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TRIMMING CAPACITOR 

BACKGROlJND OF THE INVENTION 

Field of the Invention: 

P/1071-366 

The present invention relates to a trimming capacitor and more 

s particularly to a trimming capacitor which is adapted to being trimmed by a laser 

beam. 

Description of the Prior Art: 

A trimming capacitor is used when an adjustable electrostatic 

t-· . capacitance that can take various values is required. For instance, as shown in FIG . 

10 

15 

7, a trimming capacitor 50 has a wide trimming capaci~r electrode 54 on the surface 

: of a ceramic <:f.ielectric 51 containing internal capa~itor electrodes 52 and 53.. The 

reference numerals 60 anci 61 in FIG. 7 denote ex~~ input and output electrodes. 

.. The electrostatic capacitance can be adjusted by reducing the area .. 9.f the trimming 

capacitor electrode 54 facing the capacitor electrode 53, by removing a part 54a of the 
.... ,,, 

trimming capacitor electrode 54 with a laser beam L. 

A dielectric ceramic material is generally used as the material of the 

ceramic dielectric 51. The dielectric ceramic material is normally sintered in air and 

is reduced readily within a neutral or reducing atmosphere. 

However, because the dielectric ceramic material is used as the material 

2 o o~ the ceramic dielectric 51 in the prior art trimming capacitor 50, there has been a 

problem that, when heated by the high energy of the laser beam L directed at the 

SPEC\206130 

trimming capacitor electrode 54, a part 5 la of the ceramic di~lectric 51 is reduced and 

is turned into a semiconductor, thus dropping the Q of the capacitor. 
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Accordingly, there is a need to provide a trimming capacitor in which 

the drop in the Q during laser trimming can be reduced. 

SIJMMARY OF THE INVENTION 

In order to achieve the aforementioned goal, a trimming capacitor of 

s the present invention comprises: 

(a) a dielectric made of a non-reducing ceramic material which can 

be sintered either within a neutral atmosphere or a reducing atmosphere; 

(b) a trimming capacitor electrode provided either on the surface 

of or within the dielectric at a position where it is able to be trimmed by a laser beam; 

10 and 

.. 
/.·. 

(c) an internal capacitor electrode provided within the dielectric and 

facing the. trimming capacitor electrode to generate electrostatic capacitance. 

Because . the material of the dielectric is a non-reducing ceramic 

material, the dielectric is hardly reduced and very li~e of the dielectric is turned into 

15 a semiconductor, even if a temperature of the dielectric becomes high due to the 

·• influence of the high energy of the laser beam irradiated onto the trimming capacitor 

electrode. 

The above and other advantages of the invention will become more 

apparent in the following description and the accompanying drawings in which like 

20 numerals refer to like parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view showing a portion of a trimming 

capacitor according to one embodiment of the present invention; 

FIG. 2 is a perspective view of the trimming capacitor corresponding 

25 to FIG. 1; 

----------·---
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FIG. 3 is a perspective view corresponding to FIG. 2 showing a mode 

of laser trimming; 

invention; and 

FIG. 4 is a sectional view taken along line IV-IV in FIG. 3; 

FIG. S is a perspective view showing another mode of laser trimming; 

FIG. 6 is a sectional view showing still another embodiment of the 

FIG. 7 is a sectional view showing a prior art trimming capacitor. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Embodiments of a trimming capacitor of the present invention will be 

explained below with reference to the appended drawings. 

As shown in FIG. 1, a trimming capacitor 1 comprises a dielectric 

ceramic sheet 2 provided with a trimming capacitor electrode 3 on the surface thereof, 

a dielectric ceramic sheet 2 provided with internal capacitor electrodes 4 and S on the 

surface thereof, and a protecting dielectric ceramic ~~t 2. Other sheets (not shown) 

15 may also be included. 

Each dielectric ceramic sheet 2 is made of a non-reducing ceramic 

material which can be sintered either within a neutral atmosphere or a reducing 

atmosphere. The ceramic material is mixed with a binder or the like and then formed 

into a green sheet by means of a doctor blade, for example. 

2 o The trimming capacitor electrode 3 is formed on the middle of the 

surface of the dielectric ceramic sheet 2 by using conductive paste such as Ni, Cu, Ag­

Pd and Pd by means of printing, sputtering or the like. 

The internal capacitor electrode 4 is positioned on the left side of the 

dielectric ceramic sheet 2 and a lead portion 4a thereof is exposed at the left side of 

2 s the sheet 2. The internal capacitor electrode S is positioned on the right side of the 

sheet 2 and a lead portion Sa thereof is exposed at the right side of the sheet 2. The 

internal capacitor electrodes 4 and S are formed on the surface of the dielectric 
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ceramic sheet 2 by using conductive paste such as Ni, Cu, Ag-Pd and Pd by means of 

printing, sputtering or the like. Base metals such as Ni and Cu may be used as the 

material of the internal capacitor electrodes 4 and 5 to reduce the production cost 

. . because the non-reducing ceramic material is used as the material of the dielectric 

s ceramic sheet 2, so the internal capacitor electrodes 4 and 5 will not be oxidized when 

sintering the dielectric ceramic sheet 2. 

10 

.·· .. 

In contrast, in the prior art trimming capacitor, because a conventional 

dielectric ceramic material was adopted as the material of the dielectric ceramic sheet, 

the internal capacitor electrodes would be oxidized during sintering, so electrical 

characteristics such as electrical conductivity would drop if a base metal were used as 

the material of the internal capacitor electrodes. Therefore, noble metals such as Pd, 

Ag-Pd had to be used as the material of the internal capacitor electrodes in the prior 

art trimming capacitor even though the cost would increase. 

The dielectric ceramic sheets 2 provided with the capacitor electrodes 

15 3 through 5 formed on the respective surfaces .thereof are laminated with the ..... 

protecting dielectric sheet 2 to form a laminate and are then sintered either within a 

· - neutral atmosphere or a reducing atmosphere, thereby forming an integrated ceramic 

dielectric 6. 

As shown in FIG. 2, input/output external electrodes 10 and 11 are 

formed on the right and left end faces of the laminate. The external electrodes 10 and 

11 are formed by means of sputtering, coating or the like and are made of Cu, Ag-Pd, 

Ag or Pd. The input/output external electrode 10 is electrically connected with the 

lead portion 4a of the internal capacitor electrode 4 and the input/output external 

electrode 11 is electrically connected with the lead portion Sa of the internal capacitor 

2 s electrode 5. Thus, electrostatic capacitance is generated at the parts where the 

trimming capacitor electrode 3 faces the internal capacitor electrodes 4 and 5. The 

trimming capacitor electrode 3 is fonned so as to have a wide area and the electrostatic 

capacitance at this time is normally greater than a desired value thereof. 
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Next, to obtain the desired capacitance, the laser beam L is directed at 

the edge of the trimming capacitor electrode 3 to remove a part 3a of the trimming 

capacitor electrode 3 as shown in FIGs. 3 and 4. At this time, a temperature of a part 

of the ceramic dielectric 6, or more specifically, of a part thereof near the removed 

s part 3a of the trimming capaeitor electrode 3 between the internal capacitor electrode 

5 and the trimming capacitor electrode 3, becomes high due to the influence of the 

high energy of the laser beam L directed at the trimming capacitor electrode 3. 

However, because the non-reducing ceramic material is adopted as the material of the 

ceramic dielectric 6, hardly any reducing occurs and very little of the ceramic material 

lo is turned into semiconductor even if the temperature of this part becomes high. 

Accordingly, it is possible to lessen the reduction in the Q value due 

to the laser trimming of the capacitor. 

It is noted that a part 6a of the ceramic dielectric 6 may be removed as 

shown in FIG. 4, depending on the intensity of the laser beam L. However, this poses 

15 no problem as· to the quality of the trimming capac!!<>r 1. 

Thus, by removing the part 3a of the trimming capacitor electrode 3 

with the laser beam L, the area of the electrode 3 which faces the internal capacitor 

electrode 5 is reduced, and the electrostatic capacitance is thereby reduced to a desired 

value. 

2 o It is noted that the trimming capacitor of the present invention is not 

confined only to the ·embodiment described above and may be modified variously 

within the scope of the spirit thereof. 

For example, it is possible to coat the trimming capacitor electrode 3 

with a protection film made of resin, glass, ceramics or the like after trimming it ·with 

2 s the laser beam L. 

It is also possible to direct the laser beam L ·onto a position closer to the 

center so as to divide the trimming capacitor electrode 3 into parts, as shown in FIG. 

iif~l[1i1i1nr 
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S, instead of using it to trim the edge thereof, to obtain a desired electrostatic 

capacitance. 

Further, the trimming capacitor may be constructed in other ways. For 

instance, as shown in FIG. 6, it may be constructed with a trimming capacitor 

s electrode 24 having a wide area provided on the surface· of a ceramic dielectric 22 

containing an internal capacitor electrode 23, a lead portion 24a of the trimming 

capacitor electrode 24 being electrically connected with an external input/output 

electrode 30 provided at the left end of the ceramic dielectric 22, and a lead portion 

23a of the internal capacitor electrode 23 being electrically connected with an external 

10 input/output electrode 31 provided at the right end of the ceramic dielectric 22. 

15 

20 

Electrostatic capacitance is generated where the trimming capacitor electrode 24 faces 

the internal capacitor electrode 23. An edge 24b of the trimming capacitor electrode 

24, for example, may be removed with the laser beam L to reduce the area thereof 

which faces the internal capacitor electrode, to adjust the electrostatic capacitance to 

a desired value. .-.. 

The trimming capacitor electrode 3 or 24 need not always be formed 

on the surface of the cer~c dielectric 6 or 22 and may instead be embedded within 

the ceramic dielectric 6 or 22. In this case, Ni and Cu may be used as the electrode 

material. The capacitor is fabricated by placing a protecting dielectric ceramic sheet 

2 on the sheet 2 on which the trimming capacitor electrode 3 is formed and by 

sintering all the sheets to form a body as shown in connection with FIGS. 1 and 2. 

The inventors fabricated the trimming capacitors under the fabrication 

conditions shown in Table 1. 
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[Table 1] 
Ceramic Material Sintering Sintering Atmosphere 

Temperature (partial pressure of oxygen 
durin2 sinterin2} 

First CaZr03 non-reducing 980°C Reducing gas atmosphere 
Exam1>le ceramic material (1.5 x 10·10 Mpa} 
Second CaZr03 non-reducing 1250°C Reducing gas atmosphere 

Example ceramic material (7.8 x 10-12 Moa) 
Prior Art CaZr03 dielectric 12so0 c Air atmosphere ... "le ceramic material (2.1 x 10·2 M1>a} 

A CaZr03 non-reducing ceramic material bas been used as the material 

of the dielectric. A prior art trimming capacitor using a CaZl°O.J dielectric ceramic 

1 o material was also fabricated for comparison. A partial pressure of oxygen during 

sintering was set at 1.5 x 10'10 Mpa in case of the first example and set at 7 .8 x 1012 

Mpa in case of the second example. Meanwhile, the partial pressure of oxygen during ... . . 
· sintering was set at 2.1 x 10"2 Mpa in case of the prior art example. 

Table 2 shows measured results _of Q values before and after laser 

15 trimming of the trimming. capacitors fabricated as described above. 

[Table 2] 
Q before Tr' . 

Q after Trimming '"~ 

First Exanmle 2300 700 
Second Examole 1800 600 
Prior Art Example 2200 300 

2 o It can be seen from Table 2 that the use of the non-reducing ceramic 

material allows the drop of the Q value after the laser trimming to be suppressed as 

compared to the prior art trimming capacitor. 

As is apparent from the above description, because the non-reducing 

ceramic material is used as the material of the dielectric in the present invention, 

2 5 resistance of this dielectric to reduction becomes excellent and less of the dielectric is 

turned into semiconductor than in the prior art, even if the temperature of the 

. ·. 

1Di1iii1HIT 
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dielectric becomes high due to the influence of the high energy of the laser beam 

irradiated onto the trimming capacitor electrode. 

While embodiments have been described, variations will occur to those 

skilled in the art within the scope of the present inventive concept. 

···~ 



. ··: 

-9- 11111111111111 11111 1111111 1111 
* C L M S * 

WHAT IS CLAIMED IS: 

1. A trimming capacitor, comprising: 

a dielectric made of a non-reducing ceramic material which can 

be sintered either within a neutral atmosphere or a reducing atmosphere; 

a trimming electrode located and oriented at a portion of said 

s dielectric for being trimmed by a laser beam; and 

... . . 

an internal electrode provided within said dielectric and facing 

said trimming electrode so as to generate an electrostatic capacitance. 

2. The trimming capacitor of claim 1, wherein said trimming electrode 

is disposed on a surface of said dielectric. 

3. The trimming capacitor of claim 1, wherein said trimming electrode 

is disposed within said dielectric. 

,.: .. 


