WAFER PRODUCING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

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

Description of the Related Art

Various devices such as ICs and LSIs aradd by forming a functional
layer on the front side of a wafer formed of sihaar the like and partitioning this
functional layer into a plurality of regions aloaglurality of crossing division lines.
The division lines of the wafer are processed pyogessing apparatus such as a
cutting apparatus and a laser processing apparathsreby divide the wafer into a
plurality of individual device chips corresponditogthe respective devices. The
device chips thus obtained are widely used in wasrequipment such as mobile
phones and personal computers. Further, poweceewr optical devices such as
LEDs and LDs are formed by forming a functionaldagn the front side of a wafer
formed of a hexagonal single crystal such as SiC@aN and partitioning this
functional layer into a plurality of regions aloaglurality of crossing division lines.

In general, the wafer on which the devimesto be formed is produced by
slicing an ingot with a wire saw. Both sides o thiafer obtained above are polished
to a mirror finish (see Japanese Patent Laid-oper2B00-94221, for example).

This wire saw is configured in such a manner thgihgle wire such as a piano wire
having a diameter of about 100 to 306 is wound around many grooves formed on
usually two to four guide rollers to form a plutglof cutting portions spaced in
parallel with a given pitch. The wire is operatedun in one direction or opposite

directions, thereby slicing the ingot into a plitsabf wafers.
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However, when the ingot is cut by the veiasv and both sides of each wafer
are polished to obtain the product, 70 to 80% efitigot is discarded to cause a
problem of poor economy. In particular, a hexagsimale crystal ingot of SiC or
GaN, for example, has high Mohs hardness andthieiefore difficult to cut this ingot
with the wire saw. Accordingly, considerable timeequired for cutting of the ingot,
causing a reduction in productivity. That is, thex 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 tiyessof setting the focal point of
a laser beam having a transmission wavelengthGadrSide a hexagonal single
crystal ingot, next applying the laser beam toitiggt as scanning the laser beam on
the ingot to thereby form a modified layer and ksain 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 badtacks are formed, thus
separating a wafer from the ingot. In this techeicthe laser beam is scanned
spirally or linearly along the separation plandhst a first application point of the
laser beam and a second application point of &er lbeam nearest to the first
application point have a predetermined positioakdtion with each other. As a
result, the modified layer and the cracks are far@every 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 Ieeaocanned spirally or linearly
on the ingot. In the case of linearly scanningléser beam, the direction of

scanning of the laser beam is not specified. énnigot cutting method described in
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Japanese Patent Laid-open No. 2013-49461, the (sipeiting) between the first
application point and the second application pofrihe laser beam as mentioned
above is setto 1 to 10m. 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 applicatpmints 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 beamtrbasapplied with a very small pitch
and the improvement in productivity is not yet guént.

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

In accordance with an aspect of the preseention, there is provided a
wafer producing method for producing a hexagomailsi 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 produmethod including: a separation
start point forming step of setting a focal poihtadaser beam having a transmission
wavelength to the ingot inside the ingot at a prexheined depth from the first surface,
which depth corresponds to a thickness of the wafbe produced, and next applying
the laser beam to the first surface as relativadying the focal point and the ingot to
thereby form a modified layer parallel to the fissrface and cracks extending from
the modified layer along the c-plane, thus formargeparation start point; and a wafer
separating step of separating a plate-shaped mdmakigrg a thickness corresponding
to the thickness of the wafer from the ingot atsbparation start point after
performing the separation start point forming steps producing the wafer from
ingot. The separation start point forming stepgudes: a modified layer forming

step of relatively moving the focal point of theda beam in a first direction
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perpendicular to a second direction where the s-4gxinclined by an off angle with
respect to a normal to the first surface and thamgle is formed between the first
surface and the c-plane, thereby linearly formhmgrmodified layer extending in the
first direction; and an indexing step of relativetypving the focal point in the second
direction to thereby index the focal point by adetermined amount. In the
separation start point forming step, the laser bisaapplied to the ingot plural times
in the condition where the focal point of the laseam is set at the modified layer
previously formed, thereby separating the cracksfthe modified layer.

According to the wafer producing methodha present invention, in the
separation start point forming step, the laser bisaapplied to the ingot plural times
in the condition where the focal point of the lalseam is set at the modified layer
previously formed, thereby separating the cracksfthe modified layer.
Accordingly, the cracks formed along the c-plandt@opposite sides of the
modified layer are connected together by the séiparcom the modified layer. As
a result, the plate-shaped member having a thiske@sesponding to the thickness of
the wafer can be easily separated from the hexdgomge crystal ingot at the
separation start point, thereby producing the hemalgsingle crystal wafer from the
ingot. Accordingly, the productivity can be sui@intly improved and the amount of
the ingot to be discarded can be sufficiently reduto about 30%.

The above and other objects, features dundraages of the present
invention and the manner of realizing them will i@ more apparent, and the
invention itself will best be understood from adstwf the following description and
appended claims with reference to the attachedidgsshowing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a perspective view of a lasercpssing apparatus suitable for use
in performing a wafer producing method of the pnésevention;

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 showrFilt. 3A;

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

FIG. 7 is a schematic plan view for ill@ing the modified layer forming
step;

FIG. 8Ais a schematic plan view for illiegtng an indexing step;

FIG. 8B is a schematic plan view for ilkading an index amount;

FIGS. 9A and 9B are perspective views lfasirating a wafer separating
step;

FIG. 10 is a perspective view of a hexa@isimale crystal wafer produced
from the ingot; and

FIGS. 11Ato 11C are schematic sectionalvsifor illustrating the
separation start point forming step according poederred embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A preferred embodiment of the present itieenwill now be described in
detail with reference to the drawings. ReferriadgrtG. 1, there is shown a

perspective view of a laser processing apparatustable for use in performing a
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wafer producing method of the present inventionhe Taser processing apparatus 2
includes a stationary base 4 and a first slidekoomounted on the stationary base 4
S0 as to be movable in the X direction. The $it&te block 6 is moved in a feeding
direction, or in the X direction along a pair ofidgi 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 trst §lide block 6 so as to be
movable in the Y direction. The second slide bl&6kis moved in an indexing
direction, or in the Y direction along a pair ofidei 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 suipgble 26 is movable in the X
direction and the Y direction by the feeding medsien12 and the indexing
mechanism 22 and also rotatable by a motor storétki second slide block 16.

A column 28 is provided on the stationaag®d 4 so as to project upward
therefrom. A laser beam applying mechanism (lesam applying means) 30 is
mounted on the column 28. The laser beam applyiechanism 30 is composed of
a casing 32, a laser beam generating unit 34 (§&e)-stored in the casing 32, and
focusing means (laser head) 36 movably mountelderZtdirection on the front end
of the casing 32. An imaging unit 38 having a lscope and a camera is also
mounted on the front end of the casing 32 so &g taligned with the focusing means
36 in the X direction.

As shown in FIG. 2, the laser beam gemagainit 34 includes a laser
oscillator 40 for generating a pulsed laser beach s13 YAG laser and YVO4 laser,
repetition frequency setting means 42 for settirgrepetition frequency of the pulsed
laser beam to be generated from the laser oscil&opulse width adjusting means
44 for adjusting the pulse width of the pulsed lds=am to be generated from the

laser oscillator 40, and power adjusting meanso#@djusting the power of the
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pulsed laser generated from the laser oscillator #0though especially not shown,
the laser oscillator 40 has a Brewster windowhso the laser beam generated from
the laser oscillator 40 is a laser beam of linepdharized light.  After the power of
the pulsed laser beam is adjusted to a predetednpiower by the power adjusting
means 46 of the laser beam generating unit 34utsed laser beam is reflected by a
mirror 48 included in the focusing means 36 and f@sused by a focusing lens 50
included in the focusing means 36. The focusing EO is positioned so that the
pulsed laser beam is focused inside a hexagorglesinystal ingot 11 as a workpiece
fixed to the support table 26.

Referring to FIG. 3A, there is shown a pergive view of the hexagonal
single crystal ingot 11 as a workpiece to be preegs FIG. 3B is an elevational
view of the hexagonal single crystal ingot 11 shawRIG. 3A. The hexagonal
single crystal ingot (which will be hereinaftereefed to also simply as ingot) 11 is
selected from a SiC single crystal ingot or a Gaigle crystal ingot. The ingot 11
has a first surface (upper surface) 11a and a desumfiace (lower surface) 11b
opposite to the first surface 11a. The first stefdla of the ingot 11 is preliminarily
polished to a mirror finish because the laser besaapplied to the first surface 11a.

The ingot 11 has a first orientation fl&tdnd a second orientation flat 15
perpendicular to the first orientation flat 13. eTlength of the first orientation flat 13
Is set greater than the length of the second atientflat 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 bgdame 21 perpendicular to the c-
axis 19. The c-plane 21 is inclined by the offlarngwith respect to the upper
surface 11a. In general, in the hexagonal singietal ingot 11, the direction
perpendicular to the direction of extension ofsherter second orientation flat 15 is

the direction of inclination of the c-axis 19. Téwplane 21 is set in the ingot 11
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innumerably at the molecular level of the ingot 11n this preferred embodiment, the
off anglea is set to 4°. However, the off anglés not limited to 4° in the present
invention. For example, the off anglanay be freely set in the range of 1° to 6° in
manufacturing the ingot 11.

Referring again to FIG. 1, a column 52ixed to the left side of the
stationary base 4. The column 52 is formed waieréically elongated opening 53,
and a pressing mechanism 54 is vertically movaldymbed 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 conuivwere the second orientation flat
15 of the ingot 11 becomes parallel to the X dioect 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 wédne intersection 19a between the c-
axis 19 and the upper surface 11a of the ingos fitdsent with respect to the normal
17 to the upper surface 11la. Further, the diregigrpendicular to the direction of
the arrow Y1 is shown by an arrow A. Then, theointll is fixed to the support table
26 in the condition where the direction of the ar®becomes parallel to the X
direction.

Accordingly, the laser beam is scannedédirection of the arrow A
perpendicular to the direction of the arrow Y 1tlwe direction of formation of the off
anglea. In other words, the direction of the arrow Agemdicular 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 présavention, it is important that
the scanning direction of the laser beam to beieghlom the focusing means 36 is

set to the direction of the arrow A perpendicutattte direction of the arrow Y1
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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 preswsmintion, 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 methodading to this preferred
embodiment, a separation start point forming ségperformed 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 toghpport table 26 is set inside the
ingot 11 at a predetermined depth from the firstase (upper surface) 11a, which
depth corresponds to the thickness of a wafer forbduced, and the laser beam is
next applied to the upper surface 11a as relativelying the focal point and the ingot
11 to thereby form a modified layer 23 paralletiie upper surface 11a and cracks 25
propagating from the modified layer 23 along th@ane 21, thus forming a
separation start point (separation plane) wherenbeified layer 23 and the cracks 25
are formed.

This separation start point forming stegudes a modified layer forming
step of relatively moving the focal point of theéa beam in the direction of the arrow
A perpendicular to the direction of the arrow Ylesthe c-axis 19 is inclined by the
off anglea with respect to the normal 17 to the upper surfd@eand the off angle
is formed between the c-plane 21 and the uppeaceifla, 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 includes@exing step of relatively moving
the focal point in the direction of formation oktbff anglea, 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 2fppgate from the modified layer 23
in opposite directions along the c-plane 21. wafer 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 widthasueed above. More specifically,
letting W1 denote the width of the cracks 25 formeedne side of the modified layer
23 so as to propagate from the modified layer 2B@the c-plane 21, the index
amount W2 of the focal point is set in the rang&if to 2W1.

For example, the separation start poinhing 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: 30m

Numerical aperture (NA) of the focusingdefl.45

Index amount: 40@0m

In the laser processing conditions menticaigove, the width W1 of the
cracks 25 propagating from the modified layer 2ihglthe C-plane 21 in one
direction as viewed in FIG. 6 is set to about g&f) and the index amount W2 is set
to 400um. However, the average power of the laser bearatiimited to 3.2 W.
When the average power of the laser beam was 2aiotd.5 W, good results were

obtained in the preferred embodiment. In the tlagethe average power was set to
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2 W, the width W1 of the cracks 25 was about {680 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 isttkess2 W or greater than 4.5 W, the
modified layer 23 cannot be well formed insideitigot 11.  Accordingly, the
average power of the laser beam to be appliecefeably set in the range of 2 to 4.5
W. For example, the average power of the lasemkeabe applied to the ingot 11
was set to 3.2 W in this preferred embodiment. si®wn in FIG. 6, the depth D1 of
the focal point from the upper surface 11la in forgnihe modified layer 23 was set to
500um.

Referring to FIG. 8A, there is shown a soh#c plan view for illustrating
the scanning direction of the laser beam. Theraéipa start point forming step is
performed on a forward path X1 and a backward g&tlhs shown in FIG. 8A. That
is, the modified layer 23 is formed in the hexad@nagle crystal ingot 11 on the
forward path X1. Thereafter, the focal point of thser beam is indexed by the
predetermined amount. Thereafter, the modifiedd®B8 is formed again in the
ingot 11 on the backward path X2.

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

For example, in the case that the indexwuarnof the focal point of the laser
beam is 40Qum, the index amount is set to 20@ until the modified layer 23 is first
formed inside the ingot 11, and the laser beamaarsed plural times with this index
amount of 20Qum as shown in FIG. 8B. That is, a first part @ fhiural scanning

paths of the laser beam is idle, and when it isrd@hed that the modified layer 23
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has been first formed inside the ingot 11, thexma®ount is set to 400m and the
modified layer 23 is then formed inside the ingbt 1

In this manner, the focal point of the taseam is sequentially indexed to
form a plurality of modified layers 23 at the deftl in the whole area of the ingot 11
and also form the cracks 25 extending from eachifireddayer 23 along the c-plane
21. Thereafter, a wafer separating step is peddrin such a manner that an
external force is applied to the ingot 11 to thgrebparate a plate-shaped member
having a thickness corresponding to the thicknésiseowafer to be formed from the
ingot 11 at the separation start point composdtefnodified layers 23 and the
cracks 25, thus producing a hexagonal single dry&tier 27 shown in FIG. 10.

This wafer separating step is performedding the pressing mechanism 54
shown in FIG. 1. The configuration of the pressimgchanism 54 is shown in FIGS.
9A and 9B. The pressing mechanism 54 includesad B6 vertically movable by a
moving mechanism (not shown) incorporated in tHaroo 52 shown in FIG. 1 and a
pressing member 58 rotatable in the direction shioyvan arrow R in FIG. 9B with
respect to the head 56. As shown in FIG. 9A, tlesging mechanism 54 is
relatively positioned above the ingot 11 fixedhe support table 26. Thereafter, as
shown in FIG. 9B, the head 56 is lowered until phessing member 58 comes into
pressure contact with the upper surface 1la ohta 11.

In the condition where the pressing menfi8eis in pressure contact with
the upper surface 11a of the ingot 11, the pressiagber 58 is rotated in the
direction of the arrow R to thereby generate adoed stress in the ingot 11. As a
result, the ingot 11 is broken at the separatiart gbint where the modified layers 23
and the cracks 25 are formed. Accordingly, thealgexal single crystal wafer 27
shown in FIG. 10 can be separated from the hexagorgle crystal ingot 11. After

separating the wafer 27 from the ingot 11, the sstjmen surface of the wafer 27 and
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the separation surface of the ingot 11 are prefegailished to a mirror finish.

The separation start point forming stepoaiog to this preferred
embodiment will now be described in more detaihwiference to FIGS. 11Ato 11C.
As shown in FIG. 11A, the focal point P of a laseam LB is set inside the ingot 11 at
the depth corresponding to the thickness of themtafbe produced, and the laser
beam LB is next applied to the upper surface 1thefngot 11. As a result, the
modified layer 23 is formed at the focal point Pl éine cracks 25 are formed around
the modified layer 23 so as to radially extende¢frem along the c-plane. That s,
when the laser beam LB is applied once, the matllager 23 is formed at the focal
point P and the cracks 25 propagating from the fremtliayer 23 are formed around
the modified layer 23 along the c-plane as showrl@ 11B. In the separation start
point forming step according to this preferred edibeent, the focal point P is set at
the modified layer 23 already formed as mentiortsal/a, and the laser beam is next
applied to the upper surface 11a of the ingot Ilhis laser beam applying step is
repeated plural times.

In this laser beam applying step, the lasam is scanned from one end of
the ingot 11 to the other end thereof and this sica@noperation is repeated plural
times at the same repetition frequency and the $aetkspeed as those in the
previous cycle. For example, about five to sewaries of the laser beam scanning
operation are repeated and the laser beam is dyplihe ingot 11 in the condition
where the focal point of the laser beam is seteahenodified layer 23 previously
formed. As a result, the cracks 25 are separabea €ach modified layer 23 and
then connected together on the opposite sideschf madified layer 23 as shown in
FIG. 11C.

Since the cracks 25 are separated from machfied layer 23 and

connected together as described above, the subgespparating step can be
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performed very easily. That is, the plate-shapethber having a thickness
corresponding to the thickness of the wafer caeds#ly separated from the
hexagonal single crystal ingot 11 at the separatiart point, thus easily producing
the hexagonal single crystal wafer 27 from the trigo

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

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

1. Awafer producing method for producaexagonal single crystal
wafer from a hexagonal single crystal ingot haarfiyst surface, a second surface
opposite to the first surface, a c-axis extendmgithe first surface to the second
surface, and a c-plane perpendicular to the c-thaswafer producing method
comprising:

a separation start point forming step diirsg a focal point of a laser beam
having a transmission wavelength to the ingot ms$iee ingot at a predetermined
depth from the first surface, which depth corresisoto a thickness of the wafer to be
produced, and next applying the laser beam toitstesurface as relatively moving
the focal point and the ingot to thereby form a ified layer parallel to the first
surface and cracks extending from the modifiedrajeng the c-plane, thus forming
a separation start point; and

a wafer separating step of separating @{slaaped member having a
thickness corresponding to the thickness of theemabm the ingot at the separation
start point after performing the separation stampforming step, thus producing the
wafer from ingot;

the separation start point forming stepuding

a modified layer forming step dfterely moving the focal point
of the laser beam in a first direction perpendictdaa second direction where the c-
axis is inclined by an off angle with respect tocamal to the first surface and the off
angle is formed between the first surface and tpkce, thereby linearly forming the
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 agermined amount;

wherein in the separation start point fargstep, the laser beam is applied
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to the ingot plural times in a condition where tbeal point of the laser beam is set at
the modified layer previously formed, thereby sagiag the cracks from the modified
layer.

2. The wafer producing method accordingléam 1, wherein the
hexagonal single crystal ingot is selected fronS#h single crystal ingot and a GaN

single crystal ingot.
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