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CERAMIC CAPACITOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ceramic capaci 
tor, and more speci?cally it relates to a ceramic capacitor 
employed as a smoothing capacitor for a sWitching source. 

[0003] 2. Discussion of Background 

[0004] Up to the present time, most smoothing capacitors 
for sWitching sources have been constituted of aluminum 
electrolytic capacitors. HoWever, as the demand for both 
miniaturiZation and improved reliability have increased in 
the market, the need for a compact ceramic capacitor assur 
ing a high degree of reliability has also increased. 

[0005] Generally speaking, since a great deal of heat is 
generated in the vicinity of a source, substrates are normally 
constituted of an aluminum having a high heat discharge 
capacity. HoWever, since the temperature in the vicinity of 
the source changes greatly When the source is turned on and 
off, a great deal of thermal stress occurs at a ceramic 
capacitor mounted on the aluminum substrate, Which has a 
high coef?cient of thermal expansion. This thermal stress 
causes cracking to occur at the ceramic capacitor, Which, in 
turn, may induce problems such as shorting defects and 
arcing. 
[0006] In order to prevent problems such as arcing, it is 
crucial that the thermal stress occurring at the ceramic 
capacitor be reduced. As a means for reducing the thermal 
stress, Japanese Examined Utility Model Publication No. 
46258/1993, Japanese Unexamined Patent Publication No. 
171911/1992, Japanese Unexamined Patent Publication No. 
259205/1992 and the like disclose a structure achieved by 
soldering a metal plate onto a terminal electrode of the 
ceramic capacitor and mounting the metal plate onto the 
aluminum substrate to prevent the ceramic capacitor from 
being soldered directly onto the aluminum substrate. 

[0007] Under normal circumstances, it is necessary to set 
the length of the leg portion of the metal plate extending 
from the terminal portion to be soldered onto the aluminum 
substrate to the portion Where it is connected to the ceramic 
capacitor as large as possible in order to ensure that the 
thermal stress caused by the expansion and contraction of 
the aluminum substrate is absorbed to a sufficient degree. 
HoWever, since products in the prior art adopt a structure in 
Which the height of the ceramic capacitor is bound to 
increase if the legs of the metal plate are lengthened, the 
length of the leg of the metal plate must be restricted to 
ensure that it is less than the alloWable height that is 
permitted on the substrate. 

[0008] Because of this, the length of the legs of the metal 
plate cannot be set at a large value in the products in the prior 
art and, consequently, if the ceramic capacitor is continu 
ously operated over an extended period of time in an 
environment Where the temperature changes drastically 
(—55° C. to 120° C.), as in the vicinity of a source, cracks 
Will occur near the ends of the ceramic capacitor, presenting 
a high risk of arcing. This gravely compromises the reli 
ability of the ceramic capacitor and has been a obstacle to 
the Wider use of ceramic capacitors. 

[0009] In addition, the metal plate in the prior art is 
constituted of phosphor bronZe, silver, copper, stainless 
steel, aluminum, nickel silver or the like. HoWever, these 
metals all have a coef?cient of average linear expansion that 
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is markedly higher than the coefficient of average linear 
expansion of the ceramic dielectric material constituting the 
ceramic capacitor. Thus, if any of them is employed to 
constitute a component to be mounted in the vicinity of a 
source Where the temperature changes greatly, a great deal of 
stress is applied to, in particular, the area Where the metal 
plate is connected due to the difference betWeen the coef 
?cient of average linear expansion of the ceramic capacitor 
element and the coef?cient of average linear expansion of 
the metal plate to result in cracking occurring near the ends 
of the ceramic capacitor, Which may lead to problems such 
as continuity defects, arcing and the like. 

[0010] Furthermore, ceramic capacitors achieving a large 
capacity by laminating a plurality of laminated ceramic 
capacitor elements, soldering metal plate terminals onto 
terminal electrodes of the individual laminated ceramic 
capacitor elements and electrically connecting in parallel the 
plurality of laminated ceramic capacitor elements have been 
proposed (e.g., Japanese Unexamined Patent Publication 
No. 188810/1992, Japanese Unexamined Patent Publication 
No. 17679/1996). 

[0011] Normally, soldering paste containing solder par 
ticulates, rosin-type resin, an actuator and the like is 
employed to solder and secure metal plate terminals onto the 
terminal electrodes of laminated ceramic capacitor elements. 
The activator is constituted of a halogen compound contain 
ing chlorine and the like. The particle siZe of the solder 
particulate is set at approximately 1 pm to 50 pm. The 
rosin-type resin content is set Within the range of 50 Wt % 
to 55 Wt %. The content of the activator Which is constituted 
of a halogen compound containing chlorine and the like is 
set at approximately 1%. In addition, the distance formed 
betWeen the individual capacitor elements When combining 
the laminated ceramic capacitor elements is maintained 
Within a range of 10 pm to 20 pm. 

[0012] HoWever, When soldering the metal plate terminals 
onto the individual terminal electrodes of the laminated 
ceramic capacitor elements, the solder particles and the ?ux 
contained in the soldering paste enter the gaps betWeen the 
laminated ceramic capacitor elements to result in buildup 
occurring due to the solder balls and the ?ux, presenting 
problems such as shorting defects betWeen the terminals and 
deteriorated insulation. 

SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to provide a 
ceramic capacitor in Which cracks, damage and the like can 
be prevented from occurring at the ceramic capacitor ele 
ment With a high degree of reliability. 

[0014] It is a further object of the present invention to 
provide a ceramic capacitor in Which the thermal stress and 
the mechanical stress occurring at the ceramic capacitor 
element can be reduced. 

[0015] It is a still further object of the present invention to 
provide a ceramic capacitor in Which the length of the metal 
plate terminal extending from the terminal portion located 
toWard the substrate to the ceramic capacitor element is 
increased Without increasing its height. 

[0016] It is a still further object of the present invention to 
provide a ceramic capacitor in Which cracks, damage and the 
like can be prevented from occurring at the ceramic capaci 
tor element With a high degree of reliability Within a 
temperature range of —55° C. to 125° C. 
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[0017] It is a still further object of the present invention to 
provide a ceramic capacitor achieving an improvement in 
reliability by preventing solder particles and soldering ?ux 
from entering gaps betWeen the ceramic capacitor elements. 

[0018] In order to achieve the objects described above, the 
present invention discloses a structure of metal plate termi 
nals, the material that should be selected to constitute the 
metal plate terminals, the correlation betWeen the coef?cient 
of linear expansion of the ceramic capacitor elements and 
the coefficient of linear expansion of the metal plate termi 
nals and the soldering requirements to be ful?lled When 
soldering the ceramic capacitor elements and the metal plate 
terminals. 

[0019] In regard to the structure of the metal plate termi 
nals, the ceramic capacitor according to the present inven 
tion includes at least one ceramic capacitor element and at 
least a pair of metal plate terminals. Terminal electrodes are 
provided at the tWo diametrical side end surfaces of the 
ceramic capacitor element. 

[0020] The metal plate terminals are each connected to 
one of the terminal electrodes at one end, and are each 
provided With a folded portion in the middle, With a terminal 
portion to be connected to an external conductor such as a 
substrate provided toWard the other end of the folded 
portion. 

[0021] In the metal plate terminals structured as described 
above, the folded portions increase the lengths Which extend 
from the terminal portions to the ends that are connected to 
the terminal electrodes of the ceramic capacitor element. In 
addition, the folded portions achieve a spring-like effect. 
This ensures that the ?exure and the thermal expansion of 
the substrate are absorbed With a high degree of reliability to 
reduce the mechanical stress and the thermal stress occur 
ring at the ceramic capacitor element so that cracks can be 
prevented from occurring at the ceramic capacitor element. 
Consequently, even When the ceramic capacitor according to 
the present invention is employed as a smoothing capacitor 
for a sWitching source that is often mounted at an aluminum 
substrate, cracks can be prevented from occurring so that the 
risk of arcing can be eliminated. 

[0022] In addition, by providing the folded portion at the 
metal plate terminal, the ?exure and the thermal expansion 
of the substrate are absorbed to prevent mechanical stress 
and thermal stress from occurring at the ceramic capacitor 
element, and an increase in the height is prevented. Thus, the 
length of the metal plate terminal extending from the ter 
minal portion located toWard the substrate to the ceramic 
capacitor element mounting portions can be increased With 
out increasing its height, to improve the absorbing effect 
With respect to ?exure and the thermal expansion of the 
substrate so that the mechanical stress and the thermal stress 
occurring at the ceramic capacitor element can be reduced. 

[0023] The metal plate terminals are each constituted of a 
metal material having a coefficient of average linear expan 
sion 0t of 13x10‘6 or loWer over the range of —55° C. to 125° 
C. It has been learned that by constituting the metal plate 
terminals With a metal material achieving such a coef?cient 
of average linear expansion 0t, cracks do not occur and the 
risk of arcing is eliminated even When it is used continuously 
over an extended period of time in an environment Where the 
temperature changes drastically over the range of —55° C. to 
125° C. Consequently, even When the ceramic capacitor 
according to the present invention is employed as a smooth 
ing capacitor in a sWitching source that is turned on/off 
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frequently and may experience a temperature ?uctuation 
Within the range of —55 ° C. to 125° C., a suf?cient degree 
of reliability is assured. The coef?cient of average linear 
expansion a as referred to in the present invention refers to 
the average value of coef?cients of linear expansion mea 
sured at a plurality of different temperatures. 

[0024] In regard to the coef?cients of linear expansion of 
the ceramic capacitor element and the metal plate terminals, 
(X1<(X2 is satis?ed With (x1 representing the coef?cient of 
average linear expansion of the ceramic capacitor element 
over a range of 25° C. to —55° C. and (x2 representing the 
coef?cient of average linear expansion of the ceramic 
capacitor element over a range of 25° C. to 125° C., and the 
coef?cient of average linear expansion [3 of the metal plate 
terminals over the range of —55° C. to 125° C. satis?es [3<1.3 
(x2 and [3>0.7 (x1. 

[0025] It has been con?rmed that When the coef?cients of 
average linear expansion (x1, (x2 and [3 satisfy the require 
ments presented above, cracks, damage and the like are 
prevented from occurring at the ceramic capacitor element 
With a high degree of reliability over the temperature range 
of —55° C. to 125° C. 

[0026] When the main constituent of the dielectric is 
barium titanate, the coefficients of average linear expansion 
of the ceramic dielectric satis?es oq§7><10_6 and (x2; 9><10°. 
When the main constituent of the ceramic dielectric is a lead 
type complex perovskite, (x2x10_° and (x2§3><10_° are satis 
?ed. 

[0027] Consequently, the coefficient of average linear 
expansion [3 of the metal plate terminals must be set by 
taking into consideration the different coef?cients of average 
linear expansion (x1 and (x2 manifesting When the main 
constituent of the dielectric is barium titanate and When it is 
lead-type complex perovskite so that the requirements 
described earlier are satis?ed in both cases. 

[0028] The soldering requirements for soldering the 
ceramic capacitor element and the metal plate terminals are 
adopted When producing a combined ceramic capacitor 
constituted by combining a plurality of ceramic capacitor 
elements. The plurality of ceramic capacitor elements are 
each laminated While maintaining a distance of 20 pm or less 
With their terminal electrodes soldered to the metal plate 
terminals. Asoldering paste containing solder particles 90% 
or more of Which achieve a particle siZe of 35 p m to 55 pm 
is used in the soldering process. In the combined ceramic 
capacitor achieved in this manner, the solder particles and 
the soldering ?ux do not enter the gaps betWeen the ceramic 
capacitor elements. This contributes to an improvement in 
the reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Other objects, structural features and advantages of 
the present invention are explained in further detail by 
referring to the attached draWings, provided simply to illus 
trate examples, Wherein: 

[0030] FIG. 1 is a frontal vieW of the ceramic capacitor 
according to the present invention 

[0031] FIG. 2 is a frontal sectional vieW of the ceramic 
capacitor in FIG. 1; 

[0032] FIG. 3 is a partial sectional vieW illustrating the 
ceramic capacitor shoWn in FIGS. 1 and 2 mounted on a 
circuit board; 
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[0033] FIG. 4 is an enlarged sectional vieW illustrating an 
example of the metal plate terminals that may be employed 
in the ceramic capacitor according to the present invention; 

[0034] FIG. 5 is a frontal vieW illustrating another 
embodiment of ceramic capacitor according to the present 
invention; 
[0035] FIG. 6 is a frontal vieW illustrating yet another 
embodiment of ceramic capacitor according to the present 
invention; 
[0036] FIG. 7 is a perspective illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0037] FIG. 8 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor illustrated in FIG. 7; 

[0038] FIG. 9 is a perspective illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0039] FIG. 10 is a frontal vieW of the ceramic capacitor 
in FIG. 9; 

[0040] FIG. 11 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0041] FIG. 12 is a perspective illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0042] FIG. 13 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0043] FIG. 14 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0044] FIG. 15 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0045] FIG. 16 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0046] FIG. 17 is a frontal sectional vieW illustrating yet 
another embodiment of the ceramic capacitor according to 
the present invention; 

[0047] FIG. 18 is a frontal sectional vieW illustrating yet 
another embodiment of the ceramic capacitor according to 
the present invention; 

[0048] FIG. 19 is a perspective illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention 

[0049] FIG. 20 is a bottom vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0050] FIG. 21 is a partial sectional vieW illustrating an 
eXample of the mounted ceramic capacitor shoWn in FIG. 20 

[0051] FIG. 22 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 

[0052] FIG. 23 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 
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[0053] FIG. 24 is a perspective illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention; 
[0054] FIG. 25 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor illustrated in FIG. 7; 
and 

[0055] FIG. 26 is a frontal vieW illustrating yet another 
embodiment of the ceramic capacitor according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0056] I Metal Plate Terminal Structure 

[0057] In reference to FIGS. 1 and 2, the ceramic capaci 
tor according to the present invention includes one ceramic 
capacitor element 1 and a pair of metal plate terminals 2 and 
3. The ceramic capacitor element 1 is provided With terminal 
electrodes 11 and 12 at the tWo side end surfaces facing 
opposite each other in the direction of the length L. 

[0058] The ceramic capacitor element 1 is provided With 
a number of (e.g., 100 layers) internal electrodes 101 and 
102 inside a ceramic dielectric base body 100. The internal 
electrodes 101 are each connected to the terminal electrode 
11 at one end, With the other ends constituting free ends, and 
the internal electrodes 102 are each connected to the termi 
nal electrode 12 at one end With the other ends constituting 
free ends. The materials to constitute the terminal electrodes 
11 and 12, the internal electrodes 101 and 102 and the 
ceramic dielectric base body 100, the methods for manu 
facturing them and the like are of the known art. 

[0059] It is desirable that each internal electrode 101 be 
formed to create a distance AL1 betWeen its free end and the 
terminal electrode 12. Each internal electrode 102 should be 
formed to create a distance A AL2 betWeen its free end and 
the terminal electrode 11. The distances AL1 and AL2 are 
minimum distances betWeen the free end and terminal 
electrode 11 and the free end and the terminal electrode 12. 
In more speci?c terms, the distance AL1 is given as the 
distance betWeen the line S11 draWn in the direction of the 
thickness of the ceramic dielectric base body 100 from the 
front end of a hanging portion 121 of the terminal electrode 
12 deposited onto the front surface and the rear surface of 
the ceramic dielectric base body 100 and the line S12 draWn 
in the direction of the thickness of the ceramic dielectric 
base body 100 from the front end of the free ends. The 
distance A L2 is given as the distance betWeen the line S21 
draWn in the direction of the thickness of the ceramic 
dielectric base body 100 from the front end of a hanging 
portion 111 of the terminal electrode 11 deposited onto the 
front surface and the rear surface of the ceramic dielectric 
base body 100 and the line S22 in the direction of the 
thickness of the ceramic dielectric base body 100 draWn 
from the front end of the free ends. 

[0060] While the ceramic capacitor element 1 in FIG. 2 
adopts a transverse con?guration in Which the electrode 
surfaces of the internal electrodes 101 and 102 eXtend 
parallel to the horiZontal surface, a longitudinal con?gura 
tion achieved by rotating the ceramic capacitor element 1 by 
approximately 90° from its position in FIG. 2 so that the 
electrode surfaces of the internal electrodes 101 and 102 
eXtend perpendicular to the horiZontal surface may be 
adopted, instead. 

[0061] The metal plate terminal 2, one end 21 of Which is 
connected to the terminal electrode 11, is provided With a 
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folded portion 22 in the middle area, and a terminal portion 
23 to be connected to the outside toWard the other end from 
the folded portion 22. The metal plate terminal 3, one end 31 
of Which is connected to the terminal electrode 12, too, is 
provided With a folded portion 32 in its middle area and a 
terminal portion 33 to be connected to the outside toWard the 
other end from the folded portion 32. The metal plate 
terminals 2 and 3 should be constituted of a material having 
a loW electrical resistance and demonstrating outstanding 
spring property. Typical examples include a phosphor 
bronZe plate. While no particular restriction is imposed on 
its plate thickness, the plate Will be typically 0.1 mm thick. 

[0062] The ends 21 and 31 of the metal plate terminals 2 
and 3 are respectively connected to the terminal electrodes 
11 and 12 via bonding members 4 and 5. 

[0063] FIG. 3 is a partial sectional vieW illustrating the 
ceramic capacitor in FIGS. 1 and 2 mounted on a circuit 
board. The ceramic capacitor is mounted on a circuit board 
70, With conductor patterns 71 and 72 formed at the surface 
of the circuit board 70. The terminal portion 23 of the metal 
plate terminal 2 provided at the ceramic capacitor is soldered 
to the conductor pattern 71 With a solder 81, Whereas the 
terminal portion 33 of the metal plate terminal 3 is soldered 
to the conductor pattern 72 With a solder 82. 

[0064] The metal plate terminals 2 and 3, at least a pair of 
Which are provided in the ceramic capacitor according to the 
present invention, are respectively connected to the terminal 
electrodes 11 and 12 of the ceramic capacitor element 1 at 
their ends 21 and 31, and are provided With the folded 
portions 22 and 32 respectively in their middle areas and the 
terminal portions 23 and 33 respectively to be connected to 
the outside toWard the other end from the folded portions 22 
and 32. The length (height) of the metal plate terminals 2 and 
3 structured as described above, extending from the terminal 
portions to be connected to an external conductor such as a 
substrate to the ends connected to the terminal electrodes 11 
and 12 of the ceramic capacitor element 1 is extended by the 
folded portions 22 and 32 provided in the middle areas. 

[0065] For instance, While in a product in the prior art 
Without the folding portions 22 and 32, the height from the 
terminal portions 23 and 33 to the positions at Which the 
metal plate terminals 2 and 3 are connected by using the 
bonding members 4 and 5 is a component height H, this 
height is constituted of the length of the paths h to the apexes 
of the folded portions 22 and 32 according to the present 
invention achieving a great increase in height dimension. 
The length of the paths h can be set smaller than the 
component height H that is alloWed in a ceramic capacitor 
Whose entire length is L by adjusting the positions of the 
apexes of the folded portions 22 and 32. 

[0066] In addition, a spring-like effect is achieved by the 
folded portions 22 and 32. The ?exure and the thermal 
expansion of the circuit board 70 are thus absorbed through 
the spring effect achieved at the folded portions 22 and 32 
to reduce the mechanical stress and the thermal stress 
occurring at the ceramic capacitor element 1. By selecting 
the structure and the shape of the folded portions 22 and 32 
as appropriate, the distance from the terminal portions 23 
and 33 that are mounted at the circuit board 70 to the 
portions at Which the metal electrodes are mounted to the 
terminal electrodes 11 and 12 of the ceramic capacitor 
element 1 can be increased by a factor of 2 to 5 compared 
to the prior art, to prevent cracks from occurring at the 
ceramic capacitor element 1. Thus, even When the ceramic 
capacitor is employed as a smoothing capacitor for a sWitch 
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ing source that is often mounted at the aluminum circuit 
board 70, the occurrence of cracks and the risk of resultant 
arcing can be avoided. 

[0067] Furthermore, the folded portions 22 and 32 pro 
vided at the metal plate terminals 2 and 3, Which absorb the 
?exure and the thermal expansion of the circuit board 70 and 
prevent an increase in the height. In the case of the embodi 
ment, the length h of the path over Which the spring effect 
is achieved can be set smaller than the component height H 
of the ceramic capacitor having the full length L, by adjust 
ing the positions of the apexes of the folded portions 22 and 
32. As a result, the length h of the path extending from the 
terminal portions 23 and 33 located toWard the circuit board 
70 to the ceramic capacitor element mounting portions can 
be increased for the metal plate terminals 2 and 3 Without 
increasing the component height H, to achieve an improve 
ment in the absorption of the ?exure and the thermal 
expansion of the circuit board 70 by the metal plate termi 
nals 2 and 3, Which, in turn, reduces the mechanical stress 
and the thermal stress occurring at the ceramic capacitor 
element 1. 

[0068] The apexes of the folded portions 22 and 32 are set 
at positions that are loWer than the apex of the ceramic 
capacitor element 1. Namely, h<H is satis?ed. This structure 
makes it possible to keep the component height H at a small 
value. 

[0069] The bonding members 4 and 5 for bonding the 
metal plate terminals 2 and 3 to the terminal electrodes 11 
and 12 respectively may be constituted of a conductive 
adhesive containing resin or of solder. In the connecting 
structure Whereby the metal plate terminals 2 and 3 are 
connected to the terminal electrodes 11 and 12 via the 
bonding members 4 and 5 constituted of a conductive 
adhesive containing resin, hardly any thermal shock is 
imparted and, consequently, there is no risk of cracks 
occurring at the ceramic capacitor element 1 before use. This 
contributes to an improvement in reliability. 

[0070] It is desirable that the conductive adhesive contain 
silver particles as its conductive constituent, since silver 
particles Will improve conductivity. Flat silver particles 
having a particle siZe of 3 pm or larger are particularly 
desirable, as silver particles having such a particle siZe and 
shape Will achieve an increase in the quantity of silver 
particles relative to the resin to assure good conductivity. 
HoWever, since, if the particle siZe of the silver particles 
becomes too large, their dispersion in the resin becomes 
poor, to loWer the adhesive strength, it is necessary to 
determine the maximum particle siZe of the silver particles 
to be used by taking into consideration the adhesive strength. 

[0071] Since the ceramic capacitor according to the 
present invention is employed over a Wide range of tem 
perature of —55° C. to 125° C., the resin constituting the 
conductive adhesive should be a thermosetting resin having 
a stable temperature resistant property over such a tempera 
ture range. Speci?c examples of such a resin include epoxy 
type thermosetting resin, urethane-type thermosetting resin, 
polyimide-type thermosetting resin and acrylic-type thermo 
setting resin. 

[0072] The bonding members 4 and 5 for connecting the 
metal plate terminals 2 and 3 to the terminal electrodes 11 
and 12 may be constituted of solder instead of the conduc 
tive adhesive described above. A solder having a melting 
point of 200° C. or higher and 400° C. or loWer is particu 
larly suited for this application. 
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[0073] When soldering the ceramic capacitor onto the 
circuit board 70, as illustrated in FIG. 3, the soldering 
process is implemented at a temperature of approximately 
200° C. During this soldering process, the bonding members 
4 and 5 connecting the metal plate terminals 2 and 3 to the 
terminal electrodes 11 and 12 must not become fused. Thus, 
it is necessary to use a solder having a melting point of 250° 
C. or higher to constitute the bonding members 4 and 5. 

[0074] HoWever, if a solder having a melting point of 400° 
C. or higher is used to constitute the bonding members 4 and 
5, heat exceeding 400° C. Will be applied to the ceramic 
capacitor element 1 While soldering the metal plate terminals 
2 and 3 to the terminal electrodes 11 and 12, to form thermal 
cracks at the ceramic capacitor element 1. Thus, the solder 
must have a melting point of 400° C. or loWer. 

[0075] When solder is used to constitute the bonding 
members 4 and 5, it is desirable that the metal plate terminals 
2 and 3 be provided With a cover ?lm having a non-adhesive 
property With respect to the solder at, at least, surfaces facing 
opposite the external connection surfaces of the terminal 
portions 23 and 33. This aspect is noW explained in reference 
to FIG. 4. 

[0076] In the embodiment illustrated in FIG. 4, a substrate 
200 is formed from a plate material constituted of phosphor 
bronZe, iron-nickel alloy or the like and a metal ?lm 201 that 
achieves good soldering is provided on the side Where the 
external connection surface that is connected to the outside 
through soldering (the outer side) is present, With a cover 
?lm 202 to Which the solder does not adhere or adheres less 
readily is laminated at the inside on the opposite side. Since 
the use of such metal plate terminals 2 and 3 ensures that the 
solder does not adhere to the surfaces of the terminal 
portions 23 and 33 as illustrated in FIG. 3, the areas betWeen 
the terminal portions 23 and 33 and the terminal portions 23 
and 33 are not ?lled With the solder. Thus, the spring 
property of the metal plate terminals 2 and 3 is not com 
promised. 
[0077] The cover ?lm 202, to Which the solder does not 
adhere or adheres less readily, may be laminated over the 
entire lengths of the metal plate terminals 2 and 3, or may 
be partially laminated including the terminal portions 23 and 
33. The cover ?lm 202 may be constituted of one of the 
folloWing: a metal oxide ?lm, Wax, resin and silicon oil. As 
a means for forming the metal oxide ?lm, a method Whereby 
a metal ?lm such as Ni or Cu, Which readily becomes 
oxidiZed is laminated at the surface of the substrate 200 
through plating and is left in a natural state to become 
oxidiZed may be employed. The metal ?lm 201 may be 
constituted as an Sn or Pb—Sn plated ?lm. 

[0078] NoW the explanation is given again in reference to 
FIGS. 1 and 2. The terminal portions 23 and 33 are 
provided under the ceramic capacitor element 1 over a 
distance. This structure prevents an increase in the area 
occupied by the terminal portions 23 and 33 at the substrate 
to achieve a capacitor With a minimum mounting area. 

[0079] In the ceramic capacitor illustrated in FIGS. 1 and 
2, the folded portion 22 of the metal plate terminal 2 includes 
a ?rst bent portion 221 and a second bent portion 222. The 
folded portion 22 is bent to fold aWay from the terminal 
electrode 11 at the ?rst bent portion 221, Whereas at the 
second bent portion 222, it is bent to extend in a direction 
parallel to the end surface over a distance from the ?rst bent 
portion 221. The metal plate terminal 2 is connected to the 
terminal electrode 11 at the area extending from its front end 
to the ?rst bent portion 221. 

May 17, 2001 

[0080] Likewise, the folded portion 32 of the metal plate 
terminal 3 includes a ?rst bent portion 321 and a second bent 
portion 322. The folded portion 32 is bent to fold in a 
direction that moves aWay from the terminal electrode 12 at 
the ?rst bent portion 321, Whereas at the second bent portion 
322 it is bent to extend in a direction parallel to the end 
surface over a distance from the ?rst bent portion 321. The 
metal plate terminal 3 is connected to the terminal electrode 
12 at the area extending from its front end to the ?rst bent 
portion 321. 

[0081] The structure described above achieves a spring 
effect in the areas extending from the ?rst bent portions 221 
and 321 and the second bent portions 222 and 322 to the 
terminal portions 23 and 33 so that the ?exure and the 
thermal expansion of the substrate can be absorbed through 
the spring effect. 

[0082] The metal plate terminal 2 is provided With a third 
bent portion 223. The third bent portion 223 partitions the 
folded portion 22 from the terminal portion 23. In addition, 
the metal plate terminal 3 is provided With a third bent 
portion 323. The third bent portion 323 partitions the folded 
portion 32 from the terminal portion 33. As a result, a spring 
effect is achieved in the areas extending from the ?rst bent 
portions 221 and 321 to the third bent portions 223 and 323 
so that the ?exure and the thermal expansion of the substrate 
is absorbed through the spring effect. 

[0083] The metal plate terminals 2 and 3 are bent at the 
third bent portions 223 and 323 respectively in a direction in 
Which their terminal portions 23 and 33 are placed closer to 
the ceramic capacitor element 1. The terminal portions 23 
and 33 of the metal plate terminals 2 and 3 are provided 
under the ceramic capacitor element 1 over distances G01 
and G02 respectively to minimiZe the mounting area by 
preventing an increase in the area occupied by the terminal 
portions 23 and 33 at the substrate. 

[0084] In addition, in the structure achieving the distance 
AL1 formed betWeen the free ends of the internal electrodes 
101 and the terminal electrode 12 and the distance AL2 
formed betWeen the free ends of the internal electrodes 102 
and the terminal electrode 11, the internal electrodes 101 and 
the internal electrodes 102 do not overlap each other at the 
interfaces of the metal plate terminals and the conductive 
adhesive Where cracks and damage tend to occur readily, and 
near the areas Where the conductive adhesive is applied. 
Thus, the risks of shorting caused by cracks and of arcing 
resulting from shorting are drastically reduced. 

[0085] While the ?rst bent portions 221 and 321 and the 
second bent portions 222 and 322 are bent at an angle of 
approximately 90° in FIGS. 1 and 2, they may be bent at 
angles other than 90°. Furthermore, the ?rst bent portions 
221 and 321 and the second bent portions 222 and 322 may 
be bent in a shape Without a clear angle, e.g., in an arc shape, 
instead. 

[0086] FIG. 5 is a frontal vieW illustrating another 
embodiment of the ceramic capacitor according to the 
present invention. In the ?gure, the same reference numbers 
are assigned to components identical to those in FIGS. 1 
and 2 to preclude the necessity for repeated explanation 
thereof. In this embodiment, the bonding members 4 and 5 
containing resin are partially deposited onto the terminal 
electrodes 11 and 12. In this structure, the length of the paths 
H Where the spring effect is achieved is expressed as a value 
achieved by adding a length h1 of the path extending from 
the terminal portions 23 and 33 to the second bent portions 






























