SAW FI LTER MANUFACTURI NG METHOD AND SAW FI LTER

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a surface acoustic
wave (SAW filter manufacturing nethod and a SAWfilter.

Description of the Related Art

A wirel ess communi cation apparatus such as a nobile
phone wuses a band-pass filter that passes only an
el ectric signal in a desired frequency band. A SAWfilter
using a surface acoustic wave propagating on a
pi ezoel ectric substrate is used as the band-pass filter.
The frequency characteristic of the SAW filter nmay be
degraded when a part of an elastic wave occurring in a
vicinity of an electrode on an input side propagates
within a crystal substrate and is reflected on an
undersurface side, and the reflected elastic wave reaches
an electrode on an output side and becones a spurious
conponent as a signal conponent in an unintended
frequency band. For this phenonmenon, a technol ogy has
been proposed which forns a mnute uneven structure on
the undersurface of the crystal substrate so that the
elastic wave is scattered easily, and thereby prevents

the reflected elastic wave from reaching the electrode



(see Japanese Patent Lai d-Qpen No. 2003-008396).

SUMVARY OF THE | NVENTI ON

However, in a case where the uneven structure is
formed by undersurface grinding as disclosed in Japanese
Patent Lai d-Open No. 2003-008396, the reflected elastic
wave cannot be controlled, and there is thus a problem of
being unable to entirely prevent the arrival of the
el astic wave at the electrode on the output side. In
addition, in a case where an inside of a margin area at
an outer peripheral edge of the SAWfilter forned into an
i ndividual piece is forned into a rough surface as
di scl osed in Japanese Patent Laid-Open No. 2003-008396, a
mask needs to be fornmed to realize this by etching or
blasting, and there is thus a different problem in that
| abor and cost are invol ved.

It is accordingly an object of the present
invention to provide a SAW filter manufacturing nethod
and a SAW filter that can control the reflection of the
el astic wave.

In accordance wth an aspect of +the present
invention, there is provided a SAW filter manufacturing
nmet hod for manuf act uri ng a SAW filter from a

pi ezoel ectric substrate having planned dividing |lines set



on a top surface of the piezoelectric substrate, and
having a device including conb-shaped electrodes in
regi ons demarcated by the planned dividing lines. The SAW
filter manufacturing nmethod includes a structure formng
step of formng a structure having projections and
depressions on an undersurface side of the piezoelectric
substrate by irradiating the piezoelectric substrate with
a l|laser beam of a wavelength absorbable by the
pi ezoel ectric substrate from the undersurface side of the
pi ezoel ectric substrate, and a dividing step of dividing
the piezoelectric substrate along the planned dividing
lines after the structure formng step. A distance froma
vertex of a projecting portion to a bottom surface of a
recessed portion in the structure having the projections
and the depressions formed in the structure formng step
Is set at 1 umor nore.

In the structure formng step, the |aser beam may
be applied excluding a predeterm ned region including a
region corresponding to a planned dividing line of the
pi ezoel ectric substrate so that the structure having the
projections and the depressions is not formed in the
predeterm ned region including an outer peripheral edge
portion on an undersurface side of the device after

di vi si on.



In addition, according to another aspect of the
present invention, there is provided a SAW filter
i ncludi ng conb-shaped electrodes on a top surface of a
pi ezoel ectric substrat e, and a structure havi ng
projections and depressions fornmed on an undersurface
side of the piezoelectric substrate. A distance from a
vertex of a projecting portion to a bottom surface of a
recessed portion in the structure having the projections
and the depressions is 1 umor nore.

The structure having the projections and the
depressions may be forned excluding a predeterm ned
region including an outer peripheral edge portion on the
under surface side of the piezoelectric substrate.

According to the present invention, it is possible
to forma SAWTfilter that can control the reflection of
an el astic wave.

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 wll best be understood from a study of
the followng 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 piezoelectric
substrate as a manufacturing target of a SAW filter
manuf acturi ng net hod according to an enbodi nent;

FIG 2 is a flowhart depicting the SAW filter
manuf act uri ng nmet hod according to the enbodi nent;

FIG 3 is a sectional view depicting a state of a
structure formng step in FIG 2;

FIG 4 is a sectional view depicting a state after
FIG 3 of the structure formng step in FIG 2;

FIG 5 is an enlarged view in which (V) in FIG 4
I's enl arged,

FIG 6 is a perspective view depicting an exanple
of a dividing step in FIG 2;

FIG 7 is a perspective view depicting a top
surface side of a SAW filter manufactured by the SAW
filter manufacturing nethod according to the enbodi nent;

FI G 8 is a perspective view depicting an
undersurface side of the SAW filter manufactured by the
SAW filter manuf acturing method according to the
enbodi nent; and

FIG 9 is a perspective view depicting an exanple
of a dividing step according to a first nodification of

t he enbodi nent.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A nmode for <carrying out the present invention
(embodinent) will be described in detail with reference
to the drawings. The present invention is not limted by
contents described in the following enbodinent. I n
addi tion, constituent elenents to be described in the
fol |l ow ng i ncl ude consti tuent el enent s readily
concei vable by those skilled in the art and essentially
identical constituent elenents. Further, configurations
to be described in the following can be conbined wth
each other as appropriate. |In addition, various om ssions,
repl acenents, or nodifications of configurations can be
performed wthout departing from the spirit of the
present invention.
[ Enbodi nent |

A SAW filter manufacturing nethod according to an
enbodi nrent of the present invention wll be described
wth reference to the drawings. FIG 1 is a perspective
view of a piezoelectric substrate 1 as a manufacturing
target of the SAW filter manufacturing method according
to the enbodinent. The piezoelectric substrate 1 in the
present enbodinent is a disk-shaped lithium tantal ate

(LT) substrate fornmed of lithium tantalate (LiTaQ®;) or a



di sk-shaped Ilithium niobate (LN) substrate formed of
l'ithium niobate (LiNoG;). The piezoelectric substrate 1
in t he pr esent enbodi ment has a thickness of
approximately 130 um As depicted in FIG 1, a plurality
of planned dividing lines 3 intersecting each other
(orthogonal to each other in the enbodinent) are set on a
top surface 2 of the piezoelectric substrate 1, and a
device 4 including conb-shaped electrodes (interdigital
transducers (IDTs)) 11 to be described later (see FIG 7)
is formed in each of regions of the top surface 2 which
regions are demarcated by the planned dividing |ines 3.

The SAW filter manufacturing nethod according to
the enbodinment w Il next be described. FIG 2 is a
flomchart depicting the SAW filter manufacturing nethod
according to the enbodi ment. The SAWTfilter nmanufacturing
nmethod is a nethod of nmanufacturing a SAWfilter 10 (see
FIG 7 and FIG 8) to be described later from the
pi ezoel ectric substrate 1. The SAW filter manufacturing
nmethod includes a structure formng step STll and a
di viding step ST12, as depicted in FIG 2.

FIG 3 is a sectional view depicting a state of the
structure formng step ST11 in FIG 2. FIG 4 is a
sectional view depicting a state after FIG 3 of the

structure formng step ST11 in FIG 2. FIG 5 is an



enlarged view in which (V) in FIG 4 is enlarged. The
structure formng step ST11l is a step of irradiating the
pi ezoel ectric substrate 1 with a |aser beam 33 of a
wavel engt h absorbable by the piezoelectric substrate 1
from an undersurface 5 side of the piezoelectric
substrate 1, as depicted in FIG 3, and thereby formng a
structure 12 having projections and depressions on the
undersurface 5 side of the piezoelectric substrate 1, as
depicted in FIG 4 and FIG 5.

Specifically, in the structure formng step ST11,
first, as depicted in FIG 3, a dicing tape 7 as an
adhesive tape having a |arger dianeter than the
pi ezoel ectric substrate 1 is affixed to the top surface 2
of the piezoelectric substrate 1, an annular frane 8 is
affixed to a periphery of the dicing tape 7, and a chuck
table 20 thereafter holds the top surface 2 side of the
pi ezoel ectric substrate 1 via the dicing tape 7.

In the structure formng step ST1l1l, next, an
I magi ng apparatus 32 of a |aser processing unit 30 imges
the undersurface 5 side of the piezoelectric substrate 1
on the chuck table 20, and alignnent is carried out which
perfornms positioning between the piezoelectric substrate
1 on the chuck table 20 and the irradiation position of

the laser beam 33 applied by a laser beam irradiating



unit 31 of the laser processing unit 30.

In the structure formng step ST1l, next, as
depicted in FIG 3, the laser beam irradiating unit 31
subjects the undersurface 5 side of the piezoelectric
substrate 1 to laser processing by applying the |aser
beam 33. As depicted in FIG 4 and FIG 5, a structure 12
Is thereby fornmed on the undersurface 5 side of the
pi ezoel ectric substrate 1.

In addition, in the structure formng step ST11,
the structure 12 that scatters an elastic wave within a
range of 2 GHz to 5 GHz both inclusive as a frequency
band handled by the SAW filter 10 is forned. The
pi ezoel ectric substrate 1 has various propagation nodes
according to a cut angle. However, a propagation speed of
the elastic wave is approximately 4000 ms in the
pi ezoel ectric substrate 1. Thus, the wavel ength of the
el astic wave is approximately within a range of 0.8 umto
2.0 um both inclusive in the SAW filter 10 with the
frequency band of 2 G to 5 GH. Therefore, the
structure 12 having projections and depressions formed in
the structure formng step ST11l is set in a shape that
can shift a propagation length by the wavel ength of the
el astic wave or nore. That is, in the structure 12 forned

in the structure formng step ST1l, a distance in a



thi ckness direction (a Z-axis direction or a direction of
the projections and the depressions) of the piezoelectric
substrate 1 from a vertex of a projecting portion to a
bott om surface of a recessed portion is set to at least 1
um or nore, preferably set to 2 umor nore or set to 3 um
or nore.

In the structure formng step ST1l, the structure
12 is fornmed by the laser beam 33 rather than
under surface grinding, etching, and blasting in the past,
and thus, the projections and depressions of the
structure 12 can be controled in umunits. Therefore, in
the structure formng step ST1l, the wavel ength range of
the elastic wave that the manufactured SAW filter 10 can
reflect by the structure 12 fornmed on the undersurface 5
side can be controled in upmunits.

In the structure formng step ST1l1l, the structure
12 is fornmed by, for exanple, what is generally called a
Hasen Cut (registered trademark) that perforns |aser
processing while repeating turning ON and OFF of the
| aser beam 33 in set cycles, scanning of the |aser beam
33 by a scanning nechani sm including a gal vanoscanner, a
resonant scanner, an acoustooptic deflection elenent, a
polygon mrror, or the Iike. Specifically, in the

structure formng step ST1ll, scanning while repeating
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turning ON and OFF of the |aser beam 33 is perforned. For
exanple, in the structure formng step ST11l, a region in
which to form a recessed portion in the structure 12 is
irradiated with the |aser beam 33 in an ON state for a
long time, a region in which to forma projecting portion
in the structure 12 is irradiated with the |aser beam 33
in an ON for a short tinme, and the | aser beam 33 is turns
OFF to pass a region in which the structure 12 is not to
be fornmed.

In the structure formng step ST1l, the |aser beam
33 is preferably applied excluding a predeterm ned region
5-2 depicted in FIG 4 so that the structure 12 having
projections and depressions is not fornmed in the
predeterm ned region 5-2. Here, the predeterm ned region
5-2 is a region including a region corresponding to a
pl anned dividing line 3 of the piezoelectric substrate 1
and an outer peripheral edge portion 13-2 (see FIG 8) on
the undersurface 5 side of the SAWfilter 10 in the form
of an individual piece after division. That is, in the
structure formng step ST11l, the structure 12 is
preferably fornmed by applying the laser beam 33 to a
predetermned region 5-1 depicted in FIG 4 on the
undersurface 5 of the piezoelectric substrate 1, the

region 5-1 corresponding to a central region 13-1 (see
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FIG 8) on the undersurface 5 side of the SAWfilter 10,
whi |l e avoi ding the predeterm ned region 5-2. Thereby, the
structure 12 in the central region 13-1 as a region that
the elastic wave may reach can be forned in the structure
formng step ST11.

In addition, in the present enbodi nent, as depicted
in FIG 4, the predetermned region 5-1 in which the
structure 12 is fornmed by applying the |aser beam 33 and
the predetermned region 5-2 in which the application of
the laser beam 33 is avoided are periodically arranged in
the surface direction of the piezoelectric substrate 1.
Therefore, in the structure formng step ST1ll, the
structure 12 can be forned accurately and efficiently by
maki ng use of the Hasen Cut (registered trademark), the
scanni ng of the | aser beam 33, or the I|ike.

FIG 6 is a perspective view depicting an exanple
of the dividing step ST12 in FIG 2. As depicted in FIG
6, the dividing step ST12 is a step of dividing the
pi ezoel ectric substrate 1 along the planned dividing
lines 3 after the structure formng step ST1l.

Specifically, as depicted in FIG 6, in the
dividing step ST12, the piezoelectric substrate 1 is
di vided by | aser processing that applies a |aser beam 43

along the planned dividing lines 3 by a |laser beam
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irradiating unit 41 after carrying out alignment using an
I magi ng apparatus 42 of the |aser processing unit 40, the
al i gnnent per form ng posi tioni ng bet ween t he
pi ezoel ectric substrate 1 on the chuck table 20 and the
irradiation position of a |aser beam 43 applied by the
| aser beamirradiating unit 41 of a |aser processing unit
40. Incidentally, a laser processing unit simlar to the
| aser processing unit 30 may be wused as the |aser
processi ng unit 40.

The dividing step ST12 may be what is generally
called a stealth dicing that forns a nodified Iayer
within the piezoelectric substrate 1 by condensing the
| aser beam 43 within the piezoelectric substrate 1, and
thereafter divides the piezoelectric substrate 1 by tape
expansion or the like, or may be what is generally called
abl ation processing that sublimtes and vaporizes the
solid of the piezoelectric substrate 1 by concentrating
an energy of the |aser beam 43 on a mnute area of the
pi ezoel ectric substrate 1 for a very short tinme, and
t hereby divides the piezoelectric substrate 1.

As described above, the SAW filter manufacturing
nmet hod according to the enbodi nent perforns the structure
formng step ST1l1l first, and perforns the dividing step

ST12 later. Therefore, structures 12 can be forned on the
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undersurface 5 side for a plurality of SAW filters 10
arranged in the piezoelectric substrate 1 by one process
of the structure formng step ST11. It is thus possible
to manufacture the SAWfilters 10 in which the structures
12 have small structural variations while reducing cost
and | abor.

FIG 7 is a perspective view depicting the top
surface 2 side of a SAWfilter 10 manufactured by the SAW
filter manufacturing method according to the enbodi nent.
FIG 8 is a perspective view depicting the undersurface 5
side of the SAWfilter 10 manufactured by the SAWfilter
manuf acturing nmet hod according to the enbodi nent. The SAW
filter 10 according to the enbodi nent which SAWfilter is
depicted in FIG 7 and FIG 8 1is mnufactured by
subj ecting the piezoelectric substrate 1 to the structure
formng step ST1ll and the dividing step ST12 descri bed
above.

As depicted in FIG 7 and FIG 8, the SAWfilter 10
i ncludes the piezoelectric substrate 1, a pair of conb-
shaped electrodes 11 (device 4) arranged on the top
surface 2 of the piezoelectric substrate 1 so as to be
opposed to each other in a longitudinal direction, and
the structure 12 having projections and depressions

formed on the undersurface 5 side of the piezoelectric
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substrate 1.

The SAWfilter 10 converts an input electric signha
into a high frequency signal by one conb-shaped el ectrode
11 on an input side, converts this high frequency signa
into a surface wave 15 of a wavelength wthin a
wavel engt h range of approximately 0.8 um to 2.0 um both
inclusive by a piezoelectric effect of the piezoelectric
substrate 1, filters a predetermined wavelength by
propagating the surface wave 15 on the piezoelectric
substrate 1, thereafter extracts the surface wave 15 as a
hi gh frequency si gnal obt ai ned by filtering a
pr edet er m ned frequency by t he ot her conb- shaped
electrode 11 on an output side, converts the high
frequency signal into an electric signal, and outputs the
el ectric signal. The SAW filter 10 allows the
predeterm ned frequency filtered in the high frequency
signal to be set by changing an interval and a |ength of
t he conb-shaped el ectrodes 11.

The structure 12 is fornmed in the structure formng
step ST11l. As depicted in FIG 8, the structure 12 is
formed in the central region 13-1 as a region
corresponding to the pair of conb-shaped electrodes 11
and a region between the pair of conb-shaped el ectrodes

11 excluding the outer peripheral edge portion 13-2 of
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the undersurface 5 side of the piezoelectric substrate 1,
the outer peripheral edge portion 13-2 being on the outer
peri pheral side of the region corresponding to the pair
of conb-shaped el ectrodes 11.

In the present enbodinment, as depicted in FIG 8§,
the structure 12 has projecting portions and recessed
portions alternately arranged along an X-axis direction
as an opposing direction of the pair of conb-shaped
el ectrodes 11. The structure 12 in the present invention
is not limted to this. The arrangenent direction of the
projecting portions and the recessed portions nmay be
along a Y-axis direction orthogonal to the opposing
direction of the pair of conb-shaped electrodes 11, or
may be along any direction within an XY plane. I n
addition, the structure 12 may have the projecting
portions and the recessed portions alternately arranged
al ong both the X-axis direction and the Y-axis direction,
or may have the projecting portions and the recessed
portions alternately arranged along each of two freely-
selected directions within the XY plane.

In the present enbodinent, a distance in the
arrangenent direction of the projecting portions and the
recessed portions fromthe vertex of a projecting portion

to the bottom surface of a recessed portion in the
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structure 12 is preferably within a range of 10 to 100 um
both inclusive, and is, for exanple, set to approximtely
50 um The structure 12 has the arrangenent structure of
the projecting portions and the recessed portions at such
smal | arrangenent intervals. Therefore, it is difficult
to form the structure 12 by undersurface grinding,
etching, and blasting in the past. The structure 12 can
be fornmed accurately and efficiently by suitably making
use of the Hasen Cut (registered trademark), the scanning
of the laser beam 33, or the l|like in the structure
form ng step ST11 according to the present enbodi nent.

The structure 12 in the present enbodi nent further
has a periodic structure in which the arrangenent
structure of the projecting portions and the recessed
portions has periodicity in the arrangenment direction.
The structure 12 can therefore control functions of
reflecting and scattering the elastic wave at wuniform
| evel s wi thout depending on a position within the centra
region 13-1 in which the structure 12 is forned.
Incidentally, the structure 12 in the present invention
is not limted to these, but the structure 12 may have an
irregularly rough structure wthout having a periodic
structure.

The SAW filter manufacturing nethod according to

17



the enbodinent is a nethod of manufacturing the SAW
filter 10 from the piezoelectric substrate 1 having the
device 4 including the conb-shaped electrodes 11 in a
region demarcated by planned dividing lines 3, the
pl anned dividing lines 3 being set on the top surface 2.
The SAW filter manufacturing method according to the
enbodi nent includes the structure formng step ST11l of
formng the structure 12 having ©projections and
depr essi ons on the undersurface 5 side of t he
pi ezoel ectric substrate 1 by irradi ating t he
pi ezoel ectric substrate 1 with the |aser beam 33 of a
wavel engt h absorbable by the piezoelectric substrate 1
from the wundersurface 5 side of the piezoelectric
substrate 1, and the dividing step ST12 of dividing the
pi ezoel ectric substrate 1 along the planned dividing
lines 3 after the structure formng step ST11l. In the SAW
filter manufacturing nethod according to the enbodi nent,
a distance fromthe vertex of a projecting portion to the
bott om surface of a recessed portion in the structure 12
having projections and depressions forned in the
structure formng step ST11l is set to 1 umor nore.
Therefore, in the structure formng step ST11l of
the SAW filter manufacturing nethod according to t the

enbodi nent, the structure 12 can be formed wth high
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accuracy by the |aser beam 33 on the undersurface 5 side
of the SAWfilter 10. The SAWfilter manufacturing nethod
according to the enbodiment thus produces an effect of
being able to manufacture the SAW filter 10 that can
control the reflection of the elastic wave. The SAW
filter manufacturing method according to the enbodi nent
t hereby produces an effect of being able to manufacture
the SAW filter 10 having the structure 12 formed in the
undersurface 5, the structure 12 having an uneven
structure that can suppress a spurious conponent
efficiently.

In addition, in the structure formng step ST11l of
the SAW filter manufacturing nethod according to the
enbodi nent, the laser beam 33 is applied excluding the
predeterm ned region 5-2 including a region correspondi ng
to planned dividing lines 3 of the piezoelectric
substrate 1 so that the structure 12 having projections
and depressions is not fornmed in the predeterm ned region
5-2 including the outer peripheral edge portion 13-2 on
the wundersurface 5 side of the SAW filter 10 as the
device 4 after division. Therefore, the SAW filter
manufacturing nethod according to the enbodinent can
per form maskl ess processing by the structure formng step

ST1l1 with a margin area provided from the edge of the
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device 4. The SAW filter manufacturing method according
to the enbodi nent thus produces an effect of being able
to manufacture the SAW filter 10 having high transverse
rupture strength and high quality while reducing cost.

In addition, the SAW filter 10 according to the
enbodi nent has the conb-shaped electrodes 11 on the top
surface 2 of the piezoelectric substrate 1, the structure
12 having projections and depressions is forned on the
undersurface 5 side of the piezoelectric substrate 1, and
a distance fromthe vertex of a projecting portion to the
bottom surface of a recessed portion in the structure 12
having projections and depressions is 1 um or nore.
Therefore, the SAWTfilter 10 according to the enbodi nent
produces an effect of being able to control the
reflection of the elastic wave by the uneven structure of
the structure 12. The SAW filter 10 according to the
enbodi nent thereby produces an effect of being able to
suppress a spurious conponent efficiently by the uneven
structure of the structure 12.

In addition, in the SAWfilter 10 according to the
enbodi nent, the structure 12 having projections and
depressions is fornmed in the central region 13-1
excluding a predetermined region including the outer

peri pheral edge portion 13-2 on the undersurface 5 side
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of the piezoelectric substrate 1. Therefore, the SAW
filter 10 according to the enbodi ment produces an effect

of being able to efficiently control the reflection of

the el astic wave and suppress a spurious conponent by the
uneven structure of the structure 12 fornmed in the
central region 13-1 as a region that the elastic wave may
reach.

[First Modification]

A SAW filter manufacturing nethod according to a
first nodification of the enbodinent of the present
invention will be described with reference to a draw ng.
FIG 9 is a perspective view depicting an exanple of a
di viding step ST12 according to the first nodification of
t he enbodi nent. In FIG 9, the sane parts as in the
enbodi nent are identified by the same reference nunerals,
and description thereof wll be omtted.

The SAW filter manufacturing nethod according to
the first nodification is the same as in the enbodi nent
except that the dividing step ST12 is different.

As depicted in FIG 9, in the dividing step ST12
according to the first nodification, the piezoelectric
substrate 1 is divided by what is generally called a
bl ade dicing that cuts the piezoelectric substrate 1 on

the chuck table 20 along the planned dividing lines 3 by
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a cutting blade 51 by rotating the cutting blade 51
fitted to a cutting apparatus 50 about an axis, and
processi ng-f eedi ng, indexing-feeding, and cutting-feeding
the chuck table 20 or the cutting blade 51 of the cutting
apparatus 50 by a driving source not depicted in the
figure.

In the SAWTfilter manufacturing nmethod according to
the present first nodification, the SAW filter 10 in
which the structure 12 is fornmed on the undersurface 5
side of the piezoelectric substrate 1 simlar to that of
the SAW filter manufacturing nethod according to the
enbodi nent can be manufactured. The SAW filter
manufacturing mnmethod according to the present first
nodi fication therefore produces effects simlar to those
of the enbodi nent.

It is to be noted that the present invention is not
limted to the foregoing enbodinent. That is, the present
invention can be nodified and carried out in various
manners w thout departing from the gist of the present
i nventi on.

The present invention is not limted to the details
of the above described preferred enbodi ment. The scope of
the invention is defined by the appended clainms and all

changes and nodifications as fall within the equival ence
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of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT | S CLAIMED I S:

1. A surface acoustic wave filter manufacturing
nmet hod for manufacturing a surface acoustic wave filter
from a piezoelectric substrate having planned dividing
lines set on a top surface of the piezoelectric substrate,
and having a device including conb-shaped electrodes in
regions demarcated by the planned dividing lines, the
surface acoustic wave filter manuf acturing met hod
conpri si ng:

a structure formng step of formng a structure
having projections and depressions on an undersurface
side of the piezoelectric substrate by irradiating the
pi ezoel ectric substrate with a | aser beam of a wavel ength
absorbable by the piezoelectric substrate from the
under surface side of the piezoelectric substrate; and

a dividing step of dividing the piezoelectric
substrate along the planned dividing lines after the
structure form ng step

a distance froma vertex of a projecting portion to
a bottom surface of a recessed portion in the structure
having the projections and the depressions fornmed in the
structure formng step being set at 1 um or nore.

2. The surface acoustic wave filter nmanufacturing

nmet hod according to claim1, wherein
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In the structure formng step, the laser beam is
applied excluding a predetermned region including a
region corresponding to a planned dividing line of the
pi ezoel ectric substrate so that the structure having the
projections and the depressions is not formed in the
predeterm ned region including an outer peripheral edge
portion on an undersurface side of the device after
di vi si on.

3. A surface acoustic wave filter conpri sing:

conb-shaped electrodes on a top surface of a
pi ezoel ectric substrate; and

a structure having projections and depressions
formed on an undersurface side of the piezoelectric
substrat e,

a distance froma vertex of a projecting portion to
a bottom surface of a recessed portion in the structure
having the projections and the depressions being 1 um or
nor e.

4. The surface acoustic wave filter according to
claim 3, wherein

the structure having the projections and the
depressions is formed excluding a predeterm ned region
including an outer peripheral edge portion on the

under surface side of the piezoelectric substrate.
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