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(57) ABSTRACT 
A monolithic capacitor includes a plurality of monolithic 
ceramic capacitor elements provided With external elec 
trodes at both ends thereof, solder layers arranged on the 
entire surfaces of the external electrodes of the monolithic 
ceramic capacitor elements, and metal terminals electrically 
connected to the external electrodes of the monolithic 
ceramic capacitor elements. The monolithic ceramic capaci 
tor elements are joined to each other by the solder layers and 
are stacked on each other. The external electrodes of the 
monolithic ceramic capacitor elements are electrically con 
nected to each other by the solder layers. 

26a 1 

26a 

1 2 

26a 

32a 

36a 38a 

/ 26b 

26b 

26b 

0 32b 



Patent Application Publication Jul. 12, 2001 Sheet 1 0f 12 US 2001/0007522 A1 

26b 

26b 

1h»- 30b 

\' 32b 



Patent Application Publication Jul. 12, 2001 Sheet 2 0f 12 US 2001/0007522 A1 

F747. 2 

12 

14 16 18 16 18 

20b 

22b 

24b 

20a 

22a 

24a 

18 16 18 16 



Patent Application Publication Jul. 12, 2001 Sheet 3 0f 12 US 2001/0007522 A1 

71/67, 3 

Q 

1)2 
30a \9 

é-30b 

26a \ 1 /26b 

26a \ ‘ 26b 

12‘ ' 

266k ’ 26b 

34a\/'-~ ‘-~~—\_/~34b 

32a , fazb 

36a 
38a 33b 36b 





Patent Application Publication Jul. 12, 2001 Sheet 5 0f 12 US 2001/0007522 A1 

"FM/.5 

1 2 

\V 
24a 1 24b 

1 2 
25a 

25b 

24a 24b 



Patent Application Publication Jul. 12, 2001 Sheet 6 0f 12 US 2001/0007522 A1 



Patent Application Publication Jul. 12, 2001 Sheet 7 0f 12 US 2001/0007522 A1 

26b 

26b 

A’ 30b 



Patent Application Publication Jul. 12, 2001 Sheet 8 0f 12 US 2001/0007522 A1 

12 q 

26a-_.._/ 26b 

26a r- 26b 

36a 38a 12 38b 36b 



Patent Application Publication Jul. 12, 2001 Sheet 9 0f 12 US 2001/0007522 A1 

71/»? 7 

lg 

12. 

30a 6130b 

26a 26b 

12 

26a\ ' 26b 

343M,“ -~-»-\~ /34b 

32a _ , ?szb 

36a 
38a 38b 36b 





Patent Application Publication Jul. 12, 2001 Sheet 11 0f 12 US 2001/0007522 A1 

F/fr // 

26b 

26b 

26b 



Patent Application Publication Jul. 12, 2001 Sheet 12 0f 12 US 2001/0007522 A1 

< 
a. 

.Q 
on 
(no 

<1 
.0 

‘N N 
0- 00 

g 
.0 £1. 
<0 N ‘can 
N 33 

N 
00 

.0 
co 
m m 

o. 
E .0 

co 
m 

N 
P 

N 
1 

<0 
00 
co 

cu 
<0 
<0 

I: ‘ 

as g 1 

N (:3 
2 1- “(0mm mgNmq' 

0 mm 
<2 



US 2001/0007522 A1 

MONOLITHIC CAPACITOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a monolithic 
capacitor, and more particularly, the present invention 
relates to a monolithic capacitor having high capacitance 
and Which includes a plurality of monolithic ceramic capaci 
tor elements and metal terminals, and used, for example, as 
a substitute for a tantalum electrolytic capacitor for smooth 
ing a poWer circuit in a DC-DC converter, or other suitable 
uses. 

[0003] 2. Description of the Related Art 

[0004] A monolithic capacitor provided With metal termi 
nals is used in order to improve thermal shock resistance by 
ensuring bending strength and by relieving thermal stress. In 
such a monolithic capacitor, monolithic ceramic capacitor 
elements are supported by metal terminals so as not to 
contact a substrate. Furthermore, as disclosed in Japanese 
Unexamined Utility Model Publication No. 1-112032, metal 
terminals are bent. By using the techniques described above, 
it is also possible to decrease the difference in thermal 
expansion betWeen a substrate having a high thermal expan 
sion coef?cient, such as an aluminum substrate, and mono 
lithic ceramic capacitor elements. 

[0005] In such a monolithic capacitor, When a plurality of 
monolithic ceramic capacitor elements are formed, external 
electrodes of the monolithic ceramic capacitor elements are 
partially connected to each other by a conductive resin or a 
solder paste. 

[0006] HoWever, With respect to the monolithic ceramic 
capacitor in Which the external electrodes of the monolithic 
ceramic capacitor elements are partially joined to each other 
by the conductive resin or the solder paste, thermal stress is 
concentrated at the joints, and cracks may occur in the joints 
and the monolithic ceramic capacitor elements, resulting in 
a decrease in electrostatic capacity. 

SUMMARY OF THE INVENTION 

[0007] In order to overcome the problems described 
above, preferred embodiments of the present invention pro 
vide a monolithic capacitor having high thermal shock 
resistance While avoiding all of the problems of the prior art. 

[0008] In accordance With various a preferred embodi 
ment of the present invention, a monolithic capacitor 
includes a plurality of monolithic ceramic capacitor ele 
ments provided With external electrodes at both ends 
thereof, solder layers arranged on the entire surfaces of the 
external electrodes of the monolithic ceramic capacitor 
elements, and metal terminals electrically connected to the 
external electrodes of the monolithic ceramic capacitor 
elements. The monolithic ceramic capacitor elements are 
stacked on each other and are joined to each other by the 
solder layers, and the external electrodes of the monolithic 
ceramic capacitor elements are electrically connected to 
each other by the solder layers. 

[0009] In the monolithic capacitor of various preferred 
embodiments of the present invention, preferably, the metal 
terminals are directly connected to at least one of the 
monolithic ceramic capacitor elements by the solder layers. 
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In such a case, the metal terminals may not be directly 
connected to at least one of the other monolithic ceramic 
capacitor elements. 

[0010] In the monolithic capacitor of various preferred 
embodiments of the present invention, preferably, each 
metal terminal includes a middle section, a tip section 
located on one edge of the middle section so as to face the 
middle section With a space therebetWeen, and an end 
section located on the other edge of the middle section, in 
Which the tip section imparts spring characteristics to the 
metal terminal and is connected to the external electrode of 
the monolithic ceramic capacitor element by the solder layer. 
In such a case, a ?lm Which is resistant to soldering may be 
provided on the internal surface of the metal terminal. 

[0011] Furthermore, in the monolithic capacitor of various 
preferred embodiments of the present invention, a cut-out 
may be provided on the metal terminal for adjusting the 
reactance component. 

[0012] In the monolithic capacitor of preferred embodi 
ments of the present invention, since the solder layers are 
disposed on the entire surfaces of the external electrodes of 
the monolithic ceramic capacitors, thermal stress is dis 
persed by the solder layers, and cracks are prevented from 
occurring in the joints of the monolithic ceramic capacitor 
elements and the monolithic ceramic capacitor elements. 
Therefore, the thermal shock resistance is greatly improved 
in the monolithic capacitor of preferred embodiments of the 
present invention. 

[0013] Other features, elements, characteristics and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of preferred 
embodiments thereof With reference to the attached draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective vieW of a monolithic 
capacitor according to a ?rst preferred embodiment of the 
present invention; 

[0015] FIG. 2 is a schematic diagram shoWing a mono 
lithic ceramic capacitor element; 

[0016] FIG. 3 is a perspective vieW of a monolithic 
capacitor according to a second preferred embodiment of the 
present invention; 

[0017] FIG. 4 is a perspective vieW of a monolithic 
capacitor according to a ?rst comparative example; 

[0018] FIG. 5 is an assembly vieW shoWing a major 
portion of the monolithic capacitor shoWn in FIG. 4; 

[0019] FIG. 6 is a perspective vieW of a monolithic 
capacitor according to a second comparative example; 

[0020] FIG. 7 is a perspective vieW of a monolithic 
capacitor according to a third preferred embodiment of the 
present invention; 

[0021] FIG. 8 is a perspective vieW of a monolithic 
capacitor according to a fourth preferred embodiment of the 
present invention; 

[0022] FIG. 9 is a perspective vieW of a monolithic 
capacitor according to a ?fth preferred embodiment of the 
present invention; 
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[0023] FIG. 10 is a perspective vieW of a monolithic 
capacitor according to a sixth preferred embodiment of the 
present invention; 

[0024] FIG. 11 is a perspective vieW of a monolithic 
capacitor according to a third comparative example; and 

[0025] FIG. 12 is a perspective vieW of a monolithic 
capacitor according to a seventh preferred embodiment of 
the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] FIG. 1 is a perspective vieW of a monolithic 
capacitor according to a ?rst preferred embodiment of the 
present invention. A monolithic capacitor 10 shoWn in FIG. 
1 preferably includes three monolithic ceramic capacitor 
elements 12. 

[0027] The monolithic ceramic capacitor element 12 
includes a laminate 14 as shoWn in FIG. 2. The laminate 14 
includes a plurality of dielectric layers 16 made of, for 
example, a barium titanate-based dielectric material or other 
suitable material, and a plurality of internal electrodes 18 
made of an electrode material, such as Ni, or other suitable 
material. The plurality of dielectric layers 16 and the plu 
rality of internal electrodes 18 are alternately laminated. In 
such a case, every other one of the internal electrodes 18 is 
arranged to extend to one side of the laminate 14 and the 
remaining other internal electrodes 18 are arranged to extend 
to the other side of the laminate 14. On one end including 
one side of the laminate 14, a Cu layer 20a, an Ni layer 22a, 
and an Sn layer 24a are located, in that order, to constitute 
an external electrode. In such a case, a Cu paste is applied 
at a thickness of about 100 pm on one end of the laminate 
14, and drying is performed for approximately 10 minutes at 
about 150° C., folloWed by baking at about 800° C. for 
approximately 5 minutes to form the Cu layer 20a. Next, by 
Wet plating, the Ni layer 22a is formed to have a thickness 
of about 1 pm and the Sn layer 24a is formed to have a 
thickness of about 5 pm. Similarly, on the other end includ 
ing the other side of the laminate 14, a Cu layer 20b, an Ni 
layer 22b, and an Sn layer 24b are provided, in that order, to 
constitute an external electrode. 

[0028] The three monolithic ceramic capacitor elements 
12 are connected to tWo metal terminals 30a and 30b Which 
are preferably made of, for example, an Fe—Cr alloy, by 
How soldering, as shoWn in FIG. 1. 

[0029] That is, the metal terminal 30a includes a plate-like 
middle section 32a. On the upper edge of the middle section 
32a, a plate-like tip section 34a is arranged to face the 
middle section 32a. A space may be provided betWeen the 
tip section 34a and the middle section 32a. The vertical 
length of the tip section 34a is preferably about 2.5 mm, 
Which is slightly longer than the height of the monolithic 
ceramic capacitor element 12. A plate-like end section 36a 
is disposed on the loWer edge of the middle section 32a so 
as to extend in a direction substantially perpendicular to the 
middle section 32a. Therefore, the tip section 34a imparts 
spring characteristics to the metal terminal 30a. The external 
surface of the metal terminal 30a (i.e., surfaces of the middle 
section 32a and the tip section 34a other than the surfaces 
facing each other, and the loWer surface of the end section 
36a connected thereto) is subjected to solder plating. Addi 
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tionally, When a metal terminal material Which is easily 
soldered, such as brass, is used, on the internal surface of the 
metal terminal 30a (the surfaces of the middle section 32a 
and the tip section 34a facing each other, and the upper 
surface of the end section 36a connected thereto), a ?lm 38a 
Which is resistant to soldering is formed. The ?lm 38a is 
preferably made of, for example, a metal oxide, a Wax, a 
resin, or a silicone oil, or other suitable material. Similarly, 
the other metal terminal 30b includes a middle section 32b, 
a tip section 34b, and an end section 36b, the external 
surface is subjected to solder plating, and a ?lm 38b Which 
is resistant to soldering is formed on the internal surface. 

[0030] Solder layers 26a and 26b, preferably made of a 
high-temperature solder, e.g., Pb:Sn=85:15, are disposed on 
the entire surfaces of the external electrodes (Sn layers 24a 
and 24b) of the three monolithic ceramic capacitor elements 
12, respectively, by How soldering. The three monolithic 
ceramic capacitor elements 12 are stacked and joined to each 
other via the solder layers 24a, 24b, and the external 
electrodes are electrically connected to each other, and also, 
the tip sections 34a and 34b of the metal terminals 30a and 
30b are connected to the external electrodes of the loWer 
monolithic ceramic capacitor element 12. 

[0031] FIG. 3 is a perspective vieW of a monolithic 
capacitor according to a second preferred embodiment of the 
present invention. In a monolithic capacitor 10 shoWn in 
FIG. 3, differing from the monolithic capacitor 10 shoWn in 
FIG. 1, the vertical lengths of tip sections 34a and 34b of 
metal terminals 30a and 30b are preferably about 7.0 mm, 
Which is substantially equal to the height of three monolithic 
capacitor elements 12 joined together. Accordingly, the 
vertical lengths of middle sections 32a and 32b of the metal 
terminals 30a and 30b are longer. By solder layers 26a and 
26b, the tip sections 34a and 34b of the metal terminals 30a 
and 30b are connected to external electrodes of the three 
monolithic ceramic capacitor elements 12. 

[0032] FIG. 4 is a perspective vieW of a monolithic 
capacitor according to a ?rst comparative example, and 
FIG. 5 is an assembly vieW shoWing a major portion of the 
monolithic capacitor shoWn in FIG. 4. In a monolithic 
capacitor 11 shoWn in FIG. 4, in contrast to the monolithic 
capacitor 10 shoWn in FIG. 1, solder pastes 25a and 25b 
(refer to FIG. 5) are applied only to portions at Which 
external electrodes of three monolithic ceramic capacitor 
elements 12 face each other, and metal terminals 30a and 
30b made of an Fe—Cr alloy are then connected to the 
monolithic ceramic capacitor element 12. Therefore, solder 
layers 26a and 26b are disposed only on portions in Which 
the external electrodes of the three monolithic ceramic 
capacitors 12 face each other and portions in Which the 
external electrodes and the metal terminals face each other. 

[0033] FIG. 6 is a perspective vieW of a monolithic 
capacitor according to a second comparative example. In a 
monolithic capacitor 11 shoWn in FIG. 6, in contrast to the 
monolithic capacitor 10 shoWn in FIG. 3, a solder paste is 
applied only to portions in Which external electrodes of three 
monolithic ceramic capacitor elements 12 face each other, 
and metal terminals 30a and 30b made of an Fe—Cr alloy 
are then connected to the monolithic ceramic capacitor 
elements 12. Therefore, solder layers 26a and 26b are 
disposed at portions in Which the external electrodes of the 
three monolithic ceramic capacitor elements 12 face each 
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other and portions in Which the external electrodes of the 
bottom monolithic ceramic capacitor element 12 and the 
metal terminals face each other. 

[0034] With respect to the monolithic capacitors con 
structed according to examples of the ?rst and second 
preferred embodiments of the present invention and Com 
parative Examples 1 and 2, each Was preferably mounted on 
an aluminum substrate, thermal shock cycle characteristics 
Were observed, and the results thereof are shoWn in Table 1. 
Herein, the defect rate (number of defects/total number) Was 
investigated in relation to the thermal shock cycle charac 
teristics When 250 cycles of thermal shock Were applied and 
When 500 cycles of thermal shock Were applied, Where a 
thermal change of —55° C. to 125° C. Was one thermal shock 
cycle. A change (decrease) in electrostatic capacity of 10% 
or more Was considered to be a defect. 

TABLE 1 

Length of Thermal Shock 
Tip Section Cycle Characteristics 
of Metal Material (number of defects/ 
Terminal for Metal total number 

(mm) Terminal 250 cycles 500 cycles 

Example 1 (FIG. 1) 2.5 Fe—Cr 0/36 0/36 
Example 2 (FIG. 3) 7.0 Fe—Cr 0/36 0/36 
Comparative 2.5 Fe—Cr 2/36 16/36 
Example 1 (FIG. 4) 
Comparative 7.0 Fe—Cr 2/36 10/36 
Example 2 (FIG. 6) 

[0035] As is clear from Table 1, in Examples 1 and 2 
constructed according to the ?rst and second preferred 
embodiments of the present invention, in Which solder 
layers Were disposed on the entire surfaces of the external 
electrodes of the monolithic ceramic capacitor elements, the 
number of defects caused by thermal shock Was Zero. In 
contrast, in Comparative Examples 1 and 2 in Which solder 
layers Were partially formed on the surfaces of the external 
electrodes of the monolithic ceramic capacitor elements, 
defects occurred due to thermal shock. 

[0036] This result occurred because When the external 
electrodes of the monolithic ceramic capacitor elements are 
partially connected by the solder layers, in the thermal shock 
cycle test, thermal stress is concentrated at the joints and 
cracks occur in the joints and the monolithic ceramic capaci 
tor elements, resulting in a decrease in electrostatic capacity. 
In contrast, When the solder layers are disposed on the entire 
surfaces of the external electrodes of the monolithic ceramic 
capacitor elements, thermal stress is dispersed by the solder 
layers, and cracks are prevented from occurring in the joints 
of the monolithic ceramic capacitor elements and the mono 
lithic ceramic capacitor elements, thus improving thermal 
shock resistance. 

[0037] Additionally, as in Examples 1 and 2 described 
above, When the solder layers are disposed on the entire 
surfaces of the external electrodes of a plurality of mono 
lithic ceramic capacitor elements, since the joining strength 
of the monolithic ceramic capacitor elements is greatly 
improved, it is not necessary to form the metal terminals 
corresponding to all the external electrodes of the monolithic 
ceramic capacitor elements joined together. 
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[0038] Furthermore, as in Examples 1 and 2 described 
above, since the tip section of the metal terminal imparts 
spring characteristics to the metal terminal, it is possible to 
decrease the difference in thermal expansion betWeen the 
monolithic ceramic capacitor elements and the substrate on 
Which the monolithic capacitor is mounted. Also, since the 
?lm Which is resistant to soldering is formed on the internal 
surface of the metal terminal, the spring characteristics of 
the metal terminal is not impaired due to the solder attached 
to the internal surface of the metal terminal. 

[0039] FIG. 7 is a perspective vieW of a monolithic 
capacitor according to a third preferred embodiment of the 
present invention. A monolithic capacitor 10 shoWn in FIG. 
7 preferably has substantially the same structure as that of 
the monolithic capacitor 10 shoWn in FIG. 1. 

[0040] FIG. 8 is a perspective vieW of a monolithic 
capacitor according to a fourth preferred embodiment of the 
present invention. In a monolithic capacitor 10 shoWn in 
FIG. 8, differing from the monolithic capacitor 10 shoWn in 
FIG. 7, the vertical lengths of tip sections 34a and 34b of 
metal terminals 30a and 30b, preferably made of an Fe—Cr 
alloy, are about 5.1 mm, Which is substantially equal to the 
height of tWo monolithic ceramic capacitor elements 12 
joined together. Accordingly, the vertical lengths of middle 
sections 32a and 32b of the metal terminals 30a and 30b are 
longer. 

[0041] FIG. 9 is a perspective vieW of a monolithic 
capacitor according to a ?fth preferred embodiment of the 
present invention. A monolithic capacitor 10 shoWn in FIG. 
9 preferably has substantially the same structure as that of 
the monolithic capacitor 10 shoWn in FIG. 3. 

[0042] FIG. 10 is a perspective vieW of a monolithic 
capacitor according to a sixth preferred embodiment of the 
present invention. In a monolithic capacitor 10 shoWn in 
FIG. 10, differing from the monolithic capacitor 10 shoWn 
in FIG. 9, the vertical lengths of tip sections 34a and 34b of 
metal terminals 30a and 30b are about 10.1 mm, Which is 
longer than the height of three monolithic ceramic capacitor 
elements 12 joined together. Accordingly, the vertical 
lengths of the middle sections 32a and 32b are longer. 

[0043] FIG. 11 is a perspective vieW of a monolithic 
capacitor according to a third comparative example. In a 
monolithic capacitor 11 shoWn in FIG. 11, in contrast to the 
monolithic capacitors 10 shoWn in FIGS. 7 to 10, metal 
terminals 30a and 30b are not provided. 

[0044] With respect to the monolithic capacitors in 
Examples 3, 4, 5, and 6, Which are examples of various 
preferred embodiments of the present invention, and Com 
parative Example 3, equivalent series resistance (ESR) and 
equivalent series inductance (ESL) Were measured, de?ec 
tion Was measured When each monolithic capacitor Was 

mounted on a glass epoxy substrate, and thermal shock cycle 
characteristics Were observed When each monolithic capaci 
tor Was mounted on an aluminum substrate. The results 

thereof are shoWn in Table 2. ESR Was measured at 100 kHZ 

and 400 kHZ, and ESL Was measured at 10 MHZ. With 

respect to the thermal shock cycle characteristics, the defect 
rate (number of defects/total number of testing) Was inves 
tigated When 250 cycles of thermal shock Were applied, 
Where a thermal change of —55° C. to 125° C. Was one 
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thermal shock cycle. A change (decrease) in electrostatic 
capacity of 10% or more Was considered to be a defect. 

Jul. 12, 2001 

circuit of a DC-DC converter, ESR is optimally constant in 
the frequency band to be adjusted, approximately, at several 

TABLE 2 

Length of Thermal Shock Cycle 
Tip Section Characteristics 
of Metal Material ESR at ESR at ESL at (number of 
Terminal for Metal 100 kHz 400 kHz 10 MHZ De?ection defects/total 

(mm) Terminal (m9) (m9) (nH) (mm) number) 

Example 3 2.5 Fe—Cr 5.9 6.4 1.3 4.2 0/36 

(FIG. 7) 
Example 4 5.1 Fe—Cr 7.2 7.6 1.6 7 or more 0/36 

(FIG. 8) 
Example 5 7.0 Fe—Cr 9.0 9.8 2.0 7 or more 0/36 

(FIG. 9) 
Example 6 10.1 Fe—Cr 15.0 15.9 3.2 7 or more 0/36 

(FIG. 10) 
Comparative 3.0 0.1 0.8 1.5 36/36 
Example 3 
(FIG. 11) 

[0045] As is clear from Table 2, When the metal terminal 
made of the Fe—Cr alloy is used, by setting the vertical 
length of the tip section of the metal terminal to be about 5.1 
mm, an increase in ESR and ESL is minimiZed and the 
de?ection and thermal shock cycle characteristics are greatly 
improved. 
[0046] With respect to the monolithic capacitors in 
Examples 3, 4, 5, and 6 and Comparative Example 3, in 
Which the metal terminals Were made of brass, ESR and ESL 
Were measured, de?ection Was measured When each mono 
lithic capacitor Was mounted on a glass epoxy substrate, and 
thermal shock cycle characteristics Were observed When 
each monolithic capacitor Was mounted on an aluminum 
substrate. The results thereof are shoWn in Table 3. 

milli-ohms to about 10 m9. If the monolithic capacitor in 
accordance With various preferred embodiments of the 
present invention and a method for manufacturing the same 
are used, the length of the metal terminal can be greatly 
decreased, and accurate adjustment and control can be 
performed by adjusting the length of the metal terminal so 
as to satisfy the conditions described above. 

[0049] That is, in accordance With various preferred 
embodiments of the present invention, it is possible to set the 
length of the metal terminal at the minimum required for 
thermal shock cycle characteristics and bending strength, 
and thus, ESR and ESL can be greatly decreased. In accor 
dance With various preferred embodiments of the present 
invention, by adjusting the resistance and the length of the 

TABLE 3 

Length of Thermal Shock Cycle 
Tip Section Characteristics 
of Metal Material ESR at ESR at ESL at (number of 
Terminal for Metal 100 kHz 400 kHz 10 MHZ De?ection defects/total 

(mm) Terminal (m9) (m9) (nH) (mm) number) 

Example 3 2.5 Brass 3.3 3.1 1.0 4.2 2/36 

(FIG. 7) 
Example 4 5.1 Brass 3.6 3.1 1.2 7 or more 0/36 

(FIG. 8) 
Example 5 7.0 Brass 3.7 3.1 1.5 7 or more 0/36 

(FIG. 9) 
Example 6 10.1 Brass 4.8 3.1 2.2 7 or more 0/36 

(FIG. 10) 
Comparative 3.0 0.1 0.8 1.5 36/36 
Example 3 
(FIG. 11) 

[0047] As is obvious from Table 3, When the metal ter 
minal made of brass is used, although the thermal shock 
cycle characteristics are slightly degraded, ESR can be 
further decreased. 

[0048] In the monolithic capacitors described above, if the 
length of the metal terminal is increased, ESR and ESL are 
increased, Which may be disadvantageous. Therefore, the 
length of the metal terminal is preferably as short as pos 
sible. On the other hand, With respect to a feedback control 

metal terminal, a monolithic capacitor having a required 
ESR can be easily and accurately manufactured. 

[0050] FIG. 12 is a perspective vieW of a monolithic 
capacitor according to a seventh preferred embodiment of 
the present invention. In a monolithic capacitor 10 shoWn in 
FIG. 12, differing from the monolithic capacitor 10 shoWn 
in FIG. 1, cut-outs 40a and 40b are provided in the approxi 
mate centers in the Width direction of middle sections 32a 
and 32b of metal terminals 30a and 30b, respectively. By 
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providing the cut-outs 40a and 40b in the metal terminals 
30a and 30b, the reactance component of the metal terminals 
30a and 30b can be adjusted. Furthermore, as shoWn in FIG. 
12, in the metal terminal 30a, a ?rst portion of an end section 
36a divided by the cut-out 40a and a second portion are 
connected to pattern electrodes P1 and P2, respectively, and 
in the metal terminal 30b, a ?rst portion of an end section 
36b divided by the cut-out 40b and a second portion are 
connected to pattern electrodes P3 and P4, respectively. 
Since electric currents How in opposite directions in the ?rst 
and second portions of the middle section 32b (32a) divided 
by the cut-out 40b (40a) of the metal terminal 30b (30a) so 
that magnetic ?ux is cancelled, ESL can be greatly 
decreased. Additionally, the cut-outs 40a and 40b are not 
necessarily formed in the approximate centers of the middle 
sections 32a and 32b of the metal terminals 30a and 30b, and 
may be formed in other regions of the metal terminals 30a 
and 30b. Also, a plurality of cut-outs may be formed. 

[0051] Although three monolithic ceramic capacitor ele 
ments are used in the individual examples of preferred 
embodiments of the present invention as described above, 
tWo or at least four monolithic ceramic capacitor elements 
may be used in the present invention. 

[0052] Although the external electrode of the monolithic 
ceramic capacitor element has a three-layered structure 
including a Cu layer, an Ni layer, and an Sn layer in the 
individual examples of preferred embodiments of the 
present invention as described above, the external electrode 
may have other structural arrangements as long as it is 
solderable. 

[0053] Furthermore, in various preferred embodiments of 
the present invention, in order to improve the joining 
strength betWeen the plurality of monolithic ceramic capaci 
tor elements, a resin for joining may be inserted in the 
approximate centers betWeen the monolithic ceramic capaci 
tor elements. 

[0054] The material for the metal terminal is not limited to 
the Fe—Cr alloy, or brass, and Ag, Ni, Cu, Fe, and Cr, or an 
alloy thereof, or other suitable material, may be used. 

[0055] In accordance With various preferred embodiments 
of the present invention, a monolithic capacitor having high 
thermal shock resistance can be obtained. Also, in accor 
dance With various preferred embodiments of the present 
invention, an increase in ESR and ESL can be avoided. 

[0056] While the invention has been described With ref 
erence to preferred embodiments thereof, many modi?ca 
tions and variations of the present invention are possible in 
light of the above teachings. It is therefore to be understood 
that Within the scope of the appended claims, the invention 
may be practiced otherWise than as speci?cally described. 

What is claimed is: 

1. A monolithic capacitor comprising: 

a plurality of monolithic ceramic capacitor elements hav 
ing external electrodes at both ends thereof; 

solder layers arranged to cover the entire surfaces of the 
external electrodes of the monolithic ceramic capacitor 
elements; and 

Jul. 12, 2001 

metal terminals electrically connected to the external 
electrodes of the monolithic ceramic capacitor ele 
ments; 

Wherein the monolithic ceramic capacitor elements are 
stacked on each other and joined to each other via the 
solder layers, and the external electrodes of the mono 
lithic ceramic capacitor elements are electrically con 
nected to each other via the solder layers. 

2. A monolithic capacitor according to claim 1, Wherein 
the metal terminals are directly connected to at least one of 
the monolithic ceramic capacitor elements by the solder 
layers. 

3. A monolithic capacitor according to claim 2, Wherein 
the metal terminals are not directly connected to at least one 
of the other monolithic ceramic capacitor elements. 

4. A monolithic capacitor according to claim 1, Wherein 
each of the metal terminals includes a middle section, a tip 
section located on one edge of the middle section so as to 
face the middle section With a space therebetWeen, and an 
end section located on the other edge of the middle section, 
and the tip section is arranged to impart spring characteris 
tics to the metal terminal and is connected to the external 
electrode of the monolithic ceramic capacitor element by 
one of the solder layers. 

5. Amonolithic capacitor according to claim 4, Wherein a 
?lm that is resistant to soldering is disposed on the internal 
surface of the metal terminal. 

6. A monolithic capacitor according to claim 1, Wherein 
the metal terminal includes at least one cut-out arranged to 
adjust the reactance component of the metal terminals. 

7. A monolithic capacitor according to claim 1, Wherein 
each of the plurality of monolithic ceramic capacitor ele 
ments includes a laminate having a plurality of dielectric 
layers and a plurality of internal electrodes alternately 
disposed on the plurality of dielectric layers. 

8. Amonolithic capacitor according to claim 1, Wherein at 
least one of the external electrodes includes a Cu layer, an 
Ni layer, and an Sn layer. 

9. A monolithic capacitor according to claim 1, Wherein 
the plurality of monolithic ceramic capacitor elements 
includes at least three monolithic ceramic capacitor elements 
and the at least three monolithic ceramic capacitor elements 
are joined together. 

10. A monolithic capacitor according to claim 1, Wherein 
the metal terminals are made of an Fe—Cr alloy. 

11. A monolithic capacitor according to claim 1, Wherein 
the solder layers are made of a high-temperature solder 
containing Sn. 

12. A monolithic capacitor according to claim 1, Wherein 
the metal terminals include tip sections Which are connected 
to the external electrodes of one of the plurality of mono 
lithic ceramic capacitor elements. 

13. Amonolithic capacitor according to claim 12, Wherein 
vertical lengths of tip sections of the metal terminals are 
substantially equal to the height of the plurality of mono 
lithic capacitor elements joined together. 

14. Amonolithic capacitor according to claim 13, Wherein 
the number of monolithic capacitor elements joined together 
is three. 

15. Amonolithic capacitor according to claim 13, Wherein 
the number of monolithic capacitor elements joined together 
is tWo. 
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16. Amonolithic capacitor according to claim 12, wherein 
vertical lengths of tip sections of the metal terminals are 
longer than the height of the plurality of monolithic capaci 
tor elements joined together. 

17. A monolithic capacitor according to claim 1, Wherein 
at least one cut-out is formed in each of the metal terminals. 

18. Amonolithic capacitor according to claim 17, Wherein 
the at least one cut-out is located in the approXimate center 
of a middle section of each of the metal terminals. 
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19. A monolithic capacitor according to claim 1, Wherein 
a plurality of cut-outs are formed in each of the metal 
terminals. 

20. Amonolithic capacitor according to claim 19, Wherein 
the plurality of cut-outs are located in the approXimate 
centers of middle sections of the metal terminals. 


