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TRIMMING CAPACITOR
BACKGROUND OF THE INVENTION

" Field of the Invention: )
The present invention relates to a trimming capacitor and more
5 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
P capacitance that can take various values is reqmred For instance, as shown in FIG.
10 7,a tnmmmg capacitor 50 has a wide trimming capacitor electrode 54 on the surface
. of a ceramic dielectric 51 containing internal capacltor electrodes 52 and 53. The
reference numerals 60 and 61 in FIG. 7 denote extemal input and output electrodes.
.. The electrostatic capacitance can be adjusted by reducing the area of the trimming
capacitor electrode 54 facing the capacitor electrode 53, by removing a part 54a of the
15 trimming capacltor 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

20 of the ceramic dielectric 51 in the prior art trimming cé.pacitor 50, there has been a
problem that, when heated by the high energy of the laser beam L directed at the
trimming capacitor electrode 54, a part 51a of the ceramic dielectric 51 is reduced and
is turned into a semiconductor, thus dropping the Q of the capacitor.
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TRl MM NG CAPACI TOR  BACKGROUND OF THE I NVENTION Field of the Invention:
The present invention relates to a trinmng capacitor and nore particularly
to a trinmng capacitor which is adapted to being trimmed by a | aser beam
Description of the Prior Art: A trimm ng capacitor is used
when an adjustable electrostatic 2

Accordingly, there is a need to provide a trimming capacitor in which
the drop in the Q during laser trimming can be reduced.

SUMMARY OF THE INVENTION
In order to achieve the aforementioned goal, a trimming capacitor of
5 | the present invention comprises: | )
@) a dielectric made of a non-reducing ceramic material which can
be sintered either within a neutral atmosphere or a reducing atmosphere;
(b)  atrimming 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)  aninternal 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 lig_le of the dielectric is turned into
15 . a semiconductor, even if a temperature of the diélectric becomes high due to the
-~ influence of the high energy of the laser beam irradiated onto the trimming capacitor
o electrode. |
The above and other advanta}es 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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.capacitance that can take various values is required. For i nstance, as
showmn in FIG 7, a trimmng capacitor 50 has a wide trimm ng capacitor

el ectrode 54 on the surface of a ceramc dielectric 51 containing interna
capacitor electrodes 52 and 53. The reference nunerals 60 and 61 in FIG 7
denote external input and out put electrgdes. The el ectrostatic capacitance
can be adjusted by reducing the area of °t'he trimm ng capacitor electrode 54
facing the capacitor electrode 53, by renoving a part 54a of the trimmng
capacitor electrode 54 with a | aser beam L. A dielectric
ceram c material is generally used as the material of the ceramc :
dielectric 51. The dielectric ceramc material is normally sintered in air

and i's reduced readily wi HiGN33s & tiveviewadtespunding o FGe2 showing a mode
However, because the dielectric cgﬁﬁrg%c material 1s used as the materi al of

ngnc:r a;n;)gl gimeltoﬁgser' 3‘/“1121:]111@ Ehg Bri OL aL_t trimmng capacitor 50, there has
di rect eg at the triming J‘ﬁg:éieif6Isg"é{"é@t‘f‘%‘ggﬂ%ﬁ?ﬂ%&plget%lﬁli%Wh%egg I(:lm' c
dielectric 51 is reduced gfg s is a perspective view showing another mode of laser trimming;
5 FIG. 6 is a sectional view showing sﬁll another embodiment of the
| invention; and

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

10 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 5 on the
surface thereof, and a protecting dielectric ceramic s}}eet 2. Other sheets (not shown)
15 . mayalsobeincluded. "
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.
20 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
25 the sheet 2. The internal capacitor electrode 5 is positioned on the right side of the
sheet 2 and a lead portion 5a thereof is exposed at the right side of the sheet 2. The
internal capacitor electrodes 4 and 5 are formed on the surface of the dielectric
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is turned into a semconductor, thus dropping the Q of the capacitor.

-2 -

10

15

20°

25

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

sintering the dielectric ceramic sheet 2. )
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 cbnductivity 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
3 through 5 formed on the respective surfaces thereof are laminated with the
protecting dielectric sheef 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/oi1tput 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 5a of the internal capacitor
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 formed so as to have a wide area and the electrostatic
capacitance at this time is normally greater than a desired value thereof.

This Sheet Has Been Reilaced




Accordingly, there is a need to provide a trimmng capacitor in which the
drop in the Qduring laser trinmmng can be reduced. SUMWARY OF THE

I NVENTI ON

In order to achieve the aforenentioned goal, a

trimm ng capacitor of the present invention conprises: (a)

a dielectric made of a non-reducing ceramc nmaterial which can be sintered
either wwthin a neutral atnosphere or a ¥ educi ng at nospher e;

(b) a trimm ng capacitor electrode provided either on the surface of or
within the dielectric at a position where it is able to be trimmed by a

| aser beam and
provi ded within

10

15

20

25

(c) an internal capacitor electrode
the dielectric and

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
part 3a of the trimming capacitor 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

s 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.

~ Itis 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
no problem as to the quallty of the trimming capacitor 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.

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 ekample, 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
the laser beam L.

1t 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.
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facing the trinmmng capacitor electrode to generate electrostatic

capaci t ance. Because the nmaterial of the dielectric is a
non-reducing ceramc material, the dielectric is hardly reduced and very
little of the dielectric is turned into a sem conductor, even if a
tenperature of the dielectric beconmes high due to the influence of the high
energy of the |laser beamirradi ated ont™@the trimm ng capacitor el ectrode.
The above and ot her advantages of the invention will becone nore apparent
in the follow ng description and the acconpanyi ng drawi ngs in which |ike
nunerals refer to |ike parts. BRI EF DESCRI PTI ON OF THE DRAW NGS -
FIG 1 is an expl oded perspective view show ng a portion of a trinmmng

capaci tor accor &§ nfstead OFeusiip R0io"Rith thé eHEE HRTETEM JbRNE A d&Mred 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

5 _ 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.

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

15 adesired value.

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

on the surface of the ceramic dielectric 6 or 22 and may instead be embedded within

_ « IR 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

20 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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FIG 2 is a perspective view of the trinmmng capacitor corresponding to
FIG 1,

-7-
[Table 1]
Ceramic Material Sintering Sintering Atmosphere
Temperature | (partial pressure of oxygen
during sintering)
First CaZrO, non-reducing 980°C Reducing gas atmosphere
Example ceramic material (1.5 x 10" Mpa)
Second CaZrO, non-reducing 1250°C Reducing gas atmosphere
5 : Example ceramic material (7.8 x 10"'2 Mpa)
Prior Art CaZrO, dielectric 1280°C Air atmosphere
Example ceramic material - (2.1 x 10% Mpa)

A CaZrO, non-reducing ceramic material has been used as the material

of the dielectric. A prior art trimming capacitor using a CaZrQ, dielectric ceramic

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

sintering was set at 1.5 x 10"° Mpa in case of the first example and set at 7.8 x 10

Mpa in case of the second example. Meanwhile, the partial pressure of oxygen during
 sintering was set at 2.1 x 102 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 Trimming Q after Trimming
First Example 2300 700
Second Example 1800 600
Prior Art Example 2200 300
20 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,

25 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
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FI G "3is a perspective view corresponding to FIG 2 showing a mode of

| aser trinm ng; FIG 4 is a sectional view taken along |ine
IV-1Vin FIG 3; FIG 5 is a perspective view show ng anot her
node of |aser trimmng; - FIG 6 is a sectional view show ng
still another enbodi nent of the inventiog; and FIG 7 is a
sectional view showing a prior art trinmPng capacitor. DETAI LED

DESCRI PTI ON OF EMBCDI MENTS OF THE | NVENTI ON Enbodi nents of a
trimm ng capacitor of the present invention will be explained below wth
reference to the appended draw ngs. As shown in FIG 1, a

trimmng capacitor 1 conprises a dielectric
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.
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ceram c sheet 2 provided with a trimmng capacitor electrode 3 on the
surface thereof, a dielectric ceramc sheet 2 prOV|ded with internal
capaci tor electrodes 4 and 5 on the surface thereof,

dielectric ceram c sheet 2. O her sheets (not shovvn) ded
Each dielectric ceramc sheet 2 is made Qf a non-reduc '“}mﬂ'aﬂﬂﬂum |aI
which can be sintered either within a netfral atnosphere

at nosphere. The ceramic material is mxed with a binder or the |ike and
then fornmed into a green sheet by nmeans of a doctor blade, for exanple.
The trinmm ng capacitor electrode 3 is formed on the mddle of the surface

of the dielectric ceramc sheet 2 by using conductive paste such as N, Cu,

Ag- Pd and Pd byWIATISCLAIMEDIIS0, sputtering or the like.

The internal capacitor el ectrode 4 is positioned on the left side of the
diel ectric ceranic sheet 2land 4 trigeging 6apaciier, LAMPRISINGLf | s exposed at the

left side of the sheet 2. The i pigigl: GARAF ! Rh EhiHy QfnR dfer? Hridi 28"

on the right side of the _
_ be sintered either within a neutral atmosphere or a reducing atmosphere;

a trimming electrode located and oriented at a portion of said

5 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.

R _ 3. The trimming capacitor of claim 1, wherein said trimming electrode
is disposed within said dielectric.

i



sheet 2 and a lead portion 5a thereof is exposed at the right side of the
'sheet 2. The internal capacitor electrodes 4 and 5 are formed on the

surface of the dielectric : -4-
-10 -
TRIMMING CAPACITOR
ABSIRACI‘.QEI‘HE.DISCJ.QSHRE

A trimming capacitor with less drop in Q due to laser trimming, wherein a non-
reducing ceramic material which can be sintered either within a neutral atmosphere or

| a reducing atmosphere is used as the material of the ceramic dielectric. A trimming
capacitor electrode is provided on the surface of or within a ceramic dielectric
containing internal capacitor electrodes. Part of the trimming capacitor electrode is

- removed by a laser beam to reduce an area thereof facing the internal capacitor
electrode, to adjust the electrostatic capacitance to a desired value. The use of non-
reducing ceramic material reduces the amount of dielectric material that is converted
to semiconductor material during laser trimming.

.\
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ceragi c sheet 2 by using conduct i ve paste such as Ni, Cu, Ag-Pd and Pd by
means of printing, sputtering or the like. Base netals such as N and Cu
.may be u@;@g%l]lew@tleolgilg gf fghe internal capacitor electrodesgk angy5 §o
reduce tImL+n4nhmi44u143asL_becausp the non-reducing-ceramic naterialts
used as t[EfAf)rial MEm he dielectric ceramc sheet 2, so the internal
capacitor electrodes 4 and 5 will not be oxidized when sintering the
dieIectriC[Eﬁﬂéhic-F%eet In contrast, in the prior art
trimm ng capacitor, gkadse a conventional dielectric ceramic material was
adopted as the materi of the dielectric ceramc sheet, the internal
capacitor el ectrodes woul d be oxidized during sintering, so electrtcal
characteristics such as electrical ctivity would drop if a base netal
were used as the materi al apacitor el ectrodes. Therefore,
nobl e neta;aasuch as Pd, S the material of the

internal c citor ele
N2
4
, 7
4qa !
SS-2
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2
3 6
i / @
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art-trimming capacitor even though the cost would increase.
" The .di‘el ectric ceramic sheets 2 provided with the capacitor el ectrodes 3

oo A e B 0 o e Lo e then el "8

ei t her mnt neu atnDsphere or a reducing atnosphere, thereby
formng an |ntegrat£; n1c dielectric 6. As shown in FIG
2, input/output extern electrodes 10 and 11 are forned on the right and
| eft end faces of the Ian1nate The external electrodes 10 and 11 are
formed by neans of sputtering, coatin the |like and are nmade of Cu,
Ag-Pd, Ag or Pd. The |nput/oq3put Ieplectrode 10 is electrically
connected with the I ead porti &'of t hef/i’"nternal capacitor electrode 4
and the input/ouflt ter i Iectr'gﬁtly connected with
the | ead porflion 53 t I nt Mpaci t ] ec e 5. Thus,
el ectrostatiT capacdt- -i's S where the trinmm ng
capaci tor electqgﬁe ace AN er na itor electrodes 4 and 5. The
, _
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tri pom ng capacitor electrode 3 is formed so as to have a wide area and the _

- electrostatic capacitance at_this tinme is normally greater than a desired

- value theh bl e MUL10805—01 5 H: oy 3
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“Next? to obtain the desired capamtance the |l aser beamL is directed at

the edge of the trinm ng [CaPREEIT : g.renpbve a part 3a of the
triming capacitor el ectofeng. Ao EHENT SHEET 4. At this tine, a
tenperature of a part of ) - P,ﬂgéde -ttolpaged Br [more specifically, of
a part thereof near the Iy At rt | BBgedf.. tthepaged Ay g capamtor I’@gi 8de
3 between the internal chpjcyFt qﬁged__;r!gtrlmnngc

el ectrode 3, becones hig ePsract; he pagédﬁ&ri@ agéd the [hi gh ener gy pfsé he

| aser beam L directed at{the trinm ng capaci tor el ectfode 3. However wp
because the non-reduci ng fas the material of the

ery little of the .

Yy 3
ceramic material is turned into sen1coa uctor even if the tenperature of
this part becones high. ccordingly, it is possible to Iessen
the reduction in the Q value due to the laser trinmmng of the capacitor.

TRIMMING CAPACITOR ,/

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a trimming capacitor and more
particularly to a trimming capacitor which is adapted to being trimmed by a laser

beain.

Description of the Prior Art:

A trimming capacitor is used when an adjustable electrostatic
capacitance that can take various values is required. For instance, as shown in FIG.
7, a trimming capacitor 50 has a wide trimming capacitor electrode 54 oh the surface

-of a ceramic dielectric 51 containing internal capacitor electrodes 52 and 53. The
reference numerals 60 and 61 in FIG. 7 denote external input and output electrodes.
The electrostatic capacitance can be adjusted by reducing the area of 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 :;ﬁr and
is reduced readily within a neutral or reducing atmosphere.

However, because the dielectric ceramic material is used as the material
of 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
trimming capacitor electrode 54, a paﬁ 51a of the <;"eramic dielectric 51 is reduced and

is turned into a semiconductor, thus dropping the Q of the capacitor.

REPLACEMENT SHEET
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2t is noted that a part 6a of the ceranmc dielectric 6 may be renoved as
showmn in FIG 4, depending on the intensity of the |laser beam L. However,
this poses no problemas to the quality of the trinmng capacitor 1.
Thus, by renoving the part 3a of the trimm ng capacitor electrode 3 with
the | aser beamL, the area of the electrode 3 which faces the interna
capacitor electrode 5 is reduced, . gpd the electrostatic capacitance is

t hereby reduced to a desired val ue. It is noted that the
trimm ng capacitor of the present invention is not confined only to the
enbodi ment descri bed above and may be nodified variously within the scope
of the spirit thereof. For exanple, it is possible to coat
the trimm ng capacitor electrode 3 with a protectjon, filmnade of .resin,

Jfil
gl ass, ceranics or tAecardinglyathees isarneadinprovide s frimming qaacifor in which

H]el s al Sothg%%gﬂ gllt%et(fdl?r'iﬁge atserttpl?mrlli%g%ﬁn BE ket © @ PoOsition closer to

SUMMARY OF THE INVENTION

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

(¢)  aninternal capacitor electrode providéd 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 little of the dielectric is turned into
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 wh?ch like’

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.2isa perspectivé view of the trimming capacitor corresponding
to FIG. 1,

R
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‘center so as to divi de the trimm ng capacitor electrode 3 |_n_tI
shown in FIG S cngengpenettgit 5 ¢
YL ACEMENT SBEC:
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parts, as

FIG. 3 is a perspective view corresponding to FIG. 2 showing a mode
of laser trimming;

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

FIG. 5 is a perspective view showing another mode of laser trimming;

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

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 5 on the
surface thereof, and a protecting dielectric ceramic sheet 2. Other sheets (not shown)
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 6f a doctor blade, for example. )

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

the sheet 2. The internal capacitor electrode 5 is positioned on the right side of the
sheet 2 and a lead portion 5a thereof is exposed at the right side of the sheet 2. The

internal capacitor electrodes 4 and 5 are formed on the surface of the dielectric



‘5, instead of using it to trimthe edge thereof, to obtain.a—€esired

el ectrostati c capacitance. Furt heﬂrwJ.._._.I_.,hef;gﬂm'_ capaci tor
may be constructed in other ways. For instancgsy ashiiovin:i-a—FI. 6, it may
be constructed with a trimm ng capacitor el atwi de area
provi ded on the surface of a ceram c dielect an internal

capacitor electrode 23, a | ead por_t4i_on 24a o I tor
el ectrode 24 being electrically connected w tih \an / out put
el ectrode 30 provided at the left end of the 22, and a

| ead portion 23a of the internal capacitor el 25 being el ectrically
connected with an external input/output electrode 31 provided at the right
end of the ceramic dielectric 22. Electrostatic Cﬁ&aci tance is generated

wher e the cetamig shgetchby using constugtive prste saah paulibLu, Hig-Phead Rebydegaas pf or

o ooty ot S, GbEads B e S B LR APRCY B 3B B9t A oo
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
ceramic sheet 2, so the internal capacitor electrodes 4 and 5 will not be oxidized when
sintering the dielectric ceramic sheet 2.

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
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 withina
neutral atmosphere or a reducing atmosphere, thereby forming an integrated ceramic
dielectric 6.

As shown in FIG. 2, inpuf/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 5a of the internal capacitor
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 formed so as to have a wide area and the electrostatic

capacitance at this time is normally greater than a desired value thereof.



swhi ch faces the internal capacitor electrode, to adjust the electrostatic
capaci tance to a desired val ue. e HAOEPEIH G capaci t or

el ectrode 3 or 24 need not always be f ofigs ET fiplalcie of the ceramc
dielectric 6 or 22 and may i nstead be ehteddes=®rtnin thel ceramc
dielectric 6 or 22. In this case, N an .ﬁ%ﬁgamed ap the el ectrode
material. The capacitor is fabrica\tl?ﬁd b | ati'Mf"a protgcling dielectric

ceranmic sheet 2 on the sheet 2 on Wwhich {t He trisnes atitor electrode 3
is formed and by sintering all the sheet‘, to forma body_ds shown in
connection with FIGS. 1 and 2. = THhE T nvent ors fabricated

the trimm ng capacitors under the fabrication conditions shown in Table 1.

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
part 3a of the trimming capacitor 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 ndn-reducing ceramic material is adopted as the material of the
ceramic dielectric 6, hardly any reducing occurs and very little of the ceramic material

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
no problem as to the quality of the trimming capacitor 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.

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
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.



5, 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
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
input/output electrode 31 provided at the right end of the ceramic dielectric 22.
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 ceramic 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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At nospher e

Sintering Sintering
Tenperature. (parti al

pressure of oxygen ey K OTRAT TORT

during sintering) Fi rst CaZr O3 non- rék"ich’lﬁé{Mh -&?’g’:Ty] C

Reduci ng gas at nosphere Exanpl e cerajm.c material il

(1.5 x 10[err] Mpa) Second Cagrerr] npnt r 4di8ERFI97 ﬂ{2§0[err] C
Reduci ng gas at nosphere Exanpl e cerapmig material .. 1

(7.8 x 10[err] Ma) Prior Art Cazrerrij drelectric 1’8(?[err]C

Air atnosphere Exanpl e ceran ¢ mat ertfugl e —mmonyng nar sawn oz

(2.1 x 10[err] Moa) A CaZr 3 non-reducing ceram c materi al

has been used as the materi al

[Table 1]
Ceramic Material Sintering Sintering Atmosphere
Temperature | (partial pressure of oxygen
during sintering)
First CaZrO, non-reducing 980°C Reducing gas atmosphere
Example ceramic material (1.5 x 10" Mpa)
Second CaZrO, non-reducing 1250°C Reducing gas atmosphere
Example ceramic material (7.8 x 10> Mpa)
Prior Art CaZrO, dielectric 1280°C Air atmosphere
Example ceramic material (2.1 x 10% Mpa)

A CaZrO, non-reducing ceramic material has been used as the material
of the dielectric. A prior art trimming capacitor using a CaZrQO, dielectric ceramic
material was also fabricated for comparison. A partial pressure of oxygen during
sintering was set at 1.5 x 10""° Mpa in case of the first example and set at 7.8 x 10"
Mpa in case of the second example. Meanwhile, the partial pressure of oxygen during
sintering was set at 2.1 x 10? Mpa in case of the prior art example.

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

trimming of the trimming capacitors fabricated as described above.

[Table 2]

Q before Trimming Q after Trimming
First Example 2300 700
Second Example 1800 600
Prior Art Example 2200 300

It can be seen frbm 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,
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



:of the dielectric. Aprior art trimmng capacitor using a CaZr(err]
dielectric ceramic material .was also fabricated for conparison. A parti al
pressure of oxygen during sintering was set at 1.5 x 10[err] Ma in case of
the first exanple and set at 7.8 x 10[err] Ma in case of the second
exanple. Meanwhile, the partial pressure of oxygen during sintering was set
at 2.1 x 10[err] Mda in case of the, prior art exanple. Tabl e
2 shows neasured results of Q val ues before and after laser trinmng of the
trimm ng capacitors fabricated as descri bed above.

[ Tabl e 2] Q before Trimm ng Q
after Trimmng First Exanple 2300
700 Second Exanpl e 1800

600 Pri or dielectfix depdmes high due to the influence of #1@0high energy of the laser beam
300
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.




.1t can be seen from Table 2 that the use of the—non-reducing ceranic
material allows the drop of the Qvalue after the |aser trlm"nn to be

suppressed as conpared to the prior art trlnn1ng I"ﬂ." utmu"
As is apparent fromthe above description, becau ng ceramc
material is used as the material of the dielectric in the present

I nvention, resistance of this dielectric to reduction becones excellent and

| ess of the dielectric is turned i'fM©® sem conductor than in the prior art,
even if the tenperature of the
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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
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 tnmmmg electrode
is disposed within said dielectric.
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-8 - di el ectric becomes high due to the influence of the high energy of
the |l aser beamirradiated onto the trimm ng capacitor el ectrode.

Wi | e enbodi ments have been described, variations will occur to those
skilled in the art within the scope of the present inventive concept.

-10 -

TRIMMING CAPACITOR

ABSTRACT OF THE DISCLOSURE

A trimming capacitor with less drop in Q due to laser trimming, wherein a non-
reducing ceramic material which can be sintered either within a neutral atmosphere or
a reducing atmosphere is used as the material of the ceramic dielectric. A trimming
capacitor electrode is provided on the surface of or within a ceramic dielectric
containing internal capacitor electrodes. Part of the trimming capacitor electrode is
removed by a laser beam to reduce an area thereof facing the internal capacitor
electrode, to adjust the electrostatic capacitance to a desired value. The use of non-
reducing ceramic material reduces the amount of dielectric material that is converted

to semiconductor material during laser trimming.

FIG. 4
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-an internal electrode provided wthin the dielectric and facing the
trimmng electrode so as to generate an electrostatic capamtance
2. The trimm ng capacitor of claim1, wherein sald i OGR

di sposed on a surface of said dielectric. L ;’-ﬂ s
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di sposed. within said dielectric.
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WHAT IS CLAIMED IS: ‘REPLAGEMENT SHEET
19 JUL 1999
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 at a portion of the dielectric;

a void located in the dielectric adjacent to and extending along a longitudinal
edge of the trimming electrode;and

an internal electrode provided within the dielectric and facing the 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.
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