EXPANDI NG METHOD AND EXPANDI NG APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to an expandi ng
method and an expanding apparatus.

Description of the Related Art

At the time of dividing a die attach film ( DAF) by
expanding an expansion sheet, the expansion is cond ucted
while cooling the workpiece in a cooling chamber, f or
enhancing the dividability of the DAF which is a du ctile
material (see, for example, Japanese Patent Laid-Op en No.
2009-64905 and Japanese Patent Laid-Open No. 2007-1 89057).

SUMVARY OF THE | NVENTI ON

However, the dividing method described in J apanese
Patent Laid-Open No. 2009-64905 and Japanese Patent Laid-
Open No. 2007-189057 has a problem that the apparat us is

enlarged in size due to the presence of the cooling

chamber. In view of this, it may be contemplated t o cool
the workpiece by putting a cooling plate into conta ct
with the workpiece. However, cooling of the workpi ece is
accompanied by cooling of the atmosphere surroundin g the
workpiece, whereby frost or dew would be generated on the



surface of the workpiece. If frost or dew is gener
the workpiece surface, a trouble such as impossibil
picking-up may be generated in a later picking-up s
the like.

It is therefore an object of the present in

to provide an expanding method and an expanding app

in which a trouble due to frost or dew deposited on
surface of a workpiece can be restrained from being
generated in a later step.

In accordance with an aspect of the present
invention, there is provided an expanding method fo
expanding an expansion sheet to which a workpiece
including at least a ductile material is adhered.
expanding method includes a plate cooling step of ¢
a plate of cooling/heating means, which includes th
plate having a contact surface for contact with the
workpiece and a Peltier element for cooling or heat
the plate, to a temperature to which to cool the
workpiece, a workpiece cooling step of bringing the
into contact with the workpiece through the expansi
sheet to cool the workpiece, after the plate coolin
is performed, an expanding step of expanding the
expansion sheet, after the workpiece cooling step i

performed, a plate heating step of heating the plat
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after the workpiece cooling step is performed, and
workpiece heating step of bringing the plate into c
with the workpiece through the expansion sheet to h
the workpiece, after the expanding step and the pla
heating step are performed.

In accordance with another aspect of the pr
invention, there is provided an expanding apparatus
expanding an expansion sheet to which a workpiece
including at least a ductile material is adhered.
expanding apparatus includes expanding means expand
the expansion sheet, cooling/heating means that inc
a plate having a contact surface for contact with t
workpiece and brought into contact with the workpie
through the expansion sheet, and a Peltier element
cooling or heating the plate, and polarity change-o
means hanging over the polarity of a current passed
the Peltier element.

According to the present invention, such an
that a trouble due to frost or dew deposited on the
surface of a workpiece can be restrained from being
generated in a later step.

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 a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG. 1 is a perspective view of a workpiece as an

object to be processed by an expanding method accor

to an embodiment of the present invention;

FIG. 2 is a perspective view depicting a
configuration example of an expanding apparatus acc
to an embodiment of the present invention;

FIG. 3 is a side view depicting the configu
of a cooling/heating unit of the expanding apparatu
illustrated in FIG. 2;

FIG. 4 is a flow chart depicting the flow o
expanding method according to the embodiment;

FIG. 5 is a perspective view depicting a ba
grinding step of the expanding method depicted in F

FIG. 6 is a sectional view depicting a divi
start point forming step of the expanding method de
in FIG. 4,

FIG. 7 is a perspective view depicting an o

of an expansion sheet adhering step of the expandin
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method depicted in FIG. 4;

FIG. 8 is a sectional view depicting a work
and the like after the expansion sheet adhering ste
the expanding method depicted in FIG. 4;

FIG. 9 is a side view of the cooling/heatin
depicting a plate cooling step of the expanding met
depicted in FIG. 4;

FIG. 10 is a side view depicting, partly in
a major part of the expanding apparatus before a
workpiece cooling step of the expanding method depi
in FIG. 4,

FIG. 11 is a side view depicting, partly in
a workpiece cooling step of the expanding method de
in FIG. 4;

FIG. 12 is a side view depicting, partly in
an expanding step of the expanding method depicted
4,

FIG. 13 is a side view depicting a plate he
step of the expanding method depicted in FIG. 4;

FIG. 14 is a side view depicting, partly in
a workpiece heating step of the expanding method de
in FIG. 4; and

FIG. 15 is a side view depicting, partly in

a frame attaching step of the expanding method depi
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in FIG. 4.

DETAI LED DESCRI PTI ON OF THE PREFERRED

An embodiment of the present invention will
described in detail below, referring to the drawing
contents of the following description of the embodi
are not restrictive of the present invention. In a
the constituent elements described below include th
which are easily conceivable by persons skilled in
art, and those which are substantially the same. F
the configurations described below can be combined,
required. Besides, various omissions, replacements
modifications of configurations are possible withou
departing from the scope of the gist of the present
invention.

An expanding method and an expanding appara
according to an embodiment of the present invention
be described based on the drawings. FIG. 1 is a
perspective view of a workpiece as an object to be
processed by the expanding method according to the
embodiment. FIG. 2 is a perspective view depicting
configuration example of the expanding apparatus
according to the embodiment. FIG. 3 is a side view

depicting the configuration of a cooling/heating un
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the expanding apparatus illustrated in FIG. 2. FIG .4is
a flow chart depicting the flow of the expanding me thod

according to the embodiment.

The expanding method according to the embod iment is
a method of expanding an expansion sheet 11 (illust rated
in FIG. 7) to which a workpiece 1 denoted in FIG. 1 is

adhered, to divide the workpiece 1 into individual
devices 2. The workpiece 1 as an object to be proc essed
by the expanding method according to the embodiment

includes at least a wafer 3 such as a disk-shaped

semiconductor wafer or an optical device wafer with a
substrate of silicon, sapphire, gallium arsenide or SiC
(silicon carbide), and a DAF 4 adhered to the wafer 3. As
illustrated in FIG. 1, the wafer 3 has a front surf ace 6
formed with devices 2 respectively in regions parti tioned
by a plurality of intersecting streets (division i nes) 5.
The DAF 4 is for fixing to a substrate or the like the
devices 2 divided individually from the wafer 3, an dis

an elastic ductile material. In the embodiment, th e DAF 4
is formed in a disk shape larger in diameter than t he
wafer 3, and is adhered to a back surface 7 on the back
side of the front surface 6 of the wafer 3. Note t hat

while the DAF 4 is depicted as a ductile material

included by the workpiece 1 in the embodiment, the



ductile material in the present invention is not li

to the DAF 4, and may be a metal film (an electrode
heat sink or the like) formed on the back surface 7
the wafer 3, a test element group (TEG) pattern dis
on the streets 5, or the like.

The expanding apparatus 20 illustrated in F
according to the embodiment is an apparatus that ex
an expansion sheet 11 with the workpiece 1 adhered
thereto in a first direction 21 and a second direct
orthogonal to the first direction 21, to divide the
workpiece 1 into individual devices 2. The expandi
apparatus 20 is also an apparatus that adheres an a
frame 10 to the expansion sheet 11 to which the wor
1 divided into the individual devices 2 is adhered,
support the workpiece 1 at an opening 12 of the fra
Note that the expansion sheet 11 is an elastic shee
it includes a base material layer configured using
synthetic resin, and an adhesive layer laminated on
base material layer and adhered to the back surface
the workpiece 1 and the frame 10. The shape of the
opening 12 of the frame 10 is a circle larger in di
than the wafer 3 and the DAF 4.

As depicted in FIG. 2, the expanding appara

includes a flat plate-shaped stationary base 23, a
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cooling/heating unit 30 as cooling/heating means pr
in the center of the stationary base 23, a polarity
change-over power source unit 40 (illustrated in FI
as polarity change-over means, an expansion sheet f
unit 50, a frame carrying unit 60, a workpiece carr
unit (not depicted), a sheet cutting unit 70 (depic
FIG. 15), and a control unit 100.

The cooling/heating unit 30 is formed, for
in a disk-like shape. Note that while the cooling/
unit 30 is formed in a disk-like shape in the embod
the shape in the present invention is not limited t
disk-like shape, and may be a rectangular shape, fo
example. As illustrated in FIG. 3, the cooling/hea
unit 30 includes a plate 31, a Peltier element laye
and a heat radiation plate 33.

As depicted in FIG. 3, an upper surface 34
plate 31 is a contact surface which is formed to be
along horizontal directions and makes contact with
workpiece 1. The plate 31 has the workpiece 1 plac
the upper surface 34 thereof with the expansion she
interposed therebetween, and makes contact with the
workpiece 1 through the expansion sheet 11. In the
embodiment, as depicted in FIG. 7, the expansion sh

placed on the upper surface 34 of the plate 31 is a
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to the back surface 7 of the workpiece 1 and has th
workpiece 1 placed in the center thereof. The expa
sheet 11 is formed in a plan-view shape which is
rectangular and is larger than the frame 10.

The plate 31 is configured using a metal ha

high thermal conductivity such as stainless steel (

example, SUS303 (JIS)) or an aluminum alloy (for ex

ALO052 (JIS)). The plate 31 is formed in such a thi
as not to be influenced by ruggedness (projections
recesses) of the Peltier element layer 32 in which
plurality of Peltier elements are arranged, and to
prevent warping of the plate 31 itself; in the embo
the thickness of the plate 31 is 1 to 3 mm, desirab
mm.

The Peltier element layer 32 is laminated o
lower surface of the plate 31. In other words, an
surface of the Peltier element layer 32 is laminate
the lower surface of the plate 31. The Peltier ele
layer 32 includes the plurality of Peltier elements
cooling or heating the plate 31.

The heat radiation plate 33 is laminated on
surface of the Peltier element layer 32, and, in th
embodiment, it is formed in a plate-like shape usin

metal. The heat radiation plate 33 is formed to ha
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high heat capacity, using a metal such as an alumin
alloy which is high in specific heat or stainless s
which is high in mass. The heat radiation plate 33
preferably set in size and thickness taking convect
heat loss and radiation heat loss into account; whe
heat radiation plate is formed to be, for example,
square using an aluminum alloy, its thickness is
desirably not less than 5 mm, and where the heat
radiation plate is similarly configured using stain
steel, its thickness is desirably not less than 3 m
addition, where the heat radiation plate 33 is conf
using stainless steel, for enhancing the cooling ra
the workpiece 1 by the plate 31, it is preferable,
example, that the thickness of the heat radiation p
is approximately 20 mm. With the heat radiation pl
thus formed to have a high heat capacity such as to
able to sufficiently store the heat generated when
plate 31 is cooled, it is unnecessary for the
cooling/heating unit 30 to be provided with a mecha
such as a fan by which the heat transferred to the
radiation plate 33 side is released to the outside
heat radiation plate 33.

The polarity change-over power source unit

passes a current to the Peltier elements in the Pel
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element layer 32, and changes over the polarity of
current passed to the Peltier elements in the Pelti
element layer 32. The polarity change-over power s
unit 40 has two power source units 43 each of which
includes a direct current (DC) power source 41 and
switch 42 connected in series with each other. The
power source units 43 are connected in parallel to
other, and are connected to the Peltier element lay
When the switch 42 of the power source unit 43 on o0
side, on the upper side in FIG. 3, in the polarity
change-over power source unit 40 (this power source
43 will hereinafter be denoted by reference symbol
is closed to impress a voltage from the DC power so
41 of the power source unit 43-1 on the one side to
Peltier elements in the Peltier element layer 32, h
absorption occurs on the upper surface side of the
Peltier element layer 32 to cool the plate 31, wher
heat discharge occurs on the lower surface side of
Peltier element layer 32 to heat the heat radiation
33. On the other hand, when the switch 42 of the p
source unit 43 on the other side, on the lower side
FIG. 3, in the polarity change-over power source un
(this power source unit 43 will hereinafter be deno

reference symbol 43-2) is closed to impress a volta
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from the DC power source 41 of the power source uni

on the other side to the Peltier elements in the Pe
element layer 32, heat absorption occurs on the low
surface side of the Peltier element layer 32 to coo
heat radiation plate 33, whereas heat discharge occ
the upper surface side of the Peltier element layer
heat the plate 31. In this way, the cooling/heatin

30 includes the Peltier elements that cool or heat
plate 31.

The expansion sheet fixing unit 50 is for h

the expansion sheet 11 with the workpiece 1 adhered

thereto. The expansion sheet fixing unit 50 includ
first holding unit 51-1, a second holding unit 51-2
third holding unit 51-3, and a fourth holding unit
The first holding unit 51-1 and the second holding
51-2 face each other along the first direction 21,
the cooling/heating unit 30 located therebetween.
third holding unit 51-3 and the fourth holding unit
face each other along the second direction 22, with
cooling/heating unit 30 located therebetween.

The first holding unit 51-1, the second hol
unit 51-2, the third holding unit 51-3, and the fou
holding unit 51-4 each clamp and hold that portion

expansion sheet 11 which is on the outer circumfere
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side relative to the workpiece 1. The first holdin
51-1, the second holding unit 51-2, the third holdi
unit 51-3, and the fourth holding unit 51-4 are eac
holding means for respectively holding each edge of
expansion sheet 11. Since the first holding unit 5
the second holding unit 51-2, the third holding uni
and the fourth holding unit 51-4 are substantially
same with one another in configuration, the equival
portions will be described while being denoted by t
same reference symbols.

The first holding unit 51-1, the second hol
unit 51-2, the third holding unit 51-3, and the fou
holding unit 51-4 each include a pair of clamping m
53 vertically movably provided on a columnar movabl
52 provided on the stationary base 23, and a tape m
unit 54 that moves the pair of clamping members 53
and away from each other. The pair of clamping mem
are disposed with a vertical spacing therebetween,
are brought closer to each other by the tape moving
54, to clamp and hold the expansion sheet 11 thereb
The tape moving unit 54 is provided on the movable
52.

The tape moving unit 54 includes: a motor 5

which the pair of clamping members 53 are verticall
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movable, a ball screw 56 rotated around an axis by
motor 55, and nuts 58 making screw engagement with
ball screw 56 and each connected with the clamping
53 through an arm member 57. With the motor 55 rot
the ball screw 56 around the axis, the tape moving
54 moves the nuts 58, the arm members 57 and the cl
members 53 vertically.
In addition, with the ball screw 56 rotated
the axis by the motor 55, the tape moving unit 54 c
also move the pair of clamping members 53 in the sa
direction vertically. Therefore, by moving upward
pair of clamping members 53 with the expansion shee
clamped therebetween, the tape moving unit 54 can m
the expansion sheet 11 vertically in the direction
spacing away from the cooling/heating unit 30.
Besides, the movable base 52 provided with
of clamping members 53 and the tape moving unit 54
first holding unit 51-1 is provided on the stationa
base 23 such as to be movable in the first directio
by a first moving unit 58-1. The movable base 52 p
with the pair of clamping members 53 and the tape m
unit 54 of the second holding unit 51-2 is provided
the stationary base 23 such as to be movable in the

direction 21 by a second moving unit 58-2. The mov
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base 52 provided with the pair of clamping members
the tape moving unit 54 of the third holding unit 5
provided on the stationary base 23 such as to be mo
in the second direction 22 by a third moving unit 5
The movable base 52 provided with the pair of clamp
members 53 and the tape moving unit 54 of the fourt
holding unit 51-4 is provided on the stationary bas
such as to be movable in the second direction 22 by
fourth moving unit 58-4.

Since the first moving unit 58-1, the secon
unit 58-2, the third moving unit 58-3, and the four
moving unit 58-4 are substantially the same with on

another in configuration, the equivalent portions w

described while being denoted by the same reference

symbols.

The first moving unit 58-1, the second movi
58-2, the third moving unit 58-3, and the fourth mo
unit 58-4 each include a motor 59-1 by which the
corresponding one of the holding units 51-1, 51-2,
and 51-4 can be moved in the first direction 21 or
second direction 22, and a ball screw 59-2 which is
rotated around an axis by the motor 59-1 and moves
movable base 52 in the first direction 21 or the se

direction 22.
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The first moving unit 58-1, the second movi
58-2, the third moving unit 58-3, and the fourth mo
unit 58-4 constitute expanding means for expanding
expansion sheet 11 held by the holding units 51-1,
51-3, and 51-4, by moving the holding units 51-1, 5
51-3, and 51-4 in the directions for spacing away f
each other in the first direction 21 or the second
direction 22.

In the embodiment, the frame carrying unit
disposed on the upper side of the expansion sheet f
unit 50, is formed in a thick flat plate-like shape
holds the frame 10 on a lower surface 61 thereof.
frame carrying unit 60 is provided such as to be mo
in the vertical direction by a lift unit 62, and to
movable in horizontal directions by a horizontal
direction moving unit (not depicted). The frame ca
unit 60 is disposed, by the horizontal direction mo
unit, at such a position that the opening 12 of the
10 held on the lower surface 61 thereof is coaxial
the plate 31, whereby the frame 10 is positioned at

a position that the opening 12 of the frame 10 and

workpiece 1 adhered to the expansion sheet 11 place

the plate 31 face each other in the vertical direct

In addition, by being lowered by the lift unit 62,
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frame carrying unit 60 adheres the frame 10 to the
expansion sheet 11.

The workpiece carrying unit is disposed on
upper side of the expansion sheet fixing unit 50, a
holds the workpiece 1 on a lower surface thereof.
workpiece carrying unit is provided such as to be m
in the vertical direction by a lift unit, and to be
movable in horizontal directions by a horizontal
direction moving unit. The workpiece carrying unit
disposed, by the horizontal direction moving unit,
such a position that the workpiece 1 held on the lo
surface thereof is coaxial with the plate 31, where
workpiece 1 is positioned at such a position as to
the plate 31 in the vertical direction. In additio
being lowered by the lift unit, the workpiece carry
unit adheres the workpiece 1 to the expansion sheet

The sheet cutting unit 70 is for cutting th
expansion sheet 11 adhered to the frame 10 along th
frame 10. As denoted in FIG. 15, the sheet cutting
70 includes a cutter 71 for cutting the expansion s
11.

The control unit 100 is for controlling the
components of the expanding apparatus 20, thereby c

the expanding apparatus 20 to perform an operation
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expanding the expansion sheet 11 and an operation o
adhering the expansion sheet 11 to the frame 10. N
that the control unit 100 is a computer that includ
arithmetic processing apparatus having a microproce
such as a central processing unit (CPU), a storage
apparatus having a memory such as a read only memor
(ROM) or a random access memory (RAM), and an input
output interface apparatus. The arithmetic process
apparatus of the control unit 100 executes arithmet
processing according to a computer program stored i
storage apparatus, and outputs control signals for
controlling the expanding apparatus 20 to the compo
of the expanding apparatus 20 through the input-out
interface apparatus. In addition, the control unit
connected with a display unit (not depicted) config
using a liquid crystal display or the like that dis
various kinds of information and images and the lik
an input unit (not depicted) for use by an operator
registering information on the contents of processi
the like. The input unit is configured using at le
of a touch panel provided on the display unit and a
external input apparatus such as a keyboard.

Note that in the present invention, the exp

apparatus 20 may include a sheet holding unit that
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the expansion sheet 11 in a rolled form, a delivery
that delivers the expansion sheet 11 from the sheet
holding unit to the holding units 51-1, 51-2, 51-3,
51-4, and a cutting unit that cuts the expansion sh
delivered from the delivery unit, in addition to th
above-mentioned components.

As depicted in FIG. 4, the expanding method
according to the embodiment includes a back surface
grinding step ST1, a division start point forming s
ST2, an expansion sheet adhering step ST3, a plate
cooling step ST4, a workpiece cooling step ST5, an
expanding step ST6, a plate heating step ST7, a wor
heating step ST8, and a frame attaching step ST9.
<Back Surface Grinding Step>

FIG. 5 is a perspective view depicting a ba
surface grinding step of the expanding method depic
FIG. 4. The back surface grinding step ST1 is a st
grinding the back surface 7 of the wafer 3 of the
workpiece 1, to thin the wafer 3 to a desired finis
thickness.

In the back surface grinding step ST1, firs
protective tape 13 is adhered to the front surface
the wafer 3. In the embodiment, the protective tap

which is equal in diameter to the wafer 3 is used.
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back surface grinding step ST1, as depicted in FIG.
grinding apparatus 80 suction holds the front surfa
of the wafer 3 on a chuck table 81 with the protect
tape 13 interposed therebetween, and, while rotatin
chuck table 81 around an axis, grindstones 83 of a
grinding unit 82 are rotated around an axis and bro
into contact with the back surface 7 of the wafer 3
grind the back surface 7. After the back surface g
step ST1, the expanding method proceeds to the divi
start point forming step ST2.

<Division Start Point Forming Step>

FIG. 6 is a sectional view depicting the di
start point forming step of the expanding method de
in FIG. 4. The division start point forming step S
step of forming the wafer 3 of the workpiece 1 with
modified layers 14 as division start points along t
streets.

In the division start point forming step ST
illustrated in FIG. 6, a laser processing apparatus
suction holds the front surface 6 of the wafer 3 on
chuck table 91 with the protective tape 13 interpos
therebetween, and a laser beam of such a wavelength
be transmitted through the workpiece 1 is applied f

the back surface 7 side of the workpiece 1 along th

21

5 a
ce b6
ive

g the

ught
, to
rinding

sion

vision
picted

T2isa

he

2,as

90

ed
as to

rom



streets 5. In the division start point forming ste

a focal point 93 of the laser beam 92 is set in the
inside of the wafer 3, and the laser beam 92 is app
to the workpiece 1 while moving the workpiece 1 and
laser beam applying unit 94 relative to each other
the streets 5. In the division start point forming

ST2, the modified layers 14 as division start point
along the streets 5 are formed in the inside of the

3.

Note that the modified layer 14 means a reg
where density, refractive index, mechanical strengt
other physical property is different from that in t
surroundings, and examples thereof include a meltin
treatment region, a crack resin, a dielectric break
region, a refractive index change region, and a reg
which these regions are mixedly present. Besides,
embodiment, the workpiece 1 is formed therein with
modified layers 14 as the division start points, bu
grooves as division start points may be formed by ¢
from the front surface 6 side, or laser processed g
as division start points may be formed by laser abl
processing from the front surface 6 side. After th
division start point forming step ST2, the expandin

method proceeds to the expansion sheet adhering ste

22

p ST2,

lied

along

step

wafer

ion
h or
he
g
down
ion in
in the
the
t cut
utting
rooves
ation
e

g
p STS.



<Expansion Sheet Adhering Step>

FIG. 7 is a perspective view depicting an o
of the expansion sheet adhering step of the expandi
method denoted in FIG. 4. FIG. 8 is a sectional vi
depicting the workpiece and the like after the expa
sheet adhering step of the expanding method depicte
FIG. 4. The expansion sheet adhering step ST3 is a
of adhering the DAF 4 to the back surface 7 of the
3, and adhering the expansion sheet 11 to the DAF 4
the workpiece 1.

In the embodiment, in the expansion sheet a
step ST3, as depicted in FIG. 7, the expanding appa
20 positions the expansion sheet 11, with the DAF 4
adhered to the center thereof, at a position spaced
the plate 31, and holds the expansion sheet 11 by t
pairs of clamping members 53 of the holding units 5
51-2, 51-3, and 51-4. In the expansion sheet adher
step ST3, the expanding apparatus 20 causes the bac
surface 7 of the wafer 3 held on the workpiece carr
unit to face the DAF 4, and lowers the workpiece ca
unit, to adhere the back surface 7 of the wafer 3 t
DAF 4, as depicted in FIG. 8. In the present inven
the DAF 4 adhered to the expansion sheet 11 may be

adhered to the back surface 7 of the wafer 3 by an
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adhering roller (not depicted) from below the expan
sheet 11. In the expansion sheet adhering step ST3
protective tape 13 is peeled off.

Note that in the embodiment, the back surfa
the wafer 3 is adhered to the DAF 4 adhered to the
expansion sheet 11 in the expansion sheet adhering
ST3, but, in the present invention, the DAF 4 and t
expansion sheet 11 may be sequentially adhered to t
back surface 7 of the wafer 3. Specifically, in th
present invention, the wafer 3 with the DAF 4
preliminarily adhered to the back surface 7 thereof
be held by the workpiece carrying unit, and may be
adhered to the expansion sheet 11 held by the clamp
members 53. After the expansion sheet adhering ste
the expanding method proceeds to the plate cooling
ST4.
<Plate Cooling Step>

FIG. 9 is a side view of the cooling/heatin
depicting the plate cooling step of the expanding m
depicted in FIG. 4. The plate cooling step ST4 is
of cooling the plate 31 of the cooling/heating unit
a temperature to which the workpiece 1 is to be coo

In the embodiment, in the plate cooling ste

as depicted in FIG. 9, the expanding apparatus 20 c
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the switch 42 of the power source unit 43-1 on one
of the polarity change-over power source unit 40, a
keeps open the switch 42 of the power source unit 4
the other side, to cool the plate 31 by the Peltier
elements in the Peltier element layer 32. In the
embodiment, in the plate cooling step ST4, the plat
is cooled until the temperature at the upper surfac
thereof is brought to a desired cooling temperature
namely, a temperature of -20°C to -15°C. After the
cooling step ST4, the expanding method proceeds to
workpiece cooling step ST5.

<Workpiece Cooling Step>

FIG. 10 is a side view depicting, partly in
a major part of the expanding apparatus before the
workpiece cooling step of the expanding method depi
in FIG. 4. FIG. 11 is a side view depicting, partl
section, the workpiece cooling step of the expandin
method depicted in FIG. 4.

The workpiece cooling step ST5 is a step of
bringing the plate 31 into contact with the workpie
through the expansion sheet 11 to cool the workpiec
after the plate cooling step ST4 is performed. In
embodiment, in the workpiece cooling step ST5, star

from the state in which the expansion sheet 11 is s
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from the upper surface 34 of the plate 31 as illust

in FIG. 10, the expanding apparatus 20 causes the t
moving unit 54 to lower the expansion sheet 11, to

the expansion sheet 11 into contact with the upper
surface 34 of the plate 31, as depicted in FIG. 11.

the embodiment, in the workpiece cooling step ST5,
expanding apparatus 20 keeps the expansion sheet 11
contact with the upper surface 34 of the plate 31 f

to 60 seconds, thereby to cool the wafer 3 and the

of the workpiece 1. After the workpiece cooling st

the expanding method proceeds to the expanding step
and the plate cooling step ST7.

<Expanding Step>

FIG. 12 is a side view depicting, partly in
the expanding step in the expanding method depicted
FIG. 4. The expanding step ST6 is a step of expand
expansion sheet 11, after the workpiece cooling ste
is performed.

In the embodiment, in the expanding step ST
expanding apparatus 20 causes the tape moving unit
move the expansion sheet 11 upward, to separate the
expansion sheet 11 from the upper surface 34 of the
31, after which the expanding apparatus 20 causes t

moving units 58-1, 58-2, 58-3, and 58-4 to move the
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holding units 51-1, 51-2, 51-3, and 51-4 in the fir
direction 21 or the second direction 22 for spacing
from each other. As a result, the expansion sheet
expanded both in the first direction 21 and in the
direction 22 attendant on the movements of the hold
units 51-1, 51-2, 51-3, and 51-4. As a result of t
expansion of the expansion sheet 11, tensile forces
the first direction 21 and the second direction 22
the expansion sheet 11.

When the tensile forces in the first direct
and the second direction 22 thus act on the expansi
sheet 11 with the workpiece 1 adhered thereto, the
workpiece 1, which has been formed with the modifie
layers 14 along the streets 5, is divided along the
streets 5 into the individual devices 2 with the mo
layers 14 as start points, and the DAF 4 is divided
the device 2 basis. Note that in the embodiment, t
expansion sheet 11 is expanded after it is moved up
to be separated from the upper surface 34 of the pl
in the expanding step ST6, but, in the present inve
the expansion sheet 11 may be expanded while kept i
contact with the upper surface 34 of the plate 31 w
being moved upward. After the expanding step ST6,

expanding method proceeds to the workpiece heating
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ST8.
<Plate Heating Step>
FIG. 13 is a side view depicting the plate
step of the expanding method depicted in FIG. 4. T
plate heating step ST7 is a step of heating the pla
after the workpiece cooling step ST5 is performed.
In the embodiment, in the plate heating ste
as depicted in FIG. 13, the expanding apparatus 20
the switch 42 of the power source unit 43-1 on one
of the polarity change-over power source unit 40, a
closes the switch 42 of the power source unit 43-2
other side, to heat the plate 31 by the Peltier ele
in the Peltier element layer 32. In the embodiment
the plate heating step ST7, the plate 31 is heated
the temperature at the upper surface 34 thereof is
brought to a heating temperature of 20°C to 30°C.
that in the embodiment, the cooling/heating unit 30
heating the plate 31 to a temperature on the order
20°C to 30°C by passing a current in the state deno
FIG. 13, normally including the period of stand-by
than the periods of cooling the workpiece 1, namely
plate cooling step ST4 and the workpiece cooling st
By this, the expanding apparatus 20 keeps heating t

plate 31 to around normal temperature even in the p
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of stand-by, whereby the heat accumulated in the he
radiation plate 33 is cooled, which produces such a
effect that the plate 31 can be cooled in a short t
After the plate heating step ST7, the expanding met
proceeds to the workpiece heating step ST8.
<Workpiece Heating Step>

FIG. 14 is a side view depicting, partly in
the workpiece heating step of the expanding method
depicted in FIG. 4. The workpiece heating step ST8
step of bringing the plate 31 into contact with the
workpiece 1 through the expansion sheet 11 to heat
workpiece 1, after the expanding step ST6 and the p
heating step ST7 are performed.

In the embodiment, in the workpiece heating
ST8, the expanding apparatus 20 causes the tape mov
unit 54 to lower the expansion sheet 11, to bring t
expansion sheet 11 into contact with the upper surf
of the plate 31, as illustrated in FIG. 14. In the
embodiment, in the workpiece heating step ST8, the
expanding apparatus 20 brings the expansion sheet 1
contact with the upper surface 34 of the plate 31,
heat the wafer 3 and the DAF 4 of the workpiece 1,
thereby removing frost or dew generated on the fron

surface 6 of the wafer 3. After the workpiece heat
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step ST8, the expanding method proceeds to the fram
attaching step ST9.
<Frame Attaching Step>

FIG. 15 is a side view depicting, partly in
the frame attaching step of the expanding method de
in FIG. 4. The frame attaching step ST9 is a step
attaching the frame 10 to the expansion sheet 11, a
the workpiece heating step ST8 is performed.

In the embodiment, in the frame attaching s

the expanding apparatus 20 causes the tape moving u

to move the expansion sheet 11 upward, to separate
expansion sheet 11 from the upper surface 34 of the
31, after which the frame 10 is positioned at such
position that the opening 12 of the frame 10 and th
workpiece 1 adhered to the expansion sheet 11 face
other and that the frame 10 is spaced from the expa
sheet 11. In the frame attaching step ST9, as depi
FIG. 15, the expanding apparatus 20 lowers the fram
carrying unit 60, whereby the frame 10 held by the
carrying unit 60 is attached to the expansion sheet
and the expanding apparatus 20 causes the cutter 71
the sheet cutting unit 70 to cut the expansion shee
along the frame 10. After the frame attaching step

the expanding method is finished.
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In the expanding method and the expanding a
20 according to the embodiment, after the workpiece
cooling step ST5 is performed, the expanding step S
conducted, and then the workpiece heating step ST8
carried out. Therefore, the dew or frost generated
workpiece cooling step ST5 can be removed by heatin
troubles due to the dew or frost can be prevented f
being generated in the later steps. In addition, i
expanding method and the expanding apparatus 20, th
cooling/heating unit 30 for cooling the workpiece 1
includes the plate 31 that makes contact with the
workpiece 1 to cool the workpiece 1, and the Peltie
element layer 32 for cooling the plate 31. Therefo
IS unnecessary to provide a cooling chamber for
accommodating and cooling the workpiece 1, and,
accordingly, the expanding apparatus 20 can be rest
from being enlarged in size. As a result, in the
expanding method and the expanding apparatus 20 acc
to the embodiment, the workpiece 1 inclusive of the
can be divided into the individual devices 2 while
restraining enlargement of the apparatus, and troub
due to the dew or frost deposited on the front surf
of the workpiece 1 can be restrained from occurring

the later steps.

31

pparatus

T6 is

in the

g, and

rom

n the

re, it

rained

ording

DAF 4

les

ace 6



Besides, in the expanding method and the ex
apparatus according to the embodiment, the
cooling/heating unit 30 includes the Peltier elemen
layer 32, and cools and heats the workpiece 1. The
an increased in the number of component parts of th
expanding apparatus 20 can be restrained, and enlar
of the apparatus itself can be restrained.

In addition, in the expanding method and th
expanding apparatus 20 according to the embodiment,
cooling/heating unit 30 includes the Peltier elemen
layer 32, and cools and heats the workpiece 1; ther
it is unnecessary to cover with a cooling chamber t
whole of the expanding apparatus 20 that holds the
of the expansion sheet 11 and expands the expansion
11. As aresult, in the expanding method and the
expanding apparatus 20 according to the embodiment,
enlargement of the expanding apparatus 20 that hold
edges of the expansion sheet 11 and expands the exp
sheet 11 can be restrained. The effect such that
enlargement of the expanding apparatus itself can b
restrained is conspicuous patrticularly in the case
the apparatus includes the aforementioned sheet hol
unit, delivery unit, and cutting unit.

Note that the present invention is not limi
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the above-described embodiment. The present invent
be carried out with various modifications without

departing from the scope of the gist of the inventi

For example, in the embodiment, the expanding appar

20 causes the tape moving unit 54 to lower the expa

sheet 11 in the workpiece cooling step ST5, to move

expansion sheet 11 upward in the expanding step ST6

lower the expansion sheet 11 in the workpiece heati

step ST8, and to move the expansion sheet 11 upward

the frame attaching step ST9. In the present inven
however, the expanding apparatus 20 may move the
cooling/heating unit 30 upward or downward, in the
workpiece cooling step ST5, the expanding step ST6,
workpiece heating step ST8, and the frame attaching
ST9. In this case, in the frame attaching step ST9
expansion sheet 11 may not be moved upward, the
cooling/heating unit may be lowered and retracted,
the frame carrying unit 60 may be lowered to attach
frame 10.

In addition, in the embodiment, the wafer 3
DAF 4 are divided together (namely, the objectto b
processes is the wafer and the ductile material).
the present invention is preferable also in the cas

dividing only the DAF 4 adhered to the wafer 3
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individualized into the devices 2 by grinding condu
after half-cutting or modified layer formation alon
streets 5 (in other words, the case where the objec
be processed is only the ductile material).

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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WHAT IS CLAIMED | S

1. An expanding method for expanding an ex
sheet to which a workpiece including at least a duc
material is adhered, the expanding method comprisin

a plate cooling step of cooling a plate of
cooling/heating means, which includes the plate hav
contact surface for contact with the workpiece and
Peltier element for cooling or heating the plate, t
temperature to which to cool the workpiece;

a workpiece cooling step of bringing the pl
contact with the workpiece through the expansion sh
cool the workpiece, after the plate cooling step is
performed,;

an expanding step of expanding the expansio
after the workpiece cooling step is performed;

a plate heating step of heating the plate,
the workpiece cooling step is performed; and

a workpiece heating step of bringing the pl
contact with the workpiece through the expansion sh
heat the workpiece, after the expanding step and th
plate heating step are performed.

2. An expanding apparatus for expanding an
expansion sheet to which a workpiece including at |

ductile material is adhered, the expanding apparatu
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comprising:
expanding means expanding the expansion she
cooling/heating means that includes a plate
a contact surface for contact with the workpiece an
brought into contact with the workpiece through the
expansion sheet, and a Peltier element for cooling
heating the plate; and
polarity change-over means changing over th

polarity of a current passed to the Peltier element
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