on

the Y-axis table 22 in a,
periphery grinding wheel, and then the wafer is fed in the X-axis direction.
To chamfer each of the orientation flat corner parts of the wafer, the
orientation flat corner part is pressed against the rotating periphery
grinding wheel, and then, the wafer is rotated and is fed in the X-axis
direction and the Y-axis direction so that the orientation flat corner part
can always be in contact with the periphery grinding wheel.

To achieve the above-mentioned object, a wafer chamfering
method of the present invention for chamfering a periphery of a wafer
which has a circular part, a notch part and notch corner parts, wherein the
wafer is supported in such a manner as to rotate and to move in an X-axis
direction and a Y-axis direction which are perpendicular to one another, a
periphery grinding wheel and a notch grinding tool are rotatably placed on
the Y-axis, comprises the steps of: chamfering the circular part of the
wafer by bringing the circular part into contact with the periphery grinding

wheel, which is rotating, and by rotating the wafer; chamfering the notch

part of the wafer by bringing the notch part into contact with the notch



direction perpendicular to the Y-axi's direction. An X-axis table 34 is
"slidably supported on the guide rails 30 via sliders 32. The X-axis table
34 is driven by a feed screw mechanismin the same manner as the Y-axis
table 22, and the feed screw nmechanismis constructed as descri bed bel ow.
As shown in Fig. 2, a ball screw 36 is provided in parallel with the guide
rails 30 on the Y-axis table 22. The ball screw 36 is aged wi a nut
menber 38, which is secured to the X-axis table 34. cﬂ&%"ﬂ?e"t%%all
screw 36 connects to a notor 40, which is rotatable forward and backward
and is driven to rotate the ball screv#36. Wen the ball screw 36 rotates,
t he nut nenber, 38 npves gl.ong the ball screw 36, and thereby, the X-axis
tabl e 34, V\/ngﬁﬂging %ﬁné‘g}l&aq? 6°§aﬁ’§gnéﬂan¥)h%/%¢d19g,th§lwaf§§ 13 %%‘W@Sgui de
rails 30. A directi i i.ch the X-axis, table 34 slides wll hereafter be
referred to geéthoé(gﬁgitge\y-@g% bgﬁ?tl%éojhgtt&’ﬁi ngich R C%m‘ﬁa}%%BdPaI | el
with the X-axi | i -1 hr h 0 -axisitabl e
34 wi 1 be royRect SR G Rth JRRRihe QUR hdd Shdfiehibe Xnd BF deilofn B0 Sy
on the X-axi gofnPlpart34f the Waifef by Anpidd theSoh@bRtIRPhYtcRURRAEE f&kt9Itbhe

waf er table support 42, and the wafer table 44 is rotated by a notor (not
shown), whi cbontacbwiitht themdtblk grintiingovsrbpdricl2 @zotating eand bblfeedingphet 42. A
wafer Wto be chanfered is held on the wafer table 44 with vacuum A

strai ght |i nwafign iohthesX&ipdimectian and the Yhaxisdirectionisbéhathermhegofethet hr ough

the rotational center of the fer tabple 44 wi|] be referred to as the
8-axis. Si ncBOORLCOTAFEPARtEER AVayse u ¢antact with the sptahcgrinding tG@icri bed

b , th f . f bl e 44 J d ah h
Gaxi < and can be {ouCPRiERAS We bREh: 1ERnfon. tiivend SRREnel B A

descri ption w ' 1.0%r_of: t j-ngi )]
appar at us 14.WI gmgﬁo%n&?go@feg.éﬁqf&?@%#fkﬂcﬁ %tg 18041&5%{())'%%#%?1&1?%158 a
grindi ng tooldjeefieR’ which akBepérpefdiditar 89! ofd/PRther}bar thb| Hé‘ﬁ%ﬂerg
supported on a colum {not shown), which vertically Stands on the base 16,
and a drive gnindirgheherl dndths nobeh grindihigngol aed retaryddy tpldcedson thatY+ he
grinding tool support 46 noves up and down al ong the colum. A periphery
gri ndi ng wheekis4g Bacchamfsr cthegeiraedanparbgif @ avafepr the dingular pag isot t om

of the grinding tqQol support 46. The, periphery grindin eel 48 and the
not ch gri ndi agetgstss |agﬁwsart_§e Fe@Hag pryIngTy &radimt w#}%t %ﬁ&%thesw&m,

ich are bui eqr o p . eni phe ri.,ndi ng
wheel 48 andl‘Jt Hgéaﬂ%é'c h@r#%ﬁﬁl‘% @gobo%g ﬁ%ﬁ ?tf)l@}ﬁ é’%ﬂe%ﬁ {hﬁenqgci&ggrtags shown
in Fig. 2, a st % i a Lede jed
hei ght above?gﬁ%ege@?%ﬁg}gé gdgﬁﬁggn%&%é@d}l@ gg&étﬁg%ﬁ%%ﬂ&?g. 1{.; ﬁ{rﬁeg
grindi ng toolin 3jpX-akissditdction andshe FChrid diseciifrso ted thbaiotch patt ¢de
periphery of the wafer Wis chanfered in such a way that the periphery of
the waf er W iatwpysbe déal cagtachwiith the nasclagrindingtoobhedp cdpaimfdr naciwhéthe 48 or

the rotating notch grinding_topol 50 of the grinding tool apparatus 14. The
waf er chanf efoe GHIEF DLKIS bighemalne the BRI COTAGRRAEI 3% pressel gganst ber

controt's ¢ ho T e EFRERAS THaf JRHE wal ud S & EH i Hle BEMWR on o

the operatio 'Hifé‘;?tibﬂead@flﬁrY%%ﬁrebgﬁn 3BRALAHESHtEh %ng%ggid}g chf? éi»bﬁ%éjg ﬁ: ent

i nvention, which 1's constructed I n e above-nentione nner. Sl nc
waf er chanf erjeng dyipastavith tﬂé)nbﬁ:hag}ﬁ@ihgt@aanf er both the wafer Wwi th an
orientation flat and the wafer Wwith a notch, a description wll be given
first of the nethod for chanfering the wafer Wwith the orientation flat,
and then a description will be given of the nethod for chanfering the wafer
Ww th the notch. A desBRIFF DESERIPTIENE (I OPAVWINGS t he net hod for
chanfering the wafer Wwth the orientation reference to Figs.
4(a) - 4(f), which describe the procedure. First, the wafer Wis set on the
waf er chanfering a r 1 Ci:fd , fer |.S LLi d on
AR gi#xzre Of %Wéxé&ﬁigny ad hfrﬁl’la a§ o\t/f{étrab Zééﬁ \gmﬂ@

the wafer table 44, an e waf er d on e waf er h
vacuum advantages thereof, will be explained in the following with reference to

the accompanying drawings, in which like reference characters designate



The wafer Wis placed so that the center thereof can be positioned on the
. 8-axis 'of the wafer table 44, and that an orientation flat OF thereof can
be parallel to the Y-axis (see Fig. 4(a)). This state will be referred to
as an initial state, where the center of the wafer Wis positioned on the
Yaxis and at a predeterm ned di stance away fromthe axis of the periphery
grinding wheel 48. On the other hand, in the grindi nggqtQQl s 14,
the grinding tool support 46 noves up or down so as ?)(? gg\é?rﬁpgﬁﬁﬁzel

peri phery grinding wheel 48 at a predeterm ned machining position. On
conpl etion of the above-mentioned inité#alization, the wafer chanfering
apparatus 10 starts chanfering the wafer W 08 Novenber 2002 g_ First,
the peri pherye@apdedbngmihe _angahfoslg;h_ghgﬁfédﬁ%\ﬁeggla}laqwﬂ@ftgﬁ{: Wis fed in the

Y-axis direction to the periphery grinding 48 at the sane tine. Wen
the wafer Wnoves Rig. d [is esledids nwioed idustta{ipe and efiboditnent ol & Gragér t he
wafer Wneets the rotating periphery grinding wheel 48, and the wafer W
st ops novi ngchatsfesingmppanates gecandang totherpresentdnventican; part C of the wafer
Wneets the periphery grinding wheel 48, the wafer Wstarts rotating about
the B-axis by a prid8e?dy aibharyvigngillustratiagapyater feeding @pparatysirt C of t he

f W i hanf d th tati L ph i.ndj wheel 48. As sh
'h Fi g, 4(b). whorf Bnd are Joren 00k A Rl g & i nod angl e, a poi nt
f tact bet : f d i pih Ldl 48. h
an orentation {1 4RO TGk SOh ARG AR AEY off RO S WNin gy 2o

rotation of &faaiah 5#&%@@&%5&@&%2@%&%&@%% H&'Horpﬂéﬁ%gx OR into

contact with t'he periphery grinding 48. For this reason, e
orientation flat cRipBes5(AR S%CB@)]‘ S(ey apd S@)tarel Views whvaRkinef id he

waf er Was descri bed bel ow. en the point of contact reaches the
orientation éxplaining aemetbRdaff chamferingra wates withheawdelt.ed with a broken |ine
in Fig. 4(c), the wafer Wis rotated about the 6-axis and is fed in the
X-axis direction and the Y-axis direction. The wafer Wnoves so that the
orientation flat corner OR can always be in contact with the periphery

gri ndi ng wheeDEl )] RIPITIIEON &H Oh R ¢ ENBODIMENTSr Wi s
chanfered by the periphery grinding wheel 48. Then, the orientation flat OF
of the wafer W of which novenent is controlled as stated above, finally
becones parall el tPhishenvéentions vill bepa&seibedd inv fubther S@dthil byN&aynofi 9.
4(c), and the chanfering of the orientation flat corner ORiS cofpleted. In
this state, tkempk withereferen€StdNheeadeompan@ihg dawdngandi ng wheel 48 is in
contact with the orientation flat OF of the wafer W Then, the orientation
flat OF i s chanferBig. slibisequsidel yiewasillustrainng narri embadimentt af arwaferati on

flat OF is chanfered by feeding the wafef Win the X-axis direction. That
62 he et RS TRATIS APCATIRS 1O the RPISBYSHIONT abS AT 1B ¢ h
orientation t 4 O i i t . h i i.adi el 48.
Ther eby, 'y he%ég'i Ln e ity %}{a%h?‘g 8’:%%8%% 0%‘”Pﬁ§%%??@ﬁ2?"y@§?‘¥yﬁgi ng

wheel 48. Thgpﬁ@,faggs Whﬁdfa%iiﬂdin%*ﬂ&%ﬁé&ﬁugilﬁ?ﬁi on until the point of
contact betweeh the wafer and The periphery grindi ng wheel 48 reaches the

other end of the oAidsscaption willkbe fivenwf thaeonstecticar ofthieavafen fé¢dingcor ner
OR as shown in Fig. 4(e). Wen the point of contact reaches the orientation
corner OR, thpparatusmiati & shozn boFigsr 168, iapainahgeidedadsdSdq peovidgd

Speci ficall y,onmk;le oglggnpa?fyr-lgrr%gecdorga%g t 1g.eac£e§_§xhi§ {)arbllee nﬁftilsoglifizllﬁty

supported on the guide rails 18 via sliders 20. The Y-axis table 22 is

K
™D

driven by a feed screw mechanism, which is constructed as described
below.

As shown in Fig. 2, a ball screw 24 is provided in parallel with the
guide rails 18 on the base 16. The ball screw 24 is engaged with a nut

member 26, which is secured to the Y-axis table 22. One end of the ball



corner OR of the wafer Was represented with a solid line in Fig. 4(f), the
"wafer Wis rotated about the 8-axis and is fed in the X-axis direction and
the Y-axis direction. The wafer Wnoves so that the orientation flat corner
OR can always be in contact with the periphery grinding wheel 48. Thus, the
orientation flat corner OR of the wafer Wis chanfered by the periphery
grindi ng wheel 48. Then, the center of the wafer W o i C nt is
controlled as stated above, is finally positioned on bﬂﬁﬂﬁﬁﬁygg%ggﬁ
represented with a broken line in Fig_g4(f), and the chanfering of the
orientation flat corner ORis conpleted. In this state, the periphery

grindi ng whe H Sl Mt Is f ot r W
Thereafter, ?%ree%m%?'z:rohwgg% %ﬁg?@é iagbé‘micﬁﬁ%ﬁﬁggkileg?é%vacﬁgll%dewrgi rcul ar
part C subsegq@né dyiveand rbtied the bl Wede®r 24V r SUREN e Ball BEre aheromﬁg,e the
chanfering is started, that 08 Novenber 2002 -W 1is, the state shown in

Fig. 4(a). Thige phameatber@tomovbe aldny thertmall shewy2ffandbevatiethdW-axis
conpl eted by repeating the above-nentioned series of processes a plurality

of times. Whdablel?2, ovkichds cagnested he theher matiterdfyslides dlonghthergiiide W
stops in the state where the chanfering started, that is, the state shown

in Fig 4(a)Iaidnéd, ¢ndirgetien iwsduckhe Y-axis tabla,e2sslidasewill bareadter bgt | t

b farth f th i.ph i ndi ng whee]. 48, d.the. wafer W
returns to t RIS IOaRS & edlS dikectipty afdiy PEaBERDS Y hish bHaTalsleitiapl o
44, dth F 0 ng,: t t ' f
chant ori ng. meeha e tc. ap iR s el Uitk ALY AR B BT o
flat OF of thefepaddeto a/the g ered, the wafer Wis fed straight in

parallel with the orientation flat OF. Thus, it is possible to easily

chanfer the orientaf pair (f)ﬂogtlida:raﬂstmh's Prosided @htheSb-axierbleaxhiwfa t he
orientation flat corners of the wafer Wis chanfered, the wafer Wis

nmoved so t hatditaetioar penpendicotarf toathes f-axis diRection.al AayX-wesi tabbo3daist wi t h

t he periphery grinding wheel 48. Thus, it is possible to easily chanfer the
orientation fligablyosurnastedromithe, guidgnrails 36 wiayslidess 3dverlhg X-pxisgablsi bl e t o

control novenent of thg V\Hffger Win a sinple. . In this enbogi nt, the
whol e per i phe¥yisHTIYeDy A sFd gFres %@éﬁ{gﬂém CCHART Sraer Bt %gﬁquart of
th i ph f . ' i £ ly,
onty the i v dable 22 anAhE ool R ARCChILAE R ERRIBH S Xiesc A EER' Y,
orientation flat FA¥shdien (VY. &, Qobalpsctel 364 grc;v*ﬂ&ed){ﬂ Emtaﬂfei At

corners OR may be chanfered. e machi ning order should hot be restricted

to the abovermiite eai¢si30radethe Faixis tetlladCe, THeeball seretaB6ds ehpagedwitipy be
chanfered first, then the orientation flat corners OR may be chanfered, and
finally 08 aowtemestbez 382 which issecuredta the Xaxis @blap4be Qneaeidpbthe A

noteh v L hor 35;141 SRt 3 Fofuectsia) & meicw) S0, et de oA, HEvGrd R 0.
e ; _

Spect 11 car 1y Attt Al (R Gune AN RIS Er PR opsPall serepte
wafer Wis hej@raatésbﬁ}efmt%eﬁﬁkk 884ftovd Hlongd emallT&?ew@@raﬁwthé¥egﬁced SO

that the center thereof can be positioned on"the B-axis of 'the wa tabl e

44, and that therXKtaxis tdbl¢ B4; whictcBredmdeprditbithe @t atenhber 34, atides @ieeg Fi 9. 5
(a)). This state will be referred to as an _initial state, where the center
of the wafer theiguidesiails ed Ardirgntion bxwhich theiX-axisr table 3dndlides wilkt ance

away fromthe axis of th ri pher rindi.ng wheel . 48. . ) L
y hereafter Le referfed to'as an Xg-axfg Alre%tlon, and a straight line which is

parallel with the X-axis direction and goes through the center of the X-axis

table 34 will be referred to as the X-axis.
A wafer table support 42 is centered on the X-axis table 34. A
wafer table 44 is rotatably supported on the wafer table support 42, and the

wafer table 44 is rotated by a motor (not shown), which is built in the



On the other hand, in the grinding 'tool apparatus 14, the grinding tool
support 46 noves up or down so as to position the periphery grinding wheel
48 at a predeterm ned machi ning position. On conpletion of the
above-nentioned initialization, the wafer chanfering apparatus 10 starts
chanfering the wafer W First, the periphery grinding wheel 48 is rotated,
and the wafer Wis fed in the Y-axis direction to thggRgsidihisér2@ra ndi ng
wheel 4% at the sanme tinme. Wien the wafer Wnoves by a predeterm ned

di stance, a circular part C of the wafer Wneets the rotating periphery
grindi ng wheel 48, and the wafer Wstops noving. As shown in Fig. 5(a),
when the circular part C of the wafer Wneets the periphery grindi ng wheel

48, the waf e\svaﬁé/r%aret@rﬁgt@rnam.ngA WaereWto bd1ehsinfsrielas lh@i’d bn¢hefwidae wafer

d
Wis chanfered by the ating periphery grinding wheel 48 as shown in Fig.

5(b). 08 NabtnémwiBDO2cuulB, AN straighelineieichMy pémpeadicul & dak yafeped
nunber of tines, the chanfering of the circular part C of the wafer Wis

conpl et ed. Ttablg 4drandagoes thrvuglople ratationalgeemderdof thaimader tabldd4i willi al
state. Thereafter, the wafer chanfering apparatus 10 starts chanfering the
notch NO of bhiecfeeredtons the Ocaxisd er the notch NO the wafer Wnoves in the
X-axis direction by, a predeterm ngd di stance fromthe initial state until
it reaches a pred @F?ﬁtﬁ%d"#ﬁbg}"ﬂﬁﬂﬁ Ipparatne d 2 isceonstyictest @y desciibede ot her

down' by 2. pr WA Grthe RHCEIPL ARRE R SB° pider bl RBKR bt HiPAGROBRRRS - can bo
i tioned a det.er i hi i i tipn  Jhen, (the.notch grindi

Pool 5015 1 orach s FlRiaPar 4 E%aRm dnfthe VR0 gl on ot "tho

same tinme. Wen thg d’é@E@\?tiéﬁﬁ Wnase Sef &Ttﬁ%%&@%@&?& aE ?ﬁ@@ﬁggi[@s ch

corner NR of the wafer meets the-rotatin gri ndi ng , and the
waf er W st opgppardtuzd14.As Astehown in Fig. 15(He) %riivmffh@ fooe a;p@hf?d%wqﬁml@is AR of
the wafer Wneets the notch grinding tool 50, the wafer Wis fed in the
X-axi s direcgriadimndobheupparti 46di B igrinding t foal $upporbtdth isoslidabliR can
be chanfered. In other words, the wafer Wnoves according to the shape of
the notch copfuppomed en argpdempHaohshawin) ovlieh veRically standsen ke basecbbyt act

with the notch grinding tool 50Q.,Thereby, .the not¢ch corner NR qf the wafer
Wi's chanf er 88d 3 dfiye &Méﬁ“)&’ﬂgrﬁﬁwt grl@&n&m@rsum@rhém? FNRIsS
chanfered, the wafer [ segguent Ly fed i;n,the X axis. dirgction and the
Y-axis di reclgflg\ﬁ?% t?%éﬁpﬁggnggc'ﬁo‘kﬁc% 388 gﬂ‘gﬁf 81’0@& %]%epec(?ﬁ‘f“in(?al Iy, as

shown in Fig i : : ys be
i cont act wPERPHRY ARG Bhecli a8 oy AQh Hindil (0G) 30 APPIBNRIALS, O
V-shaped for the BSttdgvehibergraiiing tdcl stippoRl46. alie pbAphedyesrivdipweBedln a

manner to describe V according to the shape of the notch . Thereby, the
notch NO of #Beanwhfher natchsgrimding doellSOyare espectivhlygratatidny matbrs(notvhen a

poi nt of contact bet nth fer, Wand,the notch grinding tool 50 reaches
Phe ot her noSBAWas: WiCINRTe:butlhin dhneringing togl SuRPORBAGH Ne PREOBERC

corner NR i s subsequent C red.as .sho i ig..5 Speckfically,
Che et or w SRS W) 4a SR ThE nefo R ARl oRl 50 8% JokeB RIS MR, Vo
t he notch cor,pe c S i agt: M e zpot LAdi t ool
S0° Ther ooy BepehdimCH B SR (b8 £9eh glindide! (OO SUOLE lashieahla L 00
grindi ng toolprédeterthinid hdighnabeve e peripidtyairiddigg ovhedl 48 d¢ showahant er ed,

t he wafer
Fig. 1.

The grinding tool apparatus 14 is constructed as described above,
and the periphery of the wafer W is chamfered in such a way that the
periphery of the wafer W is pressed against the rotating periphery grinding
wheel 48 or the rotating notch grinding tool 50 of the grinding tool
apparatus 14.

The wafer chamfering apparatus 10 of the present invention is



Wstops noving. Then, the notch NO and the notch corners NR are chanfered
- in the reverse direction in the sanme manner as descri bed above.
Specifically, the notch grinding tool 50 noves relatively to the wafer W
fromthe notch corner NR at the other side to the notch NO, and it returns
to the state where the chanfering of the notch NO started, that is, the
state shown in Fig. 5(c). The chanfering of the notc tch
corners NR is conpleted by repeating the above-nenti mogée‘ﬂpéggg
processes a required nunber of tinmes. Wen the chanfering of the notch NO
and the notch corners NRis conpleted8the wafer Wstops in the state where
the chanfering of the notch NO started, that is, the state shown in Fig.
5(c). Then, toestnadied aYVdevaiebed BbéW afax b@n&bﬂ@ptﬂmmﬁgr@émf&s hgeomes
farther away fromthe notch grinding tool 50, and the wafér Wreturns to
the initial wtaft¢rechdbikeringfappaviitus 1pi cked fromthe table 44, and the
machining is conpleted. As stated above, according to the wafer chanfering
net hod and 08 Nofedsseripidor wild bppgivenuofi the hoperatibodpfrethe, wafen t he
not ch NO of tge ¥vaf.er Wis chirbfered, .the wafer Wis fed so that the notch
grindi ng t oofhamienne ApRaialup el goeerding itovihen prasenhdnventian, which ist i s

possi ble to easily. chanfer the notch w th _high accuracy. en each of

t he notch coF?l‘éSr‘tE‘Yq{ﬁfli]&n{tﬁﬁb%ef'g’re“&f)flgg)w&r eg,mctehtge\kﬁ?féf c&?f‘&“ﬂ@% so

t hat the not t,ndi | ¢ PO LR ] : : tch
comer NR Thgg?gfawgldjé@gsoég@bﬁ_oea}o eéyq\e@¥@%g&rf ée{rqvfﬁghggbc%ﬁ%g?%éﬁs QR W th
hi gh accuracynd Maeegugsr. W twius_apﬁéﬁshplaedé@rgﬁwnr Wil et £kt bhgpwafer W
in asinple way. In this enbodinent, the circular part "C of the wafer Wis
chanf ered fi nsdthodrfdr chemfenneg nix erafBlOVEwith ke neienbatioor flat,sardRtlasnea
chanfered. The machining order, however, should not be restricted to this:
for exanpl e, desaripttarc wilibeagivenraf thetmethodrios chandering the vafanérwedhf i r st |
and then the ci rcﬁlﬂ_‘ar part C nay be chanfered. As set forth herei nabove,
accordi ng t othhBOtNesent invent i on, the novenent of the wafer is controlled

b tati th f .1 t.at i | [ d feedj t h f I
the' two. oes. whi ontardeSpuPRERaRil SRR Beoivebnal e SBelipd et O

per pendi cul a tLAGE bt A i nf er
Phe whol o porlEogRe s Wik, k qierkfRih faF iy FERREMEY FEET
not ch at the4g@rjm;;r\yhichqieg@ﬁbetﬁepfmgagrebe under st ood, however, that
there is no intention to limt the invention to the specific forns
di scl osed, but on Fhret,dhatwafey, W e s¢tnorrthe omafes dhamfering aphratus 10.
nodi fications, alternate constructions, and equivalents falling within the
spirit and s&pgsifigallyhdhe waler | Wnisapositioned sertl they waler dpblendédasdathes. 08
Novenber 2002 -16..,1. waf er chanf er.i nmet hod for chanfering a periphery
of a wafer whTRRT W4 Be 'Qrbﬁ?ea a%értgt,’le%%’?ﬂtbé’ﬁpﬁv%n flat part and
orientation flat c [e] i L 33: h a
Tanner as to 1ot at TANEED Wy SRStk el Bt (R SUPAAL OE Bosligid
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direction V‘hio‘hgtbhlér@aﬂﬁr@ieﬂﬁi Wwhfedltab1e @Q%nﬂﬂﬁghﬁ‘i orfenPRidnPhS! O Fhe

wheel is rotat y placed on the Y-axis, said wafer chanfering metho
conpri si ng tf@ﬁpﬂjeellmauél tc:ﬂaﬂ?mimgsefefﬁgcq(agyl aThizastatealill be refird toy
bringing the circular part into contact with said periphery grinding wheel,
whi ch i s rot asianginiGaldstbie, mdteae itheycenter ahthe wafer W is positioned on the Y-

axis and at a predetermined distance away from the axis of the periphery
grinding wheel 48.

On the other hand, in the grinding tool apparatus 14, the grinding
tool support 46 moves up or down so as to position the periphery grinding
wheel 48 at a predetermined machining position.

On completion of the above-mentioned initialization, the wafer

chamfering apparatus 10 starts chamfering the wafer W.



chanfering the orientation flat part of the wafer by bringing the
orientation flat part into contact with said periphery grindi ng wheel,
which is rotating, and by feeding the wafer in the X-axis direction; and
chanfering one of the orientation flat corner parts of the wafer by
bringing the one of the orientation flat corner parts into contact with
sai d periphery grinding wheel, which is rotating, an | he waf er
and feeding the wafer in the X-axis direction and tth£N8¥%@Bg*?g% ion so
that the one of the orientation flat gorner parts can always be in contact
wi th said periphery grinding wheel. 2. A wafer chanfering apparatus for
chanfering a periphery of ala?fer which has a circular part, an orientation

flat part and ori dnf$it fhenpeniphery grinding avhee]l 4Saisarofpieds ard shg wrafery W

AP axi'e i oked it AR Ginp QT 1 AR Herinbei, sl e B lahe o one
o d et er ¢ e (GO IHAE 40 ot RomiRa by GRdsBrhghe A nfecft uht cn
i's posi ti onegir@lat Pert'C d¥itke Maferd W AR kﬁ%y@%ﬁt%ﬂé%ﬂb?g%ﬁ%diﬂ%h&l

peri phery grinding wheel which is rotata grindi ng tool

support; a co8tamd therwadsr ON mokind eedi ng of said wafer table support in
the X-axis direction and the Y-axis direction, rotation of said wafer

tabl e, up-and- downAstshemnin &fig.séfad, whiendihegeitadar pappGrof tendvafet i on of
said per] phe;n%e?sr {hrzed;i)gr?pl\ll\g?feglr'inding wheel 48, the wafer W starts rotating about

the B-axis by a predetermined angle. Thereby, the circular part C of the

wafer W is chamfered by the rotating periphery grinding wheel 48.

As shown in Fig. 4(b), when the wafer W rotates by the
predetermined angle, a point of contact between the wafer W and the
periphery grinding wheel 48 reaches an orientation flat corner OR of the
wafer W. In this state, only the rotation of the wafer W cannot bring the
orientation flat corner OR into contact with the periphery grinding wheel
48. For this reason, the orientation flat corner OR is chamfered by
controlling movement of the wafer W as described below.

When the point of contact reaches the orientation flat corner OR of
the wafer W as represented with a broken line in Fig. 4(c), the wafer W is
rotated about the 6-axis and is fed in the X-axis direction and the Y-axis
direction. The wafer W moves so that the orientation flat corner OR can
always be in contact with the periphery grinding wheel 48. Thus, the
orientation flat corner OR of the wafer W is chamfered by the periphery
grinding wheel 48.

Then, the orientation flat OF of the wafer W, of which movement
is controlled as stated above, finally becomes parallel to the X-axis as
represented with a solid line in Fig. 4(c), and the chamfering of the

orientation flat corner OR is completed. In this state, the periphery



wherein said controller brings the circular part of the wafer into contact
' wWith said periphery grinding wheel, which is rotating, and rotates the
waf er, thereby chanfering the circular part; said controller brings the
orientation flat part of the wafer into contact with said periphery
grinding wheel, which is rotating, and feeds the wafer in the X-axis

direction, thereby chanfering the orientation flat p . '
controller brings one of the orientation flat cor nerq{?tawpgaﬁpgfﬁgo%vaf er

into contact with said periphery grinding wheel, which is rotating, and
rotates the wafer and feeds the wafer-li0n the X-axis direction and the
Y-axis direction so that the one of the orientation flat corner parts can

al ways be i n%ﬁﬁatr%cwiem faiinctoR@Adt RiTeR m@&ﬁ&%’gﬂexz\mm of igg Aarechant eri ng

the one of the orientation flat corner parts. waf er chantering nmet hod

for chanferi Then, merdriﬁmatjfomﬂaao\ﬂaiﬁ@hamféfelddimsé@u@n'try:ul ar part, a notch
part and notch corner parts, wherein the wafer is supported in such a
manner as to rot atAsSeWn indie. 4dRarthx-enémationglatoOdnie chamiered1By

direction ang a. Y-axis direction which are perpendicular tQ one another, a
peri phery grgf‘rﬁﬁlil%a%%‘é’@?efa dmat?‘ﬁc?g@’ﬂ%;dﬁﬁ%ﬁl% t Bt iy e watkrahl ;oyleaced on

D o B S DA ABe R Gr AL e Red OB i
0o, cont et kbl ik SR Berly. hElyiaiagonend
gﬁé cBypart | Bfa® OTOR! @fimfekd b g MApAPpiedty Pridiihp wHerpUg,. which is rotating,

The wafer W is fed in the X-axis direction until the point of
contact between the wafer W and the periphery grinding wheel 48 reaches
the other end of the orientation flat OF, or the other orientation flat corner
OR as shown in Fig. 4(e). When the point of contact reaches the
orientation corner OR, the orientation flat corner OR is chamfered
subsequently.

Specifically, when the point of contact reaches the orientation flat
corner OR of the wafer W as represented with a solid line in Fig. 4(f), the
wafer W is rotated about the 6-axis and is fed in the X-axis direction and
the Y-axis direction. The wafer W moves so that the orientation flat
corner OR can always be in contact with the periphery grinding wheel 48.
Thus, the orientation flat corner OR of the wafer W is chamfered by the
periphery grinding wheel 48.

Then, the center of the wafer W, of which movement is controlled
as stated above, is finally positioned on the Y-axis as represented with a
broken line in Fig. 4(f), and the chamfering of the orientation flat corner
OR is completed. In this state, the periphery grinding wheel 48 is in
contact with the circular part C of the wafer W. Thereafter, the wafer W

is rotated about the 6-axis to chamfer the circular part C subsequently, and

then, the wafer W returns to the state where the chamfering is started, that



feeding the wafer in the X-axis direction and the Y-axis direction so that
* the notch part can always be in contact with said notch grinding tool; and
chanfering one of the notch corner parts of the wafer by bringing the one
of the notch coner parts into contact with said notch grinding tool, which
is rotating, and by feeding the wafer in the X-axis direction and the

Y-axis direction so that the one of the notch corner ys be in
contact with said notch grinding tool. 4. A wafer chM%’?%rggg'b%gggt us for

chanfering a periphery of a wafer which has a circular part, a notch part
and notch corner parts, said wafer chdhfering apparatus conprising: a wafer
tabl e support which is capable of noving in an X-axis direction and a

anienis ot i 30¢ SEF RnBHR REER QAR (Phe SRrBREGAER ol ool o,

a grinding t @plnes ypier W%i&%@éteﬂ%y %ﬁmﬁgg@emvﬁzﬁféhﬁoﬁe& sefieg qpabl e of

novi ng up and down; a periphery grindi I's rotatably placed on
said grindi ngr@@@!;e§a,|p1maﬁty of @febNovenber 2002 -19 a notch grinding tool
which is rotatably placed on said grinding tool support; a controller which
control s feedi ng oWhsai theneliamfearity of thpppafer Wi is memplateids thie vexfer OM and
the Y-axis direction, rotatjon of said wafer table, up-and-down novenent of
sai d grindi n§tapson thasidetwhetstthe chianderisgistprgad, ithatelsy the sidtr Aiownadal , and

LS e T BB T T PR
inieh 1oL gk bes 0 OR LRl s SRR SRL 96 AR Sy hec
sai d notch g'W'}Qhﬂgs {t(ﬂgieYin‘méle*!aﬂe.s r’lqeaﬂi'hf&LWqQ?)i%lﬁegﬂﬁohpﬁ]ev‘@Bﬁrr thiet he

Xaxi s direction an -axis direction so tha otch part can al ways
be in cont acr44\,/\iah@t1$@hmcnmiﬁg igcbm@imgd,t ool , thereby chanfering the notch

part; and

As stated above, according to the wafer chamfering method and
apparatus in this embodiment, when the orientation flat OF of the wafer W
is chamfered, the wafer W is fed straight in parallel with the orientation
flat OF. Thus, it is possible to easily chamfer the orientation flat OF with
high straightness. When each of the orientation flat corners OR of the
wafer W is chamfered, the wafer W is moved so that the orientation flat
corner OR can always be in contact with the periphery grinding wheel 48.
Thus, it is possible to easily chamfer the orientation flat corners OR with
high accuracy. Moreover, it is possible to control movement of the wafer
W in a simple way.

In this embodiment, the whole periphery of the wafer W is
sequentially chamfered, but each part of the periphery of the wafer W may
be chamfered separately. Specifically, only the circular part C of the
wafer W may be chamfered first, then the orientation flat F may be
chamfered, and finally the orientation flat corners OR may be chamfered.

The machining order should not be restricted to the above-

mentioned order. For instance, the orientation flat OF may be chamfered

first, then the orientation flat corners OR may be chamfered, and finally



said controller brings one of tthe notch corner parts of the wafer into

- contact with said notch grinding tool, which is rotating, and feeds the
wafer in the X-axis direction and the Y-axis direction so that the one of
t he notch corner parts can always be in contact with said notch grinding
tool, thereby chanfering the one of the notch corner parts.
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on the B-axis of the wafer table 44, and that a notch NO thereof can be

positioned on the X-axis (see Fig. 5(2)). This state will be referred to as
an initial state, where the center of the wafer W is positioned on the Y-axis
and at a predetermined distance away from the axis of the periphery
grinding wheel 48.

On the other hand, in the grinding tool apparatus 14, the grinding
tool support 46 moves up or down so as to position the periphery grinding
wheel 48 at a predetermined machining position.

On completion of the above-mentioned initialization, the wafer
chamfering apparatus 10 starts chamfering the wafer W.

First, the periphery grinding wheel 48 is rotated, and the wafer W
is fed in the Y-axis direction to the periphery grinding wheel 48 at the
same time. When the wafer W moves by a predetermined distance, a
circular part C of the wafer W meets the rotating periphery grinding wheel
48, and the wafer W stops moving.

As shown in Fig. 5(a), when the circular part C of the wafer W
meets the periphery grinding wheel 48, the wafer W starts rotating.
Thereby, the circular part C of the wafer W is chamfered by the rotating
periphery grinding wheel 48 as shown in Fig. 5(b).



10 110% & ()- mo% & ()-!L mOoY%& ()-f ml0% & ()-fSF10% & ()-10% & ()-~_@ 10
- F10% u& ()-10% u& ()-Y10% u& ()- 10: 10: 10:+10% & ()-t! QLO%& ()-"} )dE~_@
10 710% u& ()- &5Z10% u& ()- 310% u& ()-fZ10% u& ()- ~10%u& ()- vy

10% u& ()- )grstbC 10 3109%& ()- f,nl0%& ()-4Gl0%& ()-F 10%& ()- 10-u 10-u
10-u910% u& () - <z<"?bC

08 November 2002
-13~

After the wafer W rotates a predetermined number of times, the
chamfering of the circular part C of the wafer W is completed. Then, the
wafer W stops rotating, and returns to the initial state. Thereafter, the
wafer chamfering apparatus 10 starts chamfering the notch NO of the
wafer W.

To chamfer the notch NO, the wafer W moves in the X-axis
direction by a predetermined distance from the initial state until it reaches
a predetermined machining position (see Fig. 5(c)). On the other hand,
in the grinding tool apparatus 14, the grinding tool support 46 moves
down by a predetermined distance so that the notch grinding tool 50 can
be positioned at a predetermined machining position. Then, the notch
grinding tool 50 is rotated, and the wafer W is fed in the Y-axis direction
at the same time. When the wafer W moves by a predetermined distance,
a notch corner NR of the wafer W meets the rotating notch grinding tool
50, and the wafer W stops moving.

As shown in Fig. 5(c), when the notch corner NR of the wafer W
meets the notch grinding tool 50, the wafer W is fed in the X-axis
direction and the Y-axis direction so that the notch corner NR can be
chamfered. In other words, the wafer W moves according to the shape of
the notch corner NR so that the notch corner NR can always be in contact
with the notch grinding tool 50. Thereby, the notch corner NR of the
wafer W is chamfered by the notch grinding tool 50.

After the notch cormmer NR is chamfered, the wafer W is
subsequently fed in the X-axis direction and the Y-axis direction so that
the notch NO can be chamfered. Specifically, as shown in Fig. 5(d), the
wafer W is fed so that the notch NO can always be in contact with the

notch grinding tool 50. In Fig. 5(d), the notch NO is V-shaped for
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the shape of the notch NO. Thereby, the notch NO of the wafer W is
chamfered by the notch grinding tool 50.

When a point of contact between the wafer W and the notch
grinding tool 50 reaches the other notch corner NR at the other side of the
notch NO, the notch corner NR is subsequently chamfered as shown in Fig.
5(e). Specifically, the wafer W is fed in the X-axis direction and the Y-
axis direction so that the notch corner NR can always be in contact with
the notch grinding tool 50. Thereby, the notch corner NR of the wafer W
is chamfered by the notch grinding tool 50.

After the notch corner NR at the other side is chamfered, the wafer
W stops moving. Then, the notch NO and the notch corners NR are
chamfered in the reverse direction in the same manner as described above.
Specifically, the notch grinding tool S0 moves relatively to the wafer W
from the notch corner NR at the other side to the notch NO, and it returns
to the state where the chamfering of the notch NO started, that is, the state
shown in Fig. 5(c).

The chamfering of the notch NO and the notch corners NR is
completed by repeating the above-mentioned series of processes a
required number of times.

When the chamfering of the notch NO and the notch corners NR is
completed, the wafer W stops in the state where the chamfering of the
notch NO started, that is, the state shown in Fig. 5(c). Then, the wafer W
moves in the Y-axis direction so that it becomes farther away from the
notch grinding tool 50, and the wafer W returns to the initial state. The
wafer W is picked from the table 44, and the machining is completed.

As stated above, according to the wafer chamfering method and
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apparatus in this embodiment, when the notch NO of the wafer W is
chamfered, the wafer W is fed so that the notch grinding tool 50 can
always be in contact with the notch NO. Thus, it is possible to easily
chamfer the notch NO with high accuracy. When each of the notch
corners NR of the wafer W is chamfered, the wafer W is fed so that the
notch grinding tool 50 can always be in contact with the notch corner NR.
Thus, it is possible to easily chamfer the notch corners NR with high
accuracy. Moreover, it is possible to control movement of the wafer W
in a simple way.

In this embodiment, the circular part C of the wafer W is
chamfered first, and then the notch NO and the notch corners NR are
chamfered. The machining order, however, should not be restricted to
this: for example, the notch NO and the notch corners NR may be
chamfered first, and then the circular part C may be chamfered.

As set forth hereinabove, according to the present invention, the
movement of the wafer is controlled by rotating the wafer on the rotational
axis and feeding the wafer along the two axes which are perpendicular to
the rotational axis and are perpendicular to one another. Thus, it is
possible to accurately chamfer the whole periphery of the wafer which has
the orientation flat or the notch at the periphery thereof.

It should be understood, however, that there is no intention to limit
the invention to the specific forms disclosed, but on the contrary, the
invention is to cover all modifications, alternate constructions and

equivalents falling within the spirit and scope of the invention as

expressed in the appended claims.
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1. A wafer chamfering method for chamfering a periphery of a wafer

which has a circular part, an orientation flat part and orientation flat corner
parts, wherein the wafer is supported in such a manner as to rotate and to
move in an X-axis direction and a Y-axis direction which are
perpendicular to one another, a periphery grinding wheel is rotatably
placed on the Y-axis, said wafer chamfering method comprising the steps
of:

chamfering the circular part of the wafer by bringing the circular
part into contact with said periphery grinding wheel, which is rotating, and
by rotating the wafer;

chamfering the orientation flat part of the wafer by bringing the
orientation flat part into contact with said periphery grinding wheel, which
is rotating, and by feeding the wafer in the X-axis direction; and

chamfering one of the orientation flat corner parts of the wafer by
bringing the one of the orientation flat corner parts into contact with said
periphery grinding wheel, which is rotating, and by rotating the wafer and
feeding the wafer in the X-axis direction and the Y-axis direction so that
the one of the orientation flat corner parts can always be in contact with

said periphery grinding wheel.

2. A wafer chamfering apparatus for chamfering a periphery of a
wafer which has a circular part, an orientation flat part and orientation flat
corner parts, said wafer chamfering apparatus comprising:

a wafer table support which is capable of moving in an X-axis

direction and a Y-axis direction which are perpendicular to one another;



—

10! LO10%& ()- 010% & ()- 8crc{ddf df WyXg} [ <17

- 10: &LONMLO% & () -t![%A0% ()-%0% & ()-!Cl0%}& ()-@0% & ()-@ |

109& () - gXgYgZgkgqgi ai i j K7 10: &LOMLY10% & ()- & 10% & () -
y10% & ()-1 " 10%]t] & ()-3s10% & ()- 10: 10:iijTjjj (I dEK?

10: ' MLO% & () -, 9B10% & ()- &$10% & ()- Y'Z10% & ()- 410% & ()-

10% & () -

(I hl 11/ mnynen{ ndYNC 10: 10t 10t 10t910% & ()- 97310(@@@- TM%P? () -
34Y10% & ()- f2ml0% & ()- {nmmmm) nHNdEYNC 10:  109%v& {3 ~o'% -

“y109%VE () - 410%VE () -3, 109V&' () - s10%vBI) - Hnnnn, ouoodEYNC 10:

a wafer table which is rotatably placed on said wafer table support

and holds the wafer;

a grinding tool support which is positioned on the Y-axis and is

capable of moving up and down;

a periphery grinding wheel which is rotatably placed on said
grinding tool support;

a controller which controls feeding of said wafer table support in
the X-axis direction and the Y-axis direction, rotation of said wafer table,
up-and-down movement of said grinding tool support, and rotation of said
periphery grinding wheel;

wherein said controller brings the circular part of the wafer into
contact with said periphery grinding wheel, which is rotating, and rotates
the wafer, thereby chamfering the circular part;

said controller brings the orientation flat part of the wafer into
contact with said periphery grinding wheel, which is rotating, and feeds
the wafer in the X-axis direction, thereby chamfering the orientation flat
part; and .

said controller brings one of the orientation flat corner parts of the
wafer into contact with said periphery grinding wheel, which is rotating,
and rotates the wafer and feeds the wafer in the X-axis direction and the
Y-axis direction so that the one of the orientation flat corner parts can
always be in contact with said periphery grinding wheel, thereby

chamfering the one of the orientation flat corner parts.

3. A wafer chamfering method for chamfering a periphery of a wafer
which has a circular part, a notch part and notch corner parts, wherein the

wafer is supported in such a manner as to rotate and to move in an X-axis
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direction and a Y-axis direction which are perpendicular to one another, a
periphery grinding wheel and a notch grinding tool are rotatably placed on
the Y-axis, said wafer chamfering method comprising the steps of:

chamfering the circular part of the wafer by bringing the circular
part into contact with said periphery grinding wheel, which is rotating, and
by rotating the wafer;

chamfering the notch part of the wafer by bringing the notch part
into contact with said notch grinding tool, which is rotating, and by
feeding the wafer in the X-axis direction and the Y-axis direction so that
the notch part can always be in contact with said notch grinding tool; and

chamfering one of the notch corner parts of the wafer by bringing
the one of the notch corner parts into contact with said notch grinding tool,
which is rotating, and by feeding the wafer in the X-axis direction and the
Y-axis direction so that the one of the notch corner parts can always be in

contact with said notch grinding tool.

4. A wafer chamfering apparatus for chamfering a periphery of a
wafer which has a circular part, a notch part and notch corner parts, said
wafer chamfering apparatus comprising:

a wafer table support which is capable of moving in an X-axis
direction and a Y-axis direction which are perpendicular to one another;

a wafer table which is rotatably placed on said wafer table support

and holds the wafer;

a grinding tool support which is positioned on the Y-axis and is

capable of moving up and down;

a periphery grinding wheel which is rotatably placed on said
grinding tool support;
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tool support;

a controller which controls feeding of said wafer table support in
the X-axis direction and the Y-axis direction, rotation of said wafer table,
up-and-down movement of said grinding tool support, rotation of said
periphery grinding wheel, and rotation of said notch grinding tool;

wherein said controller brings the circular part of the wafer into
contact with said periphery grinding wheel, which is rotating, and rotates
the wafer, thereby chamfering the circular part;

said controller brings the notch part of the wafer into contact with
said notch grinding tool, which is rotating, and feeds the wafer in the X-
axis direction and the Y-axis direction so that the notch part can always be
in contact with said notch grinding tool, thereby chamfering the notch
part; and

said controller brings one of the notch corner parts of the wafer
into contact with said notch grinding tool, which is rotating, and feeds the
wafer in the X-axis direction and the Y-axis direction so that the one of the
notch corner parts can always be in contact with said notch grinding tool,

thereby chamfering the one of the notch corner parts.




