1-SPECI FI CATI ON TI TLE OF THE | NVENTI ON A Resi st or Cbnposrtlop 3nd Resrstors
Usi ng The Sane. TECHNI CAL FIELD This invention relates to a ¥Si st or
conp05|t|oﬁ enpl oyed to nmanufacture resistors with fuse functions, and to
the resistors usi ng the sane. Background Technol ogy I n accordance to the
enforcenment of manufacturer liability [aw, higher safeties are now
‘®gsential to various nodern electronic devices. In this tendency, denmands
for the resistor with fus%ﬁé@ﬁiéﬁtoﬂﬁ vital electronic conponents securing
the safety is now increasing. Anmong the various conventional resistors with
fuse function, a cylindrical resistor and a chip type resistor are now

expl ai ned referring the attached draw ngs. Fig. 6 shows a cross-sectional

vi ew of cOMIERE |k MHEC FNVENEION

A Resistor Composition and Resistors Using The Same.
TECHNICAL FIELD

This invention relates to a resistof composition employed
to manufacture resistors with fuse functions, and to the

resistors using the same.
Backg:ound Technology

In accordance to the enforcement of manufacturer liability
law, higher safeties ére now essential to varilous modern
electronic devices. In this tendency. demands for the resistor
with fuse function as vital electronic components securing the

safety 1s now increasing.

Among the various conventional resistors with fuse function,
a cylindrical resistor and a chip type resistor are now explained

referring the attached drawings.

Fig. 6 shows a cross-sectional view of conventional cylinder
type resistor with fuse function wherein 1 is a metal film

deposited on cylinder shaped alumina insulator 2, 31s a glass



type resistor with fuse function wherein 1 is a metal film deposited on
cyl i nder shaped alumna insulator 2. 3 is a glass | ayer having a | ow
mel ting point deposited on netal film1l, 4 are metal caps establishing
el ectrical connections to netal filmip5 are | ead wires establlshlng

ot least merarey Havlis 4 o hEle fRPBotns Wnghdiiarafudedh 620n . 3 GRET
vi ew of conyerii Qs eatmwan@eéiéé 10t eoanéeléfqd‘mst h@Badherg( n,11 is

a netal filmdeposited on alum na i nsul ator 13 i's an upper el'ectrode

deposi ted 08 &fe lpadewstées ma@fumhmg reﬂelcrt_&mhai Qdonhéctsbabl t& h@e*ﬁlan
el ectrical connection to netal film11l, 14 is a glass layer having a | ow

mel ti ng poi aeapsiepboginded by anpratettion Filml8overimgraxt deasbmétdimfdameri ng
at least nmetal film 11 and %Jass | ayer 14, and 15 is a side el ectrode
deposi ted oh ¥k 9dage layer :

Fig. 7 shows a cross-sectional view of conventional chip
_type resistor with a fuse function wherein 11 is a metal film
deposited on alumina insulator 12, 13 is an upper electrode
deposited on the side surface of alumina insulator 12
establishing an electrical connection to metal £ilm 11, 14 is a
glass layer having a low melfing.point deposited on metal £ilm
11, 18 is a profection film coverinQ at least metal £ilm 11 -and
glass layer 14, and 15 is a side electrode deposited on the side
of alumina insulator 12 estabiishing an electrical connection to
upper electrode 13. This si&e electrode 15 is coated with nickel

layer 16 and solder layer 17.

_ With the above-shown resistor constructions, a fused
condition of the conventional resistor can be obtalned as shown
in Fig. 8. In this case, when metal films 1 and 11 are heated by
Joule heat and when the temperature rise caused by this heat is
reached to the melting point of the glass layers 3 and 14 of low
melting point, the glass layefs 3 and 14 of low melting point are
melted and the molten low melting point glass is diffused into
metal f£ilms 1 and 11 loosing the path of electrical conduction.
However, due to the deviations of heated condition in metal films

1 and 11, heat capacities or coat thickness of glass layers 3 and



of alum na insulator 12 establishing an electrical connection to upper

el ectrode 13. This side electrode 15 is coated with nickel |ayer 16 and
sol der layer 17. Wth the above-shown resistor constructions, a fused
condi tion of the conventional resistor can be obtained as shown in Fig. 8.
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t he tenperature ris eat 1S reac e" nelting point of

the glass jayet 943 8Rdcidedtfes 8y M@tdl T 1ABI Dtand AL JlcRssatayes o3 and 14
of low nelting point are nelted and the nolten ow nelting point glass is

di ffused i desirest Fusingnelmesaby tlie |oesi-lgathspphidatdioneiveulid el
conduction. However, due to the deviations of heated condition in netal
filnms | antreMitabdgt capacities or coat thickness of glass |layers 3 and
3 14, diffusion velocity of netal filnms 1 and 11 into glass |ayers

This invention is purposed to solve the above-shown problems
and to minimize thewdeviations of desired fusing time by offering
a resistor composition realizing the higher safety of circuit

design and the resistors of the same.

SUMMARY OF THE INVENTION

The present invention solving such problems offers a resistor
composition made of fine electro-conductive particles, glass
particles having a melting témperature higher than the forming
temperature of said fine elédtro-conductive particles,
and a dispersant dispersing said fine electro-conductive

particles and said glass particles uniformly.

Furthermore, the present invention relates to a resistor
composition made of fine electro-conductive particles, glass
particles having a melting point higher than the forming
temperature of sald fine electro-conductive particles, a resin
dissociable and combustible at a temperature lower than the
forming temperature of saild electro-conductive particles, and a
solvent dissolving said resin, dispersing said fine elecpro—
conductive particlés and sald glass particles uniformly into sald

resin.



37and 14, thicknesses of netal filns 1 and 11, deviations of desired fusing
times by the over-load application would be inevitable. This invention is
pur posed to sol ve the above-shown problens and to mnimze the deviations
of desired fusing tinme by offering a rgesistor conposition realizing the

hi gher sw %é@%ﬁﬁﬂﬁ?ﬁ?%?g’fpﬁ%ﬁﬁﬁdé%i stors of the sane. SUMVARY OF

THE | NVE resent 1 nvention solving such problens offers a resistor
conposition nade of fine electro-conductive particles, glass particles
having a nelting tenperature higher than the form ng tenperature of
sai d. fine el ecrig- aostowesi are endakyed gerspedtavei spar ENcydinger styne sai d
fine electro-conductive particles and said glass particles uniformy.
Fur t her nor gesisgorpmwbdeht is Endotdinent-dl afestheolaventlion, oFigondaiawson nade
of fine electro-conductive particles, glass particles having a nelting
poi nt hi ghEFOFHRPHAENRD TGy Of chR e T - sAi ShISH@TePRIFF L onduct i ve
part'C|eS’pgr§§§%€1ve view of square chip type resistor which is
Embodiment-2 of the invention and Fig. 4 shows a cross-sectional
view of the same. While Flg. 5 shows a drawing explaining a fused
condition of the invented resistor, Fig. 6 shows a cross-
sectional view of conventional cylinder type resistor. Fig. 7
shows a cross-sectional view of conventional square chip type
resistor and Fig. 8 shows a fused condition of conventional

resistor.
DESCRIPTION OF THE PREFERRED'ﬁMBODIMENTS

EMBODIMENT-1 |

Embodiﬁent-l'of the invented resistor is now explained by
referring the attached drawings by taking an example for a
cylinder type resistor having fuse function. Fig. 1 shows an
enlarged'perspective view of cylinder type resistor which is
Embodiment-1 of the invention, and Fig. 2 shows a cross-sectional

view of the same.

In Figs. 1 and 2, 21 is a resistor £ilm deposited on an
alumina insulator obtained by uniformly coating a resistor
composition consisting of fine electro-conductive particles made

of an alloy of Ag and Pd formed within a temperature range between



di ssoci abl e and conbustible at a tenperature |ower than the form ng

tenperature of said electro-conductive particles, and a sol vent dissolving

said resin, dispersing said fine electro- conductive particles and said

glass particles uniformy into said resin. 4 BRI EF EXPLANATI ONS COF THE

DRAW NGS Fi 8 1 shows an enl arged perspective view of cxl I nder txype

resi stor WRPRMGE CERBHIFMRMt9tassr PRRELIc e MaRI B Jelslag famperature

cross-sectional view of the sane, Fig. 3 shows an enl arged perspective view

of square Bhghex¥ Fpan iy SegHngfemperature&fi frtf finerleRtr? Yt vEand

Fig. 4 shows a cross-sectional view of the same. Wile Fig. 5 shows a

drawi ng expREFIGIRF #bigBels @ofarperituse highen e d09 &spadotowss §hag shows

a cross- sectional view of conventional cylinder type resistor. Fig. 7
600°C into a o-terpineol type solvent and by applying a

heat-treatment. 23 are metal caps made of a pressed nickel plated
iron sheet disposed on the ends of alumina insulator 22 establishing
an electric connection with the resistor £ilm 21. 24 are lead wires
connected to the metal caps 23, 25 is a protection

layer protecting at least resistor layer 21.

The manufacturing method of the above-explained cylinder

type resistor is now explained below.

Accepting cyiinder shaped alumina insulators of high heat
resistance and 1nsﬁlation, these are immersed into a liquid of
;T:es:l.stor composition consisting of 5 wt% fine particles of alloy
consisting of 46 wt% of Ag and 54 wt% of Pd having a forming

temperature of higher than 200°C and lower than 400°C, 0.5 wt% glass

particles consisting mainly of boro-silicate lead glass having

a melting point higher than the forming temperature of said fine

electro-conductive particles which is higher than 400°C and lower

than 600°C and 94.5 wt% o-terpineol type solvent, then a
heat-treatment 1s applied in a rotating furnace at a temperature
of 350°C for a period of 30 minutes. By this heat treatment, a resistor

film made of a uniform mixture of sald fine metal particles and glass

particles 1s produced.



shows a cross-sectional view of conventional square chip type resistor and
Fig. 8 shows a fused condition of conventional resistor. DESCRI PTION OF THE
PREFERRED EMBODI MENTS EMBCDI MENT-1 Enbodi nment-1 of the invented resistor is
now expl ai ned by referring the attacheg draw ngs by taking an exanple for a
cylinder type resistor having fuse function. Fig. 1 shows an enl arged

per spective view of cylinder type resistor which is Enbodinent-i of the

I nvention, and dyirge %héhﬁi&‘?e theth®SFaathleqNh }/ﬂ.@vseé}.fxstthe BRI -ade) Figs. 1
and 2, 21 is a resistor filmdeposited on an um na 1 nsul ator obtai ned by

uni f or Yy Copddtig.callgsesimcte@nDod ishape COfitiHiingg af stablke resistance
el ectro-conductive particles nade of an alloy of Ag and Pd forned within a
t enper at ur eof aajd weshetor film is realized.

Preferred content of fine electi':o-conductive particles, fine
glass particles and a-terpineol type solvent is 2-10 wt%, 0.2-1 wt%
and 89-97.8 wti, respectively. In addition, preferred range of alloy

constitution is 4625 wt% of Ag and 545 wt% of Pd.

Then, metal caps electrically connecting the resistor £ilm are
pr:'essed into the ends of alumina insulator usin§ a caulking method.
Then, a spiral dicing is performed in order to trim the resistance
of resistor film between the metal caps, and this is followed by
the welding of lead wires made.of solder coated copper wire on said
metal caps. Then, by painting a heat resistant inorganic paint on
resistor £ilm 2 using a roller method, and by curing this coat at

a condition of temperature of 170°C and 30 minutes, a cylinder type

resistor can be obtained.

In this case, the resistor layer can
not be formed at a temperature lower than 200°C and the layer
having a proper strength can not be formed at a temperature higher

than 400°C.



5 200-400[err] fine glass particles having a nelting tenperature higher
than the formng tenperature of said fine electro-conductive particles
which is a tenmperature higher than 400[err] lower than 600[err]to a

a-terpineol type solvent and by applyipg a heat-treatnent. 23 are netal

caps nade oﬁrg?&ﬁﬁgggq ni ckel plated iron sheet disposed on the ends of
al um na i nsul ator €stablishing an electric connection with the resistor

film21l. 24 are lead wires connected to the nmetal caps 23, 25 is a
protection |ayer protecting at |east resistor layer 21. The manufacturing
nmet hod of the aiiewe Embodamact-xwifi BRET Livaftedesbsiotor I shewptadea ngd

bel ow. Accepting cylinder shaped al um na insulators of high heat resistance
and i nsul at refernings dher attaghedsddawings .a Ini here, ain rexaimpler talamgo Sotri on
consisting of 5 ww% fine particles of alloy consisting of 46 w % of Ag and
54 wt % of P& R\ e FS?%’%R} hawbRy fusee Tgnchiemels expAatoed erflg -l duer

0 . L ) L ead
than 400C - Oy Sud!l R8P VIeG%of AN YR FELIN Lol gh oS! ! cate |
gl ass havi

Embodiment-2, and Fig. 4 shows a cross-sectional view of the

same. In Figs. 3 and 4, 3ls are a pair of upper electrode layers

of silver type thick film disposed on the upper sides of substrate

32 which is made of 96% alumina. 33 is a resistor layer overlaid

on substrate 32 obtalned by printing a resistor layer consisting

of f£ine electro-conductive particles made of an alloy of Ag and P4

formed within a temperature range which is higher than 200°C and

lower than 400°C, fine glass particles having a melting point
highér than the forming temperature of said electro-conductive
particles, and a resin dissoclable and combustible at a forming
temperature of said fine electro-conductive particles, and by

applying a heat .treatment.

34 is a protection layer protecting at least resistor layer
31, 35s are side electrode layers made of a conductive resin such
as Ni-phenol resin provided on the sides of substrate 32 and are
connected to the upper electrode layer 31, and 36 and 37 are a nickel
plated layer and a solder coated layer respectively disposed on

the exposed side surfaces of electrode layers 35.

The manufacturing processes of the chip type resistor of the

above construction is now explained below.



a-nmelting point higher than the formng tenperature of said fine

el ectro-conductive particles which is higher than 400[err] |ower than
600[err] 94.5 wt % a-terpineol type solvent, then a heat-treatnent is
applied in a rotating furnace at a tergerature of 350[err] a period of 30
m nutes. By this heat treatnent, a resistor filmmade of a uniform m xture
of said fine netal particles and glass particles is produced. Si nce the
fine nmetal parahcimsuliatorhfadesofSHer aldnMd daeiagt an cexdeplennnkedted in a
shape of chains, a stable resistance of said resistor filmis realized.
Preferred reaistanay andndnsttleastion- charhattenistpgst i¢|anplofedeasy| s
particles and a-terpineol type solvent is 2-10 wt% 0.2-1 wt % and 89-97.8
W % respefPIEF§te | Fhaddpryi FHPOVEFrER IRAFTOIHGE 6PY HSIRF @ofdeitutd on i s

46lerr] s ol foand Slery 190l poky TGy TPhEL SORSnGhERE ! 1Y

individual chips.

Then, a thick-film Ag paste 1s screen printed on the upper

sides of said substrate and dried, and is sintered in a furnace
kept at a temperature of 850°C held for 5 minutes during the peak

period and kept in a temperature prdfile of IN-OUT 45 minutes in

order to form the upper electrode.

In next, a paste-like resistor composition made of 50 wt% fine

alloy particles consisting of 46% Ag and 354% P4 powders having
a layer forming temperature in a range above 200°C and below

400°C, 15 wt3 £ine glass particles consisting mainly of boro-silicate

lead glass particles having a melting point higher than the

forming teniperature of saild fine electro-conductive particles
which is higher than 400°C and lower than 600°C, 3 wt® resin component

consisting mainly of ethyl cellulose, and 32 wt% a-terpineol type

solvent dissolving the resin component is screen printed. This

is then sintered in a belt-type continuous furnace kept at a peak
temperature of 350°C for 30 minutes realizing a temperature

profile of IN-COUT time 60 minutes forming the resistor layer.

Preferred content of fine electro-conductive particles, fine



pressed into the ends of alum na insulator using a caul king nethod. Then, a
spiral dicing is perforned in order to trimthe resistance of resistor film
between the netal caps, and this is followed by the welding of |ead wires
made of sol der coated copper wire on spid netal caps. Then, by. painting a
heat resistant inorganic paint on resistor film2 using a roller nethod,

and by cur 9A8ss partiGlesat resido sampersntoande fipteERina0lotype o2l yentads

m nutes, a cylinder t &e resi stor can be obtained. In this case, the
resistor I§9eﬁ°cﬁﬁ*no¥ 70 MEdmed-19 WY anserid-§fe WtdneFesPREEAYer AP t he

| ayer having a froper strength can not be fornmed at a tenperature higher

t han 400[ epdfitiom\poel xangy, of-3day neonsitytionels Mbeht vkt fsPgtor i s
expl ai ned by referring the attached drawi ngs. In here, an exanple taking

for and 54=5 wt% of Pd.

In order to adjust the resistance between the upper
electrode layers, a part of the resistor layer is trimmed by laser
light (L cut, 39 mm/sec, 12kHz, 5 W) until a desired resistance 1is
obtained

Then, an epoxy system resin paste is screen printed thereon,

and is hardened in a belt-type continuous furnace kept at a peak
témperature of 200°C for 30 minutes using a temperature profile

of IN-OUT 50 minutes in order to form protection layer 9.

As a preparation process for forming the side electrode layers,
the substrate is divided into rectangular shape substrates
exposing the side of electrode layers.

In order to establish electrical connections to the upper
electrode layers, a conductive resin paste made mainly of Ni and
rhenol resin is roller coated on the sides of rectangular

substrates and is hardened in a belt-type continuous infra-red
hardening furnace kept at a peak temperature of 160°C for a

perlod of 15 minutes realizing a temperature profile of IN-OUT

40 minutes completing the deposition of side electrode layers.



a-chip type resistor having fuse function is explained. Fig. 3 shows a
perspective view of chip type resistor which is Enbodinent-2, and Fig. 4
shows a cross-sectional view of the sane. In Figs. 3 and 4, 31s are a pair
of upper electrode layers of silver type thick filmdisposed on the upper

" upper el e s of Lhi ok | | the u
overlald on subbid Rertrblen RS or AT PRarsits SR o conei st ng.

of fine el egbtMnEONHUGUbYErafd UYisChed1 d8Hanth faflddia10ubEtAdted d ahar med
within a tenperature range which is higher than 2000C and | ower than

400[ err]ina giersl plated| Poydindhdth aolabti dhted Dayét ghry folmad tdre ther m ng
tenperature of said electro-conductive particles, and a resin dissociable
and conbusteixbbeedtupperoehésryradenpayextsuppdosideiedetinede|layers- by meansi ve
particles, and by applying a heat treatnent. 34 is a protection |ayer

pr ot ect i ng 9%t ape@kYCtTOsPdabing o FomPRetinmy dher SoxpiRg A% Ad@dEYPAyer s made
of a conductiye . resin such as N -phenol resin provided on the sides of
substrate ¥#53REC%Fe connect ed to the upper electrode |ayer 31, and 36 and
37 are a nickel

The resistors with fuse function prepared by using Embod-
iments -1 and -2 and the conventional resistors with fuse
functions are soldered on a printed circuit board in order to

evaluate the individual fuse functions. The results of these are
shown in Table 1 and Fig. 5.

Table 1

The Fusing Times When Powers of

Ten Times of The Rated Power are Applied

Invented Resistors Conventional Resistors
EMBODIMENT I EMBODIMENT 2 Chip type Cylinder type
(Cylinder) {Chip)
Average Resistance 1.04Q  1.02Q 1.04Q 0.99Q
Max. Fusing Time . 7 sec. 5 sec. 30 sec. 51 sec.
Av. Fusing Time 5 sec. 4 sec. 21 sec. 35 sec.

Min. Fusing time 3 sec. 2 sec. 12 sec. 9 sec,




pl ated |l ayer and a sol der coated | ayer respectively di sposed on the exposed
side surfaces of electrode |ayers 35. The manufacturing processes of the
chip type resistor of the above construction is now expl ai ned bel ow. 8
An insul ator nmade of 96[err]m na haviyyg an excel l ent heat resistance and

insul ation chagAntehi ghbes ﬁtﬁrelmboyxﬁéhﬁ?r taRe1 &ty e cusBatimws Hagoves

are perfornmed (by using a die in a case of green sheet) for splitting this

i Nt o rect asguttainedi Ritlyitheainebhped rEzxdRtofs tdunplariihgnovgr pasdte oifs screen
printed on the upper sides of said substrate and dried, and is sintered in
a furnace &eptendilonal engekstomse dltigaaterthp teslor nayeEScnnarﬁyrmhé peak
period and kept in a tenperature profile of INOUT 45 mnutes in order to
formthe uphber telmpetatiee of 350°C in these embodiments, these may be well

be formed within a claimed temperature range without restriction.
Moreover, although the Ag/Pd alloy particles are employed in
these cases, any electro-conductive particles dispersible in a

solvent may be used.
INDUSTRIAL APPLICATIONS

As shown in the above, the present invention is to offer a
resistor composition by which a higher diffusion speed of metal
particles into the glass components can be obtained when the
temperature of the zesistor”is reached to the glass melting
temperature stabilizing the fusing time and to offer the resistors

using the same.



IR next, a paste-like resistor conposition nmade of 50 wt% fine alloy

particles
t emper at ur
particles
melting po
el ectro-co

e in a range above 200[err]d bel ow 400[ err]wt
consi sting mainly of boro-sijbicate | ead gl as

' | I n.dhe formng tenperature of said fine
Hﬁ%&?#@gﬁﬁﬁkgﬁc¥ s which is higher than 400[err] |ower than

consi sting of 46% Ag and 54% Pd powders havin% a_Ha er formn

RS0

s

600[ err] 3wt % resi n conponent consisting mainly of ethyl cellul ose, and 32

W% a-terp

i neol type solvent dissolving the resin conponent is screen

printed. Thisaisediz@Brstompdsition SokstiscdyPE £0Mé | slEABtTOFybNAGEL TPt at a
rature of 350[err] 30 mnutes realizing a tenperature profile of

peak tenpe

| N- QUT ti npaBbleiesut gdasspantdcles hayingt amdliing. poindf ddgbedxrcthmre theof

fine el ect
conponent

ro-conductive particles, fine 9 glass particles, resin
AfveRn-fumHpge SpmpTALuTg| 9fngatd £ine electro-conductive

partiéles. and a solvent dispersing said fine electro-conductive

particles and sald glass particles uniformly.

2. A resistor composition comprised of fine electro-conductive

particles, glass particles having a melting point higher than the .

layer forming temperature of said fine electro-conductive
particles, a resin dissociable and combustible at a temperature
lower than the layer forming temperature of said fine electro-
conductive particles and a solvent dissolving said resin, wherein
said fine electro-cohductive ﬁarticles and glass particles are

uniformly dispersed in sald resin.

3. A resistor composition according to Claim 1 wherein said

.layer forming temperature of said fine electro-conductive

particles is in a range of 200-400°C and the melting point of

sald glass particles is in a range of 400-600°.

4. A resistor composition according to Claim 2 wherein said layer

forming temperature of sald fine electro-conductive particles is

in a range of 200-400°C, the melting point of said glass
particles 1s 400-600°C, and the dissociation and burning temperature

of sald resin is less than 300 °C. .
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30-60 Wt % 10-20 vt % 1-10 wt % and 10-59 wt % respectlve Mﬂn“‘
preferred range of alloy constitution is 46[err]5%f Ag FHI Hll of

Pd. In order to adjust the resistance between the upper
part of the resistor layer is trinmed4ay Iaser light (L cut,

*ectrode ¥ ayer?

39 mmi sec,

12khz, 5 Vi uﬂtfési%tggsEB&?:%%%hg%a%%eihg L neg rEQthoE”fzgﬂf”%ds)ﬁﬁtem

resin paste 1I's screen
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a tenperat

| ayer 9. Aslectrispdr gbnoacpiocesshfsaid afesiisgot hei e devhelredhr ode | ayers,
the substrate is divided into rectangul ar shape substrates exposing the

ure profile of INNOUT 50 mnutes in order to form protection

side of el satd owhsiisdper £11m nlsopdepaxas] byt abating @ aesistar ecwmpesdtiions to

t he upper

phenol r esFATPELSes (o T4t eleThForrandnalive P
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el ectrode | ayers, a conductive resin g ste made mai nly of N

Haéixpge la &d‘&iu& Ogg]c;inrlugfgc’hézn ftrh%nr %ge layer forming temperature

of said fine electro-conductive particles and a solvent dispersing

sald fine electro-conductive particles and said glass particles
uniformly on a part or entire surface of said insulator and heating,
and .

sald resistor £ilm is fused when the.resistor temperature exceeds
the melting point of said glass particles during a current flow
period.

6. A resistor comprised of a substrate, a resistor f£ilm which is
formed at least one surface of said substrate and an electrode
disposed on the ends of said substrate establishing an electrical
connection with said resistor.film, wherein
said resistor film is prepared by printing a resistor composi‘tion
comprised of fine electro-conductive particles, glass particles
having a mélting point higher than the layer forming temperature
of said fine electro-conductive particles and a resin dissociable
and combustible at  a temperature lower than the layer forming
temperature of said fine electro-conductive particles on said
substrate and heating, and
said resistor film is fused when the resistor temperature exceeds
the melting point of said glass particles during a current flow

period.
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hardeni ng furnace kept at a peak tenperature of 160[err]for a period of 15
mnutes realizing a tenperature profile of INOUT 40 m nutes conpleting the
deposition of side electrode |ayers. 10 As a preparation process for

el ectro-plating, the rectangul ar substggte is divided into individual
substrates. and a nickel plated |ayer and a sol der coated | ayer are forned
on the exposed upper electrode |ayers and side el ectrode | ayers by neans of

an el ectro- ﬂb‘ﬁ\&,? (?prﬂney&gné%@}%orm ng of chip type resistors. The
use func

resistors wt I ONn"pr d by using Enbod- Inents -1 and -2 and

the conventiongl RESPOR’ COMPORITIONE AND HESISFORS USINGIFHRISRMER P i nt ed
circuit board in order to evaluate the individual fuse functions. The

results of thesenareredii1hPed @ 11 SISt t3 minimize the deviations

of desired fuse time in the resistors with fuse funétion, and
Fhis is made of a resistor layer 21 consisting of fine elgcfro-
conductive particles, fine glass particles having a melting
temperature higher than the forming temperature of said fine
electro-conductive particles, -a solvent dispersing these

particles uniformly.'and metal caps 23 connecting resistor film

2; at the ends of substrate 22.

Figure 2.



Tabl e 1 The Fusing Ti nes When Powers of Ten Tines of The Rated Power are

Applied I nvented Resistors Conventi onal Resistors EMBODI MENT |
EMBODI MENT 2 Chip type Cylinder type (Cylinder) (Chi p) Average
Resi st ance 1. 040 1.02Q 1. 04Q 0.99Q Max. Fusing Tine 7
sec. 5 sec. 30 sec. 51 secqAv. Fusing Tine 5 sec. 4 sec.
21 sec. 35 sec. Mn. Fusing tine 3 sec. 2 sec. 12 sec. 9
sec. 1 1 Taple 1dihoms that the snaller deviations of fuse tinmes can be
obtained with i nkented resistors conparing over that of conventi onal

resistors. Although the resistor layers are fornmed at a tenperature of
350[err] these enbodi nents, these nay be well 2@?

25

2 23

Fig 2




be.formed within a clained tenperature range w thout restriction. Moreover,
al though the Ag/Pd alloy particles are enployed in these cases, any

el ectro-conductive particles dispersible in a solvent nay be used.

| NDUSTRI AL APPLI CATI ONS - As shown in the above, the present invention is
to offer a resistor conposition by mhiﬁp%a hi gher diffusion speed of netal
particles into the glass conponents can be obtai ned when the tenperature of
the resistor is reached to the glass nelting tenperature stabilizing the

fusing time and to offer the resistors using the same. Substitute sheet
- 21 Jan 2000 What is clained is: 1. A layer-form ng conposition for
inparting a fusibility function to a resistor, conprising:

Fig
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a uniformmxture of fine el ectro-conductive particles; glass particl.es;
and a sol vent for dispersing the el ectro-conductive particles and gl ass
particles, wherein the glass particles have a nelting point higher than the
tenperature at which the conposition forns a | ayer. 2. A layer-formng
conposition for inparting a fusibility L?nction to a resistor, conprising:
a mxture of fine el ector-conductive ﬁ%r icles; glass particles, a resin;
and a solvent for the resin, wherein the el ectro-conductive particles and
the glass particles are uniformy dispersed in the resin, and wherein the
resin is dissociable and conbustible at a tenperature |ower than that at
whi ch the conposition fornms a | ayer. 3. The | ayer-form ng conposition
according t 'g#aEy11, wherein said | ayer form ng tenperature of said fine

electro-cond% ive particles i kgﬁa range of-208400[err] the nelting point
of said glass particles is ini;j} ge of 400- rr] C
(@)
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4. ° The layer-formng conmposition according to claim?2, wherein said
| ayer formng tenperature of said fine electro-conductive particles is in a
rahge of 200-400[err]the nelting point of said glass particles
Substitute sheet - 21 Jan 2000 is in a'range of 400 -600[err]c , and the
di ssoci ation and burning tenperature of/gaid resin is |less than 300[err]C.
said resin is less than 300[err]C 5. A resistor conprising: an insulator
havi ng two ends a resistor filmon said insulator; and an el ectrode
di sposed og. ezd of said insulator and another electrode di sposed on
anot her en idi n;yl 3t or t abl ig\b-l ng Ap el ecyyi cal connecti wth

o]

sai d resistor fllm V\/nr “h s resi r f Im|s eparéZbﬁt fol |l ow ng
process: preparing a d stor Lonpes /
el ectro-conductive piEGEET iy “""‘*‘“‘"' .,,,;7:'-;:-~—.-’::;' -
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gl ass
terrpgr mm

particlesca

and said glass partlcles

a mel ti ng point higher than thng%y%% ?f o%m ng
|| | e particles and said gl ass

cREPﬁLACEMEBTﬂ{E&Tf ne el ectro-conductive particles
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conposition on a part or en“Zﬁ fra; of{ said insulator; and heating said
S

resistor co

os;tlon on s$aijd
when the redingt isrclaimedisl A t-enper-at-tt-e
said gl ass particles. 6. A resistor co
ends; a resistor filmfot

Substitute theetA-layr-forming Gampositiondor iroparting £ fisility fungtioartoga Jesisterd

ne surface of said substrate;

substrate and anot her el ectrode

=
2.
=
3.
4,

comprising:

a uniform mixture of fine electro-conductive particles ;

glass particles; and

a solvent for dispersing the electro-conductive particles and glass particles,
wherein the glass particles have a melting point higher than the temperature
at which the composition forms a layer.

A layer-forming composition for imparting a fusibility function to a resistor,
comprising:

a mixture of fine elector-conductive particles;

glass particles, a resin; and

a solvent for the resin,

wherein the electro-conductive particles and the glass particles are uniformly
dispersed in the resin, and

wherein the resin is dissociable and combustible at a temperature lower than
that at which the composition forms a layer.

The layer-forming composition according to claim 1,

wherein said layer forming temperature of said fine electro-conductive
particles is in a range of 200400°C. and the melting point of said glass
particles is in a range of 400-600°C.

The layer-forming composition according to claim 2,

wherein said layer forming temperature of said fine electro-conductive

particles is in a range of 200-400°C., the melting point of said glass particles

tor whier ei n sai d resister filmis fused
t hiat exceeds the nelting point of
i sing: a substrate having two

and



. ; sy
di sposed on anotherf‘%)ﬁécwgggi%mgﬁ strate establi shin m “'ﬂ:“ “ILM&“‘\
connection with shid resistor filim wherl@ n said res iy p¥ epar ed
"by the follow ng pr«bcés&:,}ﬁﬂeﬁ@ri ng a resistor conposition conprising: fine
el ectro-conductive particles havijng a |ayer foSobsirutespeett aﬂejargﬂggg
p?][tlc! sz havi nlg p el ting point hijgher than the |ayer form ng tenperature
o] sal I ne el.e - | rl S resy ' | '
combusti bl e at r-t ﬁg(ﬂrf% 's%@nf%ﬁm%n@@g%pgrggtgﬁegaﬂf
said fine electro-conductive particles; printing said resistor conposition
on sai d substr atsgid eesin isdeas thgn SA0Y.r esi st or conposition on sai d substrate,
wherein said resistor filmis fused when the resistor reaches a tenperature

that exceeds thea rdidtonorapighig:0f said gl ass particles.

an insulator having two ends;

a resistor film on said insulator; and

an electrode disposed on an end of said insulator and ancther electrode
disposed on another end of said insulator establishing an electrical

connection with said resistor film,

e wherein said resistor film is prepared by the following process:
preparing a resistor composition comprising:
fine electro-conductive particles having a layer forming temperature:
glass particles having a melting point higher than the layer forming
temperature of said fine electro-conductive particles and said glass particles;
and
a solvent dispersing said fine electro-conductive particles and said glass
particles into a uniform mixture:

= coating said resistor composition on a part or entire surface of said insulator;

and
heating said resistor composition on said insulator.
wherein said resister film is fused when the resistor reaches a temperature
that exceeds the melting point of said glass particles.
6. A resistor comprising:
a substrate having two ends;

a resistor film formed on at least one surface of said substrate; and
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an electrode disposed on an end of said substrate and another electrode
disposed on another end of said substrate establishing an electrical
connection with said resistor film,

wherein said resistor film is prepared by the following process:

preparing a resistor composition comprising:

fine electro-conductive particles having a layer forming temperature;

glass particles having a melting point higher than the layer forming
temperature off said fine electro-conductive particles; and

a resin dissociable and combustible at a temperature lower that the layer
forming temperature of said fine electro-conductive particles;

printing said resistor composition on said substrate; and heating said resistor
composition on said substrate,

wherein said resistor film is fused when the resistor reaches a temperature

that exceeds the melting point of said glass particles.



