-l

%

This Sheet Has Been Repl

K

TUTLE OF THE INVENTION

METAL FILM RESISTOR HAVING FUSE FUNCTION AND METHOD FOR
RODUCING THE SANE

TECHNICAL FILLD

The present invention relales™to an alloy film resistor
containing mainly nickel and phosphorus having an excellent fuse

funclion and a method Cor producing the alloy (ilm resistor.
BACKGROUND ART

IHlectric resistors which are parts necessary for electric
circuils have been widely used for any elcctrical and electronic
cquipment. Recently, since precision {echniques of electrical
and clectronic cquipment have made progress and also cleclronic
cquipment for home and industry has altached importance to the
safcly, Lhe resistors having a fuse functlion have been required.
That is, thc resistors including the fuse funclion in which
when Lhe resistors are normally used, good eleetrical

characteristics in TCR (lemperature coefficient of resistance)

_are shown and when an overload is once applied, a fusing is

rapidly performed before the overload badly affeets other
cleelronic parts must be obtaincd.

Conventionally, a nickel-iron-phosphorus metal film obtained
by an clcclroless plating process has been proposcd as a
resistor having cxcellent fusing characleristics (Japanese

patent publication No.20687 of 1982). it is well known that

though a nickel-phosphorus alloy film has the good ICR Lhe
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alloy film containing only nickel-phosphorus takes a long time
required for fusing and thus an iron is contained as a third
component in the above resistor in order to improve the fusing
characteristics. llowever, the iron added as the third
component results in the deteriora}}on af the TCR of the alloy

film while the addition of the iron to the nickel-phosphorus

alloy film allows the fusing time to be reduced surely. That is,

in the conventional nickel-phosphorus alloy film resistor, the
improvements in both the TCR and the fusing characteristics
cannot be attained at the same time, and thus the TCR or the
fusing characteristics cannot help deteriorating.

Accordingly, it is an object of the present invention to
provide a nickel-phosphorus alloy film resistor having
excellent fuse characteristics while maintaining low TCR
(temperature coefficient of resistance) characteristics even if
a third component such as iron is not contained and a method
for producing the alloy lilm resistor.

It is another object of the present invention to provide a
nickel-iron-phosphorus alloy film resistor in which a
phenomenon of the increase in current occurs little, which in
the case of a nickel-iron-phosphorus alloy film resistor formed
hy a conventional electroless plating process, it
characteristically occurs immediately before the fusing, and to

provide a method for producing the alloy film resistor.

DISCLOSURE OF TIIE INVENTION

The present invention adopts processing means in which after
the conductivity is given to the surface of an electrical

insulating substrate such as ceramics by sequentially
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performing an etching treatment, an activating treatment and an

electroless plating treatment to the electrical insulating
substrate, a nickel-phosphorus alloy film or a nickel-iron-
phosphorus alloy film is formed by an electrochemical treatment
using not an electroless plating ggoceéﬁ but an electrolytic
plating process. Since the electrolytic plating process is used,
a film thickness of the alloy film in the proximity of the
middle part on the surface of the insulating substrate is
thinner than that of the alloy film of the corner or ridge parts
on the surface of the insulating substrate, and the thin part
of the film thickness serves as a suitabe fusing start part

when applying an overload.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig..1 is a sectional view illustrating a nickel-phosphorus
alloy film resistor according to the present invention;

Fig.2 is a fusing characteristic illustration of the nickel-
phosphorus alloy film resistor according to the present
invention; and

Fig.3 is a fusing characteristic illustration of the nickel-
phosphorus alloy film resistor obtained by a conventional

electroless plating process.
BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in detail by way of

first to fourth embodiments below.

[First Embodiment]
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First, a ceramic substrate 1 (outer diameter of 4.5 mm and
length ok.14.0 mm) was dipped into An etching solution
containing hydrofluoric acid and nitric acid or an etching
solution containing only hydrofluoric acid and an etching
treaiment was performed, and then g_senéitizing treatment was
performed by dipping the ceramic substrate 1 into a sensitizing
solution containing stannous chloride and hydrochloric acid,
and further an activating treatment was performed by dipping the
ceramic substrate 1 into an activating solution containing
palladium chloride and hydrochloric acid. Then, a nickel-
phosphorus alloy plating treatment was performed as a priming
plating by an electroless plating process and the conductivity
was given to the ceramic substrate 1.

The ceramic substrate 1 pretreated by the above normal
manner was dipped into a plating solution with a solution
temperature of 50 °C and a pHl of 1.5 containing 0.571 mol/1 of
nickel (obtained by using nickel sulfate), 0.337 mol/1 of
nicke! (obtained by using nickel chloride), 0.204 mol/l of
phosphoric acid, 0.244 mol/1 of phosphorous acid, and 0.647
mol/l of boric acid (buffer agent), and an electrolytic plating
treatment was performed for 540 minutes at a current density of
0.5 A/dm®. As a result, a nickel-phosphorus alloy film 2
consisting of 87 wt¥ of nickel and 13 wt%¥ of phosphorus was
formed on the surface of the ceramic substrate 1. A film
thickness of the middle part 11 on the column surface of the
ceramic substrate 1 was 20 zm and a film thickness of both end
parts 12 on the column surface was 38 um.

After performing a heat treatment for 180 minutes at a
temperature of 210 °C, an end capping, a groove cutting and a

proteclive coating were sequentially performed to a resistor,
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and a nickel-phosphorus alloy film resistor with a resistance
value of 40 mQ, an electric capacity of 2 W and a TCR
(temperature coefficient of resistance) of 50 ppm/°C was

produced.

[Second Embodiment ]

A ceramic substrate 1 to which the conductivity was given by
performing the same pretreatment as the first embodiment was
dipped into a plating solution with a solution temperature of 50
C and a pll of 1.5 containing 1.394 mol/1 of nickel (obtained
by using nickel sulfamate), 0.021 mol/l of nickel (obtained by
using nickel chloride), 0.204 mol/1 of phosphoric acid, 0.244
mol/1 of phosphorous acid, and 0.645 mol/! of boric acid
. (buffer agent),and an electrolytic plating treatment was
performed for 270 minutes at a current density of 1 A/dm®. As a
result, a nickel-phosphorus alloy film consisting of 82 wtX of
nickel and 11 wt% of phosphorus was formed on the surface of the
ceramic substrate 1. A film thickness of the middie part 11 on
the column surface of the ceramic substrate 1 was 12 zm and a
film thickness of both end parts 12 on the column surface was 22
[ m,

After performing a heat treatment for 180 minutes at a
temperature of 210 °C, an end capping, a groove cutting and a
protective coating were sequentially performed to a resistor,
and a nickel-phosphorus alloy film resistor with a resistance
value of 100 mQ , an electric capacity of 2 W and a TCR
(temperature coefficient of resistance) of 65 ppm/°C was

produced.

{Third Embodiment ]

[l

1!




This Sheet Has Been Replaced

AR

A ceramic substrate 1 to which the conductivity was given by

performing the same pretreatment as the first embodiment was
dipped into a plating solution with a solution temperature of 50
‘C and a pll of 1.5 containing 0.571 mol/l of nickel (obtained
by using nickel sulfate), 0.337 mol/1 of nickel (obtained by
using nickel chloride), 0.164 mol/i—of iron (oblained by using
ferrous suifate), 0.204 mol/1 of phosphoric acid, 0.244 mol/I of
phosphorous acid, and 0.484 mol/l of boric acid (buffer agent),
and an electrolytic plating treatment was performed for 540
minutes at a current density of 0.5 A/dm®. As a result, a
nickel-iron-phosphorus alloy film consisting of 87 wt¥ of
nickel, 10 wt¥ of phosphorus, and 3 wt% of iron was formed on
the surface of the ceramic substrate 1. A film'thickness of the
middlie part 11 on the column surface of the ceramic substrate 1
was 16 um and a film thickness of both end parts 12 on the
column surface was 30 um.

After performing a heat treatment for 180 minutes at a
temperature of 210 °C, an end capping, a groove cutting and a
protective coating were sequentially performed to a resistor,
and a nickel-iron-phosphorus alloy film resistor with a
resistance value of 66 mQ, an electric capacity of 2 W and a
TCR (temperatlure coefficient of resistance) of 100 ppm/°’C was

'produced.

[Fourth Embodiment ]

A ceramic substrate 1 to which the conductivity was given by
performing the same pretreatment as the first embodiment was
dipped into a plating solution with a solution temperature of 50
‘C and a pil of 1.5 containing 1.394 mol/! of nickel (obtained
by using nickel sulfamate), 0.021 mol/! of nickel (obtained by
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using nickel chloride), 0.164 mol/l of iron (obtained by using
ferrous sulfate), 0.204 mol/1 of phosphoric acid, 0.244 mol/i of
phosphorous acid, and 0.645 mol/I of boric acid (buffer agent),
and an electrolytic plating treatment was performed for 270
minutes at a current density of 1 A/dm®. As a result, a nickel-
iron-phosphorus alloy film consistiﬁé of 88 wtX of nickel, 9 wi%
of phosphorus, and 3 wi% of iron was formed on the surface of
the ceramic substrate 1. A film thickness of the middle part 11
on the column surface of the ceramic substrate 1 was 9 zm and
a film thickness of both end parts 12 on the column surface was
15 em.

After performing a hedt treatment for 180 minutes at a
temperature of 210 °C, an end capping, a groove cutting and a
protective coating were sequentially performed to a resistor,
and a nickel-iron-phosphorus alloy film resistor with a
resistance value of 150 mQ, an electric capacity of 2 W and a
TCR (temperature coefficient of resistance) of 125 ppm/'C was

produced.

As described in the above embodiments, the nickel-phosphorus
alloy film is formed by the electrolytic plating process in the
present invention. Thus, the film thickness of the corner and
ridge parts of the ceramic substrate 1 is thicker than thal of
the other parts due to the variation in current density of
plating in a plating bath. Though such an unevenness of an
electrodeposition is not preferable in fields using the
electrolytic plating process, the present invention positively
utilizes the unevenness of the electrodeposition making a
complete about-face of idea. When the electrolytic plating

treatment as stated in the above embodiments is performed on the
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ceramic substrate 1 having the column shape, the film thickness
in the proximity of the middle part 11 on the column surface
(see Fig.1) is thinnest. The thin part of the film thickness
suitably triggers a fusing start. Also, the middle part 11 on
the column surface is used as a part of-the groove cutting for
adjusting the resistance value and the groove cutting can be
facilitlated since the film thickness of the middle part 11 is
thin.

[Fusing Test]

A result of a-fﬂsing test examined in a nickel-phosphorus
alloy film resistor obtained by the above embodiments is shown
in Fig.2. Also, a fusing result of a nickel-phosphorus alloy
film resistor obtained by a conventional electroless plating
process is shown in Fig.3.

In Fig.2, using a nickel-phosphorus alloy film resistor
(outer diameter of 4.5 mm and length of 14.0 mm) with an
electric capacity of 2 W according to the first embodiment and
a nickel-iron-phosphorus alloy film resistor according to the
third embodiment, the time required to break the resistors
completely by continuously applying a DC voltage 15 times a
rated power to the resistors respectively is indicated together
with the change of current.

As seén from the comparison between Fig.2 and Fig.3, even if
the voltage épplied as an gbnormal voltage is 15 times the
rated power and is lower than the general abnormal voitage in
the nickel-phosphorus alloy film resistor and the nickel-iron-
phosphorus alloy film resistor of the present invention, the
fusing time is remarkably reduced compared with a conventional

resistor and an electric circuit is not affected badly. Further,
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a phenomcnon of the increase in current (1.6 lo 2.5 times a

rated current) inmediately before the fusing generally observed
in the nickel-iron-phosphorus alloy film resistor by the
conventional clectroless plating process occurs little, and the

clectrice circuit is not affected badly é&cn for a moment.

As mentioned above, since the nickel-phosphorus atloy film
having a locally Llhin part is positively formed by using an
cleclrolytic plating process in the nickel-phosphorus alloy
film rcsistor according lo the present invention, the fusing is
casily stlarted in the thin part of the film thickness when
applying an overload. Accordingly, since it does not require
that a third component sﬁch as iron is contained in the alloy
Ci!ﬁ, Lhe nickel-phosphorus alloy film resistor in which the
deterioration of a TCR (temperatlure coefficient of resistance)
docs not occur and also the fusing is speedily perf{ormed
without almost phenomcnalizing the increase in currcnt
immcdiately before the fusing can be provided. Further, if
the iron is additionally ‘contained using a method according to
the present invention, the time required to fuse lhe resistor
compictlely is more reduced as shown in FFig.2 though the TCR
becomes slightly sacrificed.

INDUSTRIAL APPLICABILITY

As described above, a metal film resistor having a fusc
function according Lo the present invention has remarkably good
fusing characteristics when applying an overload white ensuring
an exceltent TCR (temperature coeffricient of resistance) and
thus the metal film resistor is useful for resistors used in

any clecelrical and clectlronic cquipment atlaching importance to
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the safely, particularly, is the most suilable for precision
resistors omployed in various prcecision measuring instruments.

Also, since a method (or producing the metal fiim resistor
having the fuse function according Lo the present invention
utilizes an cleelrolytlic plating proceéé, a f{ilm proportional
to current value and {ime can Bé formed though some bath
contro! is required. By adjusting the currcent value or the like,
the resistor ranging from low resistance region (0.02 © or
less) to high resistance region (1 Q or more) can be formed,
and the method according to the present invention is extremely
uscful as the method for producing Lhe nickel-phosphorus alloy
film resistor having a desired resistance value with both
electrical charﬁcteristics such as TCR and fusing

characleristics.

il
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1. A metal film resistor having a fuse function characterized
in that a nickel-phosphorus alloy (ilm having a locally
different thickness is formed on @be surface of an electrical

insulating substrate (1) such as ceramics.

9. A meclal Cilm resistor having a fuse funclion characterized
in that a nickel-iron-phosphorus alloy film having a locally
difrerent thickness is formed on the surface of an electrical

insulating substrate (1) such as ccramics.

3. A method for producing a metal film resistor having a fuse
functlion characterized in that after the conductivity is given
to the surface of an electrical insulating substrate (1) such as
ceramics. by scquentially performing an clching trealment, an
aclivaling treatment and an electroless plating trealment to the
cleetrical insulating substrate (1), a nickel-phosphorus alloy

film is formed by an eleclrolylic plating treatment.

4. A method for producing a metal (Cilm resistor bhaving a fuse
funclion characterized in that after the conductivity is given
Lo the surface of an electrical insulating substrate (1) such as
ceramics by sequentially performing an clching treatment, an
activaling treatment and an electroless plating trealment to the
clectrical insulating substrale (1), a nickel-phosphorus alloy
film is formed on the surface of the eleclrical insulating
substrate (1) by dipping the electrical insulating'substrate
(1) to which the conduclivily is given inlo a plating solution

with a pil of 0.5 Lo 5.5 and a solution tcmperature of 20 to 70
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‘C containing 0.5 to 4.0 mol/l of nickel (oblained by using

nickel salt), 0.1 to 1.5 mol/] of phosphoric acid, phosphorous
acid or hypophosphorous acid, and 0.2 to 1.5 mol/l of boric
acid and performing an electrolytic plating treatment at a

currenl density of 0.1 to 10 A/dm? and then a heat aging

treatment is perforned.

5. A mecthod for prdducing a mctal Tilm resistor having a fusc
funclion characterized in that after the conduclivily is given
Lo the surface of an cleetrical insulatling substrate (1) such as
ccramics by scquentially performing an ctlching trecatmeni, an
activaling treatment and an.electroless plating treatment Lo the
electrical insulating substrale (1), a nickel-iron-phosphorus

alloy film is formed by an electrolytic plating treatment.

6. A mcthod for producing a mclal (ilm resistor having a fuse
function characlerized in that afler the conductivily is given
to the surface of an cleetrical insulaling substrate (1) such as
cceramics by sequentially performing an elching treatment, an
activating trcatment and an electroless plating treatment to the
clecetrical insulating substrate (1), a nickel-iron-phosphorus
alloy Cilm is formed on the surface of the electrical
insulating substrate (1) by dipping the electrical insulating
substrate (1) to which the conductivily is given into a plating
solution with a pif of 0.5 Lo 5.5 and a solution temperature of
20 to 70 °C containing 0.5 to 4.0 mol/l of nickel (oblained by
using nickel salt), 0.00{ to 1.0 mol/l of iron (obtained by
using iron salt), 0.1 to 1.5 mol/l of phosphoric acid,
phosphorous acid or hypophosphorous acid, and 0.2 to 1.5 mol/Il

of boric acid and performing an clectrolytic plating treatment
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al a current density of 0.1 to 20 A/dm? and then a heat aging

Lrecatment is performed.




