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(57) ABSTRACT 

A Surface acoustic wave device that is Small, lightweight and 
highly reliable, and protects its functional portion. The 
Surface acoustic wave device has Surface acoustic wave 
elements mounted on a circuit Substrate. Each Surface acous 
tic wave element includes a frame-like first insulating film 
furnished to Surround functional portions on a chip, and a 
lid-like Second insulating film deposited on the first insu 
lating film So as to cover driving electrodes and Surface wave 
propagation paths of the functional portions, while Securing 
a hollow portion over the functional portions. 
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SURFACE ACOUSTC WAVE DEVICE AND 
METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a surface acoustic 
wave device used as a high-frequency oscillator in telecom 
munication equipment as well as to a method for fabricating 
the device. 

0003 2. Description of Related Art 

0004 FIG. 10 is a cross-sectional view of a conventional 
Surface acoustic wave device. In FIG. 10, reference numeral 
1 denotes a piezoelectric Substrate (called the chip hereun 
der) constituting a Surface acoustic wave element. On a 
principal plane of the chip 1 (upper surface in FIG. 10) are 
a Surface acoustic wave functional portion 1a and electrode 
pads (the latter not shown). The functional portion 1 a 
comprises driving electrodes made of known finger-shaped 
inter-digital transducers (called IDTs hereunder), and propa 
gation paths for Surface waves driven in a predetermined 
direction on the chip Surface. The electrode pads extend 
from the driving electrodes and Serve as external connection 
terminals of the functional portion 1a. Reference numeral 12 
denotes a package that holds the chip 1, and 12a and 12b 
denote package Side walls that Surround the chip thereby 
constituting a chip holder. Part of the side wall 12a includes 
a terminal portion 12c Serving as external connectors. Ref 
erence numeral 4 denotes wires for electrically connecting 
the electrode pads of the functional portion 1a to the 
terminal portion 12c. 

0005 Reference numeral 11 denotes a metal cover con 
nected to a Sealing portion 12d placed on the top Surface of 
the package Side wall 12b, whereby the functional portion 1 a 
of the chip 1 is Sealed in an airtight and protected manner. 
In order to release acoustically both the Surface waves 
driven by the known IDTS and the propagation paths for the 
waves, the Surface acoustic wave device requires that a 
hollow portion be secured over the surface of the functional 
portion 1a and that protective measures be taken to prevent 
breakdown of the functional portion 1a. 

0006 FIG. 11 is a cross-sectional view of another con 
ventional Surface acoustic wave device disclosed in Japa 
nese Patent Application Laid-open No. (Hei)4-301910. In 
FIG. 11, those parts with their counterparts already shown 
in FIG. 10 are given the same reference numerals, and 
descriptions of Such parts are omitted where they are repeti 
tive. 

0007. The device in FIG.11 has the functional portion 1 a 
furnished at the bottom of the chip 1, with a hollow portion 
formed between the functional portion 1a and the package 
12. Bump electrodes 6 connect the functional portion 1 a 
with the terminal portion 12c. That is, electrical connections 
between the portions 1a and 12c are Secured by connecting 
the bump electrodes 6, formed on electrode pads not shown, 
to the terminal portion 12c. The package Side wall 12a 
creates a Stagger for a portion opposite to the functional 
portion 1a and also contributes to providing the hollow 
portion 9. The setup protects the functional portion 1a and 
Secures a clearance over its Surface. AS in the case of the 
device in FIG. 10, the metal cover 11 on top of the chip 1 
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Seals the opening of the package 12 airtight with the Sealing 
portion 12d interposed therebetween. 

0008 Conventional surface acoustic wave devices are 
typically constituted as outlined above. In Such devices, the 
cover 11 made of metal has been used for airtight Sealing. 
When an alternative insulating resin, although less expen 
Sive, is used to Surround the chip 1 periphery, the resin 
adheres on the chip 1 and makes it impossible to Secure a 
hollow portion over the surface of the functional portion 1a. 
Meanwhile, the use of the metal cover pushed up manufac 
turing costs of the Surface acoustic wave device, a disad 
Vantage that has plagued the prior art. 
0009. It is therefore an object of the present invention to 
overcome the above and other deficiencies of the prior art 
and to provide a Surface acoustic wave device that is Small, 
lightweight, highly reliable, and is protected against break 
down of its functional portion with a hollow Segment 
Secured over the Surface of that functional portion. 
0010. It is another object of the present invention to 
provide a method for fabricating a Surface acoustic wave 
device in ways that are simpler, more efficient, more accu 
rate and less expensive than before. 

SUMMARY OF THE INVENTION 

0011. According to a first aspect of the present invention, 
there is provided a Surface acoustic wave device having 
Surface acoustic wave elements mounted on a circuit Sub 
Strate, each of the Surface acoustic wave elements comprises 
a piezoelectric Substrate, a functional portion which is 
formed on one principal plane of the piezoelectric Substrate 
and which has driving electrodes for driving Surface waves 
in a predetermined direction over a Surface of the piezo 
electric Substrate, a frame-like first insulating film furnished 
on the one principal plane of the piezoelectric Substrate So as 
to Surround the functional portion and a lid-like Second 
insulating film for covering the driving electrodes and 
Surface wave propagation paths of the functional portion 
while Securing a predetermined Space over the functional 
portion. 

0012 Here, the surface acoustic wave device may further 
comprise bump electrodes which are formed on either the 
one principal plane or other principal plane of the piezo 
electric Substrate and which constitute external connectors 
of the Surface acoustic wave elements, wherein the Surface 
acoustic wave elements are connected via the bump ele 
ments to the circuit Substrate in flip-chip bonding fashion. 
0013. According to a second aspect of the present inven 
tion, there is provided a Surface acoustic wave device having 
Surface acoustic wave elements mounted on a circuit Sub 
Strate, each of the Surface acoustic wave elements comprises 
a piezoelectric Substrate, a functional portion which is 
formed on one principal plane of the piezoelectric Substrate 
and which has driving electrodes for driving Surface waves 
in a predetermined direction over a Surface of the piezo 
electric Substrate, bump electrodes which are formed on the 
one principal plane of the piezoelectric Substrate and which 
constitute external connectors of the functional portion and 
an first insulating film deposited on the one principal plane 
of the piezoelectric Substrate except where there exist at 
least the functional portion and the bump electrodes, 
wherein the bump electrodes of the Surface acoustic wave 
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elements are connected to the circuit Substrate in flip-chip 
bonding fashion, with an anisotropic conductor interposed 
between the bump electrodes and the circuit Substrate. 
0.014. Here, the surface acoustic wave device may further 
comprise a Second insulating film deposited on the first 
insulating film So as to Secure a predetermined Space over 
the functional portion while covering the driving electrodes 
and Surface wave propagation paths of the functional portion 
except where there exist at least the bump electrodes. 
0.015 According to a third aspect of the present inven 
tion, there is provided a method for fabricating a Surface 
acoustic wave device, the method comprises the Steps of 
forming functional portions of a plurality of Surface acoustic 
wave elements on one principal plane of a piezoelectric 
Substrate, the function portions including driving electrodes 
for driving Surface waves in a predetermined direction over 
a Surface of the piezoelectric Substrate, depositing a first 
insulating film on the one principal plane of the piezoelectric 
Substrate except where there exist at least the functional 
portions and electrode pads for use by bump electrodes, 
depositing a Second insulating film in lid fashion over the 
functional portions except where there exist at least the 
electrode pads on the first insulating film So as to Secure a 
predetermined space while covering the driving electrodes 
and Surface wave propagation paths of the functional por 
tions, furnishing each of the functional portions with the 
bump electrodes constituting external connectors of the 
functional portions on the one principal plane of the piezo 
electric Substrate, providing a Single anisotropic conductor 
So as to cover the plurality of the functional portions and 
each of the bump electrodes, connecting the bump elec 
trodes to the circuit Substrate in flip-chip bonding fashion 
and Separating the Surface acoustic wave elements into 
individual elements. 

0016. The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of the embodiments 
thereof taken in conjunction with the accompanying draw 
IngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a cross-sectional view of a surface 
acoustic wave device according to embodiment 1 of the 
present invention. 

0.018 FIG. 2 is a cross-sectional view of a surface 
acoustic wave device according to embodiment 2 of the 
present invention. 

0019 FIGS. 3A to 3F are schematic views showing steps 
to fabricate a chip for use by a Surface acoustic wave device 
according to embodiment 3 of the present invention. 
0020 FIGS. 4A and 4B are perspective views illustrat 
ing respectively typical states of the chips in FIGS. 3D and 
3F as they are being fabricated. 

0021 FIG. 5 is a cross-sectional view of a surface 
acoustic wave device according to embodiment 4 of the 
present invention. 

0022 FIG. 6 is a cross-sectional view of a surface 
acoustic wave device according to embodiment 5 of the 
present invention. 
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0023 FIG. 7 is a plan view of a chip 1 used by the 
embodiment 5 of the present invention. 
0024 FIG. 8 is a cross-sectional view of a surface 
acoustic wave device according to embodiment 6 of the 
present invention. 
0025 FIGS. 9A to 9F are schematic views showing steps 
to fabricate a chip for use by a Surface acoustic wave device, 
the Steps constituting a method according to embodiment 7 
of the present invention. 
0026 FIG. 10 is a cross-sectional view of a conventional 
Surface acoustic wave device. 

0027 FIG. 11 is a cross-sectional view of another con 
ventional Surface acoustic wave device disclosed in Japa 
nese Patent Application Laid-open No. (Hei) 4-301910. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0028 Embodiments of the present invention will be 
described below with reference to the accompanying draw 
ings. It is noted that the same reference Symbols in the 
drawings denote the Same or corresponding components. 

0029 Embodiment 1 
0030. An embodiment 1 of this invention will now be 
described with reference to FIG. 1. FIG. 1 is a cross 
Sectional view of a Surface acoustic wave device according 
to embodiment 1. 

0031. In FIG. 1, reference numeral 1 denotes a piezo 
electric Substrate chip constituting a Surface acoustic wave 
element. On a principal plane of the chip 1 (upper Surface in 
FIG. 1) are a surface acoustic wave functional portion 1 a 
and electrode pads. The functional portion 1a comprises 
driving electrodes made of known IDTS, and propagation 
paths for Surface waves driven in a predetermined direction 
on the chip Surface. The electrode pads, not shown, extend 
from the driving electrodes and Serve as external connection 
terminals of the functional portion 1a. 
0032 Reference numeral 3 denotes a circuit Substrate on 
which to mount the chip; 3c for a terminal portion formed on 
a part of the circuit substrate 3; 4 for wires that connect the 
electrode pads of the functional portion 1a electrically to the 
terminal portion 3c., 2a for a frame-like first insulating film 
deposited on the upper Surface of the chip 1 Surrounding the 
functional portion 1a on the chip 1; and 2b for a lid-like 
Second insulating film attached to the first insulating film 2a 
in covering relation there with. The Second insulating film 2b 
ensures a suitable hollow portion 9 over the functional 
portion 1a and protectively envelopes the driving electrodes 
and Surface acoustic wave propagation paths of the func 
tional portion 1a. 
0033. In the Surface acoustic wave device of the above 
constitution, the crucially important functional portion 1a is 
protected by the first and the Second insulating film 2a and 
2b with the hollow portion 9 interposed therebetween. The 
makeup allows the chip 1 to be fabricated in a Secure manner 
with little risk of getting the functional portion 1a inadvert 
ently damaged during the process. 

0034. Because the first and the second insulating film 2a 
and 2b Seal the functional portion 1a in a simplified fashion, 
it is not mandatory, as with conventional Surface acoustic 
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wave devices, to provide costly airtight Sealing on the 
functional portion. The result is an inexpensively manufac 
tured Surface acoustic wave device. 

0035 Embodiment 2 
0.036 An embodiment 2 of the invention will now be 
described with reference to FIG. 2. FIG. 2 is a cross 
Sectional view of a Surface acoustic wave device according 
to embodiment 2. In FIG. 2, those parts with their counter 
parts already shown in FIG. 1 are given the same reference 
numerals, and descriptions of Such parts are omitted where 
they are repetitive. 

0037. In FIG. 2, reference numeral 5 represents an insu 
lating resin. The chip 1, with its functional portion 1a capped 
by the first and the Second insulating film 2a and 2b, is 
mounted on the circuit Substrate 3. Metal wires 4 are used to 
connect the functional portion 1a electrically to the terminal 
portion 3c. The insulating resin 5 is deposited So as to cover 
the chip 1 and metal wires 4. This makeup ensures the same 
effects as the embodiment 1 and provides a Surface acoustic 
wave device still more reliable than the embodiment 1. 

0038 Embodiment 3 
0039. An embodiment 3 of this invention will now be 
described with reference to FIGS. 3A to 3F, and FIGS. 4A 
and 4.B. FIGS. 3A to 3F are schematic views showing steps 
to fabricate a chip for use by a Surface acoustic wave device 
according to the embodiment 3. FIGS. 4A and 4B are 
perspective views illustrating respectively typical States of 
the chips in FIGS. 3D and 3F as they are being fabricated. 
0040 FIG. 3A shows a wafer 30. On the wafer 30, a 
plurality of functional portions 1a are formed through con 
ductor patterning at Suitable intervals as indicated in FIG. 
3B. 

0041 A photosensitive film 40 is then deposited on all 
functional portions 1a on the wafer 30 as illustrated in FIG. 
3C. With the film 40 in place, a frame-like first insulating 
film 2a is formed by photolithography So as to Surround each 
functional portion as shown in FIGS. 3D and 4A. FIG. 4A 
depicts a case in which two functional portions 1a are 
Surrounded by the first insulating film 2a. 
0042. Thereafter, a single photosensitive film 50 is depos 
ited on the first insulating film 2a over the wafer as illus 
trated in FIG. 3E. The process creates a suitable hollow 
portion 9 between each functional part 1a and the photo 
sensitive film 50. With the hollow portions thus provided, a 
lid-like second insulating film 2b is formed also by photo 
lithography (as in FIGS. 3D and 4A) to cover each of the 
first insulating films 2a as depicted in FIG. 3F and 4B. 
0043. After that, the wafer is diced up along separation 
lines 60 separating chips as shown in FIGS. 4A and 4B, 
whereby the individual chips are formed. 
0044 As described, the embodiment 3 of the invention 
has its first and Second insulating films fabricated finely, 
precisely and efficiently, the films offering the same effects 
as those of the first and the embodiment 2. 

0045 Embodiment 4 
0046) An embodiment 4 of this invention will now be 
described with reference to FIG. 5. FIG. 5 is a cross 
Sectional view of a Surface acoustic wave device according 
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to embodiment 4. In FIG. 5, those parts with their counter 
parts already shown in FIG. 1 are given the same reference 
numerals, and descriptions of Such parts are omitted where 
they are repetitive. 

0047. In FIG. 5, reference numeral 6 denotes bump 
electrodes constituting external connectors of the functional 
portion 1a. The chip 1, with its functional portion 1a capped 
by the first and the Second insulating film 2a and 2b, is 
connected by the bump electrodes 6 to Suitable connectors 
3c on the circuit Substrate 3 in flip-chip bonding fashion. 

0048. The makeup above allows the embodiment 4 to be 
a Smaller Surface acoustic wave device than the embodiment 
1 while offering the same effects as those of the latter. 

0049. If part or all of the chip is covered with an 
appropriate insulating resin as is the case with the embodi 
ment 2, the embodiment 4 may be fabricated as a Surface 
acoustic wave device with Significantly enhanced reliability. 

0050 Embodiment 5 

0051) An embodiment 5 of this invention will now be 
described with reference to FIGS. 6 and 7. F.G. 6 is a 
croSS-Sectional view of a Surface acoustic wave device 
according to the embodiment 5. FIG. 7 is a plan view of a 
chip 1 used by the embodiment 5. 

0052. In FIGS. 6 and 7, those parts with their counter 
parts already shown in FIG. 1 are given the same reference 
numerals, and descriptions of Such parts are omitted where 
they are repetitive. 

0053 As shown in FIGS. 6 and 7, an insulating film 7 is 
formed over the chip 1 except where there are at least the 
functional portion 1a and the electrode pads 10 constituting 
external connectors of the functional portion 1a. The thick 
ness of the insulating film 7 should preferably be made equal 
to or slightly less than that of the bump electrodes 6 as 
depicted in FIG. 6. 

0054 The chip 1 is mounted on the bump electrodes 6 so 
that a hollow portion 9 is secured over its functional portion 
1a as shown in FIG. 6. The chip 1 is then connected to 
suitable connectors 3c on the circuit Substrate 3 in flip-chip 
bonding fashion, with an anisotropic conductor 8 interposed 
between the bump electrodes 6 and the connectors 3c. 

0055. In the embodiment 5 of the above constitution, the 
chip 1 is bonded to the circuit substrate 3 not only via the 
bump electrodes 6 but also through the insulating film 7. 
This Setup prevents junction StreSS from getting concentrated 
locally, thereby implementing a Surface acoustic wave 
device with its bump electrodes 6 offering high connection 
reliability. 

0056. If part or all of the chip is covered with an 
appropriate insulating resin as is the case with the embodi 
ment 2, the embodiment 5 may also be fabricated as a 
Surface acoustic wave device with Significantly enhanced 
reliability. 

0057. Furthermore, if the insulating film 7 is formed by 
photolithography using a photoSensitive material as with the 
embodiment 3, the embodiment 5 will have its insulating 
film 7 fabricated finely, precisely and efficiently. 



US 2001/0011857 A1 

0.058 Embodiment 6 
0059) An embodiment 6 of this invention will now be 
described with reference to FIG. 8. FIG. 8 is a cross 
Sectional view of a Surface acoustic wave device according 
to embodiment 6. In FIG. 8, those parts with their counter 
parts already shown in FIG. 1 are given the same reference 
numerals, and descriptions of Such parts are omitted where 
they are repetitive. 

0060. As shown in FIG. 8, a first insulating film 7a is 
formed over the chip 1 except where there are at least the 
functional portion 1a and bump electrode pads 10. A Second 
insulating film 7b is deposited on the first insulating film 7a. 
The functional portion 1a of the chip 1 is covered with the 
first and the second insulating film 7a and 7b in such a 
manner that a hollow portion 9 is secured over the surface 
of the functional part 1a. Those parts of the films 7a and 7b 
which correspond to the electrode pads 10 are removed so 
that the bump electrodes 6 are exposed. The combined 
thickness of the first and the second insulating film 7a and 
7b should preferably be made identical to or slightly less 
than the height of the bump electrodes 6. 
0061 The chip 1 is connected by the bump electrodes 6 
to Suitable connectors 3c on the circuit Substrate 3 in 
flip-chip bonding fashion, with the anisotropic conductor 8 
interposed between the bump electrodes 6 and the connec 
tors 3c. 

0062) The embodiment 6 of the above constitution pro 
vides the same effects as the embodiment 5. Because the 
crucially important functional portion 1a is protected by the 
first and the second insulating film 7a and 7b with the hollow 
portion interposed therebetween, the above makeup allows 
the chip 1 to be fabricated in a secure manner with little risk 
of getting the functional portion 1a inadvertently damaged 
during the process. 
0.063. Because the first and the second insulating film 7a 
and 7b seal the functional portion 1a in a simplified fashion, 
it is not mandatory, as with conventional Surface acoustic 
wave devices, to provide costly airtight Sealing on the 
functional portion. This makes it possible to manufacture an 
inexpensive yet viable Surface acoustic wave device. 
0064. If part or all of the chip is covered with an 
appropriate insulating resin as is the case with the embodi 
ment 2, the embodiment 6 may also be fabricated as a 
Surface acoustic wave device with Significantly enhanced 
reliability. 
0065. Furthermore, if the first and the second insulating 
film 7a and 7b are formed by photolithography using a 
photosensitive material as with the embodiment 3, the 
embodiment 6 will have its first and second insulating films 
7a and 7b fabricated finely, precisely and efficiently. 
0.066 Embodiment 7 
0067. An embodiment 7 of this invention will now be 
described with reference to FIGS. 9A to 9F. FIGS. 9A to 9F 
are Schematic views showing Steps to fabricate a chip for use 
by a Surface acoustic wave device, the Steps constituting a 
method according to embodiment 7. 
0068 FIG. 9A shows a wafer 30. On the wafer 30, a 
plurality of functional portions 1a are formed through con 
ductor patterning at Suitable intervals as depicted in FIG. 
9B. 
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0069. A first insulating film 7a made illustratively of a 
photosensitive material is then deposited on the wafer Sur 
face comprising the functional portions 1a. The first insu 
lating film 7a is shaped as shown in FIG. 9C by photoli 
thography, with the functional portions 1a and electrode 
pads for bump electrodes excluded. 

0070. In the state above, a second insulating film 7b 
composed of a photosensitive material is further deposited 
on the first insulating film 7a. A lid covering the functional 
portions 1a is formed by similar photolithography. With the 
electrode pads for bump electrodes excluded, the Second 
insulating film 7b is then formed as shown in FIG. 9C. 

0071. The bump electrodes 6 corresponding to each of 
the functional portions are furnished as illustrated in FIG. 
9D. At this point, the combined thickness of the first and the 
second insulating film 7a and 7b should preferably be made 
identical to or slightly leSS than the height of the bump 
electrodes 6. 

0072 Thereafter, as shown in FIG. 9E, a single aniso 
tropic conductor 8 is furnished So as to cover all functional 
portions and their bump electrodes 6, the conductor being in 
contact with the bump electrodes. 

0073. In this state, the wafer is diced up along separation 
lines 60 separating chips as shown in FIG.9F, whereby the 
individual chips are formed. 

0074. By use of the above method according to embodi 
ment 7, it is possible to fabricate efficiently a Surface 
acoustic wave device offering the same effects as those of 
the fifth and the embodiment 6. 

0075. The surface acoustic wave device of the present 
invention has Surface acoustic wave elements mounted on a 
circuit Substrate, each of the Surface acoustic wave elements 
comprises a piezoelectric Substrate, a functional portion 
which is formed on a principal plane of the piezoelectric 
Substrate and which has driving electrodes for driving Sur 
face waves in a predetermined direction over a Surface of the 
piezoelectric Substrate, a frame-like first insulating film 
furnished on the principal plane of the piezoelectric Sub 
Strate So as to Surround the functional portion and a lid-like 
Second insulating film for covering the driving electrodes 
and Surface wave propagation paths of the functional portion 
while Securing a predetermined Space over the functional 
portion. This structure provides a hollow portion over the 
Surface of the functional portions So that the device is 
fabricated in Secure, damage-free fashion. 

0076. In the surface acoustic wave device of the present 
invention, the Surfaces of the Surface acoustic wave elements 
may be covered with an insulating resin. This makes it 
possible to fabricate a more reliable Surface acoustic wave 
device than before. 

0077. The surface acoustic wave device of the present 
invention may further comprise bump electrodes which are 
formed on either one principal plane or another principal 
plane of the piezoelectric Substrate and which constitute 
external connectors of the Surface acoustic wave elements, 
wherein the Surface acoustic wave elements are connected 
via the bump elements to the circuit Substrate in flip-chip 
bonding fashion. This preferred Structure helps reduce the 
Size of the Surface acoustic wave device. 
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0078. The surface acoustic wave device of the present 
invention has Surface acoustic wave elements mounted on a 
circuit Substrate, each of the Surface acoustic wave elements 
comprises a piezoelectric Substrate, a functional portion 
which is formed on a principal plane of the piezoelectric 
Substrate and which has driving electrodes for driving Sur 
face waves in a predetermined direction over a Surface of the 
piezoelectric Substrate, bump electrodes which are formed 
on the principal plane of the piezoelectric Substrate and 
which constitute external connectors of the functional por 
tion and an insulating film deposited on the principal plane 
of the piezoelectric Substrate except where there exist at 
least the functional portion and the bump electrodes, 
wherein the Surface acoustic wave elements are connected 
via the bump electrodes to the circuit Substrate in flip-chip 
bonding fashion, with an anisotropic conductor interposed 
between the bump electrodes and the circuit substrate. This 
Structure prevents junction StreSS from getting concentrated 
locally on the chip, allowing the bump electrodes to offer 
high connection reliability. 
0079 The surface acoustic wave device of the present 
invention has Surface acoustic wave elements mounted on a 
circuit Substrate, each of the Surface acoustic wave elements 
comprises a piezoelectric Substrate, a functional portion 
which is formed on a principal plane of the piezoelectric 
Substrate and which has driving electrodes for driving Sur 
face waves in a predetermined direction over a Surface of the 
piezoelectric Substrate, a first insulating film deposited on 
the principal plane of the piezoelectric Substrate except 
where there exist at least the functional portion and bump 
electrodes and a Second insulating film deposited on the first 
insulating film So as to Secure a predetermined Space over 
the functional portion while covering the driving electrodes 
and Surface wave propagation paths of the functional portion 
except where there exist at least the bump electrodes, 
wherein the Surface acoustic wave elements are connected 
via the bump electrodes to the circuit Substrate in flip-chip 
bonding fashion, with an anisotropic conductor interposed 
between the bump electrodes and the circuit substrate. This 
Structure reinforces protection of the functional portions and 
eliminates the need for providing their airtight Sealing. The 
resulting device is inexpensive and, with junction StreSS 
dispersed over the chip, fabricated in a way that allows its 
bump electrodes to offer high connection reliability. 
0080. In the surface acoustic wave device of the present 
invention, the first and the Second insulating film of the 
Surface acoustic wave device may be composed of photo 
sensitive films and formed by photolithography. This struc 
ture allows the insulating films to be fabricated finely, 
precisely and efficiently. 

0081. A method for fabricating a surface acoustic wave 
device of the present invention comprises the Steps of 
forming functional portions of a plurality of Surface acoustic 
wave elements on one principal plane of a piezoelectric 
Substrate, the function portions including driving electrodes 
for driving Surface waves in a predetermined direction over 
a Surface of the piezoelectric Substrate, depositing a first 
insulating film on the principal plane of the piezoelectric 
Substrate except where there exist at least the functional 
portions and electrode pads for use by bump electrodes, 
depositing on the first insulating film a Second insulating 
film in lid fashion covering each of the functional portions 
except each of the electrode pads So as to Secure a prede 
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termined Space over the functional portions while covering 
the driving electrodes and Surface wave propagation paths of 
the functional portions, furnishing each of the functional 
portions with the bump electrodes constituting external 
connectors of the functional portions on the principal plane 
of the piezoelectric Substrate, providing a single anisotropic 
conductor So as to cover the plurality of functional portions 
and each of the bump electrodes, connecting the bump 
electrodes to the circuit Substrate in flip-chip bonding fash 
ion and Separating the Surface acoustic wave elements into 
individual elements. This method fabricates the inventive 
Surface acoustic wave device efficiently. 
0082 Preferably, the inventive method may further com 
prise the Steps of having the first and the Second insulating 
film composed of photosensitive films and formed by pho 
tolithography. The additional Steps make it possible to 
fabricate the insulating films finely, precisely and efficiently. 
0083. The present invention has been described in detail 
with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that 
changes and modifications may be made without departing 
from the invention in its broader aspects, and it is the 
invention, therefore, in the appended claims to cover all Such 
changes and modifications as fall within the true Spirit of the 
invention. 

0084. The entire disclosure of Japanese Patent Applica 
tion No. 10-282814 filed on Oct. 5, 1998 including speci 
fication, claims, drawings and Summary are incorporated 
herein by reference in its entirety. 

What is claimed is: 
1. A Surface acoustic wave device having Surface acoustic 

wave elements mounted on a circuit Substrate, each of Said 
Surface acoustic wave elements comprising: 

a piezoelectric Substrate; 
a functional portion which is formed on one principal 

plane of Said piezoelectric Substrate and which has 
driving electrodes for driving Surface waves in a pre 
determined direction over a Surface of Said piezoelec 
tric Substrate, 

a frame-like first insulating film furnished on the one 
principal plane of Said piezoelectric Substrate So as to 
Surround Said functional portion; and 

a lid-like Second insulating film for covering the driving 
electrodes and Surface wave propagation paths of Said 
functional portion while Securing a predetermined 
Space over Said functional portion. 

2. The Surface acoustic wave device according to claim 1, 
wherein Surfaces of Said Surface acoustic wave elements are 
covered with an insulating resin. 

3. A Surface acoustic wave device according to claim 1, 
further comprising bump electrodes which are formed on 
either the one principal plane or other principal plane of Said 
piezoelectric Substrate and which constitute external con 
nectors of Said Surface acoustic wave elements, wherein Said 
Surface acoustic wave elements are connected via Said bump 
elements to Said circuit Substrate in flip-chip bonding fash 
ion. 

4. A Surface acoustic wave device having Surface acoustic 
wave elements mounted on a circuit Substrate, each of Said 
Surface acoustic wave elements comprising: 
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a piezoelectric Substrate; 
a functional portion which is formed on one principal 

plane of Said piezoelectric Substrate and which has 
driving electrodes for driving Surface waves in a pre 
determined direction over a Surface of Said piezoelec 
tric Substrate, 

bump electrodes which are formed on the one principal 
plane of Said piezoelectric Substrate and which consti 
tute external connectors of Said functional portion; and 

an first insulating film deposited on the one principal 
plane of Said piezoelectric Substrate except where there 
exist at least Said functional portion and Said bump 
electrodes, 

wherein Said bump electrodes of Said Surface acoustic 
wave elements are connected to Said circuit Substrate in 
flip-chip bonding fashion, with an anisotropic conduc 
tor interposed between Said bump electrodes and Said 
circuit Substrate. 

5. The Surface acoustic wave device according to claim 4, 
further comprising a Second insulating film deposited on 
Said first insulating film So as to Secure a predetermined 
Space over Said functional portion while covering the driving 
electrodes and Surface wave propagation paths of Said 
functional portion except where there exist at least Said 
bump electrodes. 

6. The Surface acoustic wave device according to claim 1, 
wherein Said first and Said Second insulating film are com 
posed of photoSensitive films and are formed by photoli 
thography. 

7. A method for fabricating a Surface acoustic wave 
device, Said method comprising the Steps of 

forming functional portions of a plurality of Surface 
acoustic wave elements on one principal plane of a 
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piezoelectric Substrate, Said function portions including 
driving electrodes for driving Surface waves in a pre 
determined direction over a Surface of Said piezoelec 
tric Substrate, 

depositing a first insulating film on the one principal plane 
of Said piezoelectric Substrate except where there exist 
at least Said functional portions and electrode pads for 
use by bump electrodes; 

depositing a Second insulating film in lid fashion over Said 
functional portions except where there exist at least 
Said electrode pads on Said first insulating film So as to 
Secure a predetermined space while covering Said driv 
ing electrodes and Surface wave propagation paths of 
Said functional portions, 

furnishing each of Said functional portions with Said bump 
electrodes constituting external connectors of Said 
functional portions on the one principal plane of Said 
piezoelectric Substrate; 

providing a single anisotropic conductor So as to cover the 
plurality of Said functional portions and each of Said 
bump electrodes; 

connecting Said bump electrodes to Said circuit Substrate 
in flip-chip bonding fashion; and 

Separating Said Surface acoustic wave elements into indi 
vidual elements. 

8. The method for fabricating a surface acoustic wave 
device according to claim 7, wherein Said first and Said 
Second insulating film are composed of photoSensitive films 
and are formed by photolithography. 


