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SPECIFICATION

TITLE OF THE INVENTION -
MULTI-ELEMENT TYPE CHIP DEVICE AND PROCESS FOR MAKING THE SAME

TECHNICAL FIELD

The present invention relates to a multi-element type chip

device wherein a plurality of device elements are arranged on a

single chip substrate in a row, and a process for making the same.

BACKGROUND ART

A multi-element type chip resistor is already known as an

example of a multi-element type chip device wherein a plurality
of device elements are arranged on a single chip substrate in a
row. Typically, a prior art multi-element type chip resistor ﬁas
such a structure as shown in Figs. 13 through 15.

As illustrated in Figs. 13 through 15, the prior art multi-
element type chip resistor has a chip substrate 10' made of an
insulating material such as alumina ceramic. The substrate 10
has side edges which are spaced widthwise and formed with four
pairs of longitudinally spaced projections 11'. The projections
11* in each pair are obposed to each other widthwise of the |
substrate. Each of the projections 11' has an upper surface
formed with a thick-film primary electrode 12a' made of a
conductive paste such as silver-palladium paste. A thick-film
resistor element 13' made of ruthenium oxide paste for example is
printed to bridge between each pair of primary electrode 12a’.

The primary electrode 12a' is held in conduction with a secondary
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electrode 12b' extending onto the lower surface of the substrate
10'. |

As shown in Figs. 14 and 15, each resistor element 13' is
normally covered by three thick-film printed glass layers which
include an undercoat layer 14', a middle-coat layer 15' and an
overcoat layer 16'. The undercoat layer 14' is provided to
suitably perform 1aéer trimming of the resistor element for
resistance adjustment without surface roughening. The middle-coat
layer 15' is provided to cover a laser-trimmed slit 17' (Fig. 13)

of the resistor element 13'. The overcoat layer 16 protects the

resistor element 13' as a whole.

‘Similarly to a single-element type chip resistor, the multi-
element Type chip resistor having the above-described structure
may be conveniently manufactured by a master substrate 18' to
which a thick—film printing method is performed, as shown in Fig.
16. The ﬁaster substrate 18' is formed with vertical divisional
grooves 19' and ihtersecting horizontal divisional grooves 20' for
division into a plurality of unit substrates, as well as with |
through-holes 21' arranged along the horizontal divisional
grooves 20'. The vertical divisional grooves 19' and the

‘horizontal divisional grooves 20' may be formed, for example, by

pressing blades against a surface of an non-baked substrate green
sheet. The through-holes 21' may be formed by punching the same

substrate green sheet.

In making multi-element type chip resistors, primary
electrodes 12a' are simultaneously formed at respective regions of
the master substrate 18' corresponding to the unit chips by

printing and baking.
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Then, resistor elements 13' are simultaneously formed by
printing and baking. o

Then, an undercoat layer 14' is simultaneously formed by
printing and baking. At this stage, measuring probes (not shown)
are brought into contact with each pair of electrodes 12a' while
performing laser trimming (formation of a slit 17') until the
corresponding resisﬁor element 13' will have a target resistance.

Then, a middle-coat layer 15' and an overcoat layer 16' are
successively formed by printing and baking.

Then, the master substrate 18' is divided along the
horizontal divisional grooves 20', thereby providing substrate
bars each including a plurality of longitudinally connected unit
chip substrates. |

Then, a conductive paste is applied to each substrate bar and
baked to form secondary electrodes 12b' in conduction with the
primary electrode 12a' on the obverse surface side.

Finally, the substrate bars are divided élong the vertical
divisional. grooves 19', thereby providing a plurality of multi-
element type chip resistors having the structure illustrated in
Figs. 13 through 15.

As appreciated from Fig. 13, each of the four resistor
elements 13' formed on the same chip substrate 10' is symmetrical
in plan view configuration with respect to an electrode-to-
electrode center line C, and the width of the resistor element is
enlarged longitudinally of the chip substrate 10' as much as
possible. As shown in Fig. 14, on the other hand, the end edges
14a' of the undercoat layer 1U4' should be located beyond the

resistor elements 13' at both ends of the chip substrate 10',
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whereas the middle-coat layer 15' and the overcoat layer 16'
should have their respective end edges 15a', 16a' located beyond
the end edges 14a’ of the undercoat layer 1i4’'. This_is because,

as represented in Fig. 13, the laser trimmed slit 17' starts from

'a side edge of the resistor element 13', thereby making necessary

for the undercoat layer 14' to cover the resistor element 13'
over its entire width. Further, since the undercoat layer 14!
generally has a'poor acid resistance, the middle-coat layer 15'
and the overcoat layer 16' need to entirely cover the undercoat
layer 14' to prevent corrosion thereof at the time of plating the
electrodes with solder.

According to the prior art shown in Fig. 13, each resistor
element 13' is wide and symmetrical (with respéct to the
electrode-to—electrode center line C), the dimension L1'betﬁéen a
side edge 10a' of the resistor element 13' at each end of the
chip substrate 10' and the corresponding end edge 10a' of the
chip substrate bécomes small. As a result, it is extremely- |
difficult to locate the respective end edges 1da', 15a', 16a' of
the undercoat layer 14', middle-coat layer 15' and overcoat layer
16' within the small dimension L, without any printing deviations.

If, due to a printing deviation or the like, part of the

resistor elements 13' is exposed without being covered by any one

of the glass layers, solder may deposit on the exposed part at the

time of plating the electrodes with solder, thereby causing a
shorting problem. - Further, if the undercoat layer 1&' is
partially exposed by being incompletely covered by the middle-
coat layer 15' and the overcoat layer 16', the undercoat layer

14' which is made of a material haVing a poor acid resistance may
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be corroded at the time of plating the electrodes with solder, and
the solder may deposit on a resistor element to cause a shorting
trouble. -

A countermeasure for eliminating the problems caused by
printing deviations of the respective glass layers is to-
drastically reduce the width of each resistor element 13'..
However, such a countermeasure results in a new problem of
reducing the range in which the resistance of the resistor-
element is adjusted by laser trimming.

Another countermeasure is to form the middle-coat layer 15'
continuously over adjacent chip substrates (in the state before
the master substrate 18' is divided). However, according to this
countermeasure, the verticai divisional grooves 19' sectioning
the adjacent chip substrates are filled with a hard glass maferial,
So that division of the master substrate cannot be performed
properly to result in irregularity in the configuration of the
divided chip substrate. Further, glass fragments may scatter
around at the time of dividing the master substrate, thereby

deteriorating the surrounding environment.

DISCLOSURE OF THE INVENTION

Therefore, an object of the present invention is to provide a

‘multi-element type chip device, in particular a chip resistor,

which is capable of eliminating or reducing the above-described
problems of the prior art.

According to a first aspect of the present invention, there
is provided a multi-element type chip device comprising an

elongate-chip substrate, 2n pairs of opposed electrodes [n
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representing a positive integer] formed on a surface of the chip
substrate at a generally constant interval longitudinally of the
chip substrate, device elements each formed between a respective
pair of electrodes, and a protective coating formed to cover the
device elements in a row extending longitudinally of the chip
substrate; wherein a (2m-1)th device element [m representing a
positive integer not exceeding n] as counted from one end of the
chip substrate has a widthwise center which is offset from a
widthwise center of a-correSponding pair of electrodes toward the
other end of the chip substrate; and wherein a (2m)th device
element as counted from said one end of the chip substrate has a
widthwise center which is offset from a widthwise center of a
corresponding pair of electrodes toward said one end of the chip
Substrate. |

The advantages of the multi-element type chip device having
the above-described structure will be specifically described on
the basis of the embodiment to be described later.

' According to a breferred embodiment of the present invention,
each of the device elements is a resistor élement.

Further, the protective coating may comprise an undercoat
layer formed to cover the device elements in a row extending
longitudinally of the chip substraté, a middle-coat layer formed
to cover the undercoat layer, and an overcoat layer formed to
cover the middle-coat layer. In this case, the undercoat layer
may advantageously extend longitudinally of the chip substrate
throughout and beyond all of the device elements, the middle-coat
layer extending longitudinally of the chip substrate at least as

much as the undercoat layer extends, the overcoat layer extending
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longitudinally of the chip substrate to a position beyond the
middle-coat layer but short of each edge of the chip substrate.

According to a second aspect of the present invention, there
is provided a process for making multi-element type chip devices
comprising the steps of: preparing a master substrate formed with
vertical divisional grooves and horizontal divisional grooves for
defining elongate unit regions arranged in plural rows and
columns; forming 2n pairs of opposed electrodes [n representing a
positive integer] in'each unit region at a generally constant
interval longitudinally thereof; forming device elements eéch
extending between a respéctive pair of electrodes in said each
unit region; and forming a protective coating to cover the device
elements in a row extending longitudinally of said each unit_
region; wherein a (2m-1)th device element [m representing a
positive integér not exceeding n)] as counted from one end of said
each unit region is formed to have a widthwise center which is
offset from a widthwise center of a corresponding pair of
electrodes toward the other end of said each unit region; and
wherein a (2m)th device element as counted from said one end of
said each unit region is formed to have a widthwise center which
is offset from a widthwise center of a corresponding pair of
electrodes toward said one end of said each unit region.

Other objects, features and advantages of the present
invention will become apparent from the following description of

the embodiment given with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view showing a chip resistor as an
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embodiment of multi-element type chip device according the
present invention;

Fig. 2 is an enlarged sectional view taken along lines II-II
in Fig. 1; |

Fig. 3 is an enlarged sectional view taken along lines ITI-
IIT in Fig. 1;

Figs. U through 9 are fragmentary plan views showing the
successive steps of making the chip resistor illustrated in Figs.

1 through 3; .
Fig. 10 is a fragmentary plan view showing a printing mask

‘used for printing resistor elements in making the chip resistor

illustrated in Figs. 1 through 3;

Figs. 11 and 12 are fragmentary plan views showing two
different master substrates to which the printing mask illusfrated
in Fig. 10 may be commonly applied;

Fig. 13 is a plan view showing a prior art multi-element type
chip resistor; _

Fig. 14 is an enlarged sectional view taken along lines XIV-
LIV in Fig. 13; |

Fig. 15 is an enlarged sectional view taken along lines XV-XV
in Fig. 13;

Fig. 16 is a fragmentary plan view showing a master substrate
used for making the chip resistor illustrated in Fig. 13; and

Fig. 17 is an enlarged sectional view showing another prior

art multi-element type chip resistor.

BEST MODE FOR CARRYING OUT THE INVENTION

A preferred embodiment of the present invention will be
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specifically described below with reference to Figs. 1-12.

Figs. 1 through 3 show a multi-element type chip device
embodying the present invention. In the illustrated.embodiment,
the chip device is a chip resistor which comprises four resistor
elements arranged in a row. Fig. 1 is a plan view of the same
chip resistor. Fig. 2 is a sectional view taken albng lines IT-IT
in Fig. 1, whereas Fig. 3 is a sectional view taken along lines
ITI-IIT in Fig. 1. |

As shown in Fig. 1, the resistor of the present embodiment
has the same basic structure as the prior art resistor shown in
Fig. 13. Specifically, the chip resistor 1 has an elongate chip

substrate 10 madé of alumina ceramic or the like. The substrate

- 10 has side edges which are spaced widthwise and formed with four

pairs of longitudinally spaced projections 11. The projections 11
in each pair are opposed to each other widthwise of the substrate
10. Each of the projections 11 has an upper surface formed with
a primary electrode 12a made of a conductive paste such as silver-
palladium paste. The primary electrode 12a has.a rectangular base
portion 12a, formed on the corresponding prbjection, and a
connecting portion 12a. extending inwardly from the base portion.
The base portion 12a; is held in conduction with a secondary
electrode 12b extending onto the lower surface of the substrate 10.
Similarly to the prior art shown in Fig. 13, the pitch P
between the centers of the base portions 12a, of the pbimary

electrodes 12 at the respective pairs of projections 11 is

constant or generally constant. However, according to the present

embodiment, the respective connecting portions 12a. are not

symmetrical longitudinally of the substrate 10, but are
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alternately offset longitudinally of the substrate 10.

Résistqr elements 131-134 (hereinafter referred to as “first-
fourth resistor elements" as counted from the left side of Fig. 1)
are formed by printing ruthenium oxide pasté or the like in a |
thick film to extend between the respective pairs of electrodes
12a. The plan view configuration of these resistor elements 131-
134 is not symmetrical longitudinally of the substrate 10.
Specifically, the first and third resistor elements 131, 133 have
a respective widthwise center G which is offset rightward in Fig.
1 relative to the widthwise center C of the base.portion 12a, of
the éorresponding electrode 12a, whereas the second and fourth
resistor elements 132, 134 have a respective widthwise center G

which is offset leftward in Fig. 1 relative to the widthwise

center C of the base portion 12a: of the corresponding electrode

12a. As a result, the interval D, between the first and second
resistor elements 131, 132 as well as the distance D, between thé
third and fourth resistor elements 133, 134 becomes smaller, |
whereas the distance D, between the second and third resistor
elements 132, 133 becomes larger. Similarly, the distance Lo
between the first resistor element 131 and the left end edge 10a
of the substrate 10 as well as the distance L. between the fourth
resistor element 134 and the left end edge 10b of the substrate 10
increases. |

The resistor elements 131-134 and part of the primary
electrodes 12a are covered in a train by an undercoat layer 14
(indicated by broken lines in Fig. 1) which is made of an
insulating material such as glass. The longitudinally spaced end

edges 1la of the undercoat 14 extend beyond the first resistor
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element 131 and the fourth resistor element 134. The undercoat
layer 14 is provided to suitably perform laser trimming of the
resistor elements for resistance adjustment without surface
roughening, and therefore may be made of a relatively weak
matefial. After forming the'uhdercoat layer 14, the resistance
ad justment by laser trimming (formation of a slit 17) is
performed by bringing unillustrated probes into contact with each
pair of primary electrodes 12a for resistance measurement until
the measured resistance reaches a desired value.

The undercoat layer 14 is covered by a middle-coat layer 15

(indicated by single-dashed chain lines in Fig. 1) which is made
of an insulating material such as glass. The longitudinally
Spaced end edges 15a of theimiddle—coat layer 15 may be aligned
with the end edges 1la of the undercoat layer 1l or may extend
beyond them. The middle-coat layer 15 is provided to make the
laser-trimmed slit 17 of each resistor element 131-134 filled
with an insulating material.

The middle-coat layer 15 is covered by an overcoat layer
(indicated by double-dashed chain lines in Fig. 1) which is also
made of an insulating material such as glass. The longitudinally
spaced end edges 16a of the overcoat layer 16 extends beyond the
end edges 15a of the middlecoat layer 15. The overcoat layer 16
combined with the undercoat layer 14 and the middle-coat layer 15
constitutes a protective'coating for protecting the device as a
whole.

As previously described, the resistor elements 131-134 of the
chip resistor 1 according to the present embodiment rendered

offset alternately in the opposite directions longitudinally of



10

15

20

25

the substrate 10, so that the distance L. between the first
resistor element 131 and the left end edge 10a of the substrate 10

'as well as the distance L, between the fourth resistor element

134 and the left end edge 10b of the substrate 10 can enlarged.
Therefore, by utilizing this enlarged distance L., there is an
enough room for arranging the longitudinally spaéed end edges 1la
of the undercoat layer 14 at positions beyond the first resistor
element 131 and the fourth resistor element 134. Further, the
enlarged distance L. also provides an enough room for arranging
the longitudinally spaced end edges 15a of the middle-coat layer
15 at the same positions as or beyond the end edges 1la of the
undercoat layer 14, and for arranging'the longitudinally spaced
end edges 16a of the overcoét layer 16 beyond the end edges 15a of
the middle-coat layer 15. As a result, even if the undercoaf
layer 14, the middle-coat layer 15 and the overcoat layer 16 are
printed with a positional deviation relative to the printed
position of the resistor elements 131-134, the resistor elements

.131, 134 and the undercoat layer 14 are effectively prevented or

restrained from being exposed from the end edges 16a of the
overcoat layer 16, thereby reducing the occurrence of unexpected
shorting at the time of performing a solder plating step for the
electrodes. |

Further, according to the present embodiment, the resistor
elements 131-134 need not be slenderized ih sSpite of bositional
offsetting thereof, S0 that the range of resistance adjustment
will not be reduced.

Similarly to a conventional chip resistor, the multi-element

type chip resistor according to the present embodiment may be

1 2



conveniently manufactured by a thick-film printing method. Such a
manufacturing method is described below with reference to Figs. U
through 10.

First, as shown in Fig. U, a master substrate 18 is prepared
which corresponds in size to a plurality of chip substrates 10.
The master substrate 18, which is made of an insulating material
such as alumina cerémic, has an obverse surface which is formed
with vertical divisional grooves 19 and horizontal divisional
grooves 20 in lattice-like arrangement to define generally
rectangular unit regions A in plural rows and columns. Through-
holes 21 are formed along the horizontal divisional grooves 20
for forming the above-described projections 11 (see Fig. 11) for
the respective unit regions A. The vertical divisional grooves
19 and the horizontal divisional grooves 20 may be formed, fbr
example, by pressing blades against a surface of an non-baked
substrate green sheet. The through-holes 21 may be formed by
punching the same substrate green sheet.

Then, as shown in Fig. 5, primary electrodes 12a are formed
on predetefmined portions of the master substrate 18. At this
time, the pitch P for forming the primary electrodes 12a is
constant not only in each individual unit region A but also
throughout all unit regions A in each row.

Then, as shown in Fig. 6, resistor elements 131-13U4 are
formed to bridge between the corresponding pairs of electrodes
12a for each unit region A.

Then, as shown in Fig. 7, an undercoat layer 14 is formed to
cover a train of resistor elements 131-134 in each unit region A.

In this condition, measuring probes are brought into contact with

13



10

15

20

25

each paiﬁ of electrodes 12a for measurihg the resistance of the
corresponding resistor element 131-134 and for adjusting the
resistance of the respective resistor element to a predetermined
resistance value by laser trimmihg (formation of a slit 17).

Then, as shown in Fig. 8, a middle-coat layer 15 is formed to
cover the undercoat layer 14 in each unit region A.

Then, as shown'in Fig. 9, an overcoat layer 16 is formed to
cover the middle-coat layer 15 in each unit region A.

Then, the master substrate 18 which has undergone the
formation of the overcoat layer 16 is divided into substrate bars
(not shown) by cutting along the horizontal divisional grooves 20,
and a conductive paste is applied to each substrate bar and baked
to form secondary electrodes 12b (Fig. 2) which extend onto the
reverse surface of the substrate bar into conduction with thé
secondary electrodes 12a.

Finally, the substrate bars are divided along the vertical
divisional grooves 19, thereby providing a plurality of multi-
element type chip resistors having the structure illustrated in
Figs. 1 through 3.

According to the process described above, since the undercoat
layer 14, the middle-coat layer 15 and the overcoat layer 16 are
formed independently for eacﬁ unit region A of the master
substrate 18 without extendlng over the vertical divisional
grooves 19, the middle-coat layer 15 for example will not flll the
vertical divisional grooves 19. Therefore, it is possible to
appropriately divide the master substrate 18 along the divisional
grooves 18, 19, thereby equalizing the configuration of the chip

substrates.
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Fig. 10 schematically illustrates a mask 22 for printing the

" resistor elements 131-134. As understood from Fig. 10, the mask

22 has a plurality of mask openings 22a, 22b arranged in a
plurality of horizontal rows. In each horizontal row, the odd-
numbered mask openings 22a as counted from an end are offset
toward the even-numbered mask openings 22b. The mask openings 22a,
22b correspond in configuration to the resistor elements 131-134
to be formed on the master substrate 18. As long as the pitch P
for forming the primary electrodes 12a on the master substrate is
held constant throughout each row of unit regions A, such a mask
ié commonly applicable to different master plates which are used
for making a plurality of multi-element type chip resistors each
having 2n resistor elements. For instance, the mask 22 is
commonly applicable to a master plate which is used for making a
plurality of multi-element type chip resistors each having two

resistor elements as shown in Fig. 11, or to a master plate which

is used for making a plurality of multi-element type chip

resistors each having eight resistor elements as shown in Fig. 12.
While the above embodiment refers to a multi-element typé
chip resistor, the present invention is not limited to a chip
resistor. For instance, the present invention is also applicable
to a chip capacitor which includes a plurality of capacitor
elements arranged on a single substrate in a row, or to a
composite chip device which includes resistor elements and
capacitor elements arranged on a single substrate.  Though, in the
illustrated embodiment, the protective coating has a triple-layer
structure which includes the undercoat, middle-coat and overcoat

layers equally made of a glass material, it need not has a triple-



layer structure and may be made of a protective material other

than glass.
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1. A multi-element typé chip device comprising an elongate chip
substrate, 2n pairs of opposed electrodes [n representing a
positive integer] formed on a surface of the chip substrate at a
generally constant interval longitudinally of the chip substrate,
device elements each formed between a respective pair of
electrodes, and a protective coating formed to cover the device
elements in a row extending longitudinally of the chip substrate;
wherein a (2m-1)th device element [m representing a positive
integer not exceeding n)] as counted from one end of the chip
substrate has a widthwise cgnter which is offset from a widthwise
center of a corresponding pair of electrodes toward the other end
of the chip substrate; and |
wherein a (2m)th device element as counted from said one ehd
of the chip substrate has'a widthwise center which is offset from
a widthwise center of a corfesponding pair of electrodes toward

said one end of the chip substrate.

2. The multi-element type chip device according to claim 1,

wherein each of the device elements is a resistor element.

3. The multi-element type chip device according to claim 1,
wherein the protective coating comprises an undercoat layer formed
to cover the device elements in a row extending lohgitudinally of
the chip substfate, a middle-coat layer formed to cover the
undercoat layer, and an overcoat layer formed to cover the

middle-coat layer.

Sheet Has Been Replaced _
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4. The multi-element type ehip device according to claim 3,
wherein the undercoat layer extends longitudinally of the chip
substrate throughout and beyond all of the device elements, the
middle-coat layer extending longitudinally of the chip substrate
at least as much as the undercoat layer extends, the overcoat
layer extending longitudinally of the chip substrate to a position
beyond the middle-coat layer but short of each edge of the chip

substrate.

5. A process for making multi-element type chip devices
comprising the steps of':

preparing a maSter substrate formed with vertical divisional
grooves and horizontal divisional grooves for defining elongate
unit regions arranged in plural rows and columns; |

forming 2n pairs of opposed electrodes [n representing a
positive integer] in each unit region at a generally constant
interval longitudinally thereof; '

forming device elements each extending between a respective
pair of eleetrodes in said each unit region; and

forming a protective coating to cover the device elements in
a row extending longitudinally of said each unit region;

wherein a (2m-1)th device element [m representing a positive
integer not exceeding n)] as counted from one end of said each unit
region is formed to have a widthwise center which is offset from
a widthwise center of a corresponding pair of electrodes toward -
the other end of said each unit region; and

wherein a (2m)th device element as counted from said one end

of said each unit region is formed to have a widthwise center

I
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which is offset from a widthwisé_center of a corresponding pair of

“electrodes toward said one end of said each unit region.

6. The process according to claim 5, wherein each of the device

elements is a resistor element.

7. The process according to claim 5, wherein the protective
coating is formed by successively forming an undercoat layer
covering the device elements in a row extending longitudinally of
Said each unit region, a middle-coat layer covering the undercoat

layer, and an overcoat layer covering the middle-coat layer.

8. The process according to claim 7, wherein the undercoat layer
is forméd to extend longitudinally of said each unit region
throughout and beyond all of the device elements, the middle-coat
layer being formed to extend longitudinally of said each unit
region at least as much as the undercoat layer extends, the.
overcoat layer being formed to extend longitudinally of said each
unit region to a position beyond the middle-coat layer but short

of each edge of said each unit region.

9. The process according to claim 5, wherein the interval between
all pairs of electrodes in each row of unit regions is constant

throughout said each row of unit regions.
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