APPARATUS FOR DI VI DI NG WORKPI ECE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an apparatus for
di viding a plate-shaped workpiece into chips by applying
external forces thereto along projected dicing lines on
t he wor kpi ece.

Description of the Related Art

Pl at e- shaped workpieces or substrates nmade of
sapphire, SiC, glass, or the Ilike are divided along
projected dicing lines thereon into individual pieces.
For dividing a workpiece, for exanple, a l|laser beam is
applied to the workpiece along projected dicing lines
thereon from a face side of the workpiece, formng
nodi fied layers along the projected dicing lines in the
wor kpi ece. After the nodified |ayers have been forned,
the workpiece is divided according to a three-point
breaking process using a breaking apparatus having a
bl ade or pressing nenber, as disclosed in Japanese Patent
Lai d- Open No. 2009-148982. According to the disclosed
three-point breaking process, the blade presses the
wor kpi ece along the projected dicing lines where the

mechani cal strength is weak, dividing the workpiece into



i ndividual chips from the nodified |ayers that act as

division initiating points.

SUMVARY OF THE | NVENTI ON

According to the three-point breaking process, both
adj acent sides of a projected dicing |line on the reverse
side of the workpiece are supported at two points and the
bl ade presses the face side of the workpiece on the
projected dicing line from above, thus dividing the
wor kpi ece along the projected dicing Iine. Therefore, the
chi ps disposed adjacent to the pressed projected dicing
line tend to nove away from the area where the projected
dicing line is disposed, resulting in chippings produced
fromthe edges of the chips.

It is therefore an object of the present invention
to provide an apparatus for dividing a plate-shaped
wor kpi ece along projected dicing lines thereon while
reduci ng chippings produced in chips into which the
wor kpi ece i s divided.

In accordance wth an aspect of the present
invention, there is provided a dividing apparatus for
di viding a pl ate-shaped workpiece along projected dicing
lines thereon, the workpiece being stuck to an upper
surface of a protective tape nmounted on an annul ar frane
and having a strength reduced along the projected dicing

lines, including a frame holding unit having a holding

2



surface for holding the annular frane, the frane hol ding
unit being rotatable about its own axis, a detecting unit
for detecting the projected dicing Iines on the workpiece
stuck to the protective tape, a dividing unit for
dividing the workpiece into chips along the projected
dicing line detected by the detecting unit, and a noving
mechanism for noving the frame holding unit and the
dividing unit with respect to each other. The dividing
unit includes a holder for holding one of two regions of
the workpiece which are next to each other across the
detected projected dicing |line where the workpiece is to
be broken, from both upper and |ower surfaces of the
wor kpi ece, and a presser for pressing an other of the two
regions of the workpiece which is next to the one of the
two regions that is held by the holder across the
projected dicing line where the workpiece is to be broken,
thereby to divide the workpiece along the projected
di cing |ine.

Wth the above arrangenent, while one of the two
regions of the workpiece which are next to each other
across the detected projected dicing line where the
wor kpiece is to be broken is being held from both the
upper and | ower surfaces of the workpiece by the hol der
the other of the two regions is pressed by the presser.
The region held by the holder is prevented from being

noved by the presser pressing the other region, thereby



preventing chippings from being produced from edges of
t he chi ps.

In the dividing apparatus according to the present
i nvention, the holder includes a first holder for pushing
upwardly the workpiece from the |ower surface thereof
through the protective tape, and a second hol der disposed
above the workpiece in facing relation to the first
hol der across the workpiece, for abutting and hol ding the
wor kpi ece from above the workpiece. The first hol der has
a plurality of rectangular abutnent nenbers of different
| engths, the first holder being operable to position one
of the rectangular abutment mnenbers which has a length
corresponding to the length of the projected dicing |line.

According to the present invention, since while one
of the two regions of the workpiece which are next to
each other across the detected projected dicing line is
being held from both the upper and |ower surfaces of the
wor kpi ece by the holder, the other of the two regions is
pressed by the presser to divide the workpiece, chippings
are prevented from bei ng produced from edges of the chips.

The above and other obj ect s, features and
advantages of the present invention and the manner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the followng description and appended clains wth

reference to the attached drawings showing a preferred
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enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view of a dividing
apparatus according to an enbodinent of the present
I nventi on;

FIG 2 is a schematic perspective view of a
wor kpiece to be divided by the dividing apparatus
according to the enbodi nent;

FIG 3 is a schematic side elevational view of a
second holder and a presser of the dividing apparatus
according to the enbodi nent;

FIG 4A is a side elevational view, partly in cross
section, illustrating the manner in which the dividing
apparatus is ready to divide the workpiece;

FIG 4B is a side elevational view, partly in cross
section, illustrating the manner in which the dividing
apparatus is holding the workpiece;

FIG 4C is a side elevational view, partly in cross
section, illustrating the manner in which the dividing
apparatus is dividing the workpiece;

FIG 5A is a plan view illustrating the manner in
which the dividing apparatus is ready to divide the
wor kpi ece; and

FIG 5B is a plan view simlar to FIG 5A

illTustrating a drawback of the related art.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

An apparatus for dividing a plate-shaped workpi ece,
also referred to as a dividing apparatus, according to an
enbodi nrent of the present invention wll be described

below with reference to the acconpanying drawings. FIG 1

illustrates in perspective the dividing apparatus
according to the present invention. The dividing
appar at us IS not limted to structural details

illustrated in FIG 1, but may be changed or nodified in
appropri ate ways.

As illustrated in FIG 1, a dividing apparatus 10
Is arranged to divide, wth a dividing unit (dividing
neans) 12, a plate-shaped workpiece W supported on an
annular frame F by a protective tape T into individual
chips C (see FIG 4).

FIG 2 illustrates in schematic perspective the
wor kpi ece W according to the present enbodinent. As
illustrated in FIG 2, the workpiece W has a face side
stuck to an wupper surface of the protective tape T
nmounted on the annular franme F and is held on the annul ar
frame F. A tape called nylar tape (not illustrated) is
stuck to the reverse side of the workpiece W The
wor kpi ece Whas a grid of projected dicing lines L on the
face side thereof and a plurality of devices D disposed
In respective areas demarcated on the face side by the

projected dicing lines L. The workpiece W may be a



sem conduct or wafer having a sem conductor substrate nmade
of silicon, gallium arsenide, or the |ike and devices D
such as integrated circuits (1Cs), large scale integrated
(LSI) <circuits, or the |ike disposed thereon, or an
opti cal device wafer having substrate made of an
inorganic material of ceramcs, glass, sapphire, or the
like and optical devices D such as LEDs or the |like
di sposed thereon. Alternatively, the workpiece Wnmay be a
quartz glass substrate or a sapphire substrate free of
t he devices D.

The workpiece Whas its strength reduced al ong the
projected dicing lines L. Such a reduction in the
strength may be achieved by nodified |ayers, not
illustrated, for exanple, that are forned in the
wor kpi ece W as division initiating points. The nodified
| ayers refer to a region where the density, refractive
i ndex, nechanical strength, or other physical properties
in the workpiece Wis nade different from the surrounding
region by the application of a laser beam wth its
strength | ower than the surrounding region. The workpiece
W has cracks developed therein by the nodified |ayers
formed by the application of a |aser beam According to
the present enbodi nent, such cracks appear on the reverse
side of the workpiece W opposite the projected dicing
lines L, and the workpiece Wis supported on the annul ar

frame F with the reverse side facing upwardly. The



nodified layers represent a nelted region, a cracked
region, a dielectric-breakdowmn region, or a refractive-
i ndex-changed region, or a region where those regions
occur together.

The division initiating points are not limted to
nodified layers, but my be any points where the
wor kpi ece Wstarts to be divided, and nay be in the form
of | aser-processed grooves, cut grooves, or scribed |ines,
for exanple. The protective tape T is not limted to any
materials insofar as it is elastic. The protective tape T
has a tape base that is preferably nade of polyolefin
(PO or polyvinyl chloride (PVC), for exanple.

As illustrated in FIG 1, the dividing apparatus 10
includes a franme holding unit (frame holding neans) 11, a
dividing unit 12 for dividing the workpiece Winto chips
C (see FIG 4) along the projected dicing lines L, and a
novi ng nmechani sm (noving nmeans) 13 for noving the frane
holding unit 11 and the dividing unit 12 relatively to
each ot her.

The frame holding unit 11 includes an annul ar frame
hol di ng nmenber 17 having an upper surface as a hol ding
surface 17a for placing the annular frane F (see FIG 1)
t her eon. The frame holding menber 17 is made of a
magnetic material for magnetically attracting and hol di ng
the annular franme F (see FIG 1) placed on the holding

surface 17a. The frame holding unit 11 may alternatively



hold the annular frane F wth a plurality of clanp
nmechani snms di sposed on the outer periphery of the frane
hol di ng nenber 17. The frame holding nenber 17 is
rotatabl e about a central through hol e defined therein by
a gear 18 (see FIG 4A, etc.) held in nmesh with gear
teeth on the outer periphery of the frame hol di ng nenber
17.

The dividing unit 12 includes a holder 20 for
hol ding the workpiece W by sandw ching both upper and
| oner surfaces thereof and a presser 21 for pressing the
wor kpi ece Win the vicinity of a portion thereof that is
hel d by the hol der 20.

The hol der 20 includes a first holder 23 positioned
bel ow the franme hol ding nenber 17 and a second hol der 24
positi oned above the frane hol di ng nenber 17.

The first holder 23 includes a rotor 26 having a
central rotational axis extending in a Y-axis direction
and a plurality of rectangular abutnent nenbers 27 of
various lengths projecting radially and outwardly from an
outer circunferential surface of the rotor 26. The rotor
26 has opposite ends supported by a bracket 28 and is
rotatabl e about the central rotational axis by a rotating
mechanism not illustrated. The rectangul ar abutnment
menbers 27 have their lengths different from each other
along the Y-axis direction. The directions in which the

rectangul ar abutment nmenbers 27 project change as the



rotor 26 rotates about its central rotational axis. O
the rectangular abutnment nenbers 27, the rectangular
abutment nmenber 27 that is oriented vertically and
upwardly has its radially outward distal end holding the
| oner surface of the workpiece W Stated otherw se, the
length of the rectangular abutnment nenber 27 that is
oriented vertically and upwardly can be selected by
controlling the angular displacenent, i.e., rotationa
angle, of the rotor 26, and the selected rectangular
abut ment nmenber 27 hol ds the workpi ece W

The first holder 23 further includes a lifting and
| owering nechanism 30 having two guide rails 30a that
support the bracket 28 for vertical novenent. The lifting
and |owering mnmechanism 30 has an actuating nechanism
including an electric notor, a ball-screw, etc., not
illustrated, for nmoving the Dbracket 28 and the
rectangul ar abutnment nenber 27 supported by the bracket
28 vertically in a Z-axis direction along the guide rails
30a.

The second holder 24 is disposed in juxtaposed
relation to the presser 21 in an X-axis direction and
supported on a support plate 46, to be described |ater,
of the noving nechanism 13. The second holder 24 is also
di sposed in juxtaposed relation to the first holder 23 in
the Z-axis direction (see FIG 4A). FIG 3 is a schematic

side elevational view of the second holder 24 and the
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presser 21 according to the enbodinent. As illustrated in
FIG 3, the second holder 24 includes an air cylinder
(advancing and retracting nmeans) 32 hanging from a | ower
surface of the support plate 46 and an upper abutnent
menber 33 connected to the lower end of a piston rod 32a
of the air cylinder 32. Wen the air cylinder 32 is
actuated, the wupper abutnent nenber 33 is vertically
novable in the Z-axis direction. The upper abut nent
menber 33 is in the form of an elongate piece or plate
extending in the Y-axis direction perpendicular to the
sheet of FIG 3, and is disposed above the rectangul ar
abutment nmenber 27 (see FIG 1) in facing relation
t her et o.

The presser 21 includes an air cylinder (advancing
and retracting neans) 35 extending in the Z-axis
direction and a depressing nenber 36 connected to the
| ower end of a piston rod 35a of the air cylinder 35
Wien the air cylinder 35 is actuated, the depressing
menber 36 is vertically novable in the Z-axis direction
The depressing nenber 36 is in the form of an elongate
piece or plate extending in the Y-axis direction and has
its wdth in the X-axis direction (see FIG 1)
progressively smaller toward the |ower distal end thereof.

As illustrated in FIG 1, the noving mechanism 13
i ncludes a portal -shaped colum 40 fixedly nmounted on a

hori zontal base, not illustrated, a pair of guide rails
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41 mounted on a front surface of the colum 40 and
extending parallel to the Y-axis direction, and a Y-axis
table 42 slidably mounted on the guide rails 41. The
novi ng nechani sm 13 also includes a pair of guide rails
44 mounted on a front surface of the Y-axis table 42 and
extending parallel to the Z-axis direction, and a Z-axis
table 45 slidably mounted on the guide rails 44. The
novi ng nmechani sm 13 further includes a support plate 46
supported on a front surface of the Z-axis table 45 and
extending parallel to an XY plane, i.e., a plane defined
by the X- and Y-axis directions, a pair of guide rails 48
di sposed on a lower surface of the support plate 46 and
extending parallel to the X-axis direction, and a slider
49 slidably nounted on the guide rails 48. The air
cylinder 32 of the second holder 24 is supported on the
support plate 46, and the air cylinder 35 of the presser
21 is supported on the slider 49. The air cylinder 32
with its piston rod 32a and the air cylinder 35 with its
piston rod 35a are actually provided in a pair as
illustrated in FIG 1. The Y-axis table 42, the Z-axis
table 45, and the slider 49 are actuated by respective
bal | -screwtype actuating nechanisns, not illustrated,
respectively along the guide rails 41, 44, and 48.
Therefore, when the Y-axis table 42 and the Z-axis table
45 are actuated, the second holder 24 and the presser 21

are actuated in the Y-axis direction and the Z-axis
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direction, and when the slider 49 is actuated, the
presser 21 is actuated in the X-axis direction.

The novi ng nmechani sm 13 further includes a pair of
guide rails 51 parallel to the X-axis direction disposed
on the base, not illustrated, on which the colum 40 is
fixedly nmounted, and an X-axis table 52 slidably nounted
on the guide rails 51. The X-axis table 52 is actuated by
a ball-screwtype actuating nechanism not illustrated,
along the guide rails 51. The frame holding nmenber 17 is
nounted on an upper surface of the X-axis table 52. The
X-axis table 52 has an opening defined therein (see FIG
4A, etc.) in alignment with the central through hole in
the frame holding nmenber 17. Wen the X-axis table 52 is
actuated, the franme hol ding nenber 17 and the workpi ece W
supported on the annular frame F held on the frane
hol di ng nmenber 17 are actuated in the X-axis direction.

The dividing apparatus 10 al so includes a detecting
unit (detecting neans) 55 for detecting, for exanple, one
at a tine of the projected dicing lines L (see FIG 2) on
t he wor kpi ece W supported by the protective tape T on the
annular frame F that is held on the frame hol di ng nenber
17. Since cracks devel oped by the nodified |ayers appear
on the reverse side of the workpiece W opposite the
projected dicing lines L, and the wrkpiece W is
supported on the annular franme F with the reverse side

facing upwardly, the detecting wunit 55 detects the
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projected dicing lines L from bel ow the workpiece W The
detecting unit 55 includes an optical system and an i mage
capturing device such as a charge-coupl ed device (CCD) or
the like, not illustrated, and is nounted on a nount
plate 56 lying parallel to an YZ plane, i.e., a plane
defined by the Y- and Z-axis directions. As indicated by
the arrows in FIG 1, the nount plate 56 is actuatable in
the Y-axis direction and the Z-axis direction for
adjusting the position of the detecting unit 55 wth
respect to the workpiece W held on the frane holding
menber 17. If the workpiece Wis nmade of silicon or the
like, the detecting unit 55 may be an infrared canera
that can capture infrared rays that are transnmtted
t hrough t he workpi ece W

A process of dividing the workpiece W using the
di vi di ng apparatus 10 according to the present enbodi nent
w Il be described below with reference to FIGs. 4A, 4B,
and 4C. FIG 4A is a side elevational view, partly in
cross section, illustrating the manner in which the
di vidi ng apparatus 10 is ready to divide the workpiece W
FIG 4B is a side elevational view, partly in cross
section, illustrating the manner in which the dividing
apparatus 10 is holding the workpiece W FIG 4C is a
side elevational Vi ew, partly in cross section,
illustrating the manner in which the dividing apparatus

10 is dividing the workpiece 10.
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Prior to dividing the workpiece Won the dividing
apparatus 10, the workpiece W has been processed to have
its strength reduced along the projected dicing lines L
by a laser beam applied thereto to form continuous
nodi fied | ayers therein, and the |like. The workpiece Wis
stuck to and held on the protective tape T supported on
the annular frame F.

First, as illustrated in FIG 4A, the annular frame
F with the workpiece Wintegrally conmbined therewith is
placed on the holding surface 17a of the frame hol ding
menber 17 and magnetically held thereon. Then, the
detecting unit 55 (see FIG 1) detects one of the
projected dicing lines L on the workpiece W and the
novi ng mechanism 13 (see FIG 1) is actuated to align the
workpiece W in the X-axis direction and the Y-axis
direction depending on the detected projected dicing
lines L. The positions of the presser 21, the first
hol der 23, and the second holder 24 relative to the
wor kpiece W held on the frame holding nenber 17 are
adjusted by the alignment of the workpiece Win order to
press and divide the workpiece Win the vicinity of the
projected dicing line L detected by the detecting unit 55.
Specifically, above the workpiece W the presser 21 is
placed in a position, i.e., a left position in FIG 4A
on one side of the projected dicing line L detected by

the detecting unit 55, and the second hol der 24 is placed
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in a position, i.e., a right position in FIG 4A on the
other side of the projected dicing line L. As the first
hol der 23 is disposed directly below the second hol der 24
beneath the workpiece W the first holder 23 and the
second holder 24 are positioned in facing relation to
each other across the workpi ece W

For positioning the presser 21, the presser 21 is
noved along the guide rails 48 to adjust the distance
from the second holder 24 to the presser 21 depending on
the planar chip size of each of the chips C. Preferably,
the lower distal end of the depressing nenber 36 of the
presser 21 is positioned in the vicinity of a projected
dicing line L nearest the projected dicing line L where
the workpiece Wis to be broken, in a direction away from
t he hol ders 23 and 24.

Before and after the presser 21 is thus positioned,
a control uni t (control nmeans), not illustrated,
determines the length of the projected dicing line L
detected by the detecting unit 55, and controls the rotor
26 to rotate so as to orient upwardly the rectangul ar
abutment nenber 27 whose length corresponds to the
determined length of the projected dicing line L.
Specifically, the length of the rectangular abutnent
menber 27 that is oriented upwardly by the first holder
23 is set to be larger than the length of the projected

dicing line L detected by the detecting unit 55, and the
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opposite ends of the rectangul ar abutnent nenber 27 that
is oriented upwardly are set to be positioned within the
annular frame F as illustrated in FIG 5A. In this manner
the wupwardly oriented rectangular abutnent nenber 27
extends over the entire projected dicing line L along its
direction and is prevented from contacting the annular
frame F and hence fromfailing to hold the workpi ece W as
descri bed | ater.

Thereafter, as illustrated in FIG 4B, the lifting
and |lowering nechanism 30 of the first holder 23 is
actuated to Ilift the upwardly oriented rectangular
abut ment nenber 27 toward the workpiece W The workpi ece
W is pushed upwardly from the face side (lower side)
thereof through the protective tape T by the rectangul ar
abut ment nenber 27 thus lifted, and is positioned above
the wupper surface of the annular franme F. The air
cylinder 32 of the second holder 24 is then actuated to
| ower the upper abutnent nenber 33 toward the workpiece W
The wupper abutnment nenber 33 thus |owered abuts the
wor kpi ece W from above. The upper abutnent nenber 33 and
the rectangul ar abutnent nmenber 27 now hold the workpiece
W together by sandwiching both the upper and |ower
surfaces thereof in the vicinity of the projected dicing
line L where the workpiece Wis to be broken. 1In other
words, one of two regions of the workpiece W that are

positioned next to each other across the projected dicing
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line L where the workpiece Wis to be broken is held by
the holder 20, i.e., the first holder 23 and the second
hol der 24.

Wth the region of the workpiece W being held by
the holder 20, as illustrated in FIG 4C the air
cylinder 35 of the presser 21 is actuated to |ower the
depressi ng nenber 36 toward the workpiece W The chips C
that are next to the chips C held by the first holder 23
and the second hol der 24 across the projected dicing |line
L are depressed downwardly by the depressing nenber 36
breaki ng and dividing the workpiece Walong the projected
dicing line L. Specifically, of the two regions of the
wor kpiece W that are next to each other across the
projected dicing line L where the workpiece Wis to be
broken, the other region that is not held by the hol der
20, i.e., the first holder 23 and the second hol der 24,
is depressed by the presser 21, i.e., the depressing
menber 36.

After the workpiece W has been divided along the
projected dicing line L, the depressing nenber 36 of the
presser 21, the rectangular abutnment nenber 27 of the
first holder 23, and the upper abutnent nenber 33 of the
second hol der 24 are retracted fromthe workpi ece W Then,
the frame hol ding nenber 17 and the workpi ece Ware noved
in the X-axis direction, and the workpiece Wis divided

again along an adjacent projected dicing line L in the
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same manner as described above. The workpiece Wwll be
repeatedly divided along the remaining projected dicing
l'ines L.

According to the present enbodinment, when the
presser 21 presses and divides the workpiece W the chips
C next to the projected dicing line L where the workpiece
Wis to be divided are held by the holder 20 on both
surfaces of the workpiece W The chips C thus held by the
hol der 20 are prevented from being noved by forces
applied fromthe presser 21, and hence are prevented from
producing chippings from edges thereof unlike the
conventional three-point breaking process.

Furthernore, as illustrated in FIG 4C,  when the
wor kpi ece W that has been held by the holder 20 is
pressed and divided by the presser 21, the chips C
pressed by the presser 21 and the chips C that are next
to the pressed chips C renotely from the holder 20 are
tilted at the sanme angle. Therefore, the edges of these
chips C are prevented from rubbing or abutting against
each other, and hence are prevented from producing
chi ppi ngs. The workpi ece Wis thus divided neatly w thout
produci ng chi ppings fromthe edge of the chips C

In the above enbodi ment, the first holder 23 has a
plurality of the rectangular abutnent nenbers 27 having
different lengths. However, the present invention is not

limted to the first holder 23 wth the plural
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rectangul ar abutment nenbers 27. The first holder 23 may
have a single rectangular abutnment nmenber 27 for hol ding
the workpiece W Nevertheless, the illustrated enbodi nent
is nore advantageous in that the Ilength of the
rectangul ar abut ment nenber 27 for holding the workpiece
W can be adjusted by selecting one of the rectangular
abut ment nmenbers 27 having different |engths.

The illustrated shapes and structures of the
rectangul ar abutnment nmenbers 27, the upper abutnent
menber 33, and the depressing nenber 36 are by way of
exanple only, and the rectangular abutnent nenbers 27,
the upper abutnent nenber 33, and the depressing nenber
36 may have other shapes and structures insofar as they
can perform simlar functions to those according to the
illustrated enbodi nent.

In the above enbodi nent, the workpiece Wis divided
after the projected dicing line L at the first dividing
position on the workpiece W has been detected by the
detecting unit 55. For dividing the workpiece Walong the
second and subsequent projected dicing lines L, the
wor kpi ece W may be controlled to nove depending on the
size of the chips C, so that the detection by the
detecting wunit 55 of those second and subsequent
projected dicing lines L may be omtted.

In the above enbodinent, the detecting unit 55

detects each of the projected dicing lines L from bel ow
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the workpiece W However, the detecting unit 55 may
detect each of the projected dicing lines L from above
the workpiece W On the workpiece W cracks nmay appear on
the face or reverse side thereof due to the nodified
| ayers. |If both cracks and the projected dicing lines L
are disposed on the face side of the workpiece W the
face side of the workpiece W may be oriented to face
upwardly, and the detecting unit 55 may detect each of
the projected dicing lines L from above the workpiece W
Moreover, two detecting wunits 55 wmy be disposed
respectively above and below the workpiece W for
detecting each of the projected dicing lines L from above
and bel ow the workpiece W and the two detecting units 55
di sposed above and below the workpiece W may be
selectively used depending on the relationship between
the direction of the cracks and the direction of the
wor kpi ece W where the projected dicing lines L are
present.

Wiile the preferred enbodinent of the present
invention and the nodifications thereof have been
illustrated above, the enbodinent and the nodifications
may be conbined wholly or partly according to other
enbodi nent s.

The present invention is not limted to the
enbodi nrent and nodifications described above, but mny

changes, replacenents, and nodifications nmay be nade
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wi t hout departing fromthe scope of the present invention.
Furthernore, the present invention my be reduced to
practice according to other techniques, processes,

schenes, plans, or arrangenents insofar as they are
capable of inplenenting the principles of the present

i nvention owi ng to technol ogi cal advances or derivations.

Therefore, the scope of the appended clainms should be
interpreted as «covering all the enbodinents falling
within the range of the technical idea of the present

i nventi on.

As described above, the present invention is
advant ageous in that when the workpiece is divided into a
plurality of <chips along the projected dicing Iines,
chi ppings are prevented from being produced from the
edges of the chips, and is particularly wuseful when
enbodied in a dividing apparatus for dividing a workpiece
into a plurality of chips.

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

of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAI MED | S:

1. A dividing apparatus for dividing a plate-
shaped workpiece along projected dicing lines thereon,
the workpiece being stuck to an wupper surface of a
protective tape nounted on an annular frame and having a
strength reduced along the projected dicing |Iines,
conpri si ng:

a frame holding unit having a holding surface for
hol ding the annular franme, the franme holding unit being
rotatabl e about its own axis;

a detecting unit configured to detect the projected
dicing lines on the workpiece stuck to the protective
t ape;

a dividing unit configured to divide the workpiece
into chips along a projected dicing line anong the
plurality of the projected dicing lines detected by the
detecting unit; and

a noving nechanism configured to nove the frane
hol ding unit and the dividing unit with respect to each
ot her; wherein

the dividing unit includes:

a hol der configured to hold one of two regions of
the workpiece which are next to each other across the
detected projected dicing line where the workpiece is to
be broken, from both wupper and |ower surfaces of the

wor kpi ece; and
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a presser configured to press an other of the two
regions of the workpiece which is next to the one of the
two regions that is held by the holder across the
projected dicing line where the workpiece is to be broken,
thereby to divide the workpiece along the projected
di cing |ine.

2. The dividing apparatus according to claim 1,
wher ei n the hol der includes:

a first holder configured to push upwardly the
wor kpi ece from the Ilower surface thereof through the
protective tape; and

a second holder disposed above the workpiece in
facing relation to the first hol der across the workpiece,
for abutting and holding the workpiece from above the
wor kpi ece; wherein

the first hol der i ncl udes a plurality of
rectangul ar abutnent nenbers of different |engths, the
first holder being operable to position one of the
rect angul ar abut ment menbers which has a length

corresponding to the length of the projected dicing |line.
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