WORKPI ECE UNI T

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a workpiec e unit
having at least a workpiece and a tape stuck to the
workpiece.

Description of the Related Art

Generally, there has been known in the art a
workpiece unit including a plate-shaped workpiece s uch as
a semiconductor wafer, a tape stuck to the workpiec e, and
an annular frame to which an outer circumferential edge
of the tape is stuck and which has an opening defin ed
centrally therein. The workpiece unit uses, as the tape,
an ultraviolet (UV) tape whose adhesive power is lo wered
when irradiated with an ultraviolet radiation, i.e. , an
external stimulus. The workpiece that is fixed to the
annular frame by the UV tape is diced or cut into d evice
chips by a cutting blade. After the dicing process , the

workpiece unit is irradiated with the ultraviolet
radiation, and then introduced into a pickup appara tus in
which the device chips are picked up (see, for exam ple,

JP 2018-074082A).



SUMVARY OF THE | NVENTI ON

It is impossible for the worker to decide w
or not the workpiece unit has been irradiated with
ultraviolet radiation from the appearance of the
workpiece unit. Therefore, it may occur that the
workpiece unit not irradiated with the ultraviolet
radiation may be introduced into the pickup apparat
account of a lack of care on the part of the worker
the workpiece unit is not irradiated with the ultra
radiation, then since the adhesive power of the UV
is not lowered, the device chips may not be peeled
from the UV tape and may possibly be damaged.

It is therefore an object of the present in
to provide a workpiece unit that makes it possible
decide whether or not a process involving an extern
stimulus has been carried out on the workpiece unit
the appearance of the workpiece unit.

In accordance with an aspect of the present
invention, there is provided a workpiece unit inclu
workpiece, a tape stuck to the workpiece, and an an
frame to which an outer circumferential edge of the
is stuck and which has an opening defined centrally
therein, the workpiece being disposed in the openin

the annular frame and supported on the annular fram
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the tape. At least one of the tape and the annular
has an irreversible discoloring section that discol
response to an external stimulus.

With this arrangement, since at least one o
tape and the annular frame has an irreversible
discoloring section that discolors in response to a
external stimulus, it can easily be decided whether
not a process that involves the external stimulus h
been performed on the workpiece unit from the appea
thereof. Consequently, it is possible to prevent p
from occurring that would be caused if the workpiec
sent unprocessed to a next step.

In accordance with another aspect of the pr
invention, there is provided a workpiece unit inclu
workpiece and a tape stuck to the workpiece. The t
an irreversible discoloring section that discolors
response to an external stimulus.

With this arrangement, since the tape has a
irreversible discoloring section that discolors in
response to an external stimulus, it can easily be
decided whether or not a process that involves the
external stimulus has been performed on the workpie
unit from the appearance thereof. Consequently, it

possible to prevent problems from occurring that wo
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caused if the workpiece were sent unprocessed to a
step.

In the above arrangement, the tape may disc
its entirety in response to the external stimulus.
tape may include a base member and a glue layer, an
glue layer may be hardened when irradiated with an
ultraviolet radiation as the external stimulus.
Alternatively, the external stimulus may be a tempe
change.

The external stimulus may be a temperature
and the discoloring section may discolor to a first
at a first temperature and discolor to a second col
different from the first color at a second temperat
different from the first temperature.

According to the present invention, inasmuc
least one of the tape and the annular frame has an
irreversible discoloring section that discolors in
response to an external stimulus, it can easily be
decided whether or not a process that involves the
external stimulus has been performed on the workpie
unit from the appearance thereof.

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. 1 is a perspective view illustrating, by way

of example, the structure of a workpiece unit accor
to a first embodiment of the present invention;

FIG. 2 is a fragmentary cross-sectional vie
workpiece unit;

FIG. 3 is a perspective view illustrating a
cutting a workpiece of the workpiece unit;

FIG. 4 is a perspective view illustrating a
irradiating the workpiece unit with an ultraviolet
radiation;

FIG. 5 is a perspective view illustrating t
workpiece unit that has been irradiated with the
ultraviolet radiation;

FIG. 6 is a fragmentary cross-sectional vie
workpiece unit according to a modification of the f
embodiment;

FIG. 7 is a fragmentary cross-sectional vie

workpiece unit according to a second embodiment of
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present invention;

FIG. 8 is a cross-sectional view illustrati
step of forming a resin film on a face side of a wa
the workpiece unit;

FIG. 9 is a perspective view illustrating a
removing the resin film along projected dicing line
the wafer of the workpiece unit;

FIG. 10 is a cross-sectional view illustrat
step of performing a plasma etching process on the
of the workpiece unit;

FIG. 11 is a perspective view of the workpi
after the plasma etching process;

FIG. 12 is a fragmentary cross-sectional vi
workpiece unit according to a modification of the s
embodiment;

FIG. 13 is a fragmentary cross-sectional vi
workpiece unit according to a third embodiment of t
present invention;

FIG. 14 is a cross-sectional view illustrat
step of sticking a tape to a wafer and an annular f

FIG. 15 is a bottom view of the workpiece u
the tape normally stuck thereto;

FIG. 16 is a bottom view of the workpiece u

the tape not normally stuck thereto; and
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FIG. 17 is a fragmentary cross-sectional vi ew of a
workpiece unit according to a modification of the t hird

embodiment.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Preferred embodiments according to the pres ent

invention will be described in detail below with

reference to the drawings. The present invention i S not
limited to the details of the embodiments described below.
The components described below cover those which co uld
easily be envisaged by those skilled in the art and those
which are essentially identical to those described above.
Furthermore, the arrangements described below can b e used

in appropriate combinations. Various omissions,
replacements, or changes of the arrangements may be made
without departing from the scope of the present inv ention.
(First embodiment)

FIG. 1 illustrates, in perspective, by way of
example, the structure of a workpiece unit accordin gtoa
first embodiment of the present invention. FIG. 2

illustrates the workpiece unit in fragmentary cross

section. As illustrated in FIG. 1, a workpiece uni t,
denoted by 1, includes a wafer 2 as a workpiece, a tape 6
stuck to the wafer 2, and an annular frame 7 to whi ch an



outer circumferential edge of the tape 6 is stuck a
which has an opening 7A defined centrally therein.
wafer 2 is in the form of a circular plate-shaped
semiconductor wafer made of silicon as a base mater
an optical device wafer made of sapphire, silicon c
(SiC), or the like as a base material. The wafer 2
plurality of devices 4 formed in respective areas
demarcated by a grid of projected dicing lines 3, i
lines along which the wafer 2 is to be cut, on a fa
side 2A thereof. According to the present embodime
circular plate-shaped wafer is illustrated as the
workpiece. However, a workpiece is not limited to
but may be a rectangular plate-shaped package subst
ceramics substrate, glass substrate, or the like.

As illustrated in FIG. 2, the tape 6isa d
tape, for example, that has a base member 6A made o
synthetic resin and an adhesive layer, i.e., glue |
6B stacked on the base member 6A. The adhesive lay
is made of an adhesive material which is hardened w
irradiated with an ultraviolet radiation having a
predetermined wavelength in the range of 300 to 400
thereby reducing its adhesive power. The tape 6 ha
adhesive layer 6B facing upwardly and is stuck to a

reverse side 2B of the wafer 2.
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The opening 7A in the annular frame 7 is la
diameter than the wafer 2. The wafer 2 is placed i
opening 7A and held on the annular frame 7 by the t
An annular region of the adhesive layer 6B of the t
is exposed in an annular area 8 between the outer
circumferential edge of the wafer 2 and the inner
circumferential edge of the annular frame 7. The a
frame 7 has a reverse side 7B including a portion t
which an ultraviolet radiation detecting seal, i.e.
discoloring section, 10 is stuck. The ultraviolet
radiation detecting seal 10 irreversibly discolors
irradiated with the ultraviolet radiation having th
wavelength ranging from 300 to 400 nm that hardens
adhesive layer 6B of the tape 6. The ultraviolet
radiation detecting seal 10 includes an adhesive la
10A, a base layer 10B, and a discoloring layer 10C
are stacked together, for example. The adhesive la
is stuck to the reverse side 7B of the annular fram
The discoloring layer 10C as the discloring section
contains an ultraviolet ink that discolors from a
colorless state to a colored state when irradiated
the ultraviolet radiation.

The discoloring layer 10C may be formed by

the base layer 10B with the ultraviolet ink. The
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discoloring of the ultraviolet ink is irreversible
hence the color developed by the ultraviolet ink wh
has discolored cannot be undone. Therefore, the wo
can easily decide whether or not the workpiece unit
been irradiated with the ultraviolet radiation from
appearance of the workpiece unit 1 by observing whe
or not the ultraviolet radiation detecting seal 10
discolored. According to the present embodiment, t
ultraviolet radiation detecting seal 10 discolors f
the colorless state to the colored state when irrad
with the ultraviolet radiation. However, insofar a
color developed by the discoloring layer 10C when i
discolors is known in advance, the discoloring laye
may discolor from one color to another different co
discoloring section is not limited to the ultraviol
radiation detecting seal 10, but may be an ultravio
ink applied partly or entirely to the reverse side
the annular frame 7. In such a case, the ultraviol
used should preferably be removable easily from the
annular frame 7 by a solvent or the like.

A sequence of processing the workpiece unit
the ultraviolet radiation detecting seal 10 stuck t
annular frame 7 will be described below. FIG. 3

illustrates in perspective a step of cutting a work
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of the workpiece unit 1. FIG. 4 illustrates in
perspective a step of irradiating the workpiece uni
with an ultraviolet radiation. FIG. 5 illustrates
perspective the workpiece unit 1 that has been irra
with the ultraviolet radiation. As illustrated in

the workpiece unit 1 is cut or processed using a cu
blade 21 of a cutting unit 20. The cutting unit 20
includes the cutting blade 21, a spindle 22, and a
housing 23.

The cutting blade 21 has an annular cutting
21A for cutting the wafer 2. The cutting edge 21A
of abrasive grains of diamond, cubic boron nitride
or the like and a bonding material or binder includ
metal, resin, or the like, for example. The spindl
rotates the cutting blade 21 about its own axis to
the cutting edge 21A to cut the wafer 2. The spind
has a rotational axis 22A extending parallel to
predetermined Y directions. The cutting blade 21 a
mount flange, not illustrated, are sandwiched and s
in position between the distal end of the spindle 2
a mounting nut 24. The housing 23 houses therein t
spindle 22 and an electric motor, not illustrated,
rotating the spindle 22. The housing 23 is coupled

moving unit, not illustrated, that is movable in th

11

tl

diated
FIG. 3,

tting

edge

is made
(CBN),
ing

e 22
cause

le 22

nd a
ecured
2 and
he

for

toa



directions along which the rotational axis 22A of t
spindle 22 extends, i.e., the Y directions, and ver
directions, i.e., Z directions, perpendicular to th
directions along which the rotational axis 22A of t
spindle 22 extends.

The workpiece unit 1 is held on a chuck tab
illustrated. The chuck table is movable along proc
feed directions, i.e., X directions, perpendicular
both the directions along which the rotational axis
of the spindle 22 extends, i.e., the Y directions,
the vertical directions, i.e., the Z directions. T
chuck table is also rotatable about its own axis pa

to the vertical directions. According to the prese

embodiment, the chuck table for holding the workpie

unit 1 thereon is movable along the X directions.

the cutting unit 20 may be movable along the X dire

insofar as it is movable relatively to the workpiec
1 along the X directions.

For cutting the wafer 2 of the workpiece un
while the cutting blade 21 of the cutting unit 20 i
being rotated, the chuck table is processing-fed in
direction to cause the cutting blade 21 to cut the
2 along one of the projected dicing lines 3 to form

groove, i.e., a fully cut groove, 5 in the wafer 2.

12

he

tical

he

le, not
essing-
to

22A

and
he
rallel
nt
ce
However,
ctions

e unit

it1,

an X1
wafer
a cut

When



cut grooves 5 have been formed in the wafer 2 along
the projected dicing lines 3, dividing the wafer 2
device chips 11, as illustrated in FIG. 4, the step
cutting the workpiece is finished. At this time, t
device chips 11 remain stuck to the adhesive layer
the tape 6.

Then, the adhesive layer 6B of the tape 6 i
hardened to lower the adhesive power of the adhesiv
layer 6B. The adhesive layer 6B according to the p
embodiment is hardened when irradiated with an
ultraviolet radiation. As illustrated in FIG. 4, a
ultraviolet radiation applying lamp 25 that is disp
below the workpiece unit 1 applies an ultraviolet
radiation 26 to the workpiece unit 1. The adhesive
6B of the tape 6 is now hardened, lowering the adhe
power on the device chips 11.

According to the present embodiment, the
ultraviolet radiation detecting seal 10 stuck to th
portion of the reverse side 7B of the annular frame
discolors when irradiated with an ultraviolet radia
l.e., an external stimulus, as illustrated in FIG.
Therefore, the worker can easily decide whether or
the workpiece unit 1 has been irradiated with the

ultraviolet radiation from the appearance of the
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workpiece unit 1 by observing whether or not the
ultraviolet radiation detecting seal 10 has discolo

If the ultraviolet radiation detecting seal 10 has
discolored, then the worker can decide that the wor
unit 1 has been irradiated with the ultraviolet rad
i.e., processed by the external stimulus, and the
adhesive power of the adhesive layer 6B has been lo
The worker can now introduce the workpiece unit 1 i
pickup apparatus, not illustrated, and the pickup
apparatus will easily remove the device chips 11 di
from the wafer 2 from the tape 6.

On the other hand, if the ultraviolet radia
detecting seal 10 has not discolored, then the work
decide that the workpiece unit 1 has not been irrad
with the ultraviolet radiation, i.e., not processed
the external stimulus, and the adhesive power of th
adhesive layer 6B has not been lowered. The worker
prevented from introducing the workpiece unit 1 int
pickup apparatus, not illustrated, and the pickup
apparatus will be prevented from breaking the devic
chips 11 as they remain stuck to the tape 6.

Next, modifications of the first embodiment
described below. According to the first embodiment

ultraviolet radiation detecting seal 10 as a discol
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section that irreversibly discolors when irradiated
an ultraviolet radiation, i.e., an external stimulu
stuck to the annular frame 7. However, a discolori
section may be incorporated in the tape 6. Specifi
an ultraviolet ink or pigment that irreversibly dis
when irradiated with an ultraviolet radiation, i.e.
external stimulus, is mixed with the adhesive layer
the tape 6, thereby allowing the adhesive layer 6B
function as a discoloring section. Alternatively,
discoloring layer, i.e., discoloring section that

contains the ultraviolet ink may be interposed betw

the base member 6A and the adhesive layer 6B. Furt

alternatively, the base member 6A may contain an
ultraviolet ink or a pigment, thereby functioning a
discoloring section. According to the last-mention
modification, since mainly the annular area 8 of th
6 discolors when irradiated with an ultraviolet rad
i.e., an external stimulus, the worker can easily d
whether or not the workpiece unit 1 has been irradi
with the ultraviolet radiation from the appearance
workpiece unit 1 by observing whether or not the ta
has discolored.

According to the first embodiment, the work

unit 1 includes the wafer 2, the tape 6, and the an
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frame 7. According to a modification illustrated i
6, a workpiece unit 1A includes the wafer 2 and a t
The tape 16 is of a size substantially equivalent t

wafer 2 and is stuck to the reverse side 2B of the

2. The tape 16 has the base member 6A and the adhe

layer 6B referred to above and also has a discolori
layer, i.e., discoloring section, 16C stacked on a
surface of the base member 6A. The discoloring lay
contains the ultraviolet ink referred to above. Si
tape 16 is of a size substantially equivalent to th
wafer 2, the adhesive layer 6B is not exposed. As
discoloring layer 16C is disposed on the lower surf
the base member 6A, when the workpiece unit 1A is
irradiated with an ultraviolet radiation, i.e., an
external stimulus, the lower surface of the tape 16
discolors. Therefore, the worker can easily decide
whether or not the workpiece unit 1A has been irrad
with the ultraviolet radiation from the appearance
workpiece unit 1A by observing whether or not the t
has discolored.
(Second embodiment)

According to the first embodiment, the work
unit is irradiated with an ultraviolet radiation as

external stimulus. According to a second embodimen
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workpiece unit 1 includes a discoloring section tha
irreversibly discolors in response to a temperature
change, i.e., when placed in a heated environment a
predetermined temperature or higher. FIG. 7 illust
in fragmentary cross section a workpiece unit 101
according to the second embodiment of the present
invention. Those parts of the workpiece unit 101 w
are identical to those of the workpiece unit 1 acco
to the first embodiment are denoted by identical
reference characters, and will not be described in
below.

The workpiece unit 101 according to the sec
embodiment includes a tape 106 stuck to the wafer 2
supporting the wafer 2 on the annular frame 7. The
106 includes a base member 6A made of synthetic res
transparent adhesive layer, i.e., glue layer, 6B st
over an upper surface of the base member 6A, and a
discoloring layer, i.e., discoloring section, 106C
disposed between the base member 6A and the adhesiv
layer 6B. The discoloring layer 106C includes a
temperature indicating ink that discolors from a
colorless state to a colored state in response to a
temperature change, i.e., an external stimulus, whe

heated to a predetermined temperature, e.g., 35°C,
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higher. The temperature indicating ink irreversibl
discolors and hence the color developed by the
temperature indicating ink when it has discolored c
be undone. Therefore, the worker can easily decide
whether or not a process, e.g., a plasma etching pr
has been performed on the workpiece unit 101 in an
environment at the predetermined temperature or hig
observing whether or not the discoloring layer 106C
discolored.

According to the present embodiment, the
discoloring layer 106C discolors from the colorless
to the colored state in response to a temperature c
to a predetermined temperature or higher. However,
insofar as a color developed by the discoloring lay
106C when it discolors is known in advance, the
discoloring layer 106C may discolor from one color
another different color. The temperature indicatin
or pigment may be mixed with the adhesive layer 6B,
thereby allowing the adhesive layer 6B to function
discoloring section. Alternatively, the temperatur
indicating ink or pigment may be contained in the b
member 6A, thereby allowing the base member 6A to
function as a discoloring section. The discoloring

106C is not limited to being positioned between the
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adhesive layer 6B and the base member 6A, but may b
disposed on a lower surface of the base member 6A.
According to the last-mentioned modification, the w
can observe whether or not the discoloring layer 10
discolored from below the workpiece unit 101.

A sequence of processing the workpiece unit
which the wafer 2 is supported on the annular frame
the tape 106 including the discoloring layer 106C w
described below. According to the present embodime
wafer 2 is divided into device chips by a plasma et
process that is also referred to as a plasma dicing
process. FIG. 8 illustrates in cross section a ste
forming a resin film on the face side of a wafer of
workpiece unit. FIG. 9 illustrates in perspective
of removing the resin film along the projected dici
lines on the wafer of the workpiece unit. FIG. 10
illustrates in cross section a step of performing a
plasma etching process on the wafer of the workpiec
FIG. 11 illustrates in perspective the workpiece un
after the plasma etching process.

First, the face side 2A of the wafer 2 is ¢
its entirety with a resin film, i.e., a shield film
example, by a resin film coating apparatus 40 illus

in FIG. 8. The resin film coating apparatus 40 is
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form of a spin coater, i.e., a rotary coating appar
for example. The resin film coating apparatus 40 i
a chuck table 41 for holding the workpiece unit 101
thereon, the chuck table 41 being rotatable about a
vertical axis along the Z directions, a nozzle 42 f
supplying a liquid resin 44 onto the face side 2A o
wafer 2 of the workpiece unit 101 held on the chuck
41, and a case 43 disposed around the chuck table 4
preventing the liquid resin from scattering around.
chuck table 41 can hold the wafer 2 under suction t
and has a plurality of clamps 41A for gripping the
annular frame 7. The liquid resin 44 is a water-so
resin, and is turned into a plasma-resistant resin
when hardened by being dried.

While the workpiece unit 101 is being held
chuck table 41 such that the face side 2A of the wa
faces upwardly, the liquid resin 44 is dropped at a
predetermined rate from a nozzle 42 onto a central
of the face side 2A of the wafer 2. Then, the chuc
41 is rotated about its own axis at a predetermined
causing the dropped liquid resin 44 to flow from th
central area of the face side 2A of the wafer 2 rad
outwardly toward an outer circumferential edge ther

under centrifugal forces. The liquid resin 44 thus
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over the face side 2A of the wafer 2 forms a resin
45 (FIG. 9) having a substantially uniform thicknes
the entire face side 2A of the wafer 2.

Thereafter, a laser processing apparatus 50
illustrated in FIG. 9 removes the resin film 45 alo
projected dicing lines 3 on the wafer 2. The laser
processing apparatus 50 includes an irradiating hea
for applying a laser beam 51A to the wafer 2 and an
capturing unit 52 disposed alongside of the irradia
head 51 along the X directions. The irradiating he
includes a beam condenser, not illustrated, for
converging a laser beam emitted from a laser oscill
not illustrated, into the laser beam 51A. The irra
head 51 adjusts a focused position of the laser bea
along the Z directions, i.e., vertical directions,
is applied to the wafer 2. According to the presen
embodiment, the laser beam 51A applied by the irrad
head 51 is of a wavelength capable of performing an
ablating process to remove the resin film 45 from t
face side 2A of the wafer 2. The image capturing u
is in the form of a camera for capturing an image
representing the position of the wafer 2 with respe
the irradiating head 51 and the manner in which the

2 is processed by the irradiating head 51.
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The workpiece unit 101 is held on a chuck t
not illustrated. The chuck table is movable in the
directions. The chuck table is also rotatable abou
own axis parallel to the vertical directions. Acco
to the present embodiment, the chuck table for hold
the workpiece unit 101 thereon is movable along the
directions. However, the laser processing apparatu
may be movable along the X directions insofar as it
movable relatively to the workpiece unit 101 along
directions.

The laser processing apparatus 50 operates
follows: The image capturing unit 52 captures an i
the face side 2A of the wafer 2. After having iden
the position of a projected dicing line 3 based on
captured image, the irradiating head 51 applies the
beam 51A to the wafer 2 along the projected dicing
which the chuck table is being processing-fed in th
direction. The laser beam 51A performs an ablating
process on the wafer 2 along the projected dicing |
to form a processed groove 46 in the wafer 2, there
removing the resin film 45 along the projected dici
line 3. The ablating process is repeatedly perform
the wafer 2 along all the projected dicing lines 3

remove the resin film 45 along all the projected di
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lines 3.

Then, a plasma etching apparatus 60 illustr
FIG. 10 performs a plasma etching process on the fa
side 2A of the wafer 2, forming etched grooves in t
wafer 2 along the projected dicing lines 3 to a dep
corresponding to a finished thickness of the wafer
plasma etching apparatus 60 includes an electrostat
chuck (ESC) 61 for holding the workpiece unit 101 t
a gas ejection head 62 for ejecting a gas, and a ch
63 accommodating therein the electrostatic chuck 61
the gas ejection head 62.

The electrostatic chuck 61 is made of a cer
such as alumina or a dielectric material such as ti
oxide. The electrostatic chuck 61 includes an elec
61A disposed therein as a metal plate or the like t
generates electric charges when a voltage is applie
thereto. The electrode 61A is electrically connect
through an impedance matching unit 64A to a bias hi
frequency power supply 65A. When the bias high-fre
power supply 65A applies a direct current (DC) volt
through the impedance matching unit 64A to the elec
61A, the electrode 61A generates an electrostatic
attractive force due to polarization of electric ch

between a holding surface of the electrostatic chuc
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and the workpiece unit 101 to hold the workpiece un
on the holding surface of the electrostatic chuck 6
The gas ejection head 62 is vertically mova
supported in an upper portion of the chamber 63 by
bearing 66. The gas ejection head 62 has a gas dif
space 62A defined therein. A gas inlet port 67 is
fluid communication with an upper portion of the ga
diffusion space 62A. A gas supply 68 is connected
a gas pipe to the gas inlet port 67. The gas suppl
stores an etching gas and a rare gas therein. The
ejection head 62 also has a plurality of gas outlet

62B held in fluid communication with a lower portio

the gas diffusion space 62A and being open downward

toward the electrostatic chuck 61. The gas ejectio
62 is electrically connected through an impedance

matching unit 64B to a high-frequency power supply

When the bias high-frequency power supply 65B appli

high-frequency electric power through the impedance
matching unit 64B to the gas ejection head 62, the
ejection head 62 turns a gas supplied from the gas
68 through the gas inlet port 67 into the gas diffu
space 62A and discharged from the gas outlet ports
into a plasma.

A discharge pipe 69 is connected to a lower
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of the chamber 63. An evacuating apparatus 70 is
connected to the discharge pipe 69. When the evacu
apparatus 70 is actuated, the chamber 63 is evacuat
reduce the pressure therein to a predetermined vacu
frame heating prevention guide 71 is disposed betwe
electrostatic chuck 61 and the gas ejection head 62
the chamber 63. The frame heating prevention guide
in the form of an annular member disposed above the
annular frame 7 of the workpiece unit 101 held on t
electrostatic chuck 61, and has an opening 71A defi
centrally therein. The opening 71A is larger in si

the wafer 2. The plasma etching apparatus 60 also
includes a controller, not illustrated, that contro
various conditions including rates at which the gas
discharged from the gas ejection head 62, times for
the gases are discharged from the gas ejection head
high-frequency electric power, etc.

For performing a plasma etching process, th
workpiece unit 101 is placed on the electrostatic ¢
61 with the face side 2A of the wafer 2 facing upwa
Then, the high-frequency power supply 65B supplies
frequency electric power to the gas ejection head 6
the bias high-frequency power supply 65A applies a

voltage to the electrode 61A, causing dielectric
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polarization between the holding surface of the
electrostatic chuck 61 and the workpiece unit 101.
electrostatic attractive force is thus generated be
the holding surface of the electrostatic chuck 61 a
workpiece unit 101 to hold the workpiece unit 101 o
holding surface of the electrostatic chuck 61.

The evacuating apparatus 70 is actuated to
the chamber 63 to reduce the pressure therein to a
predetermined vacuum, and then establish a closed s
in the chamber 63. The etching gas stored in the g
supply 68 is led through the gas pipe and the gas i
port 67 into the gas diffusion space 62A, from whic
etching gas is ejected through the gas outlet ports
toward the wafer 2. As the etching gas is introduc
the chamber 63 while the high-frequency electric po
being applied from the high-frequency power supply
the gas ejection head 62, a high-frequency electric
is developed between the gas ejection head 62 and t
electrostatic chuck 61 to turn the etching gas into
plasma.

According to the present embodiment, the pl
etching apparatus 60 performs a Bosch process for

performing a plasma etching process on the wafer 2

alternately ejecting an SF sgasanda C 4Fggas as the
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etching gas into the chamber 63. According to the Bosch

process, a plasma SF 6 gas is initially supplied to the
wafer 2. The supplied plasma SF 6 gas etches the wafer 2
thicknesswise along the projected dicing lines 3 wh ere

the resin film 45 has been removed by the processed

grooves 46 as illustrated in FIG. 10, thereby formi ng
etched grooves in the wafer 2 along the projected d icing
lines 3. At this time, those areas of the wafer 2 that
are covered with the resin film 45 are not etched. Then,
instead of the plasma SF 6 gas, a plasma C 4sFg gasis
supplied to the wafer 2. The supplied plasma C 4Fg gas
deposits a film on inner side surfaces and bottoms of the
etched grooves. Thereafter, a plasma SF 6 gas is again
supplied to the wafer 2 to etch away the film on th e
bottoms of the etched grooves, thereby deepening th e
etched grooves thicknesswise of the wafer 2. The p lasma
etching process thus performed produces etched groo ves in
the wafer 2 that are so deep as to reach the finish ed
thickness of the wafer 2 along the projected dicing lines
3.

An etched grooves, denoted by 47 in FIG. 11 , are
formed in the wafer 2 by the plasma etching process as

narrow grooves each having a width ranging from

approximately 10 to 20 um. When the plasma etching
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process is finished, the workpiece unit 101 is usua
automatically placed back into a cassette, not
illustrated. Consequently, the worker finds it dif

to decide whether or not the plasma etching process
been carried out on the wafer 2 visually from the
appearance of the wafer 2.

It has been known in the art that during th
etching process, the wafer 2 is heated to a tempera
e.g., approximately 40°C, that is higher than norma
temperature. According to the present embodiment,
tape 106 of the workpiece unit 101 includes the
discoloring layer 106C including the temperature
indicating ink that discolors in response to a
temperature change, i.e., an external stimulus. As
illustrated in FIG. 11, the discoloring layer 106C

includes the temperature indicating ink that irreve

discolors when heated to a predetermined temperatur

e.g., 35°C, or higher during the plasma etching pro
Therefore, the worker can easily decide whether or
the workpiece unit 101 has been placed in a heating
environment, i.e., the plasma etching process has b
performed on the workpiece unit 101 from the appear
of the workpiece unit 101 by observing whether or n

discoloring layer 106C has discolored.
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According to the present embodiment, furthe
since mainly the annular area 8 of the tape 106 dis
the worker can easily decide whether or not the pla
etching process has been performed on the workpiece
101 from the appearance of the workpiece unit 101 e
a case where the workpiece unit 101 is placed in th
cassette, not illustrated. Because the worker can
that the plasma etching process that involves a
temperature change, i.e., an external stimulus, has
performed on the workpiece unit 101 if at least the
annular area 8 of the tape 106 has discolored, the
can send the workpiece unit 101 to a next step, e.g
reverse side grinding step, after having washed awa
resin film 45 covering the face side 2A with water.

If the annular area 8 of the tape 106 has n
discolored, then the worker can decide that no plas
etching process has been performed on the workpiece
101. Accordingly, the worker is prevented to send
workpiece unit 101 to a next step.

Next, a modification of the second embodime
be described below. According to the second embodi
the workpiece unit 101 includes the wafer 2, the ta
and the annular frame 7. According to the modifica

the second embodiment, as illustrated in FIG. 12, a
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workpiece unit 101A is free of the annular frame, a
includes the wafer 2 and a tape 116. The tape 116
size substantially equivalent to the wafer 2 and is
to the reverse side 2B of the wafer 2. The tape 11
the base member 6A and the adhesive layer 6B referr
above and also has a discoloring layer, i.e., disco
section, 116C stacked on the lower surface of the b
member 6A. The discoloring layer 116C contains the
temperature indicating ink referred to above. Sinc
tape 116 is of a size substantially equivalent to t
wafer 2, the adhesive layer 6B is not exposed. As
discoloring layer 116C is disposed on the lower sur
of the base member 6A, when the workpiece unit 101A
subjected to a temperature change, i.e., an externa
stimulus, the lower surface of the tape 116 discolo
Therefore, the worker can easily decide whether or
the plasma etching process that involves a temperat
change has been performed on the workpiece unit 101
the appearance of the workpiece unit 101A by observ
whether or not the tape 116 has discolored.
(Third embodiment)

FIG. 13 illustrates in fragmentary cross se
workpiece unit 201 according to a third embodiment

present invention. Those parts of the workpiece un
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which are identical to those of the workpiece unit
according to the first embodiment are denoted by
identical reference characters, and will not be des
in detail below. As illustrated in FIG. 13, the wo
unit 201 includes a tape 206 stuck to the wafer 2 a
supports the wafer 2 on the annular frame 7, and al

includes a die-attach film (hereinafter referred to

"DAF") 9 interposed between the wafer 2 and the tap

The DAF 9 is in the form of a film-like adhesive me
for die bonding, and is stacked on the adhesive lay
of the tape 206.

According to the present embodiment, the wo
unit 201 is fabricated by sticking the tape 206 wit
DAF 9 to the reverse sides of the wafer 2 and the a
frame 7. In order to stick the DAF 9 and the wafer
firmly to each other, the tape 206 with the DAF 9 i
stuck to the wafer 2 and the annular frame 7 while
are being heated. If the wafer 2 is not heated
sufficiently, then the tape 206 with the DAF 9 may
to stick firmly to the wafer 2. It is difficult fo
worker to decide whether or not the tape 206 with t
9 is properly stuck to the wafer 2 and the annular
7 from their appearance. The workpiece unit 201 ac

to the present embodiment allows the worker to deci
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the tape 206 with the DAF 9 is stuck to the wafer 2
the annular frame 7 from the appearance of the tape
The tape 206 of the workpiece unit 201 incl
base member 6A made of synthetic resin, the adhesiv
layer, i.e., glue layer, 6B stacked on the upper su
of the base member 6A, and a discoloring layer, i.e
discoloring section, 206C stacked on the lower surf
the base member 6A. According to the present embod
the discoloring layer 206C contains a first tempera
indicating ink that discolors from a colorless stat
first color when it reaches a predetermined first
temperature, e.g., 50°C, and a second temperature
indicating ink that discolors from a colorless stat
second color, which is different from the first col
when it reaches a predetermined second temperature,
70°C, different from or higher than the first tempe
Each of the first temperature indicating ink and th
second temperature ink is dispersed in the discolor
layer 206C in its entirety. Each of the first temp
indicating ink and the second temperature ink
irreversibly discolors and hence the first and seco
colors developed respectively by the first and seco
temperature indicating inks when they have discolor

cannot be undone. With the discoloring layer 206C
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arranged, the worker can easily decide whether or n
heating process has been performed on the workpiece
201 and also an approximate temperature to which th
workpiece unit 201 has been heated from the appeara
the discoloring layer 206C by observing which of th
first color and the second color, which includes a
representing a mixture between the first color and
second color, the discoloring layer 206C has discol
to. According to the present embodiment, the disco
layer 206C discolors from the colorless state to th
colored state in response to a temperature change.
However, insofar as a color developed by the discol
layer 206C when it discolors is known in advance, t
discoloring layer 206C may discolor from one color
another different color.

Next, a sequence of sticking the tape 206 w
DAF 9 to the wafer 2 and the annular frame 7 will b
described below. FIG. 14 illustrates in cross sect
step of sticking a tape to a wafer and an annular f
FIG. 15 illustrates in bottom view the workpiece un
with the tape normally stuck thereto. FIG. 16 illu
in bottom view the workpiece unit with the tape not
normally stuck thereto.

The tape 206 with the DAF 9 is stuck to the
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and the annular frame 7 by a tape sticking apparatu
illustrated in FIG. 14. The tape sticking apparatu
includes a heating table 81 and a sticking roller 8

The heating table 81 includes a holder 83 a
heating member 84 that are stacked one on the other
holder 83 is made of a material of excellent heat
conductivity, e.g., metal or the like, and has a ho
surface 83A for holding the wafer 2 thereon. A pro
tape 12 is stuck to the face side 2A of the wafer 2
wafer 2 is placed on the holding surface 83A with t
protective tape 12 interposed therebetween. The ho
surface 83A has a plurality of suction holes 85 def
therein. The suction holes 85 are held in fluid
communication with a fluid communication channel 86
defined in the holder 83 and connected through a su
channel 87 and a solenoid-operated on-off valve 88
suction source 89.

The heating member 84 has a cavity 90 defin
upper surface 84A thereof that is held in contact w
lower surface 83B of the holder 83. The cavity 90
therein a heat insulator 91, a heater 92, and an al
plate 93 that are stacked together. The aluminum p
is a heat conductor for transferring heat of the he

92 to the holder 83. The aluminum plate 93 lies fl
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with the upper surface 84A of the heating member 84
held in contact with the lower surface 83B of the h
83. The heater 92 is an electric heater, for examp
that converts electric energy to heat energy when a
electric current flows through the heater 92. Acco
to the present embodiment, the tape sticking appara
includes a temperature sensor, not illustrated, for
detecting the temperature of the holder 83, for exa
The value of the electric current flowing through t
heater 92 is controlled so that the temperature det
by the temperature sensor reaches a predetermined
temperature.

The sticking roller 82 rolls over the heati
81 in a predetermined direction indicated by an arr
stick the tape 206 with the DAF 9 to the reverse si
of the wafer 2 and a reverse side 7C of the annular
7. The tape sticking apparatus 80 further includes
cutter mechanism, not illustrated, that cuts the ta
into a circular shape having a predetermined size a
the tape 206 has been stuck to the wafer 2 and the
annular frame 7.

For sticking the tape 206 to the wafer 2 an
annular frame 7, the wafer 2 is placed on the heati

table 81 with the protective tape 12 interposed
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therebetween, and the annular frame 7 is placed on
heating table 81 around the wafer 2. Then, the suc
source 89 is actuated to hold the wafer 2 under suc
on the holding surface 83A of the holder 83 through
vacuum acting through the suction holes 85. The he
of the heating member 84 is energized to heat the h
83 through the aluminum plate 93. Since heat of th
heater 92 is transmitted through the protective tap
to the wafer 2, the wafer 2 is also heated.

Then, the tape 206 with the DAF 9 is placed
reverse side 2B of the wafer 2, and the sticking ro

82 rolls on the tape 206 in the predetermined direc

indicated by the arrow a. The tape 206 with the DAF 9 is

now stuck to the reverse side 2B of the wafer 2 and
reverse side 7C of the annular frame 7 that are hel
the heating table 81.

According to the present embodiment, the ta
of the workpiece unit 201 contains the first temper
indicating ink that discolors to the first color wh
reaches the predetermined first temperature in resp
to a temperature change, i.e., an external stimulus
the second temperature indicating ink that discolor
the second color when it reaches the predetermined

temperature higher than the first temperature in re
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to a temperature change, i.e., an external stimulus
has been empirically found that the wafer 2 and the
206 with the DAF 9 have their adhesive power increa
and are firmly stuck to each other when they reach
predetermined sticking temperature, e.g., 60°C. Th
the second temperature, e.g., 70°C, is set to a val
higher than the sticking temperature, and the first
temperature, e.g., 50°C, is set to a value lower th
sticking temperature.

Consequently, the worker can easily decide
or not the tape 206 with the DAF 9 has been stuck i
heating environment, i.e., whether or not the wafer
the tape 206 with the DAF 9 have been firmly stuck
each other, from the appearance of the workpiece un
by observing whether or not the tape 206 has discol
and the sizes of discolored areas. Specifically, a
illustrated in FIG. 15, if an outer edge 210A of an
210 that has discolored to the second color and an
edge 211A of an area 211 that has discolored to the
color have extended radially outwardly beyond the D
then the worker can decide that at least the DAF 9
been heated to a temperature equal to or higher tha
second temperature and that the wafer 2 and the tap

with the DAF 9 have been firmly stuck to each other
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On the other hand, as illustrated in FIG. 1
the area 211 that has discolored to the first color
remains positioned radially inwardly within the DAF
then the worker can decide that the wafer 2 may hav
been heated sufficiently and the tape 206 with the
may have failed to stick firmly to the wafer 2 as t
overall DAF 9 has not been heated to a temperature
to or higher than the second temperature. In a cas
the wafer 2 has not been heated sufficiently, the w
heats the wafer 2 again to eliminate the possibilit
the tape 206 with the DAF 9 may have failed to stic
firmly to the wafer 2.

Next, a modification of the third embodimen
be described below. According to the third embodim
the workpiece unit 201 includes the wafer 2, the ta
and the annular frame 7. According to the modifica
the third embodiment, as illustrated in FIG. 17, a
workpiece unit 201A is free of the annular frame, a
includes the wafer 2 and a tape 216 with the DAF 9.
tape 216 with the DAF 9 is of a size substantially
equivalent to the wafer 2 and is stuck to the rever
side 2B of the wafer 2. The tape 216 has the base
6A and the adhesive layer 6B referred to above and

has a discoloring layer, i.e., discoloring section,
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stacked on the lower surface of the base member 6A.
discoloring layer 216C contains the first temperatu
indicating ink and the second temperature indicatin
referred to above. According to the present modifi
the worker can easily decide whether or not a heati
process has been performed on the workpiece unit 20
also an approximate temperature to which the workpi
unit 201A has been heated from the appearance of th
discoloring layer 216C by observing which of the fi
color and the second color, which includes a color
representing a mixture between the first color and
second color, the discoloring layer 216C has discol
to.

According to the embodiments of the present
invention, since the ultraviolet radiation detectin
10 or the discoloring layer 106C or 206C that funct
as the irreversible discoloring section that discol
response to an ultraviolet radiation application or
temperature change as an external stimulus is inclu
at least one of the tape 6, 106, or 206 and the ann
frame 7, it can easily be decided whether or not a
process that involves an external stimulus has been
performed on the workpiece unit from the appearance

thereof.
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According to the modifications of the above
embodiments, since the discoloring layer 16C, 116C, or
216C that functions as the irreversible discoloring
section that discolors in response to an ultraviole t

radiation application or a temperature change as an

external stimulus is included in the tape 16, 116, or 216,
it can easily be decided whether or not a process t hat
involves an external stimulus has been performed on the

workpiece unit from the appearance thereof.

The present invention is not limited to the above
embodiments and modifications. The embodiments and
modifications may be changed or modified within the scope

of the invention. In the first embodiment, the

ultraviolet radiation detecting seal 10 that irreve rsibly
discolors when irradiated with the ultraviolet radi ation

Is stuck to the reverse side 7B of the annular fram e’.
Instead, a temperature indicating tape, not illustr ated,
that discolors in response to a temperature change may be
stuck to the face side or reverse side 7B of the an nular
frame 7 for the worker to decide whether or not a h eating
process has been performed on the workpiece unit. The
temperature indicating tape may contain the tempera ture

indicating ink or the first temperature ink and the

second temperature indicating ink referred to above
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Instead of the temperature indicating tape, the fac
or reverse side 7B of the annular frame 7 may be co
partly or entirely with a temperature indicating in
which may be the temperature indicating ink or the
temperature ink and the second temperature indicati
referred to above.

In the second embodiment, the plasma etchin
process is illustrated as a wafer processing proces
However, the present invention is not limited to su
detail. According to another wafer processing proc
laser beam may be applied to the wafer 2 along the
projected dicing lines 3 to perform an ablating pro
or a modified layer forming process on the wafer 2.
such a laser processing process, since the tape is
subjected to a temperature change, i.e., the tape i
heated, it can easily be decided whether or not the

processing process that involves an external stimul

been performed on the workpiece unit from the appea

thereof.

In the first through third embodiments desc
above, a dicing tape is illustrated as the tape. H
the present invention is not limited to such a deta
Rather, a BG tape that is stuck to the face side of

wafer to protect the devices thereon may be used as
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tape. For peeling off the BG tape from the wafer,
tape is heated to approximately 60°C through the wa
a heater table. After the BG tape is softened by t
it is peeled off from the wafer.

The present invention is not limited to the
of the above described preferred embodiments. The
of the invention is defined by the appended claims
all changes and modifications as fall within the
equivalence of the scope of the claims are therefor

be embraced by the invention.
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WHAT | S CLAIMED I S:

1. A workpiece unit comprising:

a workpiece;

a tape stuck to the workpiece; and

an annular frame to which an outer circumfe rential
edge of the tape is stuck and which has an opening

defined centrally therein,

the workpiece being disposed in the opening in the
annular frame and supported on the annular frame by the
tape,

wherein at least one of the tape and the an nular

frame has an irreversible discoloring section that
discolors in response to an external stimulus.
2. A workpiece unit comprising:
a workpiece; and
a tape stuck to the workpiece,
wherein the tape has an irreversible discol oring
section that discolors in response to an external
stimulus.
3. The workpiece unit according to claim 1 ,
wherein the tape discolors in its entirety in
response to the external stimulus.
4. The workpiece unit according to claim 1 ,

wherein the tape includes a base member and a glue
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layer, and the glue layer is hardened when irradiat
with an ultraviolet radiation as the external stimu
5. The workpiece unit according to claim 1
wherein the external stimulus is a temperat
change.

6. The workpiece unit according to claim 1
wherein the external stimulus is a temperat
change, and the discoloring section discolors to a
color at a first temperature and discolors to a sec

color different from the first color at a second

temperature different from the first temperature.
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