WAFER PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a wafer processing
method for dividing a wafer into individual device chips
by plasma etching using a fluorine-based gas.

Description of the Related Art

A wafer formed on a front surface thereof with a
plurality of devices such as integrated circuits (ICs)
and large scale integrations (LSIs) while partitioned by
a plurality of intersecting streets is divided by a
dicing apparatus into individual device chips, and the
divided device chips are used for electric apparatuses
such as mobile phones and personal computers.

In addition, in order to enhance die strength of
the device chips, a technology of covering an upper
surface of the wafer with a mask exposing the streets and
subjecting the streets to plasma etching using a
fluorine-based gas to divide the wafer into individual
device chips has been proposed by the present applicant

(see Japanese Patent Laid-Open No. 2006-108428).

SUMMARY OF THE INVENTION



In the technology described in Japanese Patent
Laid-Open No. 2006-108428, the wafer is positioned at an
opening of an annular frame provided in the center with
the opening for accommodating the wafer, a dicing tape is
attached to a lower surface of the wafer and the annular
frame to form a frame unit, after which the upper surface
of the wafer is covered with a mask and subjected to
plasma etching, to divide the wafer into device chips. As
a result, the wafer divided into the individual device
chips can be conveyed efficiently.

In the case where the wafer is divided by the
abovementioned technology, the fluorine element generated
when the plasma etching is conducted is deposited on the
dicing tape, and cannot be completely removed even when
cleaned, but would remain on the dicing tape. Therefore,
when the frame unit holding the wafer through the dicing
tape is conveyed to a later step, there is a problem that
the dicing tape serves as a contamination source
including the fluorine element.

Accordingly, it is an object of the present
invention to provide a wafer processing method with which
it is ensured that even when plasma etching is applied to
divide a wafer into device chips, the fluorine element is

not left on the dicing tape, and a problem that the



dicing tape serves as a contamination source in later
steps can be solved.

In accordance with an aspect of the present
invention, there is provided a wafer processing method
for dividing a wafer into individual device chips by
plasma etching using a fluorine-based gas, the wafer
processing method including a frame unit forming step of
positioning the wafer at an opening of an annular frame
provided in a center with the opening for accommodating
the wafer and attaching a dicing tape to a lower surface
of the wafer and the annular frame to form a frame unit,
a resin film coating step of coating an upper surface of
the wafer with a water-soluble resin and coating the
dicing tape exposed between the wafer and the annular
frame with a water-soluble resin, and solidifying the
water-soluble resin to form a resin film, a partial resin
film removing step of removing the resin film from
regions to be divided of the wafer to partially expose
the upper surface of the wafer, an etching step of
subjecting the regions to be divided of the wafer to
plasma etching to divide the wafer into the individual
device chips, and a whole resin film removing step of
cleaning the frame unit to remove wholly the resin film.

Preferably, the fluorine-based gas is selected from



the group consisting of SFe¢, CF4, C2Fs, and C2F4, and the
wafer has a plurality of devices formed on the upper
surface thereof while partitioned by a plurality of
intersecting streets.

According to the wafer processing method of the
present invention, the fluorine element is captured by
the resin film and is removed together with the resin by
cleaning, and is not deposited on the dicing tape, so
that the problem that the frame unit serves as a
contamination source is dissolved.

The above and other objects, features and
advantages of the present invention and the manner of
realizing them will become more apparent, and the
invention itself will best be understood from a study of
the following description and appended claims with
reference to the attached drawings showing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view depicting an
embodiment of a frame unit forming step;
FIG. 2 is a perspective view of a spin coater;
FIG. 3 is a perspective view depicting an

embodiment of a resin film coating step;



FIG. 4A is a perspective view depicting an
embodiment of a partial resin film removing step;

FIG. 4B is a partial enlarged sectional view of a
wafer in a state in which the partial resin film removing
step depicted in FIG. 4A is being carried out;

FIG. 5A is a perspective view depicting an
embodiment of an etching step;

FIG. 5B is a partial enlarged sectional view of a
wafer in a state in which the etching step depicted in
FIG. 5A is being carried out; and

FIG. 6 is a perspective view depicting an

embodiment of a whole resin film removing step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A wafer processing method according to an

embodiment of the present invention will be described in
detail below referring to the attached drawings. FIG. 1
illustrates a wafer 10 as a workpiece in the present
embodiment. The wafer 10 is, for example, a silicon wafer
formed on a front surface 10a thereof with a plurality of
devices 12 such as, for example, ICs and LSIs while
partitioned by a plurality of intersecting streets 14. 1In
carrying out the wafer processing method of the present

embodiment, an annular frame (hereinafter referred to



simply as a frame) F provided in the center with an
opening Fa for accommodating the wafer 10 is prepared,
the wafer 10 is positioned at the opening Fa of the frame
F, a dicing tape T is attached to a lower surface 10b of
the wafer 10 and the frame F, and they are integrated to
form a frame unit 18 (frame unit forming step).

Next, an upper surface (in the present embodiment,
the front surface 10a) of the wafer 10 is coated with a
water-soluble resin, the dicing tape T exposed between
the wafer 10 and the frame F is coated with a water-
soluble resin, and the water-soluble resin is solidified
to form a resin film (rein film coating step).

The abovementioned resin film coating step will be
described more specifically referring to FIGS. 2 and 3.
In carrying out the resin film coating step, the
abovementioned frame unit 18 is conveyed to a spin coater
20 depicted in FIG. 2.

As depicted in FIG. 2, the spin coater 20 includes
a table mechanism 21, and a cover section 30 surrounding
the table mechanism 21. Note that FIG. 2 is a perspective
view of the spin coater 20, and, for convenience of
explanation, a part on the viewer's side of a liquid
cover 31 constituting the cover section 30 is depicted in

a cut-out state. As understood from FIG. 2, the table



mechanism 21 includes a table 22 for holding the frame
unit 18. The table 22 includes a suction chuck 221 formed
of a porous material having gas permeability, and a frame
section 222 surrounding the suction chuck 221, and the
suction chuck 221 is connected to a suction source
(omitted in illustration) and supplied with a suction
negative pressure. Further, the table mechanism 21
includes a shaft section 24, and is connected to a drive
source 25 through a rotary shaft (omitted in
illustration) accommodated in the inside of the shaft
section 24. The rotary shaft is driven by an electric
motor (omitted in illustration) accommodated in the drive
source 25, and drives the table 22 to rotate. A plurality
of air pistons 26 are disposed in the periphery of the
drive source 25, and rods 26a are advanced and retracted
in the vertical direction indicated by an arrow in the
figure, whereby the table 22, the shaft section 24, and
the drive source 25 are integrally lifted upward and
downward. The shaft section 24 and the drive source 25
function as a base for supporting the table 22.

A drain hole 32 for draining the liquid jetted to
the inside of the liquid cover 31 is disposed at a bottom
surface 3la inside the liquid cover 31, and a drain hose

33 for draining the liquid to a disposal tank (omitted in



illustration) disposed in the exterior of the liquid
cover 31 is connected to the drain hole 32. Further, a
water-soluble resin supply nozzle 34 that supplies in a
liquid state a water-soluble resin (for example,
polyvinyl alcohol (PVA)) to an upper surface of the wafer
10 held on the table 22, an air jet nozzle 35 that jets
air to the upper surface of the wafer 10, and a cleaning
liguid supply nozzle 36 that jets a cleaning liquid from
the upper side of the wafer 10 are disposed at the bottom
surface 31la of the liquid cover 31, in such a manner as
to surround the table 22. The water-soluble resin supply
nozzle 34, the air jet nozzle 35, and the cleaning liguid
supply nozzle 36 abovementioned have nozzle tip portions
capable of being moved in a horizontal direction on the
upper side of the table 22 by operating driving means
(omitted in illustration) disposed on the back surface
side of the bottom surface 3la of the liquid cover 31. As
depicted in FIG. 2, in a state in which the table 22 is
positioned at a position (raised position) where the
wafer 10 is conveyed in or conveyed out, the water-
soluble resin supply nozzle 34, the air jet nozzle 35,
and the cleaning liquid supply nozzle 36 are positioned
at accommodated positions in the direction on the

periphery side.



As depicted in FIG. 3, the frame unit 18 conveyed
to the spin coater 20 is mounted on the table 22, and is
held under suction by operating the suction source
(omitted in illustration). After the frame unit 18 is
held under suction, the air pistons 26 are operated, to
lower the frame unit 18 to a processed position as
depicted in FIG. 3. Next, the electric motor disposed
inside the drive source 25 is driven to rotate the frame
unit 18 in the direction indicated by an arrow R1 at a
predetermined rotational speed (for example, 300 rpm),
and, while swinging the water-soluble resin supply nozzle
34 in the direction (horizontal direction) indicated by
an arrow R2 in the figure, a water-soluble resin P is
jetted, to supply a predetermined amount of the water-
soluble resin P (for example, PVA) onto the upper surface
(front surface 10a) of the wafer 10 and onto the dicing
tape T exposed between the wafer 10 and the frame F. Note
that, though illustration is omitted, a 1lid member is
disposed on the upper side of the spin coater 20, and in
the case of jetting the liquid, air and the like from the
water—-soluble resin supply nozzle 34, the air jet nozzle
35, and the cleaning liquid supply nozzle 36, the upper
side of the cover section 30 is closed with the 1lid

member.



After the water-soluble resin P is applied to the
upper surface of the wafer 10 and the dicing tape T as
described above and is uniformly supplied to the whole of
the upper surface of the wafer 10 by a centrifugal force,
a predetermined period of time is elapsed, whereby the
liquid water-soluble resin P is solidified, to form a
resin film P' coating the upper surface of the wafer 10
and the dicing tape T exposed between the wafer 10 and
the frame F, as depicted on the lower side in FIG. 3. By
the foregoing, the resin film coating step is completed.

Next, a partial resin film removing step is carried
out in which the resin film P' is removed from the
regions to be divided of the wafer 10 (in the present
embodiment, the streets 14), to partially expose the
upper surface (front surface 10a) of the wafer 10. The
partial resin film removing step will be described
referring to FIGS. 4A and 4B.

The frame unit 18 formed with the resin film P' on
the upper surface of the wafer 10 and on the dicing tape
T by performing the resin film coating step is conveyed
to a laser processing apparatus 40 (only a part thereof
is illustrated) depicted in FIG. 4A. The laser processing
apparatus 40 includes at least a chuck table (omitted in

illustration) that holds the frame unit 18, a moving

10



mechanism (omitted in illustration) that rotationally
drives the chuck table and moves the chuck table in an X-
axis direction and a Y-axis direction, an alignment unit
(omitted in illustration), and a laser beam applying unit
41. The laser beam applying unit 41 emits a laser beam
1B, and includes an optical system (omitted in
illustration) that adjusts the output of the laser beam
LB and guides the laser beam LB to a light concentrator
42

The frame unit 18 conveyed to the laser processing
apparatus 40 is mounted on the chuck table and held under
suction. Next, the moving mechanism is operated to move
the wafer 10 of the frame unit 18 to a position directly
below the alignment unit, the wafer 10 is imaged by the
alignment unit, and a predetermined laser processing
position (street 14) is detected. Subsequently, the
moving mechanism is operated to move the frame unit 18 to
a position directly below the light concentrator 42 of
the laser beam applying unit 41, a focal point is
positioned at the resin film P' coating the street 14 of
the front surface 10a of the wafer 10, and, while moving
the wafer 10 in the X-axis direction in the figure, the
laser beam LB is applied along the street 14. The laser

beam LB applied in this instance has such a wavelength as

11



to be absorbed by the resin film P', and is set to have
such an output as not to subject the front surface 10a of
the wafer 10 to ablation.

With the abovementioned laser beam LB applied, as
depicted in FIG. 4B, the resin film P' is removed from
the region to be divided of the wafer 10, namely, the
street 14, to form an exposed groove 100 where the front
surface 10a of the wafer 10 is exposed along the street
14. After the exposed groove 100 is formed along the
predetermined street 14 formed in a first direction, the
moving mechanism is operated to put the wafer 10 into
indexing feeding in the Y-axis direction, and the
abovementioned laser beam LB is applied, whereby the
exposed grooves 100 are formed along all the streets 14
formed in the first direction. Next, the chuck table 1is
rotated by 90 degrees, the street 14 along a second
direction orthogonal to the streets 14 previously formed
with the exposed grooves 100 is aligned to the X-axis
direction, and, similarly to the abovementioned, the
laser beam LB is applied along all the streets 14 along
the second direction, to form the exposed grooves 100. By
the foregoing, the exposed grooves 100 are formed along
all the streets 14 formed on the front surface 10a of the

wafer 10, and the partial resin film removing step is

12



completed.

After the abovementioned partial resin film
removing step is carried out, next, an etching step is
performed in which plasma etching is conducted along the
regions to be divided of the wafer 10, namely, along the
streets 14. The etching step will be described more
specifically referring to FIGS. 5A and 5B.

After the partial resin film removing step is
performed as described above, the frame unit 18 is
conveyed to a plasma apparatus 50 omitted in detailed
illustration, as depicted in FIG. 5A. As the plasma
apparatus 50, a known plasma apparatus can be used. For
example, the plasma apparatus 50 includes an etching
chamber forming a hermetically sealed space, an upper
electrode and a lower electrode disposed in the etching
chamber, a gas supply unit that jets an etching gas from
the upper electrode side toward the lower electrode side
inside the etching chamber, and the like (these members
are all omitted in illustration). Here, the frame unit 18
having undergone the partial resin film removing step is
mounted and held between the upper electrode and the
lower electrode, with the front surface 10a side of the
wafer 10 directed upward, a fluorine-based gas as an

etching gas is supplied to the inside of the etching

13



chamber, and a high-frequency electric power for
generating a plasma is applied to the upper electrode.
Note that the fluorine-based gas is selected from among,
for example, SFe¢, CFi4, CoFe, and CyFa.

Then, a plasmatized etching gas is generated in the
space between the upper electrode and the lower
electrode, and the plasmatized etching gas is supplied to
the wafer 10 side. Here, the frame unit 18 conveyed to
the plasma apparatus 50 by having undergone the
abovementioned partial resin film removing step is
protected by the resin film P' in the regions exclusive
of the abovementioned exposed grooves 100. As a result,
in the abovementioned plasma apparatus 50, as depicted in
FIG. 5B, plasma etching is applied along the exposed
grooves 100, namely, along the streets 14, to form
division grooves 110 reaching the dicing tape T, whereby
the wafer 10 is divided into individual device chips 127,
and the etching step is completed.

After the abovementioned etching step is performed,
a whole resin film removing step is carried out in which
the frame unit 18 is cleaned to remove wholly the resin
film P'. The whole resin film removing step will be
described more specifically referring to FIG. 6.

The frame unit 18 having undergone the etching step

14



depicted on the right upper side in FIG. 6 is conveyed to
the abovementioned spin coater 20, is mounted on the
table mechanism 21, with the front surface 10a side of
the wafer 10 directed upward, and is held under suction.
Next, the electric motor disposed in the drive source 25
is driven, to rotate the table mechanism 21 in the
direction indicated by an arrow R3 at a predetermined
rotational speed (for example, 300 rpm), and, while the
cleaning liquid supply nozzle 36 is swung in the
direction (horizontal direction) indicated by an arrow R4
in the figure, a cleaning liquid L (for example, pure
water)is jetted to the upper surface (front surface 10a)
of the wafer 10 and the dicing tape T for a predetermined
period of time. As a result, the resin film P' coating
the wafer 10 and the dicing tape T is dissolved and is
discharged into the liquid cover 31. The resin film P'
dissolved and discharged flows on the bottom surface 3la
of the liquid cover 31, and is accommodated into a
predetermined disposal tank through the drain hole 32 and
the drain hose 33. Next, the cleaning liquid supply
nozzle 36 is retracted to an accommodated position, the
air jet nozzle 35 is operated to move a tip of the air
jet nozzle 35 to a central region on the wafer 10, air is

jetted toward the front surface 10a side of the wafer 10,
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and, while swinging the tip in a horizontal direction
(omitted in illustration), the table mechanism 21 is
rotated at a high speed (for example, 3,000 rpm), and the
upper side of the frame unit 18 inclusive of the front
surface 10a of the wafer 10 is dried, to complete the
whole resin film removing step. With the whole resin film
removing step carried out, the fluorine element remaining
on the frame unit 18 is captured by the dissolved resin
film P' and is discharged together with the resin film
P', and is accommodated in the disposal tank through the
drain hose 33 without depositing on the dicing tape T.

After the whole resin film removing step is carried
out as described above, the frame unit 18 is conveyed out
from the spin coater 20, and is conveyed to the next
step, for example, a pick-up device that picks up the
device chips 12' individually divided from the frame unit
18, as depicted on the right lower side in FIG. 6. 1In
this instance, the fluorine element does not remain on
the wafer 10 and the dicing tape T, so that the problem
that the remaining fluorine element may serve as a
contamination source for contaminating the regions
subjected to the later steps is solved.

The present invention is not limited to the details

of the above described preferred embodiment. The scope of
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the invention is defined by the appended claims and all
changes and modifications as fall within the equivalence
of the scope of the claims are therefore to be embraced

by the invention.
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WHAT IS CLAIMED IS:

1. A wafer processing method for dividing a wafer
into individual device chips by plasma etching using a
fluorine-based gas, the wafer processing method
comprising:

a frame unit forming step of positioning the wafer
at an opening of an annular frame provided in a center
with the opening for accommodating the wafer and
attaching a dicing tape to a lower surface of the wafer
and the annular frame to form a frame unit;

a resin film coating step of coating an upper
surface of the wafer with a water-soluble resin and
coating the dicing tape exposed between the wafer and the
annular frame with the water-soluble resin, and
solidifying the water-soluble resin to form a resin film;

a partial resin film removing step of removing the
resin film from regions to be divided of the wafer to
partially expose the upper surface of the wafer;

an etching step of subjecting the regions to be
divided of the wafer to plasma etching to divide the
wafer into the individual device chips; and

a whole resin film removing step of cleaning the
frame unit to remove wholly the resin film.

2. The wafer processing method according to claim

18



1, wherein

the fluorine-based gas is selected from the group
consisting of SF¢, CFi4, C2Fs, and CyFs, and the wafer has a
plurality of devices formed on the upper surface thereof
while partitioned by streets.

3. The wafer processing method according to claim
1, wherein

in the whole resin film removing step,

a cleaning liquid is jetted to the upper
surface of the wafer and the dicing tape for a
predetermined period of time, dissolving the resin film
coating the wafer and the dicing tape; and

air is jetted toward the upper surface of
the wafer, and an upper side of the frame unit including
the upper surface of the wafer is dried.

4. The wafer processing method according to claim
3, wherein
in the resin film coating step,

a spin coater comprising a water-soluble
resin supply nozzle supplies in liquid state the water-
soluble resin to the upper surface of the wafer held on a
table;

in the whole resin film removing step,

the cleaning liquid is jetted by a cleaning
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liquid supply nozzle,
the air is jetted by an air jet nozzle; and
the water-soluble resin supply nozzle, the
cleaning liquid supply nozzle and the air jet nozzle are
disposed at a bottom surface of a liquid cover of the
spin coater, in such a manner as to surround the table.
5. The wafer processing method according to claim
4, wherein
in the whole resin film removing step,
the resin film dissolved is discharged into the
liguid cover, and is accommodated into a predetermined
disposal tank through
a first drain hole disposed at the bottom
surface inside the liquid cover; and
a second drain hole disposed in the exterior
of the liquid cover and connected to the first drain

hole.
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