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SEMICONDUCTOR DEVICE AND CUTTING
EQUIPMENT FOR CUTTING SEMICONDUCTOR
DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on Japanese Patent Appli-
cation No. 2003-343131 filed on Oct. 1, 2003, the disclosure
of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a semiconductor
device, cutting equipment for cutting a semiconductor
device, and a method for cutting the semiconductor device.

BACKGROUND OF THE INVENTION

[0003] In prior, a silicon wafer (i.e., Si wafer) having a
semiconductor integrated circuit formed thereon is divided
into multiple semiconductor chips by a dicing method. In the
method, a cutter such as a dicing blade having a diamond
abrasive coating is used for the dicing method. This prior
method has the following difficulties.

[0004] Firstly, to cut by the dicing blade, a reserve part for
cutting is necessitated. Therefore, the number of the chips to
be divided from the wafer is reduced because of the reserve
part. Thus, the manufacturing cost for manufacturing the
chips increases. Further, when the wafer is diced, a frictional
heat is generated. The frictional heat may cause a seizing of
the blade or a clogging. To prevent the seizing or the
clogging, water or machining oil is necessitated. In this case,
if the semiconductor device is damaged when the water or
the machining oil contacts the semiconductor device on the
wafer, a protection film such as capping layer for coating the
semiconductor device is required. Thus, the manufacturing
cost becomes also larger.

[0005] Here, a laser dicing method for dividing the wafer
by using a laser beam is disclosed, for example, in Japanese
Patent Application Publication No. 2002-192367. In this
method, the laser beam is irradiated on the wafer so that heat
is generated in the wafer. Then, the wafer is cut and divided
into multiple chips.

[0006] However, when a SOI substrate (i.e., silicon on
insulator substrate) having a support substrate, an insulation
layer (i.e., BOX) and a SOI layer, which are laminated in this
order, is cut by the above method, a reflection light of the
laser beam at interfaces among the BOX and the semicon-
ductor layers interferes. Therefore, reflection coefficient of
the laser beam is changed largely in accordance with the film
thickness of the SOI layer. Thus, it is difficult to absorb the
laser beam at a predetermined position. Specifically, the
wafer is not cut precisely by the laser beam at a predeter-
mined position. Here, the SOI layer and the support sub-
strate are made of silicon.

SUMMARY OF THE INVENTION

[0007] In view of the above-described problem, it is an
object of the present invention to provide a semiconductor
device. It is another object of the present invention to
provide manufacturing equipment for manufacturing a semi-
conductor chip from a semiconductor device. It is further
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another object of the present invention to provide a method
for manufacturing a semiconductor chip from a semicon-
ductor device.

[0008] Specifically, the present invention relates that a
SOI substrate as a semiconductor device having multiple
semiconductor parts formed thereon is divided into multiple
semiconductor chips by using a laser dicing method. In the
present invention, the laser beam can be absorbed at a
predetermined position even when a thickness of the SOI
substrate is deviated. Thus, the semiconductor device can be
cut precisely by the laser beam at the predetermined posi-
tion.

[0009] A method for cutting a semiconductor device is
provided. The device includes a first semiconductor layer, an
insulation layer, and a second semiconductor layer, which
are laminated in this order. The method includes the steps of:
forming a semiconductor part in the first semiconductor
layer; irradiating a laser beam on a surface of the first
semiconductor layer; and cutting the device into a semicon-
ductor chip by using the laser beam. The laser beam is
reflected at an interface between the first semiconductor
layer and the insulation layer so that a first reflected beam is
generated, and the laser beam is reflected at an interface
between the insulation layer and the second semiconductor
layer so that a second reflected beam is generated. The
insulation film has a thickness, which is determined to
weaken the first and second reflected beams each other.

[0010] In this method, the laser beam can be absorbed at
a predetermined position even when a thickness of the first
layer is deviated. Thus, the semiconductor device can be cut
precisely by the laser beam at the predetermined position.

[0011] Further, a method for cutting a semiconductor
device is provided. The device includes a first semiconduc-
tor layer, an insulation layer, and a second semiconductor
layer, which are laminated in this order. The method
includes the steps of: forming a semiconductor part in the
first semiconductor layer; irradiating a laser beam on a
surface of the first semiconductor layer; forming an anti-
reflection film on the surface of the first semiconductor layer
before the step of irradiating the laser beam on the surface
of the first semiconductor layer so that the laser beam is
irradiated on the first semiconductor layer through the
anti-reflection film; and cutting the device into a semicon-
ductor chip by using the laser beam. The laser beam is
reflected at an interface between the anti-reflection film and
the first semiconductor layer so that a third reflected beam is
generated, and the laser beam is reflected on the anti-
reflection film so that a fourth reflected beam is generated.
The anti-reflection film has a thickness, which is determined
to weaken the third and fourth reflected beams each other.

[0012] In this method, the laser beam can be absorbed at
a predetermined position even when a thickness of the first
layer is deviated. Thus, the semiconductor device can be cut
precisely by the laser beam at the predetermined position.

[0013] Further, a semiconductor device includes: a sub-
strate including a first semiconductor layer, an insulation
layer, and a second semiconductor layer, which are lami-
nated in this order; a semiconductor part disposed in the first
semiconductor layer; and a cut portion for cutting the
substrate into a semiconductor chip by using a laser beam.
The first semiconductor layer, the insulation layer, and the
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second semiconductor layer have predetermined refractive
indexes, respectively, which perform that the laser beam is
reflected at an interface between the first semiconductor
layer and the insulation layer so that a first reflected beam is
generated, and that the laser beam is reflected at an interface
between the insulation layer and the second semiconductor
layer so that a second reflected beam is generated. The
insulation film has a thickness, which is determined to
weaken the first and second reflected beams each other.

[0014] In this case, the laser beam can be absorbed at a
predetermined position even when a thickness of the first
layer is deviated. Thus, the semiconductor device can be cut
precisely by the laser beam at the predetermined position.

[0015] Further, a semiconductor device includes: a sub-
strate including a first semiconductor layer, an insulation
layer, and a second semiconductor layer, which are lami-
nated in this order; a semiconductor part disposed in the first
semiconductor layer; a cut portion for cutting the substrate
into a semiconductor chip by using a laser beam; and an
anti-reflection film on the surface of the first semiconductor
layer for being capable of irradiating the laser beam on the
first semiconductor layer through the anti-reflection film.
The anti-reflection film and the first semiconductor layer
have predetermined refractive indexes, respectively, which
perform that the laser beam is reflected at an interface
between the anti-reflection film and the first semiconductor
layer so that a third reflected beam is generated, and that the
laser beam is reflected on the anti-reflection film so that a
fourth reflected beam is generated. The anti-reflection film
has a thickness, which is determined to weaken the third and
fourth reflected beams each other.

[0016] In this case, the laser beam can be absorbed at a
predetermined position even when a thickness of the first
layer is deviated. Thus, the semiconductor device can be cut
precisely by the laser beam at the predetermined position.

[0017] Further, cutting equipment for cutting a semicon-
ductor device is provided. The device has a first semicon-
ductor layer, an insulation layer, and a second semiconduc-
tor layer, which are laminated in this order. The equipment
includes: a laser for irradiating a laser beam on a surface of
the first semiconductor layer so that the device is cut into a
semiconductor chip. The laser beam is reflected at an
interface between the first semiconductor layer and the
insulation layer so that a first reflected beam is generated,
and the laser beam is reflected at an interface between the
insulation layer and the second semiconductor layer so that
a second reflected beam is generated. The insulation film has
a thickness, which is determined to weaken the first and
second reflected beams each other.

[0018] In this case, the laser beam can be absorbed at a
predetermined position even when a thickness of the first
layer is deviated. Thus, the semiconductor device can be cut
precisely by the laser beam at the predetermined position.

[0019] Further, cutting equipment for cutting a semicon-
ductor device is provided. The device includes a first semi-
conductor layer, an insulation layer, and a second semicon-
ductor layer, which are laminated in this order. The
equipment includes: a laser for irradiating a laser beam on a
surface of the first semiconductor layer so that the SOI
device is cut into a semiconductor chip. The device further
includes an anti-reflection film on the surface of the first
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semiconductor layer so that the laser beam is irradiated on
the first semiconductor layer through the anti-reflection film.
The laser beam is reflected at an interface between the
anti-reflection film and the first semiconductor layer so that
a third reflected beam is generated, and the laser beam is
reflected on the anti-reflection film so that a fourth reflected
beam is generated. The anti-reflection film has a thickness,
which is determined to weaken the third and fourth reflected
beams each other.

[0020] In this case, the laser beam can be absorbed at a
predetermined position even when a thickness of the first
layer is deviated. Thus, the semiconductor device can be cut
precisely by the laser beam at the predetermined position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other objects, features and advan-
tages of the present invention will become more apparent
from the following detailed description made with reference
to the accompanying drawings. In the drawings:

[0022] FIG. 1 is a cross-sectional view explaining a laser
beam dicing method for dicing a semiconductor device
according to a first embodiment of the present invention;

[0023] FIG. 2 is a graph showing a relationship between a
reflection coefficient of a laser beam and a thickness of a SOI
layer in the device having different thickness of a BOX,
according to the first embodiment;

[0024] FIG. 3 is a graph showing a relationship between
the reflection coefficient of the laser beam and the thickness
of the SOI layer in a range between 0 nm and 500 nm in the
device having different thickness of the BOX, according to
the first embodiment;

[0025] FIG. 4 is a cross-sectional view explaining a laser
beam dicing method for dicing a semiconductor device
according to a second embodiment of the present invention;

[0026] FIG. 5 is a graph showing a relationship between
the reflection coeflicient of the laser beam and the thickness
of the SOI layer in the device having different thickness of
an anti-reflection film, according to the second embodiment;

[0027] FIG. 6 is a graph showing a relationship between
the reflection coeflicient of the laser beam and the thickness
of'the SOI layer in the device having different anti-reflection
film, according to the second embodiment;

[0028] FIG. 7 is a graph showing a relationship between
the reflection coefficient of the laser beam and the thickness
of'the SOI layer in the device with the optimum thickness of
the BOX and having different thickness of the anti-reflection
film, according to a third embodiment of the present inven-
tion;

[0029] FIG. 8 is a graph showing a relationship between
the reflection coefficient of the laser beam and the thickness
of'the SOI layer in the device with the optimum thickness of
the anti-reflection film and having different thickness of the
BOX, according to the third embodiment;

[0030] FIG. 9 is a block diagram showing cutting equip-
ment according to a fourth embodiment of the present
invention;

[0031] FIG. 10 is a plan view showing a laser power
mapping of the semiconductor device as a wafer, according
to the fourth embodiment; and
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[0032] FIG. 11 is a block diagram showing cutting equip-
ment according to a fitth embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0033] A method for dicing a semiconductor wafer (i.e., a
semiconductor device) by using a laser beam according to a
first embodiment of the present invention is shown in FIG.
1. The semiconductor device 10 is cut (i.e., diced) and
divided into multiple semiconductor chips by the laser
dicing method.

[0034] In FIG. 1, the semiconductor device 10 is shown
before the device 10 is divided into the chips. The semicon-
ductor device 10 is formed from a silicon wafer. The
semiconductor device 10 is formed of a SOI substrate 4
having a SOI layer 1, a BOX 3 and a support substrate 2,
which are laminated and bonded in this order. The SOI layer
1 as the first silicon layer and the support substrate 2 as the
second silicon layer are made of, for example, silicon. The
BOX 3 as an insulation layer is made of, for example, silicon
oxide. In the SOI layer 1, a semiconductor part is formed by
using a conventional manufacturing method. In FIG. 1, for
example, the semiconductor part includes a N* type emitter
region 5, a collector region 6, a P type base region 7, and a
contact hole. The contact hole is formed in an interlayer
insulation film 8. The interlayer insulation film 8 is formed
on the surface of the SOI layer 1. An emitter electrode Sa,
a collector electrode 6a and a base electrode 7a are electri-
cally connected to the regions 5-7 through the contact hole,
respectively. Thus, a NPN type bipolar transistor as a
semiconductor part is formed on the SOI substrate 4. Thus,
each semiconductor chip includes the NPN type bipolar
transistor. A laser scribing portion (i.e., a cut portion) is
disposed between the parts so that the cut portion is used as
a reserve part for cutting by the laser beam dicing method.

[0035] A protection film 9 is formed on the surface of the
SOI layer 1. The protection film 9 covers the surface of the
electrodes 5a-7a and the interlayer insulation film 8. A part
of the protection film 9 is removed so that the SOI layer 1
at the cut portion is exposed outside from the protection film
9.

[0036] The semiconductor device 10 is cut by the laser
beam dicing method in air or in vacuum. Specifically, the cut
portion of the SOI substrate 4 is irradiated with the laser
beam from a SOI layer side. The laser beam is focused on
a predetermined depth. Thus, the laser beam is absorbed in
the predetermined position, i.e., the cut portion, so that the
silicon composing the SOI substrate 4 at the predetermined
position is transformed. Residual stress is applied to the
transformed portion at the predetermined position after the
laser beam is irradiated. By the residual stress, the SOI
substrate 4 is easily and spontaneously divided, i.e., cleaved
so that the SOI substrate 4 is divided into the chips at the
predetermined position, i.e., the cut portion.

[0037] In the above method for manufacturing the chips,
even when the thickness of the SOI layer 1 may have a
deviation, since the thickness of the BOX 3 is determined
appropriately the laser beam reaches the predetermined
position and the laser beam is absorbed at the predetermined
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position. Thus, the SOI substrate 4 is divided into the chips
at the predetermined cut portion precisely. The thickness of
the BOX 3 is determined on the basis of simulation results.
The simulation results and the thickness of the BOX 3 are
explained as follows.

[0038] FIG. 2 shows a relationship between a reflection
coefficient of the laser beam and the thickness of the SOI
layer 1 in a case where the semiconductor device 10 has
different thickness of the BOX 3. Here, curves 2A-2F show
the devices 10 having the thickness of the BOX 3 of 920 nm,
960 nm, 1000 nm, 1040 nm, 1080 nm and 1100 nm,
respectively. Thus, the thickness of the BOX 3 varies by
every 40 nm steps. Here, the laser beam is irradiated with a
YAG laser (i.e., yttrium aluminum garnet laser) having a
wavelength of 1064 nm. The laser beam is irradiated verti-
cally. Specifically, the laser beam is perpendicular to the SOI
substrate 4. Therefore, the laser beam is parallel to a
thickness direction of the SOI substrate 4. In this simulation,
it is assumed that the thickness of the SOI layer 1 is deviated
by a manufacturing error or the likes so that the deviation of
the thickness of the SOI layer 1 is in a range between 20000
nm and 20500 nm. The reflection coefficient of the laser
beam varies in accordance with the thickness of the BOX 3.

[0039] As shown in FIG. 2, the reflection coefficient of the
laser beam is changed in accordance with the thickness of
the BOX 3 and the thickness of the SOI layer 1. When the
thickness of the BOX 3 is about 1100 nm, the reflection
coeflicient almost keeps constant even when the thickness of
the SOI layer 1 is changed, i.e., deviated. This is, the
deviation of the reflection coefficient becomes almost null.

[0040] The reflection coefficient is determined by the
phase of a reflected beam reflected at the interface between
the SOI layer 1 and the BOX 3 and by the phase of another
reflected beam reflected at another interface between the
BOX 3 and the support substrate 2. Here, a refractive index
in the air or the vacuum is defined as N1, the refractive index
in the SOI layer 1 is defined as N2, and the refractive index
in the BOX 3 is defined as N3. The SOI layer 1 is made of
silicon, and the BOX 3 is made of silicon oxide. The indexes
N1-N3 have the following relationship as N1<N2 and
N2>N3. The laser beam is reflected at the interface between
the BOX 3 and the SOI layer 1 so that the phase of the
reflected beam is transferred forwardly, and the laser beam
is also reflected at the interface between the BOX 3 and the
support substrate 2 so that the phase of the reflected beam is
transferred inversely. Thus, the reflected beam reflected at
the interface between the BOX 3 and the SOI layer 1 has the
same phase as the incident beam. The reflected beam
reflected at the interface between the BOX 3 and the support
substrate 2 has an opposite phase opposite to the incident
beam. Accordingly, when the phase of the reflected beam
reflected at the interface between the BOX 3 and the SOI
layer 1 is opposite to the phase of the reflected beam
reflected at the interface between the BOX 3 and the support
substrate 2, the reflected beams are cancelled and weakened
each other. Therefore, the reflective coefficient becomes
smaller. To perform such cancellation, the thickness of the
BOX 3 is set to be equal to an integral multiple of a
wavelength of the laser beam. This is, the thickness of the
BOX 3 satisfies following relationship as:

Dpox=MN2Npox. (F1)
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[0041] Here, Dyox represents the thickness of the BOX 3,
A represents the wavelength of the laser beam, Ny rep-
resents the reflection coefficient of the BOX 3, and M
represents a natural number.

[0042] Thus, when the thickness of the BOX 3 is set to be
the integral multiple of the wavelength, for example, 1100
nm, the variation of the reflection coefficient becomes
almost zero even when the thickness of the SOI layer 1 is
deviated. Thus, even when the thickness of the SOI layer 1
is deviated, the laser beam can reach the predetermined
position and the laser beam can be absorbed at the prede-
termined position. Thus, the semiconductor device 10 can be
cut precisely by the laser beam at the cut portion.

[0043] In the formula F1, the thickness Dy of the BOX
3 is set to be MA/2Nyox. This condition is optimum case;
and therefore, the thickness Dy can be deviated a little.
For example, even when the thickness Dy of the BOX 3
is in a range between MA/2Nyox—-M4 and MA/2Ng o +A/4,
the variation of the reflection coefficient of the laser beam
can be suppressed appropriately when the thickness of the
SOI layer 1 is deviated. In this case, the thickness of the
insulation film, which is parallel to the laser beam, is in a
range between 1000 nm and 1200 nm.

[0044] 1In a case where the thickness of the SOI layer 1 is
thin, the reflection coefficient of the laser beam is calculated
by the simulation. FIG. 3 shows a relationship between the
reflection coefficient and the thickness of the SOI layer 1
when the thickness of the BOX 3 is 920 nm, 960 nm, 1000
nm, 1040 nm, 1080 nm or 1100 nm. Here, curves 3A-3F
show the devices 10 having the thickness of the BOX 3 of
920 nm, 960 nm, 1000 nm, 1040 nm, 1080 nm and 1100 nm,
respectively. The thickness of the SOI layer 1 is in a range
between 0 nm and 500 nm. The laser beam irradiation
condition is the same as the simulation results shown in FIG.
2.

[0045] As shown in FIG. 3, even when the thickness of the
SOI layer 1 is thin, the variation of the reflection coefficient
of the laser beam becomes almost zero when the thickness
of the BOX 3 is equal to 1100 nm.

[0046] Thus, the variation of the reflection coefficient of
the laser beam becomes zero without depending on the
deviation of the thickness of the SOI layer 1 substantially
when the thickness of the SOI layer 1 is in a range between
0 nm and 500 nm or in a range between 20000 nm and 20500
nm. Therefore, even if the thickness of the SOI layer 1 is
deviated much more, the variation of the reflection coeffi-
cient of the laser beam is suppressed. This is, tolerance for
the deviation of the thickness of the SOI layer 1 can be
secured appropriately.

[0047] In this embodiment, the laser beam is irradiated on
the SOI layer 1 perpendicularly. This is, the laser beam is
parallel to the thickness direction of the SOI layer 1.
However, the laser beam is focused at the predetermined
position. Therefore, some part of the laser beam is not
parallel to the thickness direction of the SOI layer 1. Further,
when the laser beam is focused by a lens disposed upside of
the device 10, the laser beam is irradiated on the SOI layer
1 with a predetermined slanting angle. In this case, the
optimum thickness of the BOX 3 corresponds to a laser path
in the BOX 3. Specifically, the optimum thickness of the
BOX 3 is determined as a thickness of the BOX 3 in a
direction parallel to the laser beam path in the BOX 3.
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Second Embodiment

[0048] A semiconductor device 10 according to a second
embodiment of the present invention is shown in FIG. 4. The
protection film 9 is not removed at the cut portion so that the
protection film covers the SOI layer 1 at the cut portion.
Specifically, the protection film 9 disposed at the cut portion
works as an anti-reflection film (i.e., an AR film) 9a. The
thickness of the anti-reflection film 9a is determined by
simulation results as follows.

[0049] FIG. 5 is simulation results showing a relationship
between the reflection coeflicient of the laser beam and the
thickness of the SOI layer 1 in a case where the device 10
has different thickness of the anti-reflection film 9a. Here,
curves 5A-5E show the device 10 having the thickness of the
anti-reflection film 9a of 0 nm, 40 nm, 80 nm, 120 nm, and
140 nm, respectively. The thickness of the anti-reflection
film 9a of 0 nm in the curve 5A means that the device 10
includes no anti-reflection film 9a. The laser beam irradia-
tion condition is the same as the simulation results shown in
FIG. 2. The anti-reflection film 9a is made of SiON (i.e.,
silicon oxy-nitride) film having a refractive index of 1.87.

[0050] As shown in FIG. 5, the device 10 having the
anti-reflection film 9a shows a small variation of the reflec-
tion coefficient of the laser beam in a case where the
thickness of the SOI layer 1 is deviated in a range between
20000 nm and 20500 nm, compared with the device 10
having no anti-reflection film 9a. Specifically, the device 10
with the anti-reflection film 9a having the thickness of 140
nm shows the minimum variation of the reflection coeffi-
cient of the laser beam in a case where the thickness of the
SOI layer 1 is deviated in a range between 20000 nm and
20500 nm.

[0051] Thus, the principle to vary the reflection coefficient
of the laser beam is similar to that shown in FIG. 2.
Therefore, the variation of the reflection coefficient is deter-
mined by the phase of the reflection beam reflected at the
interface between the air or the vacuum and the anti-
reflection film 9« and by the phase of the other reflection
beam reflected at the interface between the anti-reflection
film 9a and the SOI layer 1.

[0052] In this embodiment, the refractive index in the air
or the vacuum is defined as N1, the refractive index in the
SOI layer 1 is defined as N2, and the refractive index in the
anti-reflection film is defined as N4. The SOl layer 1 is made
of silicon, and the anti-reflection film 9 is made of SION.
The indexes N1, N2 and N4 have the following relationship
as N1<N4, and N4<N2. Contrary, the material of the anti-
reflection film 9a is selected to satisfy the above relation-
ships of the refractive indexes N1, N2 and N4. The laser
beam is reflected at the interface between the air or the
vacuum and the anti-reflection film 9a so that the phase of
the reflected beam is transferred inversely, compared with
the incident beam. The laser beam is reflected at the interface
between the anti-reflection film 9a and the SOI layer 1 so
that the phase of the reflected beam is also transferred
inversely, compared with the incident beam. Here, the
refractive index of the air is 1, and the refractive index of the
silicon is 3.5. Therefore, the refractive index of the anti-
reflection film 9a is larger than 1 and smaller than 3.5. For
example, the anti-reflection film 9a can be formed of a single
layer film such as a SiN (i.e., silicon nitride) film, a SiO,
(i.e., silicon dioxide) film, a SiON (i.e., silicon oxy-nitride)
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film, and an organic film. Further, the anti-reflection film 9a
can be formed of a multi-layer film including at least two
films of the group including the SiN film, the SiO, film, the
SiON film, and the organic film.

[0053] Accordingly, when the phase of the reflected beam
reflected at the interface between the air or the vacuum and
the anti-reflection film 9a is the same as the phase of the
reflected beam reflected at the interface between the anti-
reflection film 9« and the SOI layer 1, to cancel and weaken
the reflected beams each other so that the reflective coeffi-
cient becomes smaller, the thickness of the anti-reflection
film 9a is set to be equal to a half of the wavelength of the
laser beam. This is because both phase of the reflection
beams reflected at the interfaces disposed top and bottom of
the anti-reflection film 9a are reversed. Thus, the thickness
of the anti-reflection film 9a satisfies following relationship
as:

D an=(M=0.5)/2N, . (F2)

[0054] Here, D, represents the thickness of the anti-
reflection film 9a, A represents the wavelength of the laser
beam, N ., represents the reflection coefficient of the anti-
reflection film 94, and M represents a natural number.

[0055] Thus, the thickness of the anti-reflection film 9a is
set to be equal to a half of the wavelength of the laser beam.
For example, the thickness of the anti-reflection film 9a is
set to about 140 nm. Precisely, the thickness of the anti-
reflection film 9a is set to 142 nm. In this case, the variation
of the reflection coefficient of the laser beam becomes zero
substantially even when the thickness of the SOI film 1 is
deviated. Thus, even if the thickness of the SOI layer 1 is
deviated much more, the variation of the reflection coeffi-
cient of the laser beam is suppressed. Therefore, the laser
beam reaches the predetermined position and the laser beam
can be absorbed at the predetermined position. Thus, the
semiconductor device 10 can be cut precisely by the laser
beam at the cut portion.

[0056] In the formula F2, the thickness DAN of the
anti-reflection film 9a is set to be (M-0.5)A/2N . This
condition is optimum case; and therefore, the thickness D 4
can be deviated a little. For example, even when the thick-
ness D, of the anti-reflection film 9a is in a range between
(M-0.5)A/2Ng ox—A/4 and (M=-0.5)A/2Ng ox+M/4, the varia-
tion of the reflection coefficient of the laser beam can be
suppressed appropriately when the thickness of the SOI
layer 1 is deviated.

[0057] To obtain the optimum material composing the
anti-reflection film 9a, another simulation is performed.
FIG. 6 explains simulation results showing the device 10
having different anti-reflection film 9a. In FIG. 6, a curve 6A
shows the device 10 having no anti-reflection film 9a. A
curve 6B shows the device 10 having the anti-reflection film
9a formed of SiO, film with the thickness of 183 nm. The
Si0, film has the refractive index of 1.45. A curve 6C shows
the device 10 having the anti-reflection film 9a formed of
SiN film with the thickness of 133 nm. The SiN film has the
refractive index of 2.0. A curve 6D shows the device 10
having the anti-reflection film 9a formed of SiON film with
the thickness of 142 nm. The SiON film has the refractive
index of 1.87. The laser beam irradiation condition is the
same as the simulation results shown in FIG. 2. Here, each
device 10 has the thickness of the anti-reflection film 9a
almost equal to the half of the wavelength of the laser beam.
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[0058] As shown in FIG. 6, the variation of the reflection
coeflicient of the laser beam in each device 10 having the
anti-reflection film 9a is smaller than that in the device 10
having no anti-reflection film 9a. Specifically, in the devices
10 having anti-reflection film 9a formed of the SiO, film, the
SiN film, and the SiN film, the variation of the reflection
coeflicient of the laser beam in each device 10 becomes
smaller in the order of the SiO, film, the SiN film, and the
SiN film when the thickness of the SOI film 1 is deviated.

[0059] Thus, when the anti-reflection film 9a is made of
the material having the refractive index in a range between
1 and 3.5, the laser beam can be absorbed at the predeter-
mined position even when the thickness of the SOI substrate
is changed. Specifically, when the anti-reflection film 9a is
formed of the SiOn film, the variation of the reflection
coeflicient of the laser beam becomes zero substantially so
that the laser beam can be absorbed much precisely at the
predetermined position. Thus, the semiconductor device 10
can be cut precisely by the laser beam at the cut portion.

[0060] In this embodiment, the laser beam is irradiated on
the surface of the first semiconductor layer in air or vacuum.
When the anti-reflection film is made of a material having a
refractive index substantially equal to a square root of a
refractive index of silicon, the laser beam can be absorbed
much precisely at the predetermined position.

[0061] In this embodiment, the laser beam is irradiated on
the SOI layer 1 perpendicularly. This is, the laser beam is
parallel to the thickness direction of the SOI layer 1.
However, the laser beam is focused at the predetermined
position. Therefore, some part of the laser beam is not
parallel to the thickness direction of the SOI layer 1. Further,
when the laser beam is focused by a lens disposed upside of
the device 10, the laser beam is irradiated on the SOI layer
1 with a predetermined slanting angle. In this case, the
optimum thickness of the anti-reflection film 9a corresponds
to a laser path in the anti-reflection film 9a. Specifically, the
optimum thickness of the anti-reflection film 9a is deter-
mined as a thickness of the anti-reflection film 9a¢ in a
direction parallel to the laser beam path.

[0062] Further, in the second embodiment, the anti-reflec-
tion film 9qa is a single layer film. However, a multi-layer
film can be used for the anti-reflection film 9a. In this case,
the total reflection coefficient of the laser beam is taken into
consideration.

Third Embodiment

[0063] A semiconductor device 10 according to a third
embodiment of the present invention is such that the thick-
ness of the BOX 3 satisfies with the formula F1, and the
device 10 includes the anti-reflection film 9a on the SOI
layer 1 at the cut portion.

[0064] Simulation results of different devices 10 having
different thickness of the anti-reflection film 9a are shown in
FIG. 7. Here, curves 7A-7H show the devices 1.0 having the
thickness of the anti-reflection film 94 of 0 nm, 20 nm, 40nm
, 60 nm, 80 nm, 100 nm, 120 nm, and 133 nm, respectively.
Here, the thickness of the BOX 3 is set to be the optimum
thickness, for example, 1100 nm. The anti-reflection film 9a
nm is formed of a poly SiN film having the refractive index
of 2.0.

[0065] Further, simulation results of different devices 10
having different thickness of the BOX 3 are shown in FIG.
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8. In FIG. 8, curves 8A-8J show the devices 10 having the
thickness of the BOX 3 0f 920 nm, 940 nm, 960 nm, 980 nm,
1000 nm, 1020 nm, 1040 nm, 1060 nm, 1080 nm, and 1100
nm, respectively. The anti-reflection film 9a nm is formed of
a poly SiN film having the thickness of 142 nm and having
the refractive index of 2.0.

[0066] As shown in FIG. 7, the variation of the reflection
coeflicient of the laser beam is small when the thickness of
the SOI layer 1 is deviated in a case where the thickness of
the anti-reflection film 94 is in a range between 0 nm and 133
nm. This is because the thickness of the BOX 3 satisfies with
the formula F1. As the thickness of the anti-reflection film 9a
approaches to the optimum thickness, the reflection coeffi-
cient of the laser beam becomes smaller.

[0067] Thus, the variation of the reflection coefficient of
the laser beam becomes zero substantially without depend-
ing on the deviation of the thickness of the SOI layer 1 even
when the thickness of the anti-reflection film 9a is deviated
by the manufacturing error. Thus, the tolerance for the
deviation of the thickness of the anti-reflection film 9a can
be secured appropriately. Further, when the thickness of the
BOX 3 is set to be optimum, and the thickness of the
anti-reflection film 9a is set to be optimum, the reflection
coeflicient of the laser beam becomes zero substantially.
Therefore, the laser beam can be absorbed at the predeter-
mined position effectively. Thus, the efficiency of the laser
beam is improved.

[0068] Furthermore, as shown in FIG. 8, the variation of
the reflection coefficient of the laser beam becomes zero
substantially without depending on the deviation of the
thickness of the SOI layer 1 even when the thickness of the
BOX 3 is deviated by the manufacturing error. This is
because the device 10 includes the anti-reflection film 9a.
Thus, the tolerance for the deviation of the thickness of the
BOX 3 can be secured appropriately. Further, when the
thickness of the BOX 3 is set to be optimum, and the
thickness of the anti-reflection film 9a is set to be optimum,
the reflection coefficient of the laser beam becomes zero
substantially. Therefore, the laser beam can be absorbed at
the predetermined position effectively.

Fourth Embodiment

[0069] Cutting equipment 100 for dicing the semiconduc-
tor device 10 according to a fourth embodiment of the
present invention is shown in FIG. 9. The semiconductor
device 10 is a semiconductor wafer. The equipment 100
includes a laser 101, a half mirror 102, a lens 103, a stage
110, a stage driving system 111, a controller 120, and a laser
beam detecting device 130. The laser 101 irradiates the laser
beam. The half mirror 102 reflects the reflected laser beam
reflected at the interface between the SOI layer 1 and the
BOX 3 or the interface between the BOX 3 and the support
substrate 2. The lens 103 focuses the laser beam at the
predetermined position in the semiconductor device 10. The
semiconductor device 10 is mounted on the stage 110. The
stage is driven by the stage driving system 111. The stage
driving system 111 outputs information for a positioning of
the stage 110 to the controller 120. The reflected laser beam
returns from the semiconductor device 10 through the lens
103, a mirror and the half mirror 102. Then, the reflected
laser beam is detected by the laser beam detecting device
130. The laser beam detecting device 130 outputs a data of
the reflected laser beam to the controller 120. The controller
120 controls the laser 101.
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[0070] The cutting equipment 100 cuts the semiconductor
device 10 as follows.

[0071] Firstly, the laser 101 irradiates the laser beam,
which has weak beam power, so that the laser beam is used
for measurement of the reflection coefficient of the laser
beam. Therefore, the laser beam having weak laser power
does not damage the semiconductor device 10. During the
laser 101 irradiates the laser beam, the stage 110 is displaced
in accordance with a predetermined movement. Thus, the
reflection coefficient of the whole semiconductor device 10
as the wafer is determined so that a reflection coefficient
mapping of the semiconductor device 10 is obtained. Spe-
cifically, as shown in FIG. 10, the reflection coefficient at a
predetermined position 300 as a measurement point on the
SOI substrate 4 is detected and measured. By using the
information for the positioning of the stage 110 and the data
of the reflected laser beam, the controller 120 calculates the
reflection coeflicient mapping. Thus, on the basis of the
reflection coefficient mapping, the controller 120 calculates
an optimum laser power mapping. Specifically, the control-
ler 120 calculates a power contour. In FIG. 10, three power
contours 301-303 are calculated. The laser power on the
surface of the SOI substrate 4 disposed on the same contour
301-303 is constant. In view of the optimum laser power
mapping, the controller 120 controls the laser power of the
laser 101 to be an optimum laser power, which is obtained
by the optimum laser power mapping, so that the laser beam
cuts the semiconductor device 10 appropriately.

Fifth Embodiment

[0072] Cutting equipment 200 for dicing the semiconduc-
tor device 10 according to a fifth embodiment of the present
invention is shown in FIG. 11. The equipment 200 includes
the first laser 105 and the second laser 106. The first laser
105 irradiates the laser beam having sufficient laser power,
and the second laser 106 irradiates the laser beam having
weak laser power. The laser beam of the first laser 105 cuts
the semiconductor device 10. The laser beam of the second
laser 106 is used for detecting the reflection coefficient of the
reflected laser beam.

[0073] The cutting equipment 200 cuts the semiconductor
device 10 as follows.

[0074] The laser beams outputted from the first and second
lasers 105, 106 are irradiated on the SOI substrate 4 at the
same time. In this case, the laser beam having weak laser
power for detecting the reflection coefficient irradiates at a
certain position on the SOI substrate 4. The laser beam
having sufficient laser power for cutting the semiconductor
device 10 irradiates at another position on the SOI substrate
4, which is backward of the certain position of the laser
beam outputted from the second laser 106.

[0075] The controller 120 calculates the optimum laser
power at the certain position on the basis of the reflection
coeflicient of the laser beam obtained from the reflected laser
beam outputted from the second laser 106 by the detecting
device 130. When the laser beam outputted from the first
laser 105 irradiates at the certain position, the controller 120
controls the laser power of the first laser 105 to be the
optimum laser power.

[0076] Thus, the laser power of the laser beam outputted
from the first laser 105 is controlled appropriately so that the
semiconductor device is cut and diced by the laser beam of
the first laser.
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[0077] Such changes and modifications are to be under-
stood as being within the scope of the present invention as
defined by the appended claims.

1-22. (canceled)
23. A semiconductor device comprising:

a substrate including a first semiconductor layer, an
insulation layer, and a second semiconductor layer,
which are laminated in this order;

a semiconductor part disposed in the first semiconductor
layer; and

a cut portion for cutting the substrate into a semiconductor
chip by using a laser beam,

wherein the first semiconductor layer, the insulation layer,
and the second semiconductor layer have predeter-
mined refractive indexes, respectively, which perform
that the laser beam is reflected at an interface between
the first semiconductor layer and the insulation layer so
that a first reflected beam is generated, and that the laser
beam is reflected at an interface between the insulation
layer and the second semiconductor layer so that a
second reflected beam is generated, and

wherein the insulation film has a thickness, which is
determined to weaken the first and second reflected
beams each other.

24. The device according to claim 23,

wherein the thickness of the insulation film is equal to an
integral multiple of a wavelength of the laser beam so
that the phase of the first reflected beam is opposite to
the phase of the second reflected beam.

25. The device according to claim 23,

wherein the thickness of the insulation film, which is
parallel to the laser beam, is defined as Dyox,

wherein the laser beam has a wavelength defined as A,

wherein the insulation film has a refractive index defined
as Npox

wherein the thickness of the insulation film is in a range
between MA/2Ng o —A/4 and MA/2Ng +A/4, and

wherein M represents a natural number.
26. The device according to claim 23,

wherein the thickness of the insulation film, which is
parallel to the laser beam, is in a range between 1000
nm and 1200 nm.

27. The device according to claim 23, further comprising:

an anti-reflection film on the surface of the first semicon-
ductor layer for being capable of irradiating the laser
beam on the first semiconductor layer through the
anti-reflection film,

wherein the anti-reflection film and the first semiconduc-
tor layer have predetermined refractive indexes, respec-
tively, which perform that the laser beam is reflected at
an interface between the anti-reflection film and the
first semiconductor layer so that a third reflected beam
is generated, and that the laser beam is reflected on the
anti-reflection film so that a fourth reflected beam is
generated, and
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wherein the anti-reflection film has a thickness, which is
determined to weaken the third and fourth reflected
beams each other.

28. The device according to claim 23,

wherein the first semiconductor layer is a SOI layer, and
the second semiconductor layer is a support substrate
made of silicon,

wherein the insulation film is made of silicon oxide, and

wherein the substrate is formed from a SOI substrate.
29. A semiconductor device comprising:

a substrate including a first semiconductor layer, an
insulation layer, and a second semiconductor layer,
which are laminated in this order;

a semiconductor part disposed in the first semiconductor
layer;

a cut portion for cutting the substrate into a semiconductor
chip by using a laser beam; and

an anti-reflection film on the surface of the first semicon-
ductor layer for being capable of irradiating the laser
beam on the first semiconductor layer through the
anti-reflection film,

wherein the anti-reflection film and the first semiconduc-
tor layer have predetermined refractive indexes, respec-
tively, which perform that the laser beam is reflected at
an interface between the anti-reflection film and the
first semiconductor layer so that a third reflected beam
is generated, and that the laser beam is reflected on the
anti-reflection film so that a fourth reflected beam is
generated, and

wherein the anti-reflection film has a thickness, which is
determined to weaken the third and fourth reflected
beams each other.

30. The device according to claim 29,

wherein the thickness of the anti-reflection film is equal to
a half of a wavelength of the laser beam so that a phase
of the third reflected beam is opposite to a phase of the
fourth reflected beam.

31. The device according to claim 29,

wherein the thickness of the anti-reflection film, which is
parallel to the laser beam, is defined as D4,

wherein the laser beam has a wavelength defined as A,

wherein the anti-reflection film has a refractive index
defined as N .,

wherein the thickness of the anti-reflection film is in a
range between (M-0.5)A/2N,—A4 and (M-0.5)A/
2N +A/4, and

wherein M represents a natural number.
32. The device according to claim 31,

wherein the refractive index of the anti-reflection film is
in a range between 1 and 3.5.

33. The device according to claim 29,

wherein the substrate is capable of cutting by the laser
beam in air or vacuum, and
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wherein the anti-reflection film is made of a material
having a refractive index substantially equal to a square
root of a refractive index of silicon.

34. The device according to claim 29,

wherein the anti-reflection film is formed of a single layer
film of a SiN film, a SiO, film, or a SiON film.
35. The device according to claim 29,

wherein the anti-reflection film is formed of a multi-layer
film including at least two types of films selected in a
group including a SiN film, a SiO, film, and a SiON
film.

36. The device according to claim 29,

wherein the first semiconductor layer is a SOI layer, and
the second semiconductor layer is a support substrate
made of silicon,

wherein the insulation film is made of silicon oxide, and

wherein the substrate is formed from a SOI substrate.

37. Cutting equipment for cutting a semiconductor device
comprising a first semiconductor layer, an insulation layer,
and a second semiconductor layer, which are laminated in
this order, the equipment comprising:

a laser for irradiating a laser beam on a surface of the first
semiconductor layer so that the device is cut into a
semiconductor chip,

wherein the laser beam is reflected at an interface between
the first semiconductor layer and the insulation layer so
that a first reflected beam is generated, and the laser
beam is reflected at an interface between the insulation
layer and the second semiconductor layer so that a
second reflected beam is generated, and

wherein the insulation film has a thickness, which is
determined to weaken the first and second reflected
beams each other.

38. The equipment according to claim 37,

wherein the thickness of the insulation film is equal to an
integral multiple of a wavelength of the laser beam so
that a phase of the first reflected beam is opposite to a
phase of the second reflected beam.

39. The equipment according to claim 37,

wherein the thickness of the insulation film, which is
parallel to the laser beam, is defined as Dyox,

wherein the laser beam has a wavelength defined as A,

wherein the insulation film has a refractive index defined
as Npox

wherein the thickness of the insulation film is in a range
between MA/2Ng o —A/4 and MA/2Ng +A/4, and

wherein M represents a natural number.
40. The equipment according to claim 37,

wherein the thickness of the insulation film, which is
parallel to the laser beam, is in a range between 1000
nm and 1200 nm.

41. The equipment according to claim 37,

wherein the device further includes an anti-reflection film
on the surface of the first semiconductor layer so that
the laser beam is irradiated on the first semiconductor
layer through the anti-reflection film,
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wherein the laser beam is reflected at an interface between
the anti-reflection film and the first semiconductor layer
so that a third reflected beam is generated, and the laser
beam is reflected on the anti-reflection film so that a
fourth reflected beam is generated, and

wherein the anti-reflection film has a thickness, which is
determined to weaken the third and fourth reflected
beams each other.

42. The equipment according to claim 37, further com-
prising:

a detector for measuring a reflection coefficient of the
laser beam; and

a controller for controlling a laser power of the laser beam
on the basis of the reflection coefficient.

43. The equipment according to claim 42,

wherein the reflection coefficient is measured so that a
reflection coefficient mapping of a whole surface of the
semiconductor device is obtained.

44. The equipment according to claim 43,

wherein the laser power of the laser beam is controlled on
the basis of the reflection coefficient mapping so that
the laser power is adjusted to be an optimum laser
power corresponding to the reflection coefficient.

45. The equipment according to claim 42,

wherein the controller controls the laser power of the laser
beam on the basis of the reflection coefficient together
with measuring the reflection coefficient by the detector
so that the semiconductor device is cut into the semi-
conductor chip.

46. The equipment according to claim 37,

wherein the first semiconductor layer is a SOI layer, and
the second semiconductor layer is a support substrate
made of silicon,

wherein the insulation film is made of silicon oxide, and

wherein the device is formed from a SOI substrate.

47. Cutting equipment for cutting a semiconductor device
comprising a first semiconductor layer, an insulation layer,
and a second semiconductor layer, which are laminated in
this order, the equipment comprising:

a laser for irradiating a laser beam on a surface of the first
semiconductor layer so that the device is cut into a
semiconductor chip,

wherein the device further includes an anti-reflection film
on the surface of the first semiconductor layer so that
the laser beam is irradiated on the first semiconductor
layer through the anti-reflection film,

wherein the laser beam is reflected at an interface between
the anti-reflection film and the first semiconductor layer
so that a third reflected beam is generated, and the laser
beam is reflected on the anti-reflection film so that a
fourth reflected beam is generated, and

wherein the anti-reflection film has a thickness, which is
determined to weaken the third and fourth reflected
beams each other.
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48. The equipment according to claim 47,

wherein the thickness of the anti-reflection film is equal to
a half of a wavelength of the laser beam so that a phase
of the third reflected beam is opposite to a phase of the
fourth reflected beam.

49. The equipment according to claim 47,

wherein the thickness of the anti-reflection film, which is
parallel to the laser beam, is defined as D,

wherein the laser beam has a wavelength defined as A,

wherein the anti-reflection film has a refractive index
defined as N .,

wherein the thickness of the anti-reflection film is in a
range between (M-0.5)A/2N,—A/4 and (M-0.5)A/
2N\ +A/4, and

wherein M represents a natural number.
50. The equipment according to claim 49,

wherein the refractive index of the anti-reflection film is
in a range between 1 and 3.5.
51. The equipment according to claim 47,

wherein the laser beam is irradiated on the first layer in air
or vacuum, and

wherein the anti-reflection film is made of a material
having a refractive index substantially equal to a square
root of a refractive index of silicon.

52. The equipment according to claim 47,

wherein the anti-reflection film is formed of a single layer
film of a SIN film, a SiO, film, or a SION film.
53. The equipment according to claim 47,

wherein the anti-reflection film is formed of a multi-layer
film including at least two types of films selected in a
group including a SiN film, a SiO, film, and a SION
film.
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54. The equipment according to claim 47, further com-
prising:

a detector for measuring a reflection coefficient of the
laser beam; and

a controller for controlling a laser power of the laser beam
on the basis of the reflection coefficient.

55. The equipment according to claim 54,

wherein the reflection coefficient is measured so that a
reflection coefficient mapping of a whole surface of the
semiconductor device is obtained.

56. The equipment according to claim 55,

wherein the laser power of the laser beam is controlled on
the basis of the reflection coefficient mapping so that
the laser power is adjusted to be an optimum laser
power corresponding to the reflection coefficient.

57. The equipment according to claim 54,

wherein the controller controls the laser power of the laser
beam on the basis of the reflection coefficient together
with measuring the reflection coefficient by the detector
so that the semiconductor device is cut into the semi-
conductor chip.

58. The equipment according to claim 47,

wherein the first semiconductor layer is a SOI layer, and
the second semiconductor layer is a support substrate
made of silicon,

wherein the insulation film is made of silicon oxide, and
wherein the device is formed from a SOI substrate.



