Si C WVAFER PRODUCI NG METHCD

BACKGROUND CF THE | NVENTI ON

Field of the invention

The present invention relates to an SIiC waf
producing method for producing an SiC wafer from a
crystal SiC ingot.

Description of the Related Art

Various devices such as integrated circuits
Large Scale Integrations (LSls), and light emitting
diodes (LEDs) are formed by forming a functional la
the front side of a wafer formed of Si (silicon) or
(sapphire) and partitioning this functional layer i
plurality of separate regions along a plurality of
division lines. Further, power devices or optical
such as LEDs are formed by forming a functional lay
the front side of a wafer formed of single crystal
(silicon carbide) and partitioning this functional
into a plurality of separate regions along a plural
division lines. The division lines of such a wafer
these devices are processed by a processing apparat
such as a cutting apparatus and a laser processing
apparatus to thereby divide the wafer into a plural
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devices. The device chips thus obtained are used i n
various electrical equipment such as mobile phones and

personal computers.

In general, the wafer on which the devices are to
be formed is produced by slicing a cylindrical ingo t with
a wire saw. Both sides of the wafer sliced from th e ingot

are polished to a mirror finish (see JP2000-94221A)

However, when the ingot is cut by the wire saw and both
sides of each wafer are polished to obtain the prod uct, a
large proportion (70% to 80%) of the ingot is disca rded
to cause a problem of poor economy. In particular, a
single crystal SiC ingot has high hardness and it i S
therefore difficult to cut this ingot with the wire saw.
Accordingly, considerable time is required for cutt ing of

the ingot, causing a reduction in productivity.
Furthermore, since this ingot is high in unit price ,
there is a problem in efficiently producing a wafer in

this prior art.

A technique for solving this problem has be en
proposed (see JP2013-49161A). This technique inclu des the
steps of setting the focal point of a laser beam ha ving a
transmission wavelength to single crystal SiC insid e a
single crystal SiC ingot, next applying the laser b eam to
the SiC ingot as scanning the laser beam on the SiC ingot



to thereby form modified layers in a separation pla
previously set inside the SiC ingot, and next break

the SIC ingot along the separation plane where the
modified layers have been formed, thus separating a

wafer from the SiC ingot.

SUWARY OF THE | NVENTI ON

However, in separating the SiC wafer from t
ingot or in forming devices on the front side of th
wafer, the thickness of the SiC wafer to be separat
from the SiC ingot is set to approximately 700 to 8
so as to strengthen the SiC wafer. Further, in ord
improve heat dissipation in dividing the SiC wafer
the individual device chips, the back side of the S
wafer is ground by a thickness of approximately 500
600 um to thereby reduce the thickness of the SiC wafer
to approximately 200 um. Accordingly, there is a problem
in producing the SiC wafer from the SiC ingot more
economically.

It is therefore an object of the present in
to provide an SiC wafer producing method for produc
SiC wafer from a single crystal SiC ingot more
economically.
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invention, there is provided an SiC wafer producing
method for producing an SiC wafer from a single cry stal
SiC ingot, the SIC wafer producing method including an
end surface planarizing step of planarizing an end
surface of the SiC ingot; a separation layer formin g step

of setting a focal point of a laser beam having a

transmission wavelength to single crystal SiC insid e the
SiC ingot at a predetermined depth from the end sur face
of the SiC ingot, the predetermined depth correspon ding
to the thickness of the SiC wafer to be produced, a fter
performing the end surface planarizing step, and ne xt
applying the laser beam to the SiC ingot to thereby form
a separation layer for separating the SiC wafer fro m the
SIiC ingot; a hard plate providing step of providing a
hard plate through an adhesive on the end surface o f the
SIiC ingot after performing the separation layer for ming
step; a separating step of separating the SiC wafer with
the hard plate from the SiC ingot along the separat ion
layer after performing the hard plate providing ste p; a
separation surface planarizing step of planarizing a
separation surface of the SiC wafer separated from the
SiC ingot after performing the separating step; and a
device forming step of forming devices on the separ ation
surface of the SiC wafer after performing the separ ation

4



surface planarizing step.

Preferably, the SiC ingot has a first surfa
second surface opposite to the first surface, a c-a
extending from the first surface to the second surf
and a c-plane perpendicular to the c-axis, the c-ax
being inclined by an off angle with respect to a no
to the first surface, the off angle being formed be
the c-plane and the first surface; the separation |
forming step including a modified layer forming ste
setting a focal point of a pulsed laser beam having
transmission wavelength to single crystal SiC insid
SiC ingot at a predetermined depth from the first s

the predetermined depth corresponding to the thickn

the SiC wafer to be produced, and next applying the

pulsed laser beam to the SiC ingot as relatively mo
the SIC ingot and the focal point in a first direct
perpendicular to a second direction where the off a
is formed, thereby forming a linear modified layer

the SiC ingot at the predetermined depth so as to e

in the first direction and cracks extending from th
modified layer in opposite directions along the c-p

the modified layer being formed in such a manner th

is decomposed into Si and C by the pulsed laser bea

first applied, and the pulsed laser beam next appli
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absorbed by C previously produced to continue the

decomposition of SiC into Si and C in a chain react ion
manner with the relative movement of the SiC ingot and
the focal point in the first direction; and an inde xing
step of relatively moving the SiC ingot and the foc al
point in the second direction by a predetermined in dex
amount; the modified layer forming step and the ind exing
step being repeated plural times to thereby form th e
separation layer inside the SIiC ingot in the condit ion
where a plurality of linear modified layers are arr anged
at given intervals in the second direction so as to be

connected through the cracks.

In the SIC wafer producing method of the pr esent
invention, the SiC wafer is reinforced by the hard plate.
Accordingly, in separating the SiC wafer from the S iC
ingot or in forming the devices on the front side o f the
SiC wafer, it is unnecessary to increase the thickn ess of

the SIiC wafer to a relatively large thickness of

approximately 700 to 800 um and thereby to strengthen the
SiC wafer for the purpose of preventing damage to t he SiC
wafer. That is, even when the thickness of the SiC wafer

is reduced to a relatively small thickness of
approximately 200 um, the damage to the SiC wafer can be

prevented in separating the SiC wafer from the SiC ingot



or in forming the devices on the front side of the

wafer according to the present invention.

Thus,

separated from the SiC

the

thickness of the SiC wafer

to

ingot can be

relatively small thickness of approximately 200

present invention. Accordingly, in reducing the th

reduced

be

to

a

of the SIiC wafer by grinding, so as to improve heat

dissipation, the amount of the SiC wafer to be grou

be discarded) can be reduced. Furthermore, the num

wafers that can be produced from the SiC ingot can

increased, so that the SiC wafer can be produced fr

SiC ingot more economically.

The

above and

other objects, features

and

advantages of the present invention and the manner

realizing

them will

become more apparent,

invention itself will best be understood from a stu

the

and

reference to the attached drawings showing some pre

embodiments of the invention.

the

following description and appended claims with

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1A is an elevational view of a single

SiC ingot;

FIG. 1B is a plan view of the SiC ingot dep
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FIG. 1A;

FIG. 1C is a perspective view of the SIiC in
depicted in FIG. 1A;

FIG. 2 is a perspective view depicting an e
surface planarizing step;

FIG. 3A is a perspective view depicting a
separation layer forming step;

FIG. 3B is an elevational view depicting th
separation layer forming step;

FIG. 4A is a plan view of the SiC ingot in
condition where a separation layer has been formed
SIC ingot by performing the separation layer formin
step;

FIG. 4B is a cross section taken along the
in FIG. 4A,

FIG. 4C is an enlarged view of an encircled
depicted in FIG. 4A,

FIG. 5 is a perspective view depicting a ha
providing step;

FIG. 6A is a perspective view depicting a
separating step;

FIG. 6B is a perspective view of a wafer wi
hard plate as separated from the SiC ingot by perfo

the separating step;
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FIG. 7 is a perspective view depicting a se paration
surface planarizing step;

FIG. 8 is a perspective view of the wafer w ith the
hard plate in the condition where devices have been
formed on the wafer by performing a device forming step;

FIG. 9 is a perspective view depicting a di viding
step; and

FIG. 10 is a perspective view of the wafer with the
hard plate in the condition where the wafer has bee n
divided into individual device chips by performing the

dividing step.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

A preferred embodiment of the wafer produci ng
method according to the present invention will now be
described with reference to the drawings. FIGS. 1A to 1C
depict a substantially cylindrical, hexagonal singl e
crystal SiC ingot 2 (which will be hereinafter refe rred
to simply as “ingot 2”) as a workpiece to be proces sed.
The ingot 2 has a substantially circular first surf ace 4,
a substantially circular second surface 6 opposite to the
first surface 4, a substantially cylindrical surfac e 8

formed so as to connect the first surface 4 and the

second surface 6, a c-axis (<0001> direction) exten ding



from the first surface 4 to the second surface 6, a nd a
c-plane ({0001} plane) perpendicular to the c-axis. In
the ingot 2, the c-axis is inclined by an off angle o
(e.q., o =1, 3, or 6 degrees) with respect to a normal

10 to the first surface 4. The off angle o is formed
between the c-plane and the first surface 4. The

direction of formation of the off angle o (i.e., the
direction of inclination of the c-axis) is depicted by an
arrow A in FIGS. 1A to 1C. Further, the cylindrica I

surface 8 of the ingot 2 is formed with a first

orientation flat 12 and a second orientation flat 1 4,
which are rectangular as viewed in side elevation a nd
function to indicate crystal orientation. The firs t
orientation flat 12 is parallel to the direction A of
formation of the off angle o, and the second orientation

flat 14 is perpendicular to the direction A of form ation

of the off angle o. As depicted in FIG. 1B, which is a

plan view taken in the direction of extension of th e
normal 10, the length L2 of the second orientation flat

14 is set shorter than the length L1 of the first

orientation flat 12 (L2 < L1).

In the wafer producing method according to this
preferred embodiment, an end surface planarizing st ep is
first performed to planarize an end surface of the ingot

10



2. The end surface planarizing step may be perform
using a grinding apparatus 16, a part of which is
depicted in FIG. 2. The grinding apparatus 16 incl

chuck table 18 and grinding means 20. The chuck ta

has an upper surface for holding a workpiece thereo
under suction. The chuck table 18 is rotatable by
rotating means (not depicted) about an axis extendi

a vertical direction. The grinding means 20 includ
cylindrical spindle 22 having a vertical axis of ro

the spindle 22 being connected to a motor (not depi

and also includes a disk-shaped wheel mount 24 fixe
the lower end of the spindle 22. An annular grindi
wheel 28 is fixed to the lower surface of the wheel

24 by bolts 26. A plurality of abrasive members 30
fixed to the lower surface of the grinding wheel 28

to be arranged annularly at given intervals along t
outer circumference of the grinding wheel 28. As d

in FIG. 2, the center of rotation of the grinding w

28 is deviated from the center of rotation of the c

table 18, so as to obtain a configuration such that
abrasive members 30 annularly arranged pass through
center of rotation of the chuck table 18 as viewed
plan. Accordingly, when both the chuck table 18 an

grinding wheel 28 are rotated in the same direction
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the abrasive members 30 fixed to the grinding wheel 28

come into contact with the upper surface of the wor kpiece
held on the upper surface of the chuck table 18, th e
upper surface of the workpiece can be entirely grou nd by

the abrasive members 30.

In the end surface planarizing step, the in got 2 is
held under suction on the upper surface of the chuc k
table 18 of the grinding apparatus 16 depicted in F IG. 2
in the condition where the first surface 4 of the i ngot 2
as the end surface to be planarized is oriented upw ard.
As a modification, the ingot 2 may be fixed to the chuck
table 18 in the condition where an adhesive (e.g., epoxy
resin adhesive) is interposed between the second su rface
6 of the ingot 2 as the other end surface opposite to the
end surface to be planarized and the upper surface of the
chuck table 18. Thereafter, the chuck table 18 is rotated
by the rotating means at a predetermined speed (e.g ., 300
rpm) in a counterclockwise direction as viewed in p lan.
Further, the spindle 22 is rotated by the motor at a

predetermined speed (e.g., 6000 rpm) in a
counterclockwise direction as viewed in plan. Ther eafter,
the spindle 22 is lowered by elevating means (not

depicted) included in the grinding apparatus 16 unt il the

abrasive members 30 fixed to the grinding wheel 28 come

12



into contact with the first surface 4 of the ingot 2 as
the end surface to be planarized. Thereatfter, the spindle
22 is further lowered at a predetermined feed speed (e.g.,
0.1 um/second) to thereby grind the first surface 4 of

the ingot 2. Thus, the first surface 4 of the ingo t2as

the end surface of the ingot 2 can be planarized by

grinding.

After performing the end surface planarizin g step,
a separation layer forming step is performed to for m a
separation layer for separating a wafer from the in got 2.
The separation layer forming step may be performed by
using a laser processing apparatus 32, a part of wh ich is
depicted in FIG. 3A. The laser processing apparatu s 32
includes a chuck table 34 and focusing means 36. T he

chuck table 34 has an upper surface for holding a

workpiece thereon under suction. The chuck table 3 4 is
adapted to be rotated about a vertical axis by rota ting
means (not depicted). Further, the chuck table 34 is
adapted to be moved both in an X direction by X mov ing
means (not depicted) and in a Y direction by Y movi ng
means (not depicted). The focusing means 36 includ es a
focusing lens (not depicted) for focusing a pulsed laser
beam LB oscillated from a pulsed laser beam oscilla tor
(not depicted) included in the laser processing app aratus

13



32, in which the pulsed laser beam LB focused by th
focusing lens is applied to the workpiece held on t
upper surface of the chuck table 34. The X directi
defined as the direction depicted by an arrow X in
3A and 3B, and the Y direction is defined as the
direction depicted by an arrow Y in FIG. 3A, which
perpendicular to the X direction in an XY plane. T
plane defined by the X direction and the Y directio
substantially horizontal plane.

In the separation layer forming step, the i
is held under suction on the upper surface of the c
table 34 of the laser processing apparatus 32 depic
FIG. 3A in the condition where the first surface 4
ingot 2 as the end surface planarized in the previo
step is oriented upward. As a modification, the in
may be fixed to the chuck table 34 in the condition
an adhesive (e.g., epoxy resin adhesive) is interpo
between the second surface 6 of the ingot 2 as the
end surface opposite to the end surface planarized
previous step and the upper surface of the chuck ta
Thereafter, the ingot 2 is imaged by imaging means
depicted) included in the laser processing apparatu
from the upper side of the first surface 4 of the i

held on the chuck table 34. Thereafter, the X movi
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means, the Y moving means, and the rotating means a re
operated to move and rotate the chuck table 34 acco rding
to the image of the ingot 2 detected by the imaging means,
thereby adjusting the orientation of the ingot 2 to a
predetermined orientation and also adjusting the

positional relation between the ingot 2 and the foc using
means 36 in the XY plane. In adjusting the orienta tion of
the ingot 2 to a predetermined orientation, the fir st
orientation flat 12 is made parallel to the Y direc tion
and the second orientation flat 14 is made parallel to
the X direction as depicted in FIG. 3A. Accordingl y, the
direction A of formation of the off angle o IS made
parallel to the Y direction, and the direction

perpendicular to the direction A of formation of th e off
angle o is made parallel to the X direction.

Thereafter, focal position adjusting means (not
depicted) included in the laser processing apparatu s 32
is operated to vertically move the focusing means 3 6,
thereby adjusting a focal point FP at a predetermin ed
depth (e.g., approximately 200 um) from the first surface
4 of the ingot 2 as the end surface planarized, the
predetermined depth corresponding to the thickness of a
wafer to be produced. Thereafter, as depicted in F IG. 3B,
a pulsed laser beam LB having a transmission wavele ngth
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to single crystal SiC is applied from the focusing

36 to the ingot 2 as relatively moving the ingot 2

the focal point FP in the X direction (i.e., in the

direction perpendicular to the direction A of forma

of the off angle o) (modified layer forming step). More

specifically, in the modified layer forming step in

preferred embodiment, the pulsed laser beam LB is a

from the focusing means 36 to the ingot 2 as moving

chuck table 34 relative to the focal point FP

at a

predetermined feed speed in the X direction by oper

the X moving means in the condition where the focal
FP is fixed in position.
In the modified layer forming step, the pul

laser beam LB is initially applied to the ingot 2

t

thereby decompose SiC into Si (silicon) and C (carb

Thereatfter, the pulsed laser beam LB is next appli
the ingot 2 and absorbed by C previously produced.

SiC is decomposed into Si and C in a chain

e

reaction

manner with the movement of the chuck table 34 in t

direction to thereby linearly form a modified layer
extending in the X direction as depicted in FIGS. 4
4B. At the same time, cracks 40 are also formed so
propagate from the modified layer 38 in

directions along the c-plane as depicted in FIGS. 4
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4C. In the modified layer forming step, the chuck
34 is fed in the X direction (the ingot 2 and the f
point FP are relatively moved in the X direction) s
the adjacent spots of the pulsed laser beam LB appl
the ingot 2 are overlapped with each other at the d
where the modified layer 38 is formed (i.e., a plur
of circular modified portions are overlapped with e
other to form the linear modified layer 38). Accor
the pulsed laser beam LB is applied again to the mo
layer 38 (to the circular modified portion previous
formed) where SiC has been decomposed into Si and C
In order to ensure that the adjacent spots
pulsed laser beam LB are overlapped with each other
the modified layer forming step, the relation of G
(V/IF) - D and G < 0 must hold, where F is the repet
frequency of the pulsed laser beam LB, V is the rel
speed between the ingot 2 and the focal point FP, a
is the diameter of each spot. Further, the overlap
of the adjacent spots is defined as |G|/D.
After performing the modified layer forming
along a line in the X direction, an indexing step i
performed in such a manner the ingot 2 and the foca
point FP are relatively moved by a predetermined in

amount Li in the Y direction (i.e., in the directio
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formation of the off angle o). More specifically, in the

indexing step in this preferred embodiment, the chu ck

table 34 is moved relative to the focal point FP by the

predetermined index amount Li in the Y direction by

operating the Y moving means in the condition where the
focal point FP is fixed in position. Thereafter, t he
modified layer forming step and the indexing step a re
repeated plural times to thereby form a separation layer

42 inside the ingot 2 at the predetermined depth

corresponding to the thickness of a wafer to be pro duced
as depicted in FIG. 4B, the separation layer 42 bei ng
composed of plural modified layers 38 and cracks 40 . In
the separation layer 42, any adjacent ones of the p lural
modified layers 38 are connected through the cracks 40 in
the direction A of formation of the off angle a. For
example, the separation layer forming step is perfo rmed
under the following processing conditions.

Wavelength of the pulsed laser beam: 1064 n m

Repetition frequency: 80 kHz

Average power: 3.2 W

Pulse width: 4 ns

Diameter of the focal point: 3 um

Numerical aperture (NA) of the focusing len s:0.43

Index amount: 250 to 400 um

18



Feed speed: 120 to 260 mm/second

After performing the separation layer formi
a hard plate providing step is performed to provide
hard plate 44 through an adhesive on the first surf
of the ingot 2 in which the separation layer 42 has
formed as depicted in FIG. 5. The hard plate 44 is
disk-shaped member having a thickness of approximat
mm. The hard plate 44 is formed of glass, ceramic,
synthetic resin such as polyethylene terephthalate
and acrylic resin. The material of the hard plate
be suitably selected according to various steps to
performed after performing the hard plate providing
The hard plate 44 has a contact surface adapted to
into contact with the first surface 4 of the ingot
the end surface planarized. Preferably, this conta
surface of the hard plate 44 has substantially the
size as that of the first surface 4 of the ingot 2
a size larger than that of the first surface 4 of t
ingot 2. Further as the adhesive to be used in the
plate providing step, cyanoacrylate adhesive (e.g.,
Alpha (registered trademark) manufactured by Toagos
Ltd.) may be used.

After performing the hard plate providing s

separating step is performed to separate a wafer wi
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hard plate 44 from the ingot 2 along the separation

42. The separating step may be performed by using
separating apparatus 46, a part of which is depicte

FIG. 6A. The separating apparatus 46 includes a ch
table 48 and separating means 50. The chuck table

an upper surface for holding a workpiece thereon un
suction. The separating means 50 includes an arm 5
extending in a substantially horizontal direction a

motor 54 provided at the front end of the arm 52.

shaped suction member 56 is connected to the lower

surface of the motor 54 so as to be rotatable about
vertical axis. The suction member 56 has a lower s
adapted to hold a workpiece under suction. Further
ultrasonic vibration applying means (not depicted)
built in the suction member 56 to apply ultrasonic
vibration to the lower surface of the suction membe

In the separating step, the ingot 2 with th
plate 44 is held under suction on the upper surface
the chuck table 48 of the separating apparatus 45 i
condition where the hard plate 44 is oriented upwar
a modification, the ingot 2 with the hard plate 4 m
fixed to the chuck table 48 in the condition where
adhesive (e.g., epoxy resin adhesive) is interposed

between the second surface 6 of the ingot 2 and the
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surface of the chuck table 48. Thereafter, elevati
means (not depicted) included in the separating app

46 is operated to lower the arm 52 untl the lower
surface of the suction member 56 comes into contact
the upper surface of the hard plate 44, so that the

surface of the hard plate 44 is held by the lower s

of the suction member 56 under suction as depicted

6A. Thereafter, the ultrasonic vibration applying

is operated to apply ultrasonic vibration to the lo
surface of the suction member 56. At the same time
motor 54 is operated to rotate the suction member 5

a result, a part of the ingot 2 can be separated as
wafer 58 (see FIG. 6B) along the separation layer 4
together with the hard plate 44. FIG. 6B is a pers

view depicting the wafer 58 with the hard plate 44
separated from the ingot 2 along the separation lay

in the condition where a separation surface 58a of
wafer 58 is oriented upward.

After performing the separating step, a sep
surface planarizing step is performed to planarize
separation surface 58a of the wafer 58 separated fr
ingot 2 as depicted in FIG. 7. The separation surf
planarizing step may be performed by using the grin

apparatus 16 mentioned above with reference to FIG.
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depicted in FIG. 7, the separation surface planariz ing

step is performed in the condition where the hard p late
44 is bonded to the wafer 58. In the separation su rface
planarizing step, the wafer 58 with the hard plate 44 is
held under suction on the upper surface of the chuc k
table 18 of the grinding apparatus 16 in the condit ion

where the separation surface 58a of the wafer 58 is

oriented upward (i.e., the hard plate 44 is oriente d
downward). As a modification, the wafer 58 with th e hard
plate 44 may be fixed to the chuck table 18 in the

condition where an adhesive (e.g., epoxy resin adhe sive)
Is interposed between the lower surface of the hard plate
44 and the upper surface of the chuck table 18.

Thereatfter, the chuck table 18 is rotated by the ro tating

means at a predetermined speed (e.g., 300 rpm)

counterclockwise as viewed in plan. Further, the s pindle
22 is rotated by the motor at a predetermined speed (e.q.,
6000 rpm) counterclockwise as viewed in plan. Ther eafter,

the elevating means (not depicted) in the grinding
apparatus 16 is operated to lower the spindle 22 un til

the abrasive members 30 come into contact with the

separation surface 58a of the wafer 58. Thereafter , the
spindle 22 is further lowered at a predetermined fe ed
speed (e.g., 0.1 um/second) to thereby grind the

22



separation surface 58a of the wafer 58. Thus, the

separation surface 58a of the wafer 58 separated fr
ingot 2 can be planarized by grinding.

After performing the separation surface pla

step, a device forming step is performed to form a

plurality of devices 60 such as power devices and L
the separation surface 58a of the wafer 58 as depic
FIG. 8. The device forming step is performed in th
condition where the hard plate 44 is bonded to the
58. As depicted in FIG. 8, the plural devices 60 a
formed in a plurality of rectangular separate regio
defined by a plurality of crossing division lines 6
the separation surface 58a of the wafer 58. The cr
division lines 62 are composed of first division li
62a and second division lines 62b perpendicular to
first division lines 62a.

After performing the device forming step, a
dividing step is performed to divide the wafer 58 i
plurality of individual device chips corresponding

respective devices 60. The dividing step may be pe

by using the laser processing apparatus 32 mentione

above with reference to FIG. 3A. The dividing step
performed in the condition where the hard plate 44

bonded to the wafer 58. In the dividing step, the
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58 with the hard plate 44 is held under suction on

upper surface of the chuck table 34 of the laser

processing apparatus 32 in the condition where the

separation surface 58a of the wafer 58 on which the

devices 60 have been formed is oriented upward (i.e

hard plate 44 is oriented downward). As a modifica

the wafer 58 with the hard plate 44 may be fixed to
chuck table 34 in the condition where an adhesive (
epoxy resin adhesive) is interposed between the low
surface of the hard plate 44 and the upper surface

chuck table 34. Thereafter, the wafer 58 is imaged

imaging means of the laser processing apparatus 32
the upper side of the wafer 58. Thereafter, the X

means, the Y moving means, and the rotating means o
laser processing apparatus 32 are operated to move
rotate the chuck table 34 according to the image of
wafer 58 detected by the imaging means, thereby mak
the first division lines 62a parallel to the X dire

and making the second division lines 62b parallel t

Y direction. Further, one end of a target one of t
first division lines 62a is positioned directly bel

focusing means 36. Thereafter, the focal position

adjusting means of the laser processing apparatus 3

operated to vertically move the focusing means 36,
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thereby setting the focal point FP on the target fi
division line 62a of the wafer 58. Thereafter, a p
laser beam LB having an absorption wavelength to si
crystal SiC is applied from the focusing means 36 t
wafer 58 as relatively moving the wafer 58 and the
point FP in the X direction from one end of the tar
first division line 62a to the other end thereof
(division groove forming step such as ablation). M
specifically, in the dividing step in this preferre
embodiment, the pulsed laser beam LB is applied fro
focusing means 36 to the wafer 58 as moving the chu
table 34 relative to the focal point FP at a
predetermined feed speed in the X direction by oper
the X moving means in the condition where the focal
FP is fixed in position.

After performing the division groove formin
along the target first division groove 62a, an inde
step is performed in such a manner that the wafer 5
the focal point FP are relatively moved in the Y
direction by an amount corresponding to the pitch o
first division lines 62a. More specifically, in th
indexing step in this preferred embodiment, the chu
table 34 is moved relative to the focal point FP in

direction by the amount corresponding to the pitch
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first division lines 62a by operating the Y moving

in the condition where the focal point FP is fixed
position. Thereafter, the division groove forming

and the indexing step are repeated plural times alo

of the other first division lines 62a. Thereatfter,

chuck table 34 is rotated by 90 degrees by the rota
means to similarly perform the division groove form
step and the indexing step along all of the second
division lines 62b perpendicular to the first divis

lines 62a. Accordingly, the wafer 58 is divided al

of the crossing division lines 62 to obtain a plura

of individual device chips corresponding to the

respective devices 60. In FIG. 10, reference numer
denotes a plurality of crossing division grooves fo
along the respective crossing division lines 62 of
wafer 58 by the dividing step.

After performing the dividing step, a picku
is performed to pick up each of the device chips fr
hard plate 44 as depicted in FIG. 10. In the picku
the wafer 58 with the hard plate 44 is placed on a
heating plate (not depicted) in the condition where
hard plate 44 is oriented downward, and the heating
is operated to heat the adhesive interposed between

wafer 58 and the hard plate 44. Accordingly, the a
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is melted to reduce its adhesion. As a result, eac h deice
chip can be easily picked up from the hard plate 44 by

using suitable pickup means (not depicted).

In the wafer producing method of the presen t
invention as described above, the wafer 58 is reinf orced
by the hard plate 44. Accordingly, in separating t he
wafer 58 from the ingot 2 or in forming the devices 60 on
the front side of the wafer 58, it is unnecessary t o]
increase the thickness of the wafer 58 to a relativ ely
large thickness of approximately 700 to 800 um and
thereby to strengthen the wafer 58 for the purpose of
preventing damage to the wafer 58. That is, even w hen the
thickness of the wafer 58 is reduced to a relativel y
small thickness of approximately 200 um, the damage to
the wafer 58 can be prevented in separating the waf er 58
from the ingot 2 or in forming the devices 60 on th e

front side of the wafer 58 according to the present

invention. Thus, the thickness of the wafer 58 to be
separated from the ingot 2 can be reduced to a rela tively
small thickness of approximately 200 um in the present
invention. Accordingly, in reducing the thickness of the
wafer 58 by grinding, so as to improve heat dissipa tion,
the amount of the wafer 58 to be ground (to be disc arded)
can be reduced. Furthermore, the number of wafers that
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can be produced from the ingot 2 can be increased, SO
that the wafer 58 can be produced from the ingot 2 more

economically.

In the above preferred embodiment, the ingo t 2 and
the focal point FP are relatively moved in the dire ction
perpendicular to the direction A of formation of th e off

angle o in the modified layer forming step in the

separation layer forming step, and the ingot 2 and the
focal point FP are relatively moved in the directio n A of
formation of the off angle o in the indexing step in the

separation layer forming step. As a modification, the
direction of relative movement of the ingot 2 and t he
focal point FP in the modified layer forming step i n the
separation layer forming step may not coincide with the
direction perpendicular to the direction A of forma tion
of the off angle o, and the direction of relative

movement of the ingot 2 and the focal point FP in t he
indexing step in the separation layer forming step may
not coincide with the direction A of formation of t he off

angle «. Further, in the above preferred embodiment, the

c-axis in the ingot 2 is inclined by the off angle o with
respect to the normal 10 to the first surface 4, an d the
off angle o is formed between the c-plane and the first

surface 4. As a modification, the c-axis may not b e

28



inclined with respect to the normal 10 to the first

surface 4, and the off angle o between the c-plane and

the first surface 4 may be 0 degree (i.e., the c-ax is may
coincide with the normal 10 to the first surface 4) . That
Is, also in such a single crystal SiC ingot having a c-
axis not inclined with respect to the normal to the end
surface of the ingot, the wafer producing method of the

present invention can be applied.

The present invention is not limited to the details
of the above described preferred embodiments. 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 therefor e to

be embraced by the invention.
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WHAT IS CLAIMED | S

1. An SiC wafer producing method for produ
SiC wafer from a single crystal SiC ingot, the SiC
producing method comprising:

an end surface planarizing step of planariz
end surface of the SiC ingot;

a separation layer forming step of setting
point of a laser beam having a transmission wavelen
single crystal SiC inside the SiC ingot at
predetermined depth from the end surface of the SiC
the predetermined depth corresponding to a thicknes
the SIiC wafer to be produced, after performing the
surface planarizing step, and next applying the las
beam to the SiC ingot to thereby form a separation
for separating the SiC wafer from the SiC ingot;

a hard plate providing step of providing a
plate through an adhesive on the end surface of the
ingot after performing the separation layer forming

a separating step of separating the SiC waf
the hard plate from the SiC ingot along the separat

layer after performing the hard plate providing ste

a separation surface planarizing step of

planarizing a separation surface of the SiC wafer

separated from the SiC ingot after performing
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separating step; and

a device forming step of forming devices on
separation surface of the SiC wafer after performin
separation surface planarizing step.

2. The SiC wafer producing method accordin
claim 1, wherein the SIiC ingot has a first surface,
second surface opposite to the first surface, a c-a
extending from the first surface to the second surf
and a c-plane perpendicular to the c-axis, the c-ax
being inclined by an off angle with respect to a no
to the first surface, the off angle being formed be
the c-plane and the first surface;

the separation layer forming step including

a modified layer forming step of se
focal point of a pulsed laser beam having a transmi

wavelength to single crystal SiC inside the SiC ing

a predetermined depth from the first surface, the

predetermined depth corresponding to the thickness

SiC wafer to be produced, and next applying the pul
laser beam to the SiC ingot as relatively moving th
ingot and the focal point in a first direction
perpendicular to a second direction where the off a

is formed, thereby forming a linear modified layer

the SiC ingot at the predetermined depth so as to e
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in the first direction and cracks extending from th

modified layer in opposite directions along the c-p

the modified layer being formed in such a manner th

is decomposed into Si and C by the pulsed laser bea

first applied, and the pulsed laser beam next appli

absorbed by C previously produced to continue
decomposition of SiC into Si and C in a chain react

manner with the relative movement of the SiC ingot

the focal point in the first direction, and

an indexing step of relatively movi
SiC ingot and the focal point in the second directi
a predetermined index amount;

the modified layer forming step and
indexing step being repeated plural times to thereb
the separation layer inside the SiC ingot in a cond
where a plurality of linear modified layers are arr
at given intervals in the second direction so as to

connected through the cracks.
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