
;^_e3eFC.6T3:!14 OCT 2002  METHOD OF MANUFACTURING PIEZOELECTRIC DEVICE
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a method of manufacturing a piezoelectric element such as a
surface acoustic wave device, and more specifically, the present invention
relates to an improvement to a method of manufacturing individual
piezoelectric elements by dicing a wafer having electrodes, which include
A1 or A1 alloy, on a piezoelectric substrate. 2. Description of the Related
Art When manufacturing piezoelectric elements such as a surface acoustic
wave device, a mother wafer is first prepared and then is diced to obtain
individual piezoelectric elements in order to improve mass productivity.
More specifically, electrodes made of A1 or A1 alloy are formed on a
piezoelectric substrate consisting of a piezoelectric material to form a
wafer, and the individual piezoelectric elements are obtained by dicing the
wafer. When dicing the wafer, a method for dicing the wafer while cooling
the wafer with cutting water has been popular. However, fragments and
cutting dust from the piezoelectric material are generated from the
piezoelectric substrate    14 0 C T 2002 - 2  during the dicing, which
results in the fragments of the piezoelectric material being adhered to
surfaces of electrodes. In addition, a portion of the piezoelectric
material is dissolved in the cutting water, which corrodes the electrodes.
As a result, the characteristics of the piezoelectric elements produced
according to this method are degraded. 



In order to solve the above-described problem, a protective film such as a
passivation film consisting of Si02 is disposed on a surface having the
electrodes of the wafer formed thereon before dicing occurs. However, in
the above-described method for forming the protective film, problems occur
in that an unnecessary process for forming a protective film for the
finished piezoelectric elements must be added, a manufacturing process
becomes complicated, and the cost is increased. In addition, even when the
protective film is formed, the electrical characteristics of the obtained
piezoelectric elements are sometimes lower than design values, or the
nondefective ratio is not sufficiently high, possibly due to the adhesion
of powders of the piezoelectric material generated by dicing the wafers.
Further, when using a wafer having electrodes thereon by forming a metal
film consisting of an A1 alloy on the piezoelectric substrate and etching
the metal film with   14 0 C T 2002 - 3  plasma using a halogen-containing
gas such as CF4 and C12, or a wafer having a frequency that is trimmed by
etching the substrate after forming the electrodes, a halogen element such
as C1 and F works as an oxidizing agent, and a problem occurs in that the
electrodes are corroded. SUMMARY OF THE INVENTION In order to overcome the
problems described above, preferred embodiments of the present invention
provide a method of manufacturing a piezoelectric element that produces
piezoelectric elements having excellent characteristics and with an
excellent non-defective ratio without forming any protective films before
dicing. 



According to a preferred embodiment of the present invention, a method of
manufacturing a piezoelectric element includes the steps of forming an
electrode including an A1 alloy on a piezoelectric substrate made of a
piezoelectric material, forming a piezoelectric element by exposing the
electrode to plasma using a halogen-containing gas, and dicing the wafer
while cooling the wafer with cutting water, wherein the cutting water
includes a compound for reacting with A1 to form a protective film on a
surface of the electrode. At least one kind of phosphoric acid and
phosphate is preferably used for the compound that is included in the   1 4
0 C T 2002 - 4  cutting water, and at least one material selected from the
group consisting of calcium hydrogenphosphate, calcium dihydrogenphosphate
and sodium hydrogenphosphate is preferably used for the phosphate. In
addition, the first and second preferred embodiments can be preferably used
when a surface acoustic wave device is manufactured as the piezoelectric
element. Other features, elements, characteristics and advantages of the
present invention will become more apparent from the following detailed
description of preferred embodiments with reference to the attached
drawings. BRIEF DESCRIPTION OF THE DRAWINGS Figs. lA and 1B are a plan view
of a wafer to be prepared according to a preferred embodiment of the
present invention, and a cross-sectional view thereof through the line B-B,
respectively; Fig. 2 is a graph showing the attenuation-frequency
characteristic of a surface acoustic wave device obtained in Example 1;
Fig. 3 is a graph showing the attenuation-frequency characteristic of a
surface acoustic wave device obtained in Comparative Example 1; Fig. 4 is a
photo showing a shape of an electrode of   ~ 4 ocT zoo2 



- 5  the surface acoustic wave device obtained in Example 2; and Fig. 5 is
a photo showing a shape of an electrode of the surface acoustic wave device
obtained in Comparative Example 2. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS The present invention will be described in detail with
reference to preferred embodiments thereof. In various preferred
embodiments of the present invention, an electrode including an A1 alloy is
disposed on a piezoelectric substrate that is preferably made of or
includes a piezoelectric material. Then the wafer having electrodes thereon
is etched using a halogen-containing gas to adjust the frequency
characteristics of the surface acoustic wave device. The piezoelectric
material constituting the piezoelectric substrate is not specially limited,
and a piezoelectric single crystal such as LiTa03, LiNb03 and quartz, or a
piezoelectric ceramic such as a titanate zirconate lead ceramic may be
used. Other suitable materials may also be used. The material constituting
the electrodes provided on the piezoelectric substrate is not specially
limited either so long as it is an A1 alloy, and an A1-Cu alloy, an A1-Ti
alloy or other suitable material can also be used.   14 0 C T 2002 - 6  The
electrodes including an A1 alloy are etched using the halogen-containing
gas. The halogen-containing gas is not specially limited, and for example,
the halogencontaining gas that has been generally used in the etching of
electrodes of a piezoelectric element and substrates include CF4, C12 and
BC13. The specific etching method of the electrodes is not limited, and any
known method can be appropriately applied according to the shape of the
electrode of a desired piezoelectric element. In various preferred
embodiments of the present invention, the piezoelectric element can be
obtained by dicing the wafer while cooling it with cutting water. Any
conventional dicing device having a dicing saw can be used. During the
dicing, cutting water is applied to a cutting section of the wafer. The
cutting water used during dicing preferably includes a compound that reacts
with A1 to form an insulating film on the surface of an electrode. Such a
compound is not specially limited so long as it reacts with A1 to form an
insulating film, and the use of phosphates such as calcium
hydrogenphosphate (CaHP09) calcium dihydrogenphosphate Ca(HZPO9)2 and
sodium hydrogenphosphate (NaHP04), or phosphoric acid can be illustrated. 



r Similarly, the concentration of the compound to form   1 4 0 C T 2002
the insulating film can be appropriately determined according to the
material of the compound so long as the insulating film can be formed. The
concentration of the compound is generally about 1 x 10-5 mol% to about 1 x
10-3 mol o . The temperature of the cutting water for dicing is determined
to cool the wafer, and is generally about 15C to about 30C. In preferred
embodiments of the present invention, dicing is achieved while cooling the
wafer using cutting water including the above-described compound. Since the
compound is included in the cutting water, the compound reacts with A1 in
the electrode including an A1 alloy to form an insulating film on the
surface of the electrode. For example, when calcium hydrogenphosphate is
used for the compound, an insulating film including aluminum phosphate
(A1P04) is formed on the surface of the electrode. Thus, the surface of the
electrode is covered by the insulating film and protected thereby, the
corrosion of the electrode attributable to any halogen element can be
effectively suppressed even when the halogen element such as F and C1
remains after the etching using the halogencontaining gas. Even when the
electrode is etched using the halogen-containing gas, a piezoelectric
element with much less easily degradable electric characteristics can be
14 0 C T 2002 _8_ provided. Various preferred embodiments of the present
invention will be specifically described with reference to the following
non-limiting examples. A wafer 1 shown in Fig. 1A is obtained by forming a
metal film with a thickness of about 300 um including an A1-Cu alloy
disposed on the entire surface of a LiTa03 single crystal substrate with a
thickness of about 0.35 mm, and dry-etching the substrate. In the wafer 1,
interdigital electrode transducers 2 including an A1-Cu alloy are provided
on a piezoelectric substrate 2. 



Next, the wafer 1 is diced along a one-dot chain line A in Fig. lA to
obtain individual piezoelectric elements. When dicing the wafer, a calcium
hydrogenphosphate aqueous solution set to the temperature of about 25C was
used for the cutting water in which calcium hydrogenphosphate (CaHP09) is
dissolved in water at a concentration of approximately 1 x 10-4 molo. As
described above, the wafer 1 is diced, and a surface acoustic wave device
is produced including a piezoelectric element. Fig. 2 shows the frequency
characteristic of the surface acoustic wave device. The solid line A in
Fig. 2 indicates an expanded characteristic using the scale on the right
side of the vertical axis. For comparison, the surface acoustic wave device
was   1 4 0 C T 2002 _ g _ obtained by dicing the wafer 1 similar to the
abovedescribed method except that pure water containing no calcium
hydrogenphosphate was used as the cutting water. Fig. 3 shows the frequency
characteristic thus obtained by the Comparative Example 1. The solid line B
in Fig. 3 indicates an expanded characteristic using the scale on the right
side of the vertical axis. As clearly shown in the comparison between Figs.
2 and 3, the surface acoustic wave device according to Example 1 can
increase the band width and reduce the variance in insertion loss in the
pass band compared with the Comparative Example 1. In other examples, a
metal film with a thickness of about 200 um including an A1-Cu alloy was
formed on the entire surface of a piezoelectric substrate made of a crystal
with a thickness of about 0.35 mm, and then, interdigital electrode
transducers 2 shown in Fig. 1A were formed by wet etching. Then, the
substrate was exposed to CF9 plasma to etch the portions of the substrate
that are not covered by the metal, and the frequency was trimmed. The
thus-obtained wafer 1 was diced similar to Example 1 to obtain the surface
acoustic wave device. For comparison, the surface acoustic wave device in
Comparative Example 2 was obtained similar to the abovedescribed Example 2
except that the NaHC03 aqueous solution   14 0 C T 2002 - to  was used as
the cutting water in place of the CaHPOq aqueous solution. The surface of
the electrode was analyzed by XPS on the surface acoustic wave device
according to Example 2 to detect compounds of P and Al. No calcium was
detected. It was thus ascertained that A1 reacted with calcium
hydrogenphosphate to form a corrosion-resistant (A1P04) film. 



Figs. 4 and 5 show photos of the IDT of each surface acoustic wave device
according to Example 2 and the Comparative Example 2. As clearly shown in
the comparison between Figs. 4 and 5, it is understood that the quality of
the electrodes is greatly improved by the compound of P and Al in Example 2
using a CaHP09 aqueous solution compared with that in Comparative Example
2. In the first preferred embodiment of the present invention, the cutting
water containing the compound which reacts with Al to form an insulating
film on the surface of the electrodes including an A1 alloy, and the
insulating film is formed when dicing wafers. Thus, the corrosion of
electrodes is prevented by the insulating film. The electrodes are etched
using the halogen-containing gas, and even when the halogen element
remains, the , corrosion of electrodes by the halogen element is reliably
prevented by the insulating film, and a piezoelectric element with
excellent and stable electric characteristics   rT - 11  is reliably
provided. Further, in a Conventional method, a Si02 protective film or
other protective film must be formed before the dicing in order to prevent
corrosion of the electrodes, while such a protective film need not be
formed at all in the first preferred embodiment of the present invention.
Thus, piezoelectric elements with excellent characteristics can be
efficiently and inexpensively supplied in preferred embodiments of the
present invention. When at least one of the Compounds included in the
Cutting water selected from a group comprising Calcium hydrogenphosphate,
calcium dihydragenphosphate, phosphoric acid and sodium dihydragenphasphate
is used, these compunds react with A1 to form a stable insulating film on
the surface of the electrodes, and Corrosion of the electrodes is further
reliably prevented. The types of piezoelectric elements that are applicable
to the present invention are not specially limited. However, digital
electrodes of the surface acoustic wave device having a large number of
small digital electrodes are easily corroded, and preferred embodiments of
the present invention are effectively used in this type of piezoelectric
element. While the present invention has been particularly shown and
described with reference to preferred embodiments thereof, it will be
understood by those skilled in the art   14 0 C T 2002 



- 12  that the foregoing and other changes in form and details can be made
without departing from the spirit and scope of the present invention.   14
0 C T 2002 - 13  WHAT IS CLAIMED IS: 1. A method of manufacturing a
piezoelectric element, comprising the steps of: providing a wafer made of a
piezoelectric material and having an electrode that includes A1 or an A1
alloy; and dicing the wafer while applying cutting water to a cutting
portion of the wafer, the cutting water including a compound that reacts
with A1 to form a protective film on a surface of the electrode. 2. A
method of manufacturing a piezoelectric element according to claim 1,
further comprising the step of exposing the wafer to a plasma including a
halogen gas, 



before the dicing step. 3. A method of manufacturing a piezoelectric
element according to claim 2, wherein the electrode is etched during the
exposing step. 4. A method of manufacturing a piezoelectric element,
comprising the steps of: providing a piezoelectric substrate; forming an
electrode that includes A1 or an A1 alloy on the piezoelectric substrate by
exposing the wafer to a plasma including a halogen gas; and   14 OCT 2002 -
14  dicing the wafer while applying cutting water to a cutting portion of
the wafer, the cutting water including a compound that reacts with A1 to
form a protective film on a surface of the electrode. 5. A method of
manufacturing a piezoelectric element according to claim 4, wherein the
electrode is etched during 



the exposing of the wafer to the plasma including the halogen gas. 6. A
method of manufacturing a piezoelectric element according to claim 1 or
claim 4, wherein the compound is selected from the group consisting of
phosphoric acid, hydrogenphosphates and dihydrogenphospates. 7. A method of
manufacturing a piezoelectric element according to claim 1 or claim 4,
wherein the cutting water includes the compound having a concentration
within about 1 x 10-5 mol% to about 1 x 10-3 mol % . 8. A method of
manufacturing a piezoelectric element according to claim 1 or claim 4,
wherein the compound is selected from the group consisting of calcium
hydrogenphospate, calcium dihydrogenphosphate and sodium hydrogenphospate.
1 4 0 C T 2002 - 15  9. A method of manufacturing a piezoelectric element
according to claim 1 or claim 4, wherein the wafer is made of a material
selected from the group consisting of quartz, LiTa03 and LiNb03. 



10. A method of manufacturing a piezoelectric element according to claim 1
or claim 4, wherein said piezoelectric element constitutes a surface
acoustic wave device. 11. A method of manufacturing a piezoelectric element
according to claim 1 or claim 4, wherein the electrode is made of one of an
A1 alloy, an A1-Cu alloy, and an Al-Ti alloy. 12. A method of manufacturing
a piezoelectric element according to claim 2 or claim 4, wherein the
halogen containing gas is one of CF9, C12 and BC13. 13. A method of
manufacturing a piezoelectric element according to claim 1 or claim 4,
wherein the temperature of the cutting water used during the dicing step is
about 15C to about 30C.
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