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Fig. 50 is a sectional view depicting a resistor of the prior art.
In the figure, a reference numeral 1 represents an insulating substrate, and a
reference numeral 2 represents first upper surface electrode layers provided on an

20 upper surface at both right and left ends of the insulating substrate 1. A reference
numeral 3 represents a resistor layer provided in a manner that portions of which
overlap with the first upper surface electrode layers 2. A reference numeral 4
represents a first protective layer provided in a manner to cover the resistor layer 3
entirely. A reference numeral 5 represents a trimmed groove provided in the resistor

25 layer 3 and the first protective layer 4 for correcting a resistance. A reference numeral
6 represents a second protective layer provided over an outer surface of the first
protective layer 4. A reference numeral 7 represents second upper surface electrode
layers provided on upper surfaces of the first upper surface electrode layers 2 in a
manner to spread over a full width of the insulating substrate 1. A reference numeral 8

30 represents side surface electrode layers provided on side surfaces of the insulating
substrate 1. Reference numerals 9 and 10 respectively represent nickel-plated layers
and solder-plated layers provided over surfaces of the second upper surface eleclrode
layers 7 and the side surface electrode layers 8.

A method of manufacturing the resistor of the prior art constructed as above will

35  be described hereinafter by referring to accompanying figures.

Fig. 51 represents procedural views depicting a method of manufacturing the
prior art resistor.

Firstly, first upper surface electrode layers 2 are print-formed on both right and
left ends of an upper surface of an insulating substrate 1, as shown in Fig. 51(a).

40 Secondly, a resistor layer 3 is print-formed on the upper surface of the insulating
substrate 1 in a manner that portions of which overlap with the first upper surface
electrode layers 2, as shown in Fig. 51(b).

Then, a first protective layer 4 is print-formed to cover the resistor layer 3
entirely, followed by providing a trimmed groove 5 in the resistor layer 3 and the first

45 protective layer 4 with a laser or the like, as shown in Fig. 51(c), in order to make a
resistance of the resistor layer 3 to fall within a predetermined range of resistance.
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P dleé art in a mounted position, the resistor having the above structure of the prior art
and produced by the manufacturing method described above has a fillet-mounting
structure, in which it is soldered with both the side surface electrode layers (not shown
in the figure) and the lower surface electrode layers (not shown in the figure), when it
is soldered on a circuit board. The resistor thus requires areas 13 for soldering the side
20 surfaces in addition to an area 12 for the resistor component, and therefore a mounting
area 14 combining them altogether, as shown in a plan view of Fig. 52(b) depicting of
the resistor of the prior art. Furthermore, a proportion occupied by the soldering area
with respect to the mounting area increases, if external dimensions of the component
are reduced in order to increase a density of mounting. Consequently, the resistor has
25 a problem that a limitation arises in the improvement of mounting density in order to
reduce size of electronic devices.

The present invention is intended to solve the above-described problem of the
prior art, and it aims at providing a resistor, as well as a method of manufacturing, that
can reduce a soldering area occupying in the mounting area, when it is mounted on the

30 circuit board.

30

DISCLOSURE OF THE INVENTION

In order to solve the foregoing problem, a resistor of the present invention

comprises: a substrate; a pair of first upper surface electrode layers provided on side
35 portions of an upper surface toward a portion of respective side surfaces of the

substrate; a pair of second upper surface electrode layers provided in a manner to make

electrical connections with the first upper surface electrode layers; a resistor layer

provided in a manner to make electrical connections with the second upper surface

electrode layers; and a protective layer provided to cover at least an upper surface of
40 the resistor layer.

In the above-described resistor, electrodes on side surfaces of the resistor have
small surface areas, since the resistor is provided with the pair of first upper surface
electrode layers on side portions of the upper surface toward portions of side surfaces
of the substrate. Because the resistor is soldered with the small areas of the electrodes

45 on side surfaces, it can reduce an area required to form fillets for soldering, if it is
soldered on a circuit board. Accordingly, the resistor is able to reduce a mount area,



A second protective layer 6 is then print-formed on an upper surface of the
first protective |ayerr 4 as showmn in Fig. 5 1(d). Second upper surface

el ectrode layers 7 are-then print-formed on upper surfaces of the first
upper surface electrode layers 2 in a manger that they spread over an
emtire 5 wdth of the insulating substrate 1 as shown in Fig. 5 1(e).
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20 - Fig. 9(a) through Fig. 9(c) represent a series of procedural views depicting a
process of manufacturing the same resistor;
Fig. 10(a) through Fig. 10(c) represent another series of procedural views
depicting the process of manufacturing the same resistor;
Fig. 11(a) and Fig. 11(b) represent still another series of procedural views
25 depicting the process of manufacturing the same resistor;
Fig. 12(a) is a sectional view depicting the same resistor in a mounted position;
Fig. 12(b) is a plan view depicting the same resistor in the mounted position;
Fig. 13 is a sectional view depicting a resistor of a fourth exemplary
embodiment of the present invention;
30 Fig. 14(a) through Fig. 14(c) represent a series of procedural views depicting a
process of manufacturing the same resistor;
Fig. 15(a) through Fig. 15(c) represent another series of procedural views
depicting the process of manufacturing the same resistor;
Fig. 16(a) and Fig. 16(b) represent still another series of procedural views
35 depicting the process of manufacturing the same resistor;
Fig. 17 is a sectional view depicting a resistor of a fifth exemplary embodiment
of the present invention;
Fig. 18(a) through Fig. 18(c) represent a series of procedural views depicting a
process of manufacturing the same resistor;
40 Fig. 19(a) through Fig. 19(c) represent another series of procedural views
depicting the process of manufacturing the same resistor;
Fig. 20(a) and Fig. 20(b) represent still another series of procedural views
depicting the process of manufacturing the same resistor; '
Fig. 21 is a sectional view depicting a resistor of a sixth exemplary embodiment
45 of the present invention;
Fig. 22(a) through Fig. 22(c) represent a series of procedural views depicting a
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Fig. 30 is a sectional view dep1ct1ng a resistor of an eighth exemplary
embodiment of the present invention;
Fig. 31(a) through Fig. 31(c) represent a series of procedural views depicting a
process of manufacturing the same resistor;
20 Fig. 32(a) through Fig. 32(c) represent another series of procedural views
depicting the process of manufacturing the same resistor;
Fig. 33(a) is a sectional view depicting the same resistor in a mounted position;
Fig. 33(b) is a plan view depicting the same resistor in the mounted position;
Fig. 34 is a sectional view depicting a resistor of a ninth exemplary embodiment
25  of the present invention;
Fig. 35(a) through Fig. 35(c) represent a series of procedural views depicting a
process of manufacturing the same resistor;
Fig. 36(a) through Fig. 36(c) represent another series of procedural views
depicting the process of manufacturing the same resistor;
30 Fig. 37 is a sectional view deplctlng a res1stor of a tenth exemplary embodiment
. of the present invention;
Fig. 38(a) through Fig. 38(c) represent a series of procedural views depicting a
process of manufacturing the same resistor;
Fig. 39(a) through Fig. 39(c) represent another series of procedural views
35 depicting the process of manufacturing the same resistor;
Fig. 40(a) is a sectional view depicting the same resistor in a mounted position;
Fig. 40(b) is a plan view depicting the same resistor in the mounted position;
Fig. 41 is a sectional view depicting a resistor of an eleventh exemplary
embodiment of the present invention;
40 Fig. 42(a) through Fig. 42(c) represent a series of procedural views depicting a
process of manufacturing the same resistor;
Fig. 43(a) through Fig. 43(d) represent another series of procedural views
depicting the process of manufacturing the same resistor;
Fig. 44 is a sectional view depicting a resistor of a twelfth exemplary
45 embodiment of the present invention;
Fig. 45(a) through Fig. 45(c) represent a series of procedural views depicting a
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THE BEST MODE FOR CARRYING OUT THE INEVNTION
(First Exemplary Embodiment)
A resistor of a first exemplary embodiment of the present invention and a

20 method of manufacturing the same w111 be described hereinafter by referring to
accompanymg figures.

Fig. 1 is a sectional view of a resistor of the first exemplary embodiment of this
invention.
In the figure, a reference numeral 21 represents a substrate containing 96% of

25 alumina. A reference numeral 22 represents first upper surface electrode layers, which
are made of fired gold-base metalo-organic compound, and provided on side portions
of an upper surface toward portions of side surfaces of the substrate 21. Ridges of
these first upper surface electrode layers 22 are rounded. In addition, a surface area of
the first upper surface electrode layer 22 occupying the side surface of the substrate 21

30 is not more than a half of an area of the side surface of the substrate 21. A reference
numeral 23 represents second upper surface electrode layers constructed of silver-base
conductive powder containing glass for electrically connecting with the first upper
surface electrode layers 22. A reference numeral 24 represents a resistor layer having
a chief component of ruthenium oxide for electrically connecting with the second

35  upper surface electrode layers 23. A reference numeral 25 is a protective layer having
a chief component of glass, provided on an upper surface of the resistor layer 24.
Reference numerals 26 and 27 respectively represent a nickel-plated layer and a
solder-plated layer provided, as occasion demands, for a purpose of assuring
reliability, etc. during soldering.

40 The resistor of the first exemplary embodiment of this invention constructed as
above is manufactured in a manner, which will be described hereinafter by referring to
the figures.

Fig. 2 and Fig. 3 represent a series of procedural views showing a manufacturing
method of the resistor of the first exemplary embodiment of this invention.

45 First of all, first upper surface electrode layers 22 are formed, as shown in Fig.
2(a), by printing electrode paste containing gold-base metalo-organic compounds in a



25 depicting the process of manufacturing the sane resistor; Fig. 12(a)
is a sectional view depicting the same resistor in a nmounted position; Fig.
12(b) is a plan view depicting the sane resistor in the nounted position;
Fig. 13 is a sectional view depicting a r%5|stor of a fourth exenplary
enbodi ment of the present invention; 30 Fig. 14(a) through Fig.
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Next, electrode paste containing silver-base conductive powder and glass is
15 printed to form second upper surface electrode layers 23 in a manner that each of them
overlaps a portion of the first upper surface electrode layers 22, as shown in Fig. 2(b).
The second upper surface electrode layers 23 are then fired at a temperature of
approximately 850°C in order to make them become stable films.

Resistive paste having a principal component of ruthenium oxide is printed to

20 form resistor layers 24 in a manner that they connect electrically with the second upper
surface electrode layers 23, as shown in Fig. 2(c). The resistor layers 24 are then fired
at a temperature of approximately 850°C in order to make them become stable films.

Next, trimming is made to form trimmed grooves 30 with a YAG laser, as shown
in Fig. 3(a) in order to correct resistances of the resistor layers 24 to a predetermined

25 value. The trimming is made by setting trimming probes for measuring a resistance on
the second upper surface electrode layers 23 during this process.

Another paste having a principal component of glass is printed to form
protective layers 25, as shown in Fig. 3(b), in order to protect the resistor layers 24, of
which resistances have been corrected. For this process, a printing pattern may be

30 made in such a shape that the protective layers 25 cross over the slits 28 of vertical
direction to connectively cover a plurality of the horizontally aligned resistor layers
24. The protective layers 25 are then fired at a temperature of approximately 600°C in
order to make them become stable films.

Then, the substrate 21 in a sheet-form, on which the first upper surface electrode

35 layers 22, the second upper surface electrode layers 23, the resistor layers 24, the
trimmed grooves 30, and the protective layers 25 have been formed, is separated into
substrate strips 31 by splitting it along the slits 29 of horizontal direction in the
substrate 21, as shown in Fig. 3(c). When this is done, the previously formed first
upper surface electrode layers 22 lie in their respective positions on the side surfaces

40 along a longitudinal direction of the substrate strips 31 down to the depth of the slits
29 of horizontal direction.

As a preparatory process for plating exposed surfaces of the first upper surface
electrode layers 22 and the second upper surface electrode layers 23, the substrate
strips 31 are finally separated into individual substrate pieces 32 by splitting them

45 along the slits 28 of vertical direction, as shown in Fig. 3(d). A resistor is now
completed when a nickel-plated layer, as an intermediate layer (not shown in the
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4 process of manufacturing the sanme resistor; Fig. 23(a) and Fig. 23(b)
represent another series of procedural views depicting the process of
manuf acturing the sane resistor; Fig. 24(a) and Fig. 24(b) represent still
anot her series of procedural views 5 degi cting the process of
menuf acturing the sanme resistor; Fig. 25(a) is a sectional view depicting
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plan view of Fig. 4(b) depicting the resistor of the first exemplary embodiment of this
15 invention in the mounted position. The invention attains a reduction of approximately
20% in the mount area when compared with a product of the prior art, in the case of a
tip resistor in a size of 0.6 X 0.3 mm.
Accordingly, the structure of this invention requires a small area on a mount
board to form fillets of soldering, because of the small areas of electrodes on the side
20 surfaces of the resistor, and therefore it can reduce the mount areas.
In the first exemplary embodiment of this invention, if the solder-plated layers
27 and the protective layer 25 are formed to be on the same plane, or if the solder-
plated layers 27 are formed to be higher than the protective layer 25, the resistor is not
likely to allow a gap between the solder-plated layers 27 and a land pattern, when it is
25 mounted, thereby further improving quality of mounting.
Besides, other characteristics can be improved in the first exemplary
embodiment of this invention, if the second upper surface electrode layers 23 and the
protective layer 25 are composed of combinations shown in Table 1.

Table 1
Combi- | Second upper surface | Protective Characteristics to be improved
nation electrode layers 23 layer 25
1 Gold-base conductive | Glass-base Improvement in loaded-life
powder and glass material characteristic due to low ion
(fired at 850°C) (fired at migration
' 600°C)
2 - Silver-base Resin-base No variation in resistance in
conductive powder material manufacturing process, and small
and glass (hardened at deviation in resistance of
(fired at 850°C) 200°C) products, due to low processing
temperature of protective layer.
3 Gold-base conductive | Resin-base | Both of characteristics of above
powder and glass material combinations 1 and 2.
(fired at 850°C) (hardened at
200°C)

30
In addition, it is easily conceivable that the mount area can be further reduced if



Fig. 33(b) is a plan view depicting the sane resistor in the nounted
position; Fig. 34 is a sectional view depicting a resistor of a ninth
exenpl ary enbodi nent 25 of the present invention; Fig. 35(a) through Fig.
35(c) represent a series of procedural vigws depicting a process of

menuf acturing the sane resistor; Fig. 36(a) through Fig. 36(c) represent
anot her segleeodés areonstdforaledvorede sidpi surfacgs i ¢the firstesxemplary embadimentnaf
the same I’?ﬁéﬁ{%ﬁoﬁp Fig. 37 is a sectional view depicting a
resistor o a tenth exenpl ary enbodi rent of the present invention; Fig.
38(a) thro r ent a series of procedural views depicting a
process of %&eﬁélﬂ‘é'ﬁﬁg’ REW esj stor ;. Fig. g)% throu h Fig, 39(3)
represéht anot hAresistareef afseponst egemplaryi gglent ﬁi‘@tpl’ﬁ HBVERLRIE 384 G
nmanuf act ur imethad @fsmmufanﬂmttg) rthe FSame Adillapei desaribedt hereiiafter doy defertngntp
the same rgedophPanyife figiFignt ed position; Fig. 40(b) is a plan view
deplcting the SAPEsied SclbpalyielFof B HELisr BPthé s&bnd efbmfithry EnfbodfhEh6e!
vi ew depi Cb@ g}a ][_le5| &SP an el i\zl(en) tﬁxerrphalr:y e nt” o t
present in Fi g. a roug ig represen

seri est®f proce'éh#lﬁlé)%f@%vsa Hipreace ‘b]cé%feﬁﬁmﬁﬁrﬁ?%g%%t& gg%e(’f
resi stor; Alugind3(# referenceh nBmgralq Zdl)eprmntes Einst upmmeurfa@r tmrde layers
pr ocedur al provided ByRrpottering gbRl-basecmaterial onmsidd pottions uf dneppeersarfaes itsward

Flg s Sﬁtﬁtgt 6%@%9'%1?&?9& e Bﬁb?rdt@%lSISt é&gﬁ&ﬁ;ﬁ tfgs%t%g Shdface>
t (v er surface
rept esleé'nt ﬁg :rod§ %ayf ?c):é%gyﬁl%%g 31‘]{‘1bvg cga§e oé the substrate 41 is not more than a half

of an area of the side surface of the substrate 41. A reference numeral 43 represents
second upper surface electrode layers composed of silver-base conductive powder
containing glass for making electrical connection with the first upper surface electrode
layers 42. A reference numeral 44 represents a resistor layer having a chief
20 component of ruthenium oxide, for electrically connecting with the second upper
surface electrode layers 43. A reference numeral 45 is a protective layer having a
chief component of glass, provided on an upper surface of the resistor layer 44.
Reference numerals 46 and 47 respectively represent nickel-plated layers and solder-
plated layers provided, as occasion demands, for a purpose of assuring reliability, etc.
25  during soldering.

The resistor of the second exemplary embodiment of this invention constructed
as above is manufactured in a manner, which will be described hereinafter by referring
to the figures.

Fig. 6 and Fig. 7 represent a series of procedural views showing a manufacturing

30 method of the resistor of the second exemplary embodiment of this invention.

First of all, gold is deposited in a form of film by sputtering method on an entire
upper surface of a sheet-formed substrate 41, which has a superior heat-resisting
property and an insulating property as it contains 96% alumina, and a surface of which
is provided with a plurality of slits 48 and 49 in a vertical direction as well as in a

35 horizontal direction in order to separate it into strips and then into individual pieces in
the subsequent steps. Further, first upper surface electrode layers 42 having a desired
electrode pattern are formed, as shown in Fig. 6(a), by a photo-lithographic method
which is commonly used for LSI’s, and the like. The first upper surface electrode
layers 42 are then subjected to heat treatment at a temperature of approximately 300 to

40 400°C in order to make them become stable films. During this process, the first upper
surface electrode layers 42 get into slits 49 of horizontal direction, so as to form the
first upper surface electrode layers 42 deeply down into the slits. Generally, the slits
48 and 49 are so formed that their depth with respect to a thickness of the substrate 41

"becomes equal to or less than a half of the thickness of the substrate 41, so as to avoid

45 it from being cracked during handling in the manufacturing process.

Next, electrode paste containing silver-base conductive powder and glass is
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HEI e tnmmmg is made with trimming probes for measuring a resistance set on
the second upper surface electrode layers 43 during this process.

Another paste having a principal component of glass is printed to form
protective layers 45, as shown in Fig. 7(b), in order to protect the resistor layers 44, of
which resistances have been corrected. For this process, a printing pattern may be
made in such a shape that the protective layers 45 cross over the slits 48 of vertical
direction to connectively cover a plurality of the horizontally aligned resistor layers
44. The protective layers 45 are then fired at a temperature of approximately 600°C in
order to make them become stable films.

Then, the substrate 41 in a sheet-form, on which the first upper surface electrode
layers 42, the second upper surface electrode layers 43, the resistor layers 44, the
trimmed grooves 50, and the protective layers 45 have been formed, is separated into
substrate strips 51 by splitting it along the slits 49 of horizontal direction in the
substrate 41, as shown in Fig. 7(c). When this is done, the previously formed first
upper surface electrode layers 42 lie in their respective positions on the side surfaces
along a longitudinal direction of the substrate strips 51 down to the depth of the slits
49 of horizontal direction.

As a preparatory process for plating exposed surfaces of the first upper surface
electrode layers 42 and the second upper surface electrode layers 43, the substrate
strips 51 are finally separated into individual substrate pieces 52 by splitting them
along the slits 48 of vertical direction, as shown in Fig. 7(d). A resistor is now
completed when a nickel-plated layer, as an intermediate layer (not shown in the
figure), and a solder-plated layer, as an outer layer (not shown in the figure), are
formed by means of electroplating on otherwise exposed surfaces of the first upper
surface electrode layers 42 and the second upper surface electrode layers 43 in order to
prevent electrode-erosion during soldering and to assure reliability of the soldering.

Distinctive effects of the resistor of the second exemplary embodiment of this
invention constructed and manufactured as above, when it is soldered on a mount
board, are same as in the case of the resistor of the foregoing first exemplary
embodiment, and therefore they are not described.

In addition, other characteristics can be improved in the second exemplary
embodiment of this invention, if the first upper surface electrode layers 42, the second
upper surface electrode layers 43, the resistor layer 44 and the protective layer 45 are
composed of combinations shown in Table 2.

Table 2

(D

Fig. 46(a) through Fig. 46(d)

enpodi nent of the present invention,

Com- | Firstupper | Second | Resistor | Protective | Characteristics to be
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in Fg. 6 | Sputtered | Gold-base | Ruthenium | Resin-base | Both of characteristics of
gold-base | conductive | oxide-base | material | above combinations 4 and
material | powder and | material | (hardened 5.
(heat- glass (fired at at 200°C)
treated at (fired at 850°C)
300-400°C) [ 850°C)
7 Sputtered | Silver-base | Carbon- | Resin-base | Same characteristic as
nickel-base | conductive resin material above combination 5,
material | powder and | compositio | (hardened | with less manufacturing
(heat- resin n (hardened | at 200°C) cost than above
treated at | (hardened | at 200°C) combination 6 due to use
300-400°C) | at 200°C) of base metal for first
upper surface electrode
layers.
8 Sputtered Nickel- Carbon- | Resin-base | Same characteristic as
nickel-base base resin material above combination 7,
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(heat- powder and | n (hardened [ at 200°C) cost than above
treated at resin at 200°C) combination 7 due to use
300-400°C) | (hardened of base metal for second
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layers.
(Third Exemplary Embodiment)

A resistor of a third exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
accompanying figures.

Fig. 8 is a sectional view of a resistor of the third exemplary embodiment of this
invention.
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numerals 67 and 68 respectlvely represent a nickel-plated layer and a solder-plated
layer provided, as occasion demands for a purpose of assuring reliability, etc. during
soldering.

The resistor of the third exemplary embodiment of this invention constructed as
above is manufactured in a manner, which will be described hereinafter by referring to
the accompanying figures. .

Fig. 9 through Fig. 11 represent a series of procedural views showing a
manufacturing method of the resistor of the third exemplary embodiment of this
invention.

In the beginning, first upper surface electrode layers 62 are formed, as shown in
Fig. 9(a), by printing electrode paste containing gold-base metalo- organic compound
in a manner to cross over slits 70 made in a horizontal direction through a sheet-
formed substrate 61, which has a superior heat-resisting property and an insulating
property as it contains 96% alumina, and a surface of which is provided with a
plurality of slits 69 and 70 in a vertical direction as well as in a horizontal direction in
order to separate it into strips and then into individual pieces in the subsequent steps.
The first upper surface electrode layers 62 are subjected to calcination at a temperature
of approximately 850°C in order to make them become stable films. During this
process, the electrode paste gets into the slits 70 of horizontal direction, so as to form
the first upper surface electrode layers 62 deeply down in the slits. In general, the slits
69 and 70 are so formed that their depth with respect to a thickness of the substrate 61
becomes equal to or less than a half of the thickness of the substrate 61, in order to
avoid it from being cracked during handling in the manufacturing process.

Next, electrode paste containing silver-base conductive powder and glass is
printed to form second upper surface electrode layers 63 in a manner to make electrical
connections with the first upper surface electrode layers 62, as shown in Fig. 9(b). The
second upper surface electrode layers 63 are then fired at a temperature of
approximately 850°C in order to make them become stable films.

Resistive paste having a principal component of ruthenium oxide is printed to
form resistor layers 64 in a manner that they connect electrically with the second upper
surface electrode layers 63, as shown in Fig. 9(c). The resistor layers 64 are then fired
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20 layers 62, the second upper surface electrode layers 63, the resistor layers 64, the
trimmed grooves 71, the protective layers 65 and the third upper surface electrode
layers 66 have been formed, is separated into substrate strips 72 by splitting it along
the slits 70 of horizontal direction in the substrate 61, as shown in Fig. 11(a). When
this is done, the previously formed first upper surface electrode layers 62 lie in their
25 respective positions on the side surfaces along a longitudinal direction of the substrate
strips 72 down to the depth of the slits 70 of horizontal direction.

As a preparatory process for plating exposed surfaces of the first upper surface
electrode layers 62, the second upper surface electrode layers 63 and the third upper
surface electrode layers 66, the substrate strips 72 are finally separated into individual

30 substrate pieces 73 by splitting them along the slits 69 of vertical direction, as shown
in Fig. 11(b). A resistor is now completed when a nickel-plated layer, as an
intermediate layer (not shown in the figure), and a solder-plated layer, as an outer layer
(not shown in the figure) are formed by means of electroplating on all exposed
surfaces of the first upper surface electrode layers 62, the second upper surface

35 electrode layers 63 and the third upper surface electrode layers 66 in order to prevent
electrode-erosion during soldering, and to assure reliability of the soldering.

The resistor of the third exemplary embodiment of this invention constructed
and manufactured as above is soldered on a circuit board. The resistor is mounted
with the surface having the protective layer down, as shown in a sectional view of Fig.

40 12(a) depicting a mounted position in the third exemplary embodiment of this
invention, and soldered with the first, second and third upper surface electrode layers
(not shown in the figure) and the resistor layer portion on a side surface of the
substrate. However, since these areas in the side surfaces, whereon the electrodes are
formed, are so small that fillets 74 are barely formed. Accordingly, an actual mount

45 area 77 comes to the sum of a component area 75 and areas 76 required for soldering
the side surfaces of this component, as shown in a plan view of Fig. 12(b) depicting



strips 31 are finally separated into individual

splitting them 45

Fig. 3(d).

i nternmedi ate | ayer (not shown in‘the

| ayer,

substrate pieces 32 by
along the slits 28 of vertical
A resistor is now conpleted when a nickel -plated | ayer,
7141 gure),
as an outer layer (not shown in the figure) are forned by neans of

as shown in
as an
and a sol der-pl ated

di recti on,

el ect r opl athethounteckpersition.s Mhicdaesntivn tttgins iarretiuctigre of appfoximatdly 206 die the

| ayers 22 M?&as%gﬂqo

prevent el ectro
sol deri ng.

GEL LA 8% 03

{4 GAithf @gﬁxﬁbﬁ of %bﬁﬂﬁ!ﬁl the. daBe Of @ftip tedistor

uring. sol de

&t or of t e fir
i nventi on const Fagreforeqthe stapchEs acrordingsto,

ring a

B, BirL Samptard ceiphodiment.

assure reliability of the

hi, s
j this

board. B\s #wentionrequiseca ismadl area on amating boardio tam Eillietsgok salderng,.shegauss
the first eRempsmall aeedsoof eleotrodds érnile sidesoifaoes ohthe resistoredngd therebypiit carhe
thoMnk Brdage surface having the protective layer down, and

resi stor i gedifelth
e T R b L

substrate.

Broteclyse

4

Ry

Solder-plated

flor b MRy BHORC @?8‘%@%&9 ég'c
{0 b¢,0n they samg Blane, or 1

el ect rHes lasiess 68 ane:formadetoshe bigher thanathe pirptestive bayes 65, tha rasistorisfod likely
Accor di ngl yo aHowaz tgap| between the saldas-ptated dayens HBearxlianlaiid pattermpd6ewhenrieas

34 and ar egfounted, ¢herebs Fuithér iggird ¢ingnguality of nibuntinef aces, as shown in a
plan view of Fi ﬁesi&ég) oftih %1hhfh@térﬁﬁcie§é1§t 86 fhptded ihSihe* iR 2&emplary
enbodi ment of t.hi s nvent 1 on 1. e rmucrl\te 0S| |§n. e |Pv§nt§
attains a FRRQAERER! BF gﬁﬂfg{kﬁl% ﬁgos%cP tYPRe Hj"’c deetade, 14y, 99 fhe
with al®r oBIREctEve layer o and the third, upper surfaceoelegirpde layers Hooare; ¢omPRses-0hy
0.6 x 0.3 pombinations shown in Table 3.
Table 3
Com- Second Third upper | Protective
bina- upper surface layer Characteristics to be improved
tion surface electrode
electrode layers 66 65
layers 63

1 Silver-base | Silver-base | Glass-base No variation in resistance
conductive | conductive material during manufacturing process,
powder and | powder and (fired at and small deviation in

glass resin 600°C) resistance of products, due to
(fired at (hardened at low processing temperature of
850°C) 200°C) third upper surface electrode
layers 66.
2 Silver-base | Nickel-base | Glass-base Same characteristic as above
conductive | conductive material combination 1, with less
powder powder and (fired at manufacturing cost due to use
(fired at resin 600°C) of base metal for third upper
850°C) (hardened at surface electrode layers 66.
. 1 200°C)

3 Silver-base | Silver-base | Resin-base | Small deviation in resistance of
conductive | conductive material products, due to less variation
powder and | powder and | (hardened at | in manufacturing process than

glass resin 200°C) above combination 1, as
(fired at (hardened at protective layer 65 is processed
850°C) 200°C) - at lower temperature

4 Silver-base | Nickel-base | Resin-base Same characteristic as above
conductive conductive material combination 3, with less
powder and | powder and | (hardened at | manufacturing cost due to use

glass resin 200°C) of base metal for third upper
(fired at (hardened at surface electrode layers 66.




Accordingly, the structure of this invention requires a small area on a
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200[ err] C of protect Lve |
layer. 3 | 7Go dGﬁﬂdnbaSQJn j@&xckelebasee i Glasshase Eﬁﬁﬁ cheractesistics of abaveof
above conductive | conductive material combinations 2 and 5.
powder and | powder and (fired at
glass resin 600°C)
(fired at (hardened at
850°C) 200°C)
8 Gold-base Silver-base | Resin-base | Both of characteristics of above
conductive conductive material combinations 3 and 5.
powder and | powder and | (hardened at
glass resin 200°C)
(fired at | (hardened at
850°C) 200°C)
9 Gold-base | Nickel-base | Resin-base | Both of characteristics of above
conductive | conductive material combinations 4 and 5.
powder and | powder and | (hardened at
glass resin 200°C)
(fired at (hardened at
850°C) 200°C)

In addition, it is easily conceivable that the mount area can be further reduced if
electrodes are not formed on the side surfaces in the third exemplary embodiment of
this invention.

5
(Fourth Exemplary Embodiment)

A resistor of a fourth exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
accompanying figures.

10 Fig. 13 is a sectional view of a resistor of the fourth exemplary embodiment of

this invention.

In Fig. 13, a reference numeral 81 represents a substrate containing 96% of
aluomina. A reference numeral 82 represents first upper surface electrode layers
provided by sputtering gold-base material on side portions of an upper surface and

15 portions of side surfaces of the substrate 81. A surface area of the first upper surface
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layers 82 and the second upper surface electrode layers 83. Reference numerals 87

and 88 respectively represent nickel-plated layers and solder-plated layers provided, as
occasion demands, for a purpose of assuring reliability, etc. during soldering.

The resistor of the fourth exemplary embodiment of this invention constructed

15 as above is manufactured in a manner, which will be described hereinafter by referring
to the figures.

Fig. 14 through Fig. 16 represent a series of procedural views showing a
manufacturing method of the resistor of the fourth exemplary embodiment of this
invention.

20 First of all, gold is deposited in a form of film by sputtering method on an entire
upper surface of a sheet-formed substrate 81, which has a superior heat-resisting
property and an insulating property as it contains 96% alumina, and a surface of which
is provided with a plurality of slits 89 and 90 in a vertical direction as well as a
horizontal direction in order to separate it into strips and individual pieces in the

25 subsequent steps. Further, first upper surface electrode layers 82 having a desired
electrode pattern are formed, as shown in Fig. 14(a), by photo-lithographic method
which is normally used for LSI’s, and the like. The first upper surface electrode layers
82 are subjected to heat treatment at a temperature of approximately 300 to 400°C in
order to make them become stable films. During this process, the first upper surface

30 electrode layers 82 get into the slits 90 of horizontal direction, so as to form the first
upper surface electrode layers 82 deeply down in the slits. Generally, the slits 89 and
90 are so formed that their depth with respect to a thickness of the substrate 81
becomes equal to or less than a half of the thickness of the substrate 81, so as to avoid
it from being cracked during handling in the manufacturing process.

35 Next, electrode paste containing silver-base conductive powder and glass is
printed to form second upper surface electrode layers 83 in a manner to make electrical
connections with the first upper surface electrode layers 82, as shown in Fig. 14(b).
The second upper surface electrode layers 83 are then fired at a temperature of
approximately 850°C in order to make them become stable films.

40 Resistive paste having a principal component of ruthenium oxide is printed to
form resistor layers 84 in a manner that they connect electrically with the second upper
surface electrode layers 83, as shown in Fig. 14(c). The resistor layers 84 are then
fired at a temperature of approximately 850°C in order to make them become stable
films.

45 Next, trimming is made to form trimmed grooves 91 with a YAG laser, as shown
in Fig. 15(a) in order to correct resistances of the resistor layers 84 to a predetermined




second upper surface el ectrode | ayers conposed of silver-base conductive
powder containing glass for nmaking electrical connection with the first
upper surface el ectrode |ayers 42. A reference nuneral 44 represents a
resistor layer having a chief 20 conponggt of rutheni um oxide, for
electrically connecting with the second upper surface electrode |ayers 43.
A ref er encwaluenerhe trisiming is made ewith weimmingrprobes for meashurlg 2 sesistanes seifon
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film %Spu{%{%& %ﬂrﬁqﬁﬂ@&%mgétﬁﬁ% e : urface of. a shegt fodm=1d .
subst iR e 41 Bt Setsinme Shvers RegCHbune adergnd s i

i nsul at i ngPERtgdofprmghird upper amnﬁaceg@w@@nﬂaygrs én postipnseelcupper surfages of
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upper rfag ect i 0 el Sie g) 1383 reaé‘ﬂﬁ rode pattern are
for ne asaglﬁm %’a T e ﬁg?gnl Fﬂ%’ﬁ thod which s
commoni y used f ibsgrate Bl p Sheet-form, pp i Flrgawpse dacsceleefaede
| ayers 42 layers san tlwlsp@mcbupp@r bardacet cbatmdmlayms 3, ctligeresistorelayers 84, the
appr oxi mat aimni¥dOgtoovéed 91, 4h6 [protective Naysrd 85 tnd rthi ethirdenppee csurfacet ¢lbéteode
films. Durifigrd 86 %aﬂé%%ﬁ%‘orﬁlé&, fs SephradftPfito substrate strips 92 by splitting it along
20 the slits 90 of horizontal direction in the substrate 81, as shown in Fig. 16(a). When
this is done, the previously formed first upper surface electrode layers 82 lie in their
respective positions on the side surfaces along a longitudinal direction of the substrate
strips 92 down to the depth of the slits 90 of horizontal direction.
As a preparatory process for plating exposed surfaces of the first upper surface
25 electrode layers 82, the second upper surface electrode layers 83 and the third upper
surface electrode layers 86, the substrate strips 82 are finally separated into individual
substrate pieces 93 by splitting them along the slits 89 of vertical direction, as shown
in Fig. 16(b). A resistor is now completed when a nickel-plated layer, as an
intermediate layer (not shown in the figure), and a solder-plated layer, as an outer layer
30 (not shown in the figure) are formed by means of electroplating on all exposed
surfaces of the first upper surface electrode layers 82, the second upper surface
electrode layers 83 and the third upper surface electrode layers 86 in order to prevent
electrode-erosion during soldering, and to assure reliability of the soldering.
Distinctive effects of the resistor of the fourth exemplary embodiment of this
35 invention constructed and manufactured as above, when it is soldered on a mount
board, are same as in the case of the above-described third exemplary embodiment,
and therefore they are not described further.
In addition, other characteristics can be improved in the fourth exemplary
embodiment of this invention, if the first upper surface electrode layers 82, the second
40 upper surface electrode layers 83, the resistor layer 84, the protective layer 85 and the
third upper surface electrode layers 86 are composed of combinations shown in Table
4, :

45
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protect the resf sigid-BA%e|Scdfductive | conductive | oxide-base | combination 2 in Table
material | powder and | powder and | (fired at 1.
glass resin 850°C)
(fired at | (hardened at | Glass-base
850°C) 200°C) (fired at
600°C)
12 Sputtered | Silver-base | Silver-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base | combination 3 in Table
material | powder and | powderand | (fired at 1.
glass. resin 850°C)
(fired at (hardened at | Resin-base
850°C) 200°C) (hardened at
_ 200°C)
13 Sputtered | Silver-base | Nickel-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base | combination 4 in Table
material | powder and | powder and (fired at 1.
glass resin 850°C)
(firedat | (hardened at | Resin-base |-
850°C) 200°C) (hardened at
\ 200°C) -
14 Sputtered Gold-base | Silver-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base | combination 5 in Table
material | powder and | powder and (fired at 1.
glass glass 850°C)
(fired at (fired at Glass-base
850°C) 600°C) (fired at
600°C)
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(hardened at | (hardened at | Resin-base | metal for third upper
200°C) 200°C) | (hardened at | surface electrode
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board, are same as in the case of the resistor of the foregoing first
exenpl ary 40 enbodi nent, and therefore they are not described. In
addition, other characteristics can be inproved in the second exenpl ary
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In Fig. 17, a reference numeral 101 represents a substrate containing 96% of
alumina. A reference numeral 102 represents first upper surface electrode layers
composed of silver-base conductive powder containing glass, and provided on side
portions of a main surface of the substrate 101. A reference numeral 103 represents a

15 resistor layer having a chief component of ruthenium oxide for electrically connecting
with the first upper surface electrode layers 102. A reference numeral 104 is a
protective layer having a chief component of glass, and provided on an upper surface
of the resistor layer 103. A reference numeral 105 represents second upper surface
electrode layers formed by means of sputtering gold-base material on upper surfaces

20 and portions of side surfaces of the first upper surface electrode layers 102. A surface
area of the second upper surface electrode layer 105 occupying the side surface of the
substrate 101 is mot more than a half of an area of the side surface of the substrate
101. A reference numeral 106 represents third upper surface electrode layers
composed of silver-base conductive powder containing glass, overlapping portions of

25 upper surfaces of the first upper surface electrode layers 102 and the second upper
surface electrode layers 105. Reference numerals 107 and 108 respectively represent
nickel-plated layers and solder-plated layers provided, as occasion demands, for a
purpose of assuring reliability, etc. during soldering.

The resistor of the fifth exemplary embodiment of this invention constructed as

30 above is manufactured in a manner, which will be described hereinafter by referring to
the figures.

Fig. 18 through Fig. 20 represent a series of procedural views showing a
manufacturing method of the resistor of the fifth exemplary embodiment of this
invention.

35 First of all, electrode paste containing silver-base conductive powder and glass
is printed to form first upper surface electrode layers 102, as shown in Fig. 18(a), in a
manner not to cross over slits 110 made in a horizontal direction through a sheet-
formed substrate 101, which has a superior heat-resisting property and an insulating
property as it contains 96% alumina, and a surface of which is provided with a

40  plurality of slits 109 and 110 in a vertical direction as well as in a horizontal direction
in order to separate it into strips and then into individual pieces in the subsequent
steps.

Next, resistive paste having a principal component of ruthenium oxide is printed
to form resistor layers 103 in a manner that they connect electrically with the first

45 upper surface electrode layers 102, as shown in Fig. 18(b). The resistor layers 103 are
then fired at a temperature of approximately 850°C in order to make them become
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substrate 101, and openings in a film-forming pattern of the desired second upper
15 surface electrode layers 105 are prepared in the resist material by photo-lithographic
method, as shown in Fig. 19(b). Furthermore, a gold is deposited in a form of film on
the entire upper surface of the substrate by sputtering method, and the resist material is
then removed except for portions of the film-forming pattern for the desired second
upper surface electrode layers 105. These steps complete the second upper surface
20 electrode layers 105. During the above process, the second upper surface electrode
layers 105 get into the slits 110 of horizontal direction, and thereby the second upper
surface electrode layers 105 can be formed deeply down to the deep in the slits.

Generally, the slits 109 and 110 are so formed that their depth with respect to a
thickness of the substrate 101 becomes equal to or less than a half of the thickness of

25 the substrate 101, so as to avoid it from being cracked during handling in the
manufacturing process.

Next, electrode paste containing silver-base conductive powder and glass is
printed to form third upper surface electrode layers 106 in a manner to overlap with
portions of upper surfaces of the first upper surface electrode layers 102 and the

30 second upper surface electrode layers 105, as shown in Fig. 19(c). The third upper
surface electrode layers 106 are then fired at a temperature of approximately 850°C in
order to make them become stable films.

Then, the substrate 101 in a sheet-form, on which the first upper surface
electrode layers 102, the second upper surface electrode layers 105, the third upper

35 surface electrode layers 106, the resistor layers 103, the trimmed grooves 111 and the
protective layers 104 have been formed, is separated into substrate strips 112 by
splitting it along the slits 110 of horizontal direction in the substrate 101, as shown in
Fig. 20(a). When this is done, the previously formed second upper surface electrode
layers 105 lie in their respective positions on the side surfaces along a longitudinal

40  direction of the substrate strips 112 down to the depth of the slits 110 of horizontal
direction. _

As a preparatory process for plating exposed surfaces of the first upper surface
electrode layers 102, the second upper surface electrode layers 105 and the third upper
surface electrode layers 106, the substrate strips 112 are finally separated into

45 individual substrate pieces 113 by splitting them along the slits 109 of vertical
direction, as shown in Fig. 20(b). A resistor is now completed when a nickel-plated
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15 Table 5
Com- | Second First upper | Third upper | Resistor Characteristics to be
bina- upper surface surface layer 103 improved
tion surface electrode electrode Protective
electrode | layers 102 | layers 106 | layer 104
layers 105 | .
21 Sputtered | Silver-base | Silver-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base combination 1 in
material | powder and | powder and | (fired at Table 1.
glass resin 850°C)
(fired at | (hardened at | Glass-base
850°C) 200°C) (fired at
600°C)
22 Sputtered | Silver-base | Nickel-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base combination 2 in
material | powder and | powder and | (fired at Table 1.
glass resin 850°C)
(fired at | (hardened at | Glass-base
850°C) 200°C) (fired at
600°C)
23 Sputtered | Silver-base | Silver-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base combination 3 in
material | powder and | powder and | (fired at Table 1.
glass resin 850°C)
- (fired at (hardened at | Resin-base
850°C) 200°C) | (hardened at
200°C)




resistor |ayer 64. A reference nuneral

66 represents third upper surface

el ectrode | ayers conposed of silver-base conductive powder containing
portions of upper surfaces of the second upper

gl ass,

represent a nickel -

and provided on 15
surface el ectrode | ayers 63. Reference n
pl ated | ayer and a so

qggrals 67 and 68 respectively
| der-pl ated | ayer_provided., as

occasi on demnds Sfm?tteréd pthrsim-bafse sNitkebbase | iRuthehiuyn |eSame dharavteristic as
sol dering| There lﬁis ddiflublivé o sRdiReY | QSREbER oLcdﬂfriﬁatgiaﬁath or
construct ¢d as Ve ich wi
descri bed| herei g&/ «B% d oﬂéﬁgea%ﬁ@ ma%ﬂg&atflgures. lellﬂg.q'g
through Fig. 11 represent ©s of pre¥Bdur al oW ng a
manuf act ufi ng net hod of the @b@d@ﬁor (bardemediah| rRlesin-dape qr y enbodi nent  of
this inveption.| 25 | ng50eCYedi nrd0IC)f i @ﬁard@mﬂatsurface el ectrode
layers 62|are fprmed, as ghown in Fijg. 9(a), by psheEcdyrg lel ectrode paste
cont ai ni ng_gol di base netallo- _organic conpound i|n a nmafner{ to cross qver
slits 70 ma@s ip SpllrwarbdontSillvm‘Lhaset i Silverbasegh Ruthbeisim |f Sanve ¢harabteristic as
61, \tNhl ch1 has o idke [bage Negdndiefive!t| eenw&mri Yoxiae-bage i nwhﬁnm?n:z&fﬁrvstﬁy
as it contfains na, ur r gvi
plurality|of sl ﬁ%sﬂgind Wrgn\gle él ca? %tlxrectcfg&ré{ ta fbg
hori zontal di rectlon in orfder® ssepara SIt i hto a‘ﬁ)& ?P?ﬁ% ase
i ndi vi dual pieces in the jubdigdaht neqaé | fResin-bapper sWetAlder second
el ectrodejl ayers 62 are sybj 860%0d) t o cA0HGAL i b thatlered atnper aupper sufface
approximately 8b0[err]C i order to |make then1)ec? (§}ablekkmbm@1aﬁmSﬂog
this proceéss,_the electrode paste gets into th Its 70 {of horizontal
direction| 26 as Sputtered 3sSilverthasei [r Nickebibase s Ruthenium cbamed chhragtaristicas
deeply dopwn in | hickelbhse || comivetvel!| cohductivet $ didebdse’( asombitation 25;dvith
that theiy depth %ét@rié?smeﬁbtwdéi‘ afid! hb%ﬂ@ﬁéﬂdﬂ t(fRed abSt|r afes Blanufacturing
glass resin 850°C) [ cost due to use of base
(fired at | (hardened at | Resin-base | metal for third upper
850°C) 200°C) | (hardened at| surface electrode
200°C) layers 106.
27 Sputtered | Gold-base | Silver-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base combination 5 in
material | powder and | powderand | (fired at Table 1.
glass glass 850°C)
(fired at (fired at Glass-base
850°C) 600°C) (fired at
600°C)
28 Sputtered | Gold-base | Silver-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base combination 6 in
material | powder and | powder and | (fired at Table 1.
glass resin 850°C)
(fired at | (hardened at | Glass-base
850°C) 200°C) (fired at
600°C)
29 Sputtered | Gold-base | Nickel-base | Ruthenium | Same characteristic as
gold-base | conductive | conductive | oxide-base combination 7 in
material | powder and | powder and | (fired at Table 1.
glass resin 850°C)
(fired at | (hardened at | Glass-base
850°C) 200°C) (fired at
600°C)




beconmes equal to or

| ess than a half of the thickness of the substrate 61,

in order to avoid it from being cracked during handling in the

manuf act uri ng process.

Next ,

el ectrode paste containing silver-base

conductive powder and glass is 40 printgsl to formsecond upper surface
electrode layers 63 in a manner to make electrical connections wth the
first uppger 3@ur a&pxtﬁdre@t oGeld-dusy § Silvembasehp\Rutheniting.| S4th¢ chdiaetesstioas
upper suryace el lﬂflﬂ@e y&fnﬁu@ﬁv@r e chhdittive’ fbxdde-Basé ”percﬁimﬁiﬁaﬁén 8in
approxi mafely 85 }#ﬂ 3%@&%@@ asfagle Tl e 1,
Resi sti ve| past ¢ haV|ng a ngﬁg onen q§g§> urh oxi de”T's "printed
to 45 fprmresistor |ayer $n 4 maAHER that ywleodnect electrically
with the second upper surfacdiredatt r(dhardeagdas | Resimbashdqwn in Fig. 9(c).
The resistor layers 64 ar¢ tBSO°C) rgd 2002Q)at | thdrdenel &ttjur e of
approxi mately 850[err]C in order to |make then1)ecgg$; tagle films. Next,
trimmng | oves 71 w ser, as_shown in
Fig. 10(a) 3d of d8puttered ol r Gold-bass St Nivket-base mmmmcrsamgeharaﬁwrisﬁc as
predet erm ned vial gsld-bbke rédﬁdhaﬁvés B”@ﬁ’dhd&vbh tdﬂlmﬁb qr Ohﬁﬁnﬁmatlon?m
measuringla resfs se ade el ec ayer g
63 during this procegggleggﬂg%. astgpﬁgglng a Qg‘é&ﬁf conpoagﬂ?ggf gl>/asc
is printed to florm protecti §ers g hown 10(b), in order
to protecf the fresistor | gegat gl ﬂﬂk%ﬁd >ﬁEﬂ$wd%Eﬁhave been
corrected| For fthis process 850?(2) ntli n@0B8E) er h(hemglerivel atdde i n such a shapg
that the protective |layer$ 65 cross [over the s|itggfgmof [vertical 10
direction nectivelvicover a pllurality oflthe horizdntallyv aligned
resi stor |apdrs| Sputtered” | Gold-base | Silver-base | Ruthenium | Same characteristics
nickel-base | conductive | conductive | oxide-base | as combination 25 as
material | powderand | powderand | (firedat | well as combination 5
glass resin 850°C) in Table 1.
(fired at | (hardened at| Resin-base
850°C) 200°C) | (hardened at
200°C)
33 Sputtered | Silver-base | Nickel-base | Ruthenium | Same characteristic as
nickel-base | conductive | conductive | oxide-base combination 26 as
material | powder and | powder and | (fired at | well as combination 5
glass resin 850°C) in Table 1.
(fired at (hardened at | Resin-base
850°C) 200°C) | (hardened at
200°C)

In addition, it is easily conceivable that the mount area can be further reduced if
electrodes are not formed on the side surfaces in the fifth exemplary embodiment of
this invention.

5
(Sixth Exemplary Embodiment) _

A resistor of a sixth exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
accompanying figures.

10 Fig. 21 is a sectional view of a resistor of the sixth exemplary embodiment of
this invention.

In Fig. 21, a reference numeral 121 represents a substrate containing 96% of
alumina. A reference numeral 122 represents a pair of upper surface electrode layers
composed of thin films of gold-base material provided on sides portions of a main

15 surface of the substrate 121. A reference numeral 123 represents a resistor layer

composed of a thin film of nickel-chrome base or chrome-silicon base compound



64. The protective layers 65 are then fired at a tenperature of
approximately 600[err]C in order to make them becone stable filnms. Next,

el ectrode paste containing silver-base conductive powder and glass is
printed to formthird upper surface el ect%‘pde | ayers 66 on portions of
upper surfaces of 15 the first upper surtface el ectrode |layers 62 and the
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20 sheet-formed substrate 121, which has a superior heat-resisting property and an
insulating property as it contains 96% alumina, and a surface of which is provided
with a plurality of slits 128 and 129 in a vertical direction as well as in a horizontal
direction in order to separate it into strips and then into individual pieces in the
subsequent steps. After the electrode paste consisting of metallic-organic substance

25 and the like is dried, it is fired under a condition of approximately 850°C for about 45
minutes in a belt-conveyed continuous kiln in order to disperse only organic
components and to bake only metal components of the electrode paste onto the
substrate 121, to form upper surface electrode layers 122 in thin film, as shown in Fig.
22(a).

30 Next, as shown in Fig. 22(b), nickel-chrome, chrome-silicon, or the like
compound is deposited by sputtering method on an entire upper surface of the sheet-
formed substrate 121, on which the upper surface electrode layers 122 (not shown in
this figure) are formed, to form an integral resistor layer 130. :

The total resistor layer 130 is then processed by photo-lithographic method, the

35 same method as normally used for LSI’s, etc. to form resistor layers 123 of a desired
pattern, as shown in Fig. 22(c). The resistor layers 123 are thermally treated at a
temperature of approximately 300 to 400°C in order to make them become stable
films.

Next, trimming is made to form trimmed grooves 131 with a YAG laser, as

40 shown in Fig. 23(a) in order to correct resistances of the resistor layers 123 to a
predetermined value. Trimming probes for measuring a resistance are set on the upper
surface electrode layers 122 in this process. The trimming is made by serpentine
cutting method (a plurality of straight cuts), which is capable of adjusting the
resistance freely from a low value to a high value.

45 Epoxy-base resin paste is screen-printed to form a printing pattern of individual
protective layers corresponding to their respective resistor layers 123, as shown in Fig.




35 el ectrode | ayers 63 and the third upper surface electrode |ayers 66 in
order to prevent el ectrode-erosion during soldering, and to assure
reliability of the soldering. The resistor of the third exenplary

-enmbodi nent of this invention constructed gd nmanufactured as above is
soldered on a circuit board. The resistor 1s nounted with the surface
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18 layers is removed at e tlme e resist layer is removed by lift-off method.

Then, the substrate 121 in a sheet-form is subjected to a primary separation into
substrate strips 132, as shown in Fig. 24(a), by splitting it along the slits 129 of
horizontal direction in the substrate 121. When this is done, the side surface electrode
layers 125 lie in their respective positions on the side surfaces along a longitudinal

20 direction of the substrate strips 132 down to the depth of the slits 129 of horizontal
direction.

Finally, as a preparatory process for plating exposed surfaces of the upper
surface electrode layers 122 and the side surface electrode layers 125, a secondary
separation is made to separate the substrate strips 132 into individual substrate pieces

25 133, as shown in Fig. 24(b). A resistor is now completed when a nickel-plated layer,
as an intermediate layer (not shown in the figure), and a solder-plated layer, as an outer
layer (not shown in the figure), are formed by means of electroplating on exposed
surfaces of the upper surface electrode layers 122 and the side surface electrode layers
125, if necessary in order to prevent electrode-erosion during soldering and to assure

30 reliability of the soldering.

The resistor of the sixth exemplary embodiment of this invention constructed
and manufactured as above was soldered on a circuit board. The resistor was
mounted with the surface having the protective layer down, and soldered with both the
_ upper surface electrode layers (not shown in the figure) and the resistor layer portion
35 on side surface of the substrate, as shown in a sectional view of Fig. 25(a) depicting
the mounted position. However, since areas, whereon the side surface electrodes are
formed, were so small, fillets 134 were barely formed. Accordingly, an actual mount
area 137 came to the sum of a component area 135 and areas 136 required for
soldering the side surfaces, as shown in a plan view of Fig. 25(b) depicting the

40 mounted position. The invention could attain a reduction of approximately 20% in the
mount area as compared to a product of the prior art, in the case of a tip resistor in a
size of 0.6 x 0.3 mm.

Therefore, the structure according to the present invention requires a small area
on a mount board to form fillets of soldering, because of the small areas of the side

45 surface electrodes of the resistor, and thereby it can reduce the mount areas.

Moreover, the side surface electrode layers 125 formed by sputtering can
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layers 127 are formed to be higher than the protective layer 124, the resistor is not

15 likely to allow a gap between the solder-plated layers 127 and a land pattern, when it is
mounted, thereby further improving quality of mounting.

Furthermore, similar effect can be attained with other combinations of the upper
surface electrode layers 122, the resistor layer 123 and the protective layer 124, beside
the above combination in the structure of the sixth exemplary embodiment of this

20 invention. These combinations and their respective characteristics are outlined in
Table 6.
Table 6
Com- Upper surface Resistor Protective Characteristics
bina- electrode layers layer layer
tion 122 123 124
1 Silver or gold-base | Ruthenium | Resin-base | High accuracy in resistance
conductive powder | oxide-base material due to low forming
and glass material (hardened temperature of protective
(fired at 850°C) (fired at at 200°C) layer.
850°C)
2 Silver or gold-base | Ruthenium | Glass-base | High resistance to humidity
conductive powder | oxide-base material due to protective layer
and glass material (fired at composed of glass.
(fired at 850°C) (fired at 600°C)
850°C)
3 Silver or gold-base | Carbon- Resin-base | Capable of saving energy
conductive powder | resin comp. |- material due to low forming
~ and glass (hardened | (hardened | temperature of resistor layer,
(fired at 850°C) at 200°C) | at200°C) | in addition to characteristic
of combination 1.
4 Silver or gold-base | Ni-Cr base | Resin-base Same characteristic as
conductive powder | or Cr-Si material combination 1.
and glass base (hardened
(fired at 850°C) sputtered at 200°C)
film
5 Gold-base metalo- | Ruthenium | Resin-base | Low manufacturing cost due
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conductive _ copductive mat ef i a890°C) conbination B with les% powder an
powder an{l @ hal déoldebase metalodf fRuthemignr §sGlassdase ubowginanufacturing cestidne
200][ err]C t derjgé}ﬁé%o df JEOﬂ&é-bdsdJF Feﬁlafefridl egogtto sohalpasenatiofgold
surface e|ectrode jk. r . er, - g3
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and powder _and (fired at 850°Chni gration. gllass gfass
600[ err] C) (7i rpedGeld-basemetald-af Carbon- Resin-base | Low manufacturing cost due
organic compound | resin comp. | material to small amount of gold
(fired at 850°C) (hardened | (hardened used, in addition to
at 200°C) at 200°C) | characteristic of combination
3
8 Gold-base metalo- | Ni-Cr base | Resin-base (Combination of the first
organic compound or Cr-Si material exemplary embodiment)
(fired at 850°C) base (hardened
sputtered | at 200°C)
film
9 Sputtered nickel- | Ni-Cr base | Resin-base | Inexpensive construction, if
base, copper-base, or Cr-Si material base metal of nickel or
or gold base base (hardened | copper is used, in addition to
material sputtered at 200°C) | characteristic of combination
film 7.

10

15

20

(Seventh Exemplary Embodiment)

A resistor of a seventh exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
accompanying figures.

Fig. 26 is a sectional view of a resistor of the seventh exemplary embodiment of
this invention.

In Fig. 26, a reference numeral 141 represents a substrate containing 96% of
alumina. A reference numeral 142 represents a pair of first upper surface electrode
layers composed of thin films of gold-base material provided on side portions of an
upper surface of the substrate 141. A reference numeral 143 represents a resistor layer
composed of a thin film of nickel-chrome base or chrome-silicon base compound
provided between the first upper surface electrode layers 142. A reference numeral
144 represents a protective layer composed of epoxy-group resin, or the like material
provided on an upper surface of the resistor layer 143. A reference numeral 145
represents a pair of second upper surface electrode layers composed of silver or nickel-
base conductive powder containing resin. A reference numeral 146 represents side
surface electrode layers provided on side surfaces of the substrate 141 in a manner to
connect with the first upper surface electrode layers 142 or the second upper surface
electrode layers 145. Reference numerals 147 and 148 respectively represent nickel-
plated layers and solder-plated layers provided, as occasion demands, for a purpose of
assuring reliability, etc. during soldering. Ridges of these nickel-plated layers 147 and




850[err] C 600[err]C) 6 ol d- base Si | ver - base G ass-base Both
of characteristics of above conductive conductive mat eri al
conbinations 1 and 5. powder and powder and (fired at gl ass

resin 600[err]C) (fired at (hardepgd at 850[err]C) 200[err] Q)
7~ ol d- base Ni ckel - base G ass-base Both of characteristics of
above condggsldei-plated Iiyetic148 gre roundéd:r Eath surfacecarshofi dié sulder2phatet] layersclad8er

and powde ; ' ; ' 4drhreafd
( Har-dened gﬁrggsrtlgﬁj;fiséfzzﬁ%ol er ﬁ 81 €13§ fot ﬁégr%%agsgﬂﬁifgif | ver -e%a(i:frelﬁe sde
Resi n- base 0 ristics of gbove gonductive,. .conductive

mat eri al %ﬁmﬂﬁ% §,§ SeNEnts exemplay em odwmé* thisjnveniom, consiructed

glass 5 as abevenis manufagwepdin 3 gjanper, vaichwill hodeseeibed hereinafierby rafprring
200[ err] C) t®the figuPes.d- base  Ni ckel -base  Resin-base Both of
gg% ?‘r:];teiri)St | cspigf Ab@vRdu ﬁpmgctiw erreg@ﬁlducéérl& of pret&dural views showing a
s i%%%éﬁ?ﬁﬁ%)ﬂ | §eo§af§1? reEi?}’]&;r%feﬂ%gs%\{eﬂﬁ{ d&BRPIAY dhBSdiment of this
10 First of all, electrode paste containing metalo-organic compounds, etc. having a
principal component of gold and the like material is screen-printed in a manner not to
cross over slits 150 made in a horizontal direction through an upper surface of sheet-
formed substrate 141, which has a superior heat-resisting property and an insulating
property as it contains 96% alumina, and a surface of which is provided with a
15 plurality of slits 149 and 150 in a vertical direction as well as in a horizontal direction
in order to separate it into strips and then into individual pieces in the subsequent
steps. After the electrode paste containing metalo-organic compounds , etc. is dried, it
is fired under a condition of approximately 850°C for about 45 minutes in a belt
fuernace in order to disperse only organic components and to deposit only metal
20 components of the electrode paste onto the substrate 141, to form upper surface
electrode layers 142 in thin film, as shown in Fig. 27(a).

Next, as shown in Fig. 27(b), nickel-chrome, chrome-silicon, or the like
compound is deposited by sputtering method on an entire upper surface of the sheet-
formed substrate 141, on which the upper surface electrode layers 142 (not shown in

25  this figure) are formed, to form an integral resistor layer 151.

The total resistor layer 151 is then processed by photo-lithographic method, the
same method as normally used for LSI’s, etc. to form resistor layers 143 of a desired
pattern, as shown in Fig. 27(c). The resistor layers 143 are thermally treated at a
temperature of approximately 300 to 400°C in order to make them become stable

30 films.

Next, trimming is made to form trimmed grooves 152 with a YAG laser, as
shown in Fig. 28(a) in order to correct resistances of the resistor layers 143 to a
predetermined value. Trimming probes for measuring a resistance are set on the upper
surface electrode layers 142 in this process. The trimming is made by serpentine

35 cutting method (a plurality of straight cuts), which is capable of adjusting the
resistance freely from a low value to a high value.

Epoxy-base resin paste is screen-printed to form a printing pattern of individual
protective layers corresponding to their respective resistor layers 143, as shown in Fig.
28(b), in order to protect the resistor layers 143, of which resistances have been

40 corrected. Then, the epoxy-base resin paste is thermally cured to form the protective
layers 144 under a condition of approximately 200°C for about 30 minutes in a belt-
conveyed continuous hardening kiln in order to ensure a firm adhesion to the substrate
141. For this process, the printing pattern of the protective layers may be made in such
a shape that the protective layers cross over the slits 149 of vertical direction, and

45 connectively cover a plurality of the horizontally aligned resistor layers 143.

Next, second upper surface electrode layers 145 are formed as shown in the




850[err] C 200[err]C) In addition, it is easily conceivable that the
nmount area can be further reduced if electrodes are not fornmed on the side
surfaces in the third exenplary enbodi ment of this invention. (Fourth
Exenpl ary Enbodi nment) A resistor of a fo h exenpl ary enbodi nent of the
present invention and a nmethod of manufacturing the same will be described
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side surface electrode layers is removed at the same time the resist layer is removed by
lift-off method.

Then, the substrate 141 in a sheet-form is subjected to a primary separation into
substrate strips 153, as shown in Fig. 29(a), by splitting it along the slits 150 of
horizontal direction in the substrate 141. When this is done, the side surface electrode
layers 146 lie in their respective positions on the side surfaces along a longitudinal
direction of the substrate strips 153 down to the depth of the slits 150 of horizontal
direction.

Finally, as a preparatory process for plating exposed surfaces of the second
upper surface electrode layers 145 and the side surface electrode layers 146, a
secondary separation is made to separate the substrate strips 153 into individual
substrate pieces 154, as shown in Fig. 29(b). A resistor is now completed when a
nickel-plated layer, as an intermediate layer (not shown in the figure), and a solder-
plated layer, as an outer layer (not shown in the figure), are formed by means of
electroplating on exposed surfaces of the second upper surface electrode layers 145
and the side surface electrode layers 146, if necessary in order to prevent electrode-
erosion during soldering and to assure reliability of the soldering.

The resistor of the seventh exemplary embodiment of this invention constructed
and manufactured as above provides the same advantages as what has been described
in the sixth exemplary embodiment, when it is soldered on a circuit board, and
therefore they will not be described.

In addition, similar effect can be attained with other combinations of the first
upper surface electrode layers 142, the second upper surface electrode layers 145, the
resistor layer 143 and the protective layer 144, beside the above combination in the
structure of the seventh exemplary embodiment of this invention. These combinations
and their respective characteristics are outlined in Table 7.
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Table 7
Com- First upper Second upper Resistor Protective Characteristics
bina- surface surface layer layer
tion | electrode layers | electrode layers 143 144
142 145
1 Silver-base or | Silver-base or | Ruthenium | Glass-base | High resistance to
gold-base gold-base oxide-base | material humidity.
conductive conductive material (fired at
powder and powder and (fired at 600°C) -




| ayers 83.
conponent

A reference nuneral 85 is a protective |ayer having a chief
of glass, and provided on an upper surface of the resistor |ayer

84. A reference nuneral 86 represents third upper surface el ectrode |ayers
conposed of silver-base conductive 10 er containing glass, provided
om portions of the first upper surface electrode |ayers 82 and the second

upper surf
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during soldering. I bre5|sto;l flo Eﬁnt &ﬁﬁ&n
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First of all, gold85°Qeposfited in a formof filmby sputtleri ng nethod on
an entire|umper| Silvéebmeof [a Silvesbast or NeNi-Otibase fResihlbaset]|i ciSamesas above.
superi or heat - rlesi gdld-BasePr Opehickelbide 2N | 65CH-81 | DY npit&@r tly as it cont ai ne
96% aljugnom and %oﬁ?difclfl@@e Of?ﬂﬁl&hﬁfhdds pr oyhgded Ni(thgrdé?&i L(rjal [ t%/_ of slits
89 an In afve I rlecti s wel Irection in
order to $epara f)&\k/&é}atng S|t r¢ ?f:flilgijat' nid ;%H DI eces ‘?in the 25 _
subsequent sur ace ectrode Iayers 82 having| a
desi red ele alal- - = als _shown i b Fi n 1 /I{ hyv
phot o- I i t hogt apghi CGo¥ 2Ruthepizgy | (Gassthase < S%m@clﬂaai@ctm@s
The first|upper lsmtﬁi(a@&aellcect rg&’dé- psey er [sogidebpse §umateriabd |t a5 dembinationt ofeht
at a tenpgraturle compppndxi matcenducind tjo #REfial r | C(firedat dgr t o Tableelt hem
becone st abl e f|i(firel at[B30?@)0| t powdarandesis, (fitbéaf i { St600pQEr {surface 30
el ectrodejl ayerjs 82 get intjo dldse (fidedtab [90 8gH°cyor{zontal dijrection, so as fo
formthe {irst : 600°C) _
5 Gold-base Silver-base or | Ni-Cr base | Resin-base (Combination of
metalo-organic | nickel-base or Cr-Si material second exemplary
compound material and base (hardened embodiment)
(fired at 850°C) | resin (hardened | sputtered | at 200°C)
at 200°C) film
6 Gold-base Silver-base or Carbon- | Resin-base | Same characteristic
metalo-organic | nickel-base resin material | as combination 7 of
compound material and composit | (hardened Table 1.
(fired at 850°C) | resin (hardened | (hardened | at200°C)
at 200°C) at 200°C)
7 Sputtered Silver-base or | Ni-Crbase | Resin-base | Same characteristic
nickel-base, nickel-base or Cr-Si material | as combination 9 of
copper-base, or | material and base (hardened Table 1.
gold base resin (hardened | sputtered | at 200°C)
material at 200°C) film
8 Sputtered Silver-base or Carbon- | Resin-base | Same characteristic
nickel-base, nickel-base resin material | as combination 9 of
copper-base, or | material and composit | (hardened Table 1.
gold base resin (hardened | (hardened | at 200°C)
material at 200°C) at 200°C)
(Eighth Exemplary Embodiment)
A resistor of an eighth exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
5 accompanylng figures.

Fig. 30 is a sectional view of a resistor of the eighth exemplary embodlment of
this invention.

In Fig. 30, a reference numeral 161 represents a substrate containing 96% of
alumina. A reference numeral 162 represents upper surface electrode layers composed



upper surface electrode |ayers 82 deeply down in the slits. Generally, the
slits 89 and 90 are so forned that their depth with respect to a thickness
of the substrate 81 becones equal to or less than a half of the thickness
of the substrate 81, so as to avoid it fr bei ng cracked during handling
I  the manufacturing process. 35 xt, el ectrode paste containing
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protecigth 1 | ad rI§1g. 32 represent a series- of procedural views showing a
manufactunng method of the resistor of the eighth exemplary embodiment of this
invention.

First, electrode paste containing silver-base conductive powder and glass is
printed to form upper surface electrode layers 162, as shown in Fig. 31(a), in a manner

20 to cross over slits 168 made in a horizontal direction through a sheet-formed substrate
161, which has a superior heat-resisting property and an insulating property as it
contains 96% alumina, and a surface of which is provided with a plurality of slits 167
and 168 in a vertical direction as well as in a horizontal direction in order to separate it
into strips and then into individual pieces in the subsequent steps. The upper surface

25 electrode layers 162 are then fired at a temperature of approximately 850°C in order to
make them become stable films. During this process, the electrode paste gets into the
slits 168 of horizontal direction, and that the upper surface electrode layers 162 can be
formed deeply down in the slits. Generally, the slits 167 and 168 are so formed that
their depth with respect to a thickness of the substrate 161 becomes equal to or less

30 than a half of the thickness of the substrate 161, so as to avoid it from being cracked
during handling in the manufacturing process.

Next, resistive paste having a principal component of ruthenium oxide is printed
to form resistor layers 163 in a manner that they connect electrically with the upper
surface electrode layers 162, as shown in Fig. 31(b). The resistor layers 163 are then

35 fired at a temperature of approximately 850°C in order to make them become stable
films.

Next, trimming is made to form trimmed grooves 169 with a YAG laser, as
shown in Fig. 31(c) in order to correct resistances of the resistor layers 163 to a
predetermined value. The trimming is made with trimming probes for measuring a

40 resistance set on the upper surface electrode layers 162 during this process.

Another paste having a principal component of glass is printed to form
protective layers 164, as shown in Fig. 32(a), in order to protect the resistor layers 163,
of which resistances have been corrected. For this process, a printing pattern may be
made in such a shape that the protective layers 164 cross over the slits 167 of vertical

45 direction to connectively cover a plurality of the horizontally aligned resistor layers
163. The protective layers 164 are then fired at a temperature of approximately 600°C




5 of which resistances have been corrected. For this process, a printing
pattern may be nmade in such a shape that the protective |ayers 85 cross
over the slits 89 of vertical direction to connectively cover a plurality
of the horizontally aligned resistor |ayess 84. The protective |ayers 85
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when i Clirady eeié&iﬂo&eaﬁ%rs (@5t sbwn in the figure) and the resistor layer on side surfaces
of the substrate, as shown in a sectional view of Fig. 33(a) depicting a mounted
position. However, since areas in the side surfaces, whereon the electrodes are
formed, were so small, fillets 173 were barely formed. Accordingly, an actual mount
area 176 came to the sum of a component area 174 and areas 175 required for
25 soldering the side surfaces of this component, as shown in a plan view of Fig. 33(b)
depicting the mounted position. The invention could attain a reduction of
approximately 20% in the mount area as compared to a component of the prior art, in
the case of a tip resistor in a size of 0.6 x (0.3 mm.
Therefore, the structure according to the eighth exemplary embodiment of the
30 present invention requires a small area on a mount board to form fillets of soldering,
because of the small areas of the side surface electrodes on the resistor, and thereby it
can reduce the mount areas.
In the eighth exemplary embodiment of this invention, if solder-plated layers
166 and the protective layer 164 are formed to be on the same plane, or if the solder-
35 plated layers 166 are formed to be higher than the protective layer 164, the resistor is
not likely to allow a gap between the solder-plated layers 166 and a land pattern, when
it is mounted, thereby further improving quality of mounting.
In addition, other characteristics (specified in Table 8) can be improved in this
eighth exemplary embodiment of the invention, if the upper surface electrode layers
40 162 and the protective layer 164 are constituted of combinations shown in Table 8.

0

Table 8
Combi- Upper surface Protective Characteristics to be improved
nation | electrode layers 162 layer 164
1 Gold-base conductive | Glass-base Improvement in loaded-life
powder and glass material characteristic due to low ion
(fired at 850°C) - (fired at migration




I nternmedi ate | ayer (not shown in the figure), and a solder-plated | ayer, as
an outer |layer 30 (not shown in the figure) are formed by means of

el ectroplating on all exposed surfaces of the first upper surface el ectrode
| ayers 82, the second upper surface el ect4pde |ayers 83 and the third upper
surface electrode layers 86 in order to prevent electrode-erosion duri
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layers 86/ Jayal gld-base metalo- Glass-base Same characteristics as above
organic compound material combinations 1, and low
(fired at 850°C) (fired at manufacturing cost due to less
600°C) amount of gold used than
combination 1.
5 Gold-base metalo- Resin-base Both characteristics of above
organic compound material combinations 3 and 4.
(fired at 850°C) (hardened at
200°C)

In addition, it is easily conceivable that the mount area can be further reduced if
the side surface electrodes are not formed in the eighth exemplary embodiment of this
invention. However, if the side surface electrodes are not formed, the resistor forms

5 nofillet at all, thereby giving rise to a problem that makes an automated inspection by
image recognition inexecutable, in consideration of the fact that inspection of
soldering is usually carried out by means of image recognition after mounting
components in the current manufacturing process of electronic devices.

10  (Ninth Exemplary Embodiment)

A resistor of a ninth exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
accompanying figures.

Fig. 34 is a sectional view of a resistor of the ninth exemplary embodiment of

15 this invention.

In Fig. 34, a reference numeral 181 represents a substrate containing 96% of
alumina. A reference numeral 182 represents upper surface electrode layers provided
by sputtering gold-base material on side portions of a main surface and portions of side
surfaces of the substrate 181. Ridges of these upper surface electrode layers 182 are

20 rounded. In addition, a surface area of each of the upper surface electrode layers 182
on the side surfaces of the substrate 181 is not more than a half of an area of the side
surface of the substrate 181. A reference numeral 183 represents a resistor layer
having a chief component of ruthenium oxide, for electrically connecting with the
upper surface electrode layers 182. A reference numeral 184 represents a protective

25 layer having a chief component of glass, provided on an upper surface of the resistor
layer 183. Reference numerals 185 and 186 respectively represent nickel-plated layers
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surface of a shest-formed substrate has a superior heat-resisting property
and an msulatmg property as it contains 96% alumina, and a surface of which is
provided with a plurality of slits 187 and 188 in a vertical direction as well as in a
horizontal direction in order to separate it into strips and then into individual pieces in
the subsequent steps. Further, upper surface electrode layers 182 having a desired
electrode pattern are formed, as shown in Fig. 35(a), by photo-lithographic method
which is normally used for LSI’s, and the like. The upper surface electrode layers 182
are subjected to a heat treatment at a temperature of approximately 300 to 400°C in
order to make them become stable films. During this process, the upper surface
electrode layers 182 get into slits 188 of horizontal direction, and the upper surface
electrode layers 182 can be formed deeply down in the slits. Generally, the slits 187
and 188 are so formed that their depth with respect to a thickness of the substrate 181
becomes equal to or less than a half of the thickness of the substrate 181, so as to avoid
it from being cracked during handling in the manufacturing process.

Next, resistive paste having a principal component of ruthenium oxide is printed
to form resistor layers 183 in a manner that they connect electrically with the upper
surface electrode layers 182, as shown in Fig. 35(b). The resistor layers 183 are then
fired at a temperature of approximately 850°C in order to make them become stable
films.

Next, trimming is made to form trimmed grooves 189 with a YAG laser, as
shown in Fig. 35(c) in order to correct resistances of the resistor layers 183 to a
predetermined value. The trimming is made with trimming probes for measuring a
resistance set on the upper surface electrode layers 182 during this process.

Another paste having a principal component of glass is printed to form
protective layers 184, as shown in Fig. 36(a), in order to protect the resistor layers 183,
of which resistances have been corrected. For this process, a printing pattern may be
made in such a shape that the protective layers 184 cross over the slits 187 of vertical
direction to connectively cover a plurality of the horizontally aligned resistor layers
183. The protective layers 184 are then fired at a temperature of approximately 600°C
in order to make them become stable films.

Then, the substrate 181 in a sheet-form, on which the upper surface electrode
layers 182, the resistor layers 183, the trimmed grooves 189, and the protective layers
184 are formed, is separated into substrate strips 190 by splitting it along the slits 188
of horizontal direction in the substrate 181, as shown in Fig. 36(b). When this is done,
the previously formed upper surface electrode layers 182 lie in their respective
positions on the side surfaces along a longitudinal direction of the substrate strips 190
down to the depth of the slitting '
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10 The resistor of the ninth exemplary embodiment of this invention constructed
and manufactured as above provides the same advantages as what has been described
in the eighth exemplary embodiment, when it is soldered on a circuit board, and
therefore they will not be described.

In addition, other characteristics (specified in Table 9) can be improved in this

15 ninth exemplary embodiment of the invention, if the upper surface electrode layers
182, resistor layer 183 and the protective layer 184 are constituted of combinations
shown in Table 9.

Table 9
Com- | Upper surface Resistor Protective | Characteristics to be improved
bina- | electrode layers layer layer
tion 182 183 184
6 Sputtered gold- | Ruthenium .| Resin-base | No variation in manufacturing
base material | oxide-base | material | process, and small deviation in
(heat- treated at | material (hardened | resistance of products, due to
300-400°C) (fired at at 200°C) | low processing temperature of
850°C) protective layer
7 Sputtered gold- Carbon- | Resin-base | Same characteristic as above
base material resin material combination 6, with less cost
(heat- treated at | composit. | (hardened | and capable of saving electric
300-400°C) (hardened | at200°C) energy due to lower process
at 200°C) temperature of resistor layer
than combination 6.
8 Sputtered Carbon- | Resin-base | Same characteristic as above
nickel-base resin material combination 7, with less
material composit. | (hardened | manufacturing cost due to use
(heat- treated at | (hardened | at200°C) of base metal for electrode
300-400°C) at 200°C) material as opposed to
combination 7.

20 (Tenth Exemplary Embodiment)

A resistor of a tenth exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
accompanying figures.

Fig. 37 is a sectional view of a resistor of the tenth exemplary embodiment of

25 this invention.

In Fig. 37, a reference numeral 201 represents a substrate containing 96% of
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silver-base conductive powder containing glass, provided on upper surfaces of the f1rst

upper surface electrode layers 202. Ridges of the second upper surface electrode

layers 205 are rounded. Reference numerals 206 and 207 respectively represent

nickel-plated layers and solder-plated layers provided, as occasion demands, for a
15 purpose of assuring reliability, etc. during soldering.

The resistor of the tenth exemplary embodiment of this invention constructed as
above is manufactured in a manner, which will be described hereinafter by referring to
the figures.

Fig. 38 and Fig. 39 represent a series of procedural views showing a

20 manufacturing method of the resistor of the tenth exemplary embodiment of this
invention.

First, electrode paste containing silver-base conductive powder and glass is
printed to form first upper surface electrode layers 202, as shown in Fig. 38(a), in a
manner to cross over slits 209 made in a horizontal direction through a sheet-formed

25  substrate 201, which has a superior heat-resisting property and an insulating property
as it contains 96% alumina, and a surface of which is provided with a plurality of slits
208 and 209 in a vertical direction as well as in a horizontal direction in order to
separate it into strips and then into individual pieces in the subsequent steps. The first
upper surface electrode layers 202 are then fired at a temperature of approximately

30 850°C in order to make them become stable films. During this process, the electrode
paste gets into the slits 209 of horizontal direction, thereby the first upper surface
electrode layers 202 can be formed down deeply in the slits. Generally, the slits 208
and 209 are so formed that their depth with respect to a thickness of the substrate 201
becomes equal to or less than a half of the thickness of the substrate 201, so as to avoid

35 it from being cracked during handling in the manufacturing process.

Next, resistive paste having a principal component of ruthenium oxide is printed
to form resistor layers 203 in a manner that they connect electrically with the first
upper surface electrode layers 202, as shown in Fig. 38(b). The resistor layers 203 are
then fired at a temperature of approximately 850°C in order to make them become

40 stable films.

Next, trimming is made to form trimmed grooves 210 with a YAG laser, as
shown in Fig. 38(c) in order to correct resistances of the resistor layers 203 to a
predetermined value. The trimming is made with trimming probes for measuring a
resistance set on the first upper surface electrode layers 202 during this process.

45 Another paste having a principal component of glass is printed to form
protective layers 204, as shown in Fig. 39(a), in order to protect the resistor layers 203,
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second upper surface electrode layers cross over the slits 208 of vertical direction,
above the plurality of horizontally aligned first upper surface electrode layers 202.
The second upper surface electrode layers 205 are then fired at a temperature of
approximately 600°C in order to make them become stable films.

15 Then, the substrate 201 in a sheet-form, on which the first upper surface
electrode layers 202, the resistor layers 203, the trimmed grooves 210, the protective
layers 204 and the second upper surface electrode layers 205 are formed, is separated
into substrate strips 211 by splitting it along the slits 209 of horizontal direction in the
substrate 201, as shown in Fig. 39(c). When this is done, the previously formed first

20 upper surface electrode layers 202 lie in their respective positions on the side surfaces
along a longitudinal direction of the substrate strips 211 down to the depth of the slits
209 of horizontal direction.

As a preparatory process for plating exposed surfaces of the first upper surface
electrode layers 202 and the second upper surface electrode layers 205, the substrate

25  strips 211 are finally separated into individual substrate pieces 212 by splitting them
along the slits 208 of vertical direction, as shown in Fig. 39(d). A resistor is now
completed when a nickel-plated layer, as an intermediate layer (not shown in the
figure), and a solder-plated layer, as an outer layer (not shown in the figure), are
formed by means of electroplating on exposed surfaces of the first upper surface

30 celectrode layers 202 and the second upper surface electrode layers 205 in order to
prevent electrode-erosion during soldering and to assure reliability of the soldering.

The resistor of the tenth exemplary embodiment of this invention constructed
and manufactured as above was soldered on a mount board. The resistor was mounted
with the surface having the protective layer down, and soldered with both the upper

35 surface electrode layers (not shown in the figure) and the resistor layer on sides of the
substrate, as shown in a sectional view of Fig. 40(a) depicting a mounted position.
However, since areas in the side surfaces, whereon electrodes are formed, were so
small, fillets 213 were barely formed. Accordingly, an actual mount area 216 came to
the sum of a component area 214 and areas 215 required for soldering the side surfaces

40 of this component, as shown in a plan view of Fig. 40(b) depicting the mounted
position. The invention could attain a reduction of approximately 20% in the mount
area as compared to a component of the prior art, in the case of a tip resistor in a size
of 0.6 X 0.3 mm.

Therefore, the structure according to the present invention requires a small area

45 on a mount board to form fillets of soldering, because of the small areas of the side
surface electrodes on the resistor, and thereby it can reduce the mount areas.
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In addition, it is easily conceivable that the mount area can be further reduced if
electrodes are not formed on the side surfaces in the tenth exemplary embodiment of
this invention. However, if the electrodes are not formed on the side surfaces, the

5  resistor forms no fillet at all, thereby giving rise to a problem that makes an automated
inspection by image recognition inexecutable, in consideration of the fact that
inspection of soldering is usually carried out by means of image recognition after
mounting components in the current manufacturing process of electronic devices.

10 (Eleventh Exemplary Embodiment)

A resistor of an eleventh exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
accompanying figures.

Fig. 41 is a sectional view of a resistor of the eleventh exemplary embodiment

15  of this invention.

In Fig. 41, a reference numeral 221 represents a substrate containing 96% of
alumina. A reference numeral 222 represents first upper surface electrode layers
provided on side portions of a main surface and portions of side surfaces of the
substrate 221 by means of sputtering gold-base material. A surface area of each of the

20 first upper surface electrode layers 222 on the side surfaces of the substrate 221 is not
more than a half of an area of the side surface of the substrate 221. A reference
numeral 223 represents a resistor layer having a chief component of ruthenium oxide,
for electrically connecting with the first upper surface electrode layers 222. A
reference numeral 224 represents a protective layer having a chief component of glass,

25 provided on an upper surface of the resistor layer 223. A reference numeral 225

represents second upper surface electrode layers composed of silver-base conductive
powder containing glass, provided on upper surfaces of the first upper surface
electrode layers 222. Ridges of the second upper surface electrode layers 225 are
rounded. Reference numerals 226 and 227 respectively represent nickel-plated layers
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electrode layers 222 get into slits 229 of horizontal direction, thereby the upper surface

20 electrode layers 222 can be formed down deeply in the slits. Generally, the slits 228
and 229 are so formed that their depth with respect to a thickness of the substrate 221
becomes equal to or less than a half of the thickness of the substrate 221, so as to avoid
it from being cracked during handling in the manufacturing process.

Next, resistive paste having a principal component of ruthenium oxide is printed

25 to form resistor layers 223 in a manner that they connect electrically with the first
upper surface electrode layers 222, as shown in Fig. 42(b). The resistor layers 223 are
then fired at a temperature of approximately 850°C in order to make them become
stable films.

Next, trimming is made to form trimmed grooves 230 with a YAG laser, as

30 shown in Fig. 42(c) in order to correct resistances of the resistor layers 223 to a
predetermined value. The trimming is made with trimming probes for measuring a
resistance set on the first upper surface electrode layers 222 during this process.

Another paste having a principal component of glass is printed to form
protective layers 224, as shown in Fig. 43(a), in order to protect the resistor layers 223,

35 of which resistances have been corrected. For this process, a printing pattern may be
made in such a shape that the protective layers 224 cross over the slits 228 of vertical
direction to connectively cover a plurality of the horizontally aligned resistor layers
223. The protective layers 224 are then fired at a temperature of approximately 600°C
in order to make them become stable films.

40 Next, electrode paste containing silver-base conductive powder and glass is
printed to form second upper surface electrode layers 225 on upper surfaces of the first
upper surface electrode layers 222, as shown in Fig. 43(b), in a manner not to cross
over slits 229 of horizontal direction. The second upper surface electrode layers 225
are then fired at a temperature of approximately 600°C in order to make them become

45 stable films.

Then, the substrate 221 in a sheet-form on which the first upper surface
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The resistor of the eleventh exemplary embodiment of this invention constructed
and manufactured as above provides the same advantages as what has been described
in the tenth exemplary embodiment, when it is soldered on a mount board, and

de-erosion
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20 therefore they will not be described.

In addition, other characteristics (specified in Table 11) can be improved in this
eleventh exemplary embodiment of the invention, if the first upper surface electrode
layers 222, the protective layer 224 and the second upper surface electrode layers 225
are constituted of combinations shown in Table 11.

25 Table 11
Com- | Firstupper | Second upper | Protective
bina- surface surface layer Characteristics to be improved
tion electrode electrode
layers layers 225 224
222
9 Sputtered Silver-base | Resin-base No variation in resistance
gold-base conductive material during manufacturing process,
material powder and | (hardened and small deviation in
(heat- treated resin at 200°C) | resistance of products, due to
at 300- (hardened at low processing temperature of
400°C) 200°C) ‘protective layer 224.
10 Sputtered Nickel-base | Resin-base | Same characteristic as above
gold-base conductive material combination 9, with less
material powder and | (hardened | manufacturing cost due to use
(heat- treated resin at 200°C) | of base metal for second upper
at 300- (hardened at surface electrode layers.
. 400°C) 200°C)
11 Sputtered Silver-base | Resin-base | Requires carbonic resin-base
nickel-base conductive material material for resistor layer.
material powder and | (hardened Carbonic resin-base material
(heat- treated resin at 200°C) can provide saving of




board, are sanme as in the case of the foregoing third exenplary enbodi nent,
and therefore they are not described. 10 In addi tion, other
characteristics can be inproved in this fifth exenplary enbodi nent of the
invention, if the first upper surface elegjrode |ayers 102, the resistor

| ayer 103, the protective layer 104, the second upper surface el ectrode
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Table 5 Com Seeond -St—tppet—rhire—uppe Reststort .
Characteristics to be bina- _upper surface surface | ayer
103 (TwelfdExemplary Embodimgnd el ectrode el ectrode

Protlective el ecArresistor dfagdwelftl) 2xemiplargrembodiment afecthe Ifréséndiaventi®t and a
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conduct i vealunsinadeAbaéeferenceComierzd t 242 répresent® tfbst apper Royfded edectrodeotuers
and {31 g8mpbsed of silverlBa¥e® condEttiReS powder Edithiing glass3OPidvidddon side
portions of a main surface of the substrate 241. A reference numeral 243 represents a
resistor layer having a chief component of ruthenium oxide, for electrically connecting
with the first upper surface electrode layers 242. A reference numeral 244 represents a
protective layer having a chief component of glass, provided on an upper surface of
15 the resistor layer 243. A reference numeral 245 represents second upper surface
electrode layers composed of silver-base conductive powder containing glass,
provided on upper surfaces of the first upper surface electrode layers 242 and portions
of side surfaces of the substrate 241. A surface area of each of the second upper
surface electrode layers 245 on the side surfaces of the substrate 241 is not more than a
20 half of an area of the side surface of the substrate 241. Ridges of the second upper
surface electrode layers 245 are rounded. Reference numerals 246 and 247
respectively represent nickel-plated layers and solder-plated layers provided, as
occasion demands, for a purpose of assuring reliability, etc. during soldering.
Fig. 45 and Fig. 46 represent a series of procedural views showing a
25 manufacturing method of the resistor of the twelfth exemplary embodiment of this
invention. _
First, electrode paste containing silver-base conductive powder and glass is
printed to form first upper surface electrode layers 242, as shown in Fig. 45(a), in a
manner to cross over slits 249 made in a horizontal direction through a sheet-formed
30 substrate 241, which has a superior heat-resisting property and an insulating property
as it contains 96% alumina, and a surface of which is provided with a plurality of slits
248 and 249 in a vertical direction as well as in a horizontal direction in order to
separate it into strips and then into individual pieces in the subsequent steps. The first
upper surface electrode layers 242 are then fired at a temperature of approximately
35 850°C in order to make them become stable films. Generally, the slits 248 and 249 are
so formed that their depth with respect to a thickness of the substrate 241 becomes
equal to or less than a half of the thickness of the substrate 241, so as to avoid it from
being cracked during handling in the manufacturing process. _
Next, resistive paste having a principal component of ruthenium oxide is printed
40 to form resistor layers 243 in a manner that they connect electrically with the first
upper surface electrode layers 242, as shown in Fig. 45(b). The resistor layers 243 are
then fired at a temperature of approximately 850°C in order to make them become
stable films. '
Next, trimming is made to form trimmed grooves 250 with a YAG laser, as
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at | essfiaoudiped Wohfidtively cover a plurality of the horizontally aligned resistor layers
243, which form lines. The protective layers 244 are then fired at a temperature of

10 approximately 600°C in order to make them become stable films.

Next, electrode paste containing silver-base conductive powder and glass is
printed to form second upper surface electrode layers 245 on an upper surface of the
first substrate 242, as shown in Fig. 46(b), in a manner to cross over slits 249 of
horizontal direction in the substrate 241. During this process, the electrode paste gets

15 into the slits 249 of horizontal direction, thereby the second upper surface electrode
layers 245 can be formed down to the deep in the slits. For this process, the printing
pattern of the second upper surface electrode layers 245 may be made in such a shape
that the second upper surface electrode layers cross over the slits 248 of vertical
direction, over the plurality of horizontally aligned first upper surface electrode layers

20 242. The second upper surface electrode layers 245 are then fired at a temperature of
approximately 600°C in order to make them become stable films.

Then, the substrate 241 in a sheet-form on which the first upper surface
electrode layers 242, the resistor layers 243, the trimmed grooves 250, the protective
layers 244 and the second upper surface electrode layers 245 are formed, is separated

25 into substrate strips 251 by splitting it along the slits 249 of horizontal direction in the
substrate 241, as shown in Fig. 46(c). When this is done, the previously formed
second upper surface electrode layers 245 lie in their respective positions on the side
surfaces along a longitudinal direction of the substrate strips 251 down to the depth of
the slits 249 of horizontal direction.

30 As a preparatory process for plating exposed surfaces of the second upper
surface electrode layers 245, the substrate strips 251 are finally separated into
individual substrate pieces 252 by splitting them along the slits 248 of vertical
direction, as shown in Fig. 46(d). A resistor is now completed when a nickel-plated
layer, as an intermediate layer (not shown in the figure), and a solder-plated layer, as

35 an outer layer (not shown in the figure), are formed by means of electroplating on
exposed surfaces of the second upper surface electrode layers 245 in order to prevent
electrode-erosion during soldering and to assure reliability of the soldering.

The resistor of the twelfth exemplary embodiment of this invention constructed
and manufactured as above provides the same advantages as what has been described

40 in the tenth exemplary embodiment, when it is soldered on a mount board, and
therefore they will not be described.

In addition, other characteristics (specified in Table 12) can be improved in this
twelfth exemplary embodiment of the invention, if the first upper surface electrode
layers 242, the protective layer 244 and the second upper surface electrode layers 245

45 are constituted of combinations shown in Table 12.
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(Thirteenth Exemplary Embodiment)
- A resistor of a thirteenth exemplary embodiment of the present invention and a
method of manufacturing the same will be described hereinafter by referring to
5 accompanying figures.

Fig. 47 is a sectional view of a resistor of the thirteenth exemplary embodiment
of this invention.

In Fig. 47, a reference numeral 261 represents a substrate containing 96% of
alumina. A reference numeral 262 represents first upper surface electrode layers

10 composed of silver-base conductive powder containing glass, provided on side
portions of a main surface of the substrate 261. A reference numeral 263 represents a
resistor layer having a chief component of ruthenium oxide, for electrically connecting
with the first upper surface electrode layers 262. A reference numeral 264 represents a
protective layer having a chief component of glass, provided on an upper surface of

15 the resistor layer 263. A reference numeral 265 represents second upper surface
electrode layers formed by means of sputtering gold-base material in positions on
upper surfaces and portions of side surfaces of the first upper surface electrode layers
262. A surface area of each of the second upper surface electrode layers 265 on the
side surfaces of the substrate 261 is not more than a half of an area of the side surface

20 of the substrate 261. Ridges of the second upper surface electrode layers 265 are
rounded. Reference numerals 266 and 267 respectively represent nickel-plated layers
and solder-plated layers provided, as occasion demands, for a purpose of assuring
reliability, etc. during soldering.

The resistor of the thirteenth exemplary embodiment of this invention

25  constructed as above is manufactured in a manner, which will be described hereinafter
by referring to the figures. '

Fig. 48 and Fig. 49 represent a series of procedural views showing a
manufacturing method of the resistor of the thirteenth exemplary embodiment of this
invention.

30 First, electrode paste containing silver-base conductive powder and glass is
printed to form first upper surface electrode layers 262, as shown in Fig. 48(a), in a
manner not to cross over slits 269 made in a horizontal direction on a sheet-formed
substrate 261, which has a superior heat-resisting property and an insulating property
as it contains 96% alumina, and a surface of which is provided with a plurality of slits

35 268 and 269 in a vertical direction as well as in a horizontal direction in order to
separate it into strips and then into individual pieces in the subsequent steps.

Next, resistive paste having a principal component of ruthenium oxide is printed
to form resistor layers 263 in a manner that they connect electrically with the first
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of which resistances have been correcte or may be
made in such a shape that the protective layers 264 cross over the slits 268 of vertical
direction to connectively cover a plurality of the horizontally aligned resistor layers
263. The protective layers 264 are then fired at a temperature of approximately 600°C
in order to make them become stable films.

Resist material composed of resin is coated over an entire upper surface of the
substrate 261, and openings having a film-forming pattern of the desired second upper
surface electrode layers 265 are made in the resist material by photo-lithographic
method, as shown in Fig. 49(b). Furthermore, gold is deposited in a form of film on
the entire upper surface of the substrate 261 by sputtering method, and the resist
material is then removed except for portions of the film-forming pattern for the desired
second upper surface electrode layers 265. These steps compose the second upper
surface electrode layers 265. During the above process, the second upper surface
electrode layers 265 get into the slits 269 of horizontal direction, and thereby the
second upper surface electrode layers 265 can be formed down deeply in the slits.

Generally, the slits 268 and 269 are so formed that their depth with respect to a
thickness of the substrate 261 becomes equal to or less than a half of the thickness of
the substrate 261, so as to avoid it from being cracked during handling in the
manufacturing process.

Then, the substrate 261 in a sheet-form, on which the first upper surface
electrode layers 262, the resistor layers 263, the trimmed grooves 270, the protective
layers 264 and the second upper surface electrode layers 265 are formed, is separated
into substrate strips 271 by splitting it along the slits 269 of horizontal direction in the
substrate 261, as shown in Fig. 49(c). When this is done, the previously formed
second upper surface electrode layers 265 lie in their respective positions on the side
surfaces along a longitudinal direction of the substrate strips 271 down to the depth of
the slits 269 of horizontal direction. .

As a preparatory process for plating exposed surfaces of the upper surface
electrode layers 265, the substrate strips 271 are finally separated into individual
substrate pieces 272 by splitting them along the slits 268 of vertical direction, as
shown in Fig. 49(d). A resistor is now completed when a nickel-plated layer, as an
intermediate layer (not shown in the figure), and a solder-plated layer, as an outer layer
(not shown in the figure), are formed by means of electroplating on exposed surfaces
of the second upper surface electrode layers 265 in order to prevent electrode-erosion
during soldering and to assure reliability of the soldering.

The resistor of the thirteenth exemplary embodiment of this invention
constructed and manufactured as above provides the same advantages as what has
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INDUSTRIAL APPLICABILITY

As has been described, a resistor of the present invention comprises: a substrate;
a pair of first upper surface electrode layers provided on side portions of an upper
surface toward portions of side surfaces of the substrate; a pair of second upper surface
electrode layers provided in a manner to make electrical connections with the first
upper surface electrode layers; a resistor layer provided in a manner to make electrical
connections with the second upper surface electrode layers; and a protective layer
provided to cover at least an upper surface of the resistor layer. The above-described
structure provides the resistor with side surface electrodes having a small surface area,
since the pair of first upper surface electrode layers are disposed on side portions of
the upper surface toward portions of the side surfaces of the substrate. Because the
resistor is soldered with the side surface electrodes of the small area, it can reduce an
area required to form fillets of soldering, when it is soldered on a mount board.
Accordingly, the resistor is able to reduce an actual mount area, including soldering
portions, on the mount board.
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P B %surtace elec trgc?e layers 1ocated on the side surfaces of said substrate are disposed on a
side adjacent to said resistor layer in a direction of height of said substrate.

3. The resistor according to claim 2, wherein each of the portions of said first
upper surface electrode layers located on the side surfaces of said substrate has a
20  surface area equal to or less than a surface area of the side surface of said substrate.

4. The resistor according to claim 1, wherein said first upper surface
electrode layers and said second upper surface electrode layers are covered by plated
layers, and further that said plated layers are formed to be on the same plane with, or

25  greater in height than said protective layer.

5. The resistor according to claim 1, wherein said first upper surface
electrode layers are composed of fired gold-base organic metal compound or sputtered
gold-base material.

30

6. The resistor according to claim 5, wherein said second upper surface
electrode layers are composed of silver-base or gold-base conductive powder
containing glass.

35 7. The resistor according to claim 6, wherein said protective layer is
composed of resin-base or glass-base material.

8. The resistor according to claim 1, wherein said first upper surface
electrode layers are composed by means of sputtering nickel-base material.
40 :
9. The resistor according to claim 8, wherein said second upper surface
electrode layers, said resistor layer and said protective layer are constructed of resin-
base material.

45 10. The resistor according to claim 1, wherein said first upper surface
electrode layers and said second upper surface electrode layers are disposed in

* c L M s *
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the upper surf acepividihf @dsrotsty®edayetdnanthahher ©f ctoves At 1t ar vpper Sitface of

| ayers 1253algfre§]%? y in or der to pr event el ectrode erosi on during

sol dering an it LBy B & 5L el
th £ SV h Q@fi S sl
iyt ﬁtﬁtwﬁr@% sivalg SFIPEalong "Stit TrQviged jp said
mount ed WI sheet-rﬁ@rmctdsmam\andg the protective |ayer dovvn, and sol dered

wi th both the uppsspatatirigesaid silssttatesteips ayteriadividual sobswate ipi¢des. fi gure) and
the resistor |ayer portion 35 on side surface of the substrate, as shown

in a sectional vipyw Qlnkh8q of HahrARRifi§ W sistor comprising the steps of:

20 ~ providing a first upper surface electrode layer by means of sputtering on a
sheet-formed substrate having a splitting slit, in a manner to cross over an upper
surface of said splitting slit, and to fill in said splitting slit;

providing a second upper surface electrode layer in a manner to make an
electrical connection with said first upper surface electrode layer;

25 providing a resistor layer in a manner to make an electrical connection with
said second upper surface electrode layer;

providing a protective layer in a manner to cover at least an upper surface of
said resistor layer;
separating said sheet-formed substrate, whereon said first upper surface

30 electrode layer is formed, into substrate strips along said splitting slit provided in said

sheet-formed substrate; and
separating said substrate strips into individual substrate pieces.

p

I-t

13. A resistor comprising:
35 a substrate;
a pair of first upper surface electrode layers, each provided on a side portion
of an upper surface toward a portion of a side surface of said substrate;
a pair of second surface electrode layers provided in a manner to make
electrical connections with said first upper surface electrode layers;
40 a resistor layer provided in a manner to make electrical connections with said
second upper surface electrode layers;
third upper surface electrode layers provided at least on portions of upper
surfaces of said second upper surface electrode layers; and
a protective layer provided in a manner to cover at least an upper surface of

45 said resistor layer.
O )




t he mounted position. However, since areas, whereon the side surface
el ectrodes are formed, were so small, fillets 134 were barely forned.
Accordi ngly, an actual nount area 137 cane to the sum of a conponent area
135 and areas 136 required for sol dering e side surfaces, as shown in a
pl-an view of Fig. 25(b) depicting the 40 nmount ed position. The invention

could attain a reMcAlr@gistgi-c@ﬁmiﬁgrmtel y 20%in the nount area as conpar ed
to a product of th thps: art, in the case of atip resistor in a size of

g &%Tﬁger °r°§frﬁ'§%§%{ ARGS9 o e O B ppEF YA 0r

because of 3 1, areas of the side 45 surface el ectrodes of the
resistd, and thea&esjstor layen previded in Remaanestto nakssclegicab genneation withesaid
surface el Gicstrupper burfaceselé¢bodelayers; by sputtering can 26 provide such
gdvagt agels as strgugnddipper Strfhee bleetrddd Ayen roxhﬂédl'aﬂé!ﬁt anlu aﬂpé@rsuifﬁcésﬂof
oundary Y.

on the si dgﬁgﬁf#ﬁ%@@& %P{-éta Ee élséggbp él%ﬁy e@%‘l@{; g}ﬁgg%@gﬁﬁ&g% estﬁ??( erhal
appearance. Ln adﬁlpf?tﬁﬁuv‘? ?axeg PrQwided 1p ¢ many ?Yn%taatt @gtrﬁ?ﬁ%tresﬁtgﬁ

- be fur]tQIeraﬂ@duced if 5 the side surface electrode |ayers 125 are not
formed in the si xthirdewpparl surface elevtiiodedayert avieileppimgeattleast poriioms,ef saidffirshe

si de surfagﬁ?@{mfarce@qaequa yekgS5 are not fornmed, the resistor forns no
fillet at a thereby giving rise to a probl em that makes an aut omat ed

i nspection by ina ?Sig e thefact
t halto |ﬂ§pect |>/on oggé?é%ﬂ gé!f %‘a §£?3F$1F@ %Sﬁ‘{%r}% r#%gé;gféf
Provi t upper surfac ectrode ayer by gounng electrode paste on a
sheet-formed substrate having a splitting slit, in a manner that said electrode paste
crosses over a side portion of an upper surface of said substrate and an upper surface
of said splitting slit, and also fills in said splitting slit;
providing a second upper surface electrode layer in a manner to make an
20 electrical connection with said first upper surface electrode layer;
providing a resistor layer in a manner to make an electrical connection with
said second upper surface electrode layer;
providing a protective layer in a manner to cover at least an upper surface of
said resistor layer;
25 providing a third upper surface electrode layer overlapping at least a portion
of an upper surface of said second upper surface electrode layer;
separating said sheet-formed substrate, whereon said third surface electrode
layer is formed, into substrate strips along said splitting slit provided in said sheet-
formed substrate; and
30 separating said substrate strips into individual substrate pieces.

(

16. A method of manufacturing a resistor comprising the steps of:
providing a first upper surface electrode layer by means of sputtering on a
sheet-formed substrate having a splitting slit, in a manner to cross over a side portion
35 of an upper surface of said substrate and an upper surface of said splitting slit, and to
fill in said splitting slit;
providing a second upper surface electrode layer in a manner to make an
electrical connection with said first upper surface electrode layer;
providing a resistor layer in a manner to make an electrical connection with
40 said second upper surface electrode layer;
providing a protective layer in a manner to cover at least an upper surface of
said resistor layer;
providing a third upper surface electrode layer overlapping at least a portion
of an upper surface of said second upper surface electrode layer;
45 separating said sheet-formed substrate, whereon said third upper surface
electrode layer is formed, into substrate strips along said splitting slit provided in said
A
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10 recognition after nounting conponents in the current manufacturing
process of electronic devices. In the sixth exenplary enbodi nent of this
invention, if solder-plated |ayers 127 and the protective |layer 124 are
fornmed to be on the same plane, or if theggolder-plated |ayers 127 are
formed to be higher than the protective layer 124, the resistor is not 15
likely to shéevfomnedpubistiateandt he sol der-plated |layers 127 and a | and

pattern, when it é Mi@ﬂdsﬁ&@fa@@!ﬂﬂdﬁﬁﬂ&hmﬁ@ﬁﬂ\wbﬂrﬁéﬁm of mounting.
Furthernore, simlar effect can be attained with other conbi nati ons of the

er surface ele de | ayers 12 t he resi.stor r 123
B?gt ective | ayer i’ééfg e&b é % “i%'&’én r’FB?lﬁtgf CBW#W"} é’ ss?‘mfc‘f of the
sixth dxenpl ary eploy ﬁﬂrﬂﬁtﬂt UPREE syrdac W@ﬁ?ﬁ%ﬂ\a}’eﬂ%% sidenportion; ofran JRper
their respsafaceeofvhshertfermed substrateehaning iarsplitting it irea nariei not & Gwss over
Upper sur f af apper surfiReioftsaid splitth@sRet i ve ' Char acteristics bina-
T2a 1 "8 Lyer PoidHg a rosisior § o ih & mamner o nldke pp slectrical chdiperion
resist ncgb W&éﬁ@ﬁ‘%b‘@&%‘%s“f%? cf%‘rﬁag layer mat eri al due to | ow
form g’ and g as sProviding ggprofgehive layeripfomenner to eavss 2k deask ap uppes swiage,of
(fired at sa@dresistpClayery{fired at at 200[err]C | ayer.
850[err]C) 2 Siowidingra spebd upper sitfidecelectrode [EHyes byneans of-$mittering in a
resi st ancenjanBfe ebinkct eRusédIMEwRAVEY vast%éicﬁﬁrﬁalﬁfi)er suffaé& kicdtrode wlya P
plr ot ective lR¥ Yvef Al T Surface of Bhfd siiltting stk 4ftftF il in said SPHAATE if fsaid
985515  second upper surface electrode layer;
providing a third upper surface electrode layer in a manner to overlap at least
. a portion of an upper surface of said first upper surface electrode layer;
separating said sheet-formed substrate, whereon said third upper surface
electrode layer is formed, into substrate strips along said splitting slit provided in said
20 sheet-formed substrate; and '
: separating said substrate strips into individual substrate pieces.

- 18. A resistor comprising:
a substrate;
25 a pair of upper surface electrode layers, each provided on a side port:lon of an
upper surface of said substrate;
a resistor layer provided in a manner to make electrical connections with said
upper surface electrode layers; :
a protective layer provided in a manner to cover at least said resistor layer;
30 and
side surface electrode layers provided on portions of side surfaces of said
substrate in a manner to make electrical connections with said upper surface electrode
layers.

35 19. A resistor comprising:
a substrate;
a pair of first upper surface electrode layers, each provided on a side portion
of an upper surface of said substrate;
a resistor layer provided in a manner to make electrical connections with said
40 first upper surface electrode layers;
second upper surface electrode layers provided at least on upper surfaces of
said first upper surface electrode layers;
a protective layer provided in a manner to cover at least an upper surface of
said resistor layer; and
45 side surface electrode layers provided on portions of side surfaces of said
substrate in a manner to make electrical connections with either of said first upper

* [4 L M S *




(fired at 850[err]C) (fired at 600[err]C) 850[err]C) 3 Silver or
gol d- base Car bon- Resi n- base Capabl e of saving energy conductive
powder resin conp. mat eri al due to low form ng and gl ass

(har dened (hardened tenperature of resggtor layer, (fired at 850[err]C)
at- 200[err] Q) at 200[err] O in addition to characteristic of

conbi nat i ogurfacelelectréild lagersamdonaidisdvond upper Sirfasselectfads laybessse  Sane
characteristic as conductive powder or Cr-Si mat eri al

conbination 1. a mag%?%ﬁgri | err]C
sputtered at ;%%?{%‘Eﬁi?idgf - ﬁ%arlfe g{ogﬁaﬁ%ur{sﬁ]ﬂgﬁ%rﬁ% ps%ifg.[ 15 bLs)
Low manuf act uri ngP ng fopair of pper syriace Slectiodg 1ayers; o ap Jpper syHiacy ioija
to smald asheetforned substraterhaving ®5plitting ghit, in gumapnen not (e Lresshoyer sad
used, in asplittingslit,o (fired at at 200[err]C characteristic of
conbi nati on 850[ epraviding a resistor layer in a manner tolmdke an G@leéctrieab@onnéction
Rut e, U e Saltfer sEHaEBEBGUU M COST e 07 gani  compound
oxi de-base  ma h
materi a1 cbFoyiding a Rroliive IV s pnlY (4 vt 206kt BB e pleface of
char ack®r i s3if zesistog nation |
providing a pair of side surface electrode layers in a manner to cross over
said splitting slit between adjacent two of said upper surface electrode layers and to
make electrical connections with said two upper surface electrode layers;
separating said sheet-formed substrate, whereon said upper surface electrode
15 layers are formed, into substrate strips along said splitting slit provided in said sheet-
formed substrate; and
separating said substrate strips into individual substrate pieces.

b

21. A method of manufacturing a resistor comprising the steps of:

20 providing a pair of first upper surface electrode layers on an upper surface of
a sheet-formed substrate having a splitting slit, in a manner not to cross over said
splitting slit;

providing a resistor layer in a manner to make electrical connections between
said upper surface electrode layers;

25 providing a protective layer in a manner to cover at least an upper surface of
said resistor layer;

providing second upper surface electrode layers in a manner to cover at least
upper surfaces of said first upper surface electrode layers;
providing a pair of side surface electrode layers in a manner to cross over

30 said splitting slit between adjacent two of said first upper surface electrode layers or
said second upper surface electrode layers, and to make electrical connections with
either of said first upper surface electrode layers and said second upper surface
electrode layers;

separating said sheet-formed substrate, whereon said upper surface electrode

35 layers are formed, into substrate strips along said splitting slit provided in said sheet-

formed substrate; and '
separating said substrate strips into individual substrate pieces.

22. A resistor comprising:
40 a substrate;
a pair of upper surface electrode layers, each provided on a side portion of a
major surface and a portion of a side surface of said substrate;
a resistor layer provided in a manner to make electrical connections with said
upper surface electrode layers; and
45 a protective layer provided in a manner to cover at least an upper surface of

said resistor layer. .
"
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850[err]C) - 2 7 ol d- base netal o- Car bon-
Resi n-base Low manufacturing cost due organic conpound resin conp.
mat eri al to small anount of gold (fired at 850[err] Q) (har dened
(har dened used, in addition to at 200[3;%] O at 200[err] QO
chraracteristic of conbination 3 8 ase netalo- N -Cr base

Resi n- base (Conmbi nation of the first organi c conpound or Cr-Si

mat eri al exenpary n?é‘fﬁ@d' b%fédcﬂlﬁﬁ a%s@t%? E:Sfrfpl‘ﬁing thel8& of:

(hardened sputt er &r§ ay iy f> RikBle pasﬁj,' ofa
t&asg, Res:rgie(g?%e ii" SH] gns' vcr?gn %,ﬁ g (§;h ,0 Sasgt 5? sj:(f‘ Sf{ggode paste

%f
(har'derfed CEOSPRSOVET ANMINPST smffa%mﬁ a1 ﬁphl@mgeﬁhérm also fills in said; spldtng slity;
200[err] C) char aprowidingiacresisterolayeniit a amarrier to make an electrical connection with

7. (Sevent kqi Mad@’él@@&d&ﬂfazfeﬁ resistor of a seventh exenplary

embodi ment  of prﬁﬁrf(ﬁﬁg vell3 éf‘i’n%rﬁﬁﬁ Oéox}@i”h‘t'fléafsftlif g shffScSsoore
will be desc(ril be er.el al ?’ g accorrpanyl n | gures.

Fig. 26 i SSAILBDEY Mlce\ﬁsw yre@g E%ﬁ*&% Yebvent) exenp

enbodiMnt of t hi SCPAFANG §aid s SUEALE cWEPESRBCS HEP%H \Ce electrode
r epr esent slayes ib formed; mm]substratg suq% alfongl said isplitting elnfepméedn imnsaid sheep-

r epr esent sfernied Jubsfrafer aad upper surface el ectrode
separating said substrate strips into individual substrate pieces.

15 24. A method of manufacturing a resistor comprising the steps of:
providing an upper surface electrode layer by means of sputtering on a sheet-
formed substrate having a splitting slit, in a manner to cross over an upper surface of
said splitting slit, and to fill in said splitting slit;
providing a resistor layer in a manner to make an electrical connection with
20 said upper surface electrode layer;
providing a protective layer in a manner to cover at least upper surfaces of
said upper surface electrode layer and said resistor layer;
separating said sheet-formed substrate, whereon said upper surface electrode
layer is formed, into substrate strips along said splitting slit provided in said sheet-
25 formed substrate; and
separating said substrate strips into individual substrate pieces.

25. A resistor comprising:
a substrate;
30 a pair of first upper surface electrode layers, each provided on a side portion
of an upper surface and a portion of a side surface of said substrate;
a resistor layer provided in a manner to make electrical connections with said
first upper surface electrode layers;
second upper surface electrode layers provided at least on upper surfaces of
35 said first upper surface electrode layers; and
a protective layer provided in a manner to cover at least an upper surface of
said resistor layer.

26. A resistor comprising:
40 a substrate;
a pair of first upper surface electrode layers provided on an upper surface of .
said substrate;
a resistor layer provided in a manner to make electrical connections with said
first upper surface electrode layers;
45 second upper surface electrode layers provided at least on upper surfaces of
said first upper surface electrode layers and portions of side surfaces of said substrate;

\__
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10 |layers conposed of thin filnms of gol d-base material provided on side
portions of an upper surface of the substrate 141. A reference nuneral 143
represents a resistor |ayer conposed of a thin filmof nickel-chrone base
or chrome-silicon base conpound provided tween the first upper surface
el-ectrode | ayers 142. A reference nuneral 144 represents a protective |ayer
conposed oindpoxy- group reS|n or the like material 15 provided on an

upper surface of 4 ér Ih%iéﬁfedjlﬁ% mﬁnﬁéfflﬁrc%%ﬁaﬂwﬁrs%id resistérayesent s
a pair of second u er sur ce electrode layers conposed of silver or

ni ckel - base condyct r coptaining resin. A refer nce, nu pral 146
represents side s tﬁq"igffr@&'f %35?%§}P88‘am8ﬁlsm "usérggs of the
substr&e 141 in nrommga firgt uppes bcﬁnéeﬂayegtbymmgs@lpm@@e pasie PREde

layers 142sheet-fovenet sobstraie havi afs;ﬂmtlﬂg) slit,einca tmaniwer| tae saidl ¢lectridé grastece
nuner al s 1&rbs@idtovet S §ifle REGN ﬂﬂiét sh?ﬂﬁ&é%f%hld“sliﬁéﬁlate ghd af hppRY §0ffadd 8f said

sol der - pl af.ad.. r o emands for a purpose of
assuring rella §¥ﬁ§§fﬁa?¥dﬂgu}n§ﬁg§§g cer“l n Ri dges f the e mgt Pﬁ Ied
| ayers 147 and (E Py Chr d%l el o

ar ea drOthbetmaémdpﬁ@teﬁpua%fagefl@trmetlwrs. de surfaces of the substrate
121 is not nore tpravidingal protéctive layemima manmnesitdecover fatdeast uppee surfiacasrefi e

141. The r%ﬂ&ﬁrupﬁerhﬂﬁawdlebﬁbd@l@@hﬁdyalﬁﬁbﬁ giomdaerpf this invention
constructed 5 ectrddéNaGér cdﬂlie%ﬁnﬁ"ehéc Eally w1th
descri bed htel i %s

repr esl%ﬂ aol g

|gures Fi g roug Flg
separal ng sa1 eet— ormed su strate vehereon said second upper surface
electrode layer is formed, into substrate strips along said splitting slit provided in said
sheet-formed substrate; and _
separating said substrate strips into individual substrate pieces.

20 28. A method of manufacturing a resistor comprising the steps of:
providing a first upper surface electrode layer by means of sputtering on a
sheet-formed substrate having a splitting slit, in a manner to cross over a side of an
upper surface of said substrate and an upper surface of said splitting slit, and to fill in
said splitting slit;
25 providing a resistor layer in a manner to make an electrical connection with
said first upper surface electrode layer;
providing a protective layer in a manner to cover at least upper surfaces of
said first upper surface electrode layer and said resistor layer;
providing a second upper surface electrode layer connecting electrically with
30 atleast said first upper surface electrode layer;
separating said sheet-formed substrate, whereon said second upper surface
electrode layer is formed, into substrate strips along said splitting slit provided in said
sheet-formed substrate; and
separating said substrate strips into individual substrate pieces.
35
29. A method of manufacturing a resistor comprising the steps of:
providing a first upper surface electrode layer on a side portion of an upper
surface of a sheet-formed substrate having a splitting slit, in a manner not to cross over
an upper surface of said splitting slit;
40 providing a resistor layer in a manner to make an electrical connection with
said first upper surface electrode layer; '
providing a protective layer in a manner to cover at least upper surfaces of
said first upper surface electrode layer and said resistor layer;
providing a second upper surface electrode layer by pouring electrode paste
45 in a manner to connect electrically with at least said first upper surface electrode layer,
to cross over an upper surface of said splitting groove, and to fill in said splitting slit;

M) )




manuf acturing nethod of the resistor of the seventh exenplary enbodi nent of

this invention. 10 First of all, electrode paste containing
net al o- organi ¢ conpounds, etc. having a principal conponent of gold and the
like material is screen-printed in a manngs not to cross over slits 150

made in a horizontal direction through an upper surface of sheet- forned
substrate 141, whigpardtify saidirei-formeipbubstois t wherephoid tsgcomd upper surface

orov Steh”?msﬁ;&a&ﬁ*ﬁ? forfiRh SNBSS Aone T SpRUIR ROMORIHE B,

as well as ection jn order,t, rate i,t into strips
and then. into i nd}PRERIHIS iﬁlmqw §WS§EWS‘§$Y<!&‘E§§BS§‘§MGQF?‘§S t he

el ect r dale paste contai ning nmetal o-organi c conpounds , etc. is dried, it is
fired under a conmtAmethbd@lﬁmaimlfamunhga&Eﬁ[sm'lcbﬁp&mngaWepﬁoﬁﬂ nutes in

a belt fuernace 'ﬁrd?/'i(ﬁﬁ éﬁrﬁ'tﬁﬁ%ﬁ SQfACE ¥leltrodd 14yee VPR RRIY Pordivh 6@@;% &t t

fo fyofﬁfﬁ'pggr ace (RS LR qfeﬁ? b5 Pﬁﬁéﬁenﬁ?“?a“%@!%%&#.&ﬁ’s
27(a) ’nl ckel -chrome, chrone-siljcon, or the

li ke chpound is n@y ing ey lsylsmukawst iipga Faannsd ton makecan| eleciricak Connestion:
of the shebeHNdenrs-HflmnmppeMmfabehlemddiayer t he upper surface el ectrode

layers 142 (not s np 2protédtive fayer ii£h Masndrofon@sier ta® 1645t Bpper istifadsstof
Ifoﬁg't gt Iolrtlhogra pelh urlaﬁ éecfrsaé y&E &g&fdrleéétrdﬁ &en Progessed by

to fo resi st or é?g 'ng s:?"Sﬁ ‘:‘}?i? H& aéfsrlsﬁg'éf sé’f;ﬁ

The r stmanp 9 mt&k@uﬂw% ace elec ayer to

appr oxi mat efogs mer an uppef sunface ¢ﬁwsaod @phttmg slitkia aaicbahmffonneé sumtmte,oand to
films. Nexfill inrsaidspligting sligde to formtri med grooves 152 with a YAG | aser,

as separating said sheet-formed substrate, whereon said second upper surface
electrode layer is formed, into substrate strips along said splitting slit provided in said
20 sheet-formed substrate; and
separating said substrate strips into individual substrate pieces.

_
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shown in Fig. 28(a) in order to correct resistances of the resistor |ayers
143 to a predeterm ned value. Trinm-ng probes for neasuring a resistance
are set on the upper surface electrode |layers 142 in this process. The
trimmng is nmade by serpentine 35 cuttigag method (a plurality of straight
cuts), which is capable of adjusting the resistance freely froma |ow value
to a high value. Epoxy-base resin pasABISTRACHTeen-printed to forma

printi {19 patt erTh re's@ﬂd #iveHBbn REREACID ¥ Pediftop2ndCH &ﬁmﬁmdnn ettiodedf the
réspective

I @hhe dnu ﬂkﬂkﬁpt
i ; d[:n‘?? \%fﬁoﬁ Qléadsﬁﬁr &‘@%ﬁg f%'s ’£012 : %
Then. “the Ema? (Barccan edpe pSQldEring A gf&%ﬁ %quual't‘ﬂ f %SZ&H i
| ayér s Bl44monntad ancarmpantohoyd. aJpr ofderdocd @gPHFg goresistor

m nut es i ncempribés acsumbmaled@io;mlpamof firat uppemgunfacten elentrodelelay@re @a.ueasha

firm adheshRividad 6M8 siddsortiohof ehlupped suifits tawadespo rtiblnebfm side isncfapaof then
d@Jﬁg?

PRy Rt £ gt T

connective

C
& 19 A % Sellese odeI la grs,
143. Nékt, 1(1232@ BRsistpp layes m)dzrevgeédp@o@énn% !Ea% GPRRGFUOn e] n
t he 29 sevondfsugface eflsctendedayiensr(23),i ang mmqt@ctwe éaxeas(flé) @mé@@do gpver at
silver- baSEamramupbd surfieeofchs dusisior dayer@d). Thistinventiun remtizes the electrodes

tsgt tCIO\r’]er . th Ea%'éE fof?l?e f‘ésﬁ%f feavesy Sinall Shiéfacé atd:0¥E&AuBY of RS Pair lof ﬁrrst c
setting t g}iﬁg 36 E’dea%&rﬁaﬂé e Qﬁpeg . Onwfpg%ﬁ %P@érfs &
substrilt e aces O e su strate ere ng a r uc on of the a mount

area on the mount board, 1nc1ud1ng soldering portions.



Subsequently, as shown in Fig. 28(c), side surface el ectrode |ayers 146
conprising a thin filmof nickel -chrone base conpound are forned by
sputtering in a nanner to crogs over the slits of horizontal direction (not
shown:in the figure), and to electrically connect with the upper surface
elrectrode | ayers-142. In this process, a 40 resist layer is fornmed in
advance in an area other than portions wh ézjhe side surface el ectrode

| ayers are formed. After a nickel-chrome Tayer is formed by sputtering over
an entire surface of the substrate, the nickel-chrome-layer in the area

ot her than the side surface electrode layers is renoved at the sanme tine
the resist layer is renmoved by Lift-off nethod. 15 : Then, the
substrate 141°in a sheet-formis subjected to a prinmary separation into
Substrate strips 153, as shown in Fig.- 29(a), by splitting it along the
slits 150 of horizontal direction in the substrate 141. Wen this is done,
the side surface electrode layers 146 lie in their respective positions on
the side surfaces along a longitudinal direction of the substrate strips
153 down to t dgpth of the slits 150 of horizontal 20- direction.
Finally, as eparatory process for plating exposed surfaces of the
second upper surface el ectrode layers 145 and the side surface el ectrode

| ayers 146, a secondary separation is made to separate the substrate- strips
153 into individual substrate pieces 154, as shown in Fig. 29(b). A
resistor is now conpleted when a 25 ni ckel -plated’| ayer, as an _

i nternmediate | ayer (not shown in the figure), and a solder- plated | ayer,
as an outer layer (not shown in the figure), are formed by neans of

el ectropl ati ng on exposed surfaces of the second: upper surface el ectrode

| ayers 145 and the side surface el ectrode |ayers 146, if necessary in order
to prevent el ectrode- erosion during soldering and to assure reliability of

t he sol deri ng. |
25 24 27
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- 30 The resistor of the seventh -exenpl ary enbodi nent of this
I nvention constructed. and manuf act ured as above provi des the sane
advant ages as what has been described in the sixth exenplary enbodi nent,
~when it is soldered on a circuit board, and,herefore.they will not be
described. In addition, sinilar effect cZn/be attained with other
conbi natjons of the first 35 upper sur & el ectrode |ayers 142, the
second upper surface el ect rode | ayers 1 the resistor |layer 143 ‘and the
protective |ayer 144, beside the above conblnatlon in the structure of the
seventh exenplary enbodlnent of this invention. These conbi nations and
their respec '5eZEharacter|st|cs are outlined in Table 7. Table 7 Com

S

First upper econd. upper  Resistor -  Protective Characteristics
“bina- © - .surface surface Iayer | ayer ;%gn el ectrode
: Si | ver - base

| ayers el ectrode | ayers A@ﬁp 144 142
m

or .Silver-base or Ruthe ¥'stance to gol d- base

gol d- base -oxi de-base  mat er (at duct i ve conducti ve
mat eri al (fired at powder ang - AR Jred at - 600[err]C
30 glass (fired at glass. (fired g D[ err] C
600[err] O 4 '
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.2 - Silver-base or Silver-base or Ruthenium Resin-base Sane
characteristic gold-base ni ckel - base -.oxi de-base mat eri al as
conmbi nation 1 of conductive - material and  nmaterial (har dened

- Table 1 powder and resin (hardened (fired at- at 200[err] O gl ass
(fired at at 200[err] O 850[ err] O 35 err]C) 3 Si |l ver-base or

Si | ver - base or Ni--Cr base’ Resin-base dhe as above. gol d- base _
ni ckel - base "Cr-Si material conductive material and  base
(hardened powder and resin : sputtered at 200[err]C) gl ass
(:har dened at fllm(flred at 850[err]C) 200[err]C) 4 ol d- base
Si'l ver - base )_a_-r @t henium d ass-base - Sane characteristic metal o-organic
gol d- base . (69 - base material® as’ combination 5 of conpound
conductive mat eri al (fired at Table 1. (fired at 850[err]C)
powder and (fired at 600[err]C) glass (fired at 850[err] O
600[err]C) 5 ol d- base Silver-base or N-Cr bas?‘? Resi n- base .
(Conbi nation of netal o-orgarfpg nickel - base or Cr-f mat er i al
second exenpl ary conpound eylal, an hardened
enbodi ment) (fired at 850[err] Cf reksin|(har defied sphsite at 200[err]C)
at 200[err]C filmeé 0l d < A <\?*2 Car bon- 2
Resi n-base Sane characteristic \\\Zj' ,
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nmet al o- organi c ni ckel - base resin mat eri al as conbi nation 7.of
conpound mat eri al and ~conposit - (hardened ~ Table 1. (fired at
850[err]C) resin (hardened (hardened at 200[err]C) at -200[err] O at
200[err]C) 7 - Sputtered - Silver-base gr N -Cr base Resin-base Sane
characteristic nickel -base, ni-ckel -bage/” or Cr-Si mat eri al as
conbi nation 9 of copper-base, or mat erj Oand base (har dened

Table 1. gold base . resin (hardened sputtered -at 200[err]C) nmterial

" at 200[err] O filma8 Sputt er ed Si |l ver-base or Car bon--

Resi n-base Sane characteristic nickel-base, - nickel-base resin

mat eri al as conbination 9 of copper-base, or nmaterial and’ conposi t
(hardened - Table 1. gold base resin (hardened (hardened at
200[err]C) materi al - at 200[err] O at 200[err]C) (E ghth Exenplary
Enbodi ment) A resistor of an eighth exenplary enbodi ment of the present

i nvention and a net hod of nanufacturrng the sane will be described -

herei naf t er by referring to acconpanying figures. Fig. 30 is a sectional
view of a re of t he ei ghth ‘exenpl ary enbodi ment of this invention. In:
‘Fig. 30, a ref ence nuneral 161 represents a substrate containing 96% of
alum na. A reference nuneral 162 represents upper surface el ectrode |ayers
- conposed ' ' '
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31 of silver-base conductive powder containing glass, and provided:on side
portions of a main surface and portions of side surfaces of the substrate
161. Ridges of these upper surface electrode |ayers 162 are rounded. In-
‘addition, a surface area of each of the upper surface el ectrode |ayers 162
on the side surfaces of the substrate 1@5 not nore 5 than a hal f .of an
area of the side surface of the substrat éﬁh. A reference nuneral 163
represents a resistor layer having a chief conponent of ruthenium oxide,
~for "electrically connecting with the upper surface electrode |layers 163. A
r-ef erence nuneral 164 represents a protective |layer having.a chief"
component of gl ass, provided on an upper surface of the resistor |ayer 163.
Ref erence ‘nuneral s 165 and 166 10 respectively represent nickel-plated
I"ayers and sol der-pl-ated | ayers provided, as occasion demands, for a

pur pose of assuring reliability, etc. ‘during soldering. The resistor of the
ei ghth exenpl ary enbodi nent of this invention constructed as above is
manufactured in a rmanner, which will be described hereinafter by referring
to the flgur?E {z "~ Firg. 31 .and Fig. 32 represent a series of.

~ procedur al ék how ng a manufacturing nethod of the resistor of the

ei ghth exenpl ary enbodi nent of this invention. First, ‘el ectrode paste
contai ning silver-base conductive powder and glass is printed to form upper
- surface electrode |ayers 162, as shown in. Fig. 3 1(a), in a manner 20 to
cross over slits 168 made i.n a horizontal direction through a sheet-forned
substrate 161, which has a superior- heat-resisting property and an-
insulating property as it contains 96% al um na, and a surface of mhlch is:
provided with a plurality of slits 167 -
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and 168 in a vertical direction as well as in a horizontal direction in
order to separate it into strips and then into individual pieces in the
subsequent steps. The upper surface 25 . electrode |l ayers 162 are then
fired at a tenperature of approximately 850{err]C in order to make them
‘becone stable filns. During this procesqﬁ e el ectrode paste gets into the
slits 168 of horizontal direction, and t he upper surface el ectrode
- layers 162 can be forned deeply down in fhe slits. Generally, the slits 167
~and-168 are so formed that their depth with respect to.a thickness of the

substrate 1?% bggones equal to or less 30 than a half of the thickness of
the substrafe so as to avoid it frombeing cracked during handling in
t he nanufacturlng process. Next, resistive paste having a principal
conponent of . rutheni um oxi de If printed to farmresistor J@ayers 163 in a.

i

manner t hat they connect eI cally with the upper e el ectrode
| ayers 162, as shown in Fig. 31(0)_ Thg TEsisjor s 163 are then 35
- fired at a tenperature of appraxinptelly 8530[%% L eér/to make them
. .becone.stable filns. Next, tri n JEA ¥y ni-mred grooves 169
with a YAG | aser, as shomn in Hag. |l YA e t o|l qorrect resistances of
the resistor Jayers.163_to a priedeternf ned vaj uef Theltriygring is made with-
~trinmm ng probes for nmeasuring a 40 resi gtance get A upper surface
‘el ectrode | ayers 162 durlng t hijs_pil Bead ﬁte having a principa
conponent of glass is printed tl f (ke P&t Iay, 1%? as shown in
Fi.g. 32(a), in order to protect}thé¢ repistlor |aydrs whi ch .

be made in such a shape that 't he_pi g4 sA%4 cross over the slits
167 of vertical 45 direction fo ¢BdhE qver plurality of the

hori zontally aligned resistor | s 163 1Thel prdtec¥i ve | ayers 164 are
then fired at a tenperature(25 approxi mat ely 600[err]C

SN
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resi stances have been corrected For this Ero:ess, a' rinting pattern-may
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32 in order to nmake them becone stable filnms. Then, the substrate 161 in a
sheet-formis separated into substrate strips 170 by .splitting it along the
slits 168 of horizontal direction in the substrate 161, on which the . upper
"surface electrode |ayers 162, the resistor ayers 163, the trinmed grooves
- 169, 5 and the protective |ayers 16?’ e fornmed, as shown in Fig.
32(b). When this is done, the previousl 6@}nnd upper surface el ectrode
.layers 162 I|e in their respective positions on the side surfaces along a
Iongltudlnal ction-of the substrate strips 170 down to the depth of the
slits 168 ﬁzont al direction. As a preparatory process for plating
. exposed. surf es of the upper surface 10 el ectrode | ayers 162, .t he -
substrate strips 170 are fln? hy separated.into indivi | substrate pi eces
71 by splitting tthem along t&¢ slits 167 of vertical ection, as shown
in Fig. 32(c). Aresistor is now £ -plated | ayer, "as
an internediate | ayer (not sho } } - ‘ﬂer-plated | ayer,

as an outer layer (not shown in|thgfi e d by means of
el ectropl ati ng on exposed surfages1¥4 ' rggxe el ectrode
| ayers 162 in order to prevent elec¥y' [ ijng 8Bl dering and-to
assure reliability of the soldering.‘ $t f ?;ghth exenpl ary
enbodi ment of this invention constrjg CHY as above was
sol dered on a circuit board. TheTeE®& t he surface
having the protective |layer dowj, & [ [ h\QO the upper 20
surface el ectrode | ayers (not shown [} Q ansl t resistor |ayer
on side surfaces :
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of the substrate, as shown in a sectional view of Fig. 33(a) dépictlng a
nmount ed position. However, since areas in the side surfaces, whereon the

~electrodes are -forned, were so smal |, fiIIets-173 were barely forned.
Accordingly, an actual nount area 176 c ~to the sumof a conponent area
174 and areas 175 required for 25  sol g the side surfaces of this

conponent, as shown in a plan view of Fi 5'33(b) depi cting the nounted
position. The invention could attain a Teduction of apprOX|nater 20% i n
tthe nmount area as conpared to a conponent of the prior art, in the case of
atipresistor in a size of 0.6 x 0.3 mm Therefore, the structure
according'to'the ei ghth exenpl ary enbodi nment "of the 30 °~ present invention
requires a small area on a nount- board to formfillets of soldering,
because of the snall areas of the side surface el ectrodes on the resistor,
~and thereby it can reduce the nount areas. In the eighth exenplary

enbodi ment of this invention, if solder-plated | ayers 166 and the
protective |ayer 164 are fornmed to be on the same plane, or if the sol der-
35 platedgféye 166 are formed to be higher than the protective |ayer
164, the redis¥dr is not likely to allow a gap between the sol der-pl at ed

| ayers 166 and a land pattern, when it is nounted, thereby further

i mproving quality of nounting. In addition, other characteristics
(specified in Table 8) can-be inproved in this eighth exenplary enbodi ment
of the invention, if the upper surface electrode | ayers 40 162 and the
.protective layer 164 are constituted of conbinations shown in Table 8.

Tabl e 8 Conbi - Upper surface Protective Characteristics to be
i nproved nation el ectrode | ayers 162 | ayer 164 1 ol d- base

conductive G ass-base - Inprovenment in |oaded-life
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powder and gl ass mat eri al characteristic due to low ion (fired at

850[err]C) - (fired at ' m gration 33 600[err]C) 2
Si | ver - base Resi n- base No vari at i on-in resistance i-n conductive
powder material - nmanufacturing pr and smal | and gl ass
(har dened at deV| ation in resist an (f ired at 850[err]C
200[err] © products, due to |l ow pr. |ng tenperature of protective
- layer 34.. '3 Gol d- base conductive Resin-base Bot h characteristics of
above powder and glass - material - conbi nations 1 and 2. (fired at
850[err] C (hardened at 200[err]C) -4 - CGold-base netal o- -
d ass- base Sane characteristics as above organi c conpound mat eri al
conbi nati o }@91 and |ow (fired.at 850[err]C) (fired at -manufacturing
cost due t gss 600[err] C ' anount of gold used than conbination 1. 5
. Gol d- base net al o- Resin-base:  Both characteri stlcg of above orgam c
- conpound - naterial @ conbi natlons 3 and 4/ q
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(fired at 850[err] QO (hardened at 200[err]C) In addition, it is easily
concei vabl e that the nmount area can be further reduced if-the .Side surface
el ectrodes are not formed in the eighth exenplary enbodi ment of this
i nvention. However, if the side surface el ectrodes ‘are not formed, the
resistor forms'5 no fillet at.all, theygby giving rise-to a probl'em that
- makes an automated inspection by inage re ﬁition | nexecutable, in ,
- consideration of the fact that inspection of soldering is usually carried
~out by neans. of inage recognition after nmounting conponents in the current
- manuf acturi ng process of electronic devices. 10 (N nth Exenplary
- Enbodi nent) g;zf%QQtor of a ninth.exenplary enbodi ment of the present
i nvention antl & nethod of manufacturing the sanme will be described
hereinafter by referring to afc npanying-figures. Eig.  34.is a sectional
view of a resistor of the nin M?exenplary e di req% of 15, ,this invention.
In Fig. 34, a reference nuneral 181 repre§@¢ﬁs'a_gﬁbstratéﬁéontaining 96%
of al'um na. A reference nuneral 182 ept s r #ace el ectrode
| ayer.s .provided by sputtering gol
surface and portions of side surf
upper surface el ectrode | ayers 1¢
area of each of the upper surfacg :
of-the substrate-181 is not noreltha t@ frée ] 0 he side surface
of the substrate 181. A referencg LR Zysistor | ayer
NI AH NFORNB et fi call’y connecti ng
4. ler enc ral 184

£181. Ridges of these
I ddition, a surface

-

havi ng a chief conponent of ruthg¢
w th the upper surface el ectrode Iay-’z
represents a protective
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25 layer having a chief conponent of glass, provided on an upper surface
"of the resistor layer 183. Reference nunerals 185 and 186 respectively
represent- nickel -plated | ayers 34 and sol der-plated layers provided, ‘as
_occa5|on_denands for a purpose of assuri eliability, etc. during '
sél dering. The resi stor .of .t he. ni nth eXeﬁgiéay enbodi ment of this i nvention’
constructed as above is manufactured in - ner,.which wll be described
hereinafter by referring to 5- thé figures. Fig. 35 and Fig. .36 represent
a séries of procedural views show ng a manufacturing method of the resistor
~of the ninth exenplary enbodi nent of this invention. First, gold is
depgsited in a formof filmby sputteri-ng nmethod-on an entlre upper 10
surface of a-sheet-fornmed substrate 181, -which has a superior
heat-resisting property and an |nsulat|ng property as it contains 96%
~alumna, and a surface of which is provided with a plurality of slits 187
and 188 in a vertical direction as well- as in a horizontal direction in
~order to separate’jf into strips and then into individual pieces in the
subsequent st ,ﬁ{nther, upper ‘surface el ectrode | ayers 182 having a
desired 15 el €ctrode pattern are forned, as shown in Fig. 35(a), by
phot o- | i t hogr aphi ¢ net hod which is nornally used for LSI's, and the |ike. .
The upper surface el ectrode |ayers 182 are subjected to a heat treat nent at.
a tenperature of -approximately 300 to 400[err]C in order to nmake them '
‘becone stable films. During this process, the upper surface '
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el ectrode | ayers 182 get into slits 188 of horizontal direction, and the
upper surface 20 - electrode |ayers 182 can be formed deeply down in the
slits. Generally, the slits-187 and 188 are so forned that their depth with
respect to a thickness of the substrate éB becones-equal to or less than a
“half of the thickness-of the substrate 5}%%éso as to avoid it from being
cracked during handling in the manufact process. Next, resistive paste
having a principal component of rutheniumoxide is printed 25 - to form
resi'stor -l ayers 183 in a manner that they connect electrically with the
upper surface el ectrode |ayers 182, as shown in Fig. 35(b). The resistor

| ayers 183 are then fired at a tenperature of approxi mately 850[err]Cin
order to make them becorme stable films. Next, trinmmng is made to form

tTi mmed grooves 189 with a YAG | aser, as 30 shown in Fig. 35(c) in order
to correct resistances of the resistor'Layers 183 to a predeterm ned val ue.
‘The trimring is made wirth trinm ng probes for neasuring a resistance set on
t he upper surface electrode |layers 182 during this process. Another paste
havi ng a prVﬁp pé? component of glass is printed to formprotective |ayers
184, as shown4Y’n Fig. 36(a), in order to prodg?t the resistor layers 183,
35 of which resistance aave been correcte For this process, a printing-
pattern may be made in s a shape that the protective |ayers 184 cross
over the slits 187 of vertical direction to gonnectively cover a-plurality
~of the horizontally aligned resistor lavers/183 The protective |ayers 184
are then fired at- a tenperaturg of approxi mately 600[er ]Cﬁ&h order. to nake
t hem beconme stable filns. 40 Then, the substrate|l1l8% in a
sheet-form on which the upper jsurface electrode | ayers }ég; the resistor
| ayers 183, the trinmed groovez S9—aR X6t ..uazm-yers 184 are
forned, .is separated inte py—spHttTT al ong t he
slits 188

DN o %




of horizontal direction in the substrate 181, as shown in Fi'g. 36(b). When
this i-s done, the previously fornmed upper surface electrode |ayers 182 lie
in their respective 45 positions on the side surfaces along a. :
| ongi tudi nal direction of the substrate rips 190 down to the depth . of the _
"sFitting 35. s 188 of horizontal dlreqz§ As a preparatory process for
plating exposed surfaces of the upper surfg¢e el ectrode | ayers 182, the
substrate strips 190 are finally separated |nto i ndi.vi dual substrate pieces
191°by splitting themalong the slits 187 of vertical direction, as 5

shown in Fig. 36(c). Aresistor is now conpl eted when-a nickel -pl at ed

| ayer, as an internediate |ayer (not shown in the figure), and a

sol der-pl ated | ayer, as an outer |layer (not shown i.n the figure), are _
f'ormed by nmeans of el ectroplating on exposed surfaces of the upper surface
el ectrode layers 182 in order to prevent el ectrode-erosion during sol dering
and to assure reliability of the soldering. 10 ~ The resistor of the
ni nth exenpl ary enbodi nent of this invention constructed and manuf act ured
as above p;ﬁﬁ??ﬁ;é?he sane advant ages as-what has been described in the
ei ghth exe nbodi nent, when it is soldered on a circuit board, and-
therefore they will not be described. I n addition, other characteristics
(specified in Table 9) can be inproved in this 15 ni nth éexenpl ary

enbodi ment of the invention, if the upper surface el ectrode |ayers 182,
resistor layer 183 and the protective |layer 184 are constituted of

conbi nati ons :
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shown in Table 9. Table 9 Com

Characteristics to be inproved bina--

tion . 182 183

Resin-base No variation in manufacturing base materi al,
material process, and snall deviatio

Up

(hardened resistance of products,

200[err] C) | ow processing tenperature
Sputtered gol d-

profective |ayer 7

per surface

184

characteri Bfggg above base materi al

6, with I
savi ng electrlc 300-400[err] ©

- I'ower process at 200[err]?a§b
utt

than conbi nation 6. 8

(heat- treated at conp

(hardeqﬂﬁ
t

6

Resi st or

el ectrode | ayers

Prot ecti ve

| ayer | ayer

Sputtered gold- Ruthenium”

at 200[err] O

enperature (S)é)

oxi de- base

heat- treated at mat eri al
//25(00 400[err] C (fired at at
0 50[err] O :
Car bon- Resi n- base Sane
resin mat eri al conbi nati on
osit. (hardened and capabl e of

energy due to

resistor |ayer -
base Sane

conbi nati on

huf act uri ng cost due to
y .
f base netal for

materi al as
A resistor of a

characterjstic as above nickel ; greri al
7, with less materi al conmpgsi t}. ﬂZﬂ na
use (heat- treated at (hardengd
el ectrode 300-400[err] C) at {20Q[ er 1
opposed to conbi nation 7. 201 (Tent h {Exeppl gry Eggs néﬁﬁ)
tenth exenpl ary enbodi ment of fthe sz %— njand a
| -' A\ A A ~ .
S A P O w
PA\CA\ A\ V|~
7/ m vATwY
(») |
SIS i
REEs
N
TN
N T
1 .
DA e
(c) .
\\
N |53
IR

\




met hod of manufacturing the sane will be described hereinafter by referring
to acconpanying figures. Fig. 37 is a sectional view of a‘resistor of the
tenth exenpl ary enbodi nent of 25 this invention. In Fig. 37, a reference
nuneral 201 represents a substrate containing 96%of - 36 alumna. A

ref erence nuneral 202 represents first p surface el ectrode | ayers
conposed of silver-base conductive po ‘t//gontalnlng gl ass, provided on
side portions of a main surface and por s of side surfaces of the
substrate 201.. A surface area of each of the first upper surface el ectrode -
l-ayers 202 on the side surfaces of the 5 substrate 201 is not nore than a
hal f of anééfga/ /§f the side surface of the substrate 201. A reference

numner al presents a resistor |ayer having a chief conponent of

rut heni um oxi de, for electrically connecting with the first upper surf ace

el ectrode | ayers 202. A reference nuneral 204 represents a protective |ayer
havi ng a chi ef conponentﬁ@) glass., provided on an up urface of the
resistor layer 203. A 10 refegfenge punpys efFesent s second upper
surface el ectrode | ayers conpqsed| of [sj [ [
cont ai ni ng gl ass, provided on Vi

el ectrode | ayers 202. RI ﬁa;f t

first upper surface
electrode | ayers
ts er represent
as -occasi on

dur.i ng sol deri ng.
L5

o4

g1

205 are roundéd. Referen er a
ni ckel -pl ated | ayers and sol KQB
demands, for a-15. purpose off-as
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The resi stor of the tenth exenpl ary enbodlnent of this invention-
constructed as above is manufactured in a manner, which will be descrlbed
hereinafter by referring to the figures. Fig. 38 and Fig. 39 represent a-
series of procedural views showi ng,a 20 manuf act uri ng nmethod of the
resistor of the tenth exenpl ary-enbodi ggny” of this invention. First,

el ectrode paste containing_siIver-baseiéggéuctive powder and glass is
printed to formfirst upper surface el €&trode |ayers 202, as shown in Fig.
38(a), in a manner to cross over slits 209 nade in a horizontal direction
t-hrough a sheet-formed 25 substrate 201, which has a superior

heat -resisting property and an insulating property as it contains 96%

alum na, and a surface of which is provided with-a plurality of slits 208-
and 209 in a vertical direction as well as in a horizontal direction in -
order to separate it into strips and ther into individual pieces in the.
subsequent steps. The first upper surface electrode |ayers 202 are then
fired at a tenperature of approximately 30 850[err]C in order to nake

t hem beconerst a films. During this process, the electrode paste gets
into the sl'fg 9 of horizontal direction, thereby the first upper surface
el ectrode | ayers 202 can be fornmed down deeply in the slits. Cenerally, the
slits 208 and 209 are so formed that their depth with respect to a '
t hi ckness of the substrate 201 becones equal to or less than a.--half of the
-t hi ckness of the substrate 201, so as to avoid 35 it from being cracked
during handling in the nmanufacturing process. "Next, resistive paste having
a principal conponent of rutheniumoxide is prlnted to formresistor |ayers
203 in a manner that they connect electrically with the first -upper surface
el ectrode | ayers 202, as shown in Fig. 38(b). The resistor layers 203 are .

then fired at. a tenperature fy apprqoyi mately [erprL,C in order to make
t hem becone (8) %;?\ : %\O &} : .
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40 stable films. Next, trimming is nmade to formtrinmred grooves 210 with
a YAG | aser, as shown in Fig. 38(c) in.order. to correct resistances of.the
resi stor Iayers 203 to a predeterm ned value. The trimmng is made with
trimm ng probes for nmeasuring a resistance set on the first upper surface
elrectrode | ayers 202 during this procezﬁ; Anot her paste having a
princi pal conponent of glass is printee{?§4forn1protect|ve | ayers 204, as
shown in Fig. 39(a), in order to prote e resistor |layers 203, 37 of
whi ch resistances have been corrected. For this process, a printing pattern
may be made in.such a shape that the protective |ayers 204 cross over the
slits 208 of vertical direction to connectively cover a plurality of the
~ horizontally aligned resistor |ayers 203. The protective | ayers 204 are
“then fired at a tenperature of approximately 600[err]C 5 in order to neke
t hem becone Stable filns. Next, electrode paste containing silver-base
conductive powder and glass is printed to form second upper surface
el ectrode | ayers 205 on upper surfaces of the first upper surface el ectrode
| ayers 202, yas wn in Fig. 39(b), in a nanner not to cross over slits 209
of horizont/argdfection. For this process, the printing pattern of the 10
second upper surface el ectrode |ayers 205 may be nade in such a shape that
t he second upper surface electrode |ayers cross over the slits 208 of ’
vertical direction, above the plurality of horizontally aligned first upper
surface el ectrode Iayers 202. The second upper surface el ectrode {ayers 205
are then fired at a tenperature of -




approximately 600[err]C in order to nake them becone stable filns. 15
Then, the substrate 201 in a sheet-form on which the first upper surface
el ectrode | ayers 202, the resistor layers 203, the trimred grooves 210, the
protective | ayers 204 and the second upper surface el ectiode |ayers 205 are
formed, is separated into substrate stryﬁﬁ 11 by splitting it along the
slits 209 of horizontal direction in the strate 201, as shown in Fig.
39(c). Wien this is done, the previousl rmed first 20 upper surface
el ectrode Iayers 202 lie in their respective positions on the side surfaces
al ong a Ilﬁg g??nal direction of the substrate.strips 211 down to the
depth of t 3s| ts 209 of horizontal direction. As a preparatory process
for plating exposed surfaces of the first upper surface el ectrode |ayers
- 202 and the second upper surface el ectrode ers 205, the substrate 25
-strips 211 are finally sggf?ated into indi) ual,subsbza;e pi eces 212 by
splitting them al ong the } [ as shown in Fig.

39(d). A resistor is now conpfetegd oy ﬁ’bk‘1-p' ed | ayer, as an
intermedi ate | ayer (not shown}in epfidure], and sol der-pl ated | ayer, as
an outer. layer (not shown in ffe %T@Eﬂ by means of

el ectropl ati ng on -exposed surface H . S égace 30

el ectrode | ayers 202 and the pecqnd bppgr surface ¢l ciéyde | ayers 205 in

order to prevent electrode-erpsi JEAVWGAPAIE] i ng and to assure
Yeliability of"the soldering. [Th %;@% ~4ent h- exenpl ary:
enbodi nent of this invention gong L€ nuf ac égéas above was

sol dered on a nmount board. The rdgsistor [wa unt ed X1 th the surface having -
the protective |ayer down, ang sc@@@ 7 @Zﬁ h Ahe upper 35 surface
el ectrode | ayers (not shown i fr THe T {Qgurfe) ¥nd fhe|resi stor | ayer on sides
of the substrate, as shown inja dectiongl view jof B¥g. 40(a) depicting a
n

nount ed position. However, since areas In the side surfaces, whereon

el ectrodes are forned, me&ﬁ)so : — ;7442?

L
L T~723 |
P

| w1

AL

() — _w

L~

|y

13
~771
>

/4

/AN

N




small, fillets 213 were barely forned. Accordingly, an actual nount area
216 came to the sum of ‘a conmponent area 214 and areas 215 required for.

sol dering the side surfaces 40 of this conponent, as shown in a plan Vi ew
of Fig. 40(b)y depicting the nmounted position. The invention could attain a
reducti on of approximately 20%in the nﬂznt area as conpared to a conponent
of the prior art, in the case of a tip tor in a size of 0.6 x 0.3 mMnm
Therefore, the structure according to.thé%ﬁéesent-invention requires a
smal'l area 45 on a nount board to formfillets of soldering, because of
t-he smal| areas of the side surface el ectrodes on the-resistor, -and thereby
it can reduce the nount areas. 38 In the tenth exenpl ary enbodi nent of
this invegffé?h/ f solder-plated | ayers 207 and the protective |ayer 204

are fornme on the sane pl ane, -or if the soldg{ | ated | ayers 207 are
formed to be higher tha he protectlve Iayer 204, e resistor is not
likely to allow a gap b 9 /207 and a | and

pattern, when it is 5 nDun Cu,‘Th el
mounting. In addition, other haracterist
improved in this tenth exenp '
upper surface el ect.rode | ayel
upper surface el ectrode Iayer
Tabl e 10. 10 )

:Second upper Protective

—_—

o.c

r{npFovi ng qual ity of

iTi yn Table 10) can be

”%Ztion, if the first

ayer 204 and the second

Df nblnatlons shown in
/' Fi rst upper
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bi na- surface surface - - 'Iayer Characteristics to be i mproved

tion el ectrode el ectrode | ayers “layers 205 - 204 202 1 N
Si | ver - base Silver-base - Resin-base No variation in resistance
conductive conductive - material. during manufacturing process, ppwler
and powder and (har dened and spgll, deviation in gl ass resin
at 200[err] O resi stance of products, to (fired at (har dened at

| gw processing tenperature of 850[err]C 200[err] © :
protective | ayer 204. 2 Si | ver - base Ni ckel - base Resi n- base Same
characteristic as above conductive conducti ve mat eri al . conbi nation
1, with I ess powder and powder and (har dened manuf acturing cost due
to use glass - resin at 200[.err]C) of base netal for 'second
upper (fired at (hardened at ‘ surface el ectrode | ayers 205.:
850[err]C) . 200[err] QO 3 Si | ver-base Si | ver - base G ass- base

| nprovenent in | oaded-1ife conductive - conductive mat eri al
characteristic due to | ow.i on powder and powder and - (hardened

m gration. ass gl ass ~at 600[err]C) (fired at (fired at
850[err] C N ,Z%OO[err]C) 4 CGol d- base Si | ver - base Resi n- base
Bot h characterdistics of above conductive conductive  materi al

. conbi nations 1 and 3.
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powder and powder and (har dened g'l '.ass' - resin at 260[err]C)_

(fired at (hardened at 850[err] Q) ' 200[err]C) 5 ol d- base

Ni ckel - base Resi n- base Bot h characteristics of above conductive
conductive mat eri al conmbi nations 2 and 3. powder and powder -and
(hardened gl ass resin at 2 epf1C) (fired at (hardened at
850[err] QO 200[err]C) 6 ol d- a/ség Si |l ver-base A ass- base
Sane characteristic as above 39 netalo conducti ve mat-eri al
conbi nation 3, and | ow cost organic powder and (hardened due to
reduction in anount of conpound gl ass at 600[err] O

gold used. (fired at (fired at 850[err]C . 600[err]C) 7

Gol d- base Si | ver - base Resi n- base Bot h characteristics of above
.nmet al o- conducti ve mat eri al conbinations 1 and 6. organic
powder and® (hardened conpound resin - at 200[err] O

' F,/;g.?/

VA B
| | VAN

y/24




(fired at (hardened at 850[err] Q) 200[err] C) 8. Gol d- base
Ni ckel - base Resi n- base Bot h characteristics of above netal o-

conductive mat eri al conbi nations 2 and 6. organic powder and ~
(hardened conpound resin - at 200[err]C) (fired at (hardened at
850[err] C 200[err]C) In additioﬁ%%;f is easily conceivable that the
mount area can be further reduced if el odes are not fornmed on the side
surfaces in the tenth exenplary enbodifent of this invention. However, if
the-el ectrodes are not forned on the side surfaces, the 5 resistor forns
no fillet at all, thereby giving rise to a problemthat makes an autonated

inspection by inmage recognition inexecutable, in consideration of the fact
" that inspection of soldering is usually carried out by means: of inmage
recognition after nounting conponents in the current manufacturing pr.ocess
of electronic devices. 10 (Eleventh Exenplary Enbodi nent) A resistor of an
el event h exenpl ary enbodi nent of the present invention and a nethod of
manuf acturing the sane will be described hereinafter by referring to
acconpanyiQQQ% 2§Wes Fig. 41 is a sectional view of a resistor of the

el eventh eXenpiary enmbodinent 15 of this invention. In Fig. 41, a

ref erence nuneral 221 represents a substrate containing 96% of alunlna A.
reference nunmeral 222 represents first upper surface electrode |ayers
_provided on slde portlons of paqaln surface and portions of side surfaces
~of the
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substrate 221 by nmeans of sputtering gol d-base material. A surface area of
each of the 20 first upper surface electrode |ayers 222 on the side

surfaces. of the substrate 221 is not nore than a half of an area of the
side surface of the substrate 221. A reference nuneral 223 represents a

resistor layer having a chief conponengz? gguthenlun1OX|de for

electrically connecting with the first surface el ectrode |ayers 222.
A reference nunmeral 224 represents a prot¥éctive |ayer having a chief
conponent of glass, 25 provi ded on an .upper surface of the resistor |ayer
223. A reference nuneral 225 represents second upper surface el ectrode

| ayers conposed of silver-base conductive powder containing glass, -provided
on upper surfaces of the first upper surface el ectrode-|layers 222.. Ridges
of the second upper surface el-ectrode | ayers 225 are rounded. Reference:
numeral s 226 and 227 respectively represent nickel-plated |ayers 40 and.
sol der-pl ated | ayers provi ded, as occasi on demands, for a purpose of
assuring reliability, etc. during soldering. The resistor of the el eventh
exenpl ary e?godi nt of this invention constructed as above is manufactured -
in a manner i wi |l be described hereinAGB r by ferring 5 to the
figures. Fig. 42 and Fig. 43 represent a series /’ cedural views show ng
a manuf acturing net hod of tng resistor:-of t eIev nth exenpl ary enbodi ment
of this invention. First, gold is dep05|te in a orm of film by sputterlng

et hod on an entire upper
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10 surface of a sheet-fornmed substrate 221, which has a superior

heat -resi sting property and an insulating property as it contains 96%. _
alum na, and a surface of which is provided with a plurality of slits 228
and 229 in a vertical direction as well as in a horizontal direction in -
order to separate it into strips and thgﬁ ynto individual pieces in the
subsequent steps. Further, first upper s 6§be el ectrode | ayers 222 having
a_desired 15 el ectrode pattern are forned, as shown in Fig. 42(a), by
photo-1ithographic nmethod which is normally used for LSI's, and the I|ike..
The first upper surface electrode |layers 222 are subjected to heat
treatnment at a tenperature of approximtely 300 to 400C in order to numke

t hem become stable films.. During this process, the first upper surface

‘el ectrode |ayers 222 get into slits 229 of horizontal direction, thereby

t he upper surface 20 - electrode |ayers 222 can be fornmed down deeply in
the slits. Generally, the slits 228 and 229 are so fornmed that their depth
with respect to a t hi ckness of the substrate 221 beconmes equal to or |ess
than a halfePI t hi ckness of the substrate 221, so as to avoid it from
bei ng crack d’eu i‘ng handling in the manufacturing process. Next, resistive
past é having a principal conponent of rutheniumoxide is printed 25 to
formresistor layers 223 in a manner that they connect electrically wth
the first upper surface electrode |ayers 222, as shown in Fig.--42(b). The
fesistor Iayers 223 are then fired at a. tenperature of apprOX|nater
850[err]C in order to nmake them becone stable fi-lms. Next, trimmng is made
to formtrimred grooves 230 with a YAG | aser, as shown in Fig. 42(c)
in order to correct resistances of the'résistor'l ayers 223 to a
predet erm ned val ue. The trinﬂ% g is made with tYinm ng proeges for :
neasuring a - resistance set on e flrst upper rface eIe"'ode | ayers 222
during this process. Another 1c oM i
printed to form i '

&

(5) |
753

i

/4
P



protective |layers 224, as shown in Fig. 43(a), in order to protect the
resistor layers 223, 35 of which resistances have been corrected. For
this process, a printing pattern may be made in such a shape that the

protective |ayers 224 cross over the slits 228 of vertical direction to

connectively cover a plurality of the h zgntal ly aligned resistor |ayers.
223. The protective |layers 224 are thene//ggp at a tenperature- of .

approximately 600[err]C in order to make/tYi&m becone. stable filnms. 40
_Next, el ectrode paste containing silver-base conductive powder and glass is
printed to formsecond upper surface electrode | ayers- 225 on upper surfaces
of the first upper surface el ectrode |ayers 222,. as shown in Fig. 43(b), in
a manner not to cross over slits 229 of horizontal direction. The second
Upper: surface electrode layers 225 are then fired at a tenperature of :
appr oxi mat el 602%9rr]c in order to make them becone 45 stable filns. .
Then, the SU%E rgZDe 221 in a sheet-formon which the first upper surface

41 el ectrode layers 222, the resistor |layers 223, the trimed grooves 230,
the protectiveée |ayers 224 and second upper. surface el ectrode | ayers 225 are
formed, is separated into substrate strips 231 by splitting it along the
slits 229 of horizontal direction in the substrate 221, as shown in Fig.

43(c). Wien this is do .the previously fornmed first 5 upper surface
el ectrode | ayers 222 1Y’ in their respectiv%éggsitions on the side surfaces
4l ong a longitudinal direction of the substr strips 231 down to the -

depth of the slits 229 of horizontal directign: -
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As a preparatory process for plating exposed surfaces of the first upper
surface el ectrode | ayers 222 and the second upper surface el ectrode | ayers .
225, the substrate 10 strips 231 are finally separated into individual
substrate pieces 232 by splitting themalong the slits 228 of vertical
.difrection, as shown in Fig. 43(d). A reiq is now conpleted when a
ni ckel - plated | ayer, as an internedi ate .(not shown in the figure),
and a sol der-plated | ayer, as an outer -é?g; (not shown in the figure), are
forred by neans of el ectroplating on exposed surfaces of the upper surface
el ectrode 15 layers 222 in order to prevent el ectrode-erosion during
soldering and to assure reliability of the soldering. The resistor of the
el event h exenpl ary enbodi nent of this invention constructed and
manuf act ured as above -provi des the same advant ages as what has been
described in the tenth exenplary enbodi nent, when it is soldered on a nount
board, and 20 therefore they will not be describéd In addi tion, other
characteri stics (specified in Table 11) can be inproved in this el event h
exenplary eq?qdlg%nt of the invention, if the first upper surface el ectrode
o]

| ayers 222 tective | ayer 224 and t he. second upper surface electrode
| ayers 225 are constituted of conbinati-ons shown in Table 11. 25 :
Tabl.e 11 Com First upper Second upper Protective bina- surface
surface | ayer Characteristics to be inproved tion -electrode

el ectrode | ayers | ayers 225 224 222°9 . Sputtered .

Silver-base . Resin-base No variation i-n resistance-

us M2 M4 AT MBS gy
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gol d- base conductive mat eri al “duri ng manufacturing process,

mat eri al powder and = (hardened ~ and small deviation in (heat-. _ .
treated resin -  at 200[err]C resi stance of products, due to at 300-
(hardened at | ow processing tenperature of 400[err]C

200[ err] Q) protective |ayer 224. 10 puttered Ni ckel - base

Resi n- base Same characteristic as abo%] d- base conductive

mat eri al conbination 9, with |l ess teyi al powder and (har dened
‘manuf acturing.- cost due to use (heat- treated resin at 200[err] O

of base netal for second upper at 300- . (hardened at

-surface el ectrode |ayers. 400[err] Q) 200[err] QO 11 Sputtered

* Silver-base Resin-base Requires carbonic resin-base nickel-base
conductive. . material mat erial for -resistor layer. material powder
and (har dened Car boni c resin-base material (heat- treated resin

at- 200[err] O : can provi de savi ng of 42 at 300- (hardened at -
electricity. 400[err] Q) 200[err]C) (Twelfth Exenpl ary Enbodi ment) A

resi stor o;};},t Bl th exenpl ary enbodi nrent of the present invention and a
met hod of Mf.aLVuring the same will be described hereinafter by referring
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5. acconpanying figures. Fig. 44 is a sectional view of a resistor of the
twel fth exenplary enbodi ment of this invention. In Fig. 44, a reference _
nuneral 241 represents a substrate containing 96% of alum na. A reference
nuneral 242 represents first upper surface electrode |layers 10 conposed- of
si'l ver - base conductive powder contai ni ngggl/ass, provi ded on side portions

of a main surface of the substrate 241.ﬁg%£§ference numer al 243 represents
a:.resistor layer having a chief conponenrt “of rutheni um oxide, for

el ectrically connecting with the first upper surface el ectrode |ayers 242.
A reference nuneral 244 represents a protective |l ayer having a chief
conponent giéalggs,.provided on an upper surface of 15 the resistor |ayer
243. A ref éreAte nuneral 245 represents second upper surface el ectrode-

| ayers conposed of .silver-base conductive pqﬁ@fré@g@taining gl ass, provided.
on upper surfaces of the'f@¥;t upper surface ecyr'ode | ayers 242 and

0
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portions of side surfaces the substrate urface area of each of
t he second upper surface el ectrljode | ayers 245 the side surfaces of the
substrate 241 is not nore than |a | |2 rea of ‘the side surface
of the substrate 241. Ri dges offt S q uf face el ectrode | ayers
245 are rounded. Reference nuner '27 , eppectively represent
ni ckel -pl ated | ayers and sol der} s ¥ i ded, as occasion
demands, for a purpose of assur) < Bf =3kt c| during soldering. Fig.
‘45 and Fig. 46 represent a se S = =] elvs W ng a 25 ,
manuf act uri ng met hod of tgf esf s 7 At LeX | ary emnbodi nent of
this invention. First, el éi.od - D s}l ver-base conductive
powder and glass is printed to o s ac | ectrode | ayers.
242, as shown in Fig. 45(a), in A4 | :f .\‘zﬂ? :
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manner to cross over slits 249 made in a horizontal direction through a
sheet -fornmed 30 substrate 241, which has a superior heat-resisting .
.property and an insulating property as it contains 96% al um na, and a
surface of which is provided with a plurality of slits 248 and 249 in a
vértical direction as well as in a hoz%;d tal direction in order to
separate it into strips and then into Apg? i dual pieces in the subsequent
. st.eps. The first upper surface el ectrodeVMayers 242 are then fired at a
tenperature of approximtely 35 850[err]C in order to nmake them becone
stable filns. Generally, the slits 248 and 249 are so-forned that their _
depth with respect to a thickness of the substrate 241 becones equal to or
| ess than a half of the thickness of the substrate 241, so as to avoid it
from being cracked during handling in the manufacturing process. Next, .
resi stive paste having a principal conmponent of rutheniumoxide is printed
40 to formresistor layers 243 in a manner that .they connect electrically
with the first upper surface electrode |ayers 242, as shown in Fig. 45(b).
The resist;ﬁ,lgﬁfrs 243 are then fired at a tenperature of approximately
850[ err] CAhgefder to make them becone stable filnms. Next, trimmng is nmade
to formtrimred grooves 250 with a YAG | aser, as 43 shown in Fig. 45(c)
in order to correct resistances of the resistor layers 243 to a ‘
predetermi ned value. The trinmming is nmade with trinm ng probes. for
“neasuring a-resistance set. on the first upper surface el ectrode l-ayers 242
during this process. Anéfiler paste having-a ptrincipal conponent of glass is -
printed to form 3 '
e %)
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5 protective layers 244, as shown in Fig. 46(a), in order to protect the
~resistor layers 243, of which resistances have been corrected. For this _
process, a printing pattern may be nmade in such a shape that the protective
| ayers 244 cross over the slits 248 of vertical direction to connectively
cover a plurality of the horizontally:g?i ned resistor |ayers 243, which
formlines. The protective |layers 244 k/éizhen fired at a tenperature of 10
approxi mately 600[err]C in order to nmaKe em become stable filns. Next,
el ectrode paste containing silver-base conductive powder and glass is
printed to form second upper surface el ectrode | ayers-245 on an upper
surface of the first substrate 242, as shown in Fig. 46(b), in a manner to
cross over slits 249 of horizontal direction in the substrate 241..During
this process, the electrode paste gets 15 into the slits 249. of horizontal
direction, thereby the second upper surface el ectrode |ayers 245 can be
formed down to the deep in the slits.. For this process, the printing _
pattern of the second upper surface el ectrode |ayers 245 may be nmde in
.such a sha ,tgsb t he second upper surface electrode |ayers cross over the
slits 248 13/ ical direction, over the plurality of horizontally aligned
first upper surface electrode |ayers 20 - 242. The second upper surface
el ectrode layers 245 are then fired at a tenperature of approximately
600[err]C in order to nake them becone stable filns. Then, “the..substrate
241 in a sheet-formon which the first upper surface el ectrode |ayers 242,
the resistor ‘layers 243, the trimred grooves 250, the protective |ayers 244
and t he 'second upper surface el ectrode | ayers 245 are forned, is separated
25 into substrate strips 251 by splitting it along the slits 249 of '
horizontal direction in the substrate 241, as shown in Fig. 46(c). Wen
this is done, the previously f dlggpond-uppegzgary’ e el ectrode |ayers
245 lie in their respective po onsyon the sidef surfaceggl ong a
| ongi tudi nal direction of the substrat\e strips 251 d tg the depth of -
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the slits 249 of hérizontal direction. 30 A a preparatory process?_lfﬁi
for plating exposed surfaces of the second upper surface el ectrode Iayers o

245, the substrate strips 251 are finally separated into individua
substrate pi eces 252 by splitting thefAl6ng the slits 248 of verti cal
di-rection, as shown in Fig. 46(d). Ar é%}or I's now conpl eted when a

ni ckel -pl ated layer, as an internedi ate layer (not shown in the figure),
and a solder-plated | ayer, as 35 an outer layer (not shown in the
figure), ﬁF%g ned by means of electroplating on exposed surfaces of the
- second upperdsurface el ectrode | ayers 245 in order to prevent

el'ect r ode- er osi on durlag)solderlng and to assure reliability of the

sol dering. The resistor -of the mrent of this
ihvention constructed and nangfagtur asS-ab r{ep -t he sane

advant ages as what has been descrii Zy p |t exenpl ary

enbodi nent, when it is sol der Z 11t heref they will
not be described. In addition, ot qéz beci d in Table

12) can be inproved in this twel fi
If the first upper surface eljectr
and the second upper surface jel ee

conbi nati ons shown in Table . /
upper Protective bina, up f ac
€haracteristics to be%zﬁ%r

" of the invention,

ptective |ayer 244

—bfre tituted of
i #st apper Second

syer -
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tion . electrdde electrode l'ayers 'lay'ers 245 = 244 242 12

Silver-base Silver-base Resin-base ~"No variation in resistance _ .
- conductive conductive - nmaterial duri ng manuf acturing process, powder
and powder and - (hardened and snmall deviation: in glass ,resin

| ow processing tenperature of 850[err] 200[err] O
protective |ayer 244. 13 Si | ver - bas ckel - base Resi n- base Samne

at 200[err] O resi stance of productsye to (fired at = (hardened at
6

characteristic as above conductive - conductive mat eri al combi nati on
12, with | ess powder and powder and (hardened  manufacturing cost due
to use gl ass ; resin  at 200[err]C) of base metal for second
upper (fired at (hardened at . surface el ectrode. | ayers.
850[ err] © : 200[err]C) 14  Cold-base  Silver-base d ass- base-

. Inprovenent in |oaded-1ife conductive conducti ve mat eri al '
-characteri i'Cg[He to low ion powder and powder and (har dened
m'-gration.7;19a, gl ass at 600[err]C) (fired at (fired at
850[err] © 600[err] O- 15  Col d-~base’ Si | ver-base Resi n- base

Both characteristics of above conductive nduciirye terial
conbi nations 12 and 14. pPMer and _powde/éz])d %rdt;@ga :
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gl.ass resin at 200[err]C) (fired at (hardened at 850[err]C)
200[err]C) 16 ol d- base Ni ckel - base Resi n- base Bot h

. characteristics of above conductive  conductive material .
conmbi nati.ons 13 and 14. powder.- and. " po r ,and (hardened gl ass
resin . at 200[err]C) (fired at - (h d at-850[err]C)
200[err] Q) 17 ol d- base Si |l ver-bas ass- base Sanme .
characteristic as above netal o- - conductive mat eri al conbi nati on
14, =and | ow cost organic’ powder and (har dened due to reduction in
anount. of conpound gl ass at 600[err]C - - gold used.
(fired at (fired at 850[err] Q) 600[err]C) 18 Gol d- base .
Si | ver - base Resi n- base Bot h characteristics of above netal o-
conductive - material conbi nati ons 12 and 17. organic powder and

(hardened conpound resin at 200[err] O 45 (fired at
(hardened at : - _

Fig.33
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850ferr] C 200[err]C) 19 Gol d- base Ni ckel - base Resi n- base
Bot h characteristics of above netal o- conductive mat eri al
conbi nati ons 13 and 17. organic powder and (hardened conpound
resin at 200[err]C) (fired at (hag,deped at 850[err] C)
200[err]C) (Thirteenth Exenpl ary Enbodi hy1§2ﬁ resistor of a thirteenth
exenpl ary "'enbodi nrent of the present inven¥i and a nethod of manufacturing
the sanme will be described hereinafter by referring to 5 acconpanyi ng '
figures. Fig. 47 is a sectional view of a resistor of the thirteenth

exenpl ary enbodi rent of this invention. In Fig. 47, a reference nuneral 261
represents a substrate containing 96% of alumna. A reference nuneral 262
represents first upper surface electrode |ayers 10 conposed of - ;
silver-base conductive powder containing glass, provided on side portions -
of a main surface of the substrate 261. A reference nuneral 263 represents
a resistor |layer having a chief conponent of ruthenium oxide, for

el ectrically conngcting with the first upper surface el €ctrode | ayers 262.
A reference pﬂﬁgy 1 264 represents a protective layer having a chief
conmponent of "gl@ass, provided on an.upper surface of 15 the resistor |ayer
263. A reference nuneral 265 represents second upper surface el ectrode

| ayers formed by neans- of sputtering gol d-base material in positions on
upper surfaces and portions of side surfaces of the first upper surface

el ectrode | ayers 262. A surface area of each of the second upper surface

el ectrode | ayers 265 on the : ' - -
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side surfaces of the substrate 261 is not nore than a half of an area of
the side surface 20 - of the substrate 261. Ridges of the second upper
surface electrode | ayers 265 are rounded. Reference numerals 266 and 267
respectively represent nickel-plated |aygrs and sol der-plated |ayers
pr.ovi ded, as occasion demands, for a pu e of assuring reliability, etc.
during -sol dering. The resistor of the thj Aﬂaenth exenpl ary enbodi nent of

- this invention 25 constructed as above is manufactured in a manner, which
wi | I" be described hereinafter by referring to the figures. Fig. 48 and Fig.
49 represenPEaggs i es of procedural views show ng a manufacturing nethod of -
the resisto *Yte thirteenth exenpl ary enbodi nent -of this invention. 30

First, electrode paste. containing silver-hase conduetiw 5pg@q5r and gl ass
i's printed to formfirst upper &urf @#fmﬁ+{?kk+ﬁ P62, as shown in
Fig. 48(a), in a manner not to|cros \ $bz 2 lelin a horiZont al
direction on a sheet-fornmed suljstravEi? 's<f:sjperior
heat -resi sting property and an inSL|/[i ¢ € as T contai ns 96% '
alumna, and a surface of which i's|proyided wth a plura;DvQﬂﬁf slits 35
268 and 269 in'a vertical. diredtior as |welll aslin_g horfjfontal direction in
order to separate it into strigs an H i i ivLﬂf pi eces in the
subsequent steps. Next, resistijve | %%%‘ rffincijpal conponent. of
r-ut heni um oxi de-is printed to florm i r| By 263 |i p_a/ffnner that
t hey connect electricalIxﬁyﬁﬁjgii@;$+TSt 46 —1
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upper surface electrode |ayers 262, as shown in Fig. 48(b). The resistor

| ayers 263 are then fired at a tenperature of approximately 850[err]C in
order to make them becone stable filns. Next, trinming is made to form

tri mmed grooves 270 with a YAG laser, as 5 hown in Fig. 48(c) in order .
to correct resistances of the resi stor, Iéﬁﬁ 263 to a predeterm ned val ue.
The trimmng is made with trinm ng probes 50 nmeasuring a resistance set on
the first upper surface electrode |ayers 262 during this process. Another
past‘e having a principal component of glass is printed to form protective
layers 264, as shown in Fig. 49(a), in order to protect the resistor |ayers
263, 10 of "whi ch resi stances have been corrected. For this process, a-
printing pattern-may be made in such a shape that .the protective |ayers 264 .
ctoss over the ints 268 of vertical direction to connectively cover a
plurality of Zgrlzontally aligned resistor |ayers 263. The protective

| ayers 264 ar/e ’ h fired at a tenperature of approximately 600[err]C in
order to make then1becone stable filnms. 15 Resi st material conposed
of resin is coated over an entire upper surface of the substrate 261, and
openi ngs having a filn}foggkg? pattern of the desired second upper surface
el ectrode | ayers 265 are in the r 3t naterlay2§§ phat o- it hogr aphi c
met hod, as shown in Fig. 49(b). Furthelpgore, gold is depoﬂﬁ?@d in a form of
f|In1on the entire upper. surface of t substrate 241 hy‘gﬁuttering met hod,

and the resist 20  naterial i fhn/_rn’ . ce?z_ jort.i ons of the
filmformng pattern for the dgsir , pf5,surf ceé el ectrode |ayers
265. These steps conpose the sgcond 7 &22 Aell ectlr zgi yers 265.
During the above process, the gecor fle el eciAT0 ayers 265 get
into the slits 269 of horizont 4| di\ég . ar€5§ tthe second upper
surface el ectrode | ayers 265 can be‘{\'%?il p bbly |n the slits.
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25 - Generally, the slits 268 and 269 are so formed that their. depth
W th respect to a thickness of the substrate 261 becones equal to or |ess
than a half of the thickness of the substrate 261, so as to avoid it from
bei ng cracked during handling in the nanﬁa cjuring process. Then, the
substrate 261 in a sheet-form on which s;g/y rst upper surface 30

el ectrode | ayers 262, the resistor |ayer the tri med grooves 270, ‘the
- protective |ayers 264 and the second upper surface el ectrode |layers 265 are .
formed, is separated into substrate strips 271 by splitting it along the
siits 269 of horizontal direction in the substrate 261, as shown in Fig.
49(c). Wien this is done, the previously formed second upper surface

el ectrode layers 265 lie-in their respective positions on the side -35
surfaces along a |ongitudinal direction of the substrate strips 271 down to-
the depth of the slits 269 of horizontal direction. As a preparatory
process for plating exposed surfaces of the upper surface.electrode. Iayers
. 265, the.substrate strips 271 are finally-separated into individual
substrate plqzé > by splitting themalong the slits 268 of vertical

di rection, as 4 shown in Fig. 49(d). Aresistor is nom1conp|eted when a
ni ckel - plated | ayer, as an internediate Iayer (not shown in the figure),

and a solder-plated |ayer, as an outer |layer (not shown in the figure), are
formed by neans of electroplatlng on exposed surfaces of the second upper
surface el ectrode layers 265 in order to prevent el ectrode-erosion during .
soldering and to assure reliability of the soldering. 45 The
.resistor of the thirteenth exenpl ary enbodi ment of this invention
constructed and manufactured as above provides the same advantages as what -
has
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47 been described in the tenth exenplary enbodi nent, when it is soldered on
a nmount board, and therefore they will not be described. In addition, other
characteristics (specified in Table 13) 2fn/be inproved in this thirteenth
exenpl ary enbodi nent of the invention, 4//Ei; first upper surface electrode
5~ layers 262, the protective |ayer 2647arid t he second upper surface
-el ectrode l-ayers 265 are constituted of conbinations shown in Table 13.
~Table 13 qu;rhfié?t upper Second upper Protective bina- surface
sur face ! af?. Characteristics to be inproved tion el ectrode
el ectrode | ayers | ayers 265 264 262 20 Silver-Z@ze Sputtered
Resi n-base- No variationZﬂﬁ resi stance conductive ase _
mat eri al “duri ng manuf acturing 5SS, poyder_ d. e;@zy
(‘har dened- and smal | devidtiof Tn Elas Lefeht - { rleats at
200[err] Q) resi stance of product %g 0 r@ At . 1 200[err] Q)
| ow processing tenperature of § 177
protective |ayer 264. 21 Si ljver -|k
manuf act uri ng cost due .to conducti Ve
. base netal for second powder ar|d ngg
el ectrode | ayers. gl ass (hgrden

AN
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[ d ass-base Less
hSe mat er i al - use of
‘ d]a upper surface
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(fired at 200[err]C) 850[err] Q) 22 CGol d- base Sputtered

G ass- base | mprovenent in | oaded-1ife conductive gol d-base . . materi al
characteristic due to | ow ion powder and mat eri al (fired at

m gration. glass (heat- treated S?e 1O (fired at at 200[err] O
850[err] C) 23 ol d- base - Sputtered @m n- base Bot h _
‘characteristics of above conductive gol material

conbi nati ons 20 and 22. powder and mat eri al " (hardened gl ass

(heat- treated at 200[err]C (fired at at 200[err] C) 850[err]C) 24

CGol d-base S uttered A ass-base. Both characteristics of above
conducti ve ﬁp - base mat eri al- conbi nations 21 and 22. powder and
materi al dened. glass (heat- treat ed at 200[err]C) (fired at
at 200{err]C) 850[err]C) 25 Gol d-'base - Sputtered Resi n- base Bot h

EQ?L?ﬁ;?FLﬁE'Si,"fzz?&%ezé."”&‘i;%f oo e /42 (HE‘L%ZLM gl ass
(heat- treated at 200 errj;\ _ . // Zﬂ/
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48 (fired at at 200[err]C) 850[err]C) 26 ol d- base Sputtefed

A ass- base Sanme characteristic as above netal o- gol d- base
mat eri al conbi nati on 22, and | ow organic material . (fired at
manuf acturi ng cost due to conpound (heatyntreated  600[err] O
reduction in anount of gold (fired at a [err]C) . o
used. 850[err]C 27 ol d- base "~ Sput- Resi n- base Sanme
characteristic as above netal o- ~ gold-base . materi al conbi nation
23, "and | ow organic mat eri al (har dened manuf acturi ng cost due to
conpound (heat- treated at 200[err] Q) reducti-on in anpount of gold
(fired at at 200[err] O used. 850[err]C) 28

- Col d- base . Sputtered d ass- base -Same characteristic as above netal o-
gol d- base mat eri al conbi nati on -24, and | ow organic ~ materi al

"~ (har dened manuf acturing cost due to conpound (heat- treated at
200[err] Q) reduction in anmount of goI d (fired at at 200[err]C

used. 850[ err] 0
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29 ° (ol d- base Sputtered Resi n- base Same characteristic as above

nmet al o- ni ckel - base materi al conmbi nation 25, and | ow organic
mat eri al (har dened manuf-act.uri ng cost due to conpound (heat -
treated at 200[err] O reduction in anount of gold (fired at  at
200[ err] C) | " used. g6@{err] O | NDUSTRI'AL

APPLI CABI LI TY As has been described, a resj r of the present invention’
conprises: a substrate; a pair of first upper surface el ectrode |ayers
provi ded on side portions of an upper 5 surface toward portions of side
surfaces of the substrate;. a pair of second upper surface electrode |ayers
provi ded in a manner to nake electrical connections with the first upper
surface el ectrode layers; a resistor |ayer prOV|ded in.a manner to nake
el'ectrical connections with the second upper surface el ectrode | ayers; and
a protective layer provided to cover at |east an upper surface of the
resistor Iayer The above-described 10 structure provides the resistor:
with side surface electrodes having a snall surface area, since the pair of’
first upper gﬁ? ék;electrode |l ayers are disposed on side portions of the
upper. surface t war d portions of the side surfaces of the substrate. '
Because the resistor is soldered with the side surface el ectrodes of the-
smal| area, i.t can reduce an area required to formfillets of sol deri-ng,
when it is soldered on a nount board. 15 Accordingly, the resistor is
able to reduce an actual nount area, including soldering portions, on the
nmount board. : ' :
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49 What is clained is: 1. A re5|stor conprising: a substrate; 5 ' a
pair of first upper surface el ectrode |ayers, each provided on a si de
portion of an upper surface toward a porzf of a side surface of said:

substrate; a pair of second upper. surfac ctrode | ayers provided in a’
manner. to nmake eltectrical connections with said first .upper surface
. electrode | ayers;, -a resistor ‘layer provided in a manner to nake el ectrical

cennections 'Qh aid 10- second upper surface electrode |ayers; and a
protective layer provided in a manner to cover at |east an upper surface of
said resistor |ayer. 2. Thﬁz}e5|stor according to cla|n11 mhereln portlons
of said first upper 15 ace electrode layvers | e he side
surfaces of said substrate ar | ed _op a. ] nt to said reéesistor

|l ayer in adirection of height ‘of )| Jazziaég. ~ Th éﬁ?ﬁtor-according
"to claim2, wherein.each of the p )%% D 171G upper surface
)

el ectrode | ayers located on the s 'ag%? sai dfsjubstrate has a 20
surface area equal to or |ess]thap Ut p pfeal of th iz?ﬁvsurface of
ing|to £laim 1 e said first

pe

R

said substrate. 4. The resistr afgcordgi
upper. surface el ectrode | ayerp anfl
| ayers are covered- by pl ated faye
are formed to be on the sane pl an
said protective 1ayer. 5. Thel res
first upper surface el ectrode | ayp
organi ¢ netal. conpound or sputter

LEEohi#bper $urface el ectrode
4 hatTslai d pl ated | ayers
Pb Jr e r in height than
acgord|ng to cl é%? wherein said
g, Eonbpsedl of 1] é%ld base
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gol d-base material. 30 6. The resistor according to claim5, wherein said
second upper surface el ectrode |ayers are conposed of silver-base or _
gol d- base conductive powder contai'ning glass. .35 .~ - 7. The resistor
according to claim 6, wherein said prohéS;ive-layer'iS'conposed of

resi n-base or gl ass-base materi al . d/r/ I stor according to claim1l,
wherein said first upper surface el ectrodedOlayers are conposed by neans of
sputtering nickel -base material. 40 9.. The resistor according to claimS8,
.wherein said second upper surface el ectrode | ayers, said resistor |ayer and
said protective |ayer are constructed of resin- base material. 45 Ny
10. The resié@gﬁ4§§cording to.claim 1, -wherein said first upper surface

el ectrode | ayevs ‘and sai d second upper surface electrode |ayers are

di sposed in 50 positions not to ‘be in contiguous to sides of said
substrate.in a | ongityudi nal directimnpthereof. 11. A d of

" manufacturing a Tegbgtor conpri si np e steps of: 5 ”?&ﬂ? Z%g?oviding a

‘first upper surface ele 2 , ofa --.eﬂ;iﬂgrode'pas a
~sheet-fornmed substra 4 of & - sl manne sai d
cleatredepaste |\ A A\ ZNIN
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- crosses over an upper surface of said splitting slit, and fills in said
splitting slit; providing a second upper surface electrode layer in a
manner to make an el ectrical connection with said first upper surface

el ectrode ‘| ayer; 10 - provi di ng rgsistor |layer in a mahner to
make an el ectrical connection with said %E%g?d upper surface el ectrode
layer; providing a protective layer in a er  to-cover at |east an upper .
surface of said resistor |ayer; .separating said sheet-forned substrate,
whereon said first upper surface 15 el ectrode layer is formed, into
-substrate strips along said splitting slit provided in said sheet-forned
substrate; and separating said substrate strips into individual substrate
‘pieces. 12. A nethod of. manufacturing a resistor conprising the steps of:

- 20 - providing a first upper surface electrode |ayer by means of
sputtering on a sheet-forned substrate having a splitting slit, in a manner
to cross over an upper ‘surface of said splitting slit, and to f||| in said
splitting slit; providing a second upper surface electrode layer in a.
manner to ma néétectrlcal connection with said first .upper surface

el ectrode Iayer 25 providing a resistor Iayer in a manner to
.make an el ectrical connection with said second upper surface el ectrode

| ayer; providing a protective layer in a manner to cover at |east an upper
surface of said resistor layer; separating said sheet-fornmed substrate,
whereon said first upper surface 30 electrode layer is formed, into
substrate strips along sai d spllttlng slit provided in. sald sheet f or med
substrate; and
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separating said substrate strips into individual substrate pieces. 13. A
resistor conprising: 35- . a substrate; a pair of first upper
surface el ectrode layers, each provided on a side portion of an upper
surface toward a portion of a side surfa said substrate; a pair of

‘second surface el ectrode |ayers prowdedzgi/j manner to nake electrlcal

connections with said first upper surfac ézctrode | ayers; 40 '
‘a._resistor |layer provided.in a manner to make el ectrical connections wth
sai d second upper surface el ectrode layers; third upper surface el ectrode
~ layers provi gga east on portions of upper surfaces of said second upper

surﬂace el ect'r ayers; dﬁ?g a protectlve Iayer provided in nner to
~'cover at |east an upper s —45 sar o, TES] ST Ol : 51 14. 'A .
resi stor conprising: a substrat:,_d‘pai of {1174 fps* |syr face el ectrode

e; | _ S a.
_ nwth said
wfgce el®Cirode |ayers

242

>y

| ayers- provi ded on an upper surface
resistor layer provided in a mame-r—%
first upper surface electrode | ayers
provi ded at |east on .upper surfaces]of
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said first upper surface electrode |ayers and portions of side surfaces of
~said substrate; a.protective |ayer provided in a-manner to cover at | east
sai d resistor Iayer' 10 and third. upper surface el ectrode | ayers
" overlapping at |east portions of said first upper surface el ectrode Iayers
15. A nethod of manuf acturing a re5|sto?§§§ﬁpr|5|ng the steps of: 15
prOV|d|ng a first upper surface éelectrod ?yer by pouring el ectrode past e
on a sheet-fornmed substrate having a spl ng slit, in a manner that said
el ectrode paste crosses over a side portion of an-upper surface of said
‘substrate and an upper. surface of said splitting slit, and.also fills in
said split slist; providing a second upper surface electrode layer in a
manner to nﬁég a§620 el ectrical connection-with said- first -upper surface
el ectrode Iayer providing a resistor layer in a manner to nmake an
el ectrical connectlon with said second upper surface el ectrode Iayer

providing a prote [ ve | ayer in'a manner to- co ﬁhsast an upper. surface
of. said resistor eLf 25 : pr o t r surface _
el ectrode | ayer over ; 22' surface of said
second upper surfaceg el g a |ng d -for nmed
substrate, whereon daid %ZZL f rpred, into
substrate strips .al dng [ ht qi ide in / pheet - fornmed
substrate; and 30 sai rat Nij/ps into
i ndi vi dual substrat g pie, of nuf act uyi ng/ a resistor
conprising the stepgq of: ' $t r surfmage zfctrode | ayer by
neans of sputtering o gz 717 AN ZZ#
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‘sheet -forned substrate having a splitting slit, in a nmanner to cross over a
- side portion 35 of. an upper surface of said substrate and an upper
surface of said splitting slit, and to fill in sai-d splitting slit;
- providing a second upper surface el ectrode |ayer in a manner to make an-
el"ectrical connection with said first uppey rface el ectrode |ayer;
‘providing a resistor layer in a nmanner to- 9 an el ectrical connection _
wi:t h 40 said second upper surface el ectroae”l'ayer; providing a protective.
layér in a nanner to cover at |east an upper surface of said resistor
|Tayer; providing a third upper surface el ectrode l-ayer overlapping at |east
a partion of an upper surface of .said second upper. surface el ectrode |ayer;"

45 _ . separating said sheet-forned substrat.e; whereon 'said third
upper surface electrode |layer is fornmed, into substrate strips along said
splitting slit provided in said . 52 sheet-forned substrate; and

separati-ng said substrate strips into individual substrate pieces. 17. -A-
met hod of. manufacturing a resistor. conprising the steps of: 5 o
provi ding a figt.st per surface €lectrode |ayer on a side portion of an,
upper surfacefgé-égzheet-forhed-substrate having a splitting slit, in a
manner not to cross over an .upper surface of said splitting slit; providing -
a resistor layer in a manner to nmake an el ectrical connection
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between said first upper surface el ectrode |ayer; 10 provi ding a
protective layer in a manner to cover at |east an upper- surface of said
resistor layer; providing a second upper surface el ectrode |ayer by neans

- of sputtering in a manner to connect electrically with at |east said first
upper surface el ectrode |ayer, to.cross an upper surface of said
splitting slit, and to fill in said split wﬁ@'slit, said 15 - second upper

. surface electrode |ayer; providing a third upper surface el ectrode |layer in
a manner to yygflgq? at least a portion of an upper surface of said first.
upper surface ‘el'ectrode l,ayer; separating said sheet-for d? substrate,
wher eon said third_upper(g rf . _lay LS g;ng; I nto substrate
strips along said splitting&lite provided iz g “1~ sheet-forned
substrate; and separating said St} ‘rﬁfn_individual substrate -
pi eces. 18. A resistor conpiisihp aE%; : a pair of

upper surface el ectrode | aygrs, E N a siaﬁ‘ﬁﬁﬁfion of an upper
surface of said substrate; a res “Ovidefd lin a manner to neke
el ectrical connections withisai ¢l upper $urface bl ecidode I ayers; a
protective |ayer provided inm-a ] DAV 7 hit | bdst~smAl resistor
| ayer; 30 and side surfacg—ete G{k gd oh~ portions of side
surfaces of said substrate ijn a L 1 3} el ecpi cal connections with
said upper surface el ectrod¢ |ayersj _ 22%?
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35 - 19. Aresistor conprising: a substrate; a pair of first
" upper surface electrode |layers, each:-provided on a side portion of an upper
surface of said substrate; a resistor Iayer provided in a manner to nake

el ectrical connections with said 40 rst, upper . surface el ectrode |ayers;
second upper surface el ectrode |ayers p#éﬁ ded at | east on upper surfaces
of said first upper surface el ectrode ; a. protective |ayer provided
in a manner to cover at |east an upper surface of said resistor layer; and
45 - - si'de surface el ectrode |ayers prOV|ded on portions of side
surfaces of said substrate in a manner to nake el ectrical connections with
ei ther. of said first upper 53 surface electraode |ayers and said second

upper surfac rode |layers.-20. A nethod of manufac a resistor
conpri si ng t/ﬁ:e?s%s of : providing a pair of upper surfglgre?I Eggctrode | ayers

on an upper surface of a 5 sheet-fornmed substrat Zﬁﬁﬁlng a spl ¥£i ng

slit, in a manner notﬂﬂ@ cross ‘over said splitti slit;
resistor layer i-n a . manngr_t ke ap el 695( C%L
upper surface el ectrode | ayef.s.. P&ov| o r otied
cover at |east an upper surfé%% EZT%ZZF’/QL
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10 - said resistor layer; providing a pair of side surface el ectrode |ayers
in a manner to cross over said splitting slit between adjacent two of said
~upper surface electrode layers and to nake el ectrical. connections with said
two upper surface electrode | ayers; separatjng said sheet-forned substrate,
whier eon sai d. upper surface el ectrode 15 ?T ers are fornmed, into substrate
strips along said splitting slit provided j id sheet- fornmed: substrate;
and separating said substrate strips into individual substrate pieces. 21.

A net hod of manufacturing a resistor conprising the steps of: 20
providing a pair of first-upper surface electrode |ayers on an upper
surface of a sheet-formed substrate-having a splitting slit, in a manner
not -to cross over. sai.d splitting §lit; providing a resistor layer in.a_-
manner to fake el ectrical connections between said upper surface el ectrode

- layers; 25 : providing a protective layer in a manner to cover at
| east an upper surface of said resistor |ayer; provi-ding second upper
surface electrode layers in a manner to cover at |east upper surfaces of
said first upp@}'gﬁﬁface el ectrode | ayers; providing a pair of side surface
el ectrode Iayeréiin a manner to cross over 30 said splitting slit between
adj acent two of said first upper surface el ectrode |ayers or said second
upper surface el ectrode |ayers, ‘and to nake &l ectrical connections with
either of said first upper surface el ectrode |ayers and sai.d second upper
surface el ectrode | ayers; separating said sheet-forned substrate, whereon -
sai d upper surface el ectrode _ ' :
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35 - layers are forned, into substrate strips along said splitting slit
provided in said sheet- formed substrate; and separating said substrate
strips into individual substrate pieces. 22. A resistor conprising: 40

a substrate; a pair of upper surface electrode |ayers, each provided on a
sirde portion of a major surface and a porﬁv of a side surface of said
substrate; a resistor layer provided in a er to make el ectrical
connections with said upper surface el ectfode |ayers; and 45 ' . a
protective | ayer provided in a manner to cover at |east an upper surface of
said resisto Jazi . 54 23. A nethod of manufacturing a .resistor
conprising t é9s Zs of : providing an upperd%urface el ectrode | ayer by
pouring el ectrode paste on a sheet-formed s trate having a splitting
slit, ina manner that said electrode te 5 - gver an upper
surface of said splitting slit, and apggffills P tting slit;
providing a resistor Izyef in a manner to nake 4l connection -
wi th said upper surfac & ectrode |ayer; pra gtive layer in a
manner to cover at |east upper surfaces of ace el ectrode

\o\i_ 3
| ayer ‘and said resistor |Zyer; 10 s '? sheet - f or med
substrate, whereon said upj surface el ectrode o




| ayer is fornmed, into substrate strips along said splitting slit provided
in said sheet- forned substrate; and separating said substrate strips into
i ndi vi dual substrat-e pieces. 15 24. A nethod of manufacturing a
resi stor conprising the steps of: providing an upper surface el ectrode
| dyer by nmeans of sputtering on a sheet- ji% d substrate having a
splitting slit;, in a manner to cross over 6ﬂpper surface of said
splitting slit, and to fill in said splitting slit; providing a resistor
| ayer -i.n a manner to make an el ectrical connection-with 20 sai d upper
surface el ectrode | ayer; providing a protective layer in a manner to cover
at |.east upper surfaces of said upper surface electrode |ayer and said
resistor |ayer: separating said sheet-forned substrate, whereon said upper
surface electrode layer is forned, into substrate strips along said
splitting slit provided in said sheet- 25 forned substrate; and
separating said substrate strips into individual substrate pieces. 25. A
resistor conprising: a substrate; 30 : a pair of first upper
~surface elecgﬁb% Et@yers each provided on a side portion of an upper
surface and YTion of a side surface of said substrate; a resistor |ayer
provided in a manner to nmake el ectrical connections with said first upper
surface el ectrode | ayers; second upper surface electrode |ayers provi ded at
| east on upper surfaces of 35 said first upper surface electrode |ayers;
and a protective |ayer provided in a manner to cover at | east an-upper
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said resistor layer. 26. A resistor conprising: 40 a substrate;
a pair of first upper surface el ectrode |ayers provided on an upper surface
of said substrate; a resistor |layer provided in a manner to nake el ectri cal
connections with said first upper surface el ectrode | ayers; 45

second upper surface electrode |ayers provided at |east on upper surfaces
of said first upper surface electrode |ayers and portions of .side surfaces
of  sai d substrate; 55 and a protectg3/80 ayer provided in a manner to
cover at least said resistor layer. 27. A method of manufacturing a

resi stor conpr rﬁiﬂ}]@in hebsicsies of: 5 providing a first upper
surface el eggrg e la er‘“?fy: Olgrérn&efl ectrode paste on a sheet-forned
substrate ha inBStd" fg ?fg“' PHPOC 14Y®L manner that said el ectrode past e

ctosses over 3aR&SIMOr 43YeEn upper surface of said substrate and an upper
surface of $ailtimyhing grapvel it, and also fills in said splitting slit;
provi di ng a 6eSeebnd Prewetivedayermanner to make an el ectrical connection 10

bet ween sai ¢ f3dcond/Bper sttfab@eRcRbEE Idyesle | ayer; providing a protective
| ayer in a gag rel{:ar&&vﬁﬁ{ t |l east upper surfaces of said first upper
e a

surface el egtf\gc elpﬁ/tgcrllayer said resistor |ayer;

10 Solder-plated layer
11 Fillet
12 Component area
13 Soldering area
14 Mount area
21 Substrate
22 First upper surface electrode layer
23 Second upper surface electrode layer
24 Resistor layer
25 Protective layer
26 Nickel plated layer
27 Solder-plated layer
28 Slit in vertical direction
29 Slit in horizontal direction
30 Trimming groove




provi ding a second upper surface el ectrode |ayer connecting electrically
with at | east said first upper surface el ectrode |ayer 15

separating said sheet-forned substrate, whereon said second upper surface
el ectrode layer is forned, into substrate strips along said splitting slit
prrovi ded in said sheet-formed substrate; and separating said substrate
strips into individual substrate pieces. 20 28. A nethod of
manuf acturing a resistor conprising thes4gé6@ps of: providing a first upper
surf-ace el ectrode | ayer by neans of sputtering on a sheet-fornmed substrate

havi ng a spli is; I .'bn a manner to cross over a side of an upper
surface of szﬁ% %,eﬁtg and an upper surface of said splitting slit, and
to fill in s I§_ Vi ‘Eﬁrﬂ:}b‘étﬁ't?;m% _ providing a resistor |ayer
ih a manner t33 et an electrical connection with said first upper surface
el ectrode | ay®4 ;,Campenehitrageadr protective layer in a manner to cover at | east
upper surfacess ®oldéifl htdast upper surface el ectrode layer and said

resi stor Iayegé' b FeR9 2 second upper surface el ectrode |ayer connecting
electrically wdél‘ﬁﬁ%éf at least said first upper surface el ectrode |ayer;
separating sat e

formed substrate, whereon said second upper surface
el ectrode | a§érFirsf uppersurfacaglectzodsslayet e strips along said splitting slit
provi ded i n 43i Secdmedupper surfhcsebentradiedayemd separating said substrate
strips into gpdRadistoplayeybstrate pieces. 35 29. A nethod of manufacturing a

resistor comSiﬁog&ﬁvgqali?eps of : providing a first upper surface el ectrode
layer on a shgeNfiRel pRiledlaydl PP’
47 Solder-plated layer
48 Slit in vertical direction
49 Slit in horizontal direction
50 Trimming groove
51 Substrate strip
52 Individual substrate piece
61 Substrate
62 First upper surface electrode layer
63 Second upper surface electrode layer
64 Resistor layer
65 Protective layer
66 Nickel plated layer
67 Solder-plated layer




surface of a sheet-fornmed substrate having a splitting slit, in a manner
not to cross over an upper surface of said splitting slit; 40

providing a resistor layer in a manner to nake an el ectrical connection
with said first upper surface electrode |ayer; providing a protective |ayer
ir a manner to cover at |east upper surfaces of said first upper surface

el ectrode | ayer and said resistor |ayer; providing a second upper surface

el ectrode | ayer by pouring el ectrode paste 45 in a manner to connect
electrically with at least said first uppgp surface el ectrode layer, to
ctr0oss over an upper surface of said splitting groove, and to fill in said

splitting slit, .. .56 separating said sheet-forned substrate, whereon said
second upper é%rslgdgv@rfé‘gﬁrdg‘@&ug%yer is formed, into substrate strips al ong
sai d splittin@ Slittinhosizontal dinecden d sheet - f ormed substrate; and separating
sai d substr at 60 sFrimpsing groovendi vi dual substrate pieces. 5 30. A nmethod of
manuf act uri ng7p Sﬂgh@t@gﬁgorrpri sing the steps of: providing a first upper

surface el ect‘wqﬁ ﬁ?ﬁﬂsﬁﬁsﬁa@kﬂ@cﬁoo”i on of an upper surface of a
shrate
[+

sheet - f or med o havi ng splitting slit, in a manner not to cross
over an upper,Sdridte of said splitting slit; 10 provi ding a
resistor |aydP iMo f8r to nmake an electrical connection between said

first upper & f3eldesingaresde | ayer;
77 Component area

81 Substrate
82 First upper surface electrode layer
83 Second upper surface electrode layer
84 Resistor layer
85 Protective layer
86 Third upper surface electrode layer
87 Nickel plated layer
88 Solder-plated layer
89 Slit in vertical direction _
90 Slit in horizontal direction .
91 Trimming groove
92 Substrate strip
93 Individual substrate piece
101 Substrate :
102 First upper electrode layer
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providing a protective layer in a manner to cover at |east upper surfaces
of said first upper surface el ectrode |ayer and said resistor |ayer;

provi ding a second upper surface el ectrode |ayer by nmeans of sputtering in
a 15 -~manner to connect electrically with at |east said first upper
surface el ectrode layer, to cross over an upper surface of said splitting
slit in said sheet-fornmed substrate, and to fill in said splitting slit;
separating said sheet-forned substrat &gAgereon said second upper surface
el ectrode Iayer is formed, into substrate strips along said splitting slit

provided in dch.,

' [ [ t e; and separating said substrate
strips into hagl s;rlﬁgﬁgttsﬁ‘frrg{cg%pl eces. ?ér

105 Protectwe layer
106 Third upper surface electrode layer
107 Nickel plated layer
108 Solder-plated layer
109 Slit in vertical direction
110 Slit in horizontal direction
111 Trimming groove
112 Substrate strip
113 Individual substrate piece
121 Substrate
122 Upper electrode layer
123 Resistor layer
124 Protective layer
125 Side electrode layer
126 Nickel plated layer
127 Solder-plated layer
128 Slit in vertical direction
129 Slit in horizontal direction
130 Total resistor layer
131 Trimming groove
132 Substrate strip
133 Individual substrate piece
134 Fillet

Cu




57/60

135 Mount area
136 Soldering area
141 Substrate
142 First upper electrode layer
143 Resistor layer
144 Protective layer
145 Second upper electrode layer
146 Side electrode layer
147 Nickel plated layer
148 Solder-plated layer
149 Slit in vertical direction
150 Slit in horizontal direction
151 Total resistor layer
152 Trimming groove
153 Substrate strip
154 Individual substrate piece
161 Substrate
162 Upper electrode layer
163 Resistor layer
164 Protective layer
165 Nickel plated layer
166 Solder-plated layer
167 Slit in vertical direction
168 Slit in horizontal direction
169 Trimming groove
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170 Substrate strip
171 Individual substrate piece
173 Fillet
174 Component area
175 Soldering area
176 Mount area
181 Substrate
182 Upper electrode layer
183 Resistor layer
184 Protective layer
185 Nickel plated layer
186 Solder-plated layer
187 Slit in vertical direction
188 Slit in horizontal direction
189 Trimming groove
190 Substrate strip
191 Individual substrate piece
201 Substrate
202 First upper electrode layer
203 Resistor layer
204 Protective layer
205 Second upper electrode layer
206 Nickel plated layer
207 Solder-plated layer
208 Slit in vertical direction



209 Slit in horizontal direction
210 Trimming groove
211 Substrate strip
212 Individual substrate piece
213 Fillet
214 Component area
215 Soldering area
216 Mount area
221 Substrate
222 First upper electrode layer
223 Resistor layer
224 Protective layer
225 Second upper electrode layer
226 Nickel plated layer
227 Solder-plated layer
228 Slit in vertical direction
229 Slit in horizontal direction
230 Trimming groove
231 Substrate strip
232 Individual substrate piece
241 Substrate
242 First upper electrode layer
243 Resistor layer
244 Protective layer
245 Second upper electrode layer
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246 Nickel plated layer
247 Solder-plated layer
248 Slit in vertical direction
249 Slit in horizontal direction
250 Trimming groove
251 Substrate strip
252 Individual substrate piece
- 261 Substrate
262 First upper electrode layer
263 Resistor layer
264 Protective layer
265 Second upper electrode layer
266 Nickel plated layer
267 Solder-plated layer
268 Slit in vertical direction
269 Slit in horizontal direction
270 Trimming groove
271 Substrate strip
272 Individual substrate piece



