WAFER PRODUCI NG METHOD AND WAFER PRODUCI NG APPARATUS

BACKGROUND COF THE | NVENTI ON

Field of the Invention

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

Description of the Related Art

Devices such as integrated circuits (ICs),
scale integrations (LSIs) and light-emitting diodes
(LEDs) are formed by forming a functional layer on
front side of a wafer formed from Si (silicon), Al
(sapphire) or the like and partitioning the functio
layer by a plurality of intersecting division lines
(streets). In addition, devices such as power devi
LEDs are formed by forming a functional layer on a
side of a wafer formed from single crystal SiC (sil
carbide) and partitioning the functional layer by a
plurality of intersecting division lines. The wafe
formed with the devices is divided into individual
chips by processing along the division lines by a ¢
apparatus or a laser processing apparatus, and the
divided device chips are used for electric apparatu

such as mobile phones and personal computers.
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The wafer to be formed with the devices is

generally produced by thinly cutting a cylindrical
semiconductor ingot by a wire saw. The front side

back side of the wafer thus cut are mirror finished
polishing (see, for example, Japanese Patent Laid-O
2000-94221). When the semiconductor ingot is cut b
wire saw and the front side and the back side of th
wafers are polished, however, most part (70% to 80%
the  semiconductor which

ingot is discarded,

uneconomical. Particularly, a hexagonal single cry
SiC ingot is high in hardness and is difficult to c
a wire saw, so that a considerable time is taken fo
cutting and productivity is therefore poor. In add
the hexagonal single crystal SiC ingot is high in u
cost, and has a problem as to efficient wafer produ

In view of the foregoing, there has been pr
technology wherein a laser beam of such a wavelengt
to be transmitted through the hexagonal single crys
SIiC is applied to a hexagonal single crystal SiC in
with a focal point of the laser beam positioned in
inside of the hexagonal single crystal SiC ingot, t
an exfoliation layer at a cutting plane, and a wafe

exfoliated from the hexagonal single crystal SiC in

along the cutting plane where the exfoliation layer
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formed (see, for example, Japanese Patent Laid-Open

2013-49161).

SUMWARY OF THE | NVENTI ON

However, the history of the wafer produced
hexagonal single crystal SiC ingot is not necessari
clear. When a defect is generated in a device in t
process of formation of the wafer with devices, the
it is impossible to trace back the history of the w
and investigate the cause of the defect in the devi

It is therefore an object of the present in
to provide a wafer producing method and a wafer pro
apparatus by which a history of a wafer can be left
the wafer.

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 wafer producing method includes: a planarizatio
of planarizing an upper surface of the hexagonal si

crystal ingot; a first production history forming s

applying a laser beam of such a wavelength as to be

transmitted through the hexagonal single crystal in
the hexagonal single crystal ingot, with a focal po

the laser beam positioned in an inside of a region
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be formed with devices of a wafer to be produced se

from the upper surface of the hexagonal single crys
ingot which has been planarized, to form a producti
history; an exfoliation layer forming step of apply

laser beam of such a wavelength as to be transmitte
through the hexagonal single crystal ingot to the
hexagonal single crystal ingot, with a focal point

laser beam positioned at a depth corresponding to a

to be produced firstly, from the upper surface of t
hexagonal single crystal ingot which has been plana

to form an exfoliation layer; a second production h

forming step of applying a laser beam of such a

wavelength as to be transmitted through the hexagon
single crystal ingot to the hexagonal single crysta
ingot, with a focal point of the laser beam positio

an inside of a region not to be formed with devices
the wafer to be produced firstly, from the upper su

of the hexagonal single crystal ingot which has bee
planarized, to form a production history; and a waf
exfoliation step of exfoliating the wafer to be pro

firstly from the hexagonal single crystal ingot, wi
exfoliation layer as a starting point of exfoliatio

produce a wafer. The planarization step, the first

production history forming step, the exfoliation la
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forming step, and the wafer exfoliation step are re
Preferably, the production histories formed
first production history forming step and the secon
production history forming step include any one of
number of the hexagonal single crystal ingot, an or
the wafer produced, a production date of the wafer,
production plant of the wafer, and a machine model
has contributed to the production of the wafer.
Preferably, the hexagonal single crystal in
hexagonal single crystal SiC ingot having a first s
a second surface opposite to the first surface, a ¢
extending from the first surface to the second surf
and a c-plane orthogonal to the c-axis, with the c-
being inclined relative to a perpendicular to the f
surface, and with an off angle being formed by the
plane and the first surface, and in the exfoliation
forming step, a pulsed laser beam of such a wavelen
to be transmitted through the hexagonal single crys
SiC ingot is applied to the hexagonal single crysta
ingot, with a focal point of the pulsed laser beam
positioned at a depth corresponding to a thickness
wafer to be produced from the first surface, and wi
hexagonal single crystal SiC ingot and the focal po

being relatively moved in a first direction orthogo

peated.
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a second direction in which the off angle is formed , to
cause SiC to be separated into Si and C, to cause t he
pulsed laser beam applied next to be absorbed in

previously formed C, and to cause SiC to be separat ed
into Si and C in a chain reaction manner, thereby f orming
a rectilinear modified layer and forming a crack

extending from the modified layer along the c-plane , and
the hexagonal single crystal SiC ingot and the foca I
point are relatively moved in the direction in whic h the

off angle is formed, to perform indexing by a

predetermined amount, thereby forming the exfoliati on
layer.

In accordance with another aspect of the pr esent
invention, there is provided a wafer producing appa ratus
including: a holding unit adapted to hold a hexagon al
single crystal ingot; a planarizing unit adapted to grind
an upper surface of the hexagonal single crystal in got
held by the holding unit to planarize the upper sur face;
an exfoliation layer forming unit adapted to apply a
laser beam of such a wavelength as to be transmitte d

through the hexagonal single crystal ingot to the

hexagonal single crystal ingot held by the holding unit,
with a focal point of the laser beam positioned at a
depth corresponding to a thickness of a wafer to th e



produced from an upper surface of the hexagonal sin

crystal ingot, to form an exfoliation layer; a prod

history forming unit adapted to apply a laser beam

such a wavelength as to be transmitted through the

hexagonal single crystal ingot to the hexagonal sin

crystal ingot, with a focal point of the laser beam

positioned in an inside of a region not to be forme
devices of a wafer to be produced, to form a produc
history; a wafer exfoliating unit adapted to hold t
upper surface of the hexagonal single crystal ingot

exfoliate the wafer from the exfoliation layer; and

wafer accommodating unit adapted to accommodate

exfoliated wafer.

According to the wafer producing method of
present invention, the history of the wafer exfolia
from the hexagonal single crystal ingot is formed i
inside of the wafer, and it is possible, even in th
process of device formation, to confirm the history
the wafer. Therefore, in the case where a defect
generated in a device, it is possible to trace back
history of the wafer, and to investigate the cause
defect in the device, leading to prevention of recu
of the defect. Further, even after the wafer

exfoliated from the hexagonal single crystal ingot,
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hexagonal single crystal ingot can be specified by
production history formed in the first production h
forming step.

According to the wafer producing apparatus
present invention, the history of the wafer exfolia
from the hexagonal single crystal ingot is formed i
inside of the wafer, and, therefore, it is possible
in the process of device formation, to confirm the
history of the wafer. In the case where a defect i
generated in a device, it is possible to trace back
history of the wafer, and to investigate the cause
defect in the device, leading to prevention of recu
of the defect. In addition, since the wafer produc
method as above-mentioned can be carried out, it is
possible, even after the wafer is exfoliated from t
hexagonal single crystal ingot, to specify the hexa
single crystal ingot by the production history form
the first production history forming step.

The above and other objects, features and

advantages of the present invention and the manner

realizing them will become more apparent, and the

invention itself will best be understood from a stu
the following description and appended claims with

reference to the attached drawings showing a prefer
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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 major part perspective view of the
wafer producing apparatus depicted in FIG. 1;
FIG. 3 is a major part enlarged perspective view of

a planarizing unit depicted in FIG. 2;

FIG. 4 is a schematic view depicting a stat e in
which cleaning water is jetted from a first cleanin g
section of a cleaning unit and drying air is jetted from

a second cleaning section;

FIG. 5 is a perspective view of a laser app lying
unit depicted in FIG. 1;

FIG. 6 is a perspective view of the laser a pplying
unit in a state in which a frame body is omitted fr om the
laser applying unit depicted in FIG. 5;

FIG. 7 is a block diagram of the laser appl ying
unit depicted in FIG. 5;

FIG. 8 is a perspective view of a wafer exf oliating
unit depicted in FIG. 1;

FIG. 9 is a sectional view of the wafer exf oliating



unit depicted in FIG. 1;

FIG. 10 is a perspective view of an ingot c
unit depicted in FIG. 1;

FIG. 11A is a front view of a hexagonal sin
crystal SiC ingot;

FIG. 11B is a plan view of the hexagonal si
crystal SiC ingot;

FIG. 12A is a perspective view of the hexag
single crystal SiC ingot and a substrate;

FIG. 12B is a perspective view depicting a
which the substrate is mounted to the hexagonal sin
crystal SiC ingot;

FIG. 13 is a perspective view depicting a s
which a holding step is carried out;

FIG. 14 is a plan view depicting a state in
first ingot is positioned at a planarization positi
a second ingot is positioned at a standby position;

FIG. 15 is a plan view depicting a state in

turntable is rotated by 90 degrees from the state

depicted in FIG. 14 and a third ingot is positioned
the standby position;

FIG. 16A is a perspective view depicting a
which a first production history forming step is ca

out;
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FIG. 16B is a front view depicting a state
the first production history forming step is carrie

FIG. 17A is a perspective view depicting a
which an exfoliation layer forming step is carried

FIG. 17B is a front view depicting a state
the exfoliation layer forming step is carried out;

FIG. 18A is a plan view of a hexagonal sing
crystal SiC ingot formed with an exfoliation layer;

FIG. 18B is a sectional view taken along li
of FIG. 18A;

FIG. 19A is a perspective view depicting a
which a second production history forming step is ¢
out;

FIG. 19B is a front view depicting a state
the second production history forming step is carri
out;

FIG. 20 is a plan view depicting a state in
the turntable is rotated by 90 degrees from the sta
depicted in FIG. 15 and a fourth ingot is positione
the standby position;

FIG. 21A is a perspective view depicting a
which a liquid tank is positioned on the upper side
chuck table;

FIG. 21B is a perspective view depicting a
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which a lower surface of the liquid tank makes cont
with an upper surface of the chuck table;

FIG. 22 is a perspective view depicting a s
which a wafer is exfoliated from an ingot by the wa
exfoliating unit;

FIG. 23 is a plan view depicting a state in
the turntable is rotated by 90 degrees from the sta
depicted in FIG. 20;

FIG. 24 is a plan view depicting a state in
the turntable is rotated by 90 degrees from the sta
depicted in FIG. 23; and

FIG. 25 is a plan view depicting a state in
the turntable is rotated by 90 degrees from the sta

depicted in FIG. 24.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

An embodiment of a wafer producing method a

wafer producing apparatus according to the present

invention will be described below, referring to the

drawings. First, the wafer producing apparatus acc
to the present invention will be described. A wafe
producing apparatus 2 illustrated in FIG. 1 include
holding unit 4 adapted to hold a hexagonal single ¢

ingot (hereinafter referred to simply as ingot); a
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planarizing unit 6 adapted to grind an upper surfac
the ingot held by the holding unit 4 to planarize t

upper surface; an exfoliation layer forming unit ad

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

transmitted through the ingot to the ingot, with a

point of the laser beam positioned at a depth

corresponding to a thickness of a wafer to be produ
from the upper surface of the ingot held by the hol
unit 4, to form an exfoliation layer; a production
history forming unit adapted to apply a laser beam
such a wavelength as to be transmitted through the

to the ingot, with a focal point of the laser beam
positioned in an inside of a region not to be forme
devices of the wafer to be produced, to form a prod
history; a wafer exfoliating unit 10 adapted to hol

upper surface of the ingot and exfoliate the wafer

the exfoliation layer; and a wafer accommodating un
adapted to accommodate the exfoliated wafer. While
example wherein the exfoliation layer forming unit
the production history forming unit are configured

of the same laser applying unit 8 is described in t
present embodiment, the exfoliation layer forming u
and the production history forming unit may be conf

by use of different laser applying units.
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The holding unit 4 will be described referr
FIG. 2. A base 14 of the wafer producing apparatus
formed with a turntable accommodating section 16 re
downward from an upper surface of the base 14, and
circular turntable 18 is rotatably accommodated in
turntable accommodating section 16. The turntable
rotated around a rotational center constituted of a
extending in a Z-axis direction and passing through
radial center of the turntable 18 by a turntable mo
(not depicted) incorporated in the base 14. Beside
holding unit 4 in the present embodiment includes f
circular chuck tables 20 rotatably disposed on the
surface of the turntable 18. With the turntable 18
rotated, each of the chuck tables 20 is positioned
standby position P1, a planarization position P2 un
the planarizing unit 6, a laser applying position P
under the laser applying unit 8, and a wafer exfoli
position P4 under the wafer exfoliating unit 10. E
chuck table 20 is rotated around a rotational cente
constituted of an axis extending in the Z-axis dire
and passing through a radial center of the chuck ta
by each of four chuck table motors (not depicted)
incorporated in the base 14. The four chuck tables

arranged at regular intervals (intervals of 90 degr
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along the circumferential direction of the turntabl e 18

are partitioned by a cross-shaped partition wall 18 a
disposed on the upper surface of the turntable 18. In
addition, at the upper surface of each chuck table 20 is
disposed a porous suction chuck 22 connected to suc tion
means (not depicted). Each chuck table 20 constitu ting
the holding unit 4 can suction hold an ingot placed on
the upper surface of the suction chuck 22, by gener ating
a suction force at the upper surface of the suction chuck
22 by the suction means. Note that the Z-axis dire ction
is the vertical direction indicated by arrow Z in F IG. 2.
Besides, an X-axis direction indicated by arrow X i n FIG.
2 is a direction orthogonal to the Z-axis direction , and
a Y-axis direction indicated by arrow Y in FIG. 2 i S a
direction orthogonal to the X-axis direction and th e Z-
axis direction. A plane defined by the X-axis dire ction

and the Y-axis direction is substantially horizonta l.

As illustrated in FIG. 2, the planarizing u nit 6
includes a mounting wall 24 extending in the Z-axis
direction from an upper surface of one end portion in the
Y-axis direction of the base 14, a Z-axis direction
movable plate 26 mounted to the mounting wall 24 su ch as
to be movable in the Z-axis direction, and a Z-axis

direction moving mechanism 28 adapted to move the Z -axis

15



direction movable plate 26 in the Z-axis direction.
one side surface (a surface on the viewer’s side in

2) of the mounting wall 24, a pair of guide rails 2
extending in the Z-axis direction are provided, wit
spacing therebetween in the X-axis direction. The
movable plate 26 is formed with a pair of guided gr
26a extending in the Z-axis direction, correspondin
each of the guide rails 24a on the mounting wall 24
guided rails 26a are engaged with the guide rails 2
whereby the Z-axis direction movable plate 26 is mo
to the mounting wall 24 such as to be movable in th
axis direction. The Z-axis direction moving mechan
includes a ball screw 30 extending in the Z-axis
direction along one side surface of the mounting wa
and a motor 32 connected to one end portion of the
screw 30. A nut section (not depicted) of the ball

30 is fixed to the Z-axis direction movable plate 2

Besides, the Z-axis direction moving mechanism 28

converts a rotational motion of the motor 32 into a
rectilinear motion, and transmits the rectilinear m

to the Z-axis direction movable plate 26, by the ba
screw 30, thereby moving the Z-axis direction movab
plate 26 in the Z-axis direction along the guide ra

24a.
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Referring to FIG. 3 together with FIG. 2, t
description of the planarizing unit 6 will be conti
A support block 34 projecting in the Y-axis directi
fixed to an outer surface of the Z-axis direction m
plate 26. A motor 36 is supported on an upper surf
the support block 34, and a spindle housing 38 exte
downward is supported on a lower surface of the sup
block 34. A cylindrical spindle 40 is supported on
spindle housing 38 in such a manner as to be rotata
around an axis extending in the Z-axis direction.
upper end of the spindle 40 is connected to the mot
and the spindle 40 is rotated around the axis exten
in the Z-axis direction by the motor 36. As depict
FIG. 3, a circular disk-shaped wheel mount 42 is fi
a lower end of the spindle 40, and an annular grind
wheel 46 is fixed to a lower surface of the wheel m
42 by bolts 44. At an outer peripheral edge portio

lower surface of the grinding wheel 46, there are f

plurality of grindstones 48 arranged in an annular

pattern at intervals in the circumferential directi
illustrated in FIG. 3, a rotational center of the
grinding wheel 46 is deviated from a rotational cen

the chuck table 20, such that the grindstones 48 pa

through the rotational center of the chuck table 20
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positioned at the planarization position P2. There
in the planarizing unit 6, when the upper surface o
ingot held by the chuck table 20 and the grindstone
make contact with each other while the chuck table
the grinding wheel 46 are mutually rotated, the upp
surface of the ingot can be as a whole ground by th
grindstones 48, and, accordingly, the upper surface
the ingot held by the chuck table 20 can be ground
planarized.

The wafer producing apparatus 2 further inc
cleaning unit 50 adapted to clean the ingot planari
the planarizing unit 6. As depicted in FIG. 2, the
cleaning unit 50 includes: a support body 52 mounte
the upper surface of the base 14 along a side surfa
the mounting wall 24 of the planarizing unit 6; a f

cleaning section 54 extending in the Y-axis directi

from an upper portion of the support body 52; and a

second cleaning section 56 extending in the Y-axis

direction from an upper portion of the support body
the state of being aligned with the first cleaning

section 54. A lower surface of the first cleaning

54 which can be formed from a hollow member is form

with a plurality of jet holes (not depicted) at int

in the Y-axis direction, and the first cleaning sec
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54 is connected to cleaning water supplying means (
depicted). In addition, a lower surface of the sec
cleaning section 56 which can be formed from a holl
member is also formed with a plurality of jet holes
depicted) at intervals in the Y-axis direction, and
second cleaning section 56 is connected to a compre
air source (not depicted). As illustrated in FIG.

cleaning unit 50 has a configuration wherein cleani
water 55 is obliquely jetted downward from each of
jet holes of the first cleaning section 54 to the
planarizing unit 6 side, whereby grinding swarf can
removed from the ingot, and the ingot planarized by
planarizing unit 6 can be cleaned. In addition, th

cleaning unit 50 has a configuration wherein drying

57 is jetted downward from each of jet holes of the

second cleaning section 56, whereby the cleaning wa

can be removed from the ingot, and the ingot can be
Referring to FIGS. 1, 5 and 6, the laser ap

unit 8 constituting the exfoliation layer forming u

and the production history forming unit will be des

The laser applying unit 8 includes: a frame body 58

extending upward from the upper surface of the base
the state of being aligned with the mounting wall 2

the planarizing unit 6; a guide plate 60 extending

19

not
ond
ow
(not
the
ssed
4, the
ng

the

be

the

air

ter 55
dried.
plying

nit

cribed.

14 in
4 of

in the



Y-axis direction from an upper portion of the frame body
58; a Y-axis direction movable member 62 supported by the

guide plate 60 such as to be movable in the Y-axis

direction; and a Y-axis direction moving mechanism 64
adapted to move the Y-axis direction movable member 62 in
the Y-axis direction. At lower portions of both en ds in
regard of the X-axis direction of the guide plate 6 0, a
pair of guide rails 60a extending in the Y-axis dir ection
are formed. As depicted in FIG. 6, the Y-axis dire ction
movable member 62 includes a pair of guided section S 66

disposed with a spacing therebetween in the X-axis
direction, and a mounting section 68 bridgingly arr anged

between lower ends of the guided sections 66 and

extending in the X-axis direction. A guided rail 6 6a
extending in the Y-axis direction is formed at an u pper
portion of each guided section 66. The guided rail s 66a
are engaged with guide rails 60a, whereby the Y-axi S
direction moving member 62 is supported on the guid e
plate 60 such as to be movable in the Y-axis direct ion.
In addition, at lower portions of both ends in rega rd of
the Y-axis direction of the mounting section 68, a pair
of guide rails 68a extending in the X-axis directio n are
formed. As illustrated in FIG. 6, the Y-axis direc tion
moving mechanism 64 includes a ball screw 70 extend ing in

20



the Y-axis direction under the guide plate 60, and
motor 72 connected to one end portion of the ball s
70. A gate-formed nut section 70a of the ball scre

fixed to an upper surface of the mounting section 6
Y-axis direction moving mechanism 64 convers a rota
motion of the motor 72 into a rectilinear motion, a
transmits the rectilinear motion to the Y-axis dire

movable member 62, by the ball screw 70, thereby mo

the Y-axis direction movable member 62 in the Y-axi

direction along the guide rails 60a.

The description of the laser applying unit
be continued referring to FIG. 6. The laser applyi
8 further includes an X-axis direction movable plat
mounted to the mounting section 68 such as to be mo
in the X-axis direction, and an X-axis direction mo
mechanism 76 adapted to move the X-axis direction m
plate 74 in the X-axis direction. Both end portion
regard of the Y-axis direction of the X-axis direct
movable plate 74 are engaged with the guide rails 6
the mounting section 68, whereby the X-axis directi
movable plate 74 is mounted to the mounting section
such as to be movable in the X-axis direction. The
direction moving mechanism 76 includes a ball screw

extending in the X-axis direction on the upper side
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the mounting section 68, and a motor 80 connected t
end portion of the ball screw 78. A nut section 78
the ball screw 78 is passed through an opening 68b
mounting section 68 and fixed to an upper surface o
X-axis direction movable plate 74. The X-axis dire
moving mechanism 76 converts a rotational motion of
motor 80 into a rectilinear motion, and transmits t
rectilinear motion to the X-axis direction movable
74, by the ball screw 78, thereby moving the X-axis
direction movable plate 74 in the X-axis direction
the guide rails 68a.

The description of the laser applying unit
be continued referring to FIGS. 6 and 7. The laser
applying unit 8 further includes: a laser oscillato
incorporated in the frame body 58; an attenuator (n
depicted) adapted to control the output of a pulsed
beam LB emitted from the laser oscillator 82; a fir
mirror 84 mounted to a lower surface of the mountin
section 68 in the state of being spaced from the la
oscillator 82 in the Y-axis direction; a focusing d
86 mounted to a lower surface of the X-axis directi
movable plate 74 such as to be movable in the Z-axi
direction; a second mirror (not depicted) mounted o

lower surface of the X-axis direction movable plate
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directly above the focusing device 86 in the state
being spaced from the first mirror 84 in the X-axis
direction; an alignment unit 88 mounted to the lowe
surface of the X-axis direction movable plate 74 in
state of being spaced from the focusing device 86 i
X-axis direction; and focal point position control
(not depicted) moving the focusing device 86 in the
axis direction to control the Z-axis directional po
of the focal point of the focusing device 86. The
oscillator 82 is adapted to oscillate the pulsed la
beam LB of such a wavelength as to be transmitted t
the ingot. The focusing device 86 has a focusing |
(not depicted) adapted to focus the pulsed laser be
emitted from the laser oscillator 82, and the focus
lens is located under the second mirror.

The alignment unit 88 images the ingot held
chuck table 20, to detect a region to be laser proc
The focal point position control means may be confi
for example, to include a ball screw (not depicted)
which a nut section is fixed to the focusing device
and which extends in the Z-axis direction, and a mo
(not depicted) connected to one end portion of the
screw. The focal point position control means hav

a configuration convers a rotational motion of the
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into a rectilinear motion, and transmits the rectil

motion to the focusing device 86, by the ball screw

thereby controlling the Z-axis directional position

the focal point of the pulsed laser beam LB focused

the focusing lens. The pulsed laser beam LB emitte
the laser oscillator 82 with an optical path set in
Y-axis direction, is controlled to an appropriate o
by the attenuator, is then changed in the optical p
from the Y-axis direction into the X-axis direction
the first mirror 84, to be led to the second mirror
subsequently changed in the optical path from the X
direction into the Z-axis direction by the second m
to be led to the focusing lens of the focusing devi
and is thereafter focused by the focusing lens, to
applied to the ingot held by the chuck table 20.

In addition, both in the case where the foc
device 86 is moved in the Y-axis direction by movin

Y-axis direction movable member 62 by the

Y-axis

direction moving mechanism 64 and in the case where

focusing device 86 is moved in the X-axis direction

moving the X-axis direction movable plate 74 by the

axis direction moving mechanism 76, the pulsed lase
LB emitted from the laser oscillator 82 in parallel

the Y-axis direction is changed in optical path fro
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Y-axis direction into the X-axis direction by the f

mirror 84, to be led to the second mirror, and the

laser beam LB led to the second mirror is changed i
optical path from the X-axis direction into the Z-a
direction by the second mirror, to be led to the fo

device 86. In the laser applying unit 8 configured
above, the ingot held by the chuck table 20 is imag

the alignment unit 88 to detect a region to be lase
processed, and then the pulsed laser beam LB of suc
wavelength as to be transmitted through the ingot i
applied to the ingot held by the chuck table 20, wi

focal point of the pulsed laser beam LB positioned
depth corresponding to the thickness of the wafer t
produced from an upper surface of the ingot held by
chuck table 20 by moving the focusing device 86 in

axis direction by the focal point position control

and while appropriately moving the X-axis direction
movable plate 74 by the X-axis direction moving mec

76 and appropriately moving the Y-axis direction mo
member 62 in the Y-axis direction by the Y-axis dir
moving mechanism 64, whereby an exfoliation layer c
formed in the inside of the ingot and a production
history can be formed in the inside of the ingot.

Referring to FIGS. 1 and 8, the wafer exfol
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unit 10 will be described. The wafer exfoliating u nit 10

includes a support body 90 fixed to the upper surfa ce of
the base 14, an arm 92 extending in the X-axis dire ction
from its base end portion supported on the support body
90 such as to be movable in the Z-axis direction, a nd an
arm moving mechanism 94 adapted to move the arm 92 in the
Z-axis direction. The arm moving mechanism 94 incl udes a

ball screw (not depicted) extending in the Z-axis

direction in the inside of the support body 90, and a
motor 96 connected to one end portion of the ball s crew.
A nut section (not depicted) of the ball screw of t he arm
moving mechanism 94 is fixed to the base end portio n of

the arm 92. The arm moving mechanism 94 converts a

rotational motion of the motor 96 into a rectilinea r
motion, and transmits the rectilinear motion to the arm
92, by the ball screw, thereby moving the arm 92 in the

Z-axis direction along guide rails (not depicted)
incorporated in the support body 90 and extending i n the

Z-axis direction.

The description of the wafer exfoliating un it 10
will be continued referring to FIGS. 8 and 9. To a tip
portion of the arm 92 is fixed a liquid tank 98 tha t
accommodates a liquid in cooperation with the chuck table
20 when exfoliating the wafer from the ingot. The liquid
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tank 98 includes a circular top wall 100, and a
cylindrical side wall 102 drooping from a periphera

of the top wall 100, and is opened on a lower end s

The outside diameter of the side wall 102 is not mo
than the diameter of the chuck table 20, such that,

the arm 92 is lowered, a lower end of the side wall
comes into contact with an upper surface of the chu
table 20. The top wall 100 is additionally provide

a cylindrical liquid supply section 104 providing
communication between the outside and the inside of
liquid tank 98. The liquid supply section 104 s
connected to liquid supply means (not depicted). A
depicted in FIG. 9, an annular packing 106 s
additionally provided at a lower end of the side wa

When the arm 92 is lowered by the arm moving mechan

to cause the lower end of the side wall 102 to make
contact with the upper surface of the chuck table 2

liquid accommodating space 108 is defined by the up
surface of the chuck table 20 and an inner surface

liquid tank 98. A liquid 110 supplied from the lig
supply means into the liquid accommodating space 10
through the liquid supply section 104 is prevented

packing 106 from leaking out of the liquid accommod

space 108.
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The description of the wafer exfoliating un it 10

will be further continued referring to FIGS. 8 and 9. An
air cylinder 112 is mounted to the top wall 100 of the
liquid tank 98. A cylinder tube 112a of the air cy linder
112 extends upward from an upper surface of the top wall
100. As illustrated in FIG. 9, a lower end portion of a
piston rod 112b of the air cylinder 112 projects to the

lower side of the top wall 100 by passing through a

penetrating opening 100a of the top wall 100. A ci rcular
disk-shaped ultrasonic vibration generating member 114
which can be formed from a piezoelectric ceramic or the
like is fixed to the lower end portion of the pisto n rod
112b. A circular disk-shaped suction piece 116 is fixed
to a lower surface of the ultrasonic vibration gene rating

member 114. The suction piece 116, formed with a
plurality of suction holes (not depicted) in a lowe r

surface thereof, is connected to suction means (not

depicted). With a suction force generated at the | ower
surface of the suction piece 116 by the suction mea ns,
the suction piece 116 can hold the ingot by suction . In

the wafer exfoliating unit 10, the arm 92 is lowere d by
the arm moving mechanism 94, the lower end of the s ide
wall 102 is put into close contact with the upper s urface

of the chuck table 20 supporting the ingot formed w ith
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the exfoliation layer by the laser applying unit 8,
piston rod 112b of the air cylinder 112 is lowered,
the suction piece 116 is put into contact with the

surface of the ingot under suction; then, in this s

the liquid 110 is accommodated in the liquid

accommodating space 108, after which the ultrasonic

vibration generating member 114 is operated to appl
ultrasonic vibration to the ingot, whereby the wafe
be exfoliated from the ingot, with the exfoliation
starting point of exfoliation.

The wafer accommodating unit 12 will be des
referring to FIGS. 1 and 2. The wafer accommodatin
12 includes at least one cassette in which a plural
wafers exfoliated from the ingot by the wafer exfol
unit 10 can be accommodated at intervals in the ver
direction. In the case where a plurality of casset
used, the same cassette can be used. In the presen
embodiment, the wafer accommodating unit 12 include
cassettes, namely, a first cassette 13la, a second
cassette 131b, a third cassette 131c, and a fourth
cassette 131d. In addition, a wafer carrying unit
which the wafer exfoliated from the ingot is carrie
the wafer exfoliating unit 10 to the wafer accommod

unit 12 is disposed between the wafer exfoliating u
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and the wafer accommodating unit 12. As illustrate
FIGS. 1 and 2, the wafer carrying unit 118 includes

means 120 extending upward from the upper surface o
base 14; a first motor 122 fixed to a tip of the li
means 120; a first arm 124 having a base end portio
rotatably connected to the first motor 122; a secon
motor 126 fixed to a tip portion of the first arm 1

second arm 128 having a base end portion rotatably
connected to the second motor 126; and a suction pi
130 fixed to a tip portion of the second arm 128.

first motor 122, which is lifted up and down in the

axis direction by the lift means 120, rotates the f

arm 124 around a rotational center constituted of a
extending in the Z-axis direction by passing throug

base end portion of the first arm 124, relative to

lift means 120. The second motor 126 rotates the s

arm 128 around an axis extending in the Z-axis dire

by passing through the base end portion of the seco

128, relative to the first arm 124. The suction pi

formed with a plurality of suction holes 130a in an

surface thereof, is connected to suction means (not
depicted). With a suction force generated at the u
surface of the suction piece 130 by the suction mea

the wafer carrying unit 118 can suction hold the wa
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exfoliated from the ingot by the wafer exfoliating
10, by the suction piece 130, and can carry the waf
suction held by the suction piece 130 from the wafe
exfoliating unit 10 to the wafer accommodating unit
operating the first arm 124 and the second arm 128
lift means 120, the first motor 122 and the second
126.

As depicted in FIG. 1, the wafer producing

apparatus 2 further includes an ingot accommodating

132 in which to accommodate the ingot, and an ingot

carrying unit 134 adapted to carry the ingot from t
ingot accommodating unit 132 to the holding unit 4.

ingot accommodating unit 132 in the present embodim
includes four circular accommodating recesses 132a

in the upper surface of the base 14 at intervals in

Y-axis  direction. The ingots are accommodated

respectively in the four accommodating recesses 132
which the diameter is slightly larger than the diam
of the ingots.

Referring to FIGS. 1 and 10, the ingot carr

unit 134 will be described. The ingot carrying uni

includes: a frame body 136 extending in the Y-axis

direction along the ingot accommodating unit 132 on

upper surface of the base 14; an arm 138 extending
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X-axis direction from its base end portion rotatabl
supported by the frame body 136 such as to be movab

the Y-axis direction; and an arm moving mechanism 1
adapted to move the arm 138 in the Y-axis direction

frame body 136 is formed with a guide opening 136a
extending in the Y-axis direction. The arm moving
mechanism 140 includes a ball screw (not depicted)
extending in the Y-axis direction in the inside of

frame body 136, and a motor 142 connected to one en
portion of the ball screw. A nut section (not depi

of the ball screw of the arm moving mechanism 140 i
fixed to a base end portion of the arm 138. The ar
moving mechanism 140 converts a rotational motion o
motor 142 into a rectilinear motion, and transmits
rectilinear motion to the arm 138, thereby moving t

138 in the Y-axis direction along the guide opening

As depicted in FIG. 10, an air cylinder 144 extendi

the Z-axis direction is mounted to a tip portion of

arm 138, and a suction piece 146 is fixed to a lowe

portion of a piston rod 144a of the air cylinder 14

suction piece 146, formed with a plurality of sucti

holes (not depicted) in a lower surface thereof, is
connected to suction means (not depicted). With a

force generated at the lower surface of the suction
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146 by the suction means, the ingot carrying unit 1 34 can
suction hold an upper surface of the ingot accommod ated
in the ingot accommodating unit 132 by the suction piece
146, and, by moving the arm 138 by the arm moving
mechanism 140 and moving the suction piece 146 by t he air
cylinder 144, the ingot carrying unit 134 can carry the
ingot held by the suction piece 146 from the ingot
accommodating unit 132 to the holding unit 4.

FIGS. 11A and 11B depict an ingot 150 which can be
processed by the wafer producing apparatus 2 as
aforementioned. The ingot 150 in the present embod iment

is formed in a cylindrical shape as a whole from

hexagonal single crystal SiC, and has a circular fi rst
surface 152, a circular second surface 154 opposite to
the first surface 152, a peripheral surface 156 loc ated
between the first surface 152 and the second surfac e 154,
a c-axis (<0001> direction) extending from the firs t
surface 152 to the second surface 154, and a c-plan e
({0001} plane) orthogonal to the c-axis. In the in got 150,
the c-axis is inclined relative to a perpendicular 158 to
the first surface 152, and an off angle o (for example, o
= 1, 3, or 6 degrees) is formed by the c-plane and the
first surface 152. The direction in which the off angle «
is formed is indicated by arrow A in FIGS. 11A and 11B.
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In addition, the peripheral surface 156 of the ingo
iIs formed with a rectangular first orientation flat
and a rectangular second orientation flat 162 for
indicating a crystal orientation. The first orient
flat 160 is parallel to the direction A in which th
angle « is formed, while the second orientation flat 162
is orthogonal to the direction A in which the off a
is formed. As depicted in FIGS. 11B, as viewed fro
a length L2 of the second orientation flat 162 is s
than a length L1 of the first orientation flat 160
L1). Note that the ingot to be processed by the wa
producing apparatus 2 is not limited to the above-
mentioned ingot 150; for example, the ingot may be
hexagonal single crystal SiC ingot wherein the c-ax
not inclined relative to the perpendicular to the f
surface, and the off angle between the c-plane and
first surface is zero degrees (or the perpendicular
the first surface and the c-axis are coincident), o
be a hexagonal single crystal ingot formed from a
material other than hexagonal single crystal SiC, s
GaN (gallium nitride).

The wafer producing method according to the
invention will now be described below. In the pres

embodiment, the wafer producing method using the wa
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producing apparatus 2 as aforementioned will be des

In the present embodiment, first, four ingots 150 a
prepared, and a substrate mounting step is carried
wherein circular substrates 164 are mounted to lowe
surfaces (in the present embodiment, the second sur
154) of the prepared ingots 150 through an appropri
adhesive, as depicted in FIGS. 12A and 12B. The su
mounting step is performed for holding the ingot 15
formed with the first orientation flat 160 and the
orientation flat 162 with a predetermined suction f

by the circular suction chuck 22 of the chuck table

The diameter of the substrate 164 is slightly large

the diameter of the ingot 150, and is slightly larg
than the diameter of the suction chuck 22 of the ch
table 20. When the ingot 150 is placed on the chuc

20, with the substrate 164 directed downward, the s
chuck 22 is covered by the substrate 164; therefore

the suction means connected to the suction chuck 22
operated, the substrate 164 is sucked with
predetermined suction force by the suction chuck 22
whereby the ingot 150 formed with the first orienta

flat 160 and the second orientation flat 162 can be

by the chuck table 20. Note that in the case where

diameter of the ingot is larger than that of the su
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chuck 22 so that the upper surface of the suction ¢
22 is wholly covered with the ingot when the ingot
placed on the chuck table 20, sucking-in of air thr
an exposed part of the suction chuck 22 does not oc
the time of suction by the chuck table 22, and the
can be sucked with a predetermined suction force by
suction chuck 22, and, therefore, the substrate mou
step may not necessarily be carried out.

After the substrate mounting step is conduc
ingot accommodating step is carried out in which th
ingots 150 are accommodated in the ingot accommodat
unit 132. In the present embodiment, as depicted i
1, in the ingot accommodating step, the four ingots
are accommodated in the four accommodating recesses
of the ingot accommodating unit 132, with the subst
164 directed downward. Note that in the following
description, the four ingots 150 will be referred t
first ingot 150a, a second ingot 150b, a third ingo
and a fourth ingot 150d, in this order from the ing
accommodated in the accommodating recess 132a neare
the turntable 18, for convenience. It is to be not

however, where it is unnecessary to discriminate th

ingots 150a to 150d from one another, they may be

referred to simply as “the ingots 150”.
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After the ingot accommodating step is condu
ingot carrying step is carried out wherein the ingo
is carried from the ingot accommodating unit 132 to
holding unit 4 by the ingot carrying unit 134. In
ingot carrying step, first, the arm 138 is moved by
arm moving mechanism 140 of the ingot carrying unit
and the suction piece 146 is positioned at a positi
the upper side of the first ingot 150a accommodated
the ingot accommodating unit 132. Next, the suctio
146 is lowered by the air cylinder 144 of the ingot
carrying unit 134, and a lower surface of the sucti
piece 146 is put into close contact with an upper s
(in the present embodiment, the first surface 152)
first ingot 150a. Subsequently, the suction means
connected to the suction piece 146 is operated to
generate a suction force at the lower surface of th
suction piece 146, whereby the lower surface of the
suction piece 146 is caused to suck the upper surfa
the first ingot 150a. Next, the suction piece 146
the first ingot 150a is moved upward by the air cyl
144. Subsequently, the arm 138 is moved by the arm
mechanism 140, and the suction piece 146 is positio
a position on the upper side of the chuck table 20

positioned at the standby position P1. Subsequentl
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depicted in FIG. 13, the suction piece 146 is lower
the air cylinder 144, and the lower surface of the
substrate 164 is put into contact with the upper su
of the chuck table 20 positioned at the standby pos
P1. Then, the operation of the suction means conne
the suction piece 146 is stopped to release the suc
force at the suction piece 146, and the first ingot
is placed on the upper surface of the chuck table 2
positioned at the standby position P1. As a result
first ingot 150a can be carried from the ingot
accommodating unit 132 to the chuck table 20 consti
the holding unit 4 by the ingot carrying unit 134.

After the ingot carrying step is conducted,
holding step of holding the ingot 150 by the holdin
4 is carried out. In the holding step, the suction
connected to the suction chuck 22 on which the firs
ingot 150a is placed is operated to generate a suct
force at the upper surface of the suction chuck 22,
the first ingot 150a is suction held by the chuck t
20.

After the holding step is performed, the tu
18 is rotated by 90 degrees clockwise as viewed fro
above by a turntable motor, whereby the first ingot

is moved to the planarization position P2, as depic
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FIG. 14. For the first ingot 150a positioned at th
planarization position P2, the planarization step o
grinding the upper surface of the ingot 150 to plan

the upper surface may not necessary be performed at
stage. The ingot 150 normally has the first surfac

and the second surface 154 planarized to such an ex
as not to hamper the incidence of a laser beam in a
exfoliation layer forming step to be described late
therefore, for the ingot 150 carried from the ingot
accommodating unit 132 and first positioned at the
planarization position P2, the planarization step m
necessarily be carried out. Then, for the second i

150b accommodated in the ingot accommodating unit 1
the ingot carrying step is performed, and the holdi
step of holding it by the chuck table 20 positioned

the standby position P1 is carried out. Note that

the first ingot 150a positioned at the planarizatio

P2 and the second ingot 150b positioned at the stan
position P1 are described in the same direction in

14 for convenience, the ingot 150 sucked by the chu
table 20 is set in an arbitrary direction by rotati

the turntable 18 and rotation of each chuck table 2

this applies also to FIG. 15 and the like.

After the ingot carrying step and the holdi
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are performed for the second ingot 150b, the turnta

is rotated by 90 degrees clockwise as viewed from a

By this, as depicted in FIG. 15, the first ingot 15

moved to the laser applying position P3, and the se
ingot 150b is moved to the planarization position P
Then, for the first ingot 150a, a first production
history forming step wherein a laser beam of such a
wavelength as to be transmitted through the ingot 1
applied to the ingot 150, with a focal point of the

beam positioned in the inside of a region not to be
formed with devices of a wafer to be produced secon
from the upper surface of the ingot 150 which has b
planarized, to form a production history, is perfor

the laser applying unit 8; next, an exfoliation lay
forming step wherein a laser beam of such a wavelen

to be transmitted through the ingot 150 is applied

ingot 150, with a focal point of the laser beam
positioned at a depth corresponding to the thicknes

wafer to be produced firstly from the upper surface

the ingot 150 which has been planarized, to form an
exfoliation layer, is conducted by the laser applyi
unit 8; and subsequently, a second production histo
forming step wherein a laser beam of such a wavelen

to be transmitted through the ingot 150 is applied
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ingot 150, with a focal point of the laser beam

positioned in the inside of a region not to be form ed
with devices of the wafer to be produced firstly fr om the
upper surface of the ingot 150 which has been plana rized,
to form a production history, is performed by the | aser
applying unit 8. On the other hand, as for the sec ond
ingot 150b, since the second ingot 150b is carried from
the ingot accommodating unit 132 and firstly positi oned
at the planarization position P2 as aforementioned, the
planarization step may not necessarily be carried o ut. In
addition, for the third ingot 150c accommodated in the
ingot accommodating unit 132, the ingot carrying st ep is
performed, and the holding step of holding it by th e
chuck table 20 positioned at the standby position P lis
conducted.

The first production history forming step w il be
described referring to FIGS. 16A and 16B. In the f irst

production history forming step, first, the X-axis

direction movable plate 74 is moved by the X-axis

direction moving mechanism 76 (see FIGS. 5 and 6) o f the

laser applying unit 8 and the Y-axis direction mova ble
member 62 is moved by the Y-axis direction moving

mechanism 64, to position the alignment unit 88 at a

position on the upper side of the ingot 150, and th e
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ingot 150 is imaged by the alignment unit 88 from a bove
the ingot 150. Next, based on an image of the ingo t 150
picked up by the alignment unit 88, the chuck table 20 is
rotated by the chuck table motor, and the X-axis

direction movable plate 74 is moved by the X-axis

direction moving mechanism 76 and the Y-axis direct ion
movable member 62 is moved by the Y-axis direction moving
mechanism 64, to control the position of the focusi ng
device 86. Subsequently, the focusing device 86 is moved

in the Z-axis direction by the focal point position

control means, whereby a focal point FP is position ed at
a position which is on the first orientation flat 1 60
side and is in the inside of a peripheral surplus r egion
not to be formed with devices of a wafer to be prod uced
secondly from the upper surface of the ingot 150, a S
illustrated in FIGS. 16A and 16B. Next, while rela tively
moving the ingot 150 and the focal point FP appropr iately,

a pulsed laser beam LB of such a wavelength as to b e
transmitted through the ingot 150 is applied throug h the

focusing device 86 to the ingot 150. By this, a

production history 165 which can be configured in t he
form of a bar code can be formed in the inside of t he
peripheral surplus region not to be formed with dev ices

of the wafer to be produced secondly from the upper
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surface of the ingot 150.

The production history 165 formed in the fi
production history forming step includes any one of
lot number of the ingot 150, the order of the wafer
produced from the ingot 150, the production date of
wafer, the production plant of the wafer, and the w
producing apparatus which has contributed to the
production of the wafer. While the production hist
is formed along the first orientation flat 160 in t
present embodiment, the production history 165 may
formed in any region where devices are not formed o
wafer to be produced; for example, the production h
165 may be formed along the second orientation flat
or the production history 165 may be formed along a
arcuate peripheral edge. At the time of relatively
the ingot 150 and the focal point FP in the first
production history forming step, the ingot 150 and
focal point FP can be relatively moved in the X-axi
direction, the Y-axis direction and the circumferen
direction of the ingot 150 by use of the X-axis dir
moving mechanism 76, the Y-axis direction moving
mechanism 64 and the chuck table motor. As for the
of the production history 165, the production histo

is spaced downward from the exfoliation layer 170
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(described later) which is formed in the exfoliatio n
layer forming step, such that the production histor y 165
will not be removed when the exfoliation surface of the
ingot is ground and planarized after the wafer is
exfoliated from the ingot 150. Such a first produc tion
history forming step may be carried out, for exampl e, in
the following processing conditions.

Wavelength of pulsed laser beam: 1,064 nm

Repetition frequency: 140 kHz

Average output: 1.0 W

Pulse width: 4 ns

Diameter of focal point: 3 um

Numerical aperture (NA) of focusing lens: 0 v

Z-axis directional position of focal point: 420 to
430 um from upper surface of ingot

The exfoliation layer forming step will be

described referring to FIGS. 17A to 18B. In the

exfoliation layer forming step in the present embod iment,

first, based on the image of the ingot 150 picked u p in

the first production history forming step, the chuc k
table 20 is rotated by the chuck table motor, and t he X-
axis direction movable plate 74 is moved by the X-a Xis
direction moving mechanism 76 and the Y-axis direct ion
movable member 62 is moved by the Y-axis direction moving

44



mechanism 64, whereby the direction of the ingot 15 0is
controlled to a predetermined direction, and the

positions of the ingot 150 and the focusing device 86 on
an XY plane are controlled. At the time of control ling

the direction of the ingot 150 to the predetermined

direction, as depicted in FIG. 17A, the first orien tation
flat 160 is matched to the Y-axis direction, whereb y the
direction A in which the off angle o is formed is matched

to the Y-axis direction, and the direction orthogon al to
the direction A in which the off angle o is formed is
matched to the X-axis direction. Next, the focusin g
device 86 is moved in the Z-axis direction by the f ocal
point position control means, whereby the focal poi nt FP
Is positioned at a depth corresponding to the thick ness

of the wafer to be produced firstly from the upper

surface of the ingot 150, as depicted in FIG. 17B.

Subsequently, an exfoliation layer forming processi ng is
carried out wherein a pulsed laser beam LB of such a
wavelength as to be transmitted through the ingot 1 50 is
applied through the focusing device 86 to the ingot 150,

while moving the focal point FP at a predetermined

feeding speed relative to the ingot 150 in the X-ax is
direction matched to the direction orthogonal to th e
direction A in which the off angle o is formed, by moving
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the X-axis direction movable plate 74 by the X-axis
direction moving mechanism 76. When the exfoliatio
forming processing is conducted, as illustrated in
18A and 18B, rectilinear modified layers 166 formed
process in which SiC is separated into Si (silicon)
(carbon) by application of the pulsed laser beam LB
pulsed laser beam LB applied next is absorbed by
previously formed C, and SiC is thus separated into
and C in a chain reaction manner, and cracks 168
propagating from the modified layers 166 to both si
the modified layers 166 along the c-plane, are form

The description will be continued referring
17A and 18B. In the exfoliation layer forming step
subsequent to the exfoliation layer forming process
the Y-axis direction movable member 62 is moved by
axis direction moving mechanism 64, whereby the foc
point FP is put to indexing feeding by a predetermi
indexing amount Li relative to the ingot 150 in the
axis direction matched to the direction A in which
off angle o is formed. Then, the exfoliation layer
forming processing and the indexing feeding are rep
in the exfoliation layer forming step, whereby a
plurality of rectilinear modified layers 166 extend

the direction orthogonal to the direction A in whic
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off angle o is formed are formed at intervals of the
predetermined indexing amount Li in the direction A
which the off angle o is formed, and it is ensured that

the crack 168 and the crack 168 adjacent to each ot

her in

the direction in which the off angle o Is formed do not

overlap each other as viewed in the vertical direct
By this, exfoliation layers 170 for exfoliating the
from the ingot 150, which include the pluralities o
modified layers 166 and cracks 168, can be formed a
depth corresponding to the thickness of the wafer t
produced from the upper surface of the ingot 150.
exfoliation layer forming step may be carried out,
example, in the following processing conditions.

Wavelength of pulsed laser beam: 1,064 nm

Repetition frequency: 140 kHz

Average output: 14 W

Pulse width: 4 ns

Diameter of focal point: 3 um

Numerical aperture (NA) of focusing lens: 0

Z-axis directional position of focal point:
from upper surface of ingot

Feeding speed of focal point: 765 mm/s

Indexing amount: 250 to 400 um

The second production history forming step

a7
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wafer
f
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Such an

for
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described referring to FIGS. 19A and 19B. In the s
production history forming step, first, the positio

the focusing device 86 is controlled based on the i

of the ingot 150 picked up in the first production
history forming step, after which the focusing devi

is moved in the Z-axis direction by the focal point
position control means, whereby the focal point FP
positioned at a position which is on the first
orientation flat 160 side and is in the inside of a
peripheral surplus region not to be formed with dev

of the wafer to be produced firstly from the upper
surface of the ingot 150, as illustrated in FIG. 19

19B. Next, while relatively moving the ingot 150 a

focal point FP appropriately, a pulsed laser beam L
such a wavelength as to be transmitted through the

150 is applied through the focusing device 86 to th
ingot 150. By this, a production history 171 which
configured in the form of a bar code can be formed

inside of the peripheral surplus region not to be f

with devices of the wafer to be produced firstly fr

upper surface of the ingot 150. Like the productio
history 165 formed in the first production history
forming step, the production history 171 formed in

second production history forming step includes any
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of the lot number of the ingot 150, the order of th
wafer produced from the ingot 150, the production d

the wafer, the production plant of the wafer, and t
wafer producing apparatus which has contributed to
production of the wafer. While the production hist

is formed along the first orientation flat 160 in t
present embodiment, the production history 171 may
formed in any region where devices are not formed o
wafer to be produced; for example, the production h

171 may be formed along the second orientation flat

or the production history 171 may be formed along a
arcuate peripheral edge. At the time of relatively

the ingot 150 and the focal point FP in the second
production history forming step, the ingot 150 and

focal point FP can be relatively moved in the X-axi
direction, the Y-axis direction and the circumferen

direction of the ingot 150, by use of the X-axis

direction moving mechanism 76, the Y-axis direction

moving mechanism 64 and the chuck table motor. As
depth of the production history 171, the production
history 171 is spaced upward from the exfoliation |

170 formed in the exfoliation layer forming step, s
that the production history 171 will not be removed

the exfoliation plane of the wafer is ground and
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planarized after the wafer is exfoliated from the i
150. Such a second production history forming step
carried out, for example, in the following processi
conditions.

Wavelength of pulsed laser beam: 1,064 nm

Repetition frequency: 140 kHz

Average output: 1.0 W

Pulse width: 4 ns

Diameter of focal point: 3 um

Numerical aperture (NA) of focusing lens: 0

Z-axis directional position of focal point:
from upper surface of ingot

After the first production history forming
the exfoliation layer forming step and the second
production history forming step are performed for t
first ingot 150a and the ingot carrying step and th
holding step are conducted for the third ingot 150c
turntable 18 is rotated by 90 degrees clockwise as
from above. By this, as depicted in FIG. 20, the f
ingot 150a is moved to the wafer exfoliation positi
the second ingot 150b is moved to the laser applyin
position P3, and the third ingot 150c is moved to t
planarization position P2. Then, for the first ing

a wafer producing step (wafer exfoliation step) of
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exfoliating the wafer to be produced firstly from t he

ingot 150, with the exfoliation layer 170 as a star ting
point of exfoliation, to produce the wafer is carri ed out
by the wafer exfoliating unit 10. In addition, for the
second ingot 150b, the first production history for ming
step, the exfoliation layer forming step and the se cond
production history forming step are performed. On the
other hand, for the third ingot 150c, the planariza tion
step may not necessarily be carried out, since the third
ingot 150c has been carried from the ingot accommod ating
unit 132 and firstly positioned at the planarizatio n
position P2 as aforementioned. Besides, for the fo urth
ingot 150d accommodated in the ingot accommodating unit

132, the ingot carrying step is performed, and the
holding step of holding it by the chuck table 20
positioned at the standby position P1 is conducted.
The wafer producing step will be described
referring to FIGS. 9, 21A, 21B and 22. In the wafe r

producing step in the present embodiment, first, as

depicted in FIGS. 21A and 21B, the arm 92 is lowere d by
the arm moving mechanism 94, to put the lower end o f the

side wall 102 of the liquid tank 98 into close cont act
with the upper surface of the chuck table 20. Next , as
illustrated in FIG. 9, the piston rod 112b of the a ir
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cylinder 112 is moved, to bring the lower surface o

suction piece 116 into close contact with the upper
surface of the ingot 150. Subsequently, the suctio
connected to the suction piece 116 is operated to
generate a suction force at the lower surface of th
suction piece 116, to cause the lower surface of th
suction piece 116 to suck and hold the upper surfac

the ingot 150. Next, the liquid supply means conne

the liquid supply section 104 is operated, to suppl

liquid 110 (for example, water) from the liquid sup
section 104 into the liquid accommodating space 108

the ultrasonic vibration generating member 114 s
immersed in the liquid 110. Subsequently, the ultr

vibration generating member 114 is operated to appl
ultrasonic vibration to the ingot 150, whereby the

172 to be produced can be exfoliated from the ingot

with the exfoliation layer 170 as a starting point
exfoliation, and the wafer 172 can be produced. Ne

arm 92 is moved upward by the arm moving mechanism
and the liquid 110 is discharged from the liquid
accommodating space 108. The liquid 110 discharged
the liquid accommodating space 108 is discharged to
outside of the wafer producing apparatus 2 through

discharge port 16a (see FIG. 2) formed in the turnt
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accommodating section 16 adjacently to the wafer

exfoliating unit 10. Then, as depicted in FIGS. 21

21B, the piston rod 112b of the air cylinder 112 is

lowered until the wafer 172 produced from the ingot

protrudes downward beyond the lower end of the side

102 of the liquid tank 98. Note that as depicted i

22, an exfoliation surface 174 of the ingot 150 fro

which the wafer 172 has been exfoliated is rugged,

the height of the ruggedness of the exfoliation sur

174 is, for example, approximately 20 to 30 um.
After the wafer producing step is performed

first ingot 150a, a wafer carrying step of carrying

wafer 172 produced from the first ingot 150a from t

wafer exfoliating unit 10 to the wafer accommodatin

12 is conducted by the wafer carrying unit 118. In

wafer carrying step, the first arm 124 is operated

first motor 122 of the wafer carrying unit 118, and

second arm 128 is operated by the second motor 126,

position the suction piece 130 of the wafer carryin

118 at a position under the wafer 172 exfoliated by

wafer exfoliating unit 10 and sucked by the suction

116. Next, the lift means 120 is operated to put t

upper surface of the suction piece 130 of the wafer

carrying unit 118 into close contact with the lower
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surface of the wafer 172. Subsequently, the operat

the suction means connected to the suction piece 11

the wafer exfoliating unit 10 is stopped, to releas

suction force at the suction piece 116 of the wafer

exfoliating unit 10, and the suction means connecte

the suction piece 130 of the wafer carrying unit 11

operated to generate a suction force at the upper s

of the suction piece 130 of the wafer carrying unit

thereby sucking the lower surface of the wafer 172

the upper surface of the suction piece 130 of the w

carrying unit 118. By this, the wafer 172 is trans

from the wafer exfoliating unit 10 to the wafer car

unit 118. Next, the first arm 124 and the second a

are operated by the lift means 120, the first motor

and the second motor 126, whereby the wafer 172 suc

the suction piece 130 of the wafer carrying unit 11

be carried from the wafer exfoliating unit 10 to th

wafer accommodating unit 12 and be accommodated in

latter. In the present embodiment, the wafer 172 p

from the first ingot 150a is accommodated in the fi

cassette 131a, in order to make it possible to easi

distinguish from which ingot the wafer has been pro
After the wafer producing step is performed

first ingot 150a, the wafer carrying step is conduc
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for the wafer 172 produced from the first ingot 150

first production history forming step, the exfoliat

layer forming step and the second production histor
forming step are performed for the second ingot 150

the ingot carrying step and the holding step are
conducted for the fourth ingot 150d, the turntable

rotated by 90 degrees clockwise as viewed from abov

this, as depicted in FIG. 23, the first ingot 150a
moved to the standby position P1, the second ingot

is moved to the wafer exfoliation position P4, the

ingot 150c is moved to the laser applying position

and the fourth ingot 150d is moved to the planariza
position P2. Then, the wafer producing step is per

for the second ingot 150b, and the wafer carrying s
conducted for the wafer 172 produced from the secon
ingot 150b. In the present embodiment, the wafer 1
produced from the second ingot 150b is accommodated
the second cassette 131b. In addition, the first
production history forming step, the exfoliation la
forming step and the second production history form
step are performed for the third ingot 150c. On th

hand, for the fourth ingot 150d, the planarization

may not necessarily be carried out, since the fourt

ingot 150d has been carried from the ingot accommod
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unit 132 and be firstly positioned at the planariza tion
position P2 as aforementioned. Note that the first ingot
150a stands by at the standby position P1 until the

turntable 18 is rotated next.

After the wafer producing step is performed for the
second ingot 150b, the wafer carrying step is condu cted
for the wafer 172 produced from the second ingot 15 Ob,

and the first production history forming step, the

exfoliation layer forming step and the second produ ction
history forming step are performed for the third in got
150c, the turntable 18 is rotated by 90 degrees clo ckwise
as viewed from above. By this, as illustrated in F IG. 24,

the first ingot 150a is moved to the planarization

position P2, the second ingot 150b is moved to the

standby position P1, the third ingot 150c is moved to the
wafer exfoliation position P4, and the fourth ingot 150d
is moved to the layer applying position P3. Then, for the
first ingot 150a, the planarization step of grindin g the
upper surface of the ingot 150 to planarize the upp er
surface is carried out by the planarizing unit 6. For the
third ingot 150c, the wafer producing step is condu cted,
and, for the wafer 172 produced from the third ingo t 150c,
the wafer carrying step is performed. In the prese nt
embodiment, the wafer 172 produced from the third i ngot

56



150c is accommodated into the third cassette 131c. For

the fourth ingot 150d, the first production history

forming step, the exfoliation layer forming step an d the
second production history forming step are carried out.
Note that the second ingot 150b stands by at the st andby

position P1 until the turntable 18 is rotated next.

The planarization step will be described re ferring
to FIGS. 2 and 3. In the planarization step, first , the
chuck table 20 holding the ingot 150 from which the wafer
172 has been exfoliated is rotated by the chuck tab le
motor at a predetermined rotating speed (for exampl e, 300
rpm) counterclockwise as viewed from above. In add ition,

the spindle 40 is rotated by the motor 36 at a
predetermined rotating speed (for example, 6,000 rp m)
counterclockwise as viewed from above. Next, the Z -axis

direction movable plate 26 is lowered by the Z-axis

direction moving mechanism 28, to put the grindston es 48
into contact with the exfoliation surface 174 of th e
ingot 150. After the grindstones 48 are put into ¢ ontact
with the exfoliation surface 174, the Z-axis direct ion
movable plate 26 is lowered at a predetermined grin ding
feeding speed (for example, 1.0 um/s) by the Z-axis
direction moving mechanism 28. By this, the exfoli ation
surface 174 of the ingot 150 from which the wafer 1 72 has
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been exfoliated is ground, whereby the exfoliation
surface 174 of the ingot 150 can be planarized to s uch an
extent as not to hamper the incidence of the pulsed laser

beam LB in the first and second production history

forming steps and the exfoliation layer forming ste p.
Note that where a thickness measuring instrument (n ot
depicted) is put in contact with the exfoliation su rface

174 of the ingot 150 at the time of grinding and
planarizing the exfoliation surface 174 of the ingo t 150,
it is possible, upon detection of that the thicknes s of

the ingot 150 measured by the thickness measuring

instrument has been reduced by a predetermined amou nt
(for example, an amount of 20 to 30 um corresponding to

the height of the ruggedness of the exfoliation sur face
174), to detect that the upper surface of the ingot 150
has been planarized. Besides, in the planarization step,
grinding water is supplied from grinding water supp ly

means (not depicted) to the grinding region, during

grinding of the exfoliation surface 174 of the ingo t 150,
and the grinding water supplied to the grinding reg ion is
discharged to the outside of the wafer producing

apparatus 2 through the discharge port 16b (see FIG . 2)
formed in the turntable accommodating section 16

adjacently to the planarizing unit 6.
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After the planarization step is performed f
first ingot 150a, the wafer producing step is condu
for the third ingot 150c, the wafer carrying step i
carried out for the wafer 172 produced from the thi
ingot 150c, and the first production history formin
the exfoliation layer forming step and the second
production history forming step are performed for t
fourth ingot 150d, the turntable 18 is rotated by 9
degrees clockwise as viewed from above. By this, a
illustrated in FIG. 25, the first ingot 150a is mov
the laser applying position P3, the second ingot 15
moved to the planarization position P2, the third i
150c is moved to the standby position P1, and the f
ingot 150d is moved to the wafer exfoliation positi
In this instance, as depicted in FIG. 4, the cleani
unit 50 is operated, the cleaning water 55 is jette
downward from the jet holes of the first cleaning s
54 obliquely toward the planarizing unit 6 side to
grinding swarf from the first ingot 150a, and the d
air 57 is jetted downward from the jet holes of the
second cleaning section 56 to remove the cleaning w
55 from the first ingot 150a, whereby the first ing
150a having been planarized by the planarizing unit

cleaned and dried.
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Then, for the first ingot 150a, the first

production history forming step and the exfoliation layer
forming step are conducted, but the second producti on
history forming step may not be carried out, since the
production history formed in the first production h istory
forming step before exfoliation of the wafer 172 ha S
already been formed in the wafer yet to be produced . In
the first production history forming step carried o ut
here, the new production history 165 is formed at a deep

position from the upper surface of the ingot 150 as

compared to the previously formed production histor y 165;
in this case, in order that the pulsed laser beam L B
applied to the ingot 150 in the first production hi story
forming step carried out here is not intercepted by the

previously formed production history 165, the new

production history 165 is formed in such a manner a S not
to overlap the previously formed production history 165
as viewed in the vertical direction (for example, w ith a
spacing of approximately 50 um from the previously formed
production history 165). In addition, for the seco nd
ingot 150b, the planarization step is carried out. For

the fourth ingot 150d, the wafer producing step is
performed, and, for the wafer 172 produced from the

fourth ingot 150d, the wafer carrying step is condu cted.
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In the present embodiment, the wafer 172 produced f
the fourth ingot 150d is accommodated into the four
cassette 131d. Note that the third ingot 150c stan
at the standby position P1 until the turntable 18 i
rotated next.

After the planarization step, the first pro
history forming step, the exfoliation layer forming
the second production history forming step, and the
producing step are firstly carried out for each of
ingots 150, the turntable 18 is rotated by 90 degre
clockwise as viewed from above, whereby the ingots
are sequentially positioned at the standby position
the planarization position P2, the laser applying
position P3 and the wafer exfoliation position P4,
the planarization step, the first production histor
forming step, the exfoliation layer forming step, a
wafer producing step are sequentially repeated, and
wafer carrying step is conducted for each wafer 172
exfoliated by the wafer exfoliating unit 10, whereb
number of wafers 172 which can be produced from eac
ingot 150 are produced, and the produced wafers 172
accommodated into the wafer accommodating unit 12.

In the present embodiment, after the number

wafers 172 which can be produced from each ingot 15
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produced, a substrate recovery step can be carried out

wherein the substrate 164 on which the material of the
ingot 150 is slightly left is carried to an appropr iate

recovery container 176 (see FIGS. 1 and 2) disposed on an

end portion of the upper surface of the base 14 by the
ingot carrying unit 134 and is recovered. In the

substrate recovery step, first, the arm 138 is move d by
the arm moving mechanism 140 of the ingot carrying unit

134, to position the suction piece 146 at a positio n on
the upper side of the substrate 164 positioned at t he
standby position P1. Next, the suction piece 146 i S
lowered by the air cylinder 144, to put the lower s urface

of the suction piece 146 into close contact with th e
upper surface of the substrate 164. Subsequently, the

suction means connected to the suction piece 146 is
operated to generate a suction force at the lower s urface
of the suction piece 146, to suck the lower surface of

the suction piece 146 onto the upper surface of the

substrate 146. Next, the suction piece 146 is move d
upward by the air cylinder 144, and the arm 138 is moved
by the arm moving mechanism 140, to position the su ction
piece 146 at a position on the upper side of the re covery
container 176. Subsequently, the suction force at the
suction piece 146 is released, to recover the subst rate
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164 into the recovery container 176. Then, the tur

is rotated and the substrate recovery step s
sequentially carried out for the substrate 164 posi

at the standby position P1, whereby all the substra

164 can be carried to the recovery container 176 an
recovered.

As has been described above, in the present
embodiment, a history of the wafer 172 exfoliated f
the ingot 150 is formed in the inside of the wafer
the history of the wafer 172 can be confirmed in th
process of forming devices, so that in the case whe
defect is generated in a device, it is possible to
back the history of the wafer 172 and investigate t
cause of the defect of the device, leading to preve
of recurrence of the defect. In addition, the pres
embodiment includes the first production history fo
step of forming the production history in the insid
region not formed with devices of a wafer to be pro
secondly from the upper surface of the ingot which
been planarized. Therefore, even after the wafer 1
exfoliated from the ingot 150, for example, even in
case where wafers 172 are produced from the ingot 1
the ingot 150 is taken out of the wafer producing

apparatus 2 before completion of formation of the n
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of wafers 172 which can be produced, the ingot 150 can be
specified by the production history 165 formed in t he
first production history forming step.

Note that an example wherein the focal poin t FP is

moved relative to the ingot 150 in the direction

orthogonal to the direction A in which the off angl e ais
formed in the exfoliation layer forming step and wh erein
the focal point FP is moved relative to the ingot 1 50 in
the direction A in which the off angle o is formed in the

indexing feeding has been described in the present

embodiment. However, the direction of movement of the
focal point FP relative to the ingot 150 in the

exfoliation layer forming step may not necessarily be the
direction orthogonal to the direction A in which th e off

angle o is formed, and the direction of movement of the

focal point FP relative to the ingot 150 in the ind exing
feeding may not necessarily be the direction A in w hich
the off angle o is formed. In addition, the wafer

producing apparatus 2 may include wafer grinding me ans

grinding the exfoliation surface of the wafer 172

exfoliated from the ingot 150.

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

by the invention.
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WHAT IS CLAIMED IS:

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

a planarization step of ©planarizing an upper
surface of the hexagonal single crystal ingot;

a first production history forming step of applying
a laser beam of such a wavelength as to be transmitted
through the hexagonal single <crystal ingot to the
hexagonal single crystal ingot, with a focal point of the
laser beam positioned in an inside of a region not to be
formed with devices of a wafer to be produced secondly,
from the upper surface of the hexagonal single crystal
ingot which has been planarized, to form a production
history;

an exfoliation layer forming step of applying a
laser beam of such a wavelength as to be transmitted
through the hexagonal single <crystal ingot to the
hexagonal single crystal ingot, with a focal point of the
laser beam positioned at a depth corresponding to a wafer
to be produced firstly, from the upper surface of the
hexagonal single crystal ingot which has been planarized,
to form an exfoliation layer;

a second production history forming step of
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applying a laser beam of such a wavelength as to be
transmitted through the hexagonal single crystal ingot to
the hexagonal single crystal ingot, with a focal point of
the laser beam positioned in an inside of a region not to
be formed with devices of the wafer to be produced
firstly, from the upper surface of the hexagonal single
crystal i1ingot which has been planarized, to form a
production history; and

a wafer exfoliation step of exfoliating the wafer
to be produced firstly from the hexagonal single crystal
ingot, with the exfoliation layer as a starting point of
exfoliation, to produce a wafer,

wherein the planarization step, the first
production history forming step, the exfoliation layer
forming step, and the wafer exfoliation step are repeated.

2. The wafer producing method according to claim 1,

wherein the production histories formed in the
first production history forming step and the second
production history forming step include any one of a lot
number of the hexagonal single crystal ingot, an order of
the wafer produced, a production date of the wafer, a
production plant of the wafer, and a machine model that
has contributed to the production of the wafer.

3. The wafer producing method according to claim 1,
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wherein the hexagonal single crystal ingot is a
hexagonal single crystal SiC ingot having a first surface,
a second surface opposite to the first surface, a c-axis
extending from the first surface to the second surface,
and a c-plane orthogonal to the c-axis, with the c-axis
being inclined relative to a perpendicular to the first
surface, and with an off angle being formed by the c-
plane and the first surface, and

in the exfoliation layer forming step,

a pulsed laser beam of such a wavelength as to be
transmitted through the hexagonal single crystal SiC
ingot 1is applied to the hexagonal single crystal SiC
ingot, with a focal point of the pulsed laser beam
positioned at a depth corresponding to a thickness of a
wafer to be produced from the first surface, and with the
hexagonal single crystal SiC ingot and the focal point
being relatively moved in a first direction orthogonal to
a second direction in which the off angle is formed, to
cause SiC to be separated into Si and C, to cause the
pulsed laser beam applied next to Dbe absorbed in
previously formed C, and to cause SiC to be separated
into Si and C in a chain reaction manner, thereby forming
a rectilinear modified layer and forming a <crack

extending from the modified layer along the c-plane, and
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the hexagonal single crystal SiC 1ingot and the focal
point are relatively moved in the direction in which the
off angle is formed, to perform indexing by a
predetermined amount, thereby forming the exfoliation

layer.
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