DESCRI PTI ON Doubl e- Head Gi ndi ng Apparatus And \Waf er
Manuf acturi ng Method TECHN CAL FI ELD [ 0001] The
present invention relates to a double-disc grinding
apparatus for sinultaneously grinding both surfaces
of a sheet-like wafer such as a silicon wafer and a
nmet hod for producing a wafer. BACKGROUND ART [0002]

In the | atest device ®ESEGRIBYGIONsi |icon wafer having
a large dianmeter, for exanple, typified by a dianeter
of 300 mMmm a size of a surface wavi ness conponent

that is called nano-topography has been a ggroblen1in
r KRSl GrROdR% APERSEEsh Prds Wa figr Mlangfagturing Method
surface shape of a wafer and indicates a concave-

convex shape of a wavel ength conponent having a
wavel ength of 0.2 to 20 nmthat is shorter than Sori or

TEGMNT cand Hi@iger than surface roughness.. The nano-
t opegraphy is a very shal |l ow wavi ness conponent havi ng

[0Q01pv value of 0.1 gmto 0.2 gm It is said that this
nanorf OPRgEaRAY 3hhent3od Ybehdeal tan aSHoupItaldiow

Trench I'sol ation) process in a device nmanufacturing
grpndéegs appagiativst favelinud teageivsdd ofrindipgreth
- __tapography for the .silicon wafer.tq be Vi £
Su§ggggﬁagg ?oﬁ&eﬁ% ]vﬁktehwr?%reé: r%%ncu easdeasﬁsg]gflréu es ater
anfi0Q0R¢tAba mamoﬁ&@w@@ﬁ@@hh wareade in a step of
processing of the silicon wafer. It is easy to 1

deteriorate particularly in a processing nethod with

BARRG ?gﬁgrgﬁge pl ane such as wire saw slicing or
doubl e-di sc

[0002]
In the latest device adopting a silicon wafer

having a large diameter, for example, typified by a

diameter of 300 mm, a size of a surface waviness

component that is called nano-topography has been a

problem in recent years. The nano-topography is a kind
of a surface shape of a wafer and indicates a concave-
convex shape of a wavelength component having a

- wavelength of 0.2 to. 20 mm that is shorter than Sori or

Warp and longer than surface roughness:. The nano-

topography is a very shallow waviness component having a

PV value of 0.1 pm to 0.2 pm. It is said that this

nano-topography affects a yield of an STI (Shallow
Trench Isolation) process in a device manufacturing
process. A strict level is required of the nano-
topography for the silicon wafer to be a device
substrate together with more minute design rules.
[0003] '

The nano-topography is made in a step of

- processing of the silicon wafer. It is easy to



grinding, and it is inportant to inprove and to nmanage
a relative wire neandering in the wire saw slicing
and a Warp of the wafer in the doubl e-di sc grinding.

[ 0004] Here, a double-disc grinding nethod using a
conventi onal doubl e-disc grinding apparatus will be
explained. FIGS. 4 are schematic views show ng an

xanpl e_of nventi |, do ol rhoeh88 with
RIPLEEL pl-ERDNOAONa doUL S Sh50, 0Tkt wich no
reffd Nshog pappar atus 161 wianprdssess lai ciot@t abl dohbldedisc

102 for supporting . a sheet-like wafer 103 from an
IIGREFNT ¢i ddind Br éficdTOOFE Aot & TR GF %??eg?i%ﬁ?a €4
[ 5 t] € 1$U t} NG nesbes $ididqgf ahd a
r%ﬁ%ﬁﬁé@i%SEQtﬁgaﬁgggéﬁgiégl??§%1both si des of t%e
Wehgd def ahengafiar axi $hei Cestdlenr difs¢ o @t RSANGF t hout
contact by static pressure of a fluid, the static
[QQ%%%ure supporting nenbers which are |ocated at both

si degife t he palwiee-q192 F@iﬁ@@higvﬁﬂe)t,hoaﬂdlsairp@iaf of
grindstones 104 for sinultaneously grinding both

cawdnceenal dpebhared STOY T iNIFHr taRPWF L RUE hBLhol BEr
1g§i'Tn§ gri ndstones 104 are attached to a notor 111

Y A rotate at a hi gh speed. [0005] As shown in
FI G (@), 4 he-doddeendd2ci sipwevistieding tan eexample of

protrudi ng portion_105, and the protrudin ortion is
a Yﬁ%ﬁ%@@%ladﬁBP&ﬁ‘ﬁé§Fi@ﬁ?ﬂﬁ%n%nﬂﬁpiégﬁughotch

i ndi gal ing,.& Crystak. Ohigent aki aBudfhl e smferi edthgt he
li ke, formed on the wafer 103. Such doubl e-di sc
apgrdmading Bpparanpsises ehato e droldegr bBAIIAFt h

the protruding portion 105 of d 2ebeing
S%ﬂﬁﬁﬁﬁkpgvﬁt?Pgﬁg %6%€hw8%%fi&ﬁ£€g%n%$ %%e&ga er 103
ciire i st O5es, s2de along a radial direction, a pair of

static pressure supporting members 112 for supporting
the holder 102 from both sides of the holder along an
axis direction of rotation without contact by static
pressure of a fluid, the static pressure supporting
members which are located at both sides of the holder
102 respectively, and a pair of grindstones 104 for
simultaneously grinding both surfaces of the wafer 103
supported with the holder 102. The grindstones 104 are
attached to a motor 111 and can rotate at a high speed.
[0005]

As shown in FIG. 4(B), the holder 102 is provided
with a protruding portion 105, and the protruding
portion is engaged with a notch portion 106, such as a
notch indicating a crystal orientation of the wafer and
the like, formed on the wafer 103. Such double-disc
grinding apparatus 101 that the wafer is ground with the
protruding portion 105 of the holder 102 being engaged
with the notch portion 106 of the wafer 103 is disclosed,



for exanple, in Japanese Unexam ned Patent publication
(Kokai) No.10-328988. [0006] When both surfaces of the
waf er 103 are ground by wusing the doubl e-disc
grindi ng apparatus 101, first, an outer circunference
portion of the wafer 103 is supported by the hol der
102 with the notch 106 of the wafer 103 bei ng engaged

w th the protruding porti I 1102+ 1 bk
fQ%;ﬁ%?%éi%bt%% ?ﬁ%gngﬁg R& grg§&§gc§égéﬁga e by the
(HoXkaat) o of 0t beghgbder 102. [0007] A fluid is supplied

bet ween the hol der 102 and each static pressure

[sdlor ti ng menber 112 from each of the static
Pressiig %Qﬁdor dx{yg deobers. 112, Leeat edhata rHftbund by
S'%and T he ol de

si de er 102 is supported along an axis
udineadtieonoeibt dedi stayirandiyostaatpar pressif e, of Lrhe, an

fluid. In this way, the wafer 3 is su ed_by the
OGSt AP EmES R AR QP&FF@“nggﬁﬁF%‘g ‘%gffé%glﬁenbers

su;g}:zoft%&% tencanditibe hobh.swi aces mitdheloafer 183

ground by using the grindstones 104 caused to
wafetatle) 3 dte andi ghgspeddwaithh tihge Rteruding ppoELesuRRE>

of?éﬁ#&%%&%]\lelé 0]92%t Tg%‘e)c’grbet H%rt%dt § HRe 1 G406 103

and-one protrudi ng portion

cal0sgfatdheyhotHer rot@2ibar ofuppey tHolgpdhel @af er 103
with it being engaged wth the notch 106

[00&/decti vely, and therefore in the case of
double+qi §¢; grd ndi g {He MafgEeh03hes ndased berd and

above, Stress due to a rotation drive may concentrate
eaidh st ionep nos shr & 06uppd rithe gomegreot r ngrpdrefeh of

105. The wafer 103 is th t f
Ehj GATYE GTEC T HE of LR EOE L I S e b | BeP B

b&ﬂwf%ﬂaéﬂﬁtiﬁwlthe holder 102 is supported along an
axis direction of the rotation by static pressure of the
fluid. In this way, the wafer 103 is supported by the
holder 102 and the static pressure supporting members
112 to rotate, and the both surfaces-of the wafer 103

are ground by using the grindstones 104 caused to rotate

at a high speed with the motor 111.

DISCLOSURE OF INVENTION
[0008]

However, there is one notch 106 formed on the
wafer 103 and one protruding portion 105 of the holder
102 for supporting the wafer 103 with it being engaged
with the notch 106 respectively, and therefore in the
case of double-disc grinding the wafer 103 as described
above, stress due to a rotation drive may concentrate in
the one notch 106 and the one protruding portion 105.
The wafer 103 is thus easy to deform at the vicinity of

the notch 106. Double-disc grinding in this condition



3 results in generation of waviness of the wafer 103,
that 1is, the nano-topography, and thus breakage of
the wafer 103 in sonme cases. [0009] Wth regard to

t he breakage of the wafer, there is disclosed a

met hod for predicting cracking of the wafer in
Japanese Unexam ned Patent publication (Kokai) No.11-

183447.. Ho |t h ) i hena
< AR i YOV BPATBY SN IR G A543 e

i sesgent irplndreasss§raphi npaade thive mare-kapographye wafer
Moreover, in the case of using a softer protruding

10goritn gest ¢z hol der to prevent the deformation of

[O%%%}_mafer, a frequency of breakage of the protruding
portion increases due to lack of stiffness of the ‘
pr ot wighng egeard itan twre deteakagat PEntof wad et i fiifess 1S

caused by wear in_the case of deform,ng the
discHASEH 1y PROFRIDnLPh BreaéF FqﬂﬂQﬁaﬁﬁéb%i?%c%?%nw?ger
inf%@li)ajr{gs% GO0 @ch i M & hph Re n tgpurdstcens. o rEvemo kfiougho . 11~
e

e I's no occurrence of the breakage in the wafer
18grdund soviehiesr pa thowdle WhbkemsthogheaRafdiediL hothe

uni f.or m round for reasons_of . br | ng; thee
Crﬁfﬁﬁfﬁﬁfﬁ% ?tW%%e OEPoégpgﬁ%SPdtgﬁﬁg% drive. As a
e @S ila1 thelr €188 | 88SiRppbekl emes wahm d-Hatpod fashwaf er

cannot be a product, and a yield. is reduced. 0Q10] ;.
The MPpasener nviénthish %%%ea%EoHﬁFPQh@d%4$iﬁ§aé5§%rQQﬁpg

po%%gnggﬁphggggﬁ%?%gpl@HBpr@Q@n%t%H@Hdﬂﬁoﬂﬁhﬁibn of the

rovi de a Isc grinding apparatus and a nethod,
wafferr ,praodicd quee ac yad 61 brhakagen dfnphey @ tHer Wkpd portion

SR O SR R G SR B 0 Sl Ao
ootk i drhe Maiste f o FRdi 60 blfe thaf et iiftheys suppsedshngvear
in the case of deforming the protruding portion in a
wafer thickness direction to come into contact with the
grindstone. Even though there is no occurrence of the
breakage in the wafer ground at this point, the whole of
the wafer is not uniformly ground for reasons of
breaking the protruding portion to lose the rotation
drive. As a result, there arises a problem such that
this wafer cannot be a product, and a yield is reduced.
[0010]

The present invention was accomplished in view of
the above-explained problems, and its object is to
provide a double-disc grinding apparatus and a method
for producing a wafer that can improve the nano-
topography by suppressing concentration of rotation
drive stress in any one of the protruding portion and of
the notch formed on the wafer and by suppressing
deformation of the wafer to be produced at the vicinity

of the notch, and can achieve an improvement 1n a



deformation of the wafer to be produced at the
vicinity of the notch, and can achi eve an i nprovenent
in a 4 product yield and reduction in an apparatus
cost by reducing a breakage rate of the wafer and the
hol der, in the double-disc grinding. [00111 To
achieve this object, the present invention provides a

doubl e-di sc .grindi ng apparat. Y t..Least: 8
p?Qﬁéﬁ%bY%eignapghgﬁggcﬁgﬁ eHHf5§?§i %?ti%g a Y ‘
réd’\?@in?iéﬂeb\i\@éﬁégéa\tiam@ @ Mattoh Wafer n@ndathaghalder, in

crystal orientation froman outer circunference side
thet oheulalerdéb gl 9diln€éfidon, the hol der having a
[égfg{uding portion to be engaged with the

crystal -orientation-indicating notch; and a pair of

gri ndst engsi e shirsl bhnecus!| yhegmneHant bort Fe_utPAces

of the wafer supported by the holder,. wherein_th
PHRT He?si 3 PPBbided it e 1R 2 br ot 553?5‘8 st
1 P01 o S6pakabeky rfirnQ_]'I:stHb%)éH O & Lk AOE o pOB ibpp ricd nige a

engaged wth the crystal-orientation- indicatin% 1
st ch] i Badwalierbbelvisur faacest @i fpe WafeFahipg & crysta

si nul tapeously ground. by the pai e.gpLNdstenres
OR&ﬁW%ﬁTh%nmgfép B3 gﬁﬁﬁﬁt%iféﬁ&#?g%%%%dsgﬁ%hgﬁﬁe@:t

rd 8851 @DEepEOLAYithg p@lidean Heihyg emgagedruidihgaportion
waf er - support[n%'notch formed on, the wafer. Eggl%hﬁdj
tq Hhe eponerd WAER (the KRR+ Cht VT abYCR tR=EE

ngégﬁ; ong Rr gLt uding JRArld QN separ et ek ymhleamebesly
protruding portion to be engaged with the crystal -

goii@nt@tbonhi adir¢atdieny afottate armif ¢ heSBBPRTSGFT B¥ed 6T

D it BPBLEGA F Bt R Mo T & BHBor el Spdrotared o
ot hudhegapokeash ereaptataiudi hgomorhéonrbeirngiengaged
portion to be engaged with the crystal-orientation-
indicating notch, and the both surfaces of the wafer are
simultaneously ground by the pair of the grindstones
while the wafer is supported and rotated with the at
least one protruding portion being engaged with a wafer-

supporting notch formed on the wafer.

[0012]

In this manner, when the holder is provided with
at least one protruding portion separately from the
protruding portion to be engaged with the crystal-
orientation-indicating notch and the both surfaces of
the wafer are simultaneously ground by the pair of the
grindstones while the wafer is supported and rotated
with the at least one protruding portion being engaged
with a wafer-supporting notch formed on the wafer, the
rotation drive stress generated during grinding can be
dispersed to the crystal—orientation—indicating notch

and at least one wafer-supporting notch, and thereby the



with a wafer-supporting notch forned on the wafer, the
rotation drive stress generated during grinding can be
di spersed to the crystal -orientation-indicating notch
and at | east one wafer-supporting notch, and thereby
tree 5 nano-topography can be inproved by suppressing
the deformation of the wafer to be produced at the

vicinit of each notch, | .o ' oygaent

D0 1 SEreREe EITePE AR ERE F ctctTon f Bt R

deaRpakat UsSn COSt theanalfe rachi eedhydueddicangthhevicinity
breakage rate of the wafer and the hol der. [001

3] |
Oﬁiﬁ%fhxﬁﬁﬁc%;po%mt?@ﬁiéﬁoﬂheFQFI%&ﬂﬁo%ﬁﬁ9n5rb?rﬁﬁ?ng
prﬁa%ﬁéutggéf%t?a: dgd tae %%Ei&%ftti'd}g tihe. waf gppapretier ablsy

east a position that is circularly
casy metadici abedt bg centicdlngaxite diredleatel dete owi the
respect to a position of the protruding portion to be
vediffagett whih gﬂid€Fystal-orientation-indicating not ch.
(BG4 I'n this manner, when the position of the at
| east one protruding portion provided for supporting
t he Viaf érhis nedselesa apobehspnaopodig Gt thst sone
circularly symetric about | S0 h
DRy R P 0P BEP Tt e osl TatbnL of 1 nenC Rarer

p A ¥4t 10i POLLHEB ke heasengagetsWiidntthieat is
crystal -orientation-indicating notch, fhe %otgtiﬁnld
cigiduie k¥ e g HRREL Gt 88OHGT PnGGYi TRf iy tAnC T be hpfE e T

wfgﬁiféig%éy gésgeg§QQtH%nt%% %%@“ﬁ&dtruding portion to

orient on-indicating notch and the at |east one
bewafreragesdippbt bi henctmots tand t heredyipheindicating notch.

o@ -topography can be inproved by nore surely
! aﬁgressing the deformation of the wafer to be

prodyged nats thehed €] nisiynof heapbsnaticm ofl ntladldit i baast

the i nmprovenent in the product yield and .
one protruding portion provided for supporting the wafer
includes at least a position that is circularly
symmetric about a central axis of the holder, with
respect to the position of the protruding portion to be
engaged with the crystal-orientation-indicating notch,
the rotation drive stress generated during grinding can
be more efficiently dispersed to the crystal-
orientation-indicating notch and the at least one wafer-
supporting notch, and thereby the nano-topography can be
improved by more surely suppressing the deformation of
the wafer to be produced at the vicinity of each notch.
In addition, the improvement in the product yield and

the reduction in the apparatus cost can be achieved by

more surely reducing the breakage rate of the wafer and

the holder.

[0015]
In this case, the at least one protruding portion

provided for supporting the wafer is preferably engaged



the reduction in the apparatus cost can be achi eved by
nore surely reducing the breakage rate of the wafer
and the holder. [0015] In this case, the at |east one
protruding portion provided for supporting the wafer
is preferably engaged 6 with the wafer-supporting
notch having a depth of 0.5 nm or less forned on the

wafer. [0016] In this, . when_.th |
o tHARIG S FOTRIRNF bi 801 BEG cPort oSugors | g Ehel bapaf ™

or S &gaged . MEh the waker-supporting notch having a
depth of 0.5 mm or less forned on the wafer, the

[owafedr can be supported with it being engaged with the

waf er - supporting notc hayvi ng f. s :

degr &8 fﬁéﬂs_ e ’bewqé%%i 2% ?grrg\glggtgb?/mcehgnf ei%lun%lng
poR QGRS M ide@ SobseappeBtshep.the GGl r Fus t legaped,

‘the present invention provides a nethod for produ igg
widhwafher WRf s mtRRAEDUBPY NGECAINFY 1 bt %%W‘gc%g @f mm

the wafer_ by.a ir o i nd n i S .
Orsﬁeeests- ¢ rer‘f%%f%r?a%%\e/i iﬁ‘é‘g%&ﬁo?c% f%%rfélﬁiqn%ﬁa}%’?ﬁgﬁgbegt@d
wi€hy Stealoeird eréreg 4 9adf worhamheutverf e i guwund ef éngenstdé

along a radi al di ti b I.ng-_ S. d .
napong 5 J ol g rectl on .8 T [t shaped Nl det o
re&%%%%mbvﬂdﬁgﬁfgffﬁq'ngeéggﬁ%gnQRp@Jﬁﬁbsé@m@htngtébe

fer, the method conprising the steps of: providing
[00A& ]hol der with a protruding portion separately from

the protrudin ortion to be e .\ ,
crys?HFE%FF@ﬁg"io 'S d%%%??%ggﬁgggﬁlgﬁ%%Hfgﬁﬁ#ﬁaE%t
nek@@st fne pvadelc Bakppar ang rnotychs iom ttwenaemiely grinding

bo%%?%ﬁ?gggggré¥négf $g¥§ga£&02i%gfgié¥%é£§%gg£gggs
while supporting a sheet-like wafer having a notch for
indicating a crystal orientation from an outer
circumference side along a radial direction by a ring-
shaped holder having a protruding portion to be engaged
with the crystal-orientation-indicating notch and
rotating the wafer, the method comprising the steps of:
providing the holder with a protruding portion

separately from the protruding portion to be engaged

with the crystal-orientation-indicating notch and

forming at least one wafer-supporting notch on the wafer
separately from the crystal-orientation-indicating notch,
the at least one wafer-supporting notch being engaged
with the provided protruding portion to support the
wafer; simultaneously grinding the both surfaces of the
wafer by the pair of the grindstone while supporting the
wafer from an outer circumference side and rotating the
wafer with the wafer-supporting notch and the crystal-

orientation-indicating notch formed on the wafer being

engaged with the protruding portions of the holder



the at least one wafer-supporting notch being engaged
with the provided protruding portion to support the
waf er; simultaneously grinding the both surfaces of
the wafer by the pair of the grindstone while
supporting the wafer froman outer circunference side
and rotating the wafer with the wafer-supporting

notch .and the crystal - orientation-indj '
repBFied e ] r Bef NG anga5ad o (15 e ot Ll 7o
calar hicens ;0fr dk¥e; h0d detie 7wh €8 pestipyelryt.irepatoipriotivwidi ng
portion corresponding to each notch; renoving the
Chwaﬁ@mﬁﬂﬂnﬂﬁquﬁF¥ﬁﬂch by chanfering processing.
[0@3238] In this manner, when the nmethod conprises the

s of: providing the holder with a protruding
portianthsepanabelry, fwem tttee pnethadi ngmparitsiesn the be

engaged ith th tal-ori c o {
StaRd or AR LN GASS oReL (A F eb Sip oAty IR Gat Eron
se%??a\%fl%/r £3qPandd el Yof FOA hBeportion to be engaged

ystal -orientation-indicating notch, the at |east
wiohetw§fSmyﬂnnﬂﬂdii@ptmﬂthnbéhd@C@ﬁdé@E@Oﬁﬂﬁrﬁﬁ%e
provi ded protruding portion to s t fer.
Lo ﬁﬁegl?ﬁilt g‘%f?%dﬁéefhéuBBf)ﬁ%gﬁ% glcoeé;&ofaq?htgﬁe water
se}%fr%fteh%, thepai Ke Of riy Be agriondsirane: Wi + endiippoihgngotch,
he wafer froman outer circunference side and
theotgét iLe@ Sttheo nanarf ke i $ WP AL haPe PodEhp Sty HuTeded
;@nd the Gryst ' honsbndiieat icng £ ofmed
ngn F%e waf er é%ﬂ%fégﬁ%ggeg aF?hlthetprgggﬁgghg
wapetti erimudfc dree twl Wegr in@spgctheebpthesotr fret s udf nghe
portion corresponding to _each _notch; .remuyj
wahgfePYs oﬁﬁpﬁbcﬁ%t © by~ B Sﬁ?@?iﬁ%”ﬂfBégl |n%?§?%ethe

wakQt-ati-on G Whisd¥ essrcaenerahed dukengrgt imdiagicanthe
be dispersed to the crystal-orientation-i dicating
wafietrcWidhd tate |wedgr vfigeporting notch and the crystal-

orientation-indicating notch formed on the wafer being
engaged with the protruding portions of the holder
respectively, each protruding portion corresponding to
each notch; removing the wafer-supporting notch by
chamfering processing, the rotation drive stress
generated during grinding can be dispersed to the
crystal-orientation-indicating notch and at least one
wafer-supporting notch, and thereby the wafer can be
produced which has the nano-topography improved by
suppressing the deformation of the wafer at the vicinity
of each notch and has only necessary notches. In

" addition, the improvement in the product yield and the
reduction in the apparatus cost can be achieved by

reducing the breakage rate of the wafer to be produced

and the holder.

[0019]
In this case, a position of the at least one



waf er - supporting notch, and thereby the wafer can be
produced whi ch has the nano-topography inproved by
suppressing the defornmation of the wafer at the
vicinity of each notch and has only necessary
notches. In addition, the inprovement in the product
yield and the reduction in the apparatus cost can be

achi eved by . reducjn he br.eaka r
vl ted B SN0, EREDieBtag s sle df dheedeliry
inPasiddonof1de at beastienethd twafsercisupdarting notch
formed on the wafer preferably includes at |east a

sypositiiion amtt is eeRendar pFisspdmdtys @adifout i cent ral

axi s of_ the wafer i &4 104
reé??%?éﬁ$bﬁ«ﬁﬁ%ﬁ?%%¥n%?dF%gf?28%3%96%#¥§§§§ﬁg?fgtLrg

int@areinghestdthe position of the at |east one
waf er - supporting notch forned on the wafer includes

[0820least a position that is circularly symetric about
a central axi$Qfr R RiELe %b&ﬁtﬁ@ﬁpéﬁtth% tde least
a

posi tion “of the crystal-orientation-indicating notch,
onkherafatratduppairt veg stoesk femaest e did mp iy nRayudes

can be nore efficient]y.dispersed t.Q t .
atc%ﬁﬁ%ﬂ-%wﬁ%ﬁﬂ%&?%nth? d?éaf&ﬁﬁuﬁgfgﬁisg%%?ﬁf%ﬁ R%sF @
ceBRE MRfBI-SUPPOItd NGa £ 88 CRitand elseycabytd hehe position

nano-t opography of the wafer to be produced can be

ofmii:ch@ W@ah:@m@abyomiédwﬁéwg Spessigy the

ef Qrmatjon o e Vi.cini . Of :
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moYikeled fang drhel y etfiispé oned nt bhehapparyasttss! wusten tal oo
achi eved by nore surel t he br%%¥ﬂ¥%p§5§@19£

ingeatdrer 9 Be Bt (et e EnieeRe Roradr

notch, and thereby the nano-topography of the wafer to
be produced can be more surely improved by more surely
suppressing the deformation of the wafer at the vicinity
of each notch. In addition, the improvement in the
product yield and the reduction in the apparatus cost
can be achieved by more surely reducing the breakage
rate of the wafer to be produced and the holder.

[0021]

In this case, a depth of the at least one wafer-
supporting notch formed on the wafer is preferably 0.5
mm or less.

In this manner, when the depth of the at least one
wafer-supporting notch formed on the wafer is 0.5 mm or
less, the wafer-supporting notch can be easily removéd
by chamfering processing in a subsequent step.

[0022]

In the double-disc grinding apparatus according to

the present invention, the holder is provided with the

protruding portion; at least one wafer-supporting notch



[0021] In this case, a depth of the at |east one

waf er- supporting notch forned on the wafer is
preferably 0.5 mmor less. In this manner, when the
depth of the at |east one wafer-supporting notch
formed on the wafer is 0.5 mmor Iless, the

waf er - supporting notch can be easily renoved by

_ chanfering processing in a b t step. [0
i ¢ Re i HISe AT AGP SR PLPLT S SACb P i Lar the

or%%sc%”cgiér{‘—vﬁmi@é‘tiﬁ&en!?@!;féi?r the Rrovidad wid wdter-
protruding portion; at |east one wafer-supporting
sup@loatt i ry it neeing ¢heauater isdpdre 5P ¥R t he

crystal - orientation-indi [
Pr&ﬁé“ﬂ%ﬂ%-p%ﬁﬁﬁﬁﬁt?ﬂgéﬂ8%§%%ngﬁggéﬁggﬁégiﬁﬁgéfﬁzt

suleQvded, £ pd rpdEog peet Eorulle asiteparlty thwwed evy the
both surfaces of the wafer are sinultaneousl roupd

pab_\;f torfeftr;muqrde@n@qsi W& & 6n &8 PRIt ) Pt t‘%’l%gef hetom
waf er from an_.outer cj e I.de, angs r kN

an I‘?él%\ﬁd:f ecr“@/ﬁlfni]\fef %C%a%%g-gg%ggo:}%ﬁ%ﬂlno ch anvg;;?éhte gieh

t her et -5 s 2t i 9§ - nbddh cahibing hrotaoty §tor Irewl bentaelon-

~wafer being engaged with the praotruding portions.of.
indheatdinger ttedpeke FRE YO ehBR rft&frﬂ%‘il?fb codgRd with
th%o%&%%%ﬁgy .ﬁ&k@f&ﬁﬁnggcBheaﬂ@ldéﬁﬁﬁéﬁﬁéﬁti&@By, each
waf"er - supporiing notch i's removed by chanfering
prpreCeNsiNEdt Bowhaot eespgnpiogdess ¢fadh g pdRdi on

of the wafer. The_rotation_drive r eSS d
th&&ﬁ%ﬂ}%ﬁdrﬁnﬁmf%%%rﬁgu?ﬁgFeﬁgﬁer%%ﬁ%%??% %?%ge%y

chbh@ cGrivsf 8l r id 8184 | oR- hndheatfieng-mptato ek the aatedge
| east one wafer-supporting notch and hetween the

popitdnudifng forid 675 entiyet® Wit hoPhese ot s’

ge%%%%%%ﬁ\5ﬂQEH@ngrfﬁgfﬁgycéheb@aEﬁ%ﬂéﬂbﬂ&Edﬂéﬁ%@@éd

between the crystal orientation-indicating-notch and the
at least one wafer-supporting notch and between the
protruding portions engaged with these notches
respectively, and thereby the wafer can be produced
which has the nano-topography improved by suppressing
the deformation of the wafer at the vicinity of each
notch and has only necessary notches, without the
breakage of the protruding portions. In addition, the
improvement in the product yield and the reduction in
the apparatus cost can be achieved by reducing the

breakage rate of the wafer and the holder.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIGS. 1 are schematic views showing an example of
the double-disc grinding apparatus according to the

present invention, in which (A) is a schematic view of

the double-disc grinding apparatus, and (B) is a
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whi ch has the nano-topography inproved by suppressing

the deformation of the wafer at the vicinity of each

not ch and has only necessary notches, w thout the

breakage of the protruding portions. In addition, the
i nprovenent in the product yield and the reduction in

Lhe ﬁpparatus c?sthcan be achi eved by reducing the
reakage rate of the wafer and the hol der. BRI EF

s cbESerl P e o THENDRAW NES 7 [0023] FIGS. 1 are

SCheg%‘C' C yvisews, showh Ngn 2hc eyagpke ehowliey dowWdretidi Sen

grinding apparatus according to the present
wheneenttiomnolde nhd Ehtha) dbsbd esclietatd ol K4 Edg oR PPRRRL US

doubl e-di sc grindi ng appara and a 10
2 CEATEtd b @lgﬂﬁoPr?ggnﬁoﬂ8¥Fd%ﬁ %é%% %n expl anat ory
Vi ewpglowing a £ondidhopic Wiees thewhealgdem Olfngchte having
doubl e-di sc grinding apparatus  according to th
thmwnﬁyﬂtakw@nte@hatéparé§dlﬂaslqy|%9%F%C%%ﬁﬁ??% WEEGE
< shomnn an |n$ ot having the
URRAS A 2 SrT@ht At i on-i ndi cating notch and the waf er -
Supp@ﬁtmng@“3ﬁ31s&ﬂéﬁhtﬂcaVEessheﬁawﬁmgﬂanmﬁ&ﬂmwﬁmgof
an exanpl e of a conventional dquble-disc_ grindi

o SSEEreTAEonTh AARERS- APC] § T "ECREhEHTRA b7 BUF of Lfhan T
go%gl (%éﬁéﬁgff? O%ewae@aE@%u%odﬁlé(&QséSgﬁlndlng

chematic view o hol der and FIG 5 is a graph
apghowi thgs § esud t $B bf 1 Exanpkbeawnd i cCotigar 2 § veh Exapper

BEST MCDE FOR CARRYI NG QUT THE | NVENTI ON [ 0024]
andgerej nafter, an enbodi ment of the present invention

wi || phe explial nedyrdpweyeswihg peesants of Example and

Comparative Example.

BEST MODE FOR CARRYING OUT THE INVENTION
[0024]

Hereinafter, an embodiment of the present
invention will be explained. However the present
invention is not restricted thereto.

Conventionally, in double-disc grinding of both
surfaces of a wafer by using a double-disc grinding
apparatus, in the case of grinding the wafer under a
condition where a protruding portion of a holder is
engaged with a notch of the wafer at a single site and
an outer circumference portion of the wafer is supported
by the holder, there has been problems that since stress
due to a rotation drive concentrates in the one notch
and the one protruding portion, the wafer is easy to
deform at the vicinity of the notch, waviness of the
wafer, i.e., the nano-topography is generated, and thus

the wafer and the protruding portion are broken.

[0025]
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invention is not restricted thereto. Conventional | y,

i n doubl e-disc grinding of both surfaces of a wafer

by using a double-disc grinding apparatus, in the

case of grinding the wafer under a condition where a

protruding portion of a holder is engaged with a

nptchngf the wafer at a single site and an outer

circunference portion of the wafer .is s orted

the Hol derev Herehas BﬁsnpﬁﬁéﬁﬁgmgWﬁ%ﬁgéﬁrﬁ? %ﬁ%%g%y
k@éﬁ}% O-GnfQLALHOB ki e GNGRItvatEse | Abdhe-avecnobel

an he one protruding portion, the wafer is easy to
prieflozms at Ahea viesnlty ohet peesench, inisA s CorCeheed

fer, i.e., the nano-t ' r , sand
Tj%%b§Wh?%eaﬂa?%Fe§n§lfﬁéggg%%$8%¥ﬁ3§ﬁ%%?ﬁgﬁkggelgroken.
JO925) ed 1§ Nt Mk eWodletd)i &hd heotpresentdf hvensoress
repeatedly keenly conducted studies to, solve,t

apxboled deg ckhbedo LRSS &rfs .tk vaafree%ﬂlﬁl‘il%e%%@ggﬁig can
| nve [ n : i
o4 METRSE 060, YRS ashTR, PO R i b pumb e cnge e

. . the rotation
halrdese sitlessheappkictest @ ft henotahes of & heluwafléty of

during grinding can b i spersed by e [ the . .
S15E8t FERSidL SngoﬁgdoFﬁﬁge%%ﬁbWHgF‘ %%g$%ggﬁ%t%§%§n%Fy

oft hesvaf oo at grPkHEakiatre OTcarsidesc nespeget swpbyesand,
that the waviness at the vicinity of each notch of

artché pai@rt coine bprehensbyi naigriessdd? CANRIL BF 50BNt t he

nt invention to conpletion. (0026] FIGS. 1 are
“ﬁ%ﬁiﬁatic vi ews showi ng an exanple of the double-disc

gri ndingg .appaied uschesat liengitast lséowimes et example of
i nvention. As shown in FIG 1(A), the double-dis
t%ﬁi@RH?%F‘%p%%r%F&Qdinﬁaﬁﬂgfﬁﬁﬁﬂﬁi%ﬁﬁ?? %n%ogaeghﬁ
preSUPAAY LA PTon .
As shown in FIG. 1(A), the double-disc grinding

S

apparatus 1 mainly comprises the holder 2 for supporting
the wafer 3 and a pair of the grindstones 4 for
simultaneously grinding both surfaces of the wafer 3.
[0027]

First, the holder 2 will be here explained.

FIG. 1(B) shows a schematic view of an example of
the holder 2 that can be used in the double-disc
grinding apparatus according to the present invention.
As shown in FIG. 1(B), the holder 2 mainly includes a
ring portion 8 in a ring shape, a supporting portion 9
that comes into contact with the wafer 3 and supports
the wafer 3 from the outer circumference side along a
radial direction of the wafer, and an internal gear 7

that is used for rotating the holder 2.
[0028]

As shown in FIG. 2, a drive gear 10 connected to a

motor 13 for the holder is provided to rotate the holder

12



the wafer 3 and a pair of the grindstones 4 for

si mul taneously grinding both surfaces of the wafer 3.
[0027] First, the holder 2 will be here expl ai ned.

FIG 1(B) shows a schematic view of an exanple of the
hol der 2 that can be used in the double-disc grinding
apparatus according to the present invention. As

shown in FIG 1(B),.the holder 2 nmainly includes .a
2.ri hgepOriivén 983m & rihgeLraped ‘é{ggbpy%lret i B e
7 .that ccapes o Gontwet - s heihenwaligh 3 hand nswpperlt s

the wafer 3 fromthe outer circunference side along a
gepadi7alb ydinagetti iorg o he hérheitegeaznd Oarvitdt diimainqfedr 73 -

that is_used for at th 0 1,00

showh®i ﬁHEi”& 2 E;ﬁdril\/gg)géa?wgoﬁgggﬁégtlé% %g]rg%rrrlgt or
thd8 bt tiheidw! tesmi sn peoyeded ritd onotodt etdesumpatering 2

2. The drive gear 10 is engaged with the internal gear
POTLiPHe AWRATD tah besiBEatéd LRIB\RGh t RS el hdSe

YA i | he.driue I j t ; Hrto be

o S T & T rE)  Ra oy ot r i e ort ons. 5
enyhak dprdttrudes: fnomckanéedgedportiioy ef darwstupporti ng

portion 9 toward its_inside forned. .One .of these

orpeatakdiony Port1onsd 5T s ?ﬂgaég& PidiSTg ‘Portt%n 5a to

prBe rueNeRYed M itdh thie POt BaAghBACAtitIg theiksidt 6b
orientation of the wafer, and the other is the
fopmetr dding yrrad o Gbthe wafergagBiGwi tHBY hé R¥scf6b
forned for .su rting.th e F P& bn 5b
ex%ﬁ?ﬁ%l é)fgfthtehgpqglo(%éd%rlglln%h [ %hggﬁebao(;étﬁ(ru?din% porti 0?1
tobbe kOgbheecengagad thé hwa herwafippostippar iatgdilehi 6b
is forned, but two or nore grotrudir}%.porti%ns 5b .may
fopmeds oPptg two or more protr ding portions may be
formed.

[0029]

The éoncentration of stress in one notch can be
prevented by engaging the protruding portions 5 with the
notches 6 at a plurality of sites respectively, as
described above, and by dispersing the rotation drive
stress generated in the notches 6 during double-disc
grinding, and the deformation at the vicinity of each
notch can be thereby suppressed.

In this manner, the double-disc grinding apparatus
1 according to the present invention can transmit the
rotation drive of the holder 2 to the wafer 3 while the
wafer 3 is supported with the notches 6 of the wafer 3
being engaged with the protruding portions 5 of the
holder 2 at a plurality of sites respectively.

[0030]
Here, a material of the holder 2 is not restricted

in particular. For example, the ring portion 8 can be

made of alumina ceramics. When the material is alumina
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[0029] The concentration of stress in one notch can be
prevent ed by engagi ng the protruding portions 5 with
the notches 6 at a plurality of sites respectively,
as described above, and by dispersing the rotation
drive stress generated in the notches 6 during

doubl e-disc grinding, and the deformation at the

vicinity of each,  notch can be .there d.
ceFRS Gt Aol HDUbE 8- GPSE” grimaiha Hoparat fec 12 LY

exg%@{ UG AP SHecPEESRBL bRveRhiarBAaAN & réasmé the
otation drive of the holder 2 to the wafer 3 while

prolesseaf et SHrigh spppoitednwi th t he notches 6 of the

wafer 3 being engaged with th rotrydi tions 5
of tﬁ@reﬁgﬁ§érﬁ%zﬂéng#%?al?tgagFgéF?eéﬁgéggéctiveIy.

sub%%%@id@eg%;@mt ercah ek theimgl dard 2 isatetial of the
_restricte in particular. For exanple, the rin
inpermiadn wamn’ bndnhle erigeusiedd det &P Wien- t he

material,_,is j . r.am ¢ kabi Lit V.i ’
HOWFW%?WE%%Fté%%%%ﬁﬁaﬁ%&éﬁgég&géﬁd??%gggﬁ%gggg%ﬁg?%gﬁgto'
[obkaneby it can be processed at hi gh precision.

Mor eover, for exanpl a material of, the SUDBQE%E%%lar

por Th6n 99 184 e seh?rﬁngoé Rt e tHe

E’ohgteg(ra 1deahd @hdnfbeodeksve gean sl cadnibe ®UBing an
wever, the present invention is not restricted
avehernet abrd0034d]gdhen gdindstemes 4 dane noin resteseded

in particular.. or _ex I he .gri nd 4
Furs566 rsi el%ﬁﬁqé%%ﬁnegcgrgge%agﬁggi3%§%$2$§C%i§%e?ggoo
toOf 84 0m Gam be usesb uFwdtheln thesgriamsdst dies grigfdstone
fine size such as #6000 to #80Q0 can be al so used. In
coppPs efa s qqﬁ?%ﬁ@nﬁ%?@ﬁéve grains having an average

abrasive grain diameter of 1 um or less and a vitrified
bond material is taken as an example. It is to be noted
that the grindstones 4 are connected to a motor 11 for
the grindstone respectively so that the grindstones 4
can rotate at a high speed.

[0032]
With the above-described double-disc grinding

apparatus 1, the protruding portions 5a and 5b of the
holder 2 are engaged with the crystal-orientation-
indicating notch 6a and the wafer-supporting notch 6b of
the wafer 3 to support the wafer 3, the drive gear 10 1is
rotated with the motor 13, and while the wafer 3 is
rotated by transmitting the rotation to the holder 2
through the internal gear 7, both surfaces of the wafer
3 are simultaneously ground by the pair of the
grindstones 4. The rotation drive stress generated
during grinding can be therefore dispersed between the
crystal-orientation-indicating notch 6a and at least one

wafer-supporting notch 6b and between the protruding
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conposed of diamond abrasive grains having an average
abrasive grain dianmeter of 1 mor less and a vitrified
bond material is taken as an exanple. It is to be
noted that the grindstones 4 are connected to a notor
11 for the grindstone respectively so that the
grindstones 4 can rotate at a high speed. [0032] Wth

t he above-descrbed doubl e-di i ndi
P Bt St ng. por PGSR i S e thetohBPaer o are

rhgaged M §h Lhe chystal, etieeniaid-aropbgdapayi ngnnbech
‘ 6a and the wafer-supporting notch 6b of the wafer 3
J_Ht{:pf(ﬁ{mﬁdpy shepwnaberng, tiise d@ficznaeben 105 §her Yedfdd 3
wi.ith the nmotor 13, and.whil. '

L2 _rpath%?r‘i”f (ign%%t 8% g’tl\gtlin&%ﬁ gje% \I?;gﬁ%l lggFég &?tﬁfﬁggghthe
bgégk%%gewﬂat?gepfo¥rgﬂgh@ %unﬂHQHSSo$.thbnmad@iti3nar§he
_ sinultaneously groun y the pair of the r.indstaon
lm@roﬁﬁﬂﬁQﬁa%ﬂohgarP@@d§FFe§§%ﬁ9mﬁ%éeﬁhed5g9H§ Ton'Th

erdl I Adlng, €0 Desthetsl e LdhsRajeed, peruaanihie che
crystal-orrentation-indicating notch 6a and at | east
bresagal est suppothengarfetcld smcarthdepnebnugdhag portions
. protruding 14 portions 5a and 5b engaged with these
‘notches respectively, and thereby the nano-topography
[ 0GRS be inproved by suppressing the deformation of the
wafer 3 to be produced at the vicinity of each notch
Wi t hdot thie drsakageposithenprsersdity pdf t1oRst 597 fn

additi.on, the, .inpeqv t i r t +Yke d
pﬁ#ﬁf%ﬁiﬂ%t %ﬁt%%n Fﬁe%ggggrgtﬁéggﬁgt&ggﬁ Egbagﬁfgged
suppdreducy ngot be 6br eakage viiatesl gfr¢ frerslal gr i8candeshat

rotrudi i -
14%§§[$d%£%h€$églgg§§t?ﬁe gg%s |£1§rg§m§g%%icaabout a

central axis of the holder 2, with respect to the
position of the protruding portion 5a to be engaged with
the crystal-orientation-indicating notch 6a. Here, the
position that is circularly symmetric about a central
axis of the holder 2, with respect to the position of
the protruding portion 5a to be engaged with the
crystal-orientation-indicating notch 6a means that a
central angle between the position of the protruding
portion 5a and the position of the protruding portion 5b
is 180°.

[0034]

In this manner, when the position of the at least
one protruding portion 5b provided for supporting the
wafer includes at least the position that is circularly
symmetric about a central axis of the holder 2, with
respect to the position of the protruding portion 5a to
be engaged with the crystal—orientation—indicating notch
6a, the rotation drive stress applied to the notches 6

of the wafer 3 and the protruding portions 5 during
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protruding portion 5b to be engaged with the wafer-
supporting notch 6b is provided preferably includes at
| east a position that is circularly symretric about a
central axis of the holder 2, with respect to the
position of the protruding portion 5a to be engaged
wWth the crystal-orientation-indicating notch 6a.

Here, the position t . 1.8 GIqr KC
T REEHRY AT BT S Br ot e TS GA 3 i Th T Sepbct fo T heeDY
t HROSI4h &Pt O ogt BEhPr ebhudiend mpardvean ba horbesengaged
with the cr stal-orienpation-indicating go%ch 6a
pos

supraresshay Bhecdnfparadigine Hettie '3 he Pi Bf of

th [ ot rudj s it
o 05, LT 448D, BES o5, 32 ane g o kot b,

t e heveashti on ahet peraatudteasite ldmengr bheudedgction

~portion 5b provided for sypporting th waf er i
irgttheadkPRhet pBsFPrsn C@Warub% sacmegﬁ%fw m%§ﬁn§9??§(}es’
re tn@:@ﬁgtﬁﬁéaﬁébé Hfahe halidery2fe i hd kaspect to
the position of the protruding portion 5a to be

prefgageédngv pbrtheneryst al -ori entati on-indi cating notch

[(P%§ the rotation drive stress applied to the notches 6
6*_%%@ wafer 3 and the protruding portions 5 during 15
gri ndimng rcan hesdprenef hkcilenklty odies percsed;d amgl portion
thereby the nano-topography can be ipproved b or e

Sbs et yi ded ppp EsEHRE O e 'de G of tBEegéFéP Jto

en%%lcﬁe%ﬁ gﬂ%ﬁgﬁﬁé B8 VG gk 1Ofn LAt A9 68- hbBing a

e inprovenent in the product yield and
deidth refluct$ onm bn f ke sagparmdiredste canf®e dehi eved
“ﬁ%%nnre surely reducing the breakage rate of the

% and the protrudi ng portions. [0035]
All the notches except for a notch required for a

subsequent step need to be removed in the wafer 3 after
double-disc grinding. That is, all the wafer-supporting
notches 6b need to be removed while the crystal-
orientation-indicating notch 6a is left. Accordingly,
when the depth of the wafer-supporting notch 6b is 0.5
mm or less, the wafer-supporting notches 6b can be
removed together at the time of performing chamfering
processing on an edge portion of the wafer in a
subsequent step. In this case, the protruding portion
5b of the holder 2 in the double-disc grinding apparatus
1 according to the present invention 1is engaged with the
wafer—-supporting notch 6b having a depth of 0.5 mm or
less formed on the wafer 3.

Moreover, a depth of the crystal-orientation-
indicating notch 6a can be deeper than that of the
wafer—-supporting notch 6b and can be a depth of such a

degree that it is not removed by the chamfering

processing.
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In this case, the at | east one protruding portion 5b
provi ded for supporting the wafer is preferably
engaged with the wafer-supporting notch 6b having a
depth of 0.5 mmor less forned on the wafer 3. [0036]
Al'l the notches except for a notch required for a
subsequent step need to be renoved in the wafer 3
after double-disc grinding. That is, all the
[OReX’er - supporting notches 6b need to be renpved while

the elyshd, 0Pt ad! onAnd! gablig e @£ d pidddure
Accordi ngly, en the depfh of the wafer-supporting
supﬁdﬁfiﬁg|memb5rsnﬁ?ofoke§$pgdn§®mﬁe#h%u®9b¢@rné
notches 6b can be renoved together at_t ' f
wﬁ&ﬁ%%ﬁwﬁ?ﬁf%ﬁ%n?%rFﬁ@tlﬁr85@ sﬁﬁﬁaéﬁéd% gg%%agg? i 87
arfaddgg wafer in a subsequent step. In this case, the
protTtuding portion 5b of the holder 2 in the
doubTbediss@ tgrd nuki %6 Wppas PO T tiNgc ATy 1% the

present. i nvention is_en Wt ;
C%&§e§£%ﬁ%gd? i%gh%%?%ﬁ %ggﬁgﬁuﬁfég{ﬁﬁﬁrF%¥tb?% e or
suppes tfiofdrech®nhé heewabewid8hdvr emteracta alepah ofitehe

crystal -orientation- indicating notch 6a can be deﬁggé

cigifamiarane? thee Maflef- ¥adSor i3ty Mot he b BRdPCa

fok %ﬁﬁgﬁ#ﬁiﬁﬁrgh@ wadegreq ithal d tcdsc 0t senpyednhyr
the anfering processing. 16 [0037] As shown in FlIG

cicAmferaie oidst ath chplessar énssuppdtta riy g ar 100

for supporting the ho] der, 2 It hput |
uSﬁPbéiuféQﬁaE§%$uF%GCQHESSf §?F5ﬁ§§hfﬁ$ﬁ%a§§af¥%é£gtkﬁe
grRMRSTYR SUpPes tisgnaeMhar the iskatcionsiidssede of a

hol der -static-pressure portion for
supporting member 12.

[0038]
A position of the holder 2 supporting the wafer 3

can be stabilized by arranging the above-described
static pressure supporting members 12 at both sides of
the holder 2 and by supporting the holder 2 without
contact while the fluid is supplied between each static
pressure supporting member 12 and the holder 2 during
the double-disc grinding, and thereby deterioration of
the nano-topography can be suppressed.

[0039]

Next, the method for producing a wafer according
to the present invention will be explained.

Here, a case of using the double-disc grinding
apparatus 1 according to the present invention as shown
in FIGS. 1 will be explained.

First, at least one wafer-supporting notch 6b is

formed on the wafer 3 separately from the crystal-

orientation-indicating notch 6a, the at least one wafer-

supporting notch being engaged with the protruding
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supporting the holder 2 without contact at an outer
circunference side and a wafer-static-pressure portion
for supporting the wafer w thout contact at an inner
circunference side. A hole to insert the drive gear 10
used for rotating the holder 2 and a hole to insert
t he grindstogg 4 are fornmed in the static pressure
supporting menber 12. [0038] A positiqn of_ fthe hol der
Poxtd@por tihd- the dbfer 3 tegﬁuﬁ ofttading 784 By 3
[O@@@qnging t he above-described static pressure
supporting nenbers 12 at both sides of the holder 2
and Biesdpportiing tdie tot derx fer weuhpat t iegnt@dchumfin €an

the fluid is supplied between h_st.at|.c. :
ook (BT Tt 15 3M8 E ne Rordey S sl “Fhifing
préeulle-d s G grimgb g, i Andnt Bar ebys tles egher sbdgnpofrtion

t he nano-topography can be suppressed. [0039] Next,
oft hbemétrigsd: flob prboluei by Aswafecededoridi dgie twptde 3 1

present inventio | xpL.ai . cas f
LIS gtfhéidaﬂblgfﬁ¥%%ig?$ﬁ fnag %ggg}§$tgy%§éc%bfd?ng

Mo&@oﬁﬁ@ypgﬂﬁ£01rﬁﬁw£ntbﬁneﬁSashOWHiddidaﬁihg]nwﬁ¢m e of
expl ained. First, at |east one.wafer.-supporting notch
thepvafed of s dif t‘?‘ljesﬂ?va?%ifmgdséﬁartg’tlesl )Fjp$c?cb€fﬁ? he

cryshalz arientat onqidiLad i ngupebehifa, neratsy aast

one waf er- supporting notch bei ng engaged with the
bepifotrmedi g &7 qoan feni Bg oproheshohder@ass Support the

pelBhehidly AROHOLelee SLTE b8 K ke g Ling
wa®¥hi ndiaifealr giHdadidge r P 0cessbtat nan igatlidimogilch a
inzgiaa%ht body portion

Moreover, the protruding portions 5a and 5b to be
engaged with the wafer-supporting notch 6b formed as
described above and the crystal-orientation-indicating
notch 6a are provided in the holder 2 in advance.

[0041]

Next, the protruding portions 5a and 5b of the
holder 2 are engaged with the notches 6a and 6b of the
wafer 3 to support the wafer 3 from the outer
circumference side along a radial direction of the wafer
3 by the holder 2.

Here, in the event that the double-disc grinding
apparatus 1 comprises the static pressure supporting
members 12 as shown in FIGS. 1, the holder 2 for
supporting the wafer 3 is placed between the pair of the
static pressure supporting members 12 so as to have a
gap between each static pressure supporting member 12
and the holder 2, and the holder 2 is supported without
contact by supplying the fluid such as water from the

static pressure supporting members 12.
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of the ingot 14 before it is sliced into the wafer 3
is ground to a cylindrical form as showin FIG 3.
Mor eover, the crystal-orientation-indicating notch 6a
of the wafer 3 can be also forned in this process.

Al ternatively, the wafer-supporting notch 6b may be
formed in a chanfering processing process of

perform ng rough chanfering on the edge portion of the
[Uffer 3 after the wafer 3 is obtained by slicing the

i ngot.., 14. r P i Bg dy Hbe
o T Lo | Do b

3fdﬁﬂmﬁba§taﬂ£$¢EebedyabmppqnﬁiHquhe holder 2 without

caiatie Hot Hor 241 AL Adarice S SHIDORT] EWLoop ngch Eatic

Jgégﬁf@'§§%£QEEh953méﬁb%@dﬂ@3éﬁdtﬂﬁé hel der 2 aﬁ81ng

engaged the notches 6a and 6b of the wafer 3t
dcsxm]p@afdimdnegwaﬁénns falsometsmfldm@brab%‘r@cu%@rEh@éegiﬁ/dEhe

long a radial .direction of the
dezteq—ie‘?]éatjr%ntﬂg tbgnpapﬁaﬁ% e c?%? C#s%)gg%ﬁ PQEQ%B.
HARPAL AL Ushd ROORHHSES rt e ostuatirey pr esstke suppndunggto
nmembers 12 as shown in FIGS., 1, the holder 2 t
theugporgémy theenaier 3si §OH aFc?e%Fndéﬁ/%%nth‘éxbﬁF?nSF or

a5y SHAILE presguce supporting rembers 12 5o as to
et ween each 'static pressure supporting

[ oterdoer 12 and the holder 2, and the holder 2 is

supported wi t hout tact b I h fI
s ndirer o 1O CHRESSC At 6 PHEBEAFESnutt ti e Herbors ©F

e k2 p A 109824 Jbecpesit 50w rofe Hhendid sler2 2béup@oehgaged
the wafer 3 can be stabilized b6y supporting th
wildl derpumd t howitof the notches of the wager g

wafer 3 is rotated by rotating the holder 2, the
grindstones 4 are rotated and brought into contact with
the both surfaces of the wafer 3 respectively, and the
both surfaces of the wafer 3 are simultaneously ground.
When the wafer 3 is ground as described above, the
rotation drive stress generated during grinding can be
dispersed between the crystal-orientation-indicating
notch 6a and the at least one wafer-supporting notch 6b
and between the protruding portions 5a and 5b engaged
with these notches respectively, and thereby the nano-
topography of the wafer 3 to be produced can be improved
by suppressing the deformation of the wafer 3 at the
vicinity of each notch without the breakage of the
protruding portions of the holder 2. In addition, the
improvement in the product yield and the reduction in
the apparatus cost can be achieved by reducing the

breakage rate of the wafer 3 to be produced and the

protruding portions 5.

[0044]
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contact while the fluid is supplied between each
static pressure supporting nenber 12 and the hol der 2
during doubl e-disc grinding as descri bed above, and
thereby the deterioration of the nano-topography can
be suppressed. However, the nethod for producing a
waf er according to the present invention is not
restricted by existence or, noneX|s% nce oﬁg%%ksc)Qgp.

[ 0043] WhiliSe AaRe matt 2PT5EL8PpBFt 4°with urality

waler 1 ppchoéjf']ﬁj(g' 09+ PRI bhomrs raelf drmhetholefe 2 et figrably
engage W t plurality of the notches 6 of the
inwafuete3,att heeasvaf ehe3ppsitopat &dhady irsotGtd Hyt 3 heY

hol der, 2, the grindstones 4 are raqtat br.ought
SV Tt ARA™ i T hoSE héboth LSur a§g§33§9¥%2dabfer 3

rd<SRRectiyelye SH8ithen BEt Ahsuciraeas: 16fotfwen vt 2on3
are simultaneously ground. When the wafer 3 is ground
inald aggsiord beatt@lbo%e; the rotation drive stress

generat ed dur.ing, grindin Lspersed Jrettwren ¢
t he Fy?@gﬁfgﬁfgkgﬁ(?%%C?%%?ﬁa?ﬁﬁggbnotéh 6a and the
1ealstl easd anee wad eppsuppant nog ahoteth Bhrmexhdbeteewater

_the protruding portions 5a and 5b engaged wth these

lnﬂdﬂ@ﬁf‘eﬂs Fleshrett velg, PAAd T LREr é%&f‘tt Hg’ gcalnroqﬂ%ﬁ%}ér aphy

sfﬁhéékiéﬁﬁﬁguﬁ éocgﬁt959q5§§@ AN e ivgroved, byth
suppressi ng the deformation of the wafer 3 at the

resipeiati ty dfheagohs hotoh wift hbgt arlves thrleskage et t 1 e~

. _pr.otrudi ng portions the_hal.der 2.. addid o heg

quhﬁ%ﬁhﬂﬁihéﬁ?Pt %'pggaug?tﬁgégﬁ éﬁﬁj%ﬂe red%%t?%%iin

tol R ApRAAtds cost €R8 bherachizeved mhe gouet ngdthe
breakage rate of the wafer 3 to be proq§§§d and %he
pogitdonsdi hglpor 9 oA 18dipgosaP P§ M9 GhiS st hi

di%%ggééal(Hn&h@h@feb9a§heoﬂﬁno—topography of the wafer
to be produced can be more surely improved by more
surely suppressing the deformation of the wafer 3 at the
vicinity of each notch. In addition, the improvement in
the product yield and the reduction in the apparatus
cost can be achieved by more surely reducing the
breakage rate of the wafer 3 to be produged and the
protruding portions 5.

[0045]

Thereafter, chamfering processing is performed on
the edgevportion of the wafer after double-disc grinding.
In this case, the chamfering processing is performed on
the edge portion of the wafer, and at the same time the
wafer-supporting notch 6b is also removed.

Accordingly, the depth of the at least one wafer-
supporting notch 6éb formed on the wafer is preferably
0.5 mm or less.

[0046]
As described above, when the depth of the at least
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waf er - supporting notch 6b fornmed on the wafer
preferably includes at |east the position that is
circularly synmetric about a central axis of the
wafer 3, with respect to the position of the
crystal -orientation- indicating notch 6a. As descri bed
above, when the position of the at |east one
wafer-supporting‘notch 6b formed on the

|

f .
ongctafies-avrPeasi nghe op6d tﬁkban%$di%nc¥€%ﬁﬁ5%FF§ s 0.5
ngpeiéégba?ﬁgtwgfg%agﬁﬂgéyﬁfhéﬁné{@hW@Eeéaﬁ,béﬂéﬁsily

mI?‘espec € position of the trystal-orientation-

rdmsh€at bpgthet chabde rtimg motcate omimy i wetlst 2 eg50akpl i ed
to the notches 6 of the wafer 3 qu thenfrgEééding

reft? Y2 6net 50 dar Mg Ogr fRdichg tdh BE T e efficrently

di spgfsech,and ther gbythhe rname- tapagi-aphyr iofntdeion-
wafer to be produced can be nore surely inproved by
inmbi eat sngehytstppresaimdpe iteqid oriikdn ohldt Phethaf er

3_at the wvicinity. o ch not ey e a
w3 It oVeRBRE t iR Pﬁgc%rgﬁhégKgféga}%%d@?%e&%ggﬁc%?oﬁufg
addec@ppasat us ig0sbrcarmlerat b evede byhanfer sugel y

reducing the breakage rate of the wafer 3 to be
pyrodeeeddand the protruding portions 5. [0045]

[&%f ?after, chanfering processing is perforned on the
edge’ portion of the wafer after doubl e-disc grinding.

In this easeionde shawéer iing tpreocessiley diss peF f b fiedd

on the edge portion of the wafer, and .1 he
aRRFEAERHR aﬁﬁPg?}§8p68rFﬂﬁ;Rﬁﬁ%ﬁp%bl?gea %%erﬁggggélder

is“%%’&@'i&&&ywiEhetﬂ%p%&&frdﬁeagatpéﬁ@s&np_netvvaéest one
supporting notch 6b fornmed on the wafer is_preferab

W SrevPPOL B389 NOOSE] 1As frodeeq oy Hpoveart eﬁePﬁéa)éelY
fgggt@hgfc%?gtgﬁ—E?%%%tation—indicating notch, the at

least one wafer-supporting notch being engaged with the
provided protruding portion to support the wafer; the
both surfaces of the wafer are simultaneously ground by
the pair of the grindstones while supporting the wafer
from an outer circumference side and rotating the wafer
with the wafer-supporting notch and the crystal-
orientation-indicating notch formed on the wafer being
engaged with the protruding portions of the holder
respectively, each protruding portion corresponding to
each notch; and thereafter, the wafer-supporting notch
is removed by chamfering processing in a chamfering
process of an edge portion of the wafer. The rotation
drive stress generated during grinding can be therefore
dispersed between the crystal orientation-indicating-
notch and the at least one wafer-supporting notch and
between the protruding portions engaged with these
notches respectively, and thereby the wafer can be

produced which has the nano-topography improved by
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20 one wafer-supporting notch 6b forned on the wafer
is 0.5 mmor less, the wafer-supporting notch 6b can
be easily renoved by the chanfering processing with a
stock renoval of 0.5 mmor nore in a subsequent step
Mor eover, the depth of the crystal-orientation-
i ndi cating notch 6a can be deeper than that of the
waf er - supporting notch 6b and can be the deptE of.sucht
suppoeys begt hae Pe foymadtl atemfy deh By 2 her chant 8fi igctnttY
rocessing..[ 7 i Qhed (WO Be without
Cﬁgéﬁ%fg-%?g%hgggﬁd%ﬁgsChp arat us %%g%r%?%gh%o the
tHY e5e0ikhguenti ahe tthethalderg perpiovsded mi 2@diheon,

protrudi ng portion; at |east one, fer-s orti :
thﬁnkﬂ@?%vﬁ@?ﬁﬁdlént@ﬁéﬁﬁ%@ﬂc%é%bﬁgae?Qd Fﬁgnf%ﬁg%tlon

§ryeLalpori entat ol Rdioad neciod ¢8a. bheratiuckagstne
one wa -supporting notch being engaged with the

b ¥ Dva gedr pt ot plidithg perftsmrend Suppoptdehe wafer; the
both surfaces of the wafer are sinultaneously ground
by the pair of the grindstones while supporting the

(yefer froman outer circunference side and rotating

the wafer wth the wafer-supporting notch, t he
crysﬁaﬁekna@©¢ati§heiﬁéﬁéﬁpﬁnQQ%ﬁégﬂ?Qﬂ%ﬁﬁfgﬂethe
fer bein a it h 1 pL.ot | pakrti ons of
A HaTder ! PEESoRE vty P ach By oty il ng part | on
CHFd £5000di Rgatnp 1 ecatiuthatich;p amsebhet pakneiont A6 not
mafer-supportin% notch 1is renoved by chanfering
rgstlockeeAgt RIS Chanferi ng process of an edge portion
(fad e wafer. The rotation drive stress generated
uring grinding can be therefore dispersed between
(Rxtwnglgstal orientation-indicating- notch and the at

e e
diameter of approximately 300 mm was subjected to
cylindrical grinding. In the cylindrical grinding
process, one crystal-orientation-indicating notch
indicating a crystal orientation of the ingot and having
a depth of 1.0 mm and one wafer-supporting notch having
a depth of 0.5 mm were formed, the wafer-supporting
notch which was located at a position that was
circularly symmetric about a central axis of the ingot,
with respect to the position of the crystal-orientation-
indicating notch. Thereafter, the ingot was subjected
to slicing processing to slice into wafers, and double-
disc grinding was performed on both surfaces of the 15
wafers based on the method for producing a wafer
according to the present invention by using the double-
disc grinding apparatus as shown in FIGS. 1. Thereafter,
the chamfering processing with a stock removal of

approximately 0.5 mm was performed on the outer

circumference of the wafers to remove the wafer-
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not ches respectively, and thereby the wafer can be
produced whi ch has the nano-topography inproved by 21
suppressing the deformation of the wafer at the
vicinity of each notch and has only necessary
notches, w thout the breakage of the protruding
portions. In addition, the inprovenent in the product
yield and the reduction in the apparatus cost can%geOf
r

s it Bveed byo Felluci AiePhe thisr 8aR4GE TRAF THHY He waf
erfd & 1o, Poraehy, hORH SR GDAIGRLY, the present

tron w | explained 1 n nore detail based on
[dosmpl e and Conparative Exanple, but the present

invention is not restrict t hereto Q04 :
(Exafdi%®) > SRRY3i Ghe 588&7&%5’“ i éﬁ Spo[grrll il%]goFtI%av? 'nglt
wa AL AL eL Oéhégpﬁﬁg'Hgﬁﬂét6ggﬁfH©M@Sw§§bﬁﬁptedeﬁoin

cylindrical grinding. In the cylindrical grinding
cqumecesson onet br ysealresiléntalt | bn- ¢ woe @t fAGSAot ch

indicatin crystal orientation,of L Nngoty, ARd K £
CXH%%@%@thV%eﬁFﬁméiel.O&ﬁﬁﬁgﬁgrdngjﬁ%<%p$%%pporting age ©

pdiat£ho havhBgnoacdert A ofall. svamesere formed, the
waf er - supporting notch which was Io%$ted

\ t a .
posi tarpndiatg Was 1&i ragl abilg WW'F%&?% by using
central . axi,s_aof the j.ngot | fespgctnbontRBod for

11B%§$?€%%eogl?%eg%%§§¥éﬁglﬁa%#%%§?on- indica?ingonqtch
prieieahes, wheri agato nubisi s U} ectederesesti epggntion,
processing to slice intq wafers, and do - diss
tkﬁi?ﬁﬁ%gtﬁﬁggﬁéppgrﬁggﬁ%?kﬂﬁ%ﬁ%u? a%%sgg%gPﬁgdlgan be
iﬁgﬁ!&&édpaéﬁg PRt haprRihadfori pregecbngdacnakerld and
ccording to the present invention by using tRe b
‘tidoubt@uctisn gni hdieng PRI At UCeEt shdinPen2Erésy et PY

rér£¥f§%t€ﬁe breakage rate.

f0051]
(Comparative Example)

With a conventional double-disc grinding apparatus
as shown in FIG. 4, double-disc grinding was performed
on wafers in the same conditions as Example, except that
only a notch indicating a crystal orientation was
engaged with a protruding portion of the holder, and the
nano-topography of each of the wafers was measured as
with Example.

The result is shown in FIG. 5.

As shown in FIG. 5, it was revealed that the nano-

topography was worse in comparison with Example.

[0052]

It is to be noted that the preSent invention is
not restricted to the foregoing embodiment. The

embodiment is just an exemplification, and any examples
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the chanfering processing with a stock renoval of
approximately 0.5 mm was perforned on the outer
circunference of the wafers to renove the wafer 22
supporting notch. Then, the nano-topography of each of
the 15 wafers obtai ned was neasured. [0050] FIG 5
shows the results. As shown in FIG 5, it was
reveal ed that the nano-topography was inprovgg in
t hednparies orulvs tant hellgsthe epMeatf@atai A Hefemonstrate
Conpar at i ve Exanpl e, L r, th : egkagfical
ther Smg t'UHT 1 Hig n%Pgrl\{gsf%ug\r(%%m |asmg%g°r§;€sl&22%}?%i%| Y,
conlcepfs bl er119eg0nhi EMuihat othyhusimgesdrie toubhelidnsere
grindi ng apparatus_and the nethod_for ﬁrodUCEngn%ention
ingdfugrecacionr diaigt 6hPRE g SRS iHVehtF oRF ©SER .
nano-t opography of the wafer to be produced can be
i mproved, and the inprovenent in the product yield and
the reduction in the apparatus cost can be achi eved by
reduci ng the breakage rate. [0051] (Conparative
Exanple) Wth a conventional doubl e-disc grinding
apparatus as shown in FIG 4, double-disc grinding
was perfornmed on wafers in the sane conditions as
Exanpl e, except that only a notch indicating a
crystal orientation was engaged with a protruding
portion of the holder, and the nano-topography of
each of the wafers was neasured as w th Exanple. The
result is shown in FIG 5. As shown in FIG 5, it was
reveal ed that the nano- topography was worse in
conmpari son with Exanple. [0052]
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It is to be noted that the present invention is not
restricted to the foregoi ng enbodi nent. The
enbodi ment is just an exenplification, and any
exanpl es 23 that have substantially the same feature
and denonstrate the sanme functions and effects as
those in the technical concept described in clainms of
the present invention are included in the technica
scope of the present inventG¢lghIMS24 CLAIMS 1. A
doubl e-di sc grinding apparatus having at least: a
rot at abl e ri ng-shaped hol der for supporting a sheet-
1. 11 key waf gr1bayiiBg graekchd eipdandicas i ngvangr gt dpast:
orientation froman outer circunference si.de alg%%é%~
a rathakbdier edtidorshanfd HE bR haeT n@uﬁpﬁr%tlﬂ?diang
.portian 0_he e i t ; ing a crystal
llg?ygﬁgﬁyoﬁfgﬁfl F%ﬁgﬁﬁ:lc%?fngﬁdﬁgﬁgﬁ;génd aSbair of
or 9ehpdstenes rfoar i multaneoustymf grendeng U6t R 10YF ates

of the wafer supported by the hol der i, .
rafibpdedire o déd St h & | 22t "8ne pﬁ\ﬁ’%ﬁuﬁdﬁq‘%%rm“

topgétggga%%%ﬁrtﬁﬂ3&ﬁé(HQ§$@EPLQEEEQE@@idﬂHﬂdQMDaKiim
engage th the crystal-orlentatlon-.|nd|cat|q9 1
noBehehanand thei tbaith suridsesnes £RE Rafer GEOUsLY

si mul t aneogusl ound by the kL .of HdD anes
gr%ﬁgﬁégtF@t%aF%Pg$¥y§ﬁﬁﬁ%r%%% Q%EEFOFE%EJ mﬁthq?%e at
hoh88st Qmedrief ruding portion being engaged with a

waf er - supporting notch formed on th fer . The

t wafer. 2
doubtee dheédgri Adi r@goa(&&ﬁdat%f‘st%c%n‘ej?ﬁatt 8"l ai m 1,
erei.n a i.tjio al ket t0Re pyyttudicidg
prmgFPl6Rgpf%8ﬁaé312%%§§%g%%r ing the wafer includes at
pokeash aopesi tdrgmddrhtwish ciheubarsyals it dout a

ingggggﬁkgaga%é%,t;ﬁ%r¥%g966tﬁﬁgﬂrfaces of the wafer are

simultaneously ground by the pair of the grindstones
while the wafer is supported and rotated with the at

least one protruding portion being engaged with a wafer-

supporting notch formed on the wafer.

2. The double-disc grinding apparatus according to
claim 1, wherein a position of the at least one
protruding portion provided for supporting the wafer
includes at least a position that is circularly
symmetric about a central axis of the holder, with
respect to a position of the protruding portion to be

engaged with the crystal~orientation—indicating notch.

3. The double-disc grinding apparatus according to

claim 1 or claim 2, wherein the at least one protruding
portion provided for supporting the wafer is engaged
with the wafer-supporting notch having a depth of 0.5 mm

or less formed on the wafer.
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respect to a position of the protruding portion to be
engaged with the crystal-orientation-indicating notch.
3. The doubl e-di sc grinding apparatus according to
claiml or claim2, wherein the at |east one
protruding portion provided for supporting the wafer
is engaged wth the wafer-supporting notch having a
depth of 0.5 mm or less formed on the wafer. 25 4. A
nmet hod for produci ng a wafer by sinultaneously

grlnggﬂ%ﬁggnghfurfacgéu g ﬁhg W@ er By, & RairtMeously

grln uppor gas eet-llke waf er havi ng

grndPighobor bndiraatisng fa ttreystzlleoribent aphdbn PFom an
outer circunference side along.a rad% k d|r tIRQVQ%g a
grardsigenehapedl foPHER K&y 2 Protrudt hg ¥ por on“to

e.engage € aCl % 7101d eid @t 4 ©Noh ndik6At BAgouter
éﬁﬁ%hga%dgndg%gplhg the fgk tﬁé nmet hod conpri sing

cittheustepsnoé: spdevidiong the avoladerd vk e Bt &OPr BY r adFAgI™

portion _separately fron1the r ot rudj orti
sTaRpG MO L Af £ hheKeNBr ys PRI M 9%%9?%§.Eét?§ggﬁ g%ﬁd

W acﬂ&i + A OT 81 P 8l - b%@%ht%qowaflefdlsctwtppﬂa@u ngtabt ehdon
% waf er ~“separately fromthe

raratsimg - bheenaﬁemonih@dm&ﬂﬂQ%;QRWE%lSl?ﬂetB? p&g8e of:

one wafer ortin h n W t the
prOV|d§H"ﬁ$8£$Jan%gg%g§ %onQ?g %ugport the dg?er "
seidni tapgopsby ghengirng riftd reptdo suréaces be gheaged

wafer by the pair of the grindstone while p ng
witthe thaf @FYFFéFﬂ‘Qﬁl@@ttértl&”r dfféje?%%%%g éggngkh

fﬁfﬁingttbgas bee Wﬁﬁéﬂjghﬁﬁﬁﬁﬂrﬁgpﬁ@tbhngnnohehwafer

e crysta orientation-indicating notch forned tch,
s eqrn it dee bpf Erobeichg  contrigeld oF taR ERB I AROEREdGRE T19 note

ort the h d | i
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with the provided protruding portion to support the
wafer;

simultaneously grinding the both surfaces of the
wafer by the pair of the grindstone while supporting the
wafer from an outer circumference side and rotating the
wafer with the wafer-supporting notch and the crystal-
orientation-indicating notch formed on the wafer being
engaged with the protruding portions of the holder
respectively, each protruding portion corresponding to
each notch;

removing the wafer-supporting notch by chamfering

processing.

5. The method for producing a wafer according to
claim 4, wherein a position of the at least one wafer-
supporting notch formed on the wafer includes at least a
position that is circularly symmetric about a central

axis of the wafer, with respect to a position of the
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renovi ng the wafer-supporting notch by chanfering
processing. 5. The nethod for producing a wafer
according to claim4, wherein a position of the at
| east one wafer- supporting notch fornmed on the wafer
includes at least a position that is circularly
symmetric about a central axis of the wafer, wth
respect to a position of the 26
crgfetstlalomrdrera @t doninddreat nAgNASCEN. 6. The net hod
for producing a wafer according to claim4 or claim
5, wherein a depth of the at |east one
¢ Waf ernsURReHYANG JtEhvdee Mg anwt ierwateoridd n@. 5 onmm
27

or |ess.
claim 4 or claim 5, wherein a depth of the at least one

wafer—-supporting notch formed on the wafer is 0.5 mm or

less.
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