WAFER PRODUCI NG METHOD AND WAFER PRODUCI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a wafer pr
method of producing a wafer from a hexagonal single
crystal ingot and to a wafer producing apparatus.

Description of the Related Art

Devices such as integrated circuits (ICs),
scale integrations (LSIs), and light emitting diode
(LEDs) are formed by stacking a functional layer on

front surface of a wafer formed from silicon (Si),

sapphire (Al 2O3), or the like as a base material and

demarcating the functional layer by a plurality of
crossing division lines. In addition, devices such
power devices and LEDs are formed by stacking a
functional layer on a front surface of a wafer cont
hexagonal single crystal silicon carbide (SIiC) as a
material and demarcating the functional layer by a
plurality of crossing division lines. The wafer fo
with the devices is laser-processed along the divis
lines by a laser processing apparatus to be divided
individual device chips, and the individual device

thus obtained are used in electric equipment such a
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mobile phones and personal computers.

The wafer formed with the devices is genera
produced by slicing a semiconductor ingot with a ci
column shape by a wire saw. A front surface and a
surface of the sliced wafer are mirror-finished by
polishing (see Japanese Patent Laid-Open No. 2000-9
for example). However, when the ingot is sliced by
wire saw and the front surface and the back surface
the sliced wafer are polished, most part (70% to 80
the ingot is discarded, which is uneconomical.
Particularly, a hexagonal single crystal SiC ingot
high in hardness and is difficult to slice by a wir
requiring a considerable time for slicing. Accordi
poor productivity and high unit cost of the ingot a
caused, which poses a problem in efficiency of prod
a wafer.

To address this problem, the applicant of t
present application has proposed a technique in whi
laser beam of such a wavelength as to be transmitte
through hexagonal single crystal SiC is applied to
hexagonal single crystal SiC ingot, with a focal po
the laser beam positioned inside the hexagonal sing
crystal SiC ingot, to form a separation layer at a

cutting plane, and a wafer is separated from the
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hexagonal single crystal SiC ingot with the separat
layer as a starting point for separation (see Japan

Patent Laid-Open No. 2016-111143, for example).

SUVMMARY OF THE | NVENTI ON
However, there is a problem in that it is difficult
to separate the wafer from the hexagonal single cry
SiC ingot with the separation layer as the starting
for separation and the production efficiency is low
addition, there is also another problem in that it
difficult to determine whether or not separation of
wafer from the hexagonal single crystal SiC ingot h
completed.
It is therefore an object of the present in
to provide a wafer producing method and a wafer pro
apparatus capable of easily separating a wafer from
hexagonal single crystal ingot with a separation la
a starting point for separation, and easily determi
whether or not the separation of the wafer from the
hexagonal single crystal SiC ingot has completed.
In accordance with an aspect of the present
invention, there is provided a wafer producing meth
producing a wafer from a hexagonal single crystal i

the method including a separation layer forming ste
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positioning a focal point of a laser beam of such a
wavelength as to be transmitted through the hexagon
single crystal ingot at a depth corresponding to a
thickness of a wafer to be produced from an end fac
the hexagonal single crystal ingot and applying the
beam to the hexagonal single crystal ingot to form
separation layer, an ultrasonic wave generating ste
positioning an ultrasonic wave generating unit so a
face the wafer to be produced with a layer of water
interposed therebetween and generating an ultrasoni
through the layer of water to break down the separa
layer, and a separation detecting step of detecting
separation of the wafer to be produced from the hex
single crystal ingot according to change in sound.
Preferably, in the separation detecting ste

microphone collects sound, and when a frequency of

collected sound an amplitude of which becomes a pea

reaches a predetermined value, it is detected that
wafer has been separated.

Preferably, the hexagonal single crystal in
hexagonal single crystal SiC ingot having a c-axis
c-plane which is orthogonal to the c-axis, and in t
separation layer forming step, a focal point of a |

beam of such a wavelength as to be transmitted thro
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the hexagonal single crystal SiC ingot is positione

depth corresponding to a thickness of a wafer to be

produced from an end face of the hexagonal single ¢

SiC ingot, and the laser beam is applied to the hex
single crystal SiC ingot to form a separation layer
including a modified portion in which SiC is separa
into Si and C, and cracks isotropically extending a
the c-plane from the modified portion.

Preferably, the hexagonal single crystal in
hexagonal single crystal SiC ingot in which the c-a
inclined with respect to a normal line to an end fa
thereof and an off angle is formed by the c-plane a
end face, and in the separation layer forming step,
separation layer is formed by continuously forming
modified portion in a direction orthogonal to a dir
in which the off angle is formed to form the cracks
isotropically extending along the c-plane from the
modified portion, relatively carrying out indexing
feeding of the hexagonal single crystal SiC ingot a
focal point within a range not exceeding a width of
of the cracks in the direction in which the off ang
formed, and continuously forming modified portions
direction orthogonal to the direction in which the

angle is formed to sequentially generate the cracks
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isotropically extending along the c-plane from each
the modified portions.

In accordance with another aspect of the pr
invention, there is provided a wafer producing appa
which produces a wafer from a hexagonal single crys
ingot in which a separation layer is formed by
positioning a focal point of a laser beam of such a
wavelength as to be transmitted through the hexagon
single crystal ingot at a depth corresponding to a
thickness of a wafer to be produced from an end fac
the hexagonal single crystal ingot and applying the
beam to the hexagonal single crystal ingot. The wa
producing apparatus includes an ultrasonic wave
generating unit having an end face which faces the
to be produced and generating an ultrasonic wave, a
microphone disposed adjacent to the hexagonal singl
crystal ingot and collecting sound which is propaga
the air from the hexagonal single crystal ingot, an
separation detecting means coupled with the microph
and detecting separation of the wafer to be produce
the hexagonal single crystal ingot according to cha
the collected sound.

According to the wafer producing method, it

possible to easily separate a wafer from a hexagona
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single crystal ingot with a separation layer as a

starting point for separation, and to easily determ ine
whether or not the separation of the wafer from the

hexagonal single crystal ingot has completed.

According to the wafer producing apparatus, itis
possible to easily separate a wafer from a hexagona I
single crystal ingot with a separation layer as a
starting point for separation, and to easily determ ine
whether or not the separation of the wafer from the
hexagonal single crystal ingot has completed.

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 stu dy of
the following description and appended claims with
reference to the attached drawings showing a prefer red

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG. 1 is a perspective view of a wafer producing
apparatus according to an embodiment of the present
invention;
FIG. 2 is a perspective view of the wafer p roducing

apparatus illustrating a state of causing an ingot



holding unit illustrated in FIG. 1 to hold an SiC i

FIG. 3A is a front elevational view of the
ingot;

FIG. 3B is a plan view of the SiC ingot;

FIG. 4A is a perspective view illustrating
in which a separation layer is formed in the SiC in
illustrated in FIG. 3A;

FIG. 4B is a front elevational view illustr
state in which the separation layer is formed in th
ingot illustrated in FIG. 3A;

FIG. 5A is a plan view of the SiC ingot for
the separation layer;

FIG. 5B is a cross-sectional view taken alo
line B-B in FIG. 5A,

FIG. 6 is a front elevational view of a waf
producing apparatus illustrating a state in which a
ultrasonic wave is applied to the SiC ingot;

FIG. 7 is a graph indicating a relation bet

frequency and an amplitude of sound collected by a

microphone before the wafer is separated;

FIG. 8 is a graph indicating a relation bet

frequency and an amplitude of sound collected by th

microphone after the wafer is separated;

FIG. 9 is a front elevational view of the w

ngot;
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producing apparatus illustrating a state in which a wafer
holding unit is in intimate contact with the wafer which

has been separated; and

FIG. 10 is a front elevational view of the wafer
producing apparatus illustrating a state in which t he
wafer which has been separated is sucked and held b y the

wafer holding unit.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT
An embodiment of a wafer producing method and a
wafer producing apparatus according to the present
invention will be described below with reference to the
drawings. First, a description regarding the wafer
producing apparatus according to the present invent ion

will be given below. A wafer producing apparatus 2

illustrated in FIG. 1 includes an ingot holding uni t4
holding a hexagonal single crystal SiC ingot (refer red to
simply as an ingot in an omitted manner, hereinafte r), an
ultrasonic wave generating unit 6 having an end fac e 6a
which faces a wafer to be produced and generating a n
ultrasonic wave, water supplying means 8 supplying water
between a wafer to be produced and the ultrasonic w ave

generating unit 6 to generate a layer of water, a

microphone 10 disposed adjacent to the ingot and



collecting sound which is propagated in the air fro
ingot, separation detecting means 12 coupled with t
microphone 10 and detecting separation of a wafer t
produced, from the ingot according to change in sou
and a wafer holding unit 14 holding the wafer which
separated from the ingot.

With reference to FIG. 1 and FIG. 2, the in
holding unit 4 will be described below. The ingot
unit 4 according to the present embodiment includes
base 16 with a circular column shape, a holding tab
with a circular column shape which is rotatably mou
on an upper surface of the base 16, and a motor (no
illustrated) rotating the holding table 18 about an

passing through a center of a radial direction of t

holding table 18 and extending in upward and downwa

directions. The ingot holding unit 4 can hold an i
fixed to an upper surface of the holding table 18 v
suitable adhesive (an epoxy resin-based adhesive, f
example). Alternatively, the ingot holding unit 4
configured such that a porous suction chuck (not
illustrated) connected to suction means (not illust

is disposed on an upper end portion of the holding
18 and a suction force is generated on an upper sur

of the suction chuck by the suction means to suck a
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hold the ingot.

The wafer producing apparatus 2 according t
present embodiment further includes a Y-axis direct
moving mechanism 20 causing the ultrasonic wave
generating unit 6, the water supplying means 8, and
wafer holding unit 14 to move in a Y-axis direction
indicated with an arrow Y in FIG. 1. The Y-axis di
moving mechanism 20 includes a rectangular parallel
frame 22 formed with a rectangular guide opening 22
extending in the Y-axis direction, a first ball scr
(not illustrated) extending in the Y-axis direction
inside the frame 22, a first moving piece 24 extend
an X-axis direction indicated with an arrow X in Fl
from a proximal end portion coupled with the first
screw, a first motor 26 coupled with one end of the
ball screw, a second ball screw (not illustrated)
extending in the Y-axis direction inside the frame
second moving piece 28 extending in the X-axis dire
from a proximal end portion coupled with the second
screw, and a second motor 30 coupled with one end o
second ball screw. The Y-axis direction moving mec
20 converts a rotational motion of the first motor
into a linear motion by the first ball screw and

transmits the converted linear motion to the first
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piece 24, causing the first moving piece 24 to move
the guide opening 22a in the Y-axis direction, whil
the same time, converting a rotational motion of th
second motor 30 into a linear motion by the second
screw and transmitting the converted linear motion
second moving piece 28, causing the second moving p
28 to move along the guide opening 22a in the Y-axi
direction. Note that the X-axis direction is ortho
to the Y-axis direction, and a plane defined by the
axis direction and the Y-axis direction is substant
horizontal.

In the present embodiment, as illustrated i
at a lower surface of a distal end of the first mov
piece 24, first elevating means 32 with a circular
shape which extends downward is connected, and at a
end of the first elevating means 32, the ultrasonic
generating unit 6 with a circular column shape is
connected. With this configuration, as the first m
piece 24 moves in the Y-axis direction, the first
elevating means 32 and the ultrasonic wave generati
unit 6 also move in the Y-axis direction. The firs
elevating means 32 may include an electric cylinder
having a ball screw and a motor, for example. The

elevating means 32 causes the ultrasonic wave gener
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unit 6 to move up and down as well as to stop at a
position, thereby causing the circular-shaped end f
on a lower side of the ultrasonic wave generating u
to face a wafer to be produced. The ultrasonic wav
generating unit 6 is formed from piezoelectric cera
to generate an ultrasonic wave.

As illustrated in FIG. 1, the water supplyi
8 includes a cylindrical connection port 34 annexed
upper surface of the distal end of the first moving
24, a nozzle 36 supported on the lower surface of t
distal end of the first moving piece 24 in such aw
to freely move up and down, and a nozzle elevating
mechanism (not illustrated) moving the nozzle 36 up
down. Accordingly, movement of the first moving pi
allows the water supplying means 8 to move in the Y
direction. The connection port 34 is connected to
supplying source (not illustrated) through a suitab
hose (not illustrated) for supplying water. The no
extends downward from the lower surface of the dist
of the first moving piece 24 to be spaced from the
ultrasonic wave generating unit 6 in the Y-axis dir
and then extends in the Y-axis direction toward the
ultrasonic wave generating unit 6 to be slightly in

in the downward direction. In addition, the nozzle
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formed into a hollow shape and communicates with th

connection port 34. For example, the nozzle elevat
mechanism which may include an electric cylinder ca
the nozzle 36 to move up and down as well as to sto
given position, so that an outlet port 36a of the n

36 is positioned between the wafer to be produced a

end face 6a of the ultrasonic wave generating unit

water supplying means 8 thus configured supplies wa

supplied from the water supplying source to the

connection port 34 from the outlet port 36a of the

36 between the wafer to be produced and the end fac

of the ultrasonic wave generating unit 6 to generat
layer of water.

As illustrated in FIG. 1, the microphone 10
disposed above the holding table 18 so as to be adj
to the ingot held on the upper surface of the holdi
table 18. The microphone 10 collects sound which i
propagated in the air from the ingot held on the ho
table 18 and converts the collected sound into an
electric signal to be output. The separation detec
means 12 electrically coupled with the microphone 1
receives an electrical signal output from the micro
10. The separation detecting means 12 is constitut

computer and includes a central processing unit (CP
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which performs arithmetic processing according to a
control program, a read only memory (ROM) in which
control program and the like is stored, and a
readable/writable random access memory (RAM) in whi
result of arithmetic processing or the like is stor

The separation detecting means 12 is configured suc
change of an electric signal from the microphone 10
(specifically, change in sound collected by the
microphone 10, and for example, change in frequency
the collected sound an amplitude of which becomes a
can be detected.

With reference to FIG. 1, the description w
continued. On a lower surface of a distal end of t
second moving piece 28, the wafer holding unit 14 i
connected, and movement of the second moving piece
the Y-axis direction allows the wafer holding unit
move in the Y-axis direction. The wafer holding un
includes second elevating means 38 with a circular
shape which extends downward from the lower surface
the distal end of the second moving piece 28, and a
circular disc-shaped holding piece 40 which is conn
to a lower end of the second elevating means 38 and
and holds a wafer which is separated from the ingot

example, the second elevating means 38 which may in
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an electric cylinder moves the holding piece 40 up
down as well as stops at a given position, causing
lower surface of the holding piece 40 to come in co
with the wafer to be produced. The holding piece 4
porous suction chuck (not illustrated) connected to
suction means (not illustrated) annexed to a lower
thereof. Then, with the wafer separated from the i
being in contact with the lower surface of the hold
piece 40, the suction means generates a suction for
a lower surface of the suction chuck, so that the w
separated from the ingot can be sucked and held on
holding piece 40.

FIG. 3A and FIG. 3B illustrate an ingot 50
the separation layer is formed. The ingot 50 is fo
into a circular column shape as a whole from a hexa
single crystal SiC and has a first end face 52 with
circular shape, a second end face 54 with a circula
shape on the opposite side to the first end face 52
circumferential face 56 located between the first e
face 52 and the second end face 54, and a c-axis (<
direction) reaching from the first end face 52 to t
second end face 54, and a c-plane ({0001} plane)
orthogonal to the c-axis. In the ingot 50, the c-a

inclined with respect to a normal line 58 to the fi
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end face 52, and an off angle o ( a=1, 3, 6 degrees, for

example) is formed by the c-plane and the first end face
52. A direction in which the off angle o is formed is
indicated with an arrow A in FIGS. 3A and 3B. Furt her, in
the circumferential face 56 of the ingot 50, a firs t
orientation flat 60 and a second orientation flat 6 2 each

having a rectangular shape and indicating a crystal

orientation are formed. The first orientation flat 60 is
parallel to a direction A in which the off angle o is
formed, and the second orientation flat 62 is ortho gonal
to the direction A in which the off angle o is formed. As
illustrated in FIG. 3B, as seen from above, a lengt hL2

of the second orientation flat 62 is shorter than a

length L1 of the first orientation flat 60 (L2 < L1 ).
Note that an ingot from which a wafer may be separa ted by
the wafer producing apparatus 2 described above aft er the
separation layer is formed is not limited to the in got 50
described above, and for example, a hexagonal singl e
crystal SiC ingot may be applicable in which the c- axis

is not inclined with respect to the normal line to the
first end face and the off angle between the c-plan e and
the first end face is O degrees (specifically, the normal
line to the first end face corresponds with the c-a Xis).
Alternatively, a hexagonal single crystal ingot whi chis

17



formed of a hexagonal single crystal gallium nitrid
(GaN) or the like other than a hexagonal single cry
SiC, may be applicable.

Next, a wafer producing method according to
present invention will be described. First, a sepa
layer forming step is performed in which a focal po
a laser beam of such a wavelength as to be transmit
through the ingot 50 is positioned at a depth
corresponding to a thickness of a wafer to be produ
from the end face of the ingot 50, and the laser be
applied to the ingot 50 to form a separation layer.
separation layer forming step can be performed usin
example, a laser processing apparatus 64 which is p
illustrated in FIG. 4A. The laser processing appar
includes a chuck table 66 for holding a workpiece,
light collector 68 emitting a pulsed laser beam LB
workpiece held on the chuck table 66. The chuck ta
which is configured so as to suck and hold the work
on an upper surface thereof is rotated about an axi
extending in the upward and downward directions by
rotating means (not illustrated), while the chuck t
66 advances or retracts in an x-axis direction by x
direction moving means (not illustrated) and advanc

retracts in a y-axis direction by y-axis direction
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means (not illustrated). The light collector 68 in

a condensing lens (not illustrated) condensing a pu
laser beam LB oscillated by a pulsed laser beam
oscillator (not illustrated) of the laser processin
apparatus 64 to apply the condensed pulsed laser be
to a workpiece. Note that the x-axis direction is
direction indicated with an arrow x in FIG. 4A and
4B and the y-axis direction is a direction indicate
an arrow y in FIG. 4A and orthogonal to the x-axis
direction. A plane defined by the x-axis direction
the y-axis direction is substantially horizontal.
addition, the X-axis direction and the Y-axis direc
indicated with a capital X and a capital Y in FIG.
correspond to or differ from the x-axis direction a
y-axis direction indicated with a small x and a sma
in FIG. 4A and FIG. 4B.

With reference to FIG. 4A and FIG. 4B, the
description will be continued below. In the separa
layer forming step, first, with one end face (the f
end face 52 in the present embodiment) of the ingot
facing upward, the ingot 50 is sucked and held on a

upper surface of the chuck table 66. As an alterna

example, with an adhesive (an epoxy resin-based adh

for example) interposed between the other end face
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second end face 54 in the present embodiment) of th
ingot 50 and the upper surface of the chuck table 6
ingot 50 may be fixed to the chuck table 66. Then,
imaging unit (not illustrated) of the laser process
apparatus 64 images the ingot 50 from above. Then,
basis of an image of the ingot 50 imaged by the ima
unit, the chuck table 66 is moved and rotated by th
axis direction moving means, the y-axis direction m
means, and the rotating means of the laser processi
apparatus 64, thereby adjusting a direction of the

50 in a predetermined direction as well as a positi
relation between the ingot 50 and the light collect

on a xy-plane. When the direction of the ingot 50
adjusted in a predetermined direction, as illustrat
FIG. 4A, the second orientation flat 62 is aligned

the x-axis direction, whereby a direction orthogona
the direction A in which the off angle

aligned with the x-axis direction, and the directio

which the off angle o is formed is aligned with the y-

axis direction.

Then, focal point position adjusting means
illustrated) of the laser processing apparatus 64 m
the light collector 68 up and down, and as illustra

FIG. 4B, a focal point FP is positioned at a depth
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corresponding to a thickness of a wafer to be produ ced

(300 um, for example) from the first end face 52 of the
ingot 50. Then, while the chuck table 66 is moved ata
predetermined feed speed in the x-axis direction al igned
with the direction orthogonal to the direction A in which
the off angle o is formed, the separation layer forming

processing is carried out in which the pulsed laser beam
LB of such a wavelength as to be transmitted throug h the
single crystal SiC is irradiated to the ingot 50 fr om the
light collector 68. When the separation layer form ing
processing is carried out, as illustrated in FIG. 5 A and
FIG. 5B, SiC is separated into silicon (Si) and car bon
(C) due to the irradiation with the pulsed laser be am LB,
and the pulsed laser beam LB to be next irradiated to the
ingot 50 is absorbed by C which has been formed in the
previous irradiation, so that a modified portion 70 in
which SiC is separated into Si and C in a chain rea ction
is continuously formed in the direction orthogonal to the
direction A in which the off angle o is formed, while at

the same time, cracks 72 isotropically extending al ong
the c-plane from the modified portion 70 are genera ted.
Note that, when the separation layer forming proces sing
is carried out, the light collector 68 may be moved ata
predetermined feed speed in the x-axis direction in place

21



of the chuck table 66.

With reference to FIG. 4A to FIG. 5B, the

description will be continued below. Subsequently to the
separation layer forming processing, the chuck tabl e 66
is moved by the y-axis direction moving means to in dexing
feed the ingot 50 and the focal point FP relatively in

the y-axis direction aligned with the direction A i n
which the off angle o is formed by a predetermined

indexing amount Li (250 to 400 um, for example) wit hin a
range not exceeding a width of each of the cracks 7 2.
Note that, in indexing feeding, the light collector 68
may be moved in the y-axis direction under the abov e-

described condition in place of the chuck table 66.

Further, by alternately repeating the separation la yer
forming processing and the indexing feeding, a plur ality
of modified portions 70 continuously extending in t he
direction orthogonal to the direction A in which th e off

angle «is formed are formed at intervals of the

predetermined indexing amount Li in the direction A in
which the off angle o is formed. In addition, the cracks

72 isotropically extending along the c-plane from e ach of
the modified portions 70 are sequentially generated to

cause the cracks 72 adjacent to each other in the

direction A in which the off angle o is formed to overlap

22



with each other as viewed in the upward and downwar
directions. Thus, at a depth corresponding to a th

of a wafer to be produced from the first end face 5

the ingot 50, a separation layer 74 which is consti

by the plurality of modified portions 70 and the cr

72 and at which a strength for separating the wafer
the ingot 50 is lowered can be formed. Note that t
separation layer forming step can be performed unde

following processing condition, for example.

Wavelength of pulsed laser beam : 1064 nm
Repetition frequency : 60 kHz
Average output power 15W
Pulse width 14 ns
Diameter of focal point : 3 um

Numerical aperture (NA) of condensing lens: 0.65
Feeding speed : 200 mm/s
After the separation layer forming step is
performed, an ultrasonic wave generating step is
performed in which the ultrasonic wave generating u
is positioned so as to face the wafer to be produce
the layer of water interposed therebetween, generat
ultrasonic wave through the layer of water to there
break down the separation layer 74. In the ultraso

wave generating step of the present embodiment, as
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illustrated in FIG. 2, first, with the first end fa

which is an end face close to the separation layer
facing upward, the ingot holding unit 4 holds the i
50 on the upper surface of the holding table 18. |
case, the ingot 50 may be fixed to the holding tabl
by interposing an adhesive (an epoxy resin-based ad
for example) between the second end face 54 of the
50 and the upper surface of the holding table 18.
Alternatively, the ingot 50 may be sucked and held
upper surface of the holding table 18 by a suction
generated thereon. Subsequently, the first motor 2
the Y-axis direction moving mechanism 20 moves the
moving piece 24, as illustrated in FIG. 1, thereby
causing the end face 6a of the ultrasonic wave gene
unit 6 to face a wafer to be produced (a portion fr
first end face 52 to the separation layer 74 in the
present embodiment). Then, the first elevating mea
lowers the ultrasonic wave generating unit 6 until
distance between the fist end face 52 and the end f
of the ultrasonic wave generating unit 6 reaches a
predetermined value (substantially 2 to 3 mm, for
example), after which operation of the first elevat
means 32 is stopped. Further, the nozzle elevating

mechanism moves the nozzle 36, so that the outlet p
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36a of the nozzle 36 is positioned between the firs t end
face 52 and the end face 6a. Then, the holding tab le 18

is rotated by the motor, while at the same time, as

illustrated in FIG. 6, the first motor 26 moves the first
moving piece 24 in the Y-axis direction, supplying water
between the first end face 52 and the end face 6a f rom
the outlet port 36a of the nozzle 36. As a result, a

layer of water LW is produced therebetween, and an

ultrasonic wave is generated by the ultrasonic wave

generating unit 6. At this time, in such a way tha t the
ultrasonic wave generating unit 6 goes through the entire
first end face 52, the holding table 18 is rotated, while

the first moving piece 24 is moved in the Y-axis

direction, thereby applying the ultrasonic wave to the
entire separation layer 74. Accordingly, the ultra sonic
wave is transmitted to the ingot 50 through the lay er of
water LW to break down the separation layer 74, so that a
wafer 76 to be produced can be separated from the i ngot
50 with the separation layer 74 as a starting point for
separation.

In the ultrasonic wave generating step, a f requency
of the ultrasonic wave generated by the ultrasonic wave
generating unit 6 is preferably one close to a natu ral
frequency of the ingot 50. By setting the frequenc y of

25



the ultrasonic wave in this manner, even with the
ultrasonic wave having a relatively low output powe
(substantially 200 W, for example), it is possible
efficiently separate the wafer 76 from the ingot 50
relatively short period of time (substantially one
three minutes). The frequency close to the natural
frequency of the ingot 50 is, in particular,
substantially 0.8 to 1.2 times the natural frequenc
the ingot 50, and in a case where the natural frequ
of the ingot 50 is 25 kHz, the frequency close ther
20 to 30 kHz. Note that, even in a case where the
frequency of the ultrasonic wave generated by the
ultrasonic wave generating unit 6 is a frequency
exceeding the frequency close to the natural freque
the ingot 50 (the frequency exceeding 30 kHz in the
example), it is possible to efficiently separate th
wafer 76 from the ingot 50 at a relatively short pe
of time as long as the ultrasonic wave has a relati
high output power (substantially 400 to 500 W, for
example).

Further, in the ultrasonic wave generating
temperature of water supplied between the first end
52 of the ingot 50 and the end face 6a of the ultra

wave generating unit 6 is preferably set to a tempe
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at which occurrence of cavitation in the layer of w

LW is suppressed when the ultrasonic wave is genera
the ultrasonic wave generating unit 6. More specif

it is preferred to set the temperature of water at

25°C, and accordingly, an energy of the ultrasonic

is effectively transmitted to the separation layer
without conversion of the energy of the ultrasonic

into cavitation.

While the ultrasonic wave generating step i
performed as described above, the separation detect
step is performed in which separation of the wafer
be produced from the ingot 50 is detected according
change of sound which is propagated in the air from
ingot 50, and at a time at which it is detected in
separation detecting step that the wafer 76 has bee
separated from the ingot 50 (at a time at which
separation of the wafer 76 has been completed), the
ultrasonic wave generating step is ended. In the
separation detecting step, sound is collected by th

microphone 10, and when a frequency of the collecte

sound an amplitude of which becomes a peak reaches

predetermined value, it is possible to detect that
wafer 76 has been separated from the ingot 50. Whe

microphone 10 collects sound in performing the ultr
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wave generating step, sound having different freque
is collected. Among these different frequencies, t

a frequency f1 of the sound an amplitude of which b
a peak. In other words, a relation between a frequ
and an amplitude of the sound collected by the micr
10 before the separation of the wafer becomes a rel
indicated in FIG. 7. For example, in a case where

the natural frequency of the ingot 50 and the frequ

of the ultrasonic wave are 25 kHz, the frequency f1
the sound which is collected by the microphone 10 b
the separation of the wafer and the amplitude of wh
becomes a peak is 11.5 kHz. However, when the sepa
layer 74 is broken down by the ultrasonic wave and
wafer 76 is separated from the ingot 50, as illustr

in FIG. 8, the frequency of the sound which is coll

by the microphone 10 and the amplitude of which bec
peak changes from the frequency f1 into a frequency
15.2 kHz. Accordingly, in performing the ultrasoni
generating step, when sound is collected by the
microphone 10 and the frequency of the collected so
amplitude of which becomes a peak reaches a predete
value, it is possible to detect that the wafer 76 h

been separated from the ingot 50.

After performing the ultrasonic wave genera
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step and the separation detecting step, by causing
first motor 26 to move the first moving piece 24, t
ultrasonic wave generating unit 6 and the nozzle 36
moved apart from an upper side of the ingot 50, whi
the same time, by causing the second motor 30 to mo
second moving piece 28, the wafer holding unit 14 i
positioned directly above the ingot 50. Then, as
illustrated in FIG. 9, the second elevating means 3
lowers the holding piece 40, thereby bringing the |
surface of the holding piece 40 into contact with t
first end face 52. Then, the suction means connect
the holding piece 40 is operated to generate a suct
force on the lower surface of the holding piece 40,
thereby sucking and holding the separated wafer 76
the holding piece 40. Then, as illustrated in FIG.
the second elevating means 38 moves the holding pie
upward, and the second motor 30 is caused to move t
second moving piece 28, thereby carrying the separa
wafer 76.

As described above, in the present embodime
is possible to easily separate the wafer 76 from th
ingot 50 with the separation layer 74 as a starting
for separation and to easily determine that the

separation of the wafer 76 from the ingot 50 has be
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completed. In the present embodiment, when the sep
of the wafer 76 has been completed, the ultrasonic
generating step is ended as well. Accordingly, a t
taken for the ultrasonic wave generating step need
unnecessarily increased, thereby achieving enhancem
productivity. In addition, in the present embodime
water is supplied between a wafer to be produced an
end face 6a of the ultrasonic wave generating unit
the water supplying means 8, whereby the layer of w
LW is produced between the wafer to be produced and
end face 6a of the ultrasonic wave generating unit
Accordingly, ultrasonic wave is transmitted through
layer of water LW thus generated to the ingot 50, s
the wafer 76 can be separated from the ingot 50 wit
using a water tank. Hence, it is possible to save
required for accumulating water in the water tank a
amount of water to be used, which is economical.

Note that, in the separation layer forming
the present embodiment, an example has been describ
above in which the modified portions 70 are continu

formed in the direction orthogonal to the direction

which the off angle o is formed and the indexing feeding

is carried out in the direction A in which the off

a is formed; however, the direction in which the mod
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portions 70 are formed may not be the direction
orthogonal to the direction A in which the off angl
formed, and the direction in which the indexing fee
is carried out may not be the direction A in which

off angle o is formed. In addition, in the present

embodiment, an example has been described above in

the first elevating means 32 moving the ultrasonic

generating unit 6 up and down and the nozzle elevat

mechanism moving the nozzle 36 up and down are sepa

configured; however, it may be configured such that
common elevating mechanism provided in the first mo
piece 24 moves the ultrasonic wave generating unit
the nozzle 36 up and down. As an alternative examp
may be configured such that the ultrasonic wave
generating unit 6, the nozzle 36, and the wafer hol
unit 14 are moved by moving the frame 22 of the Y-a
direction moving mechanism 20 up and down.

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

by the invention.
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WHAT | S CLAIMED | S:

1. A wafer producing method of producing a
from a hexagonal single crystal ingot, the method
comprising:

a separation layer forming step of position
focal point of a laser beam of such a wavelength as
transmitted through the hexagonal single crystal in
a depth corresponding to a thickness of a wafer to
produced from an end face of the hexagonal single c
ingot and applying the laser beam to the hexagonal
crystal ingot to form a separation layer;

an ultrasonic wave generating step of posit
an ultrasonic wave generating unit so as to face th
wafer to be produced with a layer of water interpos
therebetween and generating an ultrasonic wave thro
the layer of water to break down the separation lay
and

a separation detecting step of detecting se
of the wafer to be produced from the hexagonal sing
crystal ingot according to change in sound.

2. The wafer producing method according to
wherein

in the separation detecting step, a microph

collects sound, and when a frequency of the collect
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sound an amplitude of which becomes a peak reaches a
predetermined value, it is detected that the wafer has

been separated.

3. The wafer producing method according to claim 2,
wherein

the hexagonal single crystal ingot is a hex agonal
single crystal SiC ingot having a c-axis and a c-pl ane

which is orthogonal to the c-axis, and
in the separation layer forming step, a foc al point
of a laser beam of such a wavelength as to be trans mitted

through the hexagonal single crystal SiC ingot is

positioned at a depth corresponding to a thickness of a
wafer to be produced from an end face of the hexago nal
single crystal SiC ingot, and the laser beam is app lied

to the hexagonal single crystal SiC ingot to form a

separation layer including a modified portion in wh ich
SiC is separated into Si and C, and cracks isotropi cally
extending along the c-plane from the modified porti on.

4. The wafer producing method according to claim 3,
wherein

the hexagonal single crystal ingot is a hex agonal
single crystal SiC ingot in which the c-axis is inc lined
with respect to a normal line to an end face thereo f and
an off angle is formed by the c-plane and the end f ace,
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and

in the separation layer forming step, the
separation layer is formed by continuously forming
modified portion in a direction orthogonal to a dir
in which the off angle is formed to form the cracks
isotropically extending along the c-plane from the
modified portion, relatively carrying out indexing
feeding of the hexagonal single crystal SiC ingot a
focal point within a range not exceeding a width of
of the cracks in the direction in which the off ang
formed, and continuously forming modified portions
direction orthogonal to the direction in which the
angle is formed to sequentially generate the cracks
isotropically extending along the c-plane from each
the modified portions.

5. A wafer producing apparatus which produ
wafer from a hexagonal single crystal ingot in whic

separation layer is formed by positioning a focal p

of a laser beam of such a wavelength as to be trans

through the hexagonal single crystal ingot at a dep
corresponding to a thickness of a wafer to be produ

from an end face of the hexagonal single crystal in

and applying the laser beam to the hexagonal single

crystal ingot, the wafer producing apparatus compri
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an ultrasonic wave generating unit having a n end
face which faces the wafer to be produced and gener ating
an ultrasonic wave;

a microphone disposed adjacent to the hexag onal
single crystal ingot and collecting sound which is
propagated in the air from the hexagonal single cry stal
ingot; and

separation detecting means coupled with the
microphone and detecting separation of the wafer to be
produced from the hexagonal single crystal ingot

according to change of the collected sound.
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