HOLDI NG APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a holding
apparatus for hol ding a workpiece.

Description of the Related Art

A plurality of device chips including respective
devices such as integrated circuits (1Cs), large scale
integration (LSI) circuits, or the |ike are manufactured
by dividing a sem conductor wafer with the devices forned
t hereon. Packaged devices are manufactured by dividing a
packaged substrate in which a plurality of device chips
mounted on a substrate are covered by a sealing materi al
of resin, i.e., a nolding resin. The package devices are
i ncorporated in various electronic equipnent typified by
cel lular phones and personal conputers. |In recent years,
as electric equi pmrent becones smaller and thinner, device
chi ps and packaged devices are required to be thinner. It
has therefore been customary to grind sem conductor
waf ers and packaged substrates to thinner profiles before
t hey are divided.

For dividing workpieces typified by sem conductor

wafers and packaged substrates, there has been used a



cutting apparatus that cuts workpieces with an annul ar
cutting blade, for exanple. For thinning workpieces,
there has been used a grinding apparatus that grinds
wor kpi eces with grinding stones, for exanple. Processing
apparatus such as cutting apparatus, grinding apparatus,
and so on include a holding table for holding a workpiece
thereon. For exanple, Japanese Patent Laid-COpen No. 2004-
14939 discloses a holding table having a porous plate
made of a porous material such as porous ceramics or the
|ike. The porous plate has an upper surface functioning
as a holding surface for holding a workpiece thereon, the
hol di ng surface being connected to a suction source. Wth
t he workpi ece placed on the holding surface of the porous
pl ate, the suction source is actuated to apply a negative
pressure to the holding surface to hold the workpiece

under suction on the hol ding table.

SUMWARY OF THE | NVENTI ON
When the workpiece is held on the holding table and
processed by the processing apparatus, foreign matter
such as debris or chips from the processed workpiece
tends to be deposited on the workpiece and the porous
plate of the holding table. If the workpiece with foreign

matter deposited thereon is placed on the holding table,



the foreign matter nmay find its way between the workpiece
and the holding table. Wen the workpiece is held under
suction on the holding table with the foreign natter
bei ng present between the workpiece and the hol ding table,
regions of the workpiece that are kept contact with the
foreign matter are liable to be deformed. The workpiece
thus defornmed is subject to |local stresses and tends to
be broken.

It is therefore an object of the present invention
to provide a holding apparatus that is capable of
preventing a workpi ece held thereby from bei ng broken.

In accordance wth an aspect of +the present
invention, there is provided a holding apparatus for
hol di ng a workpi ece, including holding neans for holding
the workpiece on a holding surface and drawi ng an outer
circunferential area of the workpiece under suction wth
an annul ar suction area defined in an area of the hol ding
surface that 1is covered by the workpiece, pressure
nmeasuring neans for neasuring a pressure in a suction
channel connected to the annular suction area, and
control neans for determning that no foreign matter is
present between the workpiece and the holding surface if
the pressure neasured by the pressure neasuring neans is

| ower than a preset threshold value and determ ning that



foreign matter is present between the workpiece and the
hol ding surface if the pressure neasured by the pressure
measuring nmeans i s higher than the threshol d val ue.

The hol ding apparatus according to the aspect of
the present invention includes the holding neans that
draws the outer circunferential area of the workpiece
under suction wth the annular suction area. The hol ding
neans does not hold the workpiece under suction if
foreign matter is present between the workpiece and the
hol di ng nmeans. Therefore, the area of the workpiece that
contacts the foreign natter is prevented from being
| ocally deforned, and hence the workpiece is prevented
from bei ng broken.

The hol ding apparatus according to the aspect of
the present invention also includes the pressure
measuri ng nmeans that nmeasures the pressure in the suction
channel connected to the annular suction area, and the
control means that determ nes whether foreign matter is
present on the basis of the pressure neasured by the
pressure neasuring nmeans. Consequent |y, when the
wor kpi ece is placed on the holding neans, it is possible
to confirm whether foreign matter is present between the
wor kpi ece and the hol ding table or not.

The above and other obj ect s, features and



advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the followng description and an appended claim wth
reference to the attached drawi ngs showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1A is a perspective view of a holding
appar at us;

FIG 1B is a perspective view of the holding
apparatus with a workpi ece held thereby;

FIG 2 is a cross-sectional view of the holding
apparatus with the workpi ece held thereby; and

FIG 3 is a cross-sectional view of the holding
apparatus with foreign matter having entered between the

wor kpi ece and a hol di ng table.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
A holding apparatus according to a preferred
enbodi nrent of the present invention will be described in
detail below with reference to the acconpanyi ng draw ngs.
First, an exanple of the structure of the holding

apparatus, i.e., a holding nmechanism wll be described



bel ow. FIG 1A illustrates in perspective the holding
apparatus, i.e., the holding nmechanism denoted by 2. As
illustrated in FIG 1A, the holding apparatus 2 includes
a holding table, i.e., holding neans, 4 for holding a
wor kpi ece 11 thereon. The holding table 4 is mde of a
nonporous nmaterial such as nonporous netal, glass,
ceramcs, or like, and is of a circular shape as viewed
in plan. The holding table 4 has an wupper surface
functioning as a holding surface 4a for holding the
wor kpi ece 11 thereon.

The workpiece 11 is a nenber to be processed,
cl eaned, or otherwse treated while being held on the
holding table 4, i.e., an object to be held or an object
to be treated. For exanple, the workpiece 11 is a disk-
shaped wafer made of silicon or the |ike, and has a face
side 1la and a reverse side 11b. The workpiece 11 is
demarcated into a plurality of areas by a grid of
intersecting projected dicing lines or streets 13.
Devi ces 15 such as integrated circuits (1Cs), large scale
integration (LSI) circuits, light emtting diodes (LEDs),
or the like fornmed in the respective areas on the face
side 1lla. The workpiece 11 is not limted to any
particular material, shape, structure, size, and the I|ike.

For exanple, the workpiece 11 may be a wafer of any shape



and size and may be made of a seniconductor other than
silicon, such as GaAs, InP, GN, SIC,  or the Iike,
sapphire, glass, ceramcs, resin, netal, or the like. The
devices 15 are not limted to any type, nunber, shape
structure, size, layout, and the liKke.

The hol di ng surface 4a of the holding table 4 is of
a shape and size able to support the workpiece 11 in its
entirety. Specifically, the holding surface 4a is of a
circular shape that is large in dianeter than the
wor kpi ece 11. For exanple, in case the workpiece 11 has a
di aneter of approximately 300 nmm then the holding
surface 4a may have a dianeter of approximately 310 mm
The workpiece 11 is placed on the holding table 4 such
that the central position of the workpiece 11 is aligned
with the central position of the holding table 4. The
shape and size of the holding surface 4a may be changed
dependi ng on the shape and size of the workpiece 11.

The holding table 4 has an annular recess, i.e., a
suction region, 4b defined in the holding surface 4a
along the outer circunferential edge of the holding table
4, The recess 4b is defined in an area of the hol ding
surface 4a that is covered by the workpiece 11 when the
workpiece 11 is placed on the holding table 4.

Specifically, the recess 4b is of an annular shape that



is smaller in dianmeter than the workpiece 11. For exanpl e,
the recess 4b is defined at a position that is spaced
approximately 3 to 6 mm from the outer circunferenti al

edge of the holding table 4 toward the center of the
holding table 4, and has a predeterm ned w dth ranging
from approximately 1 to 2 mm for exanple. In FIG 1A

the recess 4b is illustrated as being of a continuous
| i neal shape, though it is not limted to any shape. For
exanple, a plurality of continuous |lineal recesses 4b may
be arranged annularly along the outer circunferential

edge of the holding table 4. The recess 4b nay be defined
as a discrete lineal recess, i.e., a dotted-line recess,

along the outer circunferential edge of the holding table
4. Aternatively, two or nore annular |ineal recesses 4b
having different dianeters nay be defined concentrically
in the holding surface 4a.

The holding table 4 is connected to a rotary
actuator, not depicted, such as an electric notor. Wen
the rotary actuator is energized, it rotates the holding
table 4 around a rotational axis generally parallel to Z-
axis directions, i.e., vertical directions or upward and
downward directions. The holding table 4 1is also
connected to a noving nechanism not depicted, that noves

the holding table 4 along X-axis directions, i.e., first



hori zont al directions, and Y-axis directions, i.e.,
second horizontal directions.

When the workpiece 11 is placed on the holding
surface 4a of the holding table 4, an area of the
wor kpi ece 11 along the outer circunferential edge thereof,
i.e., an outer circunferential area thereof, overlaps the
recess 4b. Then, when a negative pressure from a suction
source 10 (see FIG 2) connected to the recess 4b is
applied to the recess 4b, the area of the workpiece 11
along the outer circunferential edge thereof, i.e., the
outer circunferential area thereof, that overlaps the
recess 4b is drawn under suction toward the holding
surface 4a, whereupon the workpiece 11 is held under
suction on the holding table 4. Thus, the recess 4b
represents a suction area for drawing the outer
circunferential area of the workpiece 11 under suction.
FIG 1B illustrates in perspective the hol ding apparatus
2 with the workpiece 11 held thereby. The workpiece 11
held by the holding apparatus 2 is processed, treated, or
ot herwi se treated in various ways.

FIG 2 illustrates in cross section the holding
apparatus 2 with the workpiece 11 held thereby. The
recess 4b defined in the holding table 4 is connected to

a suction channel 6 defined in the holding table 4. The



suction channel 6 is connected through a valve 8 to the
suction source 10 which may be an ejector or the Ilike.
The suction channel 6 is also connected through a valve
12 to a fluid supply source 14 that supplies the suction
channel 6 with a fluid such as air or the Iike. A
pressure neasuring unit, i.e., pressure neasuring mnmeans

16 for neasuring the pressure in the suction channel 6 is
connected to the suction channel 6. The hol di ng apparat us
2 also includes a controller, i.e., control neans, 30
connected to various conponents of the hol ding apparatus
2, including the valve 8, the suction source 10, the
valve 12, the fluid supply source 14, the pressure
nmeasuring wunit 16, the rotary actuator, the noving
mechanism and the Iike. The controller 30 includes a
computer or the like for controlling operation of the
conponents of the hol ding apparatus 2.

For holding the workpiece 11 on the holding
apparatus 2, the workpiece 11 is placed on the holding
surface 4a of the holding table 4. For exanple, the
wor kpi ece 11 is placed on the holding table 4 such that
the face side 1la is exposed upwardly and the reverse
side 11b faces the holding surface 4a of the holding
table 4. At this tine, the recess 4b in its entirety that

Is defined in the holding table 4 is covered by the

10



wor kpi ece 11, and the outer circunferential area of the
wor kpi ece 11 overl aps the recess 4b.

Wth the workpiece 11 placed on the holding table 4,
the valve 8 is opened and the valve 12 is closed. As a
result, the vacuum pressure from the suction source 10
acts through the suction channel 6 and the recess 4b on
the reverse side 11b of the workpiece 11, drawing the
outer circunferential area of the workpiece 11 under
suction. The workpiece 11 is now held under suction on
the hol ding table 4.

For renoving the workpiece 11 from the holding
apparatus 2, the valve 8 is closed and the valve 12 is
opened. The workpiece 11 is now rel eased fromthe suction
force from the suction source 10. Further, the fluid
supply source 14 supplies the fluid such as air or the
like to the suction channel 6. The fluid supplied to the
suction channel 6 flows therefrom into the recess 4b,
fromwhich the fluid is ejected upwardly. Wen the fluid
is thus supplied to the suction channel 6 for renoving
the workpiece 11 fromthe holding table 4, therefore, the
vacuum that has been developed in the suction channel 6
and the recess 4b is cancelled and the fluid is applied
to the reverse side 11b of the workpiece 11. The fluid

applied to the reverse side 11b of the workpiece 11
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assists in renoving the workpiece 11 from the holding
table 4. The workpiece 11 can thus easily be renoved from
the holding table 4. The fluid supplied from the fluid
supply source 14 is not Ilimted to any particular
conponents insofar as it can assist in renoving the
wor kpi ece 11 from the holding table 4. For exanple, the
flurd may be water or a mxture of water and air. The
fluid supply source 14 nmay be altered in structure
dependi ng on the conponents of the fluid.

The holding apparatus 2 is incorporated in a
processi ng apparatus for processing the workpiece 11, a
cl eaning apparatus for cleaning the workpiece 11, or the
i ke. The processing apparatus nay be a cutting apparatus
for cutting the workpiece 11 with an annular cutting
bl ade, a grinding apparatus for grinding the workpiece 11
with grinding stones, a polishing apparatus for polishing
the workpiece 11 with a polishing pad, a |aser processing
apparatus for processing the workpiece 11 with a |[aser
beam applied thereto, or the like. The controller 30 of
the holding apparatus 2 may be integrally conbined with a
controller of the processing apparatus, the cleaning
apparatus, or the I|ike.

Wien the workpiece 11 is held by the holding

apparatus 2 and processed by the processing apparatus,
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foreign matter such as debris or chips produced from the
processed workpiece 11 nay be deposited on the workpiece
11 or the holding table 4. If the workpiece 11 wth
foreign matter deposited thereon is placed on the hol ding
table 4, the foreign matter may find its way between the
wor kpi ece 11 and the holding table 4. FIG 3 illustrates
in cross section the holding apparatus 2 wth foreign
matter 17 having entered between the workpiece 11 and the
holding table 4. If the foreign matter 17 is sandw ched
bet ween the workpiece 11 and the holding table 4 when the
workpiece 11 is placed on the holding table 4, as
illustrated in FIG 3, the workpiece 11 has one end, i.e.,
the right end in FIG 3, kept in contact with the hol ding
table 4 and the other end, i.e., the left end in FIG 3,

kept out of contact with the holding table 4.

It is assunmed that the holding surface 4a of the
holding table 4 is in the form of a porous plate nade of
a porous material and the area of the holding surface 4a
that overlaps the workpiece 11 functions as a suction
area inits entirety. Wen the negative pressure fromthe
suction source 10 acts on the holding surface 4a, the end
of the workpiece 11 that is kept in contact with the
holding table 4 is initially drawn under suction to the

hol di ng surface 4a. Then, the workpiece 11 is drawn under

13



suction to the holding surface 4a progressively from the
one end to the other end of the workpiece 11 by the
suction force that acts on the entire area of the hol ding
surface 4a that overlaps the workpiece 11. As a result,
the foreign matter 17 is sandw ched between the workpiece
11 and the holding surface 4a, and the workpiece 11 is
held on and al ong the hol ding surface 4a and only an area
of the workpiece 11 that contacts the foreign matter 17
remains out of contact with the holding surface 4a.
Therefore, the area of the workpiece 11 that contacts the
foreign matter 17 is defornmed and subject to |loca
stresses, tending to cause the workpiece 11 to be broken.
On the other hand, in the holding apparatus 2
accor di ng to t he present enbodi nent, t he out er
circunferential area of the workpiece 11 is drawn under
suction by the annular suction area, i.e., the recess 4b,
of the holding table 4, and the workpiece 11 has a
central area that is not drawn under suction by the
hol ding table 4. Accordingly, the suction force acting on
the workpiece 11 from the holding table 4 is noderately
weaker than if the workpiece 11 were drawn under suction
inits entirety. In case the foreign matter 17 is present
between the workpiece 11 and the holding table 4, when

the negative pressure from the suction source 10 acts in
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the recess 4b, the reverse side 11b of the workpiece 11
IS not brought into intimate contact with the holding
surface 4a, and the workpiece 11 is not held under
suction on the holding surface 4a. The workpiece 11 is
thus prevented from being broken or damage which would
ot herwi se be caused if the workpiece 11 were held on and
along the holding surface 4a while in contact with the
foreign matter 17.

If the workpiece 11 is processed, cleaned, or
otherwise treated while the workpiece 11 is not being
properly held on the holding table 4 because of the
foreign matter 17 being present between the workpiece 11
and the holding table 4, as illustrated in FIG 3, then
the workpiece 11 may fall off the holding table 4 and be
broken. Therefore, when the workpiece 11 is placed on the
holding table 4, it is preferable to confirm whether
foreign matter 17 is present between the workpiece 11 and
the holding table 4 or not. The hol ding apparatus 2
determ nes whether foreign matter 17 is present or not,
using the pressure neasuring unit 16 and the controller
30.

Specifically, the workpiece 11 is placed on the
holding table 4 while the pressure nmeasuring unit 16 is

nmeasuring the pressure in the suction channel 6. |In case
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no foreign matter 17 is present between the workpiece 11
and the holding table 4, the entire reverse side 11b of
the workpiece 11 is held in contact with the holding
surface 4a, and the workpiece 11 is properly held on the
holding table 4, as illustrated in FIG 2. A pressure Pl
in the suction channel 6 at this tine is measured by the
pressure nmeasuring unit 16. In case the foreign matter 17
is present between the workpiece 11 and the holding table
4, the workpiece 11 is not properly held on the hol ding
table 4, but one end of the workpiece 11 is kept in
contact with the holding table 4 and the other end
thereof is kept out of contact with the holding table 4,
as illustrated in FIG 3. A pressure P2 in the suction
channel 6 at this tine is neasured by the pressure
measuring unit 16.

In case the entire reverse side 11b of the
workpiece 11 is not held in contact with the holding
surface 4a, as illustrated in FIG 3, the negative
pressure fromthe suction source 10 |eaks from the region
of the recess 4b that is not covered by the workpiece 11.
Therefore, the pressure P2 in the suction channel 6 is
unlikely to drop, but is higher than the pressure Pl in
the suction channel 6 neasured when the recess 4b is

covered in its entirety by the workpiece 11, as
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illustrated in FIG 2. In other words, the pressure in
the suction channel 6 varies depending on whether foreign
matter 17 is present or not. The controller 30 determ nes
whet her foreign matter 17 is present or not on the basis
of the value of the pressure in the suction channel 6.

Speci fically, the controller 30 includes a
determining section 32 for determning whether the
foreign matter 17 is present or not on the basis of the
value of the pressure in the suction channel 6 and a
storage section 34 for storing various data to be used in
processi ng sequences of the determ ning section 32. The
pressure in the suction channel 6 that is neasured by the
pressure neasuring unit 16 is input to the determning
section 32. The storage section 34 stores a threshold
value Pth corresponding to the boundary between the
pressure Pl in the suction channel 6 neasured when no
foreign matter 17 is present and the pressure P2 in the
suction channel 6 neasured when the foreign matter 17 is
present. The threshold value Pth satisfies the
relationship: Pl < Pth < P2, and is acquired in advance
by experinentation, for exanple.

The determ ning section 32 conpares the pressure P
in the suction channel 6 neasured by the pressure

nmeasuring unit 16 with the threshold value Pth stored in
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the storage section 34. |If the pressure P is |ower than
the threshold value Pth, then the determ ning neans 32
determines that no foreign matter 17 is present between
the workpiece 11 and the holding surface A4a. If the
pressure P is higher than the threshold value Pth, then
the determning neans 32 determines that foreign matter
17 is present between the workpiece 11 and the holding
surface 4a. The determned result produced by the
determning section 32 is displayed on a display unit,
not depicted, of the holding apparatus 2, for exanple, or
output from the <controller 30 out of the holding
apparatus 2. If the determ ning nmeans 32 determ nes that
foreign matter 17 is present, then the workpiece 11 and
the holding table 4 are cleaned, for exanple, to renove
the foreign matter 17.

As described above, the holding apparatus 2
according to the present enbodi nent includes the holding
table 4 that draws the outer circunferential area of the
wor kpi ece 11 wunder the suction force from the annular
recess 4b defined in the holding surface 4a. In case
foreign matter 17 is present between the workpiece 11 and
the holding surface 4a, the workpiece 11 is not held
under suction on the holding table 4. Therefore, the area

of the workpiece 11 that contacts the foreign matter 17
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is prevented from being locally deforned, and hence the
wor kpi ece 11 is prevented from being broken. The hol ding
apparatus 2 includes the pressure nmeasuring unit 16 that
neasures the pressure in the suction channel 6 connected
to the recess 4b and the controller 30 that determ nes
whet her foreign matter 17 is present or not on the basis
of the pressure neasured by the pressure neasuring unit
16. Consequently, when the workpiece 11 is placed on the
holding table 4, it 1is possible to confirm whether
foreign matter 17 is present between the workpiece 11 and
the holding table 4 or not.

According to the present enbodi nent, the annular
recess 4b is defined in the holding table 4 by way of
exanpl e. However, the structure of the holding table 4
may be changed or nodified insofar as changes and
nodi fications are capable of holding the workpiece 11
under suction on the holding table 4. For exanple, the
hol ding table 4 may further include one or nore recesses
defined therein that are open at the holding surface 4a
inwardly of the recess 4b, i.e., inwardly of the recess
4b in radial directions of the holding table 4.

More specifically, the holding table 4 may have a
cylindrical recess defined centrally therein that has a

predeterm ned dianeter ranging from approximately 1 to 6
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nmm for exanple. The cylindrical recess is connected to
the suction channel 6 and functions as a suction port for
appl ying suction forces to hold the workpiece 11 under
suction on the holding table 4 and also as an ejection
port for ejecting a fluid to the workpiece 11 to renove
the workpiece 11 from the holding table 4. The
cylindrical recess makes it nore reliable to hold the
wor kpi ece 11 on the holding table 4 and also nakes it
easier to renove the workpiece 11 from the holding table
4.

The structural details, processes, and the |ike. of
the holding apparatus 2 according to the present
enbodi nent can be changed or nodified insofar as changes
and nodifications fall within the scope of the present
i nventi on.

The present invention is not l[imted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended claim and all
changes and nodifications as fall within the equival ence
of the scope of the claimis therefore to be enbraced by

the i nventi on.
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WHAT | S CLAIMED I S:

1. A holding apparatus for hol ding a workpiece,
conpri si ng:

holding neans for holding the workpiece on a
hol di ng surface and drawing an outer circunferential area
of the workpiece under suction with an annular suction
area defined in an area of the holding surface that is
covered by the workpiece;

pressure neasuring neans for mneasuring a pressure
in a suction channel connected to the annular suction
area; and

control nmeans for determning that no foreign
matter is present between the workpiece and the hol ding
surface if the pressure neasured by the pressure
nmeasuring nmeans is lower than a preset threshold val ue
and determning that foreign matter is present between
the workpiece and the holding surface if the pressure
neasured by the pressure neasuring neans is higher than

the threshol d val ue.
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