METHOD OF MANUFACTURI NG SUBSTRATE FOR ACOUSTI C WAVE

DEVI CE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a nethod of
manuf acturing a substrate for an acoustic wave devi ce.

Description of the Related Art

In radio communication apparatuses such as nobile
phones, a band pass filter that permts electrical
signals in a desired frequency band to pass therethrough
pl ays an inportant role. As one of the band pass filters,
there has been known a SAW (Surface Acoustic Wave) device
(SAWfilter) utilizing a SAW

In recent years, attention has been paid to a BAW
(Bul k Acoustic Wave) device (BAWTfilter) utilizing a BAW
propagated through the inside of a substance. A BAW
device has a resonator (piezoelectric elenment) in which a
pi ezoel ectric film formed of a piezoelectric material is
sandwi ched between el ectrodes of nolybdenum (M) or the
I'ike. The resonator is formed on a support substrate
formed of a sem conductor nmaterial such as silicon (Si),
for exanple. The BAW devi ce does not have a tooth-shaped

el ectrode structure, unli ke the SAW device, and is



t heref ore advantageous for a reduced |oss and an enhanced
el ectric power proofness. In addition, since it 1is
unnecessary to wuse a crystal substrate fornmed of a
pi ezoel ectric material, the BAW device can be forned
integrally with other active device.

In this way, piezoelectric elenents utilizing a
pi ezoel ectric conposite substrate provided with a single
crystal thin film of a piezoelectric material have been
devel oped. Piezoelectric materials such as LT (LiTa®)
and LN (Li NbG;), having a high el ectromechani cal coupling
factor, are advantageous for realizing a w de-band filter
characteristic, but has a drawback of being poor in
tenperature stability. On the other hand, support
substrates of sapphire, silicon and the Ilike are
excellent in tenperature stability but have a drawback of
a low el ectronechanical coupling factor. |In contrast, a
pi ezoel ectric conposite substrate obtained by joining
both of them has an advantage of having a high
el ect ronechani cal coupl i ng factor and excel | ent
tenperature stability. In addition, the piezoelectric
conposite substrate is advantageous in that when a
pi ezoel ectric material joined to a support substrate is
formed thinner, the proportion of vibration (kinetic

energy) not utilized because of its propagation in the



t hi ckness di rection of t he pi ezoel ectric el enent
utilizing a surface acoustic wave or a bul k acoustic wave
is reduced, and the vibration can be thereby detected
efficiently.

The piezoelectric material joined to the support
substrate exhibits a filter characteristic in response to
acoustic waves, and, therefore, it is necessary to set a
threshold for thickness variability to a very |ow value
(for exanple, a value of not nore than 2 um typically
approximately 0.1 um to 2 um. However, the thickness
variability of the support substrate is normally not |ess
than 2 um In view of this, there has been proposed a
nmethod in which a single crystal base nmaterial joined to
a support substrate is exfoliated by a pretreatnent such
as ion injection, to forma thin film (see, for exanple,
Japanese Transl ations of PCT for Patent No. 2002-534886).
In addition, there is also proposed a nethod in which a
single crystal base material is thinned after joined to a
support substrate (see, for exanple, Japanese Patent

Lai d- open No. 2015-159499).

SUMVARY OF THE | NVENTI ON
However, t he met hod di scl osed in Japanese

Transl ations of PCT for Patent No. 2002-534886 has a



problemin that since the cost of exfoliation such as ion
injection is high, this method cannot be easily adopted
for the manufacture of a SAW filter as an acoustic wave
device which is not high in product wunit price. I n
addition, the nethod disclosed in Japanese Patent Laid-
open No. 2015-159499 has a problemin that since in-plane
thi ckness variability of the support substrate is present,
the thickness variability of the thin film cannot be
reduce to or below the in-plane thickness variability of
t he support substrate.

It is therefore an object of the present invention
to provide a nethod of manufacturing a substrate for an
acoustic wave device by which thickness variability of a
pi ezoelectric material layer can be suppressed while
suppressing the cost of acoustic wave devi ces.

In accordance wth an aspect of the present
i nvention, there is provided a nethod of manufacturing a
substrate for an acoustic wave device, the substrate
havi ng a pi ezoel ectric mat eri al | ayer W th a
predeterm ned thickness forned along a surface on one
side of a support substrate, the nethod including: a
substrate joining step of joining the piezoelectric
material layer to the surface on the one side of the

support substrate; a grinding step of holding the support
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substrate side by a chuck table of a grinding apparatus
and grinding and thinning the piezoelectric material
| ayer, after the substrate joining step; a renoval anount
map formng step of neasuring in-plane thickness of the
pi ezoel ectric material Ilayer by an optical thickness
neter, calculating a renoval anmount for the piezoelectric
material |ayer for adjusting thickness variability of the
pi ezoel ectric material layer to or below a threshold on
the basis of each coordinate in the plane, to form a
renoval anount nmap, after the grinding step; a |Iaser
processi ng step of applying a pulsed | aser beam of such a

wavel ength as to be absorbed in the piezoelectric

material layer from a surface of the piezoelectric
mat eri al | ayer, and sel ectively renovi ng t he
pi ezoel ectric material |ayer by ablation processing,

based on the renoval amount map, to adjust the thickness
variability to or below the threshold; and a polishing
step of holding the support substrate side by a chuck
tabl e of a polishing apparatus, and polishing the surface
of the piezoelectric material |ayer by a polishing pad
to form the piezoelectric nmaterial | ayer of a
predeterm ned thickness while maintaining the in-plane
thi ckness variability, after the |aser processing step.

In the nmethod of manufacturing the substrate for



the acoustic wave device, scanning conditions of the
pul sed |aser beam applied in the |aser processing step
may be determined from a renoval amount of the
pi ezoel ectric mat eri al | ayer per pul se t hat IS
prelimnarily neasured.

In the nmethod of manufacturing the substrate for
the acoustic wave device, in the grinding step, the
surface of the piezoelectric material |ayer may be ground
by a rough grinding grindstone, after which the surface
of the piezoelectric material layer may be finish-ground
by a finish grinding grindstone finer in abrasive grain
size than the rough grinding grindstone, to restrain
irregular reflection of measurenent |ight of the optical
t hi ckness neter.

In the nmethod of manufacturing the substrate for
the acoustic wave device, the polishing step my be
chem cal nechani cal polishing processing.

In the nmethod of manufacturing the substrate for
the acoustic wave device, the support substrate may be
| ower in thernal expansi on coefficient than the
pi ezoel ectric material |ayer, and nay be a sem conduct or
or an insulating material.

The present invention produces an effect that

thickness variability of a piezoelectric material |ayer



can be suppressed while suppressing the cost of an
acoustic wave devi ce.

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 drawi ngs 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 substrate for a
SAW filter obtained by the nethod of nanufacturing a
substrate for an acoustic wave device according to
Enbodi ment 1;

FIG 2 is a sectional view taken along line II-1I
of FIG 1,

FIG 3 is a flow chart depicting the method of
manuf acturing the substrate for the acoustic wave device
according to Enbodi nent 1;

FIG 4 is a perspective view depicting a substrate
joining step in the nethod of manufacturing the substrate
for the acoustic wave device depicted in FIG 3;

FIG 5 is a sectional view of a support substrate



and a piezoelectric material layer after the substrate
joining step in the nmethod of manufacturing the substrate
for the acoustic wave device depicted in FIG 3;

FIG 6 is a partially sectional side view depicting
a rough grinding step of a grinding step in the nethod of
manufacturing the substrate for the acoustic wave device
depicted in FIG 3;

FIG 7 is a partially sectional side view depicting
a finish grinding step of the grinding step in the nethod
of manufacturing the substrate for the acoustic wave
device depicted in FIG 3;

FIG 8 is a partially sectional side view depicting
a renoval amount map formng step in the nethod of
manuf acturing the substrate for the acoustic wave device
depicted in FIG 3;

FIG 9 is a plan view depicting an exanple of a
renmoval anmount map forned by the renoval anount nmap
formng step in the method of manufacturing the substrate
for the acoustic wave device depicted in FIG 3;

FIG 10 is a side view depicting a | aser processing
step in the nethod of manufacturing the substrate for the
acoustic wave device depicted in FIG 3;

FIG 11 is a plan view depicting conditions for

scanning the piezoelectric material layer with a pul sed



| aser beam in the |aser processing step in the nethod of
manuf acturing the substrate for the acoustic wave device
depicted in FIG 3;

FIG 12 is a sectional view of the support
substrate and the piezoelectric material |ayer after the
| aser processing step in the nmethod of nanufacturing the
substrate for the acoustic wave device depicted in FIG
3;

FI G 13 is a partially sectional side view
depicting a polishing step in the nethod of nanufacturing
the substrate for the acoustic wave device depicted in
FIG 3; and

FIG 14 is a sectional view of the substrate for
the SAWfilter after the polishing step in the nmethod of
manufacturing the substrate for the acoustic wave device

depicted in FIG 3.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBQODI MENT
A node (enbodinment) for carrying out the present
invention wll be described in detail below wth
reference to the drawings. The present invention is not
to be limted by the contents of the enbodi nent descri bed
bel ow. In addition, the constituent elenments described

below include those weasily conceivable by a person



skilled in the art and those which are substantially
equi val ent. Further, the configurations described bel ow
can be conbined as required. Besides, various oni ssions,
repl acenents and nodifications of the configurations are
possi ble w thout departing from the gist of the present
i nvention.

[ Embodi nment 1]

A nmethod of manufacturing a substrate for an
acoustic wave device according to Enbodinent 1 of the
present invention will be described based on the draw ngs.
FIG 1 is a perspective view of a substrate for a SAW
filter obtained by the nethod of mnufacturing the
substrate for the acoustic wave device according to
Enbodinent 1. FIG 2 is a sectional view taken along line
[1-11 of FIG 1.

The nethod of manufacturing the substrate for the
acoustic wave device according to Enbodinent 1 is a
nmet hod of manufacturing a substrate 1 for a SAW filter,
which is the substrate for the acoustic wave device
depicted in FIGS. 1 and 2. The SAWfilter substrate 1 is
divided into SAWfilters, which are acoustic wave devices
having a predeterm ned size. As depicted in FIGS. 1 and 2,
the SAWfilter substrate 1 has a configuration in which a

pi ezoel ectric material Ilayer 4 having a predeterm ned
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t hi ckness 200 is forned along a surface 3 on one side of

a support substrate 2. The support substrate 2 is |ower
in thermal expansion coefficient than the piezoelectric
material layer 4, and is a sem conductor or an insulating
mat eri al . In Enbodinent 1, the support substrate 2 is
formed of quartz glass or silicon which is lower in
thermal expansion coefficient than the piezoelectric
material layer 4, and, in Enbodinent 1, it is fornmed in a
circular disk shape. 1In the present invention, however,

the support substrate 2 is not |limted to a circular disk
shape. Besides, in Enbodinent 1, the support substrate 2
Is a silicon wafer fornmed of silicon, and is therefore
provided with a notch 5 indicative of crystal orientation.
O the support substrate 2, the difference between the
thickness of a thinnest portion and the thickness of a
thickest portion is approximately 3 um Note that in
Enbodi nent 1, the support substrate 2 is the thickest in
the center, and is the thinnest at the peripheral edge.

Note that while the SAW filter substrate 1 is
manuf actured by the method of manufacturing the substrate
for the acoustic wave device according to Enbodinment 1, a
substrate for a BAWfilter as a substrate for an acoustic
wave device may be nmanufactured in the present invention.

The manufactured BAWTfilter substrate is divided i nto BAW
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filters, which are acoustic wave devices having a
predet erm ned si ze.

The piezoelectric material layer 4 is joined to the
surface 3 on the one side of the support substrate 2. The
pi ezoel ectric material layer 4 is fornmed of LT (LiTaG) or
LN (LiNbG), which is a piezoelectric material. The
predeterm ned thickness 200 of the piezoelectric materi al
layer 4 is 1 wumto 2 um and the difference between the
thi ckness of the thinnest portion and the thickness of
the thickest portion is not nore than 5.0 um for exanpl e,
0.5 umto 5.0 um and is desirably approximately 1 um

The nethod of manufacturing the substrate for the
acoustic wave device according to Enbodinent 1 wll be
descri bed bel ow. FIG 3 is a flow chart depicting the
met hod of manufacturing the substrate for the acoustic
wave device according to Enbodinent 1. As depicted in FIG
3, the nethod of manufacturing the substrate for the
acoustic wave devi ce accordi ng to Enbodi nent 1
(hereinafter referred to sinply as the manufacturing
nmet hod) includes a substrate joining step ST1, a grinding
step ST2, a renoval anmount map formng step ST3, a |aser
processi ng step ST4, and a polishing step ST5.
<Substrate joining step>

FIG 4 is a perspective view depicting a substrate
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joining step in the nethod of manufacturing the substrate
for the acoustic wave device depicted in FIG 3. FIG 5
is a sectional view of the support substrate and the
pi ezoel ectric material |ayer after the substrate joining
step in the nethod of manufacturing the substrate for the
acoustic wave device depicted in FIG 3. The substrate
joining step ST1 is a step of joining the piezoelectric
material layer 4 to the surface 3 on the one side of the
support substrate 2. As depicted in FIG 4, in the
substrate joining step ST1l, the surface 3 on the one side
of the support substrate 2 and the piezoelectric material
layer 4 are made to face each other, and then the
pi ezoel ectric material layer 4 is joined to the surface 3
on the one side of the support substrate 2. 1n Enbodi nent
1, in the substrate joining step ST1l, the support
substrate 2 and the piezoelectric material |ayer 4 are
adhered to each other through an organic adhesive |ayer

but they may be integrated together by direct joining.
Exanples of the material of the organic adhesive |ayer
i ncl ude epoxy resin and acrylic resin. The direct joining
iIs conducted by activating joining surfaces of the
support substrate 2 and the piezoelectric material |ayer
4, and pressing the support substrate 2 and the

pi ezoel ectric material layer 4 in the state in which both
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the joining surfaces face each other. Exanpl es of the
method for activating the joining surfaces include
application of an ion beam of an inert gas (argon, etc.)
to the joining surfaces, and application of a plasm or a
neutron atomc beam to the joining surfaces. After the
substrate joining step ST1l, as depicted in FIG 5, the
pi ezoel ectric material layer 4 is in close contact wth
the surface 3 on the one side, and is curved along the
surface 3 on the one side. After the substrate joining
step ST1, the manufacturing nethod proceeds to the
grindi ng step ST2.
<Gi ndi ng step>

FIG 6 is a partially sectional side view depicting
a rough grinding step of a grinding step in the nethod of
manufacturing the substrate for the acoustic wave device
depicted in FIG 3. FIG 7 is a partially sectional side
view depicting a finish grinding step of the grinding
step in the nethod of manufacturing the substrate for the
acoustic wave device depicted in FIG 3. The grinding
step ST2 is a step of holding the support substrate 2
side by a chuck table 11 of a grinding apparatus 10 and
grinding and thinning the piezoelectric material |ayer 4,
after the substrate joining step ST1. The grinding step

ST2 includes a rough grinding step ST21 and a finish

14



grinding step ST22. The grinding step ST2 is conducted by
the grinding apparatus 10 which is provided wth a
plurality of chuck tables 11 (depicted in FIGS. 6 and 7)
on a turntable (not depicted) rotated about an axis, and
includes a rough grinding unit 12 (depicted in FIG 6)
for rough grinding of the piezoelectric material |ayer 4,
and a finish grinding unit 13 (depicted in FIG 7) for
finish grinding of the piezoelectric material |ayer 4.
However, the grinding apparatus 10 to be wused in the
grinding step ST2 in the present invention is not limted
to the one in Enbodi nent 1.

In the grinding step ST2, a protective nenber 300
is adhered to a surface 6 on the other side of the
support substrate 2, and then the grinding apparatus 10
hol ds the support substrate 2 side by each of the
plurality of chuck tables 11 provided on the turntable
(not depicted). In the rough grinding step ST21, the
grinding apparatus 10 rotates the turntable, positions
the support substrate 2 beneath the rough grinding unit
12, and supplies grinding water while rotating a grinding
wheel 122 for rough grinding by a spindle 121 and
rotating the chuck table 11 about the axis, as depicted
in FIG 6. 1In the rough grinding step ST21, the grinding

apparatus 10 brings a rough grinding grindstone 123 cl ose
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to the chuck table 11 at a predetermned feed rate,
thereby rough-grinding the surface of the piezoelectric
material |ayer 4.

In the finish grinding step ST22, the grinding
apparatus 10 rotates the turntable to position the
support substrate 2 beneath the finish grinding unit 13,
and supplies grinding water while rotating a grinding
wheel 132 for finish grinding by a spindle 131 and
rotating the chuck table 11 about the axis, as depicted
in FIG 7. In the finish grinding step ST22, the grinding
apparatus 10 brings a finish grinding grindstone 133,
which is finer in abrasive grain size than the rough
grinding grindstone 123, close to the chuck table 11 at a
predetermned feed rate, thereby finish-grinding the
surface of the piezoelectric material |ayer 4.

After the finish grinding, the grinding apparatus
10 rel eases the suction holding of the support substrate
2 by the chuck table 11, and perforns cleaning and the
like. Note that the rough grinding grindstone 123 used in
the grinding step ST2 in Enbodinent 1 is a grindstone in
which a bonding material is a netal and which contains
abrasive grains of #320 to #800, whereas the finish
grinding grindstone 133 is a grindstone in which a

bonding material is a resin and which contains abrasive
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grains of #1000 to #2000. However, the grindstones 123
and 133 used in the present invention are not limted to
these ones. In this way, in the grinding step ST2, the
surface of the piezoelectric material layer 4 is rough-
ground by the rough grinding grindstone 123, and then the
surface of the piezoelectric material layer 4 is finish-
ground by the finish grinding grindstone 133 finer in
abrasive grain size than the rough grinding grindstone
123, thereby to reduce the amount to be renoved by a
pul sed |aser beam 400 (depicted in FIG 10) and to
restrain irregular reflection of neasurenent |ight 21 of
an optical thickness neter 20 (depicted in FIG 8) to be
used in the renoval anount map formng step ST3. After
the grinding step ST2, the manufacturing nethod proceeds
to the renoval anmount map form ng step STS.
<Renoval anount nmap form ng step>

FIG 8 is a partially sectional side view depicting
a renoval amount map formng step in the nethod of
manuf acturing the substrate for the acoustic wave device
depicted in FIG 3. FIG 9 is a plan view depicting an
exanple of a renoval amount map fornmed in the renoval
amount map formng step in the nethod of manufacturing
the substrate for the acoustic wave device depicted in

FIG 3.
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The renoval anount map forming step ST3 is a step
of neasuring the in-plane thickness of the piezoelectric
material layer 4 by the optical thickness neter 20
depicted in FIG 8, calculating a renoval anount for the
pi ezoel ectric materi al | ayer 4 for adjusting the
thi ckness variability of the piezoelectric material |ayer
4, or the difference between the thickness of the
thinnest portion and the thickness of the thickest
portion, to or below a threshold on the basis of each
coordinate in the plane, and form ng a renoval anount map
30 depicted in FIG 9, after the grinding step ST2. The
optical thickness neter 20 neasures the thickness of the
pi ezoel ectric material layer 4 by a process in which the
measurenent light 21, for exanple, infrared light, is
applied toward the piezoelectric mterial |ayer 4, and
reflected lights from the front surface and the back
surface of the piezoelectric material layer 4 are
received. The optical thickness neter 20 is supported to
be novable in directions parallel to the surface of the
pi ezoel ectric material layer 4 by a driving unit (not
depi cted), and outputs measur enent results to a
cal cul ation control unit 100 depicted in FIG 8.

The calculation control unit 100 is a unit that

cal cul ates the renoval anmount map 30 depicted in FIG 9,
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based on the results of neasurenent by the optica
t hi ckness neter 20. The renpoval amount map 30 is for
prescribing the nunber of tines the pulsed | aser beam 400
is to be applied to each position on the surface of the
pi ezoelectric material layer 4 in the |aser processing
step ST4. In Enbodinment 1, the renoval anmount nmap 30
prescribes each position on the surface of t he
pi ezoel ectric material layer 4 in terns of coordinates
defined in an X-axis direction and a Y-axis direction
i ntersecting each other, with the notch 5 as a reference.
Note that the renoval amount map 30 depicted in FIG 9
provides a prescription in which: the nunber of tinmes the
pul sed | aser beam 400 is to be applied to each position
31 in a white area inclusive of the center of the surface
of the piezoelectric material layer 4 is zero (tines),;
the nunber of tinmes the pulsed |aser beam 400 is to be
applied to each position 32 in an area indicated by
coarsest parallel slant lines on the outside of the
positions 31 is one (tine); the nunber of tines the
pul sed | aser beam 400 is to be applied to each position
33 in an area indicated by second coarsest parallel slant
lines on the outside of the positions 32 is two (timnes);
the nunmber of times the pulsed |aser beam 400 is to be

applied to each position 34 in an area indicated by third
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coarsest parallel slant lines on the outside of the
positions 33 is three (tinmes); and the nunber of tines
the pulsed |aser beam 400 is to be applied to each
position 35 in an area indicated by densest parallel
slant lines on the outernost side is four (tinmes). Note
that detailed description of the calculation control unit
100 will be nmade at the time of describing the |aser
processing step ST4 | ater.

In the renoval anount map formng step ST3, the
support substrate 2 is held on a chuck table 22 of a
t hi ckness neasuring apparatus 23 through a protective
menber 300, and, in a state in which the optical
thickness nmeter 20 is set to face the surface of the
pi ezoel ectric material |ayer 4, the calculation control
unit 100 causes the optical thickness neter 20 to neasure
the thickness at each position of the piezoelectric
material |layer 4 while noving the optical thickness neter
20 in directions parallel to the surface of the
pi ezoel ectric material |ayer 4, and stores the results of
nmeasurenent. In the renoval anmount map formng step ST3
the calculation control unit 100 cal culates the renoval
amount map 30 depicted in FIG 9, from the neasurenent
results and the |Iike. After the renoval anount map

formng step ST3, the manufacturing nmethod proceeds to
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the | aser processing step ST4.
<Laser processing step>

FIG 10 is a side view depicting a | aser processing
step in the nethod of manufacturing the substrate for the
acoustic wave device depicted in FIG 3. FIG 11 is a
plan view depicting conditions for scanning the
pi ezoelectric material layer with a pulsed laser beam in
the | aser processing step in the nethod of manufacturing
the substrate for the acoustic wave device depicted in
FIG 3. FIG 12 is a sectional view of the support
substrate and the piezoelectric nmaterial |ayer after the
| aser processing step in the nethod of nmanufacturing the
substrate for the acoustic wave device depicted in FIG 3.

The | aser processing step ST4 is a step of applying
the pulsed |aser beam 400 of such a wavelength as to be
absorbed in the piezoelectric material layer 4 from the
front surface of the piezoelectric material |ayer 4, and
selectively renmoving the piezoelectric material |ayer 4
by ablation processing to adjust the difference between
the thickness of the thinnest portion and the thickness
of the thickest portion to or below a threshold, based on
the renoval anmount map 30. |In the laser processing step
ST4, a laser processing apparatus 40 schematically

depicted in FIG 10 is used.
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The laser processing apparatus 40 includes a
hol ding table 41 for holding the support substrate 2, and
a |aser beam applying unit 42 that applies the pulsed
| aser beam 400 toward the piezoelectric material |ayer 4
joined to the support substrate 2 held by the holding
table 41. The | aser beam applying unit 42 includes an
oscillation section 43 that oscillates the pulsed |aser
beam 400, and an optical system (not depicted) including
a beam di aneter adjustor, an output adjustor and the |ike
for transmtting the pul sed |aser beam 400. In addition,
the laser beam applying unit 42 includes a @Glvano
scanner 44 that deflects the center axis of the pul sed
| aser beam 400 transmitted by the optical system in such
a manner as to nove in directions parallel to the surface
of the piezoelectric material layer 4 joined to the
support substrate 2 held by the holding table 41. The
| aser beam applying unit 42 includes a condenser 45
conposed of an inmge-side telecentric objective lens for
focusing the pul sed | aser beam 400, whose center axis has
been deflected by the Galvano scanner 44, and applying
the pulsed |aser beam 400 to the piezoelectric material
|l ayer 4 joined to the support substrate 2 held by the
hol di ng tabl e 41.

The pulsed |aser beam 400 oscillated by the
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oscillation section 43 is a |laser beam which is pulse-
shaped, has a wavelength of 257 nmto 355 nm and is not
liable to generate cracks in the piezoelectric material
|l ayer 4, and is desirably a fourth harnonic |aser beam
In addition, in Enbodinent 1, the output of the pul sed
| aser beam 400 is 1.5 W and its repetition frequency is
200 kHz. The Galvano scanner 44 is controlled by the
calculation control wunit 100, and deflects the pulsed
| aser beam 400 oscillated fromthe oscillation section 43
to lead it to the condenser 45. Note that in the present
i nvention, a polygon mrror or a piezo mrror can be used
in place of the Galvano scanner 44. The condenser 45 is
conposed of an inmge-side telecentric objective |ens
| arger in dianeter than the support substrate 2 and the
pi ezoel ectric material layer 4. The condenser 45 causes
the pul sed | aser beam 400 to be applied in parallel to an
optical axis of the objective lens, independently of the
angl e of view of the incident angle.

The calculation control wunit 100 that fornms the
renoval anmount map 30 based on the aforenentioned results
of neasurenent by the optical thickness neter 20 and that
controls the Galvano scanner 44 of the |laser beam
applying unit 42 of the |aser processing apparatus 40 on

the basis of the renoval anmount map 30 wll now be
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descri bed bel ow. As depicted in FIGS. 8 and 10, the
calculation control wunit 100 includes a storage section
110, a calculation section 120, and a control section 130.
The storage section 110 includes a processing condition
storage section 111, a nmeasurenent result storage section
112, and a renoval anount storage section 113. The
processing condition storage section 111 stores, at
| east: an allowable value for the difference between the
thi ckness of the thinnest portion of the piezoelectric
material layer 4 and the thickness of the thickest
portion, which is a threshold for variability of
t hi ckness of the piezoelectric material |ayer 4; a target
thi ckness of the piezoelectric material layer 4; and a
repetition frequency of the pulsed |aser beam 400. The
al l owabl e value for the difference between the thickness
of the thinnest portion of the piezoelectric material
| ayer 4 and the thickness of the thickest portion, the
target thickness of the piezoelectric naterial |ayer 4,
and the repetition frequency of the pul sed | aser beam 400
are inputted from an input unit (not depicted) connected
to the calculation control wunit 100, and are stored in
the processing condition storage section 111.

The neasurenent result storage section 112 stores

the thickness at each position of the piezoelectric
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material layer 4 as the results of neasurenent by the
optical thickness neter 20. The thickness at each
position of the piezoelectric material |ayer 4 stored by
the measurenent result storage section 112 is prescribed,
in position, by the same coordinates used for the renoval
anmount map 30. The renoval anount storage section 113
stores a prelimnarily neasured renoval amount for the
pi ezoel ectric material |ayer 4 per pulse of the pulsed
| aser beam 400. The renoval anobunt storage section 113
stores, at least: a size to be renoved in the thickness
direction of the piezoelectric material |ayer 4 per pulse
of the pulsed |aser beam 400; and an area to be renoved
in the surface of the piezoelectric material layer 4. The
size to be renmoved in the thickness direction and the
area to be renoved in the surface of the piezoelectric
material layer 4 are inputted from an input unit (not
depi cted) connected to the calculation control unit 100,
and are stored in the renoval anpbunt storage section 113.
In the renoval anount map formng step ST3, the
cal cul ation section 120 cal cul ates, on the basis of each
coordinate in the plane, the renoval anount for the
pi ezoel ectric rmateri al | ayer 4 for adjusting the
di fference between the thickness of the thinnest portion

of the piezoelectric material |ayer 4 and the thickness
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of the thickest portion to or below the allowabl e val ue,
based on the results of neasurenent by the optica
thickness nmeter 20 of the in-plane thickness of the
pi ezoel ectric material layer 4 ground by the grinding
apparatus 10 after joined to the surface 3 on one side of
t he support substrate 2, and fornms the renoval anount map
30. The cal culation section 120 calculates the renova
amount map 30 depicted in FIG 9, by referring to the
information stored in the processing condition storage
section 111, the neasurenent result storage section 112
and the renpval anount storage section 113. The
calcul ation section 120 calculates the anobunt to be
renoved in the thickness direction at each position of
the piezoelectric material layer 4, fromthe thickness at
each position of the piezoelectric material |ayer 4
stored in the neasurenent result storage section 112 as
well as the allowable value and the target value stored
in the processing condition storage section 111. The
cal cul ation section 120 cal cul ates the renoval anmount nap
30, from the anobunt to be renoved in the thickness
direction at each position of the piezoelectric material
layer 4 and the size to be renoved in the thickness
direction stored in the renoval anount storage section

113.
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In addition, in the renoval amount map form ng step
ST3, the calculation section 120 calculates scanning
conditions 50 (an exanple of which is depicted in FIG
11) for the pulsed |aser beam 400 to be applied in the
| aser processing step ST4, from the renoval anount map 30,
the repetition frequency of the pulsed |aser beam 400
stored in the processing condition storage section 111,
the area renmoved in the surface of the piezoelectric
material |ayer 4 per pulse of the pulsed |aser beam 400
stored in the renoval anount storage section 113, and the
l'ike. The scanning conditions 50 include at least a
novi ng route and a noving speed of the pulsed | aser beam
400 on the surface of the piezoelectric material |ayer 4,
for realizing application of the pulsed |aser beam 400
each nunber of tinmes and at each position which are
prescri bed by the renmoval anmount map 30. In this way, the
scanning conditions 50 for the pulsed |aser beam 400
applied in the laser processing step ST4 are determ ned
from the prelimnarily neasured renoval anount of the
pi ezoel ectric material |ayer 4 per pulse of the pul sed
| aser beam 400. Note that the scanning conditions 50 one
exanple of which is depicted in FIG 11 are conditions
for noving the pulsed |aser beam 400 spirally on the

surface of the piezoelectric material |ayer 4, exclusive
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of the positions 31 depicted in FIG 9.

In the laser processing step ST4, the control
section 130 causes the pulsed |aser beam 400 of such a
wavel ength as to be absorbed in the piezoelectric
material layer 4 to be applied from the [|aser beam
applying unit 42 to the surface of the piezoelectric
material |layer 4 to selectively renove the piezoelectric
mat eri al | ayer 4 by ablation processing, t her eby
adjusting the difference between the thickness of the
t hi nnest portion of the piezoelectric material |ayer 4
and the thickness of the thickest portion to or below an
al | onabl e val ue, based on the renoval anmount map 30. In
the |aser processing step ST4, the control section 130
controls the Gal vano scanner 44 according to the scanning
conditions 50 calculated by the calculation section 120,
to apply the pulsed | aser beam 400 to the surface of the
pi ezoel ectric material |ayer 4, thereby applying ablation
processing to the surface of the piezoelectric material
| ayer 4.

The cal cul ation control unit 100 is a computer that
i ncludes a processing apparatus having a mcroprocessor
such as a CPU (Central Processing Unit), a storage
apparatus having a nmenory such as a ROM (Read Only

Menory) or RAM (Random Access Menory), and an
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i nput/output interface, and that is able to execute a
conputer program The processing apparatus of the
cal culation control unit 100 executes the conputer
program stored in the ROM on the RAM to realize
functions of the calculation section 120 and the contro

section 130. Functions of the processing condition
storage section 111, the neasurenent result storage
section 112 and the renoval anmount storage section 113 of
the storage section 110 are realized by storage
appar at uses. In addition, the calculation control wunit
100 is <connected to a display wunit (not depicted)
conposed of, for exanple, a liquid crystal display for
di splaying status of a processing operation, imges and
the like, and an input unit to be used when the operator
enters information on the contents of processing. The
I nput unit is conposed of at |east one of a touch panel
provi ded on the display unit, a keyboard and the |ike.

In the laser processing step ST4, the support
substrate 2 is held by the holding table 41 through the
protective nmenber 300, and the piezoelectric material
|l ayer 4 is set facing the | aser beam applying unit 42. In
the |l aser processing step ST4, the control section 130 of
the calculation control wunit 100 controls the Galvano

scanner 44 according to the scanning conditions 50
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calculated by the calculation section 120, and applies
the pulsed |aser beam 400 to the surface of the
pi ezoel ectric material layer 4 in accordance with the
scanning conditions 50, to apply ablation processing to
the surface of the piezoelectric material |ayer 4. Since
the scanning conditions 50 are calculated based on the
renoval amount map 30 and the like, the thickness of the
pi ezoel ectric rmateri al layer 4 after the ablation
processing is substantially uniform as depicted in FIG
12. Af ter the |aser processing step ST4, t he
manuf acturing nmethod proceeds to the polishing step ST5.
Note that in Enbodinent 1, the sane cal culation control
unit 100 has been used both in the renoval anount map
formng step ST3 and in the |aser processing step ST4.
However, the conputer for <calculation of the renoval
anount map 30 in the renoval anobunt map formng step ST3
and the conputer for ablation processing in the |Iaser
processing step ST4 may be different, in the present
I nventi on.
<Pol i shi ng step>

FI G 13 is a partially sectional side view
depicting a polishing step in the nethod of nanufacturing
the substrate for the acoustic wave device depicted in

FIG 3. FIG 14 is a sectional view of a substrate for a
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SAW filter after the polishing step in the nethod of
manuf acturing the substrate for the acoustic wave device
depicted in FIG 3.

The polishing step ST5 is a step of holding the
support substrate 2 side by a chuck table 61 of a
pol i shing apparatus 60, and polishing the surface of the
pi ezoel ectric material layer 4 by a polishing pad 62, to
form the pi ezoel ectric mat eri al | ayer 4 of a
predet er m ned t hi ckness whi | e mai nt ai ni ng I n-pl ane
thickness variability, after the |aser processing step
ST4. In the polishing step ST5, the polishing apparatus
60 holds the support substrate 2 on the chuck table 61
through the protective nenber 300, and, as depicted in
FIG 13, bringing the polishing pad 62 into contact with
the piezoelectric mterial layer 4 while rotating the
chuck table 61 and a polishing wheel 63 about axes and
while supplying a polishing fluid 64, to polish the
surface of the piezoelectric material |ayer 4. In the
polishing step ST5, the surface of the piezoelectric
material layer 4 is polished, whereby the piezoelectric
material layer 4 is thinned, and ruggedness and debris
generated in the ablation processing are renoved.

Note that in Enbodinent 1, the polishing fluid 64

is a solution containing a substance which undergoes a
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chem cal reaction with the piezoelectric material |ayer 4
to permt CWMP (Chem cal Mechanical Polishing) to be
conducted, and, for exanple, an alkaline polishing fluid
Is used. For this reason, in Enbodinent 1, the polishing
step ST5 is CWP processing in which the surface of the
pi ezoel ectric material layer 4 is subjected to CM.
However, dry polishing of polishing the surface of the
pi ezoel ectric material layer 4 wthout supplying the
polishing fluid 64 my be conducted in the present
i nvention. The piezoelectric material layer 4 after the
polishing step ST5 is formed in a predeterm ned thickness
200 due to overall thinning as conpared to its state upon
the | aser processing step ST4 as depicted in FIG 14.

As has been described above, in the manufacturing
nmet hod according to Enbodinent 1, the piezoelectric
material layer 4 is joined to the support substrate 2 in
the substrate joining step ST1, the piezoelectric
material layer 4 is ground in the grinding step ST2, and
then the piezoelectric material layer 4 is selectively
renoved by use of ablation processing in the |[aser
processing step ST4. In the mnufacturing nethod
according to Enbodinment 1, the piezoelectric material
layer 4 in its thicker portions is renoved in the |aser

processing step ST4, based on the renoval anount map 30
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cal cul at ed by nmeasuri ng t he t hi ckness of t he
pi ezoel ectric material layer 4 in the renoval anmount nmap
formng step ST3. As a result, by the manufacturing
nmet hod according to Enbodinent 1, a SAWTfilter substrate
1 in which thickness variability of the piezoelectric
material layer 4 is small can be formed at |ow cost,
wi t hout conducting ion injection or the like. Therefore,
by the manufacturing method according to Enbodinment 1,
thickness variability of the piezoelectric material |ayer
4 can be suppressed whil e suppressing the cost of the SAW
filters.

In the manufacturing nethod according to Enbodi nent
1, the scanning conditions 50 in the |aser processing
step ST4 are determ ned from the renoval anount per pul se
of the pulsed |aser beam 400. Therefore, it is possible
to suppress thickness variability of the piezoelectric
material |ayer 4 while suppressing the cost of the SAW
filters.

In the manufacturing nethod according to Enbodi nent
1, in the grinding step ST2, the finish grinding step
ST22 is conducted after the rough grinding step ST21, to
restrain irregular reflection of neasurenent |ight 21 of
the optical thickness neter 20; therefore, measurenent

errors of the thickness of the piezoelectric material
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| ayer 4 can be suppressed.

In the manufacturing nethod according to Enbodi nent
1, in the l|aser processing step ST4, the pulsed |aser
beam 400 of such a wavelength as to be absorbed in the
pi ezoel ectric material layer 4, which beam can be
oscillated at lower cost than an ion beam is applied,
therefore, the cost of SAWfilters can be restrained from
rising.

The present inventors have confirned the effect of
the manufacturing nethod according to Enbodinment 1. The

results are depicted in Table 1 bel ow.

<Table 1>

Thi ckness Variability

Product of Present |nvention Snal

Product of Conparative Exanple |Large

Table 1 depicts the results of evaluation of
thickness variability conducted through neasurenent of
the difference between the thickness of the thickest
portion of the piezoelectric material layer 4 of the SAW
filter substrate 1 and the thickness of the thinnest
portion, for t he products manuf act ur ed by t he
manuf acturing nethod according to the present invention

and that according to Conparative Exanple. The product of
34




the present invention is a SAW filter substrate 1
manufactured by the manufacturing nethod according to
Enbodi nent 1. The product of Conparative Exanple is a SAW
filter substrate 1 manufactured by omtting the renova
anount map formng step ST3 and the | aser processing step
ST4 of the manufacturing nethod according to Enbodi nent 1.

According to Table 1, the difference between the
thi ckness of the thickest portion of the piezoelectric
material layer 4 of the product of Conparative Exanple
and the thickness of the thinnest portion was 6 um at
maxi rum and thus the thickness variability of the
pi ezoel ectric material |ayer 4 was | arge. In contrast,
the difference between the thickness of the thickest
portion of the piezoelectric material layer 4 of the
product of the present invention and the thickness of the
thinnest portion was 1 um at maxi num Thus, it was
verified that by carrying out the renoval anount map
formng step ST3 and the | aser processing step ST4, it is
possible to suppress thickness variability of the
pi ezoel ectric material |ayer 4.

Note that according to the aforenenti oned nethod of
manufacturing the substrate for the acoustic wave device
according to Enbodinment 1, the following calculation

control unit can be obtai ned.
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<Suppl enent ary Not e>

A calculation control unit including: a calculation
section that calculates, on the basis of each coordinate
in the plane, a renoval anount for a piezoelectric
material layer ground by a grinding apparatus after
joined to a surface on one side of a support substrate,
for adjusting thickness variability of the piezoelectric
material layer to or below a threshold, based on the
results of neasurenent of in-plane thickness of the
pi ezoel ectric material Ilayer by an optical thickness
neter, to form a renpoval anount map; and a contro
section that causes a pulsed |aser beam of such a
wavel ength as to be absorbed in the piezoelectric
material layer to be applied from a |aser beam applying
unit to a surface of the piezoelectric material layer, to
selectively renove the piezoelectric material |ayer by
abl ati on processing, based on the renoval anmount nap, and
thereby to adjust the thickness variability to or bel ow
the threshol d.

The cal cul ation control uni t renoves t he
pi ezoel ectric material layer in its thicker portions,
based on the renoval anmount map calculated through
neasurenent of the thickness of the piezoelectric

material layer, like in the nethod of manufacturing the
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substrate for the acoustic wave device according to
Enbodi nent 1. Therefore, it is possible to suppress
thi ckness variability of the piezoelectric material |ayer
whi |l e suppressing the cost of the SAWfilters.

The present invention is not l[imted to the details
of the above described preferred enbodi ment. The scope of
the invention is defined by the appended clains 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 | S CLAIMED I S:

1. A nmethod of manufacturing a substrate for an
acoustic wave devi ce, t he substrate havi ng a
pi ezoel ectric mat eri al | ayer with a predeterm ned
t hi ckness forned along a surface on one side of a support
substrate, the nethod conpri sing:

a substrate joi ning step of j Oi ni ng t he
pi ezoel ectric material layer to the surface on the one
side of the support substrate;

a grinding step of holding the support substrate
side by a chuck table of a grinding apparatus and
grinding and thinning the piezoelectric material |ayer,
after the substrate joining step

a renoval amount map formng step of neasuring in-
pl ane thickness of the piezoelectric material |ayer by an
optical thickness neter, calculating a renoval anmount for
the piezoelectric material |ayer for adjusting thickness
variability of the piezoelectric nmaterial layer to or
bel ow a threshold on the basis of each coordinate in the
plane, to form a renoval anmount nmap, after the grinding
st ep;

a laser processing step of applying a pul sed |aser
beam of such a wavelength as to be absorbed in the

pi ezoel ectric material layer from a surface of the
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pi ezoel ectric material layer, and selectively renoving
the piezoelectric material |ayer by ablation processing,
based on the renoval anmount nmap, to adjust the thickness
variability to or below the threshold; and

a polishing step of holding the support substrate
side by a chuck table of a polishing apparatus, and
polishing the surface of the piezoelectric material I|ayer
by a polishing pad, to form the piezoelectric material
| ayer of a predeterm ned thickness while naintaining the
i n-pl ane t hi ckness variability, after t he | aser
processi ng step.

2. The nethod of manufacturing the substrate for
the acoustic wave device according to claim 1, wherein
scanning conditions of the pulsed |aser beam applied in
the | aser processing step are determned from a renoval
amount of the piezoelectric material |ayer per pulse that
is prelimnarily measured.

3. The nmethod of manufacturing the substrate for
the acoustic wave device according to claim 1, wherein in
the grinding step, the surface of the piezoelectric
material layer is ground by a rough grinding grindstone,
after which the surface of the piezoelectric material
layer is finish-ground by a finish grinding grindstone

finer in abrasive grain size than the rough grinding
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gri ndst one, to restrain i rregul ar reflection of
measurenent |ight of the optical thickness neter.

4. The nethod of manufacturing the substrate for
the acoustic wave device according to claim 1, wherein
the polishing step is <chemcal nmechanical polishing
processi ng.

5. The nmethod of manufacturing the substrate for
the acoustic wave device according to claim 1, wherein
the support substrate is lower in thermal expansion
coefficient than the piezoelectric material layer, and is

a sem conductor or an insulating material.
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