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CONTROLLER
]

A laser applying apparatus includes a beam spot shaper for
shaping a spot of a laser beam into a slender spot and
orienting the polarization direction of a linearly polarized
laser beam of the laser beam along a longer side of the
slender spot, and a spot control unit for positioning a
P-polarized laser beam on slanted surfaces of a recess that is
formed in a wafer by orienting the longer side of the slender
spot transversely across projected dicing lines and for ori-
enting a shorter side of the slender spot in a processing
direction along the projected dicing lines. A method of
processing a wafer includes a functional layer removing step
that is a step of removing a functional layer on a semicon-
ductor substrate of the wafer by applying laser beams to the
projected dicing lines with the use of the laser applying
apparatus. The functional layer removing step is carried out
a plurality of times to remove the functional layer on the
projected dicing lines.
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METHOD OF PROCESSING WAFER AND
LASER APPLYING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method of pro-
cessing a wafer having a semiconductor substrate and a
functional layer disposed on an upper surface of the semi-
conductor substrate, the wafer including a plurality of
devices disposed in respective areas of the functional layer
that are demarcated on a face side of the wafer by a plurality
of intersecting projected dicing lines, to divide the wafer into
individual device chips including the respective devices, and
a laser applying apparatus for removing the functional layer
of such a wafer along the projected dicing lines.

Description of the Related Art

[0002] Wafers having a plurality of devices such as inte-
grated circuits (ICs) and large-scale integrated (LSI) circuits
that are disposed in respective areas demarcated on a face
side of the wafer by a plurality of intersecting projected
dicing lines are divided into individual device chips by a
dicing apparatus having a rotatable cutting blade. The device
chips produced from the wafers will be used in electronic
appliances such as cellular phones and personal computers.
[0003] Some wafers include an insulating film having a
low dielectric constant, which is also referred to as a low-k
film, the insulating film being disposed as a functional layer
on an upper surface of a semiconductor substrate, and a
plurality of devices included in the functional layer. When
such a wafer is cut along projected dicing lines by a cutting
blade, the low-k film is liable to peel off like mica flakes
from the place where it is cut by the cutting blade, tending
to cause damage to the devices.

[0004] The applicant of the present invention has proposed
a technology in which a low-k film layered on projected
dicing lines on a semiconductor substrate is removed by a
laser beam applied thereto, to expose the semiconductor
substrate, and the semiconductor substrate is then cut by a
cutting blade along the projected dicing lines from which the
low-k film has been removed, so that the low-k film is
prevented from peeling off from the place where the semi-
conductor substrate is cut by the cutting blade (see, for
example, JP 2005-064231A).

SUMMARY OF THE INVENTION

[0005] FIG. 7 of the accompanying drawings illustrates
prior art relevant to the present invention. According to the
illustrated prior art, a laser beam L B0 having a spot diameter
PO commensurate with the width of a projected dicing line
210 on a wafer 200 is repeatedly applied in a desired number
of passes to the wafer 200 along a processing direction, i.e.,
a direction normal to the sheet of FIG. 7, which corresponds
to the longitudinal directions of the projected dicing line
210, to remove a functional layer 220 including a low-k film
disposed on the projected dicing line 210, thereby forming
a recess 230 along the projected dicing line 210 where a
semiconductor substrate is exposed. When the recess 230 is
thus formed, deep ditches 232 each having a downwardly
pointed sharp lower end as viewed in cross section are
formed in the semiconductor substrate on transversely oppo-
site sides of the recess 230 along the projected dicing line
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210. The ditches 232 with the downwardly pointed sharp
lower ends are likely to lower the flexural strength and hence

the quality of individual device chips to be produced from
the wafer 200.

[0006] It is therefore an object of the present invention to
provide a method of processing a wafer by applying a laser
beam to the wafer in a processing direction along projected
dicing lines to remove a functional layer disposed on the
projected dicing lines, thereby exposing a semiconductor
substrate, without forming deep grooves each having a
downwardly pointed sharp lower end as viewed in cross
section in the semiconductor substrate, on transversely
opposite sides of the projected dicing lines, so that the
quality of individual device chips to be produced from the
wafer will not be lowered, and a laser applying apparatus for
carrying out the method of processing a wafer.

[0007] In accordance with an aspect of the present inven-
tion, there is provided a method of processing a wafer
having a semiconductor substrate and a functional layer
disposed on an upper surface of the semiconductor substrate,
the wafer including a plurality of devices disposed in
respective areas of the functional layer that are demarcated
on a face side of the wafer by a plurality of intersecting
projected dicing lines, to divide the wafer into individual
device chips including the respective devices. The method
includes a functional layer removing step of removing the
functional layer disposed on the projected dicing lines,
thereby exposing the semiconductor substrate, and a device
chip fabricating step of cutting the wafer along the projected
dicing lines where the semiconductor substrate is exposed,
thereby fabricating individual device chips. The functional
layer removing step includes a removing step of removing
the functional layer by applying linearly polarized laser
beams to the projected dicing lines with use of a laser
applying apparatus that has a laser oscillator for emitting the
linearly polarized laser beam, a beam condenser for con-
densing the laser beam emitted from the laser oscillator into
a spot and for positioning the spot on the projected dicing
lines, and a beam spot shaper disposed between the laser
oscillator and the beam condenser and configured to shape
the spot into a slender spot and orient a polarization direction
of'the laser beam along a longer side of the slender spot, the
laser applying apparatus being configured to position a
P-polarized laser beam on slanted surfaces of a recess that is
formed in the wafer by orienting the longer side of the
slender spot transversely across the projected dicing lines
and to orient a shorter side of the slender spot in a processing
direction along the projected dicing lines. The removing step
is carried out a plurality of times to remove the functional
layer on the projected dicing lines, thereby exposing the
semiconductor substrate.

[0008] Preferably, the method of processing a wafer fur-
ther includes a width limiting groove forming step of, prior
to the functional layer removing step, forming two grooves
for limiting the width of the projected dicing lines, by
applying the laser beams to the projected dicing lines.
Preferably, the method of processing a wafer further
includes a protective film coating step of, prior to the
functional layer removing step and the width limiting groove
forming step, coating the face side of the wafer with a
protective film. Preferably, the device chip fabricating step
includes any one of a step of cutting the wafer along the
projected dicing lines with a cutting blade, a step of cutting
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the wafer along the projected dicing lines with a laser beam,
and a step of cutting the wafer along the projected dicing
lines by plasma etching.

[0009] In accordance with another aspect of the present
invention, there is provided a laser applying apparatus for
removing a functional layer of a wafer along projected
dicing lines with a laser beam applying unit, the wafer
having a semiconductor substrate with the functional layer
disposed on an upper surface thereof, the wafer including a
plurality of devices disposed in respective areas of the
functional layer that are demarcated on a face side of the
wafer by the intersecting projected dicing lines. The laser
beam applying unit includes a laser oscillator for emitting a
linearly polarized laser beam, a beam condenser for con-
densing the laser beam emitted from the laser oscillator into
a spot smaller than a width of the projected dicing lines and
for positioning the spot on the projected dicing lines, a beam
spot shaper disposed between the laser oscillator and the
beam condenser and configured to shape the spot into a
slender spot, and a spot control unit for positioning a
P-polarized laser beam on slanted surfaces of a recess that is
formed in the wafer by orienting a longer side of the slender
spot transversely across the projected dicing lines and for
orienting a shorter side of the slender spot in a processing
direction along the projected dicing lines.

[0010] In the method of processing a wafer according to
the present invention, when the removing step is repetitively
carried out, as the P-polarized laser beam is applied to and
transmitted through the slanted surfaces of the recess that is
formed in the wafer by orienting the longer side of the
slender spot transversely across the projected dicing lines,
the wafer is prevented from having deep ditches each having
a downwardly pointed sharp lower end, on both sides of the
projected dicing line. Consequently, the device chip fabri-
cating step performed in the recess does not lower the
flexural strength and hence the quality of individual device
chips to be produced from the wafer.

[0011] The laser applying apparatus according to the pres-
ent invention includes the spot shaper disposed between the
laser oscillator and the beam condenser and configured to
shape the spot of the laser beam into a slender spot and the
spot control unit for positioning the P-polarized laser beam
on the slanted surfaces of the recess that is formed in the
wafer by orienting the longer side of the slender spot
transversely across the projected dicing lines and for orient-
ing the shorter side of the slender spot in the processing
direction along the projected dicing lines. Consequently, the
functional layer can be removed by applying the laser beam
to the projected dicing lines while positioning the P-polar-
ized laser beam on the slanted surfaces of the recess, which
is formed in the wafer by orienting the longer side of the
slender spot transversely across the projected dicing lines,
and orienting the shorter side of the slender spot in the
processing direction along the projected dicing lines. The
wafer can thus be processed while being prevented from
having deep ditches each having a downwardly pointed
sharp lower end, on both sides of the projected dicing line.
[0012] The above and other objects, features and advan-
tages 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a perspective view of a laser applying
apparatus according to an embodiment of the present inven-
tion;

[0014] FIG. 2 is a block diagram illustrating a general
makeup of an optical system of a laser beam applying unit
in the laser applying apparatus illustrated in FIG. 1;
[0015] FIG. 3 is a perspective view of a wafer to be
processed by a method of processing a wafer according to
the embodiment, the view illustrating the manner in which
the wafer is processed;

[0016] FIG. 4A is a side elevational view illustrating the
manner in which a width limiting groove forming step of the
method is carried out;

[0017] FIG. 4B is a plan view of the manner illustrated in
FIG. 4A;
[0018] FIG. 4C is an enlarged cross-sectional view taken

along a line A-A of FIG. 4B;

[0019] FIG. 5A is a side elevational view illustrating the
manner in which a functional layer removing step of the
method is carried out;

[0020] FIG. 5B is a plan view of an initial state of the
manner illustrated in FIG. 5A;

[0021] FIG. 5C is a plan view of a state in which the
manner illustrated in FIG. 5A is completed;

[0022] FIG. 5D is an enlarged cross-sectional view taken
along a line B-B of FIG. 5C;

[0023] FIG. 6 is an enlarged fragmentary cross-sectional
view illustrating the manner in which a device chip fabri-
cating step of the method is carried out; and

[0024] FIG. 7 is an enlarged fragmentary cross-sectional
view illustrating the manner in which a functional layer is
removed according to the prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0025] A method of processing a wafer according to a
preferred embodiment of the present invention and a laser
applying apparatus suitable for performing a functional layer
removing step of the method of processing a wafer will be
described in detail below with reference to the accompany-
ing drawings.

[0026] The method of processing a wafer according to the
present embodiment includes a functional layer removing
step and a device chip fabricating step. The functional layer
removing step is a step of removing a functional layer on a
plurality of intersecting projected dicing lines, the functional
layer being disposed on an upper surface of a semiconductor
substrate of a wafer, the wafer including a plurality of
devices disposed in respective areas of the functional layer
that are demarcated on a face side of the wafer by the
projected dicing lines, thereby exposing the semiconductor
substrate along the projected dicing lines. The device chip
fabricating step is a step of fabricating individual device
chips including the respective devices, by cutting the wafer
along the projected dicing lines where the semiconductor
substrate is exposed. FIG. 1 illustrates in perspective a laser
applying apparatus 1 suitable for carrying out not only the
functional layer removing step but also a width limiting
groove forming step, which is to be described later, of the
method of processing a wafer according to the present
embodiment.
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[0027] As illustrated in FIG. 1, the laser applying appa-
ratus 1 is an apparatus for processing, with a laser beam, a
wafer 10 held on an annular frame F by a protective tape T.
The laser applying apparatus 1 includes a base 2 and a laser
beam applying unit 7 that is mounted on the base 2 and that
applies a laser beam to the wafer 10.

[0028] The laser applying apparatus 1 includes, in addition
to the laser beam applying unit 7, a holding unit 3 for
holding the wafer 10 thereon, a positioning unit 6 for
capturing an image of the wafer 10 held on the holding unit
3 and performing a positioning step on the basis of the
captured image, an X-axis moving mechanism 4a that is
mounted on the base 2 and that moves the holding unit 3
along an X-axis indicated by an arrow X, a Y-axis moving
mechanism 454 that is mounted on the X-axis moving mecha-
nism 4a and that moves the holding unit 3 along a Y-axis
indicated by an arrow Y which is perpendicular to the
X-axis, a frame 5 that includes a vertical wall 5a erected on
the base 2 sideways of the X-axis moving mechanism 4a and
the Y-axis moving mechanism 4b and a horizontal beam 56
extending horizontally from an upper end portion of the
vertical wall 5a in overhanging relation to the holding unit
3, and a controller 100 for controlling the various operative
components of the laser applying apparatus 1.

[0029] The holding unit 3 is means for holding the wafer
10 on a holding surface lying in an XY plane which is
defined by X coordinates along the X-axis and Y-coordinates
along the Y-axis. As illustrated in FIG. 1, the holding unit 3
includes a rectangular X-axis movable plate 31 that is
mounted on the base 2 movably along the X-axis, a rectan-
gular Y-axis movable plate 32 that is mounted on the X-axis
movable plate 31 movably along the Y-axis, a hollow
cylindrical support post 33 that is fixedly mounted on an
upper surface of the Y-axis movable plate 32, and a rectan-
gular cover plate 34 that is fixedly mounted on an upper end
of the support post 33. A chuck table 35 extends upwardly
through an oblong hole defined in the cover plate 34, and is
rotatable about its central axis by a rotating mechanism, not
illustrated, housed in the support post 33. The chuck table 35
has an upper surface on which there is disposed a circular
suction chuck 36 made of an air-permeable porous material
and providing the holding surface referred to above. The
suction chuck 36 is fluidly connected to suction means, not
illustrated, through a fluid channel, not illustrated, defined in
the support post 33. When the wafer 10 is placed on the
suction chuck 36, the suction means is actuated, generating
and transmitting suction forces, i.e., a negative pressure,
through the fluid channel to the suction chuck 36, thereby
holding the water 10 under suction on the holding surface of
the suction chuck 36. Four clamps 37 are disposed at equally
spaced intervals around the suction chuck 36 and grip the
annular frame F that supports the wafer 10, when the wafer
10 is held on the chuck table 35.

[0030] The X-axis moving mechanism 4a converts rotary
motion of an electric motor 42a through a ball screw 426
into linear motion, which is transmitted to the X-axis mov-
able plate 31, thereby moving the X-axis movable plate 31
along the X-axis along a pair of guide rails 2A mounted on
the base 2 and extending along the X-axis. The Y-axis
moving mechanism 45 converts rotary motion of an electric
motor 44a through a ball screw 445 into linear motion,
which is transmitted to the Y-axis movable plate 32, thereby
moving the Y-axis movable plate 32 along the Y-axis along
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a pair of guide rails 31¢ mounted on the X-axis movable
plate 31 and extending along the Y-axis.

[0031] The horizontal beam 56 of the frame 5 houses
therein an optical system of the laser beam applying unit 7
and supports the positioning unit 6 thereon. The laser beam
applying unit 7 includes a beam condenser 71 disposed on
a lower surface of a distal end portion of the horizontal beam
5b. The beam condenser 71 converges and applies a laser
beam generated by the laser beam applying unit 7 to the
wafer 10 held on the chuck table 35. The positioning unit 6
is means for capturing an image of the wafer 10 held on the
chuck table 35 and detecting the position and orientation of
the wafer 10 and a processing position where the wafer 10
is to be processed by the laser beam, on the basis of the
captured image. The positioning unit 6 is disposed on the
lower surface of the distal end portion of the horizontal beam
5b at a position that is adjacent to the beam condenser 71
along the X-axis.

[0032] FIG. 2 illustrates in block form a general makeup
of the optical system of the laser beam applying unit 7. The
laser beam applying unit 7 includes a laser oscillator 72 for
emitting a laser beam LB, a repetitive frequency adjuster 70
for adjusting the repetitive frequency of the laser beam LB
to be emitted from the laser oscillator 72 to a desired
frequency, an attenuator 73 for adjusting the output level of
the laser beam LB emitted from the laser oscillator 72, a first
half-wave plate 74 for rotating the polarization direction of
the laser beam LB that is linearly polarized from the
attenuator 73, a first beam splitter 75 for directing, to a beam
route Q1, a laser beam [.B1 (indicated by the dot-and-dash
line) that has been S-polarized because the polarization
direction thereof has been rotated by the first half-wave plate
74, and also directing, to a beam route Q2, a laser beam [.B2
(indicated by the broken line) that has been P-polarized, and
a second beam splitter 78 for selectively directing the laser
beam L.B1 from the first beam route Q1 and the laser beam
LB2 from the second beam route Q2 to a condensing beam
route Q3.

[0033] The first beam route Q1 includes a first shutter 76a
for selectively passing and interrupting the laser beam [LB1
from the first beam splitter 75, a beam spot shaper 76c
having a slit 76d for shaping the spot of the laser beam LB1
into a slender shape, and a reflecting mirror 765 for changing
the optical path of the laser beam LBI.

[0034] The second beam route Q2 includes a second
shutter 77a for selectively passing and interrupting the laser
beam LB2 from the first beam splitter 75 and a reflecting
mirror 776 for changing the optical path of the laser beam
LB2.

[0035] The condensing beam route Q3 includes a spot
control unit 79 and a condensing lens 71a of the beam
condenser 71. The spot control unit 79 has a second half-
wave plate 79a for rotating the polarization direction of a
linearly polarized laser beam applied thereto and a Wollas-
ton prism 795 for branching the applied laser beam into two
laser beams according to the rotated polarization direction
such that each laser beam has an output level that is /2 of the
applied laser beam, to form two beam spots spaced from
each other in desired directions. The Wollaston prism 795 is
generally known as a polarizing prism for separating an
applied light beam into orthogonal linearly polarized light
beams, and will not be described in detail below. The spot
control unit 79 includes a rotating mechanism, not illus-
trated, that is electrically connected to the controller 100 and
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that rotates the second half-wave plate 794 in the directions
indicated by an arrow R1 and also rotates the Wollaston
prism 795 in the directions indicated by an arrow R2
accurately through respective desired angles.

[0036] The controller 100 is a computer and includes a
central processing unit (CPU) for performing processing
operations according to control programs, a read only
memory (ROM) for storing the control programs, etc., a
read-write random access memory (RAM) for temporarily
storing detected values, processed results, etc., an input
interface, and an output interface. Details of these compo-
nents of the controller 100 are omitted from illustration. The
controller 100 is electrically connected to the positioning
unit 6, the repetitive frequency adjuster 70, the spot control
unit 79, the first shutter 76a, the second shutter 77a, the
X-axis moving mechanism 4a, the Y-axis moving mecha-
nism 4b, etc., though some of the electric connections are
omitted from illustration. Information detected from the
image captured by the positioning unit 6 is stored in a
suitable memory and displayed on a display unit, not illus-
trated.

[0037] The laser applying apparatus 1 according to the
present embodiment is constructed and configured as
described above. The functional layer removing step and the
device chip fabricating step of the method of processing a
wafer according to the present embodiment that is carried
out by using the laser applying apparatus 1 will be described
below. The method of processing a wafer to be described
below also includes a width limiting groove forming step
that is carried out prior to the functional layer removing step.
The width limiting groove forming step is a step of forming
two grooves that limit the width of a projected dicing line,
by applying the laser beam to the wafer 10.

[0038] The wafer 10 that is to be processed by the method
according to the present embodiment is illustrated by way of
example in FIG. 3. The wafer 10 includes a semiconductor
substrate 15 (see FIG. 4C) such as a substrate made of
silicon (Si) and a functional layer 16 disposed on an upper
surface of the semiconductor substrate 15. The wafer 10
includes a plurality of devices 12 constructed in respective
areas of the functional layer 16 that are demarcated on a face
side 10a of the wafer 10 by a plurality of intersecting
projected dicing lines 14. The wafer 10 has a diameter of 200
mm and a thickness of 700 pm, for example. The functional
layer 16 has a thickness of 10 um, for example. Each of the
projected dicing lines 14 has a width of 70 um, for example.
The functional layer 16 is an interlayer insulating film such
as an insulating film having a low dielectric constant, i.e., a
low-k film, which may include an inorganic film such as
SiOF or BSG(SiOB) or an organic film such as a polyimide-
based or parylene-based polymer film, and is disposed on the
upper surface of the semiconductor substrate 15 in order to
increase the processing capability of the devices 12 of the
wafer 10. The structure of the interlayer insulating film is
adjusted appropriately depending on the kind of the devices
12. As illustrated in FIG. 3, the wafer 10 is disposed in a
circular opening of the annular frame F (see also FIG. 1) and
supported on the annular frame F by an adhesive tape T,
which is illustrated as the protective tape T in FIG. 1, the
wafer 10 being affixed to the adhesive tape T.

[0039] The method of processing a wafer according to the
present invention should preferably, but not necessarily,
include a protective film coating step of coating the face side
10a of the water 10 with a protective film in order to prevent
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debris, swarf, etc., scattered around in the functional layer
removing step and the device chip fabricating step from
being deposited on the face side 10a of the wafer 10. The
protective film may be formed, for example, by dropping a
liquid resin onto the face side 10a of the wafer 10 and
rotating the wafer 10 at a high speed to cause the liquid resin
to spread over the face side 10a or by covering the face side
10a with a protective sheet of resin that is commensurate in
shape with the wafer 10.

[0040] When the wafer 10 of the above structure has been
prepared, it is placed on the chuck table 35 of the laser
applying apparatus 1, held under suction on the suction
chuck 36 by the suction means, not illustrated, and secured
in position by the clamps 37 that grip the annular frame F.
Then, the X-axis moving mechanism 4a and the Y-axis
moving mechanism 45 are actuated to position the wafer 10
directly below the positioning unit 6, as illustrated in FIG. 1.
Then, the positioning unit 6 captures an image of the wafer
10, and on the basis of the captured image, the rotating
mechanism, not illustrated, rotates the chuck table 35 to
align those projected dicing lines 14 that extend in a first
direction with the X-axis and those projected dicing lines 14
that extend in a second direction perpendicular to the first
direction with the Y-axis. Then, positional information
defined by the X and Y coordinates of a projected dicing line
14 extending in the second direction along which to process
the wafer 10 is stored in the controller 100.

[0041] In the method according to the present embodi-
ment, prior to the functional layer removing step, the width
limiting groove forming step of forming two grooves that
limit the width of a projected dicing line 14, by applying a
laser beam to the wafer 10, is carried out as follows.
[0042] In the width limiting groove forming step, as
illustrated in FIG. 2, the first shutter 76a is moved to a first
shutter position 764" indicated by the broken lines across the
first beam route Q1, thereby closing the first beam route Q1,
and the second shutter 774 is moved to a position indicated
by the solid lines away from the second beam route Q2,
thereby opening the second beam route Q2. Then, the X-axis
moving mechanism 4a and the Y-axis moving mechanism 45
are actuated to place a laser processing start position on a
predetermined projected dicing line 14, directly below the
beam condenser 71 of the laser beam applying unit 7.
[0043] Then, the laser oscillator 72 of the laser beam
applying unit 7 is energized to emit a laser beam LB that has
a wavelength absorbable by the functional layer 16 and the
semiconductor substrate 15 of the wafer 10. The emitted
laser beam LB is applied to the attenuator 73, from which the
laser beam LB is applied to the first half-wave plate 74. The
first half-wave plate 74 rotates the polarization direction of
the laser beam LB, and the laser beam LB whose polariza-
tion direction has been rotated is applied to the first beam
splitter 75. The first beam splitter 75 passes and introduces
a P-polarized laser beam LB2 into the second beam route
Q2. At this time, since the first beam route Q1 is closed, a
leakage laser beam that may have leaked from the first beam
splitter 75 into the first beam route Q1 is interrupted by the
first shutter 76a in the first shutter position 76a'. The laser
beam [B2 that has been introduced into the second beam
route Q2 has its optical path changed by the reflecting mirror
77b, and is introduced through the second beam splitter 78
into the spot control unit 79. When the laser beam [B2 is
introduced into the spot control unit 79, as described above
with reference to FIG. 2, the second half-wave plate 79a of



US 2023/0377971 Al

the spot control unit 79 is rotated in the directions indicated
by the arrow R1, rotating the polarization direction of the
linearly polarized laser beam, which then reaches the Wol-
laston prism 7954. The Wollaston prism 795 is rotated in the
directions indicated by the arrow R2 in unison with the
second half-wave plate 79a, branching the laser beam into a
P-polarized laser beam [.LB2a and an S-polarized laser beam
LB2b, each having an output level that is %4 of the applied
laser beam, as illustrated in FIG. 4A. The P-polarized laser
beam [.B2a and the S-polarized laser beam [LB2b are
applied from the beam condenser 71 (see FIG. 3) respec-
tively as a spot P1 and a spot P2, each having a diameter of
5 um, to the functional layer 16 on the projected dicing line
14, as illustrated in FIGS. 4A and 4B.

[0044] The distance between the two spots P1 and P2
transversely across the projected dicing line 14 is established
by the rotation of the spot control unit 79 to match a width
of 60 um by which the functional layer 16 is to be removed
along the projected dicing line 14. For example, as illus-
trated in FIG. 4B, the distance between the two spots P1 and
P2 transversely across the projected dicing line 14 may be
adjusted to a desired distance by moving the spots P1 and P2
respectively from spots P1' and P2' in the respective direc-
tions indicated by arrows R3 and R4.

[0045] Then, the repetitive frequency adjuster 70 adjusts
the repetitive frequency of the laser beam LB to be emitted
from the laser oscillator 72, to a desired frequency, and the
laser oscillator 72 emits the laser beam LB whose repetitive
frequency has been adjusted. The X-axis moving mecha-
nism 4a is actuated to move, i.e., processing-feed, the chuck
table 35 and hence the wafer 10 thereon in the direction
indicated by an arrow X1 (see FIG. 4B), while at the same
time the P-polarized laser beam [.B2a and the S-polarized
laser beam [.B2b are repetitively applied in three passes, for
example, to the projected dicing line 14. The P-polarized
laser beam [.B2a and the S-polarized laser beam [LB2b thus
applied to the projected dicing line 14 remove strips of the
functional layer 16 and form two grooves 18a and 185 in the
semiconductor substrate 15, as illustrated in FIGS. 4B and
4C. According to the present embodiment, as illustrated in
FIG. 4B, whereas the projected dicing line 14 has a width of
70 um, the grooves 18a and 185 have respective outer edges
spaced from each other by a distance of 60 um and respec-
tive inner edges spaced from each other by a distance of 50
pm.

[0046] The above laser processing operation is performed
on all the projected dicing lines 14 on the face side 10a of
the wafer 10 by appropriately actuating the laser beam
applying unit 7, the X-axis moving mechanism 4a, the
Y-axis moving mechanism 44, and the rotating mechanism,
not illustrated, for rotating the chuck table 35, thereby
forming the two grooves 184 and 185 in all the projected
dicing lines 14. The width limiting groove forming step is
carried out as described above.

[0047] Laser processing conditions in the width limiting
groove forming step are as follows, for example.

[0048] Wavelength: 355 nm
[0049] Repetitive frequency: 1000 kHz
[0050] Average output level: 0.8 W
[0051] Pulse duration: 10 ps
[0052] Processing feed speed: 300 mm/s
[0053] After the width limiting groove forming step has

been carried out, the functional layer removing step is
carried out as follows.
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[0054] The functional layer removing step is a step of
removing the functional layer 16 on the projected dicing
lines 14, exposing the semiconductor substrate 15. In the
functional layer removing step, as illustrated in FIG. 2, the
second shutter 77a is moved to a second shutter position
774" indicated by the broken lines across the second beam
route Q2, thereby closing the second beam route Q2, and the
first shutter 764 is moved to a position indicated by the solid
lines away from the first beam route Q1, thereby opening the
first beam route Q1. The laser beam LB emitted from the
laser oscillator 72 is applied to the first half-wave plate 74,
which rotates the polarization direction of the linearly polar-
ized laser beam. The first beam splitter 75 directs an S-po-
larized laser beam LB1 of the linearly polarized laser beam
to the first beam route Q1. The laser beam LB1 introduced
into the first beam route Q1 is reflected by the reflecting
mirror 765 to travel to the beam spot shaper 76c¢ that
functions as a mask. The laser beam LB1 applied to the
beam spot shaper 76¢ is shaped into a slender spot having a
shorter side and a longer side, by the slit 764 defined in the
beam spot shaper 76¢. The laser beam LB1 thus shaped by
the beam spot shaper 76¢ is applied to the second beam
splitter 78 and introduced thereby into the spot control unit
79 and the beam condenser 71 in the condensing beam route

Q3.

[0055] With the laser beam applying unit 7 being thus
configured, the X-axis moving mechanism 4a and the Y-axis
moving mechanism 45 are actuated to place a laser process-
ing start position on a predetermined projected dicing line 14
extending in the first direction directly below the beam
condenser 71 of the laser beam applying unit 7. Then, the
laser oscillator 72 emits a laser beam LB whose repetitive
frequency has been adjusted to a desired frequency by the
repetitive frequency adjuster 70. When the laser beam LB1
is introduced from the first beam route Q1 into the spot
control unit 79, as described above with reference to FIG. 2,
the second half-wave plate 794 of the spot control unit 79 is
rotated, rotating the polarization direction of the linearly
polarized laser beam, which then reaches the Wollaston
prism 795 of the spot control unit 79. The laser beam LB1
that is to reach the Wollaston prism 7954 is rotated by the
second half-wave plate 79q into a P-polarized laser beam
with respect to the Wollaston prism 795. The second half-
wave plate 79a¢ and the Wollaston prism 796 of the spot
control unit 79 are appropriately rotated in such a manner as
to position a spot P3 of the single laser beam LB1 from the
Wollaston prism 796 on the projected dicing line 14, as
illustrated in FIG. 5A, and to position a P-polarized laser
beam on slanted surfaces 19a of a recess 19 that is formed
in the wafer 10 by orienting the longer side of the spot P3
transversely across the projected dicing line 14, and also to
orient the shorter side of the spot P3 in the processing
direction along the projected dicing line 14, as illustrated in
FIGS. 5B through 5D. According to the present embodi-
ment, the shorter side of the spot P3 is 6 um long, and the
longer side thereof is 55 pm long. The longer side of the spot
P3 has opposite ends positioned on the grooves 18a and 185
that have been formed.

[0056] While the laser beam LB1 is applied to the prede-
termined projected dicing line 14 extending in the first
direction, the X-axis moving mechanism 4a is actuated to
move, i.e., processing-feed, the chuck table 35 and hence the
wafer 10 thereon in the direction indicated by the arrow X1
(see FIG. 5B) along the X-axis, thereby performing a
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removing step of removing the functional layer 16 on the
projected dicing line 14 with the spot P3. The removing step
is repetitively carried out a predetermined number of times,
e.g., the laser beam [B1 is repetitively applied in seven
passes to the projected dicing line 14, until the recess 19 (see
FIG. 5D) formed in the wafer 10 along the projected dicing
line 14 by the spot P3 reaches a desired depth, i.e., becomes
deep enough to fully remove the functional layer 16 and
expose the semiconductor substrate 15.

[0057] Further, the removing step is performed in the
above number of passes on all the projected dicing lines 14
on the face side 10a of the wafer 10 by actuating the laser
beam applying unit 7, the X-axis moving mechanism 4a, the
Y-axis moving mechanism 44, and the rotating mechanism,
not illustrated, for the chuck table 35, thereby forming
recesses 19 in all the projected dicing lines 14 where the
semiconductor substrate 15 is exposed, as illustrated in FIG.
5D. According to the present embodiment, since the width
limiting groove forming step is carried out prior to the
functional layer removing step, the recesses 19 are formed
in the projected dicing lines 14 reliably across the width of
60 pm.

[0058] Laser processing conditions in the functional layer
removing step are as follows, for example.

[0059] Wavelength: 355 nm
[0060] Repetitive frequency: 200 kHz
[0061] Average output level: 3.0 W
[0062] Pulse duration: 10 ps
[0063] Processing feed speed: 200 mm/s
[0064] After the functional layer removing step has been

carried out, the device chip fabricating step of fabricating
individual device chips by cutting the wafer 10 along the
projected dicing lines 14 where the semiconductor substrate
15 is exposed is carried out. The device chip fabricating step
may be carried out by using a known dicing apparatus, not
illustrated. For example, as illustrated in FIG. 6, the dicing
apparatus has a cutting blade 9 with only its tip end portion
being illustrated. The cutting blade 9 that is rotating at a high
speed is positioned in the recess 19 formed in the wafer 10
along the projected dicing line 14 and is incising-fed to a
depth large enough to fully sever the wafer 10 while the
wafer 10 is processing-fed along the X-axis, thereby per-
forming a cutting step to cut the wafer 10 along the projected
dicing line 14. The cutting step is repetitively performed
along the recesses 19 formed in the wafer 10 along all the
projected dicing lines 14, dividing the wafer 10 into indi-
vidual device chips. The device chip fabricating step accord-
ing to the present embodiment is now completed. In this
manner, the method of processing a wafer that includes the
functional layer removing step and the device chip fabricat-
ing step comes to an end. According to the present invention,
the device chip fabricating step is not necessarily limited to
the use of the cutting blade 9 of the dicing apparatus, but
may be carried out by either a laser beam applied to cut the
wafer 10 along the projected dicing lines 14 or plasma
etching performed to cut the wafer 10 along the projected
dicing lines 14.

[0065] The wafer 10 on which the method of processing a
wafer described above has been performed is delivered to a
picking-up apparatus that performs a picking-up step or
delivered to another processing apparatus while being
housed in a wafer cassette.

[0066] With the method of processing a wafer according to
the present embodiment, in the removing step of the func-
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tional layer removing step that is repetitively carried out,
since the P-polarized laser beam is applied to and transmit-
ted through the slanted surfaces 194 of the recess 19 that is
formed in the wafer 10 by orienting the longer side of the
spot P3 transversely across the projected dicing line 14, the
wafer 10 is prevented from having deep ditches each having
a downwardly pointed sharp lower end, on both sides of the
projected dicing line 14. Consequently, the device chip
fabricating step performed along the recess 19 does not
lower the flexural strength and hence the quality of indi-
vidual device chips to be produced from the wafer 10.
[0067] Further, the laser applying apparatus 1 according to
the present embodiment is used as a laser applying apparatus
for carrying out the functional layer removing step, so as to
process the wafer 10 by applying the P-polarized laser beam
to the slanted surfaces 19a of the recess 19, which is formed
in the wafer 10 by orienting the longer side of the spot P3
transversely across the projected dicing line 14. Thus, the
wafer 10 is prevented from having deep ditches each having
a downwardly pointed sharp lower end, on both sides of the
projected dicing line 14. Consequently, the device chip
fabricating step performed along the recess 19 does not
lower the flexural strength and hence the quality of indi-
vidual device chips to be produced from the wafer 10.
[0068] The present invention is not limited to the embodi-
ment described above. In the method of processing a wafer
according to the above embodiment, the width limiting
groove forming step of forming two grooves 18a and 185
that limit the width of a projected dicing line 14 is carried out
prior to the functional layer removing step. However, the
width limiting groove forming step may be omitted. If the
width limiting groove forming step is omitted, then the
second beam route Q2 illustrated in FIG. 2 may be omitted,
and the laser beam applying unit may include at least the
laser oscillator 72, the beam condenser 71, the beam spot
shaper 76¢ disposed between the laser oscillator 72 and the
beam condenser 71, and the spot control unit 79 out of the
components illustrated in FIG. 2.

[0069] According to the above embodiment, in the width
limiting groove forming step, the laser beam LB2 is intro-
duced into the Wollaston prism 795 that branches the laser
beam [.B2 into the P-polarized laser beam [LB2a and the
S-polarized laser beam L.B25 that are applied as the spots P1
and P2 to the functional layer 16 on the projected dicing line
14. However, the present invention is not limited to such
details. For example, a diffractive optical element (DOE)
may be disposed on the beam route between the second
half-wave plate 79a and the Wollaston prism 795 to form a
plurality of interference fringes, to thereby branch the laser
beam [.B2 into an increased number of laser beams, e.g.,
four laser beams applied as four spots or eight laser beams
applied as eight spots.

[0070] 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.

What is claimed is:

1. A method of processing a wafer having a semiconduc-
tor substrate and a functional layer disposed on an upper
surface of the semiconductor substrate, the wafer including
a plurality of devices disposed in respective areas of the
functional layer that are demarcated on a face side of the
wafer by a plurality of intersecting projected dicing lines, to
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divide the wafer into individual device chips including the
respective devices, the method comprising:

a functional layer removing step of removing the func-
tional layer disposed on the projected dicing lines,
thereby exposing the semiconductor substrate; and

a device chip fabricating step of cutting the wafer along
the projected dicing lines where the semiconductor
substrate is exposed, thereby fabricating individual
device chips,

wherein the functional layer removing step includes
a removing step of removing the functional layer by

applying linearly polarized laser beams to the pro-
jected dicing lines with use of a laser applying
apparatus that has a laser oscillator for emitting the
linearly polarized laser beam, a beam condenser for
condensing the laser beam emitted from the laser
oscillator into a spot and for positioning the spot on
the projected dicing lines, and a beam spot shaper
disposed between the laser oscillator and the beam
condenser and configured to shape the spot into a
slender spot and orient a polarization direction of the
laser beam along a longer side of the slender spot, the
laser applying apparatus being configured to position
a P-polarized laser beam on slanted surfaces of a
recess that is formed in the wafer by orienting the
longer side of the slender spot transversely across the
projected dicing lines and to orient a shorter side of
the slender spot in a processing direction along the
projected dicing lines, and

the removing step is carried out a plurality of times to
remove the functional layer on the projected dicing
lines, thereby exposing the semiconductor substrate.

2. The method of processing a wafer according to claim

1, further comprising:

a width limiting groove forming step of, prior to the
functional layer removing step, forming two grooves
for limiting the width of the projected dicing lines, by
applying the laser beams to the projected dicing lines.
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3. The method of processing a wafer according to claim
2, further comprising:

a protective film coating step of, prior to the functional
layer removing step and the width limiting groove
forming step, coating the face side of the wafer with a
protective film.

4. The method of processing a wafer according to claim

15

wherein the device chip fabricating step includes any one
of a step of cutting the wafer along the projected dicing
lines with a cutting blade, a step of cutting the wafer
along the projected dicing lines with a laser beam, and
a step of cutting the wafer along the projected dicing
lines by plasma etching.

5. A laser applying apparatus for removing a functional
layer of a wafer along projected dicing lines with a laser
beam applying unit, the wafer having a semiconductor
substrate with the functional layer disposed on an upper
surface thereof, the wafer including a plurality of devices
disposed in respective areas of the functional layer that are
demarcated on a face side of the wafer by the intersecting
projected dicing lines, wherein the laser beam applying unit
includes

a laser oscillator for emitting a linearly polarized laser
beam,

a beam condenser for condensing the laser beam emitted
from the laser oscillator into a spot smaller than a width
of the projected dicing lines and for positioning the spot
on the projected dicing lines,

a beam spot shaper disposed between the laser oscillator
and the beam condenser and configured to shape the
spot into a slender spot, and

a spot control unit for positioning a P-polarized laser
beam on slanted surfaces of a recess that is formed in
the wafer by orienting a longer side of the slender spot
transversely across the projected dicing lines and for
orienting a shorter side of the slender spot in a pro-
cessing direction along the projected dicing lines.
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