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The present invention relates generally %o
more particularly, to mulbi-

-and noisa-aksorbing

As

The individual dielectric sheets 52 are stacked

An external input terminal

illustrated in PIG. 9.
of the capacitor 51. A
51 of this kind has a
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1. Technical Field of the Inventien
5 1ayered\ﬁeé§gz§g;§z§s anad
. .. cApalttors
terminal layeraed ;
layered ceramic neé££353§22§L which are used for reducing
or eliminating electrical noise in electronic apparatus,
for instance.
10 2. Description of the Related Art
Two-terminal and four-terminal, layerad
capacitors are commonly used for #educing or eliminating
electrical noise in various electronic apparatus.
shown in FIG. 8, a conventional four-terminal, layered
15 capacitor 51 comprises dielectric sheamts 52 carrying
internal ground electrodes 53 on their surfaces,
dielectric sheets 52 carrying internal capacitor
electrodes 54 on their surfaces, and outermost protective
dielectric sheets 52,
20
one on top of another and calcined as a whole to form the
capacitor 51 shown in FIG. 5.
56 and external output terminal 57 are formed at opposite
end faces of the capacitor 51 while a pair of external
25 ground terminals 58 and 59 are formed at its front and
rear end faces, respectively, as
FIG. 10 is an equivalent circuit
four-terminal, layered capacitor
higher resonant freguency than conventional two-terminal,
30 layered capacitors of the type having a plurality of
SPIECAET
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Technical Field of the Invention The present invention rel ates

generally to l'ayered capacitors and, nore partigularly, to multi-term nal

| ayer ed -2 .

internal electrodes on respective dielectric layars which
are connacted alternately to raspective input and output
end electrodes. BAlso, in general they provide high
artenuation in a high~fraguency rangs.

5 Although the conventional four~terminal,

' layered capacitors 51 generally offer high attenuation
¥acters at high frequencies, the amount of attenuation
they achieve is lower than that of two-terminal, layered
capacitors around the rescnant frequencies of the two-

50 terminal, layvered capacitors.

SUMMARY OF THE INVENTION

capachnrsmhe invention provides multi-terminal, layered
-HE-—componoentes bhaving excsllent, improved attenuation
characteristies even at rasonant frequenciass of the Xnown

15 two-terminal, layered ecapacitors while maintaining a high
attenuation capability in high-freguency ranges.
GﬁPQIJfDV‘TQ achieve this, a multi-terminal, layered -
component. according to an aspect of the invention
comprises a first internal capasitor electrode

20 electrically connected to an external input terminal, a

' second internal capacitor electrode electrically

connected to an external output terminal, an intermal
ground electrode electrically connectad to an external
ground terminal to produce a capacitance betwean the

25 first Internal capacitor electrode and the internal
ground electrode and another wapacitance batwaen the
second internal capacitor electrode and the internal
ground alectrode, and an internal inductor slactreode
electriéally connected between the external input

30 terminal and the external output terminal.

Provided with the internal inductor electrode,

Lirst and second internal capacitor electrodes and
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i nstance. 2. Description of the Rel ated Art Two-term nal and
four-termnal, layered capacitors are comonly used for reducing or
elimnating electrical noise in variqug _electronic apparatus. As shown

in FIG 8, a

internal ground ele%EFodq, %pe aforenentioned multi-

texuinal, 1ayered-iﬂ=é:§§oacnt of the invention forms a v’

circuit monfigqured with two separate capacxtort%lements

and ‘an inductor element. The layered ie:wawyanant thua v’
5 constructed provides a lower resonant frequency than the

conventional four-terminal, layered capacitors while
maintaining a high~frequency attenuation capabllity

comparable to the latter. As a result, it beccmascafatsﬁ,r
posaible to produce a four-terminal, layered B-romponent .'/
10 featuring excellent attenuation characteristics over a
wide f£requency range. ¢opacitor
A noise-abgorbing, ceramic layered -ES—comporant v

according to a second aspect of the invention comprises a
plurality of internal electrodes embedded in a ceramic

15 body, the intermal electrodes including capacitor element
patterns arranged in such a way that a plurality of
capacitor elements are formed and inducter element
patterns forming inductor elements, whereby a circuit in
which the capacitor elements are connected in parallel

20 with one ancther by the inductor elements in a plurality
of stages is formed,

Preferably the pluralxty of capacitor elements

' provide different values of capacitagse é?b;&e above
noise-absorbing, ceramic layersd of the v

25 invention. Thua, it is possible to absorb alectrical
noise in specific fregquency bands corresponding te the
respective values of capacitance of the capacitor
elamants, Yt is therefors apparent Egat this noisa-
absorbing, ceramic layered provides desired v

30 noisa-absorblnq performance even when the electrical
noise is present in a plurality of frequency bands.

Furthermore, the necessary noise-absorbing

performance is obtainable withoug increasing the number
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sheets 52 carrying internal ground el ectrodes 53 on their surfaces,
dielectric sheets 52 carrying internal capacitor el ectrodes 54 on t hei r
surfaces, and outernpst protective dielectric sheets 52. The

i ndi vi dual dielectric sheets 52 are stacked one on top of another and
calcined as a whole to formthe capacitor

10

is

20

25

30

of components since the individual capacitor eléments and
1Q§Pﬁﬁfféfze“e“ts of the noise-absorbing, ceramic layered

, of the invention are integrally stacked into
a one~piece structure.

Other features and advantages of the pragent
invention will become apparent from the following
description of the invention which refers to the
accompanying drawings. '

EF HE D) &

FIG. 1 is an exploded perspective view of a
four-terminal, layerad aeé§£:§%S§%¢ according to a first
embodiment of the invention;

FIG. 2 is a perspective view showing the

rnal appearance of the four-terminal, layered £8-

exte
CAa acJ
1@!;9&2&& shown in FIG. 1;

FIG. 3 is an. equivalent circuit of the foux~
terminal, layered Bicbonpcrant shown in FIG. 2;

FIG. 4 is 3 graph representing attenuation
characteristics of the four~terminal, layered Le-

CLasiiRbe of FI6. 2;

FIG. 5 is an exploded perspective view of a
four—tarminal, layexed.bS-adgponent accoyding o a second
embodiment of the invention;

PIG. 6 is a perspective view showing the
external appearance of the four-terminal, layered He=

capactto
=£§ponan=-shcwn in FIG. 5;

FIG. 7 is an eguivalent cirecuit of the four-
. capa L itoyr
terminal, layared shown in FIG. &;
" FIG. 8 is an exploded perspective view of a

conventional four-~terminal, layered capacitor;
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PIG. 8§ is a perspective view showing the
external appearance of the four-terminal, layered
capacitor shown in PIG, 8;

FIG. 10 is an equivalent eirouit of the four-
terminal, layered capacitor shown in FIG. 5}

FIG. 11 is an gxploded perspective view of a

capacito r
ceramic layered IS-cemmonent according to a third
embodiment of the invention,

FIG. 12 is a perspective view showing Eﬁe
axternal appearance of the ceramic 1ayered'%e=dgkgvﬂant
of the third embodiment;

FIG. 13 is a cross-sectional diagram showing an
internal elactrode arrangement of the ceramic laverad 56—

¢ -
“bomponant of the third embodiment;

FIG. %g is an ecuivalent circuit of the ceramic
layered £e==¢upanant of the third embodiment;

FIG. 15 is a graph representing no1se~absnrb1nq
¢charactaristics of the ceramie layered Beiggﬁééggn% ko
the third empodiment; and

FIG. 16 is a perspective viaw of an internal
ground electrede wnﬁﬁﬁxéf usad in a four-terminal,
ceranic layerad-£e===npon=at aceording te a variation of

the invention. '

DETATLED DESCRIPTION OF EMBOD TS OF ON
Multi-terminal, layered ;;;Zéégi;ing according

to embodiments of the invention are now described in

‘detail with refsrence te the ascompanying drawings, in

which like elements and assemblzas are designated by like
ryeforence nunmbhars.
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termnal 57 are fornmed at opposite end faces of the capacitor 51 while a

pair of external ground terminals 58 and 59 are fornmed at its front and

rear end faces, respectively, as illustrated fn FIG 9. FIG 10 is an
- G -

EIRST EMBODTMENT
capacitor Az shoun in fIG.'l, a four-terminal, layered & v
comnponent 1 of a first embodiment comprises a dislectric 4
sheet 2 carrying an internal inductor electrode 3 on its
5 gurface, dielactric sheats 2 carrying internal ground
' electrodes 4 on their surfaces, dislectric sheets 2
carrying internal capacitor electrodes 5 and 8 on thelr
surfaces, and oubtormoest protestive dielectric sheets 2.
Each dielectrxc sheet 2 is made of a ceramic matarial,
a0 for example. ‘ .

The internal inductor electrode 3 is generally
patterned to form a sinuous shape with its extreme laft
segment 3a and extreme right segment 1k exposed at left
and right. edges of the dislectric sheet 2, raspectively.

is ‘The internal capacitor electrodes 5 are locatad on the
left side of the individual dielectric sheets 2 with
extreme left ends S5a of the internal capacitor elactrodes
5 exposed at left edges of the dielectric sheets 2,
while the internal capacitor electrédes & are located on

20 the right side of the individual dielectric sheets 2 with
axtrene right ends 6a of the internal capacitor
electrodes 6 exposed at right edges of the dielectric
sheets 2. The electrodes 3 to 6 are layers of silvey
{Ag), silver~palladium alloy (Ag~PQ?) ox Nickel (Ni}), for

25 example, formed by using a technigue such as printing,
sputtering or vacuum evaporation.

. All the dielectric sheets 2 are stacked in the
order shown in PY&. 1, and calcined to form a single
laninated body. As iliustrated in FIG; 2, an external

0 . input terminal 10 and exterpal output terminal 11 are
formed at left and right end faces of the laminated body
while a pair of external ground terminals 12 and 13 are
formed at front and rear end faces, respectively. The
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conventional two-termnal, |ayered capacitors ofi the type having a
plurality of internal electrodes on respective dielectric |ayers which are
connected alternately to respective iaput-and output end el ectrodes. Al so,
in general they provide high attenuation in a high-frequency

external input terminal 10 is electrically connected to
the axtreme left segment 3a of the internal inductbr
elactroda 3 as well asg to the extrema left end 3a of each
internal capacitor electrods 5, while the external output
5 terminal 11 is electrically connacted to the extreme
' right segmant 3b of the internal inductor electrode 3 as
well as to the extreme right end 6a of each internal
capacitor electrode §, Further, the sxternal ground
terminals 12 and 13 axe electrically connected to outer
10 ende 4a and 4b of each internal gfound electyode 4,
respectively. capacitor
The four-terminal, layered E&—eompoment 1
having the above~described structure wan be regarded,
with rveference to its equivalent circuit shown in FIG. 3,
18 as being constructed by separating a single capacitor of
the conventional structure (shown in FIG. 10) into a pair
of capacitors, that is, a capacitor €1 formed Ey the
internal capacitor electrodes 5 and the internal ground
electrodes 4 and a capacitor €2 formed by the internal
20 capacitor electrodes € and the intexnal ground electrodes
4, and then connecting the capaciiars Cl and C2 together
by means of the internal inductor electrode 3.
A curve {solid line 21) shown in PFIG. 4
represents measured attqug%&gqmsparacteristics of the
25 four-terminal, layered 1, of which tha
capacitance is 0.15 u¥ in this embodiment. PIG. 4 also
shows, for comparison, attenuation characteristics of a
conventional two-terminal, layered capacitor (dotted line
42} and of a conventional four-terminal, 1ayer=d;
30 capacitor (dotted line 23), both having the same value of
capacitance axz the four~termina1; layered aapafifay'
of the first embodiment. As can be seen from FIG. 4, the
four~tarminal, layered Se—uompenont capacitor 1 of the

APBC\IN
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frequenci es, the amount of attenuation they achi:eve is |ower than that of
two-term nal, |ayered capacitors around the resonant frequencies of
the two-termnal, |layered capacitosrsg -

first embodiment has a lowear resonant fredquency than the
conventional four-terminal, layered capaciter due to thse
inductance of the internal inducter electrode 3, and has
gredter attenuation over a wider freguancy range due to

-] the capacitorg C1 and Cca.
EZCOND EMBODIMENT
mpac;'{-ar Ax shoewn in FIG. 5, .? four—terminal, layared %€ v
componenk- 31 of a second embodinent of the inventicn is Vv
the same as the capacitor 1 of the first embodiment

10 except for the structure of an intermal inductor

electrode 32 which is made up of a series of segments
32a-32e which are formed in series with a éair of
internal capacitor electrodes 331 and 24. The internal
inductor slectrode 32 includes curved segments 3Za, 32b
15 and 32c with extreme outer segments 32d and 32¢ exposed
at left and right edges of the dielectric sheet 2, .
respectively. The internal capacitor electrode i3 is
electrically connected between the curved segments 32a
-and 32b while the internal capacitor alectrode 34 is
20 ' electrically connected between the curved segments 32b
and 32¢. '
The individual dielestric sheets 2 are stacked
in the order shown in FIG. 5, and calcined to form a
single laminated body. An external input terminal 36 and
25 external output terminal 37 are formed at left and right
end faces of the laminated body while a pair of extermal
ground terminals 38 and 39 are formed at front and rear
end faces, respactively, as illustrated in FIG. §. Tha
external input terminal 36 is electrically connected to
30 the extreme left segment 32d of the internal inductor
elactrode 3 as well as to the extreme lerft end S5a of each
internal capacitor electrode 5, while the external output

SPECAIAETS
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terminal 37 is electrically connected to the extreme
rightlseqnent 32e of the internal inductor electrode 3 as
well as to the extreme right end 6a of pach internal
capacitor electrode 6. Further, the external ground

5 terminals 328 and 39 are elechkyically connected to outer
' ends 4a and 4b of each internal ground electrode 4,
raspectively, capacitoy

The four-tarminal, layered hG-sompemant 31

having the above-described structure can be regarded,

10 with reference %o its sguivalent circuit shown in FIG. 7,
as beinyg constructed by ssparating the single capacitor
of the conventional structure (shown in FIG. 10) into a
pair of capacitors, that is, a capacitor C1 formed by the
internal capacitor electrodes 5 and the internal ground

1s slectrodes 4 and a capacitor €2 formed by the internal
capacitor electrodes 6 and the internal ground electrodes
4, and then connecting the capacitors ¢l and C2 by an LG
cireuit made up of inductors 32a-32¢ formed by the
internal inductor electrode 32 and capacitors €3 and C4

20 formed by the internal capacitor electrodes sgipiéigpﬁ %,
An advantage of this four-terminal, layered ES—compotient

31 is that its resonant fregquency is aven lower than that
capa s to

of the four~terminal, layered bﬂ::nnpnnant 1 of the first
exbodinent.
25 Additional features of the invention are

described in further detall with reference to the
following third embodiment, in which three distinct
capacitor elementﬁuﬁfe gggyed in a noise-absorbing,
ceramlc 1ayexed-§s=aenponaat (hnreinafter refarred to

30 simply as a caxanmic layerad J‘:hggg&W)

IBIRD. _EMBODIMENT
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FPIG. 11 i= an exploded perspggtigﬁﬁgégw showing
the construction of a ceramic layered If=component 10] Vv
according to a third embodiment of the invention; FIG. 12
is a perspective view show§ng the external appearance of
5 tha geramic layerad.ﬁezunwpenent 101; PIG. 13 i=s a cross~ v
' sectiohal diagram showing an intexrnal electrode
arrangement including capacitor and inductor element

tapee i to
patterns of the ceramic layerad:£9=£;aﬁéaea£ 101; and v
Fﬁg. 14(;5 an equivalent circuit of the ceramic layered
A LT O
10 -££=é:npa=¢at 101. To facilitate understanding of the v

internal electrode arrangement, each layer (plane)
containing capacitor and/or inductor elemesnt patterns is
regarded as a distinet ceramic sheet.
m.i;.;sa cs’ké_c;wn in FIGS. 11 and 12, the ceramic
15 layered SS—coaponent 101 comprises a laminated ceramice 4
body 102 formed by stacking a plurality of ceramic sheets
102a to 102f and four external terminals 103a to 103d
fitted to outer surfaces of the laminated ceramic body
102. Additional ceramic sheets carrying no elactrodes
20 (not shown) are laminated on the top and bottom of the
laminated cerxamic bedy 102. capacitor )
The ceramic layered b@=componest 101 contains v
capacitor elemant patterns 104a to 1044 provided on the '
caramic sheets 102a, 102b, 102e and 102f, raspectively,
25 o form a capacitor eslement 104, capacitor elemant
patterns 105a to 105d provided on the same ceramic sheaets
102a, 102b, i02e and 102f, raspectively, to form a
capacitor element 105, and capacitor element patterns
106a and 106b provided on the ceramic sheets 102¢ and
30 1024, respectively, to form a capacitor element 106. The
individual capacitor eslement patterns 104a-1044, 105a~
105d, 106a and 106b are =o arranged that the capacitor
elements 104 and 105 have the same value of capacitance

FPECITS
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capacitor electrode electrically connected to an external ~ Tnpu

terminal, a second internal capacitor electrode electrically connected
to an external output termnal, an internal ground el ectrode electrically
connected to an external ground term=nallto produce a capacitance between
the first internal capacitor electrode and the

and the capacitor element 106 has a smaller value of
capacitance compared to the capacitor elements 104 and

105, capact toy
The ceramic layered HC=somponent 101 further v
5 contains inductor element patterns 107a to 110a provided

on the ceramic sheets 102c¢ and 102d to form four inductor
alements 107 to 110 which intercomnect the capacitor
elements 104, 105 and 106. The individual inductor
alement patterns 107a to 110a are so arranged that all
10 the inductor slements 107 to 110 have the same
inductance. .
As can be =cen from the equivalent circuit of
CapacAto - .
the ceramic layersd Le-—sampmansnt 101 shown in FIG. 14, Vv
the capacitor alement 108 is connected to the capacitor
15 element 104 by the inductor elements 107 and 108, and tha
capacitor element 105 is connected to the capacitor
element 106 by the inductor elements 108 and 110 to form
together a network in whish the indivisdual capacitor
elements 104 to 106 are connected in parallel with one
20 another by the inductor elements 107 +o 110, Tha
external terminals 103a and 103b are connected to both
leads of the capacitor element 104 while the external
terminals 103¢ and 1034 are connected to both leads of
the capacitor elsment 105 to complate the four-terminal,
25 ceramic layeradm 101. .
) c,a-f)du tor v’
The ceramic layared Lig-~comptmant 101 is
bidirectional in operation because it has a bilaterally
symmetric configuration with the capacitor slements 104
and 105 having the same capacitance located at hoth ends

30 cgf‘ggﬁtaggvice. More specifically, the cexamic layered
aé;=anpoaeat ;01 may ‘be connectad s¢é that the external v

terminals 103a and 103b act as input terminals and the
external terminals 103c and 103d act as output terminals,

SPEOVSMS
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I nternal capacitor electrode and the i nt er nal ground elec %ﬁﬂ ah- 13
internal inductor electrode electrically connected between the exter nal

i nput termnal and the external output gern1na| Provided with the
internal inductor electrode, first and 1§econd I nternal capacitor

el ectrodes and internal ground

or the external terminals 103c and 103d act as input
terminals and the external terninals 1032 and 103b act as
sutput terminals. )
FIG. 15 is a. graph representin%mygifg—ahsorh;nq
5 characteristice of the ceranmic layered 101
' showing a relationship between frequency and attenuation
factor. A solid line Gl in the graph shows noise-

absorbing characteristics of the whole ceramic layered &6

copacd
ébapauaa& 101, an alternate long and short dashed line G2
10 shows noise-absorking characteristics of each of the’

capacitor elenents 104 a?d 105 only, and another
altexnate long and short dashed line G3 shows noise-
absorbing characteristics of the capacitor element 106
only.

15 ' It can be seen from FIG. 15 that the ceramic

Capariior

layered-££=é:npaaaﬂt 101 has two prominent attenuation
bands F1 and F2. This indicates that the noise-absorbing
characteristics of the individual capacitor elements 104,
105 and 106 remain effactive in the ceramio layered &c-

e titor
20 xwmmonaat 101. Accoxgip%bto this embodiment, a single
t
ceranic layered ie::znpcnaat provides the necessary
noise-absorbing perfornance even when electrical noise is

present in two separate frequency rangas.

VARIATION ' ODIMENTS
25 While the invention ha: been described in
conjunction with embodiments thereof, details of the
constructi%% Pﬁf the above-described multi-~terminal,
layered tﬂ:cumpcnsnts can be varied in various ways.
As an example, a dielectric sheet which acts as
30 2 spacer may be inserte& betwesen each ihternal inductor
alectrode and internal ?rcund electrode in the '

SPBITS
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the invention forns a circuit con wth tmo separate capaci
el ements and an inductor elenent. The |ayered capacitor thus constructed
provi des a | ower resonant

- 13 -

atorenentioned embodiments to eliminate or reduce stray
capacitance appearing between the twa electrodes.

In another variation, at laast one set of
internal inductor electirodes and internal ground

5 electrodes is provided at a specific point in the

' vertlcal.coixft%g¥1ng, direction of a multi~terminal,
layered be-tcomponant for achieving symmetry in elestrode
arrangemant orc af% ‘.?_gj,gst;nq tha inductance component of
the layerad .

10 The foregoing discussion of the embodiments is
ba%gﬂeaa the assumption that each multi-terminal, layered
ie==£;ponant is mamufactured singly. In the case of mass
gzﬂggftig?, a plurality of multi-terminal, layered &&-
ed;peaaahs can be produced at once by making a large

15 ) substrate having the layer structure as described above
and then eutting it into chips of a desired size.

Although the capacitors of the aforementioned
empodimants are made by stacking a plurality of
dielectric sheets and caleining the stack, the invention

20 is not limited to this construetion. In one alternative,
the individual dialectric shaets may bhe calcined before
stacking. In another alternative, the layer structure of
dielectric sheets and slectrodes of each capacitor way be
produced by algernately applying and drying pasty

25 dielectric and conductive matarials by using a printing
technigue, for instance.

In the first and second embodiments, sach of
the internal ground electrodez 4 need not hecessarily be
made of a single alectrode element but may be divided

30 into two separate parts as shown in FIG. 16.

Although there are produced three capacitor
elements 104, 105 and 106 in the third embodiment
described akove, the eabodiment may be modified to form
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mai nt ai ni ng a hi gh-frequency attenuation capablllty conpar a
latter. As a result, it becones

two capaciter elements, or four or more ocapacitor
elements, interconnected by as many inductor elements as
necessary, within the scope of the invention,
The invention is not limited to the
5 aforementioned preferred embodiments and the variations
' thereof in cther rvespects as well. Shapes and
arrangements of the individual capacitor element
patterns, inductor element patterns and external
terminals may be altered or modified withont departing
10 ~ from the splrit and scope of the invention. '
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attenuation characteristics over a wide frequency range.
noise absorbing, ceram c | ayered capacitor accordlng to a second aspect of

he ThinsteatiaoPece Bepiscddses a plurality of internal (el ectrodes enbedded in a
cera;rmu mn “ nternal -electrodes-iysickudi ng capacitor el enent patterns
arra

'Ga{:au‘for with o f;lﬂﬂlf ef
dielectric S/:ee?“.s gaid d:‘e/e’c’fh‘{.

WHAT I8 QIATMED ISS
cheels
1. A nulti-terminal, layerad Se=élupanant /
comprising:

an external input terminal;
) an axternal sutput rerminal;
5 an external ground terminal;
a firet internal capacitor electrode
alectrically connected to said external input terminal;
' a second internmal capacitor electrode
electrically connected to said external ocutput terminal;
lo an intermal ground slectrode electrically
sonnacted to said external ground terminal, said internal
ground electrode producing a capacitance between said
first internal capacitor electrode and said internal
ground electrode and another capacitance between said
15 seoond internal capacitor electrode and said internal
ground electrode; and
an internal inductor electrode electrically
connected between said external ihput terminal and said

external output terminal, wheréin 9&!&. lurnfﬁ7 of v
dielectric sheefs are stackesl. Mf‘eg.m ] v

2. A four-terminal, lavered be=component v
comprising: i

an external input terminal;
an extermnal output terminal;
5 a palr of external ground terminals;
a first internal capacitor electrode
electrically connected to said external input tprminal;
a sacond internal capacitor electrod '
electrically connected e said external ocutputiterminal;
10 an internal ground electrode eleciribally
connected to said pair of external ground terpinals, said
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el enment "patterns'formng I nductor elenents, whereby a circuit 1n whichthe
capacitor elenments are connected in paraIIeI wi th one anot her by the

i nductor elenents in a plurality of stages is fornﬁgSheetHasﬁegirl& gl gbl y the

plurality of capacitor elenments provi de d| fferent v "m l" mlm) ﬁ ance in

t he above noi se-absor bi ng,

internal ground electrode producing a capacitance between
said first internal capacitor elactrode and said internal
ground slectrode and anothex capacitance between said

15 second internmal capacitor electrdde and said internal
ground electrode; and

an internal inductor electrode electrically

connected beatween said external input tarminal and said

external output texnxnal .
whevein gai ’Ffu.ra""?/ oF drelectric sheets

are 3 fackest. in f'e.jrm H

3. A four-termmal layered
according to claim 2, wherein said internal ground
electrode comprises a pair of internal ground electrode

members esach connected to a respective cne of said.
5 external ground terminals. Cafacffbf

capacitoy
4. A four-terminal, layered Lt=¢ompopent

aceording to c¢laim Z, wherein said internal inductor

electrode has a curved segment and a third internal

capacitor electrode which forms a third capacitance with
& sald internal ground electrode.

cabacitor 5. A noise-absorbing, ceramic layered &&-.
aﬁenpm comprising a plurality of internal electrodes

exbedded in a ceramic body, said internal elactrodes
including: '

5 . capacitor element patterns arranged to form a
plurality of capacitor elements having different values
of capacitance; and

i inductor element patterxns forming inducter
_ elements which interconnect said capacitor elements in
10 parallel with ocne another via said inductor slements in a

plurality of stagesJ - ) v

wherein. caid ceramic body i Pormed. bf
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el ectri dar’ hoi se speC| reguency bands cor respondi ng to the
respecti ve val ues of capaC|tance of the capaC|tor el enent s.

therefore apparent that this noise-absorbing, ties
S T
dk acitey € A noise-absorbing, ceramic layered L&
-ﬁ;upeneat according to c¢laim 5, further comprising a
plurality of external terminals connected respectively
to said capacitor elements.

capacito v 7. A noise-absorbing, ceramic layered %6
~é:=peaaag acoording to ¢laim 6, wherein said capacitor

element pattarns are ayranged in such a way that one of
said capacitor slements has a smallex value of
5 capacitance than the remainder thereof.

papacitoy o A noise~-absorbing, ceramic layered S
é:upentnt according to ¢laim 5, wherein sald capacitor
alement patterns are arranged in such a way that one of
sald capacitor elements has a smaller value, of

5 capacitance than the remalindar theraof.

SPECAIBETIE

AR L



det iRREEVERERDE 18192 JE¥E MO ar opns & sd . BHET CFREBPedt ri padesszsaeaa  puis

SrRCA s

- 18 -
LAYERED P/1071-250
CITORS
ABST QF DISCIOSURE aaFALffDTS

Multi-terminal, layered S—cowponents having
excallent attenuation characteristice over a giéemhwr”
frequency range. A four~terminal, layered.ﬁﬂ==£:pcn#nt
has a dielectric sheet with an internal inductor
electrode ¢onnacting an external input terminal to an

axternal output terminal, dielectric sheets with internal

- capacitor electrodes connected to the external input

terminal, and internal capacitor electrodes connected %o
the exterxrnal output terminal, and dielectric sheets with
internal ground electrodes connected to external ground
terminals. All thess dieslectric sheets are integrally
stacked and calcined to form a one-piece structure.
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capacitor elements and induct &b

nunber of nent Ny} he i ndivi dual
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i nventi on (g g54Nt egragggﬁ stacked 1"t o a ome=prece structure: S-her
features and advant ag of the present invention
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Mul ti-termnal, |ayered capacitors accordi ng . qCOerhﬁZi_ ts of the
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LAYERED CAPACITORS

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates generally to layered
capacitors and, more particularly, to multi-terminal, layered
capacitors and noise-absorbing, ceramic layered capacitors
which are used for reducing or eliminating electrical noise
in electronic apparatus, for instance.
2. Description of the Related Art

Two-terminal and four-terminal, layered capacitors are
commonly used for reducing or eliminating electrical noise in
various electronic apparatus. As shown in FIG. 8, a
conventional four-terminal, layered capacitor 51 comprises
dielectric sheets 52 carrying intermal ground electrodes 53
on their surfaces, dielectric sheets 52 carrying internal
capacitor electrodes 54 on their surfaces, and outermost
protective dielectric sheets 52.

The individual dielectric sheets 52 are stacked one on

top of another and calcined as a whole to form the capacitor
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1 of a first enbodi ment conprises a dielectric sheet 2 carrying an
I nternal inductor electrode 3 on its surface, dielectric sheets 2 carrying
i nternal ground el ectrodes 4 on

2

51 shown in FIG. 9. ‘An extermal input terminal 56 and
external output terminal 57 are formed at opposite end faces
of the capacitor 51 while a pair of external ground terminals
58 and 59 are formed at its front and rear end faces,
respectively, as illustrated in FIG. 9. FIG. 10 is an
equivalent circuit of the capacitor 51. The four-terminal,
layered capacitor 51 of this kind has a higher resonant
frequency than conventional two-terminal, layered capacitors
of the type having a plurality of intermnal electrodes on
respective dielectric layers which are connected alternately
to respective input and output end electrodes. Also, in
general they provide high attenuation in a high-frequency
range.

Although the conventional £our-terminal, layered
capacitors 51 generally offer high attenuation factors at
high frequencies, the amount of attenuation they achieve is
lower than that of two-terminal, layered capacitors around
the resonant frequencies of the two-terminal, layered
capacitors.

SUMMARY OF THE INVENTION
The invention provides multi-terminal, layered

capacitors having excellent, improved attenuation

i
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8 their surfaces, dielectric sheets 2 carrying internal capacitor

el ectrodes 5 and 6 on their surfaces, and outernost protective dielectric
sheets 2. Each dielectric sheet 2 is made of a ceramic material, for
exanpl e.

3

characteristics even at resonant frequencies of the known
two-terminal, layered capacitors while maintaining a high
attenuation capability in high-frequency ranges.

To achieve this, a multi-terminal, layered capacitor
according to an aspect of the invention comprises a first
internal capacitor electrode electrically connected to an
external input terminal, a second intermnal capacitor
electrode electrically connected to an external output
terminal, an internal ground electrode electrically connected
to an external ground terminal to produce a capacitance
between the first internal capacitor electrode and the
internal ground electrode and another capacitance between the
second internal capacitor electrode and the internal ground
electrode, and an internal inductor electrode electrically
connected between the external input terminal and the
external output terminal.

Provided with the internal inductor electrode, first and
second internal capacitor electrodes and internal ground
electrode, the aforementioned multi-terminal, layered
capacitor of the invention forms a circuit configured with
two separate capacitor elements and an inductor element. The

layered capacitor thus constructed provides a lower resonant
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The internal inductor electrode 3 is generally patterned to forma sinuous
shape with its extrene |left segnent 3a and extrene right segnent 3b
exposed at left and right edges of the dielectric sheet 2, respectively.
The internal capacitor electrodes 5 are |ocated on the left side of the

i ndi vidual dielectric sheets 2 with extrene left ends 5a of the internal
capacitor electrodes 5 exposed at |eft edges of the

4

frequency than the conventional four-terminal, layered
capacitors while maintaining a high-frequency attenuation
capability comparable to the latter. As a result, it becomes
possible to produce a four-terminal, layered capacitor
featuring excellent attenuation characteristics over a wide
frequency range.

A noise-absorbing, ceramic layered capacitor according
to a second aspect of the invention comprises a plurality of
internal electrodes embedded in a ceramic body, the internal
electrodes including capacitor element patterns arranged in
such a way that a plurality of capacitor elements are formed
and inductor element patterns forming inductor elements,
whereby a c¢ircuit in which the capacitor elements are
connected in parallel with one another by the inductor
elements in a plurality of stages is formed.

Preferably the plurality of capacitor elements provide
different values of capacitance in the above noise-absorbing,
ceramic layered capacitor of the invention. Thus, it is
possible to absorb electrical noise in specific frequency
bands corresponding to the respective values of capacitance
of the capacitor elements. It is therefore apparent that

this noise-absorbing, ceramic layered capacitor provides
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dielectric sheets 2, while the internal capacitor electrodes 6 are |ocated
on the right side of the individual dielectric sheets 2 wth extrene right
ends 6a of the internal capacitor electrodes 6 exposed at right edges of
the dielectric sheets 2. The electrodes 3 to 6 are |layers of silver (Ag),
silver- palladiumalloy (Ag-Pd) or Nickel (Ni), for exanple, fornmed by
using a techni que such as printing, sputtering or vacuum

5

desired noise-absorbing performance even when the electrical
noise is present in a plurality of frequency bands.
Furthermore, the necessary noise-absorbing performance
is obtainable without increasing the number of components
since the individual capacitor elements and inductor elements
of the noise-absorbing, ceramic layered capacitor of the
invention are integrally stacked into a one-piece structure.
Other features and advantages of the present invention
will become apparent from the following description of the

invention which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a four-
terminal, layered capacitor according to a first embodiment
of the invention;

FIG. 2 1is a perspective view showing the external
appearance of the four-terminal, layered capacitor shown in
FIG. 1;

FIG. 3 is an equivalent circuit ¢f the four-terminal,
layered capacitor shown in FIG. 2;

FIG. 4 is a graph representing attenuation

characteristics of the four-terminal, layered capacitor of
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evapor ati on. Al'l the dielectric sheets 2 are stacked in the order
showmn in FIG 1, and calcined to forma single |amnated body. As
illustrated in FIG 2, an external input term nal

FIG. 2;

FIG. 5 is an exploded perspective view of a four-
terminal, layered capacitor according to a second embodiment
of the invention;

FIG. 6 1is a perspective view showing the external
appearance of the four-terminal, layered capacitor shown in
FIG. 5;

FIG. 7 is an equivalent circuit of the four-terminal,
layered capacitor shown in FIG. 6;

FIG. 8 is an exploded perspective view of a conventional
four-terminal, layered capacitor;

FIG. 9 1is a perspective view showing the external
appearance of the four-terminal, layered capacitor shown in
FIG. 8;

FIG. 10 is an equivalent circuit of the four-terminal,
layered capacitor shown in FIG. 9;

FIG. 11 is an exploded perspective view of a ceramic
layered capacitor according to a third embodiment of the
invention;

FIG. 12 is a perspective view showing the external
appearance of the ceramic layered capacitor of the third

embodiment;
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9 10 and external output termnal 11 are fornmed at left and right end
faces of the lamnated body while a pair of external ground termnals 12
and 13 are formed at front and

7

FIG. 13 is a cross-sectional diagram showing an internal
electrode arrangement of the ceramic layered capacitor of the
third embodiment;

FIG. 14 is an equivalent circuit of the ceramic layered
capacitor of the third embodiment;

FIG. 15 1is a graph representing noise-absorbing
characteristics of the ceramic layered capacitor of the third
embodiment; and

FIG. 16 is a perspective view of an intermal ground
electrode which is used in a four-terminal, ceramic layered
capacitor according to a variation of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Multi-terminal, layered capacitors  according to
enbodiments of the invention are now described in detail with
reference to the accompanying drawings, in which 1like
elements and assemblies are designated by like reference
numbers.

FIRST EMBODIMENT

As shown in FIG. 1, a four-terminal, layered capacitoxr
1 of a first embodiment comprises a dielectric sheet 2
carrying an internal inductor electrode 3 on its surface,

dielectric sheets 2 carrying internal ground electrodes 4 on
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rear end faces, respectively. The external input termnal 10 is
electrically connected to the extrene |left segnent 3a of the internal

i nductor electrode 3 as well as to the extrene |left end 5a of each
internal capacitor electrode 5 while the external output termnal 11 is
el ectrically connected to the extrene right segnment 3b of the internal

I nductor electrode 3 as well as to the extrene right end 6a of each

i nt er nal

their surfaces, dielectric sheets 2 carrying internal
capacitor electrodes 5 and 6 on their surfaces, and outermost
protective dielectric sheets 2. Each dielectric sheet 2 is
made of a ceramic material, for e*émple.

The internal inductor electrode 3 is generally patterned
to form a sinuous shape with its extreme left segment 3a and
extreme right segment 3b exposed at left and right edges of
the dielectric sheet 2, respectively. The internal capacitor
electrodes 5 are located on the left side of the individual
dielectric sheets 2 with extreme left ends 5a of the intermal
capacitor electrodes 5 exposed at left edges of the
dielectric sheets 2, while the intermal capacitor electrodes
6 are located on the right side of the individual dielectric
sheets 2 with extreme right ends 6a of the internal capacitor
electrodes 6 exposed at right edges of the dielectric sheets
2. The electrodes 3 to 6 are layers of silver (Ag), silver-
palladium alloy (Ag-Pd) or Nickel (Ni), for example, formed
by using a technique such as printing, sputtering or vacuum
evaporation.

All the dielectric sheets 2 are st§¢ked in the order
shown in FIG. 1, and calcined to form a single laminated

body. As illustrated in FIG. 2, an external input terminal
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capacitor electrode 6. Further, the external ground termnals 12
and 13 are electrically connected to outer ends 4a and 4b of each internal
ground el ectrode 4, respectively. The four-termnal, |ayered capacitor
1 having the above- described structure can be regarded, with reference to
Its equivalent circuit shown in FIG 3, as being constructed by

separating a single capacitor of the conventional structure

9

10 and external output terminal 11 are formed at left and
right end faces of the laminated body while a pair of
external ground terminals 12 and 13 are formed at front and
rear end faces, respectively. The external input terminal 10
is electrically connected to the extreme left segment 3a of
the intermal inductor electrode 3 as well as to the extreme
left end 5a of each intermal capacitor electrode 5, while the
external cutput terminal 11 is electrically connected to the
extreme right segment 3b of the internal inductor electrode
3 as well as to the extreme right end 6a of each internal
capacitor electrode 6. Further, the external ground
terminals 12 and 13 are electrically connected to outer ends
4a and 4b of each intermnal ground electrode 4, respectively.

The four-terminal, layered capacitor 1 having the above-
described structure can be regarded, with reference to its
equivalent circuit shown in FIG. 3, as being constructed by
separating a single capacitor of the conventional structure
{shown in FIG. 10) into a pair of capacitors, that is, a
capacitor Cl formed by the internal capacitor electrodes 5
and the internal ground electrodes 4 and a capacitor C2
formed by the internal capacitor electrodes 6 and the

internal ground electrodes 4, and then connecting the
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(showmn in FIG 10) into a pair of capacitors, that is, a capacitor Cl
formed by the internal capacitor electrodes 5 and the internal ground

el ectrodes 4 and a capacitor C2. fornmed by the internal capacitor

el ectrodes 6 and the internal ground electrodes 4, and then connecting the

10

capacitors Cl and C2 by means of the internal inductor
electrode 3.

A curve (solid line 21) shown in FIG. 4 represents
measured attenuation characteristics of the four-terminal,
layered capacitor 1, of which capacitance is 0.15 uF in this
embodiment. FIG. 4 also shows for comparison attenuation
characteristics of a conventional two-terminal, layered
capacitor (dotted 1line 22) and of a conventional £our-
terminal, layered capacitor (dotted line 23}, both having the
same value of capacitance as the four-terminal, layered
capacitor 1 of the first embodiment. As can be seen from
FIG. 4, the four-terminal, layered capacitor 1 of the first
embodiment has a lower resonant frequency than the
conventional four-terminal, layered capacitor due to the
inductance of the internal inductor electrode 3, and has
greater attenuation over a wider fregquency range due to the
capacitors Cl and C2.

SECOND EMBODIMENT

As shown in FIG. 5, a four-terminal, layered capacitor
31 of a second embodiment of the invention is the same as the
capacitor 1 of the first embodiment except for the structure

of an intermal inductor electrode 32 which is made up of a
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10

11

series of segments 32a-32e which are formed in series with a
pair of internal capacitor electrodes 33 and 34. The
internal inductor electrode 32 includes curved segments 32a,
32b and 32c¢ with extreme outer segments 32d and 32e exposed
at left and right edges of the dielectric sheet 2,
respectively. The internal capacitor electrode 33 is
electrically connected between the curved segments 32a and
32b while the internal capacitor electrode 34 is electrically
connected between the curved segments 32b and 32c.

The individual dielectric sheets 2 are stacked in the
order shown in FIG. 5, and calcined to form a single
laminated body. An external input terminal 36 and external
output terminal 37 are formed at left and right end faces of
the laminated body while a pair of external ground terminals
38 and 39 are formed at front and rear end faces,
respectively, as illustrated in FIG. 6. The external input
terminal 36 is electrically connected to the extreme left
segment 32d of the internal inductor electrode 3 as well as
to the extreme left end 5a of each internal capacitor
electrode 5, while the external output terminal 37 is
electrically connected to the extreme right segment 32e of

the intermal inductor electrode 3 as well as to the extreme

capacitors C and C2 by neans of the internal inductor electrode 3.
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A curve (solid line 21) shown in FIG 4 represents

characteristics of the four-termnal, |ayered capacitor 1, of which

capacitance is 0.15 [err]F in this enbodinment. FIG 4 also shows for
conparison attenuation characteristics of a conventional two-term nal

| ayer ed

neasured attenuation

capacitor (dotted line 22) and of a conventional four- termnal,
| ayered capacitor (dotted line 23), both having the

12

right end 6a of each internal capacitor electrode 6.
Further, the external ground terminals 38 and 39 are
electrically connected to outer ends 4a and 4b of each
internal ground electrode 4, respectively.

The four-terminal, layered capacitor 31 having the
above-~described structure can be regarded, with reference to
its equivalent circuit shown in FIG. 7, as being constructed
by separating the single capacitor of the conventional
structure {(shown in FIG. 10) into a pair of capacitors, that
is, a capacitor €l formed by the internal capacitor
electrodes 5 and the internal ground electrodes 4 and a
capacitor C2 formed by the intermal capacitor electrodes 6
and the internal ground electrodes 4, and then connecting the
capacitors Cl and C2 by an LC circuit made up of inductors
32a-32¢c formed by the internal inductor electrode 32 and
capacitors €3 and C4 formed by the intermal capacitor
electrodes 33, 34 and 4. An advantage of this four-terminal,
layered capacitor 31 is that its resonant frequency is even
lower than that of the four-terminal, layvered capacitor 1 of
the first embodiment.

Additional features of the invention are described in
further detail in the following with reference to the

Y
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sane val ue of capacitance as the four-termnal, |ayered capacitor 1 of the

first enbodinent. As can be seen from FIG 4, the four-tirmnal, |ayered
capacitor 1 of the first enbodinent has a | ower resonant frequency than
the conventional four-termnal, |ayered capacitor due to the inductance

of the internal inductor electrode 3, and has greater attenuation over a
w der frequency range due to the

13

following third embodiment, in which three distinct capacitor
elements are formed in a noise-absorbing, ceramic layered
capacitor (hereinafter referred to simply as a ceramic
layered capacitor).

THIRD EMBODIMENT

FIG. 11 is an exploded perspective view showing the
construction of a ceramic layered capacitor 101 according to
a third embodiment of the invention; FIG. 12 is a perspective
view showing the external appearance of the ceramic layered
capacitor 101l; FIG. 13 is a cross-sectional diagram showing
an internal electrode arrangement including capacitor and
inductor element patterns of the ceramic layered capacitor
10i; and FIG. 14 is an equivalent circuit of the ceramic
layered capacitor 101. To facilitate understanding of the
internal electrode arrangement, each layer (plane) containing
capacitor and/or inductor element patterns is regarded as a
distinct ceramic sheet.

As shown in FIGS. 11 and 12, the ceramic layered
capacitor 101 comprises a laminated ceramic body 102 formed
by stacking a plurality of ceramic sheets 102a to 102f and
four external terminals 103a to 103d fitted to outer surfaces

of the laminated ceramic body 102. Additional ceramic sheets
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capacitors Cl and C2. SECOND EMBODI MENT As shown in FIG 5, a
four-termnal, |ayered capacitor 31 of a second enbodi nent of the
invention is the same as the capacitor 1 of the first enbodi ment except
for the structure of an internal inductor electrode 32 which is nade up of
a

14

carrying no electrodes (not shown) are laminated on the top
and bottom of the laminated ceramic body 102.

The ceramic layered capacitor 101 contains capacitor
element patterns 1l04a to 104d provided on the ceramic sheets
102a, 102b, 102e and 102f, respectively, to form a capacitor
element 104, capacitor element patterns 105a to 105d provided
on the same ceramic sheets 102a, 102b, 102e and 102f,
respectively, to form a capacitor element 105, and capacitor
element patterns 106a and 106b provided on the ceramic sheets
102c and 102d, respectively, to form a capacitor element 106.
The individual capacitor element patterns 104a-104d, 105a-
105d, 106a and 1l06b are so arranged that the capacitor
elements 104 and 105 have the same value of capacitance and
the capacitor element 106 has a smaller value of capacitance
compared to the capacitor elements 104 and 105.

The ceramic layered capacitor 101 further contains
inductor element patterns 107a to 110a provided on the
ceramic sheets 102c¢c and 1024 to form four inductor elements
107 to 110 which interconnect the capacitor elements 104, 105
and 106. The individual inductor element patterns 107a to
1i0a are so arranged that all the inductor elements 107 to

110 have the same inductance.
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series of segnents 32a-32e which are fornmed in series with a

15

As can be seen from the equivalent circuit of the
ceramic layered capacitor 101 shown in FIG. 14, the capacitor
element 106 is connected to the capacitor element 104 by the
inductor elements 107 and 108, and the capacitor element 105
is connected to the capacitor element 106 by the inductor
elements 109 and 110 to form together a network in which the
individual capacitor elements 104 to 106 are connected in
parallel with one another by the inductor elements 107 to
110. The external terminals 103a and 103b are connected to
both leads of the capacitor element 104 while the external
terminals 103c¢c and 1034 are comnnected to both leads of the

capacitor element 105 to complete the four-terminal, ceramic

layered capacitor 101.

The ceramic layered capacitor 101 is bidirectional in
operation  because it has a bilaterally symmetric
configuration with the capacitor elements 104 and 105 having
the same capacitance located at both ends of the device.
More specifically, the ceramic layered capacitor 101 may be
connected so that the external terminals 103a and 103b act as
input terminals and the external terminals 103¢ and 103d act
as output terminals, or the external terminals 103c and 1034

act as input terminals and the extermal terminals 103a and
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pair of internal capacitor electrodes 33 and 34. The internal inductor
el ectrode 32 includes curved segnents 32a, 32b and 32c with extrene outer
segnents 32d and 32e exposed at left and right edges of the dielectric
sheet 2, respectively. The internal capacitor electrode 33 is

el ectrically connected between the curved segnents 32a and 32b while the
I nternal capacitor electrode 34 is electrically

ls

103b act as output terminals.

FIG, 15 1is a graph representing ncise-absorbing
characteristics of the ceramic layered capacitor 101 showing
a relationship between frequency and attenuation factor. A
sclid line Gl in the graph shows noise-absorbing
characterigtics of the whole ceramic layered capacitor 101,
an alternate long and short dashed line G2 shows noise-
absorbing characteristics of each of the capacitor elements
104 and 105 only, and another alternate long and short dashed
line G3 shows noise-absorbing characteristics of the
capacitor element 106 only.

It can be seen from FIG. 15 that the ceramic layered
capacitor 101 has two prominent attenuation bands F1 and F2.
This indicates that the noise-absorbing characteristics of
the individual capacitor elements 104, 105 and 106 remain
effective in the ceramic layered capacitor 101. According to
this embodiment, a single ceramic layered capacitor provides
necessary noise-absorbing performance even when electrical
noise is present in two separate frequency ranges.
VARIATIONS OF THE EMBODIMENTS

While the invention has been described in conjunction

with embodiments thereof, details of the construction of the
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connected between the curved segnents 32b and 32c.

The i ndi vi dual

dielectric sheets 2 are stacked in the order shown in FIG 5, and cal ci ned
to forma single |amnated body. An external input term nal 36 and
output termnal 37 are fornmed at left and right end faces of the
| am nated body while a pair of external ground termnals 38 and 39 are

formed at front and rear end faces,

ext er nal

17

above-described multi-terminal, layered capacitors can be
varied in various ways.

As an example, a dielectric sheet which acts as a spacer
may be inserted between each internal inductor electrode and
internal ground electrode in the aforementioned embodiments
to eliminate or reduce stray capacitance appearing between
the two electrodes.

In another wvariation, at least one set of internal
inductor electrodes and internal ground electrodes is
provided at a specific point in the wvertical, or stacking,
direction of a multi-terminal, layered capacitor for
achieving symmetry in electrode arrangement or for adijusting
the inductance component of the layered capacitor.

The foregoing discussion of the embodiments is based on
the assumption that each multi-terminal, layered capacitor is
manufactured singly. In the case of mass production, a
plurality of multi-terminal, layered capacitors can be
produced at once by making a large substrate having the layer
structure as described above and then cutting it into chips
of a desired size.

Although the capacitors of the aforementioned

embodiments are made by stacking a plurality of dielectric
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respectively, as illustrated in FIG 6. The external input ternmnnal
electrically connected to the extrene |left segnent 32d of the intern

i nduct or
i nt er nal

electrode 3 as well as to the extrene |left end 5a of each
capacitor electrode 5 while the external output termnal 3

el ectrically connected to the extrene right segnent 32e of the inter

i nduct or

electrode 3 as well as to the extrene

18

sheets and calcining the stack, the invention is not limited
to this construction. In one alternative, the individual
dielectric sheets may be calcined before stacking. In
another alternative, the layer structure of dielectric
sheets and electrodes of each capacitor may be produced by
alternately applying and drying pasty dielectric and
conductive materials by using a printing technique, for
instance.

In the £first and second embodiments, each of the
internal ground electrodes 4 need not necessarily be made of
a single electrode element but may be divided into two
separate parts as shown in FIG. 16.

Although there are produced three capacitor elements
104, 105 and 106 in the third embodiment described above, the
embodiment may be modified to form two capacitor elements, or
four or more capacitor elements, interconnected by as many
inductor elements as necessary, within the scope of the
invention.

The invention is not limited to the aforementioned
preferred embodiments and the variations thereof in other
respects as well. Shapes and arrangements of the individual

capacitor element patterns, inductor element patterns and
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external terminals may be altered or modified without

departing from the spirit and scope of the invention.
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right end 6a of each internal capacitor electrode 6. Further, the external
ground termnals 38 and 39 are electrically connected to outer ends 4a and
4b of each internal ground el ectrode 4, respectively. The
four-termnal, |ayered capacitor 31 having the above-described structure

can be regarded, with reference to its equival entlhi flas B ageth FIG 7,
as being constructed 'I ll“l I

20

WHAT IS CLAIMED IS:

1. A multi-terminal, layered capacitor with a plurality
of dielectric sheets, said dielectric sheets comprising:

an external input terminal;

an external output terminal;

an external ground terminal:;

a first internal capacitor electrode electrically
connected to said external input terminal;

a second internal capacitor electrode electrically
connected to said external output terminal;

an internal ground electrode electrically connected to
said external ground terminal, said internal ground electrode
producing a capacitance between said first internal capacitor
electrode and said intermal ground electrode and another
capacitance between said second internal capacitor electrode
and said internal ground electrode; and

an internal inductor electrode electrically connected
between said external input terminal and said extermal output
terminal, wherein said plurality of dielectric sheets are

stacked integrally.

2. A four-terminal, layered capacitor with a plurality

el o e eplace et sheet
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by separating the single capacitor of the conventional structure (shown in
FIG 10) into a pair of capacitors, that 1is, a capacitor Cl forned by the
internal capacitor electrodes 5 and the internal ground el ectrodes 4 and a
capacitor C2 fBu t € plgesdr nal capacitor el ectrodes 6 and the

I nt er nal groundJ t iiﬁ hLand t hen connecting the capacitors Cl and C2
by an LC circui ductors

21

of dielectric sheets, said dielectric sheets comprising:

an external input terminal;

an external output terminal;

a pair of external ground terminals;

a f£irst internal capacitor electrode electrically
connected to said external input terminal;

a second internal capacitor electrode electrically
connected to sald external output terminal;

an internal ground electrode electrically connected to
said pair of external ground terminals, said internal ground
electrode producing a capacitance between said first internal
capacitor electrode and said internal ground electrode and
another capacitance between said second internal capacitor
electrode and said internal ground electrode; and

an intermal inductor electrode electrically connected
between said external input terminal and said external output
terminal,

wherein said plurality of dielectric sheets are stacked

integrally.
3. A four-terminal layered capacitor according to claim
2, wherein said internal ground electrode comprises a pair of

Pepe ot Y20 JYEed
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32a-32c fornmed by the internal inductor electrode 32 and capacitors C3 and
C4 formed by the internal capacitor electrodes 33, 34 and 4. An advant age
of this four-termnal, |ayered capacitor 31 is that its_resonant frequency

is even |ower than that of the four-termnal, |ayered c s Beerjfieplager o
first enbodi nent. Addi tional features of the inventi m ﬂ med

I n
internal ground electrode members each connected to a

22

respective one of said external ground terminals.

4. A four-terminal, layered capacitor according to claim
2, wherein said intermal inductor electrode has a curved
segment and a third intermnal capacitor electrode which forms

a third capacitance with said internal ground electrode.

5. A noisge-~absorbing, ceramic layered <capacitor
comprising a plurality of internal electrodes embedded in a
ceramic body, said internal electrodes including:

capacitor element patterns arranged to form a plurality
of capacitor elements having different values of capacitance;
and

inductor element patterns forming inductor elements
which interconnect said capacitor elements in parallel with
one another wvia said inductor elements in a plurality of
stages,

wherein said ceramic body is formed by stacking a

plurality of dielectric sheets.

6. A noise-absorbing, ceramic layered capacitor
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further

detail in the followwng with reference to the
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according to claim 5, further comprising a plurality of

23

external terminals connected respectively to said capacitor

elements.

7. A noise-absorbing, ceramic layered capacitor
according to claim 6, wherein said capacitor element patterns
are arranged in such a way that one of said capacitor
elements has a smaller wvalue of capacitance than the

remainder thereof.

8. A noise-absorbing, ceramic layered capacitor
according to claim 5, wherein said capacitor element patterns
are arranged in such a way that one of said capacitor
elements has a smaller value of capacitance than the

remainder thereof.
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13 following third enbodi nent, in which three distinct capacitor elenents
are fornmed in a noise-absorbing, ceramc |ayered capacitor (hereinafter
referred to sinply as a ceramc |ayered capacitor). TH RD EMBODI MENT

FIG 13 is an expl oded perspective view show ng the

24

LAYERED CAPACITORS
ABSTRACT OF THE DISCLOSURE

Multi-terminal, layered capacitors having excellent
attenuation characteristics over a wide frequency range. A
four-terminal, layered capacitor has a dielectric sheet with
an internal inductor electrode connecting an external input
terminal to an external output terminal, dielectric sheets
with intermal capacitor electrodes connected to the external
input terminal, and internal capacitor electrodes connected
to the external output terminal, and dielectric sheets with
internal ground electrodes connected to external ground
terminals. All these dielectric sheets are integrally

stacked and calcined to form a one-piece structure.

-Fig.l
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construction of a ceramc |ayered capacitor 101 according to a

t*hi rd- enbodi nent of the invention; FIG 12 is a perspective view show ng

t he external appearance of the ceramc |ayered capacitor 101; FIG 13 is a
cross-sectional diagramshowing an internal el ectrode arrangenent

i ncl udi ng capacitor and inductor eleneht patterns of the ceramc |ayered

capacitor 101; and FIG 14 is an equivalent circuit of the ceramc
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| ayered capacitor 101. To facilitate understanding of the internal

el ectrode arrangenent, each | ayer (plane) containing daj émmU@mBamd%ﬂmxd
i nductor elenent patterns is regarded as a distinct cer

shown in FIGS. 11 and 12, the ceram c2l ayered capacitor
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four external termnals 103a to 103d fitted to outer surfaces of the
| am nat ed ceram ¢ body 102. Additional ceram c sheets
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The ceram c | ayered capacitor
el enent patterns 104a to 104d provided on the ceramc

102a, 102b, 102e and 102f, reapectively, to forma capacitor

Fle b
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-carrying no el ectrodes (not shown) are |lam nated on the top and bottom
of  the | am nated ceram c body 102.
cont ai ns capaci tor
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el ement 104, capacitor elenent patterns 105a to 105d provided on the sane
ceram c sheets 102a, 102b, 102e and 102f, respectively, to forma
capacitor elenment 105, and capacitor elenent patterns 106a and 106b
provided on the ceram c sheets 102c ;and 102d, respectively, to forma
capacitor el errenF l%g S/The I ndi vi dual capacitor elenment patterns

104a- 104d, 105a- dé 106a and 106b are so arranged that the capacitor
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el ements 104 and 105 have the sane val ue of capacitance and the capacitor
el’enent 106 has a snmaller value of capacitance conpared to the capacitor
el enents 104 and 105. The ceranic | ayered capacitor 101 further
contains inductor elenent patterns 107a to 110a provided on the ceramc’
sheets 102c and ¥n§@£t formfour inductor elenents 107 to 110 which

I nt erconnect the 'cap c??or el ements 104, 105
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and 106. The individual inductor €lenent patterns 107a to 110a are so
arranged that all the inductor elenments 107 to 110 have the sane

-1 nduct ance. ;
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As_tan be seen fromthe equivalent circuit of the ceramc |ayered
capacitor 101 shown in FIG 14, the capacitor elenent 106 is connected to
the capacitor elenent 104 by the inductor elenents 107 and 108, and the
capacitor elenent 105 8

G 1=

02

H&. 13

.lol;a wfb 10/6a [°5a 15h L1

—7--[110a

[24c [04d  [o6b (05¢ 195
ML

(v 3a 7 (08

Sheet Has Been Replaced

|

TR

- 2 JUN 1|



is connected to the capacitor el enent
110 to formtogether a network in whic
104 to 106 are connected in parallel
el enents 107 to 110. The external ter
both | eads of the capacitor elenent 10
and 103d are connected to both |eads o

G 15

106 by the inductor elements 109 and -
h the individual capacitor elenents
wid h one anot her by the inductor
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capacitor elenent 105 to conplete the four-termnal, ceramc |ayered
capaci tor 101. The ceram c | ayered capacitor 101 is bidirectional in
operation because it has a bilaterally symmetric configuration
with the capacitor elenents 104 and 105 havi ng the same capacitance

| ocated at both ends of the device. More specifically, the ceramc |ayered
capacitor 101 nay be F\(-{ |

¥
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connected so that the external termnals 103a and 103b act as I nput
termnals and the external termnals 103c and 103d act 2B puy _ 51
.termnals, or the external term nals 103c and 103d act as in@ter i nal s
and the external term nals 103a and i
REPLACEMENT SHEETS SG
bewcﬂption : paged Q). to paged |
Claim(s) :paged 3Q to paged 32
& Drawing(s) : paged Q1. to paged 1Q. 1
I Abstract  : paged 24 to paged .=
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LAYERED CAPACITORS
BACKGROUND OQF THE INVENTION
1. Technical Field of the Invention
- The present invention relates generally to layered

capacitors and, more particularly, to multi-terminal, layered
capacitors and noise-absorbing, ceramic layered capacitors
which are used for reducing or eliminating electrical noise
in electronic apparatus, for instance.
2. Description of the Related Art

Two-~terminal and four-terminal, layered capacitors are
commonly used for reducing or eliminating electrical noise in

- various electronic apparatus. As shown in FIG. 8, a

conventional four-terminal, layered capacitor 51 comprises
dielectric sheets 52 carrying intermal ground electrodes 53
on their surfaces, dielectric sheets 52 carrying internal
capacitor electrodes 54 on their surfaces, and outermost
protective dielectric sheets 52.

The individual dielectric sheets 52 are stacked one on

top of another and calcined as a whole to form the capacitor
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16 103b act as out put termnals. FIG 15 is a graph representing
noi se-absorbing characteristics of the ceramc |ayered capacitor 101

show ng

2

51 shown in FIG. 9. An extermal input terminal 56 and
external output terminal 57 are formed at opposite end faces
of the capacitor 51 while a pair of external ground terminals
58 and 59 are formed at its front and rear end faces,
respectively, as illustrated in FIG. 9. FIG. 10 is an
equivalent circuit of the capacitor 51. The four-terminal,

! layered capacitor 51 of this kind has a higher.éesonant
frequency than conventional two-terminal, layered capacitors
of the type having a plurality of internal electrodes on
respective dielectric layers which are connected alternately
to respective input and output end electrodes. Also, in
general they provide high attenuation in a high-frequency
range.

Although the conventional four-terminal, layered
capacitors 51 generally offer high attenuation factors at
high frequencies, the amount of attenuation they achieve is
lower than that of two-terminal, layered capacitors around
the resonant frequencies of the two-terminal, layered
capacitors.

SUMMARY OF THE INVENTION

The invention provides multi-terminal, layered
capacitors having excellent, improved attenuation
Thiz s tne eplacement shee
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a felationship bet ween frequency and attenuation factor. A solid

in the

graph shows noise-absorbing characteristics of the whole

i ne

Gl

.ceram c |layered capacitor 101, an alternate |long and short dashed line &

shows noi se-

shows noi se-absorbing characteristics of the

3

characteristics even at resonant frequencies of the known
two-terminal, layered capacitors while maintaining a high
attenuation capability in high-frequency ranges.

To achieve this, a multi-terminal, layered capacitor
according to an aspect of the invention comprises a first
internal capacitor electrode electrically connected to an
external dinput terminal, a second internal éépacitor
electrode electrically connected to an external output
terminal, an internal ground electrode electrically connected
to an external ground terminal to produce a capacitance
between the first internal capacitor electrode and the
internal ground electrode and another capacitance between the
second internal capacitor electrode and the internal ground
electrode, and an intermal inductor electrode electrically
connected between the extermal input terminal and the
external ocutput terminal.

Provided with the intermal inductor electrode, first and
second intermnal capacitor electrodes and internal ground
electrode, the aforementioned multi-terminal, layered
capacitor of the invention forms a circuit configured with
two separate capacitor elements and an inductor element. The

layered capacitor thus constructed provides a lower resonant

absorbing characteristics of each of the capacitor el enents
104 and 105 only, and another alternate |ong and short dashed |ine G3



capacitor elenment 106 only. It can be seen fromFIG 15 that the
ceram c | ayered capacitor 101 has two prom nent attenuation bands Fl and
‘F2. This indicates that the noi se-absorbing characteristics of the

i ndi vi dual capacitor elenments 104, 105 and 106 remain effective in the
ceram c | ayered capacitor 101. According to this enbodi nent, a single
ceram c | ayered capacitor provides

4

frequency than the conventional four-terminal, layered
capacitors while maintaining a high-frequency attenuation
capability comparable to the latter. As a result, it becomes
possible to produce a four-terminal, layered capacitor
featuring excellent attenuation characteristics over a wide
frequency range.

A noise-absorbing, ceramic layered capacitor éécording
to a second aspect of the invention comprises a plurality of
internal electrodes embedded in a ceramic body, the internal
electrodes including capacitor element patterns arranged in
such a way that a plurality of capacitor elements are formed
and inductor element patterns forming inductor elements,
whereby a circuit in which the capacitor elements are
connected in parallel with one another by the inductor
elements in a plurality of stages is formed.

Preferably the plurality of capacitor elements provide
different values of capacitance in the above noise-absorbing,
ceramic layered capacitor of the invention. Thus, it is
possible to absorb electrical ncise in specific fregquency
bands corresponding to the respective values of capacitance
of the capacitor elements. It is therefore apparent that

this noise-absorbing, ceramic layered capacitor provides
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necessary noi se-absorbi ng performance even when electrical noise is
In two separate frequency ranges. VAR ATIONS OF THE EVMBODI MENTS

pr esent

Wil e the invention has been described in conjunction

t her eof ,

details of the construction of the

5

desired noise-absorbing performance even when the electrical
noise is present in a plurality of fregquency bands.
Furthermore, the necessary noise-absorbing performance
is obtainable without increasing the number of components
since the individual capacitor elements and inductor elements
of the noise-absorbing, ceramic layered capacitor of the
invention are integrally stacked into a one-piece sﬁ?ucture.
Other features and advantages of the present invention
will become apparent from the following description of the

invention which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a four-
terminal, layered capacitor according to a first embodiment
of the invention;

FIG. 2 is a perspective view showing the external
appearance of the four-terminal, layered capacitor shown in
FIG. 1;

FIG., 3 is an equivalent circuit of the four-terminal,
layered capacitor shown in FIG. 2;

FIG. 4 is a graph representing attenuation

characteristics of the four-terminal, layered capacitor of
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17 above-described nulti-termnal, |ayered capacitors can be varied in

vari ous ways.

FIG. 2;

FIG. 5 is an exploded perspective view of a four-
terminal, layered capacitor according to a second embodiment
of the invention;

FIG. 6 is a perspective view showing the external
appearance of the four-terminal, layered capaci?or shown in
FIG. 5;

FIG. 7 is an equivalent circuit of the four-terminal,
layered capacitor shown in FIG. 6;

FIG. 8 is an exploded perspective view of a conventional
four-terminal, layered capacitor;

FIG. 9 is a perspective view showing the external
appearance of the four-terminal, layered capacitor shown in
FIG. 8;

FIG. 10 is an equivalent circuit of the four-terminal,
layered capacitor shown in FIG. 9;

FIG. 11 is an exploded perspective view of a ceramic
layered capacitor according to a third embodiment of the
invention;

FIG. 12 is a perspective view showing the external
appearance of the ceramic layered capacitor of the third

embodiment;
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As an exanple, a dielectric sheet which acts as a spacer may be inserted
bet ween each internal inductor electrode and internal ground electrode in
t he aforenmenti oned enbodiments to elimnate or reduce stray capacitance
appearing between the two el ectrodes. I n- another variation, at

| east one set of internal inductor electrodes and internal ground

el ectrodes is

7

FIG. 13 is a cross-sectional diagram showing an internal
electrode arrangement of the ceramic layered capacitor of the
third embodiment;

FIG. 14 is an equivalent circuit of the ceramic layered
capacitor of the third embodiment;

FIG. 15 is a graph representing noise-absorbing

N characteristics of the ceramic layered capacitor ofltﬁe third
embodiment; and

FIG. 16 is a perspective view of an internal ground
electrode which is used in a four-terminal, ceramic layered
capacitor according to a variation of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Multi-terminal, layered capacitors according to
embodiments of the invention are now described in detail with
reference to the accompanying drawings, in which 1like
elements and assemblies are designated by like reference
numbers.

FIRST EMBODIMENT

As shown in FIG. 1, a four-terminal, layered capacitor
1 of a first embodiment comprises a dielectric sheet 2
carrying an internal inductor electrode 3 on its surface,

dielectric sheets 2 carrying internal ground electrodes 4 on
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proVided at a specific point in the vertical, or stacking, direction of a

multi-termnal, |ayered capacitor for achieving symmetry in electrode
arrangenment or for adjusting the inductance conponent of the |ayered
capaci tor. The foregoing di scussion of the enbodinments is based on
the assunption that each multi-termnal, |ayered capacitor is manufactured
singly. In the case of nmass production, a

8

their surfaces, dielectric sheets 2 carrying internal
capacitor electrodes 5 and 6 on their surfaces, and ocutermost
protective dielectric sheets 2. Each dielectric sheet 2 is
made of a ceramic material, for example.
The intermnal inductor electrode 3 is generally patterned
to form a sinuous shape with its extreme left segment 3a and
- extreme right segment 3b ekposed at left and right-édges of
the dielectric sheet 2, respectively. The internal capacitor
electrodes 5 are located on the left side of the individual
dielectric sheets 2 with extreme left ends 5a of the internal
capacitor electrodes 5 exposed at left edges of the
dielectric sheets 2, while the intermal capacitor electrodes
6 are located on the right side of the individual dielectric
sheets 2 with extreme right ends 6a of the internal capacitor
electrodes 6 exposed at right edges of the dielectric sheets
2. The electrodes 3 to 6§ are layers of silver (Ag), silver-
palladium alloy (Ag-Pd) or Nickel (Ni), for example, formed
by using a technique such as printing, sputtering or vacuum
evaporation.
All the dielectric sheets 2 are stacked in the order
shown in FIG. 1, and calcined to form a single laminated

body. As illustrated in FIG. 2, an external input terminal
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plurality of multi-termnal, |ayered capacitors can be produced at once by
maki ng a | arge substrate having the |ayer structure as descri bed above and
then cutting it into chips of a desired size. Al t hough t he
capacitors of the aforenentioned enbodinents are nmade by stacking a
plurality of dielectric

9

10 and extermal output terminal 11 are formed at left and
right end faces of the laminated body while a pair of
external ground terminals 12 and 13 are formed at f£ront and
rear end faces, respectively. The external input terminal 10
is electrically connected to the extreme left segment 3a of
the intermal inductor electrode 3 as well as to the extreme
left end 5a of each internal capacitor electrode 5, wﬁile the
external output terminal 11 is electrically connected to the
extreme right segment 3b of the intermnal inductor electrode
3 as well as to the extreme right end 6a of each intermal
capacitor electrode 6. Further, the external ground
terminals 12 and 13 are electrically connected to outer ends
4a and 4b of each internal ground electrode 4, respectively.

The four-terminal, layered capacitor 1 having the above-
described structure can be regarded, with reference to its
equivalent circuit shown in FIG. 3, as being constructed by
separating a single capacitor of the conventiocnal structure
(shown in FIG. 10) into a pair of capacitors, that is, a
capacitor Cl formed by the internal capacitor electrodes 5
and the intermal ground electrodes 4 and a capacitor C2.
formed by the internal capacitor electrodes 6 and the

internal ground electrodes 4, and then connecting the



18 sheets and calcining the stack, the invention is not linited

10

capacitors Cl and C2 by means of the internal inductor
electrode 3.

A curve (solid line 21) shown in FIG, 4 represents
measured attenuation characteristics of the four-terminal,
layered capacitor 1, of which capacitance is 0.15 uF in this
embodiment. FIG. 4 also shows for comparison attenuation
characteristics of a conventional two—terminal;. layered
capacitor (dotted line 22) and of a conventional f£four-
terminal, layered capacitor (dotted line 23), both having the
game value of capacitance as the four-terminal, layered
capacitor 1 of the first embodiment. As can be seen from
FIG. 4, the four-terminal, layered capacitor 1 of the first
embodiment has a lower resonant frequency than the
conventional four-terminal, layered capacitor due to the
inductance of the internal inductor electrode 3, and has
greater attenuation over a wider frequency range due to the
capacitors Cl and C2.

SECOND EMBODIMENT

As shown in FIG. 5, a four~-terminal, layered capacitor
31 of a second embodiment of the invention is the same asg the
capacitor 1 of the first embodiment except for the structure

of an internal inductor electrode 32 which is made up of a
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to this construction. 1In one alternative, the individual dielectric
sheets nmay be cal ci ned before stacking. In another alternative, the
| ayer structure of dielectric sheets and el ectrodes of each capacitor
may be produced by alternately applying and drying pasty dielectric and
conductive materials by using a printing technique, for instance.

il

series of segments 32a-32e which are formed in series with a
pailr of intermnal capacitor electrodes 33 and 34. The
internal inductor electrode 32 includes curved segments 32a,
32b and 32c with extreme outer segments 32d and 32e exposed
at left and right edges of the dielectric sheet 2,
respectively. The internal capacitor electrode 33 is
¢ electrically connected between the curved segments 32a and
32b while the internal capacitor electrode 34 is electrically
connected between the curved segments 32b and 32c.

The individual dielectric sheets 2 are stacked in the
order shown in FIG. 5, and calcined to form a single
laminated body. 2An external input terminal 36 and external
output terminal 37 are formed at left and right end faces of
the laminated body while a pair of external ground terminals
38 and 39 are formed at front and rear end faces,
respectively, as illustrated in FIG. 6. The external input
terminal 36 is electrically connected to the extreme left
segment 32d of the intermal inductor electrode 3 as well as
to the extreme left end 5a of each intermal capacitor
electrode 5, while the external output terminal 37 is
electrically connected to the extreme right segment 32e of

the internal inductor electrode 3 as well as to the extreme
IMIN L e E T EN Shieet
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In the first and second enbodi nents, each of the internal ground

el ectrodes 4 need not necessarily be nade of a single electrode el enent

.but may be divided into two separate parts as shown in FIG 16.

Al t hough there are produced three capacitor elements 104, 105 and 106 in
the third enbodi nent descri bed above, the enbodinment nmay be nodified to

formtwo capacitor elenents, or

12

right end 6a of each internal capacitor electrode 6.
Further, the external ground terminals 38 and 39 are
electrically comnected to outer ends 4a and 4b of each
internal ground electrode 4, respectively.
The four-terminal, layered capacitor 31 having the
above-~described structure can be regarded, with reference to
(  its equivalent circuit shown in FIG. 7, as being co#étructed
by separating the single capacitor of the conventional
structure (shown in FIG. 10) into a pair of capacitors, that
is, a capacitor Cl formed by the intermnal capacitor
electrodes 5 and the internal ground electrodes 4 and a
capacitor C2 formed by the internal capacitor electrodes 6
and the internal ground electrodes 4, and then connecting the
capacitors Cl and C2 by an LC circuit made up of inductors
32a-32¢ formed by the internal inductor electrode 32 and
capacitors C3 and C4 formed by the internal capacitor
electrodes 33, 34 and 4. An advantage of this four-terminal,
layered capacitor 31 is that its resonant frequency is even
lower than that of the four-terminal, layered capacitor 1 of
the first embodiment.
Additional features of the invention are described in

further detail in the following with reference to the

BBy



four or nore capacitor elenents, interconnected by as many i nductor

el ements as necessary, within the scope of the invention. The
.dinvention is not limted to the aforenentioned preferred enbodi nents and
the variations thereof in other respects as well. Shapes and arrangenents

of the individual capacitor elenent patterns, inductor elenent patterns
and

13

following third embodiment, in which three distinct capacitor
elements are formed in a noise-absorbing, ceramic layered
capacitor (hereinafter referred to simply as a ceramic
layered capacitor).
THIRD EMBODIMENT
FIG. 11 is an exploded perspective wview showing the
o construction of a ceramic layered capacitor 101 acéo;:'ding to
a third_embodiment of the invention; FIG. 12 is a perspective
view showing the external appearance of the ceramic layered
capacitor 101l; FIG. 13 is a cross-gectional diagram showing
an internal electrode arrangement including capacitor and
inductor element patterns of the ceramic layered capacitor
101; and FIG. 14 is an equivalent circuit of the ceramic
layered capacitor 101. To facilitate understanding of the
internal electrode arrangement, each layer (plane) containing
capacitor and/or inductor element patterns is regarded as a
distinct ceramic sheet.

As shown in FIGS. 11 and 12, the ceramic layered
capacitor 101 comprises a laminated ceramic body 102 formed
by stacking a plurality of ceramic sheets 102a to 102f and
four external terminals 103a to 103d fitted to outer surfaces

of the laminated ceramic body 102. Additicnal ceramic sheets
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carrying no electrodes {(not shown) are laminated on the top
and bottom of the laminated ceramic body 102.

The ceramic layered capacitor 10l contains capacitor
element patterns 1l04a to 1044 provided on the ceramic sheets
102a, 102b, 102e and 102f, respectively, to form a capacitor
element 104, capacitor element patterns 105a to 105d provided
on the same ceramic sheets 102a, 102k, 102e éﬁd 102%,
regpectively, to form a capacitor element 105, and capacitor
element patterns 106a and 106b provided on the ceramic sheets
102¢c and 1024, respectively, to form a capacitor element 106.
The individual capacitor element patterns 104a-104d, 105a-
1054, 106a and 106b are so arranged that the capacitor
elements 104 and 105 have the same value of capacitance and
the capacitor element 106 has a smaller value of capacitance
compared to the capacitor elements 104 and 105.

The ceramic layered capacitor 101 further contains
inductor element patterns 107a to 1l0a provided on the
ceramic sheets 102c and 102d to form four inductor elements
107 to 110 which interconmnect the capacitor elements 104, 105
and 106. The individual inductor element patterns 107a to
110a are so arranged that all the inductor elements 107 to

110 have the same inductance.
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external termnals my be altered or nodified without departing fromthe
spirit and scope of the invention.

15

As can be seen from the equivalent circuit of the
ceramic layered capacitor 101 shown in FIG. 14, the capacitor
element 106 is connected to the capacitor element 104 by the
inductor elements 107 and 108, and the capacitor element 105
is connected to the capacitor element 106 by the inductor
elements 109 and 110 to form together a network in which the

| individual capacitor elements 104 to 106 are congected in
parallel with one another by the inductor elements 107 to
110. The external terminals 103a and 103b are connected to
both leads of the capacitor element 104 while the external
terminals 103c and 103d are connected to both leads of the
capacitor element 105 to complete the four-terminal, ceramic
layered capacitor 101.

The ceramic layered capacitor 101 is bidirectional in
operation because it  has a Dbilaterally symmetric
configuration with the capacitor elements 104 and 105 having
the same capacitance located at both ends of the device.
More specifically, the ceramic layered capacitor 101 may be
connected so that the extermal terminals 103a and 103b act as
input terminals and the external terminals 103c¢c and 103d act
as output terminals, or the external terminals 103c and 1034

act as input terminals and the external terminals 103a and

we



20 WHAT IS CLAIMED I S: 1. Amulti-termnal, |layered capacitor with a
plurality of dielectric sheets, said dielectric sheets conpri sing:
an external input term nal; an external output termnal;

16

103b act as output terminals.

FIG. 15 is a graph representing noise-absorbing
characteristics of the ceramic layered capacitor 101 showing
a relationship between frequency and attenuation factor. A
solid line @Gl in the graph shows noise-absorbing
characteristics of the whole ceramic layered capacitor 101,
an alternate long and short dashed line G2 shows noise-
absorbing characteristics of each of the capacitor elements
104 and 105 only, and another alternate long and short dashed
line @G3 shows noise-absorbing characteristics of the
capacitor element 106 only.

It can be seen from FIG. 15 that the ceramic layered
capacitor 101 has two prominent attenuation bands Fl and F2.
This indicates that the noise-absorbing characteristics of
the individual capacitor elements 104, 105 and 106 remain
effective in the ceramic layered capacitor 101l. According to
this embodiment, a single ceramic layered capacitor provides
necessary noise-absorbing performance even when electrical
noise is present in two separate frequency ranges.
VARIATIONS OF THE EMBODIMENTS

While the invention has been described in conjunction

with embodiments thereof, details of the construction of the
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an external ground term nal; a first internal capacitor electrode

electrically connected to said external input termnal; a second
internal capacitor electrode electrically connected to said external
out put term nal; an internal ground el ectrode electrically connected

to said external ground termnal, said internal ground el ectrode

17

above~described multi-terminal, layered capacitors can be
varied in wvarious ways.

As an example, a dielectric sheet which acts as a spacer
may be inserted between each internal inductor electrode and
internal ground electrode in the aforementioned embodiments
to eliminate or reduce stray capacitance appearing between
the two electrodes. N

In. another wvariation, at least one set of internal
inductor electrodes and internal ground electrodes is
provided at a specific point in the vertical, or stacking,
direction of a multi-terminal, layered capacitor for
achieving symmetry in electrode arrangement or for adjusting
the inductance component of the layered capacitor.

The foregoing discussion of the embodiments is based on
the assumption that each multi-terminal, layered capacitor is
manufactured singly. In the case of mass production, a
plurality of multi-terminal, layered capacitors can be
produced at once by making a large substrate having the layer
structure as described above and then cutting it into chips
cf a desired size.

Although the capacitors of the aforementioned

embodiments are made by stacking a plurality of dielectric



producing a capacitance between said first internal capacitor electrode
and 'said internal ground el ectrode and another capacitance between said
second internal capacitor electrode and said internal ground el ectrode;
and an internal inductor electrode electrically connected between
said external input termnal and said external output term nal, wherein
said plurality of dielectric sheets are

18

sheets and calcining the stack, the invention is not limited
to this construction. In one alternative, the individual
dielectric sheets may be calcined before stacking. In
another alternative, the layer structure of dielectric
sheets and electrodes of each capacitor may be produced by
alternately applying and drying pasty dielectric and
conductive materials by using a printing techn:i;c_{‘ue, for
instance.

In the first and second embodiments, each of the
internal ground electrodes 4 need not necesgsarily be made of
a single electrode element but may be divided into two
separate parts as shown in FIG. 16.

" Although there are produced three capacitor elements
194, 105 and 106 in the third embodiment described above, the
embodiment may be modified to form two capacitor elements, or
four or more capacitor elements, interconnected by as many
inductor elements as necessary, within the scope of the
invention.

The invention is not limited to the aforementioned
preferred embodiments and the variations thereof in other
respects as well. Shapes and arrangements of the individual

capacitor element patterns, inductor element patterns and

sh
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stacked integrally. 2. Afour-termnal, |ayered capacitor wth a
plurality

19

external terminals may be altered or modified without

departing from the spirit and scope of the invention.
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21 of dielectric sheets, said dielectric sheets conpri sing: an
| nput term nal; an external output term nal; a pair of

exter nal
ext er nal

ground term nal s;

20

WHAT IS CLAIMED IS:

1. A multi-terminal, layered capacitor with a plurality
of dielectric sheets, said dielectric sheets comprising:

an external input terminal;

an external output terminal;

an external ground terminal;

a first intermal capacitor electrode elecérically
connected to said external input terminal;

a second internal capacitor electrode electrically
connected to said external output terminal;

an internal ground electrode electrically connected to
said external ground terminal, said intermal ground electrode
producing a capacitance between said first internal capacitor
electrode and said internal ground electrode and another
capacitance between said second intermal capacitor electrode
and said internal ground electrode; and

an internal inductor electrode electrically connected
between said external input terminal and said external output
terminal, wherein said plurality of dielectric sheets are

stacked integrally.

2. A four-terminal, layered capacitor with a plurality
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a first internal capacitor electrode electrically connected to said
external input termnal; a second internal capacitor el ectrode

el ectrically connected to said external output termnal; an internal
ground el ectrode electrically connected to said pair of external ground
termnals, said internal ground electrode producing a capacitance between
said first interna

21

of dielectric sheets, said dielectric sheets comprising:

an external input terminal;

an external output terminal;

a pair of external ground terminals;

a first internal capacitor electrode electrically
connected to said external input terminal;

i a second internal capacitor electrode elec£rically

connected to said extermal output terminal;

an internal ground electrode electricélly connected to
said pair of external ground terminals, said intermal ground
electrode producing a capacitance between said first intermal
capacitor electrode and said internal ground electrode and
another capacitance between said second internal capacitor
electrode and said internal ground electrode; and

an intermal inductor electrode electrically connected
between said external input terminal and said external output
terminal,

wherein said plurality of dielectric sheets are stacked

integrally.

3. A four-terminal layered capacitor according to c¢laim

2, wherein said internal ground electrode comprises a pair of
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capacitor electrode and said internal ground el ectrode and anot her
capaci tance between said second internal capacitor electrode and said

. internal ground el ectrode; and an internal inductor electrode
electrically connected between said external input termnal and said
external output termnal, wherein said plurality of dielectric

sheets are stacked

22

internal ground electrode members each connected to a

respective one of said external ground terminals.

4. A four-terminal, layered capacitor according to claim
2, wherein said internal inductor electrode has a curved
segment and a third intermal capacitor electrode which forms

{ a third capacitance with said internal ground electrode.

5. A noise-absorbing, ceramic layered <capacitor
comprising a plurality of internal electrodes embedded in a
ceramic body, said internal electrodes including:

capacitor element patterns arranged to form a plurality
of capacitor elements having different values of capacitance;
and

inductor element patterns forming inductor elements
which interconnect said capacitor elements in parallel with
one ancother via said inductor elements in a plurality of
stages,

wherein said ceramic body is formed by stacking a

plurality of dielectric sheets.

6. A noisge-absorbing, ceramic layered capacitor
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I ntegrally. 3. Afour-termnal |ayered capacitor according to claim
2, wherein said internal ground el ectrode conprises a pair of

23

according to claim 5, further comprising a plurality of
external terminals connected respectively to said capacitor

elements.

7. A noise-absorbing, ceramic layered capacitor

according to claim €, wherein said capacitor element patterns

{ are arranged in such a way that one of sgaid c;';lpacitor
elements has a smaller wvalue of capacitance than the

remainder thereof.

8. A noise-absorbing, ceramic layered capacitor
according to claim 5, wherein said capacitor element patterns
are arranged in such a way that one of said capacitor
elements has a smaller wvalue of capacitance than the

remainder thereof.
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22 internal ground el ectrode nenbers each connected to a respective one
of said external ground term nals.

24

LAYERED CAPACITORS
ABSTRACT OF THE DISCLOSURE

Multi-terminal, layered capacitors having excellent

attenuation characteristics over a wide frequency range. A

0 four-terminal, layered capacitor has a dielectric éﬁeet with
an intermnal inductor electrode connecting an external input
terminal to an external output terminal, dielectric sheets

with intermal capacitor electrodes connected to the external

input terminal, and internal capacitor electrodes connected

to the external output terminal, and dielectric sheets with
internal ground electrodes connected to external ground
terminals. All these dielectric sheets are integrally

stacked and calcined to form a one-piece structure.

Fig 1
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4. A four-termnal, |layered capacitor according to claim 2, wherein said
I nternal inductor electrode has a curved segnent and a third interna
capacitor electrode which fornms a third capacitance with said interna
ground el ectrode. 5. A noi se-absorbing, ceram c | ayered capacitor
conprising a plurality of internal electrodfs enbedded in a

o

-
0
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ceram ¢ body, said internal electrodes including: capaci tor el ement
patterns arranged to forma plurality of capacitor elenents having

di fferent val ues of capacitance; and i nductor el enent patterns
form ng inductor elenments which interconnect said capacitor elenents in
parallel with one another via said inductpr elenents in a plurality of

2
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st ages, wherein said ceramc body is formed by stacking a plurality
of dielectric sheets. 6. A noi se-absorbing, ceramc |ayered
capaci tor This is the

repl acenent sheet
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according to claimb5, further conprising a plurality of external termnals
connected respectively to said capacitor elenents. 7. A
noi se- absorbing, ceram c |ayered capacitor according to claim®6, wherein

said capacitor element patterns are arranged in such a way that one of
sai d capacitor

5
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el ements has a small er value of capacitance than the renmainder thereof.

8. A noi se-absorbing, ceramic |ayered capacitor according to claimb5,
wherein said capacitor elenent patterns are arranged in such a way that
one of said capacitor elenents has a smaller value of capacitance than the
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renai nder t hereof.

Fig 11
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