WAFER THI NNI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a wafer thinning
nmet hod for thinning a wafer conposed of an SiC substrate
and a plurality of devices fornmed on the front side of
the Si C substrate.

Description of the Related Art

Vari ous devices such as integrated circuits (ICs)
and | arge-scale integrations (LSIs) are formed by form ng
a functional layer on the front side of a wafer forned
froma silicon substrate and partitioning this functional
| ayer into a plurality of regions along a plurality of
crossing division lines. The back side of the wafer is
ground by a grinding apparatus to thereby reduce the
thickness of the wafer to a predeterm ned thickness.
Thereafter, the division lines of the wafer are processed
by a processing apparatus such as a cutting apparatus and
a | aser processing apparatus to thereby divide the wafer
into a plurality of individual device chips correspondi ng
to the devices. The device chips thus obtained are w dely
used in various electronic equipnment such as nobile

phones and personal conputers.



Further, power devices or optical devices such as
light-emtting diodes (LEDs) and |aser diodes (LDs) are
formed by form ng a functional |ayer on the front side of
a wafer formed from an SiC substrate and partitioning
this functional layer into a plurality of regions along a
plurality of crossing division lines. As simlarly to the
case of the silicon wafer nentioned above, the back side
of the SIiC wafer is ground by a grinding apparatus to
thereby reduce the thickness of the SIC wafer to a
predeterm ned thickness. Thereafter, the division |ines
of the SIiC wafer are processed by a processing apparatus
such as a cutting apparatus and a |aser processing
apparatus to thereby divide the SIC wafer into a
plurality of individual device chips corresponding to the
power devices or the optical devices. The device chips
thus obtained are wdely used in various electronic

equi pnent .

SUWARY OF THE | NVENTI ON
However, an SiC substrate has Mhs hardness nuch
hi gher than that of a silicon substrate. Accordingly, in
grinding the back side of a wafer formed from an SiC
substrate by wusing a grinding wheel having abrasive

nmenbers, there is a problem such that the abrasive



menbers may wear in an anount of approximately 4 tines to
5 times the grinding anount of the wafer, causing very
poor econorny. For exanple, when the grinding anount of a
silicon substrate is 100 um the wear anount of the
abrasi ve nenbers becones 0.1 um In contrast, when the
grinding amount of an SiC substrate is 100 um the wear
anount of the abrasive nmenbers becones 400 um to 500 um
Accordingly, the wear anmount of the abrasive nmenbers in
grinding an SiC substrate is 4000 tines to 5000 tines
that in grinding a silicon substrate.

It is therefore an object of the present invention
to provide a wafer thinning nethod which can thin a wafer
formed froman SiC substrate to a predeterm ned thickness
wi thout grinding the back side of the wafer, wherein a
plurality of devices are previously forned on the front
side of the Si C substrate.

In accordance wth an aspect of +the present
i nvention, there is provided a wafer thinning nethod for
thinning a wafer formed from an S C substrate having a
first surface, a second surface opposite to the first
surface, a c-axis extending fromthe first surface to the
second surface, and a c-plane perpendicular to the c-axis,
the wafer having a plurality of devices forned on the

first surface of the SIiC substrate. The wafer thinning



nmet hod includes a separation start point formng step of
setting the focal point of a laser beam having a
transm ssion wavelength to the SiC substrate inside the
SiC substrate at a predetermned depth from the second
surface, which depth corresponds to a vertical position
near the first surface of the SiC substrate, and next
applying the laser beam to the second surface as
relatively nmoving the focal point and the SiC substrate
to thereby form a nodified layer parallel to the first
surface inside the SiC substrate at the predeterm ned
depth and also form cracks extending from the nodified
| ayer along the c-plane, thus formng a separation start
point. The wafer thinning nmethod further includes a wafer
thinning step of applying an external force to the wafer
after performng the separation start point formng step,
thereby separating the wafer into a first wafer having
the first surface of the Si C substrate and a second wafer
having the second surface of the SiC substrate at the
separation start point, whereby the thickness of the
wafer is reduced to the thickness of the first wafer
having the first surface of the SiC substrate. The
separation start point formng step includes a nodified
| ayer formng step of relatively noving the focal point

of the laser beamin a first direction perpendicular to a



second direction where the c-axis is inclined by an off
angle with respect to a normal to the second surface and
the off angle is forned between the second surface and
the c-plane, thereby linearly formng the nodified |ayer
extending in the first direction, and an indexing step of
relatively noving the focal point in the second direction
to thereby index the focal point by a predeterm ned
anount .

Preferably, the wafer thinning nethod further
includes a grinding step of grinding a back side of the
first wafer having the first surface on which the plura
devices are fornmed after performng the wafer thinning
step, thereby flattening the back side of the first wafer.

According to the wafer thinning nethod of the
present invention, the nodified |layers and the cracks are
formed inside the wafer in the whole area thereof.
Thereafter, an external force is applied to the wafer to
t hereby separate the wafer into two wafers, that is, the
first wafer and the second wafer at the separation start
poi nt (along a separation plane) conposed of the nodified
| ayers and the cracks. Accordingly, the thickness of the
waf er can be easily reduced to the thickness of the first
wafer having the first surface on which the plura

devices are forned. Accordingly, the wafer forned from



the SiC substrate can be thinned w thout grinding the
back side of the wafer by using abrasive nenbers, so that
the problem of wunecononmical wearing of the abrasive
menbers can be sol ved.

In the case of grinding and flattening the back
side of the first wafer obtained by the wafer thinning
step nentioned above, it is only necessary to slightly
grind the back side of the first wafer by an anmount of
approximately 1 umto 5 um so that the wear anount of
t he abrasive nenbers can be suppressed to approxi mately 4
umto 25 uym In addition, the second wafer separated from
the first wafer can be reused as an SiC substrate,
t her eby achi evi ng great econony.

The above and other obj ect s, features and
advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself will best be understood from a study of
the following description and appended <clains wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a perspective view of a |aser processing

apparatus suitable for use in performng a wafer thinning



nmet hod of the present invention;

FIG 2 is a block diagram of a |aser beam
generating unit;

FIG 3Ais a perspective view of an SiC ingot;

FIG 3B is an elevational view of the SiC ingot
shown in FIG 3A

FIG 4 is a perspective view showng a step of
attaching a protective tape to the front side of an SiC
wafer having a plurality of devices on the front side;

FIG b5A is a perspective view showing a step of
pl acing the wafer shown in FIG 4 through the protective
tape on a chuck table;

FIG 5B is a perspective view showing a condition
where the wafer shown in FIG 5A is held on the chuck
t abl e under suction;

FIG 6 is a perspective view for illustrating a
separation start point form ng step;

FIG 7 is a plan view of the wafer shown in FIG 6
as viewed fromthe back side of the wafer;

FI G 8 1is a schematic sectional view for
illTustrating a nodified [ ayer form ng step;

FIG 9 is a schematic plan view for illustrating
the nodified | ayer form ng step;

FIGS. 10A and 10B are perspective views for



illustrating a wafer thinning step;

FIG 11 is a perspective view showing a condition
where the wafer has been separated into two wafers by
perform ng the wafer thinning step;

FIG 12 is a perspective view showng a grinding
step of grinding the back side of the thinned wafer to
thereby flatten the back side thereof; and

FIG 13 is a perspective view of the wafer
flattened by the grinding step as viewed from the back

side of the wafer.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

A preferred enbodinent of the present invention
will now be described in detail with reference to the
dr awi ngs. Referring to FIG 1, there is showmn a
perspective view of a |laser processing apparatus 2
suitable for use in performng a wafer thinning nethod of
the present invention. The |aser processing apparatus 2
Includes a stationary base 4 and a first slide block 6
nounted on the stationary base 4 so as to be novable in
the X direction. The first slide block 6 is noved in a
feeding direction, or in the X direction along a pair of
guide rails 14 by a feeding nechanism 12 conposed of a

ball screw 8 and a pul se notor 10.



A second slide block 16 is mounted on the first
slide block 6 so as to be novable in the Y direction. The
second slide block 16 is noved in an indexing direction
or in the Y direction along a pair of guide rails 24 by
an indexing mechani sm 22 conposed of a ball screw 18 and
a pulse notor 20. A chuck table 26 having a suction
hol ding portion 26a is nounted on the second slide block
16. The chuck table 26 is novable in the X direction and
the Y direction by the feeding nechanism 12 and the
i ndexing nmechanism 23 and also rotatable by a notor
stored in the second slide block 16.

A columm 28 is provided on the stationary base 4 so
as to project upward therefrom A | aser beam applying
nmechani sm (|l aser beam applying neans) 30 is nounted on
the colum 28. The |aser beam applying nechanism 30 is
conposed of a casing 32, a |laser beam generating unit 34
(see FIG 2) stored in the casing 32, and focusing neans
(laser head) 36 nmounted on the front end of the casing 32.
An imaging unit 38 having a mcroscope and a canera is
al so mounted on the front end of the casing 32 so as to
be aligned with the focusing neans 36 in the X direction.

As shown in FIG 2, the |aser beam generating unit
34 includes a laser oscillator 40 such as YAG |aser and

YVO4 | aser for generating a pulsed | aser beam repetition



frequency setting neans 42 for setting the repetition
frequency of the pulsed |aser beamto be generated by the
| aser oscillator 40, pulse width adjusting nmeans 44 for
adjusting the pulse width of the pulsed | aser beam to be
generated by the laser oscillator 40, and power adjusting
means 46 for adjusting the power of the pulsed | aser beam
generated by the | aser oscillator 40. Although especially
not shown, the laser oscillator 40 has a Brewster w ndow,
so that the |laser beam generated from the |aser
oscillator 40 is a |aser beamof linearly polarized |ight.
After the power of the pulsed |aser beamis adjusted to a
predeterm ned power by the power adjusting neans 46 of
the [ aser beam generating unit 34, the pulsed |aser beam
Is reflected by a mrror 48 included in the focusing
nmeans 36 and next focused by a focusing lens 50 included
in the focusing neans 36. The focusing lens 50 is
positioned so that the pulsed |aser beam is focused
inside an SiC wafer 31 (to be hereinafter described) as a
wor kpi ece held on the suction holding portion 26a of the
chuck table 26.

Referring to FIG 3A there is shown a perspective
view of an SiC ingot (which will be hereinafter referred
to also sinply as ingot) 11. FIG 3B is an elevational

view of the SiC ingot 11 shown in FIG 3A. The ingot 11
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has a first surface (upper surface) 1lla and a second
surface (lower surface) 11b opposite to the first surface
11la. The first surface 1la of the ingot 11 s
prelimnarily polished to a mrror finish because the
| aser beamis applied to the first surface 1la.

The ingot 11 has a first orientation flat 13 and a
second orientation flat 15 perpendicular to the first
orientation flat 13. The length of the first orientation
flat 13 is set longer than the length of the second
orientation flat 15. The ingot 11 has a c-axis 19
inclined by an off angle o toward the second orientation
flat 15 with respect to a normal 17 to the upper surface
1la and also has a c-plane 21 perpendicular to the c-axis
19. The c-plane 21 is inclined by the off angle o wth
respect to the upper surface 1lla of the ingot 11. In
general, in a hexagonal single crystal 1ingot including
the SIiC ingot 11, the direction perpendicular to the
direction of extension of the shorter second orientation
flat 15 is the direction of inclination of the c-axis 19.
The c-plane 21 is set in the ingot 11 innunerably at the
nol ecul ar level of the ingot 11. In the preferred
enbodi nent, the off angle o is set to 4 degrees. However,
the off angle o is not limted to 4 degrees in the

present invention. For exanple, the off angle o may be
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freely set in the range of 1 degree to 6 degrees in
manuf acturing the ingot 11.

Referring again to FIG 1, a colum 52 is fixed to
the left side of the stationary base 4. The colum 52 is
formed wth a vertically elongated opening 53, and a
pressing mnmechanism 54 is vertically novably nounted to
the columm 52 so as to project fromthe opening 53.

Referring to FIG 4, there is shown a perspective
view of an SIiC wafer 31 (SiC substrate) having a front
side 3la (first surface) and a back side 31b (second
surface). FIG 4 shows a step of attaching a protective
tape 41 to the front side 3la of the SiC wafer 31. The
SiC wafer (which will be hereinafter referred to also
sinply as wafer) 31 is obtained by slicing the SiC ingot
11 shown in FIGS. 3A and 3B with a wire saw. For exanpl e,
the SiC wafer 31 has a thickness of approximately 700 um
After polishing the front side 3l1a of the wafer 31 to a
mrror finish, a plurality of devices 35 such as power
devices are forned on the front side 3la of the wafer 31
by photolithography. A plurality of crossing division
lines 33 are fornmed on the front side 3la of the wafer 31
to thereby define a plurality of separate regions where
the plural devices 35 are individually forned.

The SIiC wafer 31 has a first orientation flat 37

12



and a second orientation flat 39 perpendicular to the
first orientation flat 37. The length of the first
orientation flat 37 is set longer than the length of the
second orientation flat 39. Since the SIC wafer 31 is
obtained by slicing the SiC ingot 11 shown in FIGS 3A
and 3B with a wire saw, the first orientation flat 37
corresponds to the first orientation flat 13 of the ingot
11, and the second orientation flat 39 corresponds to the
second orientation flat 15 of the ingot 11.

The wafer 31 has a c-axis 19 inclined by an off
angle o toward the second orientation flat 39 wth
respect to a normal 17 to the front side 3la and al so has
a c-plane 21 perpendicular to the c-axis 19 (see FIGS. 3A
and 3B). The c-plane 21 is inclined by the off angle «
with respect to the front side 31a of the wafer 31. In
the SIC wafer 31, the direction perpendicular to the
direction of extension of the shorter second orientation
flat 39 is the direction of inclination of the c-axis 19.

After attaching the protective tape 41 to the front
side 3la of the wafer 31, the wafer 31 is placed on the
chuck table 26 of the |aser processing apparatus 2 shown
in FIG 1 in the condition where the protective tape 41
is oriented dowmmward as shown in FIG 5A. The wafer 31 is

pl aced on the chuck table 26 in the condition where the
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protective tape 41 is in contact with the suction hol di ng
portion 26a of the chuck table 26. 1In this condition, a
vacuum is applied to the suction holding portion 26a of
the chuck table 26, thereby holding the wafer 31 through
the protective tape 41 on the chuck table 26 under
suction in the condition where the back side 31b of the
wafer 31 is exposed upward as shown in FIG 5B
Thereafter, the chuck table 26 holding the wafer 31 is
rotated so that the second orientation flat 39 of the
waf er 31 becones parallel to the X direction as shown in
FIGS. 6 and 7.

In other words, as shown in FIG 7, the direction
of formation of the off angle o is shown by an arrow Yl.
That is, the direction of the arrow Y1 is the direction
where an intersection 19a between the c-axis 19 and the
back side 31b of the wafer 31 is present wth respect to
the normal 17 to the back side 31b. Further, the
direction perpendicular to the direction of the arrow Y1
Is shown by an arrow A. Then, the chuck table 26 hol ding
the wafer 31 is rotated so that the direction of the
arrow A becones parallel to the X direction, that is, the
direction of the arrow A parallel to the second
orientation flat 39 coincides with the X direction.

Accordingly, the laser beam is scanned in the direction

14



of the arrow A perpendicular to the direction of the
arrow Y1, or perpendicular to the direction of fornmation
of the off angle o. In other words, the direction of the
arrow A perpendicular to the direction of the arrow Y1
where the off angle o is formed is defined as the feeding
direction of the chuck table 26.

In the wafer thinning nethod of the present
invention, it is inportant that the scanning direction of
the |l aser beam to be applied from the focusing neans 36
is set to the direction of the arrow A perpendicular to
the direction of the arrow Y1 where the off angle o of
the wafer 31 is forned. That is, it was found that by
setting the scanning direction of the |aser beam to the
direction of the arrow A as nentioned above in the wafer
thinning method of the present i nventi on, cracks
propagating froma nodified |ayer forned inside the wafer
31 by the laser beam extend very long along the c-plane
21.

In performng the wafer thinning nethod according
to the preferred enbodinent, a separation start point
formng step is performed in such a manner that the focal
point of the |aser beam having a transm ssion wavel ength
(e.g., 1064 nm to the wafer 31 (SiC substrate) held on

the chuck table 26 is set inside the wafer 31 at a

15



predeterm ned depth from the back side 31b (second
surface), which depth corresponds to a vertical position
near the front side 3la (first surface), and the |[aser
beamis applied to the back side 31b as relatively noving
the focal point and the wafer 31 to thereby form a
nodified layer 43 parallel to the front side 3la and
cracks 45 propagating from the nodified layer 43 along
the c-plane 21, thus formng a separation start point
(see FIG 8).

This separation start point formng step includes a
nodified layer formng step of relatively noving the
focal point of the laser beam in the direction of the
arrow A perpendicular to the direction of the arrow Y1
where the c-axis 19 is inclined by the off angle o with
respect to the normal 17 to the back side 31b and the off
angle o is formed between the c-plane 21 and the back
side 31b as shown in FIG 7, thereby formng the nodified
| ayer 43 inside the wafer 31 and also formng the cracks
45 propagating from the nodified |ayer 43 along the c-
plane 21, and also includes an indexing step of
relatively noving the focal point in the direction of
formation of the off angle o, i.e., in the Y direction to
thereby index the focal point by a predeterm ned anount

as shown in FIGS. 8 and 9.
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As shown in FIGS. 8 and 9, the nodified |layer 43 is
linearly formed so as to extend in the X direction, so
that the cracks 45 propagate from the nodified |ayer 43
In opposite directions along the c-plane 21. In the wafer
thinning nmethod according to the preferred enbodi nent,
the separation start point formng step further includes
an index anmount setting step of neasuring the wdth of
the cracks 45 formed on one side of the nodified |ayer 43
along the c-plane 21 and then setting the index anmount of
the focal point according to the width neasured above.
More specifically, letting WL denote the width of the
cracks 45 fornmed on one side of the nodified |layer 43 so
as to propagate from the nodified |ayer 43 along the c-
pl ane 21, an index anount W2 of the focal point is set in
the range of WL to 2W.

For exanple, the separation start point formng
step is performed under the followng |aser processing

condi ti ons.

Li ght source : Nd: YAG pul sed | aser
Wavel engt h : 1064 nm

Repetition frequency : 80 kHz

Aver age power 3.2 W

Pul se wi dth : 4 ns

Spot di anet er ;10 um

17



Nunerical aperture (NA) of focusing lens: 0.45

| ndex anount : 400 um

In the | aser processing conditions nentioned above,
the wwdth WL of the <cracks 45 propagating from the
nodi fied layer 43 along the c-plane 21 in one direction
as viewed in FIG 8 is set to approximately 250 um and
the index amunt W2 is set to 400 um However, the
average power of the laser beamis not limted to 3.2 W
When the average power of the |laser beam was set to 2 W
to 4.5 W good results were obtained in the preferred
enbodi nent. In the case that the average power was set to
2 W the width WL of the cracks 45 was approxi mately 100
um In the case that the average power was set to 4.5 W
the width WL of the cracks 45 was approxi mately 350 um

In the case that the average power is less than 2 W
or greater than 4.5 W the nodified |ayer 43 cannot be
well formed inside the wafer 31. Accordingly, the average
power of the |laser beam to be applied is preferably set
in the range of 2 Wto 4.5 W For exanple, the average
power of the |laser beamto be applied to the wafer 31 was
set to 3.2 Win the preferred enbodinent. As shown in FIG
8, the depth D1 of the focal point fromthe back side 31b
in formng the nodified | ayer 43 was set to 650 um

In this manner, the focal point of the |aser beam
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is sequentially indexed to form a plurality of nodified
| ayers 43 at the depth DL from the back side 31b of the
wafer 31 in the whole area of the wafer 31 and also to
form the cracks 45 extending from each nodified |ayer 43
along the c-plane 21 as shown in FIG 9. Thereafter, a
wafer thinning step is perforned in such a manner that an
external force is applied to the wafer 31 to thereby
separate the wafer 31 into two wafers at the separation
start point conposed of the nodified layers 43 and the
cracks 45, thus reducing the thickness of the wafer 31 to
a thickness of approximately 50 um

This wafer thinning step is perfornmed by using the
pressing nmechanism 54 shown in FIG 10A. The
configuration of the pressing nechanism 54 is shown in
FIGS. 10A and 10B. The pressing nechanism 54 includes a
head 56 vertically novable by a noving nechanism (not
shown) incorporated in the colum 52 shown in FIG 1 and
a pressing nenber 58 rotatable in the direction shown by
an arrow R in FIG 10B with respect to the head 56. As
shown in FIG 10A, the pressing nechanism 54 s
relatively positioned above the wafer 31 held on the
chuck table 26. Thereafter, as shown in FIG 10B, the
head 56 is lowered until the pressing nenber 58 cones

Into pressure contact with the back side 31b of the wafer
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31.

In the condition where the pressing nmenber 58 is in
pressure contact with the back side 31b of the wafer 31,
the pressing nenber 58 is rotated in the direction of the
arrow R to thereby generate a torsional stress in the
waf er 31. As a result, the wafer 31 is broken at the
separation start point where the nodified |ayers 43 and
the cracks 45 are forned. Accordingly, as shown in FIG
11, the wafer 31 can be separated into a first wafer 31A
held on the chuck table 26 and a second wafer 31B
wherein the first wafer 31A has the front side 3la (first
surface) and the second wafer 31B has the back side 31b
(second surface).

As shown in FIG 11, the wafer 31A held on the
chuck table 26 has a separation surface 47 as the back
si de. The separation surface 47 is a slightly rough
surface where the nodified |ayers 43 and the cracks 45
are partially left. That is, mcroscopic asperities are
formed on the separation surface 47. Accordingly, it is
preferable to perform a grinding step of grinding the
separation surface 47 as the back side of the wafer 31A
to thereby flatten the separation surface 47.

In performng the grinding step, the wafer 31A is

hel d under suction through the protective tape 41 on a
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chuck table 58 included in a grinding apparatus (not
shown) in the condition where the separation surface 47
is exposed upward as shown in FIG 12. In FIG 12,
reference nuneral 60 denotes a grinding unit included in
the grinding apparatus. The grinding unit 60 includes a
spindle 62 adapted to be rotationally driven by a notor
(not shown), a wheel nount 64 fixed to the |ower end of
the spindle 62, and a grinding wheel 66 detachably
nmounted to the lower surface of the wheel nount 64 by a
plurality of screws 68. The grinding wheel 66 is conposed
of an annul ar wheel base 70 and a plurality of abrasive
menbers 72 fixed to the |lower surface of the wheel base
70 so as to be arranged along the outer circunference
t her eof .

In the grinding step, the chuck table 58 is rotated
at 300 rpm for exanple, in the direction shown by an
arrow a in FIG 12. At the sane tine, the grindi ng wheel
66 is rotated at 6000 rpm for exanple, in the direction
shown by an arrow b in FIG 12. Further, a grinding unit
feeding nechanism (not shown) is driven to lower the
grinding unit 60 until the abrasive nenbers 72 of the
grinding wheel 66 cone into contact with the separation
surface 47 of the wafer 31A held on the chuck table 58.

Then, the grinding wheel 66 is fed downward by a
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predeterm ned anount at a predeterm ned feed speed (e.g.,
0.1 unfisecond), thereby grinding the separation surface
47 of the wafer 31A to flatten the separation surface 47.
As a result, the nodified layers 43 and the cracks 45
|l eft on the separation surface 47 of the wafer 31A can be
renoved to obtain a flat surface as shown in FIG 13.

In the case of grinding and flattening the back
side of the wafer 31A obtained by the wafer thinning step
menti oned above, it is only necessary to slightly grind
the back side of the wafer 31A by an anount of
approximately 1 uym to 5 um so that the wear anount of
t he abr asi ve nenber s 72 can be suppressed to
approximately 4 um to 25 um Further, the wafer 31B
separated from the wafer 31A in FIG 11 can be reused as
an Si C substrate, thereby achieving great econony.

The present invention is not limted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clainms and all
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAIMED IS:

1. A wafer thinning method for thinning a wafer to a
predetermined thickness, the method comprising:

providing a wafer formed from an SiC substrate having
a first surface, a second surface opposite to said first
surface, a c-axis extending from said first surface to said
second surface, and a c-plane perpendicular to said c-axis,
where said c-plane is set in the SiC substrate at the
molecular level, where said c-axis is inclined by an off
angle with respect to a normal to said first surface, where
said c-axis and said normal to the first surface intersect
each other, and thereby said c-plane 1is inclined by said
off angle with respect to the first surface, and said wafer
having a plurality of devices formed on said first surface
of said SiC substrate;

a separation start point forming step of setting the
focal point of a laser Dbeam having a transmission
wavelength to said SiC substrate inside said SiC substrate
at a predetermined depth from said second surface, which
depth corresponds to a vertical position near said first
surface of said SiC substrate, and next applying said laser
beam to said second surface while relatively moving said
focal point and said SiC substrate to thereby form a

modified layer parallel to said first surface inside said
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SiC substrate at said predetermined depth and also form
cracks extending from said modified layer along said c-
plane, thus forming a separation start point; and

a wafer thinning step of applying an external force to
said wafer after performing said separation start point
forming step, thereby separating said wafer into a first
wafer, of the predetermined thickness, having said first
surface of said SiC substrate and a second wafer having
said second surface of said SiC substrate at said
separation start point;

salid separation start point forming step including:

a modified 1layer forming step of relatively
moving the focal point of said laser beam in a first
direction, where the first direction is perpendicular
to a second direction, and further wherein said second
direction is defined as a direction parallel to a line
connecting a point where said c-axis intersects said
first surface to a point where said normal intersects
said first surface, thereby linearly forming said
modified layer extending in said first direction, and

an indexing step of relatively moving said focal
point in said second direction to thereby index said

focal point by a predetermined amount.
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2. The wafer thinning method according to claim 1, further
comprising:

a grinding step of grinding a back side of said first
wafer having said first surface on which the plural devices
are formed after performing said wafer thinning step,
thereby flattening the back side of said first wafer.

3. The wafer thinning method according to claim 1, wherein
said external force of said wafer thinning step comprises
applying a torsional stress to said wafer.

4. The wafer thinning method according to claim 2, wherein
said external force of said wafer thinning step comprises

applying a torsional stress to said wafer.
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