WAFER PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a wafer processing
method for dividing a wafer formed on a front surface
thereof with a plurality of devices in a state of being
partitioned by a plurality of intersecting streets into
individual device chips.

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) in a state of being
partitioned by a plurality of intersecting streets is
divided into individual device chips by a dicing
apparatus, and the device chips are utilized for electric
apparatuses such as mobile phones and personal computers.

In addition, there has been proposed a technology
in which a laser beam of such a wavelength as to be
transmitted through a wafer is applied to the wafer from
a back surface side of the wafer, with a focal point of
the laser beam positioned inside the wafer, to form
modified layers along the streets, and thereafter the

back surface of the wafer is ground to thin the wafer and



to grow cracks extending from the modified layers to the
front surface, thereby dividing the wafer into the
individual device chips (see, for example, Japanese
Patent Laid-open No. 2009-290148).

Further, the present applicant has proposed a
technology in which a wafer formed with modified layers
is thereafter heated, for effectively forming cracks
extending to the front surface from the modified layers
formed along the streets (see, for example, Japanese

Patent Laid-open No. 2016-213318).

SUMMARY OF THE INVENTION

While attempts have been made to divide a wafer
into individual device chips by use of the technologies
described in Japanese Patent Laid-open No. 2009-290148
and Japanese Patent Laid-open No. 2016-213318, the cracks
extending from the modified layers to the front surface
of the wafer may not be formed appropriately. In that
case, an attempt to grind the back surface of the wafer
not formed appropriately with the cracks for dividing the
wafer into individual device chips would result in that
device chips with desired quality cannot be obtained.

Accordingly, it is an object of the present

invention to provide a wafer processing method by which a



back surface of a wafer can be ground to thin the wafer
and to properly divide the wafer into individual device
chips.

In accordance with an aspect of the present
invention, there is provided a wafer processing method
for dividing a wafer formed on a front surface thereof
with a plurality of devices in a state of being
partitioned by a plurality of intersecting streets into
individual device chips, the wafer processing method
including: a protective tape disposing step of disposing
a protective tape on the front surface of the wafer; a
wafer holding step of holding the wafer on a chuck table
for holding and heating the wafer, with the protective
tape side facing the chuck table and with a back surface
of the wafer exposed; a division start point forming step
of applying a laser beam of such a wavelength as to be
transmitted through the wafer to the wafer from the back
surface of the wafer, with a focal point of the laser
beam positioned at a predetermined point inside the
wafer, to form division start points along the streets,
the division start point including a modified layer and a
crack extending from the modified layer to the front
surface of the wafer, after the wafer holding step is

performed; and a dividing step of grinding the back



surface of the wafer by a grinding wheel having a
plurality of grindstones in an annular pattern to thin
the wafer and divide the wafer into the individual device
chips, after the division start point forming step, in
which in the division start point forming step, the chuck
table is heated to a predetermined temperature, whereby
the cracks formed inside the wafer to extend from the
modified layers to the front surface are grown.

Preferably, in the division start point forming
step, the predetermined temperature is 40°C to 120°C.

According to the wafer processing method of the
present invention, in the division start point forming
step, the chuck table is heated to a predetermined
temperature, and the cracks extending to the front
surface from the modified layers formed inside the wafer
are grown. Therefore, a shrinking force of the protective
tape disposed on the front surface of the wafer is
liberated by the heating, so that when the modified
layers are formed by the laser beam, the cracks extending
from the modified layers to the front surface of the
wafer can be properly grown.

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 general perspective view of a laser
processing apparatus;

FIG. 2 is a perspective view of a wafer to be
processed by an embodiment of the present invention, and
a protective tape;

FIG. 3 is a perspective view depicting a manner in
which a wafer is held by a chuck table of the laser
processing apparatus of FIG. 1;

FIG. 4A is a perspective view depicting a manner in
which a division start point forming step is carried out
by the laser processing apparatus depicted in FIG. 1;

FIG. 4B is a partial enlarged sectional view of the
wafer held on the chuck table;

FIG. 4C is a perspective view of the wafer in a
state in which the division start point forming step is
completed;

FIG. 5A is a perspective view depicting a manner in

which the wafer is subjected to a dividing step;



FIG. 5B is a perspective view depicting a manner in
which the wafer is divided into individual device chips
by the dividing step; and

FIG. 5C is a perspective view of the wafer in a

state in which the dividing step is completed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of a wafer processing method carried
out based on the present invention will be described in
more detail below, referring to the attached drawings.
FIG. 1 illustrates a general perspective view of a laser
processing apparatus 1 suitable for the wafer processing
method according to the present embodiment.

The laser processing apparatus 1 depicted in FIG. 1
includes a holding unit 20 that holds a circular-shaped
workpiece (wafer), a moving mechanism 30 that moves the
holding unit 20, a laser beam applying unit 50 that
applies a laser beam to the workpiece held by the holding
unit 20, an imaging unit 55 that images the workpiece
held by the holding unit 20, and a display apparatus M.

The holding unit 20 is disposed on a base 2 as a
base of the laser processing apparatus 1, and includes: a
rectangular X-axis direction movable plate 21 mounted to

be movable in an X-axis direction indicated by an arrow X



in the figure; a rectangular Y-axis direction movable
plate 22 mounted on the X-axis direction movable plate 21
to be movable in a Y-axis direction indicated by an arrow
Y in the figure; a chuck table 24 disposed on an upper
surface of the Y-axis direction movable plate 22 and
configured to be rotatable by driving means (not
illustrated); and a suction chuck 26 constituting an
upper surface of the chuck table 24 and formed from a
gas-permeable porous material such as a porous ceramic.
Heating means such as a heater to be described later is
incorporated inside the chuck table 24, as a function to
heat the surface of the suction chuck 26 to a
predetermined temperature.

The moving mechanism 30 includes an X-axis feeding
mechanism 31 that puts the holding unit 20 into
processing feeding in the X-axis direction, and a Y-axis
feeding mechanism 32 that puts the holding unit 20 into
indexing feeding in the Y-axis direction. The X-axis
feeding mechanism 31 converts a rotational motion of a
pulse motor 33 into a rectilinear motion through a ball
screw 34 and transmits the rectilinear motion to the X-
axis direction movable plate 21, whereby the X-axis
direction movable plate 21 is advanced and retreated in

the X-axis direction along guide rails 2a on the base 2.



The Y-axis feeding mechanism 32 converts a rotational
motion of a pulse motor 35 into a rectilinear motion
through a ball screw 36 and transmits the rectilinear
motion to the Y-axis direction movable plate 22, whereby
the Y-axis direction movable plate 22 is advanced and
retreated in the Y-axis direction along guide rails 21la
on the X-axis direction movable plate 21. Position
detection means (not illustrated) is disposed on the
moving mechanism 30 to detect positions in the X-axis
direction, the Y-axis direction and a rotating direction
of the chuck table 24, and the detected positions are fed
back to a control unit (not illustrated), whereby the
chuck table 24 can be moved to a desired position.

A frame body 4 is erected on a lateral side of the
moving mechanism 30. The frame body 4 includes a vertical
wall section 4a disposed on the base 2, and a horizontal
wall section 4b extending horizontally from an upper end
portion of the vertical wall section 4a. An optical
system (not illustrated) inclusive of a laser oscillator
of a laser beam applying unit 50 is incorporated inside
the horizontal wall section 4b of the frame body 4. A
focusing unit or a condenser 52 constituting part of the
laser beam applying unit 50 is disposed on a lower

surface of a tip portion of the horizontal wall section



4b, and a focusing lens (not illustrated) that focuses a
laser beam is incorporated inside the focusing unit 52.
The laser beam emitted from the laser oscillator of the
laser beam applying unit 50 passes through the optical
system (not illustrated), and is focused by the focusing
unit 52, to form a focal spot at a desired position of
the workpiece held by the chuck table 24 of the holding
unit 20.

The imaging unit 55 is disposed on the lower
surface of the tip portion of the horizontal wall section
4b at a position adjacent to the focusing unit 52 in the
X-axis direction, and images the workpiece held by the
holding unit 20 from a direction opposite to the holding
unit 20. The imaging unit 55 includes an infrared imaging
element (infrared charge-coupled device (CCD)) (not
illustrated) that images using infrared rays, and
infrared applying means (not illustrated) that applies
infrared rays to the workpiece, and the imaging unit 55
is connected to a control unit (not illustrated) that
controls operating parts of the laser processing
apparatus 1. A signal of an image picked up by the
imaging unit 55 is sent to the control unit. Note that
depending on the kind of the workpiece, the imaging unit

55 may include visible beam applying means, and an



ordinary imaging element (CCD) that images visible beams.

The display apparatus M is disposed on the
horizontal wall section 4b, is connected to the control
unit (not illustrated), displays various kinds of
processing information outputted from the control unit,
such as a wavelength, a repetition frequency, a focal
position and a spot diameter of the laser beam, and image
information on the wafer obtained by imaging by the
imaging unit 55, etc., and has a touch panel function for
receiving an operator’s operation and sending a signal to
the control unit.

The laser processing apparatus 1 generally has the
above-mentioned configuration. The wafer processing
method of the embodiment of the present invention carried
out by use of the laser processing apparatus 1 will be
described below.
<Protective Tape Disposing Step>

In performing the wafer processing method of the
present embodiment, first, as depicted in FIG. 2, a wafer
10 formed from a semiconductor, for example, silicon (Si)
and formed on a front surface 10a thereof with a
plurality of devices 14 in a state of being partitioned
by a plurality of intersecting streets 12 is prepared.

After the wafer 10 is prepared, a protective tape 16 is

10



disposed on the front surface 10a side. The protective
tape 16 includes a flexible film-shaped base material,
and a glue layer formed on one side of the base material,
and is adhered to the front surface 10a side of the wafer
10 through the glue layer. For the base material, for
example, a polyolefin (PO) may be used, but the PO is not
limitative, and polyethylene terephthalate (PET),
polyvinyl chloride, polystyrene and the like may also be
used. For the glue layer, there may be used, for example,
silicone rubber, acrylic materials, epoxy materials and
the like. 1In addition, the protective tape 16 is not
limited to those including the base material and the glue
layer; a sheet of a polyolefin material or a sheet of a
polyester material that exhibits a sticky force when
heated to the vicinity of a melting point thereof may
also be used. In the case where a sheet of a polyolefin
material or a sheet of a polyester material is used as
the protective tape 16, the glue layer can be omitted. By
this, a protective tape disposing step is completed.
<Wafer Holding Step>

After the protective tape disposing step is
completed as above-mentioned, as illustrated in FIG. 3
the wafer is mounted on the chuck table 24 of the laser

processing apparatus 1, with the protective tape 16 side
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facing the chuck table 24, and suction means (not
illustrated) is operated to suction hold the wafer, with
a back surface 10b of the wafer exposed to the upper
side. By this, a wafer holding step is completed.
<Division Start Point Forming Step>

After the wafer holding step is completed, a
division start point forming step is conducted in which,
as depicted in FIG. 4A, a laser beam LB is applied from
the laser beam applying unit 50 possessed by the laser
processing apparatus 1, to form modified layers serving
as division start points inside the wafer 10 along the
streets 12. More specifically, first, imaging is
conducted by applying infrared rays from the imaging unit
55 to the back surface 10b of the wafer 10, whereby
alignment between the position to which to apply the
laser beam LB and the street 12 of the wafer 10 is
carried out. After the alignment is conducted, heating
means 40 incorporated in the chuck table 24 as depicted
in FIG. 4B is operated. The heating means 40 includes an
electric heater and a temperature sensor, and heats the
suction chuck 26 constituting the upper surface of the
chuck table 24 to a predetermined temperature (for
example, 80°C) set in the control unit (not illustrated)

and keeps the suction chuck 26 at that temperature.
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After the chuck table 24 is heated to the
predetermined temperature, the laser beam applying unit
50 of the laser processing apparatus 1 is started, the
laser beam LB of such a wavelength as to be transmitted
through the wafer 10 is emitted from a laser oscillator
(omitted in illustration) disposed in the laser beam
applying unit 50 from the back surface 10b side of the
wafer 10, with the focal point of the laser beam LB
positioned at a predetermined height position inside the
wafer 10 through the focusing unit 52, the laser beam LB
is applied along the street 12, and the chuck table 24 is
moved at a predetermined processing feeding speed in the
X-axis direction indicated by the arrow X. Then, the
laser beam applying unit 50, the X-axis feeding mechanism
31 and the Y-axis feeding mechanism 32 for moving the
chuck table 24, the rotating means (not illustrated)
rotating the chuck table 24, etc. are controlled, to form
modified layers 100 and cracks 102 serving as division
start points along all the streets 12 on the wafer 10 as
depicted in FIGS. 4B and 4C. By this, the division start
point forming step is completed.

Note that laser processing conditions in which the
above-mentioned division start point forming step is

carried out are set, for example, as follows.
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Wavelength: 1,342 nm

Repetition frequency: 60 kHz

Average output: 1 W

Processing feeding speed: 600 mm/s
<Dividing Step>

After the division start point forming step is
completed as above-mentioned, a dividing step is carried
out in which the back surface of the wafer 10 is ground
to thin the wafer 10 and divide the wafer 10 into
individual device chips 14’. This will be described more
specifically, referring to FIGS. 5A and 5B.

After the division start point forming step is
completed, the wafer 10 is carried from the chuck table
24 of the laser processing apparatus 1 to a grinding
apparatus 6 (general view is omitted) depicted in FIG.
5A. Then, the wafer 10 is mounted on a chuck table 61
possessed by the grinding apparatus 6, with the back
surface 10b side exposed to the upper side, and a suction
force of suction means (not illustrated) is made to act
on a holding surface of the chuck table 61, to suction
hold the wafer 10.

As illustrated in FIG. 5A, the grinding apparatus 6
includes a grinding unit 60 grinding and thinning the

wafer 10 mounted on the chuck table 61. The grinding unit
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60 includes a rotary spindle 62 rotated by a rotational
drive mechanism (not illustrated), a mounter 63 mounted
to a lower end of the rotary spindle 62, and a grinding
wheel 64 mounted to a lower surface of the mounter 63,
with a plurality of grindstones 65 arranged in an annular
pattern on a lower surface of the grinding wheel 64.
After the wafer 10 is suction held onto the chuck
table 61 as above-mentioned, the rotary spindle 62 is
rotated at, for example, 3,000 rpm in the direction
indicated by an arrow R1 in FIG. 5A, and the chuck table
61 is rotated at, for example, 300 rpm in the direction
indicated by an arrow R2 in FIG. 5A. Then, the
grindstones 65 are brought into contact with the back
surface 10b of the wafer 10, and put into grinding
feeding in a downward direction, or a direction
perpendicular to the chuck table 61 at a grinding feeding
speed of, for example, 1 um/s. In this instance, the
grinding can be conducted while measuring the thickness
of the wafer 10 by a measurement gauge (not illustrated),
and the back surface 10b side of the wafer 10 is ground,
as depicted in FIG. 5B, to such an extent that the
modified layer 100 is removed, or, for example, until the
thickness of the wafer 10 becomes 60 um, whereby dividing

lines 110 for completely dividing the wafer 10 into the
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individual device chips 14’ are formed. Since the wafer
10 is ground in the state of having been formed with the
modified layers 100 and the cracks 102 along all the
streets 12 as above-mentioned, the grinding to the above-
mentioned thickness results in that the wafer 10 is
properly divided into the individual device chips 147,
without deterioration of quality, and the dividing step
is completed (see FIG. 5C). After the dividing step is
completed, the wafer 10 in the state of being held by the
protective tape 16 is sent, for example, to a step of
picking up the individual device chips 14’.

In the present embodiment, as illustrated in FIG.
4B, the chuck table 24 is provided with the heating means
40, and the suction chuck 26 is heated to 80°C, so that
cracks 102 are favorably formed directly downward from
the modified layers 100 formed by application of the
laser beam LB. The reason for this is assumed that since
the wafer 10 and the protective tape 16 are heated by the
chuck table 24, a shrinking force of the protective tape
16 is liberated by the heating, and, at the time when the
modified layers 100 are formed inside the wafer 10 by the
laser beam LB, an environment for the cracks 102 to
easily grow from the modified layers 100 to the front

surface 10a side is formed. Thus, according to the method
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in which the protective tape 16 adhered to the wafer 10
is heated in accordance with the application of the laser
beam LB, the crack 102 can be made to grow more
favorably, as compared to the case where the modified
layers 100 are formed in the wafer 10 in a non-heated
environment and thereafter the wafer 10 is heated. Note
that the temperature at the time of heating the chuck
table 24 is not limited to the above-mentioned 80°C, but
may be appropriately regulated in consideration of the
materials, thickness and the like of the wafer 10 and the
protective tape 16. The temperature in that case is
preferably set in the range of 40°C to 120°C.

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

by the invention.
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WHAT IS CLAIMED IS:

1. A wafer processing method for dividing a wafer
formed on a front surface thereof with a plurality of
devices in a state of being partitioned by a plurality of
intersecting streets into individual device chips, the
wafer processing method comprising:

a protective tape disposing step of disposing a
protective tape on the front surface of the wafer;

a wafer holding step of holding the wafer on a
chuck table for holding and heating the wafer, with the
protective tape side facing the chuck table and with a
back surface of the wafer exposed;

a division start point forming step of heating the
chuck table to a predetermined temperature and applying a
laser beam of such a wavelength as to be transmitted
through the wafer to the wafer from the back surface of
the wafer, with a focal point of the laser beam
positioned at a predetermined point inside the wafer, to
form division start points along the streets, the
division start point including a modified layer and a
crack extending from the modified layer to the front
surface of the wafer, after the wafer holding step is
performed; and

a dividing step of grinding the back surface of the
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wafer by a grinding wheel having a plurality of
grindstones in an annular pattern to thin the wafer and
divide the wafer into the individual device chips, after
the division start point forming step,

wherein in the division start point forming step,
the chuck table is heated to the predetermined
temperature prior to applying the laser beam to the
wafer, whereby the cracks formed inside the wafer to
extend from the modified layers to the front surface are
grown, and

wherein in the division start point forming step,
the predetermined temperature is 40°C. to 80°C.

2. The wafer processing method according to claim
1, wherein the modified layers formed during the division
start point forming step do not extend to reach the front
surface of the wafer.

3. A wafer processing method for dividing a wafer
formed on a front surface thereof with a plurality of de-
vices in a state of being partitioned by a plurality of
intersecting streets into individual device chips, the
wafer processing method comprising:

a protective sheet disposing step of disposing a pro-
tective sheet on the front surface of the wafer, wherein

the protective sheet comprises a polyolefin or polyester
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material;

a wafer holding step of holding the wafer on a chuck
table for holding and heating the wafer, with the protective
sheet side facing the chuck table and with a back surface
of the wafer exposed;

a division start point forming step of heating the
chuck table to a predetermined temperature and applying a
laser beam of such a wavelength as to be transmitted through
the wafer to the wafer from the back surface of the wafer,
with a focal point of the laser beam positioned at a pre-
determined point inside the wafer, to form division start
points along the streets, the division start point includ-
ing a modified layer and a crack extending from the modified
layer to the front surface of the wafer, after the wafer
holding step is performed; and

a dividing step of grinding the back surface of the
wafer by a grinding wheel having a plurality of grindstones
in an annular pattern to thin the wafer and divide the
wafer into the individual device chips, after the division
start point forming step,

wherein in the division start point forming step, the
chuck table is heated to the predetermined temperature
prior to applying the laser beam to the wafer, whereby the

cracks formed inside the wafer to extend from the modified
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layers to the front surface are grown, and

wherein in the division start point forming step, the
predetermined temperature is 40°C. to 80° C.

4. The wafer processing method according to claim
3, wherein the modified layers formed during the division
start point forming step do not extend to reach the front

surface of the wafer.
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