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pi ezoel ectric oscillator. _
PIEZOELECTRIC OSCILLATOR

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to a piezoelectric osdiliator, and
more particularly ,te a surface-mounted type piezoelectric

oscillator.

2. Discussion of the Relateﬁ Art

A piezoelectric oscillator, such as a Quartz oscillator,
has been used as a clock source for a micro compﬁter,
communications equipment, and so on, and especially in recent
years, a surface-mounted type piezoeiectric oscillator has been
employed, in view of a easy mounting on a printed-wiring
substrate. For example, JP Laid Open H4-367111 discloses a
sﬁrface-mounted type piezoelectric oscillator,  where a
piezoelectric vibrating reed is supported by a pair of carriers
which are brazed onto metal interconnects provided on a
substrate. Such an oscillator comprises many parts and is
unsuitable for miniaturization. Further, vibration of the
oscillator is 1limited by the twin-carrier structure, which.
adversely affects the properties of the oscillator in proportion
to the miniaturization.

On the other hand, JP Laid Open H4-298109 discloses a
cantilevered oscillator, where a quartz oscillating reed is fixed
by conductive adhesive on an attaching member having an electrode
thereon for electrical connection,.thereby ensuring conductivity
with the oscillating reed. Such a cantilevered oscillator is
superior to a twin-supported oscillator in both properties and
structural simplicity, and can be made smaller and thinner.

However, in such a surface-mounted type piezoelectric
oscillator having a cantilévered oscillating reed structure, a
lead electrode of the oscillating reed generally extends toward
only one end of the reed. For this reason,'the end portion of
the oscillating reed where the lead electrode exists must be
precisely overlaid on the connecting electrode provided on the
sﬁbstrate to ensure the electrical conductivity. When the
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struct ur esciflilalting reed must be confirmed so as to ensure the
conductivity. When, the oscillating reed is mounted in the
reversed direction by mistake, it must be remounted. Thus, the
mounting process of the oscillating reed is troublesome, and
automation or mechanization is difficult.

SUMMARY OF THE INVENTION

This invention aims to provide a piezoelectric oscillator
comprising a substrate which enables conductive connection with
an oscillating reed having an electrode extending to only one
end, irrespective of the direction of the oscillating reed.

It is andther object of the invention to provide a
pliezoelectric oscillator, in which binding between the cap and
an insulating substrate is ensured.

In order to achieve the objects, in- one aspect of the
invention, a piezoelectric oscillator is provided which comprises
a piezoelectric oscillating reed, an insulating substrate for
mounting the piezoelectric oscillating reed, and a cap bound to
“the top surface of the insulating substrate for housing the
oscillating reed. On the top surface of the insulating
substrate, at least four connecting electrodes are provided for
electrical connection with the piezoelectric oscillating reed,
which are divided into two groups, the connecting electrodes:
included in the same group being connected to each other via
metals interconnect on the insulating substrate. .

Because of the interconnection between the connecting
electrodes in the same group, any one of the connecting
electrodes in a group can b’e' selected for electrical connection
with the piezoelectric oscillating reed. Thus, even when the
oscillating reed is of cantilevered type and has a lead electrode
on only one end, electrical connection between the piezoelectric
oscillating reed and the connecting electrode on the insulating
substrate is ensured without confirming the placing direction of
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adversely affects the properties of the oscillator in proportion to the

m hi &t uri zation. On the other hand, JP Laid Open H4-298109 di scl oses
a cantilevered oscillator, where a quartz oscillating reed is fixed by
conductive adhesive on an attachi ng nenber having an el ectrode thereon for
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where the | ead plegbrafeysXitiHes IH§h188ing substrate is a rectangular
plate, and the connecting electrodes formed on the substrate are
divided into two groups by a longitudinal axis of the substrate.
Two electrodes, each of which belongs to a different group, are
arranged along a shorter side of the rectangular plate so as to
be opposed to each other, and the same is done along the other
shorter side. '

Since the piezoelectric oscillating reed is generally of
a rectangular shape and has a lead electrode for electrical
connection on one end portion thereof, the forming of the
connecting electrodes on each corner of the insulating substrate
enables reliable connection between the piezoelectric oscillating
reed and a connecting electrode on the insulating substrate.

On the bottom surface of the iﬁsulating substrate, at
least two external electrodes are provided, to each of which the
metal interconnect of each group is connected wvia the side
surface of the insulating substrate. With this structure, the
piezoelectric oscillator can be surface-~to-surface mounted onto -
a printed substrate, by making practical use of the bottom
electrodes. : ' .

Both the connecting electrodes and metal interconnects
are arranged in point symmetry about the center point of the
insulating substrate, and:each.group is arranged in line symmetry
about the longitudinal axis of the substrate.

With this arrangement, capacitance generated by any of
the connecting electrodes and metal interconnects becomes equal
irrespective of the direction of the piezoelectric oscillating
reed, thereby obtaining excellent electrical characteristics.

Two connecting electrodes arranged along a shorter side
of the oscillating reed, each belonging to one group, are opposed
to each other via a separation groove for ensuring the separation -
of the two electrodes.
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preC|ser overlaid on the connecting el ectrode prOV|ded on the substrate to
ensure the electrical conductivity. When t he

2 osCil¥+ating reed is placed in the reversed direction, the read electrode;
does not neet the connecting electrode on the substrate, and

conductivity isThel eapaiiredprdbergbye £ikdd "By an adhesive onto the
" periphery of the top surface of the insulating substrate. The
end surface of the side walls of the cép, which is to be fixed
to the top surface of the substrate, is preferably chamfered to
increase the adhering area to ensure a sufficient binding
strength. The thiqyness of the side walls of the cap is made
uniform, especiélly at the end portion thereof, over the full

lenigth. |

Generally, in a conventional rectangular shaped cap, the
thickness of the corner portions is greater than the other
portions, and adhesive is apt to concentrate at the larger corner
area.- In order to avoid the concentration of adhesive, the
thickness of the side wall of the cap (i.e. width of the end
surface) is made uniform at any portion.

The inner and outer edges of the end surface of the cap
are chamfered with_the same radius of curvature, thereby storing
a sufficient amount of adhesive at both side of the side wall..

The periphery of the top surface of the insulating
substrate, to which the cap is attached, is covered with a
protecting layer made of insulating material. Accordingly, the
cap is fixed onto the metal interconnects and connecting
electrodes via the protecting layer.

Brief Description of Drawings
FIGs. 1A, 1B and 1C are perspective views illustrating

elements of a piezoelectfic oscillator in accordance with the
invention, where FIG. 1A shoﬁs ‘a cap, FIG. 1B shows a
piezoelectric oscillating reed, and FIG. 1C shows a substrate.

FIGs 2A, 2B and 2C show the detailed structure of the
substrate shown in FIG. 1C, where FIG. 2A is a top view, FIG. 2B
is a side view, and FIG. 2C is a bottom view.

FIGs. 3A and 3B show combinations of the oscillating reed
and the substrate of FIGs. 1B and 1C, where FIG. 3A illustrates
an example in which the oscillating reed is placed in a direction
where first and - fourth connecting electrodes are used for
electrical connection, while FIG. 3B illustrates an example in -
which the oscillating reed is placed in a different direction
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t he nDunting of the oscillating reed, the direction of the oscillating
reed’ nust, bé confirmed so as to ensure the conductivity. - Wen the
oscfllatlng reed is nounted in the reversed .direction by nistake, it nust - -
be. remounted. Thus, the nounting process of the oscillating reed is
troubleswhereamwcmndmand(xhxrdrunnnnutmng(aieQ¢ndeS(ana used.
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one end, ther espddiliatoxaf the direction of the oscillating reed.

i's anot her obj egl of “the igyentign fp provide a o example of the
substrate, where Flgm(SA shows a top side and FIG. 5B shows a
bottom side of the éﬁbstrate.

FIGs. 6A and 6B illustrate still another example of the
substrate, where FIG. 6A shows a top side and FIG. 6B shows a
bottom side.

FIG. 7 shows another example of the piezoelectric
oscillating reed mounted on the sﬁbstrate.

FIG. 8 shows still another example of the piezoelectric
oscillating reed mounted on the substrate.

FIGs. 9A, 9B and 9C illustrate elements of the
piezoelectric. oscillator in accordance with another embodiment
of the invention, where FIG. 9A shows a cap, FIG. 9B shows a
piezoelectrid oscillating reed, and FIG. 9C shows a substrate.

FIG. 10 illustrates combination of the piezoelectric
oscillating reed and the substrate shown in FIGs. 9B and 9C.

FIGs. 11A, 11B and 11C illustrate elements of the
piezoelecétric oscillator in accordance with still another example
of the invention, where FIG. 11A shows a cap, FIG. 11B shows a
piezoelectric oscillating reed, and FIG. 11C shows a substrate.

FIGs 12A, 12B and 12C illustrate a cap shown in FIG. 11A,
where FIG. 12A is a bottom view, FIG. 12B is a cross-sectional
view along the X-Y-Z line, and FIG. 12C is an enlarged view of
the portion D shown in FIG. 12B.

. FIG. 13 shows glass having a low melting point applied on
the bottom surface of the cap with particular dimensions as an
example. '

FIG. 14 is a cross-sectional view showing air tight
sealing of the container of the piezoelectric oscillator.

FIG. 15 is a chart showing a relationship between the
radius of curvature for chamfering, and binding strength.

FIG. 16 is a bottom view of another example of the cap.

FIG. 17 is a flow chart showing fabrication processes of
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pi ezoel ectric oscillator, in which binding between the cap and an

i nsul-ating substrate is ensured . In order to achieve the objects, in
oneaaspect of the invention, a piezoelectric oscillator is provided which"
conprises a piezoelectric OSC|IIat|ng reed, an insulating substrate for

mount i ng (4 he 1 £2408] £ i1 8d 2] SaD the tap
surface o tf#} I nsu g%élri&s &[ 3‘3\5&1{' ?%sz:lsji %qfcﬂe osc:B'?'+J<'at|:i"9 ‘reed. © n
the top surface FI§- lﬁhehpws‘maﬁanf@ﬁ;swhapé aaplieasglaéarp%%ﬁ%é&vw

el eclt lro?%s 18ve n%%rgecbaiq{t girﬂsad rﬁéfealetrﬁpt@iﬁqtaw ¢ t*&};\é heapi erel ectric
oscillating ree [ re divided into,two grou € conpectin

el ectrodes incl ﬁ& Sllé ?arféh%‘?"buﬁ BYEiRg éorﬁ?e'g?'l'e’oo?%h E( S:f"ﬁ@?’ vhe
netal s i rttatpzm&tame @nd Ivei sormiltyt iof) thebyjlreadse paste. Because of the
|nterconnectl0n§¥3\m§a1éﬂg% (§¥¥%¥lég%ther example of the cap.

Description of Preferred Embodiment
A piezoelectric oscillator of the invention comprises a

ceramic substrate 1 as an insulating substrate, an AT quartz
oscillating reed 2, and a ceramic cap 3, which are shown in FIGs
1A, 1B and 1C, respectively. A rectangular recess 4 is formed
on the substrate 1 for receiving a bottom portion of the AT
quartz oscillating reed 2. From the middle of the shorter sides
of the recess 4, separation grooves 5 and 6 extend outwardly for
disconnection of conductive adhesive, detailed of which will be
described below. "AT" represents a cutting orientation of the
quartz oscillating reed 2. |

Layout of electrical interconnection of the substrate is
shown in FIGs. 2A, 2B and 2C. As is shown in FIG: 2A, the
substrate 1 can be imagined as divided into four sections (first
to fourth quadrants) by X and Y axes passing the center of the
substrate and parallel to the longitudinal and width directions,
respectively. First to fourth connecting electrodes 7, 8, 9 and
10 are formed in the first to fourth quadrants of the substrate,
respectively, by metalizing. A séparation groove 5 is located
across the first and féurth quadrants, while a separation groove
6 is located across the second and third quadrants. The first
and fourth connecting electrodes 7 and 10 are adjacent to the
groove 5 and are opposed to each other with the groove 5
therebetween. The second éhd third connecting electrodes 8 and
9 are adjacent to the groove 6 and are opposed to each other with
the groove 6 therebetween.

On the bottom surface of the substrate 1, first to fourth
external electrodes 11-15 are formed in the areas corresponding
to the first to fourth quadrants of the top surface. Metal
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el ectrodes

in the sane group, any one of the connecting electrodes in a

group can be selected for electrical connection with the piezoelectric
os¢ill'ating reed. Thus, even when the oscillating reed is of cantilevered
type and has a | ead el ectrode on only one end, electrical connection

bet ween polre: ijmrey aeff etthe | sulnsicid tetd ey Haaﬁﬂlei’ndu'l]:dhdoﬂiﬁtﬁaeabi g malttel ode an
the ins ' tr i ,t ho confirmn e I T
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SHEET groups.

The first and second connecting electrodes 7 and 8 are

connected to each other by a first metal interconnect 15, while

the

third and fourth cannecting electrodes 9 and 10 are connected

to each other by a fourth metal interconnect 18. Both metal

interconnects are formed by, for examéle, metalizing. The first

metal interconnect 15 is connected to the second external

electrode 12 via a second metal interconnect 16 which extends

along the side surface through the substrate 1 in the second

quadrant. The second connecting electrode 8 is connected to the
third external electrode 13 via a third metal interconnect 17
which extends over the second and third quadrants along a shorter
edge of the top surface of the substrate 1 and then down to the
bottom along the side surface through the substrate 1 in the
third quadrant. Similarly, a fourth metal interconnect 18 is
- connected to the fourth external electrode 14 via a fifth metal
interconnect 19 which extends along the side surface through the
substrate 1 in the fourth quadrant. The fourth connecting
electrode 10 is‘cbnnected to the first external electrode 11 via
a sixth metal interconnect 20 which extends over the first and
fourth quadrants along the other shorter edge of the substrate -
1 and down to the bottom .along the side surface through the
substrate 1 in the first quadrant. The metal interconnects 16,

17,

19 and 20 may be formed by metalizing.
As seen from FIGs. 1C and 2A, a group of first to third

metal interconnects 15, 16 and 17 and a group of fourth to sixth
metal interconnects 18, 19 and 20 are arranged so as to be point

symmetry about the center point of the substrate 1.

The AT quartz oscillating reed 2 has .a biconvex shape,

where a top view is red%angular and side view along the

longitudinal axis is biconvex consisting of two arcs. This shape
is suitable for shutting the oscillation energy therein. Oon

either convex surface of the oscillating reed 2, an excitation
electrode 21 is formed, from which a lead electrode 22 extends -
towards only one end of the oscillating reed. The excitation
_—
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3 the oscillating reed. Wth this structure, working efficiency is

i nprioved .and reduced cost is realized. The netal interconnects are
formed ‘ol the insulating substrate so as_not to overlap each ot her, thereby'
enabling themto be formed sinultaneously by, for exanple, netalizing.

Pr ef er aBh pcticb@eisnsghat bRy apPet’ adedi Slewerciovipdar simftanesindf hethe
Conneet Lot TSR o R Ll Rl EUB T £6" Satl AP duld ochto s
electrodes 22 extending from each of the excitation electrodes
22 toward one end of the reed are in symmetry about the
longitudinal axis of the oscillating reed, that is, offset from
the longitudinal axis .in the opposite direction. On the other
end of the oscillating reed 2, no lead electrode is provided.
_ When placing the AT qﬁart oscillating reed 2 on the
substrate 1 by using a tool so that the longitudinal and
latitudinal axes of the oscillating reed and the substrate meet
each other, without considering its direction, two situations .
will occur. That is, a first situation where the lead electrodes
22 contact the first and fourth connecting electrbdes 10, and a
second situation where the lead electrodes 22 contact the second
and third connecting electrodes 8 and 9. These two situations
are shown in FIGs. 3A and 3B, respectively. .
Taking the first s::.tuat:.on as an example, as is shown in
FIG. 3A, one of the lead electrodes 22 is connected to the first
connecting electrode 7, and i:he other lead electrode 22 is
connected to the fourth connecting electrode 10 at the same end
of the AT quartz oscillating reed 2. The one end of the AT
quartz oscillating reed 2 is bound to the top surface of the
substrate 1 by conductive adhesive 40. The other end portion of
the AT quartz oscillating reed 2, where there is no lead
electrode provided, is positioned over the second .and third
connecting electrodes 8 and 9. However, the excitation electrode
_ 21 is formed in the area which does not meet the connecting
electrodes 8 and 9, and no electrical connection will be caused
on this side even when the AT quartz' oscillating reed 2 contacts
these connecting electrodes 8 and 9. On one end of the AT quartz
oscillating reed, one of the excitation electrodes 21 is
connected via the associated lead electrode 22 to the connecting
electrode 7, and further to the second and third external
electrode 12 and 13 via metal interconnects. The other
excitation electrode 21 is connected via the associated lead
electrode 22 to the connecting electrode 10, and further to the -
first and fourth external electrode 14 via metal interconnects.

-
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Two el ectrodes, each of which belongs to a different group, are arranged

al'ong a shorter side of the rectangular plate so as to be opposed to each
ot her, *ahd the sanme is done along the other shorter side. Since the.
plezoelectrlc oscillating reed is generally of a rectangular shape and has-
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el ectrodes are provi e netal 1 nterconnect of each
group i s3Bonpaet &f viket headi eleatrioges #2the FRSOEStPAg tuLERS aBE8CORB: h

this stryghhe&eih§e electrode« 8 and the other lead electrode 22 is
connected to the third connecting electrode 9 at one end of the
AT Quartz oscillating reed 2. The one end of the AT quartz
oscillating reed 2 is fixed to the top surface of the substrate
1 by conductive adhesive 40. Although the other end of the AT
quartz oscillating reed 2 is positioned over the first and fourth
connecting electrodes 7 and 10, the excitation electrode 21 does
not reach these.connecting electrodes even when the other end
contacts the connecting electrodes 7 and 10, and therefore, there
is no electrical connection on this side. On one end of the AT
quartz oscillating reed, one bf the excitation electrodes 21 is
connected via the associated lead electrode 22 to the second
connecting electrode 8, and further to the second and third
external electrodes 12 and 13 via metal interconnects. The other
excitation electrode 21 is connected via the associated lead
electrode 22 to the third connecting electrode 9, and further to
the first and fourth external electrode 11 and 14. Thus,
electrical conducting means (four terminals in appearance, and
two terminals in substance) and mechanical oscillating means of
the AT quartz oscillator are connected.

When completing the adhesion of the one end of the AT
quartz oscillating reed 2 on the top surface of the substrate,
the adhered portion is cured at 400 °C. After the cure, the
other end of the AT quartz oscillating reed 2, which is not
adhered to the substrate, is generally freely apart from the top
surface of the substrate, which allows the AT quartz oscillating
reed 2 to maintain its resonance characteristics. If necessary,
adjustment of the oscillating frequency of the AT quartz
oscillating reed can be carried out at this stage by evaporation
or other method. Then, a cap 3 is attached to the substrate 1
in a nitrogen atmosphere at a sealing temperature of about 400 -
°c, and finally, the AT quartz oscillator is completed.

—_—
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pi ezoel ectric oscillator can be surface-to-surface nounted onto a printed
subst:rate; by nmaking practical use of the bottom el ectrodes. Bot h
t he “connect i ng el ectrodes and netal interconnects are arranged in point .
symetry about the center point of the insulating substrate, and-each group

i s arranged in lFoke §éarmehgy a@owrotﬁé@ﬂmggliafeﬁal4am(aeaf rhe. sust bat e.
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t he sepagpbi gRotecting layer, 45 and the cap 3 made of ceramic are bound
to each other by using glass 50 having a low melting point. The
cross sectional view of the completed piezoelectric oscillator
seen from the longitudinal side is shown in FIG. 4. In the case
that the cap 3 is made of metal, the Surface of the protecting
layer 45 is metalized prior to the binding, and the cap 3 is
bound to the substrate by using solder havihg a high melting
point. The same protecting layer 45 is used in the other
different examples.

Since the connecting electrodes 7, 8, 9, 10 are totally
identical and are arranged in point symmetry, the AT quartz
oscillating reed 2 can be placed on and bound to the substrate
1 in any directions of the lead electrode 22 of the AT gquartz
oscillating reed 2. Thus, a surface-mounted type thin quartz
oscillator, which is more suitable for mechanization than the
conventional .oscillator and has higher working efficiency, is-
achieved.

A group of first to third metal interconnects 15, 16 and
17, which are used in the first situation, and a group of fourth
to sixth metal interconnects 18, 19 and 20, which are used in the
second situation, have the same area size, and their shape and
arrangement are in point symmetry about the center point of the
substrate. 1. Therefore, loaded capacitance generated in the
excitation électrode 21 and metal interconnect is the same
between the first and second situations. Thus, irrespective of
the direction of the AT quartz oscillator, the equivalence
capacitance for a quartz oscillator is constant, and oscillating
frequency is always constant. )

On the bottom surface of the substrate 1, the external
electrodes of opposite polarity are provided symmetrically about
the Y axis, which enables mounting of the small sized quartz.
oscillator in accordance with the module on the printed-wire
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of the two el ectrodes. 4 ' The
cap ks preferably fixed by an adhesive onto the periphery of the top

surface’ of the insul ating substrate. The end surface .of the side’ malls of
the cap, which is to be fixed to the top surface of the substrate, .i .

pref er abdyhSbaRter askd® 4161 qase iR radhani N@q@fiPhent LNSUFRed éﬁfctarﬁbgn

bi ndi ng electrodes of the same polarity are provided symmetrically about
the X axis, which enablles application to various printed-wiring
of the substrate.

FIGs. 5A and 5B show another example of the substrate.
A piezoelectric oscillator comprises a substrate 201, an AT
quartz oscillating reed 2, and a cap 3. The AT quartz
oscillating reed 2 and the cap 3 are the same as those shown in
FIGs. 1A and 1B. On the top surface of the substrate 201, a
recess 205, separation grooves 205 and 206, first to fourth
connecting electrodes 207, 208, 209 and 210 are formed, which are
the same as those described in connection with the first example.
The first and second connecting electrodes 207 and 208 are
connected to each other via a first metal interconnect 215, while
the third and fourth connecting electrodes 209 and 210 are
connected to each other via a third metal interconnect 217,
similarly to the first example.

In this example, the number of external electrodes formed
.on the bottom of the substrate 201 is two, as is shown in FIG.
5B. A first external electrode 202 is formed across the first
and fourth quadrants, while a second external electrode 203 is
located across the second and third quadrants. The second
connecting electrode 208 is connected to the first external
electrode 202 wvia the second metal interconnect 216 through a
longitudinal side wall of the substrate 201. The fourth
connecting electrode 210 is connected to the second external
electrode 203 via the fourth metal interconnect 218 through the
other longitudinal side wall of the substrate 201.

A group of the first and second metal interconnects 215
and 216 and a group of the second and third metal interconnects
217 and 218 are the same in area size, and are arranged in point
symmetry about the center point of the substrate 201. When the
AT quartz oscillating reed 2 is placed in the recess of the
substrate 201, one of the excitation electrodes 21 on the
oscillating reed 2 is connected to the first external electrode
202, and the other excitation electrode 21 is connected to the

—_—
This Sheet H. 11

LT e




strength. The thickness of the side walls of the cap is made uniform

espegially at the end portion thereof, over the full Iength. -
CGenerally, in a conventional rectangular shaped cap, the thickness of the
corner portions is greater than the other portions, and adhesive is apt to

C?ncgﬂt sdicorid éil%}fr@f(ﬂ%lé@?ﬁ@d%éail@@ rtﬁu@rdetfhé Q'ﬁ\@i&ﬁdﬂﬁae‘@ﬂﬁﬁiﬁfdﬁ}r ion
of adhesive, the thjckness. of .the si he.ca . width of the
end sur$5€&PQEs t ﬁ?ﬁ%ﬁ]ﬁ? EHVPSSFW%O 4 tehn gPﬁhéP%ﬁiPQnﬁQﬁ
edges otaph8 Ethheréahstnéteh%Otap'Imﬁs tharittermdnailt bs¢chklatior haslithe of
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t he side e periphery o top surface o e |nsulat|ng
substraﬁerﬁﬁ)ﬂﬁﬂmﬂiQhe cap is attached, is covered wth a

 FIGs. 6A ané. 6B show still another example of the
substrate. The AT quartz oscillator of this example comprises
a ceramic substrate 301, an AT quartz oscillating reed 2, and a
cap 3. The AT quartz oscillating reed 2 and the cap 3 are the
same as those shown in FIGs. 1A and 1B. Similarly to the first
example, a recess 304, separation grooves 305 and 306, and first
to fourth connecting electrodes 307, 308, 309 and 310 are formed
on the substrate 301. On the bottom surface of the substrate
301, as is shown in FIG. 6B, six external electrodes are
provided. The first to fourth external electrodes 331, 332, 333
and 334 are formed in the areas corresponding to the first to
fourth quadrant of the top surface, respectively. The fifth
external electrode 335 is formed across the second and third
quadrants, and the sixth external electrode 336 is located across
the first and fourth quadrants.

The first and second connecting electrodes 307 and 308 are
connected to each other by a first metal interconnect 315, while
the third and fourth connecting electrode 309 and 310 are
connected to each other by a fifth metal interconnect 319. The
first metal interconnect 315 is connected to the second external
electrode 332 ‘via a second metal interconnect 316 through a
shorter side wall of the substrate 301 in the second quadrant.
The first connecting electrode 307, which is connected to the
second connecting electrode 316, is connected to the third
external electrode 333 via a third metal interconnect 317 which
extends over the second and third quadrants on the top surface
of the substrate 301 and then down to the bottom along the side
wall in the third quadrant. The third metal interconnect 317 is
also connected to the fifth external electrode 335 via a fourth
metal interconnect 318 which extends through the shorter side
wall of the substrate 301 across the second and third quadrants.
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protecting |layer made of insulating nmaterial. Accordingly, the cap is fixed
ontoithe metal interconnects and connecting el ectrodes via the protecting

| ayér . Brief Description of Draw ngs FI Gs. 1A, 1B and. 1C are -
perspective views illustrating el enments of a piezoelectric oscillator in
accor dance wi t Fhehefifivknmedal winterdommedy Sidwsis camnaat@d 1Bosidws a

pi ezoel %hs:ttﬁ Qﬁ%b&-héh' aﬂe&%%edeaﬁsa, Rria é%ﬁhﬁm&aau&%ﬁéé&mect 32d:| Gs

2A, 2B and 2C show the detailed structure ubstrate shown in FILG

1C, whetbBrepgh she; loggpgysidenwwatk] @n Jihe Lfopthauadngnty g hesfouzth 4
‘bott om ¢beiwecting elddBrodd 310 3is sbonneerkidnatd orhedf fihetosaitdraiaing

reed electrode 331 via a seventh metal interconnect 321 which extends
over the first and fourth quadrants and then down to the bottom
through the side.Walf in the first quadrant. The seventh metal
interconnect is also connected to the sixth external electrode
336 via a eighth metal interconnect 322 through the shorter side
wall of the substrate 301 across the first and fourth quadrant.
With this structure, a group of the first and second
connecting electrode 307 and 308 is connected to the second,
third and fifth external electrodes 332, 333 and 335, while a
group of the third and fourth connecting electrodes 309 and 310
is connected to the first, fourth and sixth external electrodes
331, 334 and 336. ' _
A group of the first to fourth metal interconnects 315,
316, 317 and 318 and a .group of the fifth to eighth metal
interconnects 319, 320, 321 and 322 are the same in area size,
and are arranged in point symmetry about the center point of the
substrate 301. With this structure, when placing the AT quartz
oscillating reed 2 in the recess of the substrate 301, one of the
éxcitation electrodes 21 on the oscillating reed 2 is connected
to the second, third and fifth external electrodes 333, 334 and
335, and the other excitatién electrode 21 is connected to the
first, fourth and sixth external electrodes 331, 334 and 336.
Thus, the surface-mounted type AT quartz oscillator having six
terminals in appearance but two terminals in substance is
completed by attaching and sealing the cap 3 to the substrate
301.
This quartz oscillator has the same effect and advantages
as the first example, and besides, it is applicable to a more
complicated printed-wiring substrate.

Modifications of the piezoelectric oscillating reed (such
as an AT quartz oscillating reed) are shown in FIGs. 7 and 8.
Other;than the biconvex shape, the side view in the longitudinal
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and the substrate of FIGs. 1B and 1C, where FIG 3A illustrates an ekxanple
in whi ch:the oscillating reed is placed in a direction where first and.
fourth connecting el ectrodes are used for electrical connection, while FIG
3B illustrates an exanple in which the oscillating reed is placed in a

di f f er eifrestt o | OBE the osc:.llat:l.ng reed may be re&dﬁ@iﬁaﬁewd and
third Ctozr]ar]peé:ééfcg e'T%CtE. Ssefcregtzlrjgge on the oscillating reed may extend
toward both ends thereof.

In more detail, the piezoelectric oscillating reed 602
shown in FIG. 7 has a rectangular top view, and its longitudinal
side view is also rectangular in shape. On the top and bottom
surfaces, excitation electrodes 621 are provided, each of which
has lead electrodes 622 extending from the diagonal corners in
the opposite direction toward either end, being offset from the
longitudinal axis. In other words, the lead electrodes 622 are
arranged in point symmetry about the center of the oscillating
reed 602,

In the modification shown in FIG. 8, the oscillating reed
702 has a rectangular top view, and has slopes 702b slanting from
the top to the bottom surface a*E bdth its ends along the
longitudinal direction. -The longitudinal side walls 702a are
parallel to each other. The excitation electrodes 721 are
provided on the top and bottom surfaces to be opposed to each
other, from each of which a lead electrode 722 extends in the
opposite direction toward either end of the oscillating reed 702.
The lead electrodes 722 of the top and bottom surfaces are
arranged -in symmetry_about the longitudinal center axis of the
oscillating reed 702.

The material of the piezoelectric oscillator of the
.invention is not limited to quartz, and other materials, such as
1ithium tantalate or barium titanate, can be used. Further, the
container consisting of the cap and the substrate is applicable
not only to the piezoelectric oscillator, but also to a filter
using a piezoelectric oscillating reed.

Still another modification of the piezoelectric oscillator
is shown in FIGs. 9A, 9B and 9C, illustrating a cap 903, a
piezoelectric oscillating reed 902 and a substrate 901,
respectively. The substrate in this example has no recess or
separation grooves which are formed in the first example, and has
a plane top surface. The other elements of the substrate 901 are -
the same as those in the first example. That is, first to foqrth

—

14
This Sheet Has Been

i [




FIG 4 is a cross-sectional side view of a conpleted oscillator- of the

fi rst enmpodi ment seen fromthe |l onger side of the oscillator. ' FI Gs.
5A ‘and 5B illustrate another exanple of the substrate, where FIG 5A shows
a.top side and FIG 5B shows a bottom side of the substrate. FI Gs. 6A
and 6B iddnreiciaing stliddtmodes007cx00p| c9ad driaegsobsfiﬂéﬁ td\ﬁEIJEtlﬂnﬁr;t&lA '
shows a {i}fa g@?sF 6 o b 0Mggig

anot her L exg?pcﬁ%‘ b%s [I?ll?;o le'g‘t rlgréra()scglil I a??%ggrzce)éd m)un Es% 1f‘?‘le

subst r atfPurth extermal gelegirodes |areymnudwidescanpl e of the piezoel ectric
oscillating reed pTHBeAbATid@sedNIHANE reed 902 Ul€E 1PAhiP BxaAlple 9C

|IIustrate tt?(laeg%{t]ltes ty(ge ésh shown in FIG. 7. Similarly to the lead

electrode 622 in FI%..<7, a lead electrode 922 extends from the

diagonal corners of the excitation electrode 921 in the opposite

direction toward either end of the oséillating reed 902, and the

lead electrodes 922 on the top and bottom surface are arranged

in point symmetry about the center point of the oscillating reed

902. At one end of the oscillating reed 902, a pad 925 is

provided on the end portion of the each lead electrode 922. The

pad 925 covers over a end portion of the lead electrode from the

top through the side to the bottom surface. Solder or adhesive

930 is thickly applied on the pad 925 on both top and bottom
surface. The piezoelectric oscillating reed 902 is placed onto
fhe substrate 901 so that the pads 925 meet the first and fourth

connecting. electrodes 907 and 910, or alternatively the second .
and third connecting electrodes 908 and 909. The position of the

oscillating reed 902 is controlled in the horizontal direction .
by a tool, and binding between the pads 925 and the connecting

electrodes is carried out by heating them under the position
control. In this manner, the oscillating reed 902 is mounted on

the substrate 901 and the the excitation electrodes 922 is

connected to the external electrodes. The other end portion of

the oscillating reed 902, which is not adhered to the substrate,

is spaced éway and free from the connecting electrodes on the top

surface of the substrate 901 as a result of a curing effect of
the adhesive. As a result, vibration of the oscillating reed 902

is not restricted. Adjustment of the frequency is carried out
at this stage. Finally, the cap 903 is covered over the
substrate 901 and is sedled to complete the piezoelectric
oscillator.

Various piezoelectric oscillating reeds, such as an AT
quartz oscillating reed, are manufactured and commercially
available. Some of them have lead electrodes extending toward .
only one end, others have them extending toward either end
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pi ezoel ectric oscillator in accordance wi th anot her enbodi nent of the
ihvention, where FIG 9A shows a cap, FIG 9B shows a piezoelectric - '
oscillating reed, and FIG 9C shows a substrate. - FIG 10 illustrates"
conbi nati on of the piezoelectric oscillating reed and the substrate shown

j[ E Fl @-th%?e’tlﬂ_ 9@he _clztl)ntaﬁlléi- c&ﬂéizﬁiﬁgaafﬂ hlguiﬂls:ﬂi“atﬁeﬁltr?htﬂﬁll@é@l Siﬁ; _
e pi ezoel eciric osg or ,jn accordance wi sti ano xanpl e -

the i nvf?ﬁ’ﬁ“"d‘"ﬁifarWﬁ'er‘é"lﬁl G%;‘flﬂ“r%‘fﬁmg‘od’ chp, 2P 1c|a&>ées h%?vsgggbi gt?’ 2cPtic
osci | | aosed Iegdncamedd .G 11C shows a substrate. FIGs 12A, 12B and

12C il l-ustrat e g3, £ ap FAMESE NoE! Ghel Kie 28ihSagiRgtt | g,
the X-Y- églt(ﬁcgal(ngan

FIG 12B is a cross-sectional view alon ) I'ne, and |
enl ar ge®r@feralily hkegorthan B.Shawn i g Ghigkness of Yheg ingukabing

gl ass hapatrated STRirld fid-4iliy (1 4R &hai) the height of the cap. The
thickness of the top wall of the cap is preferably smaller than
the height of the recess of the cap.

The shape of the cap in accordance with the invention will
now be described in detail. FIGs. 112, 11B and 11C show a
modification of the piezoelectric oscillator comprising a cap
403, a piezoelectric oscillating reed 402, and a substrate 401,
respectively. FIGs. 12A, 12B and 12C illustrate the cap 401 in
more detail with numerical values of the dimensions. FIG. 12A
is a bottom view of the cap 403, and FIG. 12B is a cross-
sectional view along the X-Y-Z line of the FIG. 12A. The portion
D in FIG. 12B is enlarged, which is shown. in FIG. 12C. Glass
paste 407 having a 1'ow melting point is applied onto the end
surface (binding surface) of the cap 403, as is shown in FIG. 13,
for the binding to the substrate 401, and FIG. 14 cross-
sectionally illustrates a completed piezoelecti‘ic oscillator with
the piezoelectric oscillating reed 402 being inside the sealed
container consisting of the substrate 401 and the cap 403.

The piezoelectric oscillating reed 402 is mounted on the
rectangular substrate 401 made of insulating material éuch as’.
ceramics or glass. A recess 417 and lead electrodes 415
connectable to the external equipment are formed on the substrate
401. On the top surface of the substrate 401 around the re_ces's
417, a protecting layer 419 of insulating material is formed so
as to overlap a portion of the lead electrodes 415. The
piezoelectric oscillating reed 402 has a excitation electrode 412
and a lead electrode 413 extending from the excitation electrode.
One end of the oscillating reed 402 is fixed to the substrate 401
by conductive adhesive 416 so that the lead electrode 413 is
connected to the lead electrode 415 of the substrate 401, as is .
‘shown in FIG. 14. On the end surface of the cap 403 which

i



the bottom surface of the cap with particular dinmensions as an exanpl e.
FI'G ;14 is a cross-sectional view showing air tight sealing of the-

contai ner’' of the piezoelectric oscillator. FIG 15 is a chart
showi ng a rel ati onshi p between the radius of curvature for chanfering, and

bi ndi ng $ureRgidhs as a bind@ngl GurFagebalb Prgriy PésenotdRMexanpl£ Xdw t he

cap. me1ting point i3 hpPYie’ trRICULNY% { WIS Yhtd WS Wb Arate

' 401 and sealed. |

The cap 403 has side.walls 424 which form a space 422 for
storing the piezoelectric oscillating reed 402. As has been
described, the end surface 426 of the side walls 424 serves as
a binding surface tg the substrate 401, and its bottom view is
.constructed by a nearly rectangular inner periphery 428 and outer
periphery 429 with their corners being rounded, as shown in FIG.
12A. In this example, the length and the width of the cap 403
are set to 10 mm and 5 mm, respectively. The cap 403 is formed
“so that the width of the end surface 426 (that is, a distance
between the inner and outer peripheries 428 and 429) is equal at
any portion of the end surface. For this reason, the four
corners are rounded to have the same width W, which is set to 0.8
mm in this example. Thus, the bihding area, to which sealing
agent (low melting point glass paste 407) is applied, is uniform
at any portion of the end surface 426, thereby preventing the.
concentration of the sealing agent to a particular area. 1In a
conventional cap having corners with a right angle, the width of
the corner portions is greater than the other wall portions, and
the éealing agent is apt to concentrate to the larger corner
areas. This drawback is avoided by maklng the width of the end
surface uniform.
An enlarged cross-sectional view of the end portion of the

cap 403 is shown in FIG. 12C. The edges of the end surface 436
are chamfered with a radius of curvature WR so that the 0.8 mm
width consists of 0.4 mm of a flat center portion 430 and 0.2 mm
of rounded portions 431 on either side of the flat portion.
Glass paste 407 having a low melting point is applied on the
chamfered end surface 426 to a thickness of 0.4 mm. The glass
paste 407 is preliminarily'éintergd for removing of the binder,
and is degassed. After the solidification, the cap 403 is placed
onto the substrate 401 so that the end surface 426 is on the
protecting layer 419 on the substrate 401 via the glass 407. The
thus arranged cap 403 is heated under vacuum or gas atmosphere -
at a temperature higher than the preliminary sintering
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6 the piezoelectric oscillator according to the invention, FIG 18
Shows a di spenser which applies glass paste having a | ow nelting poi nt onto
thée end surface of the cap. FIG 19 is a chart showing a :
rel ati onshi p between the tenperature and viscosity of the glass paste.

FI G 20Ccenpswatere | tanmehtr theaghhesoflOFhe dmy cleddsuwrd (gdps bét®eeherred

Enbodi gl o rotectﬁlé)'f&ﬁﬂ:e@i ldndSGd |HP s ed 8 4%%'%085@r4é§8 a
ceram c substrate I nsul at1 ng substrate, an AT quart

are filled with the molten glass 407. Thus, the cap 403 and the

substrate 401 are sealed with the piezoelectric oscillating reed

402 inside. The lead electrode 413 of the piezoelectric

oscillating reed 402 is electrically connected to the external

electrode 414 formed on the bottom surface of the substrate 401

via conductive adhesive and lead electrode 415 extending beneath

the protecting layer 419.

Since the end surface 426 of the cap 403 is uniform in
dimension and shape and-has chamfered portions 431, sufficient
space for receiving the molten glass 407 is secured, thereby
achieving uniform.gléss sealing all around the side walls without
overflow or lack of molten glass. The uniform width of the side
wall results in an uniform amount of the glass paste 407 at any
portion of the binding area, which realizes firm and secured
sealing. ' .

' The relationship between the binding strength and the -
radius of curvature of the chamfered portion is shown in FIG. 15.
The radius of curvature WR of the chamfered portion 431 is varied
with the width of the end surface 426 being equal. ' The solid
line in the chart shows the binding strength when the glass 407
having a low melting point is applied to a thickness of 0.4 mm,
while the dashed line shows the binding strength when the glass
407 is applied to a thickness of 0.15 mm. - (t = thickness of the
glass 407) The 0.4 mm thickness of the glass 407 represents a
sufficient binding strength of more than 15 Kg with a radius of
curvature WR in a range of 0.03 to 0.3 mm. In this range of the
radius of curvature, it was confirmed that the secured sealing
was achieved.

When the radius of curvature WR is less than 0.03 mm, the
space for storing the glass paste 407 under the chamfered portion
431 becomes insufficient, which means that most of the glass
paste applied on the end surface 426 flows out in the horizontal
direction and only a reduced amount of glass paste contributes
to the binding.

On the other hand, when thé radius of curvature WR is

—_—
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oscillating reed 2, and a ceramc cap 3, which are shown in FIG 1A, 1B and
IC, :respectively. A rectangul ar recess 4 is forned on the substrate 1 for
receiving a bottom portion of the AT quartz oscillating reed 2. Fromthe : -
m ddl e of the shorter sides of the recess 4, separation grooves 5 and 6
extend beyendd|0. I qum di ﬂe@nﬂmt i p@rﬁioﬁomgociéV&eéﬂb&ﬁéﬂEandEH:hid el s

oact, 407, M ety Sndu¥ erie crCRETRA ppu kit a1 Ongl e Ok 1"
t he subgilessec40% éheamoh gaver &ApfchaadtZﬁeaAsetmemmhe proEe@tidgy t he
substragg rcam@eah@agtﬂédeﬁa dédffﬁfée' abe f ciﬁcéiQ S defdunils T Onf QuUrth

quadrants). by X and Y axes passin cent é e substrate and parall el
to the FGH‘&F@GdPFr&Pi&HdSWF&PﬁtBH ?(ﬂﬁ@hrfé’sﬁ&ﬂ"?eﬁ/almg Hhag @

connect irej atlionishageswithS, tReainding strength. When the binding
strength is more than 15 Kg, inferior sealing seldom occurs, but
when it is less than 15 Kg, the inferior sealing percentage
increases.

In the example of this invention, the radius of curvature

WR of the chamfered portion 431 is set to 0.2 mm. This value is
located in the middle of the upper and lower limits of the range,
and shows the strongest binding ability. Also, a necessary
amount of glass paste 407 contributing to the binding and éealing
of the container is securely held between the chamfered portion
431 and the protecting layer 419.

When the thickness of the glass 407 having a low melting
point is too small, the binding strength abruptly decrease and
cause inferior sealing due to lack of a sufficient amount of
glass. When the glass 407 is applied too thickly, it overflows
outside the container, which results in a bad appearance. The
thickness of the application of the glass must be closely
controlled.

Only the outer'corners.qf the cap may be made round, with
the inner corner being a right angle. Such a cap 450 is shown
in FIG. 16. FIG. 16 is a bottom view of the cap 450, showing the
shape of the end surface 456 of the side walls of the cap 450.
The inner periphery 458 of the end surface 456 is rectangular
with right angles, while the outer periphery 459 has rounded
corners. The width W of the end surface 456 (i,e, a distance
between the outer and inner peripheries) is set equal at any
portion thereof. The cross-sectional shape and dimensions of the
end surface 456 are the same as those in the cap 403 described
above, and are equal at any portion. Accordingly, when binding
the cap 450 to the substrate 401, secured sealing is achieved and
the same effect and advantages are obtained as the cap 403.

Although the binding (or sealing) effect between the .
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10 are formed in the first to fourth quadrants of the substrate,
respectively, by netalizing. A separation groove 5 is |ocated across the
first and fourth quadrants, while a separation groove 6 is |ocated across:
the second and third quadrants. The first and fourth.connecting el ectrodes
-7 and 1§uBé€radbaéﬁﬂtth@ thp gaeomeeﬁ dafcpibedppnsecnhectionh wikbr thet h

the groove 5t betvve th -
9 are aif3¥en? t% gt B%%B% E@ eco aggposlergtiggagﬁi#)‘?% 8{)8&%; Qgﬁins and
groove Bayhbechetedens a sealmgthgebbttorhrsmh%lc@a§¢ e URHARG r §PEXY,
first tPe%QHrUehéXéﬁé lo£lt8d epdesuttade & aHo UM ihnatB6ranfnas with

correspon to the rst to fourth quadrants of .the t
pthe invention does not lose an binglng e}fect ar?g S&\rr;g%ages.wm al

l.‘ A

Fabrication processes of a container of a piezoelectric
oscillator will now be described with reference to a flow chart
of FIG. 17. The container is made by binding the substrate 401
and the cap 403 shown in FIGs. 11C and 1lA, respectively. .The
substrate is preferably made by utilizing a green sheet, which
is a known technique and the explanation is omitted here.

First, an original cap 403b is formed in step S1, by using '
ceramic powder made by granulation of alumina powder' and a
binder. The 'original cap 403b is subjected to a sintering
process (S2) and barrel treatment (S3) to complete a cap. 403.
In step S4, giass having a low melting point 407 is applied onto
the end surface 426 of the cap 403 by a dispenser, and is then
preliminarily sintered in step S5 for solidification. Meanwhile,
in parallel to the steps S1 to S5, an oscillating reed 402 is
fixed onto the substrate 403 in step S6. In step s7, the cap 403
is attached via glass of low melting point 407 onto the substrate
401 mounting the oscillating reed 402, and the container is
sealed by heating the glass of low melting point 407.

More particularly, in step S1, the original cap 403b is
formed by compressing the ceramic powder by using a forming die.
At this stage, the edges of the end surface 426b of the original
cap 403b has not yet been chamfered. The bottom view of the
original cap 403b is the same as that shown in FIG. 12A.

The original cap 403b is heated in the sintering step S2
to extinguish the binder. After degassing, the original cap is
solidified. g

In step S3, a plurality of sintered caps 403b are put into
a cylinder of a barrel grinder together with alumina balls and
lubricant for the chamfefing of the end surface 426 of the
original cap 403b. The cross-section of the chamfered portion .
431 of the cap 403 is the same as that shown in FIG: 12C.
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7 portions of the substrate are hatched and dotted as a matter of
conweni ence, for clarifying the drawings to show each of the groups.

The first and second connecting el ectrodes 7 and 8 are connected to each
other by a first nmetal interconnect 15, while the third and fourth’ _
connecti ng el erheagesrd tike dHibnefearead rerel tadr faree a426 OtdbasdHypasteudOn

g‘;;ﬁ{)l gfg rr% P.i%ﬁt uéﬁ?ﬁegohl?m?é&lgerl NLRLERNEEEEE1 858 L OLPRInEY 488  ana
a controller (not shown), as is shown in FIG. 18. The syringe
485 is controlled to be movable in the lateral direction over the
cap 403 with the end surface facing upward. The syringe 485
includes a syringe body 486, a pipe-like' needle 488, and a cap
487 having an air pipe 489 in the hole 487b. |

Glass paste 407 is injected into the syringe body 486.
A temperature controller 491 comprises a chiller 492 and a
circular pipe 493 which is wound around the syringe body 486.°
The temperature controller 491 performs heat exchange between the
dispenser 485 and the chiller 492 via the circular pipe 493 in
order to maintain the temperature of the glass paste 407 having
a low melting point contained in the syringe body 486.

The relationship between the viscosity and the temperature
of the glass paste 407 is shown in FIG. 19. In the range of 30-
40 °C, the viscosity of the glass 407 is 98 to 105 poise (ps)
which is suitable for binding. By controlling the temperature
of the glass paste 407 at 30-40 °C by using the temperature
controller 491, the viscosity of the glass 407 is maintained
substantially constant even with the change of +the room
temperature, which results in a constant ejecting speed.

The reasons why the temperature of 30-40 °C is suitable
are as follows. (1) At a temperature higher than 40 °C, the
viscosity of the glass paste becomes lower wi'i:h temporary
stability. However, it is apt to cause separation of the glass
powder and the binder, and therefore, agitation must be repeated
for uniformity of the glass paste 407, which réduces mass-
productivity. (2) At a temperature lower than 30 °C, the control
of the glass paste temperature is carried out near the. rooml
temperature with little difference between the room temperature
and the controlled temperature. In such a case, the temperature
of the glass péste is easily affected by the room temperature.
At the same time, the viscosity becomes high, which requires a
higher pressure for the application of the glass paste and causes
unstable ejecting.

In the embodiment, the temperature of glass paste 407 is
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metal interconnect 15 is connected to the second external electrode 12 via
a second fretal interconnect 16 which extends al ong the side surface through
the substrate 1 in the second quadrant. The second connecting electrode 8 -
Is connected to the third external electrode 13 via a third netal”

i nt er ConpAiGitalinddi 80 %bbﬁ'%d%swﬁf E‘f‘ﬁes%&QE’:@si'%Q tihd r&b&h‘ﬂdlﬁbt %sﬁi ogg a
shorter edge of the top surf gg? ‘of the _substrate and t iFH .¥Hito t he
e®

bot t om &FFY OFF YpdEosty fREEICAFLAGHPE Hd'S Ql}étsrsaPésfe ki ness
quadr antbeifign wathyn aa f pueflerretalrangees corvact s¥Bingecotect etiith the

Lot ke 504" ity 2aLL bR KRLS! b7 200kt D e

quadr antthe m p6urthe nweedla |4@8efeceso¢@,1@n% novescadange tthe feéndt

teﬁtee][ P?L‘stlﬁlaiﬁeﬁdféoﬁﬁll Bu2idgSiehlils BPtatiULr coirees Slpphied @xtdengver
syringe 486 through the air pipe 489 to increase the air
pressure. The glass paste is ejected from the tip of the needle
488 and is applied on the whole length of the end surface 426 of
the cap 403. For example, the ejection is started at the point
"a" (see FIG. 18), and is continued along the end surface 426
passing through points "b", "d", "d", "e" and "f". When the
syringe 485 returns to the initial point "a", the ejection is
terminated. More particularly, the ejection of the glass paste
407 is stopped by reducing the air pressure inside the syringe
486 at the point "f" which is located immediately before the
initial point "a", while keeping the syringe moving toward the
point "a". In this manner, overlap of the glass paste 407 at the
point "a" is prevented to achieve uniform application.

In this example, the syringe 485 is moved with the cap 403
being fixed. However, the reverse is also available.' That is,
the cap 403 may be moved while fixing the syringe 485, or
alternatively, combination of movement of the cap 403 and the

syringe 485 may 'be used.

In the preliminary sintering process (S5), the cap 403
having the glass paste on its end surface 426 is heated at about
365 °C to remove the binder, and is solidified after degassing.

In the step S6, the piezoelectric oscillating reed 402 is
fixed by conductive adhesive 416 to the substrate 401, as is
shown in FIG. 14, so that the lead electrode 413 is connected to
the lead electrode 415 of the substrate 401.

In the sealing procéés (S7), the cap 403, which has been
subjected to the preliminary sintering, is placed onto the
substrate 401 having the oscilléting reed 402 so that the
protecting layer 419 on the substrate meets the end surface 426
of the cap 403 with the glass of low melting point 407
therebetween. The thus arranged oscillator is heated at about
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fourth quadrants along the other shorter edge of the substrate 1 and down
to t:he bettom along the side surface through the substrate 1 in the first
quadrant’. The netal interconnects 16, 17, 19 and 20 may be forned by - :
met al i zi ng. As seen fromFIGs. 1C and 2A, a group of first to thlrd

r'ret al izger 'tzonmct?% 1%%&%865 dds aendncas;g{e&@ & mfeQ.ltr tchet glals)st Iatovetat t
in erco nect s ar rran nne r ou

t he cen 'Ta' %%?%Th%fofﬁ%‘%lﬁﬁq r4§q32ai’.% @ﬁ Qbﬁ:ﬁ]éaﬁer %‘rt e&? 59 glfl 8 reed
2 has achambeved pbmpionidl eard tiye eqeali sidtbtehdiieendndusifacey4db, al ong
the 1 ongLtydhfalacAiste | inPEGERY Bp 2BEESOANG£OCHY L Fing 18] £55NBASLES

suitable for shuttin e oscl | lon energy therein et convex

sur f ace2®f - t Reosepit &9 gdasse W s wdformlnsrread raud ?if?§t#89#¥d
from whhéld abbeadet! etk @i‘i?_‘ 2DF X dthe substrate 401 without lack or

overflow of the glass paste, which results in a superior binding
effect of the container without adversely affecting the
appearance. '

FIG. 20 cross~sectionally shows s__tii.ll another modification
of the cap. The cap 503 is also manufactured by compressing
ceramic powder by using a forming die, which is the same process
as step Sl. ' However, the chamfered portion of the end surface
of the cap is also formed during this step. The shape of the end
.surface 526 is slightly changed. Namely, the end surface 526 has
a flat portion 530, chamfered portions 531 and a shoulder portion
532. Only the flat portion 530 and the chamfered portion 531
contribute to the binding between the cap 530 and the substrate.
The width of the flat portion 530 as well as the width of the
chamfered portion 531 are eqtial at any portion of the end surface
526. The thus fabricated cap 503 is sintered similarly to the
step S2. The barrel-grinding (i.e. c_hamfering) process is
omitted.

It should be noted that many other changes and
modifications are apparent to those skilled in the art, without
departing from the principle and the scope of the invention which
is defined by the appended claims. |
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towards only one end of the oscillating reed. The excitat
8 el.ectrqodes 21 on upper and | ower convex surfaces of the (!!mmuﬂg,mxﬁﬂm
2 are opposed to each other, and the | ead el ectrodes 22 exten

of the excitation electrodes 22 toward one end of the reed are in symetry
about the : WHAT IS CLAIMED IS

1. A piezoelectric oscillator comprising a piezoelectric
oscillating reed, an insulating substrate retaining the
piezoelectric oscilla_ting reed, and a cap bound to the top
surface of the insulating substrate for enclosing the
piezoelectric oscillé%ing reed, wherein at least four connecting
electrodes, which are divided into two groups, are formed on the
insulating substrate for electrical connection with the
plezoelectric oscillating reed, connecting electrodes included
in the same group being connected to each other via metal
interconnects formed on the insulating substrate.

2. A piezoelectric oscillator according to claim 1, wherein said
metal interconnects for the interconnection of the connecting
electrodes in the same group are formed on the substrate so as

not to overlap each other.

3. A piezoelectric oscillator according to claim 2, wherein said
insulating substrate is a rectangular plate, and two electrodes,
each of which belongs to one group, are arranged along a short
side of the substrate and the same is done on the other short
side of the substrate. '

4. A piezoelectric oscillator according to claim 3, wherein the
connecting electrodes located in the same longitudinal side are
included in the same group.

5. A piezoelectric oscillator according to claim 3, wherein at
least two external electrodes are provided on the bottom surface
of the insulating substrate, to each of which the metal
interconnects for each group are connected through a side surface
of the insulating substrate.

6. A piezoelectric oscillator according to claim 4, wherein the
number of the external electrodes is two and each of the external
electrodes is formed along the respective short side of the

i



| ongi tudi nal axis of the oscillating reed, that is, of fset fromthe—- —

Fonditudinal axis in the opposite direction. On the ot hermmm

oscillating reed 2, no lead el ectrode is provided. , &ﬂ#ﬂuﬂe:-
plft .

AT quart oscillating reed 2-on the substrate 1 by using a toof

[ ongi t udisill atinty | ab&tgasal axes of the oscillating reed and the substrate
meet each other, without considering its direction, tw situations wi-ll ..
occur. That is, a first situation where the |ead el ectrodes 22 contact the

first ahd Popieroededcdution @seliddtartugeachbrdinmy &cseladth dit whkireinwehee t he
220, CRGINSNSSE 286 00k BEEnb ¢ o3 BEAARAT 41 Al O 40 8%6@%120%5 8 and

9. These two situati.ons are sh respec
Taklng%9%??94sﬂlQﬁgLﬁ§¢Bn0§st§ﬁ éﬁ@ﬂ&ﬁyd#ﬂﬁhfﬁiﬂﬂﬁMpfrwméCinquabmagof

the | eaitaedtodas the ivigoniest 68 tRe! B8rhbtst

8. A piezoelectric oscillator according to claim 6, wherein two
external electrodes near one short side are connected to a group
of connecting electrodes and the other two external electrodes
near the other shorter side are connected to the other group of

1

. connecting electrodes.

9. A piezoelectric oscillator according to claim 4, wherein said
connecting electrodes, as well as the metal interconnects, are
formed on the insulating substrate in point symmetry about the
center point.

10. A piezoeiectric oscillator according to claim 9, wherein
said connecting electrodes are formed in line symmetry about the
longitudinal center line on the insulating substrate.

1i. A piezoelectric oscillator according to c¢laim 10, wherein
the two connecting electrodes formed along each of the shorter
sides of the insulating substrate are opposed to each other with
a separation groove between them.

12. A piezoelectric oscillator according to claim 1, wherein
said cap is fixed onto the top surface of the insulating
substrate by an adhesive.

13. A piezoelectric oscilI%tor according to claim 12, wherein
said cap has side walls with an end surface which is chamfered
and is to be fixed onto the periphery of the insulating’
substrate.

14. A piezoelectric oscillator according to claim 12, wherein

This Sheg;
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connecting electrode 7, and the other lead electrode 22 is

fourt'’h connecting el ectrode 10 at the sane end of the AT qummlm“mmmm
reed 2. "The one end of the AT quartz oscillating reed 2 is*bound-tad th e *
top surface of the substrate 1 by conductive adhesive 40. The other end -

plort | onsafigt hﬁpO\ThﬂélaéHanSfd]JJJsaghé\&ﬂ§eﬁi 2enah§gefhger emld%mmé edé be
el ectro osi.tjone the s an rd_connegti
ol ect r 083288 S he BOEIPhARY ofc Hhe PR BRIt S o AB. A% he
area whiwddtthoes tbe enétsmhﬁawmfacuhquldbewalbdem 83@1&11. szea:nd:hleofull
el ectri n used on this side even when the AT quartz
1 afbrg Rl sad R

oscilla ese connecting electrodes 8 and 9. On one end
of the AT quartz oscillating reed, one of the excitation electrodes 21 is

connect g¢g.vi & phezasledtitied dsead 16l BRE6raZngotbhelaemNeal i Baid end
surface of the side walls is chamfered.

16. A piezoelectric oscillator according to claim 15, wherein
both the inner and outer edges of the end surface of the side
walls are chamfered with the same radius of curvature.

17. A piezoelectric oscillator according to claim 15, wherein-
a protecting layer made of insulating material is formed on the
top surface of the insulating substrate to which the cap is
fixed. ' '

18. A piezoelectric oscillator according to claim 17, wherein
.said protecting layer covers a portion of the top surface of the"
insulating substrate, which area size is larger than that of the
end surface of the cap.

19. A piezoelectric oscillator according to claim 15, wherein
said cap is fabricated by powder molding.

20. A piezoelectric oscillator according to claim 15, wherein
said adhesive is glass.

_—
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electrode 7, and further to the second and third external electrode 12
and 13:via nmetal interconnects. The other excitation electrode 21 is
connéct'ed via the associated | ead el ectrode 22 to the connecting el ectrode

10, and further to the fgsh Ao 6PUkLD RELELARLRE o0t T0de 14 via metal

I nt er connects. 9 At this point,

el ectrical conducting neans (four termnals in
PIEZOELECTRIC OSCILLATOR

A piezoelectric oscillator comprises a piezoelectric
oscillating reed, an insul;ating substrate for retaining the
piezoelectric oscill-;g'&ing reed, and a cap fixed onto the top
surface of the in_?ulating substrate for enclosing the
piezoelectric oscil.:l':ating reed. Four connecting electrodes are
formed on the top surface of the insulating substrate for
electrical connection to the oscillating reed, which are divided
into two groups. Each group includes two connecting electrodes
which are connected to each other by metal interconnects. The
insulating substrate i1s rectangular, and two connécting
electrodes, each of which belong to one group, are located along
the shorter sides of the insulating substrate. On the bottom
surface of the insulating substrate, at least two external
electrodes are formed, to which metal interconnects for each
group are connected through the side surface of the insulating
substrate.
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éppeérance, but two termnals in substance) and the nechanical oscillating
means’ of the piezoelectric oscillator are conbined. On the ot her

hand, in the second situation shown in FIG 3B, one of the |ead el ectrodes
22 is connected to the second connecting electrode 8 and the ot her |ead" _
el ectrode 22 is connected to the third connecting el ectrode 9 at one end of .
the AT quartz oscillating reed 2. The one epd oNthe AT quartz oscillating
reed 2 is fixed to the top surface of the~Substrate by conductive

adhesi ve 40. Although the other end of e AT quartz ods(llating reed 2 is
positioned over the first and fourg{A connecting el ectrode® 7 and 10, the
excitation el ectrode 21 does no each these connecti ng pct rodes even

when the other end contacts e connecting el ectrodes anfl 10,, and
therefore, there is no elec¢trical connection on tMh o7 Bne end of

the AT

16
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quartz .oscillating reed, one of the excitation electrodes 21 is connected
via the associated |ead electrode 22 to the second connecting el ectrode 8,
and further to the second and third external electrodes 12 and 13 via netal
i nterconnects. The other excitation electrode 21 is connected via the
associ ated | ead el ectrode 22-to the third connecting el ectrode 9,- and
further to the first and fourth external electrode 11 and 14. Thus,

el ectrical conducting nmeans (four terminals in appearance, and two 7
termnals in substance) and nechani cal oscillating neans of the AT quartz
oscillator are connected. When conpl eting the adhesi on of the one end
of the AT quartz o Hcé | reed 2 on the top su f the substrate,

t he adhered portloéé m at 400 err]C Afteilf:ﬂﬁ(é ure, the other end
of the AT quartz QLbADRANT) eed 2, Yuhi chei s GUJADRANT)

16 / 20 1
G
: — X
5
! 110
/ X 7
9 ( ( .
(THIRD 4' Mg 19 (FOURTH
QUADRANT) QUADRANT)
Fig. 2A
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17 | 19
Fig. 2B
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adhered to the substrate, is generally freely apart fromthe top surface of
the substrate, which al'lows the AT quartz oscillating reed 2 to nmaintain
it.s resonance characteristics. If necessary, adjustnent of the oscillating
f-requéncy of the AT quartz oscillating reed can be carried out at this
stage by evaporation or other nethod. Then, a cap 3 is attached to the
substrate 1 in a nitrogen atnosphere at a sealing tenperature of about 400
[err]C, and finally, the AT quartz oscillator is conpleted.
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107 For sealing, a protecting |ayer 45 (see FIG 4) of insulating
mat.eri.al., such as ceramics, is formed on the top surface of the substrate
around the recess, except for on the first to fourth connecting el ectrodes
7, 8, 9 and 10, to cover the first to sixth netal interconnects 15,16, .17,
18, 19 and 20. The protecting layer 45 and the cap 3 made of ceranmic are

. bound to each other by using glass 50 hae ng a | ow nel tdng point. The
cross sectional view of th | ol e | ci/l l ator seen from

. Dl 70 ()
t he | ongitudinal sid ?{ W W hat the cap 3 is
made of netal, the s /. "1 'm{/’:: 7. ' 50al i zed prior to

t he bi ndi ng, and t%cap
DAY
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bound to the substrate by using solder having a high nelting point. The

same protecting layer 45 is used in the other different exanples. -
Since the connecting electrodes 7, 8, 9, 10 are totally identical and are -
arranged in point symetry, the AT quartz oscillating reed 2 can be placed: :
on and bound to the substrate 1 in any directions of the |ead el ectrode 22

of the AT quartz oscillating reed 2. Thus, a surface-nmounted type thin

quartz oscillator, which is nore suitable for necha@2ftion than the
conventional oscillator and has higher working efficfienc3Qys achieved.

A group of first to third netal interconnects 130449 and/1/, which are used

in the first situation, and a group of fourth tg si -t305interconnects

18, 19 and 20, which are used in the

__~ Fig.6B

REPLACED




second situation, have the same area size, and their shape and arrangenent
areiin point symretry about the center point of the substrate 1.
Therefore, | oaded capacitance generated in the excitation electrode 21 and
metal interconnect is the sane between the first and second situations..
Thus, irrespective of the direction of the AT quartz oscillator, the
equi val ence capacitance for a quartz oscillator is constant, and
oscillating frequency is always constant. On the bottom surface of
the substrate 1, the external electrodes of opposite polarity are provided
symetrically about the Y axis, which enables nounting of the small sized
quartz oscillator in accordance with the nodule on the printed-wire

622

722 702b
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. Substrate used in an electrical equipnent. The external el ectrodes of
the .sane.polarity are provided symretrically about the X axis, which -

enabl es "application to various printed-wiring of the substrate. '

FI Gs. 5A and 5B show anot her exanple of the substrate. -
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A piezoefectrfc oscillator conprises a substrate 201, an AT quartz

oscillating reed 2, and a cap 3. The AT quartz oscillating reed 2 and
1A and 1B. On the top.

the cap 3 are the sane as those shown in FIGs.
separation grooves 205 and 206,

surface of the substrate 201, a recess 205,
first to fourth connecting el ectrodes 207, 208, 209 and 210 are formned,

whi ch are the sanme as those described in connection with the first exanple.

The first and second connecting el ectrodes 207 and 208 are connected to

each other via a first netal interconnect 215, while the third and fourth
209 and 210 are connected to each other via a third

simlarly to the first exanple. In this

connecting el ectrodes
el ectrodes fornmed on the bottom of the

metal i nterconnect 217,
exanpl e, the nunber of external
substrate 201 is two, as is shown in FIG
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5B. A first,external electrode 202 is formed across the first and fourth
quadrants, while a second external electrode 203 is |ocated across the
second and third quadrants. The second connecting el ectrode 208 is -
connected to the first external electrode 202 via the second nmetal = = =
i nterconnect 216 through a longitudinal side wall _of the substrate 201.
The fourth connecting el ectrode 210 i s connect eg- S
el ectrode 203 via the fourth nmetal interconpe N
| ongi tudi nal side wall of the substrate 207T. A grobpg_of the first
and second netal interconnects 215 ape”216 and a group of theNgecond and
third nmetal interconnects 217 and and are
arranged in point symmetry abgs je 201.
When the AT quartz oscill gi+ t he

402
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substrate 201, one of the excitation electrodes 21 on the oscillating reed
2. is*connected to the first external electrode 202, and the other
excitation electrode 21 is connected to the

12 second external electrode 203. Thus, the AT quartz OSC|IIator haV|ng t wo
termnals is conpleted by attaching and sealing the cap 3 to the substrate
201. This two-termnal oscillator has the 428 :
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sane effect and advantage as the four-termnal oscillator of the first
exanple. - FI Gs. 6A and 6B show still anot her exanple of the
substrate. The AT quartz oscillator of this exanple conprises a ceram:-c
substrate 301, an AT quartz oscillating reed 2, and a cap 3. The AT quartz
oscillating reed 2 and the cap 3 are the sane as those shown in FIGs. 1A
and 1B. Simlarly to the first exanple, a recess 304, separation grooves
305 and 306, and first to fourth connecting el ectrodes 307, 308, 309 and
310 are fornmed on the substrate 301. On the bottom surface of the substrate
301, as is shown in FIG 6B, six external electrodes are provided. The
first to fqurth external electrodes 331, 3%&07%i§0

0.2mm
J »
oammlt LY ™

Fig. 13
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and:-334 are forned in the areas correspondlng to the first to fourth

quadrant of the top surface, respectively. The fifth external electrode
335 is formed across the second and third quadrants, and the sixth external
el ectrode 336 is |located across the first and fourth quadrants. The

first and second connecting el ectrodes 307 and 308 are connected to each
other by a first netal interconnect 315, while the third and fourth
connecting el ectrode 309 and 310 are connected to each other by a fifth'
metal interconnect 319. The first nmetal interconnect 315 is connected to
t he second external electrode 332 via a second netal interconnect 316
through a shorter side -wall of the substrate 301 in the second quadrant.
The first connecting el ectrode 307, which is connected to the second
connecting el ectrode 316, is connected to the third

Kg SATISFACTORY SEALING RANGE
50 — >
40 -
= 0.4mm
1wl
BINDING
STRENGTH
20 |- ~—~t=0.15mm
15
10 -
L4111 | 1 1 1 1
010.05 0.1 0.15 0.2 0.25 0.3 0.4 mm
0.03

RADIUS OF CURVATURE (WR) —

Fig. 15
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~ext'ernal electrode 333 via a third nmetal interconnect 317 whi ch extends

over."t he, second and third quadrants on the top surface of the substrate 301
and then down to the bottom al ong the side wall in the third quadrant. The .
third netal interconnect 317 is also connected to the fifth external S
el ectrode 335 via a fourth netal interconnect 318 which extends through the
shorter side wall of the substrate 301 across the second and third

guadr ant s.
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13 The fifth netal interconnect 319 is connected to the fourth
external el ectrode 334 via a sixth netal interconnect 320 through the .\
| onger side wall in the fourth quadrant. The fourth connecting el ectrode -
310 is connected to the first external "electrode 331 via a seventh netal

i nterconnect 321 which extends over the first and fourth quadrants and then
down to the bottomthrough the side wall in the first quadrant. The seventh
metal interconnect is also connected to the sixth external electrode 336
via a eighth nmetal interconnect 322 through the shorter side wall of the
substrate 301 across the first and fourth quadrant. Wth this
structure, a group of the first and second connecting el ectrode 307 and 308
s connected to the seco RAM
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‘thirtd and fifth external electrodes 332, 333 and 335, while a group of ‘the
third ang-fourth connecting el ectrodes 309 and 310 is connected to the -
first, fourth and sixth external electrodes 331, 334 and 336." A group
of the first to fourth netal interconnects 315, 316, 317 and 318 and a
group of the fifth to eighth netal interconnects 319, 320, 321 and 322 are
the same in area size, and are arranged in point symmetry about the center
poi nt of the substrate 301. Wth this structure, when placing the AT quartz
oscillating reed 2 in the recess of the substrate 301, one of the
excitation electrodes 21 on the oscillating reed 2 is connected to the
second, third and fifth external electrodes 333, 334 and 335, and the ot her
excitation electrode 21 is connected to the first, fourth and sixth
external electrodes 331, 334 and 336. '
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Thus, the surface-nounted type AT quartz oscillator having six termnals in
appeariahcesbut two termnals in substance is conpleted by attaching and
sealing the cap 3 to the substrate 301. This quartz oscillator has
the sane effect and advantages as the first exanple, and besides, it is
applicable to a nore conplicated printed-wiring substrate.

Mbdi fi cations of the pi ezoel ectric oscillating reed (such as an AT quartz
oscillating reed) are shown in FIGs. 7 and 8. O her than the bi convex
shape, the side view in the |ongitudinal
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14 direction of the ¥:d F] géd y_be rectangul ar or trapezoid. The

| ead el ectrode on thgqgscir#%tgﬁg reg ' may extend toward both ends thereof.
In nore detail, the piezoelectric oscillating reed 602 shown in FIG 7 has
a rectangul ar*top view, and its longitudinal side viewis also rectangul ar

i Shape. On the top and bott exgcl | el ectrodes 621 are
ETRRUFLEC R R SRSL IR

provi ded, each of which has | ending fromthe diagonal
corners in :

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to a piezoelectric oscillator, ‘and
more particularly to a surface-mounted +type piezoelectric

oscillator.

2. Discuséion of the Related Art

A piezoelectric oscillator, such as a gquartz oscillator,
has been used as a c.lock source for a micro computer,
communications equipment, and so on, and especially in recent
years, a surface-mounted type piezoelectric oscillator has been
employed, in view of a easy mounting on a printed-wiring
substrate. For example, JP Laid Open H4-367111] discloses a
surface-mounted type piezoelectric oscillator, where a
piezoelectric vibrating reed is supported by a pair of carriers
which are brazed onto metal interconnects provided on a
substrate. Such an oscillator comprises many parts and is
unsuitable for miniaturization. Further, vibration of the
oscillator 4is 1limited by the twin-carrier structure, which.
adversely affects the properties of the oscillator in proportion
to the miniaturization. |

On the other hand, JP Laid Open H4-298109 discloses a
cantilevered oscillator, where a quartz oscillating reed is fixed
by conductive adhesive on an attaching member having an electrode
“thereon for electrical connection, thereby ensuring conductivity
with the oscillating reed. Such a cantilevered oscillator is |
superior to a twin-supported oscillator in both properties and
structural simplicity, and can be made smaller and thinner.

However, in such a surface-mounted type piezoelectric
oscillator having a cantilevered oscillating reed structure, a
lead electrode of the oscillating reed generally extends toward
only one end of the reed. For this reason, the end portion of
the oscillating reed where the lead electrode exists must be
precisely overlaid on the connecting electrode provided on the
substrate to ensure the electrical conductivity. When the
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the opposite direction toward either end, being offset fromthe

| ongi tudinal axis. In other words, the | ead el ectrodes 622 are arranged in
poi nt: symmetry about the center of the oscillating reed 602. In the
nodi fication'shown in FIG 8, the oscillzating reed 702 has a rectangul ar

T Few, . S| 7Q2b sl i f h he .b f

at bot b | ENRE e BeRA e rIeRRA 1 Y asveanel e gL L SR

wal | s 702alectrpdeal dekst onetichmeeher the Teenmewting i orletboidedexn 72thar e

provi ded mﬂib#’faf:&? éﬂﬁ QBBEQE’&:%%E%%& St b OPRASPY Uh SAGHH U Nedur {4QM
I ch a e p

each of ead electro xtends in tnhe 08 osite direction toward
ei t her erfeh®f maywtdng | Pt i the r esgildatinge yassh. ethet [dikaction opft hehe op

and bott astiiaEesgar fedd’ andst i PeSYSHREIYmEPOWo t hes | kWi tarbuied Cemd er

axis of the
conductivity. When the oscillating reed is mounted in <the

reversed direction by mistake, it must be remounted. Thus, the

mounting process of the oscillating reed is troublesome, and
automation or mechanization is difficult.

SUMMARY OF THE INVENTION
This invention aims to provide a piezoelectric oscillator
comprising a substrate which enables conductive connection with
an oscillating reed having an electrode extending to only one
end, irrespective of the direction of the oscillating reed.
It is another object of the invention to provide a
piezoelectric oscillator, in which binding between the cap and-

an insulating substrate is ensured.

In order to achieve the objects, in one aspect of the
invention, a piezoelectric oscillator is provided which comprises
a piezoelectric oscillating reed, -an insulating substrate for
mounting the piezoelectric oscillating reed, and a cap bound to
the top surface of the insulating substrate for housing the
oscillating reed. On the top surface of the insulating
substrate, at least four connecting electrodes are provided for
electrical connection with the piezoelectric oscillating reed,
which are divided into two groups, the connecting electrodes
included in the same group being connected to each other via
metals interconnect on the insulating substrate.

Because of the interconnection between the connecting
electrodes in the same group, any one of the connecting
electrodes in a group can be selected for electrical connection
with the piezoelectric- oscillating reed. Thus, even when the
oscill_ating reed is of cantilevered type and has a lead electrode
on only one end, electrical connection between the piezoelectric
oscillating reed and the connecting electrode on the insulating
substrate is ensured without confirming the placing direction of
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oscillating reed 702. The material of the piezoelectric oscillator
of t*he invention is not limted to quartz, and other materials, such as
lithiumtantal ate or bariumtitanate, can be used. Further, the container
consi sting of 'the cap and the substrate i3s applicable not only to the

piezoet ecty,i ' al s id T ' a pl | Gt -
oscillati n%ﬁér:egﬁgiiiﬁgﬁg Qétgldll g’%f)tﬁlgcrhf ir#oﬁq{ﬁd(%%ﬁ 8& I?ﬁ'e i%gafz%% %a%rtu?*c
osci | | at oris simppeyed namd Gsedupedopoghdiscrealizedrati ng a cap 903, a

pi ezoel ectric oscrhéakidihl cedt8PéoAndctsS Wi I 28bem8d 1 o e¢RECt i@ Yatidge
pubstrate [ d0Seg*EIPLe 18 M0 heeqsh QachBehaL! thelasy Sndll £l ¥fen
to be formed simultaneously by, for example, metalizing.

Preferably, the insulating substrate is a rectangular
plate, and the connecting electrodes formed on the substrate are
divided into two groups by a longitudinal axis of the substrate.
Two electrodes, each of which belongs to a different group, are
arranged along a shorter side of the rectangular _p’laté so as to
bel opposed to each other, and the same is doﬁe along the other
shorter side.

Since the piezoelectric oscillating reed is generally of
a rectangular shape and has a lead electrode for electrical
connection on one end portion thereof, the forming of the
connecting electrodes on each corner of the insulating substrate
enables reliable connection between the piezoelectric oscillating
reed and a connecting electrode on the insulating substrate.

On the bottom surface of the insulating substrate, at
least two external electrodes are provided, to each of which the
metal interconnect of each groﬁp is connected via  the side
surface of the insulating substrate. With this structure, the
piezoelectric oscillator can be surface-to-surface mounted onto
a printed substra_'te, by making practical use of the bottom
electrodes. '

Both the connecting electrodes and metal interconnects
are arranged in point symmetry about the center point of the
insulating substrate, and each group is arranged in line symmetry
about the longitudinal axis of the substrate.

With this arrangement, capacitance generated by any of
the connecting electrodes and metal interconnects becomes equal
irrespective of the direction of the piezoelectric oscillating
reed, thereby bbtaining excellent electrical characteristics.

Two connecting electrodes arranged along a shorter side
of the-oscillating reed, each belonging to one group, are opposed
to each other via a separation groove for ensuring the separation
of the two eiectrodes.
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a plane top surface. The other elenents of the substrate 901 are the sane
as those' in the first exanple. That is, first to fourth )

15 connect'ing el ectrodes 907, 908, 909 and 910, first to sixth netal

i nterconnects 915, 916, 917, 918, 919 and 920, and first to fourth external

ﬂ“‘leﬂ“ﬁgd:i aﬁ{j fep“ﬁi’é dedp is prefelhBi9e! AGIdd CH9SH | 2BhBR1LEFIRPS USRS
periphery of the top surface of the insulating substrate. The
end surface of the side walls of the cap, which is to be fixed
to the top surface of the substrate, is preferablj chamfered to
increase the adhering area to ensure a sufficient binding
strength. The thickness of the side walls of the cap is made
uniform, especially at the end portion thereof, over the full
length.

Generally, in a conventional rectangular shaped cap, the
thickness of the corner portions is greater than the other
portions, and adhesive is apt to concentrate at the larger corner
area. In order to avoid the concentration of adhesive, the
thickness of the side wall of the cap (i.e. width of the end
surface) is made uniform at any portion.

The inner and outer edges of the end surface of the cap
are chamfered with the same radius of curvature, thereby storing
a sufficient amount of adhesive at both side of the side wall..

The periphery of the top surface of the insulating
substrate, to which the cap is attached, is covered with a
protecting layer made of insulating material. Accordingly, the
cap is fixed onto the metal interconnects and connecting

electrodes via the protecting layer.

Brief Description of Drawings

FIGs. 1A, 1B and 1C are perspective views illustrating
elements of a piezoelectric oscillator in accordance with the
invention, where FIG. 1A shows a cap, FIG. 1B shows a
piezoelectric oscillating reed, and FIG. 1C shows a substrate.

FIGs 2A, 2B and 2C show the detailed structure of the
substrate shown in FIG. 1C, where FIG. 2A is a top view, FIG. 2B
is a side view, and FIG. 2C is a bottom view.

FIGs. 3A and 3B show combinations of the oscillating reed
and the substrate of FIGs. 1B and 1C, where FIG. 3A illustrates
an example in which the oscillating reed is placed in a direction
where first and fourth connecting electrodes are used for
electrical connection, while FIG. 3B illustrates an example in
which the oscillating reed is placed in a different direction
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is the sanme type as shown in FIG 7. Similarly to the lead el ectrode 622
in"FIG 7, a |lead electrode 922 extends fromthe diagonal corners of the
excitation electrode 921 in the opposite direction toward either end of the
oscillating reed 902, and the | ead el ecirodes 922 on the top and bottom
-surf ace rANS | ' y, j of the

oscil | at ﬂ]%z%ed 902. é]}?ogﬂn%r%néc%#é‘%/ g%g;gcll%%oﬁégg %érgg ,a pad 925 is
provi ded on .t he YR+ pér thihn2ocrose-sgehirpad aida reteworf gheogwd ezl
covers ovwdcid ltbm @t ithe ofifdte dnbdinleRit! lcede ferom the hepgeh eude Uie

side to t of 1. urface. Solder or adhesive 930 is thickly applied on
t he pad 5%%l%sqﬁggéﬁ%ﬁfand bott om.surface. The piezoelectric oscillating

reed 902 is pl add¥®nt A henslibSBr al bledtrastet raother padanile modt  tthe
first andybauntdteoniestd "P16! e6AT 8fl6Rs997 13 M 4Ha 3HHE! Nshi ¥Rbyst e

second

bottom side of the substrate.

FIGs. 6A and 6B illustrate still another example of the
substrate, where FIG. 6A shows a top side and FIG. 6B shows a
bottom side.

FIG. 7 shows another example of the piezoelectric
oscillating reed mounted on the substrate.

FIG. 8 shows still another example of the piezoelectric
oscillating reed mounted on the substrate.

FIGs. 9A, 9B and 9C illustrate elements of the
piezoelectric oscillator in accordance with another embodiment
of the invention, where FIG. 9A shows a cap, FIG. 9B shows a
piezoelectric oscillating reed, and FIG. 9C shows a substrate.

FIG. 10 dillustrates combination of the piezoelectric
oscillating reed and the substrate shown in FIGs. 9B and 9C.

' FIGs. 11A, 11B and 11C illustrate elements of the
piezoelectric oscillator in accordance with still another example
of the invention, where FIG. 11A shows a'cap, FIG. 11B shows a
piezoelectric oscillating reed, and FIG. 11C shows a substrate.

FIGs 12A, 12B and 12C illustrate a cap shown in FIG. 11A,
where FIG. 12A is a bottom view, FIG. 12B is a cross-sectional
view along the X-Y¥-Z line, and FIG. 12C is an enlarged view of
the portion D shown in FIG. 12B. '

. FIG. 13 shows glass having a low melting point applied on
the bottom surface of the cap with particuiar dimensions as an
example.

FIG. 14 is a cross-sectional view showing air tight
sealing of the container of the piezoelectric oscillator.

FIG. 15 is a chart showing a relationship between the
radius of curvature for chamfering, and binding strength.

FIG. 16 is a bottom view of another example of the cap.

FIG. 17 is a flow chart showing fabrication processes of
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Description of Preferred Embodiment

A piezoelectric oscillator of the invention comprises a
ceramic substrate 1 as an insulating substrate, an AT quartz
oscillating reed 2, and a ceramic cap 3, which are shown in FIGs
1A, 1B and 1C, respectively. A rectangular recess 4 is formed
on the substrate 1 for receiving a bottom portion of the AT
quartz oscillating reed 2.. From the middle of the shorter sides
of the recess 4, separation grooves 5 and 6 extend outwardly for
disconnection of conductive adhesive, detailed of which will be
described below. "AT" represents a cutting orientation of the

quartz oscillating reed 2.

Layout'of electrical interconnecfion of the substrate is
shown in FIGs. 2A, 2B and 2C. As is shown in FIG. 2A, the
substrate 1 can be imagined as divided into four sections (first
to fourth_quadrants) by X and Y axes passing the center of the
substrate and paréllel to the longitudinal and width directions,
respectively. First to fourth connecting electrodes 7, 8, 9 and
10 are formed in the first to fourth gquadrants of the substrate,
respectively, by metalizing. A séparation groove 5 is located
across the first and fourth guadrants, while a separation groove
6 is located across the second and third quadrants. The first
and fourth connecting electrodes 7 and 10 are adjacent to the
groove 5 and are opposed to each other with the groove 5
therebetween. The second and third connecting electrodes 8 and
9 are adjacent to the groove 6 and are opposed to each other with
the groove 6 therebetween. '

] On the bottom surface of the substrate 1, first to fourth
external electrodes 11-15 are formed in the areas corresponding
to the first to fourth quadrants of the top surface. Metal

REPLACEMENTSHEET




oscill ator. Various piezoelectric oscillating reeds, such as an AT
quattz oscillating reed, are manufactured and comercially avail abl e. Sone
of them have | ead el ectrodes extending toward only one end, others have

t hem extendi ng toward either: end 7 - 16 .

therenf . EQ%tESR%a' th%og% s% % ﬁggggégtgngngoetggpaéna matter of

convenience, for clar;fying the drawings to show each of the

groups. _ _
The first and second connecting electrodes 7 and 8 are
connected to each other by a first metal ipterconnect 15, while
the third and fourth connecting electrodes 9 and 10 are connected
to each other by a fourth metal interconnect 18. Both metal
interconnects are formed by, for example, metalizing. The first
metal interconnect 15 is connected to the second external
electrode 12 via a second metal interconnect 16 which extends
along the side surface through the substrate 1 in the second
quadrant. The second connecting electrode 8 is connected to the
third external electrode 13 wvia a third metal intexrconnect 17
which extends over the second and third quadrants along a shorter
edge of the top surface of the substrate 1 and then down to the
bottom along the side surface through the substrate 1 in the
third quadrant. Similarly, a fourth metal interconnect 18 is
connected to the fourth external electrode 14 via a fifth metal
interconnect 19 which extends along the side surface through the
substrate 1 in the fourth quadrant. The fourth connecting
electrode 10 is connected to the first external electrode 11 via
a sixth metal interconnect 20 which extends over the first and
fourth quadrants along the other shorter edge of the substrate
1l and down to the bottom along the side surface through the
substrate 1 in the first quadrant. The metal interconnects 16,
17, 19 and 20 may be formed by metalizing.

As seen from FIGs..lc and 2A, a group of first to third
metal interconnects 15, 16 and 17 and a group of fourth to sixth
metal interconnects 18, 19 and 20 are arranged so as to be point
symmetry about the center point of the substrate 1.

The AT quartz oscillating reed 2 has a biconvex shape,
where a top view is rectangular and side view along the
longitudinal axis is biconvex consisting of two arcs. This shape
is suitable for shutting the oscillation energy therein. On
eithef-convex éurface of the oscillating reed 2, an excitation
electrode 21 is formed, from which a lead electrbde 22 extends
towards only one end ‘of the oscillating reed. - The excitation
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accordance with the invention is applicable to both types of oscillating
reed. ' The thickness of the piezoelectric oscillating reed is
preferably less than 2.5 nm The thickness of the insulating substrate is
preferably | arger than the height of thegcap. The thickness of the top wal l

. of the CaBl{aéthﬁfe‘Er aghy gyl Jdgﬁelrhaé‘m% g ﬁﬁre@espﬁ%‘éﬁé ghetﬁép

The shape o € cap I n accor ce wt e I nventi on w now be descri bed
in detai |oscit41@§inglpre¢452armr¢ 19P§|$§ﬂda tpdeachatatdhenf apd the lead

pi ezoel eCéiéétQé@éb' 20re:ﬁ£HHH1r§d Neircin Gt ﬁxé"&i@fﬁ@@iéhceﬂéétkbabbng

reed 402, % a substrate 401, es_gectlvel . FI GsinlzsA 1e2tBr an%b 12C the

i1l ustrat® t NEP%aP 40An¢ pend ' of reed are ymmetry o
longitudinal axis of the oscillating reed, that is, offset from
the longitudinal axis in the opposite direction. On the other
end of the oscillating reed 2,' no lead electrode is provided.
_ When placing the AT quart oscillating reed 2 on the
substrate 1 by using a tool so that the longitudinal and
latitudinal axes of the oscillating reed and the substrate meet
each other, without considering its direction, two situations
will occur. That is, a first situation where the lead electrodes
22 contact the first and fourth connecting electrodes 10, and a
second situation where the lead electrodes 22 contact the second
and third connécting electrodes 8 and 9. These two situations
are shown in FIGs. 3A and 3B, respectively.

Taking the first situation as an example, as is shown in

FIG. 3A, one of the lead electrodes 22 is connected to the first
connecting electrode 7, and the other lead electrode 22 is
connected to the fourth connecting electrode 10 at the same end
of the AT quartz oscillating reed 2. The one end of the AT
quartz oscillating reed 2 is bound to the top surface of the
substrate 1 by conductive adhesive 40. The other end portion of
the AT quartz oscillating reed 2, where there is no lead
electrode provided, is positioned over the second and third
connecting electrodes 8 and 9. However, the excitation electrode
21 is formed in the aréa which does not meet the connecting
electrodes 8 and 9, and no electrical connection will be caused
on this side even when the AT quartz oscillating reed 2 contacts
these connecting électrodes 8 and 9. On one end of the AT quartz
oscillating reed, one of the excitation electrodes 21 is
connected via the associated lead electrode 22 to the connecting
electrode 7, and further to the second and third external
electrode 12 and 13 wvia metal interconnects. The other
excitation electrode 21 'is connected via the associated leéd
electrode 22 to the connecting electrode 10, and further to the
first and fourth external electrode 14 via metal interconnects.
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nore detail with numerical values of the dinmensions. FIG 12A is a bottom
view of the cap 403, and FIG 12B is a cross- sectional view along the
X-Y-Z: line of the FIG 12A The portion Din FIG 12B is enlarged, which is
shown in FIG 12C. d ass paste 407 havigig a | ow rrelti ng point is applied

nto th d G
ono,the, R0 i e (! HABRSUCARC Ll oo Ao A Sesbal
i I | ust rat apprearenseet énxtpumetmm%l%s%mlwksﬁawseh and Eh@z@@PééPﬁ-F@l

oscil l ati pgcheed 4 Q% h@a@& 'dfﬂt% b&azaaalae@rgenaaemﬂa%aﬂsa%tal &Bme’i.nb’ElQ
substrate 401 and t cap.4 pi ezoel egtrl ¢ . osci atlngl reed

402 i's mounted off™t FF eré’é?‘&’r'gﬁ?la%d's&f)‘sfw&t §eﬁeﬂdnﬁ tustiPRs§heFPNEPNELE i al
such as cgBanioie Of gkRes leadA el odly 22diseadnakedtedodss ¥HS second

connect abl.g 18RS L ELBRLoG8 P e AR | YR OTebldC SHESLLSESE 22 is
connected to the third connecting electrode 9 at one end of the
AT quartz oscillating reed 2. The one end of the AT quartz
oscillating reed 2 is fixed to the top surface of the substrate
1 by conductive adhesive 40. Although the other end of the AT
quartz oscillating reed 2 is positioned over the first and fourth
connecting electrodes 7 and 10, the excitation electrode 21 does
not reach these connecting electrodes even when the other end
contacts the connecting electrodes 7 and 10, and therefore, there
is no electrical connection on this side. On one end of the AT
quartz oscillating reed, one of the excitation electrodes 21 is
connected via the associated lead electrode 22 to the second
connecting electrode 8, and further to the second and third
external electrodes 12 and 13 via metal interconnects. The other
excitation electrode 21 is connected via the associated lead
electrode 22 to the third connecting electrode 9, and further to
the first and fourth external electrode 11 and 14. Thus,
electrical conducting means (four terminals in appearance, and
two terminals in substance) and mechanical oscillating means of
the AT quartz oscillator are connected. |
When completing the adhesion. of the one end of the AT
guartz oscillating reed 2 on the top surface of the substrate,
the adhered portion is cured at 400 °C. After the cure, the
other end of the AT quartz oscillating reed 2, which is not
adhered to the substrate, is generally freely apart from the top
surface of the substrate, which allowé the AT quartz oscillating
reed 2 to maintain its resonance characteristics. If necessary,
adjustment of the oscillating frequency of the AT quartz
oscillating reed can be carried out at this stage by evaporation
or other method. Then, a cap 3 is attached to the substrate 1
in a nitrogen atmosphere at a sealing temperature of ‘about 400
°C, and finally, the AT quartz oscillator is completed.
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401. On the top surface of the substrate 401 around the recess 417, a
protecti'ng |layer 419 of insulating material is formed so as to overlap a
portion of the |l ead el ectrodes 415. The piezoelectric oscillating reed
402 has 'a excitation el ectrode 412 and gyl ead el ectrode 413 extending from
t.he excitation e ectro

the substrate 401%by %%%d’cﬂ%qﬂevgngﬁﬁégéggiﬁigllfg’ae%g d?%lgi’léfe I?ised%£4l3

i s connecimsulatihg meetbrdladct reach 448 aieudlﬁcmbsisaﬁemﬁﬂ, as theshbomp in

FIG 14. s@f&é@ 824 3Y TR atd G hd Whd'tEBess, except for on the
first to fourth connecting electrodes 7, 8, 9 and 10, to cover
the first to sixth metal interconnects 15, 16, 17, 18, 19 and 20.
The protécting layer 45 and the cap 3 made of ceramic are bound
to each other by using glass 50 having a low melting poirﬁ:. The
cross sectional view of the completed piezoelectric oscillator
seen from the longitudinal side is shown in FIG. 4. In the case
that the cap 3 is made of metal, the surface of the protecting
layer 45 is metalized prior to the binding, and the cap 3 is
bound to the substrate by using solder having a high melting
point. The same protecting layer 45 is used in the other
different examples. _ -

Since the connecting electrodes 7, 8, 9, 10 are totally
identical and are arranged in point symmetry, the AT quartz
oscillating reed 2 can be placed on and bound to the substrate
1 in any directions of the lead electrode 22 of the AT quartz
oscillating reed 2. Thus, a surface-mounted type thin quartz
oscillator, which is more suitable for mechanization than the
conventional oscillator and has higher working efficiency, is
achieved. _

A group of first to third metal interconnects 15, 16 and
17, which are used in the first situation, and a group of fourth
to sixth metal interconnects 18, 19 and 20, which are used in the
second situation, have the same area. size, and their shape and
arrangement are in point symmetry about the center point of the
substrate 1. Therefore, loaded capacitance generated in the
excitation electrode 21 and metal interconnect is the same
between the first and second situations. Thus, irrespective of
‘the direction of the AT gquartz oscillator, the equivalence
capacitance for a quartz oscillator is constant, and oscillating
frequency is always constant.

On the bottom surface of the substrate 1, the external
electrodes of opposite polarity are provided symmetrically about
the Y axis, which enables mounting of the small sized quartz
oscillator in accordance with the module on the printed-wire
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17 functions as a binding surface 426, glass paste 407 having a | ow nelting

point is ‘applied. The cap is covered onto the substrate 401 and seal ed.
The cap 403 has side walls 424 which forma space 422 for storing the
pi ezoel ectric'oscillating reed 402. As 1lhas been descri bed, the end

surface 420uleiligesi diedl L 408 SSEKES4R)0 DLNdbREnBU T A6 O

substrate

Its Ot t'om vi ew cons a hearl Yy I’GC% angu ar

i nner per ipPRGYrades Hf the gagee qumyzmagevmwxm rsysweter keakl n gbout
rounded, ag,ehovlkid, FhELoR 2nabled héﬁpﬂ@mé'n £ AR AW

the cap 403 are set to nm and respectively. The cap 403 is forned

of the substrate.

FIGs. 5A and 5B show another example of the substrate.
A piezoelectric oscillator comprises a substrate 201, an AT
quartz oscillating reed 2, and a cap 3. The AT quartz
oscillating reed 2 and the cap 3 are the same as those shown in
FIGs. 1A and 1B. On the top surface of the substrate 201, a
recess 205, Separation grooves 205 and 206, first to fourth
connecting electrodes 207, 208, 209 and 210 are formed, which are
the same as those described in connection with the first example.

The first and second connecting electrodes 207 and 208 are

connected to each other via a first metal interconnect 215, while
the third and fourth connecting electrodes. 209 and 210 are
connected to each other wvia a third metal interconnect 217,
similarly to the first example.

In this example, the number of external electrodes formed
on the bottom of the substrate 201 is two, as is shown in FIG.
5B. A first external electrode 202 is formed across the first

and fourth quadrants, while a second external electrode 203 is

located across the second and third quadrants. The second
connecting electrode 208 is connected to the first external
electrode 202 via the second metal interconnect 216 through a
longitudinal side wall of the substrate 201. The fourth
connecting electrode 210 is connected to the second external
electrode 203 via the fourth metal interconnect 218 through the
other longitudinal side wall of the substrate 201. '

A group of the first and second metal interconnects 215
and 216 and a group of the second and third metal interconnects
217 and 218 are the same in area size, and are arranged in point
symmetry about the center point of the substrate 201. When the
AT quartz oscillating reed 2 is placed in the recess of the
substrate 201, one of the excitation electrodes 21 on the
oscillating reed 2 is connected to the first external electrode
202, and the other excitation electrode 21 :ts connected to the

of
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so that the width of the end surface 426 (that is, a distance between the
i fner and outer peripheries 428 and 429) is equal at any portion of the end
surface. " For this reason, the four corners are rounded to have the sane
width W whi'ch is set to 0.8 mmin thisi2exanple. Thus, the binding area, to

Whi ch segliddq a8gebrhhe EEEH:B&gF’Qth ggﬂggspaé & 14‘97a}ué§té‘p8$éfﬂ%atér

uni form at any gOI’tIOﬂ O e end surfa

ereby preventin
concent rRAYHRJ ofweh&ezadmad§ ddefomrd-atash iy &HW% ang, %e%%ﬁ%%nFP%nal

cap PaVlctEuﬁp CO I FthalVisulb st rait@h 20angl Thid hevositdirmiafall becitlatbrphaki the i S
great er an

concent r¥f8St % ?ﬁgklﬁ?%é?&%%$oruggggﬁ?e R%%e3§§@%§§§ 8§8%%%?§8%péftehﬁlng
the w dtfinéttesampliesurface uniform An enl arged cross-secti onal
view of the end portion of the :

FIGs. 6A and 6B show still another example of the
substrate. The AT quartz oscillator of this example comprises
a ceramic substrate 301, an AT quartz oscillating reed 2, and a
cap 3. The AT quarfz oscillating reed 2 and the cap 3 are the
same as those shown in FIGs. 1A and 1B. Similarly to the first
example, a recess 304, separation grooves 305 and 306, and first
to fourth connecting electrodes 307, 308, 309 and 310 are formed
on the substrate 301. On the bottom surface of the substrate
301, as is shown in FIG. .GB, six external electrodes are
provided. The first to fourth external electrodes 331, 332, 333
and 334 are formed in the areas corresponding to the first to
fourth quadrant of the top surface, respectively. The fifth
external electrode 335 is formed across the second and third
gquadrants, and the sixth external electrode 336 is located across
the first and fourth quadrants.

The first and second connecting electrodes 307 and 308 are
connected to each other by a first metal interconnect 315, while
the third and fourth connecting electrode 309 and 310 are
connected to each other by a fifth metal interconnect 319. The
first metal interconnect 315 is connected to the second external
electrode 332 via a second metal interconnect 316 through a
shorter side wall of the substrate 301 in the second quadrant.
The first connecting electrode 307, which is connected to the
second connecting electrode 316, is connected to the third
external electrode 333 via a third metal interconnect 317 which
extends over the second and third quadrants on the top surface
of the substrate 301 and then dowh to the bottom along the side
wall in the third quadrant. The third metal interconnect 317 is
also connected to the fifth external electrode 335 via a fourth
metal interconnect 318 which extends through the shorter side
wall of the substrate 301 across the second and third quadrants.
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cap 403 is shown in FIG 12C. The edges of the end surface 436 are

chanfertd with'a radi us of curvature WR so that the 0.8 nmw dth consists
of 0.4 mmof a flat center portion 430 and 0.2 nm of rounded portions 431
on either side of the flat portion. Ga@,s paste 407 having a | ow nelting

point is applie hﬁgﬁ% §¥g} ts
The gl ass asteq3%5 £P§ I'm nari sintered ?26 HS%SS%ﬁgé&ee?Sggingé o
and is dég&§§édexﬁiﬁtf§|alt ﬁée§§FPGPf ?’%ﬁt‘f’d‘h a giagthapersd 1w ﬁF&E’@&e&ﬁtg ﬁhe

subst r at gn#Bhg sthhaaloh ereas!déwémenﬂaﬁ:e Foutthhquadeaatt.i ngheageurthd on

e s AL & e ha st uq [heohlited [RIOEoT 0 AW Liskebhd
si nteri nglectrode 331 via a seventh metal interconnect 321 which extends
over the first and fourth guadrants and then down to the bottom
through the side wall in the first quadrant. The seventh metal
interconnect is also connected to the sixth external electrode
336 via a eighth metal interconnect 322 through the shorter side
wall of the substrate 301 across the first and fourth guadrant.
with this structure, a group of the first and second

connecting electrode 307 and 308 is connected to the second,
third and fifth external electrodes 332, 333 and 335, while a
group of the third and fourth connecting electrodes 309 and 310
is connected to the first, fourth and sixth external electrodes
331, 334 and 336.
A group of the first to fourth metal interconnects 315,
316, 317 and 318 and a group of the fifth to eighth metal
interconnects 319, 320, 321 and 322 are the same in area size,
and are arranged in point symmetry about the center point of the
substrate 301. With this structure, when placing the AT quartz
oscillating reed 2 in the recess of the substrate 301, one of the
" excitation electrodes 21 on the oscillating reed 2 is connected
to the second, third and fifth external electrodes 333, 334 and
335, and the other excitation electrode 21 is connected to the
first, fourth and sixth external electrodes 331, 334 and 336.
Thus, the surface-mounted type AT quartz oscillator having six
terminals in appearance but two terminals in substance is
completed by attaching and sealing the cap 3 to the substrate
301. ' _
This quartz oscillator has the same effect and advantages
as the first example, and besides, it is applicable to a more

complicated printed-wiring substrate.

"Modifications of the piezoelectric oscillating reed { such
as an AT quartz oscillating reed) are shown in FIGs. 7 and 8.
Other than the biconvex shape, the side view in the longitudinal
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18 tenperature to nelt the glass 407. Any cl earance gaps between the

protecting layer 419 and the end surface 426 of the cap 403 are filled wi'th

the nmolten glass 407. Thus, the cap 403 and the substrate 401 are seal ed

with the piezoelectric oscillating reed 402 inside. The | ead el ectrode

413 of LhePLEEREheokl ¢ 9201 LAt et 1021 sesbechl CaLLESgaE oyt ©

401 vi a cbtnapetoid.adiesilead el datahdd eat thelcogHEil it angl inepd eagaetend
toward both ends thereof.

In more detail, the piezoelectric oscillating reed 602
shown in FIG. 7 has a rectangular top view, and its longitudinal
side view is also rectangular in shape. On the top and bottom
surfaces, excitation electrodes 621 are provided, each of which
has lead electrodes 622 extending from the diagonal corners in
the opposite direction toward either end, being offset from the
longitudinal axis. In other words, the lead electrodes 622 are
arranged in point symmetry about the center of the oscillating
reed 602.

In the modification shown in FIG. 8, the oscillating reed
702 has a rectangular top view, and has slopes 702b slanting from
the top to the bottom surface at both its ends along the
longitudinal direction. The longitudinal side walls 702a are
parallel to each other. The excitation electrodes 721 are
provided on the top and bottom surfaces to be opposed to each
other, from each of which a lead electrode 722 extends in the
opposite direction toward either end of the oscillating reed 702.
The lead electrodes 722 of the top and bottom surfaces are
arranged in symmetry about the longitudinal center axis of the
oscillating reed 702.

The material of the piezoelectric oscillator of the
invention is not limited to quartz, and other materials, such as
lithium tantalate or barium titanate, can be used. Further, the
container consisting of the cap and the substrate is applicable
not only to the piezoelectric oscillator, but also to a filter

using a piezoelectric oscillating reed.

Still another modification of the piezoelectric oscillator
is shown in FIGs. 9A, 9B and 9C, illustrating a cap 903, a
piezoelectric oscillating reed 902 -and a substrate 901,
respectively. The substrate in this example has no recess or
separafion grooves which are formed in the first example, and has
a plane top surface. The other elements of the substrate 901 are
the same as those in the first example. That is, first to fourth
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t he protectlng | ayer 4109. ' Since the end surface 426 of the cap 403
is {niformin dimensi on and shape and has chanfered portions 431, -
sufficient' space for receiving the nolten glass 407 is secured, thereby
achi eving uni form gl ass sealing all aroupsl the side walls wi t hout overf!l ow

or 1ack ofogm) r@}%&% sl aste 4g?%dt@0§’fax{d‘§16' dﬁ%@k'tcﬁs& éﬁnﬂe’%a&”

uni form am)unt af an orfioh o ar ea,

whi ch realﬁf%&rqqf?’?ﬁ%% §é§uréﬂ-53ea?4'ﬁg 913 919Th@‘¢eﬁaplror?§fﬂ pfbéﬁﬁ/eé?ﬁ’

t he b|nd|m@uﬂﬁﬁngxﬁbﬁﬁahtémbéﬁgbdgsqar§¢gﬁﬁuiaéacﬁ t he chanfered portion
is shown in FIG 15., The radi us o vat.ure WR_O he C anfﬁgﬁd gprtlg
431 is varied w th BRESFRFETC ﬂ?(?lg‘r}t? negdy AE"P5S d

line in tHes ctiet samewstytge 8snghognstimergte. when 1Stim1gla1§§r 46y the lead
electrode 622 in FIG. 7, a lead electrode 922 extends from the
diagonal corners of the excitation electrode 921 in the opposite
direction toward either end of the oscillating reed 902, and the
lead electrodes 922 on the top and bottom surface are arranged
in point symmetry about the center point of the oscillating reed
902. At one end of the oscillating reed 902, a pad 925 is
provided on the end portion of the each lead electrode 922. The
pad 925 covers over a end portion of the lead electrode from the
top through the side to the bottom surface. Solder or adhesive
930 is thickly applied on the pad 925 on both top and bottom
surface. The piezoelectric oscillating reed 902 is placed onto
the substrate 901 so that the pads 925 meet the first and fourth
connecting electrodes 907 and 910, or alternatively the second
and third connecting electrodes 908 and 909. The position of the
oscillating reed 902 is controlled in the horizontal direction
by a tool, and binding between the pads 925 and the connecting
electrodes is carried out by heating them under the position
control. In this manner, the oscillatihg reed 902 is mounted on
the substrate 901 and the the excitation electrodes 922 is
connected to the external electrodes. The other end portion of
the oscillating reed 902, which is not adhered to the substrate,
is spaced away and free from the connecting electrodes on the top
surface of the substrate 901 as a result of a curing effect of
the adhesive. As a result, vibration of the oscillating reed 902

is not restricted. Adjustment of the frequency is carried out
at this stage. Finally, the cap 903 is covered over the
substrate 901 and is sealed to complete +the piezbelectric
oscillator. _ '

Various piezoelectric oscillating reeds, such as an AT
quartz- oscillating reed, are manufactured and commercially -
available. Some of them have lead electrodes extending toward
only one end, others have them extending toward either end
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having a low nelting point is applied to a thickness of 0.4 nm while the
dashed |i.ne shows the bi ndi ng strength when the glass 407 is applied to a

t hi ckness of 0.15 mm (t = thickness of the glass 407) The 0.4 nm
thickneés oF the gl ass 407 represents al@ufficient bi ndi ng strength of nore

‘than'15 U% a r’ﬂ% e :g{: Curvgt%b’ﬁgi%ﬁ rgn bgizﬁgt%?’a}la Q %a?“lrl n

this range o the ra ure s con the seCured
seal i ng #esoxdanegewith the Wﬁé’fﬁft'qié’f?a%ﬁu§99ﬂi§§b&§t e Bgth stypes fan

0. 03 nnlog&glgaggggfgbéaCN|ng the gl ass paste 407 under the chanfered

portion 431 bec s insufficien I ch neans that nost, o e gl ass paste
applied on the gﬁgsﬁh¥ e (ﬁhquéEQR;qﬁﬁI9§E&%i EJ#%CF?S%

only a rptetedablyuriiess t&ansZpasmﬁ.mmuhetmmfﬁkméséhefbthd|ﬂ@sulatlng
substrate is preferably larger than the height of the cap. The
thickness of the top wall of the cap is preferably smaller than
the height of the recess of the cap.

The shape of the cap in accordance with the invention will
now be described in detail. FIGs. 11A, 11B and 11C show a
modification of the piezoelectric oscillator comprising a cap
403, a piezoelectric oscillating reed 402, and a substrate 401,
respectively. FIGs. 12A, 12B and 12C illustrate the cap 401 in
more detail with numerical wvalues of the dimensions. FIG. 12A
is a bottom view of the cap 403, and FIG. | 12B is a cross-
sectional view along the X-Y-Z line of the FIG. 12A. The portion
D in FIG. 12B is enlarged, which is shown. in FIG. 12C. Glass
paste 407 having a low melting point is applied onto the end
surface (binding surface) of the cap 403, as is shown in FIG. 13,
for the binding to the substrate 401, and FIG. 14 cross-
sectionaliy illustrates a completed piezoelectric oscillator with
the piezoelectric oscillating reed 402 being inside the sealed
container consisting of the substrate 401 and the cap 403.

The piezoelectric oscillating reed 402 is mounted on the
rectangular substrate 401 made of insulating material such as .
ceramics or glass. A recess 417 and lead electrodes 415
connectable to the external equipment are formed on the substrate
401. On the top surface of the substrate 401 around the recess
417, a protecting layer 419 of insulating material is formed so
as to overlap a portion of the lead electrodes 415. The
piezoelectric oscillating.reed 402 has a excitation electrode 412
and a lead electrode 413 extending from the excitation electrode.
One end of the oscillating reed 402 is fixed to the substrate 401
by conductive adhesive 416 so that the lead elect.;rode 413 is
connected to the lead electrode 415 of t.he substrate 401, as is
shown in FIG. 14. Oon the end surface of the cap 403 which




On the other hand, when the radius of curvature WR is

19-'beyoid 0.3 mm the flat portion 430 is decreased and the gl ass 407 stays
deeply under the chanfered portion 431. That is, the glass 407 does not
cover a’'sufficient area-between the protigcting |ayer 419 and the end

zﬂ ﬁgesgfa\??%%ﬁ@%% %Jsi?oﬂs?&i‘t@ slrfad&Used AUl PAt 209! Bavifg dUablty
melting point is applied. The cap is covered onto the substrate
401 and sealed. ) | |

The cap 403 has side walls 424 which form a space 422 for
storing the piezoelectric oéciliating reed 402. As has been
described, the end surface 426 of the side walls 424 serves as
a binding surface to the substrate 401, and its bottom view is
constructed by a nearly rectangular inner periphery 428 and outer
periphery 429 with their corners being rounded, as shown in FIG.
12A. In this example, the length and the width of the cap 403
are set to 10 mm and 5 mm, respectively. The cap 403 is formed
'so that the width of the end surface 426 (that is, a distance
between the inner and outer peripheries 428 and 429) is equal at
any portion of the end surface. For this reason, the four
corners are rounded to have the same width W, which is set to 0.8
mm in this example. Thus, the binding area, to which sealing
agent (low melting point glass paste 407) is applied, is uniform
at any portion of the end surface 426, thereby preventing the.
concentration of the sealing agent to a particular area. 1In a
conventional cap having corners with a right angle, the width of
the corner portions is greater than the other wall portions, and
the sealing agent is apt to concentrate to the larger corner
areas. This drawback is avoided by making the width of the end
surface uniform.

An enlarged cross-sectional view of the end portion of the
cap 403 is shown in FIG. 12C. The edges of the end surface 436
are chamfered with a radius of curvature WR so that the 0.8 mm
width consists of 0.4 mm of a flat center portion 430 and 0.2 mm
of rounded portions 431 on either side of the flat portion.
Glass paste 407 having a low melting point is applied on the
chamfered end surface 426 to a thickness of 0.4 mm. The glass
paste 407 is preliminarily sintered for removing of the binder,
and is degassed. After the solidification, the cap 403 is placed
onto the substrate 401 so that the end surface 426 is on the
prqtecfing layer 419 on the substrate 401 via the glass 407. The
thus arranged cap 403 is heated under vacuum or gas atmosphere
at a temperature higher than the preliminary sintering

]
i
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relatlonshlp mnth t he bi nding strength. When the binding strength is nore
than 15 Kg, inferior sealing sel dom occurs, but when it is |less than 15 Kg,
the i'nferior sealing percentage increases. ~ In the exanple of this

i nvention, the radius of curvature VWR aofg the chanfered portion 431 is set

‘to 0.2 ggamﬁaﬁtvﬁieuetd P Al dfaddiadh Il fop d?w&r aéfgéﬁg b@tkken.

limts e range, strongest

necessarYhénﬁﬁﬁﬁe@ﬁigﬂaé§YEébﬁé94@PdcGﬁ?rPBGtPHgfﬁﬁetﬁgsbPﬁdFﬁﬁ SﬁB ﬁgﬁllng

of Ehet CapbaFneN edSwiehUERRYmBELENDgLEBE MONE GMIY i Rt 403 48 &hd the
protectin

| ow nel tFﬂBlsa%I%%;ligit Bﬁesﬁﬁ?gg?ﬁﬁ’fet ei"hml Cﬁlé'ré%s?rsé&%f ¢ 1§bgﬁﬁf'ﬁ‘§ggg‘8g2¥§§§ and

cause i nfiegi oinsgdéing drlee t Adag kedbéctredéf i 412ntofanthet piezoelectric
oscillating reed 402 is electrically connected to the external
electrode 414 formed on the bottom surface of the substrate 401
via conductive adhesive and lead electrode 415 extending beneath
the protecting layer 419.

Since the end surface 426 of the cap 403 is uniform in
dimension and shape and.has chamfered portions 431, sufficient
space for receiving the molteﬁ glass 407 is secured, thereby
achieving uniform glass sealing all around the side walls without
overflow or lack of molten glass. The uniform width of the side
wall results ih an uniform amount of the glass paste 407 at any
portion of the binding area, which realizes firm and secured
sealing.

' The relationship between the binding strength and the
radius of curvature of the chamfered portion is shown in FIG. 15.
The radius of curvature WR of the chamfered portion 431 is wvaried
with the width of the end surface 426 being equal. The solid
line in the chart shows the binding strength when the glass 407
having a low melting point is applied to a thickness of 0.4 mm,
while the dashed line shows the binding strength when the glass
407 is applied to a thickness of 0.15 mm. (t = thickness of the
glass 407) The 0.4 mm thickness of the glass 407 represents a
sufficient binding strength of more than 15 Kg with a radius of
curvature WR in a range of 0.03 to 0.3 mm. In this range of the
radius of curvature, it was confirmed that the secured sealing
was achieved. '

When the radius of curvature WR is less than 0.03 mm, the
space for storing the glass paste 407 under the chamfered portion
431 becomes insufficient, which means that most of the glass
paste applied on the end surface 426 flows out in the horizontal
direction and only a reduced amount of glass paste contributes
to the binding.

On the other hand, when the radius of curvature WR is
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gl ass. Wen the glass 407 is applied too thickly, it overflows outside the
container, which results in a bad appearance. The thickness of the
appl1cat|on of the glass nust be closely controll ed. Only the outer
corners of the cap may be made round, wsth the inner corner being a right

‘angl e. %@%oﬁdceps%a '%h%h%ﬂ rbd:zlt@:orimmo i&aé%éé%& ba{d Oémrflgi“%gé the

cap 450 é_OMAn the shape of th surfac e side wa t he

cap 450. 1460 cSFR %rdﬁ%PiﬁhBPQeESQthcPﬁ@féﬁﬁdsBPFﬁé@n4ﬁ%1ts Thet ahgul Brewi th
right angl&#ss 407 |dbdsactitoieReai PREFYcH&it ated detdednCEhagstoteditngi dt h

peri phertatge ML eEnd T Gl SusBHE Tarh MERIch Rl CtedifceOR, o
shape anoemmwmm SmregmhsuﬂﬂmCQuaSGtxrefttm saad ing hhssa closde
cap 403 (epLtiBRShip with the binding strength. When the binding
strength is more than 15 Kg, inferior sealing seldom occurs, but
when it is less than 15 Kg, the inferior sealing percentage
increases.
In the example of this invention, the radius of curvature
WR of the chamfered portion 431 is set to 0.2 mm. This value is
located in the middle of the upper and lower limits of the range,
' and shows the strongest binding ability. Also, a necessary
amount of glass paste 407 contributing'to the binding and sealing
of the container is securely held between the chamfered portion
431 and the protecting layer 419. | '

When the thickness of the glass 407 having a low melting
point is too small, the binding strength abruptly decrease and
cause inferior sealing due to lack of a sufficient amount of
glass. When the glass 407 is applied too thickly, it overflows
outside the container, which results in a bad appearance. The
thickness of the application of the glass must be closely
controlled.

Only the outer corners of the cap may be made round, with
the inner corner being a right angle. Such a cap 450 is shown
in FIG. 16. FIG. 16 is a bottom view of the cap 450, showing the
shape of the end surface 456 of the side walls of the cap 450.
The inner periphery 458 of the end surface 456 is rectangular
with right angles, while the outer periphery 459 has rounded
corners. The width W of the end surface: 456 (i,e, a distance

‘is set equal at any

between the outer and inner peripherié
portion thereof. The cross-sectional shape and dimensions of the
end surface 456 are the same as those in the cap 403 described
above, and are equal at any portion. Accordingly, when binding
the cab 450 to the substrate 401, secured sealing is achieved and
the same effect and advantages are obtained as the cap 403.
Although the binding (or séaling) effect between the
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above, and are equal at any portion. Accordingly, when binding the cap 450
to £he slbstrate 401, secured sealing is achieved and the sane effect and
advant-ages’ are obtained as the cap 403. 'AIthough t he binding (or.
seal i ng) "effect between the , 20

substrat e %%éféﬁté%&‘aé?&eéé}%%éé Jreeiste éé’smt &%&Hé&%ﬂ?ﬁ Yeaf e
gl ass paste avi n ow el ting poin epoxy
usage of glass paste 407 hav1ng a low meltlng p01nt epoxy resin

may be used as a sealing agent. In the_case of using epoxy
resin, the shape of the end surface of the cap in accordance with
the invention does not lose any binding effect and advantages.

Fabrication processes of a container of a .piezoelectric
oscillator will now be described with reference to a flow chart
of FIG. 17. The container is made by binding the substrate 401
and the cap 403 shown in FIGs. 11C and 11A, respectively. The
substrate is preferably made by utilizing a green sheet, which
is a known technigue and the explanation is omitted here.

First, an original cap 403b is formed in step S1, by using
ceramic powder made by granulation of alumina powder and a
binder. The original cap 403b is subjected to a sintering
process (S2) and barrel treatment (S3) to complete a cap 403.
In step S4, giass having a low melting point 407 is applied onto
the end surface 426 of the cap 403 by a dispenser, and is then
preliminarily sintered in step S5 for solidification. Meanwhile,
in parallel to the steps S1 to S5, an oscillating reed 402 is
fixed onto the substrate 403 in step S6. In step S7, the cap 403
is attached via glass of low melting point 407 onto the substrate
401 mounting the oscillating reed 402, and the container is
sealed by heating the glass of low melting point 407.

More particularly, in step Sl,.thé original cap 403b is
formed by compressing the ceramic powder by using a forming die.
At this stage, the edges of the end surface 426b of the original
cap 403b has not vet been chamfered. The bottom view of the
original cap 403b is the same as that shown in FIG. 12A.

The original dap 403b is heated in the sintering step S2
to extinguish the binder. After degassing, the original cap is
solidified. ,

In step S3, a plurality of sintered caps 403b are put into
a cylinder of ‘a barrel grinder together with alumina balls and
lubricant for the chamfering of the end surface 426 of the
original cap 403b. The cross-section of the chamfered portion
431 of the cap 403 is the same as that shown in FIG. 12C.
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may be used as a sealing agent. In the case of using epoxy resin, the
shape of the end surface of the cap in accordance with the invention does
not |o0se any bi ndi ng effect and advantages. Fabricati on processes
of a contalner of a piezoelectric oscillzator will now be described with

reference (0 a fhoEhasl oo FifamddredNEngOBheEAGE A26/PgeabE BhYandosNC

substrate 401 and the cap 403 shown in A, respectlvely The
subst r at e 18s appdied MSing f PHPRANSET,| ﬁﬁ‘ié’tfgf’é’é‘ﬁ’ré-ﬁgét a FEriRIPs 485 kﬁeﬂn
t echni queaawrfdie:m)qﬂ anedt oshown Py ds eflshehéwn in FIGF 18, @heoskginge

cap 403b i35 \%”BQn{:goiigﬁ g‘% bé%#ﬁéﬂl% i ol 1&’8"%% df} cé}bor%%gi Zhison

of al um na po origi na subjected to a

sinteringcap 403 with the end surface facing upward. The syringe 485
includes a syringe body 486, a pipe-like needle 488, and a cap
487 having an air pipe 489 in the hole 487b.

. Glass paste 407 is injected into the syringe body 486.

A temperature controller 491 comprises a chiller 492 and a
circular pipe 493 which is wound around the syringe body 486."
The temperature controller 491 performs heat exchange between the
dispenser 485 and the chiller 492 via the circular pipe 493 in
order to maintain the temperature of the glass paste 407 having
a low melting point contained in the syringe body 486.

The relationship between the viscosity and the temperature
of the glass paste 407 is shown in FIG. 19. In the range of 30-
40 °C, the viscosity of the glass 407 is 98 to 105 poise (ps)
which is suitable for binding. By cbntrolling the temperature
of the glass paste 407 at 30-40 °C by using the temperature
controller 491, the viscosity of the glass 407 is maintained
substantially constant even with the change of the room
temperature, which results in a constant ejecting speed.

The reasons why the temperature of 30-40 °C is suitable
are as follows. (1) At a temperature higher than 40 °C, the
viscosity of the glass paste becomes_ lower with <temporary
stability. However, it is apt to causé separation of the glass
powder and the binder, and therefore, agitation must be repeated
for uniformity of the glasé paste 407, which reduces mass-
productivity. (2) At a temperature lower than 30 °C, the control
of the glass paste temperature is carried out near the. room
temperature with little difference between the room temperature
and the controlled temperature. In such a case, the temperature
of the glass paste is easily affected by the room temperature.
At the same time, the viscosity becomes high, which requires a
highex: pressure for the application of the glass paste and causes
unstable ejecting.

In the embodiment, the temperature of glass paste 407 is
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process (S2) and barrel treatment (S3) to conplete a cap 403. In step $4,
gkass having a low nelting point 407 is applied onto the end surface 426. of
the cap 403 by a dispenser, and is then prelimnarily sintered in step S5
for solidifi‘cation. Meanwhile, in paral2zl to the steps S1 to S5, an

-osci lHlatin d 402 s dento. t 40

S7, the E‘S%“EB neé A% a%% %VI3§ g%as@% Pg\%végn% isl %&E onkJ 0 the
subst r at caz@y eutrunhforncappticationpf dhe g@zsstSFQeV%@htaathéplﬁr@ss
seal ed byohggt ipdehs @ aﬁ:?e?ér]:@&’ Firdddld Painy é?fin e 486 Mxy;eich is

B e e e g R RO phaniS'rTd R SATRESY,

end surfase 4390 of the widedilenl48MpF468H has rrid yesvdeealehg)f ehedendlhe

bottom vi e\{'vf%fcet UIEZGO ri gbﬂ%':.ng L?:hig?’%p'esratt eons'an‘eilaslé h%pﬁf?&@ E.Htgl (\:‘.’h 12A.
syringe 486 through the air pipe 489 to increase  the air
pressure. The glass paste is ejected from the tip of the needle
488 and is applied on the whole length of the end surface 426 of
the cap 403. For example, the ejection is started at the point
"a" (see FIG. 18), and is continued along'the end surface 426
passing through points "b", "c", "d", "e" and "f". When the
syringe 485 returns to the initial point "a", the ejéction is
terminated. More particularly, the ejection of the glass paste
407 is stopped by reducing the air pressure inside the syringe
486 at the point "f" which is located immediately before the
initial point "a", while keeping the syringe moving toward the
point "a". 1In this manner, overlap of the glass paste 407 at the
point "a" is prevented ‘to achieve uniform application.

In this example, the syringe 485 is moved with the cap 403
being fixed. However, the reverse is also available. That is,
the cap 403 may be moved while fixing the syringe 485, or
alternatively, combination of movement of the cap 403 and the
syringe 485 may be used.

' In the preliminary sintéring process (S5), the cap 403
having the glass paste on its end surface 426 is heated at about
365 °C to remove the binder, and is solidified after degassing.

In the step S6, the piezoelectric oscillating reed 402 is
fixed by conductive adhesive 416 to the substrate 401, as is
shown in FIG. 14, so that the lead electrode 413 is connected to
the lead electrode 415 of the substrate 401.

In the sealing process (S7), the cap 403, which has been
subjected to the preliminary sintering, is placed onto the
substrate 401 having .the oscillating reed 402 so that the
proteéfing layer 419 od:the substrate meets the end surface 426
of the cap 403 with the glass of low melting point 407
therebetween. The thus arranged oscillator is heated at about
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The original cap 403b is heated in the sintering step S2 to extinguish the
bi-nder.  After degassing, the original cap is solidified. In step S3,
a plurality of sintered caps 403b are put into a cylinder of a barrel

gri nder together with alumna balls andyj ubricant for the chanfering of the

‘end surfggp 486iAf thBevablLinnal §48 4OibspHdie (P SRIINEUHL Y1l 197 for

chanf ered gortlon 431 of the cap 403 1s the sane as that shown in FI G
the sealing of the cap 403 and the substrate 401. Because of the
chamfered portion 431 and the equal width of the end surface 426,
as well as the uniform application of the sealing glass paste
407, the sealing glass 407 is uniformly spread and effectively
held between the cap 403 and the substrate 401 without lack or
overflow of the glass paste, which results in a superior binding

effect of +the container without adversely affecting the

12C

appearance.

FIG. 20 cross-séctionally shows s_till another modification
of the cap. The cap 503 is also manufactured by compressing
ceramic powder by using a forming die, which is the same process
as step S1. However, the chamfered portion of the end surface
of the cap is also formed during this step. The shape of the end
surface 526 is slightly changed. Namely, the end surface 526 has
a flat portion 530, chamfered portions 531 and a shoulder portion
532. Only the flat portion 530 and the chamfered portion 531
contribute to the bindihg between the cap 530 and the substrate.
The width of the flat portion 530 as well as the width of the
chamfered portion 531 are equal at any'portion of the end surface
526. The thus fabricated cap 503 is sintered similarly to the
step S2. The barrel-grinding (i.e. éhamfering) process is

omitted.

It should be noted that .many' other changes and
modifications are apparent to those skilled in the art, without
departing from the principle and the scope of the invention which

is defined by the appended claims.
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21 Then, on the chanfered end surface 426, glass paste 407 is

anpl e usina 2 di sperncer, wn oh compr ses = syt nae 485 ML IIIItIIIIII
novable'in the lateral direction over tde cap 403 with the énd°®suffale ®

-facing upward. The syringe 485 | ude e body 486, a pipe-like
needl e 488, and a cap 487 haV|n3h§% ggrénﬂIﬁ¥§88§in the hole 48$bP

G ass paste 407 is injected into the syringe body 486. A tenperature
control | gr, 491ACOﬁPék§8§eétE-Eb| | 854922868 acompEildiaig Piapepd@2oshieditriie

heat excRATIA1SEN TS SpEhscSiBS TP | FEIRTTTT G 49900t ALPRe. he

circul ar pﬁ.ie@bﬂ%'i:ﬁﬂc oscillating reed, and a cap bound to the top
surface of +the insulating substrate for enclosing the
piezoelectric oscillating reed, wherein at least four connecting
electrodes, which are divided into two groups, are fo:med on the
insulating substrate for electrical connection with the
piezoelectric oscillating reed, connecting electrodes included
in the same group being connected to each other wvia metal
interconnects formed on the insulatihg substrate.

2. A piezoelectric oscillator according'to claim 1, wherein said
metal interconnects for the interconnection of the connecting
electrodes in the same group are formed on the substrate so as
not to overlap each other.

3. A.piezoelectric'oscillator according to claim 2, wherein said
insulating substrate is a rectangular plate, and two electrodes,
each of which belongs to one group, are arranged along a short
side of the substrate and the same is done on the other short

side of the substrate.

4. A piezoelectric oscillator according to claim 3, wherein the
connecting electrodes located in the same longitudinal side are

included in the same group.

5. A piezoelectric oscillator according to claim 3, wherein at
least two external electrodes are provided on the bottom surface
of the insulating substrate, to each of which the metal
interconnects for each group are connected through a side surface

of the insulating substrate.

6. A biezoelectric oscillator according to claim 4, wherein the
number of the external electrodes is two and each of the external

electrodes is formed along the respective short side of the
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order to maintain the tenperature of the glass paste 407 Taving a Tow

mel ting point contained in the syringe body 486. Th ' '
bet ween, the viscosity and the tenperature of the glass pgsj“lﬂ ﬂ "i“m !@H““
in FIG 19. In the range of 30- 40 [err3%x, the viscosity of sthe gkass 7 *

1S 98 tojdOn peiag SABstYhiceh IS suitable for binding. By controlling the
tenperature of the glass paste 407 at 30-40 C by using the tenperature

controll'er 491, the viscosity of the glass 407 is mai nt ai ned substantially
const ant7 even piid4dbd Tectihibd gssef 1 1o cied2Mef ald!iclaivhidGhwhegeihStha a

const ant_ ej.ecti ng eed. he reasons, why the tenmperatuge of 30-40 C
i s sui téb‘f'tb%? laogs%BSI PERSTIEY e}tecé:rt rat u#l%‘“fﬂ (ﬂ‘fé‘im archother, pre,
the vi scoscayedfalonggkash oS theh eomeistudimal vaides evpothe yinsabakihy. -
However g ifstSa@t 150th8USEcIARRLALIEORRE! cbBRe®saSSs

8. A piezoelectric oscillator according to claim 6, wherein two
.external electrodes near one short side are connected to a group
of éonnecting electrodes and the other two external electrodes
near the other shorter side are connected to the other group of
connecting electrodes.

9. A piezoelectric oscillator according to claim 4, wherein said
connecting electrodes, as well as the metal interconnects, are
formed on the insulating substrate in point symmetry about the
center point. |

10. A piezoelectric oscillator according to claim 9, wherein
said connecting electrodes are formed in line symmetry about the
longitudinal center line on the insulating substrate.

11. A piezoelectric oscillator according to claim 10, wherein
the two connecting electrodes formed along each of the shorter
sides of the insulating substrate are opposed to each other with

'~ a separation groove between them.

12. A piezoelectric oscillator according to claim 1, wherein
said cap is fixed onto the top surface of the insulating

substrate by an adhesive.

13. A piezoelectric oscillator according to claim 12, wherein
said cap has side walls with an end surface which is chamfered
and is to be fixed onto the periphery of the insulating

substréte.

14. A piezoelectric oscillator according to claim 12, wherein
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powder and the binder, and therefore, agltatlon must be repeat ed for

uni formty of the gl ass paste 407, which reduces nass- jﬂlﬂ' uu' m
a tenperature |ower than 30 C, the control of the glass p

-|s carried out near the roomtenperaturd® with little difference between the

“roont t enpgf @t HEFhm tdeaL oPhi ok! ﬁ%v&?\gp%rrﬁ%g(feﬁugfggﬁewﬁigﬁs%.s ¢ pe

terrperature of ass paste Is easi room t énper at ur e.
At the shifed aRtoy %@%lmll%ﬂbe‘éﬁnﬁbeh Flgﬁlﬂﬂmi@b adstretes randethe

pr essur e deh tde a@lenaatsuerfa@e b&etﬁﬁﬁﬁd@%ﬁﬂt@&% efak&%?.souaet g{%eﬁ%]?ll }
ej ecti n%.ength of _@héhgl gbvowgiggr.lt the tenperature of gl ass pa

15. A piezoelectric oscillator according to claim 14, said end
surface of the side walls is chamfered.

16. A piezoelectric oscillator according to claim 15, wherein
both the inner and outer edges of the end surface of the side
walls are chamfered with the same radius of curvature.

17. A piezoelectric oscillator according to claim 15, wherein
a protecting layer made of insulating material is formed on the
top surface of the insulating substrate to which the cap is
fixed.

18. A piezoelectric oscillator according to claim 17, wherein
said protecting layer covers a portion of the top surface of the
insulating substrate, which area size is larger than that of the
end surface of the cap.

~19. A piezoelectric oscillator according to claim 15, wherein
said cap is fabricated by powder molding.

20. A piezoelectric oscillator according to claim 15, wherein
said adhesive is glass.
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22 mai ntai ned at about 35 [err]C (The vi t 100 ps) to carry
Ve hi treied Bnes

out uniform application of the glass padt

ness being within a

preferred range. The syringe 486, which is attached to a translating
device (not shown), is noved so that th%Utip of the needl e 488 faces to,

‘and noves al ong, the end surface 426.

ring this operation, air is

supplied into the syringe 486 through the air pipe 489 to increase the air

pressure.

The gl ass paste is ejected fromthe tip of the needle 488 and is

applied on the whole length of the end surface 426 of

ABSTRACT OF THE DISCLOSURE

PIEZOELECTRIC OSCILLATOR

A piezoelectric oscillator comprises a piezoelectric

oscillating reed, an insulating substrate for retaining the
piezoelectric oscillating reed, and a cap fixed onto the top
surface of the insulating substrate for enclosing the
piezoelectric osciliating reed. Four connecting electrodes are
formed on the top surface of the insulating substrate for

electrical connection to the oscillating reed, which are divided
into two groups. Each group includes-two connecting electrodes
which are connected to each other by metal interconnects. The
insulating substrate is rectangular, and two connecting
electrodes, each of which belong to one group, are located along
the shorter sides of the insulating substrate. On the bottom
surface of the insulating substrate, at least two external
electrodes are formed, to which metal interconnects for each
group are_connécted through the side surface of the insulating

substrate.

-

eet Has Been Replaced

il s 7'




the cap 403. For exanple, the ejection is started the point "a" (see
FIG 18), and is continued along the end surface 4 pﬁ%sﬂﬁgetw¢ddamﬁp&ints
"b", c¢", "d", "e" and "f". \Wen the syringe 485 returns to the initial
point "a", the ejection is termnated. Mire particularly, the ejection of
the glass paste 407 is stopped by reducingig he afr pressure inside the.
syringe 486 at the point "f" which is |located i pgedi ately before the
initial point "a", while keeping the syringeAmvi n\toward the point "a".
In this manner, overlap of the glass paste 407 at theNpoint "a" is
prevented to achi eve uniform applicatien. . I'n thissgxanple, the
syringe 485 is noved with the cap 403 being fixed. However the reverse is
al so available. That is, the ca”403 nay be noved whil e $#xf ng the syringe
485, or alternatively, conbiafation of novenent of the AN3 %fd t he

Fig. 1A

21

22

| REPLACEMENT SHEET

)

W)

~

®
—
.
u ~
j end
oD
P 3
O
[de)
o




+syringe 485 may be used. In the prelimnary sintering process (S5),
the cap 403 having the glass paste on its end surface 426 is heated at
about 365 [err] Cto renove the binder, and is solidified after degassing.
In the step S6, the piezoelectric oscillating reed 402 is fixed by
.conductive adhesive 416 to the substrabge#t01l, as is shown in FIG 14, so
that the lead el ectrode 413 is connected to the | ead el ectrode 415 of the
substrate 401. In the sealing process (S7), the cap 403, which has
been subjected to the prelimnary sintering, is placed onto the substrate
401 having the oscillating reed 402 so that the protecting |ayer 419 on
the substrate metégﬁmﬁ surface 426 of the c with the glass of

| ow nel ting point bet ween. JThe thus %m? |lator is heated
at abodt QUADRANT Y 15

 §
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8 |
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23380 [err] Cin the vacuum or gas atnosphere to nelt the glass 407 for
the sealing of the cap 403 and the substrate 401. Because of the chanfered
portion 431 and the equal width of the end surface 426, as well as the

uni form application of the sealing glass paste 407, the sealing glass 407
i's uniformy spread and effectively hel3d1l6et ween the cap 403 and the
substrate 401 without |ack or
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overflow of the glass paste, which results in a superior binding effect of
the container without adversely affecting the appearance. FIG 20
cross-sectionally shows still another nodification of the cap. The cap 503
is al so manufactured by conpressing ceram c powder by using a form ng die,
which.is the sane process as step S1. Mgwever, the chanfered portion of the
end surface of the cap is also forned during this step. The shape of the
end surface 526 is slightly changed. Nanel 2 the end surf@ice 526 has a flat
portion 530, chanfered portions 531 and a shoul der portign 532. Only the

flat portion 530 and the c s / IL#Qte to the binding
bet ween the cap 530 g@-th )y ' f QOportion 530 as
‘well as the width of the ed_portiqan 531 e | fat aq¥ portion of
the end surface 45 “4 | . A 45

15 ' 18
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526. The thus fabricated cap 503 is sintered simlarly to the step S2.

The barrel-grinding (i.e. chanfering) process is omtted. I t
should be noted that nany other changes and nodifications are
apparent to those skilled in the art, wthout departing fromthe principle
and the scope of the invention which issdegfined by the appended cl ai ns.

336

331

316

335 332

Fig. 6B
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WHAT IS CLAIMED I S 1. A piezoelectric oscillator conprising a

pi ezoel ectric oscillating reed, an insulating substrate retaining the

pi ezoel ectric oscillating reed, and a cap bound to the top surface of the
insulating substrate for enclosing the piezoelectric oscillating reed,
wherein at |east four connecting el ectg,pges, which are divided into two
groups, are fornmed on the insulating substrate for electrical connection
with the '

622

622

721 702

722

722 702a

722 702b

3
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pi ezoel ectric oscillating reed, connecting el ectrodes included in the same
group being connected to each other via netal interconnects fornmed on the

i nsul ati ng substrate. 2. A piezoelectric oscillator according to claiml1,
wherein said nmetal interconnects for the interconnection of the connecting
el ectrrodes in the same group are forned/@6 the substrate so as not to
overl ap each ot her. 3. A piezoelectric oscillator according to claim 2,
wherein said insulating substrate .is a rectangslar plate, and two

el ectrodes, each of which bel ongs to ope”group, are_arranged al ong a short

903

Fig. 9A 92




side of the substrate and the sane is done on the other short side of the
substrate. 4. A piezoelectric oscillator according to claim3, wherein
t he connecting el ectrodes |located in the sane |ongitudinal side are

i ncluded in the sane group. 5. A piezoelectric oscillator according to
claim'3, wherein at least two external gjectrodes are provided on the
bottom surface of the insulating substrate, to each of which the netal

i nterconnects for each group are connected through a side surface of the

i nsul ating substrate.
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6. A piezoelectric oscillator according to claim4, wherein the nunber of
the external electrodes is two and each of the external electrodes is
.formed al ong the respective short side of the

25 insul ating substrate.

9/16

402




. 7.-A piezoelectric oscillator according to claim4, wherein the nunber of
the external electrodes is four, and two of themare | ocated al ong each of
the |l ongi tudinal sides of the insulating substrate in the vicinity of the
corners. 8. A piezoelectric oscillator according to claim®6, wherein two
external el ectrodes near one short si dﬁ)/%e connected to a group of
connecting el ectrodes and the other two exter&ﬁ) el ectrodes near the other
shorter side are connected tofdmrﬂt her grouﬂ‘ f connecting el ectrodes.
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9.* A piezoelectric oscillator according to claim4, wherein said connecting
el ectrodes, as well as the netal interconnects, are fornmed on the

i nsul ating substrate in point symmetry about the center point. 10. A

pi ezoel ectric oscillator according to claim9, wherein said connecting
eltectrodes are fornmed in line symetry Iddd6t the | ongitudinal center line
on the insul ating substrate. 11. A piezoelectric oscillator according to
claim 10, wherein the two connecting el ectrodes forned al ong each of the
shorter

407 430

420

Fig. 13

431
31 416 413 403 422

Fig. 14
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si-des of the insulating substrate are opposed to each other with a

separati on groove between them 12. A piezoelectric oscillator according
to claim1, wherein said cap is fixed onto the top surface of the
i nsul ating substrate by an adhesi ve. 13. A piezoelectric oscillator

according to claim12, wherein said cap, has side walls with an end surface
which is chanfered and is to be fixed onto the periphery of the insulating
substrate. _

Kg SATISFACTORY SEALING RANGE
50 |- - -
40 - |
—t=0.4mm
30
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STRENGTH
. 20 b= 0.15mm
15 - . é\
10 |7 2N
| | | | I

L. A 1 |
0 Jo.os 0.10.150.20.250.3 0.4 mm

0.03 RADIUS OF CURVATURE WR —

Fig. 15
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14. A piezoel ectric oscillator according to claim 12, wherein
26 said cap has side walls. having an end surface mhlch is to be fixed onto
t he periphery of the insulating substrate, and the width of the end surfacé

of the side walls is equal over the full length of the side walls.
13/16
450
459
W w (
{

1
w
/
W
\_ Yo
) ) /
452 458
456
Fig. 16
REPLACEMENT SHEET |
Date 17AUG}995 ......




15." A piezoelectric oscillator according to claim14, said end surface of

the side walls is chanfered. 16. A piezoelectric oscillator according to
claim15, wherein both the inner and outer edges of the end surface of the
side walls are chanfered with the sane radius of curvature,. 17. A

pi ezoel ectric oscillator according to claim 15, wherein a protecting |ayer
made of insulating material is formed BYlfhe top surface of the insulating
substrate to which the cap is
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- fi'xed.  ~ 18. A piezoelectric oscillator according to claim17, wherein said
‘protecting layer covers a portion of the top surface of the insulating
substrate, which area size is larger than that of the end surface of the
cap. 19. A piezoelectric oscillator according to claim 15, wherein said
cap i.s fabricated by -powder nolding. 1206 A piezoelectric oscillator
according to cl-aim 15, wherein

493 492
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'sai'd adhesive is gl ass.
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