DESCRI PTI ON METHOD FOR CHAMFERI NG WAFER TECHNI CAL FI ELD [ 0001] The
present invention relates to processing nethods by which chanfered shapes
are varied in the wafer circunferential direction and thickness direction
in the step of chanfering a wafer with groovel ess rotative grindstones.
BACKGROUND ART [ 0002] In a process for chanfering a disk-like thin
plate to be used as an integrated circuit substrate such as one of various
crystal wafers or one of other sem conductor device wafers, or a disk-1ike
thin plate nmade of a hard materigj @@fﬁ@& kng sone other nmetal material,
such as a silicon (Si) single crys% ium arsenic (GAs), crystalline

quartz, quartz, sapphirewrptgshi F6r @ﬁAﬁFtkfﬁ@ gREprde (SiC) (any of the
above will be referred to sinply as a wafer), grinding is perforned with

the use of a crude-grinding grindstone fornmed by hardening industrial

di anond i ntroduced as abrasive grains thereinto wwth a resin binder, and
pol i shi npe¢snitEn periornmed wth the use of colloidal silica for finishing.
In this manner, a circunferential edge portion having a predeterm ned shape
and predem@mhjned surface roughness is forned.

The present invention relates to processing methods by
which chamfered shapes are varied in the wafer circumferential
direction and thickness direction in the step of chamfering a
wafer with grooveless rotative grindstones.

BACKGROUND ART
f0002]

In a process for chamfering a disk-like thin plate to be
used as an integrated circuit substrate such as one of various
crystal wafers or one of other semiconductor device wafers, or
a disk-like thin plate made of a hard material containing some
other metal material, such as a silicon (Si) single crystal,
gallium arsenic (GaAs), crystalline quartz, quartz, sapphire,
ferrite, or silicon carbide (SiC) (any of the above will be
referred to simply as a wafer), grinding is performed with the
use of a crude-grinding grindstone formed by hardening
industrial diamond introduced as abrasive grains thereintowith
a resin binder, and polishing is then performed with the use
of colloidal silica for finishing. In this manner, a
circumferential edge portion having a predetermined shape and
predetermined surface roughness is formed.

[0003]

A wafer 1 to be used in such a chamfering process has a



[0003] A wafer 1 to be used in such a chanfering process has a V-shaped or
U-shaped notch in indicating the reference position in the circunferenti al
direction, as shown in FIG 1. [0004] In sonme cases, as shown in FIG
2, an edge (circunferential end portion) la of the wafer I may be processed
into a cross-sectional shape (substantially a triangular shape as a whol e)
havi ng an upper slope lau tilted at an angle al (approximately 22 degrees)
with respect to an upper flat surface |Isu, a Iovver slope lad tilted at the
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connectsarlfl htﬁengcfpjﬁf v?rﬁ'f#é’ﬂ‘@laflcﬁ’ éCEJL[) nigacls ogll;@;,n in FIglMmthis case t he

hori zont e upper ope au is referred to as the "chanfer
width Xt g the horizontal Iength of the lower slope lad is referred to
as the "c%a er wiwdth X2". [0005] Al so, as shown in FIG 3, the edge

l'a of the wafem kopBkhRr 9683 iMFIGA L 88 +ERRCE ¢ Dhehn sdapet {81
trapezoi dal shape) having an upper slope lau tilted at an angle a2 with

respect émdthervppey fiabfstihéacefésul @ay derpsdéopesdddintdted at the
angle a2 with respect to the lower flat surface |sd, and two circular arcs
lc, |c tdmbshavecthenshnehapai (s arid slninothity ieognder sherepperaand
| ower slopes to a circunferential end | b form ng the end face of the edge
| a. whole) having an upper slope lau tilted at an angle ol
(approximately 22 degrees) with respect to an upper flat surface
1su, a lower slope lad tilted at the angle al (approximately
22 degrees) with respect to a lower flat surface 1sd, and a single
circular arc lc that has a radius Rl and smoothly connects the
upper and lower slopes to each other.

In this case, the horizontal length of the upper slope
lau is referred to as the "chamfer width X1", and the horizontal
length of the lower slope lad is referred to as the "chamfer
width X2".

[0005]

Also, as shown in FIG. 3, the edge la of the wafer 1 may
be processed into a cross-sectional shape {(a trapezoidal shape)
having an upper slope lau tilted at an angle a2 with respect
to the upper flat surface 1lsu, a lower slope lad tilted at the
angle o2 with respect to the lower flat surface lsd, and two
circular arcs 1lc, 1lc that have the same radius R2 and smoothly
connect the upper and lower slopes to a circumferential end 1b
forming the end face of the edge 1la.

In this case, the horizontal length of the upper slope

lau is referred to as the "chamfer width X1", the horizontal



In this case, the horizontal length of the upper slope lau is referred to
as the "chanfer wwdth X", the horizontal I|ength of the lower slope lad is
referred to as the "chanfer width X2", and the length of the surface of the
circunferential end Ib is referred to as the "chanfer width X3". [0006]

In some of such wafer chanfering processes, processing is perforned with
the use of a profile grindstone having grooves for formng the outer shape
of the wafer circunferential end portion to be processed, so as to obtain a

Cross-s erlgﬁgllofhcefpe laor\pe srl' % 1%(;1(3&9,53?6%89%@?”@!3 shapg, acoulrpey, (Patent

Document 10 §-Case “Wher rlndstone IS used,

however, @ﬁk@g aglg&tt%edgefﬂ.%tche 't'h3é§ I:fécé ‘éﬁ%p@ﬂc&%ééwlﬂ the
n

grooves ¥ egrin stone. erefore, e grindstone iIs easily damaged, and
gri ndi ngerprﬁ? I@r@éfbff'ecﬁh@o%éc&&%e"‘&ﬁﬁmﬁér%i&@&'m' of the edge. As a
result e surface roughness tends to beconme higher. [0007] To

counter fddgeproblem a polishing nethod and apparatus using a rubber wheel
contai ning a polishing agent as the grindstone for chanfering wafers have
been suggest edin Rantd el anlch, walfetre chamfibbéngwbeetebaws ngpaotasgingi anet er
is used, grinding marks can be nade even snmaller (Patent Docunent 3).
However ,ieyer furaedpel tis lthregus s ofea fooorféd o or snd$t enenbyavangt fraeov¥é® cent er
of the rotary shaft to which the rubber wheel is secured becones parallel
to the dieecidoming tet atiter chapse ofatée, wefierofirAEBECHPRELIRENERA in the

entire circunference of , _
portion to be processed, so as to obtain a cross—-sectional shape

and achieve a cross-sectional shape accuracy (Patent Documents
1, 2).

In a case where a profile grindstone is used, however,
cooling agents do not easily enter the deepest portions of the
grooves in the grindstone. Therefore, the grindstone is easily
damaged, and grinding marks remain in the circumferential
direction of the edge. As a result, the surface roughness tends
to become higher.

[0007]

To counter this problem, a polishing method and apparatus
using a rubber wheel containing a polishing agent as the
grindstone for chamfering wafers have been suggested.
Particularly, where a rubber wheel having a large diameter is
used, grinding marks can be made even smaller (Patent Document
3).

However, even when polishing is performed in such a manner
that the center of the rotary shaft to which the rubber wheel
is secured becomes parallel to the direction of rotation of the

wafer, two or three pits remain in the entire circumference of



the edge, and such pits are not conpletely elimnated in the entire
circunference. In view of this, there has been a suggested
processi ng net hod by which polishing is perfornmed after cal culating the
required inclination angle a of the rotary shaft of the rubber wheel from
the circunferential velocity of the rubber wheel and the circunferenti al
vel ocity of the wafer so that the polishing direction at the edge is at
approximately 45 degrees with respect to the planar direction, and tilting

Loooa]  EHe O, ad i o B e R e SR e o

di sk-1i ke, g1 povel esspoLipdstones are placed in the vicinity of the sane
point inthe wafer circunferential end portion of a rotating wafer, and are

posi tioned to face £ACtE athey, tReFiOnSsChesa hostifgesasR PPbOEskinghe wafer
circunferential end portion are sinultaneously processed and nolded with

- the processheg isHrdracas gfl itdig dgptiad peg fereriekeésergebabdal abeéag( Patent
Docunent 5). Prior Art Docunent Patent Docunents
required inclination angle a of the rotary shaft of the rubber
wheel from the circumferential velocity of the rubber wheel and
the circumferential velocity of the wafer so that the polishing
direction at the edge is at approximately 45 degrees with
respect to the planar direction, and tilting the rotary shaft
at the required inclination angle (Patent Document 4).
[0008]

Also, there has been a processing method by which two
disk—-like grooveless grindstones are placed in the vicinity of
the same point in the wafer circumferential end portion of a
rotating wafer, and are positioned to face each other. Regions
close to the same point in the wafer circumferential end portion
are simultaneously processed and molded with the processing
surfaces of the rotating grooveless grindstones (Patent
Document 5).

Prior Art Document
Patent Documents
[0009]

Patent Document 1: Japanese Patent Application Laid-Open
(JP-A) No. 06-262505

Patent Document 2: JP-A No. 11-207584

Patent Document 3: JP-A No. 2000-052210

Patent Document 4: JP-A No. 2005-040877



[ 0009] Pat ent Docunent 1: Japanese Patent Application Laid-Qpen (JP-A)

Patent Document 5: JP-A No. 2008-177348
[0010]

{Problems in Conventional Arts)

It has become apparent that, by those conventional
methods for chamfering wafers, the chamfered shape
(cross-sectional shape) of the circumference of a wafer is
uniform, but the uniform chamfered shape varies with respective
circumferential positions in the post processing in the wafer
manufacture.

[0011]

Also, as the degree of integration of semiconductor chips
becomes higher, the density of integrated circuits to be formed
on the wafer 1 also becomes higher. The circuit area in the
wafer 1 also expands to the circumferential edge portion, and
the areas in the edge la without circuits formed therein are
reduced, and the circuit formation area almost reaches the
circumferential end edge. In this manner, the wafer 1 is more
efficiently used, and a waste of the end edge portion and the
proportion of the waste in the end edge portion are required
to be minimized. Therefore, the end edge shape needs to be made
smaller, and the processing accuracy in forming symmetrical
shapes in the thickness direction needs to be made higher. As
a result, there is a demand for development of a novel processing

method to satisfy the above requirements.

DISCLOSURE QOF THE INVENTION

Problems to be Solved by the Invention



No. 06- 262505 Pat ent Docunent 2: JP-A No. 11-207584

[0012]

The present invention has been made in view of the above
problemsjjltheconventionalarts,and,tosolvethoseproblems,
the technical objective thereof is to provide a wafer chamfering
method for accurately forming required cross-sectional shapes
with higher cross-sectional shape precision in a wafer
chamfering process, to cope with the post processing in the
wafer manufacture.

Means to Solve the Problems
[0013]

The means to solve the above problems by a wafer chamfering
method according to the present invention are as follows.

First means to solve the problems by a wafer chamfering
method is a wafer chamfering method for chamfering a wafer by
performing centering of a wafer, placing the wafer on a rotary
table, rotating the wafer, and bringing a grooveless grindstone
into contact with a wafer circumferential end poftion {an edge),
the grooveless grindstone being for processing the rotating
wafer.

This wafer chamfering method characteristically
includes: setting a reference movement trajectory that is
formed by moving the wafer and the grindstone in a relative
manner in the Z-axis and Y-axis directions, and forming the same
cross-sectional shape on the entire wafer circumference; and
forming different cross-sectional shapes depending on wafer
rotation angle positions with the use of a piezoelectric

actuator, so as to perform a processing operation in which the



Pat ent Docunent 3: JP-A No. 2000-052210 Patent Docunent 4: JP-A No.

relative positions of the wafer and the grindstone are changed
from positions on the reference trajectory in at least one of
the Z-axis and Y-axils directions, depending on the wafer
rotation angle positions.

[0014]

In second means to solve the problems by the wafer
chamfering method, a relative positional relationship between
the grindstone and the wafer is alternately changed at every
45 degrees in rotation angle of the wafer, to form two different
cross—sectional shapes.

[0015]

In third means to solve the problems by the wafer
chamfering method, a wafer cross-sectional shape is
continuously varied in rotation angle positions between changes
in the relative positional relationship between the grindstone
and the wafer at every 45 degrees in rotation angle of the wafer.
[0016]

In fourth means to solve the problems by the wafer
chamfering method, a relative positional relationship between
the grindstone and the wafer is alternately changed at every
45 degrees in rotation angle of the wafer, to form two different
wafer radiuses.

[0017]

In fifth means to solve the problems by the wafer
chamfering method, a wafer radius is continuously varied in
rotation angle positions between changes in the relative

positional relationship between the grindstone and the wafer



2005- 040877 Patent Docunent 5: JP-A No. 2008-177348 [0010] (Problens in
Conventional Arts) It has becone apparent that, by those conventi onal
nmet hods for chanfering wafers, the chanfered shape (cross-sectional shape)
of the circunference of a wafer is uniform but the uniform chanfered shape
varies wth respective circunferential positions in the post processing in
the wafer manufacture. [0011] Al so, as the degree of integration of
sem conduct or chi ps becones higher, the density of integrated circuits to

be fornmed o e%%hf fgg Ircuﬁggpgggggfog {o JPecd rGAEL - area in the wafer

1 al so expan ren ge portion, and the areas in the
edge | a whhout CIrCUItS formed therein are reduced, and the circuit
formati oh area al nost reaches the circunferential end edge. In this manner,

the wafer 1 ispymyscaf ety disesks @E@l&ard@ﬁér@s ofy thes endradge portion
and the proportion of the waste in the end edge portion are required to be

m ni m zeghalher eh§reetidie, enide etige shope-veedsonal behapee samél er, and the
processing accuracy in formng symetrical shapes in the t hi ckness
di r ecti afi heedsnt @ iheulrde alicgberes As: a wasat tgdgehehé Lesmaideatning or
devel opment of a novel processing nethod to satisfy the above requirenents.
Dl SCLOSURE: GraéiEch NVENT | ONIth of a wafer edge slope.

[0019]

In seventh means to solve the problems by the wafer
chamfering method, the two cross-sectional shapes have
different curved lines at a wafer edge while maintaining the
same chamfer width of a wafer edge slope and the same straight
line length at the wafer edge portion.

[0020]

In eighth means to solve the problems by the wafer
chamfering method, the two cross-sectional shapes have a wafer
edge slope at different angels while maintaining the same
chamfer width of the wafer edge slope.

[0021}

In ninth means to solve the problems by the wafer
chamfering method, a trajectory is set by moving the wafer and
the grindstone in a relative manner in the Z-axis and Y-axis
directions, and bringing the grindstone into contact with the
wafer to form a desired cross—-sectional shape at a wafer edge,

a circular-arc or curved-line start position adjacent to
a straight line portion at the wafer edge is deviated from the

trajectory by a predetermined amount, and

processing is performed by gradually returning to an



Probl ens to be Solved by the Invention [0012] The present

i nvention has been nade in view of the above problens in the conventional
arts, and, to solve those problens, the technical objective thereof is to
provi de a wafer chanfering nethod for accurately form ng required
cross-sectional shapes with higher cross-sectional shape precision in a
waf er chanfering process, to cope with the post processing in the wafer
manuf acture. Means to Sol ve the Problens [0013] The neans to sol ve

the above p ﬂ?éff? ﬁ@ﬁﬁﬂ@ifé ocm%!ﬁfﬁédlqlrﬁ%t Q%%e%%w ag tRet PgrpF esent

i nvention e as First means t0 solvé the problens by a
waf er chgﬂggrbggoﬂgghpgrtﬁeg.y@i@r chanfering nethod for chanfering a wafer
by perfornm ng centering of a wafer, placing the wafer on a rotary table,
rotating;édezwafer, and bringing a groovel ess grindstone into contact with
a waf er circunferential end portion (an edge) , the groovel ess grindstone
bei ng for processtérgei heedrns atd ngp Wed ethe problems by the wafer

chamfering method, the amount of deviation of the circular-arc

or curved-line start position adjacent to the straight line

portion at the wafer edge varies with wafer rotation angles.

[0023]

In eleventh means to solve the problems by the wafer
chamfering method, after a desired cross-sectional shape is
formed at a wafer edge by moving the wafer and the grindstone
in a relative manner in the Z-axis and Y-axis directions,

the grindstone is again brought into contact with a
straight line portion at the wafer edge, and is moved in a
relative manner in the Z-axis and Y-axis directions, processing
being performed by tilting the straight line portion at the
wafer edge at a predetermined angle with respect to an original
straight line.

[0024]

Twelfth means to solve the problems by the wafer
chamfering method is a wafer chamfering method for chamfering
a wafer by performing centering of a wafer, placing the wafer
on a rotary table, rotating the wafer, and bringing a grooveless
grindstone into contact with a wafer circumferential end
portion, the grooveless grindstone being for processing the

rotating wafer,

the wafer chamfering method including:



This wafer chanfering nethod characteristically includes: setting a
reference novenent trajectory that is fornmed by noving the wafer and the
grindstone in a relative manner in the Z-axis and Y-axis directions, and
form ng the sanme cross-sectional shape on the entire wafer circunference;
and formng different cross-sectional shapes depending on wafer rotation
angle positions with the use of a piezoelectric actuator, so as to perform
a processing operation in which the relative positions of the wafer and

the grindst on%]eacr%rgiiaa{;g%gadjf : axrlws)% b Qs e J e 8T enge taj ectory in at

| east one of the I rections, depending on the wafer

rotati Ortgﬂﬂ%ﬁa&ﬁ’é it PP81aE9944anner in 2-h:80CoNd YIRS d Or SOt ¥énd he _
probl ens” by the wafer chanfering nethod, a relative positional relationship

bet wveen ihe haiinRdsi0nRe afd idi o entbscah tecnatially thbangtd ab svety 45
degrees in rotation angle of the wafer, to formtwo different

Cr oss- seghé onake shapes-sd®ikh]al shapd mtt hir ddgeans 4o sotveetwef@r obl ens
by the wafer chanfering nmethod, a wafer cross-sectional shape is

cont i nuoustyunwfetredcen rotati on angl e positions between changes in the

rel ative positional relationship between the grindstone and the wafer at
every 45 degr edsviat g &t icdr Angire agfc tecuaiverd-1lpe1sFart positgoRourt h
means to solve the problens by the wafer chanfering nethod, a relative

posi t i ored] 2eenk itehehFpraéghtehl R @ L ifds 8SnEha Pt He S £TPE BlEer natel y
changed at every 45 degrees in rotation angle of the wafer, to formtwo

di f f er enkT 3G EFOFAdPYsRSPTEBBES mIned amount, and

performing processing by gradually returning to an
original circular-arc or curved-line trajectory as the wafer
edge becomes further away.

[0025]

Thirteenth means to solve the problems by the wafer
chamfering method is a wafer chamfering method for chamfering
a wafer by performing centering of a wafer, placing the wafer
on a rotary table, rotating the wafer, and bringing a grooveless
grindstone into contact with a wafer circumferential end
portion, the grooveless grindstone being for processing the
rotating wafer,

the wafer chamfering method including:

forming the same cross—-sectional shape at an edge on an
entire wafer circumference by moving the wafer and the
grindstone in a relative manner in Z-axis and Y-axis directions;
and

performing processing by again bringing the grindstone
into contact with a straight line portion at the wafer edge,

moving the grindstone in a relative manner in the Z-axis and

10



In fifth nmeans to solve the problens by the wafer chanfering nethod, a
wafer radius is continuously varied in rotation angle positions between
changes in the relative positional relationship between the grindstone and
the wafer at every 45 degrees in rotation angle of the wafer. [0018]

In sixth nmeans to solve the problens by the wafer chanfering nethod, the
two cross-sectional shapes have different circular arc sizes at a wafer
edge while naintaining the sane chanfer width of a wafer edge slope. [0019]

N sevenyh JEANS Rt 3ANKE L8 nARLaEn Y e S8! ¢h nchad erdig et dad, the

—axl
two cros sec?lonal shap ¢s“have erent cur i ne a wafer edge

while ool rélg%g%ﬁeaaﬁégee%?gfé%d%&’éfe ofi f@égéggf&?agl&pg?ﬁ@glthe same

st rai ght the wafer edge portion n ei ghth
means tog 504 vgnt heipLobl ems by the wafer chanfering nethod, the two
crpss-septlonal shapes have a wafer edge slope at different angels while
mai nt ai njmepé he same chanfer width of the wafer edge slope. [0021]
In fourteenth means to solve the problems by a wafer
chamfering method, a cross-section of the wafer is measured in
a projected image, and movements of the grindstone and the wafer

in the Z2-axis and Y-axis directions are determined so that the

wafer edge has a desired cross-sectional shape.

Effect of the Invention
[0027]

A first means to solve the above problems by a wafer
chamfering method provides a wafer chamfering methed for
chamfering a wafer by performing centering of a wafer, placing
the wafer on a rotary table, rotating the wafer, and bringing
a grooveless grindstone into contact with a wafer
circumferential end portion, the grooveless grindstone being
for processing the rotating wafer.

This wafer chamfering method characteristically
inciudes: setting a reference movement trajectory that is
formed by moving the wafer and the grindstone in a relative
manner in the Z-axis and Y-axis directions, and forming the same
cross—-sectional shape on the entire wafer circumference; and
forming different cross-sectional shapes depending on wafer
rotation angle positions with the use of a piezoelectric

actuator, so as to perform a processing operation in which the

11



In ninth neans to solve the problens by the wafer chanfering nethod, a
trajectory is set by noving the wafer and the grindstone in a relative
manner in the Z-axis and Y-axis directions, and bringing the grindstone
into contact with the wafer to forma desired cross-sectional shape at a

waf er edge, a circular-arc or curved-line start position adjacent to
a straight line portion at the wafer edge is deviated fromthe trajectory
by a predeterm ned anount, and processing is perforned by gradually

returnigg%i%%an oryég z%s 8IrEHé%F8%§éfgd EHé%ﬁgﬁhiengﬁ{g&gcéﬂgﬂggé t he

waf er e Her “ana neans to sol ve the

probl ems, by, Jbesmf&{s chenter ikDg.pehhody L hec 8OPYMy, oft dewisat bae 9f the

circul ar-aré for curved-1ine start position adjacent to the straight l|ine

portion g thne, s eén@d'g-ea:)(ﬁé' &8r ¥kt hoNaf %e%@ﬁ@iﬁ@%@nﬂlﬁ@swaf@@23]
In elevent% nmeans to solve the problens by the wafer chanfering nethod,

after a gepif eeh Ci0§5e SE6ti0Ndhsshape is fornmed at a wafer edge by moving
the wafer and the grindstone in a relative nmanner in the Z-axis and Y-axis
directions, ChamfdiEngrindssofermesd agaia wadeghdfient ccoongacingi th a
strai ght Iine portion at the wafer edge, and is noved in a rel ative manner
in the Zpagkosehack Yebi shahgest tonse pavsedsingthbei agapéefedned by tilting
the straight line portion at the wafer edge at a predeterm ned angle with
respect tpoan-seigioakl sthagyhnd the wafer during the post processing

(chemical processing, mechanical processing) after the
chamfering step in a wafer manufacturing process and a process
for manufacturing semiconductor devices on the surface of the
wafer. Accordingly, the cross-section and radius shape of the
wafer edge can be accurately formed into a desired shape at last,
and the surface flatness after the post processing and the
semiconductor device yield can be made higher. Alsc, based on
the reference trajectory positions, the positions and amounts
of relative movements of the wafer and the grindstone can be
easily determined. As a result, different cross—-sectional
shapes can be easily formed, depending on the wafer rotation
angle positions.

Further, a piezoelectric actuator is used for an
operation to perform processing, with the grindstone being
deviated from the reference trajectory position. Accordingly,
the processing can be accurately followed particularly in the
wafer chamfering process of the present invention by which the
cross—sectional shape is varied depending on rotation angle
positions of the wafer 1 rotating at a high speed.

[0028]

12



[ 0024] Twel fth neans to solve the problens by the wafer chanfering
nmethod is a wafer chanfering nmethod for chanfering a wafer by perform ng
centering of a wafer, placing the wafer on a rotary table, rotating the

waf er, and bringing a groovel ess grindstone into contact with a wafer
circunferential end portion, the groovel ess grindstone being for processing
the rotating wafer, the wafer chanfering nethod including: setting
a trajectory by noving the wafer and the grindstone in a relative manner in

Z-axis and Y-axis directiqns, and bg(%ln\gé' aq%és 5 Liddstape fnte gontact with

n 4a .
the wafer to form the Same &ross-section pe at an ‘edge on an entire

vaf er Ciéﬁ%ﬁf@ffx@&%ethod, tﬁﬁ/f {ipgya g&éfyi&aa@rﬁepétw&y@fbl ine start

position adjacent"to a stralg I ne portion at the wafer edge fromthe

traj ect ofyr ¥eR dHLUSt RHELREL ABUWHe waldr is altelftUTY BBapLeEessi ng by
gradually returning™to an original circular-arc or curved-line trajectory

as the veferyedgey sifdf wdthari awaynhgil0@25kthe waferThiot éenmhtweans to
sol ve the problens by the wafer chanfering nethod is a wafer chanfering

met hod f@t £ chashedneg sa swaftdionayl gleapos m Fgcentierglng of ix wafeiblel aci ng
the wafer on a rotary table, rotating the wafer, and bringing a groovel ess
gri ndst obe dope® veidrit ddte vinthore geafedrt v iappesfrdngntnakighll PoFeEbBRONS he
groovel ess grindstone bei n?_for rocessing the rotating wafer,

due to the crystalline structure of the wafer.

That is, silicon single crystals or compound
semiconductor crystals forms two kinds of crystal planes that
differ in chemical and mechanical properties at every 45 degrees
about the center of the wafer, because of the panes of diamond
structure crystals. There are continuous changes between the
two kinds of crystal planes, but a method for correcting those
changes can be achieved.

[0029]

In a third means to sclve the problems by the wafer
chamfering method, the wafer cross-sectional shape is
continuously varied in rotation angle positions between changes
in the relative positional relationship between the grindstone
and the wafer at every 45 degrees in rotation angle of the wafer.
Accordingly, in coping with the shape inhomogeneity appearing
in the eight directions due to the crystalline structure of the
wafer, the changes in the shape in those changing positions can
be made smooth.

[0030]

In a fourth means to sclve the problems by the wafer

chamfering method, the relative positional relationship

13



t he waf er chanfering nethod including: form ng the sanme
cross-sectional shape at an edge on an entire wafer circunference by noving
the wafer and the grindstone in a relative manner in Z-axis and Y-axis
directions; and perform ng processing by again bringing the
grindstone into contact wwth a straight Iine portion at the wafer edge,
noving the grindstone in a relative manner in the Z-axis and Y-axis _
directions, and tilting the straight line portion at the wafer edge at a

pr edet erbrreitzx%%er?r{q{ee g\tédélhgslfzgglgte%réd :)t?loegﬂa?regrg.igagl fr@gt%hrlé(n#:hgﬁﬁehoggm

I'n fourteer means solve ens by a wafer ct ering nethod, a
Cross- segld ntge&%% 2l & LS URASH ethd1? B Pkfkeghedri mgeroARdepvenent s

of the grin e wafer in the"Z-axis and Y-axis directions are
det er mi nedr sOrdhatydhe wahensedoe AdsoAdtesiyed Clossoseniional cspape.

Ef fect of the Invention [0027]
with the shape inhomogeneity appearing in the eight directions
due to the c¢rystalline structure of the wafer.
[0031]

In a fifth means to solve the problems by the wafer
chamfering method, the wafer radius is continuously varied in
rotation angle positions between changes in the relative
positional relationship between the grindstone and the wafer
at every 45 degrees in rotation angle of the wafer. Accordingly,
in coping with the shape inhomogeneity appearing in the eight
directions due to the crystalline structure of the wafer, the
changes in the radius in those changing positions can be made
smooth.

[0032]

In a sixth means to solve the problems by the wafer
chamfering method, the two cross-sectional shapes have
different circular arc sizes at the wafer edge whilemaintaining
the same chamfer width of a wafer edge slope. BAccordingly, it
is possible to cope with the edge shape inhomogeneity appearing
due to the crystalline structure of the wafer.

[0033]

In a seventh means to solve the problems by the wafer
chamfering method, the two cross-sectional shapes have
different curved lines at the wafer edge while maintaining the

same chamfer width of a wafer edge slope and the same straight
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A first neans to solve the above problens by a wafer chanfering nethod
provi des a wafer chanfering nethod for chanfering a wafer by performng
centering of a wafer, placing the wafer on a rotary table, rotating the

waf er, and bringing a groovel ess grindstone into contact with a wafer
circunferential end portion, the groovel ess grindstone being for processing
the rotating wafer. This wafer chanfering nmethod characteristically

i ncl udes : setting a reference novenent trajectory that is formed by noving

t he waf e lnectL eckgrl ”E’ﬁ%%‘efég‘e eI ag(l:gg Q?S’élﬂtﬁeﬁ%%{b%ea&g Y-axi s

di recti ons, Forfin he Sane oss sec Ion hape o e entire wafer

C'fcunfe§§§&GW1éﬂd ﬂ@r@agg giifer oﬁéeéﬁe§e§taeeétr§ P&se deperdi ng on

waf er on ang e posttions with the use of a piezoelectric actuator, so
as to perfQLmp) PLOCSESHAGuPRESALERA dacwhich the relative positions of
the wafer ‘and the grindstone are changed from positions on the reference
trajectoryosd at |east one of the Z-axis and Y-axis directions, depending
on the wafer rotation angle positions. Chanfering is perforned on a
waf er after corneatigpghet aiedandtd heo thanges poolhkercausedihea watexxhanf er ed
cross-sectional shape and the wafer during the post processing (chem cal

pr ocessi cigam frec hagiresi hqat 0 tbsstwy \craftsers adtel agiwntbePag kaep a wadenaf er
manuf act uri ng process and a process_for manufacturing sem conductor devices
on the sedfacelopethb dbféereptcerdiagl yhilheneinsalntedi B af@™fadi us
shape of the wafer edge can be accurately forned into a desired shape at

| ast, anehamnEesurigkl Pfa?h@s@aﬁ?Fe?dgﬁesbﬁgﬁ pﬂ%%%%@# bfd tthets
seniconductor devi ce |eId an _be made hi Al so, ed_on the reference
Cr o] oot GPGEPURIE! bhe TR har Kb Itie SOGHA ARG L OBP SEBR AL FVEOHB0BRRHL S o
the wafer and t e_can, be a5|l d r As a result,

di f f er ent® %rggsp§8c9F3ﬁ§F9gﬁ85e§tggﬁ & eégl bgfg%ggg dependi ng on the

waf er ro 3659 angl e positions. Further, a piezoelectric actuator is
used for an ogeration to perform processing, mtth t he grindstone being

devi at ed frontt%e rﬁtﬁtﬁnﬁ §at?egé9t¥ PQé'ﬁkgﬂleﬁQCQ¥dtHQ|Mafébe

processi ng can be accurate owed particularly in the wafer chanfering

process eﬁaﬁthgrﬁﬁ@%ﬁé%héﬁlveémth:%e@tto\ﬁ/@l €8 é&@t?,fﬁéslﬁgcw@mafe&hape is
vari ed depending on rotation angle positions of the wafer 1 rotating at a

hi gh spegde §POR8ttone in 4 Nr&l SteCeNdndr@ans 10 9@ Ve adie pndblreamiby t he
waf er chanfering nmethod, the relative positional relationship between the

gri ndst oaerandibhe, vahi@ron snh@ine st gryndsangediato everyads widdr éds i n
rotation angle of the wafer, to formtwo different cross-sectional shapes.
Accor di ngkyeritto fsrposdibleeticoope sdethiaiel ishhoroteteetwa Eppedoeng in
eight directions due to the crystalline structure of the wafer.
A circular-arc or curved-line start position adjacent to the
straight line portion at the wafer edge is deviated from the
trajectory by a predetermined amount, and processing is
performed by gradually returning to the original circular-arc
or curved-line trajectory as the wafer edge becomes further away.
To cope with a situation where a wafer cross-sectional shape
cannot be processed into a desired shape due to mechanical
strain and deformation appearing in the apparatus or the wafer
during the wafer chamfering step or due to a shape asymmetrical

in the wafer thickness direction in particular, those

distortions are taken into account beforehand in forming the
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That is, silicon single crystals or compound sem conductor crystals forns
two kinds of crystal planes that differ in chem cal and nechani cal
properties at every 45 degrees about the center of the wafer, because of

t he panes of dianond structure crystals. There are continuous changes
between the two kinds of crystal planes, but a nethod for correcting those
changes can be achi eved. [0029] In a third neans to solve the

probl enms by the wafer chanfering nethod, the wafer cross-sectional shape is

continuously_ varied in r | on |.e:pQsi 1 an tween changes in the
relativécﬁ%%'t?%%g % a?%%%shigx ef&%@ﬁﬁﬁéegbﬁ#%ﬁétone_and the wafer at
every 45 deor ees i L of aby "{1993:191 By até}%}y@g%me'ﬁ‘i(i@é@ MWh¥e WRFELPI NQ

wi th the 'shape I nhonogenei ty appearing in'the“eight directions due to the

crystal l{ie. siLsct g £-0f i &AF ¥Rk She fHEmehanges r&sthe shapeeiposhose
changi ng positions can be made snooth. [0030] In a fourth neans to

sol ve t herp¢obk eng, ihd htovpber shapéesing prddiodon e gliallidvesposi ti onal
rel ati onship between the grindstone and the wafer is alternately changed
at ever yz 45 hdegueesce It rairaid oandngie sehnithedwafer, d¢vldonmetlud dahif er ent
waf er radi uses. Accordingly, it is possible to cope with the shape

i nhonoganei hydapipeginéng in the eight directions due to the crystalline
structure of the wafer. [0031] In a fifth neans to solve the

probl ens[®§3¢he wafer chanfering nethod, the wafer radius is continuously
varied in rotation angle positions between changes in the rela%ive
positional relBi®dnsHiph Feeaeente heCb¥T nelke oreC bt neY watervateevery 45
degrees in rotation angle o%@the waf er, Accordi with the

hape. | nFBHBURRER s R FROYRG 45 BRD- A P BBLT bIoE Pl hee
cpystal Line siyetyr e oL Lhe ualer e S R00E chchlCsLRdhMRe! RibDOSS
portion at the wafer edge varies with wafer rotation angles.
Accordingly, it is possible to cope with the edge shape
inhomogeneity appearing depending on rotation angles due to the
crystalline structure of the wafer.
[0037]

In an eleventh means to solve the problems by the wafer
chamfering method, after a desired cross-sectional shape is
formed at the wafer edge by moving the wafer and the grindstone
in a relative manner in the Z-axis and Y-axis directions, the
grindstone is again brought into contact with the straight line
portion at the wafer edge, and is moved in a relative manner
in the Z-axis and Y-axis directions, processing being performed
by tilting the straight line portion at the wafer edge at a
predetermined angle with respect to an original straight line.
To cope with a situation where a wafer cross-sectional shape
cannot be processed into a desired shape due to mechanical

strain and deformation appearing in the apparatus or the wafer
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[ 0032] In a sixth neans to solve the problens by the wafer
chanfering nethod, the two cross-sectional shapes have different circul ar
arc sizes at the wafer edge while naintaining the sane chanfer width of a
waf er edge slope. Accordingly, it is possible to cope with the edge shape
i nhonbgeneity appearing due to the crystalline structure of the wafer.

[ 0033] In a seventh neans to solve the problens by the wafer
chanfering nmethod, the two cross-sectional shapes have different curved

ines algfhe yqber, edop Wil L6000 ddicSARReRA Spmitb i heof @ vafer

edge sl opé an e Sane aig ngth at the wafer edge.

Accor di ”ﬂ{ythétwéé%f%ﬁiakﬁﬁg §PPEM &R the gfge-shape tmbosogeneity

appearing due to the crystalline structure of the wafer. [0034] In

an ei ghtf; DEaPS: §:0s SOty e dihe, Pk e dantt be reekeanehanf 85 imingetihed, the
two cross-sectional shapes have a wafer edge slope at different angles

whi | e ek RS §6-néag: 1 e BagRasdantercarditdylof, thelamsfrerd edge sl ope.
Accordingly, it is possible to cope with the edge shape inhonpgeneity
appear i ngreélsie- $ oct henal ysitaald i Bachtauietzhap ot yhe twated. if @@85)afer
thickness direction) can be formed as a result of the post
processing, and the post processing precision and yield (such
as the surface flatness and the semiconductor device yield) can
be made higher.
[0038]

In a twelfth means to solve the problems by the wafer
chamfering method, a trajectory is set by moving the wafer and
the grindstone in a relative manner in the Z-axis and Y-axis
directions, and bringing the grindstone into contact with the
wafer to form the same cross-sectional shape at the edge on the
entire wafer circumference.

A circular-arc or curved-line start position adjacent to
the straight line portion at the wafer edge is deviated from
the trajectory by a predetermined amount, and processing is
performed by gradually returning to the original circular-arc
or curved-line trajectory as the wafer edge becomes further
away.

To cope with a situation where a wafer cross-sectional
shape cannot be processed into a desired shape due tomechanical
strain and deformation appearing in the apparatus or the wafer
during the wafer chamfering step or due to a shape asymmetrical

in the wafer thickness direction in particular, those

17



In a ninth neans to solve the problens by the wafer chanfering nethod, a
trajectory is set by noving the wafer and the grindstone in a relative
manner in the Z-axis and Y-axis directions, and bringing the grindstone
into contact with the wafer to forma desired cross-sectional shape at the
waf er edge. A circular-arc or curved-line start position adjacent to the
straight line portion at the wafer edge is deviated fromthe trajectory by
a predeterm ned anmount, and processing is performed by gradually returning
Lo the ofidldal; Gld CHl@i-As, Qb RUELRALHBELALASHA Inak it yalial edge
beconmes TUT T Her away. To cope wWth a situation ere a wafer

Cross-sect i one be I nt;0 i4# ed shape due to
Gl Q0o Shang, £alfle DO RILEEASRA Y, N0 do.see

mechani ¢ eformati on appearing in the apparatus or the wafer
during the,nafes-chand eshagest SRcRa & HApAsFhaperasyIMet theakatér t he

waf er thickness direction in particular, those distortions are taken into
account tef onehandii dordmg ¢de berbSemeecds cnateshbpesf Actcorghsigl y, a
desired cross-sectional shape (such as a shape symetrical in the wafer

t hi cknessrét¢€cin®n)archnhkepbst nedoass aingguidcicfidhengoyt epdotewshng, and
t he post processing precision and yield (such as the surface flatness and

t he senizomdecsorfdeyidea tyiedsdinddrhdeemgendugher.d¢0o3slyield) cam a tenth
nmeans to solve the problens by the wafer chanfering nmethod, the anmount of
devi at i dve ofadéenktylreni ar-arc or curved-line start position adjacent to the
straight line portion at the wafer edge varies with wafer rotation angles.
Accordi ng?93°1t is possible to cope with the edge shape i nhonpgeneity

appeari ng dependi ng. on rotation angl es due the crystalline structure of
the waf er. [Od§?F-%hlrtePﬁtgﬂn%?%§e F© §n£8?dpgﬁﬁ %ﬁﬁikg'ﬁﬂgbwﬁ Thy the
waf er chanfering nethod, after a desired crqQss-sectj | . [ ormed at
t he waf e‘?h%tﬂ %rf&g ﬁt?&?‘r?éi’t %éev%?%er ASFIHE Cgrj‘lorlllélgt %iﬁgggnléaq%gf gtdf%é manner
in the Z-axis,and_ Y:axi j recti : i 1.S,:agai-n b t into
contactzg??ﬁ“¥%%%§tF§%g %%gkﬁgngéﬁgg?g%E§g§%fe I%ﬁﬁ@gfgﬁﬁ ?ggggved in a

relati Ve R ?ifﬂna.@@%%é a4 § ANk AX S nfiehkert kPRS- X 0§ @ PYaRelng

perforne y tifting the straight line portion at the wafer edge at a

predet ergi pege gL e v dder 63RACt drH @ M @i NAlpst farigdd By negaiio cope with
a situation where a wafer cross-sectional shape cannot be processed into a

desired shapgifyethe geEChastent shtai soapdcdefdbthathensappeghtnyiha the
apparatus or the wafer during the wafer chanfering step or due to a shape
asymmet rpsation dtheheaverf et hiddkae swdirge chieogr indphenée cul ar ret hbsee
distortions are taken into account beforehand [nforning the cross-sectional
shape. Acsondinghytha Beskisdapdo¥sasiéstibnartspape ¢sdchiasindshlipe
symretrical in the wafer thickness direction) can be formed as a result of
t he postspratektilige npatiae gjoshepradcdssiag &fr eI A RAELPBIL8uUch as
the surface flatness and the sem conductor device yield) can be nade
hi gher. with respect to the original straight line’
To cope with a situation where a wafer cross—-sectional

shape cannot be processed into a desired shape due tomechanical

strain and deformation appearing in the apparatus ox the wafer

during the wafer chamfering step or due to a shape asymmetrical

in the wafer thickness direction in particular, those

distortions are taken into account beforehand in forming the

cross—-sectional shape. Accordingly, a desired

cross-sectional shape {such as a shape symmetrical in the wafer

thickness direction) can be formed as a result of the post
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[ 0038] In a twelfth neans to solve the problens by the wafer
chanfering nethod, a trajectory is set by noving the wafer and the
grindstone in a relative manner in the Z-axis and Y-axis directions, and
bringing the grindstone into contact with the wafer to formthe same
cross-sectional shape at the edge on the entire wafer circunference.

A circular-arc or curved-line start position adjacent to the straight |ine
portion at the wafer edge is deviated fromthe trajectory by a

pr edet el (ed. aTpHNtan A PEBEESSEAGC LS RET AL &y Biaduahby (ERLHr ning to

the originar efrcal ar-arc of ~cur ine frajectory as the wafer edge

becones { rtth%e%uﬁ‘lﬁl\@%e flatness nA0PRS Wekll cndlukwall @iy WAERA 8 MRSk
cross-sectional shape cannot be processed into a desired shape due to

mechani cgl sisai R:andr-deformati on appearing in the apparatus or the wafer
during the wafer chanfering step or due to a shape asymmetrical in the

waf er thyckmeps direction in particular, those distortions are taken into
account beforehand inform ng the cross-sectional shape. Accordingly, a
desi red cross-Bect ifonalteshapenésnsht@ascd vwhape sywimkems daf tihe whéewaf er

t hi ckness direction) can be fornmed as a result of the post processing, and
t he postclpantesshagugrtesd.siconsangeyitédods(slidheayafht e feas st ABss and
t he sem conductor device yield) can be nmade hi gher. [0039] In a

t hi rt eenpho freahedtionags sreanAa Gkt ns OByt d @ rialst cdrante ity Wadehod, the
same cross-sectional shape is forned at the edge on the entire mgger
ci r cunf eteridee By a¥dvd ARt Trerdbs sHinard 1 griendsterB PR ST 25 V8% manner
in the Z-axis and Y-axis directions. Aﬁter,thq%, proces inﬁ gs ﬁgrforned by
agai n brVAGRRETFR MGt AISEBREST M TomM et Wi h SR st r AFGRFAFHEYpor ti on

t th f d . i th i ndst i I i Z- axi

o e el oL edge, TBYA 19, LDEOLLAOBL 0D, LA B Sl LBeTRIDER, | Byl Z s

edge at g, plgHCLRLM 084209 foll boKERRCCALLY, oM Ghdb S84t i ne.
imagesarejjaanon—contactstate,thenmasurementtimejj;short,

and the measurement can be carried out without leaving any scar

tc the wafer.

BRIEF DESCRIPTION CF THE DRAWINGS
[0041]

FIG. 1 is an explanatory perspective view illustrating
a processed state of a wafer circumferential end in a first
embodiment according to a processing method of the present
invention.

FIG., 2 is an explanatory partially-enlarged
cross—-sectional view illustrating a contact state between a
wafer circumferential end and disk-like grooveless grindstones
in the first embodiment.

FIG. 3 is an explanatory partially-enlarged

cross-sectional view illustrating a contact state between a
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To cope with a situation where a wafer cross-sectional shape cannot be
processed into a desired shape due to nechanical strain and deformation
appearing in the apparatus or the wafer during the wafer chanfering step or
due to a shape asymetrical in the wafer thickness direction in particular,
those distortions are taken into account beforehand inform ng the
cross-sectional shape. Accordingly, a desired cross-sectional shape (such
as a shape symmetrical in the wafer thickness direction) can be forned as a

result Ol tlp POMun PLOGESELT Gnd il il OB HRLOCRESLAGLR PELR! O, ANd Vi el d

(such as the surface flatness and t m conduct or device yield) can be

made hi gherprd 0044 the diskDl fxd QUdRANIIL MBRNEAERCAELVE: ithe PLeblems by
t he waf er chanfering nethod, cross-sections of the wafer are neasured in

pr oj ect egyhd@ORSHt and novenments of the grindstone and the wafer in the
Z-axis and Y-axis directions are determ ned so that the wafer edge has a
desired cross-BEe! i Dnbd Shapep 1 AT NEE ¥ i €Y bgserskttganal shapes can be
advant ageousl y nmeasured, even though the wafer is not broken. Al so, since
t he projectdes-saagesnat eviawahbhasondathgssatentabe seasarefiebbetine is
short, and the neasurenent can be carried out w thout |eaving any scar to
t he waf edisBRl Efe DESORISRHSANI DR JHEODRAWINSS qrigdiE]ing proce s Gn {hes an
expl anat ory perspective viewillustrating a processed state of a wafer

ci rcunf efénst agpmeadinank.first enbodi ment according to a processing nethod

of the present_inventjon. ,
FI 5 1s an explanatory partially-enlarged

cross-sectional view illustrating a state of the disk-like
grooveless grindstones having positions varied with
misalignment of the wafer position in the contouring process
in the first embodiment.

FIG. 6 is a diagram for explaining processing and showing
oblique grinding marks formed by the disk-like grooveless
grindstones in the first embodiment.

FIG. 7 is a front view of a processing apparatus to be
used in the present invention.

FIG. 8 i1s a side view of the processing apparatus to be
used in the present invention.

FIG. 9 is a plan view of the processing apparatus to be
used in the present invention.

FIG. 10 is a diagram showing the control system of the
processing apparatus to be used in the present invention.

FIG. 11 is a block diagram showing part of the control
system of the processing apparatus to be used in the present
invention.

FIG. 12 is a diagram for explaining the processing and
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FIG 2 is an explanatory partially-enlarged cross-sectional view
illustrating a contact state between a wafer circunferential end and

di sk-1i ke groovel ess grindstones in the first enbodi nent. FIG 3is
an explanatory partially-enlarged cross-sectional viewillustrating a
contact state between a wafer circunferential end having a different shape
fromthat of FIG 2 and the disk-1ike groovel ess grindstones in the first
enbodi nment . FIG 4 is an explanatory partially-enlarged

i ment. e . ar ged.
cross se&&,gir}% LU bRG e fggm%tﬂe%%o%fesfsﬁﬁgdtﬁ& b

groovel ess onés-in a contourl process in the first enbodi nent.

FIG 5 igan explapatofy pardiallye et &rged £1 assqsectional view
illustrating a state of the disk-Iike groovel ess grindstones having

posi tions varigd; Wit id saiigerant ret thelwahengpesktpedcédsihg oMt ouring

process in the first enbodi nent. FIG 6 is a diagramfor explaining
pr ocessi figowaty shranithg jebitiogyeodr £ ndi g mawten d proee sy nbhehdi sdwéi ke
groovel ess grindstones in the first enbodi nent. FIG 7 is a front

vi ew of Page ocbdsiof apparates ¢ordenfseshimal hengresent invention
FIG 8 is a side view of the processing apparatus to be used in the present
i nventi on. FIG. 14 is an explanatory plan view of a

conventionally-used wafer with a notch.

FIG. 15 is an explanatory plan view of a notched wafer
formed into a first cross-sectional shape in the first
embodiment.

FIG. 16 is a partial cross—sectional view of a wafer end
portion having an edge shape formed with a vertical
circumferential face having two circular arcs at the corner
portions at the edge.

FIG. 17 is a partial cross—-sectioconal view of a wafer end
portion having an edge shape processed to have larger circular
arcs at the corner portions than those of FIG. 16.

FIG. 18 is a partial cross—-sectional view of a wafer end
portion having an edge shape processed to have smaller circular
arcs at the corner portions than those of FIG. 16.

FIG. 19 is a partial cross-sectional view of a wafer end
portion having an edge shape processed to have gentler curves
at the corner portions than those of FIG. 16.

FIG. 20 is a partial cross—-sectional view of a wafer end
portion having an edge shape processed to have tighter curves
at the corner portions than those of FIG. 16.

FIG. 21 is a partial cross-sectional view of a wafer end
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FIG 9 is a plan view of the processing apparatus to be used in the present
i nventi on. FIG 10 is a diagramshowi ng the control system of the
processi ng apparatus to be used in the present invention. FIG 11
is a block diagram show ng part of the control system of the processing
apparatus to be used in the present invention. FIG 12 is a diagramfor
expl ai ning the processing and show ng the trajectory of the grindstone
processi ng the upper face side of the wafer circunferential end.

FIG 13 J . di - r aLfli | hQw
traj ect dé@r%f&% %%r"glﬁgn%gt %ﬁgbp%%&ggs[ig%gcﬁ%&?mr@ﬁfvggghgi ‘ggﬁf%fg ét{%e waf er

circunfergntial senthrger angldd Gndd 5080 exphanatosy plan view of a
conventional l y-used wafer with a notch. FIG 15 is an explanatory

plan view of anpt ohedsvafRirdiainedosetecatibhall ¢fessoseckagaal esdape in
the first enbodi nent. FIG 16 is a partial cross-sectional view of

a waf er het por tHon hpwinngdae edgpeshapec § oedreich Matvile dheewtifeal edge
circunferential face having two circular arcs at the corner portions at the
edge. slopes at smaller angles than those of FIG. l6.

FIG. 23 is a partial cross-sectional view of a wafer end
portion formed by shifting, by a predetermined amount, the
circular-arc or curved-line start positions adjacent to the
straight line portion at the wafer edge.

FIG. 24 is apartial cross-sectional viewof a wafer having
no deformation during the chamfering step.

FIG. 25 is a partial cross-sectional view illustrating
deformation of a wafer during the chamfering step.

FIG. 26 is a partial cross-sectional view illustrating
a situation where the wafer recovers from the deformation after
the chamfering step.

FIG. 27 is a cross—-sectional view of a wafer processed
by tilting the straight line portion at the wafer edge at a
predetermined angle with respect to the original straight line.

FIG. 28 is a perspective view illustrating a wafer

chamfering method according to a fourth embodiment by which

projected images are used for measurement.

BEST MCDE FOR CARRYING OUT THE INVENTION
[0042]
A general wafer chamfering method using disk-like

grooveless grindstones 1s described.
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FIG 17 is a partial cross-sectional view of a wafer end portion having an
edge shape processed to have larger circular arcs at the corner portions

than those of FIG 16. FIG 18 is a partial cross-sectional view of
a wafer end portion having an edge shape processed to have snmaller circular
arcs at the corner portions than those of FIG 16. FIG 19 is a

partial cross-sectional view of a wafer end portion having an edge shape
processed to have gentler curves at the corner portions than those of FIG

16. F'}%; g%diﬁela &%rﬁf@%iﬁi%&ﬂ?&&} | anal - vi ene gl e &- 48 £17 end

Y
portion having an edge shape processed to have tighter curves at the corner

portionsg pan-£Bose Afs 1@ kel §robhEledd %§iﬁd§%ﬁé§|3,Cr30§§re33%hﬁﬁ@| Vi ew
of a wafer end portion having an edge shape processed to have the wafer

edge sl opgso atod tH@ewidnghesatdan ,t hagetwé tldGdibli-1ike grEh&tdRels a
partial cross-sectional view of a wafer end portion having an edge shape

processed, tD ihavent her wal € tedge iakdpesa fér dnelimen tangbes 1tyhaartbose of
FIG 16. FIG 23 is a partial cross-sectional view of a wafer end
portion &ochadfbyishi bpengtiby.a predeterm ned amount, the circular-arc or
curved-line start positions adjacent to the straight line portion at the
waf er edfed43]

The wafer 1 is placed concentrically on a rotary table
2a (see FIG. 4) provided on a work table 2, and the two disk-like
grooveless grindstones 3, 3 perform a chamfering operation
simultaneously on the wafer 1 rotating with the rotary table
2a.

The two disk-1like grooveless grindstones 3, 3 are located
near the same point at a circumferential end 1lb, and the side
faces facing each other are located in the vicinity of each other.
The circumferential surfaces of the two rotating grooveless
grindstones 3, 3 are simultaneocusly brought as processing
surfaces into contact with the wafer 1, and the portions of an
edge (a circumferential end portion of the wafer 1) la close
to each other are simultaneously processed andmolded (see Figs.

i, 2, and 4).
[0044]

The two grooveless grindstones 3, 3 perform processing
by setting the rotation directions of the respective grooveless
grindstones 3, 3 so that the processing directions at the point
of contact with the wafer 1 are the opposite directions from

each other.

The respective grindstones 3, 3 may move in the same
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FIG 24 is a partial cross-sectional view of a wafer having no deformation
during the chanfering step. FIG 25 is a partial cross-sectiona
view illustrating deformati on of a wafer during the chanfering step.

FIG 26 is a partial cross-sectional viewillustrating a situation where
the wafer recovers fromthe deformation after the chanfering step.

FIG 27 is a cross-sectional view of a wafer processed by tilting the
straight line portion at the wafer edge at a predeterm ned angle with

respect &Pré@@'lQﬁ'agd @ﬁle §§rﬁ@'t%ﬁe J)i*'}t?ove in dif R &ni28irSe R iRRISPeEhI Ve View
il lustrating a wafer chanfering nmethod according to a fourth enbodi nent by

whi ch pro}ertfchd MRges i ARBpHAGENT O MERS WaeEBthe BFE e K I3nCARRYI NG QUT
THE | NVENTI ON [ 0042] A general wafer chanfering method using
di sk-1i keyge eovph-esssghngdsh@nes sBagescf thedend portion of the wafer

1 to be processed.

[0045]

In a case where the wafer 1 having a notch 1n is to be
processed (see FIG. 1), in a circumferential-end diameter
reducing process for reducing the diameter by grinding the
outside diameter of the wafer 1, the two grooveless grindstones
3, 3 are brought into contact with the wafer 1 and process the
wafer 1 while being maintained at predetermined heights (see
FIGS. 2 and 3).

In a case where the wafer 1 to be processed has the edge
la having a cross-sectional shape formed with upper and lower
slopes lau and lad, the circumferential end lb, and a circular
arc lc of the radius Rl (a cross—-sectional triangular shape),
processing is performed while the two disk-shaped grooveless
grindstones 3, 3 are maintained at the same height (see FIG.
2).
f0046]

In a case where the wafer 1 to be processed has the edge
la having a cross-sectional shape formed with upper and lower
slopes lau and lad, the circumferential end 1lb forming a
vertical face, and circular arcs lc, lc connected to the upper
and lower corner portions having the same radiuses RZ between
the slopes and the circumferential end (a cross—-sectional

trapezoidal shape), the two disk-like grooveless grindstones
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By a wafer chanfering nethod, outer circunferential surfaces of disk-1ike
groovel ess grindstones 3, 3 are brought into contact with a wafer 1, and
the two disk-like grindstones 3, 3 in contact with the single wafer |

si mul t aneously performa chanfering operation. [0043] The wafer 1 is
pl aced concentrically on a rotary table 2a (see FIG 4) provided on a work
table 2, and the two disk-1like groovel ess grindstones 3, 3 performa
chanfering operation sinultaneously on the wafer 1 rotating with the rotary

table 2a, Jare potit el etal it Groguebass Aripdstansme 3 aig: | ocat ed

near the sa Int at a circunferential énd | b, and the side faces facing

each ot hgfe AL LrLQGAL PNt Nat Nenyl £hNi s YpPbceashqoLbes . sJ@gté:M%mifr enti al
surfaces of the two rotating groovel ess grindstones 3, 3 are sinmultaneously

brought @AsrffO£ESE Y, SWhiaeeshs M OsIEoTH 188 tgnde i wafiatistonardsf he
portions of an edge (a circunferential end portion of the wafer 1) la close
to each »thes wefierisdimdd aneatsl ybprecessediand, mbhdedifseef&rgstidl 2, and
4) . [0044] The two groovel ess grindstones 3, 3 perform processing by
setting ¢he istatooassedeoyi oosabinghthe egpéeti Vel{geooVeFess) gri ndst ones 3,
3 so that the processing directions at the point of contact with the wafer

| are thEO@ppbsite directions fromeach other. The respective grindstones
3, 3 may nove in the sanme direction at the sane tinme or nove indifferent

di rections fr ot GacANEPHELNEMRIFRIBDERTAPFTLIRE O ECRSSTIFEF L 1®8p.hdi ng on

the type of processing and the shape of the end portion of the wafer 1 to
be prggegl%%@%ge la int% a desired shape, the two grooveless grindstones

3, 3 are moved independently of each other along the respective
faces of the edge la, and the same portion of the edge la in
the radial direction is sandwiched by the grooveless
grindstones 3, 3 from above and below. The respective faces
are then processed at the same time (see FIGS. 4 and 5).

In a case where the cross-sectional shape of the edge la
is vertically symmetrical in the contouring process, the two
disk-like grooveless grindstones 3, 3 are operated
independently of each other. When one of the grindstones 3,
3 processes the upper side of the wafer 1, the other one processes
the lower side of the wafer 1. While restraining the wafer 1
from flipping or moving up and down, the grindstones 3, 3 process
the cross-sectional shape of the edge 1a (see FIGS. 4 and 5).
[0048]

It should be noted that, by making the directions of
rotation of the two grooveless grindstones 3, 3 simultaneously
in contact with the point of contact with the wafer 1 opposite
from each other, the wafer 1 can be restrained from flipping,

and oblique grinding marks 1d and le in the processing intersect
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[ 0045] In a case where the wafer 1 having a notch inis to be
processed (see FIG 1), in a circunferential -end di aneter reducing process
for reducing the dianmeter by grinding the outside dianmeter of the wafer 1,
the two groovel ess grindstones 3, 3 are brought into contact with the wafer
1 and process the wafer 1 while being maintained at predeterm ned heights
(see FIGS. 2 and 3). In a case where the wafer 1 to be processed has
the edge |la having a cross-sectional shape formed with upper and | ower

sl opes '&ut}gg%é@dotﬁ@ﬁ g&f@ﬁ&f{e{ﬁgtg%cg@e&bﬁ akifh oWl af ol | ¢ of

the radius a cross-sectional triangular shé%e , processing is perfornmed
while t ff‘%’cé"%ﬁ%ﬂ?&@g HOWEL&ES BIAOESt ARe%indy19,e tiRi ntai ned at the
ght 2). [0046]

sane hei see Fl In a case where the wafer 1 to be

pr ocessegl-hiass £ ey egdaat AP NG e ceoessSseeetiioondl sshppecharpyednydsh upper
and | ower slopes Tau and lad, the circunferential end Ib form ng a verti cal

face, angignds€culmrcargs.lc, |Ic connected to the upper and | ower corner
portions having the same radi uses R2 between the slopes and the
circunferem®pl end (a cross-sectional trapezoidal shape), the two

di sk-1i ke groovel ess grindstones 3, 3 are positioned at different heights
from each ot héfestn thathamfering mfereaitdalusi | e sditlockideed as a
substantially vertical face. Wiile the disk-like groovel ess grindstones 3,
3 are nedIRAYREES$ ERHE SRS pbsidt A6nghovhel kil er éﬁtriogig%e%é 1§
processed by rotating the wafer 1 (see FIG,k 3). [0047 In a

cont our i MRS PFHRRILT G FIRAPAG Phed c(?}b%%f%]éjcrf% (%I'Qﬁra(% &bgd FaRiRto a
desired shape, the t oovel ess_grindstones 3, 3 are npved independently
of "each Goib L iy Chatreobas TeEaces bt Recetnl Taleiitetne oane
portion E@O%QF edge la in the radial direction is sandw ched by the
groovel e ndstones 3, 3 from above and bel ow. The respective faces are

then processeqq aéhéntf'f"elsﬁlf@ g@ﬁ@réﬁ?§ 3 %sf‘tf&gs 5Qhe two disk~like

grooveless grindstones 3, 3, with the side faces facing each
other being located in the vicinity of each other, and uses the
circumferential faces as the processing faces. The chamfering
apparatus 10 can set the straight line passing through the
center of the wafer 1 and the centers in the positions of the
two disk-like grooveless grindstones 3, 3 in the middle
positions between the points of contact of the two grindstones
3, 3with the wafer 1. In this manner, the chamfering apparatus
10 can performbilaterally symmetrical grinding and polishing.
[GO51]

The respective disk-1like grooveless grindstones 3, 3 are
supported by grindstone supporting devices 11, 11 having
grindstone drive devices 1lla, 1lla, and the grindstone
supporting devices 11, 11 are supported in a vertically
(Z-direction) movable manner by grindstone elevating devices

12, 12 (equipped with precision grinding Z-axis motors}.
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In a case where the cross-sectional shape of the edge la is vertically
symmetrical in the contouring process, the tw disk-like groovel ess
grindstones 3, 3 are operated independently of each other. When one of the
grindstones 3, 3 processes the upper side of the wafer 1, the other one
processes the |ower side of the wafer 1. Wiile restraining the wafer 1 from
flipping or noving up and down, the grindstones 3, 3 process the
cross-sectional shape of the edge la (see FIGS. 4 and 5). [0048] I t

shoul d ‘bg, not ed tg{%%g@%{@&g@@ﬁgﬁ@&&%é Seidohe; of aobatiom of 1d1e two

groovel ess grind taneously 1 n contact wth the point of

cont act a@fﬁ%@ﬂ el &frels %pegéh%lgntgr omyeardmod haro o baswal ervwiltwan: be

restrai ned i pping, and oblique grinding marks Id and le in the

processi N dvilariseCE row the eashk Other seppbhat 4 e wneerssedefmemsecan have
| ower surface roughness and becone finer. Accordingly, the processing

accur acyiwfa ther i 0S5t gect+ohedcshape mavalbee mstendi ghBIGEFIG B)) . [ 0049]
Next, a chanfering apparatus using the disk-like groovel ess grindstones 3,
3 as shoiobd] FIGS. 7 through 11 is described as an exanple of a chanfering
apparatus that can be used in the chanfering nethod of the present

i nvention. [00506jork suppRmliaf alevigeapPaiacdsidss pasPefensatheot

di sk-1i ke groovel ess grindstones 3, 3, with the side faces facing each

ot her beviich oekg eptiary Habdcidd hpvindedbr veher, Lafgupsed fhgreon
circunferential faces as the, processing faces. The ch ring, apparatus 10
can set ¥Me €% HgHt trPhe Ba%’g?%@ %%‘Joﬁhd‘ﬁ”:tq‘hglot‘:l@ﬁl&g ggggﬁer&)é?gfn‘i and the
centers in the positions of the two disk-]ik rogovel ess_ari nds s 3, 3
i the g eS PoTERBRES B R CHe 5 1 KB Ponaet RIhS bty
grindstones. 3,,.3_with th fe I i t rjsng.appar at us
10 can p%‘?‘ %)?n% FF%t%?’% ?/‘ngfmﬁr‘% PFca ttglra%nglﬁﬁgggﬁg {p}g? ?séﬁllrg%g.al[ 88’51]

The reSp&gﬁg%-g%gﬁéﬁié@%&fﬁ@%&%asglrmd§t79n@t§at3’ar% Bl EcS4RROLL 8ds by

gri ndston orting devices 11, 11 having grindstone drive devices 1la,
I'la, and{he 1074 pdst,onReastPPAritddig- 1denbeesgline hbate1sunpehiedeptiha

vertically (Z-direction) novabl e manner by grindstone el evating devices 12,

12 (equi gpedc-M bR pregi s:6Pigh1 NdhA0ake akbSh8DL OREYrly moved in the
depth direction, and a depth-direction moving device l7c
{equipped with a Y-axis motor) serving as the drive device for
the depth-direction moving bodies 17b, 17b;
horizontal-direction moving bodies 17e, 17e that are placed on
rails 17d, 17d provided for linearly moving the rails i7a, 17a,
the depth-direction moving bodies 17b, 17b, and the
depth-direction moving device 17c in the horizontal direction
(the X-direction), and are to be linearly moved in the
horizontal direction, and a horizontal-direction moving device
17f (equipped with an X-axis motor) serving as the drive device
for the horizontal-direction moving bodies 17e, 17e, with the
rails 17a, 17a, the depth-direction moving bodies 17b, 17b, and
the depth-direction moving device 17¢ being placed on the rails

17d, 17d. The work supporting device 15 rotates the wafer 1,
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Further, each of the grindstone el evating devices 12, 12 certainly secures
a securing side nenber to a base 13 without a deviation fromthe mark, and
supports a novenent side nenber in a vertically (Z-direction) novable
manner (FIGS. 7, 10). [0052] A wor k supporting device 15 includes: a
pedestal 16 on which the rotary table 2a having the wafer 1 nounted thereon
and the work table 2 including a work nounting table rotating device 2b
(equi pped with a 0O-axis notor) for rotating the rotary table 2a are

ount ed; mbldl 80 SHERPLE UGSt 8) B ARANods eRtiRNCHDVI Ng

bodi es 17/b, 1/b that are placed on rails 17a, 17a provided for linearly
noVi Ng tHige MR di-1 1id BeodeRt BsdigeGidibres di resté ghodrdRIRIEY, be
linearly noved in the depth direction, and a depth-direction noving device
17c (equappegywith a Y-axis notor) serving as the drive device for the

dept h-direction noving bodies 17b, 17b; horizontal -direction noving bodi es
17e, 17e[¢othss] are placed on rails 17d, 17d provided for linearly noving the
rails 17a, 17a, the depth-direction noving bodies 17b, 17b, and the

dept h-di r ect i Evaemwvi hHgl davi aeeridict i scdines hn | Zontwd falf rectuontg t he
X-direction), and are to be linearly noved in the horizontal direction, and
a hori zote bbroeteeni oniloat inp ddliige inzf, pequivppeidiavitth thg Reakisahot or)
serving as the drive device for the horizontal -direction noving bodies 17e,
17e, wi tdlrpetianiad the timmofi¢hanept @ byetlht Sharhdtig bearasatss, 17b,
and the depth-direction noving device l7c¢ be#ggﬁglaced Qn the rails 17d,
17d. Thel YoM ifispomd h§ RRVFCENAS S0tapest  8r-SE1 LI ¢afiCfibve and

chant e A0E A8LSL 4,18 Lhe ROSLALIS. LNl sl ey LuoglshelL g groovel o

0 38 SCETENGSEENED 1oL EpHEEShode 4Py L9 BEC ORI O MAERLIBA 35! | 1 0
Chanferi@@a@pPﬁéfﬁgés (wafer~side elevating Z-axis) piezoelectric
actuators 34a, ..., 34a and moves the pedestal 16 and components
mounted thereon in the vertical direction, with a wafer-side
elevating device supporting member 33 being the reference
position, is interposed between the lower end face of the
pedestal 16 and the wafer-side elevating device supporting
member 33 in the middle positions between the respective rails
17a, 17a and between the respective rails 17d, 17d.
[0054]

Control devices for ceontrolling operations of the
grindstones 3, 3, the grindstone drive devices 1la, 1lla, the
elevating devices 12, 12, 34, the moving devices 17c, 17f, and
the like at the time of processing input initial value settings
and the like through an operation panel 19a provided in a control
box 19, as shown by the control system chart in FIG. 10. The
control devices transmit control signals as operation

instructions to the grindstone elevating devices 12, 12, the
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10, processing is perfornmed so that relative m salignnment does not occur
with the novenent of the disk-like groovel ess grindstones 3, 3. Therefore,
a wafer-side elevating device 34 that includes (wafer-side elevating
Z-axis) piezoelectric actuators 34a, ..., 34a and noves the pedestal 16 and
conponents nmounted thereon in the vertical direction, with a wafer-side

el evati ng devi ce supporting nenber 33 being the reference position, is

i nt erposed between the lower end face of the pedestal 16 and the wafer-side

el evati n@aﬁ@i@%?d%‘&@atﬂi% g@%% 33, ifhd he i Q%ﬁe@o%}chaa%neemgen t he

respective rai 7a, 17a and between the respective rails 17d, 17d. [0054]

Control gevik GehinftQh com 1 Okbicag ; ABIRF QNS oo e lf tﬁ@&ro%&gg BabBe the
grindstone drive devices ha, ha, the elevating devices 12, 12, 34, the

movi ng deyj case bfantl1f, hatdnghend ide @at-dhedi i abvanhocassing input
initial value settings and the |Iike through an operation panel 19a provided
i N a conimd®lhletxo A0z omisa Bhdinre byl diheceanyrdd visys L @ hpoharitdddt kéteodP. The
control devices transmt control signals as operation instructions to the
gri ndst omed elhey atikeg devckt dsiclidel 2esphetwakerorst el b mv gtriovg deevine 34,
the work table 2 including the work nounting table rotating device 2b

rot at i ngthdeoratesyinaippaatushaagpuhrang . halhagaiaodepiAndilfegtfon
novi ng device 17c and the horizontal -direction noving device 17f provided

t her eon, CakRR E Her % Recophrehl ehicl WIeSidshactPRerebmRATESS FH6R 88d in the
processi ng apparatus main frane. The control signals are _output froma

cont r ol | rPIGROCRITAGESL cONtd AL Lt RS rad 1 ﬁiEPBEBﬁ%u?égnﬁf a
personal conputer, via a coptrol sigpal.output unit 19c, so that.chanfering
Dper at | GHLCRT D oH: Folt-edonheah SrTher i A= hiins S5 FRpLoorobYs]

The control box 19 ing] : p L panel 19a that includes a liquid
crystal %%%??o?? ghﬁey%gggg} ggg%%,géﬁékgﬁg‘like, sets initial conditions
necessaryoégg]the operation of each control device through the input unit,

i ssues instructions as to processing operations to be perforned according
to necessary opid 1@ tRIACKINNES i naNdaenabtias opemiairabiniga9é1 kg epadi tions
necessary for chanfering such as the setting conditions, processing

condi ti ofsc1hAEsi &1 Shateeryatd10penatory eonaybéons, AMBNf ahldetstat uses
of the respective devices; the controller 19b that sets the operating

condi ti ohsképrséhe piitndsl avendintd vendendzesss gy fidra thet apergttibe péspective
di sk-1i ke groovel ess grindstones 3, 3, the grindstone el evating devices 12,
12, the safkerccitde lefievatenpmergicbh84ntteunotk itsshies 2nshehigdingst he wor k
mounting table rotating device 2b, the nmount 17 having the depth-direction
movi ng dewi te R7ecaadindechoraizoanal tdi becpeofionBefingcdeyiiévy 12f provi ded
thereon, and the |ike in accordance with the designated setting conditions,
and set SNER@SEBHRYr 6PNErghaPECE8dBESEr aABHi ERERLICENBORKRECESRTr BF &P§nal
output unit 19¢ that receives_the ﬁi@gals outguh fromthe ggmtroller 19b,
and tranSHREstLRRS CBREFSFALY ghaf sCRERESLARY FBFpaFt bPRi AGLH&EFgnat ed

Operatio§§hd£89é§£, processing conditions, initial states, and
operating conditions, and of the statuses of the respective
devices; the contreller 19b that sets the operating conditions
for the grindstone drive devices 1lla, 1la rotating the
respective disk-like grooveless grindstones 3, 3, the
grindstone elevating devices 12, 12, the wafer-side elevating
device 34, the work table 2 including the work mounting table

rotating device 2b, the mount 17 having the depth-direction

moving device 17c¢ and the horizontal-direction moving device
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As shown in FIG 11, each of the control devices includes: a wafer setting
control device 9a that actuates a robot Z-axis notor, an absorption arm
R-axis notor, or a |oader actuator to nove the wafer 1 from a stand- by
position onto the rotary table 2a, actuates alignnent (0-axis, Y-axis)
notors to nmake the eccentricity clear, matches axial centers to each other
by correcting the eccentricity, positions the wafer 1 by noving the rotary
table 2a to the processing position, determnes the initial processing

posi tiony basgd,ongLherRegLbhoNafh the Nokehihna-apdakhaasiiets the finished
wafer | rotated at a high speed for finishing the outer circunferential end

wher e neggssahytands&d eahh R@nidhe i skl aged afdtey thBech 0665 Hitgha lls0tbhe
collecting site for processed wafers 1; a wafer processing control device
9b that veitesneanteel;demMidceset Bahreoht s0knepesatpbig dhieclponshstuch as
the wafer rotating direction, the horizontal direction (the X-axis

di recti ongcelhesdepthsdgnetsi ontpthef¥Yeaxtsedoorttodbhyr afd, t aedfi ni shi ng
vertical direction (the Z-axis direction) independently of one another; a
waf er crudenpndtesshagceonhtorol sdgubte Becehasrunipespehéodeviges (such as a
crude-grinding profile grindstone notor 6a and a crude-grinding stick-Iike
gri ndst ofes ighacedaprehatiare.-to be controlled and are provided in a
grindstone vertical-direction noving device 8 (equipped with a

crude- griRBPAY Z-axis nmotor) added for crude processing to be perforned
prior to the precision6ﬁroces i ng of é?e waf er

1, d . h
preci si on- pr oced SRRt G- dévisds tqﬂﬁCﬂﬁngéﬁﬂﬁEEE%g%gSﬂuagﬁfces for
th ti dri devi ision- i th tch_in that
ot er m nESTHEE AE RS CRREPL) GRVEIE (e LoPRCUTOF ERES OP e ZnaFeF 1
Those Coﬂéﬁgkt d:?\ Yl %r%atito [ BHRhnggxf‘% ‘?nocc?dll rol gd baged a%’%utarﬁ%rC?Bt rol

si gnal s outpuf Trom cont rol” 'signal "output Uni't™19c, to activate

necessarﬁ{og%ie@e dev.Ges M’orﬁ%@ﬁ%&ﬁdlﬂf ;Qfé'iv@idi‘ﬁ‘éh"t%stﬂl]é G 'E\Q/%g%d to

operate 1n harnony wth the other drive devices. [0057

chanferipg, i scpaatesmedigimanvafi@ratiyj th-sResysRopbrtheochiaréethag
apparatus 10, the wafer Setting control device 9a is first driven fromthe

control | gecdfbrviatiheleani r abtshgpabx ol putdBeri9¢o eaenvwataerlbis pul | ed
out fromwafers 1 stacked on one another or wafers 1, ..., | stored in a
cassett ecoandctsntransfeccedt ot Ot ¥ hepo Dt aignd alile weferTRebgepblidigr ect i on
nmoving device (the Y-axis motor) 17c is further driven by a control signal
out put ftbhentdieacyritaidle 8hghaltheuppateaningles i hiercoladatoe nts lhan
instruction fromthe controller 19b, to transfer the rotary table 2a having
t he waf etnitppaced ey ton Hasdhiciebasrdropidifapasiéaoporf tilenNekE6Wn i n
FIGS. 8 and 9 to the wafer progessing position shown in FIGS. 7 and 10.
Aft er In, and transfers the finished wafer 1 rotated at a high speed

for finishing the outer circumferential end where necessary and

cleaning the surface after the processing, to the collecting

site for processed wafers 1; a wafer processing control device

9b that unites control devices that control operating

directions such as the wafer rotating direction, the horizontal

direction (the X-axis direction), the depth direction (the

Y-axis direction), and the finishing vertical direction (the

Z-axis direction) independently of one another; a wafer

crude-processing control device 9c¢ that unites the devices

{such as a crude-grinding profile grindstone motor 6a and a
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the transfer, the circunferential end dianeter is reduced. [0058] In
reducing the circunferential end dianeter, the two grindstone el evating
devices 12, 12 (equipped with precision-grinding Z-axis notors) are driven
by a control signal output fromthe control signal output unit 19c in
accordance with an instruction fromthe controller 19b, and the respective
di sk-1i ke groovel ess grindstones 3, 3 are positioned with respect to the
wafer 1 as shown in FIG 2 or 3, depending on the shape of the

ol reunt eLanklal, adi 4e 88 HOIB GHIGAMRLRTRUBLEML | A Hokatbnge devi ce

2b (equi pped axi s notor) "of the wafer processing control device 9b

and the gginest pe Hd ¥Be §8WwiRfed kA a §1anbedunRPes W &4 Pd €4St Don gr i ndi ng
spindle notors) for the réspective disk-1ike groovel ess grindstones 3 are
acti vat efbviihe detiatd @n (@&u@@%@d&ﬁitﬂﬂ% dirsie-iofea ngrioey e-agssghd telst ones 3,
3 is adjusted to the nunber of rotations at the tinme of the circunferential
end di aned@sdrestictiode phokébeingtadilon pérfhene@feridr and thhe rotati on of
t he disk-1ike groovel ess grindstones 3, 3 are appropriately controlled, to
per f or m greads hgn widcds ghngreti sheomaihenl t hendi anetesh appr oaches t he
requi red dianeter, the operation is switched to a precision-polishing

oper at i opréshatkotip)ocenslpg sredgialgdeviperdbihat wol temtheneonaf el
dianmeter at the edge la of the wafer 1 matches the desired shape. [0059] A
cont our | YV pFeeetar | she hepsperEbyaedrive ¢pelednt BoFi ng process, the upper
and | ower faces of the wafer 1 are sandmh%ggd by the Qﬁﬁgec%ive di sk-1i ke
gr oovel eRECEHF HORTRARSSSS 10T fhediplil LR T .EEegﬁan%? TptoteeStng is
perfornmed while the relative sitions of the upper,and | ower disk-Iike
groovelé%%st+%%s?%né e3?l§c%£ e%ﬁ?ﬁ%t%ﬁ F%%e%%ﬁ%@n%ry of each ot her.

0 2dj usting He,LeLating ipasiiiense, (e RS 3l N, Arkhe gtk ndstane

el evati ng device 7%he preci sron-grinding u grindstone axrs notor) 12

for the Lpnalc grindssong rpgwroggﬁitorh%p%%skegtklélaghaﬁ%@doﬁypat

preci si on-processi hg upper grin ne Z-axi s control signal that 1s output

from t he,gopt1 9k sitgnal QUtRAHLRLLAGa it dbheeS@aPi tésey, t kR @perathen of the
grindstone el evating device (the precision-grinding | ower grindstone Z-axis

motor) 1a-{eL dbeidlover o8 iddsi@Ne Dt Popersiten ipr aeesdshpgwi shadhest ed by
a precision-processing |ower grindstone Z-axis control signal that is

out put feometherceatdelriségnal output unit 19c. In this manner,

m sal i gnnment due to deformation, vibration, flipping, or the |like of the
wafer 1 [(80F@éktrained by the respective disk-1ike groovel ess grindstones 3,
3, and the positions of the respective disk-1ike groovel ess grindstones 3,
3 in the Z-axi%heh rdoanigr e beljpestiarnad drad Matsre 1t Wét@o%fléuidﬁﬁg
process while correcting the positions of the upper and | ower faces

i ndependenttin arberl By REOPATPHISHEY, taE U HSSARE T PRE U HbodeY 1 Ehe

C et D9 JURLEL PR LI, e L g sl P LIS fehac A Loy adbsied

stnal oulpule il 19, S@d akothe unRen and,Lomesy Lekalive pasitions of
on one ancther or wafers 1, ..., 1 steored in a cassette, and
is transferred onto the rotary table 2a. The depth-direction
moving device (the Y-axis motor} 17c is further driven by a
control signal output from the control signal output unit 19c
in accordance with an instruction from the controller 1%b, to
transfer the rotary table 2a having the wafer 1 placed thereon

from the wafer preparation position shown in FIGS. 8 and 9 to

the wafer processing position shown in FIGS. 7 and 10. After
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grindstones 3, 3 with respect to the wafer 1 are naintained in
predeterm ned positions. Also, the rotation of each of the disk-Ilike
groovel ess grindstones 3, 3 at the time of processing is adjusted to the
nunber of rotations at the tine of the contouring process, so that the
rotation of the wafer 1 and the rotation of the disk-Iike groovel ess
grindstones 3, 3 are appropriately controlled to formthe edge shape with
hi gh precision. Wien the edge shape becones al nost the required shape, the
operation,d sy Syt ebed £10. a- PreGh 8L L8 POL1 SN PRRE AL+ Ofs (SPankewt) . and
polishing is perforned to match the shape of the edge la of the wafer 1 to
the sizer@fsghe desired shape. In this manner, the precision in the
processed shape is inproved. [0060] (First Enbodi nent) By the wafer
chanfering nmethodréeduditey pries ent rdnvest ¢00t a1 hendpraicasst v, appartadas 10
descri bed above as an exanple perforns centering of the wafer 1, places the
waf er 1 gniwdsbens ot heyat aby ed@ajcest A2 esl? heegafmred, wbthngs t he

groovel ess grindstone 3 for processing the rotating wafer 1 into contact
with theowatbesichreuifidirnt Zakxendnpbersbnate, dahvdenhey pecdoEnsla
chanfering operation to chanfer the wafer 1. In the present invention,
parti cul atdyahhentehe ESape EResgoBEEP! ohhINEhapetPet ferikdl3® e entire
waf er circunference (FIGS. 14, 16), the novenent trajectories of the wafer
1 and t RCEPTAAREDMES BB N Fetuclsl SR EEPBN CoRLd H@rr%ééuiqﬂg-ﬁggitions

f the wafer 1 and the grindst fromthe above. ref
[ aj oct of SSPRSF LTSRS K L Gt E TRV She: bP LA SSORR P e RUPLE AP PERL | ons.

dependi ng, on el ¢ 9Latian, angl e, DS LONS. . Thes Pi.ezgekectil g aptyal or

34a are essing operation to form cross-secti onal

shapes [ DAt VALY Wl De L LOLRLKOU-BRPLE) PASY 1088 Aleddie, Wahl vdric[ 0061]

Here, thé references descr ove are data about e novenent

traj ect opies: PRLANAL WheD: 1Hg MRfigk 1, aadnli e eI NEsbanes: & Abecppved in a

relative manner~in the Z-axis and Y-axis directions in a case where the

sane Crogs-sestyLral Shanesd shd Udedon dha endy anwatee giriaagtenence.
FIG 12 shows the relative reference trajectory of the grindstone 3

processi agi vheduppesesf ate, side i(Bgaivpéarwethspgreecsion-gFifdidd shows the
relative reference trajectory of the grindstone 3 processing the |ower face
side in spwafite mobssssefdbrohhe respective disk-like grooveless
grindstones 3 are activated. The rotation of each of the
disk-like grooveless grindstones 3, 3 is adjusted to the number
of rotations at the time of the circumferential end diameter
reduction, and the rotation of the wafer 1 and the rotation of
the disk-like grooveless grindstones 3, 3 are appropriately
controlled, to perform grinding with high precision. When the
diameter approaches the required diameter, the operation is
switched to a precision-polishing operation (sparkout}, and
processing is performed so that the wafer diameter at the edge
la of the wafer 1 matches the desired shape.
[G059]

A contouring process is then performed.

In the contouring process, the upper and lower faces of
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In the processing of the upper face side, the grindstone 3 is first noved
in an ark-like manner froma curved-face start position (Ul) of the
circunferential end Ib, with the center being 01, the radius being R3+rl
When reaching the upper-slope start position Ull, the grindstone 3 is
obliquely noved in a parallel manner to U", to formthe upper slope |au.
Li kewi se, in the processing of the |ower face side, the grindstone 3 is
first noved in an ark-1ike manner froma curved-face start position (L1) of

the cir erepttal £Pd Lbnawd Lled NSy CERL eEbSLPY; P2, af Sie- T8k us bei ng

R4+r2 . en reaching the upper-slope start position Li', the grindstone 3

I's obli O%%a(vgpagg %ﬁiﬁd@%ﬁééei, manger shewhlin tocEorm ihe bpwerdsl ope
| ad. [0062] FTG 10 shows an exanple in which the piezoelectric

act uat orsr3das ai €g pi &Vpdeto vl heh ek ethsi del et evat pogi Zi aus so £ abige
particularly in the wafer chanfering process of the present invention in
whi ch t heppsepssndettwvenalii shapekyagresvel ¢hst eindsadnhesn angBeapesiti ons of
the wafer 1 rotating at a high speed, the processing can be accurately
f ol | onededjusted TondependéntieoSyemebrdthproperti es of the cross-sectional
shape in the thickness direction, the processing of the cross-sectional
shape on the ubpaditgtdng ke irelpdrifver hedlsipas attdeyorebat i B Afr BB8ssi ng of
t he cross-sectional shape on the |lower face side in the case where the
pi ezoel eS¥ +7PES BeRBat bP¥aBERT aF8VHFB Y HBE BROEhElGRT 8F 1R HRIePRUSF | ng
Z- axi s. In,c&ses where the iezoeischric ﬁctuators aredgﬁovid?d on the
waf er - si HelPo? FoBAt AT 2L 8xFRTBF) oh<t RRT gFfidSPBRE- &F RCeF8VEt FRG z- axi s,
t he processing.of the cross-sectignal, shape on_the. r b and the
b ochss MEShr Sifte RFESSEeEts; bRarSIRaREToRT: Rortonar PEcR-8FG AT B
perforne %@g. ﬂﬁﬁ | Iye. L%O h .%F sheun in Kl L% dhenLotation
angl e pog?séﬁ :%f. ‘%kagfgﬁl g%etﬁg_i%% %y gﬁV|%|ng t‘é céﬁ%er angl e of
the wafeL | 151 Q€ tORéBQttlﬂﬁﬁ ebati ve: pasi ddpnakmeelatd apabhpibat ween
the grindstones 3 and the wafer 1 is alternately changed at every 45
degrees hp fRLaionq3nghe efetheinaf @evicel NthBi frEBNBEHN-grinding
lower grindstone Z-axis motor) 12 for the lower grindstone for
precision processing is adjusted by a precision-preocessing
lower grindstone Z~axis control signal that is output from the
control signal output unit 19c. 1In this manner, misalignment
due to deformation, vibration, flipping, or the like of the
wafer 1 is restrained by the respective disk-like grooveless
grindstones 3, 3, and the positions of the respective disk-1like
grooveless grindstones 3, 3 in the Z-axis direction are adjusted,
to facilitate the contouring process while correcting the
positions of the upper and lower faces independently of each
other. Further, at the same time as above, the elevating
operation by the wafer-side elevating device 34 is adjusted by
awafer-side elevating Z-axis control signal that is output from

the control signal output unit 19c, so that the upper and lower

relative positions cf the upper and lower disk-like grooveless
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two different cross-sectional shapes can be forned. [0064] In
rotation angl e positions between changes in the relative positional

rel ati onshi p between the grindstones 3 and the wafer 1 at every 45 degrees
in the rotation angle of the wafer 1, the wafer shape is continuously
changed. In this manner, a continuous change is repeated. The conti nuous
shape is fornmed with curves such as a spline curve, a hyperbolic curve, a
sine curve, or an elliptical arc, and nmay partially include a straight

line. [O Th . QS+ j bt ajned by ralitheynagel y
changinggfﬁ%d?g?%?F¢% §%§???0ﬁ§%§%%€g%%gﬁgﬁ?g§ggtmgtﬁgtﬁe S?ﬁnggtones and

the waf ef-alc€¥BHYNAQ HE81LESNEN tANSsd Otiad Ofb g h off tdieafertrle in this
enbodi ment can be the foll ow ng shapes. [0066] In a first

Cross- segi spnal kshppayvd W diytfiedenbnwsf®r 3radithsesinas @ f proedssdependi ng
on the rotation angle positions of the wafer. In this case, the

rel ati veiposdfiusnsdofot heevatiebet afidrohetfonadstohkes Bimeeofhthged from

t he above described reference traj ectory positions in the Y-axis ( in
conbi nat ¢contofrihe Zreodss wiser ehaeddssapyptavnevtrihe48aeygrieesnd ahehe waf er
rotation angle, to formdifferent cross-sectional shapes (A B) in

accor dancetaftant hé Ebeatish-dhljeeoposreliens eFinfetapeer3, A3 arfesult, the

wafer 1 has the planar shape_shown in , ,
appropriately controlled to form the edge shape with high

precision. When the edge shape becomes almost the required
shape, the operation is switched to a precision-polishing
operation (sparkout), and polishing is performed to match the
shape of the edge la of the wafer 1 to the size of the desired
shape. In this manner, the precision in the processed shape
is improved.

[0060]

(First Embodiment)

By the wafer chamfering method of the present invention,
the processing apparatus 10 described above as an example
performs centering of the wafer 1, places the wafer 1 onto the
rotary table 2a, rotates the wafer 1, brings the grooveless
grindstone 3 for processing the rotating wafer 1 into contact
with the wafer circumferential end portion la, and then performs
a chamfering operation to chamfer the wafer 1. In the present
invention, particularly when the same cross—sectional shape is
formed on the entire wafer circumference (FIGS. 14, 16), the
movement trajectories of the wafer 1 and the grindstones 3 are
set as references, and the relative positions of the wafer 1

and the grindstone 3 are moved from the above reference
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FIG 15, for exanple, with the radius being changed at every 45 degrees in
rotation angle. In FIG 15, the differences in wafer radius are
exaggerated, conpared with the situation of FIG 14 wi thout any such radi us
change, and the actual differences are in the range of approximately 5 to
50 mcrons. [0067] In this case, it is also preferable to
continuously change the wafer radius in the rotation angle positions
between the changes in the relative positional relationship between the

gri ndst ongs; %c’@@fi thes 1ef 8L s L1l BLer Ynddn 989F 88% i1 Lalakhanyangl e of the

waf er 1. uc a co tinuous shape is formed wth curves such as a spil
curve, aghyperPohsC fdPiidy InNRaCHEVEet £F 18 ddleptplo%@Jtlélh% amﬂeway

include a straight line. [0068] In a second cross-sectional shape,
t he radipisepbelbet £if cdafatanes 3ak 4he wrRietogsiger are thar pedcwbiiggt he
chanfer widths X1 and X2 of the wafer edge slopes are fixed. That is,

the circoparaates ad foemwatessedget shoah byasesi dhhtnesrymwFtlsSthd7 and 18
have different radi uses, conpared with the reference cross-sectional shape
shown i nrét&XidB. ahgDEPositions|nh thérdatevss.sectional shape, the curves
at the wafer edge are varied while the chanfer widths X1 and X2 of the
waf er edf@0&l bpes and the Iength X3 of the straight line at the wafer edge
portion are fixed. pposed to FIG 16, FIGS. 19 and 20 show

si tuations mhéﬁ%r%héthFV@@r&PcﬁﬁedﬁéFéﬂbéﬁg%b%V% 8 i anmPrEtt RRechanf er

movement trajectories obtained when the wafer 1 and the
grindstones 3 are moved in a relative manner in the Z-axis and
Y-axis directions in a case where the same cross—-sectional shape
is formed on the entire wafer circumference.

FIG. 12 shows the relative reference trajectory of the
grindstone 3 processing the upper face side in a wafer
cross-section. FIG. 13 shows the relative reference
trajectory of the grindstone 3 processing the lower face side
in a wafer cross—-section.

In the processing of the upper face side, the grindstone
3 is first moved in an ark-like manner from a curved-face start
position (Ul) of the circumferential end 1b, with the center
being 01, the radius being R3+rl. When reaching the upper-slope
start position Ul', the grindstone 3 is obliquely moved in a
parallel manner to Ul'', to form the upper slope lau.

Likewise, in the processing of the lower face side, the
grindstone 3 is first moved in an ark-like manner from a
curved-face start position (L1l) of the circumferential end 1b,
with the center being 02, the radius being R4+r2. When reaching

the upper-siope start position L1', the grindstone 3 is
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wi dths X1 and X2 and the length X3 of the straight line at the wafer edge
portion are fixed. The curve maybe a spline curve, a hyperbolic curve, a

sine curve, anelliptical arc, or the like. [0070] Ina fourth
cross-sectional shape, the angles of the wafer edge slopes are varied while
the chanfer widths X1 and X2 of the wafer edge slopes are fixed. As

opposed to FIG 16 wi thout variations of angles of the wafer edge sl opes,
FIGS. 21 and 22 show situations where the angles of the wafer edge sl opes

are vari W)} %%Jeﬁ]cﬁn%gtarfa¥§eﬁtméﬁ?efit_rcpﬂm' er ept if)rnepfe! osr al so

vari ed. present 1 nvention, when the chanfering nethod
for formng.d he,above described different cross-sectional shapes depending
on the rotation angle positions of the wafer 1 is inplenmented, the wafer 1
and the gfidistones 3 are nmoved in a relative manner in the Z-axis and
Y-axis directions, and the grindstones 3 are brought into contact with the
wafer 1, to f@I6.a deHH®RE AOSScageld analwishadpeted gilwez owlfesrteidge. | n
doing so, the circular-arc or curved-line start positions adjacent to the
st r ai ghtadtueet guog Gidanaae pihevidddonetye wafe medide ed efréinuhé—2xa§ect ori es
of the grindstones 3 and the wafer 1 by a predeterm ned anount, and, as the
waf er edyged beeotésufarilyein dheya fdiechrofessnaPrpcafifmP fFhec®iesRto t he
original circular-arc or curved-line trajectaories. In this nanner, wafer

chanf er i Hev el e st e isdy dyanedospogrsftional shapepvagiesnwihi Present

i nvention, when the_chanfering nethod faor form ng.the .abqve . described

di ff er enfO3'okQR BGHLRFIRFLS ?fdgﬁéﬁa'ﬁ5joﬁg%ﬁglpgfﬁi?§H4%h§P%egbsitions
of the fer 1 is inplenented, the mgffr %ngd ége grindstones 3 are first
moved i n“R€ rRFAEFTRIPANTEF PR TREVA TS SRaTSYERi s directions, to forma

desired cross-sectional. s e ?5 f f doe; er stage, the
grindstones 3 “ZOr emaalg@:iaanlrbhﬂpe ht=i n%%ry@ a%§ V\A:ﬁ'ué ?%ﬁ U

roug co e straight |line portion

at the e : ved in.a j i bR thgeZ-axi s and
V-axis drroetone Re crRarEneT) iR AT PRV TSR, Bl T Chen

tilted al,a-psedel rm-ned-ARgLes¥tt Noh 88 RAM P Ont Bﬁe%dé;géf\?flac%t sakght |ine.
In this nner, wafer chanfering can al so be perforned.
is performed separately from the processing of the
cross—-sectional shape on the lower face side in the case where
the piezoelectric actuators 34a are provided on the wafer-side
elevating Z-axis. In cases where the piezoelectric actuators
are provided on the wafer-side horizontal Y-axis or on the
grindstone-side elevating Z-axis, the processing of the
cross-sectional shape on the upper face side and the processing
of the cross-sectional shape on the lower face side can be
performed at the same time.
[0063]
As shown in FIG. 12, the rotation angle positions of the
wafer 1 are defined by dividing the center angle of the wafer
1 into eight, and the relative positional relationship between

the grindstones 3 and the wafer 1 is alternately changed at every

45 degrees in rotation angle of the wafer 1. In this manner,
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[0073] (Second Enbodi nent) By a wafer chanfering nethod of the
present invention illustrated as a second enbodinent in FIG 23, the above
descri bed processing apparatus 10 perforns centering of a wafer 1, and

pl aces the wafer 1 onto the rotary table 2a. The wafer 1 is rotated, and
the groovel ess grindstones 3 are brought into contact with the wafer
circunferential end portion |la, to chanfer the wafer 1. In doing so, the
circular-arc or curved-line start positions adjacent to the straight |ine
portion t e L ' d pLedeter @ amount fromthe
traj ect o%gsa?fﬂg%?%%egggigaﬁteg%g?éﬁI 8ﬁ¥gp§ﬁd&t§aogghglr)?ﬁggshes | i nes)
formed byppeying the wafer 1 and the grindstones 3 in a relative manner in
the Z-axis and Y-axis directions and bringing the grindstones 3 into
contact with the wef£fidnSOngsetPob Ot dhBELSBNBET O58ngest ionaheshape at
the edge on the entire wafer circunference. As the wafer edge becones
further awaytitbedyiocessingegbadoakhy pries twasn tthet heindsgonas Tandul ar-arc
or curved-line trajectories (indicated by solid lines). In this manner, the
sane croskeseafeonal ashapery s4% ciegpceed irthéhedge teft itome asgtlier @ fwaher

ci rcunference. By form ng a cross-sectional shape that is vertically
asymmret rivefier( X3Utke X8k few shadef oenaphdhnserAdyt akendpdto Hecduht in the
chanfering step, a cross-sectional shape (indicated by alternate | ong and
two shorRagRShHes? [Gomdduchst Chergfess FePEREsH-y SYARNSG idgioysxghaps X3' L)
after the chanferi ng step can be obtained. [0074] (. Thi r%@bodi ment )

Even whehStiRFTst HaFh GUSRSERER Gifal SEHAPE SHoWRr PP ¥RE 24 F SUE S e

fornmed, the, wafer 1 is deforiﬁd géﬁtﬁe g%essu e fron1thelqriggsaoges 3
during t ReSER&RTE Y51y Kt 8F S 1ERGWAA N2 EF G 255 4% PSFodddsivnd e ser f or med
per pendi cul rlé Bg wﬁ straight line portion (the circunferential end |Db)
at the wdf&ré 8e i ntthirs situation, the cross-sectional shape becones

asym’retrigal%?s shown in FIG 26 when the straight line portion at the
waf er edge returns to the original state after the chanfering step, and a

normal cross-segtiopglsShapeiSARNOLLRE8PEBEACHed by alternately
changing the relative positional relationship between the
grindstones and the wafer at every 45 degrees in the rotation
angle of the wafer 1 in this embodiment can be the following
shapes.
[0066]

In a first cross-sectional shape, two different wafer
radiuses are formed, depending on the rotation angle positions
of the wafer.

In this case, the relative positions of the wafer 1 and
the grindstones 3 are changed from the above described reference
trajectorypositions in the Y-axis {in combination of the Z-axis
where necessary) at every 45 degrees in the wafer rotation angle,
to form different cross-sectional shapes (A, B) in accordance
with the rotation angle positions of the wafer.

As a result, the wafer 1 has the planar shape shown in
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Therefore, in a third enbodi nent, the above described processi ng appar at us
10 perforns centering of a wafer 1, and places the wafer 1 onto the rotary
table 2a. The wafer 1 is rotated, and the groovel ess grindstones 3 are
brought into contact with the wafer circunferential end portion la, to
chanfer the wafer 1. In doing so, the wafer 1 and the grindstones 3 are
noved in a relative manner in the Z-axis and Y-axis directions, to forma
desired cross-sectional shape at the wafer edge. In the later chanfering

step, thergli st eNLS, 3@l fo A9 th BNAYGHGIIY @GR *hnWelh athevetyail ght

line portion at the warer edge and are noved in a relati've manner in the

Z-axi s apf JagXb8sdidk &ddAon %&?1@18 shraight1d ) neparitiren cdlcdshenwaf er
edge is tilted at a predeterm ned angle with respect to the original

strai ghtwhirae, ragishoyre idkddderaifed, compdial@sitimahies speukarpedoliy
tilting the straight line portion (the circunferential end |b) at the wafer
edge at mipredet einmhoned angl eveht hadéspechahget hendr kbenakt(aérti cal)
straight line, with deformation during the chanfering step being taken into
account . diAifehescranmee ,imtbeossngect i epalrostimed ctllyab beddhwdcvensi.cal |y
symetri cal éFIG. 24) after the chanfering step can be obtained. [0075]
(Fourt h ERB&dI ment) By a wafer chanfering nmethod as a fourth

enbodi ment of the present invention, the varjous cross-sections of a wafer
are neasured i AtpHdjS e el iltabR e Ltk RERFEHIP hid OdiRe aies+ hehange

enbodi nepts, and the povepents of the grindstones .and the wafer in the

T oxt's aRASVHARFE HRALLE: Do i & Ut il A Ko BOA 1O Rstoe BabEehas a

g?é;rgg1gﬁggaé§eg£i%ﬂglr%TgEEVeTgogQ ggga&h%eREQES%%EQpigg%%EEDa%h%homn in
grindstones 3 and the wafer 1 at every 45 degrees in rotation
angle of the wafer 1. Such a continuous shape is formed with
curves such as a spilne curve, a hyperbolic curve, a sine curve,
or an elliptical arc, and may include a straight line.
[0068]

In a second cross—-sectional shape, the radius of the
circular arcs at the wafer edge are varied while the chamfer
widths X1 and X2 of the wafer edge siopes are fixed.

That is, the circular arcs at the wafer edge shown by solid
lines in FIGS. 17 and 18 have different radiuses, compared with
the reference cross-sectional shape shown in FIG. 16,

[0069]

In a third cross—sectional shape, the curves at the wafer
edge are varied while the chamfer widths X1 and X2 of the wafer
edge slopes and the length X3 of the straight line at the wafer
edge portion are fixed.

As opposed to FIG. 16, FIGS. 19 and 20 show situations

where the curves at the wafer edge are varied while the chamfer
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parallel light is emtted froman illumnator 50 to a point near the edge
la of a rotating wafer 1, and a CCD canera 51 receives the light, to obtain
information for form ng a desired cross-sectional shape on the entire
circunference of the wafer 1. In this manner, the novenents of the
grindstones 3 and the wafer 1 in the Z-axis and Y-axis directions are

det erm ned. DESCRI PTI ON OF REFERENCE SYMBOLS [0076] 1wafer | aedge
(circunferential end portion) |au upper slope |ad | ower sl ope

IbeircunfenentiRl £08XCqhbCHhan il dabbirabfe 3t A Aok MBe at the
wafer edge portion are fixed. The curve may be a spline curve,
a hyperbolic curve, a sine curve, anelliptical arc, or the like.
[0070]

In a fourth cross-sectional shape, the angles of the wafer
edge slopes are varied while the chamfer widths X1 and X2 of
the wafer edge slopes are fixed.

As opposed to FIG., 16 without variations of angles of the
wafer edge slopes, FIGS. 21 and 22 show situations where the
angles of the wafer edge slopes are varied, and the face width
X3 at the circumferential end 1lb is also varied.

[0071]

In the present invention, when the chamfering method for
forming the above described different cross-sectional shapes
depending on the rotation angle positions of the wafer 1 is
implemented, the wafer 1 and the grindstones 3 are moved in a
relative manner in the Z-axis and Y-axis directions, and the
grindstones 3 are brought into contact with the wafer 1, to form
a desired cross—-sectional shape at the wafer edge. In doing
so, the circular~arc or curved-line staft positions adjacent
to the straight line portion at the wafer edge are deviated from
the trajectories of the grindstones 3 and the wafer 1 by a
predetermined amount, and, as the wafer edge becomes further
away, the processing gradually returns to the original
circular-arc or curved-line trajectories. In this manner,
wafer chamfering can also be performed.

{0072]
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| e(opposite) oblique grinding mark | nnotch 2work table 2arotary table
2bwor k nounting table rotating device (wth O-axis notor) 3disk-Ilike
groovel ess grindstone 8grindstone vertical-direction noving device (with
crude-grinding Z-axis notor) 9awafer setting control device

Also, in the present invention, when the chamfering
method for forming the above described different
cross—-sectional shapes depending on the rotation angle
positions of the wafer 1 is implemented, the wafer 1 and the
grindstones 3 are first moved in a relative manner in the Z-axis
and Y-axis directions, to form a desired cross—-sectional shape
at the wafer edge. 1In alater stage, the grindstones 3 are again
brought into contact with the straight line portion at the wafer
edge, and are moved in a relative manner in the Z-axis and Y-axis
directions. The straight line portion at the wafer edge is then
tilted at a predetermined angle with respect to the original
straight line. In this manner, wafer chamfering can also be
performed.

[0073]

(Second Embodiment)

By a wafer chamfering method of the present invention
illustrated as a second embodiment in FIG. 23, the above
described processing apparatus 10 performs centering of a wafer
1, and places the wafer 1 onto the rotary table 2a. The wafer
1 is rotated, and the grooveless grindstones 3 are brought into
contact with the wafer circumferential end portion la, to
chamfer the wafer 1. In doing so, the circular-arc or
curved-line start positions adjacent to the straight line
portion at the wafer edge are deviated by a predetermined amount
from the trajectories (indicated by alternate long and two short
dashes lines) formed by moving the wafer 1 and the grindstones

3 in a relative manner in the Z-axis and Y-axis directions and
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9bwaf er processing control device 9cwafer crude-processing control device
9dnot ch preci sion-processi ng control device 10chanfering apparat us

11gri ndstone supporting device 1 |a grindstone drive device (with

preci sion-grinding spindle notor) 12grindstone el evating device (with
preci sion-grinding Z-axis notor)

bringing the grindstones 3 into contact with the wafer 1 so as
to form the same cross-sectional shape at the edge on the entire
wafer circumference. As the wafer edge becomes further away,
the processing gradually returns to the original circular-arc
or curved-line trajectories (indicated by solid lines). In
this manner, the same cross-secticnal shape is formed at the
edge of the entire wafer circumference.

By forming a cross—sectional shape that is wvertically
asymmetrical (X3U < X3L) with deformation being taken into
account in the chamfering step, a cross-—-sectional shape
{indicated by alternate long and two short dashes lines) that
becomes vertically symmetrical (X3'U = X3'L}) after the
chamfering step can be obtained.

[0074]

(Third Embodiment)

Even when the normal cross-secticonal shape shown in FIG.
24 is to be formed, the wafer 1 is deformed by the pressure from
the grindstones 3 during the chamfering step as shown in FIG.
25. If processing is performed perpendicularly to the straight
line portion (the circumferential end 1lb) at the wafer edge in
thisg situation, the cross-sectional shape becomes asymmetrical
as shown in FIG. 26 when the straight line portion at the wafer
edge returns to the original state after the chamfering step,
and a normal cross-sectional shape cannot be obtained.

Therefore, in a third embodiment, the above described
processing apparatus 10 performs centering of a wafer 1, and

places the wafer 1 onto the rotary table Za. The wafer 1 is
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13base 15work supporting device 16pedestal 17nmount 17a, 17drail 17b
depth-direction (Y-direction) noving body 17c depth-direction noving device
(with Y-axis nmotor) 17e horizontal-direction (X-direction) noving body 17f
hori zontal -direction noving device (with X-axis notor) 19control box

rotated, and the grooveless grindstones 3 are brought into
contact with the wafer circumferential end portion la, to
chamfer the wafer 1. In doing so, the wafer 1 and the
grindstones 3 are moved in a relative manner in the Z-axis and
Y-axis directions, to form a desired cross-sectional shape at
the wafer edge. In the later chamfering step, the grindstones
3 are again brought into contact with the straight line portion
at the wafer edge and aremoved in a relative manner in the Z-axis
and Y-axis directions, and the straight line portion at the
wafer edge is tilted at a predetermined angle with respect to
the original straight line, as shown in FIG. 27.

Processing is performed by tilting the straight line
portion {(the circumferential end 1b) at the wafer edge at a
predetermined angle with respect to the original (vertical)
straight line, with deformation during the chamfering step
being taken into account. In this manner, a cross-sectional
shape that becomes vertically symmetrical (FIG. 24) after the
chamfering step can be obtained.

[O075]

(Fourth Embodiment)

By a wafer chamfering method as a fourth embodiment of
the present invention, the various cross-—sections of a wafer
are measured in projected images in each of the above described
embodiments, and the movements of the grindstones and the wafer
in the Z-~axis and Y-axis directions are determined so that the
wafer edge has a desired cross-sectional shape.

To obtain the projected images, as shown in FIG. 28,
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19a operation panel 19b controller 19c control signal output unit
33waf er-si de el evating devi ce supporting nenber 34wafer-side el evating
devi ce 34a piezoelectric actuator (in wafer-side elevating Z-axis)

50i |  um nator 51CCD canera Rl, R2, R3, R4, rl, r2radius

parallel light is emitted from an illuminator 50 to a point near
the edge la of a rotating wafer 1, and a CCD camera 51 receives
the light, to obtain information for forming a desired

cross—-sectional shape on the entire circumference of the wafer
1. In this manner, the movements of the grindstones 3 and the

wafer 1 in the Z-axis and Y-axis directions are determined.

DESCRIPTION OF REFERENCE SYMBOLS

[0076}]

1 wafer

ia edge {(circumferential end portion)
lau upper slope

lad lower slope

1b circumferential end

ic cilrcular arc

1d oblique grinding mark

le (opposite) oblique grinding mark
In notch
2 work table

2a rotary table

2b work mounting table rotating device (with O-axis motor)
3 disk-like grooveless grindstone
8 grindstone vertical-direction moving device (with

crude-grinding Z-axis motor)

%9a wafer setting control device
9b wafer processing control device
9c wafer crude-processing control device

43



drive device Xi, X2, X3chanfer width X, Y, Z, Oarrow (indicative of noving
direction) al, a2angle 01, O2center U, Litrajectory CLAI M

8d notch precision-processing control device
10 chamfering apparatus
11 grindstone supporting device

lla grindstone drive device (with precision-grinding spindle
motor)

12 grindstone elevating device (with precision-grinding
Z-axis motor)

13 base

15 work supporting device

le pedestal

17 mount

17a, 17d rail

17b depth-direction (Y-direction) moving body

17¢c depth~direction moving device {with Y-axis motor)

17e horizontal-direction (X-~direction) moving body

17f horizontal-direction moving device (with X-axis motor)
19 control box

19a operation panel

19b controller

19c control signal output unit

33 wafer—-side elevating device supporting member

34 wafer-side elevating device

34a piezoelectric actuator {(in wafer-side elevating Z-axis)

50 illuminator

51 CCD camera

Rl1, R2, R3, R4, rl, r2 radius
W drive device
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1. A wafer chanfering nethod for chanfering a wafer by perform ng centering
of a wafer, placing the wafer on a rotary table, rotating the wafer, and
bringi ng a groovel ess grindstone into contact with a wafer circunferenti al
end portion, the groovel ess grindstone being for processing the rotating
waf er, the wafer chanfering nethod conprising: setting a reference
novenent trajectory that is fornmed by noving the wafer and the grindstone
in arelative manner in Z-axis and Y-axis directions, and form ng the sane

cross-segiiopal ghape on %ﬁéﬂ%éfG%ﬂ&&Pr circunference; and form ng

di fferent tros§-secti onal apes depending on wafer rotation angle
positiong wythgthg use of @rﬁv@zg Bl et v B Fin Wi diadgr form a
proceSS|ng operatlon in which relative positions of the wafer and the
grindstope, age changgeyf&om positions on the reference trajectory in at
[east one of the Z-axis and Y-axis di rections, depending on the wafer
rotati onoapgbe positeamser 2. The wafer chanfering nethod according to
claim1l1, wherein a relative positional relationship between the grindstone
and the Uafeklis al teraidetgrehanged at every 45 degrees in rotation angle
of the wafer, to formtwo different cross-sectional shapes. 3. The wafer
chanfering nethod according to claim2, wherein a wafer cross-sectional
shape is continuously varied in rotation angle positions between changes in
the relative positional relationship between the grindstone and the wafer
at every 45 degrees in rotation angle of the wafer. 4. The wafer
chanfering nethod according to claim1l, wherein a relative positiona

relati onship between the grindstone and the wafer is alternately changed at
every 45 degrees in rotation angle of the wafer, to formtwo different

waf er radi uses.
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5. The wafer chanfering nmethod according to claim4, wherein a wafer radius
is continuously varied in rotation angle positions between changes in the
rel ative positional relationship between the grindstone and the wafer at
every 45 degrees in rotation angle of the wafer. 6. The wafer chanfering
met hod according to claim2 or 3, wherein the two cross-sectional shapes
have different circular arc sizes at a wafer edge while nmaintaining the
same chanfer width of a wafer edge slope. 7. The wafer chanfering nethod
according to claimz2 or 3, wherein dfhgpMam cross-sectional shapes have
different curved lines at a wafer edge while maintaining the same chanfer
width of a wafer edge slope and the sane straight line length at the wafer
edge portion. 8. The wafer chanfering nethod according to claim2 or 3,
wherein 1he tw w4 Hs5-Sieai f onahg shepiesd hbtye ehawmferiegloe widpe lay di fferent
angel s while maintaining the same chanfer wdth of the wafer edge sl ope.

9. The waéeforchangeremgemisidod accafel ngp ltacianyy thk ehdenworl at hobagh 8,
wherein a trajectory is set by noving the wafer and the grindstone in a
rel ati vetabhaerdtattiimg Zhaxiafeandayd diiqgdinestdraeyelasd orindshgnehe
grindstone into contact with the wafer to forma_desired cross-sectional
shape atintoafertedfewith a wagegjeéururfarenbiatuepedrPrhéost akkeposition
adj acent to a straight |ine portion_at the wafer edge is deviated fromthe
traj ect Og}gocgyeée5§ é{fé{r@qﬁq{@jbgﬁﬁgnﬁgr Rrgcessing the rotating wafer,

the wafer chamfering method comprising:

setting a reference movement trajectory that is formed
by moving the wafer and the grindstone in a relative manner in
Z—axis and Y-axis directions, and forming the same
cross—-sectional shape on an entire wafer circumference; and

forming different cross-sectional shapes depending on
wafer rotation angle positions with the use of a piezoelectric
actuator, so as to perform a processing operation in which
relative positions of the wafer and the grindstone are changed
from positions on the reference trajectory in at least one of
the Z-axis and Y-axis directions, depending on the wafer
rotation angle positions.
2. The wafer chamfering method according to claim 1, wherein
a relative positional relationship between the grindstone and
the wafer is alternately changed at every 45 degrees in rotation
angle of the wafer, to form two different cross-sectional
shapes.
3. The wafer chamfering method according to claim 2, wherein
a wafer cross—-sectional shape is continuously varied in

rotation angle positions between changes in the relative
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processing is perfornmed by gradually returning to an original circular-arc
or curved-line trajectory as the wafer edge becones further away. 10. The
waf er chanfering nethod according to claim9, wherein the anount of
deviation of the circular-arc or curved-line start position adjacent to the
straight line portion at the wafer edge varies with wafer rotation angles.
11. The wafer chanfering nethod according to any of clains 1 through 10,

wher ei n, _ after a desired cross-sectional shape is fornmed at a wafer
edge by govipgohhe vef ef; ahsh Ihearidadstane g ridi@idl hye FRBangLrep the
Z-axis and Y-axis directions, the grindstone is again brought into

contact withvargtngi ghrbbseiporbtanish hhglwaber tpdgrarand is noved in a
relative manner in the Z-axis and Y-axis directions, processing being

performeq, by tthéiwagerhehshfar oy nldtedpactboning tdchelwaher, etgeeah a
predeterm ned angle with respect to an original straight line. 12. A wafer
chanf er i agreied thiode foars ichianfadr ired ad iwaktn pblye pee énriheng rdemtséoineganfl a

waf er, placing the wafer on a rotary table, rotating the wafer, and

bri ngi ngtlhe gradiarel essl tgrminedstlonehangededheder i degreaddm eptetifarenti al
end portion, the groovel ess grindstone being for processing the rotating
waf er, taeghafef thanvaffhg ﬁ@tﬁ@ﬁmcﬁﬁﬁrﬂéﬁge¥ent wafexetgflhigS8Straj ectory
by noving the wafer and the grindstone in a relative nner in Z-axis and
Y-axis derectiBrg vaded BRAAEEREE A GahasEBRE AL € ﬁ%ﬁd% Wﬁ?ﬁeﬂﬂe waf er

to formthe sane cross-sectional shape at an_.edge o n entire wafer
circunfe?eﬂ@g?r radiugel ot PREIRUCHF LY AL ARE 68 EﬁE@ﬁHQPiﬂagg?art posi tion

B e iR sha b bk rh "EaRRbE s tntnb e aL Ehe Bg8: LEGALY NE (ra) ectory
relationship between the grindstone and the wafer at every 45
degrees in rotation angle of the wafer.

6. The wafer chamfering method according to claim 2 or 3,
wherein the two cross-sectional shapes have different circular
arc sizes at a wafer edge while maintaining the same chamfer
width of a wafer edge slope.

7. The wafer chamfering method according to claim 2 or 3,
wherein the two cross-sectional shapes have different curved
lines at a wafer edge while maintaining the same chamfer width
of a wafer edge slope and the same straight line length at the
wafer edge portion.

8. The wafer chamfering method according te claim 2 or 3,
wherein the two cross—-sectional shapes have a wafer edge slope
at different angels while maintaining the same chamfer width
of the wafer edge slope.

9. The wafer chamfering method according to any of claims
1 through 8, wherein

a trajectory is set by moving the wafer and the grindstone
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perform ng processing by gradually returning to an original circular-arc or
curved-line trajectory as the wafer edge becones further away. 13. A wafer
chanfering method for chanfering a wafer by perform ng centering of a

waf er, placing the wafer on a rotary table, rotating the wafer, and
bringing a groovel ess grindstone into contact wwth a wafer circunferenti al
end portion, the groovel ess grindstone being for processing the rotating
waf er, the wafer chanfering nethod conprising: form ng the sane

cross-seghi onal1 SHape rdinAt %@gghenzagxfgtaxq& waf.arls elikewrienancanly noving
the wafer and the grindstone in a relative manner in Z-axis and Y-axis

directi opgingifly the gPEAdMIANA IPEOBTaRE RY tBIELS i fdgitrg folter a
grindstone into contact with a straight line portion at the wafer edge,

novi ng thesgreddstope-sBcaibahat sMepgaanes waftheedgaxi s and Y-axis
directions, and tilting the straight line portion at the wafer edge at a
predet er m ned anglreuiidhamwspectutoecGnt Dr¢ gitmalt sesatght ddiseserttdtdhe waf er
chanfering nethod according to any of clains 1 through 13, wherein a

cross- seat$ore bfht Heliwaber tiionnehsthedid e epgs eétwia@@é fremd thvenent s
of the grindstone and the wafer in the Z-axis and Y-axis directions are

det er ni nbH23BCEREY PHeawnFefetageingd amguBir e@n€r oss-sectional shape.

processing is performed by gradually returning to an
original circular-arc or curved-line trajectory as the wafer
edge becomes further away.
10. The wafer chamfering method according to claim 9, wherein
the amount of deviation of the circular—-arc or curved-line start
position adjacent to the straight line portion at the wafer edge
varies with wafer rotation angles.
11. The wafer chamfering method according to any of claims
1 through 10, wherein,

after a desired cross—-sectional shape is formed at a wafer
edge by moving the wafer and the grindstone in a relative manner
in the Z-axis and Y-axis directions,

the grindstone is again brought into contact with a
straight line portion at the wafer edge, and is moved in a
relative manner in the Z-axis and Y-axis directions, processing
being performed by tilting the straight line portion at the
wafer edge at a predetermined angle with respect to an criginal
straight line.
iz. A wafer chamfering method for chamfering a wafer by
performing centering of a wafer, placing the wafer on a rotary

table, rotating the wafer, and bringing a grooveless grindstone
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into contact with a wafer circumferential end portion, the
grooveless grindstone being for processing the rotating wafer,

the wafer chamfering method comprising:

setting a trajectory by moving the wafer and the
grindstone in a relative manner in Z-axis and Y-axis directions,
and bringing the grindstone into contact with the wafer to form
the same cross-sectional shape at an edge on an entire wafer
circumference,

deviating a circular-arc or curved-line start position
adjacent to a straight line portion at the wafer edge from the
trajectory by a predetermined amount, and

performing processing by gradually returning to an
original circular-arc or curved-line trajectory as the wafer
edge becomes further away.
13. A wafer chamfering method for chamfering a wafer by
performing centering of a wafer, placing the wafer on a rotary
table, rotating the wafer, and bringing a grooveless grindstone
into contact with a wafer circumferential end portion, the
grooveless grindstone being for processing the rotating wafer,

the wafer chamfering method comprising:

forming the same cross-—-sectional shape at an edge on an
entire wafer circumference by moving the wafer and the
grindstone in a relative manner in Z-axis and Y-axis directions;
and

performing processing by again bringing the grindstone
into contact with a straight line portion at the wafer edge,

moving the grindstone in a relative manner in the Z-axis and
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Y-axis directions, and tilting the straight line portion at the
wafer edge at a predetermined angle with respect to an original
straight line.

14. The wafer chamfering method according to any of claims
1 through 13, wherein a cross-section of the wafer is measured
in a projected image, and movements of the grindstone and the
wafer in the Z-axis and Y-axis directions are determined so that

the wafer edge has a desired cross-sectional shape.
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