WORKPI ECE UNI T

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a workpiec

that includes a workpiece, a tape attached to the

workpiece, and an annular frame having an opening i
center thereof and to which an outer peripheral edg
the tape is attached.

Description of the Related Art

A generally known workpiece unit includes a
shaped workpiece such as a semiconductor wafer, a t
and an annular frame. Specifically, the tape is at
to the workpiece. An outer peripheral edge of the
attached to the annular frame. The annular frame h
opening in the center thereof. The workpiece unit
type may include ductile elements such as a test el
group (TEG) provided on planned division lines of t
workpiece or a die attach film (DAF) attached betwe
workpiece and the tape. In a proposed technology (
Japanese Patent Laid-Open No. 2006-049591), when th
is expanded to divide the workpiece together with t
ductile elements, the workpiece unit is cooled (exp

to an external stimulus) to decrease the ductility
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ductile elements. Accordingly, the workpiece is di vided

efficiently.
SUVMARY OF THE | NVENTI ON
However, since it is not possible to determ ine,
from an appearance of the tape, whether or not cool ing is
sufficient, in a case in which the tape is expanded in a
state in which cooling is not sufficient, the ducti le

elements may be stretched out and cannot be divided
Moreover, once the tape is expanded, the tape is
stretched out. The stretched-out tape cannot be
sufficiently expanded any more. Therefore, it is n ot
possible to divide the ductile elements even if the
workpiece unit is cooled again.
It is, therefore, an object of the present
invention to provide a workpiece unit that allows a
worker to determine, from an appearance of a tape,
whether a process involving an external stimulus ha S been
performed.

In accordance with an aspect of the present

invention, there is provided a workpiece unit inclu ding a
workpiece, a tape that is attached to the workpiece , and
an annular frame to which an outer peripheral edge of the
tape is attached and having an opening in a center of the



annular frame, and the workpiece unit has the workp iece

positioned in the opening of the annular frame thro ugh
the tape. In the workpiece unit, the tape reversib ly
changes in color in response to an external stimulu S.

With this configuration, since the tape cha nges in
color in response to the external stimulus, a worke r can

easily determine, from the appearance of the tape,

whether or not a process involving the external sti mulus
has been performed. This configuration can, theref ore,
prevent a failure that would otherwise be generated by
causing the workpiece that has not been processed y et to

be loaded to a subsequent process.
Preferably, the external stimulus includes a change

in temperature.

Preferably, the tape changes in color to a first
color at a first temperature and changes in color t 0 a
second color different from the first color at a se cond

temperature different from the first temperature.

With the workpiece unit according to the pr esent
invention, since the tape changes in color in respo nse to
an external stimulus, a worker can easily determine , from
the appearance of the tape, whether or not the proc ess

involving the external stimulus has been performed.

The above and other objects, features and
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advantages of the present invention and the manner
realizing them will become more apparent, and the
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 illustrating a
example of a configuration of a workpiece unit acco
to an embodiment of the present invention;

FIG. 2 is a cross-sectional view of part of
workpiece unit;

FIG. 3 is a perspective view illustrating a
forming modified layers along planned division line
wafer of the workpiece unit;

FIG. 4 is a cross-sectional view illustrati
state before the wafer is divided under a cooling
condition;

FIG. 5 is a cross-sectional view illustrati
state after the wafer is divided under the cooling
condition;

FIG. 6 is a bottom view of the workpiece un

a tape sufficiently cooled; and
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FIG. 7 is a bottom view of the workpiece un

the tape not sufficiently cooled.

it with

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

Hereinafter, an embodiment of the present i

will be described in detail with reference to the

drawings. The present invention is not limited to

embodiment described below. The components used in

embodiment below may include those that can be easi

assumed by persons skilled in the art or substantia

the same as those known in the art. Moreover,
configurations described below may be suitably comb

with each other. Further, the configurations may b

omitted, replaced, or changed in various manners wi
departing from the scope of the present invention.

FIG. 1 is a perspective view illustrating a
example of a configuration of a workpiece unit acco
to the present embodiment. FIG. 2 is a cross-secti
view of part of the workpiece unit. As illustrated
1, a workpiece unit 1 includes a wafer 2, a tape 6,
an annular frame 7. The wafer 2 is a workpiece. T
6 is attached to the wafer 2. An outer peripheral
of the tape 6 is attached to the annular frame 7.

annular frame 7 has an opening 7A in the center the
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The opening 7A of the annular frame 7 has a larger
diameter than the wafer 2. The wafer 2 is position
the opening 7A and held through the tape 6 by the a
frame 7.

The wafer 2 is a disk-shaped semiconductor
using silicon as a base material, or an optical dev
wafer using sapphire, silicon carbide (SiC), or the
as a base material. In the wafer 2, a plurality of
devices 4 are individually formed in a plurality of
regions defined by grid-like planned division lines
(planned cutting lines) 3 formed on a front surface
Moreover, a ductile test element group (TEG) 8 is f
on the planned division lines 3. The TEG 8 is form
ductile metal or the like and is a group of test pa
for finding a design and manufacturing problem of t
devices 4. The TEG 8 is provided at predetermined
positions on the planned division lines 3 of the wa
Although the disc-shaped wafer is described as the
workpiece in the present embodiment, the workpiece
limited to the wafer. The workpiece may be, for ex
a package substrate, a ceramic substrate, or a glas
substrate, which is formed in a rectangular plate s

As illustrated in FIG. 2, the tape 6 is, fo

example, an expansion tape and includes a base mate
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6A, an adhesive layer (glue layer) 6B, and a color
layer (color change portion) 6C. The base material

made of synthetic resin having elasticity. The adh

layer 6B is stacked on an upper surface of the base

material 6A. The color change layer 6C is stacked
lower surface of the base material 6A. The tape 6
attached to a back surface 2B of the wafer 2 with t

adhesive layer 6B serving as an upper surface. The

change layer 6C according to the present embodiment

includes first thermochromic ink and second thermoc

ink, for example. In response to a change in tempe
caused by cooling (external stimulus), the first
thermochromic ink changes in color from colorless t
first color at a predetermined first temperature (e

0°C) or lower, while the second thermochromic ink c

in color from colorless to a second color different

the first color at a predetermined second temperatu
(e.g., —100°C) or lower. The second temperature is
(different from) than the first temperature. The f
thermochromic ink and the second thermochromic ink
dispersed over the whole area of the color change |
6C. The color change of each of the first thermoch

ink and the second thermochromic ink is reversible.
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thermochromic ink can change in color according to
temperature of the tape 6 (workpiece unit 1). With

configuration, a worker can easily determine, from

appearance of the tape 6, an approximate cooling

temperature of the workpiece unit 1 by checking whe
the color change layer 6C has changed in color to t
first color or the second color (including the colo

mixed with the first color). In the present embodi

each of the first thermochromic ink and the second

thermochromic ink changes in color from colorless t

corresponding color when the temperature has change

the corresponding predetermined temperature or lowe

However, as long as the color after the color chang
known in advance, each of the first thermochromic i
the second thermochromic ink may change in color fr
color to a different color.

Next, a procedure for processing the workpi
1 will be described. In the workpiece unit 1, the
iIs supported by the annular frame 7 through the tap
including the color change layer 6C. In the presen
embodiment, with the workpiece unit 1 cooled, the t
is expanded (cool expansion processing) to divide t
wafer 2 into device chips. FIG. 3 illustrates a pr

of forming modified layers 9 along the planned divi
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lines 3 of the wafer 2 of the workpiece unit 1. FI
illustrates a state before the wafer 2 is divided u
cooling condition. FIG. 5 illustrates a state afte
wafer 2 is divided under the cooling condition. FI
a bottom view of the workpiece unit 1 with the tape
sufficiently cooled. FIG. 7 is a bottom view of th
workpiece unit 1 with the tape 6 not sufficiently c

A laser processing apparatus 20 illustrated
3 forms, inside the wafer 2, the modified layers 9
the respective planned division lines 3. The modif

layers 9 refer to altered regions in which a densit

refractive index, a mechanical strength, or other

physical characteristics are different from those o
surroundings. Examples of the modified layers 9 in
melting treatment regions, crack regions, dielectri
breakdown regions, refractive index changing region

regions mixed with these regions. The laser proces

apparatus 20 includes an irradiation head 21 and an

imaging unit 22. The irradiation head 21 emits a |

beam 21A toward the wafer 2. The imaging unit 22 i

provided side by side with the irradiation head 21

X direction. The irradiation head 21 includes a la

oscillator, not illustrated, and a condenser, not

illustrated. The laser oscillator oscillates a las
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wavelength that is transmittable through the wafer
condenser focuses the laser beam emitted by the las
oscillator. The irradiation head 21 adjusts a cond
position (focus position) of the laser beam 21A, wh
to be emitted toward the wafer 2, in a Z direction
(vertical direction). The imaging unit 22 is a cam
that images, for example, the arrangement of the wa
relative to the irradiation head 21 and a processin
state of the wafer 2.

The workpiece unit 1 is held by a chuck tab
illustrated.  The chuck table is movable in the X
direction. The chuck table is also rotatable about
axis parallel to the vertical direction. In the pr
embodiment, the chuck table holding the workpiece u
moves in the X direction. However, as long as the
processing apparatus 20 moves relative to the workp
unit 1 in the X direction, the laser processing app
20 may move in the X direction

To form the modified layer 9 inside the waf
the laser processing apparatus 20 images the front
surface 2A of the wafer 2 using the imaging unit 22
find a position of a predetermined one of the plann
division lines 3. After that, the laser processing

apparatus 20 determines the inside of the wafer 2 a
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condensing position of the laser beam 21A, which is
focused by the condenser. Then, the laser processi ng

apparatus 20 emits the laser beam 21A along the

corresponding planned division line 3 of the wafer 2
while the chuck table is moved for processing in an X1
direction. As a result, the modified layer 9 is fo rmed

inside the wafer 2 along the corresponding planned
division line 3. Alternatively, a plurality (e.qg., three)

of modified layers 9 may be formed in a thickness

direction of the wafer 2 along one planned division line
3. When the modified layers 9 are formed along all the
planned division lines 3, the process of forming th e

modified layers 9 ends.

Next, an expansion apparatus 30 illustrated in FIG.
4 expands the tape 6 to divide the wafer 2 along th e
planned division lines 3. The expansion apparatus 30
according to the present embodiment is provided ins ide a
cooling chamber 50 and expands the tape 6 (cool exp ansion
processing) with the workpiece unit 1 cooled. The cooling

chamber 50 includes a cool air supply port, not

illustrated, and is capable of cooling the inside o f the
cooling chamber 50 to a desired temperature by supp lying
cool air from the cool air supply port.

The expansion apparatus 30 includes a frame holding

11



table 31, an elevation unit 32, a tape expansion dr
and an imaging unit 34. The frame holding table 31
annular shape and includes a mounting surface 31A a
plurality of clamps 31B. The annular frame 7 is mo
on the mounting surface 31A. The clamps 31B hold t
annular frame 7. The elevation unit 32 is provided
the frame holding table 31 and raises and lowers th
frame holding table 31. The elevation unit 32 incl
plurality of air cylinders 32A. A piston rod 32B o
air cylinder 32A is coupled to a lower surface of t
frame holding table 31. By expanding and contracti
piston rod 32B, the elevation unit 32 moves the mou
surface 31A of the frame holding table 31 between a
reference position and an expansion position in the
vertical  direction. The reference position is
substantially the same height as an upper end 33A o
tape expansion drum 33. The expansion position is
than the upper end 33A by a predetermined amount.

The tape expansion drum 33 has a cylindrica
and is provided on an inner side of the frame holdi
table 31 having an annular shape. The tape expansi
33 has an inner diameter and an outer diameter that
larger than those of the wafer 2 of the workpiece u

and smaller than the opening 7A of the annular fram

12

um 33,

has an
nd a
unted
he

below

udes a

f each
he

ng the

nting

f the

lower

| shape
ng
on drum
are
nit 1

e 7.



With this configuration, the upper end 33A of the t
expansion drum 33 contacts the tape 6 between the w
and the annular frame 7 in the workpiece unit 1. F
example, the imaging unit 34 is a camera which is
provided inside the tape expansion drum 33 and main
images the tape 6 from a lower surface side of the
workpiece unit 1. Since the captured image is disp
on a display apparatus such as a color monitor, not
illustrated, the worker can check the color of the

When the wafer 2 is divided, the workpiece
is held on the frame holding table 31 of the expans
apparatus 30 as illustrated in FIG. 4. Specificall
annular frame 7 is mounted on the mounting surface
the frame holding table 31 and held by the clamps 3

this time, the piston rod 32B of the elevation unit

expands such the mounting surface 31A of the frame

holding table 31 is positioned at the reference pos
which is substantially the same height as the upper
33A of the tape expansion drum 33.

Next, cool air is supplied from the cool ai
port to cool the inside of the cooling chamber 50 t
desired temperature. Accordingly, the workpiece un
(tape 6) in the cooling chamber 50 is cooled to the

desired temperature. In the present embodiment, th
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6 of the workpiece wunit 1 includes the first

thermochromic ink and the second thermochromic ink.

Specifically, in response to a change in temperatur e
(external stimulus), the first thermochromic ink ch anges
in color to the first color at the predetermined fi rst
temperature, while the second thermochromic ink cha nges
in color to the second color at the predetermined s econd
temperature that is lower than the first temperatur e. It

Is known that when ductile elements such as the TEG 8
provided on the planned division lines 3 of the waf er 2
are cooled to a temperature lower than a predetermi ned
reference temperature (e.g., —80°C), the ductility of the
ductile elements decreases and the ductile elements can
be efficiently divided. Since this reference tempe rature
varies depending on the type, material, size, or th e like
of the ductile elements, the reference temperature is set
based on, for example, an experiment which is carri ed out

in advance. In the present embodiment, the second

temperature (e.g., —100°C) is set to a temperature lower
than the reference temperature (-80°C), while the f irst
temperature (e.g., 0°C) is set to a temperature hig her

than the reference temperature.
With this configuration, the worker can eas ily

determine, from the appearance of the tape 6, wheth er the

14



workpiece unit 1 (TEG 8) has been cooled to the ref

temperature or lower by checking whether the tape 6

changed in color and how large the region changed i

color is. Specifically, as illustrated in FIG. 6,

outer edge 65A of a region 65 has changed in color
second color. When the outer edge 65A has reached
outer side of an outer peripheral portion of the wa

(the outer edge 65A has reached the outer periphera

61 of the tape 6 in FIG. 6), the worker can determi
that at least the wafer 2 on which the TEG 8 (FIG.
provided has been cooled to the second temperature
lower. Therefore, as illustrated in FIG. 5, the pi

rod 32B of the elevation unit 32 is contracted to |

the mounting surface 31A of the frame holding table

the expansion position. At this time, since the an

frame 7 fixed to the mounting surface 31A of the fr
holding table 31 is also lowered, the tape 6 attach

the annular frame 7 is expanded in contact with the

end 33A of the tape expansion drum 33. As a result
tensile force acts radially on the wafer 2 attached

the tape 6. This divides the wafer 2 into individu
device chips 11 along the modified layers 9 (FIG. 4
formed on the respective planned division lines 3.

this time, since the TEG 8 on the planned division
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3 has been cooled to the second temperature or lowe r and
the ductility has decreased, the TEG 8 can be relia bly
divided together with the wafer 2.

As illustrated in FIG. 7, a region 66 has c hanged
in color to the first color. When the region 66 is
present on an inner side of the wafer 2, the worker can
determine that part of the TEG 8 has not been
sufficiently cooled yet and a division failure may occur

since the entire wafer 2 has not been cooled to the

second temperature or lower. Therefore, when cooli ng is
not sufficient, cooling is continued until at least the
outer edge 65A of the region 65, which has changed in
color to the second color, reaches the outer side o f the
outer peripheral portion of the wafer 2. According ly, the

division failure can be prevented.
According to the embodiment of the present

invention, in response to a change in temperature

(external stimulus), the tape 6 of the workpiece un it 1

reversibly changes in color to the first color at t he
predetermined first temperature, and reversibly cha nges
in color to the second color at the predetermined s econd
temperature that is lower than the first temperatur e.
With this configuration, the worker can easily dete rmine,

from the appearance of the tape 6, whether the proc ess

16



involving the external stimulus has been performed.

The present invention is not limited to the
described embodiment. That is, various modificatio
be made without departing from the scope of the pre
invention. In the present embodiment, for example,
workpiece unit 1 includes, as the ductile elements,
TEG 8 provided on the planned division lines 3 of t
wafer 2. However, the ductile elements are not lim
the TEG 8. For example, the workpiece unit 1 may i
as a ductile element, a die attach film (DAF) attac
between the wafer 2 and the tape 6. The DAF is an
adhesive sheet for die bonding and is larger than t
wafer 2. Therefore, for example, when the outer ed
of the region 65, which has changed in color to the
second color, has reached an outer side of an outer
peripheral portion of the DAF, the worker can deter
that at least the DAF has been cooled to the second
temperature or lower. In contrast, when the region
which has changed in color to the first color, is p
on an inner side of the DAF, the worker can determi
that the entire DAF has not been cooled to the seco
temperature or lower and the DAF may fail to be div

In the present embodiment, the tape 6 inclu

first thermochromic ink and the second thermochromi
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The first thermochromic ink changes in color at the
temperature that is higher than the reference tempe
at which the ductility of the TEG 8 as the ductile
elements decreases. The second thermochromic ink c
in color at the second temperature that is lower th
first temperature and the reference temperature.
Alternatively, the tape 6 may include single
thermochromic ink that changes in color at the seco
temperature. With this configuration, the worker c
determine whether a cooling target region has been
to the second temperature or lower.

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 CLAI MED | S:

1. A workpiece unit including a workpiece, a tape
that is attached to the workpiece, and an annular f rame
to which an outer peripheral edge of the tape is at tached
and having an opening in a center of the annular fr ame,
the workpiece unit having the workpiece positioned in the

opening of the annular frame through the tape,

wherein the tape reversibly changes in colo rin
response to an external stimulus.

2. The workpiece unit according to claim 1 ,

wherein the external stimulus includes a ch ange in
temperature.

3. The workpiece unit according to claim 1 ,

wherein the tape changes in color to a firs t color
at a first temperature and changes in color to a se cond
color different from the first color at a second

temperature different from the first temperature.
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