DESCRI PTI ON CHAMFERI NG APPARATUS FOR SI LI CON WAFER
METHOD FOR PRODUCI NG SI LI CON WAFER, AND ETCHED SI LI CON
WAFER TECHNI CAL FI ELD [ 0001] The present
invention relates to chanfering apparatuses for a
silicon wafer which chanfer the outer edge of a
silicon wafer, nethods for oduci ng a silicon wafer,
and etched silicon maﬂ%%%nﬁﬁﬂTI@N particular, to a
chanfering apparatus, a production nmethod, and an
etched silicon wafer relating to the cross-sectiona
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S|I|con waf er having a dianmeter of 300 nm for

exanpl e, a stepper adopting a technol ogy (i nmersion
TEEPoSaEeFLEEMNol ogy) for enhancing the resol ution by

pewi ching liquid (nornally, pure water) between an
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objective lens and a silicon wafet is gradually being

adopples. ptasexposurventsiarg tdi stéechaokagytarfimy waf er

chanfered portion varles in shaghlcghe liquid tends to

=PHRERCFFOM RE Malor KHnT &7 682 chamter the outer

edge of a silicon wafer, methods for producing a silicon
wafer, and etched silicon wafers and, in particular, to
a chamfering apparatus, a production method, and an
etched silicon wafer relating to the cross-sectional

shape of a chamfered 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



portion when the outernost edge of the wafer is
scanned. Thus, many device nmakers are required to
conduct a review, such as shortening the dinensions of
t he waf er chanfered shape, or inprove the dinensiona
preci sion. [0003] Moreover, in order to inprove
productivity of a heat treatment process in which
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portion cross-section I's set as a front surface
the efevemceetB8iohnlt khagmnd eradchanfeord @ostirigighshown

N connect i a.point P2 which_is |ocated at a .
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faé%gggkcgngh%g%gEénce 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 um
parallel to the reference L3 away from the reference L3
and a point P3 located at a distance of 70 um parallel
to the reference L3 away from the reference L3 is
defined as L6. And the angle which the reference L3
forms with the straight line L6 is defined as 01.

Likewise, on the back surface side, 062 is defined. In

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



(2) A point of intersection of the reference L3 wth

the straight line L6 is defined as a point P4, and a

di stance between the point P4 and the reference Li is

defined as Al. Likew se, on the back surface side, A2

is defined. They are generally referred to as a

surface w dth. ~ (3) A distance between a point
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points are four points at intervals of 90 including
chamgéeneigbbortiood afoss netchiohor iexdedlieed goiBE. This
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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



Al t hough the target values (the center values of the
standards) of the cross-sectional shape paraneters 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 val ues of
variations in these paraneters are becom ng

parntecedsirdgl Y imigerduso wih each passing year. Required

[Oygglations are expected to be 80 mmor less for the 65

ode, 40 mmor less for the 45 nmnode, and 25 nm
OrIA&EhéﬂghtheeSZaﬁ@duxkali@@071he centAm dradaldss of
or th uaI|§§t|on of such cross-sectional shape
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Vﬁanferlng process tor preventi g abreé out er
vaetlgeiohst e walers @atapptagspaoeebecominglobteesstegly
gri ndi ng process for e|limnating_variations
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or pbesshifng phecdss rfrormquid j shndg+f hepmhant dreets plovt | One
32and thg prlncipal surface or both surfaces of the
wat et ‘amrror surface. In particular, in order to
[0@Eh] eve a rigorous precision of the chanfered shape,
chanferlng roceSS|n%§|s performed again after | apping
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pr ﬁlde qnwﬁgkpg as been devi sed.
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t he miroguctionsAelRod nofr i G4 g  itt ikScheeRssaly to
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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]



In the chanfering process of FIG 4, in general
chanfering is perforned by pressing a chanfering whee
having a formed groove agai nst the outer edge of a

waf er and thereby transferring the shape of the groove
to the wafer (in FIG 5, an outline of an exanple of a
formchanfering nmethod is shown). Since the whee
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in circunferenti al itions into a uniform shape
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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



However, since an alkalie solution has crystal

ori entation-dependent etching anisotropy, the silicon

waf er after the etching process shows different

degrees of surface roughness dependi ng on the

circunferential position of the chanfered portion

corresponding to the crystal orientation (see Japanese
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recent demands to reduce variations in the
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poghahgesofhéheelcltanie 1Rdi pPBhion ChEraRRanEdye o9 the
e LARORIBhe A0 | I SNBIEEHAD0 S AdSEOOR o aetie
Pulefitheishl i(Bokaigf ero het @0 bysvheehol der .addition, the
shape of cross section varies.

Therefore, with the above-described conventional
production method, it was impossible to meet the recent
demands to reduce variations in the cross-sectional
shape dimensions of the chamfered portion to extremely

small variations, for example, to 25 um 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



[ 0016] Wth the above-described silicon wafer
chanfering apparatus, unlike a conventional apparatus
whi ch uniformy chanfers a outer edge of a silicon
wafer, the relative position of the outer edge of the
silicon wafer and the chanfering grindstone at the
time of chanfering is controlled and changed dependi ng
prownidheacicheoffeariart iapppostudohfoof at h?élﬂqqudﬁagﬂlf
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[odspover, the present invention provides a nmethod for

produ0|ng a silicon wafer, having at | east the steps
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C|rcunferent|al position of the silicon wafer such
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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



result, even when non-uniformetching is perforned
depending on the circunferential position in the
etching step, it is eventually possible to obtain a
silicon wafer in which variations in the
cross-sectional shape di nensions of the chanfered
portion are suppressed extrenely. [0019] At
sithfent Weder tdapepiteter abl shehatl revarfgiirplotat heosition
ofcgﬁgf g&?ﬂc}?‘) a%@eelfengﬁgge?grteheamsrﬁﬁrg&{ evgéfgqr whose
posItion o he siTicon water i's pefforned ased on an
chambentdolshaanges | insdapeonaldgd diw rejehi dgp chependi ng
on the circunferenti al gosition f the silicon fer
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. et chi.ng_de ing..,on the circunf.erentjal_posjti 0
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mighaafhering step, it is possible to obtain a silicon
waf er of high quality after etching, the silicon wafer
[0®+h7hich variations in the cross-sectional shape

di mansiopsePf the %H%ﬂﬂﬁﬂ?di@@éﬁ%98n§?§p@qﬁkng% method
suppressed. [ 0020] Moreover, it is preferable
fot hatotiheiagoants iofi edrangeten, shapeé ngawsed dyset thengteps

dependi.ng.on the circunferential posi.tion of_the
of §; TREBRUANEr IS DHISH nedd By boRdiening T TaEe " | nand
pe2EYBNERg etchindApHesSessbed ahowue, 1y abtai ahagréhed

amount of change in shape caused by etchi ng dependi ng
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whé%%fﬁnguﬁﬁhﬁ%d%t efniéd éaaﬁcehtﬂfs 4 3 n Othe
obtal n the anount of change I n shape ‘caused by etching
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ilicon wafer accurately. This kes, i ossiple to
sudbtai KoK S| FCoR VIS WhbsE"aMAdr SPed HT 1 bh RAsCuter
ed&d 08SpsRALE hENAIN Thaper diMBasEARS aW P St of the
si {fgﬁsag?ér 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



[0021] It is preferable that the etching step is

perfornmed by using a sodi um hydroxi de sol ution and/ or

a potassi um hydr oxi de sol uti on. As descri bed

above, by performng the etching step by using a

sodi um hydr oxi de sol uti on and/ or a potassi um hydroxi de

solution, it is possible to performetching while
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extypenatyoens after the etching step, a silicon wafer
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rovi des an etched silicon wafer, wherein variations
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are 10 Limor |ess. As descri bed above, the
ameirchedf sthroge viaf ethagfe theusadehyi efchimodraedending on
variatio in thq_cross-sectigngkesggqe di_ mensi ons. of

th%l%h%%¥%5§ae88%€ioﬁq§%gfon o) icon wafer "in the

etching step.

As described above, by performing changing 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



circunferential direction of the wafer are 10 gm or

| ess, is an etched silicon wafer of high quality in
whi ch variations are suppressed extrenely, conpared to
a conventional etched silicon wafer in which

vari ations are of the order of 40 gm for exanple.
[0024] Conventionally, even in_a wafer chanfered

depmnfone gnbyhesicig GG ReRhadt ePPRg tdpparch Ushe at bicon
wafﬁléa!agglgﬁfa@éﬁ ”%hsfseﬁnaﬁ%‘g E{:O 85%%%&

uni orn1c infered Ion varies dependi ng on t%e
sibigshaWaﬁememhmsaNthhmféreetphrngoamhaﬁrdngssand t he
cross-iechlonal shape, becongs. non- %nlfornl,B,
sechhtPast SPaREoFdMY TP e bt BsBAT A RS TR 197 -
[o®espible to obtain a silicon wafer whose chanfered
portion has a uniformcross-sectional shape in a
ci r clunfies mﬁiéerdbﬂ@cttlh@rt dﬂt%remhetmhﬁﬁgpstlép BRI EF

pel%ggrm%m %)(\?\Iueg;'p al n| ng lal‘f[‘]rg)g})?(ggjrgl(?d OgLIU]%IlCOg'?I %é?r a
potdesi eni Agdappddal us laft ide. | nventi on;

As described above, by performing the etching step
by using a sodium hydroxide solution and/or a potassium
hydroxide solution, it is possible to perform etching
while relatively suppressing a change in shape of the
principal surface of the silicon wafer caused by etching
processing, and thereby 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 1is, 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 um 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

10



FIG 2 is an explanatory diagramfor explaining a
chanfering nethod in the invention; FIG 3 is a flow
di agram for expl aining an exanple of a process of a
silicon wafer production nethod of the invention; FIG
4(A) is a flow diagram for explaining an exanple of a
process of a conventional silicon wafer production
cimetmbdrenB)iails dd fd owi o agf abhfowadepl aigd rigl Gt hey

xampl.e _aof rocess, o nt.iconal .si|.j r
1egX omer ol RGh R Lol §EPUEIbE e Gl LN Yo E]
wh x| abpiag iamsexanpl euppteasédr exthanfedry ng-ongddoed to a

FIG 6 is_an explanatory diagramfor explainin
CORYSRHLENGE & ORI o } M CBntR £ Pin "Rl ettt A0S
ard NGl BUENLLORy [iG1dl | AN:GXPLAOALOLY, di agram for

expl aini ng conmon positions to neasure chanfered
[Ogh4pes and crystal orientations; FIG 8 is an

A LI A LR TR R )
unPPEEMOR; by using a form chamfering apparatus, after an
alkali etching step, the cross-sectional shape of the
uniform chamfered portion varies depending on the
crystal orientation due to etching anisotropy, and the
cross-sectional shape becomes non-uniform. By contrast,
according to the present invention, it is possible to
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

11



FIG 9 is a graph for explaining a circunferentia
change in an Al value and an A2 val ue of the
cross-sectional shape di mensions of a chanfered
portion inmediately after chanfering perfornmed by a
conventional nethod; FIG 10 is a graph for expl aining
a circunferential change in a BC value of the

of cp 0E8rBechipBHATr SHAPE Hra@hsi ons of a chanfered

or ki [ I at eL. eri.ng f.or byt he
FI%bn%e%?igﬁgggﬁ;%ﬂﬁﬁéiécélﬁgégé gograp %%% ex I%ﬁning
exampl ecuofif er ehtaindle changeondi ahoAl ivalaueadnd @astA2in the
val ue of the cross-sectional shape dinmensions of a

In¥eRhf8Péd portion immediately after etching perforned
FI®Y yhescanvertdionaltdmy hedagFhfe £42 ek ity f@mmon

explaining a circunferential change in a BC val ue of
poghelengssosaetistig dmipecsdenbrprs enda whahfet ed

Lon | diately after etching perfornmed by the
or%%%éég Pg%gF method; FIG 13 is a graph for explaining

FI@. c8r cunber expilainctmnged 1 sg aameid rRewal lud roifnd heen end R
cross-secti gnal _shape di nensi ons of chanf er ed

of Jof PFBRSPAMEAFael S AT 7 1BERAFRY Splrif Gr ﬁg{f%{}“f%%

pofODygAtional method; FIG 14 is a graph for explaining

a circunferential change in a BC value of the
FIGro%sisest vonah srapext hehsioasaof i coimdiefrardgial

siseot ponah stupe asaobia: |
en 52 nef Alchti A8 GN9T <2 DRARR For ora i ng o

se€t 160l esRBbAK iGRaANgDHH @ KR ¥YAbt€edled Mdrtion
cross-sectional shape di mensions of a chanfere

inpRAt e bRLY A drat QNPT BN StRAT AGTPEFT S¥med %%ﬁfa%@nal
metf@odhe invention

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



FIG 16 is an explanatory diagramfor explaining the
rel ati onshi p between an end R val ue and a BC val ue of
the cross-sectional shape di nensions of a chanfered
portion. (A) A case where an end R=0.2 mm (B) A
case where an end R=0.24 nm FIG 17 is an

expl anatory di agram for explaining the definition of
chahgecidss- @é?ctwagtmaﬁ ahaple dFHEASTE/S tdora Ic HEMR? ed

diﬁgﬁ%kgﬂé %%daﬂéﬁaﬂﬁ%fé?a?ﬁ?é@%ﬁ”@%ﬁ@ﬁfﬁé&ﬂf”ﬁf@ r
explalrning an exanplie o € neasurenent poi'nts of a
etchanteped felrapel RESTrdMDE EORt CARRYIVEG tASNh ;THE

| NVENTI ON [ 0026 rei nafter, .an enbodi nent. of
FI@heFE;%én?i8ﬁ%é§e§&ﬁeﬁ¥éﬁ?lPﬁ89iﬁv@ﬁﬁc t?%ﬁﬁﬁﬁiﬁ% is
ch@®e! i Al H8d R RRNRID. of the clkBsd-gervariOnalhspdicon
~wafer production nethod, it is comon practice to
dimenafienst hé eutcdransiiRyecdfparsipncéAmsfiart gy enlhe bf

et%%%ﬁggpgg%ggkgd‘g%%é%éﬁﬁ%gpgOtﬁfuqhygﬂpﬁqﬁ?e in a

ng process, a n pérforman etching

FI@rotesssbynalekalliaredtcdu nwogdi gk ains fhirgkixp lcapaii e ofie
mai nt ai ni.ng. the shape of the ﬁéincipal surf ace.

refpheoBPRiByBR HTET 13 TR fBr KR eHEnPECed Hapfiye of
th&PE AbBEd B thike LhAH &4 NGi REASESHs i0F & rhinei Ay
process that follows, due to crystal orientation-
portion. (A) A case where an end R = 0.2 mm. (B) A case
where an end R = 0.24 mm;
FIG. 17 is an explanatory diagram for explaining the
definition of the cross-sectional shape dimensions of a
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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dependent etching anisotropy of an al kalie sol ution,
the cross-sectional shape dinensions of the chanfered
portion vary. As a result, although the conventiona
met hod mai ntains the flatness of the principa

surface, it cannot neet the demands for high-precision
cross-sectional shape di nensions of the chanfered

dependesd. etodr7lg anisotrppyePdr @l tHe&d iveniokution, the
d t ' h
crégg-g%tc%‘io%aﬁ %’aaggé& {ibﬁeggg‘g&t‘%f 'o@ttﬁ%eaf&ﬁ%?ﬁgg%% €

chi'ng process, oun Wi und
pobyibhe vaayvemts anate cotmpnapractuigte tdfe wordwosmt yonal

SRR R R e R A R ML R
it chandbRonkke chanfespsehghaperohibyhe pders eddecross-

dependi ng on the circunferential position (that is,
sedependiinghewe HEiegysians opfehthat chdnienrd theyebyn .
[0899 ining a chanfered portion having a nonuniform

Cross-sectional shape, contrarily, it is possible to
mek eThudt & 06 Aet he her dsSreaecdt odhdsbapd af sauchardrertgoe
portion of a silicon wafer after the etchinglggqgess.

chaRIBRLPPcBFRCe e hhveRt of tFBURE PRACSSA A I ound

th&PNSLEehaLIOR GIMETH 4 8hd hsy aRRENE o8y ethanges 1 NediBon
shape caused by etching according to the

pre¢ttanf efenniidloposy t¢hamfarihe shehiovg gur cvdes {nhahe
is. a.difference in the etching amunt_.ari si from

ChefEeE et BE OG5St Ry o%%é%g%gﬁf St iy Gt 55t Fopy,

chaifehingswHeses idiethd at@rihéschehlfecieed dHape of the
difference in the end R of the chanfered shape after

CUu% B %géﬁiﬁﬁpﬁpé@é§éY¥1b?h%h%hﬁFH§f€H€n6ﬁéh#é%%ﬂl%h%ﬁe

(c820endi NGeRRANGLISEURET £RYERL1 PRSI ddn) S and
possi bfe to produce a silicon wafer of extrenely high

thepabit gybtehe isig iac orhamf eredhpsetdbanthervahpaor tiom-
after the eLchiQ r ce%E has a n?re ﬁﬁjfonq .

Un Tt 958- ekt Poral” afbagl AP EonplP8téd the i nventT on.

podH0RBE to makeHers fdim Sthet Beosbudy caarguat ethdyetbe a

inventor on the chanfering process and the etching .
chapbersd HesthirBe® faovel 1 5caestriBeEd &bt cdettdtd .eByP &ng

pr&@é‘é’ﬁﬂgﬂnggrﬁm‘& he,Qul gL-aMge ¢l A SidHLON YRfRr
I's chanter unlfor§iy, and alﬁall etching 1s then
compeideratdonThe vieol |tow e | smaustudy chantge in the shape

cross-sectional shape of a chag&ered portion after the
CaFERTaY | RhChro8eed AT THE 7 ob30s BoroTHC HADE bf
podh€i ghanherad perdiion; alt&setBe (ehehi NG ,Pr=0GESSterence

[ 0029] . (A chanfering process in the
in clormentFbhaD progudt iaohl siethioflyom the cxvsildlon waf er

ori% $£ PaHead bR e M Ay Ay PLREESS 3O it IH G 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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Slicing was perfornmed with slurry containi ng GC#1500
abrasive grains as the main ingredient by using a
multi-w re saw apparatus, whereby a silicon wafer with
a crystal orientation (100) and having a di aneter of
300 mMmm and a thickness of 910 pm was obtai ned. Then,
after the outer edge of this silicon wafer was roughly
[0@hBIfered by using a #600 nmetal bonded wheel, | apping
was or it I 0 I, 0] FO#1
mai n}&?{n%f eg}fgﬁg’ &ﬁzer ;%;&%&g@?@g%@%&g? %21\% Zr?ngwtaJILFtor
ontbthekpaasfefr iaaoyir Bibs pramdstheepacddnd noiadsasal |y,
al t hough t he above-described.ro gh cqgnfering was
de%%F%E?%e&bweuéi%gd%sqﬁﬂ?ghéﬁf itAg 1gr ifYd<t one shown

cohPeftGonal ket Perior 8Bde ALY Lo & hel PEPOSea o r
preventing chi pping, and no thought was given to the

is preein§eordofuntife whiape. and alkaThegtcddnchel sithenn

fer prepared by perforpin appi de | bed
pe%%%%@?gbyEggd%Fﬁﬁﬁgf ggug%n% %Qﬁggogﬂig%¥%<%%%éed
sedbeehalashabpewd i i RKamberatit poatelanfaitiary @ppar at us

adopting a method of transferrin t he gr.oove shqgg og
chapEe i PHIPAG SWFsel2td the GRPEF-E6GE A, Thaks skt the

ch&HROEER BY RN QTESSE NG WaiSe PEL £ RBD Hirid ctlich, @ way as
to make the cross-sectional shape OF a chanfered
[OP2PEion uniform [0030] At this point, an A

val u n A% value, and a BC val ue ésee El, 7) of

t he d§§§% BE I BHaP SIS dithenst off ng?ngﬁengéanfered
prd@hét 0BnWeke higgsur ed at nine points in the plane of

the silicon wafer, to be nore precise, nine points at

i nt & vat 51 @p1 482 Epgc Mgdi My B CeRdiB511NG Wi thefler ence
prdOe@sNOh6Hn E%fﬁﬁﬂ?.Ai(N?!Ue and the A2 value, the
s

measur enent results own in FIG 9 were obtained; for
t he BA vahgeyashperdsuines] shiovin $ huFr G ctOtwemd ng

lned. In FIGS. 9 and 10, the.amunts of deviation
cch Pl T RBreatge S e ST the HRLfarheraleo ba 48l
a RifcibeiBe vakue R Eing trethByChr eunfi@ntiafer with
direction of the silicon wafer are shown. As is
a ereafairemiprtsti®omand 49) artehavhsdcRaffiaisger of 300
process

e T

rence 0 e sifi'con waf er,
thd2owatneedgedottheelBG val Liecoar yafrraweendiduginl ¥ hat

t he amupts of, devij%' fromthe respective target
SR AT LT TR R L N e
wad NSe AEARREQURILO B1Ghany e et 81 A$SySEOHIOTA] Shape Wasin

obt ai ned, and no distinctive tendency was observed in
ingpredEentuniiessbivala di¥ek¢ponwafer 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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[ 0031] (An etching process in the conventiona

producti on et hod) Next, the silicon wafer

after the precise chanfering process described above

was i mrersed in a sodi um hydroxi de solution having a

wei ght concentration of about 52% and being heated to

about 75C for ten mnutes, and was thereby etched to
the déppweoﬁhﬂﬁﬁnoﬁothe gringang) dised Sot ubhenvater edge

fa% pl f ' 1%ye t Cm%&mmﬁ%dégébg si%lgutdafo%rﬂﬁg/f%ﬂ?ﬁéegnt 0

to e surface “uni out
sutﬁpal mlalfyg dshec s hagplee otha wabes-siew tpartd Luslaapet be a
flatness of the princi surface thereof, and is

Ch%@éﬁF@@|9?§9%9ﬂrﬁpbf%£@55|ng of a silicon wafer

[Oggwﬁdays (see, for exanple, Japanese Unexam ned Patent
blication (Kokai) No. 11-171693). [0032] The
resuAtstbﬁSngasﬁﬁem@ﬂ:Aﬁ Thbkuer 085- S&ctviadve §ﬁébea BC

Vagﬁgg %%?2} h fniﬁreﬁfﬁgrgkggéggI%Qgcru%% above

diménkhensare mmt&mféhésepdesdblnb%ﬁbON@ashmfledi the
same neasurenent conditions as thase descrjibed above

nipeePehskS i1 Mhes.Phanangfiphe silicog t%ﬁ@lﬁ' t her B
h
mofQ BLERY & agﬁanggpébﬁtgdsasea& %%h@eo 'Laqqﬁmdmg

st gni ficant’ 'S observe
8.7%, am®e3amﬁunWStbfrdéemmwdmwﬁdcnnmﬁmcharﬁet valkuds of

v gt LIVELC 1L Ges 0l 82U, cHeSEfoun 4n

rrefterwkhe pracisechandert tng Bro&essje, ntideresults
circunferential positions (It is to be noted t hat

shewar énj §1§ -.cHdhgee 0 Apbainedo gm ifd Gbsot Rt vabuefhe
amégggg]of deviation from the target values of the Al

value, the A2 value, and the BC value according to the
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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However, the anmount of deviation fromthe target val ue
of BC shown in FIG 12 is changed significantly
depending on the circunferential position. In
particular, with reference to a notch, conpared to
points at 8.7, 900, 180, 270, and 351 (referred to as
90-interval points), at points at 450, 135, 225, and
miBiBe é§ ehodr wdst ¢ hear A5y | et ehedl tpobntspth el BhAr ued
are shortened by about 40 gm Furthernore, they are up
Hlt o -40 gmaway fromthe target value at the maxi mum
I n atrhes1 x@I g8, sbheare car & i fedraibyaki epsliwid hydroxide
reference to the target value. Since such avﬂ%f{ erence
soltifR EPoSEPRESHDrid RhapRlai AEnStors Wre tHele
e {1 T LS AR i e hatfer,
ST owar SLoaTng. "Tharg arsior roog U mIMECEER Aa
in gpathechilpal, phedfdtatstege. oThibenpkéndiadi ffueidcet o
neet _even .t he demands, from ustonmer who .supports the
EheeeQhy ngle £6r AEH Vath a??%ﬁ%ngr 8TSET F o Zf% On#n%r

set to
sil1Es8Sn RAEetOnFRAId0E t (eS8 BBrnesample Wiadunese
variations are set to 25 mmor | ess. [0034]
Ungremarafngatra te Fodsl sext 1 ohal KeKape & -t Het thah? &7 kd
[O&?Li on after the etching process) The
above- descri bed change in the BC val ue of the
crosthresectdsohbk sliape agiurEmsiwnso Hf thhecchasf-ered ional

ortion dependin the cipcunferenti.al position,.th
Sh%ﬁ%nﬁé“‘ﬁﬂ?@ﬁnﬁet?%ng%%b%?%rﬁieBfidaPlettiloé]tg i ng:Ci sslilgorl
wafiet i gredrt enbe adu 1ti0 dden ChySpabcekiserteridibed dbeve

silicon wafer acting as ani sotropé at the tine of
at gtheti pgme points) pg Hhexanpeecyéber BE®vshotdey the
(1] hayj : 0).cC I IS he,
sarfy hERRaPeLERr TR QTP N5 HIRE, RN B (Gove axe
shawn ehth aFLGA.canr esypbridi ng to the circunferenti al

direction of each t_point wher
(012 @h BEFOR 1S S8 GEH ot eRIG: I Bntati on 19 1ue

and Noye. a3V ;81 ef eenceyd Of $ BEn AOEBEANGRL-Y) oMb rved in
(0-1-1), 180: (0-11), and 270: (011) can be consi dered

the Bhevefubvaldat, isnd Ys mounys efsdepg-atimn Hpgm the
st Vet ERr e erdrarel T YRR TV ET T STnng"
gréecoyreshdhbber erlgshetiweena ane bat eéntathapeedqe atent to
etéé%gg ?ant is, after the precise chamfering process)
in the circumferential positions (It is to be noted that
there is a change of about -30 pum 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 pm. Furthermore, they are up to -40 pum away
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an orientation equivalent to (011), and the anisotropy
of the cross-sectional shape of the chanfered portion
is observed as in FIG 12 which shows the neasurenent
results of the BC val ue. [0035] Furthernore, the
i nventor conducted the study, and, as a result of
anal yzi ng, at each neasurenent point, the sizes of
fremdsh®ltandeR? védfiened- ashei rekenunpsdmn ipddrdh wveds,
cross-sectijonal shape .of the, chanfered portion.at
EhGE e Eo pE L Ak TS SAaBE FE Ty T BaRecPrvely e sHhet
valwe Fl & n8e touhd & kAt fasendet be €ase cafosddres BA varhalk,
they differ depending on the circunferential position.

sham%y%@ﬁrl%omu@fo&t% P @ SHORALIEA R ™R Rs | s
uné#é?ﬁs&rQH]5'9ro%%s§r¥h§%2§§115@giE%cﬁﬁd§¥36HE¥EF§re

differ by about 40 gmto 50 gm between the
at areaat atd onprquibvaledritorto {100 e ahilnthe paoidenttatd torge .
equi valent . taq. 1). 036 , {he
T { PR p B EEM 1 He® dhee R SRE™ R Spas j from 2
cusestét beHo supportAs tafe exsnphensbiewdoirn wHiGh 16, the
BC val ue varies geonetrically depending on the size of
vaniwt bpds RarFhaeti £0 Heh0 dianpr el ehennPlhie toadiays igin the

o2 LS00 L3 (PSSR I A gL HROTLY STALG or
leshortened by about 30 gmfrom 482 gm (FIG 16(A)) to

[O$§£%9n1(FIG. 16(B)). This agrees with the
onena in FIG 12 showi ng the neasurenent results

of t(h@eg%@d/@h?ietha the sei-saatd et | shapesbiti ane after
etchlng and FIG 13 show ng the neasurenent results of
chamee 8¢ ¢ eBOBF 10Re 3dt@y RPNt R21NE PEECEISJunt erent i al

POSI] N A7 €50 ELERLRY. HiAlad Sin [f1fe BovabiaAnt e
R val Ue are Tinked to each oﬁ%er, and, for exanple,
crddwe-8B8&-vabuelcahape nHdeensions of the chamfered
portion depending on the circumferential position, the
change which becomes obvious by alkali etching, is
believed 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°: (011) 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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smal l er by making the R value larger. [0037] By
conducting the above-described study, the inventor
found out that the anisotropy of alkali etching to the
crystal orientation contributed to the end R of the
cross-sectional shape of the chanfered portion,
resulting in a change in the -BC val ue. Then,
an byr benhgttihhns eqgud vedraritcutar (0111 st anghéhgniaduitsopyory

(which is reflected.in.a differ e_i [ .Ng: :
Ofé%@%n?rgggaﬁgF%éQQ§%tﬁ?%ﬁ?c%ﬁfggénfbgp%%%§§{%%%P% on 18
obddwevsdl hsonnwafier., thathish shewsf enenaeasurtdmersi ze

of the end R according to the circunferential position
resifte? PhetBEcRCny3PGess) of etching to the crysta
[Oéggﬁntation is obtained by a prelimnary test or based

on past data or the like. Then, in the chanfering

pr doesshé mar eni hheesmveant appeopdiiately tdut t$gdy heand,

size of the_end_R depending on each_circunferenti
as pﬁas]f??%#i REsBER 1o AP as™ t o of I i Rat 8 TERE fl?oelrrgtntethe
siddk tbe endsRraceidingg de&r ided ch s cuntenent iials oisbéd onn

of the silicon wafer, chanfering is perfornmed while

the ares AYSERE LoRant shePsabet bt EhemoGred eljd 1 &t

po it lbs %Bﬁebé hehaering prpgesscttile 1Ghand eredhyn
portion has a non-uniformcross-sectional shape

in ED@aUse, t heusHapkarar ises depenei ngsenotfthéhe BC value,
circupferential position;, however, _etching. s then.

ehdierf b ret BRPERELCHOTRE dor b URE FREBheR 1 RS L Ha-

Thd N #POVE- daser bbed ity unid osmbshaps FIccaneel etk is
after the subseguent etching process. That is, it is

cleaentuem| §IGesdPhl &heo Tes n(Ba @i §h- ghaltiney tdhdyl and

silicon wafer in ich variations, i h
R2 é#bé ?Ee%yi8%8Ptsg§pgﬂbﬁﬁ%ﬁg§d%§ %?nggﬁaﬁ¥§1ed
oripaitdohoar eqstpplessed extt&hel yndThese carierttwcion

findjngs of the_inventor. [0038] I nci dentally,
eq%ﬂ??k%%ﬁ Fﬂe(giﬁpanation was based on a flowin FIG
[0dddy ., the same results can be obtained by using a
nmet’hod shown in FIG 4(B), the nethod in which

chamfesrs ng-hie petsbiapghafr &retaman eLlye sengr Rndindg,the

use.ghgﬁgg?g%%%gd portion shows the sanme change in

he
Bczﬁﬁﬁlgﬁabe I'ng.

As an example shown in FIG. 16, the BC value
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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Mor eover, in the above-described exanple, a silicon

waf er having a (100) orientation on the principa

surface i s used. However, the sane phenonmenon occurs

with other orientation axes. [0039]

Her ei nafter, an enbodi nent of the invention is

explained with reference to the draw ngs; the
smahVent bgnmakdweyétie iR woluéei hbredrthereto. In FIG 1,
[Oﬁﬂ ?ytline_of a silicon wafer chanfering apparatus of

é invention is shown. As shown in FIG 1, a

chardgrisgdappangt gsel atfoddredéswenbéanshasiya holeder 2
whi ch holds a silicon wafer Wand rotates it,

inypRRPEr EAGDGr Nds o 3-hii ehiERAKPEYS Otfhé‘]di?cjgjr ehigeing
tofnLhg §%|t'a§0%rercra _cgrﬁl doh¥ riBE ROl 4 the &K aR of

control “apparatus 4 [ controls the relative
theostbsensettiilbmadutdramelgef ot hehehsiifiecmd wafrei e and

t he chanferin ri ndstone 3 - nuneri cal control
re?%f%?ﬁﬁf%@r? gﬁgrﬁﬁhﬁﬁhéﬁ?i gésg?gggd above are

descrided by detayl thli@QQ4Qln particklast, fliketholudrr 2

may be of any type as long as it can hold and fjx the
ank$ ot EORYWARER OW dufr iTRf EPaRE@r iRg2 &dd.F &N Ekatbl 1Ca
et{%&ggraﬁguhqeé@%gﬁﬁﬂﬁ C%éﬂ@géy8§r8%&ﬂ$%éﬁ%%él position

reover, it is provided with a nechanismfor rotating

of ithessthithat walfemhalleatout 8 edde fdk relmesesidn come size

of \é\glfl%rh%g‘vﬂt Eﬁggllct@r%gil’ndgf’ htgg E‘%}l?% egi] g gfuz%rf%q{e nE:Olra f”‘;%'" P I!_ €ion

after the etching process) of etching to the crystal
orientation is obtained by a preliminary test or based
on past data or the like. Then, in the chamfering
process in a main 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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has a holder-rotary drive notor 5 | ocated under it
such that the holder 2 itself is rotated, whereby it
is possible to achieve a nmechanismfor rotating the
hel d silicon wafer W The hol di ng nmechani sm and
the rotary nechani smof the holder 2 are not
particularly limted, and may be configured in the
sanel mahdent aslyhe adoinparati onae el Hahat AeBh&RiSs MaERf

r ot mechani.sm 04 q +th el ng.
on g?iﬁ%éwoﬁg ?}IG: eéAgr’l g;éehde %ﬁ@ec%gérg%rtitsn%ag??ir%s%%@n%l%ed
by i$sDAY pamkitGuldardnown it edras KgBY,ashiet mearhahaivd er
the outer edge of the silicaon wafer W kﬁlcco ding to .
whife RRABLETENG He IRRERPFBRY P tGrddoHD et Jes?tgﬁégﬁ?llng'
bed £ 06" E AEMERAFSEd NG YW | &n CHABRSNG HeN® Shadeiege in
shape depending on the circunferential direction of
théhsehsig:ai bgnewathemdl/ as shown in FIG 1, it is
possible to use_a, chanferin rin n t he
ext erNaT €Y 1 nder tﬁﬁpg‘fbofvéer%%%%fgeégFg)r{%ﬁgrl%ér 8
siThasherhng rohiaRdsicone Blean sotahealby ofeans wie a
chanfering-grindstone-rotary drive notor 6. [OO%%A
Pr e EBYér SUERE CContS 31SHUppai AVE¥CE h&Eca SEEh & greHenon
ocd 9L RYLRI SRR POSI {40 Of ol hexghanf ering grindstone 3
along an X-axis direction shown in FIG 1, a nmechanism
[0@3%Dr noving the positions of the holder 2 and the

silicon waf Whel d by it. along -axi.s_directi
and W%&?Fol P&r em%er%n%fi %%?I f/nggrrllfcrlglns%{%e
expDY EABAL wARGhaRIfE e nc @ Nto 8t hE0843)y ihgyst;hemvienesatt ion,

mechani sm 7 for the chanfering grindstone
however, is not limited thereto.

t he

In FIG. 1, an outline of a silicon wafer
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.

Hereinaftef, 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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3, aslide table 12 is coupled to an X-axis drive
motor 10 via an X-axis feed screw 11, and the slide
table 12

has a holder-rotary drive motor 5 located under it such
that the holder 2 itself is rotated, whereby it is
possible to achieve a mechanism for rotating the held
silicon wafer W.

The holding mechanism and the rotary mechanism of
the holder 2 are not particularly limited, and may be
configured in the same manner as the conventional
holding mechanism and rotary mechanism.

[0041]

Next, the chamfering grindstone 3 is described.
The chamfering grindstone 3 is not particularly limited
as long as it can chamfer the outer edge of the silicon
wafer W. According to the nature of the invention, in
order to make it easy to perform chamfering while
changing the chamfered shape 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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can slide on a slide rail 14 by a guide 13.

Moreover, on the slide table 12, the above-descri bed

chanfering grindstone-rotary-drive notor 6 is fixed.

That is, the chanfering grindstone 3 can nove (nove

forward/ backward) in the X-axis direction by the

X-axis drive notor 10 through the slide table 12.
13foBagpover, on rtheldilidn, tehéemdenddte meehahi dgsgribed

onbEst3R19415 A 80 Desep £xatio e i prs s

Thanodisa, skhéedhﬁﬂfé@hn@b@fhedmmbhen@scynnmdwetcmmhese
descrlbed above the holder 2 and the silicon wafer

foRup gdpparkvagd nove f(fh%v% #p1and 1d&mhl Ah Rhet e a>><<. %Xls

drgbéeﬁB'teQ By ttﬁ?rc%;cj%"@h@%!@dgmt@bl%o ithrough the
[ide table 22. [0045 X-axis drive notor

[OQ®4énd the Z-axi s drlve not or 20 are connected to the

ntr t 9 placed in a chanfe pparat us ., franme
$ géPB(et el%?%ﬁ%%ﬁ % nuﬁgr%c§%1 tHd

hoE@Qth|aQEeS&dBWaNZ4ﬁ&IMSdbyVa me@&aMOf”HHZ+éX1stfeed
is possible _to nunerically control the nmovenment_ of the

SCEEV| éon Rafer A (kaklhot der2 29Vl Aet Ko z-3d & dF +Edei bRl
4an§¥tgﬁe”9%%@?%?éﬁ ﬂ%ﬁ&PaﬁéeEhBQeQHé§$¥f%Ea5%b8véhe

is directio
the holder 2 and the 31llcon wafer W held by it can move
(move up and down) in the Z-axis direction by the Z-axis
drive motor 20 through the slide table 22.

[0045]

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, 1t 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 1is 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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FIG 2 is an explanatory diagramfor explaining a
chanfering nethod in the invention, that is, howto
control the relative position of the outer edge of the
silicon wafer Wand the chanfering grindstone 3. By
maki ng the control apparatus 4 nove the silicon wafer
Win the Z-axis direction and nove the chanfering
thgrandseond zqtrattimn X Eixd srdfesenicon ta @ ine s st bl ehe

0 _chan atlv posi tian.c;Nor.egver t
si %%gnbwg%te bt @S ST dér%gbglflt RESHG daerd-l r%ﬂ%g’aﬁer
th@lrbueemba@eS iandin concemdeat by r cuatfatrertthes sipésbnion.
wafer W control the angle of rotation with referenc

Th$ée§°ﬁ6tcﬁﬁ|%%Iﬂ?%ﬁ4@%%nt%aFB?m@FEn&PQﬂﬂﬂﬁ?Fn {9 face
Offtﬂgrn}ll%%% Ghad ey thecQuhehgedge tne an ddiereedntial

circunferential position. Theréfore, it is possible to
dichabien Whel@uw@@Hﬂkﬁgfatetofanhemﬁamdﬁﬂ1Qﬁﬁ@ﬁevvd
pacco d|n to t@@ ci.rcu erenti alnglsre%lh on whi | e
ShRGn Vnﬁ 9% §h GHSHaet EhdRf BPES *Sfape by usi ng
[otheychanfering grindstone 3. [0047]
Incidentallg,;ln the structure shown in FIG 1 the
g

X- axERC HISRERL o) » nivekdift SheCHERE SR 8RAYPhd iz EhG s L
thdi € ng&agnd&ﬂ} N TRSNARE S faeeha:nll cAte tond h@-aXls

chanfering grindstone 3 and the silicon wafer W (the
dlh@tdeonzmpwamgmnnma&ﬂ@nl$meaSEradﬂ@m@tehbWEwe¢he|s

not |imted.thereto nd, .n uraII al
ChIBERFBIE D6 AP T ght Ha? DBEN SerIFRE Hasas W (the
ho HHEBCDH ON riw tvdmBghanh s s ard cithe of- axdwe £ £CLE0not
novenent mechanismin the side of the silicon wafer W

limitedetbRaRteri mgdyr itrisebaels, Mbr doverlsq ressible to
brgﬁé %?8@h%f f%hﬁ%hQ@ @$ t% %EnggQéggﬁgnVM@@gméﬂg
| of the chante

on of rotation ring grindstone 3,
meshagchsar enshahe 7+ iG d;race1pnsmqm¢m9annm%§h@ndsm in

are. not |Limted thereto. th the
thetpideuPE & cﬁ%ﬁﬁf%&d@% th QFIF&%W%gﬁ%ﬁerlng
grfﬂﬂégfcsﬁbng apRA WSy 1 Ohet herbhven T castd®©lsnand the

change' s, when it actually chanfers the outer edge of

silheosi Wpéem Waferd Whe hei Ferai Pie ofodiatiadni &t hethe
chQWEST S %gg g,fnfdtshce e lé o hﬁl‘@fleér‘é’ %'Pl%vﬁpglﬁzlﬁ-%eringare

rlnds reely in the ei'r &Unf érenti ction

juéﬁOéﬂ]example Nexid arsihotobhimated phediecte on net hod

of the invention using the above-described chanfering
[0@pPhratus 1 is descri bed.

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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For exanple, a silicon wafer is produced in line wth

a process shown in FIG 3 including a prelimnary

test. Incidentally, the production nethod of the

invention is not limted thereto; a prelimnary test

is not necessarily required, and it is also possible

to produce a silicon wafer by using, for exanple, past
witbcanmiraces datteowr iheFIfke3 Rincdtudinaahpdes Wehepary

epared for reljjin .. A sidgc [ e

tegﬁys?gﬁﬁﬁaﬁﬁf%ﬁkwa%% §£§§h%§%ﬁ%hfﬁﬁg?xggﬁﬁp e% 'S
inséhcednGWHEthy#mﬂﬁtéQOﬁhéméeb;i$(ﬁﬁéﬂimihaﬂyenesthés

outer edge of this silicon wafer is roughly chapfered,
nogngers SRt ISUbj SR Bt to a Pappi ig &J&g&gﬁﬂaﬂ to

proqubLke=sisde s Ndi Nl PrGeas i n00Fr example, past
Thereafter, the outer edge (on which rough chanfering
achasubeérdpeiefter med)tlod thkesilicon wafer is precisely

chanfered. A chanf.ering apparatu S icn.this process
is g%{r%gft?cﬁﬁgﬂ%flw '%%d%saﬁaépgrgg g%%b?b and easy

préDifsaady apparatalssSlntdar siaglike cagmtedl i dngbt grown
apparatus, that is, the apparatus using a form

by chaff eRPigofet HRF stewRPi i/ FRG S31g%t sty By
siP8LBE Lbhrel 8¢ @Q%gégf' fgehs RS YR idugdchrathis

way as to nmake the c ered shape uniformin each
siticounfverfent iiad mposittl pncbémfkeesy,| iagwh MafEgren [ 0051]

Next, the sili.con wafer_after the precise chanfering ..
Su%%@EFFBleﬁoak?O\}@R%l%%bﬁ”é%‘fgaSt Srait éit%c ?lneg—spjr%%e%glgg\tmg
préBksstime, as alkali etching, for exanple, a sodium

hgdroxide sol ution and/or a potassi um hydroxi de
[0@2PUiti on may be used. However, it is not linmted

therlore 288l LRPURY Y Gedfe SELACHNIRMRRARM | At @
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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a case-by-case basis. At this tine, as described
above, due to the crystal orientation anisotropy of
al kali etching, the etching anount differs depending
on the circunferential position of the silicon wafer,
maki ng the shape of the chanfered portion non-uniform
After etching is perfornmed, the cross-sectional shape
crp$taheochantetddpaiisnt FopEaeh eilkedf @teaiting, the

osition of .th ched, sili er.,i s
et%ﬁlen%i?rlélﬁglngng%s%%ﬁsasd%#w&léﬁ%%ng\g?&e[tgr?d tﬁe &%%?fgegal
podi €ioht afnete [sA052]on waferPasmediony each sifagdieof the

obt ai ned val ues of the cross-sectional shape
chafmherefloRS T&H OPh& A eF @M porti on after the etching

prmﬁ%%bri@t@ﬁﬁhbcﬁkabeﬂﬂg%ﬁéﬂﬁjHﬁe areBankeidti®nal

condition In a chanfering process in a nmain test is
shape . of the chhamfdrsd peedion theecalbdyeidesrieesntial

I f - ' | sh [ [
PO YR E br Py eand AT |10 b ERAnt Be PRy ) SRR e and

thé N EnRéhenahky sseih s ashd optorAlaenamdunifeorBnvalue are
chanf ered shape depending on the circunferentia

obtpsieflon, in order that the nonuniform anpunt of

[O§§§pge in shape in each circunferential position is
cancel | ed based on the anount of change in shape
causibdy etchany dépahd mptoninde chtovesf eferfthicalcross—

oo POEbb 0oL T EOTESLEr 8 2R B0 ey
afsbapenhef ctbe iehpr eyt HOr i h opauniiktanmgf tere ek chabge, a
chamfering condition in a chamfering process in a main
test is 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

26



For exanple, in an exanple shown in FIGS. 12 and 13,
in order to reduce variations (FIG 12) in the BC
val ue depending on the circunferential 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 circunferential position in the chanfering process
isisesepushchhettatvarrd bt oohsinnthhe RRWad|Ufe IRRIMEI A on
on_th (g rential..positi fter t it chi
eng g R TR e T Eoh B p R b SR B
ar@sréquekdn Natre, Spoyciexargpl by, aidi fikersencesd 260 to 200
= 50 1.1nm) between the Rvalue (for RL in FIG 183,
elipbuetes0ipH) soRMHe pd i hergsce13z50hos 20K 338 Hm)

- nterval ints he, Royal ug 5( f | $5 ¢ £
bet(l‘g?egb%ﬁté 308%352 o(%fﬁgﬁpouf%tgygt g%, %g)c?%]tlso, 2%) °
thangdo 8biis(80- 4i5At edBarl, ppRAfs) andhAtl S°s (4bA-iheerval

chanfering,condition n_t R val ue is, set :
POFINFS h%ngoP%ﬁterGgﬁiﬁ%rﬂ ¢ ?ﬁelﬁ 3§#Ue]$%ré#ﬁgﬂ:3§80

um356 £ nEgEVabipeisntx: iss, met due, (R$Qe, - 25QF, pEndBB 5dci N@o°-
since it is linked to the BC value, variations in

S0, ,
intevBE PALnESare THa0 Ekpet? elNoChaTTET I GRSt t1 AR/
chi ng,p S. ] . t tReock i,Ag
Wh%%ng#gi%nggg%%eﬁj%ggagé%?i%%ﬂ %ﬁ%vgﬁetﬁg ngﬁggﬁggg is
poiwnslycted. RFivadtue iffom thengb°simiéavaloppheats is set

prelimnary test, a silicon wafer proceeded.tq the
€o | &t g %9%0%@3 By Gﬂ%ﬂﬂrﬁ?pr%%%%g r ﬁFeﬂéP%leﬁﬁwﬁhe
BC basede pnvhhe ag¢harferimg reoneict yanuebkaiened &8 expected
descri bed above, instead of uniform chanfering,
to ranfedirgdi et dhfe b5 €%t PEPFRRE -and changi ng
[Odyf]relative position of the outer edge of the silicon
waf e

r Wheld by the holder 2 and the chanfering
gr i idsteonet13e wehhmtfhe icgntacsldiappan at ass4tok st kescribed

chanferi ng apparatus 1, therepy .forning a.chanfered
ab?ﬁﬁti%%emﬁﬁég §F6§SP§%6??Q§EEP§ﬂap l&ﬁ%Ve§jHéhéﬁ%?%%r
sirfid hec6i taEMberantditlaPpsidson. a[ 8834lcon wafen such
a silicon wafer having a chanfered portion whose

pragesdedetei bhal Lomagad LrRreERi Por AFHAGIAY process is
pregsea{rrggm SLR0h ) abaUd LU U CLADLRERHRC RN I Sn

or med under the sane condifion as-in
obtrtedi aar yestedbedAtalidues, timetead of tume foagse of the

ch 6128 e BABR R 16 11 KT EORTSRRT: SO To 1) gvo and
chdrfg %8 atner kenbatiken)o e o ebehtAG JLRA! TRye 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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However, in the production nmethod of the invention,

Wi th consideration given to the crystal

ori entati on-dependent etching ani sotropy in the

etching process, chanfering is intentionally perforned

in the chanfering process, which is the previous

process, so as to make the cross-sectional shape of
teshe Bhaihéped ipertidh Hontnef 6pAPs @ch thigatPtheiminary

n- pnif chi nopupi.tarm R ) ﬂ§H§ y

te?ﬁé gﬁ%h?ﬁghgkigg?%g%%?f?hggn%hggﬁi &F#%%#%ﬁ% g gﬁng on

thdependungeaenttie Icigatit esent taly spadi drdrentisstion) due
cancelled. As a result, it is possible to nake the

Lo c¢bSB1BECAPIRAT ISpe of the chanfered portion of the

si | spoyaaf ef nafther 3heg et €hbAInBeeRS S Xt KE€MBhYention,
uni form [0055] In the conventional nethod, as

videscenbédeabdvion aisremhien Vaei arvensli wrisntation-

cross-sectional shape .dinensions, (f . I BC
LSS e T S B g S
ch@tipeesagaie 10tpmtidreyl becosefddmpr dft ethd hehat £t hgg

process. On the other hand, an etched silicon wafer

Pro¢edificeinbyht A 456 RUBEE? M PeBT BFEGFet iSth It HhddFe

thd NerbB¥eatEen opan RHA the €heSEnsRelRRlyShafsh non-
di mensi ons of the chanfered portion close to the

unifoget suahuébasnd hredure- wai f arinors césigendlhes nen10

or Less. Wth _such high-quality etched silicon
unPERER BRREBPE) n TR Roar vt gngn e r R IR qn e pe
noegh i petantiah idemardseddomy t be eHst efvicunTe rerit Dl

degree of precision (for exanple, variations set to 25
POt bPIt €38 FARCEHd <32 fHE R UBYSYAEY sfictisy Mgssible to

maﬁ@c&ﬁﬁn&@bgghs%c%i%u%a;% %893%1&%;@%‘@%%&% r§Qftion

pol I shi ng process shown I n Fl e perforned as
of isheosvéntponaklferdafs.ef 00b6] etching Hewaiawd textrehely

%gvention is explained in detail by way of an exanple
YNt e invention; the invention, however, is not
[odss)ted thereto

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 um 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 pm or less. With
such a high-quality etched silicon wafer exhibiting
small variations, it 1s possible to meet potential
demands from the customer for a high degree of precision
(for example, variations set to 25 pum or less for the

32 nm node) satisfactorily.
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A silicon wafer is produced in line with a process
shown in FIG 3 including a prelimnary test.
(Prelimnary test) First, as a prelimnary
test, the follow ng experinent was conducted. This
prelimnary test was conducted by the production
method simlar to the above-descri bed conventi ona
met hbecidentallgli ei myphesIpett opredeast Rushussy a
contain 1500 abras rapn t [
mlrﬁ%%ealen%h6¢ u ﬁgcesg ggw&n?g gg%?aﬁgg} us,
peheraby assiils mwﬁﬁommyadomst al orientation
100) and having a dianeter of 300 nm and a thickness
(0696910 nm was obtai ned. Then, after the outer edge of
thi sysid]gonruaf erth\&,a%ma!wn CD@”&ﬁfﬁglméduihﬁgié\:all
#600 netal bondéd wheel, 1apping was performed with
bysWayryfcantam@mmdfFG#ﬂ2©®eaanhetﬁ@mn|Uﬂ9%¥ﬂ¥ﬁntlon,
n wher eby.a silican . ﬁ$r QaV|F§ a thickness of about
O¥IEShm wds S e; Sq et ebRtariy, although the
above-glescebhedareugh schard@uday aslpaef atmdd dbyprocess
using a form.chanfering grindstone shown in FIG 5, it
shews perFéFmed AaITIYA¥ET 2 hRTBhrP6SETeT Y5i¥vent i ng

chlpg%ggllﬁ@gag9 E%g%ght was given to the precision of
shape.

t he hen, on the silicon wafer prepared
by perfotm ag ahprbappungudﬁsme$bedthboﬁellbylng

additio aII usi #3000 resin _bonded mh
SXRADWHET Caﬁafh ‘g ﬁ&ﬁ? ePf g tapparat usesatdo"ﬁ?l ng
co@dlﬂ”@tsgdb@;f threargﬁfcﬁmwgoﬁ hecgrneave ighape afo tdiee above-
grinding wheel to the wafer edge face, precise

degpaiberi AGNFEOEdSYIalg TRisNPErformed in such a way as

Lo rake, Llﬂ &sgsgfggg%m%a'wfagp&%%gr charterad g

portion uniform ence purposes,
GC#1500i sbpakitve @mamns&ﬁwethanmaznvahmaedﬂﬂhtiExiusing
val ue (see FIG 17 t he CéOSS sect i gnal _shape

2 HhEEEVIRE 5P REHEHA LS e Bar EPYe Sneod IReTe Tse 5 with

a HPELRPI BLSchi atthe P! aneo pfahbensaivlingor WhfLietd® be 300
more precise, nine points at intervals of 45,

mmiamdudihgiSKﬂe@mjdfﬂ9l®wum w&ﬁepéﬁ@enﬁd-aﬂhﬁnﬂ1after

thg PhEs P b Re o M e ki ther Aol afle TR b
ch@@ﬂ@reﬁasyre@&m@ ree s G mstahobendédeaeélvwﬁ&pplng

obt ai ned; for .the anpbunt of deyi ation fr the t
W3 P GELGF e A HBE N 108 Tl FURE At Re"BanO HIgMl (20 dahd Tain

1n#P@§§eﬁ£ Fbﬁéré@j“%‘%f&ﬁé%ﬁeﬁafer hav16§|é5ﬂﬂfﬁmness

rom FI GS5. and "10, after the chanfering process by
oftimbubneéﬁtumnwbsngﬂﬁnhrederInhedwh@béhmawahﬁhﬂ@@hethe

on Sle RESH LR LS AL AR 18, e fnal iy Lbeos

a féom &ngmfew@gt IngeLrtch"tgﬁﬁeVﬁhUeﬁ int FEs confit meas
that the al nost uni form chanfered cross- sectlon
bbgplng,

peshepacdadadblyi e, Wit MerBPEei Alt PFEVESTdEIft
an®PSETVRIuLA Lt B8 CigiGHH ef &nthal pdbeestictn.of 0@'@] 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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Next, the silicon wafer after the precise chanfering

process descri bed above was i mrersed in a sodi um

hydr oxi de sol uti on having a wei ght concentration of

about 52% and bei ng heated to about 75C for ten

m nutes, and was thereby etched to a depth of about 20

gm The results of neasurenent of the
facepspreedtsicondlarsfmpendi peaseend ngf welte rhalidered in

ortion of the silicon wafer _after .the -al | . etghlng
Sug?oéegéydéfc%%é‘baﬁ%o@%e at TPRE S&TE 5ot ssl%g“’lls{g? h%’)ge<le
ché@sekicbegoalaw undefothe sanme neasurenent conditions
as those described above were sinmlar to those of

[0OFPES. 11 and 12. Al though there is no great
chapge kgfgg%n@e ﬂ%ﬁgg the A2;valdena, salgﬂé&i GAntue,

change 1 s observe BC value. That i's,
anapPunbduef, derd at iBD Vabuet leeeaf§et. valluest ofh&l cands-
A2 .sho in FIG, 11 are not _greatly changed from a
2e bt GPre SRae FITTVe SR ehPho CLENrare - AT it heoh were
meREBELEE a&h AR IdKh PF OCESSEheNplihaeCigfc WHerenli@bn
positions (It is to be noted tﬁat there is a change of
wagpbut to3begmane abeefbse, vAlne) POLRtSt Idr Mbresvasdet
after the.etching prac o variati ' alu
15% Sl n8 Bre 1 oRndr odcs Pkl sl rdhe v o oS h.
Theht afped the0@aRjunt of délonetépn tfhemardmttafget values

deviation fromthe targe f .BC sh in FIG 12
of i shehadgdd 3igMTq et ?%5 dé%iﬁgi'gﬁlg\r?stschgtvwe 'Same

me&5h EEHREGRENIR]1 ROSA 4 | ORoséNopaFlicGUIRNse M tdbtained;
reference to a notch, conpared to points at 8.7, 90,
fongohe2apouad F5 ¢ QR T heer faPmpsihet Hargat value of the

BC value, almost the same results as those of FIG. 10
were obtained.

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 um 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
pum.

The results of measurement of the cross-sectional

shape dimensions of the chamfered portion of the silicon
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poi nts at 45, 135, 225, and 315 (45-interval points),

the BC val ues are shortened by about 40 m

Furthernore, they are up to -40 maway fromthe target

val ue, and there are 40 mvariations with reference to

the target val ue. Moreover, as a result of

nmeasurenent of the end R value linked to the BC val ue,
wafbe méselrt $hsi mlkali cethbsrgobrPFl@ssl3lamrrlid adheye

is clear frogmFI G, .13, the_val.ues, of_ the

2t QR AEREST FRAION] G 2t aRe eqePvar B0 OO0 T Ehoo
safR8i RES satrcdlentl 3 n@25i 0A8da81bhbd% iddsinvidbepoalnd 8d)

are Latger than those in_the orientation equivalent to
werel13imitRe p@ e B 7E169: 11880 270, and 351

(90-4 LnLs)) ' ta 140, dMue

to é%fﬂﬁéFQEGE?e?%eﬁfﬁﬁgpo E%&%hg%%ésﬁngxcgﬁﬁﬁtﬁbn)
andinthemaln viadste, by $oymi hgcanthahkened ishagesdyved in

redicting a_change in shape caused by, et.chin
th%c%%r&?ﬁﬁgroﬁhﬁ%ﬁiﬁ?cﬁﬂ?eggﬁPng o Qqﬁ%ﬁ961ébhgr??nEhe
taPﬁe@ ¢hanker igy r agegsabetnbanan netratd .ngL proeessott he
C

anfered cross-sectional shape after the etching,
grpprbtEsShpegeddE ial farrelative shR@ceRRfOr HRkd bR

- esul | ol n : ' boye
HRE FES RS e BERLLEL Bt desirdtet oo g
cisetmfkmebhiislexanpl el ofiocyst ngsatiems orotoed thieaf athere

_ that the wafer has a (100) crystal _axis on the
isppi REPPEF S PRI t1el chBssDsaREPNAS Sifdgte) j nin other

woPAEt | eykar arithe size ofchhggepdoBesef, therichandesedn the
portion of the wafer varies at intervals of 45, and

vathesBEfvaluernat 1 iakedt1® mar9r iLesshe agithrfaed ngesults

r [ di ately before the etching process, the
ar§i§§%%?nfﬁgeend portion Ris made to vary in the

[0@59§ntation equi valent to (011) and the orientation
eqUIgg&ggérEot go%%bunt 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 um away from the target value, and
there are 40 pum variations with reference to the target
value.

Moreover, as a result of measurement of the end R
value linked to the BC wvalue, 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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[ 0061] That is, although, in the chanfering
process perfornmed in the prelimnary test, form
chanfering shown in FIG 5 by which the groove shape
is transferred to the wafer outer edge was perforned
so as to formR having a constant R value (here, 285
in each circunferential position of the wafer, as
180he 2edt,i rend 0BSK i M9@helmmérvaesppiatpoiint aeguitvetent
the (0 orlentatlon s set to 285 gmwhich is
dl%ggr E%eaég) 5 Hhe" %o?%gV Meondition (that is, the
[ogeadition in the prelimnary test described above)
and a point equivalent to (001) was, set to a val ue,

235 prytWhi8hOi sasﬁﬁqmﬁeﬁ%ﬂﬁl?%%dé5698 val ue by 50 pm
(seezr'ﬂéimmn e's% I%ybmqnﬂﬂgtgecﬁsﬁ%&e@ee%awtws

shown in F G This is to correct, in
predanténgng gm@cm im shvpaceausedi ﬂOerreetrRﬂfelIim ageording

ol Y5, BSeraraile slacunteropt gl Rl n (Lol

chéﬂaee&mgl be odeSE i o r& esnll £ BH inkg @rtmjefsy mthe
cross-sectional shape of the chanfered portian after

chamge gEEhFHG SErEcEsdst 9B + heh P camterertticale ity on.

eggah‘ al this time the spacing between
pr%gg%? and Ogl),]i at is, the inside of 45- interval

spwﬂmersfsee ababbme@m|Uﬁ&ﬂ¢ﬁ$@ltanpfithﬁapﬂaiiminary

? Eola nathenatlca% snoot

teti e S o HACBEeBRSY SeRE A b2

ch&htbeugh B@cre%%U'v\IaSs | e agety aht emitheschastfey i ng
are not clearly shown in the figure, the chanfered

foapapeIaeEbratigen @n rfél%eﬁﬁcﬁgtgetowﬁ ned e dos] @

16(5\43' Qrgggg)l axis orpa&?g ﬁPlﬁB?gggng tr‘f%Q: ett@é Cross-—

descri above, mali n test was conducte As 1s the
secesenaﬂthhepe pndlpurtuqulest UBSCBub@jqﬂuﬂhﬁ end R,

f ded to th
of i RaN T el FHSLd O HhEr BoRR ARt oS

1n@£§@£§5'89 @%Oceéﬁd“@%ep%ﬁfQﬁﬁﬁgebﬁrésﬂﬂﬁkéﬁeto vary,
chant er|ngpap paratus 1 of the invention by changing

in tHee cahpMEREd NShAFO IS S henr@e@léateélg'e beff anfe Qe iebphing
d t
prdfest CeRENING. A (O g HOELEMN & ROSddORYnIELy

e above-descri bed g condition
inatha poiahteguiovaleantital e €0611p1ani emcatiton, and R
= 235 pmat a 0|nt e U|VE#§ﬂ$ to (001)). As a result,
Or%?%??? 8h ﬁﬁPé A ered portion whose

[0®¢ PPS-sectional shape
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 um) 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 pum 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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was non-uniformin the circunferential direction was

obt ai ned. [ 0063] Then, as a result of the

silicon wafer thus obtained being subjected to etching

processi ng under the sane etching condition as that of

the prelimnary test, the desired results could be

obt ai ned. The anount of deviation fromthe target
equaleéeat tthe BO Malwesisetath ei veunfear 6hii gimpoghticbnis

i s.sho in FIG 14, and.the R value in ea .
sedt B BntBron s HRTE DAL RS BHow T MG f9LG- 6). This
isAsadescbinbethcabmmsutehéke FeSull2 shoMmgia CESe 0B.

the prelimnary test (the conventional nethod),

ThekhitBi tong AR var 12t FBRs CPA0SSHIMBDRT St ar g8t advance,

a ésfﬁkke'@}e%%e'l@{' ricgqé)irt%t\*ﬂgl&&rge%%el%i alo Rasd tion, as

own in FIG was possible to obtain the BC

civalbuéewkose alamcedionen f abherhshearegethived uerogees. This

uppress to.10 mor, |l ess oyer the ol e
mag?gcgﬁﬁeﬁgngé%ﬁet %P%??i%gngmﬁf ryg¥he 3150 G504t
reé@ItiRE Shze ehiherendr&sofsthe iehallf etetbshapethe

unlike FIG 13 showing a case of the prelimpary test

champerednpertiionala et hobl) e eR hEB RO & 159 THi &t t YRS as

ciSOOMRBNEL G 1B &0 peglodi city was exhi bited
depenalng on the circunferential position, and the
desiTredidestubiywerd tdiatmimechi § 006dg the spadsing
descri bed_above, the Eroduction nmet hod of, t he

betweent i(8A Liares i (0 bbksi bratt éSpr sbtce 5 4”%%n4aafer
inhavi 8y apekanf areddorisoni nbase ieresyectional i shape

di mensi ons exhibit extremely small variations even
be af neerphéasechiit proeesat byalsisAg othe ehahf et i ng
e PIBAEALVE L ol eI nop L5 Tk en 0 g
Alexaupheth?25 remudrts 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 pum at a point equivalent
to the (011) 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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| ess for the 32 nmnode, satisfactorily. [0065]

It is to be understood that the present invention is

not limted in any way by the enbodi ment thereof

descri bed above. The above enbodiment is nerely an

exanpl e, and anything that has substantially the sane

structure as the technical idea recited in the clains
wa®fnoheupidsent iimvemn i ohrandfemantofflersi iatiier was

wor ki ngs and benefits falls within the technical scope
Ob?ﬁl?ﬁg'present i nvention. [0066] For exanpl e,
[00&3fhe exanple described above, a denonstration was

conducted on a silicon wafer having a (100) crystal

axi STReP t hesppi Feispt U fiaee. SHOWEORr Wafsr Sthet

' at.i var et it p ' t '

o B e fau P AP BT e i [T oacf che
samdosechiags ceectitonat shapeadi pénshenpmedhitbinary test,

extrenely small variatjons in the circ erentia
thé dest 6N B SUyA it HHe ?ﬁ%%@l&&&nﬂe@, BHOPhe OF
de¥iscupherentd alhLryst @t ovhenbabiror hef Bher$ihé CON each

~wafer in a simlar nmanner. Moreover, as for the R
ciyaipéespnthie lemp it ttre Eharferad ishdpgs- te RRAI bee R

eing.s hi ' ' 0 ' beca
v PRE" S Bhet R 0 e Lipeaanoplie ass, Y el begsse.
15custonmer. Thus, an appropriate set value may be

obt ai ned on a case-by-case pasis conducting a stud
o e e ner e Sndie A Tes ThY - andertRund 7 e
of EXREPhee 133 A MM WLl oxi He 88hutin@n drin SRk hb@Never,

by using a potassium hydroxi de solution, which is al so
exlahbat kabi ¢islel utd gt oes t 64 epsade odegdredercegof a
rystal _on Qrientation, i i i.hl g t in t
va it PepdRed e M oel e b bR RaR e e e e dnone.
shdwii t her roce, 1tdhe iaboves expsanbiconodeddtsim tthe BCaselue
in which, inthe main test, after gerfornin

h
whesanY 8F i Ag, L ORéN-LAAT oF i pt 8EPSE IRaAMCer SIS %00 P8ssea
to PP § OiPE,a3 RICChAL Al ko0 BhLRLAARRING, s the

dou e grinding, and etching is then perforned.
siHooewewafeetr.is al so possible to perform after

perform ng rough_chanfer.ing, uniformpreci
chalferSRGCAf t &P 11 & |ﬁﬁj%$ %%u%?%-ngeagfﬁﬁé¥ﬁb, t hen
chaeréeem sanpd) futImips eeise tbashemiing aanthperdodrthe

prggfgiggiy 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 pm or
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CLAIM5 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 least: a holder holding and rotating a
silicon wafer; a chanfering grindstone
chanfering an outer edge of the silicon wafer held by
leshefhol dére; Ihdm node, asedbmsielctapparat us for
[Ogﬁgi;olling and changi ng a cross-sectional shape of a
ered portion according to the circunferentia
directi 98 by sentumeldridtp@d rehati vheppsictsienrt afnitdret ion
_outer edge of the silicon wafer and the chanferin
isgrPhdIEBAE Sy IHURRY cBRY cBit FBF, SRaEinent ther?%é

deSOPE LAl apRArAt us, Lo 5L SARLghanges: 4 heeF&l thye

position of the outer edge of the silicon wafer and
exéhplehamher iany tgrimgistioae hesa subed 2oft ichahy efhagsame

o« SSPERLLTS00 % SLIET S et gl BaRLLAr o pe SiLigenor
théi pregBnwafieivertavdmgadd tRast oifffersd epimofar workings
anghggggggg% %gfﬁgeﬁigggg ggeat%gﬁé¥ggf%ggg§eagg the
present invention.

[0066]

For example, in the example described above, a
demonstration was conducted on a silicon wafer having a
(100) crystal axis on the principal surface. However,
for other orientation varieties, 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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perform ng etching processing on at |east a chanfered

portion of the silicon wafer after the chanfering

step, wherein a silicon wafer is produced by

performng the etching step after performng the

chanfering step in such a way as to change a chanfered

shape of an outer edge depending on a circunferentia
caposihi shich,t he diHe conimatestbaséd ean ratr anmouing ofough

change i n shape caused by etching_dependi ng on th
oh P ORPEY eRCra P 4 IR BT - F e CUR T adn Tt T fpgned
as e%@@bmgesbﬁﬁn&léﬁﬂlng hatt &r CI @ppisgChironmlutshapei @ t he
chanfered portion varjes depending on the L
IrEn@ENET ePBAL PAICHHIY tiDnt et RBTSPFIESh Ve r 3. 1§hes
t : pL-odugci Sili : j 0
L R e g e e e Shape
chamfiseiinhy enhdiiongn depsnids agcbanfhe icior e@uitfer epring or
osition of the .silicaon wafer _is_obtained .
do g F et PR T4 ABIT R So5T FRE - precise

chPhPEHehhY ansl pecadbmafefcreagrding to claim2 or 3,
wherein the etching step is perforned by using

a sodi um hydr oxi de sol ution and/or a potassium

hydr oxi de solution. 5. A silicon wafer produced by
the nmethod for producing a silicon wafer according to
any one of clainms 2 to 4.
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CLAIMS

1. A chamfering apparatus for a silicon wafer to
chamfer an outer edge of a silicon wafer by using a
chamfering grindstone, the chamfering apparatus
comprising at least:

a holder holding and rotating a silicon wafer;

a chamfering grindstone chamfering an outer edge
of the silicon wafer held by the holder; and

a control apparatus for controlling and changing a
cross—-sectional shape of a chamfered portion according
to the circumferential direction by controlling a
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.

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 based on an amount of change in shape
caused by etching depending on the circumferential

position of the silicon wafer in the etching step such
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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
to claim 2, wherein

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.

4, The method for producing a silicon wafer according
to claim 2 or 3, wherein
the etching step is performed by using a sodium

hydroxide solution and/or a potassium hydroxide solution.
5. A silicon wafer produced by the method for

producing a silicon wafer according to any one of claims

2 to 4.
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