WAFER PRODUCING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a waf@dpcing method for slicing a
hexagonal single crystal ingot to produce a wafer.

Description of the Related Art

Various devices such as ICs and LSIs amméd by forming a functional
layer on the front side of a wafer formed of siticor the like and partitioning this
functional layer into a plurality of regions aloagplurality of crossing division lines.
The division lines of the wafer are processed hyr@essing apparatus such as a
cutting apparatus and a laser processing appa@tirereby divide the wafer into a
plurality of individual device chips corresponding the respective devices. The
device chips thus obtained are widely used in w&riequipment such as mobile
phones and personal computers. Further, poweceke\dr optical devices such as
LEDs and LDs are formed by forming a functionaldapn the front side of a wafer
formed of a hexagonal single crystal such as Si@ @aN and partitioning this
functional layer into a plurality of regions aloaglurality of crossing division lines.

In general, the wafer on which the deviaesto be formed is produced by
slicing an ingot with a wire saw. Both sides dof thafer obtained above are polished
to a mirror finish (see Japanese Patent Laid-open 2000-94221, for example).
This wire saw is configured in such a manner thsingle wire such as a piano wire
having a diameter of about 100 to 320 is wound around many grooves formed on
usually two to four guide rollers to form a plutgliof cutting portions spaced in
parallel with a given pitch. The wire is operatedrun in one direction or opposite

directions, thereby slicing the ingot into a plitsabf wafers.



However, when the ingot is cut by the vaasv and both sides of each wafer
are polished to obtain the product, 70 to 80% ef ithgot is discarded to cause a
problem of poor economy. In particular, a hexag@iagle crystal ingot of SiC or
GaN, for example, has high Mohs hardness andhieiefore difficult to cut this ingot
with the wire saw. Accordingly, considerable timaequired for cutting of the ingot,
causing a reduction in productivity. That is, thas a problem in efficiently
producing a wafer in this prior art.

A technique for solving this problem is désed in Japanese Patent Laid-
open No. 2013-49461. This technique includes thpssof setting the focal point of
a laser beam having a transmission wavelength @ iSside a hexagonal single
crystal ingot, next applying the laser beam toitigowt as scanning the laser beam on
the ingot to thereby form a modified layer and ksam a separation plane inside the
ingot, and next applying an external force to tigot to thereby break the ingot along
the separation plane where the modified layer drel dracks are formed, thus
separating a wafer from the ingot. In this techeiqthe laser beam is scanned
spirally or linearly along the separation planetisat a first application point of the
laser beam and a second application point of teerl®eam nearest to the first
application point have a predetermined positiomdétion with each other. As a
result, the modified layer and the cracks are fainaé very high density in the

separation plane of the ingot.

SUMMARY OF THE INVENTION
However, in the ingot cutting method ddsed in Japanese Patent Laid-
open No. 2013-49461 mentioned above, the laser lieaoanned spirally or linearly
on the ingot. In the case of linearly scanning taser beam, the direction of

scanning of the laser beam is not specified. énitigot cutting method described in
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Japanese Patent Laid-open No. 2013-49461, the fsfghcing) between the first
application point and the second application pahthe laser beam as mentioned
above is set to 1 to 1m. This pitch corresponds to the pitch of the ksac
extending from the modified layer along a c-plaeéred in the ingot.

In this manner, the pitch of the applicatjoints of the laser beam to be
applied to the ingot is very small. Accordinglggardless of whether the laser beam
is scanned spirally or linearly, the laser beamtrbesapplied with a very small pitch
and the improvement in productivity is not yet guént.

Further, if undulation is present on thd sarface of the ingot, the modified
layers are formed in the separation plane as fatigwhe undulation. As a result,
the wafer having the undulation on both sides (freide and back side) thereof is
produced. Accordingly, the undulation must be reedbfrom both sides of the
wafer by polishing. Thus, the wafer cannot be poadl from the ingot substantially
efficiently, and the amount of the ingot to be disted cannot be reduced.

It is therefore an object of the presentemtion to provide a wafer
producing method which can efficiently produce dewérom an ingot.

In accordance with an aspect of the presemntion, there is provided a
wafer producing method for producing a wafer fromigot having an end surface.
The wafer producing method includes an end surfaeasuring step of measuring
undulation present on the end surface of the ingsgparation plane forming step of
setting a focal point of a laser beam having astrassion wavelength to the ingot
inside the ingot at a predetermined depth from émel surface, which depth
corresponds to a thickness of the wafer to be medluafter performing the end
surface measuring step, and next applying the lasam to the end surface of the
ingot as relatively moving the focal point and thgot to thereby form a separation

plane containing a modified layer and cracks extepttom the modified layer; and a
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wafer separating step of separating a platelike beemhaving a thickness
corresponding to the thickness of the wafer fromitigot at the separation plane after
performing the separation plane forming step, fmeslucing the wafer from the ingot.
In the separation plane forming step, a heightrofobjective lens for forming the
focal point of the laser beam is controlled so tiat focal point is set in the same
plane to form the separation plane, according toumerical aperture NA of the
objective lens, a refractive index N of the ingad the undulation present on the end
surface of the ingot as measured in the end sunf@aesuring step.

Preferably, the height of the objectivesléncontrolled so that the objective
lens is positioned at a height expressed as H =h(tarw/tar), where L is a focal
length of the objective lens, h is a distance fittv end surface of the ingot to the
separation plane, H is a distance between the tbl@dens and the end surface of the
ingot, the numeral aperture NA of the objectivesles expressed as Binand the
refractive index N of the ingot is expressed a$/sina, whereo is an angle of
refraction ang is an angle of incidence, or an aperture angta@bbjective lens.

In accordance with another aspect of tiesgmt invention, there is provided
a wafer producing method for producing a hexagamagle crystal wafer from a
hexagonal single crystal ingot having a first scefaa second surface opposite to the
first surface, a c-axis extending from the firstface to the second surface, and a c-
plane perpendicular to the c-axis. The wafer pcody method includes an end
surface measuring step of measuring undulationeptesn the first surface of the
ingot as an end surface of the ingot; a separati@mme forming step of setting a focal
point of a laser beam having a transmission wagtheto the ingot inside the ingot at
a predetermined depth from the first surface, wiidepth corresponds to a thickness
of the wafer to be produced, after performing the surface measuring step, and next

applying the laser beam to the first surface ativaly moving the focal point and the
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ingot to thereby form a separation plane contairdngpodified layer parallel to the
first surface and cracks extending from the modifi@yer along the c-plane; and a
wafer separating step of separating a platelike beemhaving a thickness
corresponding to the thickness of the wafer fromitigot at the separation plane after
performing the separation plane forming step, timaslucing the wafer from the ingot.
The separation plane forming step includes a mediitayer forming step of relatively
moving the focal point of the laser beam in a fdsection perpendicular to a second
direction where the c-axis is inclined by an offjnwith respect to a normal to the
first surface and the off angle is formed betweam first surface and the c-plane,
thereby linearly forming the modified layer extemgliin the first direction; and an
indexing step of relatively moving the focal pointthe second direction to thereby
index the focal point by a predetermined amounh the separation plane forming
step, a height of an objective lens for forming fbeal point of the laser beam is
controlled so that the focal point is set in theneglane to form the separation plane,
according to a numerical aperture NA of the objectens, a refractive index N of the
ingot, and the undulation present on the firstaefof the ingot as measured in the
end surface measuring step.

According to the wafer producing methodled present invention, the end
surface measuring step of measuring the undulatiesent on the end surface of the
ingot is performed before performing the separagpbene forming step. In the
separation plane forming step, the height of theailve lens for forming the focal
point of the laser beam is controlled so that theaf point is set in the same plane to
form the separation plane, according to the nurakaperture NA of the objective
lens, the refractive index N of the ingot, and tinelulation present on the end surface
of the ingot as measured in the end surface measstep. Accordingly, even when

the undulation is present on the end surface ofrthet, the flat separation plane can
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be formed inside the ingot without being affectgdtee undulation, so that the wafer
can be efficiently produced from the ingot and @ah@unt of the ingot to be discarded
can be reduced.

The above and other objects, features ahdhrdages of the present
invention and the manner of realizing them will @& more apparent, and the
invention itself will best be understood from adstwof the following description and
appended claims with reference to the attached idgsvshowing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a lasercpssing apparatus suitable for use
in performing a wafer producing method of the pn¢sevention;
FIG. 2 is a block diagram of a laser beamegating unit;
FIG. 3Ais a perspective view of a hexadairagle crystal ingot;
FIG. 3B is an elevational view of the ingbown in FIG. 3A;

FIG. 4 is a perspective view for illustragia separation start point forming

step;

FIG. 5 is a plan view of the ingot showrFile. 3A;

FIG. 6 is a schematic sectional view farstrating a modified layer forming
step;

FIG. 7 is a schematic plan view for illading the modified layer forming
step;

FIG. 8A is a schematic plan view for illiegtng an indexing step;
FIG. 8B is a schematic plan view for ilkading an index amount;
FIG. 9 is a perspective view showing an smdace measuring step;

FIG. 10 is a schematic plan view for ilhasing the end surface measuring
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step;

FIG. 11 is a map showing the heights of ¢inel surface of an ingot as
measured in the end surface measuring step;

FIG. 12 is a schematic side view showirsgaration plane forming step;

FIG. 13 is an enlarged schematic view foisirating a control method of
controlling the height of an objective lens forrfong the focal point of a laser beam
so that the focal point is formed in the same planferm a flat separation plane in the
separation plane forming step;

FIGS. 14A and 14B are perspective viewsllostrating a wafer separating
step; and

FIG. 15 is a perspective view of a hexayeirggle crystal wafer produced

from the ingot.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present itieenwill now be described in
detail with reference to the drawings. Referrig RIG. 1, there is shown a
perspective view of a laser processing apparatasitable for use in performing a
wafer producing method of the present inventionhe Taser processing apparatus 2
includes a stationary base 4 and a first slideko®mounted on the stationary base 4
S0 as to be movable in the X direction. The figte block 6 is moved in a feeding
direction, or in the X direction along a pair ofide rails 14 by a feeding mechanism
12 composed of a ball screw 8 and a pulse motor 10.

A second slide block 16 is mounted on fin& Slide block 6 so as to be
movable in the Y direction. The second slide bldékis moved in an indexing
direction, or in the Y direction along a pair ofid@ rails 24 by an indexing

mechanism 22 composed of a ball screw 18 and & pubsor 20. A support table 26



is mounted on the second slide block 16. The swgpble 26 is movable in the X
direction and the Y direction by the feeding medsian 12 and the indexing
mechanism 22 and also rotatable by a motor storétki second slide block 16.

A column 28 is provided on the stationaagsd® 4 so as to project upward
therefrom. A laser beam applying mechanism (ld&am applying means) 30 is
mounted on the column 28. The laser beam applyiaghanism 30 is composed of
a casing 32, a laser beam generating unit 34 (K&e2l stored in the casing 32, and
focusing means (laser head) 36 mounted on the fadt of the casing 32. An
Imaging unit 38 having a microscope and a cameadss mounted on the front end of
the casing 32 so as to be aligned with the focusiagns 36 in the X direction.

As shown in FIG. 2, the laser beam gemagatinit 34 includes a laser
oscillator 40 for generating a pulsed laser beaan 18 YAG laser and YVO4 laser,
repetition frequency setting means 42 for settivggrepetition frequency of the pulsed
laser beam to be generated from the laser oscilippulse width adjusting means
44 for adjusting the pulse width of the pulsed ldseam to be generated from the
laser oscillator 40, and power adjusting means e¥6afljusting the power of the
pulsed laser generated from the laser oscillator 40though especially not shown,
the laser oscillator 40 has a Brewster window,hed the laser beam generated from
the laser oscillator 40 is a laser beam of linepdiarized light. After the power of
the pulsed laser beam is adjusted to a predetednpoeer by the power adjusting
means 46 of the laser beam generating unit 34yulsed laser beam is reflected by a
mirror 48 included in the focusing means 36 andt fesused by a focusing lens 50
included in the focusing means 36. The focusimg IBO is positioned so that the
pulsed laser beam is focused inside a hexagorglestnystal ingot 11 as a workpiece
fixed to the support table 26.

Referring to FIG. 3A, there is shown a pertive view of the hexagonal
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single crystal ingot 11 as a workpiece to be preegs FIG. 3B is an elevational
view of the hexagonal single crystal ingot 11 shawrFIG. 3A. The hexagonal
single crystal ingot (which will be hereinafter egfed to also simply as ingot) 11 is
selected from a SiC single crystal ingot or a Galgls crystal ingot. The ingot 11
has a first surface (upper surface) 1la and a desarface (lower surface) 11b
opposite to the first surface 11a. The first stefala of the ingot 11 is preliminarily
polished to a mirror finish because the laser bsaapplied to the first surface 11a.

The ingot 11 has a first orientation fl& d4nd a second orientation flat 15
perpendicular to the first orientation flat 13. €Tlength of the first orientation flat 13
is set greater than the length of the second atiemnt flat 15. The ingot 11 has a c-
axis 19 inclined by an off angtetoward the second orientation flat 15 with respect
a normal 17 to the upper surface 11a and also kgdane 21 perpendicular to the c-
axis 19. The c-plane 21 is inclined by the off lang with respect to the upper
surface 1la. In general, in the hexagonal singjstal ingot 11, the direction
perpendicular to the direction of extension of sherter second orientation flat 15 is
the direction of inclination of the c-axis 19. Thelane 21 is set in the ingot 11
innumerably at the molecular level of the ingot 11n this preferred embodiment, the
off anglea is set to 4°. However, the off angtes not limited to 4° in the present
invention. For example, the off anglamay be freely set in the range of 1° to 6° in
manufacturing the ingot 11.

Referring again to FIG. 1, a column 52 iled to the left side of the
stationary base 4. The column 52 is formed witredically elongated opening 53,
and a pressing mechanism 54 is vertically movaldymied to the column 52 so as to
project from the opening 53.

As shown in FIG. 4, the ingot 11 is fixedthe upper surface of the support

table 26 by using a wax or adhesive in the conditubiere the second orientation flat

9



15 of the ingot 11 becomes parallel to the X dicgct In other words, as shown in
FIG. 5, the direction of formation of the off anglés shown by an arrow Y1. That s,
the direction of the arrow Y1 is the direction wiaéhne intersection 19a between the c-
axis 19 and the upper surface 11a of the ingos Jitesent with respect to the normal
17 to the upper surface 1la. Further, the diregberpendicular to the direction of
the arrow Y1 is shown by an arrow A. Then, theointl is fixed to the support table
26 in the condition where the direction of the arrd becomes parallel to the X
direction.

Accordingly, the laser beam is scannedh@ direction of the arrow A
perpendicular to the direction of the arrow Y1loe direction of formation of the off
anglea. In other words, the direction of the arrow Apandicular to the direction of
the arrow Y1 where the off angleis formed is defined as the feeding directionhaf t
support table 26.

In the wafer producing method of the présewention, it is important that
the scanning direction of the laser beam to beiegpiom the focusing means 36 is
set to the direction of the arrow A perpendicularthe direction of the arrow Y1
where the off angle of the ingot 11 is formed. That is, it was fouhdt by setting
the scanning direction of the laser beam to thection of the arrow A as mentioned
above in the wafer producing method of the presevéntion, cracks propagating
from a modified layer formed inside the ingot 11thg laser beam extend very long
along the c-plane 21.

In performing the wafer producing methodccading to this preferred
embodiment, a separation start point forming sseperformed in such a manner that
the focal point of the laser beam having a transimmswavelength (e.g., 1064 nm) to
the hexagonal single crystal ingot 11 fixed to slpport table 26 is set inside the

ingot 11 at a predetermined depth from the firstase (upper surface) 11la, which
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depth corresponds to the thickness of a wafer tprbduced, and the laser beam is
next applied to the upper surface 11a as relatimalying the focal point and the ingot
11 to thereby form a modified layer 23 parallethie upper surface 11a and cracks 25
propagating from the modified layer 23 along thelame 21, thus forming a
separation start point (separation plane) wherenbeified layer 23 and the cracks 25
are formed.

This separation start point forming stegludes a modified layer forming
step of relatively moving the focal point of thedéa beam in the direction of the arrow
A perpendicular to the direction of the arrow Yleshthe c-axis 19 is inclined by the
off anglea with respect to the normal 17 to the upper surfdlee and the off angle
is formed between the c-plane 21 and the uppeasairila, thereby forming the
modified layer 23 inside the ingot 11 and the csa2k propagating from the modified
layer 23 along the c-plane 21, and also includem@exing step of relatively moving
the focal point in the direction of formation oktbff angleo, i.e., in the Y direction to
thereby index the focal point by a predeterminedwamh as shown in FIG. 7 and FIGS.
8A and 8B.

As shown in FIGS. 6 and 7, the modifiecela®3 is linearly formed so as to
extend in the X direction, so that the cracks 25ppgate from the modified layer 23
in opposite directions along the c-plane 21. Ie thafer producing method
according to this preferred embodiment, the sepearatart point forming step further
includes an index amount setting step of measuhagvidth of the cracks 25 formed
on one side of the modified layer 23 along theanpl21 and then setting the index
amount of the focal point according to the widthasweed above. More specifically,
letting W1 denote the width of the cracks 25 fornsadone side of the modified layer
23 so as to propagate from the modified layer Z&@lthe c-plane 21, the index

amount W2 of the focal point is set in the rang&\if to 2W1.
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For example, the separation start poininfog step is performed under the
following laser processing conditions.

Light source: Nd:YAG pulsed laser

Wavelength: 1064 nm

Repetition frequency: 80 kHz

Average power: 3.2 W

Pulse width: 4 ns

Spot diameter: Lm

Numerical aperture (NA) of the focusingde.45

Index amount: 406m

In the laser processing conditions mentioabove, the width W1 of the
cracks 25 propagating from the modified layer 28ngl the c-plane 21 in one
direction as viewed in FIG. 6 is set to about 28@® and the index amount W2 is set
to 400um. However, the average power of the laser beanotidimited to 3.2 W.
When the average power of the laser beam was setdot.5 W, good results were
obtained in the preferred embodiment. In the thakthe average power was set to
2 W, the width W1 of the cracks 25 was about 160 In the case that the average
power was set to 4.5 W, the width W1 of the crazksvas about 350m.

In the case that the average power istless2 W or greater than 4.5 W, the
modified layer 23 cannot be well formed inside ithgot 11. Accordingly, the
average power of the laser beam to be applieceieably set in the range of 2 to 4.5
W. For example, the average power of the lasembieabe applied to the ingot 11
was set to 3.2 W in this preferred embodiment. sAswn in FIG. 6, the depth D1 of
the focal point from the upper surface 11a in forgnihe modified layer 23 was set to
500 um.

Referring to FIG. 8A, there is shown a swohgc plan view for illustrating
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the scanning direction of the laser beam. Theraéipa start point forming step is
performed on a forward path X1 and a backward gatlas shown in FIG. 8A. That
is, the modified layer 23 is formed in the hexadaiagle crystal ingot 11 on the
forward path X1. Thereafter, the focal point o€ tlaser beam is indexed by the
predetermined amount. Thereafter, the modifiekda®3 is formed again in the
ingot 11 on the backward path X2.

Further, in the case that the index amainthe focal point of the laser
beam is set in the range of W to 2W where W isntith of the cracks 25 formed on
one side of the modified layer 23 along the c-plahethe index amount of the focal
point is preferably set to W or less until the niiedi layer 23 is first formed after
setting the focal point of the laser beam insidritigot 11.

For example, in the case that the indexuarhof the focal point of the laser
beam is 40Qum, the index amount is set to 206 until the modified layer 23 is first
formed inside the ingot 11, and the laser beancasrsed plural times with this index
amount of 20Qum as shown in FIG. 8B. That is, a first part of fhlural scanning
paths of the laser beam is idle, and when it ierd@hed that the modified layer 23
has been first formed inside the ingot 11, the xndmount is set to 400m and the
modified layer 23 is then formed inside the ingbt 1

There will now be described an end surfa@asuring step of measuring
undulation present on the first surface (end serfacupper surface) 11a of the ingot
11, with reference to FIGS. 9 to 13. If undulatisrpresent on the end surface 11a
of the ingot 11, the modified layers 23 are fornrethe separation plane as following
the undulation. As a result, when the wafer sdpayastep is next performed to
separate the wafer from the ingot, the wafer hatlwegundulation on both sides (front
side and back side) thereof is produced. Accoidinthe undulation must be

removed from both sides of the wafer by polishinghus, the wafer cannot be
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produced from the ingot substantially efficiently.

To solve this problem, the wafer produamegthod of the present invention
includes an end surface measuring step of meastimengndulation present on the end
surface 1la of the ingot 11 before performing aasspn plane forming step
(separation start point forming step). As showRIi@. 9, this end surface measuring
step is performed by using an end surface measappgratus 60 for measuring the
height of the end surface 11a of the ingot 11 agimgothe ingot 11 supported to the
support table 26 in the X direction and the Y diiat

As the end surface measuring apparatus 6&ser type or ultrasonic type
height detecting apparatus known in the art maydeel. As shown in FIG. 10, the
coordinate (x1, yl1) of the end surface 1la of tigoi 11 supported to the support
table 26 is moved to a position directly below ¢émel surface measuring apparatus 60.
Thereatfter, the support table 26 is moved in théir&ction to continuously measure
the height z1 of the end surface 11a at the coateli(x1, yl1), the height z1 - 1 of the
end surface 1la at the coordinate (x1 - 1, yl)hthght z1 - 2 of the end surface 1la
at the coordinate (x1 - 2, y1), ...... , and theghekl - n of the end surface 11a at the
coordinate (x1 - n, yl). These heights z1 to nlmeasured above are then stored
into a memory of control means (controller) 62 showFIG. 12.

Thereafter, the support table 26 is indexethe Y direction to similarly
measure the heights z2 to z2 - n of the end suffdaeat the coordinates (x2, y2) to
(x2 - n, y2) as moving the support table 26 inXha@irection. These heights z2 to z2
- n measured above are then stored into the membripe control means 62.
Similarly, the support table 26 is indexed from pusition y1 to the position ym to
create a map as shown in FIG. 11. This map is sihemed into the memory of the
control means 62. As a result, the undulationi&tians in height) of the end surface

11a of the ingot 11 can be measured over the wdfdlee end surface 11a.
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After performing the end surface measustap, a separation plane forming
step is performed as shown in FIG. 12 in such an@athat the focal point of a laser
beam having a transmission wavelength to the id@as set inside the ingot 11 at a
predetermined depth from the end surface 1la, whiepth corresponds to the
thickness of the wafer to be produced, and the lasam is next applied to the end
surface 1l1a as relatively moving the focal poirnd #me ingot 11 to thereby form a
separation plane S containing the modified layea2® the cracks 25 inside the ingot
11.

In this separation plane forming step,k&ght of the focusing means 36 is
controlled by the control means 62 so that thelfpo@nt (convergent point) of the
laser beam is set in the same plane to form tharagpn plane S, according to the
numerical aperture NA of the objective lens (foogsiens) 50 for forming the focal
point of the laser beam, the refractive index Ntha ingot 11, and the undulation
present on the end surface 1la of the ingot 11 easuned in the end surface
measuring step.

This control method will now be describeddetail with reference to FIG.
13. Letting L denote the focal length of the objex lens 50, h(x) denote the
distance from the end surface 11a of the ingotolthé separation plane S, and H(x)
denote the distance between the objective lensx\8Q@he end surface 11a of the ingot
11, the following equation is given because the enical aperture NA of the objective
lens 50 is expressed asfs@nd the refractive index N of the ingot 11 is egsed as
sinB/sina, wherea is the angle of refraction arfilis the angle of incidence, or the
aperture angle of the objective lens 50.

(L - HX))taf = h(x)taru
Accordingly, the following equations are given.

H(X)taf = Ltarf - h(x)tan
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H(x) = L - h(x)(tan/tarB)

That is, the height of the focusing measi8 controlled so that the
objective lens 50 of the focusing means 36 is poetd at the height expressed as
H(x) = L - h(x)(taru/tarp).

In this manner, the height of the focusmgans 36 is controlled to form a
plurality of modified layers 23 at the position thie separation plane S in the whole
area of the ingot 11 and the cracks 25 extendiogy feach modified layer 23 along
the c-plane 21. Thereafter, a wafer separating istgperformed in such a manner
that an external force is applied to the ingotd.lthereby separate a platelike member
having a thickness corresponding to the thicknésiseowafer from the ingot 11 at the
separation plane S containing the modified lay8rard the cracks 25, thus producing
a hexagonal single crystal wafer 27 shown in FB>. 1

This wafer separating step is performedising the pressing mechanism 54
shown in FIG. 1. The configuration of the pressimgchanism 54 is shown in FIGS.
14A and 14B. The pressing mechanism 54 includesaa 56 vertically movable by
a moving mechanism (not shown) incorporated incttlemn 52 shown in FIG. 1 and
a pressing member 58 rotatable in the directionvehoy an arrow R in FIG. 14B with
respect to the head 56. As shown in FIG. 14A, pghessing mechanism 54 is
relatively positioned above the ingot 11 fixed lhe support table 26. Thereafter, as
shown in FIG. 14B, the head 56 is lowered until phessing member 58 comes into
pressure contact with the upper surface (end sjrfela of the ingot 11.

In the condition where the pressing mend&is in pressure contact with
the upper surface 1la of the ingot 11, the pressiegnber 58 is rotated in the
direction of the arrow R to thereby generate aidoed stress in the ingot 11. As a
result, the ingot 11 is broken at the separatian §toint (separation plane S) where

the modified layers 23 and the cracks 25 are formédtcordingly, the hexagonal
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single crystal wafer 27 shown in FIG. 15 can beassied from the hexagonal single
crystal ingot 11. After separating the wafer 2@nirthe ingot 11, the separation
surface of the wafer 27 and the separation surfdcthe ingot 11 are preferably
polished to a mirror finish.

The present invention is not limited to tetails of the above described
preferred embodiment. The scope of the invensatefined by the appended claims
and all changes and modifications as fall withia #guivalence of the scope of the

claims are therefore to be embraced by the inventio
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WHAT ISCLAIMED IS:

1. A wafer producing method for producegvafer from an ingot having
an end surface, the wafer producing method conmgrisi

an end surface measuring step of measumdglation present on the end
surface of the ingot;

a separation plane forming step of setdnfpcal point of a laser beam
having a transmission wavelength to the ingot mdide ingot at a predetermined
depth from the end surface, which depth corresptmdsthickness of the wafer to be
produced, after performing the end surface meagstep, and next applying the laser
beam to the end surface of the ingot as relatimedying the focal point and the ingot
to thereby form a separation plane containing aifieadlayer and cracks extending
from the modified layer; and

a wafer separating step of separating tljka member having a thickness
corresponding to the thickness of the wafer fromitigot at the separation plane after
performing the separation plane forming step, thusducing the wafer from the
ingot;

wherein in the separation plane forming ste height of an objective lens
for forming the focal point of the laser beam isitzolled so that the focal point is set
in the same plane to form the separation planerdog to a numerical aperture NA
of the objective lens, a refractive index N of thgot, and the undulation present on
the end surface of the ingot as measured in theseridce measuring step.

2. The wafer producing method accordingléom 1, wherein the height
of the objective lens is controlled in the separatplane forming step so that the
objective lens is positioned at a height expresseH = L - h(tan/tarB), where L is a
focal length of the objective lens, h is a distafroen the end surface of the ingot to

the separation plane, H is a distance betweenljeetove lens and the end surface of
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the ingot, the numeral aperture NA of the objecteres is expressed as jrand the
refractive index N of the ingot is expressed a$/sina, whereo is an angle of
refraction ang is an angle of incidence, or an aperture angta@bbjective lens.

3. A wafer producing method for produciaghexagonal single crystal
wafer from a hexagonal single crystal ingot havenfrst surface, a second surface
opposite to the first surface, a c-axis extendiragnf the first surface to the second
surface, and a c-plane perpendicular to the c-akis, wafer producing method
comprising:

an end surface measuring step of measurnadglation present on the first
surface of the ingot as an end surface of the jngot

a separation plane forming step of setdnfpcal point of a laser beam
having a transmission wavelength to the ingot mdide ingot at a predetermined
depth from the first surface, which depth corresjsoto a thickness of the wafer to be
produced, after performing the end surface meagtep, and next applying the laser
beam to the first surface as relatively moving fiteal point and the ingot to thereby
form a separation plane containing a modified lgyarallel to the first surface and
cracks extending from the modified layer alongdk@ane; and

a wafer separating step of separating &ljka member having a thickness
corresponding to the thickness of the wafer fromitigot at the separation plane after
performing the separation plane forming step, thusducing the wafer from the
ingot;

the separation plane forming step including

a modified layer forming step ofatevely moving the focal point
of the laser beam in a first direction perpendictitaa second direction where the c-
axis is inclined by an off angle with respect toaamal to the first surface and the off

angle is formed between the first surface and thklaee, thereby linearly forming the
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modified layer extending in the first direction,dan
an indexing step of relatively mayithe focal point in the second
direction to thereby index the focal point by adaermined amount;
wherein in the separation plane forming ste height of an objective lens
for forming the focal point of the laser beam isizolled so that the focal point is set
in the same plane to form the separation planerdogy to a numerical aperture NA
of the objective lens, a refractive index N of thgot, and the undulation present on

the first surface of the ingot as measured in tilesirface measuring step.
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