1 TITLE OF THE | NVENTI ON Conposite El ectronic Conponent and Method of
Manuf a8t uri ng the Sanme BACKGROUND OF THE | NVENTION 5 The present
knvention relates to a conposite el ectronic conponent and a nethod of

manuf acturing the ‘'sane, and nore particularly, it relates to a conposite

el ectroni ¢ conponent having a resonator elenent and a capacitor el enent,
and a nmethod of manufacturing the sane.; 10 In a Colpitts oscillation
circuit, generally known is a conposite electronic conponent which is

formed by uni ti ng a resonatmm& grenypnNvENSERACI t or el enent as di scl osed
in Japanese U I|t n Gazette 1-74625 (1989), for
exanple. Int Q:‘," gﬁ%g}@ C% aﬁ’gﬁ%‘“ egfo éno%S energy trap
thicknthnﬂﬁantumﬂmgﬂhhy1&mﬂe and t he capaC|tor el enent are arranged in
parallel, so that the peripheries thereof are sealed with protective resin.

Both end portions of the resonator elenent are held by cup or fork shaped
hol di ng portions whi ch BACKGROWD OF THEUINVENTIONout |ead 20 terminals

andsfixed byrreolfiidai ﬁﬂréﬂﬁfone&%(ltart@iestof Q ERhpeRiRel Rivktdeasy of the
resonator elenent are also electrlcal y connected to the i nput and out put
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are sol derad 4 g ARG RGHE L HiPadlRe 2982 ana 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 exampie. 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 surfaces 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 structure, the input and output lead terminals
must be provided with the cup or fork shaped holding portions
for holding the both end porfions of the resonator element and
the capacitor element thereon until the lead perminals are

’



| ead termnals, while a counter electrode fornmed on the other major surface
of the capacitor elenent is soldered to an upper end portion of a ground
lread termnal. In the conposite el ectronic conponent having the 30

af orenenti oned structure, the input and output |ead term nals nust be
provided with the cup or fork shaped hol ding portions for holding the both
end portions of the resonator el enent d the capacitor el enent thereon
until the lead termnals are 2 soldered. In this case, however, because

t he shapssiddrddie impuwhianaud,pHowedidh,NHecatise aNEp|sHaie’fl .of ttHequi res

SO many Jprocess faor formng these termnals gnd the materjal yield is so
ot ol ot S R SRR e T AR b Lt RGeS S kness of
t he af omemgn tpxeesssese diam ficrntonp dihese itenmicredas enhdd tthet mattteritedl di ng

ti ‘ ' lL.sad 1:nal.s. t
01 1 or k a0 R v oo, (H, SO P hon el ol AR

thee t @vAnallls thiskness afe the afeugmentiionag flesitnonic pesmanant it s
di fficulis fi{crdasid QR ito ithEHAKINY RRIFAOAS E dHe anghd idih operation

of these termnals when the conponent is inserted in the printed circuit
board. SURMSy l@adrenmiveN-oN

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.

SUMMARY OF THE INVENTION
15 Accordingly, an object of the present invention is to
provide a composite electronic component which can be readily
connected to the lead terminals without 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 substfate 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



15 Accordi ngly, an object of the present invention is to provide a
conposite el ectronic conponent which can be readily connected to the | ead
term nals without holding portions. Another object of the present invention
is to provide a conposite el ectronic conponent whose overall thickness can
be 20 decreased. Still another object of the present invention is to
provi de a nethod which can eff|C|entIyéfanufacture t he af orenenti oned
conposite el ectronic conponent. In ord to attain the aforenentioned

object, & COMRAHAR iy pditid Vviers YHANYH s&?feoréyfﬂéé)@f f{fest aspect

of the present 1nventli on conpri ses a resonator enent a capacl tor

el enent ,SubRETatest (The HeGPNd APINAHITaledlectrode e fosaafent | ncl udes
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formed on a rear najoregurface to be opposed to the first vibrating part
and a second term nal part extending 5 fromthe second vibrating part to

cover a seContheSidifpaiidAC@lement 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



of the substrate. The capacitor elenent includes a dielectric plate whose
|l ength is larger than that of the piezoelectric substrate. First and second
eapacitor el ectrodes are |ocated on both end 10 portions of a front nmj.or
surface of the dielectric plate, and a third capacitor electrode is |ocated
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 najé# surface of the capacitor el enent
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third capacitor el ectrode_ by conductlive mat er1 al . Accor %lto t he
first adi@dingr coft mndsdihe makesladn cost for producing the lea

10 terminals.

Because the terminal parts of the resonator electrodes
extend from the vibrating parts to cover the side surfaces of
the resonator element, these terminél 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 easily 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



when the capacitor element and the resonator elenent fixed 4 toget her
are inserted between the three lead termnals, the connecting ends of the
first and second lead termnals are engaged with the side steps, thereby
these elenents are correctly positioned with respect to the lead termnals
inab | ateral direction. Therefore, it is not necessary to provide the
lead termnals with cup or fork shaped Qolding portions for holding both
ends of the elenments. Thus, the lead termnals can be sinplified in shape,
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el ement pérpéwdicular 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 cofrectly positioned by these
-stop surfaces with respect to the lead terminals ih a
longitudinal direction.

Furthermore, it is preferable to use round lead wires as
the lead terminals. 1In 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 flétten 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 resbnator 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'fifst and second terminal parts to

30  cover first and second side surfaces opposing to each other.

Next, a dielectric mother plate is provided. The



capacitor elenent. In other words, the resonator el enent and the capacitor
el ement can be fixed easily at a | ow cost by neans of an ordinary

insul ating adhesive. 25 The connecting ends of the first and second
| ead term nals and the resonator element are laterally arranged on the
capacitor elenent, thereby the overall thickness of the conponent of the
present invention can be reduced as conpared with the case in which the

| ead term nals having cup or fork 30 haped hol di ng portions are used.
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in a direction extending from the first side surface to the

10 second side surface.

Then, the rear major surface of the piézoelectric 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 lengthwise 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



| ongi tudi nal direction. Furthernore, it is preferable to use round | ead
wres-as the lead termnals. Inthis case, it is easy for the 15

automatic inserter to cut and clinch these term nals when the conponent is
inserted in the printed circuit board. Mreover, it is also preferable to
flatten the connecting ends of the termnals so that it becones easy to
connect these connecting ends with theqcapacitor elenent, and the overal

t hi ckness of 20 t he conponent can be decreased. A nethod according to a
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The united chip consisting of the resonator element and
10 the capacitor element is stably and correctly héld by-the- lead
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 of 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



rear major surface to be opposed to the first and second 5 not her
capacitor electrodes. A length of the dielectric nother plate in a
direction extending fromthe first nother capacitor electrode to the second
not her capacitor electrode is larger than a | ength of the piezoelectric

not her substrate in a direction extending fromthe first side surface to
the 10 second side surface. Then, the rear major surface of the

pi ezoel ectric nother substrate is fixed on the front najor surface of the
di el ect rdrawidiger pl ate by neans of adhesive material with a vibration
space therebetween, thereby obtaining a nother unit. 15 In this nother
unit, first and second side steps are defined by the front major surface of
the dielectric nother [HRAEEF DRSARIPTION tOFaIMHE ERAWRINGSIe surfaces of the
pi ezoel ectri t1her, The HR unj ut in a single
el ement wi dtlﬁdlpr)\_ 123.5 Sd:t | r%&?%yé g’riﬁ'ﬁ% cul g‘ taora{%nﬁsg'r}%t hwi se direction
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I nc§ udepridemeseRdmyidel;ement and the capacitor el enment. Then, connecting
ends of first and second lead termnals.are connected with the first and
second capacitor el ectrode at 25 the first and second .side steps by neans
of conducti Figrmaterisalan Axpllodesi pertspaetives viewned ithg empadite r st and
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parts o e resona connect’ing end of a third | ead termninal.
I's connected with the third

Fig. 3 is a circuit diagram of the composite electronic
component shown in Fig. 1;

10 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
composite electronic components shown in Fig. 1;

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. 1;

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.



30 capacitor el ectrode by neans of conductive material. According to the
second aspect of the present invention, the piezoelectric nother substrate
and the dielectric nother 7 plate of the nother unit are simnultaneously
cut into a plurality of united chips. Positioning accuracy and productivity
are nmuch i nproved because it is not required to bond the resonator el enent
and the capacitor elenent whose 5 sizes are both very small. Also, the
resonator el enent is prevented fron1beﬁ%g cracked or broken when it is cut

fromthe nother sub éﬁﬁ?ﬁ*ﬁﬁf ; I | ei nforced by
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to be engaged with the connecting-ends of the first an
t er ni nalEmbogdiment, of, fhe mresandndMveRiiae connected with the | ead
termnals at only three points, the 15 connecting process is sinplified.

Further, it Jj.s, referablq%to rqvkge a dielectric ranq:S ther plate in
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three lead terminals 20, 30 and 40 connected to these elements
1l 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 L1 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 piezoelectric substrate 2 and the dielectric
plate 11 have lengths L1 and L2 of 5.0 mm and 6.7 mm
respectively, and widths W1 and W2 of 0.45 mm as shown in Fig.



20 not her capacitor electrodes, and a plurality of rear capacitor

el ectrodes to becone the third nother capacitor electrode. After a
plurality of the piezoelectric nother substrates are bonded on the front .
surface of the grandnother plate, the grandnother plate is cut for
separating each of the front 25 capacitor electrodes into the first and
second not her capacitor el ectrodes, th&beby obtaining a plurality of nother
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 advant ages
of the present invention will becone nore apparent fromthe follow ng
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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 are 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 2la and 3la 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 21b and
31b formed inside the narrow ends 2la and 3la 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 2la of the input terminal 20 is connected
to the electrodes 3b and 12 by solder member 70, and the



conmponent shown in Fig. 1; 10 Fig. 4 is an expl oded perspective view
. showi ng a nother unit formed of a piezoelectric nother substrate and a

diel ectric nother plate for manufacturing a plurality of the conposite

el ectroni c conponents shown in Fig. 1; Fig. 5 is a perspective view show ng
the nother unit 15 formed of the piezoelectric nother substrate and the
dielectric nother plate fixed togetherjiFig. 6 is a perspective view
showing a united chip which is cut out fromthe nother unit shown in Fig.

. 5, Fig. narmow gl Slectdf/ethe ewthow tregrne nglaifdhitsh eyonned tek) to fthe
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Fig. 1, Fig. a perspecti vi ew show ng a resonator ment. accordi ng
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of the'%éﬁ%%%téf“@i&ﬂéﬁ% 10 because the widths 43, d4 of the narrow
end 21la and 3la are smaller than the widths dl, 42 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.

A method of manufacturing a plurality of the composite
electronic components in the aforementioned structure is now
described.

25 A piezoelectric mother substrate 2A for producing the
resonator elements 1 and a dielectric mother plate 11A for
producing the capacitor elements 10 are prepared as shown in
Fig. 4. The mother substrate 2A has a width L1 along its
shorter edge direction which is identical to the length L1l of

30 the piezoelectric substrate 2 along its longer edge direction.
The mother substrate 2A is provided on both surfaces thereof
with mother electrodes 3A and 4A which correspond to the
resonator electrode 3 and 4 respectively. On the other hand,
the mother plate 11A has a width L2 along its shorter edge



5 Thi s conponent conprises a resonator elenent 1, a capacitor el enent
10 fixed with the resonator elenent 1 and three lead termnals 20, 30 and
40 connected to these elenments 1 and 10. The peripheries of the elenents 1
and 10 are sealed with protective resin nenber 60. 10 Fig. 3is a
circuit diagramof this conponent. The elenent 1 is an energy trapped

pi ezoel ectric resonator elenent vibrati in a thickness shear node, and
conprises a thin and el ongat ed rectangdﬁgr pi ezoel ectric substrate 2 made

of p'ez08L§€5Ei8ncﬁ5§§hc§§O%d§n958§96£8c ﬁéclgﬁggheLﬁr¥§t@he15 and
resonator el ectrodes_ 3 an ormed on_the substrate 2. The resonator
el ect rod@iedeghgie Riatevibralrng phst dongernnadge dppestieny f8hged on

central ﬂeﬁhékogﬁaeé iha bgtbraaheédsaﬁfaﬁesug ethgupb AL Bherdofand thave
t er m nal garts endi e vibrating_parts, 3a and 4a

toward oPBbERRge gSCtrﬂﬂFﬁrléﬁr?B §£0|HhﬁﬁBr?%Fr§FH€gguF?aEB§ of the
sub§trateaﬁacespfcéleetyodéhe2candc13oandlﬁsepfoﬁﬂdea obnr thd bhpwemn

| d | ' ' de. h
a0 a HafeetaT b Abed GhE6! bl hoBhatooldotRbal AiaToRsgh BoBRbEpbflseu”
st r engt htohthet happcdtoe| etectrodabidr ate e gartiahlyhopposedt te the

dlelectrhstﬂggtg edtfbasy gzhogggrlggge thereof is larger than the Iength

L1 of the p|ezoe ectric substrate 2 and the width W2 of the dielectric
plate 11 along a shorter edge thereof is substantially identical to the
width 30 Vi¥heh,t BReph6ERErESUbsErav8sAaie £ixedCEAr dh@Jupperhi s

10 surface of the mother plate 11A 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 11A, 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
surface 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 11A fixed together are cut in a single element

20 width (W1,W2) along the lines CLl1 perpendicular to the
lengthwise directions of the mother substrate 2A and the
mother plate 11A 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 3la 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



enbodi nent, the piezoelectric substrate 2 and the dielectric plate 11 have
l engths L1 and L2 of 5.0 mmand 6.7 nmrespectively, and widths WL and W2
of 0.45 mm as shown in Fig. 10 2. First and second capacitor el ectrodes
12 and 13 are fornmed on both ends of a front surface of the dielectric
plate 11 while a third capacitor electrode 14 is fornmed to cover nost 5

of the overall rear surface, so that oggosed portions of the el ectrodes 12
and 14 and the el ectrodes 13 and 14 define two capacitors. A rear surface

of ther 'éﬁE?Pat eapsefesft elebfrbigedat aft{aﬂef éaﬁéc%f agfeRbntheocapacitor
el enent ans of adhesives 15 and 16 a vibration space VS is

10  def FHEHK%t wekf £hercapataces %mn%ﬁ@’:ibb a%l F‘h% Fesshande éPeftbflt 1
due to the tUppbPEsStRE DbwehesaGridtesoy ehd Sréscndfor Abléeegl oy di nary

| at d th hesi 5 d 16.] hi
enbodi nefitere ﬁét%%?véiﬁaﬁes bRox 0 FE PhaTenEey “BlomcalieLabRueRt - he
conducti ve adhesi ves, the electrodes 3 and 12 as well as 4 and 13 are

connected w i gag e@&bﬁn&hﬁ Patle {:fééOﬂé‘fz%weéﬁgeﬁ'ialofngh%hwe.efﬁi’ﬁﬁ tor

el enment 10 are reée {ead terninals 0 are na e of
round | e38 #freeldevedqto. the elagtradesafreand 12 pxpoesdl at thg side

step 17 by the solder member 70, while the narrow end 3la of
the terminal 30 is soldered to the eledtrodes 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.l
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 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.

30 When the composite electronic component is inserted in the
printed circuit board by means of the automatic inserter, the
shank 22, 32 and 42 of the lead terminals 20, 30 and 40 are



20 shanks 22, 32 and 42 of the termnals 20, 30 and 40 are held by tapes
50 and 51 in a parallel manner. The lead termnals 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 term nals
20 and 30 25 are provided with narrow ends 2l1a and 31la which are arranged
In side steps 17 and 18 (see Fig. 6) di%ined by both end portions of the
capacitor elenment 10 and those of the sonator elenment 1, and with

L- shaped,st Qﬁ@tﬁrxf&&%e?%p@%o?ltsﬂ ordiRfl dHaY i tdie vhd T ds 213 and

3la respectively, so hat t'he connecting portions 21 and 31 'of the

i nput atPd@RPp TS éf"rﬁeﬁd?%d Anteh Fhey thro lﬁscéﬂ e R H8Er . The
narr ow esitrcliicc (ﬁoatﬂw arnplduﬁ ard lintdhdd cmmanﬁ@i dimd heuelmterasies 3b

?ggmlﬁal %504 r?é‘beoé'l??(? tajrrhése@ d%ﬁ?gg’” 31%&& %S?ﬁe“r{g#})er 71.

Thu$, t lpermtion detauden el SlnlkaRe,t (82 rambrﬂzzt @ree|fommed byarthe ocat ed
lateral | or elenment 10, thereby the thickness 5 - of the

conposi tﬁebdc}{(?rrp%ﬁagﬁt%ﬂ%?né be reduced. Further, the termnals 20 and 30 will
not sidewardly project beyond the capacitor elenent 10 because the w dths

d3, d4 of therigar r’ﬁ\%rﬁﬂﬂs Ao HE JERIE cHMdiifddtir it avigihdisa ity d2 of

the side steps 17 and t her eby. t he conposi te conponent n also be
f %P compos1te electroa&c components as s ownl}n(gi .

A large-sized dielectrlc grandmother plate 11B 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 surface of the
grandmother plate 11B by adhesives 15 and 16 with vibratibn
spaces so that the mother substrates 2A are laid across
adjacent pairs of the strip élect:odes 19A. The adhesives 15
and 16 may be previously applied on the strip electrodes 19A
20 or the lower surfaces of the mother substrates 2A in the form
of thin films.

The grandmother plate 11B 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 mofher 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 X, 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



10 reduced in size along the longitudinal direction. On the other hand,
the connecting portion 41 of the ground | ead termnal 40 bent along the
rear surface of the capacitor elenent 10 is connected to a central portion
of the third capacitor electrode 14 by a sol der nenber 72. 15 - The
peri pheries of the elements 1 and 10 including the connecting portions 21,
31 and 41 of the lead term nals 20, 301§nd 40 are sealed with the
protective resin menber 60. Before the Sealing process of the resin nenber

60, the peripbeiderto®f adLeriSS@NH OF1fs €Bnd 4including at least its
vi brating 20 area) may be covered wth an elastic nenber such as silicone

rubber or the like. A nethod of manufacturing a plurality of the conposite
el ectroni c cri@®oresbdator t dbemét cised | Deths predane itvaoviciesisihed. 25

fnd o BREEH PR aY oeSEsee, B, IR i e L anRe e Eneh e 10"
are prepauweditsishalwo ippﬁsipl_df.td'h_esm hezsendsar atlemntdsasingdth L1
the o e S aerodl Gifferhd ' ALl 6 ) ST A8l il ML e P her
subst r at eegrangulapn\pirzPeIeGEr ic sshbskrate Ko rvlvich ks prenkded| @Rt r odes 3A
- and 4A WebRErsDIESPOI6hE Cof NEot1e SREHE P! st Sdd® denaradll Wi €espectively. On
the othef, Da0Khnd "6 EDLESe PhaLEs 84 7S Spb sl 6o ALY Sl "Shd %m0
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
vibrétioh mode of this embodiment is also a thickness shear

mode.

15 Further, the present invention can be applied to the
composite component 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 8l1. 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 1ength 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, and on the rear surface
with a third capacitor electrode 94 opposing to the first and
second capacitor electrodes 92 and 93. .



12 direction which is identical to the length L2 of the dielectric plate 11
along its longer edge direction. The nother plate 11A is provided on the
upper surface thereof with nother el ectrodes 12A and 13A which correspond
to the 5 capacitor electrode 12 and 13 and is provided on the | ower
surface thereof with a nother el'ectrode 14A, which corresponds to the
capacitor electrode 14, to be partiallésopposed to the nother el ectrodes
12A and 13A. Then, the nother substrate 2A is fixed on the upper 10

surface of the nother plate 11A by neans of adhesives 15 and 16 with a

vi bration spage VS sq that the both end portions of  the nother substrates

2A are pl ace§igst R SEFONdeLead, f8xRinaAs, 3401 apdod i ergp@faanges e 11A,
tge_reby apiat abu'uegela mgt hbe L:ﬂ'ab ?ét@pssltnovz)nahg Ebg-zdéfiiﬂbe?)wh@wie\éesl 15 and
16 may 1 pphi n e er electrodes.12A and.13A,qr_the | ower
surfacergﬁopggoﬁog%gﬁe?%bgprQPED%Eeiﬁapﬁ81F8FnF&FmFH%ngprln@ﬂﬁf'aaﬁechnique
such. as tbdrdedepd feirmgnalhd l2ptisesolddered ltavithe thérdothemcddiost rate 2A
and; t he siRLReLaR! ae 11A fixed together are cut in a single elenment 20

width (WL, W) along the |ines CL1 perpendicular to the | engthw se
directions of the nother substrate 2A and the nother plate 11A as shown in

Fig. 5 thereahytohcaichbbaimepity’ al chyiely ¥kt 8dveBirRtidnagpakevmaly e 9. 6.
Th? Sld%efined 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.

10 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 surface
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



steps 17 and 18 are defined at the both side ends of the 25 united chip X
by the upper surface of the capacitor elenent 10 and the side surfaces of
the resonator element 1. Then, the united chip X is inserted between the
three lead termnals 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
termnals 20, 30 and 40. At this time,4the narrow ends 2l1la and 3la of the
i nput and output termnals 20 and 30 engage with the side steps 17 and 18,
whil e t healgINBE g Portinpieadic, R HpUtk tadrididpt GO | Nt o
pressure contact.mntq:lhe .13 third %ggfl or electrode 14 qf the

bapaci t RERINGARVRREIRH RRing (HiFdted S Rodhe Ferte 9% the |t ne

t er m nal spptthdedl AGimgpport the | ower surface of the resonator el enent 1,
thereby the united chip X can be prevented from di spl acenent. 5 In
this holding state, the narrow end 21a of the termnal 20 is soldered to
the el ectrodes 3 and 12 exposed at the side step 17 by the sol der nenber
70, while the narrow end 31la of the terminal 30 is soldered to the

el ectrodes 4 and 13 exposed at the side step 18 by the sol der nmenber 71.
The connecting 10 portion 41 of the terminal 40 is soldered to the
counter electrode 14 by the sol der nenber 72 as shown in Fig. 1. Thus, the
termnals 20, 30 and 40 are nechanically coupl ed



with and electrically connected with the resonator elenent 1 and the L
capacitor elenent 10. 15 The term nal parts 3b and 4b 4ré€ necessarily

exposed on the side steps 17 and 18, because the term nal p lﬂ“ﬁﬁ““.
of the electrodes 3 and 4 of the resonator elenent 1 is extamm‘u‘gm‘““
vibrating parts 3a and 4a to cover the side surface. Therefore,cthe I"ead *
termnal 20 can reliably be 20 connected with the capacitor electrode 12

as well as the termnal parts 3b via t¥e sol der nember 70. Al so, the | ead

termnal 30 can reliably be ecke ' t hg.capacitor el ectrode 13 as
well as the termnal parts 4@ﬁ§?aEFh§L§%ﬁggrE§énber 71. 25 Thereafter
the peripheries of the united chip X including the connecting portions 21,

31 and 41 of thg EgmpbBaks éRec8Ponld éemaaﬁeﬁeabsﬂpwﬁghn%he protective
resin nmenber 60 béﬁa t echni gue such_as dlgecoatlng, t hereby conpl eting

h .
manuf act ur i i Bf TEREPEERFoeLEBeBEEL) ohPELUEIRSRent . 30 When t he

conposite el ectrani a eaAfpopeakobiecBsfet 8dbsbrate pRi)nhadingr €wohtboard by
of | ead

o naPBaoeas Ry r guarEbs" ah By 2R dpf nerRad! 538 Bl EdBest]
t her eaf bpposhngstiankagh, o8Rezgnd 42 are inserted into the through hol es of
the printed 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
terminai 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);

3) a second capacitor electrode (13) located on the
other end portion of said front major surface of said
dielectric plate (11); and

25 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); wherein
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 (L1) 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



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

automatic inserter to performthe cut-and-clinch 5  operagg t
shank 22, 32 and 42 are formed by the round |l ead wires. Fi gmﬂj ﬂmﬂﬂﬁ I ill
anot her nethod of manufacturing a plurality of the conposi *

conponents as shown in Fig. 1. A large-sized dielectric grandnother plate
11B is 10 provi ded on an upper surfa&g thereof with a plurality of strip
el ectrodes 19A and on a lower surface With a plurality of strip el ectrodes

19B 10 bguPeddd B YeLP Wdhd Ledd L Rt O0RF) Wn B&ibratldn adpade Of
(three in Fig. 72% | ezoel ectrjic_ 15 nDthenﬁiubstrates_ZA are bonded on the

upper sufYStetha twpeh R idRfing first mnd seaand \wide StERE 16 with
vi brati ?ﬂ'ﬁpﬂﬁ‘&)ﬁ@ﬁihﬁteﬁmqwﬁﬂﬁis w4l esapititior |sliagherct assd adj acent
pairs of_t frip electrodes 19A The. adhesives and 16 nmay e
P evi ou T haTeh T AT qids AR R S AR eh Dt oces
of fhe nfl herespdwstiegls: 2A in the formof thin filnms. The grandnot her
plate 11B ory 'Cﬁfég TEUd e il Y friy 3P 4?% nded above
is cut al ong %i ne 2to s_e%arate 2(tac )(Z)‘fa“t}hh@st%ﬁ%r Eﬁes 19A into
two el ect?pibsarmangad on Rpid £ixslerside oieR il 7a plurality of nother
units Y as sdipvd) ddbdnd-ldad HermirgdC (300 tha¥ iy &l shridbtity end
aﬂnmmqémwdrmmwr|scmtén61m$%eeﬂmmm Mdthasshmmln Fig. 5,
t her eby la) arranged on said secon ide 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) of said third lead
20 terminal (40) to said third capacitor electrode (14).

2. A composite 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
(W1) of said front major surface of said piezoelectric
substrate (2).

3. A composite electronic component in accordance with
claim 1, wherein )
30 said first terminal part (3b) of said first resonator
_ electrode (3) extends toward said rear major surface via said
first side surface of said piezoelectric substrate (2),
said second terminal part (4b) of said second resonator
electrode (4) extends toward said front major surface via said



obtaining a plurality of united chips X Then the termnals 30. are __ __
connected with the chip X, and thereafter the periphery of the chip Xis
sealed with the protective resin nmenber. The productivity (1mmummlmmmlm
nore inproved than that 15 of the nethod described in Fi

resonator el enent used in the present invention is not restricted‘to®that *

described in the aforenentioned enbodi ggnt, but it is also possible to use
a resonator elenment having 5 el ectrode patterns as shown in Fig. 8. This

Cent Tl Do o P e S ML el ect o
central position 0 or. surface er eof wi vi brati ng el ectrode
parts 6a, 7a %ﬁ)‘ﬁis&rﬁ"ﬁ oteeqrj@d‘%]t RAT L Fh AR Ciﬂi’t"’r?"'?et'rﬁ‘ii poktER i with the
t er m nal fitstctcapmbcitor lEntidie (A2) bfheorductivey sdlsgivvsle( 1By s 6a, 7a
and the ééﬁlﬁ nal electrode parts 6b, 7b are connected with each other via
thin el ongated extraction el ectrode parts 6¢c, 7c respectively. The

vi bPati on noderis secondrminad partl (@b )a ane cowwectadaithhdkaids

Fur ther, sd dind it tdlY id Xt (13 PRR) ikhduttie EIFSIVE cogrponent

havi ng a resonator elenment 80 of a thickness expansion vibration node and a
capacitor elenent 90 as shown in Fig. 9. This resonator el enent 80

conprises a4. A composite electronic component in accordance with

claim 1, wherein
said conductive material (70,71,72) is made of solder.

10 5. A composite electronic component in accordance with
claim 1, wherein ' _
widths (dl, d42) 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 (21a,3la) of said first and second lead
terminals (20,30).

~ 6. A composite electronic component in accordance with
claim 1, further coﬁprising; _ _
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
surface 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



éubstantially square shaped piezoelectric substrate 81, the-20 - vibrating..
el ectrode parts 82a, 83a opposing to each other on the cenlhamﬁosmlons of

both maj or surfaces of the substrate 81 and the termnal e HEH“E "H”"l .

82b, 83b on the both end positions of the substrate 81. Th
el ectrode parts 82a, 83a are connected with the term nal el ectrode parts
82b, 25 83b via thin el ongated extrag%ion el ectrode parts 82c, 83c. On
t he ot her hand, the capacitor el enent fixed to the resonator el enent 80

conpri ses a di@émtfé@ri&'asﬁ &ﬂeﬂéﬂ@f‘(lhﬁscmﬁiﬁéb%@i atgatical to

t hat WB of bstrat d a I th L4 Gg%n Iqﬂgfr than that .L3 of
the subs’t'?‘?ff%n a%(ple Iﬁﬁ‘iﬁ/l Fending Fxom §34%e with
first anfirxecile aspactdas 'maaird)(hﬁcd}m ailled Jumfaten the rear surface
with a third capacitor el ectrode 94 opposing to the first and second
capacitor el ectrodes 92 and 93. 16 First and second |lead termnals 110
and 111 are % rarkpRPeskite kR tPrke (dampanents tigppa@ardanca 0diekf i ned by
thesresoppd O £! aifdde Y and the capacitor el ement 90. Also, a third |ead
termnal 112 i's soldered to the third capaC|tor 5 electrode 94. In this

embodi ment, a S (§iFSh O \FHTA jIned temmingl s d I3hAP AT frdee
vi br at i ngf etcoid aeaPasfird?a of the

10. A composite electronic 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 pluraiity of composite
15 electronic components each of which has a resonator element
(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:
20 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,47), wherein
25 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
30 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



resonator el ement 80 and the protéctive resin menber whi ch-seals the
peripheries of the elements 80 and 90. 10 The resonat or el enent

shear vibration node or a thickness expansion vibration no
al so possible to use a resonator elenent of another vibration- mode.
Furt her,

ed
in the present i nvention is not restricted to that ut|I|2| Elw Il“mmt&“m

restrlcted to the el ectrode which is ¢

the third capacitor el ectrode 2f the capacitor 15 el ement is not
3 ti nuously formed to cover nost of

the over@ld) r@rcoi;gxf %@fséé&!@ﬁ@étgﬂﬁg&@ie but the sane nmay be

separ at ed |nto a p ur al
serve as a &Eing- 13

net al

- 30

10

15

20

30

35

said first mother capacitor electrode (12A) located
on one end portion of said front major surface of said
dielectric mother plate (11A), said second mother capacitor

electrode (13A) located on the other end portion of said front

major surface of said dielectric mother plate (11A), and said
third mother capacitor electrode (14A) located on said rear
major surface of said dielectric mother plate (11A) to be
opposed to said first and second mother capacitor electrodes
(12A,13A); wherein

_ a léngth (L2) of said dielectric mother plate (11A)
in a first direction extending from said first mother
capacitor electrode (12A) to said second mother capacitor
electrode (13A) being larger than a length (Ll) of said
piezoelectric mdther substrate (2A) in said first direction
extending from said first side surface to said second side
surface, _

c)fixing said rear major surface of said piezoelectric
mother substrate (2A) onto said front major surface of said
dielectric mother plate (11A) 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
surface of said dielectric mother plate (11A) and said first
and second side surfaces 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 (W1l,W2) to
form said first and second mother resonator electrodes (3A,4A)
into first and second_resonator electrodes (3,4) and to form

t portions so far as the separated_ el ectrodes
divfeequpwsct AEhempdatal WA ter @nedueing 20

t er m nalsasd td@&ﬂiﬁdle dieitbrd (0 Sal® didIRstie mddkbd Gih _
af orerren &Beq}%errbodl ments, the sane may alternatively be fornmed by thin

Fatt er of course. However, the lead termnals fornmed by
r oufid Iead W res Iarfdmnt?and preaiucedjoxt sudfiagesgst and are suitable for

the cut-and-clin ' t ti ion
into the print edq(.:')l %23%5{8}% o&ghé&hf%éfaac%% %rerg&%?stzrn a(t/iﬁp?onachéaés&gé&en
descri bawpthear iqamm:recel;ectmﬁ I(13Pt) .amdclaeam:;rmmm:omnmtqme sane
I s deaodd (14t natdumnd exanple only and is not to be

whres in the



17 taken by way of limtation, the spirit and scope of the present —
I nvention being limted only by the terns of the appende

WHAT IS CLAIMED IS: 1. A conposite el ectronic conponent q “m“““ l!g u"
resonator element (1) including: 1) a thin piezoelectric

having front 5 and rear major surfaces and first and second 5| de surfaces
opposing to each other; 2) a first resggator el ectrode (3) having a first
vibrating part (3a) |located on said front major surface and a first

term nal gpad te{3y € t@0thd tnd t1eue S@a&élé&é i d¥@tddus 1012A PesA, iéﬁ) to

cover sald first side surface; an second resonator. el ectrode 4)

havi ng al®eR ohrst b’f%t‘?'??gr%a‘?”lp?ql’a‘ﬁo‘g cﬁ:’eﬁ%‘if?ﬂ?%aﬁ 1 r i3l 4ny ofhexRB%ce to
E)eb;)pposaﬁtdamﬁeg th fpIwtaM ¥y adf nghiwad didigs axl);a second termnal part
4 extending fromsaid seccnd vilbrati rt, 15 gyer said
second side % 8;9%%ct:8')\g a c%?:%‘??%’fn%leé'h‘g (tpzal(al)o)oq r%lflﬁ‘)snﬁolﬁa)‘d/a dielectric
pl abe (1ermimnahy 20 brto ssalid ebirstpjcapaktfar eslectrode (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);
f)connecting a connecting end (3la) of said second lead
10 terminal (30) to said second capacitor electrode (13) and said
second terminal part (45) 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



2) a first capacitor electrode (12) |ocated on one 20 end_portion of sald-—
front major surface of said dielectric plate (11); 3) a second capacitor '
el ectrode (13) |located on the other end portion of said framumﬁ ml‘m”ﬂm :
of said dielectric plate (11); and 25 - 4) a thir

el ectrode (14) located on said rear major surface of said di'el éct f'i c plate
(11) to be opposed to said first and sggond capacitor el ectrodes (12, 13);
wherein 5) a length (L2) of said diele€lric plate (11) in a first direction

ext endi Ngyd rP1ps! J-,d gézrn&tnacla&p&xg Qa3 %é?ﬁqrég from Saild S%ge second

capacitor electro being larger than a length (L1) of said
pi ezoel é’étbrliaé:iélgoﬁarré% e(3(az)) Yh coyieF Sadst finadcsigde SurdRferg 31%Pm sai d

first sirdin ace to said second side surface, c) adhe5|ve mat eri al

(15,16) for fixing said re or surface of s onat or_ el enment
(1) on saidfroné%riﬂaﬁﬂc°a‘{1§‘%a?%ﬂm§‘£d ] ?@h&rﬂ @0) with a
vi bf at i crecarel eriod3)t trige peet vm tlmaiﬂfem@rf isreeild arethrs aEgjur Sudef axteeps

(17, 18) |t { [ t and
second si de su%paces 3’{3 sal 3’ resonat or q%% a?te E 2 i aa?lessagc% ve é

terminal part (4b) extending from said second v1brating part

(4a) to cover said second side surface:;
b)providing a dielectric grandmother plate (11B) for

10 producing said capacitor element (10), said dielectric
grandmother plate (llB) 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 (11B);

3) a plurality of rear capacitor electrodes (14A)
located on said rear major surface of said dielectric
grandmother plate (11B) to be opposed to said front capacltor
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 plate (11B) 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
(11B) and said first and second side surfaces of each of said
piezoelectric mother substrates (2A);

d)cutting said dielectric grandmother plate (11B) 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 (11A); '

35 e)cutting said mother units (Y) along a line (CLl)
perpendicular to said line (CL2) in a single element width



.‘d) a first lead termnal (20) having a connecting end (21a) arranged on
said first side step (17); e) a second lead term nal (30)—having a

connecting end (3la) arranged on said second side step (1§ %
third |l ead term nal (40) having a connecting end (41) arri@ﬂﬁﬂﬂﬂl%lmjﬂml :
third capacitor electrode (14); and g) conductive nmateri al

connecting said connecting end (21la) ogssaid first lead termnal (20) to
said first capacitor electrode (12) and said first term nal part 15 (3b)

?gls?i df(rmr sﬁz)r &30 rEdrad a:sa:tﬁmba: (a’iw)??o s‘ezronmmmérngroelmirfhwnecti ng en(cji
a) o sal 0 _sai d. second .ca ectrode
(13) anc? t(fo &,Soggmt 64?}% n" z}?t %t t%n of> sz? or?(? rescﬁi‘l‘?c%ro% Xtrode
(4), andd,cr) amdhdmt |ﬁ¢g?nseaa1<t(ﬁ:i:m itey Wviddq mth@rr sapaaitior | ead 20
term nale (i dad 531341 iFAd 1 DRG] t@z%%aft%d%&w ca%ac‘it%lffPOS' te

el ectrom c conponent 10 acco im 1, wherein a wdth (V\2) of
sai ¥ frekegtpasiess (l2add,di4 baitharelye abtadning @ @lpr ailﬁ-*é’ Qe g ted

direct|Qﬂugg;QQQQ|cular to 25 said first direction is substantially
identical toa width (W) of sald fron surface of sai d piezoelectric
substrate (%) °°3me,5? Ssiqannacing (}ﬁﬁ’c} Q‘é Me with claim
1, wher eéterndithal (20) 3@ ddild Hivstr maﬁcmﬁ e(l’én:)tmidesaﬂl&)f iarel gegigbnat or
el ectrodg () (2GS PAR 4318 bF S d H1¥stS Yt tdr? Y8dtrode (3)
10 exposed at said first side step (17) by means of conductive
material (70); '
g)connecting a 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
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 éapacitor element (10) by protective resin (60).



;first side surface of said piezoelectric substrate (2), said second
termnal part (4b) of said second—+esonator electrode (4) extends tomargb,5)

said front major surface via s Sea 0 second si de surface _
pi ezoel ectric substrate (2), | 4‘ part (3b) rm;g@p@@t,_% B%EN
AGEN

with said first capacitor electr
said second term nal part (4b) th sai d seco
el ectrode (13) by conductive adhesjve (16) 4. A conposite electronlc
conponent in accordance with claim1, wherein said conductive materi al

(70,71,72) is. nadﬁrﬂ? sol der. 10 5. A conpoggye el ectrgpi c component
i n accordance wt aim1, wherein @Qiths 2) \of ,
second side steps (17,18) in said firs I ecid &

identical to each other and are |arger

connecting ends (21a,31la) of said fifst 20, 30).

6. A conposite electronic tonpag urt her
conprising; protectiVVé resi id
3la , T
===
I3 —r 4{{‘:—:}—]
60 72 4
FIG.3
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20 resonator elenent (1) and said capacitor elenent (10). 7. A conposk£¢5)
el ectroni c conponent in accordance with claim1l, wherein said first and
second lead termnals (20,30) are provided with,stop surfac
i nner sides of said 25 connecting ends (21ar31a) thereof

accordance with claim1, whereini39 >dl d regonator elenent (1) is
an energy trapped el ement vibrati ' ghear node, and wherein
. | rectangul ar
pi ezoel ectric substrate (2 ' Gt/' 4t side surface to said
; )nent i n accordance with
al s (20, 30,40) are nade
3 I n accordance

5 claim1l1, wherein saijd first ta
of round lead wires. 10.|] A cddposi

with claim9, wherein 10 ' =E
(20, 30, 40) are /
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‘provided at forward ends thereof with flattened connecting

to be connected with said first to Thitd Capat%%ef—e+ectrod
A1. A nmethod of manufacturing a pl ur @his §péetQfas BRAR!
conponents each of which has a resonat
el ement (10), conprising the steps of:
. substrate (2A) for producing said res
not her substrate (2A) having: 20

L

' n@'ﬁis(%lr 34:#4&)35':
(120E3LA¢

and a capacitor

L=

pi ezoel ectri c not her
sai d piezoelectric

(1),

1) front and rear

-maj or

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

first and second not her

resonator el ectrodes (3A 4A),

wherein 25

and 3)

said first nother resonator electrode (3A) has a first vibrating part (3a)
part (3b)

| ocat ed on said frgEI
extending from sai
surface, and wherein 30

(4A) has a second vibrating part (4a)
be opposed to said first vibrating p
(4b) extending fron1sai@1second Vi

vi brating 5?

an’

v 16
13A <

na’

Tjl4A
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FIG.
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a) and a
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said first side
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"22 (4a) to cover said second side surface; b)providing a dla{éébﬁbﬁJﬁbﬂh%BEEN

plate (11A) for

not her plate (11A) having: 5.

FIG.6
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rode (14A)

diles (12A, 13A);
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acitor electrode (12A) t
| arger than a length (U
|n-sa|d first direca-Q
si de surface, 25
I C

produci ng. sai d capacitor elenent (10)

' This She
2) a first nother capacitor electrode
el ectrode (13A) and a third nother ca

first nother capacitor electrode (12A)
said front major surface of said dielectric nother plate (11A),
not her capacitor el ectrode (13A)
front major surfQge
not her capaC|qQL_e
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mot her subst rate{ P/
side surface to s
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wher eigd
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not her capaC|t04/5)
de (14A), wherein said
on one end portion of
sai d second
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15 maj or surface of
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extending fromsaid

Jd second not her capacitor

gai d piezoelectric
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I Xi ng said rear najor




nmot her substrate (2A) onto said front ngjor: surface of said {E‘ﬁ@&'ﬂ“e’ AS BEEN
mother plate (11A) by neans of adheSive Tatmr-al- {——15 16) with_a vi BEEH’-GED

space (VS) therebetween to define firBisSags Hg e st eps (%?4153
said front major 30 surface of sald r plate (1IA) and
said first and second side surfaces of} m, H‘mctrl c not her substrate
(2A), thereby obtaining a nother unit {( : said nother unit (Y)
along a line (CL1) parallel to said i rst direction in a single el enent
width (W, W) to 35 nElq n$sai d first and second not her resonator '

el ectrodes (3A 4A) | iTst and second resonator electrodes (3,4) and to
form 23 said first to third noth8€ citor el ectrodes (12A, 13A 14A)
into first to third capacitor . eBgctr 68, 14), thereby obtaining a
plurality of united chips ; -.Gﬂ 3 a connecting end (2l1la) of a
first lead 5 termnal (20 capacitor el ectrode (12) and
said first term nal part (3_ : irst resonator electrode (3) exposed
at said first side step gans of conductive material (70);
f)connecting a connecti |: 3la) of said second | ead 10 term nal (30)
~to said second capam%g r (13) and said second term nal part (4b)
of said second resonat®r

FIG. 9




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

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

mAk BEEN “

termnal (40) to said third capacitor electrode (14) by neais nf 5ﬁ#§?vp
material (72). 12. A nmet hod of manufacturing a conposite electronlc

conponent in C ] [ ther conprisin he steps 20
seal ing the %%ﬁﬁaﬁggﬁe§L§¢&§gﬁgérgé%ﬁgyéﬂﬁ REH¥¥§Q9 Qﬁg“égﬁﬁAE ﬁﬁﬂﬁor .
el enent (10) by protective resin (60). 13. A method of manufacturing a
plurality of composite el gesfRREF §F e Sctaeire! Which has a resonator
el ement (1) and a capacitor elenment ( , conprising the steps of: 25

a) provi di ng A FPMPEFIES %436?€Q%%$e%@@9Qﬂ¢ﬁﬁrﬁ9m21k§9$a§e§e?99€t?5r

produci ng1&méft r 8@nat @épséfe@ﬂteiéﬁen@afe{u@d €5géleiie L 26g! @&l&ésfvﬂbt her
substrates ﬁg*haV| ont and rear ngior surfaces;. 2)_first

second sMAE ace h%p‘ﬁ%é?ﬂbt‘?ﬁ elereny is lopger jtham)the xes %ﬂﬁtg’écond
not her reremend] $becthavdesdé 3dtdps , ardadefinedioh fboth emd hportiensat or

el ect rodge (3L DPgndntl! S'rYEREaLhE%83Aa (Fola' O6AMES D ALY front major

: connected by solder with first and second capacitor electrodes
located on a front surface of the capacitor element and with
resonator electrodes located on side surfaces of the resonator
element exposed at the side steps. A third lead terminal is
connected by solder with a third capacitor electrode located
on a rear surface of the capacitor element. Therefore, the
thin and miniature composite electronic component adapted for

~a Colpitts oscillation circuit is obtained at a low cost.
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24 and a first termnal part (3b) extendin fron1s flrst rq_d“:T'aflng part ;1§
(3a) to cover said first si fapgoe wien eid0 |&i%b sec ‘ot he]
fesonat or el ectrode (4A) haggl Z second vi brati ng art (4 ) __I oca edjW\R 19%

said rear major surface to be opposed to said first vibrati
a second termnal part- (4b) extending from said second vibra ing part (4a)
to cover said second side surface; b)providing a dielectric grandnother
plate (11B) for 10 produci ng said capacitor elenment (10), said dielectric
grandnot her plate (11B) having: 1) front and rear najor surfaces; 2) a
plurality of front capacitor electrodes (19). | ocated on said front mjor
surface of said dielectric 15 grandnot her plate (11B); 3) a plurality of
rear capacitor. electrodes (14A) | ocated on said rear major surface of said
dielectric grandnother plate (11B) to be opposed to said front capacitor

- el ectrodes (19); 20 c)fixing said rear major surfaces of a plurality
of said piezoelectric nother substrates (2A) onto said front major surface
of said dielectric grandnother plate (11B) by nmeans of adhesive nateri al

- (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
grandnot her pl ate - :

FIG. 1 30 0 20
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(11B) and said first and second side surfaces of each of sai

d)cutting said dielectric grandnnthé
along a line (CL2) to formsaid front capacitor el ectrodes 9
first nother capacitor el ectrodes (12A) andsecond not her cdp
t hereby obtaining a plurality -of nmother units (Y) each of

not her substrates (2A);

el ectrodes (13A),

T4t e (115)

%A> 1 9 MR 1996’.
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g) connecting a connecting end (3la) of sai d second | ead teﬂ_i
sai d second capacitor electrode (13) and said second terninpl part (4b K
said second resonator electrode 15 (4) exposed at said sgcen :Si IR0 1996

i
1
Sty

118) by neans of conductive material (71) and h)connectrngta~eﬁnneﬁhhﬂa—9ﬂd——-
(41) of said third lead term nal (40) to §ard third capacitor el ectrode

(14) by neans of conductive material (729—20 . 14. A net hod of

manuf acturing a conposite el ectronic conponent in accordance with claim 13,
further conprising the steps of: sealing the peripheries of said resonator

el ement (1) and said capacitor elenent (10) by protective resin (60)
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Terr] [err] COVPOSI TE ELECTRONI C COMPONENT AND METHCOD i
- MANUFACTURI NG THE SAME ABSTRACT OF THE DI SCLOSURE A conposit f
gonponent conprises a resonator elenent and a capacitor ele
together by adhesive nmaterial. The capacitor elenent is |ong t=h
resonator elenent, so that side steps areadefined on both end portions of .
the el enents. Flrst and second | ead termnals are connected by solder with
first and second capacitor el ectrodes |ocated on a front surface of the
. capacitor elenment and with resonator el ectrodes |ocated on side surfaces of |
t he resonator el enent exposed at the side steps. Athird lead.termnal is
- connected by solder with a third capacitor el ectrode |located on a rear
surface of the cap ﬁJtor element. Therefore, the thingAnd mniature
conp03|te electronl ébﬁ%onent adapt%F for - \
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a Col pitts oscillation circuit is obt ained at a | ow cost ' ﬁﬂ[.;] [er ]r]]-;.., h
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[err] COWPOSI TE ELECTRONI C COVPONENT AND METHOD OF NANUﬁ @EthNGwTHEuHCET
SAME ABSTRACT 'OF THE DI SCLQSURE A conposite el ectronic co nent c

"a resonator el enment and a capacitor el emed fixed t oget her ym&dheiqgéhﬂfifm
‘material. The capacitor elenment is |longer than the resonat :
~that side steps are defined on both end portions of the el ements. Flrst and
second lead term nals are connected by solder with first and second
capacitor electrodes |located on a front surface of the capacitor el enent

and with resonator elfefy @les | ocated on side surfaces of the resonator

el ement exposed at the side steps. A.third |lead term nal is connected by
solder with a third capacitor elect grated on a rear surface of the
.capacitor elenment. Therefore, t ; ature conposite electronic

conponent adapted for a C05p|tts I ncircuit is obtained at.a | ow
cost. Figure 1 - :
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COVPCSI TE ELECTRONI C COMPONENT . AND VET ’{@II%IWWEJB{J
conposite el ectronic conponent conprisés a rgeppeten el engen

Fﬁﬁw WVENT SHEET
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of the elements. First and second lead terminals are
connected by solder with first and second capacitor electrodes
located on a front surface of the capacitor element and with
resonator electrodes located on side surfaces of the resonator
element exposed at the side steps. A third lead terminal is
connected by solder with a third capacitor electrode located
on a rear surface of the capacitor element. Therefore, the
thin and miniature composite electronic component adapted for
a Colpitts oscillation circuit is obtained at a low cost.
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COMPOSITE ELECTRONIC COMPONENT AND METHOD
OF MANUFACTURING THE SAME

A composite electronic component comprises a resonator element (1) and a capacitor element
(10) fixed together by adhesive material. The capacitor element (10) is longer than the
resonator element (1), so that side steps are defined on both end portions of the elements. First
(20) and second (30) lead terminals are connected by solder (70,71) with first (12) and second
(13) capacitor electrodes located on a front surface of the capacitor element (10) and with
resonator electrodes located on side surfaces of the resonator element exposed at the side
steps. A third lead terminal (40) is connected by solder (72) with a third capacitor electrode
(14) located on a rear surface of the capacitor element (10). Therefore, the thin and miniature
composite electronic component adapted for a Colpitts oscillation circuit is obtained at a low

cost.

Fig. 1
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