CARRIER AFPPARATUS OF THIN DISK-SHAPED WORKPIECE, METHOD OF

MANUFACTURING THE SAME, AND BOTH-SIDE GRINDING MACHINE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a carrier apparatus of
a thin disk-shaped workpiece, a method of manufacturing the
same, and a both-side grinding machine, and more particularly
to a workpilece rotation supporting technolegy for positioning
the circular outer circumference of a workpiece in a radial
direction, and rotating and driving the workpisce, in
machining of surface side and/cor reverse side of a thin

disk-shaped workpiece such as a semiconductor wafer.

Description of the Related Art

For example, a semiconductor wafer is manufactured from
a columnar semiconductor ingot made of single crystal silicon
and cut into thin slices, and the surface and reverse sides
thereofareamchinedk@ragrindingﬁﬁchine<n:polishingmachine,
and finished to smooth surfaces.

In grinding or polishing work of a thin disk-shaped
workplece such as semiconductcor wafer {(hereinafter called
workpiece), while the workplece is rotated and supported, the

surface side and/or reverse side is machined, and a2 both-side



grinding machine of grinding the surface and reverse sides cf
a semiconductor wafer 1ls disclosed, for example, in Japanese
Patent Laid-Open Publication No. 2003-71704.

In the poth-side grinding machine disclosed in Japanase
Patent Taid-Open Publication No. 2003-71704, an annular
carrisr ring b of 8 carrier apparatus a 1s rotationally disposed
onn a frame not shown. At one inner circumferential side of
This cérrier ring b, a pair of fixed carrier bodies ¢ are
disposed, and other inner circumferential side, a pair of
movable carrier bodiegs < are rotaticnally disposed in a

horizontal plane arcund a suppoert shaft e, and by these palirs

th

of fixed and movable carrier bodies ¢, d,.., the workpicce

a Ccarrler

o

(wafer) W is positioned in & radial direction, an
main body for rotating and supporting is constituted. The
workpiecerxsdetach&blyheldjflaninnercircumferentialarea
of the carrier bodies ¢, d, ... The workpiece W 1s accommodated
and supported in the carrier ring b in a state belng lifted

by the alir from an air-bearing device not shown.

hy
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A spring [ is hocked between the both movable carrier
bodiss d, d, and by this spring £, the both movable carrier
bodies d, d are rotationaily forced to the werkpilece W side,
and the workplece W is held loosely in a state approaching to
the workpliece W. On the carrier ring b, an actuator not show:
is disposed, and when the workpiece W is carried in or out,

this actuator works to rotate the both movable carrier bodies



d, d in an outer circumferential directicon of the carrier ring

4

b by resisting the thrusting force of the spring £, and the

workpiece W is released from the held state.

Incidentally, the workpiece W is held with & slight gap
between the inner circumferential positions of the carriex
bodies ¢, d, that is, between the inner peripheral edges of
the fixed carrier bodies ¢, ¢ and movable carrier bhodies d,
d.

8¢ as to be positioned between the pair of fixed carrier
podies ¢, ¢, a notch trigger g is mounted and fixed at one innex
circumferential side of the carrier ring b, and at the leading
end part, a pointed end engaging part h forming a plané
triangular pointed edge is formed. When the workpilece W is
held baetween the fixed carrier body ¢ and the movable carrierx

bedy d, the pointed end engaging part h of the notch Lrigger

g is engaged with a notch Wn as a cut portion on the outer
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ircumference of the workplece W. In this state, the carrier
ring b is rotated by a motor not shown, and the workplece W
iz rotated integrally by way of the nctch trigger g.

At the upper and lower sides of the carrier apparétus
a, a pair of cup~shaped grinding wheels 1, i, and motcrs j,
3 for rotating them are disposed sc as to be movable in the
infeed direction agalinst the carrier apparatus a,
In & state of the workpiece W held in the carrisr

apparatus a, by rotation of the carrier ring b, the workplece



W is rotated by way of the notch trigger g, and the pair of
grinding wheels 1, 1 are rotated, and are cut deep and moved
toward the surface and reverse sides of the workpiece W. By
this infeed movenment, the grinding wheels i, i grind the surface
and reverse sides of the workpiece W simultanecusly.

Further, as disclosed in Japansse Patent Laid-Open
Publication No. HL1-333707, in the processing technology of
smoothly poiisbing'or lapping the surface of a semiconductor
wafer, the carrier bodies ¢, d, .. and the notch trigger g may
he formed as one piece.

However, in such conventional configuration of the
carrier apparatus, the following problems have been known, and
further improvements have been desired.

(1} The carrier bodies ¢, d, .. and the notch trigger
¢ contacting with the workpiece W are worn in a time course,
and should be regularly replaced as consumable parts, but the
number of parts is great and the structure is complicated, and
it was hard to reduce the cost.

Im particular, since the plurality of fixzed and movable
carrier bodies ¢, d, .. for comstituting the carrier main body
have the function of positiconing the workpiece W in a radial
direction, and, in principle, the parts are replaced in batch,
but it was costly.

(2} The notch trigger g functioning as a rotating and

driving plate of the workplece W is worn more heavily than the



carrier bodies ¢, d,.., and is repliaced very fLreguently, and
generaily it i1s formed as a separate part from the carrier main
body, and its base end part is mounted and fixed on the carrier
ring b, and proiects inward in the radial direction between
the pair of fixed carrier bodies ¢, ¢, and is engaged with the
notch Wn of the workpiece W. In,sﬁch configuration, however,
the netch trigger g projects inward in the radial direction
fron&the‘carrier ring b as the mounting part, and is supported
like a cantilever, and may be deflected significantly when a
load is applied to the notch trigger g, and as a result, the
workpiecs W may be deflected together with the notch trigger
g, or the engagement state of the workplece W and the notch
trigger g may be loosened, and the workplece W may be broken,
andd defective parts may be formed, or the grinding wheels 1,
i may be brcken, and other problems have been Known.

In particular, when using the grinding wheels i, 1 of
larger diameter in order to enhance the grinding efficieﬁcy
and the grinding precision, in order to prevent mutual
interference of the grinding wheels i, i, the carrier ring b
18 alsc increased in diameter, and the length of the notch
trigger g is extremely extended, and these problems become more
prominent.

{3) The notch trigger g is thinner than the workplece
W, and a rigid material is demanded, but at the present, a

special laminated structure is formed as discleosed in patent



and it was an expensive part ag a consumable part.
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carrier main bedy surrounding the outer

circumference of the workpiece W is a2 spli structis
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consisting of a plurality ¢f fized and movable carrier bodies
o, d, .., and each plate is likely to be distorted, deflected,

or deformed, which caussd adverse effects on the workpiece W

(53 Or, =as disclosed in Japanese Patent Laid-Open
Publication No. H11-333707, in the structure forming the

carrier bodies ¢, d, .. and the notch ftrigger g as an integral
riece, 1if the notch Trigger porticn heavy in abrasion is worn
first, all cof the integrally formed carrier main body and the

notch trigger must be replaced in batch, or in order extend

the life of the integral plece, the consilituent material must

(D

be changed to a material suited fto the notch trigoer, and it

adds to the material cost.
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L EF SUMMARY OF THE INVENTION
Embodiments of the present invention
present a novel carrier apparatus of & thin disk-shaped

workpiece capable of successfully solving these conventional



oroblems.

Embodiments of the present invention present
a carrier apparatusg simple and ¥pensive in structure, and
capable of procvessing at high efficiency and high precision,

in machining of surface side and/or revarse side of a thin
disk-shaped workpiece such as ssmiconductor wafer.

Embodiments of the present invention present

a nmethod of manufacturing a carrier app

]
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retus capablse ©

manuizciuring the carrier apparatus at low cost.

Embodiments of the present invention present
a2 both-side grinding machine having such carrier apparatus as
a constituent device, inding the surface and

reverse sides of a

semiconductor wafer at high efficiency and high precisicn.

According to an aspect of the invention, there is provided a carrier

apparatus of a thin disk-shaped workpiece for constituting
a rotation supporting device for rotating and driving a
workpiece while supporting the circular outer circumference

of the workpiece, inciuding anannular carrier main body having
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e circular cuter peripheral edge of the workpliece,
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being formed as an integral plece, in which the notch trigge

from the carrier main body, =o as to be

In an embodiment, thickness of the carrier main body and the notch

~

trigger 1s set thinner than the finishing thickness of the
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workpiece, and Jjoining and fixing of the notch trigger and the
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In an embodiment, notch trigger mounting part on the carrier main
body is cut and formed in a shape corresponding to the ocuter

the junction part of the notch igger, and

[

contour shape o

1.

the adhesive 1s SJunction surface of the notah

In an embodiment, notch trigger 1ls composed of thin plate members

naving a friangular contour having one peak formed as the
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peinted end engaging part to be engaged with the cut part of
the workpiecs, and in the notch trigger mounting part of the

carrier main body, circular grooves for aveiding concentration

of stress are formed at correspondl ng o remaining
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two peaks of the triangular contour of the notch trigger.
In an embodiment, pointed end engaging part of the notch trigger
has an arc contour shape, and 1ts sectilon i1s set corresponding

to the sectional shape of tThe cut part of th

6]

workpiece.

According to a second aspect, there iz provided a method
manufacturing a carrier apparatus of a thin disk-shaped workpilece,

includes the following steps (a) to (C)

zie

)

{a#) Acleanin

T

jte]

of cleaning and degreasing Junction
surfaces of notch trigger meounting part of the carrier main

body and duncticn surfaces of junction parts of the notch

trigger;

n

{hy A Joining step of positioning and holding ths

K

paralielism of the carrier main body =znd the notch triggsr,
and adhering and joining the Junction surfaces of notch triggser

mounting part of the carrier main body and Jjunction surfaces

of dJunction parts of the notch trigger while applying the
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tep of removing the excess adhesive
coming out from the Juncticon parts of the carrier main body

and the notch trigger integrally joined at the Soining step.

of

and

According to a third aspect, there is provided a both-side grinding

machine of a thin disk-shaped workpiece of the present invention 1is

&

machine for rotating and supporting a thin disk-shaped workpiece, feeding a

pair of grinding wheels votating at high speed in the grinding wheel
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axial direction, and grinding

of the workpiesce simultaneocusly by the grinding surfac
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these two grinding wheels, incliuding a pailr of grinding whesls
dispesed so that the grinding surfaces may be opposite to each

cther, and workpiece rotation supporting means for supporting

and rotating the workpiece, 1in a state of the surface and
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the workplece copposite to these two grinding

surfaces between the gr$ng¢ﬂg'¢u
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wheels, in which the workplece rotation supporting means nas
axial direction supporting means for positiening and

supporting the workpiege in an axial direction, and radial

dirsction supporting means for pesitioning, roiating and
supperting the workpiece in a radial direction, and this radial

direction supporting means has the above carrier apparatus.

The carrier apparatus as per embodiments of the present invention is an

apparatus for supporting and rotating a thin disk-shaped
workpiaece, and grinding or polishing at lzast one side of the
workpiece, and is more speci
constituting a workpiece fbta

tion supporting apparatus for

rotating and driving while positioning and supporting the

annular carriey main body having a circular irner peripheral

edge surrounding clogsely the whele circumference of the

workpiecs, and a notch trigger having a pointed end engaging

cut rt provided in the circuls
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outer peripheral edge of the workpilece, being formed as an

integral piece, in which the notceh trigger 18 integrally joined
p 7 = j}

bl

35
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and fixed to the carrier main body as a separate part so ¢

to be sxchanged, and the pointed end engaging part has a
mounting structure projecting inward in a radial direction
from one part of the circular inner peripheral edge of the
carrier main body, and therefore the following effects are
obtained, and the carrier apparatus assuring machining at high
efficiency and high precision can be presented in a simple and
inexpensive structure. |

{1y The annular carrier main body surrounding closely
the whole circunference of the workpiece, and the notch trigger
engaged with a cut part of the workpiecs are formed as an
integral piece, and therefore the number of parts is little
and the structure is simple, and the cost can be reduced
structurally.

(ii) The carrier main body for positioning the outer
circumference of the workplece In the radial direction ié
formed in a continuous annular shape having a circular inner
§eripheral adge closely surrounding the whole cilrcumference
of the workpisce, and therefore as compared with the
conventional carrier main body of split structure (see FIG.
8), the rigidity is higher, and surface processing of high
pracision is reallzed without gilving adverse effect on the

processing precision of the workpiece.
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(1ii) Bimilarly, since the carrier main body is annular

and consecutive, as compared with the conventicnal carcier

s
1
L\

o)

main hbedy of split structur
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see FIG. 8), the processing

distortion in manufacture oftjmzcarriern&dxxb@dijssﬁaller,
eﬂxioécuxrence(ﬂfdistoruiontﬁmmlmounting on the carrier ring
can be effectively prevented, and further distorfion,
deflection or deformation when processing the workpiece may
hardly take place, and from this aspect, too, adverse effect
is not given to the processing precision of the workpiece, and
surface processing of high precision is realized.

{iv} The notch trigger 18 3 separate part from the
carrier main body and is exchangeable and is integrally Jjoined
and fixed, and therefore optimun component materials may be
used for both the notch trigger and the carriaf;naim.body, and
the material cost of the structure may be reduced on the whole.

In particular, amaterial high in strencth and excellent
in abrasion resistance can be used only for the notch trigger
functioning as the rotating and driving member of the workpiece
heavily worn and replaced freguently, and therefcre the use
of the expensive material can be suppressed to a minimum limit,
and the material cost can be reduced on the whole.

{vy In addition, the notch trigger is a separate part
from the carriermainbody and is exchangeable and 1s integrally
Yoined and fixed, therefore when the notch trigger 1s worn out

earlier, only the notch trigger may be replaced, while the

-12.



carrier main body can be used continucusly until the end of
its service life, and in this respect, the material cost can
e suppressed on the whole.

{vi} Since the notch trigger is integrally joined and
fized to the carrvier main body, the protruding dimension from
the mounting part of the notch trigger inward in the radial
direction 1s wvery small, and unlike tThe conventional
cantilever type supporting structure, if a load is applied to
the notch trigger, it is not deflected significantly. As a
result, the workpiece is not distorted together with the notch
trigger,andtheengagementstateofthevmmkpieceandthen@tch
trigger is not loosened, and conventional problems of cracking
of workpilece, cccurrence of defective parts, or breakage of
grinding wheels or other tools mayv be mostly avoided.

For example, in the grinding process, when grinding
wheels of large diameter are used 1n order to enhance the
grinding efficiency or grinding precisiocn, since there is no
interference petween the mounting part of the notch trigger
and the grinding wheels, it is not required to extend the length
of the trigger notch.

(vii) Similarly, by such mounting structure of the
notch trigger as mentioned above, it is not necessary to use
expensive material (for example, PEEK) as countermeasure of
towering of rigidity by the conventional cantilever type

structure, and the cost can be reduced by using inexpensive
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and further as compared with the conventional notch trigger,
the material consumption is saved, and the cost is lowered also
in this respect.

According to the manufacturing method of ths carrier
apparatus of embodiments of the present invention, the carrier apparatus
serforming these effects effectively can be manufactured
zasily and at low cost.

According to the both-side grinding machine of embodiments of the

present invention, since such carrier apparatus is provided,
the above effects can be effectiveliy displaved, and the surface

it 13

a thin disk-shaped workpiece can be ground

and reverse alides o
gsimultaneocusly abt high efficlency and high precision.
Thege and other embodiments and features of the presentc

invention will be more clearly appreciat

®

d and understood by
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reading the detailed descaription ba

jo 3

e

ed on the accompanylng

drawings and novel facts disclosed in the ¢laims therecof.
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DESCRIPTICON COF THE DRAWINGS
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sectional view showing a conflguration of

of a2 horizontal both-side grinding machine in

[#4]

primcipal part:
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FIG. 2 is a front view showing the configuration of the
same poth-side grinding machine in a partial sectional view
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FIG. 3 is a magnified front view of a configuration of
a carrier main body and a trigger notch as essential parts of
a carrier apparatus of the both-side grinding machine.

FIG.4:ksamagnifiedsectio&alviewofiﬂmaconfiguratioﬁ
of the carrier main body and the trigger notch of the carrier
apparatus along line IV-1V of rIG. 1.

FIG., 5 1s a magnified euploded perspecitive view of
carrier main body and the trigger notch of the carrier
apparatus.

FIG. 6A is a magnified front view of the notch trigger.

G
FIG. 6B is a magnified plan view of the notch trigger.
FIG. 7 i3 a front view showing a semiconductor wafer as
a workplece to be ground by the both-side grinding machine.
FIGC. 8A is a front view showing a partial section of

erincipal parts of a conventional both-side grinding machine

for grinding the semiconductor wafer.

LT

FIG. 8B 1s a side view showing a partial szection of

principal parts of the both-side grinding machine.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

-

A preferred embodiment of the present invention is

.

ically described below according to the accompanying

1

specit



drawings. Throughout the drawings, same reference numerals
refer to sams components or elements.

The kboth-side grinding machine of the present invention
iz shown in FIG. 1 and FIG. 2, and this grinding machine is
specifically to grind the surface and reverse sides of a thin
disk-shaped workplece W simultanesusly, such as &
semiconductor wafer shown in FIG. 7, and is more specifically
a horizontal both-side grinding machine having grinding wheel
axes 3, 4 of apairof grinding wheels 1, 2 rotated and supported
oppositely in the horizontal direction.

The =zsmiconductor wafer Wlas the cobject of grinding in
the present preferred embodiment is a thin disk-shaped piece
of thickness ¢f 1 mm or less, and in order to align the crystal
direction cof the wafer in the manufacturing process, a notch
Wn is provided as a cut part in the clrcular outer peripheral
edge., In the present preferred embodiment, fthe notch Wn is
utilized effectively sc as to achieve grinding.

This grinding machine basically comprises, as shown in
FIG. 1 and FIG. Z, a palr of right and left grinding wheels
1, 2 and a workpilece rctation supporting device 5 as principal
components of the grinding secticn, and the workpiece rotation
supporting device bmainly includes a carrier apparatus 6 which
is another featurs of the present inventiocn.

The grinding wheels 1, 2 are specifically cup-shaped

grinding wheels, and theilr peripheral edge leading ends la,

.16-



Z2a are annular grinding surfaces. These grinding wheels 1,
2 are diéposed so that the grinding surfaces la, 2a may be
opposite to each other in a nearly horizontal state, and at
the grinding position between The two grinding surfaces la,
Z2a, az describedbelow, the workpiece W 1is rotated and supported
by the workplece rotation supporting device 5.

| More specifically, the grinding wheels 1, 2 are
detachablymounted and fixed at the leading ends ¢f the grinding
wheel axes 3, 4. The grinding wheel axes 3, 4 are driven and
coupled by drive moteors 7, 8 installed inside of the grinding
wheel stand not shown, and are operated in axizl directions,
that is, are moved in the infeed directions ¥, Y by grinding
wheel infeed devices {not shown) gimilarly installed inside
of the grinding wheel stand.

The workpiece rotation supporting device 5 functicns as
workplece rotation supporting means Ior supporting and
rotating the workpiece W, and 1s designed to support and rotate
the workpiece W between the grinding surfaces la, Za of the
pailr of grinding wheels 1, Z so that its surface and reverse
sides Wa, Wb may remain in a perpendicular state opposite to
the both grinding surfaces la, Za.

Further, the workpiece rotation suppoerting device 5
includes axial directicon supporting means 10 for positioning
and supporting the workpiece W in the axial direction, and

-

radial direction supporting means 11 for positicning the
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workpiece W in the radial direction and rotating and supporting,
and this radial direction supporting means 11 has the carrier
apparatus 6 as the principal component.

The axisl direction supporting means 10 is formed as a
static pressure supporting device for pesitioning and
supporting the surface and reverse sides Wa, Wb of the workpiece
W without making contact by way of a static pressure fluid,
and its principal components are a palr ofright&nﬁileftstatic
pressure pads 15, 16 disposed cppositely to each cther. Thesze
static pressure pads 13, 16 are conrected to a £luid supply
gource not shown, and a pressure fluid such as water supplied
from the fluid supply source is ejected from a static pressure
groove {not shown), and The surface and reverse sides Wa, Wb

of the workpiece W are statically held in a contact-free state

jm

early 1in a axilal directicn central position between the
grinding surfaces la, Za of the both grinding wheels 1, 2.
The radial direction supporting means 11 formed as a
rotation driving device for positioning the workpiece W in the
radial direction and rotating and driving, and its principal
components include the carrier apparatus 6 for fitting and
supperting the workpiece W, and a rotating device 17 as a
rctation drive unit for supporting and rotating this carrier
apparatus &.
The rotating device 17 is composed as shown in FIG. 1,

in which a plurality cof (four in the preferred embodiment)
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support rollers 20; 20, .. are rotationally supporting an outer
circumference 30a of a carvier ring 30 of the carrier apparatus
6, and a ring drive gear 21 is engaged with inner teeth 33a

A

3 integrally fitted and fixed Lo the

(W8]

of a carrier presser
carrier ring 30, and the ring drive gear 21 isdriven and coupled
to a rotation driving.source not shown.

Herein, by driving and rotating of the ring drive gear
21 by this rotation driving source, the carrier apparatus 6
for fitting and supporting the workpiece W is rotated and
operated around the center of rotation defined by the support
rollers 20, 20, .., and the workpiece W is supported and rotated
in a staie positioned in the radial direction.

The carrier apparatus & is to fit and support the
workpiece W, and as shown in FIG. 1 and FIG. 2, it is mainly
compozged of the carrier ring 30, carrier main body 31, notch
trigger 32, and carriler presssr 33.

The carrier ring 30 is a location functioning as the main
body ring of the carrier apparatus 6, and is formed of an annulax
ring member as shown in FIG. 1, and as shown in FICG. 2 and FIG.
4, an outer circumferential surface 30a i1s formed on a
cylindrical surface. The carrier ring 30 has the outer
circumferential surface 30a rotaticnally positicned and
supported by the four suppoft roilers 20, 20, . of the rotating
device 17 as the rotation driving part.

At the inner diametsr side of the carrier ring 2C¢, an

_19.



annular mounting groove 30c is provided continuocusly around
the whole circumference, and the outer peripheral edge
pesition of the carrier main body 31 is fitted in the mounting
groove 30c, and iz mounted and fixed from both sides
exchangeabls by an annular carrier presser 32, Fixing the
carrier presser 33 on the carrier ring 30 is properly realized
by any conventional fixing means, and in the illustrated
preferred embodiment, mounting bolts (not shown) are used.
The carrier presser 33 is formed like an inner toothed
wheel made of an annular ring member as shown in FIG. 1, and
the inner teeth 33a are formed in the inner circumference. Thus,
when the carrier presséx’33 is integrally fitted and fized in
the mounting groove 30c of the carrier ring 30, as mentioned
above, the outer circumferehc& 30a of the carrier ring BG is
rotatiohally supported by the four support rollers 26, 20,
of the rotating device 17 as the rotation drive unit, and the
ving driving gear 21 Of the rotating device 17 is engagéd.wit

the inner teeth 33a 0f The carrier presser 33,

o

The carrier main body 31 is a location for fitting and
supporting the workpiece W in coliaboration with the notch
trigger 32, and more specifically as shown in FIG. 1, it is
formed of a thin annular plate material, and its circular innex
peripheral edge 31la is formed to surround ¢losely the circular

outer clrcumference (whole circumference) of The workpiece W.

v

hat is, the circular inner peripheral edge 31a hag an inside
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diameter slightly larger than the outside diameter of the
workpiece W to be ground, and a specified gap is formed against
the cuter periphery of the workpiece W, and hence the workpiece

W is freely fitted and supported on the carrier main body 31.

to be engaged with the notch Wn as a cut part provided in the
circular outer paripheral edge of the workpiece W, and is
composad as an'integral plece with the carrier main body 31.

More specifically, the notch trigger 32 is integrally
joined and fixed to the carrier main ody 31 as an exchangeable
separate part, and the pointad end engaging part 3Za has a
mounting structure of projecting inward in a radial direction

1 direction of the clrcular

4

[

&)

from a part of the circumferent

o

inner peripheral edge 3la of the carrier main body 31. The
pointed end engaging part 3Za of the notch trigger 32 is engaged
with the notch Wn of the w&rk@iece W in a rotating direction
of the carrier apparatus 6, in a state of the workpisce Wbeing
freely engaged and supported in the circular inner peripheral
edge 3la of the carrier main body 31.

The carrier main body 31 and the notch trigger 32 are
designed to be rotated integrally in the rotating direction
while positioning the workplece W in the radial directlonwhile
engaging and supporting freelvy, and in the grinding process,
they contact heavily with the workpiece W, and ths gap toe ths

workpiece Wmav be excessive due to abrasion, or uneven abrasion
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may cause adverse effects on the grinding precision.

Accordingly, the carrier main body 31 and the notch
trigger 32 are formed as consumable parts to be exchanged
regularly or irregularly, and have the following
characteristic structure.

The thickness of Lhe carrier main body 31 and the notch
trigger 32 is set smaller than the finishing thickness of the
workpiece W, and joining and fixing of the notch Lrigger 32

on the carrier main boedy 31 1s achieved by an adhesive that

0

can be fized and relsased.

The notch trigger mounting part 35 in the carrier main
body 31 is cut and formed in a shape corresponding to the outer
peripheral contour shape of the base end side junction part
32h of the notch trigger 32, and the adhesive 1s appiied to
the junction surface of the notch trigger mounting part 35.

In the illustrated preferred embodimeﬁt, the notch
trigger 32 is specifically formed as shown in FIG. 5 and FIG.

, and it is made of a thin plate material having a triangular

3}

contour, having cone peak formed as the pointed end engagling
part 32a to be engaged with the notch Wn in the workpiece W,
and in the notch trigger mounting part 35 of the carrier main
body 31, c¢ircular grooves 35a, 3ba for avoiding stress
concent¥ation are formed in the positions (corner positions)
corresponding to the remaining two peaks of the triangularx

contour of the notch trigger 32. These circular grooves 35a,

422_



3%a bring down secondary effects of facilitating the
manufacture of the notch trigger mounting part 35.
Ihe pointed end engaging part 32a of the notch trigger

32 and rl&. &A

(@]

5 finished in an E-shape as shown in FIG.

-

in the iliustrated preferred embodiment, having an arc-shaped
contour, and the corners in the axial direction are finished
in an corthogonal shape, and the section is formed in a
rectangular section as shown in FIG. 6B. A specific shape or
structure of the pointed end engaging part 32a may be determinad
appropriately in relaticn to the shape and structure of the
notch Wn cof the workpiece W at the engaging partner,

That 1s, the pointed end engaging part 32a is finished

shown in

wt o bite into tThe

1

rag

in an R~shape 3 IG. 6A, so as

n

notch Wi of the workpiece W.

The section of the pointed end engaging part 32a is
finished in a rectangular section as shown in FIG. 6B, because
the cuter circumference of the workplece W {including the
portion of the notch Wn) may chamfered so as to aveid breakage,
and in such a case when the notch trigger 32 is chamfered
gimilarly as in the workpiece W, the notch Wn of the workpisce
W may not be hooked (engaged) on the noteh trigger 32, and this
is to avoid such inconveniencé.

Therefore, when the ocuter clrcumference inciuding the
notch Wn portion of the workpiece Wis finished to a rectangular

section free from chamfering opposite to the case above,



correspondently, when the section of the pointed end engaging
part 32a of the notch trigger 32 is in reverse configuration
to the illustrated preferred embodiment, aithough not
particularly shown in the drawing, instead ¢f the rectangular

inishing is

Fh

section shown in FIG. 6B, chamfering or similar
done.

The carvier main body 31 and the notch trigger 32 are
made of proper materials in consideration_éf the material of
the workpiece W to be ground, and are not particularly specified
They may be made of same materials cr different materials
appropriately,lmﬂ:are desired to be selected in consideration
of degree of abrasion or others.

For example, if the workpilece W is a silicon wafar as

¥

in the present preferred embodiment, the material of the notch
trigger 32 is not desired to bemetal materials in consideration
of metal contamination or cother problems.

In the illustrated preferred embodiment, the carriex
main body 31 Lg made of inexpensive GERP {glass fiber reinforced
plastics), and the notch trigger 32 made of engineering
plastics having a higher strength than the GFRP used in the
carrier main body 31, for example, FRP based on PEEK
(polyetheretherketone) resin or the 1ike, so that the material
cost can be suppressed.

ASﬁ@ntionedabove,thecarrierm&inbodyBlandthenotch

trigger 32 are both consumable parts, but the notch trigger
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32 is worn more and replaced more frequently, and preferably
only the notch trigger 32 may be made of material of higher
strength and higher wear resistance.

The notch trigger 32 1s an exchangeable and separate part
from the carrier main body 31 as mentiocned above, and is joined
and fixed integrally, and the process of joining and fixing
the notch trigger 32 to the carrier main body 31 teo form as
an integral pilece (manufacturing process) may be achleved in
the following steps {(a) to (c}.

{a) A cleaning step of junction surfaces

A step of cleaning and degreasing junction surfaces of
notch trigger mounting part 35 of the carrier main body 31 and
junction surfaces of junction parts of the notch trigger 372.

This step is %o reﬁove contamination, molsture, cily
matter or the like because the adhesive as the joining means
used in the next loining step should be free from them, so thatl
-the fixing capacity cof the adhesive may be exhibited to the
fuil.

(b} A joining ster

A step of positioning and holding the parallelism of the
carrier main body 31 and the notch trigger 32, and adhering
and joining the junction surfaces of notch trigger mounting
part 35 of the carrier main body 31 and Junction surfaces of
function parts of the notch trigger 32 while applying the

adhesive.



The applving positicon of the adhesive is the entire
surface of the plane pertion of the notch trigger mounting part
35 in FIG. 5, and the adhesive is a generally availlable instant
adhesive. The selecting conditions of the instant adhesive
include surficient Strength as the joining and fixing means
of the present preferred embodiment, one-component type, high
vigcosity, and high working efficiency.

When joining the carrier.maim body 21 and the notch
trigger 32, a sufficient caution is needed so that the notch
trigger 32 and the carrier main body 31 may be parallel to each
other, and by using a surface plate or the like having a
guaranteed parallelism, the parallelism of the two parts 31
and 372 may be achileved relatively easily.

{c) & finishing step

A step of removing the excess adhesive coming out from
the junction parts of the carrier main body 31 and the notch
trigger 32 integrally Jeined at the joining step thoroughly

to pe [inished cleanly.

L

Tf the integrally joined notch trigger 32 and carrisx
main body 31 are used directly without removing the adhesive
oozing cut from the junction parts, they may contact with the
grinding wheels 1,2 in the grinding process, thereby causing
clogging of grinding surfaces la, 2a of the grinding wheels
1, 2, or breakage of the workpieces W.

In this way, the notch trigger 32 inteqgrally joined on
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the carrier main body 31 is, as shown in FIG. 1, engaged with
rhe notch Wn of the workplece W, and rotates integrally, and
a force is applied in the rotating direction, but the notch
trigger 32 in the illustrated preferred embodiment is designed
in a junction fixing structure as shown in FIG. 3 (including
a triangular contour of the notch trigger 32), so that it is
hardly separated in the rotating direction from the carrier
main pody 31. On the other hand, since the adhesion area of
the both parts 31, 32 is small, the bonding force in the rotating
axis direction is weak, and hence the notch trigger 32 can be
easily detached from the carrier main bedy 31 and can be
replaced.

Therefore, in the both-side grinding machine having such
configuration, the workpiece rotation supporting device &
rotates and supports the workoiece W at the grinding pesition,
and the pair of grinding wheels 1, Z rotating at high speed
are fed in by a specified infeed in the direction of the grinding
wheel axes 3, 4, and the surface and reverse sides Wa, Wh of
the workpiece W are ground simultaneously by the grinding
surfaces la, 2a of the both grinding wheels 1, 2.

In this workpliece rotation supporting device 5§, the
surface and reverse gides Wa, Wb of the workpiece W fitted
and supported by the carrier apparatus € of the radial direction

supporting means 11 are held with a statlc pressure in a state

e

free from contact by the static pressure pads 15, 16 of the
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axlal direction supporting means 10, and the grinding surfaces
la, 2z of the grinding wheels 1, 2 are positioned and supported
nearly at central pesitions in the axial direction, and the
carrier apparatus b is rotated and operated around the center
of rotation defined by the support rollers 20, 20, .., so that
the workplece W is supported and rotated in a stalte positioned
in the radial direction.

As described specifically above, the carrier apparatus

[

of the present preferred embodiment brings about the
following effects.

(1) Since the annular carrier main body 31 closely
surrounding the whole circumference of the workpiece W, and
the notch trigger 37 to be encgaged with the notch Wn of the
workpiece W are formed as an integral plece, the number of parts
is saved and the structure is simple, and the cost canbe lowered
structurally.

(2} Since the carvier main body 31 for pesitioning the
outer circunmference of the workpiece W in the radial direction
is formed in a continuous annular shape having a circular innex
peripheral edge 3la surrounding c¢losely the whole
circumference of the woxkpiéce W, =as compared with the
conventional carrier hodiss o, d, ..of split structure as shown
in FIG. 8, the rigidity ig higher, and surface machining of
high precision is realized without giving adverse effects on

the machining precision of the workpilece W in the grinding
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process.

(3} Similarly, since the carrier main body 31 is annularxr
and continuous, as compared with the conventional carrvier
bodies ¢, d, .. of split structure as shown in FIG. 8, it is
almost free from machining distortion during manufacture of
the carrier main body 31, and occurrence of distortion when
mounting on the carvier ring 30 may be effectively prevented,
and further it is almost free from distortion, deflection or
deformation in the grinding process of the workplece W, and
from this respect, too, surface machining of high precision
is realized withour giving adverse effects on the machining
precision of the workpiece W in the grinding process.

(4y Since the notch trigger 32 is an exchangeable and
separate part from the carrier main body 31 and is integrally
toined and fixzed, optimum materials can be used for both the
notch trigger 32 and the carrier main bedy 31 individually,
and the material cost of the carrier apparatus ¢ can be lowered
on the whole,

In particular, an excellent material of high strength
and high wear resistance can be used only for the notch trigger
32 which functions as the rotatlion driving member of the
workpiece W, and is heavy in abrasion and high in frequency
of exchange, and the consumpilon of expensive materiaié can
be suppressed, and the material cost of the carrier apparatus

6 can be suppressed on the whole.
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{59 In addition, =ince the notch trigger 32 is an
exchangeable and separate part from the carrier main body 31

and i

0}

integrally joined and fixed, if the notch trigger 32
is worn out first because it ismore easily worn, only the notch

trigger 32 can be replaced, and the carrier main bedy 31 can

¢

be used continuously until the end of service life, and in this
respect, teo, the material cost of the carrier apparatus 6 can
be suppressed on the whole.

{6} Since the notch trigger 32 is integrally joined and
fixed to the carrier main bedy 31, the dimension of protruding
inward in the radiel direction from the mounting part of the
notch trigger 32 is very small, and unlike the conventional
cantilever-like supporting structure, the notch trigger 32 is
nbt deflected largely 1if a heavy lcad is appliied. As a result,
the workpilece W does not follow up the notch trigger 32 to
disconnect the engagement state of the workpiece Wand the notch
trigger 32, and unlike the priocr art, it is almost free from
cccurrence of defective parts due to breakage of the workpiece
W, breakage of grinding wheel, and other problems.

For example, when the grinding wheels 1, 2 of large

diameter are used in order to enhance the grinding efficiency

the mounting part of the nctch trigger 32 and the grinding
witeals 1, 2, it is not regquired to extend the length cf the

~

netch trigger 32.
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{7y Similarly, because of such mounting structure of
the notch trigger 32, it is not reguired to use expensive
materials (such as PEEKR) as tThe measure against lowering of
rigidity of the conventional cantilever-like structure, and
the cost can be lowered by using inexpensive materials.

(8y Structurally, since the notch trigger 32 is joined
and fixed to the carrier main body 31, the shape can be
simplified, and the processing cost of the notch trigger 32
can be saved, and as compared with the conventicnal notch
trigger 32, the material consumption can be saved, and the cost
is lowered also in this respect.

Moreover, according to the manufacturing methed of the
carrier apparatus 6 of the present invention, the carrier
apparatus 6 displaying these effects effsctively can be
manufactured easily and at low cost.

Further, according to the both-side grinding machine of
the present invention, since such carrier apparatus 6 is
provided, these effects are exhibited effectively, and the
surface and rveverse sides Wa, Wb ¢f the thin disk-shaped
workpiece W can be ground simultanecusly af high efficiency

nd high precision.

Tncidentally, in the preferred embodiment of the present
invention described herein, variocus design changes and
“modifications are possible as menticoned below.

For example, the illustrated preferrsed embodiment shows
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the present invention is applied in the carrier apparatus 6
in the horizontal both-side grinding machine, but it can be
also applied in the carrier apparatus of the vertical both-zide
grinding machine as disclosed in Japanese Patent Lald-Opan
Publication No. 2003-71704, or may be applied as the carrier
apparatus of the grinding machine of one-side grinding.
Further, the present invention may be applied as the carrier
appafatus of other machining tool for machining thin
disk-shaped workpieces, for example, as the carrier apparatus
of the grinding machine disclosed in Japanese Patent Lald-Open
Publication No. Hi1Ll-333707.

The workplece W to be ground is not limited to the
senmiconductor wafer as shown in FIG. 7, but includes cther thin
disk-shaped workpieces.

The specific structure of the carrier apparatus 6 is not
limited to the structure specified in the drawings as far as
the same or similar effects are obtained, and for example the
constituent materials of the carrier main bedy 31 and the notch
trigger 32 may be properly selected depending on the material
of the workpiece W to be processed, and are not limited to those
shown in the illustrated preferred embodiment. For example,
in the case of workpiece W made of iron materials, it is
preferred to use iron materials in the aspect of beoth rigidicy
and cost.

The specific exenplary embodiment disclosed in the



detailed description above 1z intended to disclose the
technical detail of the present invention, and it must be noted

that the present invention 1s not interpreted in a limited

narrow scope of the embodiment, but should be appreciated in
difications possible

wider scope in various changss and mo
within the scope ¢of the spirit and the claims of the present

]

invention mentioned below.



What is claimed is:
1. A carrier apparatus of a thin disk-shaped workpiece
for constituting a workpiece rotation supporting device for
rotating and driving while positioning and supporting the
circular outer clircumference of the workpiece, in an apparatus
for grinding or polishing at least one side of the workplece
while supporting and rotating the thin disk-shaped workpiece,
comprising:

an annular carrier main bedy having a circular inner
peripheral edge surrounding closely the whole circumference
of the workpiece, and a notch trigger having a pointed end
engaging part to be engaged with a cut portion provided in the
circular outer peripheral edge of the workpiece, being formed
as an integral piece,

wherein the notch trigger is a separats part from the
carrier main body, so as te be exchangeable and 4oined and fixed
integrally, and the pointed end engaging part has a mounting
structure of projecting inward in a radial direction from a
part of the circular inner peripheral edge of the carrier main
body.

2. The carrier apparatus of a thin disk-shaped
workpiece according to claim 1,

wherein the thickness ¢f the carrier main body and the

notch trigger is set thinner than the finishing thickness of
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the workpiece, and icining and fixing of the notch trigger and
The carrier main body is reallzed by an adhesive that can be
fixed and released.

3. The carrier apparatus of & thin disk-shaped
workpiece according to claim Z,

wherein the notch trigger mounting part on the carrier
main body is cut and formed in a shape corresponding to the
outer contour shape of the junction part of the notch trigger,
and

the adhesive is applied on the Junchtion surface of the
notch trigger mounting part.

4. The carrier apparatus of a thin disk-shaped
workplilece according te claim 3,

wherein the neotch trigger is composed of thin plate
members having a Lriangular contour having one peak formad as
the pointed end engaging part to be engaged with the cut part
of the workpiece, and

in the notch trigger mounting part éf the carrier main
body, circular grooves for aveiding concentration of stress
are formed at positions corresponding to remaining two peaks
of the triangular contcur of the notch trigger.

5. The carrier apparatus o©f a thin disk~-shaped
workpiece according to any one of claims 1 to 4,

wherein the pointed end engaging part of the notch

trigger has an arc contour shape, and its section is set



corresponding to the secticonal shape of the cut part of the
workpliece. |

6. A method of manufacturing a carrier apparatus of a
thin disk-shaped workpiece for constituting a workplece
rotation supporting device for rotating and driving while
positioning and supporting the circular cuter circumference
of the workpiece, 1n an apparatus for grinding or polishing
at least cne side of the workpiece while supporting and retating
the thin disk~shaped workpiece, comprising following steps {1}
Te {(2):

(1Y Acleaning Ste§>éf cleaning and degreasing junction
surfaces of notch trigger mounting part of the carrier main
body and Jjunction surfaces of Jjunction parts of the notch
triggexr;

(2) A Jjoining step ¢f positioning and holding the
parallelism of the carrier main body and the notch trigger,
and adhering and joining the junction surfaces of notch trigger
mounting part of the carrier main body and junction surfaces

of Jduncticn parts of the notch trigger while applying the

{3y A finishing step of removing the excess adhesive
coming out from the juncticn parts of the carrier main body
and the notch trigger integrally Joined at the Joining step.

7. A both-side grinding machine of a thin disk-shaped

workpiece for reotating and supporting a thin disk-shaped
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workplece, feeding a palr of grinding whesls rotating &

r.,A
2.
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speed in the grinding wheel axial direction

the grinding surfaces of these <two grinding wheels,
comprising:

a pair o
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rotating the workpiece, in a state of the surface and reverse

5o

sides of the workpiece opposite to theses two grinding surfaces

between the grinding surfaces of the palr of grinding wheels,

te

whaerein the woerkpiece rotation supporting means has
axial direction supporting means Ifor positioning and
supporting the workpisce in an axial direction, and radial

direction supporting means for positioning, roteting and

gsupporting the workpiece in a radial direction, and
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direction supporting means has the carrier

.apparatus as set forth in any one of claims 1 to 5.



