DESCRI PTI ON Sl LI CON WAFER BEVELI NG DEVI CE, SI LI CON
WAFER MANUFACTURI NG METHOD, AND ETCHED SI LI CON WAFER
TECHNI CAL FI ELD [ 0001] The present invention rel ates
to chanfering apparatuses for a silicon wafer which
chanfer the outer edge of a silicon wafer, nethods
for producing a silicon wafer, and etched silicon
wafers and, in particular, to a chanfering apparatus,
a production met hod, ed silicon wafer
relating to the crossﬁgg%?g%%gﬁégshape of a chanfered
portion of a silicon wafer. BACKGROUND ART [0002] In
an advanced device adopting a large dianmeter silicon
waf STHNGN ived Hry BE VST TN D BVAfOE, Vi TupNa WA ERet er
of JNNURRCTURTI NEX MATHDHD ,a ANTDe [HTeH B AL DoP Na WAFER
t echnol ogy (i mrersion exposure technol ogy)  for
enhancing the resolution by sandw ching |iquid
énornall§¢ ure water) between an objective | ens and
TEGQHE{CRLo er is gradually being adopted. In
[Oggy?sure using this technology, if a wafer chanfered

portion varies in shape, the liquid tends to | eak
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shggglogyglghamfered portion of a silicon wafer.

- BACKGROUND ART

[0002]
In an advanced device adopting a large diameter

silicon wafer typified by a silicon wafer having a
diameter of 300 mm, for example, a stepper adopting a
technology (immersion exposure technology) for enhancing
the resolution by sandwiching liquid (normally, pure
water) between an objective lens and a silicon wafer is
gradually being adopted. In exposure using this .
technology, if a wafer chamfered portion varies in shape,
the liquid tends to leak from the wafer chamfered
portion when the outermost edge of the wafer is scanned.
Thus, many device makers are required to conduct a
review, such as shortening the dimensions of the wafer
chamfered shape, or improve the dimensional precision.
[0003] |

Moreover, in order to improve productivity of a

heat treatment process in which diffusion or film



tends to be shortened. In this case, |arger thermnal
shock than in the past acts on the silicon wafer,
causing a crack in the wafer. At the sanme tine, as the
conveyance-rel ated speed is i nproved, a wafer crack
may occur due to a contact between a wafer chanfered
portion and a conveying portion or a wafer carrier.

In order to produce resistance to these the%nal.
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anfered portron of a silicon wafer rigorously.
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cross-sectional shape of a chanfered portion, the

cordiqmarstonsehnbedebred s Frapreved: (2) YALFEsIALAGT dY
a point Pl at whi a.r c t Iestanc ;
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and &f es@ieeyihgt poatdorhe centwsfef therwefrer In order to
intersects with a front surface-sLde chanfer?p portion
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medihinidg) chaptered perdd Uhefyst rai g8kdl Lbe degnnectimy
a point P2 which is located at a distance of 25 m
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L3 d a point 23.locate t a distance of 70 m

of ﬁhﬁaﬁfﬁ?onyga?ﬁg re é?%ﬁggHEB away fromthe reference

[odgxjs defined as L6. And the angle which the
reference L3 forns with the straight |ine L6 is
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angl e of chanter. 2 (2) A point of intersection of the
tha efmremesetBional shape of a chamfered portion shown
in FIG. 17. As for the standards for the cross-sectional
shape of a chamfered portion, the dimensions are defined
as follows.

(1) A position of a point Pl at which a reference

L2 at a distance of 450 um away from a chamfered portion
farthest end reference L1 toward the center of the wafer
intersects with a front surface-side chamfered portion
cross-section is set as a front surface reference L3. In
the chamfered portion, a straight line connecting a
point P2 which is located at a distance of 25 pum
parallel to the reference L3 away from the reference L3
and a point P3 located at a distance of 70 pm parallel

to the reference L3 away from the reference L3 1is
defined as L6. And the angle which the reference L3
forms with the straight line L6 is defined as 0O1.

Likewise, on the back surface side, 02 is defined. In

general, they are referred to as the angle of chamfer.



with the straight line L6 is defined as a point P4,
and a distance between the point P4 and the reference
L1 is defined as Al. Likew se, on the back surface
side, A2 is defined. They are generally referred to
as a surface wdth. (3) A distance between a point P5
and a point P6, at which a straight line L7 which is
a line noved 50 m fromthe chanfered portion end
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widtilght points in the plane of a wafer with reference
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re ortronis present In he not ch portlon
capﬂmké&elmagbebwsan@mm&on transmitted light method. It
is common to carry out the measurement at four or eight
points in the plane of a wafer with reference to a notch
position (see FIG. 18 showing an example of the
measurement points of the cross-sectional shape
dimensions of the chamfered portion).

When the measurement is carried out at four points,
these points are four points at intervals of 90°
including the neighborhood of a notch (for example, a
point which is 9° distant from the notch). Also, when
the measurement is carried out at eight points, these
points are eight points at intervals of 45° including
the neighborhood of the notch (for example, a point
which is 9° distant from the notch). However, the
measurement points are not limited to them. Furthermore,
a point, which is 9° distant from the notch is set as a
measurement point because no chamfered portion is

present in the notch portion, and the angle is not



particularly Iimted to 9. [0006] Although the target
val ues (the center values of the standards) of the
cross-sectional shape paranmeters A, A2, BC, 01, and
02 of the chanfered portion described above vary anong
custonmers who manufacture a device, the desired

val ues and specification values of wvariations in
these paraneters are becom ng increasingly rigorous

pa it i Bugaehypassiingyeas . 9Requi red variations are
[Oexg cted to be 80 mor less for the 65 nm node, 40 m
%9 ess for the 45 nmnode, and 25 mor |less for the
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th@ostagd,arslé) fodr the streeonsSoat éPNRds SHEAT RITANRLE LY
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processing is performed again after |apping or
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sectional shape dimensions of a chamfered portion, so
far, a silicon wafer has been produced by a production
process shown in FIG. 4.

First, as shown in FIG. 4(A), it is common to
sequentially perform a slicing process for cutting a
thin wafer from a single crystal ingot, a chamfering
process for preventing a break of the outer edge of the
wafer, a lapping process or a double-side grinding
process for eliminating variations in the thickness of
the wafer, an etching process for removing mechanical
damage or contamination introduced by the chamfering,
lapping, or grinding, and a mirror polishing process for
polishing the chamfered portion and the principal
surface or both surfaces of the wafer to a mirror
surface. In particular, in order to achieve a rigorous
precision of the chamfered shape, chamfering processing
is performed again after lapping or grinding of the
front and back surfaces.

[0008]



4 Moreover, recently, with the aimof reducing the
chanfering process, as shown in FIG 4(B), a method in
whi ch chanfering is perforned in only one stage after
doubl e-si de grindi ng has been devised. Incidentally,
when the | apping process is perforned in the :
production nmethod of FIG 4(A), it is necessary to
perform rough chanfering before lapping. [0009] In

t he Mhwadesr Ngrecenedy, oviklGthg aimgeheraflucing the

chanfering is perfornmed by pressing hant er j e
chamis hyng gBPﬁﬁasgréﬁV§ i Nt ?kg'ogﬁép’egggﬁa %glfﬂ
whaf echafRrd L Rer ey devanshesd i g bheysbape sefaddhenfter

groove to the” wafer (in FIG 5, an outline of an

doﬁhﬁﬂ’pisfedef gaihdimg dkenfegemgdeBindd-is shown). Since
e eel rotates a hi . ' 3
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of the wafer. [0010] Furthernore, .in the | apping.
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[oFo&prrier in the space between rotating cast-iron
upper and |ower turn tables while supplying slurry
contlai nimg shspbadédgabrasioss qff i Hs- cbnsiBt BRgeral,

mainly of ,alumna. In the d - Si indi:
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hatihdhe spagedbgiwesr wheeisst achagoeael edyer chch wafer
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ous requirement for flatness, in the etching
chpnbeessg mathabkalsi méosolut | Dhpcsutheayhgedodiafmtes at

ni O QELde SeLuLian, .¥,2 PPLSSELUML DY 94l 02 Splstign.
to transfer the chamfered shape uniformly in a direction
of the circumference of the wafer.

[0010]

Furthermore, in the lapping process, processing is
performed on the wafer held by a carrier in the space
between rotating cast-iron upper and lower turn tables
while supplying slurry containing suspended abrasive
grains consisting mainly of alumina. In the double-side
grinding process, processing is performed with the wafer
held in the space between wheels facing each other and
rotating at high speed, the wheels formed with
grindstones containing dispersed diamond abrasive grains.
[0011]

Furthermore, in order to meet a rigorous
requirement for flatness, in the etching process, an
alkaline solution, such as a sodium hydroxide solution
or a potassium hydroxide solution, that is highly

capable of maintaining the shape of the front and back



capabl e of maintaining the shape of the front and back
5 surfaces of a lap or a raw material wafer is used.
This is because acid etching nmay reduce the flatness
of the principal surface. [0012] As described above,
in order to achieve the -equalization of the
cross-sectional shape dinensions of a chanfered
portion, a production nethod in which it is conmon

suPf&ctscesrt g qa?nfoecr 4 heawubgteedge ofafesils aored walbis
in circunferential positions into a_ uniform shape
is gemeaabfyachdt ke GHad dhaigt pABEEs S heardd ahes$ hef the
etching gro%ess is perforned by alkali etching that is
PIHiGhY §* c3pabrESsf mai nt ai ni ng the shape of the front
[o@ng] back surfaces has so far been used. [0013]
However, since an alkalie solggion has §rysta

\ |
ori érft ¢ YT HepenaBRY Set cl iy AnF sbPr8Fy; e t89 i con
eq%§§f£a@£58ro%h%PE;%@dgkigé@€§én§@0W%éﬁéfdﬁﬁ%ﬁsions of

grees” of surface roughness dependi ng on the, .
a d¢tiamfietedepbiralionposi tpordettihe oleadfost dd pPri¢hnlt 1s

corresponding to the rystal orientat]j e 7
COTyIRIBLAC LR ERa PG B et - LBuBP SRt RS e )% o eon
wa 2001+ 87996)-unmkd raddi td rpod heionbapeatef crnossfsect sbape

varies. Therefore, with the above-descrjbed
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to 25 $n1or | ess for thq% 32 nn1§ode. DI SCLOSURE OF
baqhwENTTERE S| 6684 OTHE praseht "Phiventi on has been nade

[OdfgyiEMIOf t he
However, since an alkalie solution has crystal

orientation-dependent etching anisotropy, the silicon
wafer after the etching process shows different degrees
of surface roughness depending on the circumferential
position of the chamfered portion corresponding to the
crystal orientation (see Japanese Unexamined Patent
Publication (Kokai) No. 2001-87996). In addition, the
shape of cross section varies.

Therefore, with the above-described conventional
production method, it was impossible to meet the recent_v
demands to reduce variations in the cross-sectional
shape dimensions of the chamfered portion to extremely
small variations, for example, to #25 pm or less for the

32 nm node.

DISCLOSURE OF INVENTION
[0014]

The present invention has been made in view of the

problem described above, and an object thereof is to



probl em descri bed above, and an object thereof is to 6
provide a chanfering apparatus for a silicon wafer,
production nethod and an etched silicon wafer that can
suppress variations in the cross-sectional shape
di mensi ons of a chanfered portion after an etching
process, in order to achieve the precision of the
cross- ‘sectional shape of a wafer chanfered portion,
prdvigle pi echshbar L BquEped rayc tshef wust owel 1 CPBOTSFEfn

order to sol ve the above problem, the pr t
P GGG TP 397 a8 da 2Bh &S gf%ﬁﬁéh%fﬁ%ﬁggrtgat can
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sed%ﬂfﬁa?ﬁ$ﬂa§¥ bEeahab@ar creh f er edripe ot iappait&eus for
controlling a chanfered shape b controlling the
PrQQﬂ%ﬂQWer%%gFF?anﬁft?ﬁ%‘ﬂﬁgﬁ?“ ge of the gilicon
[Odyger and the chanfering grindstone by nunerical

control, wherein the control apparatus controls and
chalges tdex ried asd Vee pobet fbevel o dtiterthedgeesent

. the silicon fer _and _t . ' LN one - +at:
s Phh ' SRARPILE, 6 RSt AT S5) 0n GiLndsL R ol o
wafROSitd o ghreheasi bueer wier dela bylihenhvkder. by
[0016] Wth the aboye-describegbsilico waf er
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a &nt£90 WehekatBKifRg idontrolling a chamfered shape by
controlling the relative position of the outer edge of
the silicon wafer and the chamfering grindstone by
numerical control, wherein the control apparatus
controls and changes the relative position of the outer
edge of the silicon wafer and the chamfering grindstone
at a time of chamfering depending on a circumferential
position of the silicon wafer held by the holder.

[0016]

With the above-described silicon wafer chamfering
apparatus, unlike a conventional apparatus which
uniformly chamfers a outer edge of a silicon wafer, the
relative position of the outer edge of the silicon wafer
and the chamfering grindstone at the time of chamfering
is controlled and changed depending on the
circumferential position of the silicon wafer, making it
possible to perform chamfering in such a way as to

change the chamfered shape of the outer edge of the



possible to performchanfering in such a way as to
change the chanfered shape of the outer edge of the 7
silicon wafer depending on the circunferentia
position of the silicon wafer. Therefore, a silicon
waf er whose chanfered shape is intentionally changed
depending on the circunferential position can be
obtained, and it is possible to obtain, after

sifl&bhngaran etghedsid l@:@nthéva&ercumfwlmemitl\aar |pns ionison
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%t¥eUnf erential position of the silicon wafer such

[0©ba§ a cross-sectional shape of the chanfered portion
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etching step after performing the chamfering step in
such a way as to change the chamfered shape of an outer
edge depending on a circumferential position of the
silicon wafer such that a cross-sectional shape of the
chamfered portion varies depending on the
circumferential position of the silicon wafer.

(0018]

With the above-described silicon wafer production
method, since the chamfering step is performed in such a
way as to change the chamfered shape of the outer edge
depending on the circumferential position of the silicon
wafer such that the cross-sectional shape of the
chamfered portion varies depending on the
circumferential position of the silicon wafer, a silicon
wafer having an outer edge whose chamfered shape is
changed depending on the circumferential position can be
first obtained. After this, the etching step is

performed, whereby a silicon wafer is produced. As a



changed depending on the circunferential position can
be first obtained. After this, the etching step is
performed, whereby a silicon wafer is produced. As a 8
result, even when non-uniformetching is performed
depending on the circunferential position in the
etching step, it is eventually possible to obtain a
silicon wafer in which variations in the
re§1ﬁPt§§'é€§hi @hah shkapan idi senseoosing tke pelrdefrarest
portion are suppressed. extrenely. [0019] .At .this .
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ex@@@@g%?g of the chanfered shape depending on the
circunferential position of the silicon wafer based
[0®h91t he amount of change in shape caused by etching

depending. on. { he 'itrgléngﬁfe%rgﬂa’il)lé’o‘@ﬂﬁioehgﬁgtih% of

si li"con waf er |n’tge et ¢hing step after the
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waf er of _high qual.ity aftger _etchin ild
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suppressed. [0020] Moreover, it is preferable that th
thanouncunferendigd inesshaben caliskdeby 1AL ao‘!ee[ferforll nﬁh
et_nirtlhe t%lrcum‘erential position of the silicon wafer

§ 8ot arhed by conducting a test in advance. As

des@d hedlsaboved bypoobktaimi mpthermmunchehging of the

chamfered shape depending on the circumferential
position of the silicon wafer based on the amount of
change in shape caused by etching depending on the
circumferential position of the silicon wafer in the
etching step after the chamfering step, it is possible
to obtain a silicon wafer of high quality after etching,
the silicon wafer in which variations in the cross-
sectional shape dimensions of the chamfered portion are
further suppressed.

[0020]

Moreover, it is preferable that the amount of
change in shape caused by etching depending on the
circumferential position of the silicon wafer is
obtained by conducting a test in advance.

As described above, by obtaining the amount of
change in shape caused by etching depending on the
circumferential position of the silicon wafer by
conducting a test in advance, it is possible to obtain

the amount of change in shape caused by etching




change in shape caused by etching depending on the
circunferential position of the silicon wafer by
conducting a test in advance, it is possible to obtain
the amount of change in shape caused by etching 9
depending on the circunferential position of the
silicon wafer accurately. This makes it possible to
obtain a silicon wafer whose chanfered portion has
depd©§Sngsent i[t@@alci&imm&aﬁemmsabnpoaﬁthom giferthe silicon
recision. [0021] It is preferable that the etc
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escri bed above, by perform ng the etching step by
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[Oé%f{OXIde solution, it is possible to perform etching

rie relatively suppressing a change in shape of the
princi paé syefaeapot thetsidHewtaafry saapedsby

etchin processing, and thereby ohtain.a wafer wfh a
pemf@hmegegweéswgf |aat%fé%1§4m[fe)¥)<§é¥x;‘t\8§i Siod&Y AT ea'n"éﬁ} or 4
oo P190HgRd: DY Lha JPthod L5, produci ng a si 1 con vaf er

0 he i nvention described above is, althou%h

pr eV usé yct heedr ebsveac iy r hapeng ot heheteharPeSdEP

portion would beco non- uni f . apd i bi ' .
va%ﬁ?%gi8n§OQFP€Y%MH}%§%Qﬁn%ogrg%sga?n%Q?%Fg%$%£§%§lum
hydhoseqehaphieredmoriti ons hess s1656- toeplirdialn shapein

g
dlnen3|on$ with high precision even after the etchin
whiteprel 8023 lIFurtRRiRT Sl Ng 2 BPeBEft i o ¢ theo

prf“8¥hgfssﬁgf§§€jg¥jéﬂ | £ON; WBf ey a FRRETRIUE MBI ALd ©f8ing
In € cross- sectional shape di nensions of a
prebasbengy port itbrerigby obtain a wafer with a high
degree of flatness.

[0022]

A silicon wafer produced by the method for
producing a silicon wafer of the invention described
above is, although previously the cross—-sectional shape
of the chamfered portion would become non-uniform and
exhibit wide variations after the etching step, a
silicon wafer whose chamfered portion has cross-
sectional shape dimensions with high precision even
after the etching step.

[0023]

Furthermore, the present invention provides an
etched silicon wafer, wherein variations in the cross-
sectional shape dimensions of a chamfered portion in a
circumferential direction of the wafer are 10 pm or

less.

As described above, the etched silicon wafer of
the invention, in which variations in the cross-

sectional shape dimensions of a chamfered portion in a
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circunferential direction of the wafer are 10 m or
| ess. As descri bed above, the etched silicon wafer of
the invention, in which variations in the cross-
sectional shape di nensions of a chanfered portion in a
10 circunferential direction of the wafer are 10 m or
less, is an etched silicon wafer of high quality in
whi ch variations are suppressed extrenely, conpared to
c1fbuﬁ@@ygﬁth@ﬂwdﬁﬁéﬂﬁibﬁiéfCﬁhemaﬁéEriarwhﬁd@ um or

variations are of the order_of 4 or
le$9024F eBnfEAticGha 1Y icR e fhira Oaagéﬁk ﬁ%%
whf@lllfo:ﬁXtmﬂnlés'ar}:ga as {95 Fe sbaaf ekt Remappar aidﬂr&paﬁfd eto a
kali etching step, the cross-sectional shape of

comhentunnﬁérﬂt@mgﬁeﬂxkﬂ@ﬁﬂtW@ﬁevaﬁpeghééﬁeMﬁqﬁfQﬂPQ%e
crystal ori ntatl ue to tchlng aﬁlsotropy and the

arerosst88cPrefdl © B8 oneR" nghSUhi Form By

[oG2Nfrast, accordlng to the present |nvent|on it is

possible to obtain a silicon wafer whose_chanfered
por tGOH ¢kl analmiys oMt dds-3 &84 F ohaf"aRapeE e E;

un%)%%ﬁ%é&l Isjlill %&%ﬂ%@%@&lﬁg ab g&ﬁ grhafter an

alkghenatchidigagrtan,f drheexcprgsarﬁgcamO@ﬁémﬂf@p%fO% the

I f nf
un EF e o 8n SR LR eV FAHA 115 S A0F A EBE S At rg &

cr%@mebkrﬂgn@etth% idud heo | @vent hgnanklsGt rdrys, aard ovhe
di agram for expl ai ning an exanpl e of a cess of
cressteoathaned SHERRIVFCRRE BEAN0 fmtlﬁé’r“{) nt‘?‘%)‘“nt’f""st

ac%%f%lﬁgA%ol%h% gf@%éﬂ@gfﬁyéBQEOEXpﬁ%|ﬁ%n$d¥bfbﬁﬂﬁi6
obtain a silicon wafer whose chamfered portion has a
uniform cross-sectional shape in a circumferential

direction after an etching step.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

FIG. 1 is a schematic diagram for explaining an example
of a silicon wafer chamfering apparatus of the
invention;

FIG. 2 is an explanatory diagram for explaining a
chamfering method in the invention;

FIG. 3 is a flow diagram for explaining an example of a
process of a silicon wafer production method of the
invention;

FIG. 4(A) is a flow diagram for explaining an example of
a process of a conventional silicon wafer production
method. (B) is a flow diagram for explaining another
example of a process of a conventional silicon wafer

production method;

FIG. 5 is a schematic diagram for explaining an example
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a process of a conventional silicon wafer production
met hod. (B) is a flow diagram for expl ai ni ng anot her
exanpl e of a process of a conventional silicon wafer
production nethod; FIG 5 is a schematic diagram for
expl ai ni ng an exanple 11 of a form chanfering nethod;
FIG 6 is an explanatory diagramfor explaining an
exanpl e of a chanfering condition in a main test in
of thefotrmvehtimdeyr iFlgGmethesdan expl anatory di agram for

expl ai ning co n ositipns to asure-.ch
FI%ha@e§Saﬁg E%agéﬂa Yy € {%QF%Ws?gﬁléfpé%ﬁ?gﬁgggl
ex &Pl @angkopy cli-adfcamdPrc @l ai shngnas eadnRteaft in the
cross-sectional shape di nensions of a chanfered

inx@mtig?; FIG 9 is a graph for explaining a

ircunferential, _ C ' I

TGt ThescPios beaiany ShadEef) FeRcraragrRnd o

poshandesedopaekiseire idmmdf atellyshiipes ehanfoenisigl
performed by a conventional method; FIG 10 is a

orypaphtEBRSéxpl aining a circunferential change in a BC

rval ge; of Jhhe  enassises) I eNadrahaper dkpRRSIMNS ofn dend R

. chanfe?eghp%rgggn innedfgte y§gftgr c anfer?ﬁg

of peréesmedchbyonkd coramntd bnansienpRodf aFcgamfiried g
oggfsh.for explaining a circunferential change in an

p _ %fge and an A2 val ue of the cross- sectional shape
FI¢li Menssoas gebpa Ghanfererh pothyon ciimmedifaieEnt il er

etching performed by the conyenti gnal e hod; FIG 12

chargq Hraph Por VepKidthPa 2fr &8 @r@ﬁfibe THatge in

seé%f%h%?lgﬁggg eI Osssesti gnahamltaped ¢gaminsdons of
a chanfered portion 1 nmedi ately after
immediately after chamfering performed by a conventional

method;

FIG. 10 is a graph for explaining a circumferential
change in a BC value of the cross-sectional shape
dimensions of a chamfered portion immediately after
chamfering performed by the conventional method;

FIG. 11 is a graph for explaining a circumferential
change in an Al value and an A2 value of the cross-
sectional shape dimensions of a chamfered portion
immediately after etching performed by the conventional
method;

FIG. 12 is a graph for explaining a circumferential
change in a BC value of the cross-sectional shape
dimensions of a chamfered portion immediately after
etching performed by the conventional method;

FIG. 13 is a graph for explaining a circumferential
change in an end R value of the cross-sectional shape
dimensions of a chamfered portion immediately after
etching performed by the conventional method;

FIG. 14 is a graph for explaining a circumferential

12



etching perforned by the conventional nethod; FIG 13
is a graph for explaining a circunferential change in
an end R value of the cross-sectional shape

di mensi ons of a chanfered portion imediately after
etching perforned by the conventional nethod; FIG 14
is a graph for explaining a circunferential 12 change
in a BC value of the cross-sectional shape dinensions

ch®iga tchaaf sredafard ich tihmecdicasse{-yeatti@maletséwmﬁg

per formed accor to the t
dl@ﬁ%ﬁhoﬁérogxﬁl %ﬁﬁ%fﬁf |9%%€¥§$e%gﬁgﬁlagkéﬁbe in an R
tHﬁiﬁgeﬁgrEB%m%HQ%%d%%HidﬁﬁﬁoSbﬁﬁelndbﬁ&ﬂﬁans of a

red portion inmmediately after etchlng per f or med
FI%cchdnagat grepd ifaemipp iR 26cigcaniersitndory
i agram f or explalnl t [ et pRRIL an
Ch%%%gF?QaFBe ang & #ﬁé c%géshéggﬁgggagectlona

dlrﬁ@ﬁﬁﬁoﬂbnB!ﬁSIaO@tha‘hffeﬁrememﬁetEdn pomeiddrt elA) oK tease
where an end R = 0.2 mm e where an end R =

et@h?ﬂgnﬁ?rﬁPGPePYQQ$Qﬁ¢%&%I%%aEB?leW§ af¥or
FI@Xpiélg%ngntQ%&;ggéﬂgf§(Hh§@r£ﬁef6Eo%&p$%ﬁdﬂﬂﬁﬂthe

I mensi o of a chanfered portion; and FIG 18
relstaonehppab&tmeﬁnﬁagn%ﬂdf%rV@kpBaﬁﬁﬁn@ & el ef

e oA OSSR R s o B FOER B9 oAe: 65T

pof€ighnaiher a @ras%nbmhf@rﬁnoénahe Envent imom i @) A case
expl ai ned; the invention, however, is not limted

Wh¢h@réﬂoenﬁnRa—céhé%%ﬂW%nal silicon wafer production
FI@EtTQd%s BB % Lt Wafgga&fé&?aﬁof%@a@&@léﬂﬁidﬁﬂﬁﬁe

In each of circunferentia
def)DﬁitlLonso[fnttthe anoif-osecishapali Ahapehahmansigpns of a
process, and .t hen
chamfered portion; and
FIG. 18 is an explanatory diagram for explaining an

example of the measurement points of a chamfered shape.

BEST MODE FOR CARRYING OUT THE INVENTION
[0026]

Hereinafter, an embodiment of the invention is
explained; the invention, however, is not limited
thereto.

In a conventional silicon wafer production method,
it is common practice to chamfer the outer edge of a
silicon wafer in each of circumferential positions into
a uniform shape in a chamfering process, and then
perform an etching process by alkali etching that is
highly capable of maintaining the shape of the principal
surface.

However, even when the uniform chamfered shape is
obtained by the chamfering process, in the etching

process that follows, due to crystal orientation-
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performan etching process by alkali etching that is

hi ghly capabl e of nmi ntaining the shape of the

principal surface. However, even when the uniform

chanfered shape is obtained by the chanfering

process, in the etching process that follows, due to

crystal orientation 13 dependent etching ani sotropy of

an al kalie solution, the cross-sectional shape
deSé HRASE08S cofi nighe rchant ereyl ofoani eakeddy. sedufion, the

result, although the conventi onal t ha j { NS
crepa-fpatiess lofhaRe %Wﬁ?%h?nguPﬁagg? 4%5&35%5% neet

egands far i ghspreci $i eRo6EaS $hesewtnvems i stape

po%?ﬁ%ﬂs?%ngsoﬁtﬁe chanf ered portion. ['00%175%? £
meThedehaietatine ithentorteonsuefedhs Brddyiddh rirtace,
.. Chanfering process, and the.etching_RLRCESS, AN dHind
lttﬁ%??oﬁﬁﬁﬁggt%&ﬁlﬁf %Ré% %§£tﬁgago Ventional conmon

se®tashhae sohpenidiordryi shand er thg thendietrerd auyetien t he
chanfering process, by performng, on the contrary,
[0@hahferi ng while changi ng the chanfered shape of the

out pendiang Qe fdie: ChésaaEeeanki ak upgsicn ame
(thgihgg?%aggénggﬁgqgh the crystal orientatiqg%, and
chiheeebygobtraicissy and hané ee edhpost PEPIREA n@RL nppHend

uni form crgss-secti.onal ,shap c day At 4
thabssHpitdoXd LRI P e§8?02§5§%§ﬁﬁﬂ%ﬁlS%%%%O%f
prict§hamber e iyd Op Ohafsiihgonheafert eaf tatge hen the

etching process. In particular, the inventor, found
cham&erind prossas dePat PORIQFFeRIo %etqheno%?ﬁt%?yy’

change i e S sefcbynahglaig ancassi og the
Ch?ﬂge%ﬁpgﬂW&g&ﬁdgﬁﬁhggggi??8n In the etching process
outthakdige, depdifdierence the thecendsineg Emunt©attsPig

cohiFsekropye e 5 ThE EPRER AN e, g
thbPe®ydicHfterienGey id éMgmedded portion having a non-
uniform cross-sectional shape, contrarily, it is
possible to make uniform the cross-sectional shape of a
chamfered portion of a silicon wafer after the etching
process. In particular, the inventor found that, with
consideration given to the amount of change in the shape
caused by etching according to the circumferential
position in the etching process (that is, a difference
in the etching amount arising from the crystal
orientation-dependent etching anisotropy, which, as
described later, is reflected in a difference in the end
R of the chamfered shape after the etching process), by
changing the chamfered shape depending on the
circumferential position, it is possible to produce a
silicon wafer of extremely high quality, the silicon
wafer whose chamfered portion after the etching process

has a more uniform cross-sectional shape, and completed

the invention.
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R of the chanfered shape after the etching process),
by changing the chanfered shape depending on the
circunferential position, it is possible to produce a
silicon wafer of extrenmely high quality, the silicon
waf er whose chanfered portion after the etching
process has a nore uniform cross-sectional shape, and
conpleted the invention. 14 [0028] Here, first, the
[os2&tdy conducted by the inventor on the chanfering

process and the etchin oce d ib b '
Geodittod Thtder athe BF Y COTVEN Tonar mslAod. FERgos
on Ot @rcﬁgﬁgegﬁnﬁ Ydcohs Wah @r thé seebanher etavddorn y,

and alkali etching is then performed. The follow ng
dessrabstiudposk tilse dgazsibedcipofaradhap®Yofd a

chanfered.portiaon, aft.e c ' :0C;
COFRanEy B o BErT O SHapE o { P Cchanferad ot oo

isakthenrthedeuehifRgminpcessd §0029]1 eActhany €rs ridien
process in_the conventi opal g{gauction netthLyA

pesfPrued - waber fwdd PHofickd #n & QS hrocEss
seé@?gﬂainsﬁggéd§%§? M kfdgeMagoperbar mEd M tdhesl urry

contal ni ng 1500 abrasive grains as the main
chamfeedhgnproyessi mnd atnel ¢robr8esawoaprardtare of the

wher eby a sil.icon fer wth . CLYy I j entation
Ch?@gﬁfeénaoﬁg&Pﬁg _ :%n%?%re%?ﬁégé §%§%%ﬁ$"a t hi ckness
[00069910 pm was obtained. Then, after the outer edge of

this silicon wafer was roughly chanferegﬁg¥ sing a

#600( hretbanbORABE RHOASST appi M GREVEB d wth
seHIFRLGFEIERIAR L2000 L1 T D ul o e
815 an shbipoepanéer MWaci demdidsd ant héoghvwiké 2

process shown in FIG. 4 (A).

Slicing was performed with slurry containing
GC#1500 abrasive grains as the main ingredient by using
a multi-wire saw apparatus, whereby a silicon wafer with
a crystal orientation (100) and having a diameter of 300
mm and a thickness of 910 pum was obtained. Then, after
the outer edge of this silicon wafer was roughly
chamfered by using a #600 metal bonded wheel, lapping
was performed with slurry containing FO#1200 as the main
ingredient, whereby a silicon wafer having a thickness
of about 815 um was prepared. Incidentally, although the
above-described rough chamfering was performed by using
a form chamfering grindstone shown in FIG. 5, it was
performed mainly for the purpose of preventing chipping,
and no thought was given to the precision of the shape.

Then, on the silicon wafer prepared by performing
the lapping described above, by additionally using a
#3000 resin bonded wheel, as shown in FIG. 5, with a

chamfering apparatus adopting a method of transferring
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above-described rough chanfering was performed by
using a formchanfering grindstone shown in FIG 5,
it was performed nainly for the purpose of preventing
chi pping, and no thought was given to the precision
of the shape. Then, on the silicon wafer prepared by
performng the |apping descri bed above, by
additional Iy using a #3000 resin bonded wheel, as
th&hgwboive Eh@peb.oMittHe ayr haihhigr whgedppar ahes wacfcﬂpn ierge
a net hod  of transferrlng 15 the, groove sha &
fagei nBFRG IfFe &N A SHE YR B CRaFe gfﬂéé pﬁfge gd ih
su?ﬁagfEﬁbngsp&gpﬁéﬁkpgjﬂgscpgggoé@@@lbﬁalsﬁ%ﬁp% Wty @aS
o make“the cross-sectional shape of a chanfered
chpoféred ppirftdom YrO0B9dmAt this point, an A value, an
[Oﬁg Zalue, and a BC value (see FIG 17) of the
B8s-secti onal shape di nmensions of the chanfered
?grtA@PtMﬁéepB'%ﬁﬁw e gsn wH INge Poamt 52 i malhe, phade aofBC
e silicon wafer, to be nore precise, n 0|nt
valwneer 9ges Fe6 497|lﬂﬁLkﬁ%gcr%s?péﬁﬁtggfaiméﬁga s @

d1$g$§£gﬁg o%of%é“gﬁghfé¥%dt$8r€ﬁonvﬁh¥% aRd dhedat
val ue, th

_ € neasurenent results shown in FIG 9 were
nlﬁﬁtﬁbmﬁdsbﬁmrﬂﬂﬁéﬁﬂéW@J@é thhesiédgbns wvadlegn 1 18 G
were obtained. In FIGS. 9. and 10, th unt.s -of
Mo FRVPAEFH Sfrr @rﬁ%é@q%‘g%tafqam*ééraﬁlﬁh(?% %anllﬂlé:lut%mg
8. 7% afﬂh%lan%m@ BCryabyecageordifg d10. ther the Al

circunferential direction of the silicon wafer are
vakhewandAs hies A2 @l ¥q ont g GReagugRBeDd AUt pPhown in

FI@hagf E 9 RGeS PYed Per 8?%@”5%@@@' B ad 5 OMES

e circuntference o e silicon wafer, the A
shy@huén FtIh;e A2 vwadnee olatnalinbe . BCnv LGS -var y‘ﬂ‘iCh ¥, the

condition that .the anpunt devi at i qn f
ame@Rbac Pty &eVardden ?%st$3IF 25PEHi abou:ol %ﬁ% R

vaY@s, centi mped hhat, 4he ahsost wailber mecharfiaredo the
cross-secti onal shape was

circumferential direction of the silicon wafer are shown.

As is clear from FIGS. 9 and 10, after the
chamfering process by the conventional method, over the
whole circumference of the silicon wafer, the Al value,
the A2 value, and the BC value vary in a condition that
the amounts of deviation from the respective target
values fall within about #*10 upm, it was confirmed that
the almost uniform chamfered cross-sectional shape was
obtained, and no distinctive tendency was observed in
the circumferential direction.
[0031]

(An etching process in the conventional production
method)

Next, the silicon wafer after the precise
chamfering process described above was immersed in a

sodium hydroxide solution having a weight concentration

of about 52% and being heated to about 75°C for ten
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obt ai ned, and no distinctive tendency was observed in
the circunferential direction. [0031] (An etching
process in the conventional production nethod) Next,
the silicon wafer after the precise chanfering
process described above was immersed in a sodium
hydr oxi de sol ution having a wei ght concentration of
about 520 and bei ng heated to about 75C for ten 16
mi ¥ el eSananeawas hishedsbye etlodidt ¢ oa addpphhodf adiesdt 240
m An alkalie solution typified by a sodi um hydroxi de
pumsol ution is supposed to be able to etch the whol e

sur face, vpi f oL by 1wt Baut vigmaidd ngy thesshape hfdaoxide

wafer, 1n particular, thé flatness of the principa
sobuttf anei st beppoledarid iz alobt etoi atehckPfg “PrdSessi ng

of a sili.con.wafer .nowada r
Suaéi%ﬁegalf858%&h#ﬁéﬁ“ﬁﬁ?eﬁﬁgiégfﬁ8a3?§n Koka??fN%.wafer'
injﬁaégiéaﬁbr, ®R32]1 alhe: ¢ €salf t shef priasipede stunifadache

cross-sectional shape dimensions of the chanfered
theerefeonabfl fhe agiaatesh 1 et erP 2R ¥ ePTPRESEMKE i°TetThi ng
siPrQSSS@ag8§CBbW§$%?§“/ e@l the &3BRphel, NUspSddwse

descri bed above under e same neasurenent conditions
Un@sambnsd @esenitbéthkebionat toe (Khbai)i NorFl &3~ 11/ &t -

12. Although there is no great change in the A val ue

[0&#@) t he A2 value, a signi ficant change is observed in

the BG valyg1tIhat hnsasiierymunis ofie devbasi-ercliomal
the target values of Al and A2 shown.in FIG, 1

shrot dgneactgrendrad cRAEFRES POFALPPe Sndi ot o eon
wa B el R e B e BB T (11 S 10
at behsotedet patints as those described above under the
same measurement conditions as those described above are
shown in FIGS. 11 and 12.

Although there is no great change in the Al value
and the A2 value, a significant change is observed in
the BC value. That is, the amounts of deviation from the
target values of Al and A2 shown in FIG. 11 are not
greatly changed regarding a relative shape before
etching (that is, after the precise chamfering process)
in the circumferential positions (It is to be noted that

there is a change of about -30 um in absolute value) .

[0033]

However, the amount of deviation from the target
value of BC shown in FIG. 12 is changed significantly
depending on the circumferential position. In particular,
with reference to a notch, compared to points at 8.7°%
90°, 180°, 270°, and 351° (referred to as 90°-interval
points), at points at 45° 135°, 225°, and 315° (referred
to as 45°-interval points), the BC values are shortened

by about 40 pum. Furthermore, they are up to =40 um away
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there is a change of about -30 min absolute val ue).
[ 0033] However, the anmpunt of deviation fromthe
target value of BC shown in FIG 12 is changed
significantly depending on the circunferentia
position. In particular, wth reference to a notch,
conpared to points at 8.7, 90, 180, 270, and 351
(referred to as 90-interval points), at points at 45,
fré@Ssh@2bargad 333 ule eftertted mat:olralsm451nnpéh@él words,
poi nts), the BC values are shorten

b
theug t AEe MbA R, PRhEP C4Pd 195 S &L 4D ?ﬁg%?n%? %H‘Fhéarget

af&ggeglﬁééuguéh th%ﬂ?@@ﬂ@ﬁ&e|ﬂn0tH@rcw©E§SSec&maual
are 40 mvariations with reference to the target

shamé ugimShacensuc 4hdi fahamireed nPPhEIER0LEMESES onal

an HERaRGeAnT A Bopraeies Tt 1 of | Gae or R ag. Thece Tre

at afeé%su 6}0 M variatdigns alt tdree f £ 0abl ppeddattssagee .
Thi s makes |t difficult to neet even. t he denandsi; Qm
Bh ro a

This TmakesmeE WA 4GP O MRS UsCRA nERE FSPANRSCH
cu%g¥$3£lgg§ gﬁ?ﬁg?té(%ﬁg)4gcﬁmlﬁéée Rt L@ imNtion the

nm node whi ch variations are set to 25 m or
VaﬂrﬂﬁﬁloleOSﬂE ERegardiing tine @r obsssechpbngb skapdosf the

he chanfered portion after t he etchln e e
32 %v%oaésépré’@l%rVgaer]rar} ¥9R° B Var s oppf%% AR ol

1e&d 0Ss-sectional shape di mensions of the chanfered
portion depending on the circunferential position, the
[0@¥ahge which becones obvious by alkali etching, is

beli@%%ﬁaéﬁlgg dye teohe rustaprigapat bentat the

sili eracting as anisotropy at the tinme of
chahthiragd. pbattibe et cldeset¢hedgabseeess)silicon

maf%%e above-described change in the BC value of the

cross—-sectional shape dimensions of the chamfered
portion depending on the circumferential position, the
change which becomes obvious by alkali etching, is
pelieved to be due to the crystal orientation of the
silicon wafer acting as anisotropy at the time of
etching.

In the.example described above, a silicon wafer
having a (100) crystal axis on the principal surface is
used. In FIG. 7, the crystal orientation corresponding
to the circumferential direction of each measurement
point when a common (01-1) orientation is set as a notch
orientation is shown. With reference to the notch (01-1),
90°: (0-1-1), 180°: (0-11), and 270°: (011l) can be
considered to be equivalent, and 45°: (00-1), 135°: (0~
10), 225°: (001), and 315°: (010) can be considered to

be equivalent.

Therefore, it is believed that etching becomes

different between an orientation equivalent to (001) and
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having a (100) crystal axis on the principal surface
is used. In FIG 7, the crystal orientation
corresponding to the circunferential direction of
each measurenment point when a common (01-1)
orientation is set as a notch orientation is shown.
Wth reference to the notch (01-1), 90: (0-1-1), 180:
(0-11), and 270: (011) can be considered to be

anGﬂgiéﬁtgﬁ%ona$@u¥&i¥éﬁtlﬁodlasg ( 0and0Xhe2 281 g0OPRY
and 315: (010) can be considered to
of THee ef6PES —SECd B L P hA EP%hFES ecomeé)e&]:tlon is

e ! b Qi £8% at heRs eaHiY aleantu tendr(01)
Ob%%%$8§835ng§rﬁgﬁ?a?ion eqU|vaIen? to (011), and the

resunl st odpyheoBC v lordss- secti onal shape of the
chgagered portion is observed as in FIG 12 which
0%% the neasurenent results of the BC val ue. [0035]
Furghef norgeorkhe thrventwenconduchddcthe sthelystasd, and,
as a result of analyzing, at each neasurene té90|n ' the

as thereshiés off aamdy FnandaRecaeli REGSES TFE

| Dscrib t ross ngk shapa &f itrd¥cribed in
Sl%%an?ergg poﬁﬁi%ﬁmgfe§§%?ﬁgéé%5gan "6 (seé‘Flé?_fé) .

thé eSﬁeetsl—\selc:)tloaﬁaJSI’ijrpe i of FElze 8haﬂ@@r¥dfct RATTHRN | #L

t he case of t ey d|
PO%%ESCP?cﬁﬁﬁe a%ggtl%gb ?%e resu hdgg Sown
R e Yo
thabbdnfﬁermde@esﬂilrﬁ%é?lwe*éhet ﬁérCBFllfﬁﬁteé’tqltﬂ? é%%%%lr%%ty

001) _a t valentrd o 19113
Thfoﬁ%éfaﬁe qut%gjb?{: %tﬁ‘%gné ?psggg&egﬁ thIe end R aidls

cléhe FBEmvaIE 1S desoe i bedesAdranidlamdl &shawpds nRl and

FIG 16, the BC val ue
R2 differ by about 40 pum to 50 pm between the

orientation equivalent to (001) and the orientation
equivalent to (011).
[0036]

Here, the relationship between the end R and the
BC value is described.

As an example shown in FIG. 16, the BC wvalue
varies geometrically depending on the size of the end R.
That is, for example, when the radius of the end R is
increased by 40 pm from 0.2 mm (FIG. 16(A)) to 0.24 mm
(FIG. 16(B)), the BC value is shortened by about 30 um
from 482 pm (FIG. 16(A)) to 458 um (FIG. 16(B)) .

This agrees with the phenomena in FIG. 12 showing
the measurement results of the BC value in the
circumferential positions after etching and FIG. 13
showing the measurement results of the sizes of the ends
R1 and R2 in the circumferential positions after etching.
That is, the BC value and the R value are linked to each

other, and, for example, the BC value can be made
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varies geonetrically depending on the size of the end
R That is, for exanple, when the radius of the end R
is increased by 40 mfromO0.2 nm(FIG 16(A)) to 0.24
mm (FIG 16(B)), the BC value is shortened by about
30 m from482 m(FIG 16(A)) to 458 m(FIG 16(B)).
This agrees with the phenonena in FIG 12 showi ng the
nmeasurenent results of the BC value in the

sm&l TSHMber gpkialy pOsi tH ansled teargtching and FIG 13
showi ng the neasurenment results of the sizes of the
[O&hts Rl and R2 in the circunferential positions after

et chj.ng, ]S, e ; e
1 e a8, e e s B e e
inean:be fradedlOusmalagr thye raki ngt ropyRoFakpd&aldr gdrching

' [0037] B duct i he_ above- i
£ [ RNt BY L BB oG SO RSB SoRr oy tor Thrkad € of

L Chh 8- sbart Baaar kiiale O5f efhat ERamEOREH Iiotred dro, t he
end R of the cross-sectional shape of the chanfered

reigﬁtipg,inaesahammyiiﬁei&%a%%evﬁ U€ke BC val ue. Then
y using this, in_papticular, figr; e ksot

Cuni I s k?%f?se%?gd@?‘t%sé d e T e e e

an 2E®UAbpaccahdichy its0 tdfEl et tednfer entidf epegias om e

the silicon wafer, that is, diff in. ' :
St EReIBANRR JEEOVEITE 1651 FBe oPt ERRTREGRr A a1 ™

rentia I on

of AhEr st heBLeRiRe Dr aaess)iof etahrngreadehd rcryrsd adize
orientation is obtained by a prelimnary test or based

of orhgashddat acerrtiard itke. EThenl r FANERE SO erddiyt =1 O
2 s O0ERR EReRile RoiEilasPYoFPREORT hE! Bo) il \diihd e

et _ endi ng on eachcircunferentia
or POSt 498N Assuoh A Y B 4opeblimnateyt e sdi fierensed
in the end R according to the cir nfeEanééying

onpeasti BAtar o1t A@Ssililton WRFRr, *Bhaffel g i
pr&@%ggrﬂﬁdawﬁbﬁ% test, by appropriately setting the
size of the end R depending on each circumferential
position in such a way as to eliminate the difference in
the end R according to the circumferential position of
the silicon wafer, chamfering is performed while
changing the chamfered shape of the outer edge. As a
result, after the chamfering process, the chamfered
portion has a non-uniform cross—-sectional shape because
the shape varies depending on the circumferential
position; however, etching is then performed on the
chamfered portion in such a way that the above-described
non-uniform shape is canceled after the subsequent
etching process. That is, it is eventually possible to
obtain a high-quality etched silicon wafer in which
variations in the cross-sectional shape dimensions of a
chamfered portion are suppressed extremely. These are
the findings of the inventor.

[0038]
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changi ng the chanfered shape of the outer edge. As a

result, after the chanfering process, the chanfered

portion has a non-uniform cross-sectional shape

because the shape varies depending on the

circunferential position; however, etching is then

perfornmed on the chanfered portion in such a way that

t he above-descri bed non-uniform shape is cancel ed

af t emd heestbsegyent thetghi rdrepraxebanatThar ¥as pasied

eventual |y possible to obtain a high-quality etghed
on G TFEOR Wit BACkn Aden th/arseie opgt Itdn el betidtitifined

by 9555 SEChbORAl Shans didrenss ons (Bf , athehanrfteiced in
portlgn are suppressed extrenely. These are  the . iy
whi¢mdchgefef itige ﬁm\mﬁfo@rmf@oeﬁezo dovd st § ygrinding,
al t hough the expl anatio a flcOWHahH G
begrage ?H% §§ﬁ£é%§§ﬁ?#§°%%h eggéggiﬁgg gyeusinggg .
thdreshggdeshowa tichildc 4(B), the method in which
chanfering is perforned aftg%adou | e-disc ﬁégndgng,
becadimee @ FRE chahf EPEd 3HETHS T %ﬁﬁé&e?hgxgg ¢hange in
s110€ANaRERY reladNG: MY EPVSEicheathenabavetdescri bed
exanple, a silicon wafer having a (100) orientation

primcipel pnirfeiqeali swfate Hevwased, HoRevame EHERRRrOn

henonenon ccurs w th other Lentation axes. [0039]
OCHIT Bi HéFgePF%z%’f S TRt Bt 2R R

e’invention is
[o¢xp}ained with reference to the draw ngs; the

i nvention, however, is not Iinitgd thereto.thnHA%

1, deweinafbesi ansiemoasHWeiterot chiff &PVRG T asParat us
ex%%a%ggd!QX%%“fyféféﬁg@“@o £eShRWR inig ;FltGe linwention,
anf éring apparatus 1 of the invention has a hol der

hoRewhrgchibohds disiiltiebnthafetrowand rotates it, a

chanferipg ofindstong 3 high ghar gesat gsayter edge
chamfering apparatus of the invention is shown. As shown
in FIG. 1, a chamfering apparatus 1 of the invention has
a holder 2 which holds a silicon wafer W and rotates it,
a chamfering grindstone 3 which chamfers the outer edge
of the silicon wafer W held by the holder 2, and a
control apparatus 4 which controls the relative position
of the outer edge of the silicon wafer W and the
chamfering grindstone 3 by numerical control.

Hereinafter, the components described above are
described in detail.

[0040]

First, the holder 2 may be of any type as long as
it can hold and fix the silicon wafer W during
chamfering, and, for example, a holder of the vacuum
sucking type can be used. Moreover, it is provided with
a mechanism for rotating it, such that the whole outer
edge of the silicon wafer W that it holds can be

chamfered. For example, as shown in FIG. 1, the holder 2
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of the silicon wafer Wheld by the holder 2, and a
control apparatus 4 which controls the relative
position of the outer edge of the silicon wafer Wand
the chanfering grindstone 3 by nunerical control.
Herei nafter, the conponents descri bed above are
described in detail. [0040] First, the holder 2 may be
of any type as long as it can hold and fix the,

hasid icondeat eot Mt gudirige crrarerd ngocandd Epfesx dfplsach
a hol der of the vacu .sucki.ng type 1sed.

th%%f%@%e??l@?rig ﬁ%&@ﬁ e&%ME?Féﬁf%kc gﬁggg fg§ 4s

po§§¥ﬁﬁéngoi£ch§59@ hade drhey el Eoputetatédge tafe thied d
silicon wafer Wthat it holds can be chanfered. For

silexampl eafas Bhown in FIG 1, the holder 2 21 has a
hol -rotary drj - I htc S
et ihd iy SEEREREPR, RO Rel by P ©f

t hat is rotated, whereby it is
thdassidbe boaaehhete parechelrh shy f bimipedt i agd K& h&Id

silicon wafer W The hol di ng nmechani sm and.t.he rotary
conekdiantd i Bf thend s JaFare® n‘gﬁe p%PPi"Sgﬁt%E?lfl

ho]'t%%%iecﬂgﬂi%ya% Lo iguReehini ke same manner as

onventional hol di ng mechani smand rotary
[00kLhani sm [0041] Next, the chanfering grindstone 3 is

descri bed. . The chanferin rj 3: LS ibed.

partﬂe@iﬁ’ar?@el??r??gﬁrlgg I%gﬁ‘é{%g&?r?@g%nl%hgﬁfggf the
ThOWBEmedgengl gihadsiddrooB hafeot Waatdondiang 1t d ik ed

nature of the invention, in order tﬁ make it easy, {0,
as pkpR@r afchanferi fPaHite thafgtng tHE cRantere §hape
waPeef?ﬁ‘.j' ﬂgc?th_LB o it es eptéabrdihectingeafidhe in

siTicon wafer as shown in FIG 1, it is possible
order use makhanteeiamy tpipesfore ehamferdxCeriidile

ch§Xé§ngEhEy%%adE¥£é35% Aﬁ% depending on the
circumferential direction of the silicon wafer W, as
shown in FIG. 1, it is possible to use a chamfering
grindstone of the external cylinder type, for example.
Furthermore, the chamfering grindstone 3 can rotate by
means of a chamfering-grindstone-rotary drive motor 6.
[0042]

Moreover, the control apparatus 4 has a mechanism
7 for moving the position of the chamfering grindstone 3
along an X-axis direction shown in FIG. 1, a mechanism 8
for moving the positions of the holder 2 and the silicon
wafer W held by it along a Z-axis direction, and an NC
controller 9 which numerically controls the movement
mechanisms 7 and 8.
[0043]

In the movement mechanism 7 for the chamfering
grindstone 3, a slide table 12 is coupled to an X-axis
drive motor 10 via an X-axis feed screw 11, and the

slide table 12 can slide on a slide rail 14 by a guide
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Furthernore, the chanfering grindstone 3 can rotate by
means of a chanfering-grindstone-rotary drive notor 6.
[0042] Moreover, the control apparatus 4 has a
mechani sm 7 for noving the position of the chanfering
grindstone 3 along an X-axis direction shown in FIG
1, a mechanism8 for noving the positions of the

hol der 2 and the silicon wafer Wheld by it along a

13 Z 85 So e F £CbhORheanrd i@k NGbleont2 ol tke 8Sbwhikehescribed
nunerically controls the novenent nechanisns_7 a d 8

cha[rmmenrncr na ¥ hedrEPBRERO LRSS ST 7P P Tt RelEhinfer:

'f95t9$§ QESQfé i % & skris sodphegote QﬁoXeaXlS
rive notor via a -axls feed screw 11, and the

foshd et/ babkeatd) can shied&-exis slivectaph by bjcaXgaixded

22 13. Mor on.the slide,t e12 the
dr]a‘b%\f%""d%gcf Broeﬂla?mt g 915 a%%l?one Fotary-drive
[odPipr 6 i's frxed That is, the chanfering grindstone

3 can nmove (nmove forward/ backward) in the X-axis
di r dot iasi byl ome Xoaxnevepenfe st 1o thir 6RHh R Re

|de ta 004 | heanpye t,
Thani & srfn v % % 2 %o der d‘}2 éalrfs?%C IngQg Z\éag:agxdrsl vfeeed
scm 0z1 20a alZdaxrtabfleedzz,scar eyu 2de aBSI pdd aa@lledﬁz,raall
uide 23, and a slide rail e _Wor, @g
&t 2°ang

20 I B et BOE RS 06 STt Iy thaaote | AEShBLs

thd %?&éfcﬁm anaf eheWdhalid day Vratf@ﬁnwnméed (oryoxie ta:raramcbve
In the Z-axis direction by the Z-axis drive

(marot oup 28ndheowgh tilme tdie de arabs edrzlzeCFee&S]DYTl’fél%( LAt s
lve

or SRR UL M BT 20 are
[ocdwnf eri ng apparatus frame 25, and therefore it is

The X-axis drive motor 10 and the Z-axis drive
motor 20 are connected to the NC controller 9 placed in
a chamfering apparatus frame 25, and therefore it is
possible to numerically control these drive motors by a
program. That is, it is possible to numerically control
the movement of the silicon wafer W (the holder 2) in
the Z-axis direction and the movement of the chamfering
grindstone 3 in the X-axis direction.

[0046]

FIG. 2 is an explanatory diagram for explaining a
chamfering method in the invention, that is, how to
control the relative position of the outer edge of the
silicon wafer W and the chamfering grindstone 3. By
making the control apparatus 4 move the silicon wafer W
in the Z-axis direction and move the chamfering
grindstone 3 in the X-axis direction, it is possible to
change their relative position. Moreover, it is possible
to rotate the holder 2 by the holder-rotary drive motor

5 and, concurrently, rotate the silicon wafer W, control
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possible to nunerically control these drive notors by
a program That is, it is possible to nunerically
control the novenent of the silicon wafer W(the
holder 2) in the Z-axis direction and the novenent of
the chanfering grindstone 3 in the X-axis direction.
[0046] FIG 2 is an explanatory diagramfor explaining
a chanfering nethod in the invention, that is, howto
th&€OoigDE bherbebatiove wiadi tn@fe:oénd:@etouaeno@@@el@f thee
silicon wafer Wand the chanf rlngﬁgrln st one

3.
sikakpPhg e hBrcBnt POt SHEH Lt D aobtIrhE! i B SR ST

Icon wa

thdVohPelhEude a%hsa%'fﬁ%éﬁ&b&”@hﬁ@&ﬁféB@n@ﬂaﬁf@Uéﬂllon
gri ndstone % In the X-axis direction, it is possjhble

ThérefchangetthelpOﬁ@thau$QME#@m6ﬂr fbeesiieer jqdge face
to rotate .t he ho y e I
Ofd??%e ﬁngPn gagﬁ&, Caccor ?iFg t%g cggdﬁﬂféfgﬁyﬁél

oncurren ate the silicon

aiMeEef oM wEeNEr ehadyithe jangle of totahided witamfered
reference to a notch in the S|l|§on waf er W ( not

shapewdYi HSERE £hgu eI RhaFF BPAStRB odter edge in

0G4y Lntended circunferential position. Therefore, it
IS possible to chanfer the outer edge face of the
mI|InnndmﬁEm1MVacmordhﬁgaﬁxudﬁynﬁr%ﬁ@ﬁ@réﬁtﬁéﬁ 1,

di rection mhll chan it,to an | n r
theipaxhy E}%Fﬁ(j ‘?%gme?kﬁ%‘a %ngﬁg q{ll%mﬁ Hts
dit&et g8At abk¥mehh H@%Hﬁﬂi&ﬁLﬁ£ESﬁDMDcaﬂeEI@oZthethe

X-axis direction nmovenent nechani sm and t V?xgﬁl
Ch@mf@CLh@nGﬁévéﬁﬁﬁpﬁnﬁﬂﬁﬂﬁs%@%r%léFFBEaWé the

CEELP 7S HAAEA S o S G
limbted! thetredot henet,o, naetnurahlayuratl §s pilsios plssgible to
brﬁﬁ?iﬁgégﬁtgﬁvg %? %ﬁe §%§%$%%d GH th lé%?ékgfrectlon
me FRYETERAL 2ABCRABI $Maxis direction movement mechanism in
the side of the silicon wafer W or the chamfering
grindstone 3. Moreover, the direction of rotation of the
silicon wafer W and the direction of rotation of the
chamfering grindstone 3, which are shown in FIG. 1, are
just an example, and are not limited thereto.

[0048]

With the structure described above, the silicon
wafer chamfering apparatus 1 of the invention controls
and changes, when it actually chamfers the outer edge of
the silicon wafer W, the relative position of the outer
edge of the silicon wafer W and the chamfering
grindstone 3 freely in the circumferential direction.
[0049] '

Next, a silicon wafer production method of the
invention using the above-described chamfering apparatus
1 is described.

For example, a silicon wafer is produced in line
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the side of the silicon wafer Wor the chanfering
grindstone 3. Mreover, the direction of rotation of
the silicon wafer Wand the direction of rotation of
the chanfering grindstone 3, which are shown in FIG
1, are just an exanple, and are not limted thereto.
[0048] Wth the structure described above, the silicon
waf er chanfering apparatus 1 of the invention controls
wi@hdacpasgess whewn @il |y thabbhdisgt he pogtlémishge

of the silicon wafer W the relativ Si_t of the
teght efNCéHGETEE Livhe T19 | ‘%ﬁ?b?nvwgﬁagahg%cﬁgﬁ%ering

in%%’@g Long 3okr a8l tdy tihee £ ¢ sunhepeat iial ndirfveatdsin.is
4 ? Next, a silicon wafer production nethaod of the
not nveotsenradiyng etvd rasby enfdst¥ | bedaéRanPesisigple to

apparatus, .1 is descrihed. ex I il i
orGRREr PoSARdaiRedd N b ZH At AOR SFORBaS Shamy in
acEhfu13tbBChudian@ ra el iitnary test. Incidentally,

the production nethod of the inventign is not limted
therBtbst e prepMRLRaNY fE&s S PTHTIRRcEREafi |y

préf?ﬁkﬁggxh?%%thtﬂfﬁfﬂféb@0§§ﬁ8h§ tQysREAdUERcE grown
siTicon er by using, for exanple, past accunul ated
by dat azomethed,i Ker Kxsigle, shaphéigater vheisebat ed

 for a prelimnary test silicon_singl I f thi
S1ihgoel @Sgﬁﬁ 1y © Q§fqﬁgh§%?e?brggfaﬁ%%§% %3 S ?%ed, o
siMebabYazersiild cugMlerchsmdbtatinedndThen thdre out er

edge of this silicon wafer is roughlﬁgahanf%{ed aqg.
subseched teouls derdd o REIPHT n§LpPole -sgde drinding
dougle-side grinding process. [0050] Thereafter, the

pr%ﬁ?e?'edge (on whi ch rough
[0050]

Thereafter, the outer edge (on which rough
chamfering has been performed) of the silicon wafer is
precisely chamfered. A chamfering apparatus used in this
process is not particularly limited, and it is simple
and easy to use an apparatus similar to the conventional
apparatus, that is, the apparatus using a form
chamfering method shown in FIG. 5, for example. By using
it, precise chamfering is performed in such a way as to‘
make the chamfered shape uniform in each circumferential
position of the silicon wafer.

[0051]

Next, the silicon wafer after the precise
chamfering described above is subjected to an etching
process. At this time, as alkali etching, for example, a
sodium hydroxide solution and/or a potassium hydroxide
solution may be used. However, it is not limited thereto,
and it is possible to select an appropriate solution on
a case-by-case basis.

At this time, as described above, due to the
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chanfering has been perfornmed) of the silicon wafer is
precisely chanfered. A chanfering apparatus used in
this process is not particularly limted, and it is
sinple and easy to use an apparatus simlar to the
conventional apparatus, that is, the apparatus using
a form chanfering nethod shown in FIG 5, for
exanple. By using it, precise chanfering is perforned
cri8tslUchbraenantdsor @nimkerope ohast éndd sitagbei ngni fdren

I n each C|rcunferent|al osition of ,the
etqaies. apoust] Nbbers RERTRTLER AT EF‘eaﬁl?r ”ﬁﬁenrentlal

pogf.@%bﬁe ofchanf %rllni%cﬁrﬁsv%f@?d ABRYE g $haukjregied f o lan
etching process. At this tinme, as al kal i etching, for

chamﬁapbd partsodi umrhydrokéde. sol uti on and/or a
P L g s A T P R R s

t?Fn? |s pOSSI fo sel ect

Shé‘]ﬁ cappr 8pei ahenFArEd PoONioR CASeaby- cdsevrdEmntAtal
is time, as described above, due tgQ the 25 crysta
pooif &AnaPifol heniesstashys bF 1 @PRaVa T 8FOH|n$e%ﬁﬂ¥eiﬁéﬂ?

thgngyggngll Ex%r S epending OI$Ct Pg16kr ewlf erReNtd alalue are
POSi|

ron-of the silicon maki ng the shape of the
obthantdred portion non- uniform After etching is
gerforned the cross-sectional shape of the chanfered
OR8ftion in each circunferential position of the

et chegds syl be0oBa WA @ ithaRaASH Btkd andlutbeodi maersicansss -
such as the BC value and the R value are obtained.

Se{Z’G@gQPlBﬁbé@eoﬁw Jonm hef obh&i ABETFALFSS RO R
af%é?s§he88%%®g%. : et dinppsjonsiefiithe ahanfergtive, a

ortion |ng process, in partlcular the
chﬁhﬁakmeg aonchianfer i g xondanfening Rrofv@Eerimg main

Process in a main
test 1s set.

That is, based on the above-described values of
the cross-sectional shape dimensions, a chamfering
condition in a chamfering process is intentionally set
so as to form a non-uniform chamfered shape depending on
the circumferential position, in order that the non-
uniform amount of change in shape in each
circumferential position is cancelled based on the
amount of change in shape caused by etching depending on
the circumferential position of the silicon wafer in an
etching process at the time of a main test, to make the
cross-sectional shape of the chamfered portion uniform
after etching.

For example, in an example shown in FIGS. 12 and
13, in order to reduce variations (FIG. 12) in the BC
value depending on the circumferential position after
the etching process, based on data (FIG. 13) of the R
value linked to the BC value, an R value according to

the circumferential position in the chamfering process
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test is set. That is, based on the above-descri bed
val ues of the cross-sectional shape di nensions, a
chanfering condition in a chanfering process is
intentionally set so as to forma non-uniform
chanf ered shape depending on the circunferentia
position, in order that the non- uniformanount of
change in shape in each circunferential position is

is caeeekhed basedver itdte ormsoimttlndé Bhmadeei degpiemsbing on

caused by etchin pendi the cir ere
th%o%%%FBW¥SFepﬁé |IHQ§%\M§?G?P?%r BheeF%ﬁlﬁg p(%éﬁﬁ?s
ar@trégﬁcEH”EMBEe SR £8s411¢0 MakestBet so as to

cross-sectional shape of the chanf er ed portion uniform
elafiigatet clﬁbmgexﬁmpl@gamplcé:,ff@rancexéﬁéloe ~sR&h 5 PO um)

FIGS. 12 and 183, fo ucevar L0
beﬁ‘?ﬁe?ntPﬁeRB(ial\Vﬁl u S%Ldjrrhgﬂ:gg Ee Ci Irb%&m‘ I?e%hl”g of
thé’%ﬁéih@@ tht aro, thesef chbpg, pa@@e355°baseﬂrmwaval

the R value |inked to_the A€, %ﬁb'q

pOM@W@é aééoﬁéﬁn@ @ Luhe k9 F ciihf EF ehf Fal 505
nferi,ng _pr.qc o 26, oS oSu bha aRisabi o_
”m%rpfhgﬁﬁ ggﬁngs :QCESS;0 26 ta%b 6k obhaknyanisaki gpgo-

ue depend’ng on e circunférentia
intpesvalopoahten .t Mhast chs nglproeesshamfe riaducand Mot @/

speci ficall is set so_as o eI| ate, f
whesyx ahpeeR Haépﬁféﬁbﬁﬁﬁi(Z%OR%° ngﬁ) * t?ﬁgg% t he

f%ﬂéjU%héfﬁrvgkdé1éﬂfitﬁé 4@b%ﬁté¥£bpnboehtsthe set
pornts at 45, 135, 225, and 315 (45-interval p0| nts)

to atRbthe ROVvajme BodcRnd rpdl Ginge hbodf 368KeR) Tt the
Bctyglg 'nE%ﬁ§%t§5§SS¥h 480, B2 70218805321 (1% dapfesvad

, In the chanfering condition, when
totm@ Redaked aftest tthe Ryoohing PheC9@S|ntervm
oints, the Rvalue for the 45-interval points is set
[09%3 1R90 - 50) m By doing so, since it is linked to
the a BGValHE, cMahiraldions ddhdiei BC val vetare dleseribed
abgég?ciﬁg main test is conducted. First, in a manner
similar to the preliminary test, a silicon wafer
proceeded to the lapping process or grinding process is
prepared. Then, based on the chamfering condition
obtained as described above, instead of uniform
chamfering, chamfering is performed by controlling and
changing the relative position of the outer edge of the
silicon wafer W held by the holder 2 and the chamfering
grindstone 3 with the control apparatus 4 of the
chamfering apparatus 1, thereby forming a chamfered
portion whose cross-sectional shape varies depending on
the circumferential position.
[0054]
On such a silicon wafer having a chamfered portion
whose cross-sectional shape is non-uniform in the

circumferential direction, etching processing is

performed under the same condition as in the preliminary
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to be reduced after the etching process. [0053] After
the chanfering condition is set as described above,
the main test is conducted. First, in a manner
simlar to the prelimnary test, a silicon wafer
proceeded to the |apping process or grinding process
is prepared. Then, based on the chanfering condition
obt ai ned as descri bed above, instead of uniform

teshaniertRgs eharf erdandin st hper & o aed £ by heoptredl i ing wihd
changing the relative position of tae uter ed e(Pf
testhe thel pROHNRaPE WATEIY By $HEPRo aé?eﬁsaﬁ& wing on

thé’hca{'%gﬁﬁlgggﬁg@i. dstne 3 Wi t hc kP8t sonbreknappraralusdde

of ering apparatus 1, thereby formng a
to i engdanpemttirapywhose cross-secti onal shape varies

depending on, the circunferenti al it 0] :
suckP"EEs i coi e Ty H ¢ %ﬁggﬁe ﬁiEQ%ogéééﬂgggn'

wifh 0SSnseaki-aRalonsgRfe st dofhanttosmrilnotrientation-
circunferential direction, etching processin%‘is
dependentedtohdag e saieoRBNERt FBR §SCPAPGhETOCess,

relimnary 27.test. hi ' SN Ganer Of |
Ch%ﬁleﬁ?%?iﬁ%néﬁfesiiﬁﬁg%%% %%%Eﬁ?mg? éﬁaﬁggein shé%ilng
préié$ e swilepandisng ton pidrei cis conberent i &lo BSsitta grake

(crystal orientatio due _to etching anisot )
theowe9eF SPR HLv& 3dr ot ?o%fn%?ﬁoaﬁgpgﬁﬁgd?%v%ﬁ£¥gh,non_
unié‘f$£‘m09{1§hd%%tt' UhPi VERN- 91 £ BemCey shahqor (et atdron-

.ependent et chi ng anlsotropg in the etching process
unthamheRi ngliue)i meartddriay | ynpeptehAbd oA ropy, the

chanfering .pracess ' i s.1h I eV i Qs A QGES SO
no%su?b§ﬂ£Weetfﬁ@f%¥6¥§-sé%??%n%ﬁ gﬁgpg&of tﬁggchaﬁ?%}ed
poPPELEAN ABNcamidlared sukh & haestihe, nom- dmi foorsA i thi kY

the non- unif i
maéﬁigbgr§§9§%ﬂ%;ggfgg§ﬂug aSQ”%?dtR% % %ﬁ?é%gambortion

of the silicon wafer after the etching process extremely

uniform.

[0055]

In the conventional method, as described above,
even when variations in the cross-sectional shape
dimensions (for example, the BC value) of the chamfered
portion after the chamfering process are +10 um, they

become +40 pum after the etching process.

On the other hand, an etched silicon wafer
produced by the above-described production method of the
invention can bring the cross-sectional shape dimensions
of the chamfered portion close to the target values and
reduce variations extremely, to ®£10 um or less. With
such a high-quality etched silicon wafer exhibiting
small variations, it is possible to meet potential
demands from the customer for a high degree of precision
(for example, variations set to #25 pm or less for the

32 nm node) satisfactorily.
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non-uni f orm et chi ng depending on the circunferentia
position, is cancelled. As a result, it is possible to
make the cross-sectional shape of the chanfered
portion of the silicon wafer after the etching
process extrenely wuniform [0055] In the conventiona
nmet hod, as descri bed above, even when variations in
the cross-sectional shape dinmensions (for exanple,
t he B M1 Df, t hesabarbmreedt mporcéon afckrashe
chanfering process are 1Q m they__hecqgne _40.m after
mixrer cpehi AhlBPoRESSESth Stwrbth%rFﬁgndg D3Yefched

peStdifon weler producety theaapove descri bed

production nmethod of the invention can bring the
[0®F®Bs-sectional shape dinensions of the chanfered

portion close to e target .val ue c ;

var it o3 &?¥En£F§,lpg%ﬁfﬁéa;&$é§€gl%éﬁﬁa gacﬁegall
py N &h-geakht ¥xahphed o |iconi maéet 1 exhi bt g vesytldn,

vartations, it is possible to neet potential demands
hoevert hescogtomdpified L EPteegree of precision (for

exanpl e, Yari Ayl ens sel Lo RdR Ofnl essef pichhe p3douns
nod sé%ls actorily. 2§ Incidentally, a subsequent
sh@h®CceasFsach3asnal udimnora potéshnhgapyote€ss -shown in

FIG 3 may be ?erforned as is conventionally done.
[ 00568 Tt B haFY eF©StHe i nvention is explained in

det ai{ . s DY ¥8Ya0hraniaxammle wist hethavéolilominghe
i nvention, however, is not limted thereto. A silicon
expaf ement predeoaduat a9 neT i § hPESHLBdaeLY 13°

cofgfiy el Bt VR AR LI TR B el e
described conventional method.

Slicing was performed with slurry containing
GC#1500 abrasive grains as the main ingredient by using
a multi-wire saw apparatus, whereby a silicon wafgr with
a crystal orientation (100) and having a diameter of 300
mm and a thickness of 910 pm was obtained. Then, after
the outer edge of this silicon wafer was roughly
chamfered by using a #600 metal bonded wheel, lapping
was performed with slurry containing FO#1200 as the main
ingredient, whereby a silicon wafer having a thickness
of about 815 um was prepared. Incidentally, although the
above-described rough chamfering was performed by using
a form chamfering grindstone shown in FIG. 5, 1t was
performed mainly for the purpose of preventing chipping,
and no thought was given to the precision of the shape.

Then, on the silicon wafer prepared by performing
the lapping described above, by additionally using a
#3000 resin bonded wheel, as shown in FIG. 5, with a
chamfering apparatus adopting a method of transferring

the groove shape of the grinding wheel to the wafer edge
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experinment was conducted. This prelimnary test was
conducted by the production nethod simlar to the
above- described conventional nethod. Slicing was
performed with slurry containing GC#1500 abrasive
grains as the main ingredient by using a multi-wire
saw apparatus, whereby a silicon wafer with a crystal
orientation (100) and having a dianeter of 300 mm and

fa@e{hﬂzﬁgg§§§ f@ﬁaﬁﬂf@r@ﬂ(@spxﬂﬁ@éﬂﬁdg When peafftoemed hien
outer edge of this silicon wafer was royghly ch d
sudy asrag aSHE00MAKSIT o rGEds AREEF L LR AT RS T &

Ch&ﬁ%ég%gﬁﬁ?%kaﬁnsl 3 GPNt ai ni ng FO#1200 as the main

ingre ereby a silicon wafer having a thickness
[o®@$7about 815 mwas prepared. Incidentally, although

t he above-descri bed rough ch d
o R et CRATEBR e BeR PE O e,

an i A2Wag1uker baumed graivd Mud O(s&bEFparpase aff prieyetosig-
chipping, and no thought was given to the precision
se@tl?helshhg@e THaenHPheC 5 Fggoﬁh\%f%e& e hy ere
erformng. .the | i ng. [ b , C
me %ﬁf?gpﬁglPﬁn%sﬁﬁ¥%¥§2%%8%§%egﬁgn%ogggéjgzgﬁ%liﬁf
wa B8PWNtbNbEl Gor®, prddise, ahiantepbhgtapedr dints Hatvb? | ¢

a met hod of tran§ferrin .,the groove shape of the

45r iim HgdimgeP - 1o ene ﬁgﬁer B4pe f@fﬁéfggx%gﬁ%i%eHOtCh'

ThERANESL RY PLACRSH NOF VBSy PLE 1 6nMEd ol tsldda geayvabues
to make the cross-sectional shape of a chanfered

of p‘ﬁlnei ah wailier mnd 00BY]A2 Forlret eRdAOS tSostEne at

this point, an.Al_ v n | ue, and Y,
me?%%EeEFEF f?fu&#xiﬁ%igﬁg%gg gﬁ%?#%ﬁa% shapeqﬁﬁﬁgﬂg+%ﬁs
fopf thbeagbamferndd duoriatoiomef eommehsurced gatt nidveapod it she

in the plane of the silicon fer, to be np
BCpY@%P§e,aﬁ@ﬁétp&hﬁsﬁ%ﬂeiﬁ?EngFsagft A5, ?%czﬁﬁinbo
webBe ToBRdi328Y. With reference to a notch.

As is clear from FIGS. 9 and 10, after the
chamfering process by the conventional method, over the
whole circumference of the silicon wafer, variations in
the Al value, the A2 value, and the BC value fall within
about +10 pum from the respective target values, it was
confirmed that the almost uniform chamfered cross-
sectional shape was obtained, and no distinctive
tendency was observed in the circumferential direction.
[0058]

Next, the silicon wafer after the precise
chamfering process described above was immersed in a
sodium hydroxide solution having a weight concentration
of about 52% and being heated to about 75°C for ten
minutes, and was thereby etched to a depth of about 20
pm.

The results of measurement of the cross-sectional

shape dimensions of the chamfered portion of the silicon
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Then, for the anmpbunt of deviation fromthe target
values of the Al value and the A2 val ue, al nost the
same neasurenent results as those of FIG 9 were
obtai ned; for the anmobunt of deviation fromthe target
val ue of the BC value, alnpst the sane results as
those of FIG 10 were obtained. As is clear from
FIGS. 9 and 10, after the chanfering process by the
wafonventéonahenatlirad,i eterhite pwnhotesciesgnrfibresh e vie

the silicon wafer, variations in, the val ue, t
at \igheie3 2BAJPPAE PBCAFal i %l S ThPrd aBRIE PO e
sarﬁ{%é%é@f%le}ﬁ% Langat 3 dless tho¥asdesenfiberedddiat
the al nost uni form chanfered cross- sectional shape

wemmgsstibihaneup shoseo off FI1GRt i e apdndéncy was
observed in the circunferent] ' i on. 0Q58
Nex?ﬁlttekhoeunkillg}&%ﬁev\é ep%ag}gra@t h%{a(prr%%%:igg t}c} a%?ehar}éle
andﬁr%@@&;&%deé@lﬁéb?@ @%@\rﬁﬁ/\asammhsagei hsaobsedivgd in

ydr oxi de sol ution having a wei ght concentratio of
theRit v EBYF andNBE| i eSO APBUR L 786 VAT o8 [TOM the

taﬂr:?{ t\?§luégdo\f’a§\flt helehy eliched 1A ardepth efreabmd 20

he results of nmeasurement of the cross-sectional
grmﬁm dhaegsdodis oot a hee lohahver edaper bedrref sisding
sil1¢con waf er after. the .al kal| .etchi (ele
(trﬂaetécjr?beﬁ§885v§%eatpﬁencelssearr%h%%?% %SQSB{%%%S egcszrr:i B

ci@beN e HBHER all @ o ssa IR aSLE eent ocbadhbitens tas tt hosere
~ described above were simlar to those of FIGS. 11 and
is 12.chenteughi eherd is3sthdiryrigatakhangeei Halne A Wader

wo{ﬁ%,é%§e§2a¥ﬂh etH%fgﬁﬁﬂfﬂﬁQEEOSQ§§?evb%i%Q§QﬁMﬁiﬂithe

value. That 1s, the anbunts of deviation from
valles sarpet avial nes aofe AtlGandn A2r shewm, i AnEl Gooll rasalts
not %gggy.y changed from.a rel ative shape before

aretYpt

[0059]

However, the amount of deviation from the target
value of BC shown in FIG. 12 is changed significantly
depending on the circumferential position. In particular,
with reference to a notch, compared to points at 8.7°
90°, 180°, 270°, and 351° (90°-interval points), at
points at 45°, 135°, 225° and 315° (45°-interval points),
the BC values are shortened by about 40 pm. Furthermore,
they are up to -40 pm away from the target value, and
there are +40 um variations with reference to the target

value.

Moreover, as a result of measurement of the end R
value linked to the BC value, the results similar to
those of FIG. 13 were obtained. As is clear from FIG. 13,
the values of the ends R1 and R2 in the orientation
equivalent to (001) (the points at 45°, 135°, 225°, and
315° (45°-interval points)) are larger than those in the

orientation equivalent to (011) (the points at 8.7°, 90°,
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(that is, after the precise chanfering process) in the
circunferential positions (It is to be noted that
there is a change of about -30 min absol ute val ue).
In other words, even after the etching process,
variations in the values of Al and A2 are 10 m or

| ess, and good results are obtained. [0059] However,

t he amount of deviation fromthe target value of BC

1809hownokN Eh& 3%52°i oohangedrshgnipliicerd )y, alepernieng
_on the circunferential position. In particular, wth
di frfefrefen et ad fok®htocSfpdfled to points at 8.7, 90,
[Ongg’ 270, and 351 (90-interval points), at points at
,» 135, 225, and 315 (45-interval points), the BC
val USstariags ot tenelahyeaboat cA0dht Mt her nore, they

are_up to -40 maway, fromthe target V. there
ar e 120 3™\ 4t ons tﬁoFé g e%cg%ﬁyt %g%afge e'bg
praaldieinds egvghgeasna shepd tcanfsatbdsyr etehtngf atkereidyg
R value linked to the BC value, the results simlar
to tapch hosecWhferentig lwers 6Bl fdd. P08 F&™EI 8ar % r om
chgaéér%§.p£gge¥§!3% dﬁa%ﬁ?é%ﬂ#ﬁﬁ% BhEcBEsi, nthke
orientation equivalent to (001) (the points at 45,
chahd® r&P5;rans-s 815 1p45-1i themeala ot nt 5y akehiagger
t han t hose én the_ orientation equivalent to (011)
PrQagR® pli a9 UB1#°T8p, 31 1800, 2700, and 3510

(90T I Ale PObAESY) onabHet heyuldisf fef tiye apoal idOnary
to 50 m [0060 (Settln%'of a chanfering,condition) In
test mgscrieed BYover menghadAE P RALpL OBy 1T 2

o i e B R Ftmor st o poni ti on-n The
fodugmn@faateshanheonng her deess teftorehanvafeli ngs 2

(1 gf%%%%téPeaxis on the principal surface, the cross-
sectional shape, in particular, the size of the end R,
of the chamfered portion of the wafer varies at
intervals of 45°, and the BC value are linked to vary,
in the chamfering process immediately before the etching
process, the size of the end portion R is-made to vary
in the orientation equivalent to (011) and the
orientation equivalent to (001).

[0061]

That is, although, in the chamfering process
performed in the preliminary test, form chamfering shown
in FIG. 5 by which the groove shape is transferred to
the wafer outer edge was performed so as to form R
having a constant R value (here, 285 upm) in each
circumferential position of the wafer, as the setting
for R in the main test, a point equivalent to the (011)
orientation was set to 285 um which is the same value as

the normal condition (that is, the condition in the

preliminary test described above), and a point
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chanfered cross-sectional shape after the etching
process is made uniform Therefore, based on the
results of the prelinmnary test described above, a
chanfering condition in a chanfering process was

first set. In this exanple, focusing attention on the
fact that the wafer has a (100) crystal axis on the
prlnplpal surface, the cross- sectional shape, in, .

equiardient aro (RBl3i wesofsatheerml Yelugs £Re ERantdr&y 1S

rtion of e fer varies hnter 45, i
Sm%ﬁiﬁ%{? .TuéggréﬁPyﬁkgg%%$\égy?b éﬁ x%ééc?gﬁfeﬁﬁﬁn®hls
is He8%Soh noedi ateky reafeorte tdmuktshshgwnplocdds,- t

size of the end portion Ris nade.to var N
Thigy i eht &R | 6ﬂré8€ritvalléhttrheo f%ilg?eﬁﬁagt ke Coers:sgn A;S?%%ance'
a cﬁh%rﬁ@éﬁ@é R €A1k :0Q8L]adhatdisg 8bthewgh, in the
chant'ering process performed in the prelimnary test,.
ciﬂi?mﬁehamféaﬂn90§hGWWniafﬁﬂl&tgeb?t LER PFE Grtove 1S
shape is_transferred.to fer r e MBS,
makesd f %E%ésga get&l(ﬁﬁﬁngﬁgy?ng 39§§§s€§%% R val'ue
redlNe £ag 288 B) uhh reaeh creigcusdet ohaal spegiet icgn tdfe t he

wafer, as the setting for Rin the maint oi nt

Ch&mﬁEW%§eﬁ@riéoﬂhéf@@ﬁnth%w?%%?ngoﬂrﬁﬁgSggﬁk%§: 5 m
Ci%%p£$%£gn£lesaqgég@fg%ﬁm the normal condition (that

e condition in the prelimnary test described
abowleau)c;iciaaérgt:salbpimqalﬁﬁoe@lm il iegntt e (D0g) SRASIS6t to
a val ue m ichis smaller _than_the a €
betyiesn phitsednRl G008) . THRIZE 13- b%@%dl&?lt%ﬁe%%v 1yl ue
intBASHT egpatel 5l ke tShaml ime &t Gint8rpolhits drs ti may
correct, in the chanfering process in,advance, a
be difterpptetpd bﬁemﬁt\%ﬂ%ﬁetla%%rﬁﬁ“ﬂatg&“tghé)r a

er R ER R R B ED T a1 o The B val o ol o0
AlM8sYgh the results immediately after the chamfering
are not clearly shown in the figure, the chamfered shape
according to the setting is obtained.

[0062]

(Main test)

Based on the condition set as‘described above, a
main test was conducted. As is the case with the
preliminary test described above, a silicon wafer
proceeded to the lapping process was prepared. Next,
instead of uniform chamfering, a chamfering process was
performed by using the chamfering apparatus 1 of the
invention by changing the chamfered shape of the outer
edge of the silicon wafer depending on the
circumferential position under the above-described
chamfering condition (R = 285 pm at a point equivalent
to the (01l) orientation, and R = 235 pm at a point
equivalent to (001)). As a result, a silicon wafer

having a chamfered portion whose cross-sectional shape
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resulting in a uniformcross-sectional shape of the
chanfered portion after the etching process in the
circunferential direction. Incidentally, although this
time the spacing between (011) and (001), that is,
the inside of 45- interval space, is set as |inear
interpolation, it nmay be interpolated by nathematica
smoothing or a trigononetric function based on a sine
wad uich+oni foAht haughet ke rasuf¢sen phedi digleygtdfmewashe
chanfering are not clearly shown in the figure, the
obthipedr ed shape according to the setting is obtained
[06@9?2] (Main test) Based on the condition set as
descri bed above, a main test was conducted. As is the
c_a]sé.“rw'rt,h aghea peebihi pdr ¢heestl ldezen i HaleabbhES a
silicon_wafer r.ocee to . ' §
bt LT oat TRy e R G b T AT NP E R G e e o D che
sakdagt €nihggcphadessmas rext osfredhby pusiliginkey test,
chanfering apparatus 1 of the inpve ti%gﬁb¥ cha iqg
O

the hdeshapfleF 8§ UdREpE VI RE AR EFL8Hge &8 i Ton

elo4epepfli RE0R LRt G d Cuaf 8F ephibabcPesiliieon ingesh
the a oye-descrlbeg chanfering condition (R = 285 m
cifdggé@bentie&upwahaﬁontkﬁt$hpW@1iw EiGentldti amd difte R
= m at_a point _ equivalen 1)). rs
valugitp C%ﬁc%fzéﬁfcuﬂ%r%gntal%ﬁaéﬁée?%éggo)fl%i gﬁ%\/\“ﬁoslg?%m'
15 Cross-sectional shape 33 was non-uniformin the

circunferential direction was obtained. [0063] Then,
as d“?é&ﬁ@r%@e@hébgyﬁhC&ﬁk&ﬁ%ﬂF¥%USfSOB£8Wh§ Bei“ig ©

of2¢€%$§£§9i&gpgﬁggk%%tprQﬁ§§sé@ﬁvéﬁg§6nbheméﬁﬁ@ﬂ)

g con as that of the prelimnary test,
exhibiting wide variations (#40 um from the target

value) depending on the circumferential position, as
shown in FIG. 14, it was possible to obtain the BC value
whose variations from the target value were suppressed
to #10 um or less over the whole circumference of the
silicon wafer.

Moreover, for the size of the end R of the~
chamfered shape, unlike FIG. 13 showing a case of the
preliminary test (the conventional method) exhibiting
periodicity, as shown in FIG. 15, no periodicity was
exhibited depending on the circumferential position, and
the desired results were obtained.

[0064]

As described above, the production method of the
invention makes it possible to produce a silicon wafer
having a chamfered portion whose cross—-sectional shape
dimensions exhibit extremely small variations even after
the etching process by using the chamfering apparatus 1

of the invention. This makes it possible to meet demands

for a high degree of precision, for example, +25 um or
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the desired results could be obtained. The ampunt of
deviation fromthe target value of the BC value in
each circunferential position is show in FIG 14,

and the R value in each circunferential position is
shown in FIG 15. As described above, unlike FIG 12
showi ng a case of the prelimnary test (the
conventional method) exhibiting wide variations (40 m

ledd oMt hehéaBgehm waldes) shepientheigoohlyhe
OC|rcynferent|aI position, as shown in FIG 14, it was
[0Gfoskible to obtain the BC val ue whose variations from

the I\thﬁrj]gsetté/%éleuﬂﬁé.%s%eﬁr essed tHo Jfesent iesenoren
t he ole circunference of the silicon wafer

is Moreolenitédr inhangi »@ by HehenreeineRE tERAFCdT ed

shape, ,unji ke F 1 oW ;
desf i ?‘r‘fn?\??v?es#g‘ﬁ ﬁ%oﬁn@eﬁ%%ﬁﬁﬁe?éo%@%g%ﬁli biti ng
ex10di ghlyangshihgwtHat Has ddbshanpérilddi ¢hey sease
exhi bi t ed dependi ng on the circunfe

St BIRE T Ao HoShPod SFRRNTS! VA GET Gl Rl Lfo0BR CAS NS of
th?ﬁ%%%%gﬁg ahouer ithe dHPAuetd ops pethodiaf 1€ workings

entron nmakes it possible to produce a silicon wafer
andldawenn@fatshaa&ésedu;tdnm drhaHosehri 634- s66Pcordl ifape
i mensions exhibit extrenely small variations even
PregenRy l?ﬁﬁngﬁeﬁrng process by using the chanfering
[0?@@pra:u3 1 gf tpe invention. This makes it possible
o neet demands for a high degree of precgisjon, for
exarfsie, ex@pd or 38 [LBSs SFGMRife &S ?%ée‘,abOVé’ a

deﬁ%ﬁééngﬁgpikxs dORRIcdd b8 %stﬁiéeﬁeWSﬂéﬂdeﬁﬁng a

e present invention 1is not limted in any way by
(1ote empsdaieatishemedfhe destnébedl aBe¥éacFhe FaBGHET
fofqgggégeggigitg%ﬁﬁhy\%Hjeties, it is also possible to
obtain an etched silicon wafer having a chamfered
portion whose cross-sectional shape dimensions exhibit
extremely small variations in the circumferential
direction by varying the R value depending on the
circumferential crystal orientation of the silicon wafer
in a similar manner. Moreover, as for the R value of the
end of the chamfered shape, the R value being set this
time, it cannot be set uniquely because the target value
thereof differs from customer to customer. Thus, an
appropriate set value may be obtained on a case-by-case
basis by conducting a study or the like.

In addition, as an etchant in the example, a
sodium hydroxide solution is used. However, by using a
potassium hydroxide solution, which is also an alkalie
solution, due to the same dependence of a crystal on
orientation, it is possible to obtain the same results
as those of the example described above.

Furthermore, the above explanation deals with a
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exanpl e, and anything that has substantially the sane
structure as the technical idea recited in the clains
of the present invention and that offers simlar
wor ki ngs and benefits falls within the technica

scope of the present invention. [0066] For exanple,

in the exanpl e descri bed above, a denonstration was
conducted on a silicon wafer having a (100) crystal

casXiin orhidle, pthnchpamasur frace., Hofewerperformgngerough

cha%ifeié‘én?%?é‘#?{ab?f%é?neﬁms & ARG PG opetisR e

gﬂ%%ﬁé%C@ﬁaﬁ?@%hﬁgabf%QQPQébﬁﬁﬁ@l@ﬁSdGXbubkblde
xtremely small variations in the circunferentia
gruhdxngAomn@erahyngglﬁhéh?ﬂuﬂ%ki@%%%ﬁdlHQWSHthe it is
ci rcunf | ar e sy hcon
alswafpeq,ssfl%f OrTPF )f%gﬁglﬁn%rf@%{)ra%%gg?%‘lha ro b
chateddiei od, theirend @ﬁ:etdiesa:ft&rdlefeﬁlsgapétethéa@p\m%@r

being set this tine, it cannot be set un
doukdemstde heT L BAGBE v ANGE RHer F %??f%?énggnﬁreClse

chéﬁ%@{?ﬁ% tgnaugggg%&m'gyghlﬁﬁ1 appropriate set val ue

may be obtai ne case- by-case basis by conducting
a study or the like. In addition, as an etchant in the
exanpl e, a sodi um hydroxi de solution i s used.
However, by using a potassium hydroxide sol ution,
which is also an alkalie solution, due to the sane
dependence of a crystal on orientation, it is
possible to obtain the sane results as those of the
exanpl e descri bed above. Furthernore, the above
expl anation deals with a 35 case in which, in the
main test, after perform ng rough chanfering,
non-uni form preci se chanfering is perforned as
preci se chanfering after |apping or doubl e-side
grinding, and etching is then perforned. However, it
'S
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al so possible to perform after performng rough
chanfering, uniform precise chanfering after |apping
or doubl e-side grinding, then perform non-uniform
preci se chanfering, and performetching. 36 CLAI NS
1. A chanfering apparatus for a silicon wafer to
chanfer an outer edge of a silicon wafer by using a
chanfering grindstone, the chanfering apparatus
conprising at |east: a K&aAI#S hol ding and rotating a

silicon wafer; a chanfering_.grindstone ch ' an
1. out®r CBARECrING PRI TF LN ggfe? ﬁéldfﬁﬁlﬁﬁgﬁﬁéﬁ%%r
chaf?d @ GO r apRGEALYS of @H 16N ald fd1g lay cChamrher ed

shape by controlling a relative position of the outer

chamcfgaefdiaifg tdeids tenn, waher chadferd haARRR FRGYS

ri,ndst on numerical control, wherein the contro

ComﬁﬁﬁﬁFﬁﬁh§ﬁ%dﬁ¥?%ﬁé and changes the relative position
of hhaooulker redgeinf dhe sbtatongwaf erilianeh twefer;
chanferln% grindstone at a ti f chanferin
depen@hAgies i cidetnder enei aﬂgﬁ‘g&rﬁ“&q P heSEi F7E8n

of W%%?%ih%! PYwd Perhgbder py2+d mRdihegk f oangroduci ng a

silicon water, having at "|least the steps of:
chaaf epingodn aparaedgefof aostiicdddnwaferchapgered

erformng etchin rocessi.n it St -a h red
Shagr o B T HEL S P Bof Cuarer Safbd T he Shaster Cge
edg® & tMersi ni @osi hhger wakerthes qiranfieedngygrindstone
performng the etching step after performng the
by civaefididanly @eRpreh, ¥heked™ay as to change a

cha r e d '
Cir%&%f%%ﬁﬁ%%% %?pQPaQHEeEonggggs_@%ﬂ“ﬂﬁﬁh@@sathe

osition of the silicon wafer such
relthdtven prostsicrcofonhke shdse sfdgaheof the silicon wafer

and the chamfering grindstone at a time of chamfering
depending on a circumferential position of the silicon

wafer held by the holder.

2. A method for producing a silicon wafer, having at
~least the steps of:

chamfering an outer edge of a silicon wafer; and

performing etching processing on at least a
chamfered portion of the silicon wafer after the
chamfering step, wherein

a silicon wafer is produced by performing the
etching step after performing the chamfering step in
such a way as to change a chamfered shape of an outer
edge depending on a circumferential position of the
silicon wafer such that a cross-sectional shape of the
chamfered portion varies depending on the

circumferential position of the silicon wafer.

3. The method for producing a silicon wafer according
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chanfered portion varies dependi ng on the
circunferential position of the silicon wafer. 3. The
nmet hod for producing a silicon wafer according 37 to
clai m 2, wherein changi ng of the chanfered shape
depending on the <circunferential position of the
silicon wafer is perfornmed based on an anobunt of
change in shape caused by etching depending on the
to eilraunfrerefiéadiposition of the silicon wafer in the

etching step. 4. The nethod for  produgcin .silico

waf EP3REEHUIHy tho %@%?E??egrS@Fgﬁugéﬁ%béaﬁga%%uﬁPe
ci r@hurd 14 shapercaused hetehi ngon depesdi ag on the

circunferential position of the silicon wafer is

pe rébiraiae o dyed onduati pgoantestt i¢harNante. sBapgngaused

thod fo roducing _a.,siligc dj oA
by BRI SEREnang " R sy R S oRL et bBY s caorAE
thePerflorsmd byresi ng ansoditwnihydtoxp de sol uti on and/ or

a potassi um hydroxide solution. 6. A silicon wafer
produced by the nethod for producing a silicon wafer

4. aCC@B%i%%%H%&”%&f”ﬁ%@&ughﬁbn% é%ﬂﬂb&ﬁ wafén gtebeding

silicon wafer, erelin variations in cross-sectiona
to shapen di nensB3 pnshefeia chanfered portion in a

cirepn erentl@lo Al Leciien:8r shtlit VBl dSy 10cBhohg

depending on the circumferential position of the silicon

wafer is obtained by conducting a test in advance.

5. The method for producing a silicon wafer according
to any one of claims 2 to 4, wherein
the etching step is performed by using a sodium

hydroxide solution and/or a potassium hydroxide solution.

6. A silicon wafer produced by the method for
producing a silicon wafer according to any one of claims

2 to 5.

7. An etched silicon wafer, wherein
variations in cross-sectional shape dimensions of

a chamfered portion in a circumferential direction of

the wafer are *10 um or less.
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