WORKPI ECE DI VI DI NG METHOD

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a dividing
for dividing a plate-shaped workpiece.

Description of the Related Art

In an electronic apparatus typified by a mo
telephone or a personal computer, a device chip inc
a device such as an electronic circuit or the like
essential constituent element. Device chips are, f
example, obtained by demarcating the top surface of
wafer formed of a material such as silicon (Si) or
like by a plurality of planned dividing lines (stre
forming devices in respective regions, and thereaft
dividing the wafer along the planned dividing lines

As a method of dividing a workpiece such as

wafer described above or the like, there is a known

method which forms a modified layer (modified regio
modified by multiphoton absorption by condensing a
beam having transparency inside the workpiece.
modified layer is formed along a planned dividing |

and thereafter the planned dividing line is pressur

by using a thin plate-shaped (blade-shaped) member,
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example. The workpiece can be thereby divided with
modified layer as a starting point (see, for exampl
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However, when a force is applied to the wor
by using a thin plate-shaped member as described ab
there is a possibility that a chip formed by the di
moves, comes into contact with an adjacent chip, an
damaged. On the other hand, the workpiece may be d
by applying a force by a method of expanding an exp
sheet (expanding tape) made of a resin which expand
sheet (expanding tape) is affixed (stuck) to the
workpiece.

In this method, the force acts only in a di
of increasing intervals between adjacent chips. Th
are therefore prevented from coming into contact wi
each other and being damaged. However, in this met
the force may be insufficient when dividing, for ex
a workpiece having high hardness, a thick workpiece
workpiece having a large number of planned dividing
(small chips), or the like. Therefore, the workpie
whole may be unable to be divided appropriately.

It is accordingly an object of the present
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invention to provide a dividing method that can div ide a
workpiece in entirety thereof more surely without ¢ hips
coming into contact with each other.

In accordance with an aspect of the present
invention, there is provided a dividing method for
dividing a plate-shaped workpiece, the dividing met hod

including: a starting point region forming step of

forming a starting point region serving as a starti ng
point of division along a planned dividing line set on
the workpiece; a heating step of heating the workpi ece
after performing the starting point region forming step;

a cooling step of cooling the workpiece after perfo rming

the heating step; a dividing step of dividing the

workpiece along the starting point region by applyi ng a
force to the workpiece after performing the cooling step;
and a sheet affixing step of affixing an expanding sheet
to the workpiece before performing the dividing ste p; the
dividing step applying the force to the workpiece b y

expanding the expanding sheet.

In the above aspect of the present inventio n, the
starting point region forming step may form a plura lity
of fine holes reaching one surface from an inside o f the
workpiece along the planned dividing line by irradi ating

the workpiece with a laser beam.



The dividing method according to the above
of the present invention forms a starting point reg
serving as a starting point of division along a pla
dividing line set on a workpiece, and thereafter he
the workpiece. Thus, cracks are further extended f
starting point region of the workpiece, and the sta
point region of the workpiece and the periphery the
are made further brittle. Therefore, when a force
direction of expanding the expanding sheet is appli
after the workpiece is heated, the workpiece can be
divided more surely along the planned dividing line

In addition, the dividing method according
above aspect of the present invention does not need
pressurize the workpiece by using a thin plate-shap
(blade-shaped) member. Therefore, chips adjacent t
other are prevented from moving in an approaching
direction and coming into contact with each other.
the dividing method according to the above aspect o
present invention can more surely divide the workpi
entirety thereof without chips coming into contact
each other.

The above and other objects, features and
advantages of the present invention and the manner

realizing them will become more apparent, and the
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invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing some pre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1A is a perspective view schematically
an example of configuration of a workpiece to be di
by a dividing method according to a first embodimen

FIG. 1B is a perspective view of assistance
explaining a protective member affixing step;

FIG. 2A is a partially sectional side view
assistance in explaining a modified layer forming s

FIG. 2B is a partially sectional side view
assistance in explaining a heating step;

FIG. 3 is a perspective view of assistance
explaining a sheet affixing step;

FIG. 4A and FIG. 4B are partially sectional
views of assistance in explaining a dividing step;

FIG. 5 is a plan view schematically showing
example of configuration of a workpiece to be divid
a dividing method according to a second embodiment;

FIG. 6A is a partially sectional side view

assistance in explaining a fine hole forming step;
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FIG. 6B is a partially sectional side view
assistance in explaining a heating step;

FIG. 7 is a plan view of assistance in expl
sheet affixing step; and

FIG. 8 is a plan view of assistance in expl

dividing step according to a modification.
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

Embodiments of the present invention will b
described with reference to the accompanying drawin
(First Embodiment)

In a present embodiment, description will b
of a dividing method that forms a modified Ilayer
(starting  point  region) modified by  multiphoton
absorption by condensing a laser beam having transp
inside a workpiece, and thereafter divides the work

with the modified layer as a starting point. FIG.

perspective view schematically showing an example o

configuration of a workpiece 11 to be divided by th
dividing method according to the present embodiment
shown in FIG. 1A, the workpiece 11 is, for example,
disk-shaped wafer formed of a material such as sili
(Si) or the like. A top surface 11a side of the wo

11 is demarcated into a plurality of regions by pla
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dividing lines (streets) 13 set in a lattice manner
device 15 such as an IC (Integrated Circuit) or the
is formed in each region.

Incidentally, in the present embodiment, a
shaped wafer formed of a material such as silicon o
like is used as the workpiece 11. However, the mat
shape, structure, size, and the like of the workpie
are not limited. It is also possible to use a work
11 formed of a material such as another semiconduct
(for example, GaN, SiC, or the like), a ceramic (fo
example, sapphire, lithium tantalate, lithium nioba
the like), a resin, a metal, or the like. Similarl
kind, quantity, shape, structure, size, arrangement
the like of the devices 15 are not limited.

In the dividing method according to the pre
embodiment, a protective member affixing step is fi
performed which affixes (sticks) a protective membe
the top surface 1la side of the workpiece 11 descri
above. FIG. 1B is a perspective view of assistance
explaining the protective member affixing step. A
protective member 21 is, for example, a circular fi
(sheet or tape) having a diameter equal to that of

workpiece 11. A top surface 2la side of the protec

member 21 is provided with a glue layer (adhesive
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material layer) having an adhesive force. Therefor
protective member 21 can be affixed to the top surf
11a side of the workpiece 11 by bringing the top su
21a side into close contact with the top surface 11

of the workpiece 11. By affixing such a protective

21, it is possible to cushion a shock applied to th
workpiece 11 in each subsequent step, and thus prot
the devices 15 and the like arranged on the top sur
11a side.

After the protective member affixing step,
modified layer forming step (starting point region
forming step) is performed which forms a modified |
(starting point region) serving as a starting point
division inside the workpiece 11 by applying a lase
capable of passing through the workpiece 11 along t
planned dividing lines 13. FIG. 2A is a partially
sectional side view of assistance in explaining the

modified layer forming step. The modified layer fo

step is, for example, performed by using a laser

irradiating apparatus 2 shown in FIG. 2A. The lase
irradiating apparatus 2 includes a chuck table 4 fo
sucking and holding the workpiece 11. The chuck ta

is coupled to a rotation-driving source (not shown)

as a motor or the like, and rotates about a rotatio
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substantially parallel with a vertical direction.
addition, a moving mechanism (not shown) is provide
below the chuck table 4. The chuck table 4 is move
horizontal direction by this moving mechanism.

A part of a top surface of the chuck table
holding surface 4a that sucks and holds the workpie
The holding surface 4a is connected to a suction so
(not shown) through a suction passage (not shown) o
like formed inside the chuck table 4. Therefore, w
protective member 21 affixed to the workpiece 11 is
brought into contact with the holding surface 4a, a
negative pressure of the suction source is made to
for example, the workpiece 11 is sucked and held by
chuck table 4. A laser irradiating unit 6 is dispo
above the chuck table 4. The laser irradiating uni
applies and condenses a laser beam 31 pulse-oscilla
a laser oscillator (not shown) to a predetermined
position. The laser oscillator is configured to be
to pulse-oscillate the laser beam 31 having a wavel
capable of passing through (wavelength not easily
absorbed by) the workpiece 11.

In the modified layer forming step, first,
undersurface 21b of the protective member 21 affixe

the workpiece 11 is brought into contact with the h
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surface 4a of the chuck table 4, and the negative

pressure of the suction source is made to act. Thu s, the
workpiece 11 is sucked and held by the chuck table 4ina
state in which an undersurface 11b side of the work piece
11 is exposed upward. Next, the laser irradiating unit 6
is adjusted to a position above an extension of a t arget
planned dividing line 13, for example, by moving an d
rotating the chuck table 4. Then, as shown in FIG. 2A,
the chuck table 4 is moved in a direction parallel with
the target planned dividing line 13 while the laser beam
31 is applied from the laser irradiating unit 6 to the
undersurface 11b side of the workpiece 11. Here, t he

laser beam 31 is condensed to a position of a

predetermined depth inside the workpiece 11. When the
laser beam 31 having a wavelength capable of passin g
through the workpiece 11 is thus condensed inside t he
workpiece 11, the inside of the workpiece 11 is mod ified

by multiphoton absorption, so that a modified layer
(starting point region) 17 as a starting point of

division can be formed.

The modified layer forming step is ended wh en the
modified layer 17 is formed along all of the planne d
dividing lines 13 by repeating the operation as des cribed
above. Incidentally, as shown in FIG. 2A, the modi fied

10



layer 17 is preferably formed under a condition tha
cracks (starting point regions) 19 reach the top su
1l1a (or the undersurface 11b). The workpiece 11 ca
thereby divided more appropriately. In addition, f
of the planned dividing lines 13, a plurality of mo
layers 17 may be formed at different depth position
After the modified layer forming step, a he
step of heating the workpiece 11 is performed. FIG

a partially sectional side view of assistance in

explaining the heating step. The heating step is

performed by using a hot plate 12 shown in FIG. 2B,
example. The hot plate 12 has a heating surface 12
can be adjusted to an arbitrary temperature.

In the heating step, the undersurface 21b o

protective member 21 affixed to the workpiece 11 is

brought into contact with the heating surface 12a o
hot plate 12, and the temperature of the heating su
12a is increased. The workpiece 11 is thereby heat

the heating surface 12a, so that the cracks 19 can

further extended from the modified layer 17 or the

peripheries of the modified layer 17 and the cracks
can be made brittle. The temperature and time of t
heating are set arbitrarily within a range in which

cracks 19 can be further extended from the modified
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17 or the peripheries of the modified layer 17 and
cracks 19 can be made brittle. In the present embo
for example, the temperature of the heating surface
Is set at 180°C, and the time of the heating is set
one minute.
After the heating step, a cooling step of ¢
the workpiece 11 is performed. In this cooling ste
workpiece 11 is cooled to such a degree that a subs
step can be carried out appropriately. Specificall
example, it is desirable to cool the workpiece 11 t
temperature of 50°C or lower, preferably 40°C or lo
cooling method is not particularly limited. Howeve
workpiece 11 may be cooled by a method of placing t
workpiece 11 under an environment of room temperatu
for example. In addition, the workpiece 11 may be
by, for example, sprinkling water or the like over
workpiece 11 to shorten a time taken for the coolin
Incidentally, the heating step and the cool
described above may be performed repeatedly. When
heating step and the cooling step are repeated two
three times, for example, the cracks 19 can be exte
from the modified layer 17 sufficiently, or the
peripheries of the modified layer 17 and the cracks

can be made sufficiently brittle.
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After the cooling step, a sheet affixing st
performed which affixes (sticks) an expanding sheet
the undersurface 11b side of the workpiece 11. FIG
a perspective view of assistance in explaining the
affixing step. An expanding sheet 41 is, for examp
circular film (tape or sheet) having a larger diame

than the workpiece 11. A top surface 4la side of t

expanding sheet 41 is provided with a glue layer

(adhesive material layer) having an adhesive force.

Therefore, the expanding sheet 41 can be affixed to
undersurface 11b side of the workpiece 11 by bringi
central part of the top surface 4la side into close
contact with the undersurface 11b side of the workp
11, for example. On the other hand, an annular fra
encircling the workpiece 11 is fixed to an outer
peripheral portion on the top surface 4la side of t
expanding sheet 41. The workpiece 11 is thereby su

by the annular frame 43 via the expanding sheet 41.

the expanding sheet 41 is affixed to the undersurfa

side of the workpiece 11, the top surface 1la of th
workpiece 11 is exposed by peeling off and removing
protective member 21 affixed to the top surface 1la

of the workpiece 11, as shown in FIG. 3. Incidenta

the protective member 21 may be peeled off and remo
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before the expanding sheet 41 is affixed to the
undersurface 11b side of the workpiece 11.

After the sheet affixing step, a dividing s
performed which applies a force to the workpiece 11
expanding the expanding sheet 41, and thus divides
workpiece 11 along the modified layer 17. FIG. 4A
4B are partially sectional side views of assistance
explaining the dividing step. The dividing step is
performed by using an expanding apparatus 22 shown
4A and FIG. 4B, for example. The expanding apparat
includes a supporting structure 24 for supporting t
workpiece 11 and a cylindrical expanding drum 26.
supporting structure 24 includes a supporting table
having a circular opening portion as viewed in plan
annular frame 43 is placed on a top surface of the
supporting table 28. A plurality of clamps 30 for
the frame 43 are arranged on an outer peripheral pa
the supporting table 28. The supporting table 28 i
supported by a raising and lowering mechanism 32 fo
raising and lowering the supporting structure 24.

The raising and lowering mechanism 32 inclu
cylinder cases 34 fixed to a base (not shown) below
piston rods 36 inserted in the cylinder cases 34.

supporting table 28 is fixed to upper end portions
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piston rods 36. The raising and lowering mechanism
raises and lowers the supporting structure 24 by mo
the piston rods 36 up and down. The expanding drum
disposed in an opening portion of the supporting ta

The inside diameter (diameter) of the expanding dru

is larger than the diameter of the workpiece 11. O

other hand, the outside diameter (diameter) of the

expanding drum 26 is smaller than the inside diamet

(diameter) of the annular frame 43 and the diameter
the opening portion of the supporting table 28.

In the dividing step, first, as shown in FI
the height of the top surface of the supporting tab
is adjusted to the height of an top end of the expa
drum 26, the frame 43 is placed on the top surface
supporting table 28, and thereafter the frame 43 is
by the clamps 30. The top end of the expanding dru
thereby comes into contact with the expanding sheet
between the workpiece 11 and the frame 43. Next, a
in FIG. 4B, the top surface of the supporting table
moved to a position below the top end of the expand

drum 26 by lowering the supporting structure 24 by

raising and lowering mechanism 32. As a result, th

expanding drum 26 is raised with respect to

supporting table 28, and the expanding sheet 41 is
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up by the expanding drum 26 and radially expanded.
the expanding sheet 41 is expanded, a force in a
direction of expanding the expanding sheet 41 (radi
force) acts on the workpiece 11. The workpiece 11
thereby divided into a plurality of chips with the
modified layer 17 and the cracks 19 as a starting p

Thus, the dividing method according to the
embodiment forms the modified layer (starting point
region) 17 and the cracks (starting point regions)
a starting point of division along the planned divi
lines 13 set in the workpiece 11, and thereafter he
the workpiece 11. Therefore, the cracks 19 are fur
extended from the modified layer 17 of the workpiec
and the modified layer 17 and the cracks 19 of the
workpiece 11 and the peripheries thereof are made f
brittle. Consequently, when the force in the direc
expanding the expanding sheet 41 is applied after t
workpiece 11 is heated, the workpiece 11 can be div
more surely along the planned dividing lines 13. |
addition, the dividing method according to the pres
embodiment does not need to pressurize the workpiec
by using a thin plate-shaped (blade-shaped) member.
Therefore, chips adjacent to each other are prevent

from moving in an approaching direction and coming
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contact with each other. Thus, the dividing method
according to the present embodiment can more surely
divide the workpiece 11 in entirety thereof without
coming into contact with each other.
(Second Embodiment)

In a present embodiment, description will b
of a dividing method that forms a plurality of fine
(starting point regions) reaching a top surface or
undersurface of a workpiece from the inside of the
workpiece by condensing a laser beam having transpa
inside the workpiece, and thereafter divides the
workpiece with the fine holes as a starting point.
is a plan view schematically showing an example of
configuration of a workpiece 51 to be divided by a
dividing method according to the present embodiment
shown in FIG. 5, the workpiece 51 is, for example,
disk-shaped glass substrate formed of a material su
a soda-lime  glass, a  borosilicate  glass, an
aluminosilicate glass, or the like. Planned dividi
lines 53 are set on a top surface 5la side (or an
undersurface 51b side) of the workpiece 51. The pl
dividing lines 53, for example, include a plurality
planned dividing lines 53a set in a circular shape

plurality of planned dividing lines 53b set in a li
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shape. The linear planned dividing lines 53b are s
as to connect the planned dividing lines 53a to an
peripheral edge of the workpiece 51 or connect adja
planned dividing lines 53a to each other. Hence, w
workpiece 51 is divided along the planned dividing
53a and the planned dividing lines 53b, a plurality
disk-shaped chips corresponding to the plurality of
planned dividing lines 53a are obtained.

Incidentally, while a disk-shaped glass sub
is used as the workpiece 51 in the present embodime
the material, shape, structure, size, and the like

workpiece 51 are not limited. It is also possible

a workpiece 51 formed of a material such as another

ceramic (for example, sapphire, lithium tantalate,
lithium niobate, or the like), a semiconductor (for
example, GaN, SiC, or the like), a resin, a metal,

like. Similarly, the shape, arrangement, and the |

the planned dividing lines 53 are not limited.

In the dividing method according to the pre
embodiment, a fine hole forming step (starting poin
region forming step) is first performed which appli
laser beam capable of passing through the workpiece
along the planned dividing lines 53, and thereby fo

plurality of fine holes (starting point regions) re
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the top surface 5la or the undersurface 51b from th e
inside of the workpiece 51. FIG. 6A is a partially

sectional side view of assistance in explaining the fine

hole forming step. As shown in FIG. 6A, the fine h ole
forming step according to the present embodiment is

performed by using the laser irradiating apparatus 2
described in the first embodiment, for example. Ho wever,

in the present embodiment, a lens such that a value

obtained by dividing a numerical aperture (NA) of t he
lens by an index of refraction of the workpiece 51 is
0.05to 0.2 is used as a lens for condensing of the laser

irradiating unit 6. It is thereby possible to form a
plurality of fine holes (starting point regions) 55 and
an altered region surrounding each fine hole 55 in the

workpiece 51.

In the fine hole forming step, first, the t op
surface 51a of the workpiece 51 is brought into con tact
with the holding surface 4a of the chuck table 4, a nd the
negative pressure of a suction source is made to ac t.
Thus, the workpiece 51 is sucked and held by the ch uck
table 4 in a state in which the undersurface 51b si de of
the workpiece 51 is exposed upward. Incidentally, the
undersurface 51b may be brought into contact with t he
holding surface 4a of the chuck table 4 so that the top

19



surface 51a side of the workpiece 51 is exposed upw ard.
In addition, a protective member or the like may be

interposed between the chuck table 4 and the workpi ece 51.
Next, the laser irradiating unit 6 is adjusted to a

target planned dividing line 53, for example, by mo ving
and rotating the chuck table 4. Then, as shown in FIG. 6A,
while a laser beam 33 is applied from the Ilaser

irradiating unit 6 to the undersurface 51b side of the
workpiece 51, the chuck table 4 is moved such that the
laser beam 33 is applied along the target planned

dividing line 53. Incidentally, FIG. 6A schematica Iy
shows a section along the planned dividing line 53 of the

workpiece 51.

In this case, the laser beam 33 is condense d such
that a condensing point (condensing region) extends in a
region from the top surface 5la to the undersurface 51b
of the workpiece 51. Thus, condensing the laser be am 33

having a wavelength capable of passing through the

workpiece 51 in a region from the top surface 5l1a t o the
undersurface 51b of the workpiece 51 by using the a bove-
described lens can form a plurality of fine holes 5 5
reaching the top surface 51a or the undersurface 51 b from
the inside of the workpiece 51 and an altered regio n
surrounding each fine hole 55. That is, when the f ine

20



holes 55 and the altered regions surrounding the fi ne

holes 55 are formed, the laser beam 33 is preferabl y
condensed such that the condensing point extends in a
region from the top surface 5la to the undersurface 51b

of the workpiece 51 without the laser beam 33 being

concentrated on one point inside the workpiece 51.

Incidentally, a condensing point correcting plate o r the
like can be used to condense the laser beam 33 such that
the condensing point extends in a region from the t op
surface 51a to the undersurface 51b of the workpiec e 51.
In addition, in this case, the laser beam 33 is app lied
under a condition (for example, the spot diameter a nd
repetition frequency of the laser beam 33, the movi ng
speed of the chuck table 4, and the like) such that the

altered regions surrounding the fine holes 55 are

continuous with each other along each planned divid ing
line 53. However, the fine holes 55 adjacent to ea ch
other need to be prevented from being connected to each
other. The fine hole forming step is ended when fi ne
holes 55 and altered regions are formed along all o f the

planned dividing lines 53 by repeating the operatio n as

described above.
Incidentally, the order and the like of for mation

of the fine holes 55 and the altered regions are no t
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particularly limited. For example, fine holes 55 a
altered regions may be formed along the linear plan
dividing lines 53b after fine holes 55 and altered
regions are formed along the circular planned divid
lines 53a, or fine holes 55 and altered regions may
formed along the circular planned dividing lines 53
after fine holes 55 and altered regions are formed

the linear planned dividing lines 53b.

After the fine hole forming step, a heating
heating the workpiece 51 is performed. FIG. 6B is
partially sectional side view of assistance in expl
the heating step. As shown in FIG. 6B, the heating
according to the present embodiment is also perform
using the hot plate 12 described in the first embod
for example.

In the heating step, the top surface 5la of
workpiece 51 is brought into contact with the heati
surface 12a of the hot plate 12, and the temperatur
the heating surface 12a is increased. The workpiec
thereby heated by the heating surface 12a, so that
can be extended from the fine holes 55 and the alte
regions, or the peripheries of the fine holes 55 an
altered regions can be made brittle. The temperatu

time of the heating are set arbitrarily within a ra
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which cracks can be extended from the fine holes 55
the altered regions or the peripheries of the fine
55 and the altered regions can be made brittle. In
present embodiment, for example, the temperature of
heating surface 12a is set at 180°C, and the time o
heating is set at one minute.
After the heating step, a cooling step of c
the workpiece 51 is performed. In this cooling ste
workpiece 51 is cooled to such a degree that a subs
step can be carried out appropriately. Specificall
example, it is desirable to cool the workpiece 51 t
temperature of 50°C or lower, preferably 40°C or lo
cooling method is not particularly limited. Howeve
workpiece 51 may be cooled by a method of placing t
workpiece 51 under an environment of room temperatu
for example. In addition, the workpiece 51 may be
by, for example, sprinkling water or the like over
workpiece 51 to shorten a time taken for the coolin
Incidentally, the heating step and the cool
described above may be performed repeatedly. When
heating step and the cooling step are repeated two
three times, for example, cracks can be extended fr
fine holes 55 and the altered regions sufficiently,

the peripheries of the fine holes 55 and the altere
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regions can be made sufficiently brittle.

After the cooling step, a sheet affixing st
performed which affixes (sticks) an expanding sheet
the undersurface 51b side of the workpiece 51. FIG
a plan view of assistance in explaining the sheet
affixing step. The configuration of an expanding s
used in the present embodiment is substantially the
as the configuration of the expanding sheet 41 desc
in the first embodiment. Specifically, the expandi
sheet 61 according to the present embodiment is a
circular film (tape or sheet) having a larger diame
than the workpiece 51, and a top surface 6l1a side o
expanding sheet 61 is provided with a glue layer
(adhesive material layer) having an adhesive force.
expanding sheet 61 can be affixed to the undersurfa
side of the workpiece 51 by bringing a central part
the top surface 6la side into close contact with th
undersurface 51b side of the workpiece 51. An annu
frame 63 encircling the workpiece 51 is fixed to an
peripheral portion on the top surface 6la side of t
expanding sheet 61.

After the sheet affixing step, a dividing s
performed which applies a force to the workpiece 51

expanding the expanding sheet 61, and thus divides
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workpiece 51 along the fine holes 55. A procedure
dividing step according to the present embodiment m
the same as the procedure of the dividing step acco
to the first embodiment. The dividing step is ende
the workpiece 51 is divided into a plurality of chi
with the fine holes 55 as a starting point.

Thus, the dividing method according to the
embodiment forms the fine holes (starting point reg
55 as a starting point of division along the planne
dividing lines 53 set in the workpiece 51, and ther
heats the workpiece 51. Therefore, cracks are exte
from the fine holes 55 and the altered regions of t
workpiece 51, and the fine holes 55 and the altered
regions of the workpiece 51 and the peripheries the
are made further brittle. Therefore, when the forc
the direction of expanding the expanding sheet 61 i
applied after the workpiece 51 is heated, the workp
51 can be divided along the planned dividing lines
more surely. In addition, the dividing method acco

to the present embodiment does not need to pressuri

workpiece 51 by using a thin plate-shaped member.

Therefore, chips adjacent to each other are prevent
from moving in an approaching direction and coming

contact with each other. Thus, the dividing method
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according to the present embodiment can more surely
divide the workpiece 51 in entirety thereof without
coming into contact with each other.

It is to be noted that the present inventio
limited to the description of the foregoing embodim
and the like, and can be changed and carried out in
various manners. For example, while the expanding
41 and 61 are expanded radially in the dividing ste
the foregoing embodiments, an expanding sheet can a
expanded in two directions intersecting each other,
example. FIG. 8 is a plan view of assistance in
explaining a dividing step according to a modificat
The dividing step according to the modification is
performed by using an expanding apparatus 42 shown
8, for example. The expanding apparatus 42 include
plurality of sandwiching units (a first sandwiching
44, a second sandwiching unit 46, a third sandwichi
unit 48, and a fourth sandwiching unit 50) for
sandwiching an expanding sheet 71. Each of the
sandwiching units includes a top surface side conta
portion in contact with a top surface 7l1la side of t
expanding sheet 71 and an undersurface side contact
portion in contact with an undersurface side of the

expanding sheet 71. Each of the sandwiching units
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sandwiches the expanding sheet 71. The first sandw
unit 44 and the second sandwiching unit 46 are arra
in positions such that the workpiece 51 is interpos
therebetween in a first direction DI1. The first
sandwiching unit 44 and the second sandwiching unit
can move so as to be separated from each other alon
first direction D1. In addition, the third sandwic

unit 48 and the fourth sandwiching unit 50 are arra

in positions such that the workpiece 51 is interpos

therebetween in a second direction D2 substantially

perpendicular to the first direction D1. The third
sandwiching unit 48 and the fourth sandwiching unit
can move so as to be separated from each other alon
second direction D2.

In the dividing step according to the modif
first, the expanding sheet 71 is sandwiched by each
the sandwiching units. Next, as shown in FIG. 8, t
first sandwiching unit 44 and the second sandwichin
46 are moved so as to be separated from each other
the first direction D1, and the third sandwiching u
and the fourth sandwiching unit 50 are moved so as
separated from each other along the second directio
Consequently, the expanding sheet 71 is expanded in

first direction D1 and the second direction D2, and
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workpiece 51 is divided into a plurality of chips.

Incidentally, after the dividing step, it i S
desirable to fix an annular frame to the expanding sheet
71, and cut the expanding sheet 71 in conformity wi th the

frame. That is, the dividing step according to the
modification is performed before the annular frame is
fixed to the expanding sheet 71. In addition, a
rectangular (or band-shaped) expanding sheet before being
cut into a circular shape is preferably used as the
expanding sheet 71. While FIG. 8 represents a case where
the workpiece 51 is divided, the workpiece 11 can a Iso be
divided similarly.

In addition, while the sheet affixing step is
performed after the cooling step in the foregoing
embodiment, it suffices to perform the sheet affixi ng

step at least before the dividing step. It is also

possible, for example, to perform the sheet affixin g step
before the fine hole forming step (starting point r egion
forming step). The sheet affixing step may be perf ormed
in place of the protective member affixing step. | n this
case, the expanding sheet functions as the protecti ve
member.
The present invention is not limited to the details
of the above described preferred embodiments. The scope

28



of the invention is defined by the appended claims and
all changes and modifications as fall within the
equivalence of the scope of the claims are therefor e to

be embraced by the invention.
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WHAT IS CLAIMED | S

1. A dividing method for dividing a plate-
workpiece, the dividing method comprising:

a starting point region forming step of for
starting point region serving as a starting point o
division along a planned dividing line set on the
workpiece;

a heating step of heating the workpiece aft
performing said starting point region forming step;

a cooling step of cooling the workpiece aft
performing said heating step;

a dividing step of dividing the workpiece a
starting point region by applying a force to the
workpiece after performing said cooling step; and

a sheet affixing step of affixing an expand
sheet to the workpiece before performing said divid
step;

said dividing step applying the force to th
workpiece by expanding the expanding sheet.

2. The dividing method according to claim
wherein

said starting point region forming step for
plurality of fine holes reaching one surface from a

inside of the workpiece along the planned dividing
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by irradiating the workpiece with a laser beam.
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