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TITLE OF THE INVENTION 

Composite Electronic Component and Method of 

Manufacturing the Same 

BACKGROUND OF THE INVENTION 

The present invention relates to a composite electronic 

component and a method of manufacturing the same, and more 

particularly, it relates to a composite electronic component 

having a resonator element and a capacitor element, and a 

method of manufacturing the same. 

10 In a Colpitts oscillation circuit, generally known is a 

composite electronic component which is formed by uniting a 

resonator element and a capacitor element as disclosed in 

Japanese Utility Model Laying-Open Gazette No. 1-74625 (1989), 

for example. In this component, the resonator element of an 

15 energy trap thickness shear vibration mode and the capacitor 

element are arranged in parallel~ so that the peripheries 

thereof are sealed with protective resin. Both end portions 

of the resonator element are held by cup or fork shaped 

holding portions which are formed on input and output lead 

20 terminals and fixed by soldering, so-that electrodes formed on 

both surf aces of the resonator element are also electrically 

connected to the input and output lead terminals. On the 

other hand, the capacitor element is provided on both end 

portions of one major surface with individual· electrodes which 

25 are soldered to the holding portions of the input and output 

lead terminals, while a counter electrode formed on the other 

major surface of the capacitor element is soldered to an upper 

end portion of a ground lead terminal. 

In the composite electronic component having the 

30 aforementioned struc~ure, the input and output lead terminals 

must be provided with the cup or fork shaped holding portions 

for holding the both end portions of the resonator element and 

the capacitor element thereon until the lead terminals are 
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soldered. In this case, however, because the shapes of the 

input and output terminals are complicated, it requires so 

many processes for forming these terminals and the material 

yield is so inferior that the cost is increased. Further, the 

5 overall thickness of the aforementioned electronic component 

is increased due to the holding portions of the input and 

output lead terminals. 

In order to form the cup or fork shaped holding portions 

on the input and output lead terminals, these terminals must 

10 be formed by thin metal plate. Therefore, it is difficult for 

an automatic inserter to perform the cut-and-clinch operation 

of these terminals when the component is inserted in the 

printed circuit board. 

15 
SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 

provide a composite electronic component which can be readily 

connected to the lead terminals wi.thout holding portions. 

Another object of the present invention is to provide a 

composite electronic. component whose overall thickness can be 

20 decreased. 

Still another object of the present invention is to 

provide a method which can efficiently manufacture the 

aforementioned composite electronic component. 

In order to attain the aforementioned object, a composite 

25 electronic component according to a first aspect of the 

present invention comprises a resonator element, a capacitor 

element, and first to third lead terminals. The resonator 

element includes a piezoelectric substrate and first and 

second resonator electrodes. The first resonator electrode. 

30 has a first vibrating part located on a front major surface of 

the substrate and a first terminal part extending from the 
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first vibrating part to cover a first side surface of the 

substrate. The second resonator electrode has a second 
vibrating part formed on a rear major surface to be opposed to 

the first vibrating part and a second terminal part extending 

5 from the second vibrating part to cover a second side surf ace 

of the substrate. 

The capacitor element includes a dielectric plate whose 

length is larger than that of the piezoelectric substrate. 

First and second capacitor electrodes are located on both end 
10 portions of a front major surface of the dielectric plate, and 

a third capacitor electrode is located on a rear major surface 
of the dielectric plate to be opposed to the first and second 

capacitor electrodes. 

The rear major surface of the resonator element is fixed 
15 on the front major surface of the capacitor element with a 

vibration space therebetween by adhesive material, thereby 
defining side steps by the end portions of the capacitor 

element and the side surfaces of the resonator element. 

The first and second lead terminals have connecting ends 

20 arranged on the side steps, and the third lead terminal has a 
connecting end arranged on the third capacitor electrode of 
the capacitor element. The connecting end of_ the first lead 
terminal is connected to the first capacitor electrode and the 

first terminal part of the resonator element by conductive 

25 material. The connecting end of the second lead terminal is 

connected to the second capacitor electrode and the second 
terminal part of the resonator element by conductive material. 

Also, the connecting end of the third lead terminal is 

connected to the third capacitor electrode by conductive 

30 material. 

According to the first aspect of the present invention, 

when the capacitor element and the resonator element fixed 
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together are inserted between the three lead terminals, the 

connecting ends of the first and second lead terminals are 

engaged with the side steps, thereby these elements are 

correctly positioned with respect to the lead terminals in a 
5 lateral direction. Therefore, it is not necessary to provide 

the lead terminals with cup or fork shaped holding portions 
for holding both ends of the elements. Thus, the lead 

terminals can be simplified in shape, thereby reducing the 

working co~t and the mat~rial cost for producing the lead 
10 terminals. 

Because the terminal parts of the resonator electrodes 
extend from the vibrating parts to cover the side surf aces of 

the resonator element, these terminal parts are certainly 

exposed on the side steps. When the connecting ends of the 

15 first and second lead terminals are connected by the 

conductive material such as solder or conductive adhesive with 
the capacitor electrodes on the side steps, these connecting 
ends are also connected with the terminal parts of the 

resonator element. Therefore, the resonator electrode can be 

20 reliably connected with the capacitor electrode without using 
conductive adhesive for fixing the resonator element on the 

capacitor element. In other words, the resonator element and 

the capacitor element can be fixed easi~y at a low cost by 
means of an ordinary insulating adhesive. 

25 The connecting ends of the first and second lead terminals 
and the resonator· element are laterally arranged on the 

capacitor element, thereby the overall thickness of the 

component of the present invention can be reduced as compared 

with the case in which the lead terminals having cup or fork 

30 shaped holding portions are used. 

The resonator element is fixed on the capacitor element, 

whereby the resonator element is reinforced by the capacitor 

element against mechanical shock. Meanwhile, the vibration 
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space is defined between the capacitor element and the 

vibrating part of the resonator element, whereby the resonator 

element is not inhibited from vibration. 

Further, the first and second lead terminals may 

5 preferably be provided with stop surfaces at inner sides of 

the connecting ends for stopping a third side surf ace 

perpendicular to the first and second side surfaces of the 

resonator element. In this case, when the united resonator 

and capacitor elements are inserted between the three 

10 terminals, these elements are correctly positioned by these 

stop surfaces with respect to the lead terminals in a 
longitudinal direction. 

Furthermore, it is preferable to use round lead wires as 

the lead terminals. In this case, it is easy for the 

15 automatic inserter to cut and clinch these terminals when the 

component is· inserted in the printed circuit board. Moreover, 

it is also preferable to flatten the connecting ends of the 

terminals so that it becomes easy to connect these connecting 

ends with the capacitor element, and the overall thickness of 

20 the component can be decreased. 

A method according to a second aspect of the present 

invention is adapted to manufacture a plurality of composite 

electronic components each of which has a resonator element 

and a capacitor element. 

25 In this method, a piezoelectric mother substrate is 

provided at first. The mother substrate has first and second 

mother resonator electrodes which have first and second 

vibrating parts located on front and rear major surfaces 

opposing to each other and first and second terminal parts to 

30 · cover first and second side surfaces 0pposing to each other. · 

Next, a dielectric mother plate is provided. The 
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dielectric ~other plate has first and second mother capacitor 

electrodes located on both end portions of a front major 

surface, and a third mother capacitor electrode formed on a 

rear major surface to be opposed to the first and second 

5 mother capacitor electrodes. A length of the dielectric 

mother plate in a direction extending from the first mother 

capacitor electrode to the second mother capacitor electrode 

is larger than a length of the piezoelectric mother substrate 

in a direction extending from the first side surface to the 

10 second side surface. 

Then, the rear major surface of the piezoelectric mother 

substrate is fixed on the front major surface of the 

_dielectric mother plate by means of adhesive material with a 

vibration space therebetween, thereby obtaining a mother unit. 

15 In this mother unit, first and second side steps are defined 

by the front major surface of the dielectric mother plate and 

the first and second side surfaces of the piezoelectric mother 

substrate. 

Then, the mother unit are cut in a single element width in 

20 a direction perpendicular to the lengthw.ise direction thereof, 

thereby obtaining a plurality of united chips each of which 

includes the resonator element and the capacitor element. 

Then, connecting ends of first and second lead terminals 

are connected with the first and second capacitor electrode at 

25 the first and second side steps by means of conductive 

material. At the same time, the connecting ends of first and 

second lead terminals are also connected with the first and 

second terminal parts of the resonator element. A connecting 

end of a third lead terminal is connected with the third 

30 capacitor electrode by means of conductive material. 

According to the second aspect of the present invention, 

the piezoelectric mother substrate and the dielectric mother 
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plate of the mother unit are simultaneously cut into a 

plurality of united chips. Positioning accuracy and 

productivity are much improved because it is not required to 

bond the resonator element and the capacitor element whose 

5 sizes are both very.small. Also, the resonator element is 

prevented from being cracked or broken when it is cut from the 

mother substrate because the resonator element is reinforced 

by the capacitor element. 

The united chip consisting of the resonator element and 

10 the capacitor element is stably and correctly field by--the- lea~ 

terminals without holding portions because the united chip has 

side steps to be engaged with the connecting ends of the first 

and second lead terminals. Also, because the element may be 

connected with the lead terminals at only three points, the 

15 connecting process is simplified. 

Further-, it is preferable to provide a dielectric 

grandmother plate in order to improve productivity. This 

grandmother plate is provided with a plurality of front 

capacitor electrodes to be cut into the first and second 

20 mother capacitor electrodes, and a plurality of rear capacitor 

electrodes to become the third mother capacitor electrode. 

After a plurality of the piezoelectric mother substrates are 

bonded on the front surface of the grandmother plate, the 

grandmother plate is cut for separating each bf the front 

25 capacitor electrodes into the first and second mother 

capacitor electrodes, thereby obtaining a plurality of mother 

units described in the second aspect of the present invention. 

The subsequent processes are identical to those described in 

the second aspect. 

30 The foregoing and other objects, features, aspects and 

advantages of the present invention will become more apparent 

from the following detailed description of the present 

invention when taken in conjunction with the accompanying 
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drawings. 

BRIEF DESCRIPTION· OF THE DRAWINGS 

Fig. 1 is a perspective view showing a composite 

electronic component according to a first embodiment of the 

5 present invention; 

10 

Fig. 2 is an exploded perspective view of the composite 

electronic component shown in Fi_g. 1; 

Fig. 3 is a circuit diagram of the composite electronic 

component shown in Fig. 1; 

Fig. 4 is an exploded perspective view showing a mother 

unit formed of a piezoelectric mother substrate and a 

dielectric mother plate for manufacturing a plurality of the 

c~mposite electronic components shown in Fig. l; 

Fig. 5 is a perspective view showing the mother unit 

15 formed of the piezoelectric mother substrate and the 

dielectric mother plate fixed together; 

Fig. 6 is a perspective view showing a united chip which 

is.cut out from the mother unit shown in Fig. 5; 

Fig. 7 is a perspective view showing a grandmother unit 

20 for manufacturing a plurality of the composite electronic 

components shown in Fig. l; 

Fig. 8 is a perspective view showing a resonator element 

according. to a second embodiment of the present invention; and 

Fig. 9 is a perspective view showing a composite 

25 electronic component according to a third embodiment of the 

present invention. 
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DESCRIPTiON OF THE PREFERRED EMBODIMENTS 

Figs. 1 and 2 show a composite electronic component 

applied to a Colpitts oscillation circuit according to a first 
embodiment of the present invention. 

5 This component comprises a resonator element 1, a 

capacitor element 10 fixed with the resonator element 1 and 

three lead terminals 20, 30 and 40 connected to these elements 

1 and 10. The peripheries of the elements 1 and 10 are sealed 

with protective resin member 60. 

10 Fig. 3 is a circuit diagram of this component. 

The element 1 is an energy trapped piezoelectric resonator 

element vibrating_ in a thickness shear mode, and comprises a 

thin and elongated rectangular piezoelectric substrate 2 made 

of piezoelectric ceramics or a piezoelectric single crystal 

15 and resonator electrodes 3 and 4 formed on the substrate 2. 

The resonator electrodes 3 and 4 have.vibrating parts 3a and 

4a oppositely formed on central positions of the both major 

surfaces of the substrate 2, and have terminal parts 3b and 4b 

extending from the vibrating parts 3a and 4a toward opposing 

20 major surfaces via shorter side surfaces of the substrate 2 

respectively. 

The capacitor element 10 is formed by an elongated 

rectangular dielectric plate 11 which is made of a material 

such as glass epoxy resin or alumina ceramics, for example, 

25 having higher strength than the piezoelectric substrate 2. 

The length L2 of the dielectric plate 11 along a longer edge 

thereof is larger than the length Ll of the piezoelectric 

substrate 2 and the width W2 of the dielectric plate 11 along 

a shorter edge thereof is substantially identical to the width 

30 Wl of the piezoelectric substrate 2. According to this 

embodiment, the piezoelectriq substrate 2 and the dielectric 

plate 11 have lengths Ll and L2 of 5.0 mm and 6.7 mm 

respectively, and widths Wl and W2 of 0.45 mm as shown in Fig. 



10 

2. 

First and second capacitor electrodes 12 and 13 are formed 

on both ends of a front surface of the dielectric plate 11 

while a third capacitor electrode 14 is formed to cover most 

5 of the overall rear surface, so that opposed portions of the 

electrodes 12 and 14 and the electrodes 13 and 14 define two 

capacitors. A rear surface of the resonator element 1 is 

fixed to the front surface of the capacitor element 10 by 

means of adhesives 15 and 16, so that a vibration space VS is 

10 defined between the capacitor element 10 and the resonator 

element 1 due to the thicknesses of these adhesives 15 and 16. 

Although ordinary insulating adhesives are used as the 

adhesives 15 and 16 in this embodiment, conductive adhesives 

may alternatively be used. By using the conductive adhesives, 

15 the electrodes 3 and 12 as well as 4 and 13 are connected with 

each other when the resonator element 1 and the capacitor 

element 10 a·re bonded. 

The three lead terminals 20, 30 and 40 are made of round 

lead wires having 0.4--1.0 mm in diameter, for example, and 

20 shanks 22, 32 and 42 of the terminals 20, 30 and 40 are held 

by tapes 50 and 51 in a parallel manner. The lead terminals 

20, 30 and 40 are provided at forward ends thereof with 

flattened connecting portions 21, 31 and 41. The connecting 

portions 21 and 31 of the input and output terminals 20 and 30 

25 are provided with narrow ends 21a and 31a which are arranged 

in side steps 17 and 18 (see Fig. 6) defined by both end 

portions of the capacitor element 10 and those of the 

resonator element 1, and with L-shaped stop surfaces 2lb and 

31b formed inside the narrow ends 21a and 31a respectively, so 

30 that the connecting portions 21 and 31 of the input and output 

terminals 20 and 30 are symmetrical to each other. 

The narrow end 21a of the input terminal 20 is connected 

to the electrodes 3b and 12 by solder member 70, and the 
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narrow end 31a of the output terminal 30 is connected to the 

electrodes 4b and 13 by solder member 71. Thus, the narrow 

ends 21a and 31a and the resonator element 1 are located 

laterally on the capacitor element 10, thereby the thickness 

5 of the composite component can be reduced. Further, the 

terminals 20 and 30 will not sidewardly project beyond the 

capacitor element 10 because the widths d3, d4 of the narrow 

end 21a and 31a are smaller than the widths dl, d2 of the side 

steps 17 and 18, thereby the composite component can also be 

10 reduced in size along the longitudinal direction. On the 

other hand, the connecting portion 41. of the ground lead 

terminal 40 bent along the rear surface of the capacitor 

element 10 is connected to a central portion of the third 

capacitor electrode 14 by a solder member 72. 

15 The peripheries of the elements 1 and 10 including the 

connecting portions 21, 31 and 41 of the lead terminals 20, 30 

and 40 are sealed with the protective resin member 60. Before 

the sealing process of the resin member 60, the peripheries of 

the resonator element 1 (including at least its vibrating 

20 area) may be covered with an elastic member such as silicone 

rubber or the like. 

25 

A method of manufacturing a plurality of the composite 

electronic components in the aforementioned structure is now 

described. 

A piezoelectric mother substrate 2A for producing the 

resonator elements 1 and a dielectric mother plate llA for 

producing the capacitor elements 10 are prepared as shown in 

Fig. 4. The mother substrate 2A has a width Ll along its 

shorter edge direction which is.identical to the length Ll of 

30 the piezoelectric substrate 2 along its longer edge direction. 

The mother substrate 2A is provided on both surf aces thereof 

with. mother electrodes 3A and 4A which correspond t~ the 

resonator electrode 3 and 4 respectively. On the other ha~d, 

the mother plate llA has a width L2 along its shorter edge 
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direction which is identical to the length L2 of the 

dielectric plate 11 along its longer edge direction. The 

mother plate llA is provided on the upper surface thereof with 

mother electrodes 12A and 13A which correspond to the 

5 capacitor electrode 12 and 13 and is provided on the lower 

surface thereof with a mother electrode 14A, which corresponds 

to the capacitor electrode 14, to be partially opposed to the 

mother electrodes 12A and 13A. 

Tpen, the mother substrate· 2A is fixed on the upper 

10 surface of the mother plate llA by means of adhesives 15 and 

16 with a vibration space VS so that the both end portions of 

the mother substrates 2A are placed on the mother electrodes 

12A and 13A of the mother plate llA, thereby obtaining a 

mother unit Y as shown in Fig. 5. The adhesives 15 and 16 may 

15 be applied on the mother electrodes 12A and 13A or the lower 

surf ace of the mother substrate 2A in the form of thin films 

by a technique such as screen printing. 

The mother unit Y having the mother substrate 2A and the 

mother plate llA fixed together are cut in a single element 

20 width (Wl,W2) along the lines CLl perpendicular to the 

lengthwise directions of the mother substrate 2A and the 

mother plate llA as shown in Fig. 5, thereby obtaining a 

plurality of united chips X as shown in Fig. 6~ The side 

steps 17 and 18 are defined at the both side ends of the 

25 united chip X by the upper surface of the capacitor element 10 

and the side surfaces of the resonator element 1. 

Then, the united chip X is inserted between the three lead 

terminals 20, 30 and 40 whose shanks 22, 32 and 42 are held by 

the tapes 50 and 51 shown in Fig. 2, and elastically held by 

30 the terminals 20, 30_and 40. At this time, the narrow ends 

2la and 31a of the input and output terminals 20 and 30 engage 

with the side steps 17 and 18, while the connecting portion 41 

of the ground terminal 40 comes into pressure contact with the 
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third capacitor electrode 14 of the capacitor element 10. 

Further, the stop surfaces 2lb and 31b of the terminals 20 and 

30 support the lower surface of the resonator element 1, 

thereby the united chip X can be prevented from displacement. 

5 In this holding state, the narrow end 21a of the terminal 

20 is soldered to the electrodes 3 and 12 exposed at the side 
step 17 by the solder member 70, while the narrow end 31a of 

the terminal 30 is soldered to the electrodes 4 and 13 exposed 

at the side step 18 by the solder member 71. The connecting 

10 portion 41 of the terminal 40 is soldered to the counter 

electrode 14 by the solder member 72 as shown in Fig. 1. 

Thus, the terminals 20, 30 and 40 are mechanically coupled 

with and electrically connected with the resonator element 1 

and the capacitor element 10. 

15 The terminal parts 3b and 4b are necessarily exposed on 

the side steps 17 and 18, because the terminal parts 3b and 4b 

of the electrodes 3 and 4 of the resonator element 1 is 
extending from the vibrating parts 3a and 4a to cover the side 

surface. Therefore, the lead terminal 20 can reliably be 

20 connected with the capacitor electrode 12 as well as the 

terminal parts 3b via the solder member 70. Also, the lead 

terminal 30 can reliably be connected with the capacitor 

electrode 13 as well as the terminal parts 4b via the solder 

member 71. 

25 

30 

Thereafter the peripheries of the united chip X including 

the connecting portions 21, 31 and 41 of the terminals 20, 30 

and 40 are sealed with the protective resin member 60 by a 

technique such as dip coating, thereby completing 

manufacturing of the composite electronic component. 

When the composite electronic component is inserted in the 

printed circuit board by means of the automatic inserter, thP 

shank 22, 32 and 42 of the lead terminals 20, 30 and 40 are 
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cut out from the tape 50, 51, and thereafter the shank 22, 32 

and 42 are inserted into the through holes of the printed 

circuit board and cut and clinched. At this time, it is easy 

to for the automatic inserter to perform the cut-and-clinch 

5 operation because the shank 22, 32 and 42 are formed by the 

round lead wires. 

Fig. 7 shows another method of manufacturing a plurality 

of the composite electronic components as shown in Fig. 1. 

A large-sized dielectric grandmother plate llB is 

10 provided on an upper surface thereof with a plurality of strip 

electrodes 19A and on a lower surface with a plurality of 

strip electrodes 19B to be partially opposed to the electrodes 

19A. 

Then, a plurality of (three in Fig. 7) piezoelectric 

15 mother substrates 2A are bonded on the upper surf ace of the 

grandmother ·plate llB by adhesives 15 and 16 with vibration 

spaces so that the mother substrates 2A are laid across 

adjacent pairs of the strip electrodes 19A. The adhesives 15 

and 16 may be previously applied on the strip electrodes 19A 

20 or the lower surf aces of the mother substrates 2A in the form 

of thin films. 

The grandmother plate llB on which the mother substrates 

2A are bonded as described above is cut along a line CL2 to 

separate each of the strip electrodes 19A into two electrodes 

25 12A and 13A, thereby obtaining a plurality of mother units Y 

as shown in Fig. 5. 

Then, each unit Y obtained in the aforementioned manner is 

cut in a single element width as shown in Fig. 5, thereby 

obtaining a plurality of united chips x. Then the terminals 

30 are connected with the chip ~. and thereafter the periphery of 

the chip X is sealed with the protective resin member. 

The productivity of this method is more improved than that 
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of the method described in Figs. 4 and 5. 

The resonator element used in the present invention is not 

restricted to that described in the aforementioned embodiment, 

but it is also possible to use a resonator element having 

S electrode patterns as shown in Fig. 8. This element has a 

rectangular piezoelectric substrate 5 which is provided on 
central positions of both major surfaces thereof with 

vibrating electrode parts 6a, 7a opposing to each other and on 

the both end positions with the terminal electrode parts 6b, 

10 7b. The vibrating electrode parts 6a, 7a and the terminal 

electrode parts 6b, 7b are connected with each other via thin 

elongated extraction electrode parts 6c, 7c respectively. The 

vibration mode of this embodiment is also a thickness shear 

mode. 

15 Further, the present invention can be applied to the 

composite cotnponent having a resonator element 80 of a 

thickness expansion vibration mode and a capacitor element 90 

as shown in Fig. 9. This resonator element 80 comprises a 

substantially square shaped piezoelectric substrate 81, the 

20 vibrating electrode parts 82a,· 83a opposing to each other on 

the central positions of both major surfaces of the substrate 

81 and the terminal electrode parts 82b, 83b on the both end 

positions of the substrate 81. The vibrating electrode parts 
82a, 83a are connected with the terminal electrode parts 82b, 

25 83b via thin elongated extraction electrode parts 82c, 83c. 

On the other hand, the capacitor· element 90 fixed to the 

resonator element 80 comprises a dielectric plate 91 which has 

a width W4 being identical to that W3 of the substrate 81 and 

a length L4 being longer than that L3 of the substrate 81. 

30 The plate 91 is provided on the front surface with first and 

second capacitor electrodes 92 and 93 1 and on the rear surface 

with a third capacitor electrode 94 opposing to the first and 

second capacitor electrodes 92 and 93. 
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First and second lead terminals 110 and 111 are arranged 
and soldered on the side steps 100 and 101 defined by the 

resonator element 80 and the capacitor element 90. Also, a 

third lead terminal 112 is soldered to the third capacitor 
5 electrode 94. 

10 

In this embodiment, a cavity for a vibration space may be 
defined between the vibrating electrode part 82a of the 

resonator element 80 and the protective resin member which 
seals the peripheries of the elements· 80 and 90. 

The resonator element used in the present invention is not 

restricted to that utilizing a thickness shear vibration mode 

or a thickness expansion vibration mode, but it is also 
possible to use a resonator element of another vibration mode. 

Further,·· the third capacitor electrode of the capacitor 

15 element is not restricted to the electrode which is 

continuously formed to cover most of the overall rear surf ace 
of the dielectric plate, but the same may be separated into a 

plurality of portions so far as the separated electrodes serve 
as a common electrode in a state connected with the third lead 

20 terminal . 

Although the lead terminals are formed by round lead wires 

in the aforementioned embodiments, the same may alternatively . 

be formed by thin metal plates, as a matter of course. 
However, the lead terminals formed by round lead wires can be 

25 produced at a low cost and are suitable for the cut-and-clinch 

operation of the lead terminals at automatic insertion into 

the printed circuit board. 

Although the present invention has been described and 

illustrated in detail, it is clearly understood that the same 

30 is by way of illustration and example only and is not to be 
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taken by way of limitation, the spirit and scope of the 
present invention being limited only by the terms of the 
appended claims. 
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WHAT IS CLAIMED IS: 

1. A composite electronic component comprising: 

a) a resonator element (1) including: 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 

1) a thin piezoelectric substrate (2) having front 

5 and rear major surfaces and first and second side surfaces 

opposing to each other; 

2) a first resonator electrode (3) having a first 

vibrating part (3a) located on said front major surface and a 

first terminal part (3b) extending from said first vibrating 

10 part (3a) to cover said first side surface; and 

3) a second resonator electrode (4) having a second 

vibrating part (4a) located on said rear major surface to be 

opposed to said. first vibrating part (3a) and a second 

terminal part (4b) extending from said second vibrating part 

15 (4a) to cover said second side surface; 

b) a capacitor element (10) including: 

1) a dielectric plate (11) having front and rear 

major surfaces; 

2) a first capacitor electrode (12) located on one 

20 end portion of said front major surface of said dielectric 

plate (11); 

25 

3) a second capacitor electrode (13) located on the 

other end portion of said front major surface of said 

dielectric plate (11); and 

4) a third capacitor electrode (14) located on said 

rear major surface of said dielectric plate (11)" to be opposed 

to said first and second-capacitor electrodes (12,13); ~herein 

5) a length (L2) of said dielectric plate (11) in a 

first direction extending from said first capacitor electrode 

30 (12) to said second capacitor electrode (13) being larger than 

a length (Ll) of said piezoelectric substrate (2) in said 

first direction extending from said first side surface to said 

second side surface, 

c) adhesive material (15,16) for fixing said rear major 

35 surface of said resonator element (1) on said front major 
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surface of said capacitor element (10) with a vibration space 

(VS) therebetween to define first and second side steps 

(17,18) by said end portions of said capacitor element and 

said first and second side surfaces of said resonator element 

5 (1) respectively; 
d) a first lead terminal (20) having a connecting end 

(2la) arranged on said first side step (17); 
e) a second lead terminal (30) having a connecting end 

(31a) arranged on said second side step (18); 

10 f) a third lead terminal (40) having a connecting. end (41) 
arranged on said third capacitor electrode (14); and 

g) conductive material (70,71,72} for connecting said 

connecting end (2la) of said first lead terminal (20) to said 

first capacitor electrode (12} and said first terminal part 

15 (3b} of said first resonator electrode (3), for connecting 

said connecting end (3la) of said second lead terminal (30) to 
said second capacitor electrode (13} and said second terminal 

part (4b) of· said second resonator electrode (4), and for 

connecting said connecting end (41) ot said third lead 
20 terminal (40) to said third capacitor electrode (14). 

2. A compo_si te electronic component in accordance with 
claim 1, wherein 

a width (W2) of said front major surface of said 
dielectric plate (11) in a second direction perpendicular to 

25 said first direction is substantially identical to a width 

(Wl} of said front major surface of said piezoelectric 

substrate (2). 

30 

3. A composite electronic component in accordance with 

claim 1, wherein 
said first terminal part (3b) of said first resonator 

electrode (3) extends toward said rear major surface via said 

first side surface of said p;ezoelectric substrate (2), 
said second terminal part (4b) of said second resonator 

electrode (4) extends toward said front major surface via said 
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second side surface of said piezoelectric substrate (2), 

said first terminal part (3b) are connected with said 

first capacitor electrode (12) by conductive adhesive (15), 
and 

said second terminal part (4b) are connected with said 
second capacitor electrode (13) by conductive adhesive (16). 

4. A composite electronic component in accordance with 
claim 1, wherein 

said conductive material (70,71,72) is made of solder. 

5. A composite electronic component in accordance with 

claim 1, wherein 

widths (dl, d2) of said first and second side steps 
(17,18) in said first direction are substantially identical to 

each other and are larger than those (d3, d4) of said 
15 connecting ends (2la,31a) of said first and second lead 

terminals (20,30). 

6. A composite electronic component in accordance with 
claim 1, further comprising; 

protective resin (60) for covering peripheries of said 

20 resonator element (1) and said capacitor element (10). 

7. A composite electronic component in accordance with 
claim 1, wherein 

said first and second lead terminals (20,30) are 

provided with stop surfaces (21b,31b) at inner sides of said 
25 connecting ends (21a,3la) thereof for stopping a third side 

surf ace perpendicular to said first and second side surfaces 

of said resonator element (1). 

8. A composite electronic component in accordance with 

claim 1, wherein 
30 said resonator element (1) is an energy trapped element 

vibrating in a thickness shear mode, and wherein 
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said resonator element (1) comprises an elongated 

rectangular piezoelectric substrate (2) extending from said 

first side surface to said second side surface. 

9. A composite electronic component in accordance with 

5 cl aim 1, . wherein 
said first to third lead terminals (20,30,40} are made 

of round lead wires.· 

10. A composite elec~ronic component in accordance with 

claim 9, wherein 
10 said first to third lead terminals (20,30,40) are 

provided at forward ends thereof with flattened connecting 

ends (21,31,41) to be connected with said first to third 

capacitor electrodes {12,13,14). 

11. A method of manufacturing a plurality of composite 

15 electronic components each of which has a resonator element 

20 

25 

30 

(1) and a capacitor element (10), comprising the steps of: 

a}providing a piezoelectric mother substrate {2A} for 

producing said resonator element (1), said piezoelectric 
mother substrate (2A} having: 

1) front and rear major surfaces; 

2) first and second side surfaces opposing to each 
other; and 

3) first and second mother resonator electrodes 
( 3A, 4A) , wherein 

said first mother resonator electrode (3A) has a 

first vibrating part (3a} located on said front major surface 

and a first terminal part (3b) extending from said first 

vibrating part (3a) to cover said first side surface, and 

wherein 
said second mother resonator electrode (4A) has a 

second vibrating part (4a) located on said rear major surface 

to be opposed to said first vibrating part (3a) and a second 

terminal part (4b) extending from said second vibrating part 
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(4a) to cover ·said second side surface; 

b)providing a dielectric mother plate (llA) for producing 

said capacitor element (10), said dielectric mother plate 
(llA) having: 

1) front and rear major surfaces; 

2) a first mother capacitor electrode (12A), a second 

mother capacitor electrode (13A) and a third mother capacitor 
electrode (14A), wherein 

said first mother capacitor electrode (12A) located 

10 on one end portion of said front major surface of said 
di.electric mother plate ( l lA) , said second mother capacitor 

electrode (13A) located on the other end portion of said front 
major surface of said dielectric mother plate (llA), and said 

third mother capacitor electrode (14A) located on said rear 

15 major surface of said dielectric mother plate (llA) to be 

opposed to said first and second mother capacitor electrodes 
{12A,13A); wherein 

a length (L2) of said dielectric mother plate (llA) 
in a first direction extending from said. first mother 

20 capacitor electrode (12A) to said second mother capacitor 

electrode (13A) being larger than a length (Ll) of said 

piezoelectric mother substrate (2A) in said first direction 

extending from said first side surface to said ·second side 
surface, 

25 c)fixing said rear major surface of said piezoelectric 
mother substrate ( 2A) ont·o said front major surf ace of said 

dielectric mother plate (llA) by means of adhesive material 

(15,16) with a vibration space (VS) therebetween to define 

first and second side steps (17,18) by said front major 

30 surface of said dielectric mother plate (llA) and said first 

and second side surf aces of said piezoelectric mother 

substrate (2A), thereby obtaining a mother unit (Y); 
d)cutting said mother unit (Y) along a line (CLl) parallel 

to· said first direction in a single element width (Wl,W2) to 

35 form said first and second mother resonator electrodes (3A,4A) 

into first and second resonator electrodes (3,4) and to form 
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said first to third mother capacitor electrodes (12A,13A,14A) 

into first to third capacitor electrodes (12,13,14), thereby 

obtaining a plurality of united chips (X); 

e)connecting a connecting end (21a) of a first lead 

5 terminal (20) to said first capacitor electrode (12) and said 
first terminal part (3b) of said first resonator electrode (3) 
exposed at said first side step (17) by means of conductive 

material (70); 
£)connecting a connecting end (31a) of said second lead 

10 terminal (30) to said second capacitor electrode (13) and said 

second terminal part (4b) of said second resonator electrode 
(4) exposed at said second side step (18) by means of 

conductive material (71); and 
g)connecting a connecting end (41) of said third lead 

15 terminal (40) to said third capacitor electrode (14) by means 

of conductive material (72). 

12. A ·method of manufacturing a composite electronic 

component in accordance with claim 11, further comprising the 
steps of: 

20 sealing the peripheries of said resonator element (1) 

and said capacitor element (10) by protective· resin (60). 

13. A method of manufacturing a plurality of composite 

electronic components each of which has a resonator element 
(1) and a capacitor element (10), comprising the steps of: 

25 a)providing a plurality of piezoelectric mother substrates 

(2A) for producing said resonator element (1), each of said 

piezoelectric mother substrates (2A) having: 

1) front and rear major surfaces; 

2) first and second side surfaces opposing to each 

30 other; and 
3) first and second mother resonator electrodes 

( 3A, 4A) , wherein 
said first mother resonator electrode (3A) has a 

first vibrating part (3a) located on said front major surface 
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and a first terminal part (3b) extending from said first 

vibrating part (3a) to cover said first side surface, and 

wherein 

said second mother resonator electrode (4A) has a 

5 second vibrating part (4a) located on said rear major surface 

to be opposed to said first vibrating part (3a) and a second 

terminal part (4b) extending from said second vibrating part 

(4a) to cover said second side surface; 

b)providing .a dielectric grandmother plate (118) for 

10 producing said capacitor element (10), said dielectric 

grandmother plate (118) having: 

1) front and rear major surfaces; 

2) a plurality of front capacitor electrodes (19) 

located on said front major surface of said dielectric 

15 grandmother plate (llB); 

3) a plurality of rear capacitor electrodes (14A) 

located on said rear major surface of said dielectric 

grandmother plate (118) to be opposed to said front capacitor 

electrodes (19); 

20 c)fixing said rear major surfaces of a plurality of said 

piezoelectric mother substrates (2A) onto said front major 

surface of said dielectric grandmother plat~ (118) by means of 

adhesive material (15,16) with a vibration space (VS) 

therebetween to define first and second side steps (17,18) by 

25 said front major surface of said dielectric grandmother plate 

(118) and said first and second side surfaces of each of said 

piezoelectric mother substrates (2A); 

d)cutting said dielectric grandmother plate (118) along a 

line (CL2) to form said front capacitor electrodes (19A) into 

30 first mother capacitor electrodes (12A) and second mother 

capacitor electrodes (13A), thereby obtaining a plurality of 

mother units (Y) each of which includes one of said 

piezoelectric mother substrates (2A) and a dielectric mother 

plate ( llA); 

35 e)cutting said mother units (Y) along a line (CLl) 

perpendicular to said line (CL2) in a single element width 
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(Wl,Wi) to form· said first and second mother resonator 

electrodes (3A,4A) into first and second resonator electrodes 

(3,4) and to form said first to third mother capacitor 

electrodes (12A,13A,14A} into first to third capacitor 

5 electrodes (12,13,14), thereby obtaining a plurality of united 

chips (X); 
£)connecting a connecting end (21a) of a first lead 

terminal (20) to said first capacitor electrode (12} and said 
first terminal part (3b) of said first resonator electrode (3) 

10 exposed at said first side step (17} by means of condµctive 

material (70); 
g)connecting a connecting end (31a} of said second lead 

terminal (30) to said second capacitor electrode (13) and said 

second terminal part (4b) of said second resonator electrode 

15 (4) exposed at said second side step (18) by means of 

conductive material (71) and 
h)connecting a connecting end (41) of said third lead 

terminal (40) to said third capacitor electrode (14) by means 

of conductive material (72). 

20 14. A method of manufacturing a composite electronic 
component in accordance with claim 13, further comprising the 

steps of: 
sealing the peripheries of said resonator element (1) 

and said capacitor element (10) by protective resin (60). 


