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TITLE OF TUE INVENT ION 

METAL Fl LM llESISTOlt HAVING FUSE FUNCTION AND METllOD FOR 

PnOl>UCING TllE SAME 

'I ECllN I CAL FIELD 

The present invention rclales"lo an alloy f i Im resistor 

co11laining mainly nicl<el and phosphorus having an excel lent fuse 

function and a method for producing lhc alloy film resistor. 

Bt\CI<GllOUND Alff 

Electric resistors which are parts necessary for electric 

circuits ham been Nideiy used for any electrical and electronic 

cquipmcitt. ncccnlly, since precision techniques of electrical 

and electronic equipment have made progress and also electronic 

equipment for home and industry has attached importance to the 

safely, lhc 1·esistors having a fuse function have been required. 

Thal is, the resistors including the ruse function in 1vhich 

Nhcn the resistors are normally used, good electrical 

characteristics in TCR (temperature coefficient or resistance) 

arc sho1vn and when an over I oad is once app I i ed, a fusing is 

rapidly performed before the overload badly affects other 

electronic parts must be obtained. 

Conventionally, a nickel-iron-phosphorus metal fi Im obtained 

by an clcclrolcss plating process has been proposed as a 

resistor having excellent fusing characteristics -(Japanese 

patent publication No.20687 of 1982). It is well knoNn thal 

though a 11 i clw I -phosphorus a 11 oy f i l m has the(good TCR"' the 
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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. However, the iron added as the third 

component results in the deterioration or the TCR or 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 film 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 inmediately before the fusing, and to 

provide a method for producing the alloy film resistor. 

DJSCWSUIIB OF TllE 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 ~~ocess but an electrolytic 

pl~ting process. Since the electrolytic plating process is used, 

a film thickness or the alloy film in the proximity of the 

middle part on the surface of the insulating substrate is 

thinner than that or 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 f i Im resistor obtained by a conventional 

electroless plating process. 

BEST MODE FOR CARRYING our THE INVENI'ION 

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 or 4.5 nun and 

length of 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 

treatment was performed, and then a sensitizing treatment was 

perfonned 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 or 50 °C and a pH of 1. 5 containing O. 571 mol/l of 

nickel (obtained by using nickel sulfate), 0.337 mol/1 of 

nickel (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 or 

0.5 A/dm 2
• As a result, a nickel-phosphorus alloy film 2 

consisting or 87 wt% of nickel and 13 wt% of phosphorus was 

formed on the surface or the ceramic substrate 1. A film 

thickness or the middle part 11 on the column surface of the 

ceramic substrate 1 was 20 µm and a film thickness of both end 

parts 12 on the column surface was 38 µ m. 

After performing a heat treatment for 180 minutes at a 

temperature or 210 °C, an end capping, a groove cutting and a 

protective coating were sequentially performed to a resistor, 
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and a nickel-phosphorus alloy film resistor with a resistance 

value or ·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 or 50 

"C and a pll of 1. 5 containing 1. 394 mol/l of nickel (obtained 

by using nickel sulfamate), 0.021 mol/l of nickel (obtained by 

using nickel chlorid~), 0.204 mol/l of phosphoric acid, 0.244 

mol/l of phosphorous acid, and 0.645 mol/l or boric acid 

(buffer agent),and an electrolytic plating treatment was 

performed for 270 minutes at a current density or 1 A/dm2 • As a 

result, a nickel-phosphorus alloy film consisting or 89 wt% or 

nickel and 11 wt% or phosphorus was formed on the surface or the 

ceramic substrate 1. A film thickness of the middle part 11 on 

the column surface or the ceramic substrate 1was12 µm and a 

film thickness of both end parts 12 on the colW"llll surface was 22 

µ 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) or 65 ppm/°C was 

produced. 

l 111i rd Bnbodiment J 
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A ceramic substrate 1 to which the conductivity was given by 

performing the same pre~reatment as the first embodiment was 

dipped into a plating solution with a solution temperature or 50 

•c.; and a pll of 1. 5 containing O. 571 mol/I of nickel (obtained 

by using nickel sulfate), 0.337 mol/l or nickel (obtained by 

using nickel chloride), 0.164 mol/l of iron (obtained by using 

ferrous sulfate), 0.204 mol/l of phosphoric acid, 0.244 mol/l or 

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/dmz. As a result, a 

nickel-iron-phosphorus alloy film consisting of 87 wt% or 

nickel, .10 wt% or phosphorus, and 3 wt% 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 16 11m and a film thickness of both end parts 12 on the 

column surface was 30 11 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-iron-phosphorus alloy film resistor with a 

resistance value of 66 mn, an electric capacity of 2 Wand a 

TCR (temperature coefficient of resistance) of 100 ppm/°C was 

produced. 

[Fourth FmbodimentJ 

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 pit of 1.5 containing 1. 394 mol/l of nickel (obtained 

by using nicl<el sulfamate), 0.021 mol/l 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/I of phosphoric acid, 0.244 mol/l or 

phosphorous acid, and 0.645 mol/l of boric acid (buffer agent), 

and an electrolytic plating treatment was performed for 270 

minutes at a current density of 1 A/dm2 • As a result, a nickel­

iron-phosphorus alloy film consisting or 88 wt% or nickel, 9 wt% 

or phosphorus, and 3 wt% of iron was formed on the surface or 

the ceramic substrate 1. A film thiekness of the middle part 11 

on the column surface of the ceramic substrate 1 was 9 µ m and 

a film thickness of both end parts 12 on the colwnn surface was 

15 µ 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-iron-phosphorus alloy film resistor with a 

resistan~e value of 150 mn, an electric capacity of 2 Wand a 

TCR (temperature coefficient or resistance} or 125 ppmiC 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 that or 

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 colunm shape, the film thickness 

in the proximity or the·middle part 11 on the column surface 

(see Fig. I) is thinnest. The thin part" of the film thickness 

suitably triggers a fusing start. Also, the middle part 11 ori 
the column surface is used as a pa~! of the groove cutting for 
adjusting the resistance value and the groove cutting can be 
facilitated since the film thickness of the middle part 11 is 
thin. 

[Fusing Test] 

A result or a -fusing test examined in a nickel-phosphorus 
alloy film resistor obtained by the above embodiments "is shown 
in Fig.2. Also, a fusing result or 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 seen from the comparison between Fig.2 and Fig.3, even if 
the voltage applied as an abnormal voltage is 15 times the 

rated power and is lower than the general abnormal voltage in 
the nickel-phosphorus alloy film resistor and the nickel-iron­
phosphorus alloy film resistor or 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 phenomenon or the increase in current ( 1.. 6 to 2. 5 times a 

rated current) immediately before the fusing generally observed 

in the nickel-iron-phosphorus alloy film resistor by the 

co11\'entional electro less plating process occurs U ttle, and the 
-

clcct1·ic circuit is not affected badly even for a moment. 

1\s mentioned above, since the nicJml-phosphorus alloy f i Im 

having a locally thin part is poS'i lively formed by using an 

clecl1·0Iylic plating process in the nickel-phosphorus alloy 

fi Im resistor according to the present invention. the fusing is 

easily started in the thin part of the film thiclmess when 

applying an overload. Accordingly, since it does not require 

that a third component such as iron is contained in the alloy 

f i Im, the niC'licl-phosphorus al toy film 1·esistor in which the 

deterioration of a TCR (temperature coefficient or resistance) 

docs no~ occur and also the fusing is speedily performed 

Nilhout almost phcnomcnalizing the increase in current 

immediately before the fusing can be provided. Further, if 

the iron is additionalJy ·contained using a niethod according to 

the present invention, the time required to fuse the resistor 

comp l c le I y is more reduced as shmvn in Fig. 2 though the TClt 

becomes s l i gh ll y sacrificed. 

INDUSTRIAL /\PPLIC/\BILITY 

As described above, a metal film resistor having a ruse 

function according to the present invention has remarkably good 

fusing characteristics when applying an overload while ensuring 

an excellent TCR (temperature coefficient or resistance) and 

thus the metal film resistor is useful for resistors used in 

any electrical and electronic equipment attaching importance lo 
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lhc safety, parlicularly, is lhe most sui lab le for precision 

rcsislors -employed in various precision measuring inslrumenls. 

Also, since a melhod for producing the metal film resistor 

ha vi 11g the ruse function according lo the present invention 

utilizes an electrolytic plating process, a film proportional 

to cm•t•en l va I uc and ti me can be formed though some bath 

control is required. By adjusting the current value or the lil<e, 

the resistor ranging from low resistance region (0. 02 U or 

less) to high resistance region (1 ~~ or more} can be formed, 

and the method according to the present invention is extremely 

uscfu l as the method for producing the n i cl<e I -phosphorus a II oy 

film resistor having a desired resistance value '"ith both 

electrical characteristics such as TCR and fusing 

characteristics. 
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CLAIMS 

l. " metal rnm resistor having a fuse function characterized 

in that a nicl<el-phosphorus alloy film having a locally 

different thickness is formed on the surface of an electrical 

insulating substrate (1) such as ceramics. 

2. A metal fi Im resistor having a "ruse runclion characterized 

in that a nickel-iron-phosphorus alloy film having a locally 

di ffercnt th iclmess is formed on the surface of an electrical 

insulating substrate (I) such as ceramics. 

3. A method for producing a metal film resistor having a fuse 

function characterized in that after the conductivity is given 

lo the surface of an electrical insulating substrate ( 1) such as 

commies. by sequentially performing an etching treatment, an 

activating treatment and an electroless plating treatment to the 

c I cc tr i ca I i nsu I a ting subs tra le ( 1.), a n i elm I -phosphorus at I oy 

f i Im is formed by an electrolytic plating treatment. 

''· t\ method for producing a metal f i Im resistor having a fuse 

function characterized in that artcr the conductivity is given 

lo the surface of an electrical insulating substrate ( l) such as 

ceramics by sequentially pcrfor·ming an etching treatment, an 

activating treatment and an electrolcss plating tr·eatmcnt to the 

electrical insulating substrate (1), a nickel-phosphorus alloy 

film is formed on the surface of the electrical insulating 

substrate ( l) by dipping the electrical insulating substrate 

(I) to Nhich the conduclivi ty is given into a plating solution 

'~'th a pH or O. 5 to 5. 5 and a solution temperature or 20 to 70 
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·c containing 0. 5 to 11. O mol/l of nicl<cl (obtained by using 

11ickcl salt), o. t to 1.5 mol/l or phosphoric acid, phosphorous 

acid or hypophosphorous acid, and 0.2 to 1. 5 mol/l or boric 

acid and performing an electrolytic plating treatment at a 

current density or 0.1 to 10 A/~_mz and then a heat aging 

trca tmcnt is performed. 

' -
5. f\ method for producing a metal film resistor having a fuse 

funclion characterized in that after the conductivity is given 

to the surface or an electrical insulating substrate (1) such as 

ceramics by sequcntial ly performing an etching treatment, an 

activating treatment and an electroless plating treatment to the 

electrical insulating substrate (1), a nickel-iron-phosphorus 

alloy film is formed by an electrolytic plating treatment. 

6. A method for pr·oducing a melal film resistor having a fuse 

function characterized in that after the conductivity is given 

lo the sm·face or an cf cclrical insulating substrate ( t) such as 

ceramics by sequentially performing an etching treatment, an 

activating treatment and an electrolcss plating treatment to the 

electrical insulating substrate (l), a nicl<el-it·on-phosphorus 

alloy film is formed on the surface or the electrical 

insulating substrate ( 1) by dipping the electrical insulating 

substrate (1} lo 1~hich the conductivity is given into a plating 

solution Nilh a ptl or o. 5 to 5. 5 and a solution temperature or 

20 to 70 ·c containing O. 5 to 4. O mol/l or niclcel (obtained by 

using nickel salt), 0.001 lo 1.0 mol/1 or iron (obtained by 

using iron sat t), O. 1 to 1. 5 mol/1 or phosphori~ acid, 

phosphorous acid or hypophosphorous acid, and 0.2 to 1.5 mol/1 

of boric acid and performing an cleclrolytic plating treatment 
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at a current density of 0.1 to 20 A/dm2 and then a heat aging 

tr·catmcnr is pcrfo1·nicd. 
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